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AMCP 706-177

PREFACE

The {ngineering Design Handbock Sert:s of the Army Materiel Command 1s a coordirated
series of mandhucks containing basfs infe:mation and fundaxenta) data useful in the design
and development of Army materiel ane systems. The handbooks are authoritative refersnce

120ks of prectical informetion and quantitative Yacts heipful {n the design and development
of A=wy materiel so that it will meet the tectical and tccinical needs of the Arsed Forces.

AP 705177, Properties of Explosive: of Military Interest, is one of 2 series cn
Explosives. One hundred ani ten explosive “ompounds or mixtures are iisted herein, algha-
betically, with their properties, including composition variatiors. Thes: explosives were
selected because of their current or probabis anplication to military use.

The tabulated data reflect the results of tasts, and were irst compiled for puvlica-
tion at Picatinny Arsenal, Dover, New Jersey, by W. R. Tomlinson, Jr. These data were
later revised Ly Oliver E. Sheftield, ulso of Picatinny Arsenal. fc* the Engineeri g Hand-
book Office of Duke University, pride co Sractor to the Army Mate-i:1 Commend.

The Handbooks are readily available to all :iements of AMC, 'ncluding personnel and
contractors having a need and/or requirement. The Army Materiel Command pclicy (s to re-
lease these Engineering Design Handhcoks to cther 00D activities and their contractors
and to other Government agencies in accordance with current Army Rrwgulation 70-31, dated
9 September 1966. Procedures for acquiring these dandbooks foliow:

3. Activities within AW and other DOD agencies order direct on an official

form from:
Compandin, Officer
Letterkennv \rsy Depot, ATTN: AMXLE-ATD
Chambersbur 3, Pennsylvaniz. 17201

b. Contractors who'...ve Department of Defense contracis should submit their
ﬁquest: through their contracting officer pruper justification to the address
sted in par. a.

c. Government agencies other than DLD having need for the Handbooks my submit
their requests directly to the address listea in par. a or to:

Cosmanding General

U. . Army Materiel Command
ATTN: AMCAM-ABS
Washington, D. C. 20315

d. Industries not having Government contracts (this includes cdileges and
Unfversities) must forward their requests to:

Commanding General

U. S. Army Materiel Command
ATIN: AMCRO-TV
Washington, 0. €. 20315

e. A1l foreign requests must be submitted through the Washinyten, D. L.
Embassy to:

Assistant Chief of Staff for Intelligence
Foreign Liafson Office
Bepartment-of -the Army

_ Washington, 0. C. 20310

A1l requests, other than those originating within DOD, must be acéempan’-ed by a
walid justificatiom. <

Comments and suggections on this handbook are welcomed and should be addressed
to Army Research Office-Durhax, Box CM, Duka Station, Durham, North Carolina 27706.
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ABBREVIATIONS AND SYMBOLS

approximately. 1his symdol is c¢sed Lefore numbers.

Advisory Council on Scientific Resear:h and Develop-
aent, Great Britain. :

Americar Chemical Scciety.

Americanr iron gnd Steel Institute.

Liebig's Annalen der Chemie.

Annales de ckimie et de physique.

armor~piercing.

Aberdeen Proving Ground.

atmosphers; atmospheric pressure.

Beilstein Organische Chemie, 4th Edition.

Berichte der Deutschen Chemischen Gesellschaft.

British Intelligence Overseas Service or Objective
Subcommittee, Group 2, Helstead Exploiting Center.

Bureau of Mines, United States Department of Interior.

Bulletin de la societe chimique de France.

Chemical Abstracks.

calculated.

Chemical and Metallurgical Engineering.

Chimie et Industrie.

Comptes rendus hebdomadsires des zeances de
1'Acadenie des Sciences (Parice).

centipoice.

tomptes rendus hebdomadaires des seances de
1'academie des Sciences (Paris).

decemposes.

"difference in heat (i.e., heat avolved) by decomposition.

Deutsches Reiclispatent.

moduius of elesticity or “"Young's modulus”; longitudinal
siress/change in length; (forse/nrea)/(elongation/
length); expressed in 1b/incl.4.

same 2s £, but expressed in dyneslcuz.

Gazzetta Caimica Italiana.

generel purpose.

high explosive.

high explosive antitank.

Industrial & Engineering Chemistry.

Jousrnal of the American Chemical Soclety

The Journal of the Society of Chemical Indusiry {loadon).

Journal of the Chemical Society (London). :

Journal of the Franklin Institute.

Journal of the Industrial Explosives Society (Japan).
Journal fir praktische Chemie.
lead az'de
Lardolt-Bornstein Physikalish-Chewische Tabellen,
Scth Edition (Berlin).
molar.
Monatshefte fur Chemie (Wein).
Mémorisl des poudres et salptres (Paris).
milligram,

vif
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ABBREVILTIONS AND SYMRGLS (cont'd)

sinimua.

milliliter.

meters per second.

molecular weight.

Bureau of Ovdnanca (Y. §. " +vy)
nitrocellulose.

indox of refraccion, wit* D band of sodium as light
source, st twventy degrees centigrade.

Botionzl Defense Research Committee.

Naticnal Firewvorks Ordnance Corporation.

nitroglyzerin.

U. S- Naval Ordnance Laborstory, White Oak, Silver
Spring, Marylaad.

B. S. Haval Ordnance Test Station, China Lake, Calif.

National Research Council

oxygen balance.

Ordnance Committee Minutes.

Office of Scientific Research snd Development

Picatinny Arsenal.

Picatinny Arsenal Technical Report.

Phiiosophical Transactions of the Royal Society of
London.

Poggendorf's Annalen der Physik.

Proceedings of the Royal Society cf Londea.

Recueil des travaux chimiques des Pays-Bas.

relative humidity.

Report of Investigacion.

Society of automotive Engineers.

semi-armor-piercing.

solution.

Specifications.

standard deviation.

Techuical Hanual, Departoment of the Army.

joint publication, ss a TM and &s 4 Department of the
Adr Porce Technical Order.

Transactions of the Fareday Soci~ty

vacuum stability.

Zeitschrift fir angewvandte Chemie.

2eitechrife fiir anorgunische und ;llgeueine Chenic

Zeitschrift fur das gesamte Schiess und Sprengstoff-
wessen {Munchen).

atoms of oxyge' per second.
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?ROFER“ES OF EXH.OSIVES OF MIMTAR’V' INTEREST
INTRO‘DUCTVJN

1. A FRRORT OF STARDARD TESTS. llomortmndetcmrmthcexnuzg
open or classified security inforwstion, ou 87y explosive. Hether, the
min umu bhas been reroris from facilities using standard o well-known test procedures.

2 Compilation of dets resulting in thia handbook was undertaken by Ficatinny Arsenal

desired to provide a manual tatu’ating the characteristics of explogives, based
on tests, vith regsrd to current, snd possidle future, interest. '‘The first resulting Picatinay”
Aro?l publication wvas dated 20 June 19%9. Revision 1, PA Technical Report No. 17h0, dated
9‘58, with revisions, provides the datu used harein.

. auca. Tabulated data of tests on one huhdred and ten explosive comp.unds or mixtures

seusitivity to “riction, iwpact, heat; performance characteristics or effectivuness
iz weapons; physical and chenicel properties; and method of preparatior, synthesis or msnufac-
ture, with comments on I etoricsl origin, and supplementary references.

REFERENCE NODATIONS AND SOURCES. The references, as to souxces of data or for more details
;m'm, vhen sveilable, at the e'd of each sectiou devoted to
a given explosive compound, explosive mixture, or explosive ingrecient. Where no reference is
glven, it can be assumed that these data represent typical values obi.ined by standerd proce-
dures. When available any reference should be consulted for more details in interpreting test
data.

Also there are listed Picatinny Arsenzl Technical Reports which contain =3Qitlonal informa-
tion on the particular exvlosive. These report numbers are given in ascending order, in columns

corresponding o their terainal digits, and in accordance with the "Uniterm Index" p: red for
Picatinny Arsensl by Documentation Incorporated under Contract DAT-36-034-501-ORD-(P)-42 {1955).

5 EXPTABATION OF TERMS AND METHODS OF TEGTTNG. Data ure tabulated herein on three form-type
pages, in ng sequence ngs. Many of these terms are self-explanatory.
a8, First tabular m‘\ e,
(1) Beme of the explosive in each instance.
(2) "Composition.”
(3) "Impact Sensitivity, 2 Kg W¢.”
(a) Impact sensitivity test for solids. (a)*
A smple (spproximstely 0.02 gram) of explosive is subjected to the action of a falling
weight, usually 2 kilograms. 2 20-milligram sample of explo~ive 18 always used in the Bureau

of Mines (BM) apparatus when tes:ing solid explosives. 7he weight of sample used in the Pica-
tinry Areensl (PA) apperatus is indicated in each cage. The impart test value is the minimum

#Reference publications (a through q), applyiag *o thic introduciior. are 1isted a2t the end of
the introducison.
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eight at which av leaét cne of 10 {.{als resulteclz gﬁ“ goled.  Por the BN apparatus, the unit T : A
of height 1s the contimeter; for the FA apparatus, it is the inch. In 5 {ormer, {he sxplo- ‘o BT\
‘ sive is held hetween tvo flat, persllel hartened (C 63 g 2) ctecl surfaces; in the latter case, S
it is placed in the Jepréssion of a wmall gteel dle-cup, capped by a thin brese cover, in the
center of vhich ie placed a slottad-vented-cylindricsl steel plug, slotted side down. In the . B
P appareacus, the fupact impulse is transmitted to the sample by the upper flat surface, in the : -
PA, b3 the vanted plug. The mein Aifferences detween the two tests are that the PA tect (1) .
involves greatsr couflinement, (2) distributes the trensliasional impulse over & smeller sres
due to the inclined sides of the die-cup carity), and (3) involves a friciicnal component .
tagainat the inclined sides). ,

The test velue obteined with the PA spparatus depends, to & marked degree, on the sample
density. This value indicetes the hazard to be expected on subjecting the perticular semple
to an impact dlow, but is of value in assessing & material’'s inherent sensitivity only if the
apperent density {charge weight) ie recorded along with the impect test value. The values tabn- .
1ated harein wers obtained o) meterial screened between 50 and 100 mesh, U. S. Standard Screens
vhere ningle somponent explosives are imvolved, and through 50 mesh for the mixtuies.

(b) Impact semsitsvity test for liguids. (b) .

The P4 Twpact Test fox l1iquids is run in the ssme way as for solids. The die-cup is filled
and the top of the 1iquld meniscus adjusted to coincide vith the vlane of the top rim of the
die-cup. To date, this visual observstion has been found adequate to assure that the ligquid
does not wot the Aie-cup rim sfter the brass cap has been set in placze. Thus far the repro-
ductbility-of data crteinad in this wey indicete that varletions in sample size obtained are
not significant. )

" In the case of the BM appavatus, the procidure that was descrided for sclids is iwed vith
the folloving variations:

1. Too veight of explosive tested is 0.007T-gnm. R -

. fw* . .
2. A disc of desiceated filter paper (Whatmsr No. 1) 9.5-millimeter dimmetsr: 1s laid on LN
each Arop, on the anvil, and then the plunger 15 loversd on the ssmple sbacrbed in the filter
paper.

(4) "Friction Pendulum Test.” (c)

A T.0-gm saxple of explosive, 50-100 mesh, 18 exposed to the action of & ateel, or fiber,
shoe swinging a8 & pendulum at the end of a long stoel rod. The behevior of the sample is
described quslitatively to indicate 1ts reaction to this experience, 1.¢., the most energetic
reaction io explosion, and in decreasing order of severity of reactioi: snaps, cracks, and
unaffected. .

.(5) "Rtfte Bullet Impact Test." (d)

Approximetely 0.5-pound of explosive 1s lcaded in the sare manner as it is loaded for actual
use: thet is, cast, pressed, or liquid in a 3-inch pipe nipple (2-inch inside diameter, 1/16- -
inch wall) closed on each end by a cap. The loaded item, in the standard test, contains a small
air space vhich can, if desired, be filled by inserting 8 wax plw;. The loaded item is sub-
Jected to the impact of & caliber .30 bullet fired perpendiculerly to the lcng exis of the pipe
nipple, from a distance of 90 fest,
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(6) "Bxplosion Temperature.” (a) ol
A 0.02-gn saagle (0.0l-gn ip the case of initjators) of explosive, ioose losded in a No. 8 P

blesting cep, is .mmersed for a short period in 2 Wood:'s metal tath. The temperature Jetermined - . LT
ia that which produces 2xnlosion, ignition or decc:‘pouﬁon o2 the sample in 5 seconds, wnd the

behavior of the sample is indicated by "Explodes” or "Ignites” or "Decomposes” placed beside the

veluc. Where values vere available for times other than 5 sccouds, these have been included.

For O.l-second values, no cap was used. but the explosive wus placed directly on Wood's metal

bath, immediately after cleaning. fThe valuz 0.1 seconi is estimated, not determined, and repre-

sents an interval regarded ag instantanecus to the observer's eye. Dashes indicate no action.

(7) "75°C international Heat Test." (a)

A 10-gm sazple is heated for 48 hours &% 75°C. The semple a'ter this exposure is observed
for signs of decomposition or vulatility.

.

(8) "100°C Heat Test." (a)

A O.6-gm sample is heated for two US-hour periods at 1009C. It is also rotea waether expo-
sure at 100°C for 100 hours results jo explosion.

(9) "Flamntility Index.” (h)

The measure of the likelihood that ‘. bLare cherce will catch fire when exposed to flames 1o
the index of flammability. The test is made by brioging an oxyhydrogen flame to bear on the : ¢
explosive. The miximum time of exposure vhich gives no ignition in 10 trisls and tle minimuoe .
exposure vhich gives ignition in each of 10 trials are determined. The index of flarmadbility
i 100 divided by the memn of the two times in seconds. The most flammeble substances have high

e G M g &M e WA e e i A M AN G gy iy W PP Y L
. .

e

; fudices, e.g., 250, i
t
P T (10) "Bygroscopicity.” E
;w' - A 5- to 10-gm sample is expnsed for wzioscopicity under the rtated conditions, until equili-
- t brium is attained, or in cases vhere either the rate is extremely iow, or very large amounts of
) water are picked up, for the stated time. fThe semple, if solid, ls prepared by sieving through
H a 50 and on & 100 mesh acreen. N
»
: (11) "Volstility.” -
i .
i A J-gm ssmple is exposed fTor volatility under the stated conditions. The sample if solid
: 1s prepcred by sieving through a 50 and on 2 100 mesh sieve.
. (12) “Molecular Weignt.”
The molecular veight {IW) of s mixture can be calculated from the equation
- MW of mixture = 100
X Lor By S+ B
I W BV  mwy  EWy
. Vaere &, b, ¢ and & eres the weight rurcents of the compenente, and mwy, mwp, mvy and mw, their
¢ corresponding moleculsr weights.
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(13) "Oxygen Mlance.”
™e oxyges balance (0B) is cal lated from the empirical formuls of a compound in parcsztage

of ouygen reguired for camplete conversion of caruor to carton dicxide (or oarbon mevoxide) snd :
‘wirogen to vater. VWhen wetal is present the resciione are assimed to occur in the following
1\‘“’ .

W"'O —p Matal Oxile
C+BlQ ~———b O+ Y, ¢
g + Ky ——et €0 + Hgo
200 + Oy ——) 200,
Proosture for weiculsting uxygen belsnce i .to determine the number of grasatoms
are excess or dsficient for 100 grams of & compramnd. This number mul'iplied dy
of oxygen gives _
the cxypen balance: 1600 (2x+§.z)

of
the atomic veight

-I-Uhmhruuhtofaqwm-mmmnmtomzmngo, viere X = atoms of .rbom.
Y = atons of hydrogen, 7 = atoms of oxygen. The oxygen balance of a mixture is equal to the
sum of the peroent couposition times the oxygen balance for each component.

¥he oardon/hydrogen (C/¥)} ratio is calculated ss follows:

Ao T ) . ¢/E ratto ‘ .

{1%) "Density."” s
(15) "Meiting Point.”

(16) "Preesing Pr.iat."

(17) "Psiling Foint."

(18) "Refractive Index."

(19) ‘Vacuum Stability Test." (e)

A 5.0-gn samgle (1.C gm for inltiators), after having been carefully dried is heated for o
BO hours, in vacuo at the desired temperature. oo

(20) "200 Grex Bowb Sund Test."
(2) Sand test for solids. (a)

A O.iogn sample or explosive, pressed at 3000 pounds per square inch into a Ho. 6 cep, is
initiated by lesd azide, o mercury fulminate (or, if neccssary, Ly lead azide und tetryl), in
a sand test bowb containing 200 gm of "on 30 mesh" Ottawa sand. The amount of azide, or of
tetryl, that must be used, to insure that the samrle _cushes the maximuwm ret weight of sand, ' s
1s designated as 1its sensitivity to initiation end +hs net weight of esnd crashed, flaer tiwn S
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0 meeh, is termed the send test vclue. The net weight of cand crushed is obtained by sudb-
tracting from the total the amount crushed by the initiator vhen shot slone.

{3) Sand tsst for liquid~. (b)

The sand tast for liquids is mad . accordarce vith the procedure given for solids except
that the followi.¢ procedure for losaing the test samples is substituted:

Cut the clogad end from & No. 6 blasting cap and load one end of the resulting cylinder
with 0.20 gn of lead azide and 0,25 gm of tetryl, using a pressure of 3000 psi for comsoli-
dating each charge. With a pin, prick the powder trsin in oune end of a piece of miner's black
fuse 8 or 9 inches long. Crimp to the pricked end & loaded cylinder, taking care that
d of the fuse i3 held firmly agains: the charge in the csp. Crimp neer the mouth of the
as to avoid squeesing the charge. Trensfer a weighed portion of 0.400 gm of the teat
ive to an alvminum cep, taking precautiouns when the explosive is liquid to insert ‘ae
in such &« manner that as little as rossible adheres to the side walls of the cep, <nd
80114 mterial is being tested use material fine enough to pass through a No. 100 U. S.
Standerd Sieve. The cups used shall be of the foliowing dimensions: length 2.00 inches, in-
ternal dismeter 0.248-fuch, wall thickness 0.025-inch. Press solid explosives, after insertion
into the alumimm cap, by mesns of hand preseure to an spparent density of epproximstely 1.2 gm
per cudic centimoter. This was dooe by cxerting hand pressure on & wooden plunger until the
plunger had entered the cep to a depth of 3.93 centimeters. Folloving are the dimensions ~f
the interior of the cap: height 5.00 cm, area of cross section 0.312 square centimeters. In-
sert the cylinder containing the fuse and explosive charge of tetryl and leed azide into the
alminum cap containing the test explosive for the determination of sand crushed.

4

it

(21) "Sensitivity to Initiation.”

This 1s sensitivity to initiation as described under the preceding heading. The minimru
detonating » in grems, required to detonate the explosive sample, ia given.

(22) "Ballistic Mortar, % TNT." (e)

The amount cf sample uider test which is necessary to raise the heavy ballistic mortar to
the same height to which it %3 reised by 10 gm of trinitrotoluene {TNT) is determined. The
sample is then rated, on & proportiomate bagis, as having a certein INT valie, i.e., as being
& certain percent as effective azs INT in this respect. The formula is

T velue = 10 x 100.
sample welzht

The ballistic mortar consists of a long compound supporting rod, at the end of which is sup-
ported a heavy short-nosed mortar. The mortar containg s chamber about 6 inches in diameter
and 1 foot long. A projectile occupies about 7 inches of the chasber and the sample to be
tested occupies & smll portion of the remsinder of the chamber. When the sample is detonated,
the projectile is driven into & sand bank, snd the mortar swings through an angle which is
marked on paper by a pencil attached to the mortar. The angle thus indicaies the neight to
which the pendulum is ~aised by the explosion, and this lu‘ter represents the energy measured
by this test procelwe.

(23) "Treuzl Test, % THT." (4)

A saxple of the explosive to be tested (of the order of 10 gm) is exploded in a cavity, or
borehole, 25-mm in diameter and 125-mm deep, in & lead block 200-mm in diameter and 200-mm in
height. The borehole i~ made centrally in the upr > face of each block, which i3 cast in a mold
from desilverized lead of *he best giality. Although thege tests have been mole ''der s veriety
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of conditions, vhere possible the data have been taken from or related to those of Reference f
(Macum). Here a No. B blasting cep was used for initietion of the sample contained in glass.
The veight of saL,.e used was adjusted to give, with the initiator, s total expansion of 250 to
300 cc, since within this range expansion and semple weight were linearly related under the con-
ditions - * Jaocum's test. Thus expansions for equivalent weights were readily calculated, and
the tes alue expressel in percent of the expansion of an equivalent weight of TNT.

(2%) "Flate Dent Test." (d)
Two methods were used for plate dent tests.

(2) . Method A - 1ne charge is contalned in a copper tulbe, having an internal dismeter
of 3/b-inch and 1/26-inch wall. This loedead tube is placed vertically on a square piece of
cold-rolled steel plate, S5/8-inch thick; k-iach and 3-1/U-inch square plate gave tie same re-
sults. The steel plate ‘s in a hcrizontal position and rests in turm on a short length of
heavy steel tubing 1-1/2 inches ID and 3 inches OD. The charge rests on the centex of the
plate. .nd the centeis of the charge, p.ate, and supporting tube are in the same line. A 20-gm
charge of the explosive under test iz coostered by a 5-gm pellet of tetiyl, in turn initiated
by a No- 8 detonator.

(b) Method B - A 1-5/8-inch diameter, 5-inch long uncased charge is fired on &
1-3/h-inch thick, 5-squure inch cold-rolled steel plate, with cne or more simiisr plates s
backing. The charge 1s initiated with a No. 8 detonator and two 1-5/8-inch dicmetsr, 30-gm
tetryl boosters.

le Dent th
Dent Dep or at 1. cee

?late dent test value, or relative brisance = x 100.

(25) "nlocation Rete.” (g)

The detonation rates reported in the tables contained herein were determined principally by
uging the rotating drum cemera, under the conditions stated, e.g., usually charges 1 inch in
diameter, 20 inches long, wreapped in cellulose acetate sheet, and initiated by & syatem dasigne2
to produce high order stable detonation at the meximum rete under the perticular < mditions. A
t;wical initviating system for this consisted of four tetryl pellels 0.395 ipch in aiameter, 0.75
inch long, pressed tc 1.50 gn,/cc, with a Corps of Engineers special blastir; cap placed in a
ce:tral hole in the end pellet.

b. Second tabular page.

(1) "Scoster Seneitivity Test."” (p) .
The booster sensitivity test procedure is a scaled up modification of th: Brugeton metnod
(uncontined charge). The source of the shock consists of twc tetryl pellets, each 1.57 inches

diameter by 1.60 inches high, of approximately 100 gm total weight. The initial shock is de-
graded through wax spacers of cast Acrawax B, 1-5/5 inches diameter. The test churges are 1-5/8
inches diameter by 5 inches leng. The value given is the thickness of vax in inches at the 50%
detonation point. The weight of tetryl pellet noted is the minimum which will produce detona-
tion with the spacer indicated.

(2) "Heat of" (calorimetric tes-s). (i)
Heats of combustion and explosion sre generslly determined on samples weighing of the order

of 1 to 2 gm, in standard calorimeter bombs such &s the Parr or Emerson, spproximately 40O cc:
(for low loading density), or the Boes, espproximately 45 cc {for high loeding density). For:

E o 2T
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heats of combustion the ssmple is burned under sbout 40 atmospheres ol oxygen; for heats of
explosion, nitrogen, or one atmosphere of air is used. :

{3) "Specific Heat.”

(4) "Burning Rate."

(5) "hermal Conductivity.”

(6) "Coefficient of Expension.”

{T) "Bardness, Mohs' Scale."”

(8) "Young's Modulus."

(9) "Coupressive Suucngth.”

(10) "Vapor Pressure.”

(11) "Decomposition Equation.”

(12) "Armor Plate Impact Test.” (J)
(a) - 60-mm Mortar Projectile.

A wodified 60-mm, MiGA2, mortar projectile is loaded with the explosive to be tested, drilled
to the proper depth (about 1/2 inch), and & flat-based steel piug screwed into the projectile to
give o smooth close-fit between the plug base and the charge. The part of the plug outside the
projectile is rounded off in the form of & spherical section. The loaded projectile with fins
attached is fired from a five foot length of 2-3/8 inches ID x 3-3/8 inches 0D Shelby steel tub-
ug. The igniter und propelling charge, cousisting of an igniter for s 2.36-inch rocket {vazoo-
ha), 5 gm of F bl ck puwuer, and a quantity of shotgun propellant sufficient to give the dasired
velocity (resd from a calibration chert) are conveniently loaded into the "gun" through a simple
breech plug. The velocities are measured electronically, and the reaction, inert or affected,
is determined by observation (e.g., whether or not flagh occurs on impact). Within the range of
flight stebility of the projectile, 200-1100 ft/sec, the 504 point is locsted.

(b) 500-1b General Purpose Bombs.
(13) "Bomb Drop Test."

Bomb drops are mede using bombs assembled in the conventional manner, as for service usege,
tut containing cither inexrt or simlated fuzes. The target is ususlly reinforced concrete.

g Third tabulsr pege.
~ (1) "Fregmentation Test.” (1)

The weight of each empty projectile and weight of water displaced by the explosive charge is
determined, and from this the specific gravity of the charge is calculated. All 3-inch and
90-mm nrojectiles are initiated by M2O Booster pellets, and those used with 3-inch HE, MsaAl,
Lot KC-5 and 90-mm HE, M71, Lot WC-91 projectiles are controlled in weight and height es follows:
22.50 + 0.10 gm, and 0.480 to 0.485 1neh,

-3
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The projuctile assexbled with fure, actusted by e Elasting Csp, Speciel, Type IT (Spec \9-
20) placed airectly on a ised of compareble diameter and booster, are placed in boxes oon- .
structed of Melf-inch pine. The 90-mm projectiles ave fragmented in boxes 21 x 10-1/2 x 10-1/2
inches and the 3-inch projectiles in boxes 15 x 9 x 9 inches ocutside Ainausions. The box with
projectile is placed on sbuut & feet of sand in o sleel fregmentation tub, the detonator wires
ere connected, snd the box covered with approximately & feet more of saud. The projectile is
fired and the sand run ocnto & gyreting L-mesh screen on vhich the fragments are recovered.

(2) "Pregment Velocuity.”

Charges 10-1/8 inches long and 2 inches in demeter, containing s booster cavity, filled by
a T2-gu tetryl pellet (1-3/8 inches dlameter, 2 inches long, &versge density 1,594) are fired
in & model projectile of Shelby seamless tubing, 2 inches ID, 3 inches OD, SAE 1020 steel, with
& welded-on <014 rolled steel base. The prajectile ia so fired in & chamber, connected to a
corridor containing velocity stations, that a desired wedge of projectile casing fregments can
be cbaerved. The fragment velocities are determined by shadow photogrephs, using flash bulbs,
and rotating drum cameras, each behind three slits. The drum cemeras huve a writing apeed of Lk
30 meters per aecond. :

(3) "Blast (Relstive t~ TNT)."

The blast pressures and impulses given were determined almost exclusively with tourmsline
{ gages, and the ususl necegsary specialized electrical circuits, shielded cc-axial cables,
oscillographs, #c. Iz general, the data represent results of tests with large cased charges.

(s) "Shaped Charge Effectivensas, TNT = 100." (k, m)

Unconfinsd chargss 2 inches in diameter and § inches long, boostersd by s 10-gm pressed
tetryl pellet, set in a 20-ma pellet (truncated cone) of cast 60/40 cyclotol, are shot against
3-inch homogenecus armor plate at a 1-3/16 irches standoff. The cones used are comsercial Pyre.
glass Tunnels, sealed off at the start of the stem, 2 inches in diameter, 0.110 to 0.125 inch
well thickneas.

rBE > e N

; Unconfined charges 1.63 inches in dismeter and 6 inches long wre tested at a standoff of T
i 1.63 inches against stacks of 4 x 4 x 1 inch mild steel plates. MGAL steel cones are used.
Results are aversges of i irials.
(5) "Color.”
; (6) "Principal Uses.”
(7) "Method of lLoading.”
(8) "Lomding Density." . cos
(9) “Storage.”
Ammunitior and bulk explosives in storage represent varying degrees of hazarc and compati- - :
bility. 1lhis has led to their being divided into a number cf hazard classes and compatibidity S
groups &s 1ndicated in sudparagraphs {b) aud [c) below.
(a) Method: Wet or dry.

(b) Bazerd Class {Quantity-Dictance).

R i THPY
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Amunition snd bulk explosives are divided into quantity-distance classes, Clasc 1 through
12, sccording to the demsge expected if they explode or ignite (Feference: Army Materiei Command
Ragulation, AMCR 385-100, ANC Manual, chapter 17). All standard explosives in dulk are : - v
included in four of theue s J1a88 2, 2A, 9, and 12 (M 9-1910/T0 11A-1-3). - :
(c) Cormmtibility Group. '
Explosives and ammunition are grouped for compatibiiity with respect to the following factors:
BEffects of explosion of the item.
Rate of deterioration.
Se~c.itivity to initiation.
Type of packing.
Effects of fire involving the item.

!

(EAN AN EA ol

Quantity of explosive per unit.
(a) Bxdation.
4. Niscellanecus entries.

Where available and appropriate, the following or related data are given, in spece at
the dbottom of the third form, or on plain pages.

(1) Solubility.
- (2) dMethods of manufacture.
(3) Historics information.

(4) Bulk compressibility modulus. {q)

The direct experimental measurement of the dynamic bulk modulus of 8 solid 1s difficult, and
fev such msasurements have been msds. One apparetus has been deve at the saval Ordnence
Iaboratory and is described in detail in Reference q. Bulk modulus (ite reciprocal is the com-
prassidility) Ls cufined as the ratio of stress to strain vhen the streas is a pressure sppiied
ogually on all suxfaces of the sample and the strairn is the :zesulting change in volume per unit
volume.

- - (5) Rydrolyeis tests. (o)

The 240-hour hydrolysis test is conducted as follows: A S5-ga sample of the Ary nitrocellu-
15 weighed accuretely in a tare-weighed 250-cc Fyrex flask heving

& Pyrex condenser. Then 100 cc of disvillod water is added to the nitrocellulose in the
and the flask fitted to the condenser. The flask is placed in a steam bath in vhich the
is kept boiling constantly ;- asans of electric Lotplates. At the end of 240 hours the
of solid developed by the hydrolysis of the ritrocellulose is messured by an electromstic
wathod.

‘
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(6) Sensitivity to i1aitiatic. t electrostatic discherge. {n)
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The samples are tested under two amounts of confinewent, designated es unconfined end con-
fized. In the unconfined teat, & ssaple of spproximitely 0.05 gm is dumped int» a shallow de-
pression in & stesl block and flattened cut with a spatula. In the coufined tests (partly
confinad). “he secple of approximately 0.05 gm 13 introduced into soft-glass tube (~7 mm ID x
18 wm long) vhich fits over & metal peg. The volume of the space around the charge at zero gep
16 ~ 0.15 cc; at a gap of 0.6 mm; it 18~ 0.k cc. In addition to providing moderate confine-
ment, this system also minimizes dispersion of the sample by the t2st spark, and reduces the
effect of material bel. : repelled from the needie point by electrostatic fleld effect.

When & test is to bhe made, the needle point electrode is scrawed up untii the gsp between
electzodes is greater than the criticel gep discharge at the test voltage. The sample is then
placed in pusition, the high-voltage terminal of the charged condensor is switched o the point
electrode by means of @ merury svitch, end the electrode is screwed down until discharge occurs.

The spark erergy (in joules), for zero probability of ignition, is determined.

(7) Destruction by chemicel decomposition.

Burning is the preferred method of destroying exylosives. Initiating type explosives (in
quentity) are usually destroyed by dstonrtion with demolition blocks. Destruction of explo-
sives by chemical decongosition can be effectivaly used vhere small laboratory quantities are
involved. Procedures given are standard for only lead azide, mercury fulminate aad nitrogly-
cerin.

(8) other information.
(9) Rcferences.
6. REFERENCES CITED IN INTROLUCTION,!
¢. W. H. Rinkenbach and A. J. Clear, Scendsrd hbmﬁ Procedures for Sensitivity,
Brissncs, and Stability of Bxplosives, PATR Jo. ) , hevi TuAry 1950. o
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e, J. H. Mclvor, Pricticn Pendulum, PA Testing Manual 7-1, 8 May 1950.

4. ts of the Army and the Air Force Joint Technical Manual and Technicel Crdsr,
™ 9-1910/1C 11A-1-3%, Militeary Explosives, April 1355.
a. J. H. McIvor, Ballistic Mortar Test, PA Testing Manusl 7-2, 8 May 1950.
f. Fh. Feoum, 2 ges Schiesp-Sprengetoffw, pp. 151, 229, 267 (27 Jae 1932). i
A g G. J. Mueller, Equipment for the Study of the Detonation Process, PATR No. 1465,
b July 1945. .

h. NDRC Interim Repor:, Preparation and Testing of mlmive;, Nos. PT-19 and PT-20, o
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AMCP 706177
Amstol, 80/20
c-;pdlm Molosulor Wolght: k]
Ouxypen Balenes:
Ammonium ¥itrate 8o o % +1
b 20 O % 11
Denelty: gm/cc Cast 1.6
Mobting Polnt: “C
C/MPRotio Freasing Pelat: °C )
Sensitivity, 2 Kg Whi Belling Poiat: °C
Burecu of Mines Aproratus, ¢m 90
Somple WA 20 mg Relvostive laden, n2
Pleotinny Arsenol Apparatus, in. 15 °
Somple W, mg 17 e
. N
Peictia Pondcium Toot: Vecuum Stebility Tost:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
- 100°C 0.55
RiPe Bulist impect Tost: 5 Trioks 120°C 0.95
%
Explonions 0 s 6.8
Partiols 0 .
Burmed 0 200 Grom Bamb Sand Toot:
Unaffected 100 Sond, gm 35.5
fnplosion Temperature: *C Sonsitivity to lnltiation:
" Seconds, 0.1 (no cop used) Minimum Detonoting Chorge, gm
1 Marcury Fulminate
5 Decomposes 280 Leod Azide 0.20
10 Tetryl 0.07
15 -
20 Bollistic Marter, % TNT: (o) 130
Trous! Tost, % TNT: (v} 123
75°C imtormetione! Heat Test:
% Loss in 48 Hrs 0.06 Plote Dent Tost:
Mathod
100°C Hoot Tost: Condition
% Loss, Ist 48 Hrs 0.03 Confined
% Loss, 2nd 48 Hrs 0.05 Density, gm/cc
Expiosion in 100 Hrs None Brisance, % TNT
Detonation Rete:
Fiommebility index: Confinement Nore None
Cordition Cast Cast
Hygresspichty: % a Chorge Diomezer, In. 1.0 1.0
~ Deruity, gm/cc 1.46 1.50
Velotilty: Ml Rate, meters/second 4500 5100
12
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Amatol, 60/0 ANCP 706177
Fragmentetion Tou: Shaped Chorge Effostivensss, TNT = 100:
90 ma RE, M”71 Prgjontile, Lot WC1: Glass Cones  Steel Cones
Deratty, gm/cc Hole Volume
Chorgs Wi, b Hole Dopth
Totel No. of Progments: -
For TNT Colory Buff-yellow
For Subject HE
\ Prinelpel Uses: Bombs, HE projectiles
3 inch HE, M22AY Projoctile, Lat XC-3: )
Dersity, gm/cc
Churge W, b
Mhdw of Cast
Pateling Mothed of Loading:
For Subject HE
Leoding Denslty: gm/cc 1.%
Fragment Veloolty: ft/sec ()
AR ‘ 1900
ABY R : 1750 Sereps:
Dersity, gm/cc
. Method Dey
Dlast (Reletive te TNT): Hozord Closs {Quontity-Distonce)  Class 9
Alry Compotibility Group Oroup I
Peckk Pressure
impales Exudation Does not exude at 65°C
Energy
Ale, Conlined: Booster Sensitivity Test: (o)
t Condition Pt:;;od
Tetryl, gn
Under Weter: Wax, in. 2 Detonat{. 0.83
Peok Pressure mmit;, cho‘ - 1.65
impulse
Ene Heat of: (4, e)
Und Combustion, o 1002
losion, Loos
Pock Pressure ‘:s Vo&?:é/p 930%
Impulse
Energy

#Caiculated from composition of mixture.
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Rate, meters/second

AMCP 706-177 Amatol, 60/h0
’ Co;ulllm Melacular Weight: 100
Oxygen Bolence:
Ammonium Nitrate 50 CO. % . <18
INT 1) Co % +2
Demsity: gm/cc Cast 1.60
Mehting Point: °C
C/H Ratio Froezing Peint: "C
Impoct Semsithvity, 2 Kg Wr: Seiling Peint; *C
Burou of Mines Apparatus, cm 95
Sample Wt 20 mg Refractive Index, ng
Picotinny Arsenol Apparctus, in. 16 o
Somple Wt, mg 17 Nas
ng
Friction Ponduium Tost: Vecuum Stebility Test:
Stesl Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet lmpect Tast:  Trials 120°C
. % .
Explosions 1357
Portials 150°C
Burned 200 Grem Bomb Send Test:
Unatfected Sand, gm §1.5
Explesion Temporeture: °C Sengitivity te Initiction:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 ’ Mercury Fuiminote
5 Decomposes 270 Leod Azide 0.20
10 Tetyl 0.06
15
20 Ballistic Merter, % TNT: (a) 128
Trous! Tost, % THT:
75°C Intornations! Hoot Toot:
% Loss in 48 Hrs Plote Deat Tost:
Method
100°C Moot Toot: Condition
% Loss, 15t 48 Hrs Confined
% Loss, 2nd 48 Hrs D’_"‘"Y' gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detonetion Rete:
Flommebility Index: Confirnemen. Yone
<] Condition Cast
Hygroscopichy: % Charge Diometer, in. 1.0
Density, gm/cc 1.50
Velotiliey: Nl 5760

14
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Amatol, 60/L0 AMCP 706-177
Frogmentetion Tost: Shoped Chrrge Effectivensss, TNT = 100:
90 mm NE, M71 Projectile, Lot WC-91: Glass Cones  Steel Cones
Density, gm/cc 1.49 Hole Voiume
Chorge Wt, lb 1.971 Hole Depth
Tetel No. of Frogments:
For TNT 703 Coler: Buff-yellow
For Subject HE 583
. Principel Uses: Bombs, HE projectiles
3 inch HE, MA2A1 Projactile, Lot XC-5: :
Density, gm/cc 1.57
Charge Wt, Ib 0.827
Totel Ne. of Fragments: Method of Leoding: Cast
For TNT 514
For Subject HE 408
Loading Density: gm/cc 150
Progment Velocity: f1/sec
A9 fr )
At 25, ft Sterage:
Density, gm/cc .
Method Dry
Slas? (Reletive to TNT): Hazard Closs (Quontity-Distonce)  (Class 9
Alny Compotibility Group Group I
Peck Pressure 95
Impuise 85 Exucation  Does not exude at 65°C
Energy 84
Alr, Conflned: Heat of: (g, e)
Impulse Combustion, cal/gm 1658+
. Explosion, cal/gm 633+
Under Woter: Gar Volume, cc/gm 380%
Peok Prassure
Impuize
Energy
t
Peck Pressure
Impulse
~ Energy ‘

*#Calculated from composition of mixture.
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Amstol, 50/50
en-;dlm Molatulsr Weight: 118
Guygon Dolones:
Ammonivw 77 ate 50 CO; % -
™ 50 o % -3
Denalty: gm/cc Cast 1.5
_ Mebing Palat: °C
C/M Ratio Fressing Pelat: °C
Smpost Senshivity, 2 kg W Belling Pelat: °C
Burecu of Mines Agparatus, ¢y 95
Sompla Wt 20 mg ; Refractive lndnr, n2
Picotinny Arsanol Apporons, in. - 16 °
Somple Wr, mg hid e
' "
Polstion Pondulum Yout: Vecwwn Stebility Tost:
Stsel Shos Unaffected /40 Hrs, ot
Fiber Shos Uneffected 90°C
100°C $ 0.2
Aifls Bulle’ impoet Tost:  Trioks 120°C to
% .
Explosions 0 :35.(:
Portiols 0 So*¢c
© Burned 0 200 Grash Bosh Send Tow:
Unoffected 100 Sond, gm k2.5
Enplesien Tomporature: ¢ Sonchtivity te Initietion:
Seconds, 0.1 (no ccp used) Minimum Detonoting Charge, gm
1 Mercury Fulminote
5 Decompoes 265 Lead Azide 0.20
10 Tetnyd 0.05
15
2 Bollistic Meiter, % TNT: (o) 124
~ Trousl Tast, % TWT:
75*C Intoruetionst Moot Temt:
o Loss in 48 Hes Plate Deat Tost:
Method B
130°C Moot Toot: Condition Cast
% Loss, 1st 48 His Confined o
% 053, 2nd 48 Hra Dersity, pm/cc 1.55
Explosion in 100 Hrs Brisoncs, % TNT 52
- Detenation Rete:
Flemmobility indon: Confingment None Noce
Condition cast Cast
Hygrosooplchy: % 731 Charge Diometer, in. 1.0 1.0
Jr— Dersity, gm/cc 1.55 1.55
v Rote, meters/second 6430 629
16

i




e}

W W e S lly g M o P PR
,

i e

R e e B I R VN P o N TP

W.SURVIVALEB

KS.COM

[
Amtol, 50/50 AMCP 706-177
m Tot: Shaped Caorge Effostivensm, TNY = 100
90 mm KL, MYV Projontila, Lot WC-91: Gloss Cores  Steel Cones  (g)
Denaity, gm/ec 1.55 Hole Volume 53
~ ChogeWr, b 2.053 #ole Depm 69
Tedel Ko. of Fragments: p
Coler: " Buff.ye)l
For TNT 703 ey
For Subject HE ‘ 6% .
Principel Usss:  Bombs, HE projectiles
3 inch NE, MASAT Projoctile, Lot K.C-5; ¢k
Density, gm/cc '1.5h4
Chorge Wi, & 0.819
Teotel No. of m
: Norhed of Looding: t
For TNT 51h ‘ G )
For Subject HE Bs5 : : -
Leodieg Desmaliy: gn/cc  1.59
m Veleshy: ft/soc
N 25% #t Storage:
Dersity, gmy'cc . <
Method ry
Slost (Radetive so TNT): Hazord Closs (Quontity-Distonce)  Clasa 9
Al Compatibility Group Gooup I
Pack Pressure -9t
Impulse 871 Exudation Does uot exude at 65°C
Energy k
Booster Sensitivity Test: (a)
Alr, Confined: Condition Cast
impuise Tetryl, g~ 100.
Wax, in. for 50% Detonation 0.60
Under Weter: Dens:ty, gm/cc 1.55
Peok Pressure Ru.t of: / (4. e)
“Combustion, 1990
puise Explosion, cal TO3*
Energy 9 Gac Volume, cc/gw - 855%
Undergromé: *Calculated from composition of mixture.
Puak Precsure 104 cific Heat: euég (1)
impuite 10k ﬁ 20 n.383
Energy 10k Tep*:
'I'T, €000-1b Semi-Armor-Plercing
Bomb vs Concrete:
4000-5000

Max Safe Drop, ft

n

W"‘i’
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“CP 7“-"7 Amatols BolgO, &/]‘0. 50_/50

Compatibility with Me“als:

Dcy - Matals upaffected are zinc, iron, tin, bress, brass t’, plated, bimss NRT costed,
brass sheliac coated, nickel sluminum, steel, steel rlated '.ith nickel, zinc or tin, stain-
less steel, Parkerized steel, and steel coated with acid-proof black paint. Metals elightly
affected are copper, bronze, lead and copper plated zteel.

tion: .

In preparing amatols the proper granulation or ar7onium nitrets is required if tis =rxirum
density of the cest amatol is desired. The ammon’iu nitrate shkould be dried so as to contain
ot oove than J.25% molsture. It sbould be Leated to abcut 90°C before deing added to the
appropriaste weight of molten INT contained in a melting vessel eguipped with an agitator. Con-
tisse uixing to insure uniformity and load by pouring $nto shill or bombs.

ns '
Developed by the Eritish during world War I in order to couserve TNT.

Referencea: 2 v
(s) L. C. Smith and B. H. Eveter, Physical Testii: of Explosives, Purt III, Miscellaneous
Sensitivity Tests, Performsnce Tests, %ﬁpﬂﬁﬁf%—"‘—““—’*
{v) Report AC-1T7/Phys Bx 1. ’
(¢j D P. McLougell, Methods of Physice) Testing, OSKD Report No. 853, 11 Auguat 19%2.

S

L. C. Suith snd E. G. Ryster, Ph ing of Explosives, Psrt 1II - Miscellanesus
Sensitivity Tests; Performance Tests, OSRP Rep N 760, 21 December 1945.

(3) a;uttee of Div 2 and 8, ETRC, Report on HEX and Tritonal, OSEB Report No. 5L06,
31 July 19%5. R —

(e} Pnilip C. Keensn and Dorothy Pipes, Table of Militsry High Explosives, econd Revision,
BAYORD Report No. £7-46, 26 July 19%6. —

SV I A

{f) R. V. Dreke, nt Velocity and Panel Penetration of Several Exbloaives in Simuluted
Shells, OSRD Report No. , 2 Januery 1940. R

(g3 Esstern Laboratory, du Port, Investigstion of Cavity Effect, Final Report, 18 September
1943, KDRC Conuract W-672-0RD-5723.

(I;) Als> see the following Picatinny _Arsena-l- Technical Reports c¢u Amatole:
° 1 2 3 b 5 z
240 681 132 Th3 364 65 1207
350 73 182 173 654 k2s 157
630 901 1302 1373 T3k 635 1757
250 1051 1352 1323 874 715 ) 1827
1300 1311 1372 1493 i T35 2167
1451 1552 1763 1145 1k :
1651 1zes
1345
1455
1825

{1} ™ 9-1910/TC 11A-1-3L, Military Explosives, April 1955.

7‘gee footnote 1, page 10.
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L  fecou AMCR 706457 . -
Competin T ot Wi T
% : <5 dhrkcul R ,

Dewaegmicc  Cest’, 1.5

100°C<

e

Rifle Bullet tmpact Tash: Triols

%

Explosions
Pertiols
Burnod
Uncffected

135°C N \

10c . -

1200 A

- S| Meling PeldticT
C/t Ratio | Peommg ot ¢ A
i, ac? Jomsitivity, 2 Kg WA 1 Belling Pelat; iC .
3 Bureav of Mines Apporatus, cm 9 . e . e
‘Picatinny Arsenal Apporatus, in. 7 | 11 i . NI
Semgla Wt, mg - 30 o nS
e S g I -1 -
. e —— i B - “:{: o
. Friction Pondu‘um Yast: ; = — ‘
Sta Shoe h €€/ 40 Hrs, at

200 Gres Ramb Sand Teot:
~ Sond, gm - n7.8

Explesion Temperature:
Seconds, 0.1 (no cop used)

1
% Decompoees 265

10
15
20

*C

Semsitivity to lnRistion:
Minimuem. Detonating Chorga, gm
Mercury Fulminate 0.20
Leod Azide
Tetryl

Bsilistic Merter, % TNT: (a) 122

75°C Internations! Hoat Tast:
9% Loss in 48 Hrs

Traus! Tost, % TNT:

Plote Dant Tesi:
Method

100°C Hoot Tost:
% Loss, st 48 Hrs
% Loss, 2nd 48 Hrs
Explosion in 100 Hr

0.00
0.10
None

Condition
Confined
Density, gm/cc
Brisance, % TNT

 Floesmability Inden:

Detonstion Rete:
Confinement

 Hygroacopicity: %

Condition
Charge Diomete-, in.

Velatitity:

Density, gm/cc
Rate, maters/second

19
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AMCP Y06-177 Ammonel
Feagmaentetion Tost: Shaged Chorge Bifectivencns, TNT = 100:
90 mm HE, M71 Projostile. Lst WC-91: Gloss Cones  Stee! Cones
Demaity, gm/cc Hole Volume
Chorge W, b Hole Depch
Totel No. of Progmonts: o
For TNT ‘
For Subject HE —
Peingipol Uses: Projectiie filier
3 lnch HE, MA2AT Projostile, Lut XC-S:
Dersity, gm/cc ’ 1.65
Charge WY, b
Tutel No. of Frogments: :
Maothed of Loading:
For TNT 655 o Cast
For Subject HE 550
Looding Denelty: gm/cc 1.65
Fragmont VeloePy: ft/3s0c ,
A9t
Ar 25y @ ~ Sorege:
Density, gm/cc
Mathod Iry
Blast (Retstive te TNT): Hazord Closs (Quontit-Distance)  Cless 9
Ale Compatibility Group
Peok Fressure
Impulse Exudation
Enevgy
Als, Confined: Origin:
impuise Castable mixture Geveloped in United States
during World wer I.
Under Wetor:
Peck Pressure Beferences:
Impulse (=) W. R. Tomlinson, Jr., Physicel and Ex-
TR No. 1372, r 1983,
Undergronnd: (b) Also see the following Picatinny Ar-
Peck Presture senal Technical Reports on Ammonsls: 1108,
Impulse 1286, 1292, 1308 and 1783.
Energy
mntion:

Procedure same as described under Ametcls,
except alumirum is added to the mumonIum nle
trate-TNT molten mixture under sgitation uw.-
t1l uniformity in coupcsition is obtained.

Loudi& is lcmlilﬁd by pouring into the

Nevmt & @ 4

m’g
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Ammoniva Mitrete AMCP 706-1TY
m‘* Molusulor Welght: (\kos) 80
Oxygen Dalance:
: > e -
B 5 KRN0, ’
0 € Demelty: gm/cc  Crystal 1.73
Maeking Polat: *C 170
C/H Ratio Frosuing Polnt: *C
impast Senshivlty, 2 Kg We: Beiling Peint: *C
Bureou of Mings Apparotus, cm 100+
Sample W 20 mg Refeuztive lades, n
Picotinry Arsenal Apparotus, in, n °
Sample Wt, mg 17 n&s
%
- Tout: Vecuum Stebility Tost:
Fiber Shoe Unaffected 90°C
100°C 0.3
Rifle Buliet lmpoct Tost:  Trick 120°C 0.3
%
Explosions 0 13s°c
Portiols ) 150°C 0.3
Bumed 0 200 Grosa Bomb Send Tov:
Unaffected 100 Sand, gm M
Enplesion Tomporeture: *C Sencltivity to inktistion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
! Mercury Fulminote
S Ignites 465 Leod Azide 0.20
10 Tetryl 0.25
1S
20 Ballistic Merter, % TNT: (s) 56
Trous! Tost, % TNT:
75°C lotornctiona) Hest Tont: (a)
% Loss in 48 Hrs 0.0 Plate Dent Towt:
. Method
100°C Hoot Toot: . Condition
% Loss, It 48 Hirs 0.Th Confined
% Loss, 2nd 48 Hrs 0.13 Deruity, gm/cc
Explosion in 100 Hrs None Brisonce, % TNT
Detenation Rete: (v)
Flammebility Index: Confinement None Strong
Condition Soli4d Liquid
20°¢, goi ?ﬁ Extreme Chom Diometer, in. 1.25 4.5
Volotitiey: Density, gm/cc ©.9 1.k
] Decomposes at 210°C Rate, maters/second 1000 2500
21
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AMCP 106177 Ammociun itrate
Seetter Somaitivity Tost: Desompesition Squatien: (T) (»)
Owygen, otoma/sec g 10183
Tateyt, . (Z/vc) "
Wex, in. for 50% Detonotion R oy mote 5 %3
‘Wex, gm Temperoturs Ronge, °C  243-261  £17-867
Deralty, WR Phase Iicuid
Neet ok
Cembuation, col/gm N6 Armor Piote impact Tost:
Enplosion, cal/gm N6 60 man Mester Projocti
Gos Volume, c¢/gm 980 50% Inert, Velccity, ft/sec.
Formation, col/gm 1098 Aluminum Fineness
Fusion, col/gm 18.23
$00-B Gonerel Purpese Bombe:
Spesific Hest: col/gm/°C {e) i
. -} W_iq Plote Thickness, inches
1% 0189 . 0 0.%7
«100 0. 50 o0.81% |
S 0. 100 0.428 1%
1%
1%
Surming Rete: .
cm/esc
Semb Drop Test:
Thormal Conduativity:
col/sec/om/*C  2.9-3.9 x 107 7, 2000-5 Semi-Armor-Plorcing Jomb vs Concrote:
Coofficiont of Expession; Max Safe Drop, ft
Linear, %/°C $00-B Generel Purpase Bemb vs Cuncrote:
Volume, %/°C Haight, ft
‘ Trials
Mordnoss, Mohe’ Scale:
‘ : Low Order
Young’s Modules: High Order
€, dynes/cm?® i
E, Ib/inch? 1000-I Genersl Purpese Bomb v; Concrete:
M"yu ’m/“
Height, ft
Compremive Strength: tb/inch* Trials
Unatfected
Veper Pressure: (s) Low Order
€ mm Mercury High Order
188 3.25
205 T.U45
216 11.55
‘a 15.&
ﬁ g8
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“ -{ "“) .. ; - .
\ Progmentation Tost: Shaped Clrosgo Rifectiauecs, TNT = 1 I
,i 90 man NE, M1 Projoctile, Lot WCH1: ' Giots Coes  Steal Cones i
x Density, gm/ce ) Hole Volume %
4 Choge Wt b . Holo Depth i
B Total No. of Frogments: ?
. Colen: lesr ;
i For TNT Golarlese i
v For Subject HE :
4 E ‘Pringipel Uses: Explosive ingredient of ;
. ‘ mixtures used in bombe or large ;
, i . 3 inch HE, MA2AY Projoctile, Lot XC-3: . caliber projectiles
: Deraity, gm/cc |
! Chorge Wi, B ‘
} |
: Totol Ne. of Frep Maahod of \ooding: Pressed or cest depending '
) For TNT on composition of mixture
? For Subject HE
L : . Loeding Denslty: gm/cc Verisble
o ' Frogment Velockt; f1/sec
e H At9ft
e : At 25% fr Sterege:
A ./‘ [ ] Mo w“
; ' Method Dry
3 ]
: ™~ Bisst (Relotive t0 TNT): Hozord Closs (Quontity-Distoncs} Cless 12
3 ’ ;
¢ gy Aln Comgpatibility Group Group D
. impules Exudations None
: En
’ Effect of Tempersture on Impact
’ Ale, Confined: Sensitivity (Chemically pure grede): (b)
i Impuise
’ Tesp. PA ITwpact Test
. . Under Weter: O¢ 2 Kg Wt, inches
. LT Peok Pressure
-~ y 25 31
. Impulse 75 28
: Energy 100 27 ’
. . 150 27
: 175 12
i : :"‘*"‘“‘“ Compatibility with Metals: (2) : T
4 ; In the presence of moisture, ammonium
. Energy nitrate reacts with copper, iron steel,
' brass, lead end cadmium.
L]
; Entropy: (e)
: cal/mol at 25°¢C *%.0
.
. ‘
. : S 23




¥
. N i
& ; N
¥
B . ’
Wi s - S i oo

%
|
|

3

LY

AMCP 106177 Amcoiun Mitrate .
i : i . ;
| Solability of smecoiue nitrete; grems in 100 grems (%) of: (e) e
5 Wter Aloohol Acetic Acid Bitric Acid Byridine '
i $ Wirte - ‘
i o, [ ] [+ (. \
v ¢ C C :
| X b 5 A x5 A TR ¥ F oo .»
- 20 1@ M 5 27.0 0.3 5 T30 AT ‘
i % o7 6 T.5 80.9 5.8 o 106 - 20.8 . 5
g 6 M T8 1.5 100 2.7 75 201 2.6 b
80 g 1£0.0 125 :
100
Exeperetion;

Ammonius nitrate is prepared by the neutialization of sn agueous solution of ammonia with . o
nitric acid and evaporation of the solution. The product vhich is very pure is dried in a ! s
graining kettle. -

Qrigin:

Pirst prepared by Glauber in 1659 and first used as an explosive ingredient in 1867 when a
Swedish patent was granted to Chlsson and Norrbin for a composite dynamite.

strustion sal Decomposition: :

Ammonivn nitrete is decomposed by strong alkalies with the liberstion of ammonie, and by ; ' -
sulfuric acid with the formation of ammonium sulfate and nitric acid. . -

.

Refercuces: 3 : g
: (s) Departments of tbe Army = the Air Force ™ 9-1910/10 1la-1-3, Military Bxplosives, . . 3 o
g April 1955, N ¢ :
: : £

i (b) P. P. Macy, 7. D. Dudderar, E. F. Reese and L. H. Eriksen, Investigation of Swmsliivi :
; of Feriilizer Grade Ammouium Ritrete to Explosion, PATR No. 1658, 1T July %’f. :
s (c¢) D. P iechougall, Methods of Physical Testing, OSED Report No. 803, 11 August 1942,

‘ (2) L. C. Smith and B. G. Byster, 1csl Testing of Explosives, Part III - Miscellaneous

Sensitivity Tests; Performsnce Tests,
(o) International Critical Tables, McGraw-Hill Book Co., N. Y., Land-Bornet.

G. D. Ciift and B. T. Federoff, A Manual for Explosives _Laboratories, Vol. II, Lefax
Society, Inc., Philadelphia, 1343.

(£) R. J. Pinkelstein and G. Gamow, Theory of the Detonation Process, NAVORD Report Fo. 90- -
L6, 20 April 1947,

{g) George FPeick, The Dissociation Pressure and Free Bnergy of Formation of Ammonium Ki-
s . trate, Arthur D. Little, Inc., W, > - ;

(b) M. A. Cook and M. Taylor Abegg,‘notheml Decomposition of m:plocive-',' Universtity of
Utah, Ipd Exg Chep, June 1956, pp. 1090 to 1095.
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(1) Also ges the folloving Ploatirny Arsensl Technicel Reports on Ammonium Nitrate:

€
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AMCP 706-177

1 8 2

907 548 79
1117 638 1%9
1947 998 1409
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ﬁmc, meters/second

ANCP 708177 Asmonium Perchlorste
e-,;odam Maloswlar Weight: ~(m;,,:o,.)7 7.5
a  ma - -
L n.9 oqs < .
- 3.4 n,‘cm,‘ ' Deneliy: gm/cc 1.95"
) 5%.5 Melting Polar: °C
/¥ Rati vy Pobns °C
Impact Senshivity, 2 Kg Wh: Belling Polak; *C
Burecu of Mines Apparatus, cr 6T .
Sampls Wt 20 mg Refrective index, pS
Picotinmy: Arsentl Apporctus, in 2k e
Sample W, mg- 2s T
Fristien Pendulom Tost: Vuruws Sesdilly Tost:
Sewel Shoe Snaps /40 Hrs, ot .
Fiber Shos Uncifected F90°C R
— 100°C 0.3
: % o
Explesions : 13505 c
Burned 200 Grom Bomb S2nd oo )
Unaffected “Sond, gy . ° 6.0 ;
Explocion Tomporature: “C Sensltivity te fubistien;
Seconds, 0.1 (no cop used) Minimue Detonating Crarge, gm
5 435 . Leod Aide 0.20
10 Tetryl - 0.25
15 - - -
20 Bellitic Shertar, X TNT:
: N Trowsl Toot, % TN
75°C internations! Hoot Tont: -
% Loss in 48 Hrs . Plote Dent Teoi:
160°C Host Tout: Cordition
% Loss, Ist 48 Hrs  0.02 Confined
% Locs, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs Hone Brisance, % TNT
Datonation Rete:
Alaonebility Index: © Confinement
L. Condition
Hygrescopicty: % Charge Dicmeter, in.
" : Density, gm/cz

4
§
<
£
¥
e
e -
i
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w.ms!! AMCP 706-177
wm ‘ Mmmmsaw
umummumu : Gloss Cones  Stas! Cones
mw« S Hole Volume

W M Explosive ingredient of
mixtures wzed 1n pyrotachnics and
u‘\\m.,q_etnc filler

' Mathed of Loadiag: Pressed i cast depending

on caiposition of mixture

Loading Dosalty: gm/cs  Varienle <
Mathod oy

Mozard Closs (Quontity-Z ..u.c8)  "less 9

Compotitility Greup
Solubility in Weter T
gmo ce saturated solui’, :
r.x"c ) N 12
<% 20
6o°c . k)
0% . . 88
mmtiom

"&:e perchicretes are prepured by the sction
of the acid on a suiteble bags; bty the ther-
mal decorposition of certain chlorates; and
ty the electrolyais of chiorates (see origin).

Heeti of:
——_C) S

Formetica, cal/gm 665

U P M o 54 i R e <
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AMCP 196177 Ammonius Perchlorate

- Saeday (@) e

‘2. Mitacherlich first prapered, in 1632, crystals of ammGoium perchlrrate from barius
poretiorets end ammmion sulfate t?mlmgz, 300). 7. schlosing treated a kot selution of
sciion parciierete vith esmoniun chloride, &nd on cooling, crystals of ammonium pearchlorcte
ware obtained (Comp rend, 1259, m'ni). U. Alvisi treated & mixture of 76 parts of am-
*&mmm&oﬂﬁlm of sofiiuz perchlorate, and odtained s crcp of smel. oryetals of
mwmm shich were purified by recrystellisation from hot water (German Patent,
203,993, ) A. hiclati xixed megnesiua or celcium perchlorste vith smacuium chloride sni.
cry3’als of amcnitum perchlorate deposited from the solution of very soluble msgnesium or oal-
ettm chloride (Gerwsn Patent, 112, 6B2, 1899).

Befereuces;

. (s} V. B Tomlineon, Jr., Fhysical and Explosive Properties of Nilitery Explosives, PATR s
Bo. 1312, 29 November 1943. L

(b) 7. L. Davis, The Chemistry of Powler snd Explosives, Johu Wiley end Soas, Inc., Hew
York, 1963 . .

3\

(e} J. W%. Mellor, A %ﬂ Treatiss on Inargenic snd Thecretical Chemistry, Vol. II,
Loogamms, Green and Co., y y P V0. ‘

(a) Aho-m the following Picetinny Arsenal Technical Reports on Ammonivm Perchlorate:

e 1 <o 3 L3 2 [ 2
100 521 843 54 1095 1726 1049
1783 g 1725 1969

O L L L T S P R B o O
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ee footnote 1, page 10.
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- Baretol AMCP 706-177
\‘
Composition: Molecular Waight: 125
%
Oxygen Bolence:
Barium ritrate 67 CO. % -3
O % +13
INT 33
Density: gm/cc Cast 2.55
Melting Peint: °C
C/h Ratio Fraezing Point: *°C
Impoct Sensitivity, 2 Ky We: Bolling Point: °C
Bureou of Mines Apparotus, cm 35
Somple Wt 20 mg Refractive Index, n2
Picatinny Arsenol Apparotus, in. 11 o
Somple Wt, mg 24 . Nz
ng
Friction Pandulu=w Teost: Vecuum Stebility Test:
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet Impoct Test: Triols 120°C
% .
Explosions I35°C
Partials 150°C
Burned 200 Grem Bomb Sand Test:
Unaffected Sand, gm 26.8
Explosion Temperoture: °C Seusitivity to Initiation:
Seccyds, 01 (no cap used) HAinimum Detonating Chorge, gm
| Mercury Fulminate .
S Ignites 35 Leod Azide 0.20 -
10 Tetryl 0.10
15
20 Bollistic Mortar, % TNT:
Trousl Teat, % TNT:
75 C international Heot Test: h
9% Loss in 48 Hrs Plote Den! Test: (a) 73217
Method B
102°C Heat Test: Conditior cast
% Loss, Ist 48 Hrs Confined Ro
% Loss, 2nd 40 Hrs Density, gm/cc 2.52
Explosion in 100 Hrs Brisance, % TNT €1
Detoaciion Rate:
Flammability Index: Corfinement
Cendition
Hygroscopicity: % . h Di o
200, 90% 1i h.00 C or'ge Diameter, in.
Volatility: Density. gm/cc
o ) Rate, meters/second
249
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 Sootficiont of
Linear, %7°C
s

Volurae, %/°C e

Hardness, Meks* Seclz;

Yo...’s‘\m: R
-k, tb/inch? 4
Gﬂ’aty, omfec T T

N

m«w Ibfinch? © 7

L -

Vwi; Prasure: i \;;. .
< mm Mercury

Max Safe Drép, #t ~
MMSMM-MW

Height, ﬂ
:ru—’m N R . .
Low Order 5 17 ‘ ‘
.Hogh Ordor

'lmbm hfieco Mn Cuenn

“ Haight, : ;
Frigk | N
Unafrecied .

Wigh Order




AMCP 706-177

R PRI Tty 22

™ Blsst (Reletive te TNT):

Peck Pressure

Impuise
Energy

Alr, Confined:
Impulse

Under Weter:

POY T At N NG Bt wete S e w8 e S

|

- ® e mle v o e vy

: Baratol
A Feagmentotion Teat: Shaped Charge Effoctivenses, TNT = 100:
s © S ma W, M7 Projeesite, Lot WC9: Gloss Cones  Steel Cones
o Derai;, gm/ce Hole Volume
 ChorgeWt, B Hole Depth
Tetel No. of Frogments: Cob
For TNT
For Subject HE
Priacipel Uses:  Boub filler
SMMWIMI&K@x
* Dersity, gm/cc
Chorge Wt, b
- Tetal Ne. of Frogments: ol .
For TNT Maothed soding Cast
For Subject HE
Leadica D aslly: gm/cc 2,55
kmv*dy:ﬁ/uc
A9 #t
At 254 fr Sterege:
Density, gm/cc
Mathod Dry

Hazard Class (Quantity-Distonce) Class 9
Compatibility Group Group I

Exudotion

Mntion:

The appropriate weight of barium nitrate
heated to about 90°C is sided to molton TNT
contained in a melting vessel equipped with
an ggitator. Continue mixing until uniZore,
and load by pouring at the lowest practicei
temperature.

Origin:

Baratol, an explosive containing berium
nitrete and TNT, the proporticns veried to
suit the i1equired pirposes, was developed
durirg World War I.

i
.
.
’
4

= e,

31

e




AMCP 706-177

References: 3

{a) D. P. MacDougail, Methods of Physicel Testing, OSRD Repert No. 803, 11 August 1942,

(' L. C. Smith and E. G. Eyster, Fhysical Testing of Explosives, Part III - Miscellanecus
Sensitivity Tests; Performance Tests, o N T Se

{¢) Also see the following Picatinny Arsenal Technical Reports on Baratol:

B S T e T

° 3 s 8 ¢
2010 1783 2226 ap . S s
2160 233 T
(4) C. Lenchitz, W. Beach and R. Valicky, Entha Changes, Heat of Fusion and Specific .
Beat of Basic Explcvives, PATR No. 2504, January iés.

PN e S A e Mo oaer

3See footnote 1, pasge 10.
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Baronal AMCP 706-177
C;;pum‘o: Molecular Weight: 111
O yom Belence:
Barjum nitrete S0 €O- % -2k
TNT 35 CO % -7
Alvminum 15 Dexsity: gm/cc 2.3
Melting Polat: °C
C/H Ratio Freezing Polat: °C
Impact Sensitivity, 2 Ky Wr: Builing Poiné: °C
Bureou of Mines Apparatus, cm 0 -
Sample Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apporotus, in. 12 °
Sample Wt, mg 22 Na
' ng
Friction Pendulum Test: Vocuum Stebility Test:
Steel Shoe ¢c/40 Hrs, at
Fiber Shoe 90°C
100°C
Rifle Bullet Impoct Test:  Trials 120°C
% .
Explosions 135°C
. 150°C
Partiols )
Burned | 20¢C Grew Bomb Sand Teat:
Unaffected Sovid, ym .8
Explosion Tempereture: °C Se-uitivity te [nitiation:
Seconds, 0.1 (no cap used) Minimum De'onating Chorge, gm
1 Maercury Fulniinele
5 Ignites 35 Leod Atide 0.20
10 Tetryl 0.10
15
20 Bellistic Morter, % TNT: (a) 96
. Trouz! Test, %6 TNT:
75°C Iaternationa! Heat Test:
% Loss in 48 Hrs Plate Dent Test:
Method
100°C Heot Tost: Condition
% Loss, lst 48 Hrs C°"’f"'d
% Loss, 2nd 48 Hrs D.'M"y' gm/cc
Explasion in 100 Hrs Brisonce, % TNT
Detonetion Rete: (v)
Flommability Index: Confinement lione
Conditicet Cast
Hygroscopicity: % Chorge Diometer, in. 1.0
- Denv.itv, gm/cc 2.3
Volotitity: Rate, meters/second 5450

33
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AMCP 706-177

T

Baronal
Fragmentetion Tosr: Shoped Charge Bfectivencns, TNT = 100:
90 man NE, M7 Projectile, Lot WC-91: Gloss Cones  Stest Cones
Dersity, gm/cc Hole Volume
Charga Wt, b Hole Depth
Tetel No. of Frogments:
Coler:
For TNT
For Subject HE
Principel Usea:  Bomb filler
3 inch HE, MARAY Projectile, Lot XC-3:
Deruity, om/ce
Charge W, b
Totel No. of Fragments:
Methed of Losding: Cast
For TNT
For Subject HE
Louding Donelty: gm/cc 232
Frogme ¢ Velocity: #t/sec
A9 f
At 2544 f Sterege:
Dersity, gm/cc
Mathod Dry
Blost (Reletive te TNT): Hazord Closs (Quontity-Distace)  Class 9
Al Compatibility Group Group I
Peok Pressure
Impulse Exudgtion
Energy
Alr, Confined: Preparation:
impuise Procedure same as described under Baratol
except aluminum is added to the barium ni-
Under Weber: trate-TNT molton mixture under agitation
Peck Pressure until unifsrmity in cowmparison is obtained.
impulse

Energy

Booster Sensitivity Test:

(<)

Condition Cast
Tetryl, gm 100
wex, in. for 50% Detonation 0.86
Dengity, gm/cc 2.3

Heat of:

Combr.stion, cel/gm 2099
Explosion, csl/gm 1135
Gas Volume, oc/gu k1o

P Y B T

o 3
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AMCP 706-177
Paferences: ¢
(a) L. C. Smith and B, G. Rystar, ol Testing of Bxplosivus, Part - Miscellansous
Sensitivity Jests; Perforuance Tests, : . ’ s .
(b) G. . Messerly, Tus Imte of Detogation of Various Rxplosive Compo.::w, OSRD Report Mo.
1219, 22 Fedraary 1943.
N. 0. Barwvits, The OSRD Report

Ro. m, 15 January 1946
() D. P. WacDougall, Methods of Fhysice) festing, OSRD Report No. 803, 11 August 19h2.

e e o e et Ty I, fopmelation of
Compogition of Mixture with Performance, » Dh- s .

(¢) 8. J. Lowell, ;mgum of Detooation in Long and Barrow Columns of Bxplosives, PATR
Ro. ﬂﬁ, mﬂ 195 . .

—_—
See fcotnote 1, page 10.
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AXCP 706-177

Black Powder
Compasition: Melecular Weight: 84
%
Suypon Belence
Potassiun nitrets .0 CO, % - -22
O % -2
Denalty: g::/cc - Variable
Charcoal 15.6 :
Maobing Pelat: °C
C/H Ratio Frossing Peint: °C
lmpact Sensitivity, 3 Kg Wr: Beiling Point; °C
Bureou of Mines Apporatus, cm k- S
Somple Wt 20 mg Refroctive Index, n3
Picatinny Arsenal Apparotus, in, 16 o
Sompls Wi, mg 16 iz
R
Steel S :ue Snaps cc/40 Hrs, at
Fiber Shos Unaffected 90°C
100*C 0.5
Rifie Dullot Impoct Test:  Trials 120°C 0.9
% »,
Explosions 135.C.
Partials 150°C
Burned 200 Grom Bomb Sead Test:
Unaffected Sond, gm 8
Explesion Tompereture: °C Semitivity to Initietion:
Seconds, 0.1 (no cop used) 510 Minimum Detoncting Charge, gm
§ 490 Mercury Fulminote
10 356
15 senbifive to tgniting fuse
20 Ballistic Morter, % TNT: 50
Trouzl Test, % TNT:  (a) 10
75°C internstions! Hoot Tost:
% Loss in 48 Hrs 0.3 Pete Dent Test:
Maethod
169°C Heot Tost: Condition
% Leax, Vst 48 Hns Confind
% Loss, 2nd 48 Hrs Density, gm/cc
Ex,-losion in 100 Hrs Brisonce, % TNT
Detonetion Rete:
Flammability Indox: Confinement
2T, TS5 X 0.7 Condition
Wh’ % %C: w RH 1.92 Chorg. Diameter, in.
oc, 0% R 2.51
Votetility Density, gm/cc 1.6
' Rate, meters/second Loo

BT oL T B L B W

-
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Black Powder

AMCP 706-177

Feogmontetion Toot: Sheped Charge Effectivensee, TNT = 100:
90 wm HE, M77 Projoctile, Lot WC-O1: Gloss Cones  Stee! Cones
Deraity, gm/cc Hole Volume
Chorge Wi, ib Hole Depth
Totel No. of Frogments; Col Bleck
For TNT
For HE
_SHNOC' Principel Uses: 1. Igniter powder
3 lach HE, MAZAT Projectile, Lot KC-: 2. Time rings (fuzes)
Density, gm/cc
Chorge Wt, Ib
Totel No. of Frogments: Mothod of Looding: 1. ILoose (granulated)
For TNT 2. Pressed
For Subject HE -
Leading Donelty: gm/cc psi x 10°
25 50 60 65 70 75
r-mvm ft/s8c 1.7h  1.8% 1.86 1.87 1.88 1.89 -
At 251 Sterege:
Density, gm/cc
Maethod Dry
Blest (Refetive 8o TNT): Hazard Closs {Quoantity-Distance) Class 9
Al Compatibility Group Group 0
Peck Pressure
Impulse Exudation None
Energy :
100°C Vacuum Stebility Test,
Alr, Confined: _cc gas/ho nrs:
Impulse Initial Value 0.5
After 2 hours at 65°C 0.86
Under Water: After 2 Lours at 65°C, 75% RH 1.46
Peak Sensitivity to Electrostatic
Impulse Discharge, Joules: {v)
Energy Unconfined »12.5
Confined 0.8
MP{..:". mtﬂ')ilitz with Metals:
impulse Dry - Corvetible with sll metals when
Energy moisture content is less tha: 0.20%.

Initiating Efficiency:
Grems Required to Initiste

Wet - Attacks all common metals exc.pt
stainless eteel.

Heat of:
Igniter Comp X«3¥ 2.0 Exp /
losion, cel/qm 684
Igniter Comp K-29 2.3 Gas Volume, cc/gm 21l

3
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AMCP 706171 Alack Povder

Preparstion:

Willov or alder charcoal, flour of sulphur and 2-3% of water are plsced in a tusbling barrel
and mixed for a short period (sbout 1/2 hour). The mixture is transferred to & "wheel mill" snd
crystalline potassium nitrate containing 3-4% moisture is added and the mixture is in orporeted
for eevarel hours. During the incorporation period the mixture is kept damp (2-3% mojature) by
232 ,g vater at intervals. The mill cake 13 then pressed at 5000.psi between aluminum plates.
The pressed cakes are broken up betueen rubber of wood rolls. The meterial is screened and tne
various particle sizes are seperated as desired. The screened material is then transferred to
canvas trays and dried in hot air ovens at 60°C. If it is desired to glaze the black powder,
the material before drying is polished by rotation in & tumbling barrel to give it a swooth
surface. It is next scresned to remove. the dust. The smooth particles are then placed in s
wooden barrel and rotated with graphite. The material is again screened to remove the axcess
graphite, and dried. Material finer than #40 U. S. Sieve is not graphited.

WARNING
The batches of black powder must be of sufficient size to cover the bed of the "vheel mill.”
If the vheels run off on the bare bed, explosions usually result.
Origing

The exact date of the discovery of black powder is unknown. Historisns attribvute its dis-
covery to che Chinese, Hindus or Arsbs. The Greeks used it during the Tth Century. Marcus
Graecus in the 9th Century and Roger Bacou in the 13th Century described cospositions similar
to the present powder. Beginning vith the 16th Century, the composiiion of black powder con-
taining potassium nitrate, charcoal and sulfur has verained unchanged vith respect to the pro-
portionality (75/15/10) of the ingredients.

Destruction by Chemical Decomposition:

Black powder can be desensitized by leaching with water to dissolve the potassium nitrate.
The washings must be disposed of separetcly because the residue of sulfur and charcoal is com-
bustible but not explosive. :

References: ’

(a) Pu. Neoum, Nitroglycerime and Nitroglycerine Explosives, Baltimore, 1528.

(v) F. W. Browm, D. H, Kusier and F. C. Gibson, Sensitivitv of Explosives to Initiation by
Electrostatic Dischasrges, U. S. Department of the Interior, Bureau o nes ) .

(c) Also see the folloving Picatinny Arsenal Technicel Reports on Elack Powder:

;See footnote 1, page 10,
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Black Powder AMCP 706-177
« j : N
e ° 1 2 3 3 2 6 I 8 2 .
250 4 e22 163 3Bk 65 56 7 188 3
70 W ere ¥3 bsh- L5 176 38 819 f
850 ° 64 »2 k53 shb 545 356 b37 428 839 !
1010 901 b2 8k3 554 605 686 Sh7 558 8k9
1450 un hoe 1043 5Th 1145 Th6 757 598 859
2 582 1153 594 1275 84t 608 8%9
151 T62 12h3 654 1815 1316 1097 618 1259
15481 812 1333 66h 1885 1536 1737 698 1309
il 1022 1¥g3 TTh 1905 1576 1797 838 1339
911 1622 1523 8kl 195 1586 1807 898 1349
1951 e 1643 i 1946 18271 H 1589
2051 1802 1813 1154 1388 179
- 1912 1843 1244 1528 1863
1973 1504 1778 1889
1308
1838
. 1928
2178
4
4
5]
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AMCP 706-177

1,2,4-Butanetriol Trinitrete (BITN) Liquid

Composition: Moleculer Welght: (c,‘HTN 0,) 2k}
% 39
4 19.9 Oxygen Bolence:
Hac-onoa - CO. % 17
u 2.9 | €O % 10
HaC
N s/ Demsity: gm/cc Liqul. 1.52
HC-OME
0 99.7 Melting Peint: °C
H,,C-0N0p
C/HRatio 0,13 Freezing Peint: °C
Impect Sensitivity, 2 K9 Wt: Beiling Point: °C
Bureou of Mines Appoaratus, cm 58
Sample Wt 20 mg Refroctive Index, n 1.473%
Picatinny Arsenal Apparatus, in. :1 °
Somple Wt, mg N
n%
Friction Pendulum Test: Vocuum Stabitiey Test:
Steel Shoe cc/40 Hrs, ot
Fibar Shoe 90°C
100°C 2.33
Rifle Bullet Imps =t Test:  Trials 120°C
% "
Explosiors :Z;_z
Partials
Burned 200 Gram Somb Send Test:
Unaoffected Sand, gm L8.6
Explosion Tempereture: °C Sensitiviiy te Initiotion:
Seconds, 0.1 (no cop used) Minimum Dstonating Charge, gm
1 Mercury Fulminate
5 Decomposes 230 Leod Azide 0.20
10 Tetry! 0.10
15
20 Ballistic Meitsr, 5 TNT:
T-ouzl Test, % TNT:
75°C Internutionsl Heet Tast:
% Loss in 48 Hrs Plots Dent Test:
Method
100°C Hoot Toot: Condition
% Loss, 15t 48 Hrs 1.5 Confined
% Loss, 2nd 46 Ars 1.2 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detonstion Rete:
Flammebility Indes: Confinement
( Condition
Hygroscepicity: % a) Chorge Diometer, i
100%F, 95% R, 2b hrs 0.1k orgc Diometer, in
Veolatility: Denstly, gm/cc
(Og::" : ne/ on?  fnr L Rctz, meters/second

40
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. =~ 1,2,b-Butanetric) Trinitznte {(BUIN) Liq.ld AMCP 706-177
: —
) Fragmentetion Test: Shoped Chorge EHectiveness, TNT - 100:
* 90 am HE, M71 Prejectice, Lot WC-91: Gloss Cones  Steel Cones
g Density, gm/cc Hole Volume
: “harge Wi, Ib Hole Depth |
Totul ile. of F : A
Zor TNT rapments Color: Yellow o1l |
. For TN i
: For Subject HE
: Peincipal Uses: Explosive plesticizer for
3 inch HE, MA2AY Projectile, Lot K. 3- nitrocell:lose
Dersity, gm/rc
Chorge Wt, 1b -
Totel Ne. of Fragmaeats: Method of Lovding:
For TNT
For Subject 4E
Looding Density: gm/cc L.58
Frogment Velocity: {t/sec
At 9 ft
At 254 ¢ Storege:
Dessity, gm/cc
tAethod
Blost (Reletive to TNT): Hazard Class (Quantity-Distance)
Ale: Compatibility Group
, Peak Pressure
fropuise Exudation
Energy e ——
30lutl is. - Wuter, )
Alr, Confined: 1 o e E (e)
ED/100 o=, et
irmomise R m———
‘ 2 ¢ 0.0%
Under Weter: Fa-c 0.15
Peak Pressure Solutili* of Water !:, (8)
Impulse ot/ 100 gm: 0.0
Eneryy Solutiliey
g+ 2597, §
Uaderground: Cehap
Peak Pressure ' fther
fleohol "
impulse 2:1 £theralesnol
Energy fzhene
i Hes . of: A (&) Vig gren, sercioslren: fe
Come 127 igi, ~al/m aE R
s ooelen, esl/on R
B Sen Volume, o oo
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AMCP 706-1T7 1,2,b-Butanctriol Trinjtrate (BTIN) Itguid -

tion (ladborw H

To & cooled mixture of T3.8 gm of 100% nitric acid, 46.2 gms of 106.2% suifuric acid and
60.0 gm of 96.1% swifuric acid, 3 gus of the originxl (or rsdiatilled) 1,2,h-butanetriol vas
8dded dropwvise with agitation for a period of thirty minutes. The temperature of the resction
aixture ves kept at 0°-59C. When the agitation vas campleted. stirring was continued for one
and one-half hours. The aixture was pored into ice wter, anl the resulting oil suspension
was extrected vith three 100 milliliter portions of &ther. The combined ether extructs were
washed vith wvater, then with & 5% scdium bicarbonate solution and finally with water. The neu-
tralised extract was dried vwith enhydrous :elcium chloride and then the ¢ther was evaporated.
The yellowv oil was dried in & vacw'm desiccator over anhydrous caloium chloride until the mate-
rial wvas brought to constant weight.

Origin:

1,2,kebutanetriel was Yirst synthesized by Wagner and Ginsberg in 1894 by oxtidizing allyl
carbinol vith potassium pervanganate under mild conditions (Ber 27, 2437). Recently the U. S.
Tubber laboratory, under tr= direction of P. Tawney, devised & nev synthenis carried out with
allyl acetate and formaldehyie to give 1,2,Lk-butane triscetats vhich vas eadily hydrolysed t:
butanetriol (U. S. Rubber Company Guarterly Report, May 1948). Working with pure 1,2,h-butane-
f{riol prepared by an improved techuique of the Wagner method, the U. S. Muval Lebcratory in
1948 nitrated the butanetricl on a laburwtory and & pilot plant scale (Fefsrsuce a).

Lh_\_fmneu:s
(a) J. A. Gallsghan, F. lacri, J. Bednarik, and F. McCollum, Tue thesis of 1,2 4-Butane-
—%m—e \

triol and the Evaluation of Its Trin:trate, U. S. Naval Powder Factory caL . y
10 September 1948.

(%) Also see the following Picatinny Arsens. Technical Reports on Butanetriol Trinitrate:
1755 and 2786.

3See jootnote 1, page 10.
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Compoeition A-3 AMCP 706-177
Compasition: Maleculer Weight: 227
a
Oxygen Belence:
RDX oL CO: % -k8
COo % -23
Wax 9 o —
Demsity: gm/cc 12,000 pet 1.65
Mebting Poiat: °C
C/H Ratio Fresziny Point: °C
impoct Semeitivity, 2 K9 Wr: Belling Peint: °C
Bureou of Mings Apporatuy, cm 100+
Somple Wt 20 mg Refractive Index, n2
Picotinny Arsanol Apporatus, in. 16 °
Sompie Wt, mg 17 P=
n%
Friction Ponduium Tost: Vecvsm mr Tost:
Stee! Shoe Unaffected ¢c/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 0.3
Rifls Bullet Impect Test:  Trick 120°C 0.6
% .
el e
Portials [s]
Bumed (4] 200 Grasn Bomb Sond Test:
Unaffected 100 Sond, gm 51.5
Explesion Tompereture: *C Sansitivity to Initiation:
Seconds, 0.1 (no cop used) Minimum Detonoting Charge, gm
1 Mercury Fulminate 0.22¢
S  Decomposes 250 Lead Azide 0.25%
10
s " » a1filtive 1n1tiating charges
2 Boltistic Morter, % TNT:  (a) 13
Treus! Test, % TNT:
75°C internotionsi Hoot Tomt: -
% Loss in 48 Hrs Plote Demt T +: (v)
Maethod B B
100°C Heot Tost: Cond-mon freued P-essed
% Loss, Ist 48 Hrs 0.15 Confined so No
% Loss, 2nd 48 Hrs 0.15 Df"s-wl gm/cc 1»§1 1.20
Explosion in 100 Hrs None Brisonce, % TNT 12 ™
Deteustion Rete: (c)
Flammebliity Index: 195 Confinement None
Condition Pressed
Hygrescopicity: % 30°C, 904 RH 0.c Charge Diameter, in. 1.0
De:sity, gm/cc 1.59
” o 3l
Velotility: 50°C, 15 days .02 Rate, meters/second 8100

43
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AMCP 706-177 Composition A-3
o~~~
Frogmentotion Test: Shopeu Sharge Effectivencss, TNT = 100:
90 mm HE, M7 Projectile, Lot WC-91: Glass Cones  Steel Cones
Density, gm/cc 1.62 Hole Volume
Charge W, b 2.102 Hole Depth
Total No. of Frogments:
Color: -
For TNT 703 White-buff
For Sutiect HE 113
Principel Uses: HE, SAP, AP projectiles;
3 inch HE, MA2AT Projectile, Lot KC-5: Snaped Charges
Density, gm/cc 1.64
Charge Wi, Ib 0.561
Totel No. of Fragmentr:
Method of Looding: Pressed
For YNT 514
For Subject HE 710
Loeding Density: gm/cc psi x 105
3 1
Fregment Velocity: ft/sec 1.k 1.6
A9 ft 2800 1 5
At 251 ft 2530 Storegn:
Density, gm/cc 1.61
Mathod Dry
Blest (Relative to TNT): ivazard Closs (Quantity-Cistance)  Class 9
Ale: Compatibility Group Group I
Peck Pressure
impulse E .Jotion . 3 not exude at 65°C when wases
mlting sherply at or above 75°C are used.
Energy
Prﬂ;aration:
N:’ Conl:i:d: A water slurry of RDX is hcated to 100°C
mpu with agitat.on. Wax and e vetting agent ere
sdded and the mixture, under sgitation, is
Under Water: ccoled beiow the melting pofnt of the wax.
Peok Pressure The wax costed RDX is rollected on & filter
Impuise and siy dried et 759C.
Energy Iffect of Temperature on
rate of Detonatjon: (e)
Underground: 16 hrs at, °C -5k 21
Peak Pressure De-sity, gm/ce 1.51 1.51
Impuise Rete, m/sec 7600 7620
Energy Beoster Sengitivity Tes:: (a)
Zondi tion 2ressed
Tetryl, gm 100
vax, in. ftor > Deicnstion 1.70
Density, gr/ce 1.62
Heat of:
rorustlon, cel/zm 1210
7 AVUDY SESunammm | ¢ SEPI S SEAE SIS e s e ey S =,
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. o Composi tion A-3 AMCP 706-177 R
. Compatibility with Metals:
{ Dry - Aluminum, atainless steel, mild steel, mild steel coated 'ith acid-éroo!‘ black paint
H end mild ateel plated with nickel or zinc are unsffected. Copper, megnesium, magnesium-aluminum
: alloy, brass and mild steel plated with cadmius. or coprzi are siightly affected.
i Wet - Stainlees steel is unaffected. Copper, alvminum, magnesium, brase, mild steel, mid
’ steel coated wite acid-proof black paint and mild rteel plated with copper, cadmium, nickel or
! zinc are slightiy affected.
3

Origin:

Developed by the British during World War II as RDX and beeswax. Subsequent changes in the
~ United States replaced beeswax with synthetic war~-, chansed the granulation of RDX and improved
the method of manufacture.

Destruction by Chemical Decomposition:

RDX Cocposition A-3 (RDX/wax, 91/9) is decomposed by adding it slowly to 25 times its weight
of boiling 5% sodium hycroxide. Boiling of the solution is continued for one-half hour.

References: ?
: (a) L. C. Smith and E. G. Evster, Physical Testing of Explosives, Purt 1II - Miscellaneous

Sensitivity Tests; Performance Tests, OSRD Report No. 5746, 27 December 1945.

e

(t) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 19k2.

(c) G. H. Meeserly, The Rate of Detonation of Various Explosive Compounds, OSRD Report No.
1219, 22 February 1943.

P

M. D. Hurwitz, The Rate of Detonation of Various Compounds ard Mixtures, OSRD Report .
No. 5611, 15 January 19G5&.

(d) . C. Smith snd S. R. ¥alton, A Consideration of RDX/Wax Mixtures as & Substitute for
Tetryl in Boosters, NOL Memc 10,303, dated 1) June 1949\

(e) W. F. McSarry and T. W. Stevens, Detouation Ret .3 of the More Important Military Explo-
sives at Several Different Temperatures, PATR No. 2383. November 195b.

LI N I )

-

(£) Also see the following Picatinny Arsenal Technicel Reports oc RDX Composition A-3:

: 9 Py 2 3 ¥ 2 ¢ z 8 2
' 1350 1451 1kg2 1493 el 1325 1556 1607 1336 1639
13510 1751 2112 1€1% 1585 1936 1747 1388 2179
1634 1595 1157 173
. 215k 371 1835
1635
2235

- ;See footrote 1, page 10.
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AMCP 706-177 Composition B
Compesiion: Melecule: Weight: -
%
Oxygen Jelonce:
RIX 60 CO, % -h3
CO % 10
™T %
) Denslty: gm/cc Cast 1.65
Wax, added 1
Melting Peine: °C (1) T78-80
C/H Rotio Freezing Point: *C
'mpoct Sensitivity, 3 Kg Wi Belling Peiat: °C
Bursou of Mines Apparetus, cm 75
Somple Wt 20 mg Refrective Index, n2,
Picotiny Arseno! Apparotus, in. 1 o
Somple W1, mg 19 N
o
Friction Ponduium Tost: Vacwum Stabifity Tost:
Stest Shoe Unaffected cc/40 Hrs, ot
Fibar Shoe Unaffected 90°C
160°C 0.7
% .
3 o
Partials 13 1
Burned b 200 Grem Semb Send Tost:
Unaffected 8 Sand, gm sk.0
Explesion Tompereture: °C Sensitivity te Initietion:
Seconds, 0.1 (no cop used) 526 Minimum Detonating Charge, gm
1 368 Maercury Fulminote 0.22%
S Decceposes 278 Lead Azide 0.20%
10 255
15 » 25 * Airt.:mltive initiatirg characeg |
2 > 250 Bellistic Morter, % TNT: /a) 133
Troux! Test, % INT: (v) i3
75°C internations! Hout Toor:
% Loss in 48 Hrs Plote Dent Tost: (e)

Method B
100°C Het Tout: Condition Cast
% Loss, Ist 48 Hs . 0.2 Confined No

% Loss, 20d 48 Hrs 0.2 Dersity, gin/ cc o
Explosion in 100 Hrs Nore Brisance, % TNT 132
Detonstien Rete:

Tlhmmebility Index: 177 Confinement None
r— S Condition Cast
Hygrescopleity: % 30°C, 904 RH 0.02 Charge Diometer, in. 1.0

Density, gm/cc 1.68
Velotifity: Rate, meters/second 7540

¢ e 5t e
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Graposition B AMCP 706-177
Rascter Sc.aitivity Tesi. {(a) Decomponition Equetion:
Conditin Cast Oxygen, atorra/sec
(Z/3ec)
Tetryl, gm 100 Heat, kilocolorie/mole
Wox, in. for 50% Detonation 1.40 (AM, keol/mol)
Wax, gm Temperature Range, °C
Density, gm/cc 1.65 Phase
Hoet of. (e) "
Combustian, cal/gm 2790 Armer Plote Impoct Tout: (o)
Explosion, cal/gm 1240 60 mm Mester Prejoctiie:
Gas Yolume, cc/gm 50% Inert, Velocity, ft/sec 209
Formation, cal/gm Aluminum Tineness
Fusion, Cﬂ'/w (l) &.0
$00-% Gene-ol Purposs Bombe:
Speacific Hoet: cal/gm/*C {3)
o¢ Go Plote Thickness, inches
- - Trisls § Inert
-T5 0.235 7 0.376 1 h 100
0 0.220 85 0. 354 " €
25 o.ash % 0.3 ' %
50 0.305 100 0.312 1% 2 (]
1% 0
Suming Rete:
cm/sec
Bomb Drep Test:
T 0 bt b
Cos o . Maox Safe Drop, #t
Linsar, %/°C S00-Ib Genersl Purpose Bemb vs Concrete:
No Seal Seal
Volume, %/°C rieight, ft hkooo hea.
- Trial: 65 »
Herdaoss, Mobhs’ Scals: Uno*' scted 58 3%
Low 2 2
Young's Medulus: Hi h%'::r 5 1
E', dynes/~-m? ¢
E, Ib/inch? 1000-1b Genersl Purpose Bomb vs Concrete:
Density, gm/cc

Compressive Streenth: Ib/inch? (b)
Density, gm/ce

Veoper Pressure:
*C mm Mercury

Height, ft
1610-2580 Trials
1.68 Unaffected
Low C fer
High Order

41




AMCP 706-177 Composition B
Fragmentation Test: Sheped Charge Effectiveness, TNT = 100:
(e} {n)
90 mm HE, M71 Projectile, Lot WC-91: Glass Cones Steel Conec
Density, gm/cc 1.65 Hole Volume 178 162
Charge Wt, Ib 2.187 Hole Depth 123 1L8
Tc ol No. of Frogments:
for TNT roe (03 Color: Yellow-brown
For Subject HE 998
Principol Uses: Fragmentation bombs, HE
. projectiles, grenades, shaped
3 inch HE, M42A1 Projectile, Lot KC-5: cherges
Density, gm/cc 1.67
Charge Wt, Ib Q.eed
Totol Ne. of Fisgments: Method of Looding: Y
For TNT 514
For Subject HE 701
Loading Density: gm/cc 1.68
Fregment Velecity: ft/sec
At9 2940
At 251 ft 2680 Storege:
Density, gm/cc 1.68
Method Dry
Blest (Relgtive to TNT): (1) Hozord Class (Quantity-Distance) Clags 9
Alr: Cornpatibility Group Group I
Peok Pressure 110
Impulse 110 Exudation Very slight when stored at T71°C
Energy 116
Origin:
Alr, Confined: e
impulse 75 RDX Composition B wes developed bty the
Britigh between World War I and World Wer I:.
Under Weter: It was standardized by tke United States
Peck Pressure 10 early in World War II.
Impulse 108 Effect of Temperature on
Energy 121 Rute of Detonation: (1)
16 hrs at, °C -k 2
u"‘":""" Density, gm/ce 1.9 1.69
Peok Pressure 104 Rete, m/sec 7720 TE60
[ i %
mpuise 7 Bulk Modulus &t Room ()
Energy Tempersture (25°-30°C):
Zrater redlus cuted 107
% Wax in_Comp B 1 2 3
raes/en® x 10710 510 2.l 2.3
bensit;, sm/ec 1.72 1.70 1.
Viscosivty, poises:
Temp, © 307 2.1
. Qe 2.7

48
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AMCP 706-177

Compatibility with Metals:

Dry - Magnesium, aluminum, magnesium-aluminur alley, mild steel, ctainless steel, mild steel
coated with acid-proof black paint and mild steel plated with zinc or nickel are unafiected.
Ccpper, Lrass and mild steel plated with copper or cadmium are slightly affected.

Wet - Aluminum and stainless steel are unaffected. Crpper, brass, iild steel, mild steel
coated with acid-proof black paint and mild steel plated with cadmiu:, copper, nickel or zinc
arec slightiy affected. Magnesiim and megnesium-sluminum elloy are more heavily affected.

Preparation:

Water wet RDX is added slowly with stirring to molten T melted in & steam-jacketed kettle
at a temperature of 1009C. Some water is poured off and heating and stirring are continued un-
t1l 811 moisture is evaporeted. Wax is then added and when thoroughly mired, the composition
ig cooled to & satisfactory pouring temperature. It is cast directly intc ammunitior components
or in the form of chips when Composition B is to be astored.

Destruction by Chemical Decomposition:

RDX Composition B is decomposed in 12 parts by weight of technical grade acetone heated to
45°C. While this is stirred vigorouely, there is added 12 parts of & solution, heated to TO°C,
of 1 part sodium sulfide {NapS‘SHp0) in b parts water. The sulfide solution is added slowly so
that the temperature of the acetone sulution does not rise above 60°C. Alter add!tion . com-
plete, stirring is continued for one-hslf hour.

References :.10

(a) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous
Sensiti..ty Tests; Performmnce Tests, OoRD Report No. 5Tk6, 27 December 1945.

(b) FPhilip C. Keenan and Dorothy Pipes, Table of Military Jiigh Explosives; Second Revision,
NAVORD Report No. 87-46, 26 July 19Lc.

(¢) D. P. MecDougsll, Methods of Physical Testing, OSRD Xeport No. 803, L1 August 19k2.

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wex Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 Jure 19L9.

(e) ~mittee of Divisions 2 and 8, NDRC, Report on HE” and Tritonsl. (:"RD Report No. 5L06,
31 July 1945. ;

\ 'éf) W. R. Tomlinson, Jr., Blast Effects of Boub Explusivee, PA Tech Div Lecture, 9 April
948,

(¢) Esstern Laboratory, du Pont, Investigation of Cavity Effeci, Sec III, Varistion of Cavi-
ty Effect with Explosive Composition, NDRC Contract WoT72-ORD-5T723.

(h) Eastern laboratory du Pont, Investixation of Cavity Fffect, Finel Report, E Lab du Pont,
fontract W-672-ORD-5723, 18 September 1953,

(1) W. F. McGerry snd T. W. Stevens, Detonstion Rates of the More Imporiernt Militsrr Faplo-
sdves st Severnsl Different Temperatures, PALR No. 23533, November, 195C.

‘ T See footnote 1, page 10.
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AMCP 706177 Cosposs tion B

(J) V. 5. Cremer, Bulk ressibility Deta on Several High Explosives, KAVORD Report No.
300, 15 Seyiember 1953""!"—'3—. : e o8 Severel oah Bpiosives

{x] Also gee the following Picatinny Arserul Techaicel Reports on RDX Composition B:
e i g d 4 2 ¢ 1 8 2

13650 21 1402 1313 1224 1325 1466 1207 1338 1339
15% 51 1482 1433 1424 1435 1476 1437 1388 1319
2100 23 1592 1803 1944 1585 1556 1957 1438 1469

2160 2151 1982 2004 1595 1756 1737 1458 1819
2190 2053 2104 1865 1956 1797 1688 e

2063 1885 2237 2007 1728

2103 2055 2147 1828

2233 25 1838

2155 1978

175 2008

2235 a8

2168

(I) C. lenchitz, W. Peach and R. Valicky, Enthalpy Changes, Heat of Fusion and Specific Heat
of Pesic Bxplosives, PATR No. 250%, January 1959. e

b 2
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AMCP 706-177

Composition B, Desensitized
Compresition: I# ITwe Meleculer Weight: ——E _EI"
% - —Sas Cyolonite  Ses Comp R
RIX 60 zg-a Oxygen Balonce: ‘
I added, (Stanglind ko -0 o % See Cyclonite See Cowp B
§§;%; ltd:nx, 16507 5 CO See Cyclonite See Comp B
Vinylseal (MA28-14), 2 Density: gin/cc  Cast 1.65 1.65
.
Vistanex (B120 1.2 .o
Albscer WSx ) 3.6 Mobiag Point: *C
C/H Ratio Freczing Poine: °C
impect Sensitivity, 2 Kg We: I* II** Belling Point: *C
Bureau of Mines Apparatus, cm 95
Sample Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apparotus, in. 1k 13 °
Sample Wi, mg 17 16 N
ng
Friction Pendulum Test: Vacuum Sredilicy Test: pid I
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
Rifle Bulist Impect Test:  Triols 120°C 0.9 0.92
% I* b R
Explosions 0 ] }35'2 114 11+
Portiols 4] (o] 150
Burned 5 0 a0 Gram Bomb Send Tes?: I JIwe
Unoffe:ted 95 100 Sand, gm 52.7 55.0 '
Explesion Te  srature: °C I* IIx* Sensitivity te Initietion: I* IIH*
Seconds, 0.} (ro cop used) Minimum Detonating Chorge, gm
1 Mercury Fulminate
5 hecomposes 260 210 Lead Azide 0.22 0.26
10 Tatryl
15 ——
20 Bellistic Morter, % TNT:
Trouz! Test, % TNT:
75°C internotionsl Hoat Tost:
% Loss in 48 Hrs Piste Dent Test:
Method
10y C Hoot Tost: I* IT** Condition
9 Loss, It 48 Hrs 0.05  0.12 Confined
% Loss, 2nd 48 Hrs 0.19  0.18 Density, gm/cc
Explosion in 100 Hrs None None Brisance, % TNT
Detonation Re'e: -
Flammebility Indox: Confingment
—_ Condition
Hygrescepicity: % Chorge Diameter, in.
30°C, 90% HH 0.00 0.0 1?1 iameter, in.
- — Density, gm/cc
Vo'stitiey: Nil Nil . Rate, metars/second

#Desensitized Cow) P, designated I, uzes em.lsified wax.

»*geng tized Comp 3, designeted II, uses ..ated RDX.
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AMCP 706-177 Compoyition 3, Desensitized —_
Frogmentation Test: Shaped Charge Effactiveness, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Jones  Steel Cones
Der:sity, gm,cc Hole Volume
Charge Wt, ib Hole Depth
No. : E
Total No. of Fragments Color: Yellow-browm
Tor TNT
For Subject HE
Principal Uses: RBombs
3 inch HE, MA2A1 Projectile, LotIiC-S: -
Density, gm/cc 265 {L &5
Charge Wt, Ib 0.87 0 86
Total No. of Fragments: ‘ Mzinod of Loading: Cast
For TNT S1h Sa
For Subject HE 609 659
Louding Density: gm/cc 1.65
Fragment Velocity: {t/sec
At 9 ft
As 251 f Storage:
Density, gm/cc
Method Dry
Blast (Relative to TNT): Hazard Class (Quantity-Distcnce}  Class ©
Air: Compatibility Group Group I ——
Peak Pressure
Impulse Exudation
Energy
Viscosity ises: I* * ¥
Air, Confined: £ PR0E - =
Impulse Terp, 83°C 3.5 31
9502 2.6 2.7
Under Water:
Peck Pressure References:
Impulse
(8) See the following Ficatinny Arsensl
Energy Technicel Reports on RDX Composition B,
Desenisitized:
Underground:
Peak Pressure 1 3 z i
Irmpul
pulse 211 1313 1k35 175t
Energy 2053 1565
*lesencitized Comp B, deciynnted ', uses
enulsified wox.
**Deger.sitized romp B, deci @ 2ted II, uses
coated DX,
g
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—~ Cospreition € AMCP 706-177
i }
' Compoiiien: Molecular Weight:
%
Oxygen Relonce:
e 8.3 co; %
Pl .sticizer, none Co % _
explosive 11:1‘ A
*Nonexplosive oily plasticizer contsining T_ e L
0.6% lecithin. Melting Point: °C
C/H Rotis Freezing Peint: *C
tmpoct Sear'tivity, 2 kg W: Beiting Petnt: *C
. Bursou ¢f Mines Apparatiis, cm 100+
Sompie Wr 20 mg Refrective Index, ng
Picatinny Arsenal Apparatus, in. . ne
Sample Wt, mg s
) ~ n%
Feiction Pondilum Tout: Vecwum Seabitty Test:
Steel Snoe ¢¢/40 Hrs, ot
Fiber Shoe 90°C
) N h 100°C 0.3
Rifte Bolist Iriocy Tast:  Tricls. 126°C o7
% -
Explesions 0 ‘35.‘3
Portials 0 150°C
Burned Y 200 Gerom Bomb Sond Test:
R Unoffected 100 Sand, gin 6.5
Explorion Tm:m *C Sensitivity te Initiotion:
Siuconds, 0.1 (no cop used! Minimum Detonating Charge, gm
1 . Mercury Fulminate
S Decomposes 285 Leod Azide 0.25
10 Tetryi 0.11
15
20 Bellistic Morte:, % TNT:  (a) 120
: Trousl Test, % TN-:
75°C lnternstionet Heot Tost:
% Loss in 48 Hry Plote Dent Test:
Method A
100°C Heat Toot: Condition Hand Tamped
) % Loss, 1st 48 Hrs c.ob Confined Yes
% Loss, 21:S 4P Hrs 0.00 Density. gm/cc 1. 28
Explosion in 100 Hrs Nene Brisoncr, % TNT 11
- Delonation Rets:
Flemmebility Indox: Confinement
Py Condition
Hygroscopichy: % 30°C, 95% RH 0.25 Charge Diomaeter, in.
\'g(d;y: 25°C, 5 days 0.00 Density, gm/cc

— ——

Rote, neters/recond

ws

i b NP 552 8 57
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Corposition ©
Frogmentotion Tost: Shapad Chorge ENoctivensss, TNT = 100: ]
(2) (e)

90 ;e NE, M73 Peajaniiic. Lot WC-$1: Gloss Cones  Stee! Coner
Dersity, gm/cc Hole Volume 113 1k -
Chorge Wi, b Hole Depth 101 e
Totul No. o# Fragmenite:

For THT Colonrt Vnite
For Subject HE
Poincipel Usent Plastic dewmolition exsioceive
3 ingh HE, MEIAY Projestily, Lot KC-S:
Dersity, gm/cc
] Chorge W, b
Totel No. of Fragmente: —t ot
For TNT Loading: Band tamped
For Subject HE
Loadiag Denslty: gm/cx 1.49
Fragment Yaloslty: ft/sec .

'35 -

ABy K Sturope:

Mo om/ce

Maethod Dy
Diost (Reletive 20 TNT): Hozord Closs (Quontity-Distoncs)  Class 9

Aln Componbility Geoup Group 1
Peck Pressure
Irpuise Exudotion  Erudes abova ko°C
Energy

“. w' Plasticl E H
impulee Belov 0°C Brittle (0°C)

Weter :-ch o Plastic 40°

MM bove 40°C Exudes (k0°C)

Impuise raferences:
Enorgy Se» references for Composition C-h.
) . Peok Presture
/ impulse
Energy
54
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* o ftion a2 AMCP 706-177

¢ Composiion: Melocwler Weigt.

4 RIX 7.7 Oxygen Belonce:

4 ™T 5.0 CO: %

A ™T 12.0 CO %

- wr 2.7 - —t

: X 0.6 Dumalty: gm/cc

N Solvent 1.0

a Mohing Polat: °C

Y

. C/H Ratio Prossing Peint: °C

: impoct Sonsitivity, 2 Kg Wh: Beiling Pelat: °C

. . Bureou of Mines Apporothus, cm 90

: Somple Wt 20 mg Refroctive index, S

* Picotinny Arsenal Apporotus, in o

: w “, mg Ny

¥ ng

»

: Steel Shoe cc/40 Hrs, ot

» Fiber Shoe 90°C

: 100°C 2.0

. .

: Rifte Dullet impoct Toot: Tr:ls 120°C 9.0

M Explosions by 13%°C

. Portiols 20 150°C

; Burned 0 200 Grom Somb Send Teor: :
. Unatfected 8o Sond, gm 47.5 N
' N :
x Sxplesion Tomporeture: c Soasitivity te Inkistion: ‘

: Secends; 0.1 (no cop used) Minimum Detonating Charge, gm

s 1 Mercurv Fulminate

: § Decomposes 265 Leod Azide 0.25

: 10 Tetryl 0.10

; 15

. 20 Beftistic Merter, % TNT: (4) 126

: Troust Teot, % TNT:

’ 75°C Internctions! Moot Tost:
e % Loss in 48 Hrs Piote Dent Toor: (e)

: Method B

’ 100°C MHeat Test: Condition Hand tamped

' % Loss, st 48 Hrs 1.8 Confined Ko

. % Loss, 2nd 48 Hrs 1.k Density, gm/cc 1.52

, Explosion in 100 Hrs None Brisance, % TNT 111

) Detenstion Rete: ()

! Fommebility Index: 178 Confinement Hone

* —|  Condition Band tamped . .

: )

; Nygrossopiety: % 30°C, 95% R 0.55 Chorge (aneter, in, 1.0

, 7| Density, gm/c 1.57 ’

olotitiey 25%, 5 da 0.00
: v ¥ ) 3 dave . Rate, neters/cocond T660
N 55
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AMCP 706-177 Composition C-2
Frogmaontetion Toot: Shaped Chorge Efiectivensss, TNT = 100:
90 mm NE, M71 Prejactile, Lot WC-91: Gloss Cores  Steel Cones
Density, gm/cc Hele Volume
Cnarge Wt, b Hole Depth
Tetel No. of Fregments: :
for TNT Calor: White
For Subject HE
Principel Uses: Plasgtic demolition explosive
3 inch HE, MA2A1 Prejectile, Lot KC-5:
Density, gm/cc
Charge Wt, tb
Totel No. of Frogments: Mothod of Loading: Hond tamped
For TNT ; ;
For Subject HE
Loe(ing Denelty: gm/cc ‘ 1.57
Fragment Velocily: ft/sec

At 9 ft

At 25% # _Storege:

Density, gm/cc

Method Dry
Bliest (Reletive te TNT): Hozord Closs (Quontity-Distance) Class 9

Ale: Compatibility Group Group I
Peak Pressure
Impulse Exudation Volatilizes above 52°C
Energy

Alr, Confined: Plasticity:

I
mpulse Belew 0°C Plastic (-30°C)
0-ko"C Plastic

Under Weter: b 0 M "
ok Presrire sbove 40°C Hard (52°0)
W pulse *Due to volitalization of plesticizer.
N

no b References:

Undciyround: L.
Peck P See references for Ccmposition C
Impulse
Energy
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Compysition C-3 AMCP 706-177
Compenition: Melacuiar Weight:
%
RIX s Oxyp.n Relonca:
Tetryl 3 cC. ~
INT L (ele Y
INT 10
N¥T 5 Denelty: gm/cc
e 1
Mohing Polnt: °C
C/M Ratio Froezing Peiat: *C
lmpoct Senshivity, 2 Kg We: Salling Poiat: °C
Bureou of Mines Apporatus, cm 100+
Sample Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparatus, in, 1 o
Somple Wt, mg © 33 N
ne
Poadulom Test: Vocsum Stability Toot:
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shos Unaffected 90°C
100°C 1.21
Rifle Bullel Impect Test:  Trials 120°C 11+
% o
Explosions (¢) ‘::.“
Partials %0 150°C
Burned 0 20 Grem Bomb $nd Took:
Unaffected 60 Sond, gm 53.1
Explosion Temperature: °C Sensitivity te Inltiction:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
| Mercury Fuiminate
S Decomposes 280 Leod Azide 0.20
10 Tetryl 0.08
15
20 Sollistic Mortar, % TNT: (a) 126
75°C international Hoot Toot:
% Loss in 48 Hrs Piste Dont Tost: (c)
Method B
100°C Hoot Tost: Condition Hand tsmped
9% Loss, Yst 4B Hrs 3.20 Confined No
% Loss, 2nd 48 Mrs 1.63 Density, gm/cc 1.57
Explosion in 100 Hrs None Brisance, % TNT ns
Detenstien Rete: (4)
Flommebility Index: Confinement None
Condition Hand tamped
Hygroceoplclty: % 30°C, 95% RH 2.4 Charge Diomater, in. L0
Density, gfi/cc 1.6¢
. 0
Velatifey: 25%¢, 5 days 1.15 Rote, meters/seccd

T62%

——
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.
AMCP T06-177 Composi tion o-3 o~
T dot
Frogimentotion Tost: Shoped Cha rge Effoctivenses, TNT = 100: L
: ]
”-MWIWMYI&": Gloss Cones  Stee! Cones :
- Dersit; ym/cc 158 Hole \'ohume :
B Charge Wt, B 20b5 Hole Depth .
. 1
“r:”r:: o 103 : Yellov "
ror Subject HE bl :
Prinsipsld ees:  Plastic demolition explosive :
3 lnch ME, MAZAT Projectile, Lot KC-S: : .
Dersity, gm/cc 1.60 :
Chorga Wi, Ib 0.842 .
Totol Ns, of Frogments: - .
Mothed of Loading: Hand tamped .
For TNT 51k :
For Subject HE 671 .
_ . Leeding Denelty: gm/cc. 1.58
CE : Fragment Velochty: ft/sac
a ' A9t
] At 253 # Serage:
} Density, gm/cc : .
: Method Dry .
Blest (Reletive to TNT): Hazard Closs (Quuntity-Distonce) Class & : g0
. )
Ale: Compatibility Group Group I S’
Peck Pressure 105
Impesise 109 Exudation Exudes at 77°C
Energy
Alr, Confined: Plasticity:
Impulse Belov 0°C Hard (-29°¢)
: o-40"c Plestic
Under Water: Above L0°C Exudes (77°C)
Peck Pressure
: Impulse Booster Sensitivity Test: (n) .
Energy Conddtion Pressed *
Tetryl, Zm 100
T Undorgroand: Wax, in. for 50% Detonation 1.36
Peak Pressure Density, gm/rc 1.62
Impulse
References:
Energy R
See references for Composition Cal.

A
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3 .
) ; Composition C-k AMCP 706-177
o~ ?
4 A ‘ Courposition: ' Moscular Weight! '
b ' %
| n S |
% « Plasticizer, non- : CO % !
: i explosive 9» , g
. } s gm/cc !
: #* Contains polyisobutylene 2.1%; mocor oul r— . 5
f’* 1.64 and di(2-ethylhexyl) sebacate 5.3%. Molting Peixr: °C i
E ©/H Ratio . Froozing Point: °C i
Smpuct Seneitivity, 2 Kg We: Beiling Psin2: °C
Bureou of Mines Agparatus, cm 100+ :
Sample Wt 20 mg Refractive Index, n2 :
O Picotinny Arsenol Apparatus, in. 19 ne
. Somple Wt, mg 7 -
nE : n
v) N
: - Friction Pondulum Teost: . Vecuum Srability Teet: ‘63
{ Steel Shoe Unaflected cc/40 Hrs, ot i
' F7 v Shoe Unafiected 90°C ;
s 100°C 0.26
¢ %
. l L]
: Expoins 0 ol
’ Purtios 0 _
t Burned 20 200 Grom Bomb Send Tost:
* Unatfected 80 ' Sond, gm 55.7
2 —
: Y| Expierion Tomperature: °’C Seasitivity tw Initietiea:
PO Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
; 1 Mercury Fuiminate
; 5 2% Leod Azide 0.20
! 0 Tetryl 0.10
! 15
: 20 : Baltiatic Mc ter, % TNT: (a) 130
: Trous! Test, % TNT:
? 78°C Inl<rational Hoot Test:
, 9% Loss in 48 Hrs Plote Cont Toot: ()
X ethod B
_m'c Hort Toot: Cond'iﬁon Hend tamped
% Loz, it 48 Hrs 0.13 Confined o
% Lo, 4nd 48 Hrs 0.00 Density, gm/cc I
Exp! rion in 100 Hrs 7 ine Brisonce, % TNT v
Detensticn Rote: ()
Flammobility Index: Confinement None
Condition Hand temped
Hygroscopicly: % 30°C, 95% RH N1 Charge Liomeser, in. 1.0
— Demsity, gm/cc 1.59
Velotiiiey: Rote, meters/se.ond Soko

2
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AMCP 706-177 € yposition C-b
Fragmentetion Voo’ Shoped Charge Effoctivenses, TNT = 100:
90 man HE, M71 Projectite, Lot WC-91: Gloss Cones  Stael Coraes
Density, gm/cc Hola Voiime
Chorge WA, ib Holy Depth
col N, of Frogments:
for TNT Color: Light browu
For Subject HE
Primsipcl Uses: Plastic demolition explosive
3 inch HE, MAZAT Projoctih , Lot KC-S:
Density, gm/cc
Charge Wt, b
Tolel Na. of Frogmoents:
Mothed of s
For TNT Leading Hand tamped
For Subject HE
Leeding Deneity: gm/cc 1.60
Frogment Velnclty: ft/sec ‘
At9ft
At 25% Sterage:
Dengity, gm/cc
Maeth-d Dry
’ Blast (Relative o TNTI: Hozard Closs (Quantity-Distonce)  Cl&ss 9
: Ale: Compotibility Group Gr&p I
Paok Pressure
o Impulse Exudation None at 77°C
N Energy
Ale, Confined: Effect of Temperature on (1)
impulss Rate of Detonation: )
16 hrs at, oC -5k 21
Under Water: Density, ém/cc 1.% 1.35
Peak Pressure Rate, m/sec 7020 7040
impuise
Energy Plastici ty:
Belov 0°¢ Plastic (-7°C)
. , “"P"“kf"‘"“ 0-koc Plagtic
_ ; Pressure Above 40OC Plastic (T7°C)
Impulse
k Energy
60
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Compositions ¢, C-2, C-3, C-h AMCP 706-177

»

tion:
In manufucturing Cumposition C-3, the mized plasticizing agent is heatad in a melting kettle
st 100°C. Water-wet ROX is added and heating and stirring sre continued until all the wvater is

evaporated. This mixture is then cooled and hand pressed into demolftion blocks or spescial item .
ammni tion. i

Composition C-k im prenared by hand kneading and rolling, or in a Schrader Bowl mixer, RIX
of &k micron size or less vith the polyiscbutylene-plasticizer previously mede up in ether. The
thorcughly blended explosive is dried in air at 60°C and loosely packed by hand tamping to ite
maximum density.

n

Developed by the British during World War II as a plastic explosive which could be hand
shaped. It was standardized in the United States during World Var II and subsequent development
led to mixtures designated C-2, C-3 and C-k.

Destruction Chemical De ition: N
Composition C-3 is decomposed by adding it slowly tc m solution composed of 1 1/hk parts
soaium hydroxide, 11 parts 'mter, and 4 parts 95% alcohol, heated to 50°C, After addition of
Composition C-3 is complete, the solution is heated tc 80" and maintained at this temperature

for 15 minutes.

References: n N

(a) Committee of Div 2 end 8. % e, Report on HNX and Tritonal, OSRD No. S5k06, 31 July 1945.

(v) Philip C. Yeenan and Dorothv Pipes, Table of Military High Explosives, Second Revision,
NAVORD Report No. 87-46, 26 July 1948.

(¢) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

L. C. Smith and E. G. Eyster, sical Testing of losives, Part III - Miscellaneous

Sensitivity Tests; Performance Tests, O Report No. SThb, De er 1945,
(d) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds, O{RD Report No.

1219, 22 February 1943.

M. D. Hurwitz, The Rate of Detonetion of Various Compounds and Mixturez, OSRD Report No.
5611, 15 January 1946.

9‘£e) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, G April
19L8. -

(f) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Sec IJI, Variation of Cavi-

ty Effect with Explosive Comwposition, WDRC Coi.tract Wo]2-ORD-5703.

(g) Emstern i;boratowy, Gu Pont, Investigation of Cavity Effect, Final Report, 18 September
1943, NDPC Contract W-672-CRD-5T23.

(h) L. C. Smit end S. R. Walton, A Consideration of RDX/Wax Mixtures as & Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949,

——pm———

See footnote 1, page 10,
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AMCP 706-177
: : Compositions C, (-2, C-3, C-b N
(1) W. P, McGarry and T. V. Stevens, Detcuation Rates of the More nt Milits o-v \.» :
sives at Seversl Tesmperetures, FATR No. 3, Toveaber 1956, £2 Dportant Miltry Bole :
{J) Also see the folloving Picatinny Arsenal Technicel Reports on RIX Composition C: J
e 1 3 b 3 & 1 8 3 ¢
Comp C 1260 1293 _ 1!5‘132 t
1 !
C-p 1293 1416 1518 §
1611 1713 25k 1595 1S 1797 1518 3
1695 1556 2028 !
1885 1766 S
Comp C-b 166 1907 1828 1819 3
1958 i
¢
<
O
w” v
L i
-
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Copper Chlorotetrasole ANCP 706-177
Cc;pﬂlu: Meloculer Waight:  {CuCpNgClp) 27
[ 8.9 -N Oxygon Belence:
Tl ca Co: % -
N 4.5 -— CO % -18
Cu
a 26.2 — Dameity: gm/cc 2.c4
Cu  23.h ',_ Motting Polnt: *C
C/MH Rotio Frosniag Pelat: ‘'C
Impect Sencltivity, 2 Ky W: Boiling Psint: ‘C
Sureou of Mines Apparatus, cm -
Sample Wt 20 mg Refractive Indox, n2
Picotinny Arsenal Apparotus, in. 1; (1 1b wt) 3 o
Sampile Wi, mg 9 Na
n&
Friction Pondulum ‘Toot: Vecwem Stebifity Tost:
Steel Shoe Exploded ¢c/40 Hrs, ot
Fiber Shoe Exploded 90°C
100°C
Rifte Suller Impect Tost:  Tricls 120°C
Explosions * 135°C
Partiols 150°C
Bumed 200 Grom Bomb Send Test: (f)
Unatected Bfgg’ r fuse 27.4 g .
Expission Temperoture: °C Sensitivity to Initiation:
Seconds, 0.1 (. cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate
5 35 Leod Azide 0.20 0.9
10 Tetryl 0.10 .
15
20 Bellistic Morter, % TNT:
Troux! Test, % TNY:
75°C Internotions! Hoot Test:
% Loss in 48 Hrs Plete Dont Tast:
Method
300°C Moot Toot: Condf"m
% Loss, Ist 48 Hrs 2.67 Conffnad
% Losc, 2nd 48 Hrs 0.10 Dfm'w. gm/cc
Exolosion in 100 Hrs None Brisance, % TNT
Detoretion Rete:
Flommebility Index: Confinement
" o Condition
Hygroscopiety: %  20°C, 90% RH 3.11 Chargs Diamater, in.
ol Density, gm/cc
v * Rate, meters/second

63
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AMCP 706-177 Copper Chlorotetrazole
Frogmentetien Test: Skaped Cirorye Sfentivenem, TNT = 10%:
90 mm ME, M7t Projoctile, Lot WC-91: Glos Cones  Steel Conms -
Demaity, gm/ee Hole Voluma
Chorge Wt, ib Hole Depth
Tetel No. of Frogments:
For TNT Calont Blve
For Subject HE
Princigel Uses: Primary explosive
3 inch HE, MA2AY Projectile, Lut RC-S:
Dersity, gm/cc

Chorge Wt, b

’“h‘m! w“.*s ssed
For TNT Fre
For Subject HE
Loadiog Dumty: gmjce  PAL X 105 (o)
10 20 T0
mvm ft/sec 1.49  1.63 1.7h _1.86
At 25% #t Sterep:
Density, gm/cc
Mathod Vet

Blest Malative te TNT):
Aln
Peok Pressure
Impuise
Energy

Als, Confined:
impuise

Under Weter:
Pook Prossure
Imputse
Energy

Pack Preseurs
impulse
Energy

[

1.9 9 11
1.63 8.5 10
1.7h ,
1.86

'
r

£ O\

Heat of:
Explosion, cal/gm
Specific Heat, ca1/gn/°c

Temp renge (°-3°C
Wt of semple, g»

Hazord Closs (Quantity-D:.iz ) Cinss 9
Compatibility Gre.: Oroup M
Exudation Bone

Stab Sensitiv:ity: ()

Density rmg Poiut (inch-ounces) '

15
12
9

6
(8

0.155
0.8910

-
i J T
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Copper Ghlorotatresole ~ AMCP 706177

Propareticn: (e)

Five srams of 5-aminotetrazole are dissolved in a mixture of 200 ml of water and 7O ml of
concentrated RCl. Puough kerosene or mujol (vhich gives a slightly cleaner product) is added
to provide & layer uf oil spproximately 1/h" thick oa the surfuce. With only moderate stirring
and external cooling to 10°-15°C, & solutim of 5 yress of sodium nitrite in 70 cc of water is
added rapidly by wesns of a burette extending below the oil layer. Immediately after this sddi-
tion, « solution of " gw of cupric chloride in a minimum amount of weter is added sll at once,
aud stirring is continued for sbout 1 hour. The rew:'ion mixture is alloved to stand for a fev
minutes till the bright blue copper salt gsparates. ‘he oil is remorad by decantatioa and mey
be revsed. The salt is filtered; washed vith wete~ alcchol, and e¢chor; and dried - giving &
vield of € grees or The.

v B s A—— —— o, N D D e S 1 s A Uit 18-l B e

-2 HONO -
Necem, —— | Cm N = Ne—Cl— +2H,0
2 BC1 2
; ..—/ F—N
b ’H
_ —N

\cc1 —Cuts l \c-—c1ou
7 / 2

N

¥
—N

\C\:
e
—N
CCl

b

Origin:

The copper salt of S5-chlorotetrazole was first descrided in 1929 by R. Stolle (with
BE. Schick, ¥. Henke-Stark and L. Krauss) who prepared the compound by reection of the diezo-
nium chloride of 5S-aminotetrazole with copper chloride (Ber 624, 1123).

sad wttes. - .

References: 12

(a) R. J. Geughrar snd J. V. R, Kasufwan, Gynthesis ani Properties of Halot:trazole Salts,
PATR No. 2136, Pebruary 1955.

(b) A. M. Anzalone, J. E. Abel and A. C. Porsyth, Characteristics of Explosive Substances ~
for Applicetion in Amsunition, PATR No. 2179, May 1955. “

(¢) A. 2. Forsyth, Pfc, S. Krasner and R. J. Geughran, Develggt of g‘z;tim ?10!17&
Trains. An Inves tion Concerning Stab Sensitivity versus ng Y Sowe Ini ing
y . , TUary .

IE“ foutncte 1, page 10,
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AMCP 706-177 Granuric Triazide
Cc;pdl-x Moleculer Weight:  (CaN; ) 20L
Oxygen Bolence:
c 17.6 1!3 0. % W71
N é\ % 835
/ . Denelty: gm/cc Crystal 1.54
n?l !-ll3 Mebting Peime: °C 94
C/H Ratio \n/ Freezing Peint: °C
lmpact Seneitivity, 2 Kg Wt Boiling Peint: °C
Bureou of Mines Apparotus,cm 1 kg vt 7
Sample Wt 20 mg Refrective Indez, 3
Picatinny Arsenal Apparotus, in. - °
Sample Wt, mg - N
Steel Shoe cc/40 Hrs, ot
Fiber Shos 90°C
100°C
ol % 125°C
150°C
Portiols
Burned 200 Grem Bomnb Send Tost:
Unaf/ecred Sand, gm 32.2
Explasion Tomporeture: *C Sensitivity te Initistien:
Seconds, 0.1 (no cop used) 252 Minimum Detonat ng Cirarge, gm
| Mercury Fulminate -
5 Leod Azide 0.20
10 Tetryl 0.10
15
20 Bollistic Morter, % TNT:
Trouz] Test, % TNT:
75°C Internstionel Heot Tast:
% Loss in 48 Hrs Plote Dent Test:
Method
100°C Hoot Tour: Condition
% Loss, It 48 iirs Contined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detenstion Rete:
Flamnobility index: Confinement -
Condition -
Hygroscopichty: % Charge Diometer, in. - 0.3
Density, gm/cc 1.15
Veletllity:  Decomposes above 100°C Rate, maters/ ; 55505600

N ’§
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L »
\. Cyenuric Triszide AMCP 706-177 i . o Iy k
|
L Feagmentetion Tost: Shoped Charge Bffoctivences, TNT = 100: g
i ?4,“ : ! ’?
: t 90 mm NHE, M7 Projoctile, Lot WC-91: Gloss Cones  Stes! Cones : ‘
Density, gm/cc Hole Volume
Chorge W, Ib Hole Depth
Tetel Neo. of Frogments:
For TNT Color: Colorless
For Subject HE
Principel Uses: Not used becsuse of difficulty
: 3 lnch HE, MA2AY Projectile, Lot KC-S: in contrslling sensitivity.
) Dersity, gm/cc
! Charge Wt, b
1)
Teotal Neo. of Frogments:
Methed of :
For TNT Leading Pressed
For Subject HE
_ Looding Density: gm/cc
At 200 stmospheres 1.4
'm Velecity: ft/sec At 800 atmospheres 1.5
At 25y ft Sterage: - ¢
N f Density, gm/cc § ;
} Method § <
H \iost (Relstive to TNT): Hozord Class (Quontity-Distance) Cless 9 é
4 - . * 3
; Ale: Compatibility Grovp
¢ Peok Pressure
: Impuise Exudotion None
i Erero
‘ f Alr, Confined:
. f Impulse
! Under Water:
Peok Pressure
i impulse
! Energy
——— E ' _
! Pegk Pressure
\ Imputse
: Energy
i .
i
N4 67
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AMCP 706177 Grenuric Triezide ~~

By the reaction of cyanurie chloride with an agqueous solution of sodium azide:

] N %
/\ 7\
c1-¢ -C1 ¥-C C-Ny
+ 3NaN, — | i + 3NaCl
: R 3 N :
N/ N
b L :

Recrystallization should be avoided as it leads to very large crystals which explode when
broken.

n: .
Cyonuric Triezide was prepared ta 1847 by Cahours from chlorine und wethyl cyanate.
Later James improved the process (JCS 51, 268 (1887) and in 1921 E. Ott patented the prepare-

tion from cysnuric chloride end sodium azide (Ref b) Taylor and Rinkenbach prepared cyanuric
triazide in a pure state and determined its properties (Ref c¢).

Initiating Efficiency: 4

Feported to de more efficient than lead azide. Capeble of initiating Explosive D. ) o ;

Solubility:

Insoluble in wvater; readily soludble in hot ethanol, acetone, benzene, and ether. )

G V5,

Heat of:
Formetion, cal/gm -1090 to -1138
Beferences: 3 : ‘ <

; (2) A. H. Blatt, Compilation of Data on Organic Explosives, OSRD Report No. 201k,
~ 29 Pebruary 194k, ’

(b) oOtt and cnse, Ber Sh, 179 (1921). ' s
(e¢) Teylor and Rinkenbach, Bureau of Mines, RI 2513 (1923).

Taylor end Rinkenbech, J Frank Inst 204, 369 (1927).

H;u footnote 1, page 10.
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Gyclonite* (RDX) AMCP 706-1T7
ﬁ;ﬂhx & Moleculer Walght: c3"6"6°6) 222
. - - Oxygen Balence:
T S e €O: % -2
B 2.7 By /q;a COo % 0.0
R 3.8 \n Denslty: gm/cc Crystal 1.82
0o  h32 an MoNing Peint: °C 204
C/H Ratio  0.295 Freezing Peint: °C
Impect Sensitivity, 2 Kg W: Beiling Peint: *C
Bursou of Mines Apparatus, cm 32
Sample W 20 mg Refractive Index, nS
Picatinny Arsenal Apparotus, in, 8 o
Somple Wt, mg 18 ns
)
Friction Pondulum Toot: v Stobility Toot:
Stesi Shoe Explcdes cc/40 Hrs, ot
Fiber Shoe Unaffectel 90°C
100°C 0.7
Rifte Butlet lmpoct Toor:  Trials 120°C o9
% . .
Explasions 100 :::.C ,
Portials 0 C .5
Burned o 200 Grom Bomb Sond Voot:
Unatfected o Sond, gm 60.2
Explosion Tompersture: °'C Sonaitivity te Inltietion:
Seconds, 0.1 (no cop used) 105 Minimum Detonoting Charge, gm
1 6 Mercury Fulminote 0. 19%
5 Decomposes 260 Leod Azide 0.05%
10 2o
15 235 Wm__
20 - Bollistic M'n “ TINT: (.) ”
Trous! Toot, % TNT: (v) 157
75°C intornations! Hoot Tost:
% Loss in 48 Mrs 0.03 Plate Dont Tost: (e},
Method A ‘
100°C Moot Test: Condition Pressed
% Loss, Ist 48 Hny 0o Confined Yes
9% Loss, 2nd 48 Hrs 0.00 Density, gm/cc 1.50
Explosion in 100 Hrs None Brisonce, % TNT 135
Detenstion Rete:
Flommebility Index: (d) 278 Canfi None
Condition Pressed
Hygrescoplcity: % 25°C, 100% RE 0.02 Charge Diomater. in. Lo
olotility: Dersity, gm/cc 1.65
v ; M1 Rate, meters/sacond 8180

#Neme given by Clarence J. Beain of Picatinny Arsenal.

it T4; British, RDX.

Germans cell it Hexoren; Italians call
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AMCP 706177 Cycloaite (RIX)

Seester Scasitivity Test: Desonspasition Squetion: (1) 18
Condition O&M, atoms/sec w0 5
Totryl, gm /%8¢

Meat, kilocolorie/mole N7,
‘Wax, in. for 309% Detonotion (AM, mg/w), 7.3
Wox, gm Temperoture Ronge, *C 213-299
Denaity, gm/ec Phase Liguid

Hont ok
Combustion, col/gm 2085 Armor Plote impoct Tost:

Explosion, col/gm 128¢ 60 mm Morter Projoctils:
Gas Voluma, cc/gm 908 50% Inert, Velocity, ft/sec
Formation, cal/gm -GS Aluminum Fineness
Solution, cal/mol (28-55% BX),) T.169%
SAssuning cyclonite uniwoleculaF i S00-1% Genorel Purpase Bombs:

Specific breet: col/gm/°C

°C % Plate Thickness, inches
2 0.298 100 0.k06 !

ho 0.331 120 o.k27 m

60 0.360 140 C. 146 ,

80 0.8 Y

Burning Rete: -
am/sec

Somb Drep Tont:

Thermel : (h) N
Density, gm/ce 1.533 6.98 x 10

Coolficiont of & ion: Max Safe Drop, ft
Lineor, %/°C 500-% Gerarsl Purpese Bomb vs Concrote:
Volurme, %/°C Hci&n. ft

Trials
“Meoduess, Mobe’ Scale: 2.5 Unaffected
Low Orde

Yousy's Meduiss: High O 'd:r

E', dynes/cnv?
E, b/inch* 1000-1 Gonerel Purposs Bomb vs Concrote:
Dersity, gm/cc
Height, ft
Caciwessive Stremgth: ib/inch? Trials
M Unaffected
Vo ¥ resswre: Low Order
*C mm Mercury High Order
70
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clontte (RIX) AMCP 706-177
Frogmenteotion Tost! Shoped Cherge Effoctivenass, TNT = 100:
96 mea HE, M71 Prajectile, Lt WC-91: Gloss Cones  Steel Cones
Dersity, gm/cc Hole Volume
Chorge W, b Hole Depth
Total No. of Pragments:
For TNT Coler: Wwhite
For Subject HE
Principel Uses: Detountor dese charge, and
ingredient for projectile and
3 inch HE, ME2AT Frajectily, Lot KC-S: bomb fillers
M‘ Wec
Chorge Wt, b
""';"T:T""""" Mothod of Looding: Pressed
For Subject HE 3
. Denelly: gm/ psi x 10
; 5 g” « 10 12 15 20
mvm H/sec 1.6 1.52 1.60 1.63 1.65 1.68
At 254 # Sterege:
Density, gm/cc
Maethod Vet
Slost (Reletive t» TNT): Hazard Closs (Quontity-Distance) Class 9
Ale: Corng otibility Group Group M {vet
Psok Pressure Group L (dry
impulse Exudotion None
Erargy
Effert of Temperature on
Ale, Confined: .
Yool Rate of Detonation: (x)
16 hrs at, °C -5h 21
Undor Weler: Density, am/cc 1.61 1.62
Peck Pressure Rate, m/sec 8100 8050
impuise
Effect of Temperature on
Energy Inpact Sensitivity:
Underground: Temp. FA Impect Test
Peok Pressure o¢c 2Kg W, inches
Impulse
Room 9
Energy 2.2 8
104 5
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substances: (J)
05
09
20
k1

RIX

loni te

100 of the followi

AMCP 796-17T7
Solubility of Cyclonite;
Nater

Metkanol Bther
X
10
2
X

tetrechloride
2
0.005
€.007
0.009

Etig) acetate
. ¢
2.9
ok 18.

*
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Acetonitrile
4
33
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-
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Grsionite (ROX) AMCP 706-177
Solubility of Cyclovite, Holston Lot E-2-5 in Various Sclvents:
Solubili
Enng
M%
nt, Grade or
Solvent o 28% Heated talline Form
Acetone 56 cP 8.2 16.5 at 60°C hexagonel-thick
Cyclobexrnone 155.6 c¢p 13.0 '24.0 at 939C cubic (massive form)
Bitromethane 100.8 1.5 12.h at 9T°C plates
Acetonitrile 81.6 Iiacet 11.3  33.4 at 93°C  plates
Chem. Co.
1-Ri tropropans G 126.5 XX Pract 1.4 10.6 at 93°C short needles
2-M ' 120 X Prac: 2.3 11.6 at 93°C  short needles
2,4-Pentaredione 150.5 Curbide & 2.9 18.3at 93°C flat prisss
i Carbon
Methyliscbutylketone 115.8 2.5 9.6 at 93°C  long prisme
n~-Propylacetate 101.6 EX Red label 1.5 6.0 at 93°C  1long prises, some
cubic
n-Batylformate 105.6 EX Red Iabel 1.k k.6 at 93°C iong prisms
Bthyl acetate TT.1 Baker's P 2.0 6.1 at boil. hexagounal plates ;
n-Propylpropionate 12 EX Red Iabel 0.8 1.6 at 93°C eshort prisms, some
: cublc 1
Butylsostate 126.5 EX Techuicel 1.1 4.0 at 93°C  loug prisms ;
MNethylethylketone 79.6 5.6 13.9 at boil. coarse plates
Nitroethane 114.2 X Red Tabel 3.6 19.5 et 93°C  plates
Isopropylacetate 88-90 ¢P 1.1 3.2 at doil. long prisms
Mesityloxide 128 EX Red Label 4.8 1h.5 st 93°C plates
n-Amylacetate 146 cp 1.0 2.1 et 93°%C prisms
Dimethyicarbonate 83-91 EX Red Iabel 1.h 6.6 at boil. plates
Diethylcarbonate 125-126.5 EX Red Label 0.7 3.2 at 93°C prisms
Isonmylacetate 132 CcP 1.2 3.6 at 93°C prisms
Ethylpropionate 98-100 EX Red Label 3.0 10.7 at 93°C fairly thick hex
plates
Methyl-n-butyrats 101.5-103.5 BEX Red Iabel 1.2 4.9 at 93°C needles
= Cyclopentanone 130.6 X Red Iabel 11.5 39.0 at 93.5°C hexagonal plaies
Acrylonitrile T7.3 Cyanamia Ce. L.0 16.4 st boil. flat plates
Mothyleellosolveacstate 14,5 Carbide & 1.6 8.8 at 93°C massive hexagons snd
Carbon prisme

s
A br i v, g

* EX, Eastman Kodak; Pract, practical.
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i AMCP 705-177 clonite (RDX ) g
2. ~ e e
Ereparation: :
(Summary Technicel Report of the NIRC, Div 8, Vol 1) : K
1) o ) r
2 ' . e
&\ ‘ | |
2 2
(CH,), W, + LHNO, + 2NWH NO. + 6(CH,CO), O . : v
m? 6 b 3 k 3 3 2 ozn-“\ l_noe o . ’
| - -
fmmonium nitrete and scetic anhydride are placed in a flask and, vhile the mixture is stirred l , : '
at T59C, the following three liguids are introduced concurrently and proportionately: acetic an- . Lo i
hydride, concentrated nitric acid, and & solution of hexamine in glacial acetic acid. The fioal ‘ : S 3 Y
mixture is held for a short time at 759C, diluted with water to 30% acetic acid, and simmered to - e 2
kydrolyze unstable reaction by-products, wiich are a mixture of various ritrated and scetylated ! s é
derivatives of hexamine fragments. After simwering, the slurry is cooled and the prscipitated : R -
cyclonite removed by filtration. The yield is 78% of the theoretical smount (2 moles) of cyclo- ‘ e
nite melting at 199°C. By dissolving the ammonium nitrate in the nitric acid, a continuous pro- . i ) .
cess, based on 3 1liquids, is possible. i .

The product is recrystallized from acetone, or cyclohexanone, to (a) remove acidity, (b)
control particle size and (c) to produce stable ,d-mx. The preparative procedure described T
sbove, the Bachmann or Combination process, yields cyclonite containing 3-84 HMX. : i:

n: }
.,

First prepared by Henning in 1899 (German Patent 104,280) and later by von Hertz (U. S. - : .
Patent 1, 402,603) in 1922 vho recognized its value as an explosive. Not used on a large scale N § Mo
in explosive ammnition until World War II. ! A
Destruction by Chemical Decomposition:

Cyclonite (RIX) 1s decomposed by adding it slowly to 25 times its weight o boiling 5% sodium ]
hydroxide. Boiling should be continued for one-half hour. :

L0
References: !4

{ (a) I. C. Smith end E. G. Eyster, sical Testing of Explosives, Part III - Miscellaneous ‘
Sensiti ity Tests; Performence Tests, O Report No. y Dec: T S, )

i (b) FPb. Neoum, Z. ges Schices Jorengstoffv, pp. 181, 229, 267 (27 June 1932).
(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report Ko. 803, 11 August 1942,

*-4—““> N (4) Pnilip C. Keenan and Dorotgisp:lpea, Teble of Military High Explosives, Second Revision, T
‘ WVORD Report No. 37-46, 26 July 19L6.

—_—
l%5ee footnote 1, page 10.
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(f) Report AC-258T.
(g) Interpatiooel Criticel Tables
iand. Bornst.

5

L

H

z q clonite (RIX) AMCP 706-177 .

3 e) Arvament Research Department (Woolwich), Solubility of RIX in Nitrie Acid (ARD Expl Rpt

: m}hs September 1943). 5.

g |

H

b

B. T. Fedoroff et sl, A Manual for Explosives laboratories, Lefax Society Inc, Phiia-
dalphia, 1943-6. I

{n) B. Butchinson, The Therrel Psnsitiveness of Explosives. The Thermsl Conductivity of
Explosive Materials, Acm‘mﬁ————'——g—, . : «os
(1) R. J. FPinkelstein 82 G. Gemov, Theory of the Detonation Process, NAVORD Report ¥o. 90- b
86, 20 April 19h7.
- (J) Internationsl Criticel Tables.

(k) ¥. P. McGerry and T. W. Stevens, Destomation Rates of {ls More t Military Explo-
sives at Seversl Different Temperstures, PATR No. 2303, Novembe 1950.

(1) Also see the folloving Picatinny Arsenal Technical Reports on Cyclonite:

! .
: ] L 2 3 .3 H & 1 8 2 L
H up  12n 582 863 1184 65 12% 85T B 709 3 S
1290 124 132 1193 b1k 175 1316 1207 1458 13719 ! §
1360 131 1352 1293 54 1185 116 127 1498 1429 2
— 1450 21 1312 1433 1614 1435 k6 137 1578 149 i
TN 1760 1481 1402 1483 163 ks 1466 1517 1838 1469 §
o« 1980 1561 1452 1503 2024 1715 1476 1617 1958 1709 ;
et 2100 1611 192 693 215k 1855 1516 1687 1958 1909 §
1651 1532 173 220k 1885 1556 1737 2008 2059
1T 2062 1793 1915 1756 1ThT 2028 2179 :
175 ana 1923 1935 1766 1787 2178
1761 2095 1796 1797 2198
231 2125 1836 1957
2151 2205 193%6 21h7
’ ; 1956 227
-5 : 2016
I 2056
N . . 2176
i
- :
?
!
f
+
[
]
4
4
7
!
N/ £
|
3
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AMCP 706-177 clotol, T5/2
Compesition: Meloculer Woight: 224
% O
Oxygen Beolonce:
RIX 5 CO; % -35
COo % -6
INT- 25
Damnlty: gm/ce Cast 1.1
Maolting Poict: ‘C
C/H Rotio Freazing Point; *°C
Sensltivity, 2 Kg We: Bxising Peint: °C
Bureou of Mines Apparatus, cm
Sample Wt 20 mg Refroctive ladex, n2
Picotinny Arsenol Apparatus, in B
Somple Wt, mg Pas
n3
Fricti a Pondulem Tost: Vecuum Seability Tost:
S el Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C .23
Rifle Buliet impoct Tost: Triols 120°C O.01
% 135° -
w3
Portials Smokes ko N
Burned o 200 Grom Bomb Sead Test:
Explosion Tompereture: *C Sonaltt Rty to Inkigtion:
Seconds, 0.1 (no .ap used) Minimum Detonating Charge, gm
1 Mercury Fulminate
5 Leod Aride
10 Tetryl
15
20 Bellistic Morter, % TNT:
Trousl ": * TNT: -
75°C Internotionsl Heat Tost:
% Loss in 48 Hrs Plate Dont Toor:
Method
100°C Hoot Test: Condition
"% Loss, st 48 Hrs Confined
% Loss, 2nd 48 Hrs ?mity, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detenstion Rate:
Flarmability Index: Confinement None None
Condition Cast Cast
Hygroscopicity: % Charge Diometer, in. 1.0 1.0
Density, gm/cc 1.70 1.71
Veletility; Rote, meters/second 5035 798
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Gelotol, T5/85 AMCP 706-177
Boecster Sonaltivity Toot: Decompesition Equetion:
Condition ,(h(zv}rn. atoms/sec
Tatryl, gm sec)
Heot, kilocalorie/mole
Was, in. for 50% Detonation (AH, kcol/mol)
Wax, gm Temparature Ronge, °C
Density, gm/cc Phase
Nest of: Armer lmpoct
Combustion, col/gm 2625+ . Place Vout:
Explosion, cal/gm 1225+ 60 mm Morter Projoctile:
Gas Volume, cc/gm 862 50% Inert, Valocity, ft/sec
Formation, col/gm Aluminum Fineness
Fusion, col/gm (n) 5.0

Specific Heot: col/gm/*C  (h)
S¢ ¢

-15 0.220 75 0.352
o .

*Ca)culated from compoeition of mixture.

500-B Generel Purpose Bombe:
Pla*e Thickness, inches

1

0.225 8s 0.325 m
50 0.296 100 0.351 H;
Serning Rete:
om/sac Bemb Drop Toot:
Thermel Coaductivity:
col/sec/em/*C T7, 2000-1 Semi-Armer-Piercing Bemb vs Concrete:
Cootfici I,!l ton: Max Safe Drop, #t
Linear, %/°C 500-% Generel Purpecs Bomb vs Concrete:
Vohkone, %/°C Height, ft
Triols
Herdaoss, Mohs’ Scale: Unafh i
” Low Order
Young’'s Modole: High Order
€', dynes/cm3-
E, Ib/inch? 1000-1 Generel Purpese Bomb vs Concrete:
Deruity, gm/cc
Height, ft
Compressive Strength: Ib/inch* Triols
Unaffected
Veper Prossure; Low Orde:
*C mm Mercury High Order

77
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3 inch NE, MA2AT Projectile, Lot XC-S:

AMCP T06-177 Grelotol, 75/25
. Frogmentetion Tost: Sheped Chorge EHectivensss, TNT = 100:
99 mm HE, M71 Projoctile, Lot WC-O1: Gloss Cones  Steel Cones
Dersity, gm/cc 1.72 Hole Volume
Chorge W, b 2.22 Hole Depth
Totel No. of Fragments: .
For TNT 703 Coler: Yellow-buff
For Subject HE 1514

Principel thae:  Shaped charge bomd especially
fragmeatation; HE projectiles;

arensdes
Oensity, gm/cc .
Charge Wi, Ib
Tetel No. of Frogments: Mothod of Loading: Cast
For TNT .
For Subject HE
Loading Denalty: gm/cc .71
Fragment Veloclty: ft/sec
A9t
At 25% ft Sterege:
Dersity, gm/cc
Maethod Iry
Blost (Reletive to TNT): 1a) Hazord Closs {Quontity-Distance)  Class 9
Al Compatibility Group Group I
Peok Pr o e - 11l
Imputse 126 Erudation
Energy -~
Preparation: See Coeposition B
Alr, Confined: Origin: Developed by the British between World
Origin:
impuise Wars I and II end standerdized in the Uaited
States early in World War II.
Uader Weler:
Black Modulus et Room
Peck Pressure Temperature (25°-30°¢):
Iy Dynes/cr? x 10-10 ; 3.09
Energy Density, guw/cc .74
Absolute Viscositv, poises:¥
5 14
e il Teep, £2C 2100+
Impui:2 Efflux Viscosity, Saybolt Seconds:
Energy Temp, 85°C 9-14

* Ccmpositions using Spec Greae Type A,
Cless A RDX.

** Composition prepared using RDX of optimum
particle size. ‘
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Gyelotol, 70/30 AMCP 706177
Ou;nlhh: Meleculer Weight: 224
RDX T0 Oxygen Belence:
CO: % =37
INT 30 0% -8
Deneity: gm/cc Cast 1.7
Melting Peint: 'C
C/H Ratio Freezing Point: °C
Impoct Sensitivity, 2 Kg Wr: Beiling Peint: *C
. Bureou of Mines Apparotus, cm 60
Sompie Wt 20 mg Refrective index, nl
Picatinny Arsenal Apporotus, in. L o
Somple Wi, mg 20 s
Steel Shoe Unaffected ¢c/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
Rifle Bullet Impoct Test:  Triols 120°C 0.86
Expl % wer
. ) 133.... ‘
Partials 0 150°C o
Burned 0 200 Geam Bomb Sead Test: i
Unoffected ko Sand, gm 56.6 4
5
Explosion Tempersture: 'C Sensitivity te Initiotion: %
Seconds, 0.1 (no cop used) - Minimumn Detonating Charge, gm
1 - Mercury Fulminate 0.21+
5  Decomposes 265 Leod Azide 0.20%
10 Tetryl
s | *Alternsiive initieting charges, .
20 Bellistic Morter, % TNT: (a) 135
Teous! Test, % TNT:
75°C internotions] Heat Test:
% Loss in 48 Hrs Plote Dent Tost: (v) "
: Method B
100°C Heot Tost: Cordition Cast
% Loss, Ist 48 Hrs 0.07 Confined No
% Loss, 2nd 48 Hrs 0.08 Bensity, gm/cc 1.725
Explosion in 100 Hrs Kone Brisance, % TNT 13%
Detonstion Rete:
Flommebility Index: Confinement None
- Condition Cast
Hygroscopicity: % i1 Charge Diameter, in. 1.0
Density, gm/cc 1.73
Yolatility: N1 Rote, meters/sacond 8060
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- AMCP 706-177 . Gyclotol, 70/30 - 3
v . -7
Frogmeniotion Toot: Shoped Charge Effectivensss, TNT = 100:
90 man Hi, M7 Projeciile, Lot WC-9Y: Gloss Cones  Steel Cones  (e) :
Deraity, gm/cc 1.7 Hole Volume !
Chorge Wt, Ib 2.213 Hole Depth 13 :
1'-;: NT;: Fropments: 103 Color: Yellow-buff ;
For HE 1165 .
Subject Principel Uses: Shaped charge bombs; .
. especially fregmentation HE .
3 inch HE, W/ 1 Projectile, Lot *“'1 12 projectiles, grenades v
Density, gm/cc . o7
Chorge WY, It 0.923 .
Tetel Ne. of Frogments: . c ) -y
” For TNT 51 Mothod of Loading: 481 N
For Subject HE 828 — .
Laading Denelty: gm/cc 1.7 ;
Frogment Velocity: ft/soc :
At 9 fr -
At 254 ft -Shorege: .
Deruity, < ' .
: it Methnd Dry , :
Slost (Reletive te TNT): (a) Hazord Closs (Quontity-Distonce) Class 9 , : g
Al Compatibility Group Group I C‘ . §
Peck Pressure 110 . .
tmpulse 120 Exudation :
Enargy ==
Aﬁ Preparation: See Composition B

impulse Origin: Developed by the British between
orld Wars I and TI and standar?ized in

w, the United States early in World War .I.
Peok Pressure Absolute Viscosity, poises:* C
I Impulse Temp, 85°C . .
Energy 90°¢ 53.2
Efflux Viscosity, Saybolt Seconds: .
Underground: Temp, 85°C 5
- Peok Pressure Heat of: )
vy Combustion, cal/gm 2685
Energy Explosion, cal/gm 1213
Gas Volume, cc/gm Bsk
* Composition using Spec Grade Type A, B
Class A RDX.

*# Calculated fr( nosition of mixture. .

Ty
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Gyclotol, 62(32 AMCP 706-177
Composition: Molecular Weight: o2l
%
RIX 5 Oxygea Bolenge:
CO: % 40
INT 35 CO% -9
Denelty: gm/cc Cast 1.7
Melting Point: °C
C/H Ratio Freezing Peint: *C
impoct Seneitivity, 2 Xg W: Beiling Peint: °C
Bureau of Mine- .Aoparatus, cm
Somple Wt 20 mg Refractive lndex, nS
Picotinny Arsenal Apparatus, in. °
Sample Wt. mg fin
nS
Friction Ponduium Teost: V. Seability Toot:
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
Rifle Bullet lmpoct Test:  Trials 120°C
% 135°
Explosions lso-g
Partials
Burned 200 Gram Bomb Sead Tost:
Unoffected Sond, gm 55,4
Explecion Te aporeture: C Sencitivity te Initition:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
1 Mercury Fulminate
S Decomposes 270 Leod Azide
10 Tetryl
15
20 Sellistic Merter, % TNT: (o) 13
Trausi Test, % TNT:
75°C Internations! Hoot Test:
% Loss in 48 Hrs Plate Dent Test:
Maethod
100°C Host Test: Cond.ition
9% Loss, 1st 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detenstion Rete:
y Index Confinement Hone
Condition Cast
yroscepicity: % N1l Charge Diomater, in. 1.0
totilh Density, gm/cc 1.72
v : Nl Rote, meters/second 75
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* Calculeted from composition of mixture.

Teragmentotion Tost: Shaped Charge Effectivences, TNT = 100:
90 mm NE, M1 Projontite, Lot WC-91: Glass Cones  Steel Cones ()
Dersity, gm/ecc 1.n Hole Voiume
Chorge Wr, b 2,253 Hole Depth 1%
Totel Ne. of Propmenis:
For TNT 103 Color: Yellow-buff
For Subject HE 1153
Peincipel Yose: Shaped charge bowbs;
. : especially fregmentation HE
3 inch NE, MAZA) Projectile, Lot KC.5: projestiles, grenades
Dersity, gm/ce .n
Charge Wt, b 0.922
Totel No. of Frogments:
Maothed of Leading: Cast
For TNT 514 :
For Subisnt HE T69
Looding Denelty: gv/cc 1.1
Frogment Velecky: ft/3ec
A9 #
Ar 2834 Storape:
Dersity, gm/cc
Method Dry
Blost (Relative te TNT): Hazord Class (Quontity-Distonce) Class 9
Alry Compatibility Group Group I
Peck Prossure
Impulse Exudation
Enecgy
Preparation: See Composition B
Aly, Confined:
irpulse Origin: Developed by the British ‘etween
World Wers I and IT and standardized in
Under Water: the United States early in World Wer II.
Peok Pressure
Impulse Butectic Temperature, %¢: 79
Energy gm RCX/100 gm TNT
79% L.16
Undorground: 95% 5.85
Peok Pressure Absolute Viscosity, poises:*
Impuise N
Energy Temp, 85°C 3.2
90°¢ 26.0
Heat of: *
* Composition using Spec Grade Type A,
Combustion, cal/gm 27155 Class A RDX.
Explosion, cal/gm 1205
Ges Volume, cc/gm 8h5

o rmag ok e e,
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gyelotol, 60/ko AMCP 706-177
Cc:ﬂhn: Molocular Weight: 224
Oxygon Belence:
R € Co: % A3
T %0 €O % 10
Demalty: ym/cc Cast 1.68
Mobing Pelat: °C
C/H Rotio » Frossing Polat; *C
Impoct Semeitivity, 2 Kg Wh: Beiling Peint: *C
Bureou of Mines Apparotus, em 5
Sample Wt 20 mg Refroctive Inden, nS
Picotinny Arsenal Apporatus, in. 14 .
Somple Wt, mg 19 na
R
Teot: Vecunn Stabitty Teot:
Steel Shos Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
RUfle Buller lmpact Tost:  Trials 120°C 0.29
% *
Explosions 5 '::“C:
Particls 55 !
Burned 2 200 Gram Bosb Sond Toot:
Unaffected 15 Sand, gm k.6
Explesion Tomperature: ‘C Sengitivity te !nitietion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
1 Maercury Fulminate 0.2on
S Decomposes 280 Leod Azide 0.20%
10 Tt
15 ¥Alterustiy \n&_cherges.
20 Bellistic Merter, % TNT: (g) 1.33
Trous! Test, % TNT:
73°C internations! Hoot Tost:
9% Losz in 48 Hrs Plote Dent Test: (v)

PMethod B
100°C Hoot Test: Condit:on Cest
9% Loss, st 48 Hrs Confined Fo

% Loss, 2nd 48 Hns Density, gm/cc 1.72
Explosion in 100 Hrs Brisance, % TNT 132
Deteonstion Rete:
Flammeobility index: Conti Noge
Condition Cast
: % kil Charge Diometer, in. 1.0
Density, gm/cc 1.72
v : M1 Rate, metars/second 7900
85
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AMCP 706-177 geclotol, 600;0
frogmentetion Tost: Shepad Chargs Effectivensss, TNT = 100:
90 man HE, M71 Projoctile, Lot WC-91: . Gloss Cones  Steel Cones (@)
Dersity, gm/cc 1.65 Hole Volume 178 162
Chorge W, Ib 2.187 Hole Depth 125 ik8
Totel No. of Frogments: Coler: Yellow-buff
For TNT T03
For Subject HE 998
Principel Usas:  Shaped charge tomd;
0 especially fragmentation HE
3 inch HE, 1 Projoctile, Lot KC-3: projectiles, grenades
Density, gm/cc 1.6T
Chom Wt, ib 0.882
Totel Ne. of Frogments: Method of Loading: Cast
For TNT 51k
For Subject HE T01
Loeoding Danelty: gm/cc 1.68
Fropmant Velecity: #t/sec (<) ‘
At 9 ft 2965
At 251 £t 2800 Sterage:
Density, gm/cc -
Method Dry
Blest (Reletive to TNT): (a) Hozord Class {Quontity-Distonce) Ciese 9
Ale: Compatibility Group Group I
Peck Pressure 0L
Impulse 116 Exudation
Energy ..
Ale, Confined: Preperation: See Composition B
Impulse Origin: Developed by the British between
orld Wers I and II and standardized in
Under Water: the United States early in World Wer II.
Peok Pressure
i ise Bulk Modulus at Room )
E":um Temperature (25°-30°C):
Dynes/cm2 x 10710 h.1b
Underground: Density, gm/cc 1.72
Peak Prescure
Impulse Absolute Viscosity, poises:*
Energy N Temp, 35°C 12.3
iiest of: * 90°¢c -
;ﬁg::;ﬁ?'c:i}éﬁm i?gg # Compositions using Spec Crede Type A,
Gas Voluze, cc/gn 8hg Cless A RIX.

Compress ive Gurength: lv/i noh®
1.70 .'m’cc 2200-3000

4 Calculsted frow conposition of mixtur:.

B N LT L O Y )

LTI T N S A TRt IR

”m&




IVALEBOOKS.COM

-~ Grelotol 12!32 ME 62[32 AMCP 706-1T7
L feferences: 15

{a) L. C. Smith and B, G. Rystar, sical Testing of losives, Part IIT - Miscellenecus

Sensitivity Tests; Performance Tests,
(v) D P. Machougall, Methods of Physicel Testing, OSRD Repart No. 803, 11 August 19h2.

(e) R. ¥W. Dreke, %‘t Vclocitv and run.l mmnon of Seversl Explosives in Stmu- :
lated Shells, OSRD !
(4) V. Philipchuk, Free Air Blast Evsluation of KDX-TNT-Al RIX-TNT, and TNT-Metal tems, :
National Nortbern Summary Neport, W-P- %, April 1956.
. (e) Bastern Laboratory, 4u Poat, Iuves tion of Cavity Effect. Section IXI, Variation of
Qavixy Effect with Composition, MIRC Contract W- mm%. " ;
() w. s Cremer, mn Compressibility Data on Several High Explosives, FAVORD Report Ho. '
4380, 15 September 1 !

{2) Also see the following Plentinny Arsenal Technical Reports on Tyclotole:

Q i 2 3 ) 2 [ L 8 2
1290 1651 1482 1483 1824 1435 1476 SLY(4 1398 1569 )
15% 1741 1793 183 1585 1756 1507 1488 1509 N
19%3 19hh 1796 1T4T 1838 1709 '
2004 1876 .
(k) C. Lenchitz, W. Beach end R. Valicky, _%S&n&wt of Fusion and Specific ¥
Heat of Basic Explosives, PATR No. 2504, January

TN
}
~~
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[5§e¢ footnote 1, page 10.
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AMCP 706-177 Cyclotrimethylene Trinitrossmine
Cn:ﬂiux 132 Melocular Welght: ( 0336"603) 1Th
¢ e i O b
- =55
B 3.5 OsN—N N—=Ne=0 o % .28
N 18,3 K, C CH, Denalty: gm/cc
0o 21.6 Meobing Pold: C 105 to 107
C/H Ratio 0.12 g Frooning Point: *C
Impost Sensitivity, 2 Ko Wr: Seiling Pelat: °C
Bureou of Mines Apparatus, cm
Somple Wt 20 mg Refractive Index, nS
Picotinny Arsenal Apporatus, in 15 to 22 °
Samzls W, mg 17 to 20 R=
R
Fristion Pondulum Teot: Vacovm Stability Tost: (c)
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shos Unaffected 90°C 0.20
100¢C 9.19 3.71*
Rifle Bullet impoct Tost:  Trials #Average value of 5 gm sample twice recrystal-
% lized from iscamyl slcohol.
Explosions
Partials
Bumed 200 Grom Bomb Sond Toot:
Unoffected Sond, gm 59.2  5h.1
{ixplesion Tempereture: *C Sensitivity te Initistien:
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
1 Marcury Fulminate 0.200%%
5 220 Leod Azide 0. 100+
10
s sen1 {8#Rltive initiating charges.
20 Bellistic Merter, % TNT: 130
Troun! Test, % TNT:
75°C Internstions] Heot Test:
% Loss in 48 MHrs Plate Dont Toat:
Maethod
100°C Hoot Tost: Condition
9 Loss, st 48 kHrs 8.79 Confined
% Loss, 2nd 48 Hrs 2.98 foﬂcty. gm/cc
Explosion in 100 Hrs None Brisonce, % TNT
Detenetion Rete: b)
Flommebility Index: Confinement None
5 Condition Cast
Hyyeescopicity: % 30°C, 90% RH 9.02 Charge Diamaeter, in. 1.2
Density, gr/cc 1.b2
Velotility: Rate, meters/second TO00 to 7300

86
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P~ Grclotrimethylent Trinitrosamine AMCP 706177
' Frogmentetion Tesk: Shoped Charge Effostivensss, TNT = 108:

; 90 mm NE, MY} Projectlie, Lot WC-91: Gloss Cones  Steel Cones

{ Density, gm/cc Hole Volume

i Charge Wi, b Hole Depth

»

] Totel No. of Fragments:
: f For TNT Coler: Yellow
? For Subject HE

‘ : Principel Usss: Ingredient of prmjectile filler

! Jinch HE, MA2AY Projectile, Lot KC-3:

: Dersity, gm/cc

: Charge WA, B

P Tatal No. of Fragments: Mothed of Loodiag: Pressed or cast vith added
H For TNT melting point Gepressants
: For Subject HE

E Loading Denelty: gm/cc See below

$ Frogment Velocily: ft/sec

» A9 fr

¢ At 25% #t Sterege:

{ Denslty, gm/cc

i Method Dy

| BIPN ry Srpp—— Hazord Closs (Quontity-Distoncs)  Class 9

; ‘J A Compatibility Group Group M

Peok Pressure
impulss Exudation None

$ Energy

: Density at Various Pressures: (+\

1 Als, Conlflned:

%; impulse 1b/inch® gafce

H

- Under Weter: 2,420 e

; Peok Pressure g 6538 L3

! Impuise 1::,500 1.44

4 Energy 24,200 1.53

: 33:&0 1.27

P Und : 2,500 1.59

; Peck Pressure Heat of:

s Impulen 5

» Evergy Combustion, cal/gm 3

’ Explosion, cal/gm 876

: Formetion, »1/gm -1k

T
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AMCP 706-177 Cyelotrimethylene Trinitrosanine

tion of «Trinitroso-s-triazine Cyclotrimethylene Trinitrosamine:
Reference a "

&

HEO_~
HCHO + MH,OH + MaNO, i - SN
H,C
formelishyde smmonium sodium nitric sulfuric
: hydroxide oitrate acad acid

An smmoniacal solution of an amine is prepared by adding aqueous formmldahyde to ammonium
hydroxide. The rate of addition of formeldehyde is regulated to maintain a solution tempers-
ture of 0° to 35°C. .

Sodiuvm nitrite is dissolved in water and the solution or slurry is then poured into tae
previously prepured smine-smmonia solution and totally dissolved by stirring. This solutton
1s chilled to below 0°C. :

Into a mixed acid solution, previously prepered by dissolving concentrated nitric acid
in wvater and adding concentrated sulfuric acid, all chilled to -9°C, there is added the cold
axins-nitrite solution below the surface of the acid mixture. The sddition is regulated to
take 20 to Y minutes.

The resulting foamy hesd of cyclotrimethylene trinitrcramine is allowed to #lt over the
icy spent liquar for 1/2 hour end is then collected ou s sintered gless funnel aud weshed to
neutrality. The mcist cyclotrimethylene trinitrosamine is removed from the funnel and air- ;
dried on filter peper. The &iy erude product melts at 106° to 107°C. Recrystallization from .~
1scamyl alcohol gives & pure compound meiting at 105° to 107°C. ( ;

1n; .

Cyclotrimethylene trinitrosamine was discovered in 1888 simulteneously by Griess and
Barrov (Ber 21 (1888), p. 2737) end by Mayer (Ber 21 (1888}, p. 2883) vhen sodium nitrite
was alloved To react vith hexamethylene tetramine Tn acid solution. This compound was later
studied by Duden and Scherff (Aann 288 (1895), p. 218) and by Delépine who determined its heat
of forwation, vhich wes negative (Bull Soc chim (3) 15 (1636), p. 1199). Because cyclotri-
methylene trinitrosamine could be made at first in very poor yield only, it was s long time
before it received considerstion for practical spplication as an explosive. However, the
study of cyciotrimethylene trinitrosamine was continued and investigations were msde es to .
its behavior in mixtures with other substances (Prof. D. G. Romer "Report om Explosives,”
BIOSGP 2-HEC 5Th2).

Destruction by Chemical Decowposition:

Cyclotrimethylene trinitrosamine is easily decowposed by icid cr alksii end even tv
boiling in water.

s — 1
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N Cyclotrimethvlene Trinitrosamine AMCP 706-177
High Temperature Decomposition, 0.02 gm ir 10 =l Test Tube: (»)
. Twnersed 10 miuutes in bath heated at 5°/minute
;. Temp. °C
(1) Melting begine 105
Decomposition dbegiuns i 150 -
Nitrous gas ! 160 '
Fntire decomposition : 170 5
i (2) Some bubbles 7 10
. : Yery slov decomposition 150
) : Decomposes in 2 mim:tes 200 ;
’ Decomposes in A0 seconds | 250 :

Immadiate decomposition 30

Lotg Term Stability:  (b)

Cyclotrimethyiene irinitrosamine lcosely packed in covered wooden boxes for six years at
ambient tewperatirve and protected from the sun:

1. Explosi = showed no color change.
2, Melting point decroased from 104.5° to 10u°C.
3. Coefficient of "Utilisstion Prectique” decreased from 125.5 to 173.5.

% An el Test at 110°C gave no color to iodine starch peper in 15 minutes.

Fusion Tests, Mixtures of Cyclotrimethylene Trinitrosamine and TNT: (v)

W AN Al Gl A W S A G N NG NP Y O G e 0 G g BB 006 G PP Y (gl B G A om\ STt - € ¢

N
clotrimethylene . Meltingo
nitxosamine, : Point, C
10 i Th
20 ! 68
30 , 62
N ! ko : 55
’ _ k2 ‘ 55 (Butectic) |
g ' 50 ! 61 '
! 60 69
T0 77
95 95
Eutectic Composition With TNT: (v) Rate of Detonation, meters/second
S 524 Cyclotrimrthylene Trinitrosamine 7,000
S8% TNT

W m W R maele a E W e 4T

ey mg
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AMCP 706-177 en. __initrosamine

i e ————

Reaction of Cyclotrimethylene Trinitrossmine With Other Materiels: (v)

1. lron povier _ Slight reaction
2. Copper powder Slight reaction
3. Aluminum powder €ligkt reaction

4. 2 parts pieric scid + 1 part R-Salt E a. Violent decomposition after 2 hours at 10%
¢ b Violent decomposition after 10 to 15 minutes

at 1009C :
Is. 2 parts nitresiyceriz + 1 part : No evidence of decompositioc after 5 deys st |
{7 R-smit 90° -:
Detonstion Pte:  (b)
Cont’ nement - ! Paper cartridge
C.odition Teseed
Charge Dismeter, in. 1.18
Rate, meters/second Density, gm/ce
5180 0.85
5760 1.00
6600 1.20
730 1.hko
7600 1.50
7800 1.57
Refsrences; !¢

(a) Arthur D. Little, Inc. Progress Report No. 106, Fundamental Development of High Explo-
sives, April 1955, Contract Ko. DAI-19-020-501-ORD(P)-33.

(b) Louis Médard and Maurice Dutour, "Etude Des Proprietés De La Cj :lotrimethylene
Trinitrosamine,” Mém poudr, 37, 1924 (1954).

(c¢) H. A. Bronner and J. V. R. Kaufman, "Synthesis and Properties of R-Sslt,” PATR in
preperation 1959. :

(4) Also see the following Picatinny Arseaal Technical Reports on Cyclotri...thylene
Trinitrosemine; 117k, 2179.

16see footnote 1, puge 10.
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IBX (Depth Bomb Explosive) AMCP 706-177
Composition: Melocular Weight: 83
%
Oxnygon Baleace:
Ammonium Nitrate 21 CO: % 46
RIX 2 Co % -26
™ %0 Denelty: gm/cc Cast 1.68
Aluninum 18 Melting Peint: *C
C/H Ratio Feoazing Polas: *C
Impost Sensltivity, 2 Kg Wt: Seiling Peint: °C
Bureau of Mines Apparotus, cm 35
Somple Wt 20 mg Refrective lndez, n2
Picatinny Arsencal Apporotus, in. 13 o
Somple Wt, mg j18 Nas
na
Friction Ponduium Toot: Vecwum Stebility Tes:
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet lmpact Tost:  Tricls 120°C 6.15
% .
Explosions :::g
Portiols
Burned 200 Grem Bomb Sond Tent:
Uncffected Sand, gm 58.5
Explosion Tompereture: *C S maitivity te Initiation:
Soconds, 0.1.(no cop used) Minimum Detonoting Chorgc_. o
1 Mercury Fulminate
S Ignites oo Leod Azide 0.20
10 Tetryl 0.10
15
20 Ballistic Merter, % TNT:  (a) 146
Troust Test, % TNT:
75°C Internations! Hoot Test:
% Loss in 48 Hrs Piste Dent Toat: (v)

Method B
100°C Mont Tost: Condition Cast
% Loss, Ist 48 Hrs Confired Fo

% Loss, 2nd 48 Hrs Density, gm/cc 1.76
Explosion in 100 Hrs Brisonu, % TNT 102
Detonstion Rote: (c)
Flommebility Index: Confinement None
Condition Cast
Hygroscopicity: % Charge Diomaetsr, in. 1.6
il Density, gm/cc 1.65
v ’ Rate, meters/second €600
9
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AMCP 706-177

IEX (Depth Bomd Bxplosive)

Besster Seneitivity Tost: (e) l Decompesition Bquation:

Condition Cast Oxnonw ) atoms/sec

s6C
Tetod, gm 100 Meat, kilocalorie/mole
Wax, in. for 509% Detonation 1.3 (aH, keal/mol)
Wax, gm Temperature Range, °C
Mfy, w/cc 1-76 Phase

Heot of: (9) Armet tmpoct
Combustion, cal/gm Plete Toot:

Explosion, cal/gm 1700 60 men Mortor Projectile:
Gos Volume, cc/gm 509 Inert, Velocity, ft/sec
Formation, col/gm Aluminum Fineness
Fusion, cal/gm
500-1b Genersl Purposs Bombe:
Specific Hoot: col/gm/* () .
-5°C, density 1.75 gw/ce 0.25 Plate Thickness, inches
1
1y
1%
1%

BSeraning Rete:
om/sec Bossb Drop Toot:

Thermel :
ool/nc/an/'c 13.2 x 10"‘ ﬂ.mmmMnm:
Density 1.75 gm/cc :

Coofficient of Fxponsion: R Max Safe Drop. #

Linear, %/°C  -T3°-75°C b.5 x 107 300-1 Genersl Purpose Bomb vs Concrate:
Volume, %/°C Height, ft

Triols

Lew Orde

Young’s Modulve: (&) H;h Orir
£, dynes/cm? 10.4 x 1020
E, b/inch® 1.51 x 10 1000-5> Genarel Purpese Bomb vs Concrote:
Dencity, gm/cc 1.72

Height, ft

Comprossive Strength: Ib/inch® (q) 3210-3380 Trials
Density 1.7ig/cc Unaffected

Vopor Pronsure; Low Order

‘C mm Mercury High Order

GRS ¢
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'e ; ~ IBX (Deptt Bomb Explosive) AMCP 106-177
. 4 - A -y
z Frogmentetion Test: Sheped Charge Eifectivensss, TNT = 100:
} 90 mem HE, M71 Projectite, Lot WCHY: Gloss Cones  Steel Cones )
\ Dersity, gm/cc Hole Vo'ume
J Chorge Wt, b Hole Depth
|
t Total Neo. of Frogmants: Coler: Cray
.: For TNT
i For Subject HE
‘! Principel Uses: Depth charge
| 3 inch HE, MA2AY Projectile, Lot KC-3:
i ; : Demiry, gm/cc
; Chorge Wh, Ib
\ : )
L Totol No. of Frogments: Mothod of Loodiay: Cast
i For TNT
! For Subject HE
' Loeding Denaity: gm/cc 1.61-1.69
: —'mVM: ft/sec
1
. Ar25% fe Sterege:
4 Density, gm/cc ;
y {
e Slast {Relotive to TNT): (a) Hazard Class (Quantity-Distance) Cless 9 3
. :
L BN Al Compatibility Group Group T % -
; Peck Pressure 118
! impulse 127 Exudation
! Ener iy 138
% Alr, Confined: Preparation:
i Impulse DBX cen be menufactured by slowly adding
! , water-vet RIX to molten TNT melted in @ stesm-
L. Under Weter: Jjacketed kettle equipped with a stirrer. Whan
i Peak Pressure -- all the water has eveporated, smmonium nitrale
! i Impulse .- is added and with heating snd stirring con-
: E 136 tinued, grained eluminum is added. The mix-
toL ture is cooled with stirring continued to
; maintain uniformity end when suitable for pour-
. Underground: ing the mixture is csst. IBX can also be made
; Peck Pressure by adding 21% ammonium nitrate and 18% alumi-
: Impuise i rmm to 2% cyclotol or Cowposition B of 50/50
; Ene RFDX/TNT content plug 19% of TNT previously
) oy melted at about 100 C.

93




AMCP 706177 IBX (Depth Bowb Explosive ~

in:
IBX wes developed and ured by the United States and Greet Britain during World War II.
References: !7

(s) L. C. Smith snd E. G. Eyster, sical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Teats, t No. » De . -

(b) D. P. MacDougall, Nethods of Physicel Testing, OSRD Report No. 803, 1 August 19%2.

(¢) G. H. Messerly, The Rate of Detonatlion of Various Explosive Compounds, OSRD Report No.
1219, 22 Pebruary 1943.

M. D. Rurvitz, The Rate of Detonation of Various ds and Mixtures, OSRD Report
Fo. 5611, 15 January 1368, Ate of Detopation of Tariows Compouids ahd Mlchurer

(d) Philip C. Keenan and Dorothy Pipes, Teble of Military High Explosives, Second Revision, .
NAVORD Report No. 8T7-46, 26 July 1946.

(e) L. C. Smith and S. R. Walton, A Consideration of Mm Mixtures as a Substitute for
kgl in Boosters, NOL Memo 10,303, 15 June N

() Also see the folloving Picatinny Arsenal Technical Reports on DEX: 1585 and 1635.

TSee footnote 1, page 10.
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1, 3-Ddamino-2,4,6-Trini trobentene (DATHB) -

AMCP 706-177

Cozuhhn: Melocular Weight:  ( Cél{SN506) 243
NH
¢ 2.6 2 Oxygen Bolonce:
O.N X0 CO. %
H 2.1 frd 2 Co %
K 28.8 N, Denelty: gm/cc Crystal 1.83
0 2.5 N0, Mebting Peint: °C (a) 290
C/H Ratio 0.380 Freszing Point;: °C
lespoct Semsitivity, 2 Kg Wr: Beiling Peiat: °C
Bureou of Mines Apparotus, cm
Somple Wt 20 mg Refrective Index, nS
Picatinny Arsenal Apparatus, in. 18 °
Saompile Wi, mg 9 Ngs
_ n2
Friction Ponduluse Toot: Vecwum Stebility Test:
Steel Shoe cc/40 Hrs, ot
Fiber Shoe s0*C
Rifte 100°C
Bufiet lmpoect Tost:  Triols 120°C
Explosions % 135°C
Partials 150°C
Bumed 200 Grem Somb Send Test:
Unaffected Sond, gm ' 6.6
Explecion Temperature: °C Sensitivity to Initietion:
Seconds, C.) (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulmincte -
s Lead Azide 0.20
10 Tetryi 0.10
15
20 Bellistic Morter, % TNT: 100
Trous! Test, % TNTE
75°C internotionel Hoot Toat:
9% Loss in 48 Hrs Plete Dent Tost:
Maethod
100°C Moot Toor: Condition
% Loss, I3t 48 Hrs 0.00 Confined
% Loss, 2nd 48 Hrs 0.4 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detoastion Rate:
Flommebility index: Confinement None
Condition Pressed
ygroscopicity: % Charge Diameter, in. 0.5
Density, gm/cc 1.55
Velatifty: Rate, meters/second 7500

e R R
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AMCP 7%6-177 1, 3-Diemino-2 L,6.Trir} trovenzene (DATNB)

Frogmentation Test:

90 mm HE, M7) Prejectile, Lot WC-91:
Density, gm/cc
Charge Wr, 1b

Total No. of Fragments:
For TNT
For Subject HE

3 inch HE, MA2AY Projectile, Lot KC-5:
Density, gm/cc
Charge Wt, Ib

Tolel No. of Fragments:
For TNT
For Subject HE

sheped Charge Bftectivenses, TNT = 100:

Gloss Cones  Steel Cones

Hole Volume
_Hole Depth

Color:

Principel Uses:

Density, gm/cc

filost (Redevive to THY):

Ale:
Peak Pressure

Impulse
Energy

Air, Confined:
impuise

Under Woter:
Peak Pressure

Impuise
Energy

Underground:

Peak Pressure
Impulse
Energy

Sterege:
Methed
Hazard Class (Quontity-Distance)
Compatibility Group

Exudation

Cook-0ff Temperature: %
Time, minutes

Heat of:
Explogion, cal/gm

AR i
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1,3-Diamino-2,4,6-Trini trobenzene ( DATNB) AMCP 706-177

Preparation:

Fifty grams /50 gm) of dry styphnic scid wvas added to 200 gm of anhydrous pyridine with
stirring. The resultinc slurry was stirred for an additional 30 minutes. The yellow product,
dipyridinium styphnatc, vas collected by filtration and washed with approximat:ly 100 milli-
liters of diethyl ether. The product was dried over phosphorus (V) oxide, at room tempera-
ture, for 5 hours. Yield of 77 gm (944), melting point 168° to 170°C (1iterature melting

point 173°C).

To 50 milliliters of phosphorus oiytrichloride, 29.8 gm of the dipyridinium styphnate wore
added iu smell portions, with stirring. The reaction mixture wag then warmed on & steam bath
for 15 minutes. This solution was quenched in 500 gm of ice water. The light yellow precipi-
tate vas separsted by filtration and washed with water until the washing wes neutral to 1it-
msiﬂigi;m ot 1, 3-dichloro-2,4,6-trinitrobenzene 20.4 gm (98%), MP 130° to 131°C (1iterature
Mp C).

A suspension of 3 gm of 1,3-dichloro-2,4,6-trinitrovenzene in 9 milliliters of sbsolvte
methancl vas prepared. This slurry was cooled to 0°C, and dry smmonie was bubbled ialo the
stirred suspension. After 20 minntes the reaction mixture was allowed to warm to room tem-
rerature, filtered by suction and washed wi*h methanol and ether until a negative Bellstein
test for chloride ion was obtained on the w.shings. Yield of 1,3-diesmino-2,h,5-trinitrobenzene
2.5 gn (77%), MP 288° to 290°C (litersture Mp 285°C).

Origin:

DATNB, slso called 2,4,6-trinitro-1,3-diamno-benzol or 2,k4,6-trinitro-phenylenediemine-
(1,3), was £irst obteined by Noelting and Collin in 1884 (Ber 17, 260) and alsoc by Barr in
1888 (Ber 21, 1546) from 2,4,6-trinitroresorcin dimethylether T contact with emmoniacel
slcohol for several days. J. J. Blenksma obtained the same proiuct in 1902 by reacting
either 2-chloro-2,4,6-trinitroenisole or 3-chloro-2,k,6-trinitrophenetol with smmoniacel
alcohol {Rec trav chim 21, 324) end from 2,4,6-trinitroresorcin methylethyl etier with ammo-
niacal eleohol (Rec trev chim 27, 56 (1908)).

Meisenheimer and Patzig in 1906 prepared DATNB in the form of yellow needles, MP 280°C
from 1, 3,5-trini trobenzene . ydroxylamine and sodium methylete in methyl alcohol (Ber 39, 2540).
The product was slightly soluble in glecial acetic acid but poorly soluble in other solvents.
It decomposed into NHj and 2,k,6-trinitroresorcin vhen boiled with dilute NeOH or KOH (Beil 13,

Korner and Contardi prepered DATNB by the reaction of either 2,4-dichloro-1,3,5-trinitro-
benzene or 2,4-d1bromo-1,3,5-trinitrobenzene with smmoniacsl alcohol et room temperature or
better by heating to 100°C (Atti R. Accad Lincei (5), 171, 473 (1908)); (5) 18 1, 101 (i909)).
A method of preparation by prolonged reaction of N-nitro-N-methyl-2,3,L4,6-tetranitroaniline
vith a setureted emonis sclution was reported in 1913 by van Romburgh end Schemers (Akad
Amsterdam Versl 22, 297).

C. F. Van Duin obteined DATNB melting at 301°C by reacting & concentrated agueous smmonia
golution with K-nitro-N,N,N-trimethyl-2,4,6-trinitrophenylenediamine-(1,3) or witn N-nitro-
N-methyl-N-pheny1-2,L,6-trinitrophenylenediamine-(1,3) (Rec trav chim 38, 89-100 (1919)).
later Van Duin and Van lenrep reacted concentrated aqueous ammonia with 2,4,6-trinitro-3-
aminoenisole or 2,4,6-trinitro-3-aminophenetol to obtsin DATND melting at 237° to 2889C (Rec
trav chim 39, 147-77 (1920)). 1In 1927 Lorang prepared the same compound by boiling 2,L,A-
tri.itro-1,3-bis ( -nitroethyl ureido) benzene with water or by hesting it wi‘h smmoniacal
sicchol in & tube st 100°C (Rec trav chim 4K, 6L9) (Befl E 17, = IT 33).
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AMCP 106177 1,3-Diamino-2, 4, 6-Trini trobensene (DATNE) ~

A recent report descrides the preparation of DATNB in two steps from commercislly avail-
able starting materials. First m-nitrceniline vas nitrated with HoS0y-~ acid mixture to
tetranitroaniline. The crude tetrsnitroaniline was converted by methenclid ammonia to
ddexinotrini tro-benzene in & high degree of purity. A conversion of 100 parts of m-nitroani-

1ine into 110 parts of DATEB was obtained by this method, vhich oan essily be carried out or
a ocommsrcial scele.
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Diazodini trophenol AMCP 706-177
Co;’uhh-: a Meleculer Weight: (CgHoN),05) 210
¢ 3.3 i ‘ Oxygen Belencs:
0 CO: % -61
H 0.9 or® CO % =15
o.N
N 26.7 ¢ N0z %2 N0, Demsity: gm/cc  Crystal 1.63
0 38.1 ° Melting Point: *C 157
C/H Ratio 1.056 Froezing Polat: °C
Impnct Sensitivity, 2 Kg We: Beiling Peiat: °C
Bureou of Mines Apporatus, cm
Somple Wt 20 mg Refractive index, nS
Picotinny Arsenal Apporotus, in. 4; (1L 1b wt) 7 o
Somple Wt, mg 15 Ras
ng
Friction Pandulum Tont: Yecwum M Toot:
Steel Skoe Detonates cc/40 Hrs, ot
Fiber Shoe Detonstes 90°C
100°C 7.6
Rifle Bu'let Impect Test:  Trials 120°C
% .
Explosions 135'C
Partials 150°C
Burmed 200 Grom Bomb Sond Tost: M5
Unatf Wgc_v_der fuse 15.6
Explesion Tompereture: ‘C Sonsitivity te initietien:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
1 200 Mercury Fulminote
5 195 Lecd Azide 0.20
10 180 Tetryl 0.10
15
20 Bollistic Merter, % TNT: (a) 97
Trouz] Test, % TKT:
75°C Internetions! Hoot Test:
% Loss in 48 Hrs Plote Dent Tost:
Method
100°C Hoet Toot: Condition
% Loss, Ist 48 Hrs 2.10 Cw'fmd
% Loss, 2nd 48 Hns 2.20 Dersity, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detenstion Rete:
Flemmebitity index: Confinement
Condition Pressed
Hygrescopicity: % woc’ M RE 0.0k Chorge Diomaeter, in.
Density, gm/cc 0.9 1.5 1.6
Veletitiey:  50°C, 30 months Unaffected Moo 6600 6900

Rote, meters/second

#Until it is established which picramic acid (melting point 169°C) isomer 1s involved (Ref: J

Chem Soc, 2082, August 1949).
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AMCP’ 5-177

Diezodini trophenol

Fropmentetion Test:

90 mm HE, M71 Projectils, Lot WC-91:
Density, gm/cc
Charge Wt, Ib

Teotsl No. of Frogments:
For TNT
For Subject HE

3 inch HE, M42A1 Projectile, Lot KC-5:
Density, gm/cc
Charge Wt, Ib

Tote: Ne. of Fragments:
For TNT
For Subject HE

Shaped Chorge Effectivensss, TNT = 100:

Gloss Cones  Steel Cones
Hole Volume
Hole Depth

Color: Yellow needles

Percussiocn caps

Mathed of Locding:

Leading Demelty: gm/cc  Apparent

Fragment Velocity: ft/sec
At 9 fe
At 2514 ft

Density, gm/cc

At 3000 pei

Sterage:

Method Under water

Slast (Reletive to TNT):

Ale:
Peak Pressure

Energy

Air, Confined:
Impulse

Under Weter:
Peok Pressure
Impulse
Energy

Underground:
Peck Pressure
Impuise
Energy

Hazard Class (Quontity-Disionce) Cless 9
Compatibility Group

Exudation

Solubility:

Sclutle in nitroglycerin, nitrobenzene,
eniline, pyridine, concentrated hydrochloric
acid, and in most common orgenic solvents.

Combustion, cal/zm 3243
Explosion, cal/gm 820
Gas Volume, cc/gm 86e

Sensitivity to Electrostetic
Discharge, Joules: () o.oL2
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Diazodinitr ol AMCP 706-177
Solubility: gm/100 ca of the following substeiices: (c)
Solubility av 50°C

Sclvent %

Etayl acetate 2.45

Methanol 1.25

Ethanol 2.43

Ethylenedichloride 0.79

Carbon tetrachloride race

Chleroform 0.11

Benzene 0.23

Tolaene 0.15

Petrole us ether Insoluble (at 20°C)

Ethyl ether 0.08 (30°C)

Carbcn disulfiir trace (30°C)

Preparation: (Chemistry o Powder and Explos.ves, Davis)
N N N
O N ——mn H,
(H) diazcrize

OH - 02 —— OH NO 5 e =y 0 N02
0¥ o — 0, ——

Ten gm f picramic acid is s spended in 120 cc of 5% hydrochloric acid, and under effictent
sgitation at ebout 0°C. 2.6 &m sodi: n nitrite in 10 cc wmter is Aumped into the suspensicn.
Stirring is continued for 20 minutes, the product filtered off cnd washed thoroughly with ice
water. The dark brown product, if dissolved in acetone snd precipitated in water, turnsg bril-
1liant yellow.

origin:

Discovered by Gruess in 1858 (Annalen 106, 123; %_1%, 205 (1€00) and studied extensively by
L. V. Clark (ind Eng ‘hem 23, 6Cs (1933).  Developed for commercial use in 1928. This com-
pound was patented in the United States by Professor William M. Dune.

Destruction Ly Chemial Decomposition:

Mazodinitrophenol ie decomposea ., adding the weter-wet material to 100 times its weight
of 10% s0di'.m hydroxide. Nitrogen .as is evolved.

Peferer cze; 18

(e) Pailip C. Xeeman and Dorothy ™ -=s. Teble of Military High Exp.osives, 3econd Revisior,
RAVORD Report No. 37-46, 06 July 1646,

(6) F. W. .eova, Do H. Kusler and T. C. Sitson, Sensitivity of Explosives to Initistion by

lu.u footnute |, page 10.
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AMCP 706-177 Diazodini trophencl —~
! L]
o Rlectrostatic Discharges, U. S. Dept of Int, Buresu of Mines, RI 352, 1946. '
( {c) L. V. Clark, "Diazodinit-ophenol, A Detonating Explosive,” Ind Eng Chem 25, 663 :
1933). .
Seidell, Solubilities of Inorganic and Orgenic Compounds, Van Nostrund and Co., N. Y.
{d8) Algo see the following Picatinny Arsensl Technical Reports on Dimzodinitrophenol:
9 g 4 2 I 8 2 .
150 1352 3 355 87 18 79 . o
610 214 1838 :
2120
102
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Diethylene Glycol Dinitrate (DEGN) Liguid AMCP 70% 177
Composition: Meolecular Weight:  ( ch“8"2°7) 196
%
. Oxygen Belence:
c 2.5 hzcl: ~—— ONO,, Co. % _,%
CO % -
B Lh.1 H,C ~ .
¥ 13 H,cl: -~ Density: gm/cc Liquid 1.3
o 57.1 H2C ON02 Mehing Point: °C 2
C/H Ratio 0.143 Freezing Point: °C
Impect Secaitivic,, 2 Kg We: Beilieg Point: 'C  Decomposes 160
Burecu of Mines Apparatus, cm 100+
Somple Wt 20 mg Cefractive Index, nS
Picatinny Arsenal Apparatus, in. 9 o
Somple Wt, mg Nes 1.4498
ng
Friction Pondulum Tost: Vecuum Stebility Test:
Steel Shoe Explodes cc/40 Hrs, at
Fiber Shoe 90°C
100°C 0.3cc/20 hr/gm
Rifle Bullet Impoct Test:  Trials 120°C
Explosions * 135°C
Pa-tials 150°C
Burned 200 Gram Bomb Soad Test:
Unaffected - Sond, gm s2.2
Explosion Tempersturm: °'C Sensitivity to Initietion:
Seconds, 0.1 (no cap used) Minimum Detonating Chorge, gm
1 Mercury Fulminate
5 1 Lead Azide
10 Tetry!
15
20 Ballistic Morter, % TNT: 0
Treusl Test, % TNT: 7
75°C Internations! lieat Test:
% Loss in ‘8 Hfl Plote Dent Tent:
Methad
100°C Heat Test: Condition
% Loss, Ist 48 Hrs k.0 Cor. “ned
% Loss, 2nd 48 Hrs 2,0 Den..ty, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detonation Retc:
Flammability Index: Confinement
Condition
Hysroscopicity: % Charge Diometer, in.
Density, gm/cc 1.3
. 2 .
Voletibty:  (0°C, ng/cn/br 19 Rate, meters/second 6760
o

P
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AMCP 706-177 Diethylene Glycol Dinitrate (DEGN) Liquid e
Boester Sensitivity Tect: Decompositicn Equetion:
Condition ) Oxygen, otoms/sec
Tem an T s
fry .
. Wax, in. for 50% Detonotion (?Hl l:col;’mc:l‘) mole
Wax, gm " Temperature Range, °C
Density, gm/cc Phose
Mowt of: rmor
Combustion, cal/gm 2792 A Plote Impect Test:
Explosior, col/gm o 60 mm Merter Projectile:
Gos Volume, cc/gm 796 50% Inert, Velocity, ft/sec
Formction, cot/gm 2020 Aluminum Fineness ’
Fusion, cal/gm
500-1b Generel Purpose Bombs:
Specific Heet: cal/gn. 'C
Flate Thickness, inches
1
1y
1y
1 "4
Surning Rete:
cm/sec
Bomb Drop Test: .
Thermal Conductivity: : ‘ k
col/sec/em/ C y 77, 2000-1b Semi-Armor-tiersing Bomb vs Concrete: : )
\
Caetficient of Expansion: Max Safe Drop, 1 .
Linear, %/°C 500-ib Gensrol Purpocs Bomb vs Concrete: - T8
Volume, %/°C Height, ft
& ) M ! € [ T'.\
v 4 s Unafre _ted
Young’s Modulvs: :fwhord“
E' dynes/cm igh Order
€, Ib’/inch? 1000-ib Geverol Purpose Bomb vs Concrete:
Densit,, gm/cc
Height, f ’
Compressive Strength: Ib/inch? Trials
Unoffected
Vepor Pressure: Low Order
C mm Mercury High Orger
20 0.00%
0 0.130
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. Diethylene Glycol Dinitrate (DEGN) Liguid AMCP 706-177
L ] .
- »
v
» Frogmentation Test: Shaped Chorge Effectiveness, TNT = 100:
»
N 90 mm HE, M7 Projectile, Lot WC-91: Gloss Cone:  Steel Cones
. Density, gm/cc Hole Vc'ume
: Charge We, Ib Hole Depth
y
»
T Frogments;
' otel No. of Color: Colorless
4 For TNT
» For Subject HE
¢ Principal Uses: Propellant :omposi‘ions
. 3 inch HE, MA2A1 Projectile, Lot KC-S:
L Density, gm/cc
; Charge Wt, Ib
'
: . ‘ Total Ne. of Fragments: Method of Leading:
. For TNT
4 For Subject HE
X Loeding Deasity: gm/cc
. ! Frogmaent Velecity: ft/sec
f At9 ft
. At 25y, ft Storege:
Density, gm/cc
Method Liquid
Bilest (Reletive to TNT): Hazard Class (Quentity-Distance) Class 9 .
W — Air: Compatibility Group
: Peok Pressure
Impulse Exudation
. Energy
' Preparatiorn: DiGN can be prepared with approxi-
Air, Confined: mately 65% yield by adding die‘hyleneglycol
Impulse to mixed acid (50% ¥N75,” L5% H,50,, and 5%
Hy0). The temperature”is kept et 30°C or
Under Weter: lower. The separated DESN is purified b,
i Peck Pressure waghing with succesrive portions of water,
; | Ise dilute sodium carbonste solition and water
mpu until neutral.
Energy
i Hydrolysis. % Acid:
] 10 days at 229C 0.003
, et R o
- 50liubility in weter, ym/100 »m, si:
Imjulse 2500 = 3.0
Energy 60%c 0.40
- N D .
Viscosity, centipolscs: Solubility, «m/100 «m, a* 259C, in:
e Etrer o)
. Temp, 20°C 5.1 Alcohol 00
2:1 Ether:Aleotol 00
Acetone 00

[
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AMCP 706-177 Diethylene Glycol Dinitrate (DEOKN) Liguid .
First prepared and studied by Wa. H. Rinkenbach in 1927 (Ind Chem 19, 925 (1927) end
later by Rinkenbach and H. A. Aaronson (Ind Eng Chem 23, 160 (1931)) both of Picatinny Arsenal.
Jsed in propeliant compositions by the Gerwmsns during World War II.
Lestruction by Chemical Decorposition:
TEGN is decomposed by adding it slovly to 10 times its weight of 184 sodium suvlfide
(}wpS*9H0). Heat is liberated by this resction but this is not hazarlous if stirring is
maintained during the addition of DEGN and continued until solution is complete.
Reterences: 19
iJjee the following Picatinny Arsensl Technical Reporte on DEGN: -
e 1 2 2 L] ] 1 2 1
50 23 72 673 Lok %6 L87 219 :
180 551 602 1443 1624 1516 127 579
620 1391 1282 1616 1487 1439
1490 2], 1392 1786 1817
19%
”See foo\.note 1, page 10,
106
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Bis(2,2-Dinitropropyl) Fumarate (INPF) AMCP 706-177
c.;.m: Meleculer Weight: (C10H12“h012) 80
c 3N.6 Oxygen Balance:
C(No,),.CH CO: % -59
H 3.2 002(:!{2 ¢ 2)2 3 CO % -17
¥ 1kT coacuec(uoa)acl{3 Dewsity: gm/cc Crystal  1.60
. e Form 1 89
0 50.5 Meting Point: °C Form I 86
C/H Rotio Freazing Peint: °C
Impect Sensitivity, 2 Kg Wht: Beiling Point: °C
Burecu of Mines Apparotus, cm 100+
Somple Wt 20 mg RefracCive Index, nJ
Picotinny Arsenal Apparotus, in. 18 o
Sample Wt, mg 18 N2
LH]
Friction Pendulum Test: } Yecuum Stebility Teot:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C cmea
- 120°C 0.66
Rifle Bullet impact Test: Trials 120°C -
Explosions % 135°C 0.91
Partials 150°C
Burned 200 Gram Bomb Sand Test:
Unaffected Sond, gm
Explosion Tempereture: °C Semsitivity to Initietion:
Seconds, 0.1 (no cop used) ~-=- Minimum Detonating Chorge, gm
1 --- Mercury Fulmincre
L smokes 250 Lead Azide
10 Tetryl
15
20 Ballistic Morter, % TNT: :
Teauz! Test, % TNT:
75°C Inturnationsl ricet Test:
9% Loss in 48 Hrs Plote Dent Test:
Method
100°C Heet Tost: Condition
% Loss, Ist 48 Hrx Confined
9% Loss, 2nd 48 Hrs Density, gm, cc
Eplosion in 100 Hrs Brisonce, % TNT
Detcuation Rete:
Flammaebility Index: Confinement
Condition
Hysroscepicity: % Charge Diameter, in.
Density, gm/cc 1.49
Veletibity: ate, meters/second £050
17
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- CP706-177 Bis(2,2-Dinitropropyl) Fumarste (DNPF
Frogmentetion Test: Sheped Charge Effectivensss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Stee! Cones
Density, gm/cc Hole Volume
Charge Wt, ib Hole Depth
Totel No. of Fregments:
Color: White
For TNT
For Subject HE —
Principel Uses:
3 inch HE, M42A) Projectile, Lot KC-5:
Density, gm/cc .
Charge ¥/t, ib :
Total No. of Frogments: ¢
Method of Lesding: cast .
For TNT
For Subject HE —
Loeding Density: ym/cc 1.50
Frogment Velocity: ft/sec
At 9 ft
At 2514 ft Storege:
Density, gm/cc
Method Dry
Blost (Relative to TNT): Hozord Closs (Quontity-Distance)
A Compotibility Gre »
. Peak Pressure
Impulse Exudation None
Energy
Heat of:
Air, Confined: ———
Impulse Comhustion, cal/gm 3070
(calculaved)
N Detonation, cal/gm 7T
u'::;kv::::;m (celculated)
Viscneity, poises:
Impulse " 0 L
cemp, 95.9,C Q. 5n
Energy 107.5°¢C 0.k3
Undergreund: . Ligquid Densit,, gm/ce:
Peak Pressure Temp, ¥.9% L.¥e
impulse 106, 59¢ 1.37Y
Energy Crivin:

Sonthegizea fn 1952 L, M. F. HI11 of the
Iava! Orduence labtorator,, White Osk,
Yariand. )

.7,
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Bis(2,2-Dinitropropyl) Fumarate (INPF) AMCP 706177
Preparation: (a, V)
HC-COC1 HC-COoCHLC( N0, ) 5CH,
I + 2CHq° *!oe)acnaon ALCL. 3
HC-CoCl s HC-C0CHaC(N05) 5CH
3.3 mol 7.3 mol 1.6 mol 33% yield
fumaryl chloride 2,2-dinitropropanol aluminum bis{dinitropropyl) fumaratie
chloride

Iinitropropanol was mixed with chloroform (1320 williliters) and the mixture heated to
boiling. ‘'The distillate was collected in a water separator. At first the distillate was
cloudy and this was dried with celcium chloride before being returned to the system. When
no more vater was collected in the water separator, the mix‘ure was cooled to rcom tempera-
ture and the separator removed. Fumaryl chloride was introduced, followed by the sluminum
chloride which wes addea in four equal portions. Air was blowa into the flask for a minute
to effect mixing, ard the reaction sustained itself without the adc¢ition of heat for oune hour.
Steam was gradually introduced so that the reflux temperature was reached 2-1/2 hours after
the beginning of the reaction. After 3 hours of reflux, the hot 1liquid was poured jnto a
bucket. As cooling took place the slurry was vigo .sly agitated until it Tinnlly set up st
room tempersature. This material was broksn up and mixed with dilute ice cold }iCl. The solid
product was collected on a sintered funnel, washed with water end \ith h€aauc. The crude
material was recrystallized from methsnol to give a product melting at 86°C (urcorrected),
but after storage for severasl days tre melt‘ng point was 83°¢.

References; 20

(2) M. E. Hill. Preparation and Properties of 2,2-Dinitropropanul Esters, NAVORD Report
No. 2497, 3 July 1952.

(v) D. L. Kouba and H. D. McNeil, Jr., Hercules Report on High Explos!7es. .vy Cortract
NOrd-11280, Tesk A, 26 May 195h.

AN

ZOSw foctnote F, page 10,

104

ey




IVALEBOOKS.COM ) | )

¢

AMCP 706177

Bis(2,2-Dini 1) Succinate (INPS)
Co;'ﬂiu: Molocular Weight: (clo‘tlhnhola) 382
€ 3.k Oxygen Balence:
CO: % -63
H 3.7 (¥0.) CO % -21
CHC0,,CH,,C(NO,) ,CH
N ikT 2HpCiN0I s Donsity: gm/cc Crystal 1.51
0 50.2 cm,‘,oo,‘,cn.‘,c(noa)acxi3 Mating Poiat: °C 86
. C/H Rotie 0.250 frorzing Points *C
fmpact Somsitivity, 2 Kg Wh: Belling Poim: *°C
Bureou of Mines Apparetur. em
Somple Wt 20 mg Refrective Index, n2
Picatinny Arsenal Apparotus, in. °
Somple Wi, my N ’
ng K
Stes! Shoe cc/40 Hrs, ot
) Fiber Shos 90°C mee-
+30°C 0.10
Rifle Buliet 'mpect Test:  Triols 120°C
Explosions % 135°C
Partiols 150°C
3 Burmed 200 Gram Bomb Send Teut:
Unoffected Sond, gm
¢ Explosien Tompersture: *C Sensitivity te Initiation:
Soconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm
1 --e Mercury Fulminote
10 Tetryl
15
20 Ballistic Morter, % TNT:
Trous! Test, % TNT:
75°C internetionsl Host Tost:
% Loss in 48 Hrs Plate Dent Tost:
Method
100°C Heot Test: Condition
: % Lous, Tst 48 Hirs Confined
% Loss, 2nd 48 Hrs Cansity, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detenstion Rete:
Flommebility Index: Confinement
Condition
Hygrescopicity: % Charge Diometer, in.
Velatitity: Density, gm/cc

Rate, meters/second
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Bis(2,2-Dinitropropyl) Succinate (DNPS AMCP 706-177
Frogmoentetion Toot: Sheped Chorge Effactivensss, TNT = 100;
5 90 mm L, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
. Density, gm/cc Hole Volume
. Chorge W1, Ib Hole Depth
»
»
Total No. of Frogments:
v Calor: White
. For TNT
r
» For Subject HE
s Principel! Uses:
. 3 inch HE, MA2AY Prejoctile, Lot KC-3:
v Density, gm/cc
+ Charge Wt, ib
. Totel No. of Fropments;
Mothed of 3 t
: For TNT — Cas
. For Subject HE
. Loading Density: gm/cc
; Frogment Velacity: ft/sec
. A9t
At 254 £ Stecage:
Density, gm/cc
Method Dry
Blset (Relotive to TNT): Hozard Class (Quantity-Distonce) .
— Ale: Compotibility Group ’
: Peok Pressure
. Impulse Exudotion None
N
- Alr, Confined: Origin:
N Impulse
’ Synthesized in 1953 by M. E. Hill of the
‘ Weter: U)hxs:y 11::;;1 Ordnence Laboratory, White Oeak,
Peok Pretsure
impulse
’ Eneryy
H
Peck Pressure
, impuise
, Energy
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AMCP 706-177 Bis(2,2-Dini tropropyl) Succinate (DNPS)
Preparation: (=)
00C1 COOCHLC(NOp ) 2CH
2CH3C(N0p) pCHR0H  + TH2 ALCL 3 THCL
Q0 T CH,CO0CHAC(NO,) ,CH
succinyl eluminum )
dini tropropanol chloride chloride bis(2,2-dinitropropyl) succinate .
A methylene chloride solution of dinitropropanol (0.02 mol ‘n 15 milliliters) wes mixed X
with 0.01 mol of succinyl chloride. To this solution 0.003 mcl of crushed anhydrous eluminum - R
chloride wvas added. It was necessary to cool the reaction vessel due to the vigorousness of .
the reaction. After 25 minutes at room temperature the reaction. solution wor refluxed 1-1/2 o
hours. Fine needle-like crystuls formed upon cooling and adding hexane. The crystels were
slurried in dilute hydrochloric acid and on recrystallization from methanol gave a 93% yield .
of INPS (melting point 85° to 85.6°C). :
References: 2! " N
(a) M. E. Hill, Synthesis of Rew High Explosives, NAVORD keport No. 2965, 1 April 1953 :
i,

2g,.. faotnote !, page 10,
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b
% o~ 2,2-Dinitropropyl-k,b, b-Trini tre sutyrate (DNPTE) AMCP 706-137
) Y
Lk : ! .
z G-;pﬂln: | Maelecvlar Weight:  ( °7"9N5°12) 355
z .6 Oxygen Belence:
i . S 3
4.1
) i B 25 /omzc(me)am3 _ 3
) z X 19.7 Cmmeg Density: gm/cc Crystal .68
o e TForml 11 Forw II 95
SN | 0 sh2 \%%C(ms) Mebing Polat: °C  rorw 131 59
By C/H Ratio Fressing Palet: °C
: Senshivity, 2 Kg Wr: Boiling Polne: °C
C R . Burecu of Mines S pporatus, cm
» Sample Wt 20 mg Refrcetive ladex, nS ;
o Picotinny Ansenal Apporatus, in. ° i
-~ Sample Wt, mg s :
: s | -
' z
$ Foiction Poedubum Tost: Vecwum Stebility Tost: i
~ Stusl Shos c/40 Hrs, ot <
Fibec Shae 90°C ——— ;
’ 100-C 0.5 ;
o} Ris Bullet tmpoct Tost:  Tricks 120°C z
’ % o - f
| E - s %
1 Portiols 50 |
£
 Bumed 200 Gram Bowb Send Test: f
W Unotecied Sond, gm i
k Saplusion Temporetuve: *C Sonehivity te Iritistion:
‘ ~Seconds, 0.V (no cop used) --- Minimum Detonating Chorge, gm
’ ] ' .- Marcury Fulminote
5 300 Leod Azide
! } ' 10 Tetryl
15
i % Sallistic Mortur, % TNT:
‘ : Trous! Tost, % THT:
75°C Intommations! Host Tost:
g % Loss in 48 Hrs Plste Dont Tout:
Method
~ 100°C Moot Tow: Condition
: % Loss, Ist 48 Hrs Confined
o % Loss; 2nd 48 Hrs Density, gm/cc
N Explosion in 100 Hrs Brisonce, % TNT
»
s Detonstion Rete:
- : Fiammebility Index: Confinemen®
» Condition
B ; Mygroscopichty: % Charge Diometer, in.
Y ‘ Density, gm/cc 1.67
: v v Rote, meters/second 7
- ’
; 113
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AMCP 706-177 1-5, 4, b-Trini trobutyrete (INPTS

nm-z:' ) Sheped Charge EHoctiveness, THT = 108:

9C mm HE, T Prajesiile, Lot WC-PT: Glass Cones  Steel Cones
Deralty, gm/cc Mole Volume
Chorge Wt b Hole Depth

Yotel No. of Fragments: Cob
for INT
For Subject HE
3 lnah MK, MA2A)Y Projectile, Lot KC-3:

Deraity, gn/ce
: M\M.b

Mbd!m
For TNY
For Subject HE

Fragment Valoglty: ft/3ac
AR
Ar 254 o Storege:

Density, gm/cc

Maethod

Glast (Relative to TNT): Hozord Class (Quantity-Distance)

Al Compot:bility Group
Peck Pressure
hoouine Exudation
Energy

Ak, Heat of: {c) Solvent
impulss Trensition, cal/gm  CCL,~ DMF
) I =————p 111 6.2 4.8

Under Woter:
Peok Pressure I ~————> 1 -16.6 -22.0

Impulse i Heat of Solution, 30°C:
Energy : H Solution, csl

Material

Undorground:
Pook Pressure Form I11
mpulse . Form I
' Form I1
m :
Origin,
Synthesiced in 1952 by M. E. Xiil of the

U.S. Naval Ordnence i(aboratory, White Oek,
Marylend.
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2,2-Dinitropropyl-h;b b-T. initrobutyrate (DNPTB AMCP 706-177
Praparation: : (s, v)
alsc(me)zon * \102)30(32m2wc1 nc,
trinitrobutyryl sluminum
dini tropropanol chloride chlorid-

msc(mz)zmzwomgc(mah + HQ
dinitropropyl trinitrobutyrete

Dinitropropenol, trimitrciutyryl chloride snd eluminum chloride were slovly mixed in car-
bon tetrachloride at 60°C. This mixture was refluxed at 75°C for two hours. After the resc-
tion wes completed, the mixture Jax cooled and the crystslline product separated and purified.
Water iu the dinitropropanc) vas reacved by aseotropic distillation before the acid chloride
vas sdded. The purified product had a melting point of 95° to 96°C. ; ’

Crystallogrephic Date: (e)

Three distinct crystallographic modificaticne of THPTR have been cbserved. These poly-
morphs have been charecterized by means of X-rey diffrection end microscopic observaticn.
Fors I crystallizes from soluiion in carbon tetrachloride, chloroform, acetone, chloroform-
bexane, scetone-water, or methanol-weter at room tempersture. Prolonged standing of Form I
st room tempersture under the mother liqudr promotes s transition to Form II. Upon solidi-
fication of molten INPTB, Form II is always observed.

Linesr Fate of Transformation of Form II to Form I (e)

Wﬁm Average Rate Standard Aversge Rate

c ’ o 1neh/hwr' Deviation m/horr ’
15 0.7 ! 0.036 0.012
20 0.k35 L oles 0.128
25 0.452 © o 0.048 0.133
K ) 0.475 . 0.0k9 ' 0.1k0
35 : 0.253 0.037 0.v/5

Both Forms I and III gave very erratic sensitivity values. The high temperaturs polymorph,
Porm II of DNPTB, geve consistent sensitivity values.

References: 22

{e) . E. Hil1, tion and Pr es of 2,2-Dini nol Esters, JAVORD Report
Fo. 2497, 3 July 195?.EE""" S Properties of 5,8 Mol opropeno. L,

(v) W. B. Hewson, Hercule' Report on lligh Explosi/es, Navy Contract NOrd-11280, Tesk A,
18 October 195k.

{e) J. R. Holden and J. Wenograd, Physical Properties of an Experimertal Castable Explo-
sive 2,2-Dinitropropyl 2,4 U-Trinitrobutyrate DNPTB, EAVORD Report No. 27, 11 December 1956.

"su fooctnote 1, page 10,
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AMCP 706177 2,4-Dinitrotolueae (DNT)
Comy : Meleculer W H 1.82
L o, il LY
Oxygen Belence:
c b3 " co: % -1
] 15.4 Demalty: gm/cc 1.521
. 0 35.0 ", Maolting Polat: °C n
E C/H Ratio 0.579 Fressing Point: °C
impost Sensitivity, 2 Kg We: Seiling Pelnt: ‘C  Decowposes 300
Bureou ¢ Mines Apparatus, cm
Some:le Wt 20 mg Refrective index, nZ
Picatinny Arsencl Apporotus, in . o
Somple W1, mg i
an
Feiction Pondulum Tost: Vocuum Stebility Test
Stesl Shos Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
Rifls Duilet impect Tost: Triols 120°C 0.04
% .
0 |35.C
Pertiols 0 150°C )
Burned 0 200 Grem Bomb Sond Te- -
Unaffected 100 Sond, gm 19.3
Explosion Tomporature: *C Sensitivity te lnitiotion:
Seconds, 0.1 (no cop vsed) Minimum Detonating Charge, gm
i Mercury Fulminate
S Decomposes 310 Leod Azide 0.20
10 Tetryl 0.25
15
20 Bellistic Morter, % TNT: (a) T
Trenzi Tost, % TNT: (1) &l
75°C internations!. Heot Tost:
9% Loss in 48 Hrs Plote Dent Tout:
Method
160°C Moot Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detcnation Rete:
Fie: ~wsbility Indox: Confinement
- Condition
Mygroscopicty: % 250¢, 1007 RM 0.00 Chorge Diomaeter, in.
Density, gm/cc
Valatidey: Rate, meters/second
116
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2,b-"nitrotoluene (INT) AMCP 706-177
Frogmentation Teet: Shoped Charge EHectivensss, TNT = 100:
90 am HE, M71 Projectile, Lot WC-91Y: Gloss Cones  Steet Cones
Deraity, gm/cc Hole Vol-ume
Charge Wh, ib Hole Depth
Teotel Neo. of Fragments:
For TNT Color: Yellow
For Subject HE
Principel Uses:  Ingredient of propellant
powder, dynamites and
3 inch l(l: WMA“I Projoctile, Lot KC-3: plastic explosives
Charge W, b
Totel Mo, of Fragments: Mothed of Looding: Pressed, extruded or cust
For TNT compocition
For Subject HE
Losding Denslty: gm/cc Varisdle
Foagment Velscity: ft/sec
A9 R
MY Soerege:
Oeraity, gm/cc
Method ry
Wlost Relative to TNT: Hazord Closs (Quantity-Distonce)  Class 12
Ain Comgutibility Growp Group D
Peck Pressure )
Impulise Exudation
“'w 62-200 KI Test:
e Minutes \ 60+
Undor Weter: .
Peck Heat of:
impulse Combustiov, cal/gm (b)) 1545
v Thermml C .ductivitys
Undosground: cal, sec/cu/°C
Poc’ Pressure D'cmlty 1.322 ga/cc 6.28 x 107
. Jise
Energy

m
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AMCP 706-177 2,\-piat trotoluene (N7}
- E Preparation *
y“\ AP m m‘ .
: ubili 100 gm of the followiug substances: X
. P Mitroglyoertn dater :
! % 3 % ] % 3 ;
» 25 0.5 20 P 2 0.027 :
3% 0.29 50 0.037 .
55 0.h9 100 0.25% :
b 0.TT .
60 1.03 .
1ity at 1! in: * :
| Solvent 3 Solvent 3 ’ .
N e 65.076 ~ (zbsolute) 3.09 ..
D csa,.3 2.k3 aéf (absolute) 2422 i
; Celg 60. 6kl Acetone 8..91 *
: Toluok hs.lwg Bthyl acetate sv.g :
3 cH 5.01 ; 2. :
: Qﬂ?& (96%) 1.916 g?-xum 76.810 :
origin: . :
Occurs a8 75% of the products cbtained on the nitration of toluene, the remaining 25% being
meinly 2,6-INT snd other iscmers of DNT. Also occurs as an impurity in crude THT cbtained by .
standard manufecturing process. used in explosive mixtures at least since 1331. H [ S <

References: 23
() I. C. Smith and E. G. Eyster, ical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Tests, % Feport 5% 575G, 5? December 19%5.

. X (b;uh H. Elatt, Compilation of Data on Organic Explosives, OSRD Report iw. 201k, 29 Febru-
S Ty 1904,

(c) Report AC-2861.

& -
B : (4) Also see the follow ng Plcatinny Arsenal Technical Reports on INT:
] L 2 3 L] : § 1 8 2 :
e LR 810 1351 72 43 94 1615 186 97 768 69 :
e B 1501 372 ?3 8ok 2125 556 817 938 149 '
1651 922 3 1044 1816 837 153 29 .
o ' 1781 142 613 1084 1896 2719
1821 1€72 1023 100h 79
201 1692 1663 1164 1749
-2l 1743 132k
2013 16k
152k
167k
1754
2094

- 23g¢e tootnote 1, page 10.
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Dipentaeryihritol Hexanitrate ‘MI AMCP 706-177
c.;...m.-: Molosulor Walght: (C)oH)NcOyg) 55k
c 21.7 Ouygon Belonce:
B 29 o, % -26
N 152 ono,, oNo, Co % ©3
0 60.2 (':u < éu
P2 P2 Benslty: gm/cc Crystal 1.63
0!200122H—Cﬂ2f0-01‘12—((:.:“w20l02 o 73.7
C/H Ratio 0.158 0'62 0“62 Frossing Poiat: *C
Serpess Somsibicity, 3 Kg Wr: Baliing Peint: °C
Bureau of Mines Apparatus, cm 14
Somp'e Wt 20 mg Relcoctive Index, nd
Picatinny Arsenal Apporotus, in. & o
Sompie Wi, mg 10 n3
ne
Stee} Shoe Explodes cc/40 Hrs, ot
Fiber Snoe Unaffenrted 90°C
100°C 3.7
Rifle Bullet impect Tot:  Trials 120°C 11+
% o
Explesions ISS.C
Portiok 150°C
Burned 200 Grom Bomb Send Toot:
Unatffected Sond, gm 5T7.b
Explecien Tomporsture: *C Seusitivity te Initietion:
Seconds, 0.1 (nc cap used) Minimum Dstonating Charge, gm
1 300 Mercury Fuiminote
5» Explodes 25% Leod Azide
1o Totryl
5
2 Bolliatic Merter, % TNT: ()  1h2
Truus! Tost, % TNT: (v) 128
75°C intuvastione) Noot Test:
% Loss in 48 Hn Plote Dent Test:
N Method
100°C Voot Tom: Condnm
% Loss, st 48 Hrs 0.11 Contined
% Loss, 2nd 48 Hrs 0.10 Dersity, gm/cc
Explosion in 100 Hrs None Brisonce, % TWT
Detonstion Rete: (c)
Flommeby Index: Confinement Copper tube
Condition Pressed
W“’: % 0-03 CM'" DW.', in. 0. ”
Density, gm/cc 1.59
v v Rate, meters/second 7410

19
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AMCP 706-177 Dpentaerythritol Hexsnitrate (IPEHN)
Frogmentetion Tost: $Sheped Chorge Bffectivencss, TNT = 100:
90 mea NE, M71 Projectile, Lot WC-91: Gloss Cones  Stael Cones
Derwity, gm/cc Hole Volume
Charge W, ib Hole Depth
Tetel No. of Fropments: Col Vhite
For TNT
For Subject HE
Principel Uses: Ingredicnt of priming
3 iach NE, MA2A1 Projoctile, Lot KC-S: compositions
Density, gm/cc
Chorge Wt, Ib
Totel No. of Fropmants: Mothed of Loading: Pressed
For TNT
For Subject HE
Lesding Denslty: gm/cc
Fragment Velochy: ft/3ec At 3000 to %000 psi 1.59
At9 ft
At 254 ft Storepe:
Dersity, gm/cc
Method Dry
Biast (Relotive 0o TNY): Hazard Class (Quantity-Distonce) Class 9
Ale: ‘ Compatibility Group
Peck Pressure
Impulse wudation
Energy
Alr, Continad: tion: (Chemistry of Powder and
impulse Eiocivel, s
2(R0-CH,),C  Dehydration
Under Wetar: - G %,
Peok Pressure (HO-CHp) 3C-0-C(CH-0R) 3 v
impulse (0gN0-Ca,) 36-0-C(CHp-0N0,) 5
Energy Dipentaerythr?! tol Eexanitrate is procured
in the pure stat: (melting point 72°C) by
frectional crystillization of crude PET
Peok Pressure from moist acetone.
Impuise Origin: Formed as sn impurity in the prepe-
Energy —réﬂa of PETN. Properties first described
by W. Frederick and W. Brlin in 193
(Berichte &, 2861 (1930); Z. ges Schiess-
Sprengstof?v 27, 73-6, 125-7, 156-8 (1932))
Heat of-
Combustion, cal/gm 2260
120
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¢ Dipentaerythritol Fexanitrate (DPEN) AMCP 706-177
% References: 24 N . :
'; (a) L. C. Smith and B. G. Ryster, oal Testing of Explosives, Part III - Miscellaneous
14 Sensitivity Tests; Performance Tesis, . » . i
b i
: (b) A. Stetthacher, Die Schiess und Sprengstoffe, Leipsiz, p. ¥%3. i
[
N (c) T. L. Wvis, The (homistry of Fowder and Explosives, John Wiley and Sons, Inc., New
: York (1943) pp. £18-28%. ' :
! 9h(a) 8 Livingston, Charecteristics of Explosives HAX and IPEEN, PATR No. 1561, 6 September :
1945,
:
$
b .
!
3
e, :
* :
H :
:
’ :
§
{ -
§
3
i - -
;
E N’
*
i
*
»
LS
.
4
~ ‘ -
| S
B .
4
‘ -
{. 4
»
[3
’
4
. EE“ footnote 1, page 10,
: | 121
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AMCP 706-177

Dynamite, Low Velocity, Picetiuny Arsenal SLVD!

Velotiliey:

c.-;m: 99.5/0.5 ROX/1-MA dye* 17.5 Moloculer Welght:
TRT 67.8 Onygen Oolence:
Tripentaerythrito! - B.6 CO; %
68/32 Vistac Yo 1/D0S binders* ha CO %
Ce¢llulose acetate, IH-1 2.0
#RDX, Class E; 1-MA is 96§ pure l-methylamino- | Demsiytgm/cc  Losding 0.9
anthrequinone.
*¥Vistac No 1 is lov MW polybutene; IOS is Mabing Point; °C
dioec%}ubnente.
Ratio Prossing Point: °C
Senshtivity, 2 Kg Wt: Belling Poimt: °C
Bureou of Mines Apparatus, cm
Somple Wt 20 mg Refrostive lnden, 52
Picotinny Arsenol Apparatus, in, 22 o
Somple Wi, mg 19 R
%
Stee! Shoe Unaffected cc/40 Mrs, ot
Fiber Shoe Unaffected 90°C
100°C
Erolost % 135°C
Portiok 150°C
Bumned 208 Grain Bomb Sond Tost:
Unaffected Sand, gm 50,5
Explosion Tompersture: °C Seneltivily te initiotien:
Seconds, 0.} (nc cop used) Minimum Detonating Chorge, gm
1 Mercury Fulminote
5 Ignites 180 Leod Azide 0.20
10 Tetryl 0.15
1S e
20 Bk ;'!‘.:!iu, % AT 9
Trous] Tost, ' T0.T:
75°C Internctionel Hoot Tost: o
% Lows in 48 Hrs Plate Dent Tost.
Method
100°C Moot Toot: Condition
% Loss, Ist 48 Hns Confined
% Lows, 2nd 48 Hrs Density, gm/ce
Explosion in 100 Hrs Brisance, % TNT
y - Detonetion Rete:
Flommebility Index: Confinement None
Condition Hand tamped
W": % 0.31 Chorge Diameter, in. 1.25
Tic. 95¢ Ri, 30 daye _ Setiefactory . | .
— Density, gm/cc 0.9

Rote, meters/second b 397; or 14400 ft./sec
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nawni te, Low Veloci

Ploati Arsenal (IVD

AMCP 706-177

Crogmentetion Tont: Shapad Chorge Effoctivoness, TNY = 100:
90 mm NE, M71 Projoctite, Lor WC-9T: Glass Corvs  Steel Conms
Dersity, ym/cc Hole Volume
Chorge Wt, b Hole Depth
Totel Ne. of Fropments:
Color:
For TNT Plox
For Subject HE .
Polncipel Uone: Excevation, dewolition, .
2 lngh M8, MA2AT Projoctite, Lot KC-S: and cretering o
Dersity, gm/cc
Charge Wi, b
Voro Mo, of Frogmente: Mothed of Loading: Bo11 Packer machine losded
For TNT
For Subject HE
Loading Denslty: gm/cc 0.9
Fracnont Velochty: ft/sec Tamped cartridge 1-1/2" diamster, 8" long
;MR
At 251 fr Sterege:
Density, gm/ce
Method Dy
Slost (Ralative to THT): Hozard Class (Quontity-Distonce) Clags 9
Al Comgatibility Group Group A
Peck Pressure
Impulse Exudotion
Energy
Sensitivity to Initiation:
Ale, Confined: Stick %, Fo. & Electric csp Positive
Impulse Stick dry, Corps of Eugineers Positive
Stick wet, Corps of Engineers Positive
Under Woter: Air Ga tions
Peck Pressure Max aiagnoo vill, inch 2.1/2
| * uin distence will not, inch 3
E Stick Water Immersion:
eight gein, 9-16
Uadorground: Heat of:
Peok Pressure csion, cal/ 625
imeut Gas Volume, cc/gm 611
Energy Cold Storsge: Plastic to -65°F
Low g%ntm Usege:
- » 1 day, cap
erimper Satisfactory

121
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AMCP 706-177 Duamite, Lov Velocity, Picatinny Arsenal (IVD) N

Preparation:

Tc aate this dynsmite has been prepared on a laboratory scele, the details of wvhich are ‘
classified. It bas been shown, however, to be machine loadable on & Hall packing machine.

Scigin:

Nobel invented the origimal dynamite in 1866 and gave the name dynamite to mixtures of
nitroglycerin and kieselguhr. The strength of a dynemite war indicated by the percectage
of X3 in the mixture. Iater oxidants and cambustidles were substituted for the kieselguhr, .
g and emmonium niteate and/or nitrostarch replaced the NG, bringing into ecistence nev types A
i of dymsmites. World War II military operations required special demclition and crete (ng
explosives free frow the cbjectionadble charecteristics of NG and many "Qynamite substitutes”

were developed for sp.cific applications. The subject low velocity dymamite was developed in
1956 by Picatimny Arsens). (Ref a).

P e

Refercnces: 25 -

! {a) B. W. Vigt, of Low-Velocity Mili losives valent to Commercisl .
Dynsmites, PA Techni s ch . :
i (b) Also see ths followirg Picutimny Arsenmal Technicel Reports on Dynamites:
0 X 2 3 5 6 1 8 9 3
} 1260 1¥1 T2 86 1285 16 sor 848 1819 :
X 1360 o 153 1464 153% 957 1828 :;
{ 1720 1506 .
1760 2056

%
]

2554e footnote 1, page 10,
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Dynamite, Medium Velocity, Hercules (WD) AMCP 706-177
C?ﬂhl: Melecular Weipht:
DX : 75 %;M:
e 15 g =51
Btarch 5 Co %
SAE No. 10 01 L
Vistanex oil gel* 1 Deasity: gm/cc lomding 1.1
#80/15/5, SAE No. 10 veight oil/Vistenex B- Melting Point: *C
100XC/Mavy IR wex,
C/M Rotio Fressing Peimt: °C
lmpoct Senshtivity, 2 Kg Wr: Fitrog ut t
Bursow of Mines Apporatus, cm D100 . lycerin Fquivalent, ¥ 60
Somple Wt 20 mg 18 Refrective lndéx, n3
Picotinny Arsenol Apporatus, in. 25 o
Somple Wt, mg N
g
Yook:- Vecoum m, Toot:
Steel Shoe Crackles cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
T 100°C 0.8
RiRe Sullet bmpoct Teor:  Trioks 120°C 0.
Explosions 2." 135°C
Portiols 0 150°C
Burned 10 200 Gram Bomb Sead Toot:
Uno:fected 90 Sond, gm 52.6
Explosion Tomporeture: C Sansitivity te | sitiotion:
Seconds, 0.1 (no cop wsed) Minimum Detonating Charge, gm
1 Mzarcury Fulminate
5 Leod Azide 0.20
:: Teteyl 0.10
20 Bollistic Mertar, % TNT: 122
2 Trouzl Tont, % TNT:
75°C latornations! Hoot Test:
% Loss in 48 Hrs Plote Dont Tost:
Method
100°C Hoot Tost: Condition
% Loss, ist 48 Hns 0.62 Confined
9% Loes, 2nd 48 Hrs 0.12 Dfmm. gm/cc
Explosion in 100 Hrs None . Brisc.~ce, % TNT
Detonstion Rete:
Flomenedbility lndex: Fenfi ‘ None
Condition Machine tamped
1%, 954 F: 0 days sat Charge Diamaeter, in. 1.50
e 2 G atisfactory | )
£ Density, gm/cc 1.1

Volatiliey:

Rate, meters/second 6000-6600; or 20,000 ft/sec

125
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AMCP T06-177. Dynamite, Medium Velocity, Herculas (MVD) . -~
Fragmentetion Toot: I Sheped Charge Effoctivanass, TNT = 100
- 90 men NE, M71 Projoctile, Lot WC-91: Gloss Cones  Steal Cones
) Derusity, gm/ce Hole Volume
Chrorge W, Ib Hole Depth i
Totel Ne. of Fregments:
for TNT
For Subject HE
Principel Uses: Excavation, demolition, end
3 lnch NE, MAZAT Projectile, Lot KC-S: cratering
Density, gm/cc : : -
Chorge W, b . ©
Totel No. of Fropments: . Mothed of Losding: Eall Pucker machine loaded T
For TNT - .
. For Subject HE - . e
) Loading Denslty: gm/cc 1.1 ;
" ut Voloshty: f1/s0c Cartridge 1-1/2" dismeter, 8" long
A9 it
At 28y fr Serege: ’ .
Dersity, £in/'ce . §
Maethod Dry - . ol
&m.j. TNY): Hozard Class (Quantity-Distonce) Class 9 /,,'..,‘ ' g
. '
Aln: ' B Compotibility Group Group A i
Puck Pressure
Impules Exudation
: Sensitivity to Initiation:
Ale, Confined: . . Stick ayﬁ, ¥o. © Electric cap Positive
Impules Stick dry, Corps of Engineers Positive
Stick wet, Corps of
Under Weter: Engineers > 50% Positive
Peock Pressure Air Gep Propagation:
! impules Max distance w_1li, inch 1
£ Min distance vill'not, inch 2-1/2 .
. Quarry Performence: 4 tons rock/ton : :
7 Undesgronnd: explosive
Peck Pressure Stick Water Immersion: i
impuise e t gein, 25-27
Reat of: :
Energy " Explosion, cal/ " 935
Ges Volume, cc/gm 9hs
Cold Storage: Plastic to -T0°F
[} Low ture Usage:
o ’ Yy cap
crimper Satisfactory
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Dynaxite, Nedium Velocity, Hercules (MVD) AMCP 706177

tion:

Manufactured on standard dynamite line and packaged on a Hall packing machine. Details of
handling materials snd techniques of manufacture are classified.

Origin:

Military forces frequently require exceavitiou, demolition, and cretering operationc for
vhich standard high explosives are unsuitable. Commercial blasting ¢ plosives, except black
powder, are celled dynamites although they mey contain no ni cerin. The sudbject Qynamite
substiute vas developed in 1952 by the Hercules Powder Company (Ref a).

References: 26 _ '

() V. R. Balawin, Jr., mn%? %mum (ﬁgu Substitute), Hercules Powder Cowpeny
Yorme) Progress Report, RI N t y Contract DA- 34-0RD-110.

{v) E. V. Voigt, Devel t of Lov-Velocity Mili losives Bquivalent to Commercial
Dynamites, PA wﬂ‘ﬁ%‘ﬁ%ﬂm_—&_—_ " .

2656, footnote 1, page 10.
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AMCP 706-177 EC Blaok Fire
On;.ﬂb-: Molecular Waight: Approxime tely 503
Kitrocellulose, 13.25% ¥ 8 Oxygen Bolence:
Barium Ritrate 8 CC: % +5
Potassium Nitrate 8 CO % -25
Starch 3
Diphenylamine 0.75 Denelty: gm/cc
Aurine 0.25
Melting Peint: °C
C/H Ratie Freezing Peiat: °C
lmpoct Sensitivity, 2 Kg Wr: Bolling Peiat: ‘C
Bureou of Mines Apparotus, cm 19
Somple Wt 20 mg Refractive lndex, n2
Picotinny Arsenal Apparotus, in. o
Somple Wt, mg 20 Nas
(44
Friction Pondulom Teat: Yocwem Stebility Teet:
Steel Shoe Snaps cc/40 Hrs, ot
Fiber Shoe 90°C
— 100°C
Rifle Buliat impect Test:  Trials 120°C
. % .
Explasions 135°C
Partials 150°C
Burned 200 Gram Bomb Sand Tost:
Unaffected Sand, gr k6.8
Explosion Tompereture: °C Sensitivity to Initistion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate 0.22
S5 Decomposes 200 Lead Azide
10 Tet:yl
15
20 Sellistic Morter, % TNT:
Trouzl Test, % TNT:
75°C imtornotional Hoot Test: —
% Loss in 48 Hrs 1.8 Piete Dent Tost:
Maethod
100°C Heot Tent: Condition
% Loss, Ist 48 Hrs 2.0 Confined
% Loss, 2nd 48 Hrs 0.2 DO.N'fY, gm,‘cc
Explosion in 100 Hrs None Brisonce, % TNT
Detenstion Rote:
Flammebility index: Confinement
Hygrescopicit Condition
: % 30°, 90% i 6.2 Charge Tiameter, in.
dotilit Density, gm/cc
v : Rate, meters/second
128
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; EC Bleok Fire AMCP 706-177
,
PO
. Fragmentetion Test: Shoped Chorge Effoctivences, THT = 108 + -
»
o 90 me HE, M1 Prajoctile, Lot WC-91: Glass Cons  Stesl Cones
3 Density, gm/ce Hole Volums ;
: Chorge W, b Hole Depth ) B .
T 3
] Tetel No. of Frogusonts:
H Color:
* For TNT
! For Subject HE —
’ ) Principel Uses: Grenedes; calider .30 blank
; 3 inch NHE, MA2AY Projectile, Lot KC-S: ~
t - Daraity, om/cc
i Charge WY, b
»
s -
. Teotel Ne. of Frogments:
» Mothe” 4 H Loose -
; For TNT Londios :
' For Subject HE
. ; Loading Denelly: gm/cc 0.h0
$ Fragmont Velecily: #1/30c
i A9 ft
; At 25% ft Sierege:
- : Dersity, pm/cc
§ Mathod Vet
3
1 R Biast (Redative 00 TNT): Hazard Class (Quontity-Distance) Class O 3
’ i
»
; K Al Compatibility Group Group J ¢
$ - Feok Pressure ¥ .
! Impulse Exudation ’
! Enargy
) Preperation: EC Blank Pire 1s a partislly
+ Alr, Confined: . colloided propellant manufactured by 8 pro-
! Impulse cess using eitber acetone and ethenol or a |
. mixture of butyl acetate snd benzene to b
B! Under Weter: gelatinize only a part of the nitrocellu-
. H Peok Pressure . lose. The process is controlled so that
! Impulse the product pesses through s No. 12 sieve
i and is retained on a No. SO sieve.
o - Erergy
P Origin:
: ‘ : Invented in 16882 as bulk sporting (smoke-
- . . Peak Pressure less) powder by W. F. Reid and D, Johnson at _
- Impuise the Explosive Compeny (vhence the nzme "PC")
s in England (British Pstent 619).
; References:<’(a) See the following Picatinny 120°C Heat Test: Minutes )
' Arsenal Technical Reports on EC Blank Fire: 891, Selmon Pink
j 901, 312, 512, B22, 233, 1373, 85k, 65, 667, Red Fumes %0+
. 8179 69' 579 and 1399. Rrplodeu m

!7See footnote 1, page 1C.
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AMCP 706-177 Ednatol 4
Compesitica: Molecular Weight: 178
% .
Haleite (Ethylene Dinitramine) 55 0"':3.' ;dm: -5
T : 45 cCoO% -17
Dassity: gm/cc Cast 1.62
. Maelting Polat: 'C  Eutectic 8o
C/H Rat > Freezing Point: ‘T
mpoct Semshtivity, 2 Ky We: Boiling Polis: °C
Bureau of Mines Apparatus, cm 95
Somple Wt 20 mg Refractive bnder, 2
Picotinny Arsenal Apparatus, in. °
Somple Wi, mg 20 [+
]
Friction Pendulum Tont: Vocwem Stebiliey Tost:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffect=d 90°C
100°C 1.0
Rifie Bullot lmpact Test: T 'ols 120°C 11+
% .
Explosions 0 ::2'2
Partiols 0
Burned 7 200 Geem Bowb Sond Test:
Unaffected 93 Sand, gm 49.4
Explesion Tomperature: * °C Senoitivity te inktietion:
Seconds, 0.1 (no cop used? 435 Minimum Detonating Chorge, gm
1 248 Maercury Fulminate 0.22%
5 Decomposes 190 Leod Azide 0.26%

10 183

15 176 *Altert‘ﬁ%ive initiating charges.

20 168 Bollistic Montur, % THT; (a) 119
#Cormosition Haleite/TNT, 60/k0. Troust Test, % THT: (v) 150
75°C Internationel Heat Test:

% Loss in 48 Hrs Piote Doat Yout: 52/48
Method B
100°C Hoot Tost: Condition Cast
% Loss, Ist 48 Hrs 0.2 Coﬂ'fn-d No
% Loss, 2nd 48 Hrs 0.1 wavn, gm/ce 1.62
Explosion in 100 Hrs None Brisance, % TNT 12
. Detenstion Rebes
Flammebility lades: Will not continue to burn Confinemnent Kone
Condition Cast
Hyproscopiely: % None Chorge Diometer, in. 1.0
Density, gm/cc 1.63
v : Rote, meters/second 7340
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Ednatol, 55 0.2 AMCP 706-177
Fragmontation Test: Sheped Chorge Effectivences, TNY = 100: 50/50
20 mm NE, M71 Projactile, Lot WC-91: Gloss Cones  Steel Cones
Deraity, gm/ce 1.56 1.62 Hole Volume 126 123
Charge Wi, Ib 2.065 2.092 Hole Depth 117 121
Totul o, of Frogments:
For 103 703 Color: Yellow
Fo. Subject HE 8h2 902
Principel Usis: Projectiles, bombs; specisl
3 inch RE, MA2A Prejectits, Lot KC-5: ammunition components
Dergity, gm/cc 1.60
Chargs Wt, Ib 0.845
Totel Ne. oF Fragments: Mathed of bosdna: cont ]
For TNT 514
For Subject HE 536
Leeding Deasity: gm/cc 1.65
Frogment Velecity: ft/sec
At9H 27%
Ar 253 f 2430 Sterepe:
Density, gm/ce 1.62
Maethod Dry
Blost (Relative te TNT): (&, e) Hazard Closs (Quontity-Distonce) Claas 9
Alr: Compatibility Group Group I
Peak Pressure 108
Impulse 110 Exudation Does not exude at 65°C
Energy 108
) Butectic Temperature, °c: 79.8
Ade, Conflned: g Raleite %gm G
79.8% 0.48
95.0%C 1.12
Under Wotss:
Peck Pressure . Compatibility with Metals:
Impuise .- : Brass, aluminum, stainless steel,
13 mild steel, mild steel coated with acid-
Energy proof bleck paint, and mild steel plated
w1th ceadmium or nickel are unaffected. Cop~
Usdergronnd: per, magnesium, megnesium-aluminum slloy and
ook Pressurs mild stcel plated with copper or zinc ere
Impulse slightly affected.
Energy Wet: Copper, brass, megnesium, magnesium-
Booster Sensitivity Test: (@) elunlnum elloy, mild steel, mild steel coated
% " with acideproof black paint and mild steel
'g:ztz:;lfo:m S;; vleted with copper, cadmium, nickel or zirc
Wex, in. for 50% Detonation 1.28 sre heavily attacked. Aluminum is slightly
Density, gm/cc 1.62 affscted and stainless steel is unsffected.

1
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AMC Ednatol, 55/b5 P
) v
Wet Haleite is added slovly to molton TNT heated at about i00°C in a steam jacketed melting ‘
kettle equipped with a stirrer. Heating and stirring are continued until all moisture is :
evaporated. Loading is done by pouring the mixture cooled to 85°C. . ]
Qrigin: :
Mixtures of Haleite (EINA) and INT, designated Ednatol; were developed at Picatinny Arsensl s
Just prior to World Wer II. ’
References: <8
. (2) L. C. Smith and E. G. Eyster, aical Testing of Explosives, Part III - Miscellaneous .
) Sensitivity Tests; Performance Tests, Report No. s r . -
(v) Fhilip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives, Second Revi- . .
sicn, NAVORD Report No. 87-46, 26 July 1946. Lt
(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942, :
(d) L. C. Smith and S. R. Welton, A Consideration of RDX/Wax Mixtures as s Substitute for T
Tetryl in Boosters, EOL Mewo 10,303, 15 June N .
9;‘80) W. R. Tomlinson, Jr., Blast Eflects of Bomb Explosives, PA Tech Div Lecture, 9 April ;
1948.

() Eastern laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of :

Cavity Effect with Composition, NDRC Contract E-m-om)-'?f!%._ — 2

(g) Bastern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, 18 Septem- P, i

ber 1943, NIRC Contract W-672-ORD-5723. 4 : i

. .

(h) Also see the following Picatinny Arsenal Technical Reports on Ednatol: ™ . "
Q 1 2 Kl L2 2 ] I 8 2 .
1290 1091 1162 1193 129k 1325 1796 1457 1198 1279 .
%00 1451 1372 1363 143 1395 1477 1388 1469 .
%20 1651  1k82  1k493 1885 1731 1838 .
1530 1797 :

: 4

285ee footnote 1, page 10,
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Ethylene Glycol Di-Trinitrobutyrate (GTNB) ANXCP 706-177
Ca:ullu: Melocular Welght: (°10312“6°; 6) 468
c 25.6 Oxygen Belence:
CO, % -3
B 2.6 CO % o
Co, c(xo.)
N 171 Tﬂz 2 llR0s Denaity: gm/cc Crystal  1.63
o sg  TeteLumoy) Wabiag Poiat °C %
C/H Ratio 0.235 Froexing Peixt: *C
Impect Sensitivity, 2 Kg Wr: Beiling Pelmt: °C
Bursau of Mines Apparatus, cm
Somple Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparatus, in. o
Sample Wt, mg N
na
Steel Shos cc/40 Hrs, at
Fiber Shoe 90°C
100°C
Rifle Sullet Impect Tosr:  Trians 120°C
Explosions * 135°C
Partials 150°C
Burned 200 Grame Bomb Send Test:
Unaffected Sond, gm
Explesion Tompereture: C Sensitivity te Initistien:
Seconds, 0.) (no cop used) ~-- Minimum Detonating Charge, gm
1 ——- Maercury Fulminate
S 50% point 2% Leod Azide
10 Tetryl
15
20 Ballistic Morter, % TNT:
Treus! Test, % TNT:
75°C Internstions! Host Test:
9% Loss in 48 Hrs Plete Dot Tont:
Method
100°C Moot Tost: Condition
9% Loss, ist 48 Hrs Confined
9% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detenation Rete:
Flammebility {ndex: Confinement
Condition
Hygroscopielty: % Charge Diometnr, in.
Density, gm/cc 1.63
Volotiliey: Rate, meters/second T340
133
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. AMCP 706-177 Ethylene Glycol Di-Trinitrobutyrete (GTNB) —_
Frogmentetion Test: Shoped Charge Effoctivencss, TNT = 100:
90 mm NE, M71 Projactile, Lot WC-: Glass Cones  Steel Cones
Density, gm/cc Hote Volume
N Charge Wt, 1b Hole Depth
Totel Ne. of Frepments:
Calor:
For TNT .
~ For Subject HE
Principel Uses:  Cagting medium for HE compounds
3 lnch HE, MA2AY Prejestile, Lot KC-S: .
Dersity, gm/cc
Crarge Wt, b -
Torel Ne. of Pragments: '
Methed of Loading: Cast
For TNT .
For Subject HE o
Loading Density: gm/cc 1.60 .
Progment Velselty: f1/sec
MO #
Ar 23y, fr Sherege: .
Density, gm/cc - , ‘ .
Blast (Ralotive o THT): Hozord Cless (Quantiiy-Distonce) P »
W
Alns Compatibility Group —— g
Peck Pressure .
Impuise Exudotion None :
Energy :
P tion: (a -
Alr, Conflacd: Preperation: (e) :
impuise By the addition of nitroform to ethylene .
glycol diacrylate. As the method of prepa-
Under Woader; ration often leads to products difficult to
Peck Previure purify, a preparation from ethyleme glycol
} Impul and pure trinitrobutyric acid is in process.
Energy origin: .
o First synthesized in 1951 by the U.S.
Peck Pressure Rubber Compeny, Research and Development -
impulse General laboratories, Pussaic, New Jersey.
Energy Viscosity, poises:
Temp, 98.9°C 0.246
106.5% 0.193 )
Liquid Densit: [IH
m %- 10“67 3
’106. 5% 1.459 :
™4 §
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™~ Ethylene Glycol Di-Trinitrobutyrate (GTNB) AMCP 706-177

References:29

{a) U. S. Rubber Company Progress Report No. li, Ravy Contrect NOrd-10129, 1 February 1551
to 1 May 1951.

(b) U. S. Naval Ordnance Laboratory, Silver Spring, Maryland, Letter from Dr. O. H. John-
son to Commanding Officer, Picatinny Arsenal, 8 April 1955 {ORDBB 471.86/kk4-3, Registry Fo.
29815); and WOL Letter from Dre De Vi Sickman to Commanding Officer, Picatinny Arsenal,

29 November 1955 (ORTEB hT1.86/159-1; Serial No. 0289%).
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B5ee footnote 1, page 10.
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AXCP 708177 Explosive D (Amaocnjum Picrate)
Co:ahln: Maloculer Woight:  (CgHcl,07) 246
. . o—NH Onyger Belencou:
¢ 29.3 ) o, % .52
B 2.k OFN X0, o % -13
N 22.7 Denslty: gm/cc Crystal 1.72
0 45.6 Mebing Peint: °C  Decomposes 265
RO,
C/H.Ratio 0. 31T 2 Prosning Pelat: °C
lmpoct Sensitivity, 2 Kg Wr: Selliag Peiat: °C
Bursou of Mines Apparatus, cm -
Sample Wt 20 mg Rebrostive lndex, n2 . 1.508
Picgtinny Arsencl Apparatus, in. 17
Somple Wt, mg b, 1.870
1.907
Priction Pondulums Toot: Vecwum Stobility Tost:
Steel Sho Unaffected ¢c/40 Hrs, ot
Fiber Shos Luairecied 90°C
100°C 0.2
Rifie Bullet lmpoct Test:  Trials 120°C ol
% .
Explosions 0 :::C .
Partiols 0 c 0.
Burned 3 200 Grom Sumb Send Test:
Unoffected T0 Sond, gm 39.5
Explesion Tomporetuse: *‘C Sensitivity te initistion:
Seconds, 0.1 (no cop used) 405 Minimum Detonating Chorge, gm
1 367 Marcury Fulminote
5 Decomposes N8 Leod Azide 0.20
10 3 Tetryl 0.06
15 299
20 295 Bellistic Mortar, % TNT:  (a) 9
Trousl Tea2, % TNT:
75°C international Heot Tost:
9% Loss in 48 Hrs Plete Dent Toet:
Method A
100°C Moot Toot: Condition Pressed
9% Lnss, Ist 48 Hrs 0.1 Confined Yes
% Loss, 2nd 48 Hrs 0.1 Dersity, gm/cc 1.50
Explosion in 100 Hrs None Brisonce, % TNT 9
Detenstion Rete:
Y t Confinement None
Condition Pressed
. picky: % 1004 RH 0.1 Charge Diometer, in. 1.0
Dersity, gm/cc 1.55
v ? Rate, meters/second 6850
136
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losive D (Ammonium Picrats

AMCP 706-177

Frogmentation Tast: Shoped Chorge Eifactivensos, TNT = 100:

90 mem HE, M7Y Projoctile, Lot WC-93: Gloss Cones  Stest Cones
Deraity, gm/cc .50 Hols Volume
Chorge Wt, b 1.9% t4ole Depth
Vool No. of Fragmente:

For TNT 703 Color: Yellowv-orange
For Subject ME 69
: Principal Uses: AP pro!~ctiles and bowbs

3 inch NE, MAZAY Projocnile, Lot KC-S: '
Deralty, gm/cc 1.55
Chorge Wt, b 0.82

Tatol No. of Fropmonts:  Mothed of Losding: Pressed

For TNT S1k
For Subject HE 508 3
. psi x 10 .
Lt Dol P2 15 2
l-mvm ft/sec. .33 1.k 1L.kT 1.k 1.51  1.53
A 25% # Sherege:
Density, gm/cc
Mathod Dry
Blost (Ralative te TNT): Hoazard Closs (Quantity-Distonce) Class 9

Aln Compotibility Group Group I
£ vak Pressure
Impulse txudation Fone st 65°C
Energy

Sensitivity to Electrostatic
N’; wl Discharge, Joules: (a)
Through 100 Mesh:

Under Weter: Confined 6.0
Peak Pressure Unconfined 0.025
rpuies Booster Sensitivity Tur: (e)
Energy Condition Pressed

Tetryl, gm 100

Undorgronnd: Vax, in. for 50% Detonation 1.27
Peok Pressure Density, gm/cc 1.54
impuilse Beat of:

Energy Combustion, cal/gm 2690
Explosion, cal/gm 800
Formation, cal/gm 395

137
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AMCP 706377 Explosive D (Ammonjum Picrate) L~
’ Prepars*ion:

Explosive D is manufaciured by suspending picric acid in hot wvater and neutrelizing it with
guseous or liquid ammonia. As the picrate is forwed, 1t goes into solution; on cooling, 1t
precipitates. An excess of ammonia leads to formation of the red form of ammonium picrate.

4 This should be avoided. The separated crystals are washed with ~0ld weter and dried.
Effect of Starege on Send Test Values: ‘ _
Minimum ‘ .
Me Sand a
Storage Filateste Tetryl Crusked ) o
Yearss % o o i - g » ;
0 0.06 23 : -
3.5 50 0.25 23 .
! 2 Forwal 0.03 23 .
L o» Norma) 0.04 23 .
2 50 0.2 : 23 : .
# After 3.5 years at 50°C.
! #%  After 3.5 years at 50°C and 2 years at magazine tempersture.
Solubility: gm/100 gm (), of: (e) i
) Water Alcohol Ethyl Acetate : f
I T $ 2 3 - !
St o 5
20 1.1 o 0.515 0 0.290 L %
100 75 10 0.690 10 0.300 R v
0 1.050 30 0. 380
50 1.890 50 0.450
8o 3.620 80 0.560
| origin:

First piepared by Marchend in 1841 end used by Brugere in admixture with potessium nitreste
as a propellant in 1869. Used as 8 high explozive after 1900.

; Destruction Chemicel De 1tion:

Explosive D (ammonium picrate) is decomposed by dissolving in 30 times its weight of a. . -
solution mede from 1 part of sodium sulfide (Ne,S-9Hz0) in 6 pertc of water.

Referencess 30

T (e) L. C. Smith and E. G. Eyster, %uu Tosting of Explosive: Part fII - Miscellaneous
‘ Sensitivity Tests; Performance Tests, No. s Dece&r 1545,

30see footnote 1, page 10,
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i Bxplosive D (Ammonium Picrete) AMCP 706117
TN :
! (v) D. P. MacDougall, Methods of Physical Testing, OGRD Report No. 803, 11 August 1942. O e
» R o
+ {c). L. C. Smith rnd S. R. Walton, A Consideration of P Mixtures as 8 Substitute for
’ Tetryl in Boosters, .OL Newo 10,303, 1;1"15&'9‘——&&:——'——“ .
: (d) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initimtion
. - by Electrostatic Discherges, U. S. Dept of Int, Bureau of Mines, KX ﬁﬁ, 195, »
. g
: {e) Varicus sources in the open literature.
: i (f) Also see the folloving Picatinny Arsenal Technizal Reports on Explosive D:

» .

e r 2 3 & 3 &£ 1 & 2

| - %0 1bki 132 843 6ok 65 266 1737 @8 1719

. 80 i1 7 582 Tob h2s 556 1797 83% 17159
J ‘ 13 1172 ) 874 1585 796 1838
> . o 1352 1234 1955 986
R 1372 172k Q725 1k66
H kg2 1885 1796
. 1895 ‘
|
L ]
¢
$
¥
¢ .
: ;
L .l
* s
L i
> o
+ ' )
s
. S 3& .
¢
3
’
»
»
i -~
’ B
1 3
[ 4
; {
»
T
.
o
E —
'
b Ay
'} =
1 4 N
4
’ —
N
1]
’
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AMCP 706177 Glycerol Monolactate irinttrete (GLTN) Liguid
Cu:ulla: Maolocular Weight: (CcligN40),) 299
Oxygon Belonse:
¢ A T co. % -®
R 3.0 t':Hz— 0= C- CH—CH, co% 3
¥ w00, Desety: gm/cc  Liquid 1.47
o 8.8 CH,= 0RO, Molting Pelat: °C
€/H Rotioc  0.180 Froeting Peiat: *C
lapact Sensltivity, 2 Ko Wr: Golling Pelmt: °C
Bureou of Mines Apparatus, cm 15 (1 1b wt); 42
Sample Wt 20 mg Refeactive Index, n3
Picatinny Arsenal Apparatus, in. ° "
Somple Wr, mg [ 1.
2
Friction Ponc .2 Yoor: Vecsum Seebility Toot:
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 5.9
Rifle Bullet lmpect Taet: Triols 120°C
% 135°C
— o
Porticls
Burned 200 Grom Bemb Sond Tost:
Unaffected Sond, gm 131
Explosion Tomperature: *C Sonaltivtly %o lalligtien:
Seconds, 0.1 (no cop usad) Minira m Detonating Chergs, ¢m
1 tercury Fulminote
5 223 Lsod Azide
10 Tetryl
15
20 Boltistic Marter, % TNT:
Trousl Tost, % TNT:
75°C Intornations! Heot Test:
9% Loss in 48 Hrs Piate Dent Tost:
Mathad
100°C Moot Tost: Condition
% Loss, Vst 48 Hrs 2.5 C"“j““'
% Loss, 2nd 48 Hrs 1.8 Dersity, gm/cc
Explosion in 100 Hrs Fone Brisance, % TNV
Detenction Rete:
Flammobility index: Confinement
. Condition
% Charge Diometer, in.
Density,
Velotility: 60°C, mg/cu’/br 28 "Y. grm/ce

Rate, meters/second
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B4
§ Glycerol Monolactate Trinitrete (GLIN) Liguid AMCP 706-177
P
t Frogmentetion Tost: Sheped Cliorge Effectiveness, TNT = 100:
1)
3 90 mm HE, M7V Projectile, Lot WC-9): Gioss Cones  Steel Cones -
f Dersity, gm/ce Hole Volume
: Chorge W, b Hole Depth
»
s Totel Nea. of Frogments: Cater:
i For TNY'
» Subject
' For HE Principal Uses: Gelatinizer for nitrocellulose
¢ 3 inch RE, MA2AY Prejectile, Lot XC-S:
¥
» - Deraity, gm/cc
. Charge Wt, Ib
. Totel Ne. of Frogments: Mcthed of Loading:
» For TNT
. For Subject HE
: Loeding Density: gm/cc
¥ Frogment Velocity: ft/sec
i A9k
% At 25% ft Sterege:
t Density, gm/cc
; o Mathod Liquid
. .
; — Blest (Relative 00 TNT): Hazard Closs (Quontity-Distonce) Class 9 §
: \/,- Alr: Cornpotibility Group %
Peck Pressure
Impulse Bxuudation
? Energy
? Alr, Coofined: Hydrolysis, % Acid:
g Impuise 10 days at 22°C 0.021
Z 5 days at 60°C 0.01b
H ; Under Weter: Solubility in Water,
) . Peok Pressure gn/100 gm, at:

% Impulse i;sgc <0.01
i - Erergy (Fvted £0.015
io. Solubility, gm/100 gm,
? Undorground: at_25°C, in:
i Peok Pressure Ether -

,,,,, 3 Impuise 2:1 Ether:Alcohol -
: Energy Acetone -
'z; Heat of:
i Combustion, cal/gm 2u07
£
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AMCP 706-177 Glycerol Monolactate Trinitrate (GLTN) Liguid

tion:

) Clycerol monclastate (GML) _s prepared by heating & glycersl lsctic acid mixture containing
k¢ excess lactic acid at 116°C for 112 hours with dry air bubbling through the liquid. The
product wkich contains 0.67% free acid is cerefully mixed wvith 6 parts of 40/60 meﬁnea
i mintained at 20°C, stirred for 1 hour, cooled to 5°C, snd poured on ice. It is ¢
F o wvith ether, wvater-washed, adjusted to pH 7 by shaking vith a sodium dicarbonate solution, and
n again vater-vashed tn.>e times. It is then dried with calcium chloride, filtered end freed
of ether by bubbling vi‘h eir until min‘mel loss in weight is obtained. The product has a
nitrate-nitrogen conte.t of 13.43% (theoretical 14.1% N). Another batch, prepared from WML
obtained from glycerol-lactic acid containing 6.5% excess glycerol, had a nitrete-nitr-gen
content of 1b.30%, corresponding to a mixture containing 5.5% nitroglycerin. It 15 not con-
sidered practiceble to prepare the pure GLTK.

in

The preparation of a nitrated ester of lactic acid and glycerol, by nitreting a glyceryl .
lactate vith nitric and sulfuric acids, for use in explosives, was reported in 1931 by Charles ..
Stine and Charles Burke (U. S. Patent 1,792,515). .t -

1 The preparation of glycerol monolactate by heating glycerol with equimolar proportions orf
a lactic acid ester of an alcohol boiling below 100°C (ethyl lactate} was patented by Richie
H. Locke in 193% (British Patent 456,525 end U. S. Patent 2,087,980).

Reference: 3!

(a) P. F. Macy and A. A. Saffitz, Explosive Plasticizers for Nitrocellulose, :ATR No.
1616, 22 July 1946. _——

o A 2Y

™,
S RN

“See fcotnote 1, page 10.

142




WW.SURVIVALEBOOKS.COM

- cwerwir

L R S X

PV NG BB TP e B PSP W SN § R

L ¥ e Py e WIS TR TP W N F s T w T

B S

TR R SR SR

P

o e

Glycol Dinitrate (GDN) liquid

AMCP 706-177

Compasition: Melecular Waight: (C.?HkNQOG) 152
%
c 15.8 ONO Oxygen Belance:
2 Co: % 0.0
H .6 c CO% 21
N 16.4 l Lenmsity: gm/cc  Liquid, 25°C  1.48
0 63.2 Q\ Malting Peint: °C -20
ONO
C/H Rotio 0.092 2 Freezing Point: °C
impect Sensitivity, 2 Kg Wr; Seiling Pein?: ‘C
Bureau of Mines Apporatus, cm 4 (1 1b wt); 56
Sample Wt 2¢ mg Kefroctive lndex, n2
Picatinny Arsenal Apporatus, in. o
Sample Wt, mg L 1.h452
an
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifls Sullet Impect Test:  Triols 120°C
% .
Portials
Burned 200 Gram Bomb Send Test:
Unaffected Sand, gm
Explosron Temperersrs: °C Sensitivity te Initietion:

Seconds, 0.1 (nc cop used)

1
5 Evplodes a57

Minimum Detonating Charge, gm
Mercury Fulminate

Leod Azide
10 Tetryl
15
20 Bellietic Morter, % TNT:
Trouzl Test, % TNT:
73°C Internetionc! Heet Test:
% Loss in 48 Hrs Plote Dont Toot:
Method
100°C Moot Teot: Condition
% Loss, st 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detonstion Rete:
Flammability Index: Confineent Glass tube
-~ Condition Liquid
Hygrescopicity: % 30°C, 90% RH 0.00 Charge Diometer, in. 10
Density, gm/cc 1.485
Velstility: Rate, maeters/second 7300 and 2050

143
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ANCP 706-177 Glycol Dinitrate (GDN) Liguid
Frogmentetion Tost: Sheped Charge Etfactivenass, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Stee! Cones
Dentity, gm/ce Hole Volume
Charge Wi, Ib Hole Depth
Totel Neo. of Fropments:
Color:
For TNT Yellow
For Subject HE
Principel Uses: Ingredient of nonfreezing
3 inch NE, MAZAT Projactile, Lot KC-5: dynaui te
Feraity, gm/cc
Charge Wt, ib
Totel . of Fropments:
Mothod of Leeding:
For TNT
For Subject HE
Leeding Density: gm/cc
Fregment Velocity: ft/sec
At9 ft
At 251 Rt Sterage:
Density, gm/cc
Method Liquid
Stust (Reletive to TNT): Hazard Class (Quantity-Distance) Class 9
Alr: Compatibility Group
Peck Pressure
Energy
Ale, . Solubility ;n 1000 cc Water:
Impulse Temp, C Grams
15 6.2
Under Weter: 20 6.8
Peck Pressure 50 9.2
Impulse Viscosity, centipoises:
Energy Temp, 20°C 4,2
v . VanoroPreuu.re:
Peok Pressure < mn_Mercury
Impuise 0 0,004
20 0.038
Energy Lo 0.26
60 1.3
80 5.9
100 22.0
Heat of:
Ccmbustion, cal/gm 176k
Formation, cal/gm (b) 366
14
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f"\ Glycol Dinitrete (GDN) Liquid AMCP 706-177

Preparaticn:

Glycol dinitrate (ethylene glycol dinitrate, dinitroglycol, nitroglycol, dinitrodimethyl- ;
eneglycol) mey be prepered by nitration of ethylenme glycol, HOCHpCHLOH, with 8 mixed nitric g
acid in the same apparatus that is used fcr the preparation of nitroglycerin. The glycol is ‘ S
prepared by synthesis from ethylene, and ethylene chlorohydrin: )

HOC1 1'120
Cﬂ2 = CH,‘, —_—) Hocuzcrizcl ——— HOCH,CH , 01
NA.HC03
Origin:

Henry vas the first to prepare and identify glycol dinitrate {Ber 3, 529 (1870) and Ann
chim phys [4 ]127, 243 (1872) but Kekilé had previously nitrated ethylene and cbtained an un-
- stable oil vhich he supposed to be glycol nitrste-nitrate. No immediate practical use vas
«ade of glycol dinitrate because glycol itself was relatively rare and expensive at the time.
It vas 1904 before a patent was granted covering the use of GIN as an explosive éDRP 179, 789).
but it was seven years later before its actual use a; an explosive vas recorded (Mém poudr 16

(1911) p. 214). ‘The principal physical properties of GIN vere determined or recorded by Rink-
enbach (Ref b).

»
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References: 32

(a) Ph. Neoum, Nitr cerin and Nitr cerin losives, translation, E. M. 3Symmes, The $
Williams and Wilkins Company, 3 > Pe .

- (v) Wo. H. Rinkenbach, "The Properties of Glycol Dinitrate," Ind Eng Chem 18, 1195 (1926).

( (cg Wo. H. Rinkeabach, "Glycol Dinitrate in Dynamitc: Menufacture,” Chem Met Eng, 3, 2%
1927).

(2) Wo. H. Rinkenbach, Application of the Vacuum Stability Test to Nitroglycerin and Nitro- ’
glycerin Explosives, PATR 1355, 2T August 19%6.
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325ee footnote 1, page 10.
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AMCP 706-177 H-6
Composition: Melecular Weight: 93
%
RDX b5 Oxygen Belence:
™ © €. % -6
Aluminum 20 o "%
D-2 Wax > Deaskty: gm/cc  ° Cast 1.7k
Calcium Chloride,
added 0.5 Melting Point: °C
C/H Retio Freazing Point: °C
h ~eet Semsitivity, 2 Kg Wh: Bolling Point: 'C
Bursou of Mines Apporatus, cm .o
Somple Wt 20 mg Refractive Index, g
Picotinny Arsenol Apparatus, in.(c) 1h o
Sample Wt, mg 18 N
na
Friction Pondulum Ton: Yecuum Stebility Tost:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe --- 90°C -eee
100°C 0.47
Ritle Bullet Impoct Tase:  Triols () 120°C
% .
B o
Partiols --
Burned .- 200 Grem Somb Sond Test:
Unotfected 20 Sand, gm k9.5
Sxplesion Tompereture: °C (a) Sensitivity to Initistion:
Seconds, 0.1 (no ccp used) === Minimum Detonating Charge, gm
! - Mercury Fulminote .
5 610(min) (¢) Leod Azide 0.20
10 Tetry! 0.10
15
20 Beilistic Merter, % TNT: (4) 135
Trouz! Tet, % TNT:
75°C Internoticna! Hoot Toot:
% Loss in 48 Hrs Plats Dont Teat:
Method
100°C Moot Tost: Condition
% Loss, It 48 Hrs 0.78 Contined
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs None Bri » % TNT
Detenation Rats: (s, b)
Flommchility index: Confinement None
5 Condition Cast
Hygrescopicity: % 09C, 95% RH, 7 days 2.01 ; ; .
Rt A & T s I Charge Diomster, in. 1.0
Density, gm/cc 1.71
Velosithy: Rate, meters/second 7191
146
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. H-6 AMCP 706177
BN
. Bosster Sensitivity Test: Decompanition Equetion: ’ '
Y Condition Oxygen, atoms/sec :
b Tetryl (Z/vec)
? vl gm ) Heot, kilocalorie/mole
; Wox, in. f» 50% Detonotion (AR, keal/moll
N Wax, gm Temperature Range, *C
» Density, gm/cc Phase
? et —
H s
; Combustion, cal/gm 3972 ! Toot:
': Explosion, cal/gm 923 60 mm Mortur Projectile:
: Gas Volume, cc/gm 733 $09% Inert, Velocity, ft/sec
': . Formation, cal/gm Aluminum Fingness
; Fusion, cal/gm T18°C  (b) 10.25
. 500-Ib Generel Purpose Bombe: /
Vo Specific Heat: c_., ;m/°C (v) N ‘ ‘ k
: 30%¢ 0.269 Plate Thickness, inchas
.. 50°¢ 0.268 !
M
; e
: %
¢ Burning Rote:
: cm/sec
N Bomb Drep Tont:
» Thermal Conductivity: (v) . i
* col/sec/cm/*C 350c 1.10 x 10 3 T7, 2000-b Solul-kmu-ﬂwdng Bomb vs Concrete: i
o Conticiont of Expemsion: Max Sofe Drep, ft 4
b Linear, A£/inch .
; ogc 0 x lo-t 500-% Geners! Purpess Bamb vs Concrete:
, 35°C 83 x lO'h
M T0%¢ 131 x 10° Height, ft
’ X Trials
; Merdness. Mohs’ Scale: Unaffected
»
» Young's Modulus: (v) 9 :whgc;::
» . E’, dynes/cm? 9.0 x 10 5 ‘9 r
’ £, lb/inch? 230 x 1000-% Goneral Purpess Bemb vs Concrate:
A Density, gm/cc L.l

- M Height, ft
‘: Compressive M 1b/ixeh? See be:cw Trials
. Unoffected
N Veper Pressure: Low Order )
. °C mm Mercury High Jrder

. 4

® Compressive Strength: 1b/ {nch® 1083
# Density, gm/cc .71
) Ultimate deformetion, % 1.32
»
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AMCP 706-177

16

Frogmentation Test: (v)

90 mm HE, M71 Projactile, Lot ECS-1-1T:
Density, gm/cc
Chorge Wt, Ib

Totel No. of Fragments:
For Composition B 998

For Sbject HE Tib
For 30/20 Tritona). 616

3 inch HE, MA2AT Prejectile, Lot KC-5:
Density, gm/cc
Charge Wt, Ib

Tetal Ko, of Fragments:
For TNT

For Subject HE

Shoped Charge Effoctivensss, TNT = 100:

Gloss Cones  Stew! ©ones

Hole Volume
Hole Depth

Color:

Gray

Priacipal Uses:

HE charge

Mathed of Londing:

Cast

Fregment Velecity: ft/sec
At 9 &
At 25% fr

Density, gm/cc

Leeding Demsity: gm/cc

.M

Blevt (Relative to TNT): (a)

Air: 3.25" diemeter sphere
Peok Pressure A psi Ca*enary 25.4
impulse KFOC Pendulum 19.8

Energy coom

Alr, Confined:
enpulse

Under Water:
Peck Pressure

Impuise

Stercge:
Matiod
Hazard Class (Quontity-Distance)
Compatibility Group

Exudation

Class 9

Group I

None

148
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B-6 AMCP 706-177
Effect of Altitude, Charge Diameter and Degree of Confinemeut on Det nation Velocity*
(Reference e)
! i -In umn !
! Explosive Stmlated Altitude, |Confined  Uncontized | Confined | Unconfined
Feet s L w/s 1 /s :
! i ] . I Y
- T, i Ground | 620 ¢ 60 | 6670 | 5270
Cdemstty, | 3 '
‘aafec 159 % 30,000 ' 666u 6930(2) : 6610 6760(h)
. i 60,000 ! 6800 - i 6520 6400(4)
‘ 90,000 6510 6720 6550 6610(1)
Averege 6798 6790 6588 6260
B-6, Ground ngo - 7 © T30 68710
density,
gufcc  1.69 30,000 7300(2) 430 730 7980
‘ 60,000 7280 Th90 7550 T010
90,000 + T7300(3) T270 7500 7000
Average . T268 7385 436 7215
M —
#*Confined charge in 1/L" steel tube, AISI 1015 seamless, 1" diameter 18" long, and 2"
diemater T" long. All means were determined from sete of five values unless otherwise
indicated by ( ). A 26 gm tetryl booster was used to initiate each charge.
Average t Veiocities at Various Altitudes*  (e)
| Simulated Altitude, Feet
losive Charge Dismeter, Ground 000 60,000 2;’000
Inches B . Igl’s ’ E’c 8
™T, 1l 29L0 { 2991 ; 119 2868
density, i
enfee 151 2 3623 f k91 | 5077 b0
: B-6, 1 6L | o5 6T 1563
density,
/e 1.7 2 4603 Lr26 4998 5288
*Outside diometer 2.5L"; inside *lameter 2.0L"; length 7".
References:

See HEX-1; HBEX-3 reference list.
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AMCP 706-177

{In recognition of its development
late Dr. G. C, .ule o

Haleite (Ethvlene Dinitramine) (EDHA)

as & military explosive by the

Plcatinny Arsenal.)

Compusition: Meleculer Waight: (CoR:3),0)) 150
% NO
e Oxygen Belonce:
c 16.0 HC—— N 0. % -3
B ko K Co % "10-3
N 7.3 Daasity: gm/cc Crystal 1.71
NC .
o L2t ne—n? Mekting Point: “C  pecomposes 175
C/M Rotio 0.066 " H Freezing Point: *C
| mpact Seasit’ v, 2 Kg Wi: Boiling Point: °C
Bureou of ines Apporatus, cm L8
Sample Wt 20 mg Refractive Index, pd
Picatinny Arsenal Apparatus, in.  1h o
Sample Wt, mg 17 [
n3
Sriction Pendulum Test: Vecuum s'.b““y Test:
Stee! Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffec:ed 90°C
- 100°C <5
Rifle Bulict Impact Test:  Trials 120°C 1.5
% .
oo ; e :
Partials 60 5 11+
Burned 20 200 Grom Bomb Sand Test:
Unaffected 20 Sand, gm 52.3
Expicsion Tempereture: L Sensitivity to Initiation:
Seconds, 0.1 (no cop used) 265 Minimum Detonating Charge, gm
] 216 Mercury Fuiminate 0.21
5 Decomposes 189 Lead Azide 0.13
10 178 Tetryl --
15 172
20 170 Bollistic Mortar, % TNT: (a) 139
Trous) Test, % TNT: () 122
75°C Internations! Heet Test:
% Loss in 48 Hrs 0.01 Plate Dent Test: ()
Method A
150°C Yoot Test: Condition Pressed
% Loss, Ist 48 Hrs 0.2 Confined Yes
% Loss, 2nd 48 Hrs 0.% Density, gm/cc 1.50
Explosion in 100 Hrs None Brisance, % TNT 122
Detonation Rete:
Flen aebility Index: 136 Cunfinement Unconfired
Condition fressed
Hygrescopicity: % 0.01 Charge Diameter, in. 1.0
v Density, gm,’cc 1.59
slatility: Nl Rote, meters/second 7570
150
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Haleite (Ethvlene Dinit..~t-e} (EDNA)

AMCP 706-177

Bosster Seasitivity Test: (q) Decompesitica Equetion: (312 8 (g (fi
Condition Presced Oxygen, atoms/sec  10°<° 10 -1 10 1.1
Tetryl, gm 100 (Z/sec) -

Heot, kiiocalori [ 5 . .
Wax, in. for 50% Detonation Q.09 (?H' ':;:,?m;/moc %5 3.3 %.8
Wax, gm Temperature Ronge, °C 184-25L .- 1hbk-16k *
Density, gm/cc 1.k2 Phase Liguid Solid Solid
Haet of: . "
Combustion, cal/gm 47T Impect Test:
Explosion, cal/gm 1276 60 mm Morter Prejectile:
Gas Volume, cc/gm 908 S0% Inert, Velocity, ft/sec
Formation, cal’gm 13 Aluminum Finsness

Fusion, cal/gm

$00-1b Genere! Purpose Bombs:

Specitic Heet: cal/gm/°C
Plate Thickness, inches
}
ity <
1
14,
Burning Rote:
cm/sec
Bomb Drop Teet:
Therme! Conductivity:
col/sec/em/*C id V7, 2000-1b Semi-Armor-Piercing Bomb vs Concrote:
Coefficient of Expansion: Maox Safe Drop, f1
Linear, %/°C $00.1> Genaral Purpose Bomb vy Concrete:
Volume, %/°C Haeight,
— Trials
Hordm ss, Moba’ Scele: Unaffected
Young's Modulys: :Whoord:
. igh Order
E', dynes/cm:
E. ib/inch? 1000-1b Generel Purpose Bomb +s Concrete:
Density, gm/cc

Compressive Strength: ib/inch?

Vapor Pressure;

°C mm Mercury

Height, ft
Trials
Unaoffected
Low Order
High Order

151
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AMCP 706-177 Huleite (&

lene Dinitramine) (EDNA

{ WT‘:
90 e HE, M7 Projactile, Lot WC-91:

Density, gm/cc 1.6
Charge Wt, ib --

Totel Neo. of Frogments:
For TNT

For Subject HE

3 inch NE, MA2AT Prejectile, 3
Density, gm/cc
Chorge Wt, b --

Teotel Ne. of Frogments:
For TNT 51k

For Subjact HE 600

eite/vax

Shoped Cherye EfHoctivensss, TNT = 100:
Gloss Cones  Steel Cones
Hole Volume
Hole Depth

Coler: Whi te

Principel Uses: Booster

Methed of Losding: Pressed

Frogment Velecity: ft/soc
At 9 f
At 254 2

Dersity, gm/cc

Leeding Denslty: gm/cc pei x 103
5 10 12 15 0

1.28 1.8 1.4 1.bh 1.49
Sterege:

Method Dry

Blast (Relative to TNT):

Al
Peok Prassure

Impulse
tnergy

Alr, Confined:
Impulse

Under Weter:
Peck “ressure
Impuise
Energy

Underground:
Peck Pressure

impulse
Energy

Hozard Class (Quentity-Distance) Clnes 9
Compatibility Group

Exudation None
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Haleite (Ethylene Dinitramine) (EINA) AMCP 706-177

Compatibility with Metals:
- Copper, brass, aluminum, mild steel, stainless steel, mild steel coated with acid-
lack paint, and mild steel plated with copper nickel, cadmium or zinc are unaffected.
Nagnesium and megnesium-aluminum alloy are slightly affected.
Vet - Copper, bress, mild steel coated with acid-proof black paint, and mild steel plated

vith copper, cadmium, nickel or zinc are heavily corroded. Aluminum is slightly affected and
stainless steel is unaffected.

Impact Sensitivities of Various Crystal Habits:
Bureeu of Mines Impact Test; 2 Kg Wt:

Habit o
1st plate 55
2nd plate 55
Bi-pyremid n
Bracydome 66
Sphenoid 46
Solubility: 100 of:
Water Alcohol.

R 1 % s

20 0.25 20 1.00

5o 0.75 ko 2.46

60 2.13 60 5.22

80 6.38 78 10.4

100 >
tion:

(Swmary Technical Report of the KIRC, Div 8, Vol 1)

CH,0 + HCN — HO CH,CR
(98% yield)

HO Cﬂzcn + NH3-) EH2C'H2CN + H20
(82% yield)
m2CH20l + 2H2 —) HZN C'HZCH2NH2

(88% yield)

CHQ- K'd2 CHZ— NH \
+ CO2 b . - Cco + H.?O
C!12 — NH2 CH2—‘ NH

B T T R
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AMCP 706-177 Haleite (Ethvlene Dinitramine) (EINA) _— )

—N —UC

oty O, =N 0,

— ! ~ rC
CH——-KH/CO*ZHN% S /Cb*zﬂeo

Ci
CH,,—~ N="N0 CH,,— N==T0 :

CH,, = NH — NO
2 2 . CO?
CH_— NH --—NO2 .
The revw materials used in this process are chesp and available; the first three reactions
proceed smoothly, rapidly and in good yield (70% overall), and only the third requires high
pressures. ‘The reaction of ethylenediamine with carbon dioxide at about 220°C and 820 atmos-
pheres has been worked out and is more satisfactory for the preparation of ethyleneurea than
the use of chlorethyl carbonate or urea and better than the reaction of acetic anhydride and
ethylenediamine to yleld N,N’-diacetyl-ethylenediamine which can be treated in & way similar .
to the above to yleld Haleite.

Ethyleneurea is very easily nitrated, with strong nitric acid (98%). at ordinary temperature, -
and in a very short time, and the dinitroethyleneurea produced appeers .. .,drolyze, yielding .
Haleite, immediately after solution in vater at 95°C. Doth the nitration and hydreiy-is ere
practically quantitative.

in:

LR T

First described in 1877 by Franchimont and Klotbie (Rec trav chin 7, 17 and 2hk) but 1t .
vas 1935 before its value as an explosive was recognized. Standardized during World War II :
as a military explosive.

Dest>uction Chemical Decompogition:

Haleite is decomposed by addition to hot, dilute sulfuric acid. Nitrous oxide, acetalde- f
hyde and .thy.ene glycol are evolved. Haleite is also decomposed by addition to 5 times its o 3
wveight of 20% sodium hydroxide. \ H

aoowess ™ k4
References: 33 ‘

(e) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performence Tests, O report No. 5Thb, 27 Decemoer 1945.

(t) Report AC-2983/0rg Ex 179. :

(c¢) D. P. MacDougall, Metnods of Physical Testing, OSRD Report No. £03, 11 August 1942. .

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as & Substitute for -

Tetryl in Boosters, NOL Memo 10,303, 15 June 19%9. .

(e) R. J. Finkelstein and G. Gamow, Tneory of the Detonation Process, NAVORD Report liv. -

90-k6, 20 April 194L7. .

(£) M. A. Cook and M. Taylor Abteg, "Isotherma. Decomposition of Exnlosives.” University
of Utah, Ind Eng Chem (June 1956) pp. 1090-1095. -

3¢pe footnoti &, page 10,
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t E Haleite (Ethylene Dinitramine) (EDNA AMCP 706-177
: ‘
. (8) Also see the following Picatinny Arsenal Technical Reports on Haleite:
t !
: o . 2z 3 + 3 & 1 &8 g !
* 1200 1231 1162 1113 ik 1255 786 897 1198 1279
* 1290  1ks51 1232 1493 1294 1325 1796 1737 1288 1319 . f
« ) 1360 1651 1252 1923 143 1395 1797 1378 13719 :
‘ 1360 1352 1885 1937 1388 1469
: 1k0o 1372 1838 1489 _ :
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AMCP 706-177 HBX-1
Composition: Moleculer Weight: 102
%
RDX Lo Oxygen Delonce:
INT 38 CO; % -68
CO % -35
Aluminum 17
D-2 Wex 5 Density: gm/cc Cast 1.72
Calcium Chloride, ..
ad 0.5 Melting Peint: °C
C/H Ratio Freaxing Point: °C
Impoct Sensitivity, 2 Kg Wh: Boiling Peint: *C
Bureou of Mines ;\pparotus, cm -
Sompie Wt 20 mg Refractive Index, nS
Picotinny Arsenal Apparatus, in. 16 o
Sample Wi, mg 21 s
n&
Friction Pendvium Toot: (b) Vocuum Stability Test: (a, b)
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe [ 90°C cave
100°C 0.47
Rifte Bultet Impoct Tost:  Triols  (b) 120°C 0.98
% 135°C ——-
Explosions 73
. 11+
Partiols .- 150°C
Burned -- 200 Grem Bomb Sand Teet:
Unotfected 28 Sand, gm 48.1
Explesion Temporeture: °‘C  (a) Sensitivity to Initietien:
Seconds, 0.1 (no cop used) --- Minimum Detongting Charge, gm
1 om= Merzury Fulminate ceee
5 430 Lead Azide 0.20
10 Tetryl 0.10
15
2 Ballistic Morter, % TNT: (3) 133
Trous! Test, % TNT:
75°C Inturnatic ot Tont:
% Loss in 48 1. . Plate Dent Test:
: Method
100°C Howt Toct: ©) Condition
% Loss, Ist 48 Hrs 0.058 Confined
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs Hone Brisonce, % TNT
Detonetion Rete: (e, ®)
Flommebility Index: Confinement None
2°C, 9%% mH, 7 da 2. Condition Cast
o : % » 95% RH, T daye + G ) .
ygrescopicity 7.0¢, 954 RH, 7 daye 1.13 Charge Diameter, in. 1.0
Dersity, gm/cc 1.69
Volotility: Rote, maters/second 722k
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HBX-1 AMCP 706-177
Bosster Sonsitivity Toot: (¢) Decompenition Equetion:
Condition Cast Oxygen, otoms/sec
Tetryl, gm 100 tan tiocolor /mol
eat, alorie/mole
Wox, in. for 50% Detonation 1.25 (AH, k'co mol:
Wox, gm Temperature Range, °C
Density, gm/cc 1.73 Phase
Haet of: (v) e M )
Combustion, cal/gm 3882 Impect Toot:
Explosion, coi/gm 91y 60 mm Mortar Projectile:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, col/gm 758 Aluminum Fineness
Fusion, col/gm T8°C 9.25
%200-1b Genere! Purpose Bombs:
Specific Heet: cal/gm/°C (v)
300'_ 0.249 Plcte Thickness, inches
s0% 0.26k 1
1
1%
13
Burning Rete:
cm/sec
Bomb Drop Test:
Thorma| Conductivity: {») _
Lingar, ALAnch .
OOC L x 10:" $00-% Generel Purposs Bemb vs Concrete:
3HC 95 x 10
70°C 159 x 10°4 Height, ft
Trials
Herdness, Mohs’ Scale: Unoffected
Young's Medulus: () :whO(;d:
E', dynes/cm? 10.3 x 1095 1n Drder
E, Ib/inch? 1.49 x 10 1000-1b Generel Purposs Bomi vs Concrete:
Density, gm/cc 1.69
Height, ft
Comprestive Strength: 1b/inch? See below Trials
Unaffected
Vaper Pressure: Low Order
*C mm Mercury (b) High Order
Compressive Strength: lb/im:h2 1303
Density, gm/cc 1.€9
Ultimete deformation, % 1.3

-8
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AMCP 706-177

HBX-1

Frogmuntution Test: (v}

90 wm NE, JA71 Projoctile, Lot FGS-1-1T:
Dersity, gm/cc
Charge W, Ib

Totel No. of Frepments:
For Composition B 998

For Subject HE 910
Por 80/20 Tritonal Qg

3 inch HE, MA2AY Projectils, Lot KC-S:
Density, gm/cc
Chorge Wt, Ib

Tetel Ne. of Frogments:
For TNT
For Subject HE

Hole Volume
Hole Depth

Sheped Charge Effactiveness, TNT = 100:

Gloss Cones  Steel Cones

Color:

Cray

Principal Uses:

HE cherge

Mathed of Looding:

Ccast

Loading Density: gm/cc

1.69

Sterege:

Maethod

Blost (Relotive to TNT): (0)

Alr: 3.25" diameter sphere
Peck Pressure 4 psi Catenary 2k.7
Impulse KFOC Pendulum 19.6

Mh Wi
Impuise

Under Weter:
Peak Pressure

Impulse
Energy

Undergronnd:
Peck Pressure

Impuise
Energy

Hozard Class (Quontity-Distonre)
Compoatibility Graup

_ Exudation

Clase 9
Group I

None
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HBX-3 AMCP 706-177
Composition: Melecular Weight: 6l
%
RDX 31 Ox‘y:aa;d-no: -
NT 29 o % 49
Aluminum 35
D-2 Wax 5 Densiry: gm/cc Cast 1.8
Calcium Chloride, Mahing Point: 'C
added 0.5
C/H Ratio Freezing Peint: °C
Impact Sensitivity, 2 Kg Wt: Reiling Point: °C
Bureou of Mines Apparatus, cm -~
Sample Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apparatus, in. 15 °
Sample W, mg 23 Pn
na
Friction Pendulum Tost: Vecuwm Stebility Test: (a, )
Steel Shoe Unaffected ¢c/40 Hrs, at
Fiber S -e - 90°C coee
100°C 0.45
Rifie Builet Imprct Tost:  Trials  (b) 120°C
% .
Explosions 78 ::.g
Partials --
Burned -- 200 Grom Bomb Send Teet: {v)
Unatfected 22 Sond, gm k.9
Explesion Tempersture: °C (a) Sensitivity te initiation:
Seconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm
1 .—- Mercury Fulminate ————
5 500 Lead Azide 0.20
10 Tetryl 0.10
15
20 Ballistic Morter. % TNT: () 111
Troug! Tost, % TNT:
75°C international Heat Test:
A5 Loss in 48 Hrg Piate Dent Test:
Method
167°C Heot Test: (v) Condition
9% Loss, st 48 Hrs 0.70 Confined
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detention Rete: (e, ®)
Flammebility Index: Confinement None
Condition Cant
0O, cd
Hves . % 30°C, 95¢ R4, 7 days 2.01 _ ,
e "‘(?)k“y 71°C, 95% R, 7 days  0.51 Charge Diamaeter, in. 1.0
Density, gm/<c 1.21
Voletikty: Rate, meters/second 6917
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AMCP 706-177

HBX-

Bosster Sensitivity Test: Decompesition Equetion:
Condition Oxygen, atoms/3ec
Tetryl, (Z/%82)

et gm Heat, kilocalorie/mole
Wax, in. for 50% Detonation (AH, keol/mol)
Wax, gm Termperature Range, °C
Density, gm/cc Phase

Heet of: (v) rmor Plote .
Combustion, cal/gm hL9s A Impoct Toet:
Explosion, cal/gm 877 60 mm Morter Projectile:

Gos Volume, ce/gm 50% Inert, Velocity, ft/sec
Formation, cal/gm kg1 Aluminum Fineness
Fusion, cal/gm 3.3

3500-ib Generel Purpese Bombs:

Specific Must: cal/gm/*C

3°¢ 0.254 Plote Thickness, inches

50°¢C 0.254 1

1Y,
1
145

Surning Rete:

cm/sec
Bomb Drop Test:

Therme! Conductivity: (v)

COV!Q‘/CM/'C 3500 1.70 x 10'3 ". 2000-b Soni—Amu-ﬂcnln Somb vs Concrete:

of E . By Max Safe Drop, ft
U'o“‘s‘;:"‘ll/in"h Lo x lo-l'. 500-1> Genere! Purpose Bomb vs Cancrete:
o =L
59¢C ©2 x 10 .
.?ooc 1% x 107 Height, ft
Trials
Hardness, Mohs’ Scels: Unotfected

Low Orde

Young's Modulus: (v) H?wh Or dcrr

E', dynes/cm? 11.5 « 107 @
. 5
E, Ib/inch? 1.67 x 10 1000-1b Generel Purposs Bomb vs Concrate:
Density, gm/cc 1.61
Height, #¢
Compressive Strength: Ib/inch? Jee telow Trials
Unaffected
Vapor Pressure; Low Order
C mm Mercury High Order

\_ampressive Ctrengtn: 1t/inch” 1£10

Den~.ty, zm/cc 1.71

LUltimete deformation, 1.37
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AMCR 720177

Frogmentetion Test:

9w NE, M1 Projactile, Lot BGS-1-1T:
Derwity, gm/cc
Charge Wt, ib

Totel No. of Frogments:
For Composition B 998

Fer Subject HE 470
Fw 80/20 Tritonal 616

3 inch ME, MA2AT Projectile, Lot KC-S:
Charge Wt, Ib

" Tetel Neo. of Fragments:
Fer TNT
For Subject HE

Hole Volume
Hole Depth

—
Shaped Cherge Effoctivensss, TNT = 100:
Gloss Cones  Steei Cones

Color:

Gre;

Principel Ures:

HE charge

Method of Loeding:

Cast

Losding Density: gm/cc

Sragment Velecity: ft/sec
Ar9 ft
At 25% ft

Dersity, gm/cc

1.81

Storege:
Mathod

Blast (Reletive to TNT): (a)

Alz  3.25" diameter sphere
Peok Pressure A psi Catenary 25.5
Impuise NFOC Pendulum 20.6

Cnergy ce-oe

Ale, Confined:
imgsise

Under Weter:
Peck Pressure

Impulse
Energy
Undergreund:
Peck Pressure
Impulse
Energy

Hazor! Zlass (Quontity-Distance)
Compatibility Group

Exudation

Clasa 9
Group I

None
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AMCP 705-177 HBX-1: HBX-
r—.
The Stability of HBX Compositions Made With and
Without Desiccants Containing Added Moisture *
Molsture Acidit 100°C vac Stab Teat scopiol
Explosive g 4 cc gas Hours R
2081t Lon : .
Couposition | % 1% .
= i ;
| Standard HEX-1 ' 0.73 ‘ 0.011 0.47 Lo +2.98  +1.13
' T40.2% moisture ! 0.68 Lo
" 40.4% moisture f ; . 0.62 Lo !
+0.6% woiscure ! ' 0.50 4o :
| HBX-1 without Cacl, ' 0.00 . 0.029 0.3 L0 -0.06  -0.25 j
+0.2% moisture : : 0.25 Lo :
+0.4% moisture ; 0.23 Lo :
+0.6% moisture 0.27 Lo
HBX-1 with silica gel  0.06 - 0.03t 0.73 Lo +0.08  +0.04 ' ‘
_
Standard HBX- 0.5k . 0.0i2 0.45 ko +2.01 +0.31
. 2% molsture ! 0.k7 %o
+0.4% moisture 0.43 Lo
+0.6% moisture 0.41 Lo
HBX-3 without CaCl, 0.02 ) 0.049 0.46 Lo -0.06 -0.29
m.gz moi. ture 0.26 ko
+0.4% moisture 0.26 Lo
+0.6% moisture 0.20 Lo
HEX-3 with silica gel 0.0k 0.100 0.4s Lo +0.09  +0.05 : '
Standard -6 0.71 0.017 0.47 Lo +2.01  +1.77
.2% moisture 0.88 Lo
+0.4¢ moisture 0.63 Lo
+0.64 moisture 0.65 Lo
H-€ without Ca 0.03 0.082 0.9 Lo -0.06 -0.25
+0.23 moisture 0.1 Lo
+0.4% moisture J2.25 ko
+0.5% moisture 0.23 Lo {
) H-6 with silica gel 0.05 0.028 0.43 Lo +0.09 +0.0€

* A1l samples were ground to 20/100 mesh size, T days before tests. 3ilica gel used wes
Fisher ~ientific Company, Lot 541492, through 100 mesh U. S. Standard Sieve.
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__— I AMCP 706-t77

Preparation:

HBX explosive mixtures are prepared by melting TNT in a steam-jacketed melt kettle equipped
with a mechanicel stirrer. Water-wet [ JX is added slowly with stirring and heating until all
the water iz evaporated. Aluminum ies added, and the couposition is stirred until uaiform.

D-2 wax and calcium chloride are then added. The desensitizer wux, also known as Composition
D-2, consists of di¢ paraffin and other waxes, 14% nitrocellulose and 2% lecithin. The mixture
18 cooled from approximately 959 to 100°C to a tempsrature considered suitatle for casting

(the lowest nrecticable pour {emperature). HBX can also be made by 2dding the calculated
cmount of TNT to Composition B to outain tbe desired proportion of RDX/TNT. The appropriate
weights of the other ingredients are added to complete the mixture.

P A R

Origin:

Developed during World War II, as relatively insensitive mixtures, by adding 5% desensiti-
. zer to Toroex II, for high blast explosive applicetions.

D LA 2o 20 B R P

References: 3

ve

. (a) 0. E. Sheffield, Blast Properties of Explosives Containing Aluminum or Other etal
. Additives, PATR No. 2353, Rovember 1956.

-

(b) s. D. Stein, G. J. Horvat end Q. E. Sheffield, Some Properties and Characteristics

.

< of HBX-l, HBX-3 aad H-6, PATR No. 2431, June 1957.

* o

M (¢) 1. C. Snitn and S. R. Walton, A Considerstion of RDX/Wax Mixtures as a Substitutc for
. Tetryl in Boostere, NOL Memo. 10,303, 15 Jume 19%9.

T (4) S. R. Walton, Renort on the Program to Develop an Improved HBX-Tvpe Explosive, FAVORD
. Report No. 1502, 26 July 1930.

4 - (e) A. W, 0'Brien, Jr., C. W. Plummer, R. P. Woodbuin and V. Philipchuk, Detonation

z Velocity Determinations and Fragmert Velocity _cterminations of Varied ?zlosive ESEM

Z aad Conditions, National Northern Corporatior Final Summary Report NNC-F-13, February 1558

' (Contract DAI-19-020-501-0RD-(P)-58).

* «£) Also see the following Picatinny Arsensl Technical Revorts on HBX Explosives: 1756,
; 2138, 2169.

‘

345es footnote 1, page 10.
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AMCP 706-177 HEX-24
Compasition: Molscular Waight: 47.6
%
Potaseium Perchlorate 3 Oxygen Balence:
(17 microns) Co: % -42
Aluminum, atomized L8 €O % -3k
(?0 microns) ) Appsrent 1.3
RDX (througn 325 mesh i6 A s
L S thonogh 100 mess) o RETa AV 0,000 pst 2.1
Melting Peint: °C
C/H Ratio , Freezing Peint: °C
Impact Sensitivity, 2 Kg We: Beiling Point: ‘C
Bureau of Mines Apparatus, cm --
Somple Wt 20 mg Refrective Index, nd,
Picotinny Arsenal Apparatus, In. 16 °
Somple Wt, mg 2L N
“D
:
Friction Pendulum Tust: Vecuum Stebility Test:
Steel Shoe Detonates cc/40 Hrs, ot
Fiber Shoe Unafiscted 90°C ----
100°C 1.25
Rifle Buliot Impect Teost: Trials 120°C
% .
o
Partials c
Burred 200 Grem Bomb Sond Teit:
Unaffected Sand, gm 12.5
Explosien Tempersture: °C Sensé jvity to InitieCion:
Secords, 0.} v~ > used) a-- Minir..... Deto~ating Chorge, om
1 ~—- Mercury Fulminote -
5 520 Lead Azide 0.20
10 Tetryl 0.29
|
20 Ballistic Morter, % TNT:
Trouzl Test, % TNYT:
72°C internationc! Heot Test:
% Loss in 46 Hrs Plat. Dent Test:
Method
100°C Kee? Test: Condition
% Loss, ist 48 Hrs 0.15 Confined
% Loss, 2nd 46 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs Tone Brisance, % TNT
. - Detonation Rete:
Flammability index: Confinement
Condition
Hygroscepicity: % ione Charge Diamater, in.
Density, gm/cc
v T e l Rnte, meters/second
164
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HEX-2h AMCP 706-177
Frogmevietion Tost: Shaped Chsrge Etfoctiveness, TNT = 100:
90 mm NE, M71 Projoctile, Lot WC-91: Gloss Cones  Steel Cones :
Dersity, gm/cc Hole Volume
Charge Wt, (o Hole Depth
Totol Ne. of Frogments:
Caler: Gray
For TNT
For Subject HE
Principal Uses: HE filler for small caliber
3 inch HE, MAZAY Prejectile, Lot XC-S: projectiles
Density, gm/cc
Charge Wt, Ib
Totel Ne. of Frogruents:
Methed of Losding: Pressed
For TNT .
For Sutject HE
Loading Density: gm/cc
' Voleckty: f1/-ec Pressed st 20,000 psi 2.1
At 9 ft
At 25% ft Sterege:
Density, gm/cc
Mathod Iry
Slest (Refative te TNT): Hazard Class (Quantity-Distance)
Ale: Compatibility Group
Peck Pressure
Impuise Exudoation None
Energy
S.atic Tests:
Alr, Confined: 20 mm T21SEl Prolectile:
Impulse PA Peak Pressure, psi 55
NFOC 20" Blast Cube Ly
Under Wator: APG 24" Blast Cube L
Peck Pressure Static Tests:
Impulse mm Projectile:
Energy HEX-2h Tritonsl Torpex
Foxboro psi 12 12.4 13.0
Undorground: Catenary psi k Py —ane
Peuk Pressu D.u‘ation, microsec 533 caca cews
‘ APG 24" Blast Cube 36 24 32 3
Eneray Heat of:
Flaze Temperature, % 2552 Combustion, cel/gm L197
Activetion Energy, kcal 20.4 Explosion, cal/gm 1456
Temp, °C 450 to 570 Gas volume, cc/gm 159
Specific reaction
rate, k 1.6h x 1075
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AMCP 706-177 M=Kk o,
S
Compasition: Moleculer Weight: W76
%
Potassium Perchlorate 32 Oxygen Balance:
(17 microns) CO. % 42
Aluminum, flaked (1 micron) L8 €O % -3
RDX (through 325 mesh) 16 -
Acphaltum {through 100 mesh) I Dmﬁ!s 33\455 EA;PBSSG& g 3
Melting Point: °C
C/h Rotio Froezing Point: °C :
’ Impect Sensitivity, 2 Kg We: Boiling Point: °C .
: Bureou of Mines Apparatus, cm ___.' '
Sample Wt 20 mg Refroctive index, n2 .
Picatinny Arsenal Apparotus, in, ° .
Somple Wt, mg P .
n%
Friction Pendulum Test: Vacuum Stability Test: ;
Stee! Shoe Partially detonates cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C ----
100°C 1.52
Rifle Bullet Impoct Test: Trials 120:C
Exolosi % 135°C
xplosions s
Particls 150°C
Burned 200 Gram Bomb Sond Test: :
Uraffected Sand, gm 23.7 . *
Explosicn Temperoture: *C Sensitivity to Iniviation:
Seconds, 0.1 (no cop used) ~=--- Mimmum Detonoting Charge, gm
! it Mercury Fulmingte coma
5 5h5 Lead Azide 0.20
10 Tetryl 0.25
15
20 Ballistic Morter, % TNT:
Trauzl Test, % TMT: -
75°C Internstional Hect Test:
% Loss in 48 Hrs Plate Dent Test:
L Method
100°C Moot Tost: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detonation Rete:
Flammebility Index: Confinement
Condition
Hygroscopicity: % Charge Diometer, in
Density, gm/cc
Veletiliy: Rote, meters/second
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HEA-43

AMCP 706-177

Fragmentetion Test:

90 mm HE, M71 Projectile, Lot WC-91:
Density, gm/cc
Charge Wt, 1b

Totel No. of Fragments:
For TNT
For Subject HE

3 inckk HE, M42AY Projectile, Lot KC-5:
Density, gm/cc
Charge Wt, Ib

Totel No. of Fregments:
For TNT
For Subje t HE

Sheped Charge Fitectiveness, TNT = 100:

Gloss Cones  Steel Cones
Hole Volume
Ho'e Depth
Color: Grey

Principel Uses: HE filler for smell celiter

Frogment Velocity: ft/sec
At9 ft
At 251 fr

Density, gm/cc

Blost (Reletive to TNT):

Alr:
Peak Pressure

Impulse
Energy

Air, Confined:
Imgulse

Under Waeter:
Peck Pressure

Impulse
Eneigy

Underground:
Peck Pressure

Impulse

Energy ,
Tlame _erperetire, =X

etives o roers . kool

et L resetion
rEte. K

o \
Lemp. PRV

Static Tests:
Z0 mm MJ7 Pro ectile:
HEL-L2
Fostoro pei 1T.§
Catenary psi L3
uration, microsec 517
APG 2L Blast Tuve 29

Vet ofs

Jom: .8%ior, c&l’cm
Lyplosicrn, cal wn
wg Vol e, rcoor

projectiles
Method of Loeding: Pressed
Loeding Density: gm/cc
Pressed at 20,000 1.62
Storege:
Method Dry
Hozord Class (Quontity-Distance)
Compntihility Group
Exudation None
Static Tests:
20 mm TOLDEL Pro'ectile:
PA Peek Pressure, psi 77
HFOC 20" Blest Cube ks
APG 24" Rlast Cube L2

P Tetr;1
zZz 3 5

c

23 23
560 530
.- 10

4119
173
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AMCP 706-177° HEX-48

Cook-0ff Tests: (¢)
20 mm T21SEL HEY-48 Loaded Projectiles With Dye-Ccsted RDX Top-Off

Projectile No. = Cut-Off Temp. °C | Cook-02f

1 ' 170 Yes (198)

150 ! No :

2
3 155 { Yes (190)
b 150 to 175 Fo

National Northern Projectile ILoed:
! MOX-2B (no top-off)

i MOX-2B (Tetryl top-off)
| MOX-2B (97/3, RIN/vax top-off)
MOx-2 (no top~off)

Fragment Penetration Tests: (c)

Avg. No. of Penetrations per
Rouand in Zone EEU-T@

0.0ko" 0.051"

Projectile Altitude, Feet

|
]
:
T215E1 | Ground f 26k 282
' 60,000 : k2 B8

Ground Y290 235

60,000

Ground (3 268 22u
60,000 612 264 256

The fragment penetration test records numbers of completc penetrations of sluminum pancls
of various thicknesses at 2.5 feet from the static detonation. The total penetrations recorded
on the 24ST-3 sluminum panels occurred with the projectile nose always pointed ‘oward C° end
the base toward 180°,

The test data indicate that on the thicker panels, 0.040" and 0.051," the EEX-48 loeded
T215E1 projectile produced more comple e fragment penetrrtions at ground and altitude than
MOX-2B loaded TR82E1 end EXB Mod O projectiles.
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HEX-24; HEX-U8 AMCP 706-177

BRI I

Preparation:

The HEX compositions were prepared b): blending the appropi.iate weight of the dry ingredients
in a Patterson-XKelly twin-shell blender for &t least 30 minutes.

se v e g me

.. alternate procedure for 100 to 200 gram batches used a "Cradle-Roll" mixing device.
This device consisted of a half-barrel type container constructed cof woud and lined with an
electrical conductive meterial. A plastic roll was allowed to move over the ingrediente by
remote control action of the container. The roll action prevented ceking of the mix but had
no adverse effect on the particle size of the ingredients. The period of time required to
obtained & uniform and intimate mixture was approximately fifteen minuteo.

P

origin:

The development of "slow-burning” explosive mdxtures which would produce increased blast

effects in enclosed or nearly enclosed spaces directed attention to their use for possible

. military application. In 1950 Picatinny Arsenal developed & high capacity filler for 20mm
projectiles consisting of 85/10/5 RDX/aluminum/desensitizer which wes more powerful than stan-
dard tetryl filler. However, in comparison with MOX type explosives, there was little doubt

H as to th. wperior performance of the MOX mixture. HEX (Elgu nergy egploeive) mixtures were

developed at Picatinny Arsenal in 1953 (Ref &) as superior high bi. t compositions suiteble

; for use in smaell c¢aliber projectiles.

Rcterences: 33

s

3

. (a) 0. E. Sherfield and E. J. Murray, Development of Explosives—Metallized Explosives—
High Blast Fillers for Smell Caliber Shell, Picatinny Arsen 1 Memorandum Report No. MR-49,

£

December 1953.

-

. . (b) 0. E. Sheffield, Properties of MOX-Type Explosive Mixtures, PATR No. 2205, October
’ 1955.

(¢) National Northern Corporation, Le. "er from Dr. C. M. Seffer, Jr., to Commanding
Officer, Picutinny Arsenal, 12 June 195
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See footnote 1, page 10.
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AMCP 706-177 24,02, L o' Hexanitro-oxanilide (™)
Compouition: Moleculor Weight: (c“},‘(v\;;ugw)
% N : e
¢ 33.0 “ ! Oxygen Balance:
“ T CO: % -53.t
H 1.2 e N €0 % _ - 0.8
N 2Ly oX ‘ SR Density: gm/cc
° 43.9 ! Malting Point: *C Decomposes 302
C/H Ratio 0.797 o, Ili(JL‘ Freezing Point: “C
Impact Sensitivity, 2 Kg W: Boiling Point: “C
Bureau of Mines Apparatus, cm ==
Sample Wt 20 mg Refractive index, n2
Picatinny Arsenal Apparatus, in. 15 o
Sample Wt, mg 12 Nz
ng
Friction Pendulum Test: Vacuum Stability Test:
Stee! Shoe Unaffected cc/40 Hrs, at
Fiber Shoe U.affected 90°C
100°C 0.40
Rifle Bullet Impeact Test:  Triais 120°C
% .
Explosions :35‘C
Partials 50°C
Burned 200 Grom Bomb Sand Test:
Unaffected Sand, gm 52.1
Explosion Tcmperature: °C Sensitivity to Initiation:
Seconds, 0.1 (no cor used) -~ Minimum Detonating Charge, gm
! -- Mercury Fulminate -
5 35 Lead Azide 0.30
10 Tetry! 0.25
15
20 Bollistic Mortar, % TNT:
Trauzl Test, % TNT:
75°C Internatiosal Heot Test:
% Loss in 48 Hrs Piate Dont Test:
Method
100°C Meet Test: Condition
% Loss, Ist 48 Hrs 0.07 Confined
G5 Loss, 2nd 48 Hrs 0.05 Density, gm/cc
Explosion in 100 Hrs llore Brisonce, % TNT

Flammability Index:

Hygroscopicity: % 2590, 307 i

vut

Voletility:

Detonction Rate:
Confinement

Condition
Charge Diamete:, in
Density, gm/cc

Rate, meters/second
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2,4,6,2",4',0" -Hexani tro-oxanilide (HNO) AMCP 706-177

Frogmentation Test: Shaped Chorge Effectiveness, TNT = 100;

90 mm HE, M71 Projectile, Lot WC-91: Glass Cones  Steel Cones
Density, gm/cc Hole Volume
Charge Wt, 1b Hole Depth

.
g P e Wy e v oA

Total No. of Frogments:
For TNT
For Subject HE

Color: Almost white

Principal Uses: Igniter powder; pyrotechnic
: 3 inch HE, M&2 " Projectile, Lot KC-S: compositions

: Density, gn “=2
Cha: -e Wt, .b

P N T

Total No. of Frroments:
For TNT
For Subject HE
' Loading Density: gm/cc
Fragment Velocity: ft/sec

. A9 fr
At 2514 ft Storage:

Density, gm/cc

Methed of Loading: Pressed and extruded

Mettod Dry

Blast (Reletive to TNT): Hazard Class (Quantity-Distance) Class

Air: Compatibility Group
Peck Pressure
Impulse Exudation lone

-

Energy

Air, Confined:
impulse

A oh e w oy

! Under Water:
Peak Pressure

Impulse
Energy

. Underground:
. Peok Pressure

. . Impulse
Energy

17
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AMCP 706-177 2,4,6,2' 4,5’ -fexani tro-oxanilide (HNO) .
-
L)
Solubility in the following substances: .
Solvent }
i
Ni trobenzene <3 gm in 100 ce, at 23°C ~ S gm in 100 cc, at 210°C {.
Water 0.10 gm in 100 cc, at 100°C
Alcohol (Ethyl) Insoluble . C
Acetone Insoluble
Benzene Insoluble
Butyl acetate Insoluble
Carbon tetrachloride Insoluble
Dimethylformamide Very scluble
Ether (Ethyl) Insoluble
Acetic Acid Insoluble
Nitric Acid Soluble
Crystalline form Long rectangular glistening plates from nitrobenzene
To prepare hexanitro-oxanilide, first prepare tetranitro-oxanilide as described herein .
under the entry "2,4,2',4'-Tetranitro-oxanilide (THNO)." ' :

A 1.5 liter round bottom flask is eguipped with a stirrer of the type which causes a down-
wvard swirl. The flask is jacketved for hot and cold water. 187 grams of nitric acid of speci-
Tic gravity 1.49 (commercial grade) is placed into the flask and 100 grams of sulphuric acid
is added to the nitric acid under egitation. T™:c mixed acid is coole? to 10°C. 29.2 grems of
tetranitro-cxanilide is slowly added to the mixed acid under rapid agitatiou maintaining the
tempersture at 80-100C. After the addition of the THG is completed (approximately 25 minutes)
the temperature is raised to 85°C over a period of 2 hours and held at £50-9007 for one hour.
The hexanitro-cxanilide (HNO) "slurry" is filtered on a Euchrer funne) and purified 8s cx-
plained under "Tetranitro-oxanilide.”

Origin:

A. G. Perkin in 1892 obtained hexanitro-oxanilide directly by heating to boiling a soluiion
of tetranitro-oxanilide in e mixture of sulfuric and nitric acids. He also prepared the same
compound from oxanilide by the action of a boiling mixture ->f fuming nitric and sulfuric acids
(J Chem Soc 61, 462 (1892;).

&

References: 36

(e) L. Gowen and R. Dwiggens, Case Cun Ignition Studies, NAVOED Report No. 2321, 13 June
1952.

(b) D. Dubrow and J. Kristal, Substitition of Tetranitro Oxan.lide and Hexanitro Oxanilide
for Tetranitrs Carbazole, PA Fyrotechnic liesearch LAboratory Repoit S4-TF1-83, 2 December 1

(¢) s. livingston, tion o, Tetranitro Cerbazole. PA Crenical Res-uvci; Laborater:
Report 136,330, 11 April 1951,

(a) s. Livingston, Development of Improved Ignition Type Powders, PAT: No. 2267, July 19 4.

PSee footnote 1, page 10.
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g beta-BMX (a AMCP 706-1T7
; e c-g;--lu: k Meleculer Welght: (¢ ighp0g} 296 _I i :
{ ¢ 162 0 N=K ~R—no, Oxygen Blance: . e
* | [ = CO: % . -21.6 ! \
» B 2.7 Hg CH, CO % 0.9 ¢ i
Ly "y & e :
‘ E N 3.0 08 = "\( §—Ho, Deselty: gm/cc Crystal 1.90 .
: 0 h3.2 2 Molting " Clpiuu-y‘ method"
: C/H Ratio 0.095 Freatiag Feint: *C
]
s leapact Sonsitivity, 2 Kg Wr: _ Beiling Polai: °C
: Bureou of Mines Apparatus, cm 32
1. Sampie W 2C mg Refractive Index, nd
: Picotinny Arsenol Apparatus, in. 7 °
s Somples Wt, mg 23 Nas
0 %
~ e Poadulem Tost: Vecuum Stehility Test:
: Steel Shoe Explodes €c/40 e ot
;e Fiber Shoe Unaffected 90°C
B - 100°C 0.37
. Risle Bullet Impect Tost:  Tri
.y ':" 120°C 0.45
3 . .e
. Explosions 135°C
. Portiols 150°C 0.62 |
v Burned 200 Grom Bomb Send Tost: ;
i Unoffected Sand, gm 60.4 i
“ ! ¥
! Lrpk ow Tensporatuie: < Sensitivity to lnitintion: 2
R Seconds, 0.) (no cop used) 300 Minimum Detoroting Charge, gm i
z ¥ .- Mercury Fuiminote ’
: 5 27 Leod Azide 0.3
; 10 6 Tetryl
, 15 .-
. 20 - Bollistic Mortar, % TNT: 150
: Travsl Tost, % TNT: 145
- e 75°C intornstione! (foat Test:
roel - % Loss in 48 Hrs Plote Dont Teit:
. Methor
¥ o
. 100°C Moot Tont: Cendition
9% Loss, Ist 48 hrs 0.05 Confined
- : % Locs, 2nd 48 Hrs 0.03 Dercity, gm/cc
T o Explosion in 100 Mrs Kone - Brisariiy, % TNT
'. Detonstion Rete:
. Viemmebility Index: Cenfirment
o ol . Condit'un
. - H . .
. : 309, 95% Rl () 0.00 CMr?o Diumeter, in.
. v Dersity, gm/cc 1.54
: sloriiey: Rate, meters/second 9124
»
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AMCP 706-177

OKS.CO

beta-HMX

* Bonstur-Senshivity Test:
Condition

Tetryl, ym

Wax, gm
Density, gm/cc

Wax, in. for 50% Detonation

Moot of:
Combustion, cal/gm

Explosion, cal/gm
Gos Voiume, cc/gm

(e)
(o)

Specific Heet: cal/gm/“C

X
85
90
100
125
150

Decompesitioa Equetion: (9.7
Oxygen, otorms/sec. w0
(Z/90¢)
Heat, kilocalorie/mole s5e.7
{AH, keol/mol)
Temperature Ronge, *C 2mn-nkh
Phase Liquid
Armoe Plate impeact Toot:
60 mm Morter Projoctile:

$0% Inert, Valocity, ft/sec
Aluminum Fineness

500-Ib Generel Purpese Bombs:
Plate Thickness, inches

1
1%
1%
1%

col/sec/cm/*C

-

Covthiciont of Exponsion:
Linear, %/°C

Vnlume, %/°C

| Mrdnser, Mehe’ Scale:

()

2.3

Yeung's Madulus:
E, dynzs/cm?
E, Ik inck<
Dunzity. gm/ec

Compoasive Stcength; 1b/inch®

Veper Pressure:
*C

mm Mercury

Bomb Drep Toat:
T7, 2000-% Semi-Armer-Plorcing Bemb vs Concreate:

Max Sate Drop, ft
300-1b Gensre! Purpess Bomb vs Concrete:

Height, ft
Triols
Unaffacted
Low Ordaer
High Order

e 2Ad Gonaral Purpese Bemis va Concrete:

Haeight, ft
Triais
Unoffe.re:
Low Order
High Ordor

()
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sultable for use Vith mjXtu-es conwainin

N~ AMCP 706177
Preparation: (b) %o
. ' 2
]
wz/ ﬁ \ cua Cﬂe—l —-Cﬂ2 Cﬂz ). ] w2
Y ' ' \ ON—X N —XO,
CH,, — O 8—N ci, N—¥O, —» 2 | &’ 2
% | ({ A, —N—,
@;2/ \0{2 ¥ s— K —CH, ]
ll/- \K K0,

Two men are required to regulate the addition of resgents snd control the temperature dur-
ing the initial stage addition; one w'n can complete the procedure. A i-liter S-necked flask
i8 used, the center neck for an efficient stirrer, onoe side neck for a thermometer, and the
other necks for burrettes and a gas outlet (to water tran). The flask is placed in a pan vith
steam and cold wvater inlets, for temperature control.

Five cc of acetic anhydride and 250 cc glacial acetic acid are poured into the flask and
the temperature brought to 45 + 1°C, and Leld there for the duration of the entire reaction.
The reagents (& solution of 33.6 gm hexamine in 55 ga of glaciel acetic eacid, 100 cc of ace-
tic snhydride ard k0 cc of a solution of k2.3/57.7-ammonium nitrste/96% nitric acid) are then

added simu!tanecusly, continuously and equivalently over a 25-minute period. The resction
mixture is aged 15 minutes.

The second stage resgents (60 cc of 42.3/57.7, emmonium aitrate/98% ritric acid and 150 cc
acetic anhydride) are then added simultsneously, continucusly and equivalently over & 25-min-
ute period. The mixture is aged 65 minutes, poured into 1.5 liter of water and simmered on &
gtsam bath for 12 hours. Coocl, filter and ary the RIX-HMX precipitate (yiela 73§ BMX).

The RIX is destroyed, leaving HMX, as follows: 1025 am <2 ine crude profuct are placed ir
a solution of 15 gm sodium tetrabcrate decahydrats in 5 liters of water, heeved to boiling
vith agitation, and 5 ¥ NeOH added at the rate of 3 cc/min. When sbout 730 cc have beern added
the p¥ increases sharply from & littie uver 5.7 tc aver 9.7 vhich corresponds to complete
destruction of the . Filter thr. EMX from the hot mixture; yield 612 gm, mp 279.5°-260.5°C.
Recrystallizetior from nitromethane yields material nelting at 281°-282°C.

Origin:

Was diicovered ss an impurity (by-product) in the nitration o. hexsmethylene-tetrumine to

form RTX. It is now ssnufactured direstly by the proczss described above and has valuablie use
in exylics.ve systems.

Removal of RIX from IBX-°TX Mixtures and Reco

of & RDX-IMY Mixiure f’mil procudure sppears
g B0% or more BMX):

175
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AMCP 706-177 beta-HENX
Proceduire:

500 grema of W coutaining 12.25% RIX sre placed in a 1500 cc beaker, 500 cc of acetone
is addad and the slurry is sgitated for several minutes at room temperature. Before complete
settling, the DX.HMX-acctonc solution is decanted.

To the residusl HMX-RDX, another 5J9 cc of acetone is added. The slurry is heated va the
steambath and vhile toiling, agitated for severel minutes. The bolling RDX-HMX-acetone solu-
tion is decanted. The residusl EMY is nov washed vith cold acetoie into a funnel. This HMX
is nov taken up in 95% alcohol, filtered and dried. Yield 353.9 gm or 70.78%.

All the acetone extracts are combined and eveporated to dryness. Yield 137.5 gm or 26.5%.

Yield Banlance:

Pure HMX obtained - 353.9 gm T0.78%
Total RIX-BMX wixture recovered -

137.5 em 26.50%
Samples tuken during process -

2.4 g 0.484
Loss auring process 2,244
Total 100.00%

Yarious o8 were gzed for RXD content:
1. Crude HMX 12.25% RDX
2. After first acetone wvashing 6.0% RDY
3. After second acetone washing 2.0$ BRIC
&4, After third acetone vashing 0.0% P
RIX-BMX sample recoverea 5h.5% RDX

B2 sparation of " ine Perticle-size MMX by che Aspirctor dethod:

1. ILisscl e 1100 gm BMX in 4400 ce of dimethyl sulfoxide.

2. Filrer the HMX solutionm.

3. Comrsct a clean aspirstor to thr weter line.

k. Plece a 55 gallon clean drum urder the aspirator.

5. Faszlen a polvethylene tubirg, long enough to reach easily to une bottom of the RAMX-

dimethyl sulfoxide c:mtriner, to the side intake of \he aspirator.

£. TPasten to the bo(tom of the aspirator another poivethy.ene tube long enough to reach
to the bottom of the 55 gallon drum.

« Open the wvater fuucet and then place the polyethylene tube in the HMX container. ‘

. Uhite milly fine HMX separates cut in the drum. Total duration of run is approximately
T siautes.

9. After all the EMX solution is sucked cut of the container, the - .ter i3 turned off.

10. The material ic Tiltered and water washed.

ii. If dry HMX is roquired, the material « n be slcohol and ether washed.

(o~}

Akm efficient method to recover the RDX-HMX mixture:

1. Filter the combined hot acetome extracts.
2. Pour vhile agitating the filtered extracts int~ at least L timec its volume of water.
3. Filter and dry, etc.
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~ veta-BEX AMCP 706177
coter: . cenn
white ; ) -

Storege: : B

Nethod ixy o
A Hazard Class (Quaut’ty-Distance) Class 9
Compatidbility Group m a ia‘:{ A
. Erudation Noue
References: 37

(\) 0. B. Sheffield, B. J. Murrey, A. L. Fosen and B. V. Kanouse, Properties of HEX, PA
Chesii m1 Research laboretory Report No. 52-T¢1-23, T April 1952.

(v) W B Beclaamn, The Preparetion of WMX, CSRD Repert No- 1981, 3 November 19h3.

9"(ca) 9. Livingston, Charecteristics of Explosives BMX 1nd IFERN, PATR No. 1561, 6 September
1945,

(d) R. J. Finkelsteln and G. Gssov, Theory of the Detonation Frocess, NAVORD Report No.
90=b6, 20 April 1947, ;

’e) 0. H. Johnson, HAX as a Military Beplosive, NAVORD Report No. 371, 1 October 1956.

»
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-~ () Also see the following Ploatinny Arsenal Technical Reports on BMX:
| ~ X 3 § 1 9
L 17ha 2283 2016 1737 1709
, 2055

(g) C. Lenitsz, W. Bawch and R. Valicky, BEn s, Heat of Fusion and 1fic
Best of Besic Explosives, PATR No. 250k, Japuary ;ﬁ .

375ee footnote 1, page 10.
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AMCP 706177 HDA-3
C?oﬂa: Melecular Weight: 9
4 Oxygen Buesunee: _
| ™ ? Co: % -5
™t 29 €O % -7 .
Alusirum 22 Denelty: gm/cc Cast .90
Kialting Polet: °C
C/H Ratio Freeziog Peiat: °C
lmpoct Sensltivty, 2 Kg Wr: ‘Belitae. Velat: *C
Bureau of Mires Apperatus, em .o - —
Sample Wt 20 mg Rerractive Iniax, =S
Picatinny Arsenal Apporotus, in, 17 °
Sample Wi, mg : .25 [ H
‘ ng
Friction Pondulum Tast: . Vecy-.a Stebility Toot:
Steel Shoe Unaffected cc/ 20 Mrs, o*
Fibe- Shoe Unaffected 90°C .
o - 190°C e
Rifts Sullet Impect Tast: 10Trials, % 120°C 0.77
€" Steel M *
. ﬂ_ la—u ‘350c
i » 150°C
Partials ne -
Bumed 10 - 200 Geom Bomb Send Tecr:
Unaffects 0 50 Sond, pm 61.3
Exglosion Temperoture: °c Seesitivity to Initietien:
Seconds, 0.1 (no cop used) e Minirr um Detonating Charge, gm
1 —— Mereury Fulminate -
5 Flames erratically 370 LecZ Atide 0.%
10 Tetryt P
a5 - .
20 Beifistic Mertar, % TNT: 120
Treus! Tost, % TNT:
75°C intornstions! Heat Tent:
9% Loss in 48 Hrs Plots Dent Toot:
Mathod
100°C Koot Tost* Conditiun
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Ouronation Rote:
Flommebility Index: Confinement None
Condition Tast
Hygrescopicity: % Chorge Diometcr, in. 1.0
Density, gm/cc 1.9¢
v y: Rote, meters/second 866
178

()

P

-

SRR




Py

PuppEINE e saegirs St R TSR RS L S S IR ol 2R o 2 ot SR s SR A e RY A R PRI T AT LA A 4 o dne A Ann dn i o

.
.t E B e BT W VL Al G W W WL

P

e

~

o,

AMCP 706-177

> Bewiter Sesaitivity Teot: Decomposition Eyuation:
Tetryl, gm (Z/33¢
Heot, k:loenlorie/mole
Wax, in. for 50% Detonation (&H, m:;‘mol)/
Wax, gm Temperoture Range, *C
Dersity, gm/cc Phase
- —_— ——
Comtuation, cot/gm 3687 s lmpoct Tout:
Expic: lon, cal/gm 119 66 mm Morter Projectile:
Gor Volume, cc/gm 660 S0% Inert, Velocity, ft/s.c
Formation, col/gm e Aluminumn Fineness
Fusion, cal/gm
3500-1 Generel Purpose Bombe:
Specific Heat: cal/gm/C
323 to ?hpc 0.2k5 Plote Thickness, inches
1
1
1%
1%
Bumning Rete:
cm/%c -
Bomd Drop Tese:
Thermel Coaductivity:
cal/sz/em/*C T7, 2000-1b Semi-Armer-Piercing Bemb vs Concrote:
Coetficiont of & . Max Safe Drop, ft
Linear, %/°C _ 500-1 General Purpete Borst vi Concréte:
Volume, %/°C Height, ft
Trials
Herdaoos, Moh. lealn: Unaffected
Low Order
Y ‘s Medubei:
oveet High Grder
€, dvnes/cm®
E, b/inch? 1000-1 Gene:el Purpots Bomb vs Cencrete:
Density, gm/ce
Heighe, ft
Compressive Sirongth: Ib/inch* 2260 Trials
Yee below UnaHected
Veper Prosture: Low Order
' mm Mercury High Order
Compressi/e Strength: lb/inch *
*‘_’eﬂ@r(' 0 tests) 2260 Uliimate Deformation: 3
}I{;g'h §3£ Pverage (10 tests) 2.61
High 3.22
Low 2.52

# Tegt specimen 1/2" x 1/2" cylinder {wpproximetely 3 gm) pressed at 2 tons (6,000 1b) totel
load or 30,000 pei with @ 2 minute time of dwel’.
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AMCP 706-177

Frogmentation Taet:
¢ 90 mm NE, M71 Prajoctile, Lot WE-91: Gloss Cones  Stee! Cones
S Density, gm/cc Hole Vohsne
- Charge W, ib Hole Depth
Teotal Neo. of Frogments: Gra
Coler: Y
For INT
For Su sject HE
Priacipel Uses: HE projectile and bomb filler
3 inch HE, VA2AT Projostilo, Lot KC-S:
Dersity, gm/cc
Chorge Wt, b
Tetel Neo. of Fragments:
: Mothed of Looding: Cast
For TNT
For Subject HE
Loading Denslty: gm/cc 1.90
Frogment Velealty: ft/sec
A9 #t —
At 25% Serege:
Deruity, gm/zc
Mathod Ly
) Biact (Relotive t2 TRT): Hazord Class (Quantity-Distance) Claas 9
Aln Compotibility Group Group I
. 'gok Pressure
impuiss Exudation None
Energy
A ‘ Nork o Frodsce fup ve: telb/inch3 #
Impuise Averags ([iv vests) 2.1
High 3.3
Uader Wetar: Lov 2.k
Peok Pressure .
Impulse 2fflux Viscosit', Smyinlt Seconds: 24.8
Energy
Us.dergeound:
e e Peck Pressure
impulse
Energy
#Test specimen 1/2" x 1/2" cylinder (approxi-
mately 3 gm) pressed at 3 tons (6,000 1b)
total loed or 30,000 psi vith a 2 minute
time of dwell.
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AMCP 7¢° 117
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e

Modulus of Elasticity: *

'

Tt/toche §
Average © 89,200 ' |
i Bigh - 97,400 ] k A .
l Lov ©16,30 !

# Test, specimen 1/2" x 1/2" cylinder (approximetely 3 gm) pressed at 3 tons (6,000 1b)
total load or 30,000 psi with a 2 minute time of awell.

1
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Setback Sensitivity Test:  (a)
. Criticel Pressure 119,000 pei *
Density, gm/cc 1.92

* Pressure belov vhich no initiation is obtained and abeve which an increasing
percentage of initiations cen be expected as the setback pressure increases.

Ereparation:

Procedure similar to that used for Torpex. P
Refersnces; 38 .

{a) 1st Indorsemsst from Chief, Explosives Deve t Section, to Chief, Explosives
:r;’::-as‘szcum, Picziinny Arvsenal, dated 12 May 1953. Subject: "Properties of Octols

(b) R. Brown sn& R: Velicky, Heat Cepacity of HTA-3, Picstinny Arsenal Genersl laborstory
Seport No. S8-EL-509, 5 May 1959. .

.
v

385ee footnote 1, pege 10.
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AMCP 706-177 Lead Azide :
. &?ﬂhz Moleculer Weight: (Pol,) 291 e
] j Ox, yen Seleace; :
. iy N 28. 8 C ).‘ % ‘50 5 :
e Nal= N—Fo—N=lmN cC % =53 :
b Pb 7.2 :
% . : Crystal 4,80 .
L Domsityrom/cc pexiriuated __ b.% :
Melting bint: °C Decomposes .
i .
e C/'M Ratio Feoezing Puint: "C .
Impact Sensltivity, 2 Kg Wr: Pure Dextrinated Belling Peint: *C X
Bureou of Mines Apporatus, cm 10 1T :
Sainple Wt 20 mg Refractive ledes, g -3
Picatinny Arsena) Apparatus, in. 3 g ° - -
Sample Wt, mg » 2 Ns 4
; n% it
Friction Penduben: Tosi: Vecuam Sesbiliey Toet: Dextrinated :
\ : Stee! Shoe Explodes cc/40 Hrs, ot U
i Fiber Shoe Explodes 90°C :
: 100°C 1.0 :
Rifle Bullst Impoct Test:  Triols 120°C 0.07 :
N \v % : = -
) o Explosions '31‘- 4
Partials e
Burrv.d 200 Gram Bomb Send Tost: , 5
- Viofiocred ij‘iﬁmm&.ﬁ_we 19.\ o,
Frplssion Tempereture: *C Scasitivity te Initiation: { ~
i Seconds, 0.1 (no cap used) 390 Minimum Detonating Charge, om L
} 356 Mercury Fulminate
5 Explcaes 3}‘0 Lead Azide
10 335 Tetryl
15 33
) ‘ 20 335 Bellistic Mortar, % TNT:
Trouxl Tost, % TNT: (q) 39 .
75°C International oot Tost: ’
’ % Loss in 48 H-s Plote Dent Test: .
: Method
: 100°C Haet Toor: Condition ..
% Loss, 15t 48 H-s 0.3 Confined .
% Loss, 2nd 48 Hrs 0.05 %-W, gm/cc
Explosion in 100 Hrs None Brisance, % TNT .
Detonstion Rete: Pure Zead Azide
Flommebiy Index: Confinement
. % Dextrinated lNot Dexirinated Condiﬁon' Pressed
W 3 0.8 "0.03 Charge Diamater, in.
Density, gm/cc 2.0 3.0 L.0
v : Rate, meters/second  4OTO 4630 5180
182
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N Lead Azide AMCP 766-177
Frogmentation Toot: Shaped Chorge Effectivencss. TNT = 108:
90 mm HE. M77 Projoctile, Lot WC-91: Gloss Coner utis :Cones
Density, gm/cc Hole Volume R
Chasge Wh, ib Hole Depth
Totel No. of Fropments: ' -
Color: -
For TNT , White-buff
For Subject HE
Principel Uses: Detonators, priming compoaitions,
. 3 inch A, MAZAT Projoctile, Lot KC-S: and comercial blasting caps
Dersity, gm/cc )
. Charge Wi, Ib
Teotal No. of Frogments: Methed of Loads sed
For TNT
: For Subject HE "
’ Lesding Demelty: gm/cc P81 X 10
22 5 10 15
'm Valocity: ft/sec 2. 2.n 2.96 3.07
At 25% h S e
Dersity, gm/cc
Mathod Vet
4 .
i 0| stest (Retetive te TNT): Hazard Closs (Quantity-Distence) Class 9
N Ale: Compatibility Group Group M (wet)
$ Peok Pressure
; _npulse Exudation None
é Energy
F Compatibility with Metals:
Air, Conflaed: -
' Impuise Dry iead azide doee not reect with or cor-
: rode steel, iroa, nickel, aluminum, lead,
. zinc, copper, tin or cuimium. I. does not
: MF Iv:.'" affect conti;xga of acid-proof tlack paint,
} ressure 0il, NRC compound or shellac. Lead azide in
[ impulss the presence of moisture corrcies zinc and
Energy copper; and with copper, it forms the sxtreme-
:, ly se-sitive and dangerous copper azide.
. Undorgronnd: Specific Heat: cai/em/°C
y Pack Pressure o0
‘: Impuise -50 0.110
s Energy 0 0.110
4 Heat of: 25 0.110
; Combustion, ce.}/gm 63 0 0-110
: Explosion, cal/gm 367 h . .
f Gas Volume, co/am 28 Thermal COnducoivi Lyt n
: Formation, cel/gm -6 cal/sec/cm/"C (Pure) 1.55 x 10

183
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CP 706-177 .
AM lead Azide —

Coupatidility with Netels:

Dey:’ Steel, iron, ni¢kel, fluminum, leed, zinc, copper, tin, stainless steel, brass and
broase vers unaffacted by aix years' contact with dry lead azide at embient texerature and
5050, MNemel, chrome-nfckel and Inconel vere unaffected under the seme couditions in iwo and
cne-mlf years.

Asevae v oor

Wet: Copper and zinc are repidiy sttacked by moist leed azide, while alumiuum is not
att5cEed 1n 2% bours. MNonel, chrome-nickel and Inconel ure not attacked by lead azide (§%
woisture) after £0 =onthe' exposure at ambient tempersture und 50°C, eud J-1 magnesium-elumi-
mm alloy is very slightly corroded.

PR DU ST PR SN

Leod Azide :
lesd Azide Lead Azide B
8 1ead Jzide 18 Tus [ v
! Susple Tested oy E\m 2of Wetar P
} . . . ‘
i Friction Penduium Test: o
: 2 (A1l IA dextrinated)
| fhoe Fiver Fiber Stesl  Fiber Stewl  Fiber Tl
i : :
‘ Bo. of irialc 1 10 12 1 b 1 :
‘ ~ Explostons 1 0 0 0 1 1 ‘
s Cresxlings 0 2 0 2 0 i
:: . Unsffected 0 10 10 b1 1 o :
Sensitivity, 2 Xg Wt .
(ALL IA dextrinsted) o~
- PA Apparetus, fuches & 9 9 ) (~ ,,,’é .
. Activetion Euergy: (e} :
Koal/mode ‘ 23.7h :
Induction Period, zeconds 0.5-10 :
Initisting Bfficien~v, Grems Required to Give Complete Initiations of: . :
Dextrinated Azioe {gm) :
™ 0.25 o
Tetryl 0.10 .
ROX 0.05 : .
PEIN 0.02 o
Sensitivity to Static Dis Joules (Pure Lead Azide) (b) 0.0070 :
184 .
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Lead Azide AMCP 706-177

Semple Wt (gn) Material e

1.0 " Lead Azide 0.50
1.0 Bleck Powder 0.38
2.0 50/50,1ead Azide/Black Powder 1.26
Solubliity of Pure Lead Azide; gn/100 gm of Vater:
X $
20 0.95

Praparation of l.ad Azide (Dextrinated): (du Pout procedure)

2B - Nw X=X 5o (W3)p— Po(N3), + 2 MO,

Iead nitrete solution: This s prepared by dissolving 154 lbs lead nitrate and 8.25 1b.
water, the solution 2llowed to settle, an® sodium hydroxide added to
drirg the solution to a pH of 5.k. The final concentration of the solution is then adjusted
t4 T.5% lead nitrate, U.375% dextrine by additic: of deionized water.

The lead azias 1s precipitated at a solution temperature of 160°F, using 60 parts lesd
nitrats and 50 parts sodium axide solution. The latter is added to the former in 23 minutes,
under agitation (no baffles are used in the precipitation vessel), the mixture cooled to room
tesperity - in 12 minut.a, and cllowved to settle 10 minutes. The acther liguor 1s decanted
and the remaining slurry wmshed defors packing.

- xiglos

Tirst prepared in 1891 by T. Curtivs {(Ber 2k, 3345-6) by adding lead scetate to & solution
of sodium or smmouium azide. F. Hyrocnimus (ﬁh Patent 38%,792) should be credited witn the
first attempt in 1907 %o uss lead azide with some success in the explosive industry. Its com-
mezcial mpufecture started in Buvje before World War IT and in the United States since 1931
as military or commercial grede "dexirinated” lead azide.

Destruction Chemionl De 4tion:
Lead azide can dbe decomposed by

(2} mixirg with st least five times its weight of a 10% solution of sodium hydroxide
and aliowing the mixture to stand for 16 hours. Decant the supernatant solution of sodium
azide and drain into the soil. )

(2) aissolving in & 10% solution of amecnium acetvate and adding & 10% solution of
éodium or potassium bichromste until no more lead chromate 1s precipitated.

(3) wetting with 500 times its weight of water, sloviy adding 12 times its weight
of 25% sodium nitrite, stirring, snd then adding 14 times its weight of 36% nitric or glscial
acetic acid A red color produced by the addition of ferric chloride solution indicates Lead
Azide 18 siill presert. N

~
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(k) aiesolving in 50 times its weight of 15% ceric ammoniua nitrate.

IVALEBOOKS.COM

Lead Azide

decoq;v.ad wvith the evolution of nitrogen.

ﬁttcreneu‘: 39

(s) Pb. Neoum, Z ges Sc

(b) F. W. Brown, D. H. Kualer and F. C. Gibson,

Schiess Sprengatoffw, 181, 223, 267 (&7 June 1932).

by Electrostatic Discharges, U. S. Dept of Int, Burcan o

(c) C. Lenchitz, Ice Calorimeter Determination of Enthalry and Specific Heat of Eleven

tallic

L

The azida 18

o

Sensitivity of locives to Initiation
nes, R -

4, November 7 55.

(a) Also see the folloving Picatinuy A~ se.al Technical Reports on Lead Azide:

e i
5% 561
s 861
600 1451
760 1651

1450

186

2

832
852

395ee foornote 1, page 10,

Fi
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L] 3

€3k 255

525

82k 1325

okl 1485
2164
2204

g
628

g8

788
838
1368

1528 -
1538

2198

2 ~
609
1S
49
769

8h9
999
2179
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Lead 2,L-Dinitroresarcinate (LINR) AMCP 706-177
c.rm: . Melecular Weight: (PbCgHoNnOg)  bOS
¢ 17.8 0 —_ mg;m .3
H 0.5 *
0 23.7 Pb .
M 511 0 — Demsity: gm/cc  orygtal 3.2
L Malting Point: °C
NO
C/MRostio 0.549 2 Freezing Point: °C
tmpect Senshivity, 2 Xg Wr: Beiling Peiat: °C
Bureau of Mines Apporatus, em 1 kg vt 0
Somple Wt 20 mg Refractive Index, n
Picatinny Arsenal Apparatus, in. o
Somple Wt, mg 20 fa
n3
Friction Pondulum Tost: Vecuum Stebility Teot:
Stes! Shoe ¢c/40 Hrs, ot
Fiber Shoe 90°C
: 100°C
Rifle Bullet lmpoct Tost:  Triols 120°C (73 minutes) Explodes
% l .
o
Portials
Burned 200 Gram Bomb Send Toot:
Unatfected méfm powder fuse 2
Explosion Tomperature: °’C Cansitivity te Initiation:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulmingte
S Explodes 265 Lead Azide
10 Tetryl
15
2 Bellistic Mortar, % TNT:
Trous! Test, % TNT:
75°C Internatic el Heot Toet: ———— .
% Loss in 48 Hrs Plste Denc
Metae
100°C Hoot Tont: Cordition
9% Loss, ‘st 48 Hrs .20 Contined
% Loss, 2nd 48 Hrs 2.02 %w, g /cc
Explosion in 100 Hrs None Brisance. % TNT
Deteastion Rete:
Flomenebility Index: Confinement
Condition
Wygroseopickty: %  30°C, 904 RH 0.73 Chorge Diometar, in.
Density, gm/cc
Velotility: Rate, meters/second
187
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AMCP 706-177 Lead 2,4.Dinitroresorcinate (LDNR)

Frogmentetion Toot: Sheped Charge Bffoctivensss, TNT = 109:
9 man MG, M71 Projoctile, Lot WC-91: Gilass Cones  Stee! Cones
Dersity, gm/cc Hole Volume
Chorge Wt, b Hole Depth
':m ’ Color: Red or yellow
For Subject HE
Priacipel Uses: Electric detonators
3 inch HE, MA2AY Projoctile, Lot XC-S:
Density, gm/cc
Chorge Wt, B
, Tetel Ne. of Frogments: Methed of Loodl Pressed
! For TNT
For Subject HE
Laediag Denslty: gm/cc
Feagment Vela, ¥y: ft/sec
A9 R
At 25% f Storepgs:
Dersity, gia/ec
Method Wet
Blost (Relative to TNT): Hozord Class (Quantity-Distonce) Class 9
Al Cormpotibility Group
Peok Pressure
impulse Exudation None
Energy
Ale, Confined: Initieting Efficiency: O.4 gm LINR does not
. impuise nitiate tetryl pressed at 3000 psi.
Under Weter: Heet of:
Pook Preseurs Explosion, cal/gm 270
Impulse
Energy
s
Peck Pressure
impuise
Energy

188
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To & solution of 5 grams of purifis’ “dnitroresorcin and 2.65 grams of anhydrous sodium
..  te in 500 cc of boiling wvater is a: " d slowly e solution of 10 grams of lead nitrate
wassolved in 60 cc of bolling water. The reaction mix.ure is constantly stirred during the
\iidition of the lead salt and for sbout an hour af'tervard vhile the solution is allowed to
¢ooi to room tempersture. The precipitate is filtered and washed thoroughly first with water
ad then vith alcobol & cther. It is dried in a steam oven.

Snigin:

&,b-dinitroresorcin was described in the 1881 edition of Beilstein (Beil vII, 885). The
same comgound was described in more detail by Weselsky, Benedikt and Ribl in 1882 (M IX, 323).
1 The 1sad salt of 2,4-dinitrorescrcinol eppears to have been prerared between World War I and
World War II by treating resorcinol vith nitrous acid and oxidizing the resulting dinitroso-
resorcinol to dinitroresorcircl. lLead nitrate solution was then added to a sclution of the
2,k-dinttroresorcinol to which sodium carbonate had been added to form the soluble sodium salt
) (3. D- Fopper, PATR No. 480, March 1934). The LTHR exists in two forms differing in physical
L~ charactesistics but possessing similer explcsive es. These forms are red and orange ~
' in color (K. 8. Varren, PATR 1448, Septesber 194k). '

»
N
,L
M
LI Lead 2,b-Dinttroresoreinate (LONR) AMCP 706-177
5 ‘ tion:
i
: . S
1 -
3 loa 302
{ + Po(NO,), —— o | P+ amo
OH < 3
}
NO, . (¢)
| | L
{

— _sfer . ven:40

(a) See the following Picatimny Arsenal Technical Reports on Jeed 2,4-Dinitroresorcinste:

] 3 3 8 2
480 453 1004 1328 859
580 1448 1079

w;u footnote 1, page 10,

1849
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AMCP T06-177 Lead 4,6-Dinitroresorcinol Basic (LINR Basic) . .~
) Cﬂ%’ﬂb: Melccular Weight: (sz%ma"EoB) 646 i
x Q== Pb ~—OH Ouygen :
L ¢ ll-g ‘/L CO. %.m 20
¥ B 0. g -20 :
N H o3 o o % 5 :
gb éﬁi 0 == Pt ~ OH Denaity: gm/cc :
NO Maeiting Point: °C 23 ;
2 :
C/M Kotio 0.1TT Freezing Peiat: °C :
- tmpoct Sencitivity, 2 Kg Wr: Bsiling Peler: °C ! .
: Bureou of Mines Apparatus, cm 1 kg vt 60 .,
Somple Wt 20 mg Refractive Indax, nS .
Picovinny Arsenal Apparatus, in. o - -
Sample Wt, mg 20 N -,
o ; nd .
B Frictisa Pov:dubom Tost: v Seability Teot: :
- Steel Shoe cc/40 Mrs, ot T
- S ! Fiber Shoe 90°C :
' i 100°C
Riffe Bullet kmpoct Toat:  Tricks 120
‘3 % vas- A
Explosions I:O'g : .
i Portials ;
: Bumed 200 Grom Bomb Sond Tost: . ;
| u mmr fuse 15 (
Explesion Tompeorature: ‘C Sensitivity te Initiotien: v
Seconds, 0.1 (no cop used) Minimum Detongting Charge, gm
1 Mercury Fulminate
5 Explodes 295 Leod Azide
10 Tetryl
15
20 Bollistic Morter, % 'INT:
Teous! Test, % TNT: .
75°C Intornetions! Heot Teet:
% Loss in 48 Hrs Plote Dont Toot:
‘ 100°C Hoot Toot: : Condition ..
% Loss, st 48 Hrs a.h COﬂffMd .
s % ‘Loss, 2nd 48 Hrs 0.0 Dc_wfy. gm/cc :
Explosion in 100 Hrs None Brisance, % TNT
Detenation Rete:
Y Index: Cunfinement
" Condition
y: % Charge Diomete-, in
Sotitie Density, gm/cc
v : Rate, meters/second
190 ~ .
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Leed b,6.-Dinitrorenoreinol Basic (LINR Basic) AMCP 706-177
Fragmentation Toot: Shaped Charge Effectivences, TNT = 108:
90 mm HE, M7 Projactile, Lot WE-91: Gloss Cones  Stee! Cones
Demsity, gm/cc Hole Volume
Charge WA, Ib Hole Depth
Totel Ne. of Frogmonts:
For TNT Coler: Red or yellow
For Subjet HE
Priacipel Uses: Electric detonators
3 inch ME, MA2A) Projectile, Lot KC-S:
Density, gm/cc
Charge W, Ib
Totel No. of Fragmants:
Methed of Looding: sed
For TNT Pres
For Subject HE
Leoding Demeity: gm/cc
Frogment Velecity: ft/sec
A9
At 25 fr Sterege:
Derzity, gm/cc
Method Wet
Slast (Reletive to TNT): Hozard Class (Quontity-Distonce) Class 9
A Compatibitity Group
Peck Pressure
Impulse Exudation Fone
Energy
Ale, Confined: Initiating Efficiency: O.4 gm LINR Basic
Impulse s not initiate tetryl pressed at 3000
pii.
Under Weter:
Peck Pressure
Impulse
Energy
impulse
Erergy

191
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AMCP 706-177 Leed k4,6-Dinitroresorcinol Basic (LINR Pasic)

tion!
O=-Pb=OH

OH OH
0.N O.N
u'03 2 Po( CH3C00)2 o
—) ————
OH OH O~Fb—0H
No, Ko,

(a) Oce hundred greams of pure resorcin is fused in a porcelsin cessercle and immediately
poured on & glass plate. After cooling, the ceke is ground in c mortar to pass a U. S. Stane
dard No. € mesh screen. Four hundred grems of 98 percent nitric acid in a one pint cepacity
Devar jar is stirred mechani vhile carbon dioxide snov is added in small pieces. When
the tempersture falls to -20°C, grams of the granulated resorcin is added in small Quenti-
ties. Simultaneous addition of 80liéd carbon dioxide as required prevents a rise of tempers-
ture of more than 5 degrees throughout the entirs experiment. Five minutes after the last
portion of rescrcin is iutroduced, the mixture is further cooied to minus 50°C, and finelly
drowned with vigorous stirrircg in fi/e times its volume of cracked ice, in weter. This mix-
ture is allowed to stand for one hour and the product then filtered, washed, and pertieslly
dried, weight 43.6 grams. The cruds b4,6-IKR is purified by first dissolving the product in
en aquecus 5 percent sodium hydrox:.de solution (17.4 grems of sodium hydroxide in 340 cc of
water). The resulting solution ir then neutralized by graduslly adding it to & boiling solu-
tion of 21.U grass of 96 percent sulphuric acid in 150 cc of wvater. The resulting precipitate
of 4,6-THR is filtered hot on & suction filter end air-dried. Yield. 27.5 grmp?ﬂ.a percent
of the theoretical).

(t) Five hundredths (0.05) mole (18.96 grams) of lead mcetate is dissolved in 6T cc of
varm vater, into vhich is gradually stirred 0.10 mole (4.0 grams) of solium hydroxide dis-
solved in 67 cc of wvater, 3tirring is continued for five mini tes. After sevtling, the vhite
lead hydroxide is washed ty decantation three times with 100 c- portions of distilled water,
and used immediately for the next operation.

(c) A 0.0278 mole (5.56 grams) quantity of the 4,6-INR prepared under (s) above, is dis-
persed in 270 cc of va‘er by vigorously beating with a motor stirrer. After heating this
dispersion to 90°C, the 0.05 mole of lead hydroxide prepared sbove in glurry form 1is intro-
duced in small portions. Agitation is continued for three hours at 90°C. The basic lead
4,6-INR 1s washed cuce by decantation, and again on the filter with slcohol. After drying
overnight 1n a desiccator charged with calcium chloride, the product weighs 15.6 grams.

gz_-iﬁin:

Both the 2,4- and L4,6-dinitroresorcin were d.scribed in some detail by Weselsky, Benedikt
and Huol in 1882 (M II, 323). Typke prepared the L, 6-din!troresorcin in 1883 by hydrolyzing
the nitretion product of resorcin discetate (Ber 16, 551). A wre direct and economical
method of preperstion suitable for production scale manufactuse was developed during World
War II by the British (Ministry of Supply Pouch Item W-154-2ls, "Msruufscture of 4,6-Dinitro-
resorcin and Leed L,6-Dinitroresorcinate”). This procedure consisted of preparing b,6-
dinitroresorcinol by direct nitration of granulated resorcin and allowing the product in slurry
to remct with en excess of lesd hydroxide at 90°C. Thuis besic ealt can be prepared in two
forms: (1) & micro-crystalline, yellow, low-density form and (Z) a denser, brick-red form.
Both products have the same chemical composition and the same ssnsitivity to impact (PATR
1bL8, September 19uL),

H 2
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AMCP 706-177

()

1eed Styphnate
M% 3 . — Melecular Weight: (PbC i 3};309) 463
o} 15.4 Oxygen Delcnce:
Co. % -19
B 06 h No, o % 2
N 9.0 pbxzo )
0 3.8 0 Deasity: gm/cc crvstal 02
Pb bh.2 s gm Y8 3.
O Melting Peint: °C Explodes 260-310
2
C/H Retio 0. wl" - Froazing Poimt: °C
impect Sensitivity, 2 Kg We: Belling Point: °C
Bureou of Mines Apparatus, cm 17
Sampls Wt 20 mg Refracrive Idex, nS
Picotinny Arsenal Apparatus, in. 3; (8 oz wt) 8 o
Somple Wt, mg 22 N
ne
Tout: Vecuvum Stebility Tert:
Stee! Shoe Detonates cc/40 Hrs, at
Fiber Shoe Detonates 90°C
100°C 0.4
Rifis Bullet Impoct Toet:  Trials 120°C 0.3
% L]
Explosiors I3S.C
Partials 150°C
Burr.ed 200 Grem Bomb Sond Teet:
Bﬁ& g?ugu fuse 1.1
Explesion Tomporature: °C Semsitivity te Initiation:
Seconds, 0.1 (no cop used) Minimum Detorating Chorge, gm
1 Maercury Fulminate Tracet
S Explodes 282 Leod Azide Tracew
10 276
15 2"'(2 * .Y EE' , alternative
20 267 Bellistic Merter, % TNT:
Trous! Test, % TNT: (o) Lo
75°C Intornetions! Moot Tont:
% Loss in 48 Hrs Plote Dent Tost:
Method
100°C Hoot Toot: Condition
% Loss, Ist 48 Hrs 0.38 Confined
% Loss, 2nd 48 Hs; 0.73 Dersity, gm/cz
Explosion in 100 Hrs None Brisance, % TNT
Detonetion Rete:
Flommebility inden: Confinement
% 259 Condition
Hygruseopicity: % 25°C, 100% RH 0.05 .
poc: 901 RH 0.02 Chor?c Diumeter
Veletiliy Density, gm/cc 2.9
' Rote, meters/second 5200

193
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AMCP 706-177

Lead Styphoate
Frogmentetion Test: Shoped Charge Effoctiveness, TNT = 108:
9 mm HE, M71 Projectile, Lot WC-91: Glass Cones  Stee! Cones
Denaity, gm/cc Hole Volume
Charge Wt, ib Hole Dapth
Totel Na. of Frogments: Color: Orange-reddish brown
For TNT
For Subject HE =

3 inch HE, MA2A1 Prejectile, Lot KC-S:
Dersity, gm/cc
Charge Wt, ib

Totel Neo. of Fregsaents;
For TNV
For Subject HE

Principel Uses: Iguiting charge, and ingrediert
of priming coxpositions

Muthed of Looding: Presged

Leoding Deneity: gm/cc

Under Weter:
Peck Pressure

Impulsy
Energy

Undergrovad:
Peck Pressure
Impulse
Energy

Heat of:

Combustion, cal/gm 1251
Explosion, cal/gm L57

Ges Volume, cc/gm 368
Formation, cal/gm -92

Storege:
Method Wet
Hozard Class (Quontity-Distance) Class 9
Compatibitity Group Group M (wet)

Exudation None

Activation H

keal/mol 75.39
Induction Period, sec 0.5-10

cific Heat: cal C (c)

0.151
0.158
0,164
0.167

8B |
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; O Lead Styphnste AMCP 706-177 : N

Preparaticn: -

oH [ 0—

*Pb(ﬂi3000)2

—_——
Pbllzo + 20}130005

.
g

NO, NO,

- ey Avigasy i

Dissolve 1h.k gm 1esd nitrete and 1 cc of 36% acet’c 2214 in 320 cc distil.cd weter. Dis-
solve 4 gm 2,h,6-trinitroresorcinol and 1.73 gm sodirn cerbonate in 80 cc distilled water.
Add the l.ad acetate solution to the trinitroresorcinol solution, under agitation, keeping
the temperature at 70°-75°C and continue stirring for 3 hours at this tempersture. Cool to
20°C 1n 5 hours. Evaporate the sol.“ion to 1/3 its volume, cool, filter and wash the product
well with vater (to neutrality). ’

.

Sensitivity to Static Discharge, joules: (b) 0.0009
Loss in Weigh: at 10§°C: % ‘
3 hours 0.02
6 hours 0.23
9 hours 0.23

gfect of Storage for 2 Months at 30°C, om:

. ] Explosion Temperature Test Value Nil
Ny Sand Test Velue N1
Sensitivity to Initiation Nil

Y
i
‘
T RIS

Solubili 100 in:

Glycol Discetate
X £

20-25 0.1

First described in 191l by von Hurtz and found to be a relatively poor initiat-r by Wall-
baun in comparison to other primary explosives. (Z ges Schiess Sprengstoffw 3, 126, 161, 197
(1939)). Moisak showed that lead styphnate could be used as an ingulating (cover) material
for leac azide providing protection from mechanical and chemical influences and, at the same
time, increasing the detorating ability of the total charge (Transactions of Butlerov Inst
Chem Teck Kasen (Russis) 2, 81-.5 (1935).
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AMCP 706-177
Destruction by Chemical Decomposition: L

Lead styphnate is decomposed by dissolving it iz st leest 40 times 1ts weight of 20% sodium
hydrox: 3 or 100 times its weight of 20K smmonirn acetate and adding & solution of sodium :
dichrouate, equa’. to half the weight of styphn.te and 10 parts of water. ; .

Befarences: %! ;

(s) Seport AC-936/0rg Bx 7h. ) .
' (b) F. W. Brown, D. H. Kurler and F. C. Gibson, Sensitivity of %&oﬂvﬁ to_Initiation by
; EKlectrostatic Discharges, U. £. Dept of Int, Bureau o nes, RI ’ .

(¢) C. Lenchitz, Ice Calorimeter Determination of Enthalpy snd Specific Hest of Eleven
Organometallic Crmoounds, PATR ¥o. m, Rovesber 1955,

be e Bmdea AL

{4) Also see the following Picatinny Arsenal Technical Reports on Lead Styphnate:

P T

v - e - r 2 3 v & 1 & g
S ' 1450 1 1352 k53 268 136 X7 N8 a1
2220 203 2093 gTs:’{ T \

4lges footnote 1, page 10,
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Mannitol Haxanitrate (N ‘M

AMCP 706-177

Cl;.ﬂ“ll ?ie oo, Meoleculer Weigh*  (CoHgN.0,0)  k5E
0. %0CH Oxygen Belance:
c 15.9 2 . CO. % ag.l
CoO% -
" 1.8 °e"°f“ 3
w 18.6 H?O!IOZ Doneilty: gm/cc 1.73
- HOONO . )
0 €3.8 = Melting Pein: °C 112-113
s CKZQNOz "
C/H Ratio 0,133 Freanng Pelmt: °C
Impoct Soneibivity, T Kg We- Salling Pelat: *C Decomposes 150
" Bureou of Mines Apparotus, cm 1
Somple ¥/t 20 mg Refrective Index, .
Picotinny Arsenal Apporatus, in. - b e
Somple Wt, mg 11 -
Friction Peodulum Toot: Vecwem Stobility Test:
Steel Shoe Detonates cc/40 Hrs, ot
Fiber Shos Unaffected 90°C
v 100°C
Rifle Bullet lmpect Toat:  Tricls 120°C
ol % 135°C
' 150°C
Portials
Bumed 200 Grom Pomb Send Teet:
Unoffected Sond, ;m 68.5
" Explosion Tompereture: °C Sensitivity te lnitietion:
Seconds, 0.1 (no cop used) 160-170 (a) Minimum Detonating Charge, gm
i 232 (v) Mercury Fulminate --
5 175 (e) Leod Azide 0.06
10 Tetryl -
15
20 Bollistic Morter, % TNT:
Trouz! Toot, % TNT:  (c) 172
75°C intornations] Heat Toot:
Plate Dont Teot:
b
9% Loss in 48 Hrs 0 athod
100°C Hoot Tost: Condition
9% Loss, Ist 48 Hrs e Ccnfi.md
% Loss, 2nd 48 Hrs . Density, gm/cc
Explosicn in 100 Hrs (Frothed) 48 hours Brisance, % TNT
Detenation Rete: (a)
Flammebilidy lndex: Confinement Yes
Condition Pressed
Hygrescopickty: % %0°C, 974 IH 0.17 Charge Diometer, in. 0.5
Density, gm/cc 1.73
Velotility: Rote, meters/sezond 8260

1w
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AMCP 706-177 Mannitol Hexanitrete (Nitromsnnite} . ’ e
.. . o . . e
Frogmcntetion Toat: Shap:d Charge Effactivensns, TNT = 100: ;
| % : 5
90 mm NE, M71 Projectile, Lot WC.91: “Joss Cones  Steel Cones 3
Dersity, gm/cc Hole Volume -
Charge Wt, ib Hole Depth <
Treel Ne. of Frogments: : .
Calor: .
For TNT .
For Subject HE — :
flln?: Secondary charge in detonators : .
X ref 1), snd in blasting caps designed to ’ .
3 inch MY, MA2AT Projectile, Lot KC-S: be initiated by a m:‘zn, D . :
Density, gm/cc . . .
Charge W, 1o : : : 1 ’
‘l’dd::- 'r:'r Froymonts: Method of Losding: Pressed 1 . o
For Subject HE . ! &
Leading Denslty: gm/cc ‘ - ) it
] Fragment Yelecity: ft/sec - 1 . : - %
s . At9 ft . e g
Ar 253 fr Sterege: | : N :
Desity, gm/cc :
-Blast (Relative te TNT): Hazard Closs (Quantity-Distonce) ’ Class 9 {.’““‘< - g
! %
Al ) Compotibility Group - N . *f
Peck Pressure
impulse Exudation None
'&, Wﬂ 62. 20( lﬂ Test: . . ) 24
Imputse Minutes 6 \ '
Under Weter: t of: -
Pook Heat of: (e: z, 8) -
impuise Combustion, cal/gm 1515 1525
Energy Explosio.., cal/gm 1390 145k 1468 15
. Formtion, cal/cm 331 W5 366 :
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Mannitol Hexanitrate (Nitromannite) . AMCP 706177

Solubili ty: 7 o x
a. Insoluble in vater. - !
b. Sightly soluble in cold alcohol (2.9 gm at 13°C). :
c. Slightly soluble in ether (4 gm at 9°C).

4. Very soluble in hot alcohol.

Preparstiocun: (Leboratory Method) (k)

a. Cool to belaw 0°C, 5C gm of 98%-100% nitric acid placed in & 300 miliiliter Erlenmeyer
Pyrex flask provided vith a thermometer and immersed in an ice-salt mirture.

b. Introduce in smell portiocns, 10 gm of d-mannitol, vhile swirling the flask to break up
any lumps of mannite vhich might form. Keep tae temperature below 0°¢.

c. After solution is complete, add 100 gm of concentrated sulfuric acid from a dropping
funnel, swirling the flask in an jce-salt mixture to keep the temperature below o°c.

d. Filter the i'esultiug porridge-like slurry through a filter paper previcusly bardened
by treatment with mixed acid.

e. Rinse the precipitate directly on the filter with weter followed by dilute agueous
sodium carbonate and finally with water. (The resulting crude mannitol hexanitrate gives
15.2% N as c:*ermined by the nitrometer.) N

£. TDissolve the crude mannitol hexanitrate in boiling alcchol and filter through a water-
leaied funnel.

g Bring the filtra.e to boiling and gradually add Lot water until the appesarance of the
first turbidity.

“. Cool in &n ice-galt bath, s te and dry the crystals. (Yield should be sbout 23
gn of material, melting .t 112°-113°C and having 18.58% N, the nitrogen being determined by
t.2 nitrometer. Thecretlcal yicld wouid be 24.E gn.)

Origin: <

Mamnitol hexanitrate was discovered in 1847 bty Ascanio Sobrero who recommended it as a sub-
stitute for mercury fulminate in percussion raps (Coup rend. 18L7. 121). Tt is the hexanitric
ester of d-ramitol which is widely distribute? ‘. nature, particularly in .-+ olant Frax.nus
ornus. N. Sokoloff, & Russian chemist, lnvestigated ‘he explosivé properties of M snd recom-
mended in 1878 a method of prerciacion. lMennitol hexanitrate was thoroughly studied by Terthe-
lot, Serran and Vieille. Zumonte, Menard, Strecker, Tictanowich (Ph. Naoum, Ki yeerin and
)24 veoerin 1-sives, Saltimore, 1928, pp. 156, 2.7-250), and perticuler v J. He Wigoer
lﬁtr %, T 1 133”. ¥ore recent data have been reviewed by Guastalla and Racciu ("Modern
ExploeTies,” Industria Chimica 8, 1093-1102 (1933)).

References:?

(2) G. C. Hale, Abstract of Available Informstion on the Preparation and Explcsive Proper-
ties of Hexanitromannite, PA Opecial Report No. 238, P July 1925.

425ee footnote 1, page 1C.
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AMCP 706-177 Mannitol Rexanitrate (Mitromanaite)

(v) C. A. Taylor and ¥. H. Rinkenbach, "Sensitiveness of Detonating Compounis to Fricticnal
Impact, Twpact, and Heat,"” J. Frank Inst 20k, 369-76 (1927).

(c) Pb. Maoum, Z ges Schiess - Sprengstoffw (Munich), pp. 181, 229, 26T (27 June 1932).
(4) H. Xnst, Z sngev Chem, 36, T4 (1923).
(=) A. Schmidt, Z ges Schiess - Sprengstoffw 29, 262, (193k).

Iandolt and Birustein, E III, p. 291k.

() A. NMarshall, Explosives, Their Manufacture
London (1932) p. 39. Ph. Necum, M troglycerin and M
P 156, 247-250.

(g) A. Scrld:, Z ges Schiess - Sprengstoffw 29, 262 (193%) G. Fleury, L. Brissend and

P. Thoste, "Structure and Stability of Nitric Esters,” Comp rend 22k, 1016-18 (194T).
V. R. Tomlinsom, Jr., Fundamental es of losives. ¢ Relations for

Use in the Estimation Explosive Properties, . 1651, 1 .

(h) Sarren and Vielle, Mém poudr 2, 161 (1884-1889).
(1) &. von Hurtz, U. S. Pstent 1,878,652 (20 September 1932).
(3) L. A. Burrows, U. S. Patent 2,427,899 (23 Septewber 1947).

(k)) B. T. Fedoroff, Esndbook of Explosive and Related Items, Picatinny Arsensl (umpud-
11shed).

(i) 0. B. sheffield, Litereture on Mannitol Rexanitrute, PA Chemical Research Labo-
ratory Report No. 52-m-f6, 55 Elnuary %ﬁ

(=) Als> see the following Plcatimmy Arsenal Teshnicsl Roports on Mannitol Hexsnitrate:

2 L1 2 £
1352 2 85 6
64
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Mercury Fulminate AMCP 706-177
m“ J Maolecular Weight: (gscanzoz) 285
c 8.h O—HemC Oncyg: ;d.a: -
K 9.8 He CO % J5.5
0 1.2 ™~ 0 —Nemo Demalty: gm/cc  Crystal k.43
Bg 70.6 Malting Polat: . Decowposes
C/H Rotio Freeging Peint: °C
impect Sensitivity, 2 Kg WA: Boifug Peimt: °C
Bureou of Mines Apparatus, <m 5; (1 kg wt) 35
" Semple Wr 20 mg Refrective Index, ng
- Picatinny Artenal Apporatus, in. 2; (1 1b wt) 4 o
Sample Wt, mg 30 Mas
ne
Priction Pondulum Test: Vecwwm Stedility Tosk:
Steel Shoe Explodes cc/40 Hrs, ot
Fiber Shoe Explodes 90°C
100°C
Rifte Bullet lmpoct Test:  Trials 120°C Explodes
, % -
Portials
Burned 200 Grom Bomb Sond Test:
234
Explesion Tompeorature: *C Sensitivity te Initietion:
Seconds, 0.1 (no cop used) 263 Minimum Detonating Charge, gm
) 239 Mercury Fulmingte
<%, Bolodes 210 Leod Axkde
o .19 Tetryl
15 194
20 190 Ballistic Mortar, % TNT:
Trouz] Tost, % TNT: 51
75°C Internstions! Moot Tost:
9% Loss in 48 Hrs 0.18 Plate Dont Toot:
Method
100°C Hoot Test: Exploded ia 16 hours Condition
9% Loss, Ist 48 Hrs Conffnod
% Loss, 2nd 48 Hrs Dfmlw, gm/cc
Explosion in 100 Hrs Brisonce, % TNT |
Deteastion Rete:
Flommebility index: Confi
Condition Pressed
Wrgroscopicity: %  30°C, 90% RH 0.02 Charge Diometer, n.
oletility Density, gm/cc 20 3.0 ko
v : Rate, meters/sacond 3500 4250 5000
201
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AMCP 706-177 Mercury Fulminate
Fragmentetion Test: Shoped Chorge Effectivences, TNT = 100:
90 mm HE, M71 Projoctile, Lot WC.9: Glass Cones  Steet Cones
Density, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Totel Neo. of Fropments:
For TNT Color: White to grey
For Subjact HE

3 inch HE, MA2A) Projectile, Lat XC-S:

Principsl User: Detonators and ingredient of
priming compositions

Dersity, gm/cc
Charge Wt, Ib
Totel Neo. of Frogments: Mothed of Loading: psi x 10°
For TNT 3 5 10 12 15 20
Fo: Subject HE (300 320 3.60 _3.70 302 4.00 |
Loading Dansity: gm/cc
Frogment Velocity: ft/sec
A9 fr
At 253 ft Sterage:
Density, gm/cc
Msthod Wet
Bisst (Relative to TNT): " MHazard Class (Quontity-Distonce) Class 9
Ale: Compotibility Group Group M (wet)
Peck Pressure
Impulse Exudotion None
Energy.
Stab Sensitivity: .
“'l' Confined: Density Firing Point (inch-ounces)
mpuse _gmfec % X 100
Under Water: Do T I
Peak Pressure Y : ) E-‘)’
b3 1.6 2.6 .0
Impulss L.50 1.6 2.5 k.0
Energy Activetiou Energy: .
keal/z i 29.81
Undorground: Induct.on Period, sec 0.5-10
Peck Pressu Heat of:
Impulse Corbustion, u}/gm zg
Energy Explosion, cal
Gas Volume, cc/gm 222
Formetion, cal/gm -
3pecific Heat: cal/pm/°C 1.1
Thermsl Conductivity:
cal/sec/cm/°C 1x 107
202
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—- Mercury Fulminate AMCP 705-177
. Initiating Efficiency; Grams Required to Give lete Inltiation of: . -
Fulminate, gm
> ™ 0.5 ‘
Tetryl 0. 20
RO 0.19
PEM 0.17

Compatibility vith Metals:

:+ Rescts repidly with aluminum and magnesium. Reects siowly vith copper, zinz, bress
gnd ze. Iron and steel are not affected.

Wet: Rescts immedistely with aluminum and megnesium. Reacts rapidly with copper, zinc,
brass and bronze. Iron and steel are not affected.

-’

Sensitivity to Static Discbarge, Joules: (b) 0.025
The Effect of Storsge st 50°C (Dry) on the Purity of Mercury Fulminate

Moutts Recrystallized Lots Uncrystallized Lots
Bome @ B @ s _SGeum ssasu
9.79

PRSP R SR S PR S Ay S 4 S S LSS Shaain e e d

g 9.7¢ 99.77 9.79 98.86 6.7
6 £.% 9945 99.56  99.k7 95.95 98.7
8 974
9 94.95 4
10 9k.9
12 ®.Th 9.5  ITA9  99.06 9.65 i
¢ 113 98.26 98.79 :
1k %8.22
N 15 9.5  99.3 9.  98.19 83.76 _ 4
1 16 97.00 99.01 97.75
17 95.70  98.66 96.69
18 ol 82 98.58 98,45 97,90 79.99
23 Th.52
63.
mem-g:

Mercuric fulminate readily decomposes in the presence of aqueous solutions, chlorides, car-
- bonate and many other materisls. Dus to the presence of smll amounts of mercury, frmed by
exposure to light or elevated temperatures, it readily forms amslgams with copper, brass and

bronze, thus components containing these metals must be protectivel, coated if used with ful-

minate.
) Solubility, Grams of Mercury Fulminate in 100 Grams of Water ‘ﬂ
X b3
) 12 0.07
49 0.1z

v B W B Pieve e e Y W W s @ e w YN e

PR I R T Y




OOKS.CO

AMCP 706-177 Mercury Fulminate
Preparstion:
(Cheistry of Powdcr and Explosives, Davia)
ws- CHZ-OH - cu3—cao—~ Gia'-CHO = -~ CHO
NO N _(|)H
NO, 702

B )
0 ¢————-— CH q——i-coou «—-—-ﬁn—coou
c

o

Tive gu meroury is dissolved in 25 cc of ritric acid (sp gr 1.42) without agitation, and
this solution poured into 50 ce of 90% ethyl alcobol, resuliing in & vigorous reaction,
attended by evolution of white fumes and subsequent appesrence of fulminats crystals.
fumes then sppear as precipitation of the product sccelerates, and then vhite fumes again are
evolved as the resction moderates. After about 20 minutes the reection is over; water is
s4ded, and the crystals are repeatsdly washed, by decantation, with weter to remove all scidi-
ty. 'The product is purified, rendered vhite, by solution in strong amsonium hydroxide, foi-
lowed by reprecipitation vith 0% acetic scid.

n:

Mercury fulminate was first prepared by John K. von Lowenstern (1630-1703) end in 1800 its
preparation and properties wers first described in detail by Edwerd Howvard in a peper presented
to the Roysl Society of London (Phil Trams, 20k (1800). It was 1867 before the compound ves

used as an initiating agent, when obel invented the blasting cep and used mercury iul
minste to dstonate nitroglycerin (British Patent 1345 (1867)). :

Destruction by Chemicel Decomposition:

Mercury fulminate is decomposed by adding it, while stirring, to at lesst 10 times its
weight of 20% sodium “hiosulfats. Some polscnous cyanogen gas mey be evolved.

References: 43

(2) Pn. Naoun - Z ges Schiess-Sprengstoffw (Munich), pp. 181, 229, 267 (27 June 1932).

(b) F. W. Brown, D. H. Kusler, end F. C. Gibsonm, Senaitivi% of ?1051\'0. to Initiation by
Electrostatic Discharges, U. S. Dept of Int, Bureau nes, s 1945,

%35¢e footnote 1, page 10.
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E Nercug Fulminate AMCP 706-177
i B

4 i (c) Also see the followirg Plcatimny Arsenal Technical Reports on Mercury Fulminate:
: !
N e L 2 3 L3 2 § L 8 2
¥ by
H 25 2 132 23 W 65 266 217 8 19 ;
1 480 ¥ k52 203 294 105 ¥6 297 ™ 609
! 510 56 52 393 5% 255 556 st 278 M9
3 550 1651 582 433 62u 285 566 537 318 8k9
3 610 782 833 69k 365  B6S  S6T T8 999

Ty 660 882 1183 T84 b1s 986 631 183 1073
: 760 932 1393 874 kas 1316 857 1389

1220 1u9%e 2093 110k 1325 1486 1737 2179

i 1450 1352 1365 1556
; 1372 216
) 1722
; 2032

“we
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AMCP 706-177 Metriol Trinitrete (MTN) Liguid (or Trimethylolethane Trinitrate N

3
Compesition: Meleculor Weight: (C,;Hgnaog) 255 ,
% —— .
Oxyge Belence: .
C 23.5 02N0—CH2 ggﬁ: -3; X
" 3.5 0,NO=CH,——" € — CH, - 2 . :oT s
N 16.6 Density: gm Liqui 1.47 o . g
0NO—CH Potat: °C i ' :
o sek 2 2 Molties 3 J D
C/H Ratio 0.150 Froezing Point: °C . B ‘
Impect Sensitivity, 2 Ky We: Belling Peint: *C .
Bureou of Mines Apparatus, em L7; (1 1b wt) b .
Somple Wt 20 mg Refractive index, b, N
Picatinny Arsenal Apporatus, in. o 1.4752 f
Somple Wt, mg 20 s 475 A
nS fe
Frictioa Pendulum Tost: Vecuum Stebifity 7." :
Steel Shoe Explodes cc/40 Hrs, at .
Fiber Shos 90°C :
100°C cc/gn  ° 1.9 .
Rifle Buliet m Tost: Trials 120°C .
% . .
g e
\ Partiols
Bumcd 200 Grem Bemb Send Test: ;
Unoffected Sond, gm k3.7 -
{
Explosion Tomperoture: *C Sewtitivity to Initiation: —
Secords, 0.1 (no cop used) Minimum Detonating Charge, gm i
1 Mercury Fulminate
5 Ignites 235 Leod Aride
10 Tetryl
15 3
20 Bollistic Ml, 9% TNT: (l) 1%
Trouz! Test, % TNT: (b) 140
75°C Internctione! Heot Tost:
9% Loss in 48 Hrs Piote Doni Test:
Method
: 100°C Hoet Tost: Condition -
% Loss, Ist 48 Hrs 2.5 Conffnod .
% Lrss, 2nd 48 Hrs 1.8 Df'\s-'v, gm/ce
Explosion n 100 Hrs None Brisonce, % TNT
Detenstion Rete:
Flammebility Index: Confingment
5 Condition
Hygrescopicity: %  30°C, 90% RH 0.07 Charge Diameter, in.
0 z Density, gm/cc
Veletitiey: €0°C, mg/er”/nr 2 Rate, meters/second
201,
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Totel No. of Frogments:
For INT
For Subject HE
‘3 inch ME, MAAAT Projoctile, Lot KC-3:
Dersity, gm/cc
Charge We, Ib

Total Ne. 3} Frogments:
" For TNT
For Sublezt HE

S B Metriol Trinitrate (M) Liguia AMCP 706177
{ Frogmentetion Tost: Sheped Cherge Effuctivences, TNT = 100:
% mem HE, 71 Posjectite, Lot W91 Gloss Cones  Sine? Cones
Density, gm/cc Hole Volume -
Chorge W, ib - Ho'e Depth

Color: Oily, slightly turbid

Principel Uses: I(gredient of rocket and
’ double base prcpellants

Mathod of Looding:

- Frogment Velocity: ft/sec ‘
At 9 ft
At 25% &

Dergity, gm/cc

Loading Density: gm/cc

Sluet (Relative to TNT):

Al
Peck Prassure

Sterage:
Methed ; Liquid
Hazerd Chss (Quantity-Distance)
Compatibrlity Group

Exudation

folubility in Water,

£n/100 gm, at:
25%¢ <0.015
669 £0.015

Feat of:
Combustion, cal/gm 2642

Hydrolysie, % Acid:

10 eaye et 22°C 0.8
5 days at 60°C 0.115
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AMCP 706-177 Metriol Trinit:ate {MIN) Liguid

Preparetion:

A Metriol (trimethylolmethylmethsne) is obtained by the following prccedure, based on work - ]
Ber by Hosseus (Annalen 275, 76 (1893): : -

Into a 5 liter round bottowm {iask in weighed 2700 gms of water. To this are added 267 gms
of 3% formmldehyde and 6C gms of propionaldehyde. The mix.ure is stirred for a few seconds. : '
To the mixture is added 150 gms of calcium oxide previously slaked with 600 gms of water. ; EIR—
The mixture is heeted in boiling water Jor four hours, and then allowed to cool spontaneously
overaight. After filtering off the insolutle calcium hydroxide, the solution is heated and
treuted vith a saturated aqueocus solution of oxalic acid to precipitate mll the caleium. The
; ‘ precipitated calcium oxalate i{s filtered off, and the paie-yellov filtrate concentreted as
e * mach as possible on the steam beth to a thick lemon-yellow syrup. After dissolving in abso-
lute alcohol, the solution is filtered and concentrated in the steam beth to about twice the .
volran of the concentrated syrup. The molution is than chilled in & cold box to hasten cry- . B R
stellizotion. After allowing it to warm up to just above 0°C, the mixture is filtered. The . E T
resulting product is not sufficiently pure and is recrystalljized from absolute alcohol. The . B
melting point of the product (40.3 gm) is then about 196°C (Yosseus gives 159°C;. TN

: Metricl 1is nitrated by cerefully mixing it with 3.5 parts of 65/35 HNO,/H,S0, mmintained ‘ ;
- R at 20°¢, stirring for i minutes, cooling to 5°C, and pouring the reactiof mixture on fce. It : :
ot ) is extracted with ether, water-washed, and adjusted to pH 7 by shaking with 3 sodium bicar- .
‘ bonate solution and agair water-washed three times. It is then dried with calcium chloride, .
. filtered, and freed o ether by bubbling with dry air until minime) rate of loss in weight is .
* R attained. ™. yield is 88¢ of the theoretical. The product has & nitrate-nitrogen contert : .
i of 16.35% (calcilated: 16.47%). Its refractive index at 25°C is 1.4752. . 4

Min:

MIN, according to Itali'n sources, was first prepared and patented by Bombrini-Parodi-
N Delfinc Compeny of Italy unusr the name "metriolo.” A Germen Patent cf 1927 alaso describes
the preparation and givee some properties. Tuis compound wvas known in Trance before World i
War II under the name of "Niirorentaglycerin" and Burlot and Thomas determined its heat of N,
combustion (Ref b).

.

i
U A ‘

References: 44

(a) A. H. Blatt, Compilation of Deta on Qrganic Explosives, OSRD kepuri Ho. 2014,

29 Fetruary 194k, . -
(v) E. Burlot and M. Thomwes, Mém poudr 29, 262 (1939).

{c) Also cee the following Picatinny Arsensl Technical Reports on Metriol Trinitrate:
1616 and 1817.

WSee footnote 1, page 10.
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Minol-2 AMCP 706-177
Comp Wtion: Melecular Weight: T
%
Cxygea Belence:
Ammoniunt Nitrate 4 CO. % -3
CO % -20
INT Lo
Density: gm/cc 1.62-1.68
Aluminum X
Melting Paiat: °C
C/H Rotio Freezing Point: °C
lmpact Semsitivity, 2 Kg We: Beiling Peint: °C
Bureau of Mines Apparatus, cm 35
Somple Wt 20 mg Refrective Index, n2
Picatinny Arsenal Apparatus, in. 13 °
Somple Wt, mg 7 Ny
ne
Steel Shoe ¢c/40 Hrs, ot
Kiber Shoe 90°C
— 100°C
Rifie Bullet Impoct . #:  Trnals 120°C 2.1
% 3,
Explosions 135°C
Particls 150°C
Bumed 200 Grem Borsb Send Toot:
Unaffected Sond, gm
Explosion Tomperature: -C Seagitivity te Initigtion:
Seconds, 0.1 {no cop used) Minimum Detonating Charge, gm
1 Mercury Sulminate
S Ignites 435 Lead 4 zide
11 Tetryl
15 -
2 Bellistic Morter, % TNT: (a) 143
Teaus! Tost, % TNT: (v) 165
75°C Intornations! Heot Tost:
% Loss in 48 Hrs Plote Dent Tost: (c)
Mathod B
100°C (oot Test: Witim Prensed
% Loss, Ist 48 Hrs Confined No
% Loss, 2nd 48 Hrs Dtinsify, gm/ee 1.73
Explaion in 100 Hrs Brisonce, % TNT 66
Detonation Rete: (a)
Flammebility Index: 100 Confinement none
Condition Casgt
Hyrescopicity: % Charge Diameter, in. 1.6
Density, gm/cc 1.6y
Velatility: 5820

7 e, meters/second

AR KT
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AMCP 706-177 Minol.-2
Sosster Ser I -5y Test: (e) Decompasition Equenen:
Conditicn Pressed Oxygen, atoms/sec
Tetryl, gm 100 (Z/s0¢c)
i ) 46 ‘Heat, kilocalorie/mole
Wax, in. 2 50% Detonation 1. (AH, keai/mol)
Wox gin Temperoture Ronge, *C
dersity, gm/cc 1.7k Phase
Hee? of: (1) f
vion, cal/gm 3160 Armer Plate Impect Toot: (1)
Explosion, cal/gm 1620 60 mm Movter Projactile:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec 828
Formation, co!/gm Aluminum Fineness
Fusion, col/g *
. 500-1b Genere! Purpece Bombs:
Specife Hest: al7on / C ' i
At -’)c‘v‘ 0.30 Piate Thickness, inches
Density. gm/cc 1.7k 1
14
1%
(B
Surning Rete:
cm/sec
Somb Drep Test:
Therme! Conductivity: (v) -
cal/sac/em/*C 16.5x 10 77, 2000-% Semi-Armer-Piorciag Somb vs Concrote:
Density, gm/ce 1.7k
- 3
of Expansion: 1x Sa‘e Drop, ft )
Linear, %/°C $00-% -iensc 't Parpote Bemb vs C 3
Volume, %/°C Heighe, #t
- Trials
Herdness, Mohs’ Scale: Unaffected
Low Order
o " b
Young's Modulus: (v) 10 High Order
E’, dynes/cm* 5.03 x 10 p
E, Ib/inch? 0.73 x 10 1000-1b Generel Purpose Bemb v3 Concrets:
Density, gm/cc 1.66
Height, ft
Compressive Strength: Ib/inch? (b) 1910-2070 Triols
Dersity, gm/cc 1.68 Unoffected
VYeopor Pressure: Low Order
'C mm Mercury High Order
210

"!6“—""\3

KD o sy RO



-y

~

T G G WD WA PP Fwr W T N W

.

r
3
.
i
»
N
»
-
i
v
»
»
4
t
’
3
2
H
!
+
t
*
»
H
.
v
>
1
3
b
l
’
+
’
4
'

)
e

Minol-2 AMCP 706-177
; “‘A"' =
Fragmentetion Toot: Shoped Charge Effectiveness, TNT = :J0:
90 ;v HE, M71 Projoctile, Lot WC-91: Gloss Cones  Stwel Cones
Density, gm/cc Hole Volume
Charge W, ib Hole Depth
Tetc! Me. of Frogments: Color: aray
For TNT
For Subject ME
Principel Uses: Bombs and depth chargen
3 inch NE, MA2A1 Prejectile, Lot KC-S:
Density, gm/cc
Chorge ‘Wt, Ib
Totel No. of Fragments: Method of Looding: Cast
For TNT
For Subject HE -
Loading Density: gm/cc 1.62-1.68
Frogment Velatity: ft/sec
At 9 ft
At 25% ft Sterege:
Method Dry
Blost Reletive to TN): Hazard Class (Quantity-Distance) Class 9
Ale: Compatibility Group Group I
Peok Pressure 115 .
Impulse 1s Exudation
Ene:gy 133
Alr, Confined: PLeEr_ation:
Impuise Ed Minol is a castable mixture consisting of
40 percent INT, 40 percent ammonium nitrate,
Under Water: and 20 percent powde.sed aluminum and there-
Pack Pressure 108 fore can be prepared by adding the dry in-
Impuise 126 gredients to molten TNT at 90°C under sgita-
Ene L tion. Minol also can be prepared by adding
oy 1% 25 parts of aluminum to 100 parte of 50/50
amatol previously prepared.
Underground: :
Peok Pressure 13k
Impuise 139

Energy

LR

pra

AR S

ot W
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«MCP 706177

Origin:

Minols are British ternary explosives develcoped during World War II. There are three for-
mlations: :

Composition, z: Minol-1 Minol-2 Minol-3

THT 4§ Lo L2
Ammonium Nitrate L2 Lo B
Aluminum 10 20 20

References: 45

(a) L. C. Smith and E. G. Eyster, sical Testing of Explosives, Part II - Misc2llaneous
Sensitivity Tests; Performance Tests, Report No. , S

(b) Philip C. Keensn and Dorothy Pipes, Table of Military High Explos’'ves, Second Revision,
FAVORD Report No. 87-46, 26 July 1946.

{¢) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942,

(d) G. H. Messerly, The Rate of Detoustion of Various Explosive Compounds, OSRD Report No.
1219, 22 February 1943.

M. D. Burvitz, The Mate of Detonation of Various Compounds and Mixtures, OSRD Report
Ro. 5611, 15 January 1958,

(e) L. C. Smith and S. F. Walton, A Consideration of RiX/Wax Mixtures s & Substitute for
Tetryl in Boosters, MOL Memo 10,303, 15 June .

(2) Committee of Div 2 end 8, NDRC, Report on HEX and Tritonal, OSRD No. 5406, 31 July 1945.

(g) W. R. Tomlinsom, Jr., Elast Effects of Bomb Explcsives, PA Technical Div Lecture,
9 April 1948,

{B) Also see the following Picatinny Arsensl Technical Reports on Minol-2: 1585 and 1635.

43See footnote 1, page 10,
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MOX~1 AMCP 706-177
Composition: Molecular Weight: 4o0.6
%
Oxidizing syent (Anmonium Oxygen Belonce:

Perchlorete) 35.0 CO: % ~bi
Aluminum, atomized 26.2 COo % -37
Cupric Oxide 58“

Magnesium, atomized .2 Density; gm/cc .
Other ingredient (Tetryl) 9.7 ¢ Pressed 2.0
Calcium Steerate 1.9 Melting Point: °C

Graphite, artificial 1.0

C/H Ratio Freezing Point: *C
impeact Sencitivity, 2 Xg Wt: Beiling Point: °C

Bursou of Mines Apparatus, cm -

Somple Wt 20 mg Refractive Index, nd

Picatinny Arsenal Apparatus, in. 13 °

Sample Wt, mg 22 N

s
Friction Pondulum Teost: Vecuum “‘H“’ Teoot:
Steel Shoe Detonates ¢c/40 Hrs, ot
Fiber Shoe Unaffected 90°C ----
100°C 0.47
Rifle Bullat impect Tost:  Trials 120°C
% N

Explosions 135.C

Portials 150°C

Burned 200 Gram Bomb Send Test:

Unaffected Sand, gm 10.6
Explosion Tomperature: °C Sensitivity te Initietion:

Seconds, 0.1 (ny cop used) =--- Minimum Detonating Chorge, gm

1 -—- Mercury Fuiminate ceew
5 285 Lead Azide 0.20
10 Tetryl 0.25
15
20 Bellistic Mertar, % TNT:
Trouxl Test, % TNT:
75°C Internationel Hes: Teat:

9% Loss in 48 Hrs Plate Dent Test:

Discoloration, fuzes, odor None Maethod
100°C Heat Tost: Condition

% Loss, 15t 48 Hrs 0.10 cm'f"‘d

% Loss, 2nd 48 Hn 0.01 Dersity, gm/cc

Explosion in 100 Hrs None Brisance, % TNT

Detonetion Rete:
Flammability Index: Confinement
Condition
Hygrescopiciy: % Charge Diamater, in.
Density, gm/cc

Voletility:

Rote, meters,'second

213
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AMCP 706-177

MOX-1

Frogmontotion Test:

90 mm ME, M71 Projectile, Lot WC-91:
Density, grm/cc
Charge Wt, 1b

Tetel No. of Fragments:
For TNT
For Subject HE

.

Shoped Charge Bffectivensss, TNT = 100:

Glass Cones ~ Steel Cones

Hole Volume
Hole Depth

Coler: Gray p-wder mixture

Principel Uses:  Small caliber antiaircraft
3 inch HE, MA2A1 Prejoctile, Lot KC-5: projectiles
Denasity, gm/cc
Charge Wt, Ib
Totel Ne. of Frogments:
Mathed of Loading: Pressed
For TNT
For Subject HE
Loeding Deaslty: gm/cc
v v At 30,000 pei ~ 2.0
At9
At 2514 f¢ Sterege:
Density, gm/cc ]
Maethod Dry
Blast (Relative o TNT): Hazard Closs (Quantity-Distonce) Class 9
Air Compatibility Group Group I
Peok Pressure Bureau of Explosives Classification Class A
Imouise Exudation
Energy
Heat of:
Alr, Confined:
Impulse Combustion, cal/ga Lo8T
Explosion, cal/gm 2087
Under Weter: Gas volume, cc/zm 212
Peak Pressure
| Ise Performence Tests:
mpu 0 mm T215EL Projectile:
Energy
NFOC Pressure Cube 35
Underground: APG Blast Cute Lo
Peck P e Activati E
Impulse ctivation Energy:
Energy kecal/ mol 12.5
Temp, C ¢ to 3B
Time to ignition, seconds 1.78 x 10”7

A O IR,




e YN W ST NIV IW VYR WY W o e e Y e e . D I I T e I dl  ah s ol s ok 2l R I B R Me;

’
.
’
.
.
.

Kl

— MOX-2B AMCP 706-177
N
C&%’ﬂm: Meoleculer V-1 k2 42
Oxidizing agent (Ammonium Oxygen Balence:

Perchlorate) 35.0 CO: % -4
Aluninum, atomized 52.4 Co % -a3
Cupric Oxide amea
Magnesium, atomized ccea Density: gm/cc Pressed 2.0
Other ingredients® 9.7
Calcjum Stearate 1.9 Melting Peiat: °C
Graphite, artificial 1.0

*5.0% RIX and 3.9% TNT coated,on Ampopiun Freazing Point: °C
Impoct Senel ivity, 2 Kg We: Beoiling Point: °C
Burecu of V'ines Apparatus, cm -
Sample Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparatus, in. 12 °
Somple Wt, mg 24 Ny
0%
Friction Pondulum Test: Vecuum Stebility Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C comn
-~y \ T : 100°C 0.21
Sullet Impect Tent: Trials 120°C
% .
Explosions 135°C
Poricls 150°C
Bur ed 200 Grarn Bomb Sond Test:
- Unaffacted Sand, gm 11.5
_ Explosion Typoreture: °C Sensitivity te Initietien:
Seconds, 0.1 (n. cup used) --- Minimum Detonating Charge, gm
! s=- Mercury Fulminote cone
5 375 Lead Azide 0.20
:: Tetryl 0.20
20 Bellistic Mertar, % TNT:
Treus! Test, % TNT:
73°C Internations] Hoot Test:
% Loss in 48 Hrs Plote Dent Test:
Discoloration. fumes, odor None Method
100°C Moot Tost: Condition
% Loss, lst 48 Hrs 0.27 Confined
% Loss, 2nd 48 Hrs 0.17 | Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNY
- - Detonstion Rete:
Flommebility Index: Confinement
Condition
Hygrescopicity: % Charge Diomaeter, in.
Density, gm/cc
A/ H
lotility Rate, meters/second
215
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AMCP 706-177 MOX-2B
o~
Fragmenteti s Tost: Shoped Cherge Effectivenses, TNT = 100: )
90 man HE, M71 Prejectile, Lot WC-91: . Glass Cones  Steel Cones
Density, gm/cc Hoie Volume
Charge W, ib Mole Depth
Totel No. of Frogments: Col
For TNT * Gray
For Subject HE
Principel Uses: HE filler for small caliber
3 inch HE, MA2A1 Projactile, Lot KC-S: projectiles
Density, gm/cc
Charge W, Ib
-
Totel Ne. of Fragments:
Methed of Loading: Pressed
For TNT
For Subject HE .
Loeding Demsity: gm/cc 2.0
Frogment Velacity: ft/sec
At9 fr
At 2534 Sterege:
Dersity, gm/cc
Method Dry
Blast (Relative to TNT): Hozard Class (Quontity-Distance) Class 9 %
Alr; Bare Charge: Ewe Vs Compotibility Group Group I “y X *
Peok Pressure 1,02 I3 Bureeu of Explosives Class A
impulse 1.08 1.41 Exudation None
Energy
Density, am/cc 1.96 Heat of:
M'l W! a2
Impulse Combustion, cn}/‘gm L8k
Explosion, cel/gm 142
Qused Cherge in Afr:+ Ges volx,zme, ce/gm 22
Peck Pretsure 1.09 1.bb
impulss 1.16 1.52 Performance Tests:
& o __f' mm T21 Projectile:
Density, gm/cc 1.98 NFOC Pressure Cube 29
Undergronnd: APG Blest Cube 0
Peuk Pressure .
impulse Aviation Energz;“
Energy keal/mol 7.6
#FW, equivalent weight as compered to TNT; Temp, °C 340 to “792
Bv, equivalent volume as compared to TNT. Time =0 ignition, seconds 1.39 x 10
#+Strong paper-base phenolic case.
216
e




i
»
v
.
.
¥
3
]
3
-
‘Y
»
|
1}
.
»
[}
:
»
»
H
3
’
{
!
1
&
A ]
1
v
’
.
:
»
'
.

B BB W W g S A T KR A, W WGy S Ty A S W S

FRFERT G 2 N

w e

.
’
[
'
[
»
+
+
’
v
'

-

J

MOX-2B

AMCP 706-177

BEffect of Altitude, Cherpe Diameter and D.gree of Confinement on Detonation Velocity*
{Reference g)

One-Inch Column Two-Inch Column
Simclated Altitude, Confined _ Unconfined Confined Unconfined
t . n/s n/a n/s n/8
Cround | NS :
! 30,000 : Cherge would not 4530(3) ! Charge vould
' not propa-
60,000 ‘ provagete detonstion. Lh30 gate detona-
| tion. .
90,000 i | k290
Aversge ; bkgs

#Confined charge in 1/L" steel tube. AISI 1015 sesmlecs, 1" diamater 18" long, and
All ceens were determined from sets of five values unless
A 26 gm tetryl booster was used to initiate each charg:.

2" dlameter 7" long.

otherwise indicated by ( ).

Average Fragment Velocity at Various Altitudea#

(g)

I ‘ Sisuleved Altitude, Feet -
Fxplosive Charge Diemeter, Grou . 2 ) ‘
| Inches w/s /e n/s X rmte
MOX-2B, i 1 2012 | e - LI
density, ' o :
gn/cc 207 2 33in 3351 347 -

#0utside diameter 2.5L"; inside digmeter 2.04"; length 7".

##Charge would not propagete detonation.

a7
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AMCP 706-177

MOX- 2
Compesition: Melecular Weight: b5.6
Oaﬁdizing agent (Potassium Nitrate) 18 Oxygen ,
Aluminum, atomized 50 co. q:.h nee: 52
Cupric Cxide -- co_% -43
Magnesium, atomized -
Other ingredients* 3 . .
Culcium Steerstews 2.0 Demaity: gm/cc Pressed 2.0
Graphite, artificial¥e 1.0 Metting Point: °C
#29.1% RDX, 0.9% wax, and 2.0% TNT.
*#Per cent adled. Freezing Peint: °C
Impact Sensitivity, 2 Kg Wh: Boiling Point: °C
Bureau of Mines Apparatus, cm .-
Sample Wt 20 mg Refractive Index, n2
Picatinny Arsena' Apparatus, in. 17 °
Somple Wt, mg 24 na
ng
Friction Pendulum Test: Vocuum Stebility Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C .
100°C 0.57
Rifle Bullet Impact Test: Trials 120°C
% .
Explosions I3S.C
Partials 150°C
Burned 200 Grom Bomb Send Tes2:
Unoffected Sord, gm 33.2
Explosion Tompereture: ‘C Sensitivity te Initigtien:
Seconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm
1 cme Marcury Fulminate it
S 5ko Leod Azide 0.20
10 Tetry 0.15
15
20 Bolli-.: Mertar, % TNT:
Treuzl Tost, % TNT:
75°C internotiongl Hoot Tost:
% Loss in 48 Hrs Pleie Dont Toot:
Discoloration, fumes, odor None Method
100°C Moot Tost: Condition
% Loss, !st 48 Hrs 0.35 Confined
% Loss, 2nd 48 Hrs 0.13 Density, gm/cc
Explosion in 100 Hrs tione Brisance, % TMT
Detonstion Rete:
Flammability index: Confinement
Condition
Hys picky: % Charge Diameter, in.
Veletifity: Density, gm/cc

Rate, meters/sezond

pr




e e G ML EW B W v s e

¢ mem e e o Erwe

:
1]
*
§ .
»
A
»
»
]
>
¥
+
ke
1)
!
§
]
¢
»
3
4
%
»
i
4
M
H
¥
§
»
¢
?
t
4
1
L4
4
14
L
;
¥
;
;
.

AMCP 706-177

Frogmentetion Tent:

90 mm HE, M71 Projoctile, Lot WC-91:
Density, gm/cc
Charge Wt, Ib

Totel No. of Fragments:
For TNT
For Subject HE

3 inch HE, MA2AT Projectile, Let KC-S:
Density, gm/cc
Charge Wt, Ib

Tetel No. of Fragments:
For TNT
For Subject HE

Shaped Charge Effoctivensss, TNT = 100:

Gloss Cones  Steal Cones
Hole Volume
Hole Depth

Coler: Gray powder mixture

Principel Uses: Small caliber antiaircraft
projectiles

Frogment Velecity: ft/sec
At 9 ft
At 2514 fr

Densit;, gm/cc

Blest (Reletive te TNT):

Ale:
Peak Pressure
Impuise
Energy

Alr, Confined:
Impuise

Under Weter:
Peck Pressure
Impuise
Energy

Underground:
Peak Pressure
Impuise
Energy

Sterege:
Method Dry
Hozard Closs (Quantity-Distonce) Class 9

Compatibility Group Group I
Bureau of Explosives Class A

Heat of:

Combustion, cal/gm
Explosion, cal/gm
Ges volume, cc/gm

Performance Tests:
[ 5E1 Projectile:

NFOC Pressure Cube
APG Blast Cube

Activation Energz:

kcal/msl Values not included

Temp, C due to erratic ig-

Time t> ignition, nition under condi-
geconds tions of test.
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AMCP 708-177 MOX-bB
i " Compesition: Melecular Welgni: b3
%
Ox1dizing agent (Barium Nitrate) 18 Oxygen Balonce:
Aluminum, atomized 50 CO: % -53
Cupric Oxide .- co % 43
Magnesium, atomized -
Other iugredients* 32 Density: 9 /c¢ Pressed 2.0
Calcium Stearaters 2.0
Graphite, artificial*t 1.0 Melting Peine: *C
*29.1% RIX, 0.9% wex, and 2.0% TNT. -
#sPer cent added. Proesiny Poiat: °C :
lmpact Scasitivity, 2 Kg We: Boiling Pei~t; °C .
Bureau of Mines Apparatus, cm 78 ..
Scrple Wt 20 mg Refractive Indez, nS :
Picatinny Arsenal Apparatus, in. 18 ° .
Somple Wt, mg 26 M . .
n% .
Friction Pondulum Yest: Vecoum Stebility Toot: ‘
Steel Shoe Sparks cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C eee
100°C .67
Rifle Bullet Impect Tost: Tricls 120°C"
% o
Explosions :;(5)’2
Partiols
Bur.ed 200 Gram Bomb Send Test:
Uncffectad Sand, gm 33.6 o
Explosion Temperature: c Sensitivity to Initiation: e
Seconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm
’ 1 ~oe Mercury Fuiminate conu
5 610 Lead Azide 0.20
10 Tetryl 0.15
15
20 Bellistic Merter, * TNT:
) Trausl Test, % ThT-
) 75 .,f Itornetions] Heet Teut: Plote Dent Test: :
Dissoloretion, fumes, odor Noue Method
100°C Heot Toxi: Conditien S
% Loss, ist 48 Hrs 0.22 Cm'f"“
% Loss, 2nd 48 Hrs 6.12 Dersity, gm/cc : R
Explosion in 100 Hrs None Brisance, % TNT Ed
Detonstion Rete: T
Flammeability .adex: Confinement
Condition
Hygroscopicity: % Charge Diomaeter, in.
Density, gm/cc
Veletility: Rote, meters/second
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MCX-4B AMCP 706-177
Fragrantstion Tost: Shaped Charge itrectivensss, TNT = 100:
90 men HE, M7 Prejact . Lot WC-91: Glass Cones  Steel Cones
Dersity, gm/cc Hole Volume
Charge W, Ib Hole Depth
Totel No. of Frun v Celor: Gray powder mixture
For TNT
For Subject HE
Principel Vsan: Sumll caliver entisircraft
3 inch HE, MA2A] Projos + Lot KCS: projec.iles
Density, gm/cc
Charge Wt, Ib
Tetel Ne. of Fragments: . .
Mefod of Lnaiticy: Pressed
For TNT
For Sub,act HE
Leading Deneity: gm/cc
A S
V. : f1/s8c t 30,000 pei -~
At 9 fr
At 251 Sterege:
Dersity, gm/cc
Mathod Dry
Bles. (Reletive te TNT): Hozard Clase ‘Quontity -Distance) Clecs v
Al CompatiLility Gup Group I
Peak Pressure Buresu of Explusives
Impulse Class A
Energy -
Ale, Confined: ie_at of:
Iy Com.‘mtion\, n8l/ru L3092
Explosion, cel/gx 109
Uader Weter: Gas volute, cc/gm 208
Peck Pressure
Impulse Performence Tests:
Energy 0 mm_Tel Pro‘ectile:
KFOC Pressure Cube L3
s APG Blesat Cube 53
Peck Pressure
impulise Avietion Energ::
Energy keel/mol Yelues not included
Temp, ~C due to erretic igni-
Time to ignition, tion under conditions
seconds nf <est.

22
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AMCP 706-177 OX<GE —
Compesition: Moleculer Weight: L3
% —
Oxidizirg agent Ll Oxygen Belence:
Aluminum, atomi:zed Lg.2 co. % -50
Cupric Oxide 15.7 o % L2
HMagnesium, at.mized ----
Orher {ngredients*» 29.9% Dansity: gm/cc
Calcium Stearate ceme
Graphite, artificial 1.5 Malting Point: °C
*26.°(% RDX coated, <.3% wax.
C/H Ratio Freezing 7oint: *C
Impoct Sensitivity, 2 Kg Wr: Bolling Peint: °C.
Bureau of AMines Apparatus, cm =
Somple Wt 20 mg Refractive Index, 3
Picatinny Arseral Apparatus, in. 12 °
s Sample Wt, mg 27 Nz
., ny
Friction Penduium Tont: Vecuum Stability Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe v Unaifected 90°C cena
100°C 0.43
Rifle Bullet lmpect Test:  Tricls 120°C
% o
Explosions ) 135°C
Portials 130°C
Burned 200 Gram Bomb S.ad Test:
Unaffected Sand, gm 10.8
! Explesion Temps:.ature: °C Sensitivity to Initiation:
Seconds, 0.1 (no cap used) ~--- Minimum Detonating Charge, gm
' 1 - Mercury Ful ainate —ee
v 5 510 Lead Azige 0.20
10 Tetryl 0.16
15
20 Ballistic Merter, &, I T:
Trousl Test, % TNT:
75°C intcrmeationel Heet Test:
* Loss in 48 Hrs 0.02/10 gm Plete Dent Test:
- Discoloration, fumes. odor None Method
106°C Hoat Tost: Condition
% Loss, Ist 48 Hrs 0.00 Confined
% Loss, 2nd 48 Hrs 0.0V Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
» Dﬂ“.ﬁ.ﬂ l.“:
. Flammebility index: Confinement
Condition
Hygroscopicity: % . ,
';uc' 9027%. o week: 0.79 Charge Dic-.ieter, in.
Volett - - Density, gm/-c
bty i Rate, :aeters/second
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MOX-5B AMCP 706-177
Fregmontetion Test: Sheped Charge Effectiveness, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Totel No. of Frogments: Coler: Gray powder mix*urs
For TNT
For Subject HE — —]
Principal Uses: Small caliber antiaircraft
3 inch HE, MA2A) Projectile, Lot KC-S: projectiles
Density, gm/cc
Charge Wt, Ib
Totel Ne. of Frogments:
Methed of Loading: Preseged
For TNT
For Subject HE .
Loeding Density: gm/cc
Frogment Velocity: it/se: At 30,000 pst ~2.0
At 9t
Ar 251 fr Seorege:
Density, gm/cc
Method Dry
Bla:t (Releti-e -, TNT): Hazard Tlass (Quontity-Distance) Class 9
Al Compatibility Group Grc p I
Peak Pressure Buresu of Explosives
Impuise Class A
Energy
Alr, Confined: Heat of:
[}
mpulse Combusgtior, ca}/gm 4,293
Explosiorn, cal/gm 750
Under Weter: sas volume, cc/gm 204
Peok Prussuie
Impulse Aactivation Znerg,:
Energy kcal/mgl 7alues not included
‘emp, C die to erratic feni-
Undergrouad: Time to l.rition,  tlon under conditions
Paok Pressure seconds of “es.
impuise
Energy
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AMCP 706-177 MOX-1; MOX-2B; MOX-3b; MOX-LB; MOX-6B —~
. Preparation:
The varicus ingredients used in the preparation of MOX explosiives are coated separstely as
follows:

Dichromated Atomized Aluminum - Seventy-five grams of chemically pure grade sodium 4ichro-
mace is dlssolved in 1500 milliliters of water at 100°C under mechanicel agitetion. Six hun-
dred grems of the atomized aluminum powder is added graduslly (2 to 3 minutes) and stirring
N is continued for helf an hour. The dichromated metal is filtered, washed with water (15 to 20
times) until the wvashings show only a slight cloudiness with silver nitrste. The wvater-wet
product is then dried in an oven at 50°C. The dried material is hand-rolled to reduce any
conglomeates, and blended tefore use.

Wax-Costed RDX - Eighteen grems of molten Be Square Special Wax (msnufacturer s 180° to
185" Fahrenheit grade amber) is added to 582 grams of fiaely divided RDX (vater precipitated
from acetone solution) in & water slurry under mechanical egitation. 'Iheounpenture of the
vex-RDX slurry is maintained above the melting point of the wvax (about s C). The stirring
is continued for balf an hour. Aiter cooling to 50°C, the wax-comted RIX is recovered ty
filtretion in a Bichner funnel and dried 1n air. The RDX thus coated snd presumed to be 3%
vaxed RDX or s 97/3 RDX/wvax mixiure is hand-rolled to crush any conglomerates formed, snd
blenied by band bafore use.

INT-Coated Barium Ritrate - Thirty grams of TNT in elcohol solution is added to 270 srams
of barium nitrate in an alcuhol slusry under egitation. The temperature of the TNT-berium
nitrate rixture is waintained ot 80°C and stirring is continued until most of the alcohol is
eveporated. The coated raterial is 3spread in a thin layer on a tray to dry in air overnight.

i Tte berfum nityate thus comted with 10% TNT 18 reduced to an intimete mixture by haud-rolling
" ard blending before use.

é INT-Coated Potascium Nitrate - The TNT-coated potassium nitrete is preyared by the same
proceﬁre aa s \usa Tor coating barium nitrate. .
/‘ % izp_ym—c«ud Ammonium Perchlorate - The ammonium perchlcr~‘e 1g coated by dissolving the
* avpropriate weights nf RIX an n hot s ‘eohol. After add.. _ the ammonium perchlorate,
/ the  “vory ig stirred until most of the solven. .s evaporated. The trested amrorium perchlo-

rate = gpread on a trey to dry overnight. Agglomerates formed during the process are crushed
by band-rolling and blending the mixture before use.

INT-Joatsd ROX - Sixty grems ¢f rolten TNT are added %o & water slurry of 54O grsm» of
finely dIvileY RIX (water precipitated from acetone sciution) under mechanical agitation.
The temperature of tac TNL-RDX slurry is meinvainei at about 2°C and stirring is continued
Yor hels an hour. A’ter cooling to ebout >O°C’, the TNT-coeted RIX is recovered by filtration.
The RIXX thus treated, ard presumed to be 10% coeted or a 90/10 RIX/TNT mixture, is further -
. Llenles by hand after rollirg to crush any aggregutes formed during the process.

. ' The HOX explosive mirtures are prepared by blending the appropriste weights of the dry
Jrirediants ir a Patterson-Kelly twin-shell blender for at lerst 30 minutes.
rigin:

MOX type explosive mix*t res were developed beginning in 1950 by Natioual Northern, techri-
2l divistorn of the Netjonal Fireworks Crdnance Corporation, West Hanover. Masgashusettrs.

e

i




-

A

W.SUR

- M ey w e fnw ‘

>

L A T I Y R L R R N YL

o N Y e P e e v
.

£ C e e

PR

i
o/

IVALEBOOKS.COM

104-1; MOX-2B; MOX-3B; MOX-4B: MOX-£3 AMCP 706-177

References;*®

{a) A. 0. Mire=chi and A. T. Wilsca. Development of MOX Explosives for Improved 20 mm
Ammunition, Ravy Contract NOrd-10975, Task 1, National Firewurks Ordnance Corporation: First
Yearly Summery, August 1950 to August 1951,

(v) A. T. Wilson, Development ~f MOX Explosives: Various Oxidants in MOX, First Progress
Report NFOC-6; Navy Contract NOrd-l , National Fireworks Ordnance Corporation, December 1952.

(c) A. 0. Mirarchi, Propervies of lostives: Theory of the MOX Explosion, First Progress
Report NFOC-10, Navy Contract ﬁOrd-ll£3, National Fireworks Ordnence Corporation, December
1952.

(d) A. 0. Miracchi, Properties of Explosives. MOY Tr-2.sives in Various Atmospheres,
First Progress Beport NFOC-9, Navy Contract NOrd-11393, National Fireworks Ordnance Corpora-
tion, 1952.

(e) A. T. wilson, Development of MOX Explosives: Composition Variations, First Progress
Reporc NFOC-T, Navy Contract Rord-1 558?, National Fireworks Ordnance Corporation, 1952.

(f) A. T. Wilson, Devel nt of MOX losives: Various Oxidants in MOX, Second Progress
Report NFOC-1k, Nevy Contract NOrd-1360%, %-:ational Fireworks Ordnance Corporation, October
1953.

(g) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation
Velocity Determinations and Fragment Velocity Determinations vl Taried Explosive Srstems
and Conditions, National Northarn Corporation Final Summary -eport NNC-F-13, February 1958
TContract DAI-19-020-501-0RD-(P)-58).

(k) P. Z. Kalanski, Air Blast Evaluation cf MOX-2B Cased and Bare Charges, NAVORD Report
No. 3755, S April 1956.

(i) Also see the follewing Picatinny Arsenal Technical Reports on MOX Explosives; 1935,
1969, 220%, 2205.
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AMCP 706-177

i trocellulose, .2.6% .. (NC)

Compeaition: l' o/ ] Malocular Weighe: (272.39),
% i H O e :
¢ 2646 | H Oraen %""‘"‘" .35
B 278 HS X o % 0.6
N l§.6g i X H
0 8.1 ] y :
X~ONOp ! g z Density: gm/cc
L —y Melting Peint: °C Decomposes
C/H Ratis 0,23 Beeezing Point: °C
Impect Sensitivity, 2 Kg Wr: Boiling Point: °C
Bureau af Mines Apparatus, cm 8
Sammple Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apparatus, in. 3 °
Sample Wt, rag 5 Rz
ng
Friction Pendulum Test: Vacuum Stability Test:
Stee! Shoe cc/40 Hrs, ot
Eiter Shoe 90°C 0.17
109°C 1.0
Rifle Bullut lmpact Test:  Trials 120°C 16 hours 1.+
% .
Explasions 135°C
Partials 150°C
Burned 200 Grem Bomb Sand Test:
Unaffected Sand, gm k5.0
Explosion Temperature: °C Sensitivity to Initietion:
Seconds, 0.1 (no cop used) Mirimum Detonating Charge, gm
1 Mercury Fulminate
S Decomposes 170 Leod Axice 0.10
10 Tetryl
15 r
20 Ballistic Morter, % TNT:
Treuz! Test, % TNTY:
75"C internctions! Heet Test:
% Loss in 48 Hrs Plete Dent Teost:
‘ Method
‘woc Heet Teost: Coﬂdl'lon
9% Loss, Ist 48 Hrs Confined
% Loss, 2nu 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Datonotion Rete:
Flommaebility Index: Confinement
5 Condition
Hygroscopicity: % 30°C, 90% Ri 3 Charge Diameter, in.
Densi
Velmility: 60°C, mg/cme/hr 0.0 rsity, gm/cc

Rote, meters/second
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N! trocellulose, 13.45% N {iiC) AMCP 706-177
Composition: 3 - 7 Molecular Weight: (766.38)
%
J Oxygen Belonce:
¢ 25.29 . CO: % -29
" 2.52 2] co % b7
N 183.&3 x| H#
0 58. T . .
X=0NOp o] Density: gm/cc
i H Melting Point: °C Decomposes
—-tid
C/H Ratio 0,23 Freazing Point: °C
impect Sensitivity, 2 Kg Wt: Boiling Point: °C
Bureou of Mines Apporatus, cm 9
Sample Wt 20 mg Befractive Index, ni,
Picatinny Arsenal Apparatus, in. 3 ne
Soemple 'Wt, mg S =
ng
Friction Pendulum Test: Vecuum . ity Test:
Steel Shoe cc/40 H.s, ot )
Fiber Shoe $9°C o.h2
- 100°C 1.5
Ritie Bullet Impact Test: Trials 120°C 11.+
% 350
Explosions 135°C
i 150°C
Partials
Burned 200 Gram Somb Sond Test:
Unoffected Sond, gm 49.0
Explosion Tempereture: °C Seusitivity to Initintien:
Seconds, 0.1 (no cop used) Minimum Detono?ing Charee, am
1 Mercury Fubnin
5 23 Lead Azide .10
10 Tetryl
15 -
20 Bollistic Morter, % TNT: 125
Trouzi Test, % TNT:
75°C internations| Heot Tost: ) o
% Loss in 48 Hrs Plate Cont Tost:
Method
190°C Heet Tost: Condition
% Loss, Ist 48 'irs 0.3 Conifmd
% Loss, 2nd 48 Hrs 0.0 Df""'y' gm/cc
Explosion in 100 Hrs lone Brisance, % TNT
Detonetion Rete:
Flommabikr; Index: «.onfinement
Condition
Hygrescopicity: % 30°C, 905 R¥ ~e Charge Diometer, in
Density, gm/cc 1.20
v . o 2
Volotility: 60°C, mg/cm/nr 0.0 Rate, metyrs/second 7300
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AMCP 706-177 Nitrocellulose, 1b.14k$ N (nC)
Composition: — Molecular Weight: (297.15),
% - it G . 7
4 h Oxygen Delance:
c "’:";,? G CO: % -2
. | X 2%
N1 X . ¢
0 59. 2k 0 - Density: gm/cc 1.65-1.70
X »-ONOe y sity: 9 5=1.T
Melting Point; °C Decouposes
L n
C/H Ratio 0.23 Freezing Point: °C
lmpact Sensitivity, 2 g Wi: Boiling Point: °C
Bureau of Mines Apporatus, cm
Sample Wt 20 mg Refractive Index, nZ
Picatinny Arsenal Apparatus, in. °
Sample Wt, mg N
ng
Friction Pendulum Test: Vocuum Stability Test:
Steel Shoe cc/40 Hrs, ot
Fiber Shy : 90°C 1.46
100°C 1k hours 11.+
Rifle Bullet Impect Test: Trials 1.7°C 16 hours 1.+
% 135°C
los
Exp. 1ons 150°C
Partiais
Burned 20 Gram Bomb Sand Test:
Unaffected Sond, gm 52.3
Explosion Tempereture: °’C Sensitivity to Initietion:
Seconds, 0.1 (nc cop used) Minimur: Detonating Charge, gm
1 Mercury Fulmingte
] Leod Azide .10
10 Tetrvi
15
20 Beallistic Morte:, % TNT:
Trauxi Test, % TNT:
75°C Internationa! Hest Test:
% Loss in 48 Hrs Plete Dent Test:
Method
100°C Hest 1.': COﬂd.I'IOﬂ
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 43 Hrs Density, zm/cc
Explosion in 100 Hrs Brisance, % TNT
Detenation Rete:
Flammability Index: Confinement
P Condition
Hygroscopicity: % 30°C, 90% =t ~ 1 Chorge Diometer, in
Density, gm/cc
Voletibty: 60°C, ng/cnt/nr 0.0

Rate, meters/second
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Vo~ Nitrocellulose (NC) AMCP 706-177
T \
» R e
: Frogmentetion Toot: Shaped Charge Fffectivencss, TNT = 100:
¥
1 90 mm HE, M7 Prejectile, Lot WC-91: Glass Cones  Steel Cones
: Density, gm/cc Hole Volume
: Charge Wt, Ib Hole Depth
: Tetel No. of Frogments:
: Calor: i
: For TNT hlte
: For Subject HE -
. Principel Uses: Pyroxylin (12% N). l(:lasg;g .
MA2A1 Prejectis . erxplosives; pyrocellulose (12.60% Nj,
3 inch '_"' ! v Lot KCS: smokeless powder; gnncotton (13.35% N
' Dersity, gm/cc minimum), propellants
\ Charge Wi, Ib -
' Totel Ne. of Frogments: '
! Mathod of Loading:
* For TNT :
. For Subject HE
; Loading Dansity: gm/cc
¥ Frogment Velecity: ft/sec
. At9 &
: ' At 2514 ¢ Steruge:
- H Density, gm/zc
. : Method Vet
; (8% to 30% wa.~r) ¢
’ Blast (Reletive te TNT): Hozard Class (Quantity-Distance) Class 12 ‘
Al Compatibility Group Croup M
‘ Peak Presture (wet)
s Impulse Exudation None
§ Energy
X Heat of: ‘ '
' Alz, Conflocy ——— i
.« ' Impulse ‘ Combustion, cal/zm 2L09* 2313+ 2220w+
= ; Explosion, cal 57 g55% gSﬂ 1358"**
) Ces Volume, cc/gm 919% K ad 53w
, u.::kv{,mn Foraa:ion, cal/gm  617% S61#* 513+
i Impulse * 12,69 N
Ene ** 13,454 N
= o wwn 15,106 N
; . Underground: Vapor Pressure:
Peak Pressure
impulse E mm Mereury
Er
ey 25 0.00
60 0.00
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AMCP 706-177 Nitrocelluloae (NC)

Solubility in Vater, am/100 go, at: _12.6% K 13.450 N 15.0p N

25°% . Insoluble  Insoluble  Insoluble
60°¢ ‘ Insolutle Insoluble  Insoluble
Solubilit 100 gm, 25°C, in:
Ether Inscluble Insoluhle Insoluble
Alcohol Very slight- Practl:sily Insoluble
1} roluble insoluble K
2:1-Ether:Alcohol Soluble Slightly Pructically .
soluble insoluble ‘
(6%-11%) (1~+% :
Acetone Soluble Solutle Soluble .

2L )-Hour ﬁ:—sgsu Test, 1.22 1.03 .
tric Aci. :
%tim of Nitrocellulose from Cotton Liaters:
oratory Procedure N

. Ritration: Second cut cotton linters, previocusly dried to & moisture content of iecs than
0.5!, are nitrated by immersion in mixed acid under the following conditions;

Ratio of Mixed Acid to cotton 55 to 1

Composition of Mixed Acid (approximate)
a. for 12.6% N: Hp50y 63.5%, HNO4 21%, Hy0 15.5%
b, for 13.h% N: HpS0y 68%, HRO3 224, Hp0 10.0%

4

Temperature of acid at the atart 3u%¢
Time of nitration 2k minutes

During the nitration period the mixture is turned over occasionally to keep the acid homo-
genecus, The mixture is then filtered on & Buchner funnel with suction for about three min-
utes and then drowned rapidly with strong hand stirring in at least 50 volumes of cold e ter.
After the nitrocellulose has settled, most of the water is decanted and fresh water esdded.

The nitrocell lose-water mixture is boiled and the acidity adiusted to 0.25% to 0.50% as HoS0.
The sour boil is continued for at least 24 hours for pyrocellulose and at least LO hours for
gun-cotton. Additional boiling with changes of water are made in accordance with the govern-
ing specitication {JAN-N-2LL).

Pulping: The nitrocellulose is then pulped in a laboratory Holland type puper beater.
En sodium carbonate is added to keep the reaction faintly alkaline to phenolphthalein.
Pulping is continued to the desired degree of fineness.

Poaching: After weshing the nitrocellulose frow the beater, the mixture is filtered and
the prauct boiled for & hours with fresh water while stirring mechanically. ivom time t»
time a little ccAlvw carbenate solution is added to maintain ‘the mixture faintly :lkaline >
phenolphtbalein. The water is decanted and the boiling continued. According to the specifi-
cation, the total boiling treatment with poachi, 18 as follows:
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: SN Nitrocellulose (NC) AMCP 706-177
' L3
Y
» 4 hours boiling with or without sodium carbonate
§ 2 hours boiling without sodium curbonate
»
] 1 hour boiling without sodium carbonate
) ; 1 hour boiling without sodium carbonate.
3
z Each boil is followed by settling and change of water.
: Waghing: The nitrocellulose is then washed by mechanicel agitation with water. A minimum
. of two washes are given. If a sample taken after the water washes gives a minimum test of
. 35 minutes in the 65.5°C Heat Tesc and 30 minutes in the 134.59C Heat Test, the nitrocellulose
» is satisfactorily stabilized. Otherwise additional washes si.ould be g.ven.
»
: origin:
. Cellulose occurs in nature. It is wood fiber, cell wall snd the structural meterisl of all
: plants. Cotton fiber is pure cellulose. Nitrocelluiose was discovered about 1847 by C. F.
: Sehonbein at Basel . «d R. Bottger at Frankfort-on-the-Main independently of each other when
D cotton was ritrated. T. J. Pelouze had nitrated paper earlier {1638) and was probably the
. first to prepare nitrocellulose.
»
! gxzogilin or collodion, which is soluble in & mixture of ether and etnanol, countains from
: 8% to pitrogen. It is used in the manufacture of ceiluloid and in composite blasting
. explosivee.
- Pyrocelluiose, @ type of nitrocellulose of 12.6% nitrogen coatent, comp. Ty suluble ia =
: mixture of 2 parts ether and one part ethanol, was developed tv Mendeleev {( .i-1895). ‘bis
- material, vhen colloided, formed the first smokele. s powder for military use in the United
! States (1898). .
{
4 - Guncotton for military purposes U ..y contains & minimum of 13.35% nitrogen. Il is oaly
i slightly soluble in ether-ethanol, but completely soluble in acetone. Principal use 1s in
i- flashless powders and as Ilame carviers. 14.14% N nitiocellulose represents a theoretscel
limit,
3
; In tte manufacture ~f propellants, there is used a mixture of pyrocellulose and guncotton
» (b »~Jded nitroceliutose) of 12.15% to 13.25% nitrogen content.
]
: restruciion by Chemical Decomposition:

Nitrocellulose is descomyosed by adding it, with stirring, tc S times its weight of 10%
sodium hydroxide heated tc 70°C, Stirring is continued for 15 minutes after all the niro-
cellulose bas tee. added.

References: %’
Referen

amt——

{4) See the followirs Picatinn, Arscnal Technictl Reports on Nitrocellulose:

4lsee fostnote 1, page 10.
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AMCP 706-177
°o 1
10 b1
290 101
L2o 23]
650 351
T 551
960 83
1020 851
1100 971
1150 1031
119 1ok
1210 10T
120 3151
1300 1201
1320 1221
1350 1231
1410 1311
i3 1351
1490 1391
1580  1ko1
1660 121
1810 1501
183 1541
1950 1681
221¢ 1691
173
1751
1811
1831
1841
1851
1931
1961
19t
2071
2101
2181
2201
232
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Nitrocellulose (NC)
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oY cerln (Liquid AMCP 706177
C.;..Ib-: Maolecuiar Weight: (CKASRQOQ) 227
Oxygon Baleace:
¢ 15:9  u,c~—oNo, €O; % 3.5
| o % ak.s
) 2 BT o, Demaity 259C, Liquid  1.59.
. . ’ o » 09
X 18.5 h2é T ONO, "'-m‘-.,.'. :‘M/“ 2?:’:‘1'..1:14 ;:96 7
. e .
0 63.4 c Stable rg: .13.2
€/H Rotie 0.109 Fresainy Pelat: *C '
Impoct Sensltivity, 2 Kg Wv: Seiliag Pelat: °C
Bureau of Mins, Apparatus, cm 5 Decomposes 145
Sample ‘% 20 mg Refractive nden, n2 1.4732
Picatinny Arserol Appararus, in. 1 1b wt 1 o
Somple Wi, mg N 1.kn3
-]
Steel Shoe 2xplodes €c/40 Hrs, ot
Fiber Shoe 90°C ce/gn/6 hrs 1.5
100°C cc/gm/16 hrs 11+
Rile Dullet Impost Test:  Trils 120°C
% .
Explosions 100 '3-".‘3
Portiols 0 150°C
Burmed 0 200 Gram Bomb Seund Tost:
Unaffected 0 Sond, gm  Liquid method 51.5
Liplesies Tomporature: C Ssucltivity <o lnlintive:
Seconds, 0.1 (ny cop used) Minimum Detonoting Chorge, g
1 Mercury Falminore
S Bxplcldes 222 Locd Azide
10 Totryl
15
20 Belliotle Mortar, % TNT: (4) 1h0
Tosual Toae, % TNT: (v) 8
75° ; intornationci Heot Test:
9 Loss in 48 Hns Plate Deat Toet:
Method
100° 3 Het Teat: Cw_“m
% Loss, Ist 48 Hrz 3.€ Confinad
% Loss, 2nd 48 Hrs 3.5 Density, gm/cc
Bxp osion in 160 Hrs Note Brisonce, 6 TNT
Detonstion Rebe:
Flomm bility indox: Confinement Clase Sreel
Condition Liquid Liquid
Hygror copleity: % 30°C, 90% RE 0.06 Charge Diometer, in. 0.3 1.25
1 Density, gm/cc 1.6 1.6
Velet.lty:  60°C, wz/ca/hr 0.11 ; o ;7 (;0

_L Rate, meters/second 1600-1906

213
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AMCP 706-177 Nitroglycerin (Liguid) ]
Bosster Semaitivity Tost: Decon vesition Equatien: 17.3 19.2
Condition Oxygen, otorrs/sec 10 s 10
(2/sac)
Tetry!, gm A
Haeat, kilocalorie/mole L1,y 4s,
Wax, in. for 50% Detonation QH, klcollmol) >0
Wax, gm Temperature Ronge, °C 90-135 125.150
Dencity, gm/cc Phase Liquid Liquid
Hoa? of: A Plot
Cembustion, cal/gm 1616 Tmpoct Test:
Explosion, cal/gm 1600 /30 mem Merter Projactile:
Gas Volume, cc/gm s 509% Inert, Velocity, ft/sec
Formation, col/gm koo Aluminum Fineness
Fusion, cal/gm
Detonaticn, cal/gm 1486 500-1b Genersl Purpese Bombs:
Spocific Hest: col/gm/*C
Piote Thickness, inches
Liqu.d 0.356
Solid 0.315 !
. 1
127
™
Burning Rete:
cm/sec [
Jomb Drep Test:
Therme!
col/sec/crn/*C 17, 2000-1 Semi-Armeor-Piercing Bomb vs Concrete:
Coetficiont of © ot Moxr Scfe Crop, ﬁ
) Linear, %/°C $00-1% Generel Purpess Bomb vs Concrete:
Volume, %/°C Keight, ft
Trials
Hardaoss, Mohs’ !folc: Unaffected
Low Orde
Young's Medules: " gh% rd:r
€', dynes/cm® . .
E, Ib/inch? 1000-1b General Purpese Bomb vs Concrote:
Density, gm/cc
Height, ft
Compressive Strength: Ib/inch? Trials
Unoffected
Yeper Prossure: Low Order
¢ om Mercury °c zm Mercury High Order
2C 2.300295 69 0.0.88
30 G.04,083 70 0.043
Lo 0.002k 80 J.098
50 GC.CO0T3 90 0.23
4

T
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Nitroglycerin {iiquid AMCP 706-177
Fragmentetion Tast: Sheped Chorge Bffoctivensss, TNT = 100;
90 mm NE, M71 Projectile, Lot WC-91: Glass Cones  Steel Cones
Deriz’*y, gm/ce Hole Volume
Charge Wt, ib Hole Depth
Total Ne. of Fragments: Calor: Colcrless
For TNT
For Subject HE
i’ Principel Uses: Propellant ingredient, demoli-
MAZAT Projectih . tion explosive ingredient
3 lnch HE, ' . Lot KC.S: g~enade burster 1nsrcd:lent’:
Denaity, gm/cc
Charge Wt, ib
Totel No. of Fregments: Mathed of Loading:
For TNT
For Subject HE
Loading Denslty: gm/cc
Frogment Velecity: ft/sec
A9 fr
At 25% ft Sterege:
Dersity, gm/cc
Method  With acetone or other desensitizer,
generally not stored
Blast (Relative 0o TNT): Hazard Class (Quontity-Distance) Class 9
Ale: Compatibility Group
Peck Pressure
Impuise -Exiidation
Energy
Alr, Confined: Heat of Transition, cale:
impulse Transition:
Liquid —» 13bile 5.2
Under Weter: L&bile —9 stable 28.0
Peck Pressure Liquid - stable 33.2
Impulse
Hydrolysis Acid:
Energy
10 days at 22°C <0.002
s 5 days at 60°C 0.005
Peck Pressure
impulse 82.19C KI Test:
Energy Minutes 10+
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AMCP 706-177

Mtroglycerin (Liquid) y—~
Gas Evolved at Atmospheric Pressure, cc:
Sample Wt, gm 1.6
Tesperature, °C €5 75
Time, hours 3] 40
° Volume of gas, cc nil nil
Viscosity: (c)
X Centipoises
10 69.2
20 3.0
p V) 21.0
) 13.6
0 9.4
60 6.8
' Froguentation Test:
20 m HE, Murk 1, Projectile, Total No.
of Fregments for: .
NMtroglycerin 22
Tetrani tromothane 17

Minimum Propageting Mameter: (d)

gm,-_v%&gmu Min. mFti? Mursa in :
] ameter, inches A ‘.g_ae! - : f
! - ;
0 (3/16 cairns) .L7é6 S £
5 - RN l .
10 . 1/3 - - 3 : :
15 ) /4 - /8 X ' '
20 ) 3/ i T ) : g \
22.5 Y o 12 -
25 1.55 ) 2
Sensitivity to Electrcstatis “ia: fasalas (test condition, unconfined:
uo value given fn> '3 > 12.
- . - Solubility, gramc of ni troglycerin/100 g (8) of: -
B Vater Alcohol Irichlcrethvlene Cerbon Tetrechloride
- X % X % X b X ]
B 15 0.16 0 37.5 P 2 Fm 2 i
20 0.18 20 54.0
50 0.25
236 i
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N Nitroglycers . (Liguid) AMCP 706-177
»
»
v Carbon Disulfide gm/100 g (#), at 25°%¢ in
A
* :’_g ] Ether -
3 2:1,Ether:Alcohol >1
s Ambient 1 Acetone ®
»
: Soluble in all Proportions in:
»
' Methanol Phenol
N Acetone Pyridine
. Ether Xylene
{ Bthyl acetate Ritrobenzene
» Axyl acetale p-Nitrotolusne
. Methyl nitrate Liquid DNT
: Ethyl nitrate Chloroform
Y Nitroglycol Bthyl chloride
[ Tetrani trodiglycerine Ethyl bromide
. Acetic acid Tetrachloroethylere
: Benzene Dichloroethylene
: Toluene Trimethyleneglycol Dinitrate
D Solubility in NG, of:
. -
; Alcohol nT INT Water
- : X & X & % & X &
4
' ] 3.4 20 2% -] 30 25 0.06
N 20 s.h
3 S ﬂ
: Ereparation: +
: .
M ?’dz-—- OH C'tia— 0302
CH ~—0H + SHNO3 —— CH —'ON02 + 3H20
CH,‘,—OH CH2—0N02

PRI S N Y

Glycerine is usually nitrated at 25°C, or below, by adding it very slowly to a well agitated

. mixture of nitric and sulfuric acids, e.g., 40/59.5/0.5, nitric scid/sulfuric acid/vater, us-
ing an acid/glycerine ratio of approximately 6. Agitation of the reaccion mixture is accom-
plished by use of compressed air. A vapid temperature rise, or appearsarce of red fumes, auto-
matically requires dumping of the charge, immediately, into a drowning vessel filled with

- water. After all the glycerine has been added to the nitrator, agitation and cooling are con-
tinued until the tempersture drops to sbout 15°C, snd the charge i1s then run into a separator
where the NG rises to the top, and is run off to the neutrslizer. The nitroglycerin is
washed first vith water, then with sodium carbonate, and finally with vater. The res.ltant
NG vhen washed with water, produces washings which do not color phenolphthalein, and itselt
is neutral to 1litmus paper.

R TR i I B e U AR Sy
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AMCP 726277 Nitroglycerin (liquid)

in:

Nitroglycerin vas first preparcd in 1846 or 1847 by Ascanio Scbrero, sn Itslian chemist
(Mem Aced Torino (2) 10, 195 (1847)). For seversl years after this discovery, nitroglr-cerin
attracted littie interest as 2 explosive until Alfred Nodel in 1864 patented iuprovements in
its panufacture and method of initiation (British Patent 1813). Nobel gave the name dynamite
to mixtures of nitroglycerin and ron-explosive absorbeats, such as charceal, silicecus earth
or Kieselguhr (Critish Patant 1 {1867)) later developments led to gelatine dynamites.
ammonja dynsmites, and so conlled struight dynamites. The first propellants using nitrogly-
cerin vere cellad Bllistite {Nobel, Eritish Patent 1471 (1688)) and Cordite (/“el ard Dewar,
British Patents 561k and 11,63& (1889)).

Destruction by Chemical Dec ttion:

Nitroglycerir is decomposed by adding it slowly to 10 times its weight of 184 sodium sul-
fide (mes-gn?ﬁ). Yeat is liberated by this rcection; but this is not hazardous {f stirring
is maintaired during the addition of nitroglvcerin and contiraed until solution is complete.

References: 48

(e) A. E. Blatt, Compilstion of Dete on Organic Explosives, OSRD Report No. 201k, 29 Feb-
rvary 1oil.

(b) Ph. Macum, Z ges Schiess-Sprengstoffw, pp- 181, 229, 267 (27 Junme 1932).

(¢) ILandolt - Bornstein. Physikalisch-Chemische Tabellen, Sth Ed. (1923).

Internationsl Criticel Tables.

B, T. Fedoroff et ml, A Manual for Explosive laboratories, Vol 1-IV, Lefax Society,
Inc., Philsdelphia, 1943, 19%60

(d) H. A. Strecker, Initiation, P- tion and liminosity Studies of Liguid Explosives,

OSRD Report No. ©509, 3 December 1945,
(g) Also see the following Picatinny Arsenal Technical Reports on Nitroglycerin:

e r 2 3 & : & 1 &8 3

620 511 652 233 sk 1155 1206 817 768 6
660 551 672 W3 Lol 1235 1k 831 1348 249
800 T01 732 673 1024 1955 1k96 1197 1398 579
1020 891 922 903 10T 2015 1556 1297 T¥ 709
1150 911 © 1ik2 1023 - 108k 1616 1637 1918 1349
1210 1031 1282 1443 1454 1786 1817 £098 1359
1410 1081 1362 1643 152k 1816 1847 2119
1620 1151 15k2 1663 1624 189
1680 1191 1662 18£3 167V 2056

1221 169 1993 1754

1611 17k2

1651 1752

1691 1992

1731

1781

1851

1931

2021

2181

2201

48Ses footnote 1, page 10,
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Nitroguanidine AMCP 706-ATT
Cagnﬂh-: Meleculer Weight:  (CH, N},05) 104
v 1. Oxygen Belonce:
< 5 /NH2 o, % .3
1 3.9 HN== ¢ CO % «15.4
N 53.8 \l‘“ Denalty: gm/c Crystal 1.72
NO..
0 3.8 2 Maolrisg Peint: *C 23
C/H Ratio 0.038 " Freesing Poiat: °C
Impact Sensitivity, 2 Kg We: Beiling Peint: ‘'C
Bureou of Mines Apparotus, cm 47
Swmple Wt 20 mg Refrective Index, n2
Picatinny Arsenal Apparatus, in. 26 o
Somple Wt, ing 17 N
g
Friction Pondulum Test: (Q) Vecsum m., Test:
Steel Shoe Uneffected cc/40 Hrs, ot
Fibe: Shoe Unaffected 90°C N
100°C S 1
Rifle Bultet lmpect Tost: 5 Tricls (e) 120°C o bb
% N
Explosions 0 135°C
Partials 0 150°C
Burned 0 200 Gram Bomd Scad Test:
Uncffected 100 Sand, gm 36.0
Explesion Tompersture: *C Sensitivity te Inkiotion:
Seconds, 0.1 (no cap used) Minimum Dstonating Charge, gm
H o . Mercury Fulminate
S Decomposes 275 - Leod Aride 0.20
10 Tetryl 0.10
15
20 Bellistic Morter, % TNT:  (4) 104
- . . Treuz Test, % TNT: (v) 101
75°C Internotionsl Hee? Test: *
% Loss in 48 Hrs 0.0k Plste Dont Tost: (e)
| Maethod A
100°C Moot Tast: Condition Preased
% L-ss, Ist 48 Hrs 0.18 Confined No
% 1.oss, 2nd 48 Hrs .09 Deruity, gm/cc 1.50
Explosion in 100 Hrs Yone Brisance, % TNT 9
Detenetion Rete: (e)
Flommability Index: Con’inement
5 Condition
Hygroscepicity: % 30°C, 90% Hi Nore Charge Diometer, in.
Density, ¢m/cc 1.5%
v v Hone Rate, maters/second 7650
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AMCP (v6-177 Nitroguanidine
W Toat: Sheped Charge Effoctiveness, TNT = 100:
90 mm HE, M71 Prejoactile, Lot WC-91: Glass Cones  Steel Cones
Detaity, gm/cc Hole Volume
Charge Wt, Ib Hcle Depth
Yetel Ne. of Frogments:
Caler:
For TNT Colorless
For Subject HE
Princiyel Uses:
3 inch NE, MA2AY Prejoctile, Lot KC-3: Propellant composition ingredient,
Deraity, gm/cc bursting charge ingredient
Chorge Wt, Ib ’
Totel Ne. of Frogments:
Maothed of Loading:
For TNT
For Subject HE
Leediag Denslty: gm/cc
Frogment Velacity: ft/sec At 3000 psi 0.95
At 9 fr
At 25% h Storege:
Deraity, gm/cc .
- Mathod Iry
" Diost (Relotive te TNT): Hazard Class (Quontity-Distonce) Class ¢
Ale: Conpatibility Group Group I
Peck Pressure
Erergy
Solubility, gm/100 gm (%), in:
Alr, Coutinad: °c. 0
Impulse Water 25 0.4b
100 9.1
Uindor Weter: 1.0 K Potassium
Peak Pressure mﬂydroxide 25 l'i
Sulfuric Acid 0 3.4¢
linpulse 25 8.0+
Energy * gm/100 cc solution
Booster Sensitivity Test: (a)
umn Condition Pressed
Tetryl, gn 100
Irnpulse Wax, in. for 50% Detonation 0.67
Energy Density, gm/ce 1.5
Ccambus+ion, cal/gm 1995
Explosion, cal/gm 721
Gas VYolume, cc/gm 1077 ]
Formation, cel/gm 227
240

P

pea i g S - o0




WWW.SURVIVALEBOOKS.COM S

e
*

&

i

i
"

. } o =-e-~v;a~a1}¥“"«,’&§%%v

R
o e
i

§ m Hitrogusnidine ANCP 1%-177

o

Preperation:
(Qemsstry of Powder and Explosives, Davis)

e A L SN W AR A AN,
1

C = NH HNO, drati /Cnxﬁ

WY P TP AR A s F
(X
-

Four hun{ ed gms of dry guanidine nitrate is added in small portions to 500 cc concentrated
sulfuric acid at 10°C, or belov. As soon as all crystals have disappesred the milky solution
is poured into 3 liters of ice-water, and allowed to stand until crystallization is complete.

NSty

. The product is filtered, rinsed with water, and recrystallized from about % liters of boiling
water, yield about 90%. .
. 4
, origin: .

Ritroguenidine was first prepared in 1877 by Jousselin, but it was 1900 before it found
use in propellant compositions. During World Wer I, nitroguanidine was used by the Germeans
as an ingredient. of bursting charge explosives.

Destructicn by Chemical Decomposition:

o A, ANF G PP
4 BT YR Tani e

o~
! Nitroguanidine is decoeposed by dissolving in 15 times 1ts weight of 45% sulfuric acid at
N o room tempersture and warming the solution until gus is evolved. Heeting is zontinued for one~
half hour. .
1 ' Refereices:™9 b " . }

{s) L. C. Smith end E. 0. Fyster, Physicsl Testing of Fxplosives, Pa.: IIT - Miscellaneous : -
“ Sensitivity Tests; Performa: -z Tests, OSKD ieport No. 74O, 27 December 1945, -

1 (o) Canadian Report, CE-12, 1 May-15 Augusc 194i.

g (c) D. P. MacDougsll, kethods of Physi:al Testirs, OSRD Report No. 803, 11 August 1942.

(d) L. C. Smith and S. K. Walton, A ~onsideration of RUX/Wax Mixtures as & Substitute for
. Tetryl in Boosters, NOL Memo 10,303, 1% June 1369,

(e) Pepartments of the Army and the Air Force ™ 9-1910/T0 11A-1-34, Miliiary Explosives,

{ April 19.,.
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() Aiso see the following Ploatinny Arsenal Technicel Reports on Ritroguanidine:

ot

Ol

]

1439

1262 183 13% 907 758
1392 1423 an 1749
21h2 2193

1%
218
2201
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Nitzoisobu cerol Tvinttrate (NIBTH) Liguid AMCP 706-177
: &:uﬁﬁx lAoleewlar Weight:  (CReNy0,5) €86
c 16.8 - Oxyges Balence:
0 H0=CHy CO % 0.0
B . 2.1 Co % e
’ 021‘0—0'12 — EOE
K 19.6 Denelty: gm/cc 20% 1.64
o 6L5 20T Malting Puiet: °C
C/H Ravio 0,126 Froesing Polat: °C -39
Impect Sensitivity, 2 Kg Wr: Bolllng Polnt; °C
Bureau of Mines Appoaratus, crm 25
Somple Wt 26 mg Refrective Index, ng
Picatinny Arsenal Apparotus, in. °
Sample Wt, mg N 1.k896
ne 1.587%
Friction Pondulum Test: Vecosm Stebility Toot:
Stee! Shoe cc/40 Hn, ot
Fiber Shoe 90°C
100°C
Rifle Bullet Impact Test:  Triais 120°C
% .
Explosions :3s.c
Portiols So*c
Burmed 200 Grom Bowd Sond Toot:
Unaffected Sond, 0,2 ie ad !!
Explasion Tomperature: *C Sovsitivity te jnltiotion:
Seconds, 0.1 (no cop used) Minimum Detonoting Chorge, gm
1 Marcury Fuiminote
5 Ignites 185 Lead Azide
15 Yezryf
‘5 \d
20 Bollistis Mertnr, % TNT,
Trous! Ton, § TNT:
75°C lararnational Heot Tost:
% Loss in 48 Hrs Plsts Dert Teet:
100°C Mast Toot: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Mrs Density, gm/cc
Explosicn in 100 Hrs Brisonce, % TNT
Detenatien Rete:
Flommebifity Index: Confinement Gilmss {1 mm wvai!)
Condition Liquid
Hygrescopicity: % Chaorge Diometer, in. 0.29
Density, gm/cc 1.6k
oletitity:
25°C, ng/cu’/2k hrs 0.127 x 1073 Rote. meters/second T360

243
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AMCP 706-177 M trotsobu cercl Trinitrate (NTPTN) Liquid
Fropmentubion Test: Shaped Charge Rifestivesc, TNT = 10
9 am RE, M7 Projestile, Lot WC-91: Glass Cones  S:eef Cones
Oersity, gm/ce Hole Volume
Corange Wi, B Hole Depth
Tetul No. 2f Mregmants: >
Color:
For TNT Yellow 0il
Fo. Subject HE
Principel Uses:  Gelatinizing egent for
3 inoh HE, MAZAY Projectile, Lst KC-5: nitrocellrlose
Dersity, gm/cc
Charga W, b
Tetal Ne. of Frogments:
Method of Loading:
For TNT
For Subject HE
Loeding Densily: gm/cc
Frogment Velocuty: ft/sec
At 9 ft
At 25% #t Sreroge:
Density, gm/cc
Method Iiquid
Bisst (Relative to TNT): Hazord Class (Quontity-Distonce)
Aln Compotibility Group
Peck Pressure '
Impulse Exudation
Energy
Solubility:
Alr, Conflned: SolbIuL:
Impuise Soluble in metoyl end ethyl alcoools, ace-
tone, ether, ethylenedichloride, chloroform
Under Weter: and benzeng.
Peok P Insoluble in -mter. curovon.Aisulphide,
Impuise and petroleum ether. °
Energy Toxicity: k
Undorgrnnd; Slight, decidediy lwwg =" ni ?.roélycerin.
Paok Pressure Gelaiini fug Action: |
Imputse Slight on uitrocelluiose. ,
» £2.20C KI Test; .
Mir .tes ' 2
244
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Fitroiscbutylglycerol Trinitratc (NIBTX) Liquid AMCP 706-177

Prepareticn;

A total uf 675 gn 3% formalin is added to 150 gu nitromethsne conteining 2 gm potassium
carbo.ate hemd-tydvate. The Mxgt 200 g formmiin is added slovly, keeping the ture
below 30°C, and then the heat of resctiocn is allowed to reise the tesperature to 50°C, end
the mixture then hested two hours at 90°C. The remction mixture is then concentrstcd at re-
duoed - res” 're and diluted, and this process repeated seversl times to remove formaldehyde.
After the .inal concentration the cocled mixture is filtered and the crystalline product recry-
stallized from slcohol and then severrl times from ether and dried.

The nitrated pioduct is then cbtained by nitrating 50 gm nitroisobutylglycerol with 300 gm
uixed acid (60/5/2, sulfuric acid/nitric acid/vater) below 15°C for 1.5 hours.

xigin:

This explosive (alsoc called Trimethylolnitromethane Trinitrate, Nitroiscbutanetriol Triri-
trate, Ritroisobutylglycerin Trinitrete and incorrectly but widely used Nitroisocbutylglycerol
Trinitrate) was first described in 1912 by Hofwimmer (T ges Schiess - Sprengstoffv T, 43
(1512). Hofwimmer prepared the compound by the condensation of 3 moles of formal with

1 mole of nitromethane in the presence of pctassium bicarbonate, the subsequent nitration of
the product. The explosive can nov be produced from coke, air, and natural gss.

References: 50

(s) H. A. Aaronson, Study of Explosive: Derived fro- Nitropereffins, PATR No. 1125
24 October 19%1. d ’

(b) M. Aubry, Mém poudr, 25, 197-20b (1932-33); CA 27, 4083 (1933).
(c) A. Stettbacher, Nitr.cellulose 5, 159-62, 181-k, 203-6 (193); CA 29, 1250 (1935).

FERRE TN B W W T B I 0w e B W G @ N B PGP PG g Gl
.

(a) V. de C. Crater, U.S. Patent 2,112,Th9 (March .93); A 32, 3964 (193).

(e) B. J. Hibshman, E. H. Plerson, and H. B. Haas, Ind Eng Chem 32, 427-3 (1940); {A 3,
3235 %19&0)- x 2

(£) A. Stettbecher, Z ges Schiess Sprengstoffw 3, 62-b (1942); rA 38, 255 (1944).
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AMCP 706-177 »1 trostarch Demolition Expiov’.e (NSX)
1
Compooition: | Molocular Wiight: 325
%
Nitrostarch (12.50% X} L9 Oxygen Belonce:
Berium Fitrate Lo (C:g: 926 °1g
Mononi tronsphthalene 7T
Parenitroaniline 3 Density: gm/cc
[+} 9 1
Meting Peint: °C
C/H Ratio Freazing Peint: °C
Impect Sensitivity, 2 Kg Wr: Beiling Peint: °C
Bureou of Mines Apparatus, cm 21
Sample Wt 20 mg Refrective Index, n2
Picotinny Arsena! Apparatus, in. 8 °
Somple Wt, mg L
&
. Friction Perdulom Tent: Vacuum Stebility Test:
Stee! Shoe Crackles, snaps cc/4C Hrs, ot
Fiber Shoe Unaffected £5C
100°C 11+
Rifle Bullet Impact Test:10 Trols 8 Trials* 120°C
% % .
— 5 o
Portials o 13
Burned 0 0 200 Groam Bomb Send Test: .
*m 10 87 . Sond gm 39.5
Explesion Te apereture: *C Sensitivity to Initiation:
Seconds, 0.7 L0 cop vied) -~ Minimum Detonating Chorge, gm
1 .- Mercury Fulminate 0.2
5 Decomposes 195 Lead Azide -
16 Tetryl --
15
20 Sallistic Morrer. % TNT:  (s) ¥
Trouzl Test, % TNT:
75°C internstions| Heut Toot:
% Loss in 48 Hns 0.2 Plote Deat Tost:
Maethod
100°C Moot Test: Condition
% Loss, 1st 48 Hrs 0.2 CoMfmd
% Loss, 2nd 48 Hrs 0.3 of’”"y' gm/cc
Explosion in 100 Hrs lione Brisonce, % TNT
Detonstion Rete:
Flemmebility Index: Continement
p Condition
Hygrescopicity: % 307C, 90% RH 2.1 Charge Diamater, =
v ? Density, gm/cc
y: Rote, meters/second
236
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; ~ Nitrostarch Demolition Explosive (NSX) AMCP 706-177
TO N
-~ s . )
; Fregmentetiva Tent: Sheped Charge Effectivences, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91; Gloss Cones  Steel Cones
Density, gm/cc Hole Volume
4 Charge Wt, Ib Hole Depth
; Totel No. of Frogments: .
For TNT
t For Subject HE -
1} Principel Uses: Demolition, bursting charges,
H 3 inch HE, MA2AT Projactile, Lot KC-S: and priming compositiocns
§ Density, gm/cc
: Chorge Wt, ib
’ :
’ Totel Ne. of Frogments: ) o . Band ta
! For TNT Mathod of Laokin twed
t - For Subject HE
] Leading Denelty: gm/cc ‘
4 . Frogment Valacity: ft/sec Apperent 0.92 ;
Ar9 e ;
At 25% Sterege:
Dersity, gm/cc L
Method Dy §
1 | Blest (Relotive to TNT): Hazard Class (Quontity-Distonce) Class 9
\./ Ale: Compaotibility Group Group 1
Peck Pressure
4 Imputse Exurtation None
l Energy
y
¢ Alr, Coafined: 120°C Heat Test:
. Imputse Minutes
: Selmon Fink
Under Weter: Red Fumes 255
2 Peak Pressure Explodes 256
; Impuise
y Energy
[ 4
: Underground:
y . Peak Pressure
o ' impulse
: Energy
s
$
3
*
'
]
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AMCP 706-177 Nitrostarck Pymolition Explosive (NSX)

e =TT Ereparstion: (b)

The nitration of starch proceeds with the formation of hexanitro starch according to the :
following equation: .

20gH 005 + 603~ O\ 8, 0, (0M0,)g + 650

Tapioca starch is considured the best for nitration purposes, although other starches give

iairly stable products. The starch, pretreated to remove nils, fats a~d water scluwble im-

purities, is dried aud screened. Feeding of the dried starch into stainloss steel nitrators : >
containing mixed acid (62%-63% HNO. and 37%-36% ) is done slowly vith constant agitation . « o
of the mixture. The heat evolved t be con ed by cooling coils. The nitreted starch .
is aepareted from the spent acid, washed with s large amount of vater and centriluged. Pinsl . -

arying 1s on treys heated to 350-40°C vith air. This product is so sensitive even a static ‘

discharge might ceuse explosion.

Ritrostarch demolition explosives contain a high percentage of nitrostarch, an oxidizing
agent, mineral oil, a stabilizer and/or other ingredienta.

Seigin:

Ritrostarch vas first prepared in 1833 by Brencounot, vho celled it xyloidine (Amn chim
phys [21 2, 290 (1833)). T. J. Pelousze studisd xyloidine further snd reported its explosive
properties (Compt rend 7, 713 (1838). It found military use in the Unitad States during
World Wars I and II as ting explosives and as an ingredient of burating charges and prim-
ing compositions.

Beferences: 51

(a) W. R. Tomlinson, Jr., Physical and Explosive Properties of Military Explosives, PATR
No. 1372, 29 November 1943.
(v) G. D. CLift and B. T. Fedoroff, A Manual for Explosives laboratories, Vol I, Lefax ‘
Society, Inc., Philadelphia (1942). e

0 St g A 0. v

(c) Also see the folloving Picatinny Arsenal Technical Reports on Nitrostarch Explcsives:

1 2 4 I 8 2
1611 782 103 117 838 1269
2032 8i8

51see footnote 1, page 10.
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AMCP -
/’\) 706-177
Octol, EZQ
Composition: Meleculor Welght: 265
%
B 0 “co,”“%"""" -®
™ 0 Co% “7s5
Denalty: gm/cc Cast 1.80
Malting Peiat: °C
C/H Ratio Freesing Peiat: °C
lmpast Senchivity, 2 Kg WA: Delling Pelm: °C
Bureou of Mines Apporotus, cm
Sampie Wt 20 mg Refrective Index, nS
P cotinrry Arsenal Apporohuss, in. 18 °
Sample Wt, mp 26 =
nn
Priction Pondulum Tost: Vocuem Stability Test:
Steel Shos Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C conmm
100°C ———
Rifle Bullet Impact Test:  Trials 120°C 0.37
% 135°C
- ol
—. Portials
"] Bumee 200 Gram Bomb Send Test:
e Unoffected Sond, gm Exploratory 58.4
Explesion Tomporsture: o Sensitivity to Initietion:
Seconds, 0.1 (no cop used) o Minimum Detonating Charge, gm
1 =-- Marcury Fulmingte -
s Flames erratically 335 —eod Azide 0.3
10 Tetryi —————
15
20 Bellistic Merter, % TNT: 115
Trousl Test, % TNT:
75 C internationel Heet Tuet:
9% Lot in 48 Hrs Plete Dont Toot:
Method
100°C Hoet Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hs Density, gm/c<
Explosion in 100 Hrs Brisance, % TNT
Detonetion Rete:
Flommebility index: Confinement None
Condition Cast
Hygrescopleity: % Charge Diometer, in 1.0
Density, gm/cc 1.80
v v Rote, meters/second 8317
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ANCP 706-17 Octol, 70/ X
Bogster Sonaltivity Test: Decomposition Equation:
Condition Oxygen. otoms /sec
Tetry! (Z/sec)
chmftgnl Heat, kilocalorie/mole
Wax, in. for 50% Detonation (AH, kcal/mol}
Woax, gm Temperature Range, °C
Density, gm/cc Phase
Heot of: rmor Plote Impoact .
Combustion, cal/gm arae A ' Tost:
Explosion, cai/gm loTh 60 mm Morter Projectile:
Gas Volume, cc/gm 8Ly 50% Inert, Velocity, ft/sev
Formation, caol/gm cane Aluminum Fineness
Fusion, cal/gm
500-1b Generel Purpose Bombs:
Specific Meot: ¢ /gm/°C
Plate Thickness, inches
1
14
1o
1%
Surning Rete:
em/sec
Bomb Drop Test:
Thermel 5
cal/sec/em/*C T7, 2000-ib Semi-Armei-Piarcing Bomb vs Concrete:
Coefficiont of Expansion: Max Sofe Drop, #
Linear, %/°C 500-1b Genersl Purpose Bomb vs Concrete:
Volume, %/°C Height, ft
Trials
Hordnoss, Mobs’ Scele: Unotfected
Young's Modulus: :who:::
€', dynes/cm* g Drcer
E, ib/inch? 1000-ib Geners! Purpose Bomb vi Concrete:
Density, gm/cc
Height, ft
Comprassive Strength; Ib/inch” 1510 Trials
See below Unaffected
Vaper Pressure: Low Order
°‘C mm Mercury High Order
Compressive Strength: 1b/inch” *
verage (10 tests) 1510 .
Wigh 1750 Ultimate Deformation: %
Low 1330 Average (10 testis)

Eizh

Low

A
FON D
3 0N

*Test specimen 1/2" x 1/2' cylinder (approximctely 3 sm) pressed et 2 tons (©.000 1b) total

load or 30,000 psi w'*h &

250

c minute time of dwell.
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Octol, 70/30 AMCP 706-177
rfmmiu Toot: Shepod Chorge Effectiveness, TNT == 109:
00 mm NE, M71 Projectity, Loe WC.91: Glass Cones  Steei Cones

Density, gm/cc Hole Volume

Chorge Wt, Ib Hole Dcpth

Teotal No. of Fragments: Coler: Buff
For TNT
Fer Subject HE

3 inck HE, MA2AT Prvjectile, Lot KC-5:

Principal Uses:  HE projectile and bomwdb filler

Density, gm/cc
Charge Wt, Ib
Totel Ne. of Frogmona: Methed of < Cast
For TNT Loading
For Subject HE
Looding Density: gm/cc 1.80
Frogment Velecity: it/sec
At 9 #t
At 25% #t Storape:
Denuity, gm/cc
Maethod ry
Blost (Ralotivs 0o TNT): Hazard Class (Quontity-Distonce) Class 9
Alet Compatibility Group Group I
Peok Presaure '
impuise Exudation
Energy
Alr, Confined: Work to Produce Rupture: ft-1b/inchd
Imputse Averaze (10 tests) l.gs
Hi .
Usder Woter: High -
Peak Pressure
Impulss Efflux Yiscosity, Saybolt Seconds: 5 9
Energy
Peok Prm;m
Impulse
Energy

*Test specimen 1/2" x 1/2" eylinder (approxi-
metely 3 gm) pressed a: 3 tons (6,000 1b)
total loed or 30,000 ps! witn a 2 minute
time of dwell.
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AMCP 706-177 Octol -~
Effect of Altizude. Diameter and of Confinement on Detonation Veloei .
Iﬁﬂnronce '5, :
r | one-Inch Column Two-Inch Column . :
| lcajve Simulated Altitude, | Coufined . Unconfined |Coufined |Unconfined |
Expleaive e, e S ot pclinel,
‘ 1
i 70/30, RiX/TNT; Ground 7900 | 8100 7660 80
| density, gm/cc 1.62 1
. 30,000 8020 | B0 7900(L)} 7800
| 60,000 Boko | 81k 8010 7950
f 90,000 8060 - 7980 8010 | TMO
: T .
* Average 8005 . 8085 7805 7873
—
! : { ! -
i . T0/%, BMK/INT; ; Ground 7960 T900(k) ; 7870 | TkO(H) .
. " density, gm/cc 1.61 i i
! : ; 3,000 8050 8060 | T9Y 70
| i 6,000 {8020 9P - Te0 | T650
; f 90,000 ' 7950 8000 - 7940 ' T650 '.
| hverege = | T9%5 T3 T8 7663 : ‘
L 1 : L)
i #70/30 Octol confined charge in 1/L" steel tube, AISI 1015 seamless, 1" diameter 18" long, F
i and 2" diameter 7" long. All means were determined from sets cf five values unless other- :
| wise indicated by ( ). A 26 gn tetry booster was used to initiate esch charge. -
i
Average Fragment Velocities at Various Altitudes* (g)
Simulated Altitude, Peet
Explosive Charge Diametsr, : Ground 000 000 __
Inches ; [} [ ] . [
: i
| 70/%, RIX/TNT 1 | }15 ¥12 . %66 . 3685
i . f
! 2 ‘WbT 5192 2% 6ol
. T0/30, BX/MNT 1 3966 " 3680 Lol 3617
-
L ! 2 4703 5464 6089 6111

#Outside diameter 2.5L"; inside diameter 2,04"; length T7".
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Tensile Strength:#

I oy ageny
14
i
N
I et NIRRT 5 Ky p i,

P 2 A

>
a2 R o

. Lov 63,0 i
¥Ieat specimen 1/2" x cylinder (appraximately 3 gm) pressed at 3 tons (6,000 1b) totsl ¢

? load or 30,000 ps. with & 2 minute time of dwell. ’
o Setbuck Sensitivity Test: { ) i
] {
Critieca). Prussure 92,000 psi* ;

! Deisity, za/ce 1.72 5

{

¥Pressure belov which no initistion 1s obtained and above which en increasing percentage of
" initiations can be expected as the setback pressure increases.

253

Pit tation Test: f
b 105 mm M0 EE Projectile: %
; T G, g To-of Fragments i
) 1/2- 2 ; 1297
: 2- 5 665
: 5- 10 L7
§ 10- 25 661
: 25 . 50 b7 N
L 0 - 75 27
; 75 - 150 ; 32
‘ {, 150 - 750 : 295
; } 750 - 2500 : 12 :
f i Total Fumber : et ;
:
:
v
;
:

meta
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~AMCP 706-177 Octol, 75/25 Vo
. - . -
eo:uhbm Meloculer Weight: 276
Oxygen Belence:
B 7 Co. % -35
INT 25 0% £73
Density: gm/cc Cac* .81
Melting Point: °C
C/H Rotio Freszing Poine: °C
lmpect Soncitivity, 2 Kg We: Beiling Peint: °C
8ureau of Mines Apparctus, cm -
Somple Wt 20 mg Refractive Index, n2
Picotine.y Arsenal Apparatus, in. 17 o .
Sample Wt, mg 25 Na
ne
Friction Pendulum Tost: Vecuum Stability Test: .
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unsffected 90*C wo-=
100°C PO
Zifle Bollet lmpoct Test: 10Tricls % 120°C 0.
ﬂ16" Steel 1[8" Al 135°C
Explosions 0 170 150°C : :
Portials -- - : i
Burmed -- -- 200 Grom Bomb Send Toot: — ; {
Unaffected 0 0 Sond, gm Exploratory 62.1 £ ' 2
Explosion Tompereturs: oc Sonsitivity te Initietien: Mo b3
Seconds, 0.1 (no cop used) ce- Minimum Detonating Chorge, gm
| .- Maercury Fulminate .en-
S Flemes erratically 350 Leod Azide 0.3
10 T."yl caew
i3
20 Bellistic Morter, % TNT: 116
Trousl TYeet, % TNT:
75°C internationsl Heot Tost:
% Loss in 48 Hrs Plate Dont Tour:
Method .
100°C Hoot Test: Condition
9% Loss, 1st 48 Mrs Confined :
o ) 9% Loss, 2nd 48 Hes Density, gm/cc . -
- Explosion in 100 Mrs Brisonce, % TNT
Detenetion Rate:
Flommebility Index: Confinement None
Condition Cast
Hygreseopishty: % Charge Diometer, in. 1.0
Density, gm/cc 1.8
Ve v Rate, maters/second 86k3
254
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#+4Tegt specimen 1/2" x 1/2" cylinder (approximetely 3 gm) pressed at 3 tons (6,000 1b) total -
load or 30,000 psi with a 2 minute time of dwell.

'
+J
i Octol, 75/2 ’ AMCP 706-177
,f\‘ ;
: Sovster Sensitivity Test: Decompesition Equetica: |
: } Condition O&ygon.) atoms/sec - ; )
/sec.
! Tetry, g Heat, kilocalorie/mole
: Wayx, in. for 50% Detonation (AH, keal/mol)
¢ Waex, gm Temperature Ronge, *C
i Density, gm/cc Phase
! Hoot of:
) Combustion, col/gm 2676 Armeoe Plote lmgact Test:
) .
t Explosion, cal/gm 1131 60 mem Niorter Projoctite:
¢ ! Gos Volume, cc/gm 83 50% Inert. Velocity, ft/sec
’ Formation, cal/gm Aluminum Fingness
; Fusion, cal/gm 29, 4»
1 *Calculated Zor T6.9% HMX, 23.1% TNT. 500-0 Gonerel Purpesc Bembe: )
. ! Specific Meat: col/gm/°C e
! -79°%C 0.200 Plate Thickness, inches
b . -80° to +80°¢ 0.240
E { 33 to ThoC 0.245 .
: 90° to 150°¢ 0.323 '
E s*Determined for 76.9% HMX, 23.1% TNT. 'V*
%
13
Burning Rete: i
cm/sec g3
Bemb Dicp Test: 4§
e, Thevma! Conductiviey: .
. ca:/sec/em/°C T7, 2000-1b Somi-Armer-Plercing Somb vs Concrete: 7 s E g .
N - ot i
3 Coofficient of Expansion: Max Sofe Drop, ¢ -
) Linear, 9%/°C 500-% Gonerel Purpsse Bom$ vs Concrote:
; Volume, %/°C Height, ft
’ Trials
: Merdness, Mohs’ Scole: Unoff y
; Yeung's Modules: :‘_";‘%':"'
% £, dynes/cm*
g P - E, Ib/inch? 1000-1 Genere} Purpese Bomb vs Contrete:
Density, gm/cc N
Haight, ft
N [ Compressive Strength: Ib/inch? 1340 Triols
: ; See below Unaffected
. ; Vapor Pressure: Low Order
; °C mm Mercury High Order
. Compressive Strength: 1b/ tnch” i
) Average (10 tests) 1340 Ultimate Deformation: %
' High 1560 Average (10 tests) 2.4
) Low 1040 High 2.g§
§ Low 2.
b
j

PR

s
»
&
E
)

o .
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AMCP 706-177 Octol, 75/25 X
Rragmentefion Tock: ’ Shoped Cherge Eifoctivenens, TNT = 10% e

40 man ME, M7 Projestile, Lot WC-91: ’ Giloss Cones  Steel Cones ’
Density, gm/cc ‘ Hole Volup. ) K
Chorge Wt, Ib Hole Deptit
Total No. of Fropments: " - '

For TNT
For Subject HE
frincipel Uses:  HE projectile and bowd filler .

3 inch HE, MA3A1 Projectile, Lot KC-5: ' :
Deruity, gm/cc :
Chorge W, ib : .

Totel Ne. of Frogments: : :

Methed of Looding: . ' {

For TNT Cas :

For Subject HE . .
Leading Denalty: gm/cc 1.81

#ragment Velealty: ft/sec .

AR " .

AL 253 ft Steroge: ' 1

Density, gm/cc : .

Method ; Dy .
Bloot (Reladive te TNT): Hazard Class (C-ontity-Distonce) Class 9 ,

Ae: ' Compatibility Group Group I N
Peak
Impulse . Exudation
Energy e

Ale, Cantined: Work to Produce Rupture: ft-lb/inchd *

Impulse Aversge (10 tests) - 1.31 -
, High 1.57 :
Under Water: Tow 1.07 '
Peok Pressure '
impulse Efflux Viscosity, Saybolt Seconds: 9.0 . : ’
Peak Pressure .
impuise
Energy
#Test specimen 1/2" x 1/2" cylinder (approxi-
mately 3 gm) pressed st 3 tons-(6,000 1b) .
total loed or 30,000 psi with & 2 minute T
time of dwell.




AMCP 706-177

Frequent VGlocit& Test: (2)
M25 Hand Grensde:

“Avog Fragment Voloci&i i
.__Explosive sec over N

! Cosposition B
T5/25 Qyelotol
75/25 Octol

Tensile Strength:*

i Aversge (10 tests)
" High

b Low
¥t Specimen a8 per Picatimy Arsenal sketch XI-OTEB, at 21°C.

Modulus of Elasticity:*
..__.____.___.Q_r____z_
) 1b/inch®
;  Average (10 tests) i y !
High + 15,900 |
Low 45,200
¥Test specimen 1/2" x 1/2" cylinder (approximately 3 gm) pressed st 3 tons (6,000 1b) totsl
1csd or 30,000 psi with ¢ 2 minute time .£ dwell.

Setback Semaitivity Te.c: (2)

sl pee | R

' ¥Foresm=re 0o “n 17’ obtained and ebove which an increasing percentage of
initiations can be expected as “he setback pressure increases.

v

Pit Fregmentation Test: Y]
‘ 105 =m Ml HE Piujectile:




.

AMCP 706-177 Octol, 70/30: Octol 2

tion:

Water-wei EMX s added slovwly to molten INT in & steum-jmcketed kettle at a tmn*m of
200°C. The mixture is heated and stirred until all moisture is evaporsted. fThe corpusition
is cooled to & satisfactory pouring temperature and cast directly into amsunition cowoucnt.o
or prepared in the Torm of ctips to be stored for later use. .

References: 52

(a) 1st Indorgewent from Chief, Explosives Devslopment Suction, to Chief, Explosives
Research Section, Picatinny Arsenal, dated 12 May 1958. Sublect: "Properiies of Octols an<
HM-3."

(b) A. W. O'Brien, Jr., C. V. Plumzer, R. P. Woodburn and V. Philipchuk, Detonation Veloci-
Dem:lmticns and Fregment Veloci Debew:lmtiona of Voried Explosive Sys IS B -

jorthern Corp

m‘t’ 501-0RD- (P)-58).

SiSee footnote 1, page 10,
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N PB-RDX AMCP T06-177
N . x-adi22 S
¢
: c.;...n..: Meleculer Weight: 2u5
L]
EY
a RDX Oxygea Selence:
X » Co: % -62
' Polystyrene (uamodified) 8.5 CO % -18
: Dioctylphthalate 1.5 ; gm/cc Unpresoed 0.81
Y
Ny Malting Pelat: °C
; C/H Ratio Freazing Pelat: °C
. Impect Semsitivity, 2 Kg W: Unpressed Beiling Pelat: °C
. Bursou of Mines Apparatus, cm 28
' Somple Wt 20 mg Rafrective Index, nS
' - Picatinny Arsenol Apporatus, in. 15 °
. . Sample Wt, mg 20 ns
. n=
, Friction Poaduluem Tost: v PR,
; Steel Shoe Unaffected cc/4C Hrs, at
' Fiber Shoe tnaffected 90°C ceee .
: 100°C —
. Rifle Bullet impoct Test: 10 Trials * 120°C _ 0.b1
: % .
. Explosions 10 135°C
. Partials 90 150°C “
. Burned 0 200 Grom Bomb Send Test: X
Unoffected 0 Sond, gm i
5
: Explesion Tompereture: C Sensitivity te Initiotion:
) Seconds, 0.1 (no cop used) =e- Minimum Detonating Charge, gm
: ! T me- Mercury Fulminate
. 5 Smokes o Leod Azide
: 10 Tet
‘ 15
v 20 Bollistic Mortar, % TNT:
‘ Trous! Test, % TNT:
. 7%2°C internationel Heet Teet:
: 9% Loss in 48 i'rs Plote Dont Toot:
Method
, 100°C Hoat Tout: Condition
. % Loss, 1st 48 Hrs 0.00 Confined
' % Loss, 2nd 48 Hrs 0.00 Density, gm/cc
. . Explosion in 100 Hrs None Brisance, % TNT
. Detonstina Rete:
' Flammebility Index: Confina nent
; Condition
X " bey: % Chorge Diometer, in.
: #* Teat procedure described in PATR No. 2247, Density, gm/cc
! May 1956. Rate, meters/second
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AMCP 706-177

PB-RDX
Sesster Sensltivity Toat: Decompesition Equetion:
Condition Oxygen, atoms/sec
(Z/30c)
Tetryl, gm . Heat, kilocalorie/mole
Wox, in. for 50% Detonation (AH, keal/mol)
Wax, gm Tempercture Range, °C
Density, gm/cc Phase
Hoot of: Armer Impoct Toot:
Combustion, col/gm 3027 Plete
Explosion, cal/gm 983 60 mm Morter Projoctile:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, col/gm Aluminum Fineness
Fusion, cal/gm
500-1b Gunerel Purpesc Bombs:
Specific Heat: cal/gm/*C
o Plate Thickness, inches
!
1y
1%
13;
Berning Rate:
cm/sec Bemb Drep Tont:
Thaemel Conductivity: Concrete:
col/sec/cm/*C 17 2000-3 Semi-Armer-Piarcing Bommb va f
ft
of . Max Sote Drop,
Linear, %/°C 500-0 General Purpase Bemab vs Concrete:
Volume, %/°C Haight, f
Triols
Herdnoss, Moke' Scale: Unaffected
Low Order
Yeung's Madulus: See below Migh Order
E’, dynes,'em?
€, Ib/inch® 1000-1b Genorel Purpess Bomb vs Concrete:
Dersity, gm/cc
Height, ft
Compressive Strength: Ib/inch? 2k03 2149 Trials
Percent 8.9 13.1 Uraffected
VYeper Prassure: Low Order
‘C mm Mercury High Order

Young's Modulus: * {a)

2
E, 1b/i1ch (avg of 5)
Density, gm/cc

Temperature
Ambient

39,953
1.60

73

1.57

*Pellets (Lot OAC-596-55) 0.750 inch diameter by 0.750 inch long, pressed at 30,000 ps! with

30-second dwell.
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#Pellets (Lot HOL-F-93) were 1-1/2 inches
in diemeter and 3/4 inch high.

PB-RDX AMCP 706-177
—
Frogmentation Tost: Shaped Chorge Effoctivenses, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Dersity, gm/cc Hole Volume
Charge Wh, ib Hole Depth
Tetrl Neo. of Frogments:
White
For TNT Coler:
For Subjact HE
Principel Uses: High zuchanical strength
3 inch HE, MAZAT Projoctile, Lot KC-3: explosive
Mnyl w“
Charge Wk, Ib
Totel Neo. of Frogments:
Mothed of Pressed
For TNT Leading:
For Subject HE
Leeding Desslty: gm/cc  Pressed, psi x 10°
0 10 20
lnmvm ft/sec 1.10 1.k9 1.59 1.62
At 25y # Sterage:
Density, gm/cc
Maethod Dry
Slast (Relative to TNT): Hazord Closs (Quontity-Distance) Class 9
Als: Compatitility Group Group I
Peok Pressure
Impulee Exudation None
Energy |
Confined Rorkwell Hardness, "R" Scale: (e)
Abl’uwlu : :ZE §n§ Emt&r Enemwr; 60 Kg load:
Pellet Specific
Under Weter: No.* Gravi Ha=dness
Peck Pressure —— ——
Impulss 1 l.gk 8y
) 2 1.623 90
Eneay 3 1.611 8L
4 1.600 8o
5 1.590 75
Peck Pressure F3 1.57 73
impuise 'g 1. Sks s2
Energy 1.52 9
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*"*CP 706-177 PB-RIX —_
‘ ” Sensitivity of PB-RDX and %ga RDX/Stearic Actd
. . £ex ets* to Initiation by Iype II Specfal Blasting Caps (a)
. Gap (Distance From Base of Cap to Pellet), Inches
Pellets o . . o 0. ’ 0.
PB-RIX with Pellet Density
1.55 gm/cc
Ro. of Trials : 8 5 6 2 1 1
) Aversge Depih of Plate
Indentation, inches ** 0.082 .09 0.087 0.080 0.080 — —
No. of Teilures 0 1 3 4 1 1 1
PB-RIX with Pellet De.3ity
1.60 gn/cc
Ko. of Trials 3 8 9 L 3 5 2 )
Aversge Depth of Plate
Indentation, inches 0.090 0.089 0.087 o.¢::  0.087 0.075 — :
No. of Failures 0 0 2 3 2 3 z :
98/2 FIX/Stearic Acid With ‘
Pellet Density 1.63 gu/cc i
No. of ‘frials 5 3 s > 5 5 5 ! ‘
St 3
Average Depth of Plate '
Indentation, inches #* 0.109 0.096 0.095 0.092 0,097 0.087 )
Ko. cf Failures 0 1 (o] 3 L L 5
* Pellets 0.92 inch diameter, 0.375 inch height.
¥% Mild steel plate 5" x 5" x 1",
Performance of PB-RIX as Booster: (b, )
e ———— ot 88 DooOSter:
Ten 2.75 inch HFAT M1 Rocket Heads were unaffected in performance by storage at 71°C for
. 28 days. Thus, PB-RIX wes not desensitized by contact with TNT-bearing explosives. Tetryl,
similarly used, becomes desensitized when stored in bursting charges at elevated temperatures.
In addition, 108 modified M30TAL 5T mm projectiles were fired for performance against
armor. Eech round contained a PB-RDX booster pellet. There wBs no evidence in these firings
that the projectiles were inadequately boostered.
262 N
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oB-RDX AMCP 706-177

Preparation:

The purchace description sheet for polystyrene-bonded RDX (X-PA-PD-1088, 25 October 1956)
requires that the PB-RDX shall be u mixture of RDX, coated and surrounded by a homogeneous
mixture of polystyrene and dioctylpnthalate. The specified percentage of RIX shall consist
of & mixture of 75% Type B, Class A RDX and 25% Type B, Class E RIX. The granulation of the
unpressed composition shall te as follows:

. Through U. S. Standard

Sieve No. Minimum %4 | Maximum %
6 100 -
12 60 -
20 - 2
35 -- 0

Two methods have been reported for the preperation of PB-RDX (Reference: Los Alamos Scien-
tific Iaboratory, Contract W-TW05-Fng 35 with U.S. ~tomic Energy Commission, Report No. IA-
1448). The earlier method employed a Baker-Perkins type mixer to blend the componenis. This
procedure gave a product with good pressing charecteristics. However, the molding composition
was nonuniform in granulation and tended to be dusty. The slurry method of PB-RDX preparation
gave a product vhich was uniform, free-flowing and dustless. In eddition, PB-RDX granulated
by the slurry method exhibited uatisfactory drying, hand’ing and pressing charsctéristics.

The final procedure incorporating the better features found from the study of such variables
as solvents, solvent/plastic ratios, lacquer addition end temmerature, sgitation, RIX particle
size distribution, dispersants and rosin additive, was as foliows (Reference c):

Forty-two and five-tentls grams (42.5 gm) of polystyrene and 8 cc dioctylphthslate were
diseolved in 200 cc toluene in & lacquer dissolver. Steam was introduced into the Jecket
until the temperature reached 65°C. The lacquer wes agitated constantly until it was ready
to be added to the granulstor. This lacquer contained a 1:4 ratio of plastic-plasticizer to
toluene.

Four hundred and fifty grems (450 gm) of RDX and 4500 grems of HyO (retio 1:10) were added
to the grenulator. The agitator was set for 00 rpm and the temperature was raised to 75°C
by introducing steam into the jacket. The temperature differential between the lacquer solu-
tion and the RDX/water siurry was 5° to 10°C.

The lacquer solution was poured through the c’erging funnel into the grenulator. As soon
as the lacquer was added, & solution of gelatin in water was added, and che mixture was agi-
tated until the lacquer wes well dispersed in the RDX slurry (spproximately 5 minutes). Granu-
lation took place at this point. Steam wus introduced agein into the jacket to distill the
solvent until the temperature resched 98°cC. Cooling water wag then run into the jacket to
cool the batch to 40°C. The coated material from the granulator was collected orn a Buchner
funnel and dried in a tray at T0°C for 2k hours. Temperatures below 70°C d1d net furnish
enough heat, but a temperature of 80°C produceé¢ stickiness and caking of PB-RDX.

Crigin:

An explosive consisting of RDX comted with polystyrene plasticized with dicetyphthalate
was initially developed in 1952 for the Atomic Energy Comission by Los Alamos Seientific
Laborutory of the Universit; of California (Contrect W-7405-Eng 36 with U. S. Atomic Energy
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Commission, Report No. LA-1M48). The epecific forwuletion of 90/8.5/1.5 RIX/polystyrens/
dioctylphticlate was sudbsequently standardised by Los Alamos. This explosive, crigimlly
designated FEX, hes desu redesignated PB-RIX. The detailed requirements for the present
polystyrens-bonded RIX(PBR-RIX) are given in purchase description X-PA-PD-1088, 25 October 1956.

References; 33
(s) B. J. Zlotuche, T. W. Stavens and C. E. Jacocbson, Charscteristics of Polystyrene-
Bonded ROK(PB-RIN), PATR Bo. 2497, April 1958. -
(b) A. J. Pascazio, The Suitadi of & Bare PEX Booster Fellet in the 2.75 Inch M1 HEAT ‘
Focket Head, PATR No. Wﬁ—_ﬁ—, . cielletin Be 210 b0 B :
{¢) J. L. Vermillion and R. C, Dudberly, ¢c-Bonded PIX, Its tion by the 81 :
Method, Holston Defenss Corporation, Control No. o8 s

(d) Ce Jo Richimr, Do
Linsr, Aberdeen Proving Ground,
» October 1957.

53;« footnote 1, page 10,
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Pentserythritol Trinitrate (PETRIN) AMCP 706-177
Coppotion: Melesulor Woight: (CoHigh2050) n
22. Oxygen Belonee:
c ! CH,ONO, CO: % 2T
H 3.3 CO % 3
N 15.5 B0, ™ ¢~ B0 Deneley: gm/cc 1.5k
ONO, N
0 59.1 o Maling Point: °C 26 to 28
C/H Rotio 0,141 Freazing Peiat: °C
impect Soncltivity, 2 K3 Wr: Beiling Point: °C 4 sm Hg Decomposes 130
Bureou of Mines Apporatus, cm
Somple Wt 20 mg Refractive index, n2
Picatinny Arsencl Apparatus, in. 5 to 10 o
Somple Wt, mg 38 N
(-3
Friction Pondulum Toot: Vecvom Stebility Toot:
Stes! Shoe <c/40 Hrs, at
Fiber Shoe 90°C cane
10¢°C 2.54 to 5.69
Rifle Bulist impoct Test:  Trials 120°C
% N
Portials
Bumed 200 Grom Bomb Sond Toot:
Unoffected Sond, gm
Explesion Tomperoture: *C Sensitivity te initiatien:
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
1 Mgreury Fulminate
5 Lead Azide
10 Tetryl
15
20 Bollistic Mister, % TNT:
Trous! Tost, % TNT:
75°C Intornctions! Hoat Teat:
% Loss in 48 Hrs Plote Dot Toat:
Method
100°C Moot Tont: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Mrs Density, gm/ce
Explosion in 100 Hrs Brisonce, % TNT
Detenstion Rote:
Flanmebility Index: Confinenent
Condition
v ‘ % Charge Diameter, in.
Volotillty: Density, pm/cc

Rate, meters/second

o
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AUMCP 706-177 Pentaerythritol irinitrate (PETRIN)
Frogmentetion Test: Sheped Cherge Effactivenses, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Denaity, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Totel No. of Fragments:
For TNT C * Wnite
For Subject HE

3 inch HE, MA2A1T Projuctile, Lot KC-S:

Principel Uses: Explosive, propellant or
igniter ingredient

Density, gm/cc
Charge Wt, Ib
Totel No, of Fragments:
Methed of Loading:
For TNT
For Subject HE
Losding Density: gm/cc
Fragment Velecity: ft/sec
At 9 ft
At 25% ft Storege:
Density, gm/cc
Mathod Dry
Blost (Relative te TNT): Hazard Class {(Quantity-Distonce)
Alny Compatibility Group
Peok Pressure
Impulse Exudation None
Energy
PETRIN esters are listed in reference (b)
Ale, Conlined: and most of these esters have been siown to
impuise heve explosive properties.
An infrared spectrophotometric procedure
Under Water
Pea™ Mressure was developed for the determination of the
- acetone content of PETRIN (ref c¢). A 2.5 gm
Impulse semple of PETRIN is dissolved in chloroform
Energy and the volume increased to 25 milliliters in
a volumetric flesk. The acetone conternc of
: the PETRIN solution is determined by {t3 infras
K Press red absorption &8t 5.824 in & 0.5 mm cell. A
Peol re double beem method is used with 8 refere:ce
Impulse ceil containing chloroform and acetune-free
Energy PETRIN. The quentity of the latter must be
Absolute Viscosity, poiges: carefully ad;usted to give 8 good balence be-
Voo tween the test sample and reference cells for
Teup, ;ggg 11:3 the stror; PETRIN peak at 6.02,« maximum.
" .32
ggog fg Heat of:
Explosion, cal/tm 1204
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Pentacrythritol Trinitrete (PETRIN) AMCP 706-177
Preparation:
o I + 0 2% OHCH,,C(CH,NO., + 4]
pentaerythritol nitric sulfurie pentaerythritol vate:
acid acid trinitrate
MW 13 MW 63 MW 98 MW 271 MW 18

The earlies’ procedure used for the menufacture of PETRIN was that developed at Alleghany
Ballistics Laboratory. In this process, called the "A process,” 80% HNO: and the solid pen-
taerythritol were charged to the reactor and 80% Ho80), ves added slovly &t s rate to permit
control of temperature at 0° to 5°C. This mixture was held for a 2-1/2-kour reaction period,
then drowned in water and filtered to give a cake containing both the tri- end tetra-pitreates
of pentaerythritol. The cake was dissolved in acetone and neutralized in solution with am-
woniu  carbonate, after which the PETM ...s precipitated by the addition of water. After fil-
tration, the PETRIN was recovered from the filtrate by stripping off the solvent under vacuum.
Yields by this process averaged about 40%.

An improved process, callsd the "B process,” used the same primary resction procedure but
@ different work-up procedure. After the reaction holding perici, water was addgd to dilute
the mixed acid and the batch was extracted in situ with methylere chloride. The organic
layer was separated, neutrslized with aqueous sodium bicarbonatc, end stripped of methylene
ehloride under vacuum to yield the product directly. Yields by tuis process were sbout S0%
and quality of the product was much improv>d over that of the "A process.”

The "C process,” currently in use, involves essentially the simultenecus synthesis and
extrsetion of PETRIN from tle rea~tion mixtire. Methylene ~hloride approximately equsl to
the towal weight of the other components s added to the reaction mixture bafore the sulfuri:z
acid. After & suiteble time foilowing the addition of sulfuric acid, the solvent is removed
and re;-.aced by fresh solvent one or more times. The combined extrects are neutralized and
conceLirstel. Becasuse of their initialls relatively large volume, PETN _... be re-oved by
filtratit, from the concentrated PETRIN solution before the final solvent is stripped. Yields
by this pracess have been 60% to 65%.

Ooriging

The nitration products of pentaerythritol or itc derivati:~s contsining not more than ihree
R02 groups were patented for use as explosivee, propellants or ignition materiale in 1936

(German "atente 638,432 and 638,433; CA 31, 1212 (1937)).

A process in which pentaerythritol monoacetate vas converted to penteerythritol trinitrete
monoacetate, which was then sapcnified under carefully controlled ccnditions to PETRIN, was
reported 1n 1954 (K. S. Marens, D. E. Flrick and R. F. Preckel, J Am Chem Soc Ju, 130L).
~OTRIN was also prepared by the nitration of pentserythritl with & mixture of B0% HHO, and
80% Hgs‘)’h in 1955 (A. 7. Camp, N. S. Murane, D. E. Elrick end R. F. Preckel, J Am Chem”Soc
i, 17°1).
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References: %

(a) Rohm and Beas Cowpany, mm Arsemal Divisicn, Process for the hnut:ct\m ol
U8 tol Trinitrate Monos te and Petrin Acrylate By

. a

b) B. Berlow, R. H. Barth avd J. B. anov ritols, ACS Monozreph Mo. 136,
5, Reinhold Pwblishing Corporation, New

(e} R. H. Pierson, An Infrered Spec tric Method for Determinstion of Acetone
ﬁfmt of % , U-8. ce Tes on S
]

roary 1958.

;§u footnote 1, page 10. :
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Rate, meters/second

AMCP 706-177
c.;.um: Mojgeuiar Weight: (cgHy1N50,;) »5
C 235 Oxygen Bslence:
B34 T iy S
= 1= C0Q, C=CH,ONO,
R 2.9 Gi2 a%l mzo 2 € ensity: gm/cc
0]
0 Sk.2 00 Metting Peint: *C T8 to 79
C/H Rotio 0.239 Freezing Peint: ‘'C
Impoct Sensitivity, 2 Kg We: Belling Peine: °C
Bureau of Mines Apparatus, cm
Somple Wt 20 mg Refractive Index, nS
Picatinny Arsenol Apparatus, in. °
Sample Wr, mg Na
g
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bulist Impact Taat: Trials 120°C
% 135°C
Explosions
Portiols 150°C
Burned 200 Gram Bomb Send Test:
Unutfected Sond, gm
Explesion Toempersture: °C Sensitwity to Initistion:
Seconds, 0.1 (ny cop used) Minimum Detonating Charge, gm
| Mercury Fulminate
5 Lead Azide
10 Tetryl
15 -
20 Bellistic Morter, % TNT:
; Treuzi Test, % TNT:
75°C internetionn! Hoot Tost:
% Loss in 48 Hrs Plote Dent Test:
Maethod
100°C Yoot Test: Condition
% Loss, 15t 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Srisance, % TNT
Detonc"'+a Rote:
Flammability Index: Confinement
Condition
Hygroscopicity: % N1 Charge Diometer, in.
Density, gm/cc
Veletility:




1
AMEP 706-117 Pentaerythritol Trinitroacrylate (PETRIN Acrylate)
ﬁWTm _ Shaped Charge Etfectiveness, TNT = 100:
90 mm HE, M71 Prejectile, Lot WC-91: Glass Cones  Steel Corcs

Dernasity, gm/cc Hole Volume

Charge Wt, Ib Hole Depth

Totel No. of Fregments: . hite
For TNT
For Subject HE

3 inch HE, MA2A1 Prejactile, Lot KC-3:

Principel Uses: Ingredient of composite
rocket propellants .

Density, gm/cc
Charge W, Ib
Tote! Ne. of Frogment:: :
Mothod of Leoding:
For TNT
For Subject HE
Leading Density: gm/cc
Fragment Velecity: ft/sec
At 9 fr
At 254 ft Sterege:
Density, gm/cc
Maethod Dry at temperatures below
welting point
Biast (Reletive te THY): Hazord Class (Quortity-Distonce)
Ale: Compatibility Group
Peck Pressure
Impulse Exudation None
Energy
Alr, Cor."=0d: , Heat of:
Impulse Combustion, .i/um 2923
Vader ‘Weter: Explosion, cal’'gm 791
Peok Pressure
I wilse
Energy
Undergreund:
Peok Pressu
Impulse
Energy
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Pentaerythri  _u irinitroscrylate (PETRIN Acrylate) AMCP 706-177
Preparation: (a)
HOCH,C(CHNO3)y ¢ CHp = CHOOCL ¢ CgHoN(CHg), —
pentaerythyritol uerylyl dimethyl
trinitrate (PETRIN) chloride sniline
MW 271 MW 90.5 MW 121

(oenocaa) 3ccneoccn = CH, +

pentaerythritol trirnitrate mono-
acrylate (PETRIN acrylate)

C6H5N( 0113)250.1 —

dimethylanine
hydrochloride

MW 325

The originsl synthesis for PETRIN acrylate employed trifluoroacetic anhydride and glacial
acrylic acid as the acrylation sgent tor PETRIN. These two ma.eriels were charged to a re-
action vessel and the initial reacticn was controlled by the slow addition of PETRIN at a
temperature of 10° to 15°C. Following a period of one hour, the batch was drowned in water,
precipitating the PLIRIN acrylate. This solid was separated by filtration, dissolved in chlo-
roform, and neutralized irn solution with sodium bicarbonate. Thc product was then crystal-
lized during e period of 16 hours at 0°C snd dried under vacuum to remove traces of solvent.
The yield for this process was about 60%.

A significant improvement in yield (to about 74%) and purity (approximately 98%) was
realized Ly the substitution of methanol for chloroform and crystallization of the product
from the solution without neutralization, residusl ecid being removed by washing the filter
cake with water.

Because of the high cost and hygroscopic nature of trifluorcacetic anhydride, & new pro-
cess, based on dimethylaniline -.nd acrylyl chloride, was considered. This process is cur-
rently under development in une Rohm and Haas Chemical Processing facilities and is not con-
sidered optimum. Yields aversged L6% and product purities averaged 93.5%.

PETRIN Acrylate Propellants:

PETRIN acrylate could be used as a monopropellant because it has a specific impulse of
21k 1b-sec/1b and a burning rate of 0.2 in/sec. The addition of an cxidizer increases both
the impulse and burning rate. -

A composition which preegsatly eppears most promising is as followa:

Composition RM
PEIRIN ecrylate () 97% purity), % 34.3  (binder)

Triethylene glycol “=initrate, % 11.8 (plesticizer)
Glycol diecrylate, % 2.9 (crosslinker)
Ammonium perchlorate, % 51.0 oxidizer)
Hydroquincne, % 0.014 (polymerization inhibitor)
Measured specific impulse 238 lb-sec/1b, at density of 1.3.
Reference:5 3

(a) Rohm and Haas Company, Redstone Arsensl Division, Process for the Manufacture of
Pentaerythritol Tetrsnitrate Monoacrylate and Petrin Acrylate Propellants, 12 March 1355.

55see footnote 1, page 10,
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AMCP 706-177 Pentolite, 50/50; 10/90
Composition: Meloculer Weight: 2540 l&’g
%
Oxygen Beloace:
PEIN 50 10 CO: % 42 -68
€O % -5 -21
INT 50 30
Density: gm/cc 1.65 1.60
Malting Poiat: °C T6
C/H Ratic Freezing Point: °C
tepoct “omsitivity, 2 Kg We: zoé<o 10/90 Boiling Point: *C
Burer.u of Mines Apparatus, cm 5
Somple Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparatus, in. 12 1k o
Somple Wi, mg 15 18 R
ng
Priction Ponduium Toot: Vecwem Stabitity Test:  50/50  10/90
Steel Shoe Unu?fected cc/40 Hrs, ot
Fiber Shoe naffected 90°C
100°C 3.0 3.0
Rifle Bullet lmpeact Tost: 25 Trials, 50/50 120°C i+ 1+
% . .. .-
— 2 B
is 20 o -
Burmed 0 209 Grom Bomb Send Test:
Unoffected 8 Sond, gm 55.6 k9.5
Explosion Tumpereture: *C., 50/50 Semsitivity to Inkiatien: 50/50
Seconds, 0.1 (no cop used) 290 Minimum Detonating Chazge, gm
1 26€. Mercury Fulminate 0.19%
5 Decomposes 220 Lead Azide 0.13*
10 20k . .
15 197 *Altl;:lrxtive initisting chargzeg.
20 2190 Bellistic Mortar, % TNT: (a) 126
Trevzl Test, % TNT: (v) 122
75°C Intenatiensl Heot Test:
% Loss in 48 Hrs Plots Deat Test: (c)

. Maeathod )
100°C Heot Tost: 50/50 C‘“f"“‘ Cast
9% Loss, 15t 48 Hrs 0.0 Conf-.ncd No

% Loss, 2nd 48 Hrs 0.2 Density, gm/cc 1.66
Explosion in 100 Hrs None Brisonce, % TNT 121
Detonation Rate:
Flammeability Index: Will not continue %o burn Confinement iione
Condition Cast.
. 50/50 10/¢
" "é"“ .F% mz_ "Esc{_sg’ Chorge Diamnaeter, in. 1.0
Density, gm/cc 1.6¢6
Voletility: Rate, meters/second 465
272
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Pentolite,

507501 10/

Socster Semsitivity Test:  (d) 50/50
Condition Pressed Cast
Teteyl, gm 100 100
Wax, in. for 50% Detonation 2.36 2.03
Wax, gm
Density, gm/cc 1.60 1.65

Decompesition Equation:
Oxygen, atoms/sec
(Z ‘sec)
Meat, kilocolorie/mole
(AH, keol/mol)
Temperature Ronge, °C

Phase

Heot of:
Combustion, cal/gm

Explosion, cal/gm

Gas Volume, cc/gm
Formation, col/gm
Fusion, cal/gm

AMCP 706-177

Armoe Plote Impact Test:

60 mm Mortar Projectile:
S0% Inert, Velocity, ft/sec

Aluminum Fineness

$pecific Heat: col/gm/°C

300-1b General Purpose Bombs:
Plate Thickness, inches

1
1
14

1,

Surning Rete:
em/sec

Bomb Drop Test:

Thermel Coaductivity:

col/sec/em/"C

Cosfficient of Expension:
Linear, %/°C

Volume, %/°C

Mox Sufe Drop, ft

500-1b General Purpose Bomb vs Concrete:

Height, ft

Hardness, Mohs’ Scele:

Trials
Unarfected

Young's Modulus:
E’, dynes/cm?
E, Ib/inch?
Density, gm/cc

tow Crder
High Qrder

1000-1b General Purposc Bomb vs Concrete:

Compressive Strength: Ib/inch® 2000-2200
Denst’y, gm/cc 1.65

Height, ft
Trials
Unaffected

Vapor Pressure:
“C mm Mercury

Low Order
High Order

T7, 2000-tb Semi-Armor-Pisrcing Bomb vs Concrete:




AMCP 706-177 Pentolite, 50/50; 10/90
ln;unolu Tost: 50/50 Shoped Cherge TNT = 100:
30/50 10/90 30/50 25/75
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones(?) Steel Cones (g)
Density, gm/cc 1.65 Hole Volume 157 105 9 119
Charge Wr, ib 2.147 Hole Depth 116 116 131 119
Tetel Neo. of Frapments: Yellov-white
For TMT 703 :
For Subjict HE 963

3 inch HE, M/I2AY Prejectile, Lot XC-3:

Principal Uses:  Shaped chargss, bursting
charges, demolition blocks

Deruity, ¢m/cc 1.65
Charge Wt, Ib 0.872
Totel No. of Frogments:
Mothed of H t
For 51k Laading Cas
For Subject HE 650
Leeding Density: gm/cc 50/50 10/90
Fragment Velocity: t/sec 1.65 1.60
A9 fr 2810
At 25% 2 Steroge:
Density, gm/cc 1.66
Method Dry
Blast (Relative te TNT): (e) Hoazard Cless (Quantity-Distance) Class 9
Ale: Compatibility Group Group I
Peok Fressure 105
Impulse 107 Exudation
Energy .-
Compatibility with Metals:
“"' Confined: : Copper, brass, aluminum, megnesium,
mpulse megaesium-aluminum alloy, mild steel coated
with acid-proof black peint, and mild steel
Under Weter: plateld vith copper, cadmium or nickel are not
Peck Pressure affected. Zinc plated steel is only slightly
Impulse affected.
Enurgy We': Stainless steel, aluminum and mild
steel corted with ecid-proof bleck paint are
Underground: not affe¢ .ted. Copper, brass, megnesium, meg-
Peck Pressure nesium-aluminum alloy, milé steel and mild
i steel piated with copper, cadmium, zinc or
mpulse nickel are slightly sffected.
Energy Effect of Temperature on (n)
Eutectic T:mperature, °C: 76 Sate of Detonstion: 50/50
16 hrs at, °c -SKTTT 2
gm PE'M/log gm TNT Deneity, gm/cc 1.67 1.66
7600 13.0 Fate, m/sec THT0 TL4O
95°¢C 28.3
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Pentolite, 50/50; 10/90 AMCP 706-1T7

Preparstion:

Pentolite is manufactured by either the slurry method or coprecipitation of PEIN and TNT.
In the slurry method PETN, in water, is stirred and heated above 80°C. 1INT is added and when
molten, it coats the particles of PEIN. The slurry iz cooled with rapid stirring and the gepa-
reted granules are collected on a filter and aried below 75°C.

In .oprecipitation, PETR and TNT are dissolved separaiely im acetune. The sclutions are
mixed and the explosives are precipitated simultaneocusl; by pouring the mix.d solution inte
cold water under vigorous agitation. The vrecipitated solid is collected on a filter and
dried in air.

in:

Standardized during World War II, with the 50-50 PE'm/‘INT mixture being the more important
for bursting charges and booster-surround charges.

References: 5©

{s) L. C. Smith and E. G. Eyster, Physical Testing of %louvea, Part I1]1 - Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report No. S740, December 1945.

(b) Philip C. Kesenan and Dorothy Pipes, Table oi Military High Explosives, Sacond Revisicn,
KAVORD Report No. 87-46, 26 July 1946.

{c) D. P. Mschougsll, Methods of Physical Testing, OSRD Report No. 803, 11 August 19h2.

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wex Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

e¢) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, 9 April
19u8.

(1) BEmstern Leboratory, du Pont, Investig : on of Cavity Effect, Sec III, Variation of
Cavity BEffect with Explosive @osition, NIRC Contract -0ORD=-5T723.

(g) Eastern laboratory, du Pont, imvectigation of Cavity Effect, Final Report, Contract
W-6T2-0RD-5723, E. Lab, du Pont, 18 Sptember 1943.

(n) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Mili 10-
sives at Several lifferent Temperatures, PATR No. 2383, November 1995,

(1) Also see the following Picatimny Arsenal Technical Report on Pentolite:

Q i 2 3 4 2 6 I 8
1360 1291 1212 1133 1284 1325 1436 17T 1388
1k20 1ks1 1262 1193 2004 1466 1677 1598
1570 1651 1372 1213 1796 1737 1668

1363 1838

56see footnote 1, page 10.
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AMCP 706-177 PEIN (Pentaerythritol Tetranitrate)
Compeosition: Melecular Weight: ( CSHSNhola) 316
% EL3
ono Belonce:
P , > Oxygen 3
19-0 I Co; % -10
R 2.5 I“"z €o % 15
X 7.7 02N0— CH:_’_ f i CHQ_ CN02 m: gm/cc Cryetal 1.77
0 60.8 fﬂz Melt!ag Point: °C 1
C/H Retio 0,134 ONO, Freezing Point: °C
Impect Sensitivity, 2 Kg Wt: Boiling Point: °C
Bureou of Mines Apparatus, cm 17
Somple Wt 20 mg - Refractive Index, n2
Picatinny Arsenal Apparatus, in. 6 o
Sample Wt, mg 16 Nz
n%
Friction Pendulum Test: Vacuum Stebility Test:
Steel Shoe Creckles cc/40 Hrs, at
i wer Shoe Unaffected 90°C
- . 100°C 0.5
Rifie Sullet Impect Test: S Tricls 120°C 1+
% o
losions 100 l35'C
Partiols 0 150°C
Burned 0 200 Grem Bomb Send Test:
lil_ ed Y Sond, gm 62.7
Explosion Tempserature: °C Sensitivity to Initigtion:
Seconds, 0.1 (no cop used) 272 Minimum Detonating Charge, gm
t 244 Mercury Fulminate 0.17*
5 Decomposes 225 Lead Azide 0.03*
10 211 Tetryl o
15 - *Alte:'nlzuvg ini t"iﬂ &1[B ghﬂm:"
20 . Ballistic Morter, % TNT:  (a) 145
Trouz! Test, % TNT: (v) 173
75°C Internationel Heat Test:
% Loss in 48 Hrs 0.02 Plate Dent Test: ()
Method A
100°C Heot Test: Condition Pressed
% Loss, Ist 48 Hrs 0.1 Confined Tes
% Loss, 2nd 48 Hrs 0.0 Density, gm/cc 1.0
Explosion in 100 Hrs Hone Brisance, % TNT 129
D ion Rete:
Flammobility Index: Will not continue to burn Confinement tione
5 - Condition Presged
Hygroscopicity: % 30°C, 907 nil 0.0 Chorge Diameter, in. 1.00
Volati Density, gm/cc 1.70
ity: 0.0 Rate, meters/second 8300
27
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P PETN (Pentaerythritol Tetranitrate) AMCP 706-177
3 Booster Sensitivity Test: (e) Decomposition Equetion: ({ 8 ( 6 (gg N
» Condition Pressed Oxygen, otoms/sec 100777 10V 10%¥
N (Z/30¢)
: Tetryl, gm 3 Meat, kilocalurie/mole L47.0 50.9 52.3 -
- Wax, in. for 50% Detonation (AH, keal/mol)
; Wax, gm : 3 Tempercture Range, °C 161-233 108-120 137-157
: Density, gm/cc 1.6 Phase Liquid Solid At melt-
b ing pointy
R Heeot of: Armor Plate .
: Combustion, cal/gm 1960 Impect Teat:
H Bxplosion, col/gm 1365 60 mm Morter Projeztite:
! Gos Volume, cc/gm 790 S0 % Inert, Velocity, ft/sec \'\
: Formation, cal/gm 383 Aluminum Fineness \
y - Fusion, cal/gm ‘ .
: 500-ib Generel Purpose Bombs:
' Specific Hest: cal/gm/°C ()
» Plate Thickness, inches
f : Room Temperature 0.26
y 1
1
] 1% «
i Rurning Rete: .
cm/sec g
E Bomb Drop Teat: H
- - ‘
- Thormal Conductivity: i
. , cal/sec/em/*C 77, 2000-1b Semi-Armor-Piercing Bomb vs Concrete:
F R :
s . o Expomsion Max Safe Drop, ft
;; Linear, %/°C 500-1b Generol Purposs Bomb vs Concrete:
: Volume, %/°C Height, ft
: - Trials
: Hardness, Mohs’ Scale: 1.9 Unaffected
¥
i , . Low Order
) Young's Modulus: High Order
: E’, dynes/cm?
P E, Ib/inch? 1000-1b Generol Purpose Bomb vs Cencrete:
: Density, gm/cc
Height, ft
: . Compressive Strength: Ib/inch* Trials
: Unofrected
f Vapor Pressuve: Low Order
: *C mm Mercury High Order
E




AMCP 706-177

PETN ‘Pﬂ:ﬂcnthritol 'htunitnte!

Fregmentation Toot:

90 mam NE, M71 Projoctile, Lot WC-91:
Dersity, gm/cc
Chorge WA, Ib

Totel Neo. of Fragments:
For TNT
For Subject HE

3 inch HE, MA2AY Prejectile, Lot KC-S:
Dersity, gm/cc
Charge ‘Wi, ib

Totel Ne. of Frogments:
For TNT

For Subject HE

Sheped Charge Effectiveness, TNT = 100:

Gloss Cones  Steel Cones
Hole Volume

Hole Depth

Celor:

Principsl Ures:
Class A - Detonating fuse and boosters
Class B - Priming compositions

Jarhed of Looding:

Frogmont Velecity: ft/sec
At 9
Ar 25y, &

D!l'\ﬂ'y, wllc‘

Leoding Density: gm/cc s x 103
3 < 10 20 o Lo
1.37 1,58 1.6 171 1.73 1.7%

Blact (Raletive to TNT):

Ale:
Peck Pressure
Impulse
Energy

Alr, Confined:
Impulse

Under Weter:
Peak Pressure
Impuise
Energy

Undergrovad:
Peak Pressure
Impulse
Energy

Sterage:
Me*hod
Hazard Closs (Quantity-Distance)
Comooatibility Group

Exudation

Bulk Modulus at Room
rature C):

Dynes/cn® x 10710
Density, gm/ce
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PEIN (Pentserythritol Tetranitrate) ANMCP 706-177

Compatibility vizh Netals:

: Copper, bress, aluminum, magnesium, magnesium-aluminum alloy, stainless steel, mild
steel, mild steel coated with acid-proof black paint end mild ateel plated with copper, ced-
mium, nickel or zinc are not affected.

Wet: Stainless steel is unaffected and a’uminum only vary slightly so after prolonged
storege. Copper, brass, magnesium, megnesium-aluminum alloy, mild steel, mild steel costed
vith acid-proof black paint and mild steel plated with cadmium, copper, nickel or zinc are
affected.

Sensitivity of PETN to electrustatic discharge, Joules; Through 100 Mesh: (8)

Unconfined 0.06
Confined 0.21

Solubility, grams of PETN per 100 grams (§) of: (n)

TDrichlorethyviene

or A.cohol Acetone Benzene Toluene

% 3 % $ % $ % 3
0 0.070 0 4. 37 0 0.150 (] 0.150
20 0.195 20 24.95 20 0.450 20 0.43%
ho 0.115 4o .56 Lo 1.160 40 0.620
60 1.205 60 42,68 80 7.900 60 2.490
8 5.850
100 15.920
112 30.900

~Ethoxy-ethyl-
Heml acetate Ether acetate Chlorcbenzene
% % s % ¢ o $
20 13 0 0.200 20 1.5 20 0.35

k¢ 17 20 0. 340 30 .1 30 2.8

bo 22 .7 0.450 ko 7.6 ko 6.1

50 n 50 11.2 50 9.2

60 4.2 60 12.2

Carbon

Ethylenedichloride Methanol Tetrachloroethane tetrachloride

% s % 3 2 $ % s
10 0.9 20 0.46 20 0.18 20 0.0%
K ] 1.5 Lo 1.15 ko) 0.27 0 0.108
50 2.6 60 2.6 Lo 0.50 ko 0.118
50 0.58 50 0.121

279
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AMCP 706-177 PEMN (Pentuev*.uritol letran‘trate)

N
Isopropanol Isobutanc? Chloroform e

i ] i 4 2 3 % 3
15 0.02 20 cer 2 0.09 80 19.3
20 0.0 k] 0.31 85 25.0
30 0.15 Lo 0.39 90 32.1
Lo 0.36 S0 0.52 5 39.5
50 0.46 190 L8.6
109 58.2
Eutetic of the system PETH-TNT ii about 13% PETH 110 70.0
and 87% INT at 76°C. 115 87.¢

120 115

125 161

DPreparation:

cerin end Nitroglyceiin Sxplozives, Naoum)
BHCHO + CH3CHO + CalOH)p — 2C(CHnOH), + Ce(HCOC), C(CHpOR), + LHNO; — C(CHQONO ), + MHHO

1. In +his preparation i%0 gm of formeldehyde and 600 gm of acetelleh;de are dissolved
in 90 liters of water contsining 1600 gm suspended sleked lime. The reaction is complete in
about 3 wveeks 1f agitated several times a day. The solution iu filtered, the calcium formate
precipitated vith comlic acid, filtered off, and ihe water removed under rsduced pressure.

On cooling the mother liguor sbout 1200 gm crude pentaery~thritol, melting point 2350-2L0°C
are obtained. Purification is recdily effectcd by stirriag with a little alcohol, filtering
anl recrystullization from water.

2, T. 400 cc of strong white nitri cid, are sdded 100 gm f pentservthritol {through
50 mewh), at 5°C or below, under good & ition. After additior is complete stirring, ot
5°C, is continued foo 15 rminutes. The mixture ig drowned in 3 liters of ice-water, fil.ered, o
the product washed free of acid with vater and then digested 1 nou» i{n 1 liter of hot 0.5% ¢

sodium carbonate solution. The product is filtered, and recrystallized from acetone. \“'w

Origin:

PETN was known as an explosive in 105Gk when it was proposed ag an addf’‘on to smokeless
powders to reise their flammability and ease of comtustion (Germsn Patent S51,66L (1894).
Modarn methods of preparation are described by Vignen and Gerin (Compt ren , 590 (1901)
and (emman Patent 265,025 {1912) snd A. Stettbscher (2 ges Schiese - Sprengsi. 11, 112,
W2 (1716} and 24, 259 (1929)). PEIN wus not used o a practicel besis until e ter World War —.

Destructioa by Cheuwizal Decomposition:

PETN is 4 .owmpoc oy dlnsolving in & timese its weight Of technical grade acetone and burn-
‘ng the solution i a shellov container. If preferred, wurm the acetone solution to LO°C,
stir and add 7 parts by w:ight, to each part of PFIN, of a solution of 1 part sodium culfide
(la25'9ﬂ 0) in 2 par:s weter heated to 809C. The ag.eous solution should be added at such a
rete that the acetone solution does not buil. After mixing is complete cuntinue estirring for
one~half hour.
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: PETN L-’entaefythritol Tetranitrate) AMCP 706-177 |
4
t References:>’
»
- (a) L. C. Smith and E. G. Eyster, Physical Testing of ._..g"‘ losives, Part IIT - Miscellaneous
! Sensitivity Teety; Pe:formance Teets. OSRD Keport No. 5T46, 27 December 1945.
¢ /b, Ph. Neoum, Z ges Schiess - Sprengstoffw, pp. 15L, 229, 267 (27 June 1332).
. (¢) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 19k2.
-
. (¢) International Critical Tables.
: (e) M. A. Cook and M. T. Abegg, "Iso‘hermal Devomposition of Explosives,” University of
: Uteh, Inf & Eng chem, (Jume 1956), pp. 1090-1095.
) {f, ‘A. J. B. Robertsor, "Tte Thernal Decomposition of Pencaerythritcl Tetranitrate, Nitro-
! glyceri:.. Ethylenediamine Dinitrate and Ammonium Nitrate," J Chem Ind 67. 221 (1948). |
’ (g) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation
’ by Electrostatic Discharges, U.S. Dept of Int, Bucau of Mines, RI 352, 1946.
P (h) Verious sources in the open litersture.
. (i} W. S. Cramer, Bulk Compressibility Dn*a on Several High Explosives, NAVORD Report No.
4380, 15 Septemter 1350.
. (J) Also mee the following Picatinny Arsenal Technical Reports on PETN: 4
: a
’ o i 3 2 L2 2 [ I g 2 ‘
\ ‘ 760 1okl 772 Sk3 90k 1305 1246 kot 8 1319
. 1170 1311 922 863  lz7h 1325 1276 527 £33 1429 .
: ) 1260 1381 1182 1063 128k 145 116 857 1238 1489
‘ . 1290 151 1192 1133 thik 1705 1376 1la2s7 1318 1559
v 1300 1561 1212 12953 1885 L6 1517 1388 2179
M 1320 1611 1262 1343 2125  1ksé 1617 1368
" 1360 1651  13k2 1493 166 1731 1548
- ? 1352 1533 1556 1797 1830
’ 1390 13712 1796 2178
s 430 1452
) 1450
» 1570
1)
*

¥

fantnote 1, page 16,

R 1




y Lo d
ANCP 706-177 Picramide {TNA) (2,4,6-Trinitroaniline)
Compasition: Aolecular Weight: ( C6HhNh06) 228
%
c 3.5 i Oxygen Belence:
COo: % -56
K 1.8 0¥ Ne, Co % -4
N 24.5 Density: gm/cc Crystal 1.76
0o lLea.2 NO,, Metting Point: °C 189 to 190
C/H Rotio  0.500 Freezing Point: °C
Impecy Semsitivity, 2 Kg Wr: Beiling Point: °C Decomposes before bOE}igE
Bureau of Mines Apporatus, cm Pr
Sample Wt 20 mg Rofractive Index, nS
Picatinny Arsenal Aoparotus, «n. 23 °
Somple Wt, mg 20 Rz
ng
Friction Pendulum Test: Vecuwm Stability Test:
Stee! Shoe “=c/40 Hrs, ot
Fiber Shce 90°C es
o - 100°C 0.9
Rifle Buliet Impact Tesr: Trials 129°C
) % 135°C
Exglosions
. 150°C
Partic's i
Burned 200 Gram Bomb Sand Test:
Unctfected Sand, gm L8.2
Explosion Temperature: °c Sensitivity to Initietion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
1 Mercury Fulminote “e-e
5 Lead Azide 0.
10 Tetryl -—-
B
20 | Bellistic Morter, % TNT: 100
Trausl Test, % TNT: 107
75°C International Heet Test: —
% Loss in 48 Hrs Plate Dant Tost:
Methcd
100°C Moot Test: Condition
% Loss, 1st 48 Hrs Confired
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs i Brisance, % TNT
Detonation Rote:
Flemmebility Index: Confinernent None
Condition Pressed
Hygroscopicity: % Charge Diameter, in. 0.5
Density, gm/cc 1.7%
Voletility: Qate, meters/second T30
N2

N iy
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Picramide {TNA} (2,4,6-Trinitroaniline) AMCP 706-177

Fregmenietion Tost:

9C mm HE, M71 Projectiie, Lot WC-91:

Density, gm/cc
Charge Wt, ib

Totel No. of Fragments:
For TNT
For Subject HE

3 inch HE, MA2A1 Projectile, Lot XC-5:

Shaped Charge Effectivensss, TNT = 100:

Gloss Cones  Steel Cocnes
Hole Volume
Hole Depth

Color: Yellow

Principel Uses: High tewperature reat
resistant expilosive

Density, gm/cc
Charge Wt, Ib
Totel Ne. of Fragments: o
Mathod of Loading: Pressed
For TNT
For Subject HE
Looding Density: gm/cc
L
F Velocity: ft/sec At 50,000 psi 1.7¢2
A9 ft
At 2515 ft Storega:
Density, gm/cc
Method Dr,
Slest (Reletive to TNT): Hazard Class (Quontity-Distonce) Class 9
Air: Compatibility Group Group I
Peok Pressure
Impulse Exudotion ) Ylone
Energy
N"' Coafined: Solubili TZ':’:
Impulse Insoluble in water, slightly solutle in
alcohol eard ether. Soluble in hot glacial
Usnder Water: acetic acid, hot ethyl ecetate and in benzene
Peak Pressure and acetone.
Impulse
Energy Heat of-
Comuustion, csl/zm (a) 2962
Underground: Explosiorn, cal/am Sk
Peak Pressure Formatlon, cal/gm (a) 131
Impulse
Energy
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AMCP 706-177 Picramide (TNA) (2,4,6-Trinitroan.line)

Preparation:

Five grams of picryl chliwide were dissolved in 180 milliliters of absolute methanol.
The solution was then saturr.ed with snhydrous, gaseous ammonia. The time required was
approximately 30 minutes. The amino derivative precipitated in 75% yield (3.5 gm) melting
at 190°C (literature Mp 189°¢).

Origin:

Picramide (2,4 o-trinitroaniline) was first prepered in 1554 by Pisani who treated picryl
chloride with aw onjum carbonate (CR _3%, 853). The use of picramide, as 8 brisant explosive,
wvas patended by Chemische Fabrik Griesheim 26 May 1894 (German Patent 84,628). Meisenheimer
and Patzig reected trinitrobenzene with hydroxylamine in cold alcohol solution to obtain
picramide (Ber 39, 2534 (1906)). Witt and Witte obtained the compound by nitrating e solu-
tion of eniline in glacial acetic acid or concentrated 50, at about 59C with concentrated
HNO 5 (Ber 41, 3091 (1908)). Holleman gives details of the prep ation from p-nitroaniline
and from acetenilide {Rec trav chim 49. 112 (1930)).

Reference: 38

) (a) Wwilliem H. Rinkenback, "The Heats of Combustior. and Formation of Aromatic Nitro
Compourds,” J Am Chem Soc 52, 116 (1930).

-

38see footnote I, pag 0.
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Picratol, 52kt AMCP 706-177
Compasition: Molecular Waeight: T
% —
Explosive D 52 °"g;";""‘"‘ ¢
e L3 CO % -1 1
Density: gm/cc Cas* 1.62
Malting Point: ‘C
C/H Ratio Freezing Point: "C
impact Sansitivity, 2 Kg Wit: Boiling Point: ‘C
Bureoau of Mines Apparatus, cm 100+
Sample Wt 20 mg Refractive Index, g,
Picotinny Arsenal Appa..iu., in. 17 o
Socmple Wt, mg 19 Nas
[+]
] n‘)
Friction Pendulum Test: Vecuum Stability Test:
Steel Shoe Unafrected cc/40 Hrs, o
Fiber Shoe Unaffected 0 C
- —_— 100 C 0.37
Rifle Buliet Impoct Test: Trials 120C 0.62
% . --
Explosions 0 135°C
Partials 0 150 C 0.7
Burned ko 200 Grom Bomb Send Test:
Ur.affected 60 Sand, gm L5.0
Explosion Tempersture: C Senshivity to Initiatine:
Seconds, 0.1 (no cop used) 45+ Mir mum Detonating Hare gm
) 354 Me ‘cury Fulminate
5 Decomposes 285 Leac Azide 0.0
10 25 Tetry! 0.0
15 <0 et et tan e o o e
20 255 Bellistic Mortar, % TNT: :_.,'_)- _ L0
Trousl Tost, % TNT:
75°C internstions! Heot Test: T, - T
% Lost in 48 Hrs c.o Plete Dent “our: )
Metrnd
100°C Heat Tost: i Condition .8
% Loss, 15t 48 Hrs 0.0 Contined g
% Loss, 2nd 4€ Hes 0.0, Density. gm/cc fet
Expiosion in 100 Hrs Tore Brsunce, % TNT kS
Detonstion Rete: [
Flammebility index: Contingment L
p — —— Condition LTS i
Hygroscopicity: % 30°C, J0n .02 Charge Diamaeter, in 3 g
Velort Dens.ty, gm/ec .
elatility: Rate, meters/second L
Jr
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AMCP 706-177

Picratcl, 52/48
Fragmentetion Test: Sheped Charge Effectivensss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc 1.61 Hole Volume
Charge Wt, Ib 2.075 Hole Depth
Totel No. uf Fragments:
Color: -yel
For TNT 703 Brown-yellow
For Subject HE 69
Principal Uses: AP, SAP projectiles and bombs
3 inch HE, MA2A1 Projectile, Lot KC-5:
Density, gm/cc 1.61
Charge Wt, Ib 0.850
Total No. of Fregments: Method of Losding: Ccast
For TNT 51k
For jubject HE T
Loading Devsity: gm/zc 1.62
Frogment Velecity: ft/sec
At9# 2590
At 2514 ft 2320 Storege:
Density, gm/cc 1.62
Metiwd Dry
Biast (Reletive tv TNT): Hezord C.ass (Quantity-Distance) Clags 9
Abr: Compatibility Group . Group I
Peck Pressure 100
impulse 100 Exudction None at 659C
Energy --
Preparation:
Alr, Cu'ﬂad: Plcratol is made by heatiny TNT to about
Impulse 90°C in a steam-jacketed melt keitle. Explo-
sive D is added slowly, without preheatiirg,
Uxder Water: and the mixture stirred until uaziform in com-
Peok Pressure posgition. This slurry is cooled to about 85°C
impulse and poured into the appropriate ammunition
Energy component.
Origin:
Underground:
Peck Pressure pveveloped during World War II es ar. {nsenai.
tive, ~=lt-loaded AP bomb and projectile filler
impulse
Energy Booster ensitivity Test: (c)
Bomb_Drop Test: Condftion Cast
) Tetryl, gm 100,
T7, 2000-1t Sem{-Armor-Piercing w“ax, in. for 50% Detonation 1.00
Boumt vs Concrete: Density, gm/ce 1.63
Max Safe Drop, ft 10,000-12,000
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~~ Ficratol, 52/48 AMCP 706-177

References: 39

" {a) i C. Smith and E. (.. Eyster, Physical Testing of Esl.om.vesg Part III - Miscellaneous
5 Sensitivity Tests; Performance Tests, OSRD Report No. ! ) Dece N .
£ -

. (b) D. P. Machougall, Methods of Physical Tes.ing, OSRD Report No. 803. 11 August 1942.

: (¢) L. C. Smith and S. R. Walton, A Considerstion of RIX/Wax Mixtures as a Substitute for
. Tetryl in Boosters, NOL Memo 10,303, 15 June 19%9.
1 (d) R. W. Drake, Fragsent Velocity snd Panel Penetration of Several Explosives in Simu-
: lated Shells, OSRD Report No. 5622, 2 January 1946.
. (e¢) Also see the following Picatinny Arse: 21 Techrical Reports on Picratol:
" .- 0 5 6 z 8 2
: 1470 1885 1466 1737 1838 1729
. 1796 1797
. 1956
:
3
L]
4+
g
»
’
'
»
]
) S95ee fmnoce 1, page 10,
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AMCP 706- Pleric Acid
Composition: Molecular Waight: (C H_v_0.) 229
% . 6°3°307
Q
Oxyzen Belance:
C .
31 5 Co.' % ‘)“S
H 1.3 O,N NO,, €O % -3-5
N 18. 3 Density: gm/cc Crsstal 1.76
0 48.9 Melting Point: °C 122
NO,
C/H Ratio 0.656 Freazing Point: "C
Impact Sensitivity, 2 Kg Wt: Boiling Point: °C
Bureau of Mines Apparatus, cm 85
Sample Wt 20 mg Refractive Index, ng
Picatinny Arseno! Apparatus, in. 13 no,
Sample Wt, rag 17 2
n%
rhidlou Pendulurs Test:
endulury Test: Vacuum Stebility Test:
Steel Shoe cc/40 M-, at
Fiber Shoe c.C
— 100°C 0.2
Rifle Bullet impact Test: Triale 120°C 0.5
% "
Explosions 0 135°C
Partials 60 150°C
Burned Lo 200 Grem Bomb Sond Test:
Unaffucted (v Sand, gm L8,5
Explosion Tempareture: °C Sensitivity to Initistion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminote C.26%
5 Decomposes »0 Lead Azide 0. 2hx
10 Tetryl
15 *Alternative initiating charges.
20 Ballistic Morter, % TNT: (a) 112
Yrouzl Test, % TNT: (r) 101
75:C Internotional Heot Test:
% Loss in 48 Hrs 0 O: Plote Dent Test: (C)

Method A
100°C Moot Test: Condition P;-f;'s ced
% Loss, Ist 48 Hrs 0.03 Confined o
% Loss, 2nd 48 Hrs 0.09 Density, gm/cc L-20
Explosion in 100 Hrs Llone Brisance, % TNT 107

Detonation Rote: (a)
Flommability Index: Confinement Uncorfired
S Condition Presged Cas
Hygroscopicity: % 30%:, 907 i .0k Charge D. wmeter, in. .0 1.85
- Density, gn /cc Lo L.71
Volatility: Rate, meters /second 2270 7320
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Pieric Acld

AMCP 706-177

Sooster Sensitivity Test: (c) Decompotition Equation:

Condition Pressed Cas* Oxygen, atoms/sec

10 (Z/sec)
Tetryl, gm > Heat, kilocalorie/mole
Woax, in. for 50% Detonation (AH, keal/mol)
Wax, gm 2 0 Temperature Range, "C
Density, gm/cc 1.¢ 1.7 Phase

Heet of:

: o4
Combustion, cal/gm 272 Armor Plote Impact Tes
Explosion, cal/gm 100? 60 mm Mortor Projectile:
Gas Volume, cc/gm a3 50% Inert, Velocity, ft/sec
Forration, cal/gm 2ks Aiuminum Fineness
fusion, cal/gm f2) 20.’1_"
Temperature, 12z 500-1b Gene-al Furpose Bombs:
Specific Heet: cal,/gm/°C  (e)
% Plate Thicknes:, inches
) 0.23%
0 0.253 1
60 0.282 N
90 0. 316 A
120 0.337 H;
13,

Burning Rote:

cm/sec
Bomb Crop Test:

Thermat Conductivity:  (f) L .
col/sac/em/ °C 6.2: x 10 T7, 2000-1b Semi-Armos- Piercing Bomb vs Concrete:
Density, gm/cc i

st of naion: Mox Satfe Drop, ft
Linear, %/°C 500-1b Generol Purpose Bomb vs Concrete:
Volume, %/°C Height, ft
Trials
Hardness, Mohs' Scale: 2.1 Unaffected
Y s Modulus Low Order
ourgs hus: High Order _
E’, dynes/cm?
E, Ib/inch? 1000-1b General Purpose Bomb vs Concrete:
Density, gm/cc :

Compressive Strength: Ib/inch?

Yapor Pressure:
"C mm Mercury

135 2

259 0

Height, ft
Trials
Unoffected
Low Order
High Order

e s
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AMCP 706-177 Plerie Acid
Frogmantetien Test: Shopad Charge Effectivanass, TNT = 100:
90 mm HE, M71 Projoctile, Lot WC-9): Gloss Cones  Steei Cones
Density, gm/cc Hole Volume
Charga Wt, Ib Hnle Depth
Teotel No. of Frogments: Color: Yellov
For TNT
For Subject HE

3 inch HE, MA2AY Prejectile, Lot KC-5:

Dersity, gm/cc
Charge Wt, Ib

Totel No. of Fragments:
For TNT
For Subject HE

Principel Uses: Formerly projectile filler,
now explosive admixture; and for the
manufac we of Explosive D

Mothed of Loading: Pressed

Leedieg Deasity: gm/cc psi x 107
3 5 10 12 15 20

1.0 1.50 1.57 1.50 1.6l 1.6k

Under Water:
Peok Pressure
Impulse
Energy

Underground:
Peck Pressure
Impulise
Energy

Sterege:
Method Dry
Huazarr Class (Quontity-Distance) Cleas 9
Compatibility Group Group I

Exudation None

—~
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.
N Piecic Acid AMCP 706-177
. Qlubility: r 100 (3) of: (8)
. Water Alcoliol Benzene ) Toluene Ether
*
: X 8 i $ X 4 s ¢ X 2
N 0 0.85 0 b,y ¢ ~2 20 ~13 20 ~3
: 20 27 20 5.9 20 5.6 60 ~% .7 3.96
. Lo 1.88 bo 1.9 Lo 21.5
, 60 2.98 60 59
8o b.53
100 7.1
Jarbon
Chloroform Etbyl acetate tetrochToride dine Acetone
! X & X s X % % X ¢
. 20 ~2 20 b2 20 ~0.07 10 2l 2 125
; 60 ~6 30 50 60 ~0.4 ® 37.5 30 137
: ko 58 50 ko 164
! 50 69 50 208
. Methanol Isopropyl elcohol Propanol-1. Carbon_disulfide
: S T - S S T t
. 0 1% 10 6.4 0 2.4 20 0.12
, . 0 19 ko 9.8 20 3.3 k) 0.16
-4 » ko 3 50 15.5 Lo 5.k
‘ g ) 50 h1 50 T.b ;
. * .. Preperetion: (Sumry Repvst of NIRC, Div 8, Vol I) ¥
% Cellg + Hg(N03)n »  CgHgHghoy + HNO, (1)
; Cglsheiog + N0, > CgHgNO + Hg(N03), (2)
\ CeHsNO + 2M0 > CgHsN N0, (%)
v CeHgal0g + Hy0 > CgHOH + N, + HNO, (3)
, | CeHsOH + HNOg ¥o» » OplCAH OH + B0 (3¢)
= NO 1RO, . ONC.H,OH L
L s oxidation and rearrangement 2Nty “
Y 5o ONCECH + HAOS 0o > (OpN)CgHUH + B0 :5)
(e . (OQN)Qcéﬁaoﬂ +HiO; M () 3CEH,0H + Ho0 (6)
291
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AMCP 706-177 Pleric Antd

The two variables of greatest ‘mportance In this process are nitric acid concentration and
the effe~tive concentration of benzene (i.e., benzene dissolved in the oxynitration solution). o
The optimal. ccncentration of niiric acid is in the range 10.4 tc 11.6 molar {or the equivalent
of 50% to 5°% by weight for pure acid). The acid concentration greatly inrluences the over
all rate ~f reaction, below 10.4 molar th¢ rnte falls off rapidly. while above 10.lL molar the
rates ol both the oxynitration resction anu various side resctiions, such as direct nitration,
increase rupidly. The range mentioned above seems, in general, to give the lowest proportion
of neutral nitro-compounds to niiro-phenols : ith, &t the same tin., an sdequate rate of ox,ni-
tration. The oxynitration solution must be tortified frequently, or, preferabl:, contiriously
with nitric acid. Strengths of nitric acid between 95% and 94 are best. due Lo the smaller
increase in reaction volume than if weaksr ac'd were used. The u~e of absolute nitric asid
requires that its direct contact with liguid tenzenc be avoided.

I

The effective concentration of berwene i ..~7bably the most critical varistle affectins
the proportion of neutral nitro-compounds ‘¢ n: t-iphenocls and amounte of colored by -produc .s.
Saturation of the ogyuitration solution v:th be:ruvne . s undesira.’  a.d thus in Satch processes
slow benzene addi“ion is prefersble to the - ddition ¢f it in one por.ion; in continuo.s pro-
cesses vher: an excess of benzene is use: e rate of agitetion ig important.

The concentration of mercuric nitrate catalyst does not appear to be a critical factor
over o ialyl” wide range. Concentrations of 0.3, to 0.5 mole of mercuric nitrate per iiter
of oxynitratic. solution have been found to give sotisfactory results in most cases.

A con*inuous p: ‘cess, known as the coutinuoug scsation procese, works on the following
cycle. The oxynitrsz ion solution i£ saturatei -rith ben:ene by vigorous agitation with excess
benzene at r-oom temperature, the saturated ssl.tion is separated from excess benzene and cir- .
culated thro gh & heatcd coll; it is then cooled to room temperature .0 agitat. 1 again, with .

kY
benzene, which extrmsci. the orgsnic product and resaturates the oxyni.rstion soiution. In ‘ ; .
evaluating thiz process, the rate o formation of dinitrophenol per liter of reacting sclution é
in the coll ‘< deterr:ed; 70 gm of dinitropheno'! per liter per hour Is represer tative perfor- %
mance. 'The dini.~~ wencl 18, of course. nitrated tc nleric acid,
; &
Origin: Vo ¥

Pleric Acid was first prepared ir 7Tl L) WoulfY wuc foun. *he remction of nitric aecid
and indigc ylelded a dye. Hausuarn isolated Pier! A 1 in 177H end st.d ed it PurtiLer
(Journal de prysique 32, 165 {178¢)). The prep ratic: wae studied Ly mar, chemists but in
1841 Taurent establ!shed {ts ideniity (Ann chim hve IJD, 2 221 (1881)). It wes ured us &
vellow dye unt.l Murpin, in 1.0Y, preposed Fie! . .. ] as a Lirstin,, charge 1or high exp’ sive
shell {Frencn ‘etent 177,512). The Britigh adopled . leric Acld as a military explosive .n
:558 under toe usre of lyddite and other nationse soon began to use {t es8 the firat melt-
loaded nigh sxplosive. Hxtures of other explosiver and Pleric Acid wers developed until it
wes uraduall, replaced v, TNT sbout 1IN0, Today ¢ le Acld is used for the merufacture of
Explcsive I

werptruetion Ly Cnemical lecompositici.t

Pleric Acld is decomposed v, dissciving in &5 times i°s weight of & solution mede from
1 part scdlum hydroxide and il par<s sodin. sulfide (i;ad:‘«.' 4}{20) ir. 200 parts ov water. Sone - P
Lydroger. sulfide and ammenis wre ecolves. -
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{b) AlLso see the folloving Picatinny Arsenal Technical Keports on Picric Acid:
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AMCP 706-177 PIPE
C‘;’uﬂu: Melecular Weight: 310
Oxygen Belunce:
PETN 81 CO: % -Th
CO% -3l
Gulf Jrown I 0il 19
Daonsity: gm/cc Hend tam,~d 1.35
Molting Peiat: °C
C/H Ratio Freezing Pelat: *C
Impect Sensitivity, 2 Kg WA: Beifing Peint: °C
Bureou of Mines Apparotus, cm
Somple Wt 20 mg Refractive Index, n3
Picatinny Arsenol Apparotus, in. 11 o
Sempls W, mg 27 M
n&
Tout: Vecuum Stebility Toot:
Steal Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
» : - 100°C 0.h48
Rifte Vost:  Triaks 120°C 16 hours 11+
% .
Explosions 0 135°C
Partials o 150°C
Burned o 290 Grcm Domb Sond Tost:
Unafb sted 100 Sand, gm M6
Explesion Tempevoture: ‘C Sonsitivity te Initiation:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminote 0.20%
5 Decomposes® Leod Azide 0.20%
10
15 *Alteqlz'%trﬂive initiating charges.
20 Bellistic Merter, % TWT:
*No value obtained.
Treual Test, % TNT:
75°C Internstions! Host Toot: -
% Loss in 48 Hrs Plete Dont Tes: (o)

Method B
100°C Moot Tosi: Condition Hand tamped
% Loss, st 48 Hrs 0.17 C:nfined No
% Loss, 2nd 48 Hrs 0.00 Dersity, gm/cc 1.33

Explosion in 100 Hrs None Brisance, % TNT 76

Detenation Rete:
semmebility Index: Confinement None
. Condition Hand tamped
’ v: % 30°C, 90% FH 0.02 Charge Diometer, in. 1.0
Densit,, gm/cc 1.37
Velatility: « Rate, meters/second 7075
204
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‘ q PIPE AMCP 706-177 :
: : Frogmentetion Tost: Sheped Charge Efactivaness, TNT = 108: ’
$ 90 mmn HE, M71 Projoctile, Lot W2-9Y: Gloss Cones  Steel Cones {
; { Density, ym/cc 1.33 Hole Volume |
} Chorge Wi, ib 1.723 Hole Depth
Totol Ne. of Fregments: .
1) Color:
* For TNT T03
»
5 For Subject HE 519
f Principel Uses: Plastic demolition explosive
1 3 lnch ME, ME2A1 Projectile, Lot KC-S:
i Density, gm/cc 1.39
i - Charge Wt, Ib 0.735
R : Totel No. of Fragments:
Methed of Losdinr: Hand tamped
: . For TNT 51k :
) o For Subject HE 428
: % Leeding Deaslty: gm/1 ¢ 1.35
: % Fragment Velecity: ft/sec
H A9 #t
] At 25 £ Sterega:
»
! Density, gm/cc
- ; Mathod Dry
]
z - Blast (Relative to TNT): Hozard Closs (Quontity-Distonce) Cless 9 g .
‘ E S~ Ale: Compatibility Group Group I g L
Peok Pressure ¥ g
t impuise Exudation ' - "
i -
' Abr, Confined: origln: ‘
. ; impulse PIPE, & mechanicel mixture of PETN and Gulf ) ~
’ Crown E (i1, was developed in the United Stales
t Undor Weter: during World War II. hd
i Peak Pressure References: 61
‘: Impulse (8) L. C. Smith and E. G. Eyster, ?xnul
# Energy Tesring of Explosives, Part IIT-Miscellaneous
’;‘ Sensitivity Tests; perfor-ance lests, OSRL Re-
"""" 1. Underground: port Ne. 575, 27 December 1985, )
A Peck Prestu
. | (o) S. Livingston, Properties of losives
3 mpulse RIPE, PIPE and PEP-3, Picatinny Arsensl Technl-
2 Energy cal Repor* 1517, April 1945.
; Preparetion:
S
» PIPE is menufactured by simple mechanical
H mixing of PETN in o:1l.
blsee footnote 1, page 10,
) . 295
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AMCYP 706-177 Plumbatol
Compaesitien: Melecular Weight: 291
%
Oxygen Belence:
Lead Nitrete T0 CO: % -5.b
CO % +9.3
™NT P
Density: gm/:c
Melting Peint: *C
C/M Ratic Freezing Point: °C
Impact Semsitivity, 2 Kg Wt. Beiling Point: °C
Bureau of Mines Apparatus, cm -
Sample Wt 20 mg Refractive Index, nS
Picatinny Arsenal Anpporatus, in. 13 o
Sample Wt, mg 22 Mas
]
Steel Shoe cc/40 Hrs, at
Fiber Shoe 90°C
100°C
Rifle Bulle! Impoct Test:  Trials 120°C
% N
Explosions '35°C
Portials 150°C
Burned 200 Grem Sombd Send Test:
Unaffected Sand, gm P.4
Explosica Tempereture: °‘C Sensitivity to Initietion:
Seconds, 0.1 (no cop used) Minimum Detonoting Chorge, gm
] Mercury Fuiminate .-
5 Decomposes 238 Leod Azide 0.20
10 Tetryl 0."0
15
20 Bellistic Morter, % TNT:
- - Trouz! Test, % TNT:
75°C Internations! Heot Test:
% Loss in 48 Hrs Plate Dont Test:
Mesthod
100°C Hoot Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Dersity, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detonatien Rete: ()
Flemmability Index: Confinement
Condition
Hygrescopicity: % Charge Diameter, in.
Density, gm/ce 2.39
Veletily: Rate, meters/second k450
296
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Plumbatol AMCP 706-177
Fragmentetion Took: Shoped Chorge Eifectivenses, TNT = 100:
90 mem HE, 7T Projoctile, Lot WC-91: Glass Cones  Steel Cones  (a)
Density, gm/cc Hole Volume 114 :
Chorga W, ib Hole Depth 103
Totnd No. of Fragments:
U Celor: Light yellow
For TNT gy
For Jubject HF
Principel Ur>:
3 lnch NE, MA2AT Prejectile, Lot KC-3: ;
-Density, gm/cc
Charge Wt, b
Totel No. of Fropments: Methed of Londing:
Cast
. ForTNT
" For Subject HE
Leading Density: gm/cc
Pragment Velecity: ft;'sec
At9 fr
At 25% ft Sterege:
Density, gm/cc
Maethod Dry
Blost (Relative te TNT): Hazard Class (Quontity-Distance) Class 9
Al Compatibility Group Group I
Peok Pressure
impuise Exudotion
Energy
Origin:
Ale, Conflned: ===
Impuise An explosive conteining 70% lead nitrate
and 30% TNT has veen used in Belgium under the
Under Wed name of "Marcarite.”
Peak Pressure References: 62
Impuise (e) Eesstern laboratory, du Pont, Investi-
Energy gation of Cavity Effect, Sec III, Variation of
Cavity Effect viihﬁploaive Corposition, NDHC
Undergrovad: Contrsct W-672-ORD=-5723.
(v) T.orpt's Dictionary of Applied Chem-
Impulse istry. rourtn zdition, Vol IV, longmens, Gre.n
Energy snd Compeny, London - New York - Toronto,

Preperation:

Plumbetol is menufactured by simple
mechenical mixing of leal nitrate in molten

TNT.

p. L6L.
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AMCP 706-177 PIX (Liquid)

Compeuition: Meloculer Waeight: Lo 3512
% . : a 2
Nitromethane 100 95 Oxygen Belence:

Ethylenediemine - 5 §g= % -3 -18
% -13 -21
*The mixture 95/5 Mitromethane/Ethylenediemine
1s designated PLX (for Picetivay Liquid Explo-| Deaslty: gm/cc 1.1h 1.12
sive). See notc under Storsge.
Malting Peint; °C -29
C/H Ratio Frossing Polnt: °C
lmpoct Senshivity, 2 Kg Wr: 100 9505 Reiling Point: °C 101
Bureou of Mines Apparatus, zm 100+ 100+
Somple Wt 20 mg Refrective lndor, nS
Picotinny Arsencl Apparotus, in °
Somple Wt, mg 20 fn
ng
Friction Pendulum Tost: Yocuum Stobifity Tost:
- Steel Shoe Unaffected ¢c/40 Hrs, ot
Fiber Shoe Unatfected 90°C
100°C
% L]
Exoloss s g l35.C
Partials 0 ) 150°C
Bumed o ) 200 Gross Bomb Sond Tost: 100 95/5
Unaffected 100 100 Sond, gm 8.1 50.6
Explosion Tompereture: *C o¢ Sensitivity te initatien:
Seconds, 0.1 100 s[5 Minimum Detonoting Charge, gm
| Mercury Fulminate
5 430 k30 Leod Azide
10 Tetryl
15
20 Soflistic Morter, % TNT: 134
Trous! Test, ¥ FrA 127
75°C internotions! Hoot Tost:
% Loss in 48 Hrs Plote Dent Tear:
Maethod

100°C Mot Tost: Condition
9% Loss, Ist 48 Mrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs brisance, % TNT

Detonatien Rete: 1/32"» 1/32"*

Flammebility index: Confinement Glass Glass

— Condition Liquid Liquid
Hygrescopicity: % Charge Diometer, in. 1.25 0.9
Veletitity Dersity, gm/cc 1.1% 1.12
TN ot PR i
208
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PIX (t4quie) AMCP 706-177 ¢ "
4 - 5 . -
! Sesster Senshtivity Teor: Eitromethens Decomgeoition Bquation:  (4) Nitrome i ,
P Condition : Oxygen, otoms/sec w0 § B
Tetryl, gm (/%) % 2
, kil .
Wax, in. for 50% Detonation m mm’m %.6 j N
{ Wax, gm Temparature Renge, °C Fo-kp :
$ Density, gm/cc Phase Geseous !
A !
’ !
K ) Moot of: (e) Armer lmpost !
$ Combustion, cal/gm 283 Pate Tout: |
j 2 v
4 Bxplosion, col/gm : 60 men Morter Projoctile: ,? -
Gos Volume, cc/gm S0% inert, Velocity, ft/sec :
Formation, cal/gm -348 Aluminum Fineness f
f . Fusion, eol(gm , *
? Vaparisatior, cal/ga 19 300-1 Gonoral Purpose Bombs: ; e
: Specific Meet: col/gm/°C  (b) ? y
; . C = 0.4209 - 6000761: + 0.0000061t° Plate Thickness, f ¢
i P for 15°C to T0°C . ! o
! ‘ A 2
%
; % :
R Burning Rete: |
: Romb Drop Test: X ?
L BN Therme! Conductivity: ) :
v i col/sec/em/*C T7, 2000- Semi-Armer-Plercing Bemb vs Concrote:
A ot e
e vatficiont of Evramsion: Maox Safe Drop, ft %
Linear, %/°C 500-b Gonerel Prrpess Bomb vs Concrete:
i Volume, %/°C "Height, ft
- ! Trials
L4
’; Young’s Modulus: :-:' (:::
X €, dynes/cm? 'oh Order
’ > - E, Ib/inch? 1000-1 Genersl Purpese Bomb vs Concrate: :
2 Density, gm/cc : N
N } Height, ft .
: ' Compressive Strongth: Ib/inch? Trials ST
' : Unoffectea
» Veper Prossure: (¢) Low Order
~» *C mm Mercury High Order
. 70 258 )
» 85 bLk
’
.
3
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Fragmentiiion Tost:

90 mm HE, M71 Projecti'e, hat WC-91:

Density, gm/cc
Charge W, Ib

Totel No. of Frogmoats:
For TNT
For Subject HE

3 inch HE, MAZAT Prejectile, Lot NC-S:
Deisity, gm/cr.
Charge W, It

Tote: Ne. of Frogments:
For TNT
For Subject HE

Hole Depth

Color: Light yellow

Principel Uses:  Minefield clearing

Fragment Velecity: #t/vec
At 9 ft
Asr 25 fo

Density, gm/cc

Sterage:

Method Components stored separately;
mixed only when reedy to use

Binst (Relotive te TNT): Hozord Class (Quantity-Distonce)
Alet Compotibility Group
Peck Pressure
Exudation
Minimum Propagsting 100
Thickness, in: 3.5
Viscosity, centipoises: (<)
Under Woter: . “
Peck Pressure Tew , mgc O:Z:B
impulse 25°C 0.625
kovc 0.533
Energy
Compatibility with Metals:
Underground:
Peak Pressure Stainless steel, nild ateel sad duriron
Impulse not affected; corrodes orass.
Erergy
300
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Nitromethene has deen Xnown since 1872 (Kolbe, J praki Cham {2) 5,- ot (1872), Duy was
available coly ss & laborstory product untdl it appearcd as 3z -indus stal chemiodl §n 1940,
A nusber of patents have been issued for nitromatiane produsid sa & by-product of the Titive-
tion of propene (U. S. Patent 1,967,667 (193); ¥ritieh Petest 73,707 {1937); and Cenadian .
Patent 371,007 (1938). s A

The development of nitromethane liquid explosives s baszed ¢ inforwetion that nitro-
pothane is sensitized to initiation and propagetico of -Sctonation by the addition of various
amines. This study wade at Picatinny Arsensi ir 19&5 indivatud tLet myxsures of oitromethane
vith 5% of ethylenediemine, n-butyl-smine, or morphollne showed consideratle piomise for ap-
p;iu;tion in mine-field clearance (L. H. Erikaen and J. ¥. ‘fowen, PATR Wo. 15635, 1T September
1945). : o . ’ ’

References3 :

() T. E. Holcomb and C. F. Dorsey, "sHernodyramic Properties of ¥itroparsffine;"” Ind
Bngr Chem b1, 2788 (1949). Cori ' L

N (v :{.9;;)“11113”, "A Study of the Pbyli‘gél Properties of #itromethene,” J Ap Chem Soc
L) 1 . ) :

(c) L. Medard, "Explosive Propertiea‘“of Nitféﬁethme," Mem poudr 33 125 (1951y. =

(&) T. L. Cottrell, T. E. Grahem and T. J. reid, "The Thernal Decomposition of Fitra-
methanes,” Transactions of the Faracay Societ; 47, 58 {1951).

-l

(e) F. Bellinger, H. B. Friedman, ¥. ¥. Bauer, J. W. Bastes and ¥W. C. Bull, " Chenical
Propellants: Stability of Mononitromethane,” Ind Engr Chew ko, 1320 (1948). :

(£) Also see the following Pieat'ihn'y'i ijuenﬂl Technical Reports on Nitromethane:
0 L 3 5 8 it 8 2

1660 1681 2113 1565 - 2016 1747 1708 1619
18 S ‘
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asmer 063 Potassium Dinitrovensfurcxan (KINEF)
¢ a3 Oxygon Belence: '

B 0.4 CO: % )
" co % .18
N 2.2 X »

0 3.3 o — Dematy: gm/cc oo
X Rt 8 - Mokting Point: e Bxplodes 210
* G/H Ratio o.u& , Proasing Point: °C
Smpeet Senchiviy, 2 Ky Wr: : Selling Peioh: °C
Bureou f Mines Apporotus, om - y
Somple Wr 20 mg Refroctive Indox, nZ
Picotinny Arsencl Apporats, in. 3.(11bvt)6 .
Sample WY, mg T N
s
m—m_*m: ] v —
Steel Shoe Explodes cc/40 Hrs, ot
F;borShoo mlm ”oc
‘ ‘ o 100°C
Rifle Bulet kmpoct Toat:  Triols 120°C
. 9% ) .
Portiols «
Burmed 200 Geam Bomb Send Tect:
Unaffected ke s ¥2.6
Rxpleiion Tompeioture: *C Semsltivity to lalslotion:
Seconds, 0.1 (no cop used) ~~ Mini Detor , gm
! ‘ e Mﬂ Fulminote 0.3 0.20
w3 &% Lead Azide 0.10
10 Yoyt

s -

20 Boltistic Merter, upm 1
o~ - Trouat Yost, % TWT: !
75°C lntemetionel (ieot Tes: -

"% Loss in 48 Hry Pote Dt Toar:
Method
100°C Moot Tosh: _ ~ Condition
% Locs, Vst 48 Hes 0.03 . Confined
% Loss, 2nd 48 Hrs 0.05 Dersity, gm/cc
Explosion in 100 Hrs Hone Brisance, % TN‘I'
Flommebiiity Index: .
Hygrossspichty: % 30°C, 75% RH 0.11 Candition
‘ " 30, 908 P 0.2 Chorge Dioriater, in.
Videtility: Dersity, gm/cc
Rote, mwiters/second
02
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Potassium Dinitrobensfurcmn (<) AMCP 706177 o
r— , : e - SR
Totryl, gm - 'sec)
Wax, in. for 30% Detonotion rm,wwmm , .
Wax, gm Tomperaturs Rangs, *C i
Dersity, gm/ec Phase
: col/gm 2209 Avmer Plote impost Tost: g Y
Explosion, col/gm 125 . 60 ma Movtor Projostile: | .
Gas Volume, cc/gm 60k {5 50% Inert, Velocity, fr/sec i %
Formation, col/gm s Aluminum Fineness i L
Fusion, col/gm o !
| 5000 Gonorel Purpose Bombe: i
Specitic Most: col/gm/*C  (b) ‘ ? ST ]
% ' Plate Thickness, inches 5
, =50 o.a17 1 ; o
o 5 o.217 i ;
' ¢, 50 0.217 1% g
-‘ ; 1% ;
Y Somb Deop Tost: 3
3 Thormel Conduetivity: ’ i
a"f\"ﬁ col/sec/em/"C T7, 2000-8 Somi-Armor-Plosaing Semb v Conerete: §
‘ ~ Cooificiont of nponsion: Max Sofe Drop, ft
Uineor, %/°C 5005 Gonorel Purpace Bomb vs Conerote:
‘ Volume, %./°C Height,
Triols
: t Hovdness, Mohe’ Scale: Unoth ; .
,‘ H fu..’o Modulug: :;'W
3 E, dynes/cm Orde
' ; €, 1b/inch? 1000-1b Gonersl Purpese Bomb vs € sacrete:
) Density, gm/cc
— Height, ft
’ - Comprosive Strength: 1b/inch® Triols - - e
. H :
. » Unoffected o .
; Vager Pressure: Low Order ¢ .
S + . mm Mercury High Order ; e
»
i » . f .
r B _—J
4
: ‘ #
!
4
)
oA 303
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ARCP 706-177

Potassium Dinitrobeczfuroxan [XDNEF)

Fragmontetion Teet:

90 wum ME, M7 Projectile, Lot WC-91:
Dersity, gm/cc
Chorge W, ib

Tetel Ne. of Fragmenis:
For TNT
For Subject HE

3 inch HE, MA2A Projectile, Lot KC-3:
Density, gm/cc
Charge W, ib

Tetel Keo. of Frogments:
For TNT
For Subject HE

%heped Charge Effectivencss, TNT = 100:

Gloss Cones  Steel Cones

Hole Volume
Hole Dapth

Coler: Orange to browm

Primary explosive

Frapment Velacity: ft/sec
A9t
At 2514 ft

Dersity, gm/cc

Blost ‘Relutive te TNT):

Als:
Peok Pressure
impulse
Energy

Hazard Class (Quontity-Distonce)
Cornpatibility Group

Exudation

Solubility in Wat .,

gm/100 gm solvent, st:
3%

Stab Sensi tivity:

Density Firing Point glnch-wncu!
gm cc _‘_ﬁn 1

13 r
@ 7
k2
12 15
11 17
7 11

Activation Ererdy:

keai/moL
Irduction-Perinct, gec

0-245

Bk
3
6k
18
1
1

£2.6
G.5-10
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Potassium Dinitrobenzfurcxar (KDHEF) AMCP 706177 kA
5 tion of Potassium Smlt of §,6-3initrovensfurcxan: (a) :
Bensfuroxan, made by the rasction of ortho-nitroeniline i alkaline sodium hypochlorite, ' .
was disrolved in 6 parts of 964 sulfuric acid znd nitrated at 3°-20°C with a b to 1 eulfuric- j x
: nitric acid mixture. The salt was prepared by neutralization of the 4,€-dinitrobenzfuroxan
: with potassium bicarbonats followed by recrystallization from hot water. The product forms :
b in small golden orunge plates wvhich explode at 210°C. ;
5
Z The potassiun salt of 4,6-dinitrobenzfurcxan vas first prepered in 1899 by von P. Drost ) -
] (hmn 207, 56 (1899)). ; A
i e 4 .
f (s) R. J. Geughran, J. P. Picerd and J. V. R. Xsufwan, "(.atributfon to the Chemistry of S 4
$- Derivatives,” J Am Chem Soc 76, 2233 (1954). ;
P () C. lenchits, Jcs Calorimeter Determination of En Y end Specific Heat of Eleven
(3 ] » . N _ . - .
. " W
i {¢) Also see the folloving Plostinny Arsenal Technical Reports on Potassiwm Dinitro- i
2 3 (] 2 ‘
%22 2093 2146 279 | e y_

64gee footnote 1, pege 10,

W B DI S MPALAYGE < ANl ol B AR A e B W A AP P A PGPS AP AP W

. .




W.SUR

s .

IVALEBOOKS.COM

AMCP 706-!7'[ PIX-
l:.: oalbion: Molecrier Waight: 252
Oxvesr “olonce;
RIX 30 A N
Tetrsl 50 2 -9
™T 20 i ""‘"" gm/ec 1.68
P Mal =2 Poiat: °C Eutectic 61
M 0 Preazing Pelne: °C
tmpect Sensibivty, 2 Kg Wr: Sotig Polat: *C
Bureou of Mines Apparatus, cm Lk
Sampie Wt 20 mg . Refrective § ne
Picatinny Arsenol Apporotus, in dox, -
Somple Wi, mg N
ns
Toa: Vecuum Stebility Test:
Seesi Shos cc/40 Hrs, at
Fiber Shoe 90°C
100°C 3.0
Rifle Bullet Impect Test:  Tricls 120°C
. % .
Portiale o) ‘ -
"'"'l“ 0 200 Gram Bomb Shad Toot:
60 Sond, gm 5h.8
Caplesion Tompsrature: U Sensitivity te A
Seconds, 0.1 (no cop used) P c"""““'w om
) Maercury Fuiminote 0.23
s Leod Azide 0.20%
10
15 | #a10e®i¥ive tnttsaving charges. |
20 Bellistic Morter, % TNT:  (s) 132
- Trouws! Tost, % TNT:
75°C lntornctionnt Moot Testk: .
% Lo in 48 Hrs Piate Dom? Tost: (v) .
Method B
100°C Hoot Tosn: Condition cast
% Lows, I8t 48 Hrs Canfined Yo
% Los, 20d 48 Hrs Dcnmv' ity, gm/cc 1.68
Explosion in 100 Krs Brisonce, % TNT 127
M 3 , indes Detenetion Rete:
' Confinement None
% Condition Cast
C, 90% RE, 15 days 0.00 Charge Diometer, in. 1.0
Veletitley: Derwity, gm/cc 1.6k
Rate, meters/second 7655
306
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{
3 :
: L PTX-1 AMCP 706-177
»
-3 .
: Frogmentetion Tost: Sheped Charge Etfoctivenass, TNT = 108:
E 90 mm HE, MYT Projectile, Lot WC-91: Gloss Cones  Stee! Cones
; Density, gm/cc 1.64 Hole Volume
: Charge Wt, Ib 2.1% Hole Depth
»
¢ Tetel Ne. of Fragmesis:
! For TNT 703 | Color:
' For Subject HE 999
3 Principel Uses: Land mines and demolition
' 3 inch HE, MA2AT Projectile, Lot KC-S: cherges
3 Deraity, gm/cc 1.63
i . Charge W, Ib 0.86h
t
Totel Neo. of Fragments:
3 ) Mathed of Looding: Cast
H For TNT 51k
. For Subject HE 685
. i Leoding Denalty: gm/cc 1.68
! Frogment Velocity: ft/sec '
: A9 fr 2690
’ Ar 254 fr 2460 Sterege:
4 Demsity, gm/cc 1.6k
3 Method " Dry
; .’ S Blost (Reletive to TNT): Hazard Class (Quontity-Distonce) Class 9
N’ Alez (2) Compatibility Group Group I
Peck Pressure 11
Impuise 109 Exudation Rxudes at 65°C
Energy -
; Als, Confiond Preperstion:
: l'mpdn The ternsry explosive system consisting of
RIX, teiryl and TNT is prepared by sdding the
Wete sppropriate weight of wvater-wet RIX to & tetry-
: lh'l:;‘m tol (40/60) previcusly melted in a steam-
: Jecketed melt kettle. Heating snd stirring
Impuise sre continued until sll the water is evaporsted
' Energy and the mixture is uniform in cowposition.
’ PTX-1 is also prepared by sdding tetryl to RIX
i Composition B.
: Underpronnd: omp
. Peok Pressure Compatibility with Metslis:
4 impuise
. Dry: Aluminum, mild steel not sffected.
' Energy
; Booster Sensitivity Test: (&) Wet: Aluminum, mild steel not effecied.
200801 Jens tlVily Jesti i
' Condition Praissed Cast
. Tetryl, zm 100 100
y Wax, in. for 50% Detonation 1.9% 1.82
’ Density, gm/cc 1.61 1.68
»
*
£ 4

lk’f"&!




AMCP 706-17/

Origin:

The possibility of exploying ternary mixtures to obtain explosives having greater power
and higher brissnce than binary mixtures ves suggested by the amalysis of Russian T6 mm,
armor plercing high explosive rounds (PATR No. 1311, 1T July 1943). The Russian type tarmery
explosives, based on the camposition and laboratory studies of such mixtures, wvers indicated
to be effective ased fillers. In conducting a preliminary study of cestable teinary explo-
sive mixtures me%- by the Russian fillers, a mixture consisting of RDX/tetryl/TNT, desig-
pated PIX-1 was developed vhich had explosive and rhysicel properties offering considersbdle
ag::)xm for wilitary spplications (PATR No. 1350, 27 October 19%3; snd 1379, 11 January
1 .

A PTX-3 compoeition, prepered by the additio. of Haleite to 30/60 tetrytol, alsc offered
promise but limited to applications wvhere the charge would not be required to withstand stor-
age at 65°C vithwt exudation.

References: 65
(a) L. C. Smith and E. G. Eyster, ical Testing of Explosives, Part IIX - Miscellaneous
Sensitivity Tests; Performance Tests, No. > N

{v) D. P. MecDougall, Methods of Physicel Testing, OSRD Report Ko. (03, 11 Augur.; 1942,

(¢) L. C. Smith and S. R. Walton, A Consideration of RUX/Wax Mixtures as s Substitute for
Jetryl in Boostors, NOL Memo 10,303, 15 June 9.

{d) W. R. Tomlinson, Jr., Blaat Effects of Bowd Explosives, PA Tech Div Lacture,
9 April 1948.

(e) Also see the following Picatinny Arsenal Technical Reports cn PTX-1:

'} 2 Fi ] 1 2
15% ko2 1623 1466 1437 1319
1506 1429

1469

555" footnote |, page 10,
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PIX-2 AMCP 706177
“:"“"* Meloculor Welght: 24l 23
- Oxypen Belonce:
RDX b b1 o0, % .33 %
PEIN 2 . 26 €0 % -3 -k
™7 o8 . 33 Demalty: gm/cc 1.70
Malting Poiat: *C Butectic 75
C/H Ratio Frossing Peint: °C
lmpoct Senshivily, £ Kg We: Boiling Pelat: °C
Bureou of Mines Apporatus, cm B
Sample Wt 20 mg Refractive tndex, 02
Picotinny Arsenal Apporotus, in. o
w‘mo mp N
S
Felction Peadulom Tout: Vocwem Stebilty Toot:
Steel Shoe Creckles cc/40 Hrs, ot
Fiber Shoe 90°C
B - 100°C 2.6
Rife Sullet Impoct Tem:  Trials 120°C 1+
Explosions & 135°C
Portiols 0 150°C |
Burned 0 200 Geam Bomb Sead Tost:
Ww .O ml gm %.9
xplosion Tomporeture: *C Sonsitivity to Initietien:
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
) Maercury Fulminate o.21
5 Leod Azide 0.00
10 Teteyt 0.00
1S
20 Bellistic Merter, % TNT: (a) 138
Trousi Tost, % TNT:
*C laternations! T
”%;Lalhaﬂ:” - Plste bDent Toot: (b)

! Method B
100°C Mont Tost: Condition Cast
9% Loss, st 48 Hns Confined No

% L“.N"Hﬂ m.w/“ 1!71
Explosion in 100 Hrs Brisonce, % TNT 141

Detenstion Rete:

Plammoblity Index: Confinement None

" Condition Cast

W RH, 15 days 0.00 Charge th;-mr in. i'?,o

Density, gm/cc .
Velstitiy: Rote, meters/second 8065
300
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AMCP 706-177
PTX-2 A
Frogmentetion Tect: Shapad Charge Elfectivances, TNT = 100: .
90 ma NE, M71 Projectile, Lot WC-91: \ Glass Cones  Steel Cones :
Density, gm/cc 1.68 Mole Volume ~1% :
Chorge W, B 2.226 _Hole Depth ":
, Totel No. of Frogmorts: Color: :
o For TNT T03
1 For Subject HE 128 -<
Poincipel Used:  Shaped charges ¢
3 inch KE, MA2AT Projoctile, Lot KC-S: Fraguentstion charges :
Deraity, gm/cc ' 1.70 ‘
Chorge Wt, Ib 0.897 .
~
Totel No. of Fropmonts: Matbod of Locding: cast .
For TNT 51k :
For Subject HE . 750 : —
Laeding Demity: ym/cc 1.70 S
Fragment Velochty: f/sec ¢
A9t gao ¢
At 25% fr S0 Storege: . 4
Dersity, gm/cc 1.70 ,
Mathod Dry :
Sast (Relative b0 THT: Haozard Closs (Quantity-Distance) Class 9 C
i At ‘(4) Compotibility Group Group I !
; Peck Prassure 113 :
Impulse 13 xude don Noue at 65°C :
M Pos :
tion: 4 :
Ale, Preparation :
impules The ternary explosive system consisting of .
RDX, PETIN and TNT is prepared by adding the .
; Undor Weter: sppropriate weight of water-wet RIX to & pen- .
p Peok Pressure tolite (30/70) previously melted in & stesm- .
| Jocketed melt kettle. Hea‘ing end stirring
; ‘ . ulse are continued until ¢1i]l the wvater is evaporated
Energy and the mixture is uniform in composition.
PIX-2 18 also prepared by adding water-wet
Undesgraoad: PETN to RIX Composition 3.
Pock Pressurs Competibility with Metsls:
impules ]
E Dry: Alusinus, mild steel not affected.
Booster Sensitivity Test: (c) Wet: Aluminum not affected.
Condition Pressed Cast
Tetryl, gn 100 100
Wax, in. for 50% Detonetion 1.87 2.3
Density, gw/cc 1.70 1.6l
N
310
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S AMCP 705177

origtn

The possibility of employing ternery mixtures to obtain explosives baving greater powver
and higher brissnce than binary mixtures vis by the snalysis of Ruasian 76 mm, arwor-
piereiny high explosive rounds (PATR No. 1311, 1T July 15493). The Russian type ternary explo-
sives, based on the composition ard laboratory studies of such mixtures, were indiceted to be
affective fillers. In conducting & preliminary study of castsble ternary explosive
mixtires suggested by the Russian fillers, & mixture consisting ol KDX/PETH/TNT, designated
PTX-2 ms developed which bad explosive and physical properties offering considereble advan-
tage for military applications (FATR No. 1360, 2/ October 1943; and 1379, 11 January 19hk).

A PTX-h composition, prepared by the addition of Eeleite to 30/T0 Pentolite, also offered

promine dut decausa of border-line stadility in scosleratad stability tests, PTXI-b must be
proven by long term storsge to be acceptadle for use in standerd emmmition.

Befarences; 56

() L. C, Buith snd B. G. Ryster, cal Testing of Explosives, Part III - Miscellaneous

tivity Tests; Performance Tests, mﬁé m, %mmﬂ.

() D. P, imcDougall, Methods of Physical Jesting, OSRD Report No. 803, 11 August 19%2.

(o) L. C. Smith and 8, R, Walton, A Consideration of Mixtures as & Substitute for
Zeteyl 1o Boosters, WOL Memo 10,303, -Foipgpiien of N/ lixtres 00 8 Bbsuitute I
9‘écl) ¥, R. Tomlinson, Jr,, Blast Effects of Bowb Explosives, FA Tech Div Lecture, 9 April
1988,

(e) Also see the following Picetinny Arsensl Technical Repurts on PTX-2:

e 2 3 L] 2 § 8 2
15% 182 1883 Wk ks 1466 188 139
1623 1529
146)

66548 footnote 1, page 10,
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PTA-h
Camposltion: Moloculer Wolght: AT
% ) :
RIX % Olg;d-m -
Polyvinyl Acetate 8 @ % -io
Dibutylphthalate 2 Demeky: gm/cc Prassed 1.60
s oc R
C/H Retio Freasing Point: °C
impost Senshivity, 2 Kg We: Belling Peint: °C
Bureow of Mines Apporatus, cm 39
Sample Wt 20 mg Refractive Index, nS
Plcatinewy Arsenal Apporatus, in. 9 o
Sample Wt, mg 13 ":
Nge
Tout: Vecuum Stebillty Tost:
Stesf Shos Crackles ¢c/40 Hrs, ot
Fibee Shoe Unaffected 90°C
100°C 0.45
Rifle Bollst Impect Test: 5Tricls * 120°C 0.88
. % - -8
Explosions 20 :35.2 o
Portials 0 50
Bumed 60 200 Grom Bomb Sond Tost:
| oHOP1e98s ot -160c - yRRrrected Sond, om 8.5
Explecion Tompereture: C Sensltivity te fakistion:
Seconds, 0.1 (no cop used) -~ Minimum Detonating Charge, gm
1 3% Marcury Fulminote
% Decomposes 375 Leod Azide 0.22
10 265 Tetryl
1S
20 Bollistic Mortor, % TNT:
T_d '“a * ml
75°C intemnetional Heat Toot:
Plote Deat Test:
% Loss in 48 Hrs
100°C Heat Tont: Condition
9% Loss, 1st 48 birs 0.10 Confined
% Loss, 2nd 48 Hn 0.06 Derwity, grn/cc
Explosion in 100 Hrs None Brisonce, % TNT
Detenction Rete:
Index: Confinement None
. o Condition Cast
Hygreseapichty: %  0°C, 90% PH 0.20 Charge Diometer, in. Lo
) Density, gm/cc 1.60
Velotillty: 55°C, vacuo, 6 hrs 0.03 Rote, p 7910
312
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TN RN
BAL AMCP 706-177
Progmentetion Tost: T Sheped Charge Bifestivences, TNT = 108
90 cuon HE, M71 Projostite, Lat WCH1: Gloss Cones  Steel Cones .
Donaity, gm/cc Hole Volume
Chorge WA, B Hole Depth
Totel e, of Fragments:
For TNT Golen Yhite
For Subject HE
Pracipol Uses: Demolition charges
3inch M, MAIAT Projoctile, Lot KC-3: .
Chorge WA, b v'
M’:"T:rl T—— Mathod of Looding: Pressed or extruded | 7
For Subject HE '
Leeding Denelty: gm/cc 1.60
Fragment Veloslly: ft/sec
A9 f !
At 23y f Storape: |
Denslty, gm/cc ?'
Method Dry
Slost (Relstive te TNT): Hozard Class (Quontity-Distance) Class 9
Al Compatibility Group Group I
Poak Prusure f
impules Exudation Hone st T1C
Energy
{ Alr, Confined: Plasticity:
: . stic
: k0% Cracked
; Undes Wateri O
» Paok Pressure ¢ 0.3 )
: . Impulse :
!
4 | :
; Peck Pressure
" Impulse
% Energy
»
»
»
Y
e
g
'
$
LA _ 313
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AMCP 706177 | AL —~
Lo
Ersparetion:

Brplosive FVA-U, a semi-plastic composition of Canadian origin, consists of 90% RDX, 8%
polyvinyl acetate and 2§ dibutylphthelate (DEP). This formulation vas asveloped by Ir. Suthur-
land of Shevinigen Chemicels, Ltd. In svaluating various tyres of polyvinyl acetate commer-
eially svailadle in the United States, a type obtained from Union Carbide and Carbon, under
the industrial named or designation "AYAT' was the mor* promising comting for RIX in the pro-
portions RIX/FVA(AYAT)/IEP 90/6/2.

A precticel method of prepering this composition was by the addition of & solution of the
coting agent to an squeous RDX slurry. DPased on the quality of the product and the pellet

dmnsities obtained, & procedure of adding an ecetone solution of WA + IBP to & hot water
slurry of RIX, under egitation, wus sdopted as standard.

Ietyrences: 67
(a) 8ee the following Plcatinny Arsena) Technicsl Reports on FVA-h: 1532 end 163, -

B LR S M RiSe bl Bt P g A At B b B AR VD Bh Ay W S et & ana

[ T R T R RPN S

[

Uiu fooEnoto 1, psge 10,
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AN (Polyimyl Mitrate) AMCP 706-177
Composhion: Molocular Woight:  (ColgliC4) (89),
P 2n
Onygon Belence:
¢ & . % -5
E 3.b i ) D% -9
C-CH-
. 15.6 (32 i 0802)y Density: gm/cc
0 sh Mabing Point: °C (Soft ) 50
C/H Ratio 0.203 Feosting Polnt: °C
impost Serahivily, 2 Kg We: 16, 864N Seiling Pelat: °C
Bureou of Mines Apparotus, cm ve
Sample Wt 20 mg Refvactive lndex, nd
Picatinmy Arsenal Apporciys, in. b nS
Somple Wy, mp 2
i Fricsion Pendulems Tost: Vecwem Secbiiey Tost:
o Steel Shoe Creckles cc/40 Hrs, ot
100°C 16 hourg 11+
Rifle Buliyi bmpast Tagt;  Trioks 120°C 16 hours 11+
% 135°C
H Bumed 200 Goomn Bosmd Sond Teat:
LI Unaffected Sond, gm .9
' | Eaplesion Tomporsture: c Sonsitivity te tnitiotion:
Seconds, 0.) (no cop wsed) -~ Minimum Detonating Charge, gm
1 . Mercury Fulminote .-
[ 265 Lead Azide
f 10 Teteyl
15
% Dellistic Morter, % TNT:
[ 4
: Toous! Tost, % TNT:
. 73°C Internctionel Heot Veui:
Plate Dent Tost:
: % Lose in 48 Hrs Methad
V- Cond
) 100°C Moot Tostt Cont ml
i % Loss, Ist 48 ki 1.9
r - % Low, 2nd 48 Hrs 21 Dersity, gm/ce
» Explosion in 100 Hes None Brisonce, % MY
) Detonstion Reve:
’ Pammebility lades: Confinsment
; = Condition
4 Hygrasosplsliy: % ¥C, 90‘““ 0.62 Q‘wm’h.
; Dersity, gm/cc
: Velotiliey: Rote, meters/second
:
!
% . , 318
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AMCP T06-1T7 W _(Polyvinyl Nitrete .
’ . R - :w&
Frogmentctisn Tos: Sheped Charge Wiastizezom, TNT = Wb
90 mm NE, M7 Projecille, Lot WC-91: Glass Conen  Steel Cones
Derslty, gm/cc Hole Volume
Chorge W, i Hole Depth .
Totel No. of Progments: Cob :
For TNT
For Subject ME -
Puinsipal Vaase
3 tnch R, MAZAT Prajestite, Lot KC-$: ‘
Oueraity, gm/ecc ‘
Chorge WA, b
Yotol Mo. of Pragmente: i
T Mathed of Lovling:
For Subject HE .
Loading Smaly; gn/cc
333
NB% N Serege: .
Daraity, gm/cc )
Method
. Pesk Peassure
Ipulse mv
Enorgy
ax, 6.§.§°c KI Test:
impulse Minutes o
Under Water: 12.§fc Hoat Test:
; Moutes
Peck Pressire Selmop Piok =
tmpulss Red ‘Pumes 25
Energy Explcdes ) } 300+
ndengee 2u0-Hour Hydrolysis Test:
Peck Pressure < HNO, - 3.07
lmpules ,
Heat of:
Combustion, cal/gm 2960 -
Explosion, cel/gm 900
Gas Volume, cc/zm 8%
316
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i AN (Polyvinyl Nitrate) AMCP 706-177
p
<4

o

3 | Polyvinyl alcohol is mixed vith ecetic anhydride. The mixture is cooled to -5°C end the i
nitric acid 1s edded slovly vhile the maps is being stirr @. The ‘empersture is c.atrolled i
by the rate of le%d addition so that vhen !l the acid has been added the tempersture does ;
ot risy above 20°C. . ’ !

Woen the nitration is complete, the pixture is drowned by alloving a fine stresm . the
syrupy liquid to flov from the nitrator and mix intimately with a large stream of water. This
causes the product to precipitate in a fine state.

|

¥

i

’ .

; The finely Aivided precipitate is purified by boiling in frequent changes of water.
)

3 .

3

3

i

[

!

Origin;

The first preparation of polyvinyl nitrate wvas reported in 1929 by solution of polyvinyl i
slcobol in concentreted sulfuric acid and treatment vith nitreting acid at & temperature not
over so°e. (German Patent 537,303). lLater patehts issued relative to polyvinmyl nitrate in- i
cluded U. S. Patent 2,118,487 (193B) and German Patent 737,199 (19%43). '

TP Ry N Pl G e Sl il WG Pl G Ay g g
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Ar\ ‘.
| LI’
‘ AMCP 06177 RIPE
—_
G?ullqm Molocular Waight: 2» e
Oxygon Balonce: -
RIX 85 gg, :, . . <70 ;
Gult Crown E 011 S ¢ ' > :
Demslty: gm/cc  yqand tamped 1.37 .
. Maing Peiat: °C ) :
C/¥i Ratio Froating Peint; °C :
y | wpaet Senshivity, 2 Kg Wr: Boltieg Pele: °C .
Bureou of Mines Apparatus, cm 53 - .
Soxple We 20 mg L Refrective index, p2 A
Picatinny Arsencl Apparatus, in. 13 ° ‘
wmo mg . 25 s bl
'1 A ng M
Folotion Pondisium Yoot: : ’ Vocuum Stebitity Tost: ;
Stwel Shos Unaffected cc/40 Mrs, ot c
; Fiber Shop Unaffected 90°C .- :
! ™ : — 100°C 0.3 :
E Rifte Buliet hmpost Yoot Trioks 120°C 0.56 .
3 % o .
? Explesions 0 ::2.2 Tl < -
: Porticls ] : - — )
Burnad 0 200 Grors Bossb Send Tost: N P
Unaffected 100 Sond, gm -1 o,
; Sxplesier Teaparature: C Sensitivity to Inktistion: ( /
: Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm :
.~ ] - Maercury Fulminate . {
. S Decomposes; no value cbtained Leod Azide 0.20 . . o
10 Tetryl ' .
15 .
20 Sellistic Merter, % TNT:  (a) 118
Treusl Test, % TNT: .
75°C latornotionsl Moot Toot: = .
% Loes in 43 Mrs Plate Dent Tast: (b)\ )
Method B : -
190°C Moot Tort: : Condition Hand tamped ¥ .. g
% Loss, Ist 46 Krx 0.93 Contined No .
3% Loss, Snd 48 Hrs < - .ok Dons'fygmlcc 1.37
" ‘Drpioen in 100 Hrs . Fone Brisonca, % TNT 85
. B - i - Setenatizn Rate:
senn ] . m Index: Confinement Neoot
T e — — €ondition. Hand temped
*m % 3°c, 50% m 0.04 Thorge Diamneter, in. 1.0 .
" Cencity, gm/cc 1.37 :
v. Rate, meters/second C 73%0
318
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Preparation:

RIPE is manufmactured L. simpie mechan{cel
mixing of RDX in ofil.

_ RPE - - - AMCP 706-177
me Test: W.Qmp uumm:.— I“a
90 s HE, M71 Foajastilz Lot WC-1: Gloss Cones el Cores
e Density, gm/cc B ‘ L§ . Hole Volume -
Chage W ' 1,786 Hol Depth .
Totel Mo, of Propments: . D s e -
For TNT S5 oqeg. e ,, Wnite
FotS\h,akt)i!\\ o 592 e .
\.\\ ) Principel Usss: Flastic demolition explosive
3 enug,mt Projectile, W kEs: \ ~
w“a 1.42 ST
UCegeWn T 0T
Totol 15, of Fragmetivi - " —y—
_ For TRY. TS 51 . * woed
For Subject HE~. - 501
~ N Leading Deaslty: gm/cc 1.3
Fragment Velacily: ft/ssc
A9 ft 2650
A5, fr 2370 Sterape:
Density, gm/cc 1.395
Maethod ry
Blost (Relotive to TNT): Hozard Closs (Quontity-Distonce) Closs 9
Al Compotibility Group Group I
Peok Presture nom-cas°cmaom
Impulse Exudotion  None at 95°C 4n b8 w
£ Beudes a4t 105C 14 hrs
o8 5 n
Ale, Confined: Origin:
Impulse RIPE, & mechaniosl mixture of RDX end Gulf
Crown E 011, vas developed in the United States
Under Weter: during World wer II.
".* Prossure Rerersnces;®® .
E () L. C. Saith and E. O. Eyster, Physicsl
Testi losives rt 111 - Miscsllansous
. . E!%Iv%t Wexts; PoiTormance TNats, OO fe-
Underground: port Wo. !‘:3. Y Tocenber 1305.
Peck Pressure
imoulse {t} L. P. MacDougsll, Methods of Physicel
mpu Testing, OSRD Report No. ’ ugust .

(c) Also see¢ the following Picatinny A sensl
Techrical Reports on RIPE: 1713, 1695 and 1517.

bHSee footnote 1, page 0.
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AMCP 706177 Silver Azide
c.;..unm Melecular Weight: (Aghs) 150
. Cxygen Belonce:
K 2.0 CO; % -5
Ag T2.0 CC % -5
«NaN=N
Ae Deasity: gm/cc Crystal 5.1
Pelet: °C (a) 251
/HR Froozing Polat: °C silve: n n.
impoct Senaitiviy, 2 Kg Wh: Belling Peiat: *'C
Bureou of Mines Apparatus, cm 6
Sample Wt 20 mg Refractive Index, nd
Picatinny Arsenal Apparatus, in. 3 °
Sample Wt, mg 18 N
na
Steel Shos Detonates ¢c/40 Hrs, ot
Fiber Shoe Detonates 90°C
100°C
Rifle Bellet Impect Tooi:  Trials 120°C
% .
toen £
Portials
Bumed 200 Geam Bomb Sond Toat:
- Unoffected M 18.9
Explasion Tompereture: '« Sensitivity to Initietien:
Seconds, 0.) (no cop uced) 310 Minirmum Detonaring Charge, gm
1 - Mercury Fulminate
10 Tetryl
15
20 Beltistic Merter, % TNT:
—| Trouxi Test, % Hg(ONC), (c) 88
75°C Internctionel Heet Test: -
% Loss in 48 Hrs Plate Dont Toat:
Mathod
100°C Heot Toot: | Condition
% Loss, st 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
. Detonetion Rete:
Flammeability Index: Confinement
Condition
Hygroscopicity: % (&) 25°C, 100% RE 0.0k Charge Diomater, in.
Density, gm/
Volotility: 75°¢, 2k nrs 0.00 Ro:":‘::‘/“
320
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Silver Azide AMCP 706177
Frogmentetion Tust: Sheped Chorge BHoutiver ooe, TNT = 100:
90 mm HE, M71 Projoctile, Lot WC91: Glass Cones  Steel Cones
Deraity, gm/cc Hole Valume
Chorge Wr, b Hole Depth
Tetel Neo. of Fragments: :
Caler: White to
For TNT oy
For Subject HE
Principel Usen: Initiators
3 insh HE, MA2AY Projostile, Lot KC-3:
" Dersity, gm/cc
Chorge W, b
Totel No. of Fragments:
of \
for TNT Methed of Loading: Presse
For Subject HE -
= Looding Denelty: gm/cc Varisble
Fragment Yeloshly: ft/sec
'3 A
A 2S% & Sterege:
Dersity, gm/cc
Method Vet
Blast (Ralstive to TNT): Hozord Closs (Quantity-Distance) Class 9
Al Compatibility Group Gaoup M
Peck Pressure
Impulse Exudation None
Energy
Ale, Confined: Initiating Efficiency:
impuise Grems Required to Give (e)
Complete Initiation of TNT 0.02-0.05
Under Woter: Silubility fu 100 gm Solvent
) el Room Temperature:
£ Solvent Grams
water (b) 0.006
A Ammonium hydroxide Soluble
Pressu Nitric acid Decomposes
Pook re Ether (b) 0.017
Impuise Etk.1 aleohol, 95% 0.006
Energy Acetone 0.015
losive Power:  (f) Unaffected by vater and CO,. (a)
Kilogram meters 192,000 Heat of:
% Mercury Fulminate 1.097 Explosion, cal/gm (¢, a) 452
Formation, cal/gm zes €7.8
321
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AMCP 706-177 Silver Azide

LS AR i ' tim

‘ Prepare the following aquecus solutions:
a. 5% MeK3, sodiua aride, 50 ce
b. 25% @3, silver nitrate, 25 cc

The silver nitrete solution is placed in & 200 cc conductive rubber beakesr equipped with =

; bard wood stirrer operated dy an sir motor. The sodium azide solution is placed in a separe-

! tory funnel festened in o ring stand sbove the beaker containing the silver nitrete. A long

1 eord(lort)hhauudtothontopcoclorthcupnmf\mmlumtmnmmlennbe

erptied by remote control. The silver nitrate solution is now stirred very repidly and the

sodium azide {s slovly run intc the nitrate solution. Stirring is cont!nued for 5 minutes.
meonhnqotthobuhrmﬁltmdthrwghfolhdﬁlmmlu\ummanum .
aside and silver nitrete vith distilled water.

LR SN A N Y IR S WP e e R B

Silver azide should be stored under vater in a conductive rubber conteiner. This preopare-
tion will yield spproximately 7 grams. .

tained by the above procedure has & very fine particle size, alnost colloidal. Very fine sil-
ver azide is safer to handle and is just as efficient snd stable as the large, coarse arystal-
line material (Ref b). When a thin film of fine silver azide is precipiteted on mercury ful-
minate. tetryl, etc., these substances are as efficient weight for weight as pure silver aside
(Ref g). White silver azide is less affected by light then mercury or lead szide (Ref h).
Iong colorless crystals vhich explode on breeking are cdtained from ammoaium hydroxide..

Sxigin:

Silver azide was first prepured in 1890-1 by 7. Curtius (Ber 23, 3032; Ber 24, 33u4-5) vy
‘ passing hydrazoic acid (HN,) into neutral silver nitrate solution. Teylor and Kinkenbech pre-
| pared pure "collodial” tes and showed its sensitivity depends upon its particle size
: (Army Ordnance 5, 82k (1925). Silver azide was found in a detovator of foreign emmunition for
the first time In 1945 (Ref 1).

References:5?

L A N T TL R

!
1
t
|
|
|
% The preparstion should be conducted under & hood and behind & berricade. The product ocb-
b
H
§

“aew e

O

(a) A. R Hitch, "Thermal Decomposition of Certein Inorganic Trinitrides,” J Am Chem Soc !
40, 1195 (1918).

{v) C. A. Taylor and Wa. H. Rinkenbach, "Silver Azide: An Initiator of Detonation,” Army
Mm\n“) Vol 5, Pp. 824 (1925).

(¢) E. De W. S. Colver, High Explosives, London and Nev York, p. 527.

(a) A. Stettbacher, Spreng u. Schiesstoffe, Rascher, Zurich, p- 97 (1948).
() A. Marshall, Explosives, 2nd Ed, Vol II, p. 767, London.

(f) A. sStettbacher, Z ges Schiess-Sprengstoffv 10, pp. 193-214 (1915).

i;9See footnote 1, nage 10.
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(6) F. Blechta, Chim et Ind Gpecial Bo. 921-5 (June 1933); C. A. 28, 64é.
(b) L. Wohler snd V. Krupko, Berichte 46, 2047-2050 (1913).

(1) F. G. Baverlak, Bmmination of 120/45 M HE Shell, Italian (MMAN-kGL), PATR No. 1515,
10 April 1945.
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AMZP 706-177 Tetracene
Go:ullu: Melecular Waight: (CyligK,; 0) 188
Oxygon Belence: .
c 12.8 - - CO; % -fo
. b3 SNl N-Em O =2 ‘ =
X ™A X Demelty: gm/cc At 3000 psi 1.05
lﬂa NH-NH-NO
0 8.5 | Melting Peiat: °C  Explodes 140-160
C/H Ratio 0.068 Freasing Peint: °C
Impoct Sensitivity, 2 Kg Wr: Bolling Pelat: °C
Bureau of Mines Apparatus, cm T
Sompie Wt 20 mg Refractive index, nd
Picatinny Arsencl Apporatus, in.2; (8 oz wt) 8 o
Somple Wt, mg N
ne
Friction Pondulum Toot: Vocuum Stability Test:
Stee) Shoe cc/40 Hrs, ot
Fibar Shoe 90°C
100°C
Rifle Bullet Impect Teat:  Trials 120°C
% 135°
o
Portials
Bumed '200 Grom Bomb Sand Test:
Unaffected 28.0
! 4,0
Explosion Tomperature: *C Sensitivity o initiotion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Maercury Fulminote 0.40
5 160 Lead Azide
10 Tetryl
15
20 Bellistic Merter, % TNT:
Trouzl Test, % TNT: (s) 61
75°C Internctionsl Hoot Teet:
% Loss in 48 Hrs 0.5 Plote Dont Test:
Method
100°C Heet Tost: Condition
% Loss, Ist 48 Hrs 23.2 Confined
% Loss, 2nd 48 Hrs 3.4 D‘_""'Y, gm/cc
Explosion in 100 Hrs KNone Brisonce, % TNT
Detonation Rete:
Flammability Index: Confinement
Condition
Kygroscopiciey: % 30°C, 90% RH 0.77 Charge Liometer, in.
Density, gm/cc
v y: Rate, meters/second
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Tetracene AMCP 706-177
Frogmentation Toot: Sheped Chorge Effectivences, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Giloss Cones  Steel Cones
Density, gm/cc Hole Volume
Charge Wt, Ib Hale Depth
Totel Ne. of Fregments:
1 11
For TNT Color: Pale yellow
For Subject HE
Principel Ures:  Priming compositions and
3 inch HE, MA2A1 Projectile, Lot KC-3: detonators
M'Y. WCC
Chorgs Wt, Ib
Yotai No. of Pragments: Mothed of Looding: Pressed
For TNT
For Subject HE
Loading Denslty: gm/cc
Frogment Velecity: ft/sec At 3000 psl 1.05
At 9 &
Ar 25% ft Sterege:
Density, :
e gm/ce Mathod Vet
Blost (Relative b0 TNT): Hazord Class {(Quontity-Distance) Class 9
Al Compatibility Group Group M
Peok P.essurs
Impulse Exudation
Energy
Ale, Confined Solubilitx:_
Impuise Practically insoiuble in water, alcohol,
acetone, ether, benzene, carbontetrachloride
Undor Water: or ethylenedichloride.
Peck Pressure
I Sensitivity to Electrostatic
mpulse Discharge, Joules: (v)
Unconfined 0.010
Ued " Confined 0.012
Peck Pressure Heat of:
Impuise Explosion, cal/gm 658
Energy Ges Volume, cc/gm 1190

Initiatirg Efficiency:

Tetracene is not efficiert in initieting
high explosives.

et £ T i 19 0 omp 0
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AMCP 706177 Tetracens —_
Preparstion:

(Rinkenbach and Burton, Army Ordnance 12, 120 (1931)).

Tetracene is prepared by dissolving 5 gms of eminoguanidine dinitrate in 30 cc of water,
cooling to 0°C und mixing vith a sclution of 2.5 gms of sodium nitrete in 15 cc of weter. The
temperature iz maintained at about 10°C and C.5 gm of acetic acid is added. The tetracene
sepurates out and is washed with water, alcohol and ether. It is then drfed.

Tetracene may also be prepared hy placing aminogusnidine sulphate and sodium nitrite in a
large besker and adding water her ‘ed to 30°C. The heat of reaction causes the mixture to boil;

after standing for two or three hours the seperated tetracene is filtered of?, washed thoroughly
and dried.

Origin:

Tetracene was first prepared in 1910 by Hoffman and Roth (Ber 43, 682) who also studied 1%s
chemicel remctions and determined its structure (Hoffmen et al, Eer 43, 1087, 1866 {1910); Ber
bh, 2496 (1911); and Ann 30, 131 (1911)). W. H. Rinkenbach and 0. ton made an extensive
mmf of ;;;tncene and described its manufacture and explosive properties (Army Orduance 12,
120 (1931)).

Destruction by Chemical Decomposition:

Tetracene is decomposed by adding it to boiling water and continuing boiling for some time
to insure couplete decowposition.

References: 70

(a) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.
L. C. Smith and E. G. Eyster, sical Testing of losives. Part III - Miscellaneous

e
Sensitivitx Jests; Ferformance Tests, OSRD Report Ko. 5755, Tacember 1945. Kv

(b) PF. W. Brown, D. H. Kusler and F. C. Gibsoy, Sensitivity of %mwm to Initietion
Electrostatic Disc es8, U. S. Dept of Int, Bureau o nes, RI y B

{¢) Also see the following Picatinny Argenal Technical Reports on Tetracene:

e 1 3 4 I 8 2
1450 11 453 110k kot 318 859
2164 2179

——
708ee footnote 1!, page 10.
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Tetranitrocarbezole (THC) AMCP 706-177
Compenition: Meloculer Weight: ( 012H5“5°8) W7
% oN K ‘NO
2 N 2 Oxygen Belence:
¢ b6 ~ . CO: % -85
2 % -0
H 1.h
02N NO2 Density: gm/cc
N 20.0
3.0 Mehing Point: °C  Pure 1,3,6,8-1somer 296
0 .
C/H Rotio 1.632 Freezing Point: °C
Impuct Sensitivity, 2 Kg We: Beiling Peint: °C
Bureou of Mines Apparatus, cm 100+
Sample Wt 20 mg Refractive index, nd
Picatinny Arsenal Appoaratus, in. 18 nS
Somple Wt, mg 14 L
n%
Stesl Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 0.2
Rifle Bullet Impect Test:  Tricls 120°C 0.2
% .
o e
Partials
Bumed 200 Grom Bomb Send Teet:
Unaffected Sand, gm 41.3
Explosion Tompereture: *'C Sensitivity te Initiation:
Secona:. 0.1 (no cap used) -~ Minimum Detonating Charge, gm
' .- Mercury Fulminote -
3 Tcomposes  LT0 Lead Azide 0.
10 Tetryl 0.25
15
20 Bellistic Merter, % TNT:
Treuzl Test, % TNT:
vk Pore Do To
Method
190°C ksot Test: Condition
. % Loas, Ist 48 Hrs 0.15 Conftned
% Low, 2nd 48 Hrs 0.05 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
- Detenation Rete:
Clommebility Index: Confinement
3 Condition
Hygrescoplcity: % 30°C, 90% Ri 0.01 Charge Diometar, in.
Density, gm/cc
Velotitiey: Rate, meters/second
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AMCP 706177 ' Tetranitrocarbazole ‘mc} Lanh N
Frogmentetion Teet: Shaped Cherge Etfectivensss, TNT = 100:
N 90 mm ME, M7 Projectile, Lot WC-91: Gicss Cones  Stesl Cones
] : Demsity, gm/cc Hole Volume
u Chorge Wh, Ib Hole Depth
. Totel No. of Frogments: ' ;
. N ;
o For TNT Colon: Light yellow ;
For Subject HE .
Principal Usss: Component of igniter and ‘
3 inch HE, MA2AT Projectile, Lot KC-5: Pyrotechnic compositions :
. Density, gm/cc :
T ~ Chorge W, tb .-
Totei No. of Frapmente: Mezhod of Loading: Preased :
For TNT :
T For Subject HE :
' Leading Demity: gm/cc :
Progment Valecity: ft/sec R :
A9 #e . N
At 25% fr Sterege: . N
Maethod Iry
Slast (Relotive o TNT): Hazard Closs (Quontity-Distonce) Class 9 {sv"w
Aley Compoatibility Group K‘”"
Peok Pressure
m BExudction
Energy
Confinsd Solubility in Water,
Ml'mpdu /100 gm (%), at:
95°% 0.10
Under Weter:
Peok Pressure Qualitative Solubilities:
' Impuise Solvent Solubllity
Jitrobenzene Very soluble
Undorgrovnd: Acetone Soluble
Peok Presstire Benzene Insoluble
St - : I Chloroforz Insolubie
mpulse Carbontetrachloride Insoluble
Energy Ether Insoluble
Ether, petroleum Insoluble
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Tetranitirocerbazole (TXS) AMCP 706-177
Preparation: .
m‘03
stob
H
02H N 02
o,N ¥,

Sulfonation: Fifty-six gms of carbazole is dissolved in 320 gms of Eami (96%, specific
gravity I.B'E,. nhe solution is agitated during the addition of the cerbazole and the tempers-
tere maintained at 25°-35°C. After the addition of the carbazole is cowpleted, the agitation
is continued and solution completed by raising the tempersture to 80°-85°C and maintaining
this temperature for one hour. The sulphate is nov cooled to 20°C.

Nitration: The sulfonate solution is sloviy added to 168 gms of m3 (Plant grade specific
gravity 1.525 at 15°0) saintaining the temperature at 30° to 50°C. (Tiie required - 1 hour 25
minutes). The temperstiure i then grnduallg raised to 70° to 75°C and majntained for one hour
after vhich the temperature is rejsed to 85° to 90°C and held for one hour, then lowered to
room temperature before drowning.

Drowning: The nitration mixture is drowned by pouring it into 2 t¢ 3 volumes of ice end
water,

rn%: The separated light yellow product is filtered on & Buchner Funnel and wvashed
vith vater ce to remove most of the acid.

Purificetion: The TNC is placed in hot water (95° to 100°C) and boiled for Tive to ten
minutes vith repid agitation, allowed to settle then filtered and washed once. This proce-
dure is repeated twice, meking a total of three "toilings.” The final wash is acid free.

Drying: The TNC 16 spreed in a thin layer and dried at 100° to 110°C for four hours.

Held: 73.3%.

Melting Point of TNC as prepared: 280°C (compares to 296°C for pure 1,3,6,8-iscmer in pre-
ceding 3'2%0

Origin:

The preparation of Tetranitrocarbazole (INC) was first reported in 1880 by C. Graebe (Ann
202, 26 (1880)) vho nitrated carbazole with O4$ nitric ecid. Similar procedures were folloved
£7 R. Escales (Ber 37, 259 (1904))and P. Zierch (Ber 42, 3800 1909} However, G. L. Ciami-
cian and P. P. Silber cbserved the formation of four isomeric TNC's when acetyl carbazole was
treated with fuming nitric acid (Gezz chim {tal 12, 272 1683). In 1912 and 1913 patents were
issued to the dyestuf{f menufecturer, Caselle and Company, cov:ring the preparation of polyni-
trocarbazoles (German Patent 268,173 and French Patent 464,5%). The Casella process of

s,
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AMCP 706177 Tetranitrocarbazole (TNC) p—

T ’ preparing polynitrocarbazoles by dissclving carbazole in sulfuric acid and treating the sclu-
tion of sulfonic acids with strong nitrating agents is essentially the process used today ir
the United States. The crude product, thus prepared, contains principally 1,3,6,8-TNC (V.
Sorsche and B. G. B. Scholten Ber 50, 596 (191T) and about 10¢ of the 1,2,€, e-mc isomar
(D. B. Murphy et al J Am Chem Soc 15, 4289 (1953). TNC was used in explosives by the Germans
during World wWar II.

References: /!

(a) D. B. Murphy, F. R. Schwartr, J. P. Picard and J. V. R. Kaufman, "Identificetion of
Isomers Formed in the Nitration of Carbezole,” J Am Chem Soc, TS, 4289-4291 (1953)’ :

(b) S. Livingston, Preparation of Tetranitrocarbazole, PA Chemical Research Laboratory
Repart No. 136,330, 11 April 1951.

" (c) D. B Murphy et al, m%e_maic Technical Evseerch Leading to the Development of .
;!%ed Ignition % Povders - The Chemistry of Tetranitrocarbezole, PA Memorandum Report i
No. N Sep er 1952. . .

(4) s. Livingston, Development of Improved Ignition Type Powders, PATR No. 2267, July 1956. ’

(e) Also see the foll~wing Ficstinny Arsenal Technical Reports on Tetranitrocarbazole:

I

2 2 3 4 I

2180 1802 1973 184 1647
1937

7lsee foo.note 1, pers. 1C,
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2,4,2',4' ~Tetranitro-oxsnilide (TNO) ANCP 706-177
Compesition: ? ? Moleculer Waight: (011»“8“601.0) 420
%
] Lo.0 P Oxygea Belence:
| ? CO: % -84
H 1.9 N NH CO% -3
NO
N 20.0 2 Density: gm/cc
0 38.1 Malting Point: °C Decomposes N3
C/H Ratio 0.735 o, N, Froezing Point: °C
Impect Sensitivity, 2 Kg We: Boiling Peint: °C
Bureau of Mines Apparatus, cm ~-
Sample Wt 20 mg Refractive Index, n2 .
Picatinny Arsenal Apparatus, in. 30 °
Somple Wt, mg 11 R
nD
: J
Friction Poadulum Test: Vocuum Stebility Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shos Unaffected 90°C --
- 100°C ..
Rifle Bullet impect Test: Trials 120°C o.11
% .
Explosions ol
Portials 50
Bumed 200 Gram Bomb Sead Teat: .
Unoffected Sand, gm 16.3 §
»
Explesion Tempareture: *C Sensitivity to Iaitietion: }
Seconds, 0.1 (no cop used)  -- Minimum Detonating Charge, gm
1 - X Mercury Fulminate
5 392 Lead Azide 0.20
10 Tetryl 0.25
15
20 Bellistic Morter, % TNT:
Treus! Test, % TNT:
75°C internationsl Heot Tost:
9% Loss in 48 Hrs Plote Dent Test:
Method
100°C Hoat Tost: Condition
% Loss, st 48 Hrs 0.07 Confined
% Loss, 2nd 48 Hrs 0,00 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detonation Rete:
Flammebikity Index: Confinement
5 Condition
Hygroscopicity: %  30°C, 90% R Trace Charge Diometer, in.
Density, gin/cc
Volotitiey: Rate, meters/second .
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AMCP 706-177 2,h,2',4' -Tetrani tro-cxanilide (TNO)
Progmentetion Toet: Sheped Charge EHoctivenens, TNY = 100:
90 mm HE, M7 Prejactile, Lot WC-91: Giass Cones  Steci Cones
C maity, gm/ce Hole Volume
Charge Wt, ib Hole Depth
Totel Neo. of Frogments:
For TNT Color: Light yellow
For Subject HE

3 lach HE, MA2AY Prajoctile, Lot KC-S:

Principel Uses: Couponent of black powder type
and pyrctechnic compositions

Dersity, gm/cc
Charge Wi, Ib
Totel No, o* Fragments: Methed of Loading: Pressed aud extruded
For TNT coupositions
For Sub ect HE
Leeding Density: gm/cc
Frogment Velechty: ft/sec
A9 R
Ar 25y fr Sterege:
Dersity, gm/cc
Method Dry
Blest (Ralative te TNT): Hazord Class {Quontity-Distonce) (lass 9
A Compatibility Group
Peok Prassure
Impuise Exudation
Energy
Solubility MIOO cc Solvent, in:
Ale, Confined: . .
Impulse o_c ' ﬁ
Water 100 <0.10
Uader Water:
Peok P Nitrobenzene 150 »>15
Impulse Quelitative Solubilities:
Energy Solvent Solubility
Ethyl alcohol Insoluble
H Benzene Insoluble
Peok Pressure Butyl acetete Insoluble
Impuise Carbontetrachloride Insoluble
Ethyl ether Insoluble
Energy Acetic acid Soluble
Nitric acid Soluble
Caustic potash Soluble

Dimethyl forumemide

Very soluble|
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2,4,2' b’ -Tetrani tro-oxani1ide (THO) AMCP 706-177
Method of Preparstion:
i i
i i oz c ¢
C———=C +2 Heat (200°C) | | +2H,0
{ } -~ Nn L
o4 cu
0 0 0 i
| | i
—_——C c c
Iﬁ l | |
M N
NP .
: R l/‘\' ' 80,
Plant grade v )
sp gr 1.51 ‘\ -
K0, R0,
Omanilide:

Two parts of oxalic acid are mixed with one part of aniline in a round bottom flask. The
mixture is stirred and heated until the reaction is complete as evidenced by the cessation of
effsrve cence. Tte mass is coocled to room temperature, poured into several vclumes of water
(21%-24VC), filtered on e Bichner funnel and washed free of oxalic scid with water and then
washed free of aniline with acetone. The oxanilide is air dried to remove the acetone and
then dried at 100°-110°C.

Tetranitro-oxanilide gmo)

A 5 liter round bottom flask ie aquipped with a stirrer of a type which wil) produce a
aowvowerd "swirl.” The flask is surrounded with a water jacket for hot and cold water. Fif-
teen hundred grams (1.5 kilograms) of 98% plant grade nitric acid is placed into the flask.
Five hondred (500) greams of caxmnilide is slowly added to the acid under rapid agitrtion wvhile
the temperature is maintained below 4o°C. After the addition of the oxanilide is completed
(24-3 hrs), the cgitation is continued 10-15 minutes. The temperature is then raised to 80°C
over a period of on2 hour and maintained at 80°-85°C for 3 hours. The scid slurry is then
cooled tc room temperature end drowned by pouring over cracked ice. The product 1s filtered
on & Blichner funnel and washed with water until it is almost acid free. The filter cake is
placed in & beaker and sufficient water added to form s "slurry." Live steam is run into the
"slurry” under agitation for 10 minutes. The slurry is filtered and the residue washed. The
latter treatment of the "slurry” is repeated until the wesh water is found to be neutral to
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706-177
AMcP 2,4,2' 4’ -Tetrani tro-oxanilide (TNO) —~

litmus paper. The TNO is washed with alcohol, then acetone, air dried and finslly dried at
100°-120°C.

Yield = 90% to 97.5% of theoretical. :
MEE' »

A. G. Perkin in 1892 obtained tetranitro-oxanilide directly by heating & solution of finely :
powdered oxanilide in nitric acid. He also obtained the same compound by the action of a
cooled mixture of nitric and sulfuric acids on oxanilide and precipitating the product by
pouring the solution into vater (J Chem Soc 61, 460 (1892).

References: 72

(a) S. Livingston, Development of Tmproved Ignition Type Powders, PATR No. 2267, July 1956.

(b) Ds Dubrow and J. Kristal, Substitution of Tetranitro Oxenilide and Hexanitro Oxanilide . Y
%"'hmn_i'tro Carbazole, PA Pyrote c P Ial tory - =80, cember . u

25 ee footnote 1, page 10,
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3 . Tetryl AMCP 706-177
- - j.‘ l -
y Cu;bndﬂu: Moleculer Weight: (CrHoN.0g) 287
% H.C~N—NO
i c 29.3 3 2 Oxygen Belence: n
3 CO: % . -h7
; H o L7 0N ¥o, €O % - 8
'! N 2k.h Deneity: gm/cc Crystal 1.73
3 -
s 0 Uk.6 Melting Point: °'C 130
' NO
. C/H Ratio 0.420 2 Freasing Point: *C
)
. Impect Sensitivity, 2 Kg We: Beiling Point: *C
N Bureau of Mines Apparatus, cm 26
: Sample Wt 20 mg Refrective lndex, n2
. Picatinny Arsenal Apparatus, in. 8 °
' Sample Wt, mg 18 N
i s
: Stee! Shoe Crackles cc/40 Hre. at
; Fiber Shoe Unaffected 90°C .-
’ 100°C 0.3
) Rifle Bullet Impect Teost: Tricls 120°C 1.0
f % )
i Explosions 13 135°C ==
4 Partiols sk 150°C 11+
b Burned 10 200 Gram Bomb Send Test: ¢
b Unaffected 23 Sond, gm 5h.2 .
‘ ~— Explosion Tomperature: °C Sensitivity to Initistien: ’?
x Seconds, 0.1 (no cap used) 340 Minimum Detonating Charge, gm
t 1 1L Mercury Fulminate 0.20*
b 5 Ignites &1 Lead Azide 0.10%
. 10 238 Tetnyl
: 15 236 | *ALternative initisting charges.
M 20 2% Bellistic Mortar, % TNT: (a) 1%
; Troval Test, % TNT: (b) 125
. 75°C internutions| Hoot Tost:
. % Loss in 48 Hrs 0.01 Plate Dent Tost: (c)
’ Method A B
; 1002 Heot Test: Condition Pressed Pressed
% 10ss, Ist 48 Hrs 0.1 Confined Tes Yo
. % Loss, 2nd 48 Hrs 0.0 Density, gm/cc  1.50 1.5 1.3
Explosicn in 160 Hrs None Brisonce, % TNT 116 115 9
. Detonation Rete:
' Flammebility Iadex: 2bl Confinement None
' Py Condition Pressed
’ Hygroscopicity. % °1°c, 90% R 0.04 Chaorge Diometer, in. 1.0
Density, gm/cc 1.71
[o)
Voletibty: 25c 0.00 Rate, meters/second 7850
335
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6.83 x 10”" et 1.528 gm/cc

Coefficiont of Expansion:
Linear, % /°C

Volume, %/°C

Herduass, Mohrs’ Scele:

Young’s Medulus:
E', dynes/cm*
E, Ib/inch?
Density, gm/ic

Sompressive Strength: |b/inch?

Veper Pressure:
°C mm Mercury

Max Safe Drop, ft
$00-Ib Generel Purpesz Somb vr Concrete:

Height, #t
Triols
Unaffected
Low Order
High Order

1000-1b Generel Purpose Bomb vs Concrete:

Height, ft
Triols

Unaffecteo
Low Order
High Order

-
'
#
¥
3
AMCP 706-177 Tetryl —
Bocster Sensitivity Teot: (a) Decompesition Equation: (ﬂ N (hla .
Condition Preased Oxygen, atoms/sec 10l5-4  ol2.9 ;
(Z/sac) ) 1
Tetryl gm 100 Heat, kilocalorie/mole Bh P9 ‘
Wax, in. for 50% Detonation 2.01 (AH, keol/mol) ¢
Wax, gm Temperature Ronge, °C 211-260 132-164 1
Deraity, gm/cc 1.58 Phase Liquid Liquid .
Moot of: - :
Combustion, cal/gm 2925 Armes Plete Impect Toot: '
Explosion, cal/gm . 1080-1130 60 mem Mortar Prejectile:
Gos Volume, cz/gm . 760 50% Inert, Velocity, ft/sec
Formation, cal/gm -1k Aluminum Fineness
Fusion, col/gm (e) 22.2
Tewperature, ¢ 127 $00-8 Geners! Purpose Sombs:
Spo%'k Heet: col/gm/*C e
_C (e) Plate Thickness, inchas
=100 0.182
- 50 0.200 1
0 0.212 .
50 0.223 3 .
100 .23 1% .
13, i
Burning Rete: .
cm/sec :
Somb Drep Tost: p
Thermel Conductivity: ()
“'/mlm/oc 5.81 x lo"t at 1.39]‘ gm/cc ",mmmw”m: :\\ “

e &
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Tetryl AMCP 706-177

Fregmentetion Tost:

Shapad Cherge Effectivensss, TNT = 100:
90 mm HE, M7 Projectile, Lot WC-91: Glass Cones  Steel Cones
Darsity, gm/ce 1.58 Hole Volume
Charge Wt, Ib 2.052 Hole Depth
Totel Ne. of Frop : Color: Light yellow
For TNT T03
For Subject HE 864
Principel Uses: Boosters; ingredient of explo-
. sive mixtures, detonators, and
3 inch HE, MA2AY Projectile, Lot KC-S: blasting cepe
Densily, gm/cc 1.62
Charge W, lb 0.8L8
Totel Neo. of Frogaacats:
Mothed of H Pressed
For 51k Loading sse
For Sbject HE 605
Loeding Density: gm/cc See telow
Frogmaent Velsciry: ft/sec
At 9 ft
At 25% ft Sterege:
Density, gm/cc
Blost (Relgtive te TNT): Hazard Class (Quantity-Distancs) Class 9
Ale: Compatibility Group Group L
Peck Pressure
impulise Exudotion Does not exude at 65°C
Energy
Alr, Confined: I.oedigﬁ Densitx: gn/ce
Impulse Cast 1.62 Pressed psi x 103
Under Weter: 0 3 5 10 12 15 20
Peck Pressurs 0.9 1.k0 1.47 1.57 1.60 1.63 1.67
Impulse
K ¢)
Energy 1.7
Undorground: Effect of Temperature on &)
Peck Pressure Rate of Delonst.on:
} fse
E':" 16 trs at, ¢ -5k 21
424 Density, gm/ce 1.52 1.53

Rate, m/sec 7150 7170

FY
=
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AMCP 706-177
Tetryl
Preparstion:

(E&unctm of Tetryl by Dinitromonomethylaniline Process, Wannamsker Chemicel Cc., Inc.)

VY _NH=
C6H3(N02)2C1 + CHSAAZ + NaOH — C6H3(N02,2 N cu3 + NaCl + H, 0

2
\ H3C-N-N02

02N N02

CGHB(NOZ)Z-NH—CH3 + 2HNO3

+ 24,0

N02
To & solution of 202.5 gm dinitrochlorbenzene in 200 cc benzene, at 75°c with good sgita-
tion, in 15 to 20 minutes, add 112 gm of 30% aqueous monomethylamine. Then &dd 129 gm of 1%
aqueous sodium hydroxide, in 15 to 20 minutes, at such a rate as to cause refluxing; continue
agitation for 3 hours at 70°C. The mixture is concentrated to a 1iguid temperature of 101°-
102°C, cooled, filtercd and the precipitate washed with distilled wate: until the washings
give no test with silver nitrate, dried at 60°C (melting point 167.£°C) )

The dinitromethylaniline is nitreted to tetryl by solution of it in 889 sulfuric acid (197
& nitroaniline/1190 gm sulfuric) at 25°C, followed by additiou of nitric acid. The process
is carried ocut so that the water content remains at 16%. Solution (per 197 gm nitroaniline)
requires 5 to 10 minutes, nitration, by addition of the sulfuric acid solution to nitric acid,
sbout 1 hour at 30°C, plus 48 minutes at 50° to 55°C &t the end. The mixture is then cooled
to 20°C and filtered. The tetryl is dumped into 1 liter water, washed 2 or 3 times with 200
cc coid water, and then stirred 10 %o 15 minutes at 50°C with SO0 cc water, filtered wvarm ard
then washed with water until the washings are neutral to meth: 'l orange. The tetryl dried to
constant weight at 70°C weighs about 270 gn.

Tetryl filtered from an acid containing 87% sulfuric acid (or more) -13% vater, at Lo%c
(or over) may fire ir 30 minutes to 1 hour ard 30 minutes, if not Arowned in water. A safe
nitration procedure, even on plant scale involves:

1. The concentration of sulfuric in the spent acid is mainteined at e low level {approx
80/1.6/18.2 sulfuric/nitric/vater).

2. Nitration maximum temperature is 50°C.
3. The slurry is cooled to 35°c before filtration.
3

4. Filtration time prior to drowning, is minimized (15 minutes maximum).

The crude tetryl produced is recrystallized to remove impurit = and occluled ecid and to
control its granulacion.
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| Tetryl AMCP 706-177 g
z s
vt Sensitivity of tetryl electrostatic discharge, joules; through 100 mesh: (i) '
| Uncoafined 0.00T
1 Confined L4
3
$ Solubility of tetryl, grams in 100 grams (%) of:
A water Carbon tetrachloride Ethe. 954 Alcchol
3
s 8 % % X 8 %
: [v] 0.0050 ) 0.007 0 0.188 0 0.320
’ 20 0.0075 20 0.015 10 0.3% 10 0.425
> 40 0.0110 Lo 0.058 20 0.418 20 0.563
N 80 0.0810 50 0.154 3 0.493 30 0.76
s 100 0.184 50 1.72
: 15 5.33
’ Chloroforn Carbon disulfide Ethylene dichloride Acetone
P % 2% : % % o %
¢
A [v] 0.28 0 0.009 25 L.s 20 T5
: 20 0.39 10 0.015 T5 45 30 95
) 4o 1.20 20 0.021 ko ° 16
l 60 2.65 3 0.0 50 138
; Trichloxroethvylene Ethyl scc'~te Benzene Toluene
. % % $ o % % ¢
4 0 0.07 20 ~ 40 20 7.8 20 8.5 :
20 0.12 0 10.0 g
o %0 0.2 ko 125
) 60 0.67 50 15.0
¥ 80 1.50
3 86 1.76
& .
¥ Xylene INT ;_‘
L4 .
: g © 1
: 20 3.3 30 d2
4 30 L.k 100 149
» 4o 5.4 120 645
T 50 6.0
%: Origin;
¢ Tetryl was first described in 1879 by Michler and Meyer (Ber 12, 1752), van Romturgh and
7. Mertens studied its properties and proved its structure (Rec trav chin 2, 108 (1883); 6, 215
H (1887); ard Ber 19, 2126 (1886)). Tetryl was not used as an explosive until World War I.
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Destruction by Chemical Decomposition:

Tetryl is decomposed by :usaolvins in 12 times its weight of a solution prepared from 1
part by weight of sodium sulfite THZO0) in 4 perts water. The sulfite solution may
be heated to 80°C to facilitate dccompogition of the Tetryl.

References: ’3

(a} L. C. Smith and E. G. Eyster, Physical Testing of losives, Part IIl - Miscellaneocus
Sensitivity Tests; Performance Tests, 0% Repor®, Ko. 5145, %7 Deceﬁer 1965,

(b) Ph Neoum, Z ges Schiess~--Sprengstoffw, pp. 151, 229, 26T (27 June 1932)

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942,

(d) L. C. Smith snd S. R. Walton, A Considerstion of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303; 15 June 1949.

(e) C. A. Teylor and Wm. H. Rinkenbach, "The Solubility of Trinitro-Phenylmethyl-Nitramine
{Tetryl) in Organic Solvents,” J Am Chem S:c 45, (1923) p. 10k,

(f) E. Rutchinson, The The-mal Sensitiveness of losives. 1he Thermsl Conductiviiy of
Txplosive Materials, AC MI, Yrst Report, Augist 1

{g) R. J. Finkelstein and G. Gamow, Theory of the Detonation Process, FAVORD Report Yo.
90-L46, 20 April 1947.

(b) M. A. Cook and M. T. Abegg, "Isothermal Decomposition of Explosives,” University of
Utah, Ind Eng Chem 1090-1095 (June 1956).

(1) J. W. Brown, D. H. Kusler and F. C. Gibson, Semoitivity of %louves to Initiation
by Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, RI , 1946,

() W. F. McGarry and T. W. Stevens, Detonation Rates of ti.e More Important Milita:
Explosives at Several Different Temperatures, PATR No. 293, N EE.

(k) Algoc see the following Picatinny Arsem 1 Technical Reports on Tetryl:
° P 2 3 4 2 6 1 & )

kY 11 132 43 84 65 266 117 28 129
500 %1 582 493 1LY 195 556 197 438 179
70 BL 83 623 294 k25 7686 637 €28 319
810 621 882 £33 31k 525 986 707 708 609
1180 861 1192 863 694 565 1086 867 78 709
1290 1041 1352 1113  TTh 625 1126 831 83 8k9
1350 1131 1372 13713 T8k 635 1316 857 1418 959
130 1261 1402 2053 87L gks5 1376 1057 1788 1029
100 1311 1452 2163 90k 925 - 1Lié 1137 1828 1209
1450 1432 1592 2233 1134 11ks 1446 1287 1838 1379

1500 1471 1€ 1285 1466 1337 1429
1510 1611 2% 1405 1556 . 1367 1489
1670 1651 - 126k 156% 1636 1437 1819
202k 1885 1956 1737 1969
2204 1935 1797
2125 1937
2125

2205

Isee footnote J, nage 16,
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Tetrytol, §0,20 AMCP 706-177
Composition: Maleculer Weight: 2Th
%
Oxygen Belence:
Tetryl S0 Co, % -52
™T 20 co % -11
Density: gm/cc Cast 1.51
Melting Point: °C 68
C/H Ratio Freasing Peint: °'C
tmpact Sanshivity, 2 Kg W: Seifing Feint: °C
Bureou of Mines Apporatus, cm 26
Semple Wt 20 mg Refrective ludex, nR
Picatinny Arsenal Apparatus, in. 9 °
Somple Wi, mg 17 s
na
Steel Shoe ¢c/40 Hrs, ot
Fiber Shoe 90°C
100°C 3.0
Rifle Bullet Impect Tost:  Trials 120°C 114
% .
Explosios ; 135°C
Portials 20 0°C
Bumed 0 200 Grem Bomb Send Tosr:
Unotfertnd 80 Sand, gm 54%.0
Explasion Tomparetare: *‘C Sensitivity te Init{_Hen:
Seconds, 0.1 (nc cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate 0.22%
5 Ignites 290 Leod Azide 0.17*
10
is “Altem&ve initiating charges.
20 Bellistic Morter. % TNT:
Trouz! Test, % TNT:
75°C Internstiorial Hoot Tost: ‘
% Loss in 48 Hrs Plote Dent Tost:
Method
100°C Moot Toot: Condition
% Loss, Ist 48 Hrs 0.1 Confined
% loss, ind 48 Hrs 0.5 Density, gm/cc
Explosion in 100 Hrs None Brisonce, % TNT
_ Jutonetion Rete:
Flemmebility Index: Will not continue to burn Confinement
Conaition

-

Hygroocopicity: % 0.02

Velasility.

Charge Diameter, in.
Density, gm/cc
Rate, meters/second

M1
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AMCP 706-177 Tetrytol, 80/20
Fregmentation Tost: Shoped Chorge Bilectiveners, TNT = 100:
90 mm HE, M7 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc Hole Voiume
Chage Wt, Ib Hole Depth
Totel No. of Frogments: Color: Light yellow to buff
For TNT
For Subject HE

3 inch HE, MA2AT Prejectile, Lot KC-S:
Density, gm/cc
Charge Wt, 1b

Totel No. of Fragments:
For TNT
For Subject HE

Priacipel Uies: Bursters, demolition blocks

Maethod of Losding:

Frogment “elocity: tt/sec
At 9 fr
At 254, fr

Density, gm/cc

Loeding Density: gm/cc

Blast (Relotive to TNT):

Air:
Peok Pressure

Impuise
Energy

Alr, Confined:
Impulse

Under Water:
Peck Pressure

Impuise
Energy

Undergreund:
Peck Pressure

Impulse
Energy

Sterege:
Method Dry
Hozard Class (Quantity-Distance) Class 9
Compatibility Group Growp I

Exudation 2xudes at 65°C

M2 o
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eimytol, 75/25 AMCP 706-177
Comperition: Molecular Waeight: e70
%
Ox Salence:
Tetryl 75 on % -5k
INT 25 co% w12
Density: gm/cc Cast 1.59
Melting Point: °C 68
C/H Ratio Freezing Peint: °C
Impect Sensitivity, 2 Kg Wt: Beiling Point: °C
Bureau of Mines Apparotus, cm 28
Somple Wt 20 mg Refroctive index, ng,
Picatinny Arsenal Appoaratus, in. 10 °
Sompie Wt, mg 17 Mo
nO
»
Friction Pendulum Teost: Vecuum Stobility Test:
Steel Shoe Cracke cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 3.0
Rifle Bullet impect Teost: Trials 120°C 11+
% o
Explosions ) 0 :3202
Partials 0
Burod 0 200 Grom Bomb Sond Test:
Uraffected T0 Sand, am 53.7
Ix; iesion Tompereture: °C Sensitivity to Initietion:
{i.onds, O 1 (no cop used) Minimum Detonating Charge, gm
] Mercury Fulminate 0.23*
5 Ignites a0 Lead Azide 0.19%
10
15 *Alte.zl:ﬁg!ive initiating charges.
20 Dellistic Mortar, % TNT:  (a) 122
Trauf Test, % TNT:
75°C Internations] Heot Test:
9% Lass in 48 Hrs Piate Dent Test: (v)

Method B B
100°C Heat Test: Co@ition C’ast Cast
% Loss, Ist 48 Hrs Confined lo ) Yer

% Loss, 2nd 48 Hrs Density. gra/cc il’“ hf?
Explosion in 100 Hrs Brisance, % TNT -
Detonation Rete:
Flommebility lndax: Vill not continue to burn Confinement Lone
Condition Cas*,
Hyyroscopicity: % 0.03 Charge Diometer, in. 1.0
Density, gm/cc 1.€0
Veletility: Rate, meters/second TXS

H
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AMCP T06-177 Tetrytol, 75/25 —
Frogmentetion Test: Shaped Charge Effectivenses, TNT = 100:
90 man HE, M71 Projectile, Lot WC-91: Glass Cones  Steel Cones (a)
Dersity, gm/cc 1.39 Hole Volume 127
Charge Wt, 1b 2.101 Hole Depth 120
Totel Ne. of Frogments:
For TNT 703 Light yellow to burf
For Subject HE 857
Principel Uses: Bursters, demolition blocks
3 inch HE, MA2AY Prejectile, Lot XC-5:
Density, gm/cc 1.60
Charge Wi, ib 0.845
Tetal Ne. of Frogmoents:
Mathod of Looding: Cast
For TNT Sik
For Subject HE 591
Leading Density: gm/cc 1.59
Frogment Valecity: ft/sec
At 9 ft .
At 253 ft Sterege:
Dersity, gm/cc
Mathod Dry
! ' \ Blost (Reletive t2 THT): Hozxard Class (Quantity-Distonce) Class 9 . N
17 .
i Ale: ' Compatibility Group Group I ... \
Peak Pressure
Impulse Exudation Exudes at 65°C
Energy
Alr, Confined: Buteciic Tempersture, °C: €7.5
Impulse gr Tetryl/100 gm TNT
. 67.5°C 5482
; Under Weter:
Feak Pressure Booster Sensitivity Test: (¢)
Impulse
€Ere Condition Cast
ray Tetryl, am 100
: Wax, in. for 50% Detonation 1.C8
Usderground: Density, gm/cc 1.66
Peak Prassure
impulse
Energy
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. . Tetrytol, 70/ AMCP 706-177
N
t o
X Compotition: Molecular Waight: 266
. %
1 .
: Tetryl & - 55
: T 0 coO% -13
; Density: gm/cc Cast 1.60
. Maiing Point: °C 68
, C/H Ratio Freexing Peint: °C
: Impect Suwitivity, 2 Kg We: Beiling Point: *C
. Bureou of Mines Apperatus, cm 28
: Sample Wt 20 mg Refroctive lndex, n%
Picatinny Arsenal Apparatus, in. 11 ®
. Sample Wt, mg 18 Ny
. Friction Pondulum Test: Vecuum Stebility Test:
. Steel Shoe Unaffected cc/40 Hrs, at
' Fiber Shoe Unaffected 90°C
: 100°C 3.2
! Rifle Bullet Ir:poct Test:  Trials 120°C 11+
:‘ AN % 3
. Exp'asions 0 135'C
> Partials 55 150°C
‘ Bumed 0 200 Grem Bomb Send Teul:
) Unatected Ls Sand, gm 53.2
* | Explosion Tompersture: C Sensitivity to Initietion:
Seconds, 0.1 (no cop used) 1416 Minimum Detonating Charge, gm
1 BT Mercury Fulminate 0.23%
5 Ignites 320 Leod Azide 0.22%
10 302
15 289 *Alte%"‘:’ive initiatirg charges. ‘
20 215 Bellistic Morter, % TNT: (l) 120
Treuzl Test, % TNT:
75°C Internations! Heot Test: )
% Loss in 48 Hrs Plate Dent Tost: (v)
Method B
100°C Moot Test: Witim Cast
% Loss, Ist 48 Hrs 0.1 Contined Yes
L. % Loss, 2nd 48 Hrs 0.1 Dc.rmty, gm/cc 1.60
) Explosion in 100 Hrs None Brisance, % TNT 17
. Detonetion Rete:
Flammebility Index: Will not continue to burn Confinument None
. Conditicr. Cast
: Hygroscopicity: % 0.02 Charge Dirinater, in. 1.0
. Density, gm/cc 1.60
Voletility: Rote, meters/second 7340

Y
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AMCP 706-177

Tetrytol, 70/3 —
Ferogmentetion Teet: Sheped Charge Effoctivenses, TNT = 100:
90 mm HE, M71 Projectiie, Lot WC-91: . Glass Cones  Stesl Cones
. Density, gm/cc 1.60 Hole Volume
Charge W, Ib 2.090 Hole Depth
Totel Ne. of Fregmaents:
Color: dght yellow to tuff
. For TNT 703 & Y ow u
) For Subject HE 8Lo
Principel Uses:  Bursters, demolition blocks
3 inch HE, MA2AY Penjectile, Lot KC-5:
Density, gm/cc 1.60
- Cherge Wt, Ib C.8L2
Tetel No. of Fregments:
Mathod of Losding: Cast
For TNT 514 .
. For Subject HE 585
Leeding Density: gm/cc 1.6
Fregment Velecity: ft/sec !
At 9 ft
At 254 #t Storege:
Density, gm/cc
Method Dry
. Slast (Relotive to TNT): Hazard Class (Quentity-Listonce) Cless 9
; .
\
Ale: Compatibility Group Group I
Peak Pressure .
Impulse Exudation Exudes at 65°C
y Energy
Alr, Confined:
Impulse
Under Weter:
Peok Pressure
q impulse
i Emrgy
Underground:
Penk Pressure
impulse
Energy
v

He
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: 3/\ Tetrytol, 65 /35 AMCP 706-177
4
[
X Compesition: Moleculer Weight: 264
’ %
X . Ox Balence:
: Tetryl 65 Con % -56
. o % -1k
. TNT 35
Denmsity: gm/cc 1.60
: Maelting Peint: °C 68

C/H Rotio Freezing Point: °C
. Impoct Sensitivity, 2 Kg Wt: Boiling Point: °C
. Bureou of Mines Apparatus, cm 28
. Sample Wt 20 mg Refrective Index, nD
: Picatinny Arsenal Apparatus, in. 11 °
. Sampie Wt, mg 17 Nz
. nL
: Friction Pendulum Test: Vecuum Stebility Test:
) Steel Shoe Cracks cc/40 Hrs, at
' Fiber Shoe Unaffected 90°C
) 100°C 2.8
Rifie Bullet Impeact Test: Triols 120°C 11+
s % °
! Explosions 0 '35.C
» Partials 10 150°C
) Burned 0 200 Grem Bomb Sand Test:
. Unaffected 90 Sand, gm 52.6
»
; Explosion Tempereture: “C Sensitivity to Initieti
, Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
’ 1 Mercury Fuiminote 0.23*

. 5 Ignites 35 Leod Azide 0.23
. 10
¢ 15 *AltMive initiating charges.
’ 20 Ballistic Mortar, % TNT:
: Trauzl Test, % TNT:
. 75°C Intornstions] Heet Test:
, % Loss in 48 Hrs Plate Dent Test:
. Methcd
100°C Moot Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Brisonce, % TNT

Explosion in 100 Hrs

Flammebility Index: VWill not continue to turn

Hygrescopicity: % 0.0z

Velotility:

Detonction Rete:
Confinement
Condition
Charge Diameter, in.
Density gm/cc
Rate, meters/second

lone
Cas*.
1.0

1.60
7310
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AMCP 706-177 Tetrytol, 65/35 -~

Fragmentetion Test: Sheped Charge Etfectiveness, TNT — 100:

(a) (¢)

90 mm HE, M71 Prejectile, Lot WC-91: ' Gloss Cones  Steel Cones
Dersity, gm/cc 1.61 Hole Volume 133 126
Charge Wt, Ib 2.010 Holc Depth 120 119

Totel Neo. of Frogments: Col
For TNT 703 : Light yellow to buff

For Subject HE 856

Principel Uses: pyraters, demolitior blocks
3 inch HE, M42A1 Prejectile, Lot KC-53:
Density, gm/cc 1.60
Chorge Wi, Ib 0.8u45

Totel Neo. of Fragments:
Mathed of Lesding: Co-*
For TNT 51k
For Subject HE 585

Leading Density: gm/cc 1.60

Frogmont Velecity: ft/sec
At 9 ft
At 254, ft Steregs:

Density, gm/cc

Method Dry

Blast (Relative te TNT): Hozard Class (Quantity-Distance) Cless 9

Al Compatibility Group Group I
Peak Pressure
Impulse
Energy

Alr, Confined:
Impulse

Exudation Exudes &t 65°C

Under Weter:
Peak Pressurs

impulse
Energy
Underground:
Peak Pressure
impuise
Energy

348
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AMCP 706-177
Tetrytol, 80/20, T5/25, 70/39, 65/35 c

Compatibility with Metals:

: Copper, bress, aluminum, magnesium, stainless steel, mild steel, mild esteel coated
wvith acid proof black paint and mild steel plated with copper, cedmium, zine or nickel are
unaffected. Magnesium-aluminum alloy is slightly affected.

Wet: Stainless steel and mild steel coated with scid-proof btlack natni are unaffected.
Copver, brass, aluminum, megnesium, megnesium-aluminum alloy, mild steel and mild stee) plated
with cadmium, copper, zinc or nickel are slightly affected.

Preperation:

Tetrytols a—~e manufactured by heating INT in & melting kettle, equipped with a stirrer,
until all the '[NT is melteC. The necessary amount of tetryl is added and heating and stirring
are continued. The t~mpersture is allowed to drop from 100°C urn’il the mixture is of maximum
viscosity suitable for pouring. Purt of the tetryl dissolves iu TNT forming a eutzctic mix-
ture vhich contains 55 percent tetryl. This mixture freezes at 67.5°C.

Oorigin:

Tetrytols were developed during World Wer II. The 70/30 tetryl/TNT castable mixture is
the most importent in military applications.

References: 74

(a) L. C. Smith er. E. G. Eyster, Physical Testing of iosives, Part ITI, Miscellaneous
Sensitivity Tests, Performance Tests, OSRD Report No. 5740, December 1945.

(v) D. P. MacDougall, Methods of Physical Testing, OSRD Feport No. 503, 11 August 1942.

(¢} L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as & Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949,

(d) Eastern leboratory, du Pont, Investigetion of Cavity Effect, Sec III, Variation of
Cavity Effect with Explosgive Composition, iﬁc Contract Wo(c-ORD-5T23.

{e) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Finel Report, Eastern
Iab, du Pont, 18 September 1943, NDRC Contract W-672-ORD-5,23.

(f) Also see the following Picstinny Arsenal Technical Reports on Tetrytol:

° 1 2 3 2 6 I 8 3
1260 1291 1372 1193 125 1376 g 1158 1379
1360 131 1213 1325 1435 1737 1388
1420 1451 1363 1885 1466 1757 1838
1500 1651 1493 2125 1506
1530 1951

7zSee footnote |, page 10,

49




-

LTI it

W.SURVIVALEBOOKS.COM

AMCP 706-177 TNT (Trinitrotoluene)
Composition: Molecular Weight: ( c7H5N306) 227
%
c 37.0 cH Oxygen Belence:
3 CO: % -Th
. CO % -29
. 2.2 0 N— NC_
N 14.5 - Density: gm/cc Crystal 1.65
0 L2.3 Maelting Point: °C a1
C/H Ratio  0.549 NOE Freezing Point: °C
Impect Sensitivity, 2 Kg W¢: Beiling Point: °C
Bureou of Mines Apparatus, cm 95-100+
Somple Wt 20 mg Refractive Index, nf a 1.5430
Picatinny Arsenal Apparotus, in. 14-15 8 1.67h2
Somple Wt, 1 )
e ™8 T T 1.717
Friction Pondulum Test: Vecuum Stebility Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 0.10
Rifle Bullet Impact Tast: Trials 120°C 0.23
% ° n
— ; 195 0.
Portiols 0 130°C 0-65
Burned 0 200 Grom Bomb Sond Test:
Unatfected 6 Sond, gm .o 47
Explosion Temperoture: °C Sensit.vity to Initiation:
Seconds, 0.1 (no cop used) S5TO Minimum Detonating Charge. gm
1 220 Mercury Fulminate 0.24*
5 Decomposes 75 Leod Azide 0.27*
10 Lés
15 *Altj;%}tive initisting charges. ]
20 Bellistic Morter, % TNT: Std=100
Trouzl Test, % TNT: Std=100
75°C Internationsl Heot Test: ‘
% Loss in 48 Hrs 0.04 Plete Dant Test: (a)
Method A A B
100°C Heet Test: Cond.iﬁon Cast P -ssed Cast
% Loss, st 48 Hrs 0.2 Confined Yes Yes No
% Loss, 2nd 48 Hrs 0.2 Dentity, gm/cc L.61  1.50 1.61
Explosion in 100 Hrs lione Brisance, % TNT 100 100 100
Detonation Rete:
Flammebility Index: (x) 100 Confinement Unconfined Unconfined
Condition Pressed Cast
Hygroscopicity: % 30°C, 90% RH 0.03 Charge Diameter, in. 1.0 1.0
Density, gm/cc 1.56 1.%6
. o
Veletility: »°C M1 Rate, meters/second 6825 €640
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TNT (Trinitrotoluene) AMCP 706-177
Boostar Sensitivity Test: () Decompesition Equetion: (hh L (1)12 2
Condition Pressed Cast Oxy9en, atoms/sec 10 10777
Tatryl 100 100 (Z/sec)
strl gm _ , Heat, kilocalorie/mole 3.4 434
Wax, in. for 50% Detonation 1.68 0.82 (3H, keal/mol)
Wax, gm Temperature Range, °C  275-310 23- 77
Density, gu.n/cc 1.55 1.50 Phase Liquid Liquid
Hest of: {a} .
Combustion, cal/gm 3620 Armor Plate Impect Test:
Explosion, cal/gm 1080 60 mm Morter Prejoctile: (5)
Gas Voiume, cc/gm 730 50% Inert, Valocity, ft/sec ¥ 1100
Formation, cal/gm 78.5 Aluminum Fineness
Fusion, cal/gm 22,34
Temperature, “C 79 $00-1 Genasel Purpose Bombs: ()
Specific Heet: cal/gm/°C
£ Plate Thickness, inches ~ Trisls % Inert
[¢] 0.309
20 0.328 , 0
50 0.353
80 0.374 1y Y
1, L 100
‘:‘q L 50
Burning Rete:
cm/sec
Bomb Drop Test:
Thermel Conductivity:

col/sec/em/°C

See next psge.

Costficient of Expavsion:

(v)

Lineor, %/°C -40° to 60°C 5.L x 1.0'2 (o)
-bo® to 40°C 6.7 x 107
Volume, %/°C 27° to 20°C 16 x 1077 (%)

16° to 70°C 26.3 x 10°° (4]
MHerdness, Mohs’ Scale:  (¢) 1.b
Your—' Wedulus: (v) 10
E', uynes/cmv 5.45 x 10
E, Ib/inch: 6.79 x 10°
Density, gm/cc 161
Compressive Strength: ib/inch? 13300-1L000
Density, gm/cc 1.62

Vepor Pressure:

“C mm Mercury

50 0.042

£S5 0.05

0 0.067

95 0.055
100 0.10¢

(f;

Y7, 2000-1b Semi-Armer-Piercing Somb vs Concrete:

Max Sofe Drop, ft

500-b General Purposs Bomb vs Cencrete:
No Seal

5000-65000

Seal

Height, ft 1,000 ‘*-—5-.-600
Trials 25 20
Unaffected 2k 20
Low Order 2 0
High Order 0 o}
1050-1b Generol Purpose Bomb vs Concrete:

Yo Sewl Seal
Height, ft 5,000 5,000
Trials 21 2¢
Unaifected 1z 22
Pow Ovier 0 o}
High Order 3 L
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Bulk Mcd. .8 8% oog

o ~ ‘

iemperat ;e (259-2"C); (m)
Dynes; em© x 107 2.92
Densl.., gm/on 1

AMCP 706-177 - TNT (Trinitrotuluene)
2 Frogmentetion Fest: Shaped Chorge Iffectivenses, TNT — 100:
90 ram HE, M71 Projectile, Lot WC-91: - ~ Géc.: Cones ~ Steel Conas
ensity, gm/cc .7 1.60 < ‘e Volume 106 100
Charse W, Ib - 2.10k4 Hole Depth 100 106
- Total Ne. of Eragments: , i
Coleor: Light yellow:
For TNT 703 gy
For Subject HE 03
" : Principel Uses:  GP bombs, FE projectiles,
) N jocti K ‘demolition chergis, depth charges,
3 inch HE, MA2A1 P . le, Lot KC-S: grersdes, propelia:t compositions
Density; gm/cc 1.60 - o ‘
Chargs Wt, Ib 0.848
Totel No. of Frogmrats: \ Muthed of Losding: 1. Cast
For TNT 5% 2 2. Pressed
Eaor Subject HE Jik
s Loeding Demslty: gm/cc Sce below
Frogovent Velocity: #1/sec k)
At9 fr 00
Ar 2515 ft 270 Stwroge:
Jensity, gm/cc 1.58
. . Method ‘ Dry
 #last {Kelative t» TNTR Hazard Closs . wontity-Distonce) Class 9
Ain ‘ Compatibility Group Group I
Peak Pressure - 100
Impulse k 100 Exudation Kone at 65°C
- Energy . 100
Air, Confinoe. Losding Density: gm/cc
Impuise 100 1. Cest 1.58-1.59 2. Pressed psi x ].03
Under Water: 3 g 10 15 20 Ky 50
Reak Pressurs 100 1,35 1.0 1.45 1..52 1.55 1.59 1..€
Impuise 100 Thermal Conductivity:
Energy 100 cal/sec/cm,/°0
Undergreund: benssty 119 m/ce (g)  5.26 x 107
Peok Pressure 10 1.51 gafec (g)  T.12 x 107,

. .54 gmfee (B} 5.6 x 107,
impu'se 1oc 1.57 gw/ec {g) 12.21 x 107°
Energy 10v Viecomity, poizes:

b temy, R37C 0.139
100" 0.095

Loty
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q | | TW? (Trizttrotoluene} AMCP ”f‘m

Effect of Teperature oo Mte of Detccation: (1)
Twgarature of Cherge, °¢ <34 a € 60
gours at Tewperature 16 16 - T2
Density, gm/ce 1.63 1.62 1.6 1.64
Pite, maters/second 600 60 60 6510

Sens3®2iiiy ic Klectrostatic Discharge, Jouies; Tarough 100 Mesh:

Taeonfinet

Met Booaitivit- versus Temp

‘Picatirey Arsens) Apparwtus, 2 sg wt, inches:
% . inohos B
Y " b\
Rooa 1b
80 o T
. ” . 3 . .
205-12 ‘2 (5 expl in 20 trials) -

m t é-&ntmg versus loading Mrthod, large Jwpact Apparatus, Iaches: L

" Pressed 1.60gmfcc 7O
S~ Oast et 60 galfer 2
“ .

./ %Wn Irpacs Senetuivity versus Tempsieture, Confinement:

Tempera ture 15 to 110%

1 very low oxder’ T

10 10
0 . 0

Tin or M‘.!ﬂu:
With or Without Air Spece
Trials ) :
T losions
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- AMCP 706177 ANT (Trinttrotoluase)
; : N
osi ture versus Initie" ture: ' : Cl e e
INT Tespersture, Initial osion ture, °C :
Room 70 (Decomposes N
105°-200% h80 inocoqou. ) .
Explosion Tompersture versus Confinement, °C:
Unconfined Decomposes 470 .
Sealed in glass cepillary  Explodes 320-335 :
Viscosity at 80.5°C: ' '
4 Viscosity, X, cp log X = 7.046 S + 1.26 : g
I 8 » § solid in sluyry .
' Particle size effect, small .l
Densi et : \
lec .
1.65 .
1.6k R
1!"8 (‘
1.48 .

.47

Toluele
$ % %
13 - ) 28 .
67 20 55 )
180 ho 10 s
478 50 37 S
Y2000 80 >0
" cazbon Trichloro-
tetrachioride Bther Chloroform 2 ene :
% s % I | Z. %
o o 0.70 0 1.3 ° © 6 s .5
0 9,35 20 3.29 2 19 55 60
. o 1.75 T ho 6
60 60” & m i N
7. - 17.% - o
75 - 235 L o RIS
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AMCP 705177
O 3T (Prinitrotoluens)
1ene - -
{ Pyridine Mathyl acetste aﬂﬁ& 353’..7«%“
' S S s % s 2 K
.
20 L] 20 T3 20 * 0 29.5 :
b0 a ko 135 ko 123 ko A9 i =
3 Go 50 260 60 560 50 9% «
b T 1250
L Y ;
Tetrachloro- p1 1 ,
. : ethene " Aniline ngeﬁ Ethanol e
E X 8 % 8 % % $
%= 20 18 10 6.1 20 0.76 0 0.62
) 1] 5 0 1.5 ko 1.96 20 1.25
} 50 10 50 29 50 2.95 ko 2.85
- 70 T 60 8.4
8o 10 T0 15
. Iscbutyl slcohol . Carbon disulfide Chlorobengene
p
' % $ % B 2 3
4 0 0.20 [ 0.1k 20 55
20 - 0.61 20 0. bk x 51
b 80 1.k ko 1.4 Lo ™
{ o 50 _ 2.35 50 né
& \ ) Prepzratioe.
. ?kc 7258, T259, 7260 - Bitrstion Kinetics)
! Chewte of Powder and losives, Davis)
) . .\_ﬁ___J___
B ) 053 -
[ b )
: ‘ , 0N 50, .
B 4 ' + HNO, ———
N i %0,
1. : u
’ E : . In cifer procscses trinitrctoluens (TNT) was slowly and laboriously nitrsted ir three
N = stages using successively stronger acids. Today, however, a single stage nitration is pos-
sible, in a shor? time (less than oue hour) producing THT at s cost of & little less than
: T ,6¢/Lo. ‘-In Bngland, & ivc stage continucus pricess ves developed during World War II; in the
L £irdt coloter cupfent stege, to -ue was nitrated to the mono stage mononitrotoluene (MNT);
& . in tie secord g¥&ge, also count  current, MAB was nitrated to THT.
4 A
P
_" ng v "
B - 355
“ Y
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“C? 706-177 INT (Triaitrotoluene)

It vas the British work, on the kinetics of nitretion of toluene to TNT, that first polnted
out the dasic importance to nitration processes of the nitroxyl ion (NOo+), on the one kand,
and the role of the bisulfate ion (BSO;-) and unionized sulfuric acid on the other. These
concepts were successful 1. explaining the maximum in nitration rate occurring at a sulfuric
acid content of $2%. This vork, for instance, leads to the follcving equation for the rate of
formetion of TNT from DRT:

a0 . x (wopr) [k (BOO,-) + K" (Bpsoy)] (o)

Tnree Process: Tclueue {100 gm) is ni:rated to the mono derivative by slowly emddi g
a J;F%%Wc ecid (sp gr 1.84) and 147 gn nitric acid (sp gr 1.42) to it at
30°-k0%C, with good agitation. Acid addition requires 1-1.5 hour, and stirring at 30°-40°C
is continued 30 minutes longer. The mixture is coolcd and the lower layer of spent acid

drewn off.

Half the crude mono is dissolved in 109 gm sulfuric acia (sp gr 1.84) with cooling, tae
sojution heated to 50°C and a mixture of 54.5 gm nitric acid (sp gr 1.50) and 5k.5 gm sul~
furic acid (sp gr 1.84) adied, under sgitation, & such a rate that the temperature is mein-
tained between 90° and 100°C. Acid sdd.ition requires 1 hour, and stirring at 90°-100%C 1s
cont{ ied 2 more hours.

. Wnile the dinitrstion mixture is still at 90°C, 145 gm fuming sulfuric acid (oleum con-
taining 15% free so,) is added alovly. A mixed acid of 92.5 gm each nitric acid (sp gr 1.50)
and 15¢ oleum is slivly a , under good egitation at 100°-11 ° over 18-2 hours. The mix-
ture is stirred at 100°-115°C for 2 mor~ hours, cooled, filterea, and the INT cake broken up
and washed vith vater. The TNT is weshed 3-I times vith Lot water (859-95°C) witk good agi-
tation. The prolict can be purified either by recrystallization from alcohol or by weshing
it vith S times its weight of 5% sodium bisulfite solution at 90°C for } heur with vigorous
stirring, washing with hot weter until the washinge are colorless, and cooling slovly vith
stirring to granulstz the product.

Y

TNT was first prepared in 1863 by wilbrand (Ann 128, 178), later by Ezilstein and Kuhlberg
(Ber 3, 202 (1870§ eud also Tiemann (Ber 3, 217 (1670, eac using different methods of stert-
ing mterials. It was neerl; 30 years later vhen Haussrurrn undertook its menufacture on an
industrial scale {Z angev Chem, 1891, p. 508; J Chem In?, 1891, p. 1028). “After 1901 TNT
began to be used extensively as & military expiosiv« and Cermany became the first nation to
udopt it as a standard shell filler (1902-1904). Iuring Sorld War 1 all the major powers of
the world were using INT, with the quentity used limited only by the available supply of
toluvne. P-ior to World Wer II the development of cynthe ;ic toluene from petroleum made
available in the United Ststes, an elmost unlimited sui:ly of this reav material. Because of
the general suitability of TNT for melt-loading and its extensive use in Dinary and ternary
explosive mixviures, THT 1s considered the most irportant military explosive known today.

Destruction by Chemical Decomposition:

INT ic deccamposed by addirg it sluwly, vaile stirring, to 30 times its weight of & solution
prepared by diseolving 1 part of sodium sulfide (RQS-QHQO) in 6 parts of water.

References:’S

(a) D. P. MacDougall, Methods of Physical Testing, NSRD Report No. 803, i1 August 1942,
75see footnote 1, page 10.
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INT (Triuitrotoluene) AMCP 706-177

(v) Philip C. Keenan lng Jorothy Pipes, Table of Military Righ Exploaives, Sicond Rovi-
sicn, BAVORD Repart Mo. 8T7-46, 26 July L9k6. . ‘

(e) L. .. Smith and 8. R. Walton, A Considerstion of ME Mixtures 2» & Substitute for
Tetryl in Boceters, NOL Memo 10,303, 15 June Q.

(4) L. C. Swith and . H. Byster, auui Testing o Ezlocinsg Part ITI, Miscel.snecus
Sensitivity Tosts, Po-formence Tests, . N De .

(e) Report AC-258T.
- (f) Intermatioml Critical Tebles and various other =ources in the open iitersture. ;

(8) E. Rutchinson, The Thermsl 3ensitiveness of %10.1“!- The Thersa) Conductivity of H
Mn Materials, s ¥irst » Augus 2.

(k) A. J. B. Roberison, Trans Pared Soclety, k. 977 (1948).

N

e s THNATS | ASGRRE BT LS My D et

(1) M. A. Cook end N. T. Abegg,"Isothocrmel Decomposition ¢f Explosives,” Uaiversity of
. Utah, Ind Eng Chem (June 1956), pp. 1090-1095.

v‘ .

g (J) Comittee of Div 2 and 8, NIRC, Report on KM% and Tritoral, OSED No. 5506, 31 July
$

1

>

2

b

1945, i

(x) R. ‘V. Drake, t Velocity and Panel Penetration of Several losives in i~
lated Shells, OSRD M_ , 2 Janwary 19%6. —2—'———‘

(1) V. I. McGarry and 7. W. Stevens, Detonation Fates of the More t MiLite
Bxplosives at Several Different Temperstures, PATE Lo. £33, November %ﬁ 5
b T (m) W. 8. Cremer, ™k ressibility Data ou Seversl High Explosives, KAVORD Report Eo. %
; ¢ J %380, 15 September 19;6_B——. H
(n) Xantrov, Journal of Chemical Industy (Russia) 6, 1529, pp. 1685-1688. '

-y

(o) Also see the follcwing Picatinny Argenal Technicel Reports on INT:
L 2 3y g 1 8 2

6
291 132 43 kN €5 86
551 582 83 694 195 266
3 782 133 874 k25 556
555 666 521 . 18 9
L9 695 956 389
901 1072 643 1104 735
971 1182 673 1124 805 106 )
1051 1192 Th3 1224 9T5 1146 817 1098 739
1k 112r 1272 855 1284 1145 1276 331 128 9
170 1L 1292 863 1296 1155 1376 1107 11k3 799
1260 1391 1% 1063 13b 1225  1khk6 1147 1158 889
1276 1431 1352 11”3 13tk 1285 1466 1217 1188 %9
3 1hs: 13712 1233 13 1305 INT6 1267 1198 939
eo a1 . 202 1193 W 135 1556 17 1228 1099
1460 1651 k52 12h3 aWbL 1395 163 117 1258 1109
1500 1822 Akt 1423 sk ka5 1756 k2 1308 1129
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AMCP 706-177 e (Trinttrotoluers) ~
A .
e 2 3 ] : § 1 8 2 ¢
1530 1h92 1373 152k 1435 1956 1437 13:8 1139 :
1540 1562 1493 1544 1lks 2236 157 1398 1179 .
1550 1582 1553 1564 1495 1497 1388 1199 ‘
17T 1712 1633 1604 1515 1537 1418 1259
2010 1862 1693 1674 1535 1547 k28 1289
2100 1823 1754 1585 1557 1578 1339
2160 2063 1924 1605 1577 - 1618 139
763 2064 1635 1597 1688 1379 ;
- L 1665 1677 1728 141 .
1865 1737 1828 1420 .
1965 1797 1838 159 P
115 1827 1858 1489 ‘
1885 1847 2008 1589 :
2125 2007 a8 1549 .
2175 2147 268 1629 .
2167 1689
1709 ‘
1729 .
1749
1809
1819
1879
1949 ..
2159 &
279 kR
L ! -
. N e
!
558 \ 1
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AMCP 706-177
Jorpex
Compooition: Melocular Woight: o1
%
. Oxygen Belence:
Rx ‘2 CO. % .gg
TNT ko €O % -
Aluninum 18 Denslty: gm/cc Cast 1.76-1.81
Mebing Peiat: °C
C/H Ratio Frossing Polnt: °C
Impact Sensltivity, 2 Kg WA: Belling Poiat: °C
Bureou of Mines Apparotus, cm 42
Somple Wt 20 mg Refrective lndex, nS
4 Picatinryy Arsenol Apparatus, in. 9 o
Somple Wt, mg 15 N
3
¢ Toot: Vezuum Stability Trn:
Steei Shoe <c/40 Hrs, at
Fiber Shoe 90°C
100°C
Rifle Bullet Impact Test:  Trials 120°C 1.0
% o
Explosions 20 '35"-
Partials 80 150°C
— Bumed 0 ! 200 Grom Semb Send Tout:
‘ . : Unotfected 0 Sond, gm 59.5
~' Expicaien Temperature: °C Sorsitivity te Initieticn:
Seconds, 0.1 (no cop used) Minimur, Detonating Charge, gm
1 Mercury Fulmirate 0.18
5 Decomposes 260 Leod Azide
‘0 Tetry,
15
20 Bellistic Morter, % TNT: (4) 138
Treusi Tost, % TNT: (b) 14
75°C internationsl Heot Teost:
. % Loss in 48 Hrs Plate Dont Test: (c)
e ° Mathod R
f, 100°C Hoat Tost: WStim . Cast
: % Loss, 15t 48 Hrs 0.00 Confined No
; % Loss, 2nd 48 Hrs 0.10 Density, gm/cc 1.83
: Explotion in 100 Hrs None 8'Mm: % TNT 120
i Detensticn Rete: (a)
; Flommebikty Index: 196 Confi R None
M r Condition Cast
! Hygrescopicity: % 30°C, 90% R 0.00 Chorge Diameter, in. Lo
' Dersity, gm/cc 1.81
: v : Rote, meter./second T495
i 359

3
s
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AMCP 706-177

Sooster Semeitivy Tat:  (¢)
Condition Pressed
Vetryl, gm 10
Wox, in. for 50% Detonation
Wax, gm 2
Density, gm/cc 1.6h

Moot of: (a)
Combustion, col/gm

Explosion, col/gm
Gas Volume, cc/gm

Formaticn, cal/gm

Fusion, cal/gm

Decompesition Bquetion:
Oxygen, atema/sec
(Z/30c}
Meat, kilocalorie/mole
(AH, keal/mel)
Temperature Ronge, *C
Phose

Spocific Heet: cal/gm/*C (b)
At -5%

Density, gm/cc
it 15%

BSuming Rete:

cm/sec

Asmor Plete impest Took:

60 mm Morter Projoctile:
509% Inert, Velocity, ft/sec

Aluminum Fineness
500-1 Generel Pur s000 Bombe:
Plote Thickness, inchas

1

1%
1%
1%

Thorns!t
col/sec/em/*C
Density, gm/ec

Cootficiont of Exponsien:
Lineor, %/°C -T3 to 75°C 4.7 x 10°2 (b)

Volume, %/°C

Young’s Medulus: {v)
E" m/ cm®
E, Ib/inch?
Density, gm/cc 1.77

9.53 x 1010
1.38 x 10

Compressive Strength: Ih/inch* (b)  2100-2300
Density, gm/cc 1.77

Veper Pressure:
°C

Somb Drop Tot:
77, 2000-1 Somi-Armor-Plorcing Bonb vs Cantr 3

Maox Sofe Drop, ft
300-1b Gensrel Purpese Bonh vs Concrete:

Height, ft
Trials
Unaffected
Low Order
High Order

1000-1b Generel Purpese Bamb vs ¢ sacrete:

Height, ft
Trials
Unoffected
Low Order
High Order
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Torpex AMCP 706-117
R a5 . B
‘ = Progmentetion Test: Shoped Cherge Effectiveness, TNT = 100: :
50/36.5/13.5
90 mm HE, M7 Prejuctile, Lat WC-LT: Gloss Cones  Stee! Conet :
{ Denaity, gm/cc 1.75 Hole Volume 150 145 :
Chaege Wt, b 2.316 Hole Depth 127 13 1
Totel No. of Frogments: j
Coler: :
' For TNT 703 Grey ?
For Subject HE 891
H Principel Uses:  Depth charges, boubs
5 3 lnch HE, MAZAT Projectile, Lot KC-S: :
. Deruity, gm/cc i . 1.T9 .
‘{ . Chorge Wt, Ib 0.940
) Totel No. of Frogments: Mothed of Leoding: Cast :
e For TNT 514 ?
: For Subject HE U7 *
: Losding Deaslty: gm/cc 1.76-1.81 »
' Frogment Velechty: ft/sec _E
! A9 ft % L
' At 253 ft Stornge:
* MW, V"’OC - H :
i Method ory
;‘ ) Slast (Rolative to TNT): (e) Hazard Cicss Quontity-Distance) Class 9 3
N’ Al I Comnatib lity Group Group I S
“J Peok Pressure 122 B
. 3 Impulse 125 \>udation
‘ Energy 146
! Effect of ersture on
Alr, Conflaed: ,;-!‘—nﬁ-a-—-—,
’ l"m 116 E‘ 3 —
i . PA Inpact Test
! Under Woter: =R E—ﬁ'—ci,m %
. ¥ Peok Pressure 116 —
; , impuise 127 2 15
b P e 7
; Energy 153 104 8
4
i . t Viscosity, poises:
H Peok Pressure a0 X
! o e o L2
;
»
v
4
7

361
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AMCP 706-177 . _
; Lo ~ et e
5 e a Y iee A s
% Preparation: : . '
L5 <. Torpex is manulactured by heeting TNT to approrimatsly 100°¢ in a stean-jacketed kettle *
! sqiipped vith a stirrer. Vater wet RIX is mddad sloviy to the wolten INT, vhile mixing and :
¢ ; hesting, until all the water is evaporsied. Aluminum is addad and the wixture is stirred .
) i until uniform. The mixture if cooled, with continued miirring, until it is suiteble for .
{ pouring. Torpex cen also b dad: by adding the calculated amount of TRT to Compneition B .
A to maintein the Aesired proportion of RDX/TNT, heatin; and stirring, and adding 18 percent - .
¢ g cf aluminum ‘o complete the mixture. .
i ‘ .
; in:
: Turpex, = castable high explosive, wes developed in Englasd during World War II for use .
l as a filler in warheads, mines and depth bombs. Several verietions in the composition of ¢
) torpex hve been evaluated but “he following are those used in r rvice munitions: .
Torpex 2 Torpex 2 T
L rnvaxed waxed e 3 N
RO (2) ® (c) .
po RIX, % 2 4b1.6 N1k ) '
I™T, % Lo 9.7 39.5
Alumirum, % 18 18.0 17.9
wax, % 0.7 0.7
Calcium ct.loride, % 0.5

(s) Made frou Composition B-2 or 60/40 Cyclctel.
{b) Made by tke sddition of aluminum to Composition B.

{c) Made by the mddition of calcium chloride to Torpex 2.

f
R R .

Wax has tbe undesirable effect of (1) tending tc comgulate the 2luminum, thus giving a less
howogeneous and more viscous product, (2) lowering the deneity of the cast expiosive from
1.72-1.75 to 1.356-1.70 for waxed torpex, and {3) lowering the compressive strength from 3700
psi to 1970 psi for wexed torper. However, wax 15 used in service torpex for recsons of
safety, since there is evidence that its ;resence lowers the sensitivity of the exploeive to
impact as pemsured by iadboratory drop tes.s and bullet sensitivity tests of small charges
(Bureeu of Ord Res Memo Rpt No. 2k, Janum.y 1945).

References:’6

9h(a) Commtitee of Div 2 and 8, NDRC, Repor: on HBX and Tritonal, SRD No. 5406, 31 July
1945.

(b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosive:, Secoud Revi-
sion, NAVORD Report Ko. 87-46, 26 July 1946.

(e) D. P. MecDougall, Methods of Physical magi:ng, OSRD Report Fo. 803, 11 August 1942.

L. C. Smith and E. H. Eyster, Physical Testing of Explosives, Fart 111, Miscellaneous
Sensitivity Tests, Performance Teasts, OSRD Report No. 5Th6, 27 December 1945.

765¢e footnote 1, page 10.
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Torpe:, AMCP 706-177
(3) G. H. Messerly, The Bxte of Detonation of Verious Explosive Compounds, OJRD Report
Fo. 1219, 22 February 19%3.
M. D. Hurviiz, The Rate of Detonaticn of Various Compounds snd Mixtures, OSRD Report
No. 5611, 15 January 19%6.

93((;.) *. . Tomlinson, Jr., Blast Effects o. Bomb Explosives, PA Tech Div Lecture, 9 April
9. .

({'*) Eastern laboratory. du Pont, Inves tion of Jevity Effect, Sec III, Variatiorn of
Cavity Bffect with Explosive Mﬁon, % Contract, E‘é-ﬁﬁﬂé}. ’ —

{6) Also see the folloving Picatinny Arsenal Technical Repcrts on Torpex:

9 1 2 2 2 [ 1 il
1530 1651 1292 2353 16522 1796 1797 1838
1
1885
2355

e b S s

Jr N

)
%
&




WW.SURVIVALEBOOKS.COM

AMCP 706-177 1,3,5-Triemino-2,4,6-Trinttrobensens (TATNB)
Compesition: Maelesxiar Weight: (cﬁxiﬁo‘) 258
% NH
¢ 279 2 Onygen Balenee: A
COs % «56
2.3 0,¥ NO, co % -19.
N 3.6 BN NH Cemsdy: gm/cc Crystal 1.93
o 3.2 N0, Mebing Point: °C 3% (b, @) 30 (a)
C/H Ratio  0.302 frossing Peiat: °C
Impecs Sansitivity, 2 Kg Wt: Selling Peint: °C
Burea' of Mines Acparotus, um -
Somple Wt 20 g Refroctive ladex, n2
Picatinny Arsenal Apparchus, in. 11 'S
Sample Wt, mg 7 M
na
Friction Pondulum Tost: Vecuum Stability Tos:
Steel Shoe ¢c/40 Hrr, ot
Fiber Shoe 90°C “e-=
100°C (a, b) 0.36
Rifle Buliet impact Tost:  Trials .
120°C asee
% N
o e
Portiols -
Burned 200 Grom Bomnb Sand Toor:
Unaffected ~ Sond, gm k2.9
Explesisn Tompermiture: *C Semitivity te laltietion:
Seconds 0.1 (no cop usadi Minimum Detongting Charge, gm
i Maercury Fulmincte R
5 Leod Azide 0.%
10 Tetryl R
15 B
20 P Meser % T
“reus! Tast, % INT:
75°C Intoriiationsl Neet Toetk:
% Loss in 48 Hrs Piote Done Toet:
: Met'iod
100°C Hoot Tost: Condition
% Loss, Ist 48 Hrs 0.00 Continsd
% Loss, 2nd 48 Hrs 0.00 fonm. pm/cc
Explosion in 100 Mrs None | Drisance, % TNT
Dotonation Rete:
Flammebiilty 1ndex: Z. firement None
— Condition Pressged
‘ Hygroieo, ieity: % Charge Diometer, in. 0.5
Dersity, gm/cc 1.50
Volatility: Rote. meters/second - 7500
364

‘s
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1,3,5<Trienino-2,h,6-T 1i.i trobenzene (TATNB) AMCP 78817
WM 1 Shaped Chorge Effectivencsi, TNT = 100: §
90 mm N8, M7Y Projestits, Lot WCAY: ) Gloss Cones  Stest Cones =
Deraity, gre/ee ‘ : " Hole Volume ‘ P
Charge WA, B Hole Dapth .
i
ity o Teliow R
. e
For Subject HE :
3 inch HE, MARAT Projosttin, Lot KC-5: I
Dunsity, pw/cc o . ¥
Chorge WA, B ‘ }
. s 2‘»
Tetel No. of Frogments: N ) i
For Subject HE _
: Loading Denelty: gm/cx :
Frotment Veleohty: ft/sec At 50,000 pai R i
A9 |
Donsity, gm/cc . !
Method Dry !
Slast (Rsletive to THT): Hozard Closs (Quantity-Distonce)
Al Compotibility Group
Peck Preseure
Impule Exudotion ]
M - .
~ Detonation Velocity: (s, b. ¢)
bmpuise Densi ee Meters/sec
Und v Weter 1.290 530
Peok Preasurs 1.(3:.5 2626
4 Irate 1.675 550 .
. Energy 1.575 6575
t 1.882 7035
, 1.835 1229
N -Undosground:
— { Peck Pressurs Heat of: .
. Impulse
$ Explosion, cal/gm 2831
’ Frergy
¢
R 4
»
’
»
i
¥
r .
¥
‘2 N’
¢
b
4
2

Fd
;
2
2y
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w-n-xmao-a,k,s-mmmauu ‘NMI
- Preperation: : (»)

Absolute alcohol (200 milliliters) wos saturated vith smmonis and then 2.5 gm (0.028 mol)
of 1,3,5-tridbroo-2,4,6-trint trobensene, prepared according tc Hill (EAVORD Report No. 3709,
2 Fedbruary 1953), we added. The flask vas stoppered and alioved to stend st room tesparsture
fer & day. adiitionsl ammonia was bubdbled into the mix’urs, whick was then heated ander reflux
for thirty winutes, filtered hot, and the insoluble prcduct collected on a Buche:  funnel.
The product vas washed with water, alcohol, end dried. The 4.7 gm of material recovered vas
recrystallized from nitrobensene.

A diendvantage of the above mathod was that it could not be used for the nreparstica of
large gquantities of TATEB. Since {t 412 not seem foaridle to develo) a net xathod of prepera-
. tion, sz investigation vas made of the reported aminetion :sactions (see below). An
attarpt vas mde (Ref £) to £ind a modification vhich would produce high ylelds of a pure pro-
auct. The process vhich evolved from this study may be suamerised as follows (Ref °): 1,3,5-
trichlorcbenzene Was nitrated "in one step” to 1,3,5-icichloro-2,k,6-trinitrobensene in 85%
yield. The crude nitration product was amirated in benzane vith ammonia ges <o TWVEIB, in
yielés of et lesst 95%.

in:

PATHE vas prepared for the first time in 1888 by C. L. Jackson and J. P. Wing, wvho £ mxd
the compound insoluble in alcohol, ether, chloroform, benzene, and g’acial acetic scid; and
soluble in nitrobenzene and suiline (Amer Chem Journal 10, 262 (1548'). B. Flarscheim and
B I. mpniunaumnummmopmuummnuwgmuy-um it to 108
squecus smmonia (J Chem Soc, Pt 2,%A5 (1928)). After doiling, an crange-yellov powder med)+.
1ag above 300°C wes obtained. Thi: product corresponded to that Z-scribed by Jact.on and wing.
These suthors, as well s Palmer (Ame= Chem Jouwrnel 1h, 378 (189Z,), attempted to reducs IRTHB
to hexa-emincbenzene Either decomposition occurred or & hydroc:lorils ¢ penta-gmincbenzene
wvas formed. Flursch. . and Holwes succeeded in reducing TATNB vith parnylrsirezine by heating
them together up to 200°C (J Chem Soc, Pt 1,33k (1929)) (Bail iy, 301 w.d BIT, INT).

References:’’

(2) F. Mylor, Jr., Synthesis of Nev High Explosives IT, Derivatives of 1,3,5-Tribromo-
2,4,6-Trini trobenzens, l% Report Ko. %ﬁ. i Koveaber 1556. .

(b) L. D. Bampton, Small Scale Detometion Velocity Measurements from 1951 to 1954,
BAYORD Repcrt ¥o. 3731, June 1955, ~ "__M_M.

gc) B. X. Fisher and E. A. Cbristian, Explosion Effects Dmta "heets, NAVORD Report ¥o.
» 1b June 1955. -

T el e
S¢e footnote 1, page 10.
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Zriethylene Glycol Dinitrate (TEGN) Liguid < AMCP 706177
Compeotiion: Melecular Weight: ' )
% /mawoa Sh— i (%w i
Y 2.9 Be Oxygen Deloncy:
‘ - N o Co: % -89
2 5.0 i, C/ €O % -27
9,
L l ‘ Deacy: gm/cc B2t i%
]
~N o o
o 530 ch/o Mebisg Poler: °C
C/H Rotio 0.1T¢ 2 \“‘a°"°2 freexing Peiat: °C
Impost Senabtiviy, 3 Kg Wt: Selling Peint: °C
Sureau of Mines Apporotus, cm 100+
Somple Wt 20 mg Refrective lndex, nd 1.4540
Picotinny Arsenal Apparatus, in b3 °
Somple WA, mg : e
) ; n2
Fristion Pendulum Tost: , Vecnum Stebitity Tost:
M Shos Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
— - 100°C 0.45
{ % », ‘
o e
. Burnad 200 Geam Bomb Sond Test:
Unaffected Sand, gm 1.7
Explesica Tampereture: C Sensitivity te lnkigticn:
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
L) Mercury Fulminote
5 223 Leod Azide
10 Tetryl
1S
2 Ballistic Morter, % TNT:
Trouzl Test, % TNT:
75°C intormations! Hoot Test:
% Loss in 48 Hrs Plate Doat Tour:
Method
100°C oot Tost: Condition
% Loss, Ist 48 Hrs 1.8 Contind
% Loss, 2nd 48 Hrs 1.6 Dersity, gm/cc
Explosion in 100 Hrs None B » % TNT
Detonetion Rete:
Flommubility index: Confinement Shelby steel
Condition Liquid
Hygroscopicy: % Charge Diometer, in. 1.25
Density, gm/cc 1.33
Velwitey: 60°C, mg/cs?/hr ko Rote, meters/second Fails
367
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AMCP 706-177 Triethylene Glycol Rinitrete (TEGN) Liguia :
.
Frogmentation Teet: Shoped Chorge SHactivenens, TNT = 100: :
90 mm NE, M7 Projectile, Lot WC-9Y: Gloss Cones  Steel Cones :
Dersity, gm/cc Hole Volume :
Chorga Wh, b Hole Depth .
Total No. of Fragw.cats: - :
Color: ¢
For TNT :
For Subject HE 4
Principel Uscs: Ingredient of rocket and double : .
3 lnch HE, MAZAT Projoctile, Lot KCS: base propellants .
Density, gm/cc
Charge Wt, b
Tetel No. of Fragments: .
Mothed of Looding: .
For TNT :
Loeding Denelty: gm/cc s
Frapment Veleclty: ft/sec N
At9# 4
At 25% fe Sterege: i
Dersity, gm/cc ) : R
Method Liquid :
Siest (Relotive to TNT): Hazord Class (Quontity-Distance) {
Ale Compatibility Group g
Peck Pressure :
Impuise Bxudation
Energy o
Solubili in Water
Impulse a5c 0.55
60°¢ 0.68
Under Weter: Solubilit 100
Peok Pressure a% C, in:
impuise Ether -
Energy Alcohol -
2:1 Ether:Alcohol -
Undorground: Acetone -
Peak Pressurs Viscosity, centipoiscs:
Impulise Temp, 20°C 13.2
Energy Hydrolysis, % Acid:
ofs 10 days at 22°C 0.032
Heat of: 5 days at 60°C 0.02y
Ec;-liua:ion, e:}/ g 3‘;98 Vepor Pressure:
osion, cal/gm ST —LU'C— Mere
Gas Volx,me, ce/gr 851 -— ==
25 < 0.001

!
§
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~ Triethylene Glycol Dinttrate [TEON) Liquid AMCP 705-177

miﬂ:

Lourenco prepured triethylene glycol in 1863 by testing giycol with ethylene bromide in e
sealed wbe at 1159-120°C (Ann (3? 67, 275). Llater in vhe same ysar Wurtz prepared triethy-
lene glycnl by heating athylene axide with glyee™ st 100°C. By sction of nitric acild triethy-
lene glycol ves oxidized to (Hy0OC:CHp-0-Clip)z \«un (3) €3, 33, 351).

"he Germans and Itellans vere the first to prepare and use TEGN during World War I as an
ingredient of rocket and propellant powders. The commercial production of TEGN in Quantity
is still dffficult and its ure s & plesticizer for nitrocellulose is being replaced by other
1iquid nitrates.

Ereparation:

Tristhvliens glycol is purified by frectional distillation under vacuum n an 18-1nch Vi-
geaux fractioning column. The assembly as a whole 1s equivalent to 4.5 theoretical plates.
- The distillation is conducted using & 5 to 1 reflux Fatio, at a pot temperature of approxi-
mately 180°C, and & take-off temperature of approximataly 120°C.

&

Wit Gy N W R L8 e W R BB R W e g g b Pl

The puriiied triethylene glycol (TEG) is nitreted by carefully stirring it ist» 2.5 parts
of 65/%0/5 nitric acid/sulphuric acid/vater mintained at 0 X 5°C. The rate of cooling is
sufficient that 300 ga of TEG cex be added vithin 4O minutes. The mixture is stirred and
beld &t 0 + 5°C, for 30 additional minutes. It is then drowned by pouring oni. a large quen-
tity of .ce and extracted thyee times with ether. The combined extract ir water-washed to &
pl of about U, shaken with an excess of sodium bicarbonate solution, and furiher vashed vith
1§ solium bicarbonate solution until the weshings are colorless. Jhe etherzal solution is
water-wasched until it has the same pH value as distilled water. It is carcfal.: separated
frox excess water, treated with chemically pure cslcium chloride to remove lissolved water,

; and filtered. The ether is removed by bubbling with da eir until & minioa: -ate of loss in
veight is attained. The yleld 1s 1.3k gm per gn TEG ( % of theoretical) and the nitrogen ¢
o ecng;?): of different batches range from 11.60 to 11.69% by the nitromete: method (calculated 4
v 11. . y
§ &
S~ Refevences; 78 ;

(¢) See the following Picatinny Arsenal Technical Reports on TEGN:

3 2 [ 1 8
1 1953 1745 1786 1767 1638
3 2193 2056 1817

3
4
;
?
»
B
3
»
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¥
§
¥
r ————e.
785qe footnote 1, puge 10.
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AMCP 706-177 Teimonite
Campoaition: Melecular Wolght: 217
%
Ouygen Bslence:
Pleric Acid 88 - 90 CO. % 62
CO % <14
Mononi tronaphtaalene 12 10
: Density: gm/cc Cast 1.60
Melting Peine: °C 9%
C/H Ratio Freezing Pelur: ‘'C
lmpoct Senaitivity, 2 Kg Wr: Boliing Peint: *C Explcdes 00
Burecu of Mines Apparatus, cm 60
Sompie Wt 20 mg Refractive index, nd
Picatinny Arsenal Apparatus, in. 10 °
Somple Wt, g Py
n:
Friction Pordulum Toot: Vocuum Stebility Test:
Steel . €c/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet Impect Test:  Triols 120°C 0.9
% 9,
coen o e
Portiala 0
Bumed 0 200 Gram Bomb Send Tent:
Unoffected 10 Sond, gm 4,2
Ixplssion Tompereture: *C Sensitivity te Initiation:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
1 Marcury Fulminate
S Decomposes 315 Leod Azide 0.20
10 Tetryl 0.0k
15
20 Bellistic Morter, % TNT:
Trous! Tost, % TNT:
75°C Internotiona] Heot Teot:
% Loss in 48 Hrs Piste Dent Tost:
Method
100°C Heot Tost: Clondition
% Loss, Ist 48 Hrs Contined
9% Loss, 2nd 48 Hrs Do.rmty, gm/cc
mm in 100 Hrs aflm., % TNT
Detenction Rete:
Flammebility Index: Confinement None
Condition Cagt
Hygroscopicity: % Charge Diameter, in. 1.0
Density, gm/cc 1.60
Velatitey: Rate, meters/second 7020
370
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Trimoni te AMCP 706-177
Frogmontet’on Teat: Shaped Cherse Bffectivenass, TNT = 100:
90 mm ME, M7 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Dergity, gm/cc Hole Volume
Chorge W, Ib Hole Depth
Tetel No. of Frogments: Col
For TNT
For Subject HE
Princigal Uses: TNT substitute in projectiles
3 lach HE, MA2A1 Projectile, Lot KC-5: end boabs
Density, gm/cc
Charge Wt, Ib
Terel No. of Frogments:
Mevhed of Looading: Cast
For TNT
For Subject HE
Leeding Denalty: gm/cc 1.60
Fragmont Velocity: ft/sec
A9 ft
At 25% Sterage:
Deraity, gm/cc
Method Dry
Blast (Raletive to TNT): Hozard Class (Quantity-Distonce) Class 9
Ale: Compatibility Group Group I
Peck Pressure
Impulse Exudation Exudes at 50°C
Energy
Alr, Confined: Preparation:
Impulse
Plexric acid and alpha-mononitronaphthalens
are melted together in an aluminum or tin stes
Under Water: Jacketed melt kettle equipped with a stirrer. ™
Peak Pressure Although picric scid alone requires & high tem-
Impuise perature for its melt loading (120°C), the
Energy mixture forms a eutectic melting at 49°C. Care
must be taken to prevent the formation of dan-
gerous metallic picrates. Trimonite is of
”m""” interest as an emergency subsgtitute for TNT.
Impulse
Energy

mn
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AMCP 706-177 orimontte

ing x

Trimonite, & castable mixture of picric acid/mononitronaphthalene vas developed by the
British during Worl)d Wer II as an improvement over tridite which is a mixture of 80/20 picric
acid/dinitrophencl. Both mixtures are suitable for melt-loading below 100°C arnd therefore
represent an improvement over melt-loading picric acid alone (melting point 122°C). However,
tridite is slightly inferior to picric acid as an explosive and dinitrophenol is objection-
able becsuse of its toxicity. Trimonite is aiso slightly inferior to picric acid and TNT as
an explosive. Becsuse of the low eutectic tempersture of the pieric acid-mononi tronaprthalene
mixture (49°C), Tridite exudes vhen stored at elevated temperatures. It does not possess the
disadvantages of picric acid {corrosive action on metals, ecese of decomposition, etc.) and is
& comparatively inexvensive substitute for TNT.

References: 79

(a) See the following Picatinny Arsenal Technical Reports on Trimonite:

2 3 ] 8
1352 1325 926 1098
1372 76 183%

-

”See footnote 1, page 0.
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2;2,2-Trini troethyl-b, b, b. Trini t~u 1y rete (TNETB) AMCP 706-177
C-;ulhm Moleralar Weight:  (((H NGO, ) 36
c 18.6 Oxygen Delence:
CO: % -4.2
H 1.6 . CO % 20.8
0-CH,C(K0,) 5
N 21.8 a7 Denalty: gm/cc Form I 1.78
C=0
0 58.0 Moiting Point: °C 93
C/H Rotia 0.202 T THaC(N0p) 3 Freczing Pelnt: °C
tmpoct Sonaitivity, 2 Kg Wt: Belling Point: °C
Bureou of Mines Apparatus, cm
Somplth!Oolng , Refractive Index, n% FormI (e)
oo W ! Apparatus, in Crystal Axis . 1518
5 nt 2 .
50% point, cm {(a) ) T 1.6
Friction Penduium Tost: Vecuem Stebility Test:
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C cmee
- - 100°C 48 nr 0.6
Rifle Bulle? Impoct Tes:  Trials 120 & * <0
% .
Explosions 135°C
Portials 150*C
Burned 200 Gram Bomb Send Test:
Unaffected Sond, gm i
Sxplesion Tompereture: % Sensitivity te Initiation: ,
Seconds, 0.1 (no cap wsed) - Minimum Detongting Charge, gm g
! - Mercury Fulminate
5 50% point (Alhot bar) (a) 225 Leod Azide
10 Tetryl
13
20 Ballistic Mortar, % TNT:  (b) 136
Treuz! Tost, % TNT.
73°C internations! Moot Tost:
9% Loss in 48 Hrs Plote Dent Test:
Method
100°C Moot Teat: Condition
% Loss, 15t 48 Hrs Confined
% Loas, 2nd 48 His Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Dstenction Rete:
Flommebility Index: Confinement
%0, 90% o Condition
MHygroscopichy: % TSQC: 5 months Nzgofs) xm Diov;enr, in. o ;
- ity, gm/cc 1. 1.7
v ' Rate, meters/second 7760 8290
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AMCP 706-177 2,2,2-Trinitroethyl-b,b,b=Trinitrobutyrete ( TNETB)
——
’ Boestor Sensitivity Test: Decompesition Equation: 2 ) . .
Condition Oxygen, atoms/sec L4 x 10 - 2 PR
(Z/sec) : . L
Tetryl, gm Heat, kilocalvrie/mole L3.4 ) K gHa
‘N¥ax, in. for 50% ODetonation (AM, keol/mol) : ) B
. Wax, gm Temperature Range, °C v
Cersity, gm/cc Phase Liquid
Moot of: | " . S o 3
Combustion, cal/gm 1685 Impect Toot: R ’ : 0
Explosion, cal/gm 60 mm Mortar Projectite:
‘ Gos Volume, cc/gm 50° inert, Velocity, ft/sec N i
' Formation, cal/gm 307 Aluminum Fineness .
Fusion, cal/gm
Sublima*:ou, cal/gm (e t) 8ou 300-1 Genoral Purpese Bomba: .-
Specific “Veat: cal/gm/*C .
Plote Thickness, inches . . <
! .
‘ 1 i .
: 14 k-
B [N 3
Burning Rete:
cni/sec 3
Semb Drop Test: ,:!
Thermel Conductivity: : é
col/sec/cm/*C T7. 2000-Ib Semi-Armor-Plercing Bomb va Concrete: , P ,
‘ N
of Ex . Mox Safe Drop, ft i *
Linear, %/°C 500-10 Genersl Purpose Bomb vs Concrete:
Volume, %/°C Height, ft
- Triols
Hardness, Mohs’ Scale: Unaffected
5 " Low Order
Youny's ) High Order
E', dynes/cm?
E, Ib/inch? 1000-1b Genersl Purpese Bomb vs Concrete:
Denuity, gm/cc
. . ) Height, ft
Comprossive “trongth: Ib/inch? Triols
- o Unaffected
Vepcr Pressure: (e) Low Order
*‘C mm Mcrcury: High Order
65 3.3 x 10
75 1.3 x 10,
35 k.2 x 10
100 2.3 x 1073
120 1.k x 107 J
374
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2,2,2-Trinitroethylsi, b, b-Trinitrobutyrats (TNETB)

¥/WW.SURVIVALEBOOKS.COM

AMCP 706177

Fragmontetica Toot: Sheoed Charge Effectiveness, TNT = 100:
90 mm HE, MTT Projectite, Lot “¥C.97: Gloss Cones  Steel Cones
Density, gm/c¢ - Hole Volume ;
Charge Wr, 1b Hole Depth
Tetel No. of Frap : . Color: Colorless
For TNT
For Subject HE
v incipel Uses:
3 inch HE, M4A2AY Projectile, Let KC-5:
Density, yn/cc
Charge W7, ib
Tetel Neo. of Fragments: Mothed of Looding:
For TNT
For Subject HE
Looding Density: gm/cc Form I 1.783
_ Form I1  1.677
Fm Velecity: f¢/sec Liquid, 99°c, 1.551
\ N
At 25% ft Storages:
Dersity, gm/cc
Method Wet
Bles: (Relotive to H-6;: Sphere  Cylinder (h) Hazord Class (Quantity-Distonce)
Air; 1-1b Cherge: Ew* EV* o IVE Compatibility Group
Peok Pressure 0.91 0.8, 2.81 0.75
Impulse 0.73 0.€7 7.7+ 0.69 Exudation
Energy
Alr, Confined: Bruce*on Safety Test Results: (g)
impulse Mean end stendard deviation of lengths of
0.300 diameter cylirder across which initia-
Under Weter: tion 18 possible for 50% certainty:
Peak Pressure
Imoul THT 0.391 + 0.640
Teuse DX Comp B 0.31 ¥ o0.042
Energy TTETB 0.920 ¥ 0.059
Underground; Absolute Viscosity, poises: (e)
Peok Pressure % o
TH?ﬂp, '9 C 0'173
Impulse 106.9¢ 0.138
Energy ’

*Th, equivalent weight of H-€ fei a unit weight
of test mixture for equal performernce at the
same test distance; IV, equivelent volume of
Hef for & unit voiume of test mixture for equal
performarice 8t the same test distance.

375

TR g

5.

e

Ak




EVWW.SURVIVALEBOOKS.COM )

AMCP 206-177 2,2,2-Trini troethyl-b, 4, b-Trini trobutyrate {THETB) —
- : e
) Solubils ture)s (w) 3
Solvent , Solubility 1
rF " v T oS
| Weser ? Insaluble , .
{ n<Hemne i Insoludble i :
! Carbon tetrachloride ! Insoluble ! !
! Ethenol ! 5 gm/120 gm solvent : :

! Chloroforn 5 ga/100 gm solveat ! .o

| Bersene 10 gu/100 gm soivent ; T

: Mitromethany : Very soluble ’ N

— Glaciel aomtic acid Very soluble K
Y Ethyl scetate Very aoluble ) :
' INETS Forme Butectics With the Following Compounds:  (e)

BIMES (bis(trinitroethyl) succinate 80+
BIXEN (bis(trinitroethyl) nitrexine 68.5
{ B (trinitroberzens) ; 65
Compound A (chnel,.g., formed by
?

PO I RSP TN

condsneation of 1,1l-dinitroethane) . (¢4
Teinitroethyl trinitrobenzoate (27% 80.5 (£)
1 o sta ¢ Data: {s)

Three polymorphic crystalline forms have been obaerved. Lov temperstuie Form I goes through
a solid-sclid transition at 89°C giving Form II. Form II has & meltiag poi.. of 92.57 %o 93°C.
.On cooling, Form II does not transform reversibly to Form I vhen 849°C 1s reacted. However,
Form II will transform to Form I nt room temperature, ususlly taking a Tew hours +c 4o so.
Form III was observed, wiich appeareg to be stable over a vary narrov tegperature range on
the order of 0.2° to 0.57C near 92.5°C.

Preparation; (@)

, . (Mo,) CCH CHpCOCL  +  (NOp) 5T0H 50,
trinicrobutyryl chloride  trinitroethancl  sulfuric

P

Ve T

-

acid
3 (n3,) 3ccrt,‘\cuecoocnec(1102) 3 ¢ HC1 —
| 2,2,2-trinitroethyl-b, b, 4-trinitro-  hydrochlorie

ANY

butyrate acid

Laboratory experiments indicate that the preseatl slov step iuvelving overnight treatment
of b4, k-trinitrobutyryl chloride with 2,2,2-trinitroethanol and sluminum chloride can be
_replaced by 8 fast und simple esterification in sulfuric acid. Using 100% sulfuric acid o~
fortified Hy30,, the ester can be prepared in yields of 95% to 33% in 24 hours at 25°C, in
S bours at , or in 3 hours at 65°C, Above 65°C the reaciion time is less, but the ylerd
fal)s off and & less pure product is obteined. The crude white crystalline product on recryt-
tallizetion from dilute methanol gives a material melting &t 92° to 93°C.
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—~ 2,2,2-Trini Groethyl-b,b,b-Trint trobutyrete (TNETS) AMCP 106177

origie: ‘ () ; e
ZIETE belongs to & novw cless of explosives characterized by trinitromethyl groups, !
e chamistry ©f this class of éampourds wves studied in Germsny by Drs. Schenek
snd: at, vho discovered in 1942-10k% st trinitromethane or nitroforw, nc(ng)s.
e the souroe of axplosive derivatives. Dr. Sckonck prepaied the stable solid aleochol;
2,2,2-trinitrosthancl, from nitroform and formaldshyde. Ir. Schimmslscimidt rescted nitroform
with unsaturated organic compounds, such as acrylic acid, and predicted in 1943 that the ester
of 4,8, b-trint tivbutyric scid vith trinitrosthenol would be an interestinz expiceive.

In 2947 the U.S. Mavy began a progrem to explore these coupe s. The initial task of in-
vestigating the chemis of trinitrosthancl was undertaken by \ .2 Hercules Powder Company
{Mavy Contrect NOrd-9925). The U.S. Rubber Company studied the chemistry of nitroform (Nevy
Contrect NOrd-10,129). After preparstion of the first luboratory sswples of THETB, consider-
sble interest vas arcused. Ir early 1950 the Maugatuck Chemical Division of U.S. Rubbsr Com-
pany vas assigned to prepere 100 pounds of TMETS. The Bureau of Ordmancs in July 1953 reised
the production to 800 pounds with the sasistance of the Hercules Powder Cowpery in augs ing
the production at Nrugatuck (Bavy Contrect NOrd-11,280). THETB is a high oxygen conte:
euplosive. .

References: 80

a) J. M. Rosen, m.. of Trinitroethyl Trinitrcbutyrate THETB, NAVORD Report Ko.
1 'y 11 m 1 Ne :

(b) Buresu-of Mines Repart No. 3107, Part IX, Ballistic Mortar Tests on Trinitrosthyl
Zrinitrobutyrate, 5 April 1950. : S

- (e) 1. D. Baapton end G. Svadebs, Evaluation of 2,2,2-Trir !troethyl-k,b b-Prinitrobu’, =te
‘e & Constituent of Castable Mn-_m, .—BEW, Sep .

[}
S e

.

| e i

.' : (d) U.8. Rubber Company Quarterly Progress Repart No. 23, © thesis of New Lo
./ and Explosives, Bavy Contracts NOrd-10-129 and -12,663, 19 August 1 )53.
(e) M. ®. Bil1, O. H. Johnson, J. M. Rosen, D. V. Sickman end F. Taylor, Jr., g.x-rep-ntaon
8nd Properties of TMETS, a Nev Castable High Explosive, RAVORD Report ¥o. 3885, 27 Jenuary 1355.
(f) M. E. Ei1), Synthesis of Nev High Explosives, NAVORD Report No. 2965 1 April 1953.

(s) Jucob Savitt, A Sensitivity Test for Castable Liguid Explosives, Including Results
for Some New Materiais, . y 3-
’ () R. V. Gipson, Snlitivi‘% of ?Zwumg IX; Selected Physico-Chemicel Date of fen
Pue High Explosives, . 0130, June 1958.
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AMCP 706-177 Irinitro Triazidobeatene . .
Q;rﬂi.: Meoleculer Welght: - ( CgOghy2) 3%
‘ 302 Guygens Relence: )
2 2k : C0. % -29
. » X CO % 0.0
K 50.0 3 3 '
. o.M "o Demsity: gm/cc Crystal 1.8
0 - 28.6 2 e
X | Metiag Poiat: °C Decomposes 1N
C/H Rotio 3 Frescing Peiet: *C
lmpoct Senaitivity, 2 Kg Wr: Teiling Paim: °C
Burecu of Mines Apparatus, cm {8) 425
Somple Wt 20 mg Refrective lndex, n
Picatinny Arsenal Apparotus, in. 5
Somple Wi, mg . . s
. - nS
Friction Pendutum Test: Vocwes Stability Tom:
Steel Shoe ¢c/40 Hrs, ot
Fiber Shoe 90°C
100°C
% 135C
Explosions 150°C ’
Portiols
Bumed 200 Grora Bomb Send Teor:
Unatfected Sond, gm
zplesiod Tomperature: < (a). Senaitivity te Initietion:
Seconds, 0.1 (no cop used) -~ Minimum Detonating Charge, gm
t .- Mercury Fulminate
5 150 Leod Azide
0 Yoyl
15
2 Bellistic Mastar, % TNT:
Trouzl Test, % PPTN: 90
75°C intornationsl Moot Tont: "
% Loss in 48-Hn Plote Dont Yout:
Method
100°C Moot Tost: Condition
% Loss, Ist 48 Hrs Contined
% Low, 2nd 48 HR Density, gm/cc
Expiosion in 100 Hrs . Brisance, % TNT .
Detonstion Rete:
Rowmebilly Index: Confinement
= Condition
Hygroscepicity: % 0°C, 90% RF 0.00 Charge Diameter, in.
- Dersity, gm/cc
Velotitity: Rate, meters/second
378
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Fragmontation Tost: Shaped Cliorge Effactivences, TNT == 192 1
90 wm Wi, M71 Prajectile, Lot WC-91: Glass Cones  Steel Cones
Dersity, gm/cc Hole Volumg
Charge W, b Hole Depth
c Total No. of Fropaents: ;
Calor: Greenish-yellov
For TNT yel
(. For Subject HE . -
oL Principal Uses: () Ingredient of primer mix
3 inch HE, MA2A1 Projactile, Lot KC-S:
Dargity, gm/cc.
Charge Wt, Ib
. Volel Neo. of Frogments: Mothed of Loading: Pressed
For TNT Deed presses at about 42,000 psi
For Subject HE ‘ —_
Loading D .melty: gm/cc
Frogmsent Veloclty: ft/sec At b2,002 pst 1.75
A9 ft
Ar 25% ft Stesege:
Density, gm/cc
Mathod
: Blost (Reletive to TNT): Huze-d Class (Q\Mit{-biﬂ«n..)
S’ : .
Alr: ' Compatibility Group
Peck Pressure
Impulse Exudation None
Energy -
Qualitative Solubilities
Alr, Confined: 8t Roow .emperature:
Impulse -
Solvent Solubility
Undor Weder: Acetone Readily soluble
Peck Pressure Chloroform Moderately soluble
* imoulse Alcohol Sparingi, soluble
mpul Vater Insoluble
. Compatibility with Metals:
v 3 Wet: Does not sttack iron, steel, copper
Peok Pressure or or es. .
Impuise Heat of:
» Combustion, cal/gm (a) 2554
Burning Rate: t)
cm/sec 0.65
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’ Teinitro Muidobem . ‘ o " .‘ I‘?,{; A ~
- o ’ ) ‘ ' . I . y.,..ﬁ-:‘f
. Preparation: (e} L o A R

Aulimilehlwiuhdwtmtﬂchlmmlm mmmuenmmwm
= diezo reactios. The resulting {¥o~trichlorcbenzene is nitrated. This nitvation 16 carried :
: out by dissolving the materisl in warm 32% oleum, sdding strong nitric acid, and- ‘heating to oo
140°-130°C until no trimitro trichl:robenzone {melting maint 187°C) precipitates (Ref f). v
The chlorine groups al¢ then replaced by azo groups. Tas ie accomplished by adding e sce-
tone soluticn of the trinitro trichlorcbenzens, or better, ué po.dered substence alone, to

crystals (melting point 131°C vith decorpositiod).

N

. : an actively stirreld solution of sodium 8zide in alcchol. The precipitated trinitro trissido- s
P ‘venzene is collected on & filter, wshed with alcobol, water and dried. It may be: purified. £
R by dissolving 1o chloroiomm, 6 allowing the ocluticn to cool, and collecting the gresenish ycuov N

in:

Thie initiating exp,ocive wvas ﬁut preparad in 1923 dy 'mx-ek vho auo pcrtect.ed ity manu-
facture.

Refcrences:81

: (s) 8. Balf, Tects of Explosive Compounds Submitted by Arthur D.  Little Inc., PATR 1750,
2k October 1949.

~

\ (21 A. 3. nemm and A. E. Belyseve CR a.5. USSR 52, 503-505 (19&6) Chemical Abstrecte
51, L310.

A. E. Belyaeva and A. P, Belyseve, Doklsdy Akad Neuk. USSR 56, 491-boh (1947).
(c) French Patent 893,941, 14 November 1944 (Chemical Abstracts k7, 8374).

{d) A. D. Yoffe, "Thermal Decomposition snd Explosion of Azides,” Proc. Roy Soc A208,
188-199 (1951).

{e) 1. L. Davis, The Chemistry of Fuwder and Explosives, John Wiley and Soms, In:.,
New York (1943), p. W

{£) 0. Turek, Chim et Ind 26, 781 (1931); German Patent 498,050; British Patent 298,981.

————
8lsee footnote i, page 10,
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tol Octaritrate (TPEON AMCP 706-177 i
Meloculer Welght:  (C, 5Hoy NgOop) ™
Oxygon Balonce: _
€0, % .32
O % -2.
Deasliy: gm/cc Crystal 1.58 %
I {
Maobing Point: °C 82 to 8h !
. S Rotie ‘ Froosing Polat: °C :
k! lovpoct Sombivity; 1 Kg Wr: Belling Peiat: °C ‘
{ " Bureou of Minex Apporohs, cm
] Sample Wt 20 mg ; Refractive Index, nS
; T, ]  Picatiny Arsanal Agdoratus, in. 9 -
{ \ WW'.N Lo 24 Nn
E - . ’ £ e o
S0 S . ¢ ) ‘ n2
b . | Pebetion Pendulem Tout: ' Vacuom Stobility Toot:
i Stee! Shos . Unaffected cc/40 Hrs, ot
C3 Fiber Shoe Unaffected 90°C ——
: ; 100°C Pure 2.45
CF | Nee Dol lmpect Tew:  Triaks 120°C Svecially purified 1.9
ot < Exploaions % 135°C
3 C ] btk R : 150°C
S * Bumed ‘ 200 Grosm Bomb Send Toot:
i | Unothected Sond, gm 58.9
m: 0.7 {nc cap used) -~ Minimum Detonating Charge, gm
- 1 -== Mercury Fulminate cane
I E 5 25 Leod Azide 0.%
b i 10 Tetryl ————
? ! 15
4 20 Belliotic Merter, % TNT:
‘- — Trousl Tost, % TNT:
. v 75°C Intornctiona! Hoat Tost:
o : % Loss in 48 Hrs Plate Dent Test:
3 L Method
X 100°C Hoa Yoot: Condition -
. % Loss, Ist 48 Hrs 1.15 Confined
’ % Loss, 2nd 48 Hrs 0.75 Density, gm/cc 3
- Explcaion in 100 Hrs None Brisance, % TNT
‘ o Deteaction Rete:
PR Flammebility Indes: Confinement None
S , Condition Pressed
. Wygoescopicity: % Charge Diometer, in, 0.5
L ; Density, gm/cc 1.56
T Veletiey: Rate, maeters/second 7650
1
?
*
; 381
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AMCP 706-177

Iripentaerythritol Octanitrate !TPM}

Burning Rate:

cm/sec

Bosster Senahivity Tent: Desempesition Equation.
: Congdition hd Oxygen, utoma/sec
ey Totryl, gm {2/9ec)
Sl ~ Heat, kilocolorie/mole 23.1
Dt Waox, in. for 30% Detonation (AN, keat/mol) 3
i Wax, gm Temperature Ronge, °C - 215 to 250
L Oensity, gm/cc ‘Phose Liguia
LN Corsbustion, col/gm 2632 Armer Plote lmpoct Tost:
B | Explosion, col/gm 1085 60 men Mortor Projoctile:
Gas Voluma, cc.'gm 62 50% inert, Velocity, ft/sec
Formation, col/gm Aluminum Fineness
Fusion, cat/gm
$00-0 Generel Purpose Bomnbs:
Specific Hoot: col/gm/*C .
Specific mpulse: Plate Thickness, inches
1b-sec/1b (calculated) 2Lo }

&7
V%
13

col/sec/em/*C

L Linsar, 9%/°C

R Volume, %/°C

Cosfficiont of Exponsion:

Herduos, Nahe' Scole:

Young’s Medulus:
B, dynes/cm?
£, Ib/inch?
Density, gm/cc

Compressive Strangth; Ib/inch?

Veper Pressuss:
°C

mm Mercury

Somb Drep Yootr:
T7, 2000- Jomi-Armer-Plorcing Bomb vs Concrote:

Max Safe Drop, ft
300-1b Geunersl Purpese Bomb vs Concrote:

Height, ft
Trials
Unaffected
Low Order
High Order

1000-16 Geners! Purpese Bemb vs Cencrete:

Haeight, ft
Trials
Unoffected
Low Order
High Order

Pl
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Iripentasrythritol Octanitr:y, (TPEON) AMCP 706-177
Fragmentetien Tesr M Charge Bffectiviuen, TNT = 106:
90 mm HE, MT1 Projoctile, Lot WC-91: Giloss Cones  Steel Cones
Deruity, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Tetel No. of Frogments: Voite
For TNT Color:
For Subject HE
Principel Usss: High explosive and as possible
3 inch HE, MA2AT Projoctile, Lot KC-S: plasticizer for nitroceliulose
Density, gm/cc
Chorge W, ib
Totot No. of Frogmante: Methed of Losding: Cast or
2 preased
For TNT
For Subject HE
ed at ng O/O.: i 1.56
Frogment Velockty: ft/sec Pressed at 00,000 ps =393
At 9 ft
Ar 251 ft Sterope:
Dersity, gm/cc
Maethod Dry
S'est (Relotive te TNT): Hozord Cless (Quontity-Distonce)
Al Compatibility Group
Peck Pressure
Impuise Exudation None
Energy
Ale, Cont mncgicigxl Gein or Loss in W', i:
impulse Time, Ers % R st 2%
Under Water: 40 70 90
Peok Pressure \ 08 ]
mpulse 2 . 40.01 +0.0:
. L8 -0.02 -0.01  +0.02
Energy 1k ~0.04 -0.03  -0.02
192 -0.04 -0.02 .
: 216 -0.00% -0.01 +0.03
Peok Pressure
Impulsi Solubility:
Energy Solvent Solubility
Weter Insoluble
Alcohol Soluble
Chloroform Soluble
Acetone, hot Very soluble
Benzene, hot Very soluble
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AMCP 706-177 Tripentserythritol Octanitrate (TPEON)

Compatibility With Other High glonivn:
100°C Vesuum Stability Test:

PEIRN | RIX

ul gas/40 hrs, S gm sample ‘ 2.15 | 0.39

ul gas/lO hrz, 5 gu sample ’ i
of 50/50, TPEON/HE I LT 2.3

Dipentasrythritol Hexanitrate { DPEHN) - TPEON Fusions:

H

$TPRON | $IDPEHN Solidification Time, Days

0 -

5
10 .
20 ' ¢
60 (Butectic)
63
69
T3

Preparation: (a)

Twenty gretzs (0.054 mol) of nitration grade tripentserythritol (TPE) (99%) minimum purity)
were slovly added, with etirriag, to 160 gm (2.55 mol) of 99% nitric acid at a temperature of
-25° t0 0°C. On equivalent weight basis, this quantity of 99% nitric acid corresponds to an
excess of 6.3 times the TPE used After addition of the TPE, t'.. reaction mixture wms stirred
for about cme hour at 0° to 5°7 and poured into eight times its volume of cracked fce. The
product, vhen allowed to stand overnignt, was crushed under water; filtered with suction; and
washed copiously with water. It was then treated twice with sbout 5 times its weight of a 1%
ammonium carbonate sulution, stirred for several hours, filtered and washed with water until
the final weshings were neutral to litrus. The final product was wvashed successively with
50 c: ~ach of ethanol and ether. The material drigd in air weighad 37.8 gu or 96% of theory
based on TPE. It had a melting range of T1° to T4 C. Crystallization cf the crude TPEON frou
chloroform was found ¢o be the most suitable method of ovbtaining pure TPEOR.

o-igin:
TPEON prepusred by the reaction of tripentaserythritol sad 99% nitric acid at 0° to 10°C wus

reported by Wyler in 1945 (J. A. Wyler to Trojan Powder Company: U.S., Patent 2,389, 228,
20 November 1945).
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Tripen tol Octanitrete (TPEON : AMCP 706-177 - , iv
" paterencen® B :
4 (e) J. J. laMonte, H. J. Jackson, 8. Livingston, L. B. Silbercin and N. N. Jones, The : N | ;
Preparation and Explosive es_of Tripentae: tol Octanitrate, PATR No. 2490, 1958. | p
' (b) K. Masba, J. Yemashits and S. Tavaks, "Pentserythritol Tetranitrate,” J Ind Explosives ! L
. Scc (Jupan) 13, 262-9 (1954); CA b9, 11083 (1955). ' . R
s (s) S D. Brewer and H. Henkin, The Stability of PETN and Pentolite, OSRD Report No. 1h1k. | =
(¢) X. Berlow, R. H. Barth and J. E. Snow, The Pentaerythritols, ACS Monograph No. 136, . [ .
4 Reinkold Publishing Corporation, New York, 1958, " ‘ g i
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AMCP 706-177 Tritonal, 80 fao
Composition: Melocular Welght: 81
%
Oxygon Dolonce:
™ 8 o, % -1
Aluminum 20 o % -3
Deneity: gm/cc Cast 1.72
Molting Deint: °C
C/H Rotio Froszing Point: °C
impact Sensitivity, 2 Kg Wr: Soikng Peiat: °C
Burecu of Mines Apparotus, cm 85
Sample Wt 20 mg Refrective Index, nS
Picotinny Arsenal Apparatus, in. 13 °
Somple Wt, mg 16 e
ns
Priction Pondulum Toot: Vecoum Stability Test:
Steel Shoe Unaffected cc/40 hrs, ot
Fiber Shoe Unaffected . 90°C
100°C 0.1
Rifle Duller impect Tost:  Tricis 120°C 0.8
% . -
Expcrios & 150 o8
Portials 0 ’
Bumed o 200 Grem Bomb Send Tost:
Unaffected ko Sond, gm
Explosion Tompersture: *C Sensitivity te Initietien:
Seconds, 0.1 (no cap used) 610 Minimum Detonating Charge, gm
1 520 Maercury Fuiminote
S Decomposes 470 Leod Azide 0.20
10 165 Tetryl 0.10
15
20 Deallistic Moster, % TNT:  (2) 124
Trouzl Test, % TNT: (v) 125
75°C intornaticns! Host Toor:
% Loss in 48 Hrs Plote Dent Test: (c)

Method B
100°C Hoot Toot: Condition Cast
% Loss, Ist 48 Hrs Confined Fo
% Loss, 2nd 48 Hrs density, gm/cc i.75

Explosion in 100 Hrs Brisonce, % TNT 93
Decanetion Rete:
Flemmebility Index: 100 Confinement None None
s Condition Cast Pressed

Hygroscapicity: %  30°C, 90% RH 0.00 Charge Diameter, in. 1.0 1.0
Density, gm/cc 1.71 1.72

Veletiliey: Rate, meters/sacond 6h75 6700

186
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s Dosster Sensitivity Test: (8) Dosompesition Squetion:
$ Condition Cast Oxygen, atoms/sec
H Tetryl, gm 100 r-:ozo/c"l;)beobrh/mdo
* [
‘ Waox, in. for ©39% Detonation 0.58 (AM, keai/mol)
z Wox, gm Temperature Range, °C
’ Dersity, gm/cc 1.75 Phase
»
. “‘.: oh ion, col/gm (e} 5480 Armor Plote impoct Tost: (e)
+
. Explosion, cal/gm 1770 60 men Mastor Projoctite
’ Gos Volume, cc/gm 5C% Inert, Velocity, f1/sec 509 21100
, Formation, cal/gm Aluminum Fineness 100 12
! Fusion, col/gm
' 300-Ib Generel Purpess Bombs:
, ! Specific Moot col/gm/°C  (b) Prote Th rial Inert
3 0 ickness, inches Irials ner
' At -5°C 0.23
N Density, gm/cc 1.74 ! °
: o o 1y ‘6 100
: At 20°% 3 1 6 33
g 13 0
' Bursing Rete:
Y cm/sec
* - Sernb Drep Tost: (e)
3
; Thermai Conductivity:

S col/soc/cm/ *C () 1 x 107t T7, 2000- Semi-Arme.-Plercing Bomb vs Concrote:

Density, gm/cc 1.73
of & . Max Sofe Drop, ft
4 .| Lineor, %/°C S00-% General Purpese Bomb vs Concrote:

' . Seal Seal
: Volume, %/°C Height, ft 57000 5,500
’ Trinls 3k L
: Herdness, Mohe’ Sculn; Unaffected K] 14
»
3 Young's Moduius: (v) :" %': ‘2’ 3
; E’, dynes/cm? 6.67 x 102'0 igh ’
’ E, Ib/inch® 0.97 x 10 1000-1 Gonero! Purpese Bemb vs Concrole:
i . Density, gm/cc 1.72 Seal
’ Height, ft 3,000
: Strongth: Ib/inch*  (Db) 2340 Trials 24
, Density, gm/cc 1.75 Unoffected 23
' Vepor Pressure: Low Order
i *C mm Mercury High Order 1
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i AMCP 706-177 .
‘ ! Tritonsl, 80/20 AX :
Frogmentotion Tout: Shepsd Charge Bifastivences, THY = 108: '
<
90 e M8, M71 Projostlla, Lot WCY; Glose Cones  Stesl Cones :
Dericity, gm/ce - .7 Hole Volume ;
Chorgs We, #- 2.27e Hois Depih .
Tote! No. of Fragments: .
Coles: &>
For TNT w3 bind :
For Subject HE 616 -~ —_
Principe! Yoo 5P bombs ‘
3 insh HE, MAIAT Projoctile, Lot KC-5:
Dersity, gm/cc 1.T5
Chorge We, I 0.91h
Total Ne. of Frogments:
For TNT sk Maothed of Loading: Cast .
For Subject HE 485
Lesding DeneZy: om/ 1.65-1.72
Feogment Veloclty: ft/sec
A9 also
At 251 #t 2%0 Sterege:
Density, gm/cc 1.72
Method Iry
Slost (Relotive do TNT): (€3] Hozord Class (Quontity-Distonce) Cless 9 i
Al Compatibility Gnup Group I ad
Peck Pressure 110
Impuise 115 Exudation
Energy 19 —
Als, Confined ’ Preparetion: -
Impuise 1% Tritonsl is prepired by adding TNT und
aluminum senarately to & stesm-je~ksted melt
Under ‘Wetwi; kettle equipped with 2 stirrer. Heating ~f
#s0k Pressure 105 the kettle and mixing of the ingredients are
. mpulse 118 | continued until all the TNT 1s wmelted. When
- 19 the viscosity of the mixture is considered
Energy - satisfactory (about 85°C), the tritonal is
poured into pojectiles or bombs the same as
TNT. *
Peck Pressure 117
Impuise 127
Energy 1%
388 .
\~ .
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Tritonal, 80/20 AMCP 706177

ing

The Addition of aluminum to increase the power of explosives vas proposed by Xaceles in
1899 and patented by Roth in 1900 (Germen Patent 172,327). Some recent ctudies, directed
towards establishment of the optimum amount of aluminum in the TNT/Aluminum system, have shown
that (1) the blast effsct increases to a weximum vhen the aluminum content is 30% (Ref g);
the brisance, &s measured by the Sand Test, passes through a maximum st about 17% aluminum
(RS b); in Fregmentation Tests, no maximm ie observed, additions of aluminum ceusing a de-
crease in efficiency over the entire renge from 0% to 70% eluminum (Ref 1); and (4) the rate
of detonation of cast charges is continuously decrease’ by adfitiors of aluminum up to 4O%
(Ref 3). For all precticel purposes .t is concluded that the addition of 188 to 20% eluminum
to THT improves its performence to a maximum. This conclusion is in agreement with that of
British vorkers who measured perforrance of aluminized TNT-mixtures based on extensive Lead
Block Test date (Ref k.

Tritonal, consisting of 80% TNT and 20% aluminum, vas developed and standardized in the
United States during World War If for use in bombs.

Referennes:83

(e) L. C. Smith and B. H. Eyster, 1cal Testing of Explosives, Part III, Miecellaneous

Sensitivity Tests, Performance Tests, OSKD Report No. B De = T .

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revi-
sion, NAVORD Report No. 87-46, 26 July 1946.

(c) D. P. MacDougall, Msthods of Physicel Testing, OSRD Report Xo. 803, 11 August 19k2.

(4) 1. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Jetryl in Eoosters, NOL Memo 10,303, 15 June . :

(e) Committee of Div 2 and 8, NDRC, Report oo HEX and Tritonal, OSRD Fo. 5406, 31 July 1945.
9I.§f) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, 9 April
1 .

(g) W. B. Kennedy, R. F. Arentzen and C. W. Tait, of the Performance of TNT/Al on
the Basis of Air-Blast Pressure and Impulse, OSRD Report No. , Division 2, t

N ’ snuary .

(h) V. R. Tomlinson, Jr., Develop New Hih losive Filler for AP Shot, PATR No. 1290,
First Progress Report, 19 May 133,

(1) V. R. Tomlinsom, Jr., Duve1% Nev High Explosive Filler for AP Shot, FATR Ko. 1380,
Second Progress Report, 12 Januerv 1544,

(J) L. 8. Wise, Effact of Aluminue on the kete of Detonation of TNT, PATR No. 1550,
26 July 1945.

(5) Armament Research Dept, The Effect of Aluminu- on the Pcwer of Explosives, British
Repart AC-6437, May 194k (Bxplosives Report 511/4%).

B3%See footnote 1, page 10.
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AMCP 706-177 Tritonal, 80‘20 ! “
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(1) Also see the following Picatinny Arsenal Techulcsl Reports on Tritoral: :

] 3 .3 2 [ 1 8 :

1§£ 1693 1wk 2635 1956 1731 AP N

1 2353 ar .

2010 :
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Veltex No. Lu8» AMCP 706-177
Companition: Molecular Weight: 261
% .
HMX , 10.0 Oxygen Selerce:
Nitrocellulose (13.15% K) 15.0 €o: % -26
Nf troglycerin 10.7 o % 0.5
2-§1itrodiphenylamine 1.3 Density: gm/cc Pressed 1.72
Triacetin 3.0
Melting Poimt: *C
C/H Ratio Freezing Peint: °C
{mpect Semsitivity, 2 Kg Wr: Beiling Pelai: °C
bureau of Mines Apparatus, cm
Sample Wt 20 mg Refrective Index, 3
Picatinny Arsenal Apparatus, in. °
Somple Wt, mg Nz
n%
Friction Pendulum Test: Vecvum Stability Tost:
Steel Shoe Unaffecied cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C cone
100°C 1.20
Rifle Bullet impect Test:  Trials 120°C 29 hours 14
%
Explosions |35:C
Partials 150°C
Bumned 200 Growm Bomb Sand Tost:
Unaffected Sand, (m 66.4
Explosion Tempereture: *C Sewsitivity te Initistion;
Seconds, 0.1 (i cap used) Minimum Detonating Charge, gm
1 Mercury Fulmincte —enw
5 *aod Azide 0.3
10 Tetryl ——--
15
20 Baliistic Morter, % TNT:
Treusl Test, % TNT:
75°C Internstions| Hoot Test:
% Loss in <2 Hrs Piete Deat Teur:
Method
90 °C Heet Test: Condition
% Loss. st 48 Hrs 0.28 Confired
% Loss, 2nd 48 Hrs 1.12 Dersity, gm/cc
Explosion in 109 Hrs None Brisoce, % TNT
— Detenstien Rate:
Flammebility Index: Confinement
Condition
Hygroscopicity: % Charge Diamaeter, in.
Vetoti — Density, gm/cc
ley: Rate, meters/second (calculated) 8500
*See footnote ¢.. follr;':I ng pags.’
391




AMCP 706-177 Teltex Ko. bige
Sostter Sensitiviry Tesk: Desompackion Bquetion:
Condition Ouznm atorns/sec
Tetryl, gm . (Z/%%¢)
K Heat, kilocalorie/mole
Wax, in. for 50% Detonation (AM, keal/mol)
Wex, gm Temperature Ronge, °C
Density, gm/cc Phase
Moot o Armor lmpact
Combustion, cal/gm 2359 Plate Your:
Explosion, col/gm 1226 60 mm Morter Projostile:
Gaos Volume, cc/gm 509% Inert, Velocity, ft/sec
Forriation, cal/gm Aluminum Fineness
Fusion, col/gm
500-1b Gonerel Purpose Bombe:
Cowpression &t Rupture: % 8.26 Plate Thickness, inches
Work to Produce Rupture: 1
£t-1b/inch 9.62 1Y
1%
1y
Surning Rete:
cm/sec
Bemb Drp Toot:
Thermel Conductivity:
ficient of & ion: Max Safe Drop, ft
Linear, %/°C 500-1 Gonersl Purpese Bemb vs Concrete:
Volume, %/°C Height, ft
Triols
Merdosss, Mehs’ Scole: Unaffected
Young's Modulue: 10 HL“ oot
E', dynes/cm? 0.24 x 107 igh Order
E, Ib/inch? ¢35 x10 1000-1 Goserel Purpese Bomb vs Concrate:
Dernsity, gm/cc
Height, ft
- Camapressive Stvength: Ib/inch? 2720 Triols
Unaffected
VYeper Pressuce: Low Order
C mm Mercury High Order

*Name gssigned by Dr. Mar: M. Jones, formerly
of PA; based on original development by

James H. Veltman.
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¥
i (’\ Veltex No. Li8 AMCP 706-177
: t Frogmentetion Teat: Sheped Chorge Effectivences, TNT = 100:
?
H 90 men ME, M77 Projoctite, Lot WC-IT: Glaes Cones  Steel Cones
g Derity, gm/cc Hole Volume .
! Charge W, & ' Hola Depth
{
3 Totel No. of Frogments:
{ For TNT Caler: Orenge
§ For Subject HE
$ Principel Uses: High mechanical strength
: 3 inch HE, MA2AY Projectile, Lot KC-5: mchinable explosive
. Dersity, gm/cc
o Charge Wt, Ib
4
: Totel Ne. of Frogmer?n:
. Mothod of Pressed
. For TNT Leoding:
' For Subject HE
P Leoding Denelty: gm/cc
: " ? Velocity: ft/sec At 6,700 pai 1.72
: A9t
: At 25% Rt Sterege:
! Density, gm/cc
L]
; Blost (Relotive S0 TNT): Hozard Class (Quantity-Distance) ?,
X ;
' Ale; Compatibility Group 3
i Peok Prcssure
' impuise Exudation None
; E Machinability Excellent
¥
f Ale, Confined;
’ impulse .
. Under Weter:
. Peck Pressure
P Impulise
' Energy
. Undergronnd:
: Peak Pressure
B impulse

Cov e ey
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AMCP 706-177 Veltex No. 44§
Premtion:

The preparation of this class of explosive compositions is illustrated by the meiaod used
for Veltex No. 4u8: Place 675 cc of water in a slurry keitle equipped with an sgit-t=~. Add
5.85 gm of 2-nitrodiphenylemine and agitate for several minutes to obtain dispersion. Then
add 93.7 gn of vater-wvet nitrocellulose (dry weight 67.5 gm) in smell portions. Prise the
temperature to 48°C and maintain this temperature, but continue the agitation. A nixture of
LB8.2 gm of nitroglycerin and 13.5 gm of triacetin is added over a 5-minutc period, with the
mixing continuing for an additional 10 minutee at 48°C. The IMX (350 gn) ic wdded over a
5-minute period with agitation continued for 30 minutes at L8%C The slurry i3 cocled to
room tempersture and filtered. The filter cake is dried to & moizture cont=at between 8% and
12%. The incorporation of this mix is completed  rolling 50 gm poriions at & tewperature
of epproximately 90°C. The finished coll & is then preheated on a heat teble at 6572, Ine
crements of 25 gm each are pressed al ST0L psi for four minutes at 71%. A cyliader is then
built up by pressing together four 25 g increments for a dwell time of 15 minutes.

in:

Veltex is the neme given to & series of closely releted nitrocellulose comporitions pre-
pared in 1957 at Picatinny Arsensl by the solventless process used for propellants. These
compositions ell contain a high percentage of solid high explosive. They were investiga'ed
to determinate the suitability of the Holtex type explosive developed by Hispano Suiza of
Switzerland, France and Spain, but for which the composition was not reported (Ref &). Com-
positions similar to Veltex No. 448 and containing A0% to 80% HMX, with either nitroglycerin
or triethyleneglycol dinitrate as colloiding egent for nul‘rocellulose, have also veen prepared.
In general these compositions showed lower heat stability than that of cunventional high ex-
plosive compositions.

References 84

X (2) U.S. Air Intelligence Information Report IR-269-55, Holtex--Hispano Suiza Explosive,
May 1955.

EEee footnote 1, page 10.
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) AMCP 706-177
' (AMCRD=TV)

FOR THE COMMANDER:

T e ok o 4

CFFICIAL: CHARLES T. HORNER, JR.
Major General, USA

w [ : E Chief of Staff
£P. R, HORNE

Colorel, GS

Chisf, HQ Admin Mgt Ofc
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ENGINEERING DESIGN HANDBOOKS

Litted below are the Handbooks which have been published or are current!
dates prior to | August 1962 ware pudlished as 20-series Ordnance Corps ‘

cdes ignated those publications as 706-series AMC Pamphlets (e.g., ORDP 20-138 wes redesignated AMCP 706-118). A
reprinted, or revised Nandbooks are being published as 706-series ANC Pasphlets.

under preparetion. Menddooks with pudlication
lets.  AMC Circular 310-38, 19 .M{‘"u.

No. Litle No. Title
Rp 706- RRcP 706-
100 *Design Guidance for Producibiltity 201 *Rotercraft tngincering, Part Jne, Preliminavy
104 *Yalue Engineering Design
106 Elements of Armament Engineering, Sart One, 202 *Rotorcraft Enginvering, Part Two, Usteil
Sources of Energy Dest
107 Elements of Armgmant Engineering, Part Two, 203 *Rotorcraft Engineering, Part Three, Quatifics-
Balltstics tion Assurance
108 Elements of Armerent Engineering, Part Three, 205 *Timing Systems ¢nd Components
Weapon Systems and Components 210 Fuzes
109 *Tavles of the Cumulative Binomtal Probabilities 2N(0) Fuzes, Proximity, Electricil, Part Jne (U}
1ic Experimenta!l Statistics, Section 1, Bas’~ Con- 212(9) Fuzes, roaimity, Electrical, Part Two {U)
cepts and Analysis of Mrs-urement Dats 213(S) Fuzes, Proximity, Electrical, Part Tnrge (U)
m Experimental Stattstics, Suiifon 2, Analysis . 214(S) fuzes, Proximity, Electricgl, Part Four (U)
Enumerative and Classificatory Data 2151 futes, Proximity, Clectrical, Part Five (U}
12 Eaporimenca) Stattstics, Section 3, Planning 238 *Haraening Weapon Systems Against RF fnergy
and Analysis of Comparative Experiments 23%(5) *Small Arms Ameunition (U;
13 Experimental Statistics, Sectior 3. Specia? 24G($) Grensues (U)
Topics 281(s; *Lend Mines (U}
e Experimental Statistics, Sectiwn £, Tables R¥S Design for Conirel of Projectile Flignt
us Environmental Series, Part One, Basic Envirorn- Cnaracteristics (REPLACES -246)
mental Concepts 244 Aomynition, section 1, artillery Assunition.-
1é *Environmental Series, Part Two, Basic Environ- General, with “able of Conterts, Glossary,
mental Factors and Index for Series
120 *Criteria for Environmental Control of Mobile 245(C) Ammunition, section 2, Destgn for Terming:
Systems Effects (U)
4] **Packaging and Pack Engineering 246 shmmuniticn, Section 3, Design for Control of
123 *Hydraulic Fluids F1ight Tharacteristics (REPLACED 8Y -242)
128 Electrical wire and Cadle 47 Ammynttron, Section &, Design for Projection
127 *Infrared Mi'itary Systems, Part One 243 chmmynitios, Section 5, Inspection Aspects of
128(8) *Infrared Miittary Systems. Part Twe (U) Artiilery Amsunition Jestgn
130 Destgr for Air Yrensport ind KA. dru, of 249 Avnuititior, Section 6, anufacture of Metallic
Mataric! Componerts of Arttliery Armunition
ERX} *Mairraingdility Engrreery ig Theory ang Practice 250 Guns --Generas)
134 Mr rtaine.‘tity Guide f.r Des yn I+)l Muzzlie Devices
138 In antions, Pazents, end Related Matters 252 Gun Tubes
136 Ser wechanisms. Sectton |, Theory 255 Spectral Charactertstics of Mizzle Flasn
7 Servomechantsms, Sectign 2, Measurement and 260 Autorslic weapors
Stgnel Converters 214 Propelient Actuated Devices
138 Servomechantisms, Secttor 3, Amplrfication 280 Lasign of Aerodynemically Stedtirzed Free
139 Servomgchan:sms, Section 4, Power Elements and Rockets
System Design CBI(SRG]  weapon System Eftectiveness (1)
140 Trajectories, Differential £yfects, and Date 282 +Propulsior gnd Freoellants (REPLACED By -288)
for Projectiles 83 Aerodynamics
145 *Dynamics of a Tracking Gimba! ystem 284{C) Trejectories [y}
150 Intertor 8a1l1stics of Guns -1 Elements of Rircraft and ¥isorie Propuision
160(S) Elemerts of Terming] Ballistics, Part One, Kiil ‘REPLALES -287°
Mgcnanisms and Vulnerability (U) 286 Steuctires
161{$) Elements of Termina) Batlistics, Part Two, 29¢1¢: warneads--Ganeral ‘i
Coilection and Anal-sts of Data Loncerning 4 Jurface-ta-Arr Misciles, Part One, System
Tergets (y) lelagration
162(SRD) Elements of Termingl Za.l15tics, Part Three, 3 Suctgte-to-Atr Msitles, Part Twd, e€spon
Application to Missile and Spece Targets U} Cantro!
165 Liquig-Filled Projecttile Design r{z) Surface-to-Air Micgries, Part Three, (omputdrs
170{t.} **Armgr and !ts Application (U) 254.5) Surfare-to-Avr Misxiles, Pary four, Missile
175 Solid Propellents, Part One Armomgnt (1}
“5{L) €alig Propeliants, Part Two (if) ¥y} Surface-to-Nrr Mogeiles, Part Five, (ounter
] Peserties of Dxplosives of Milttary interest “egsures U,
178(C) eProperties of LupiGstves of Wilitary Interest, 296 Surfeca-to-&ir Migcrien, Part Lix, Structure:
Section 2 {4} (REPLACER 8v -177} g Poawr Sources
179 ixplostve Treins 76 Surface-ty-Atr Mgy les, P3rt Seven, Sawole
180 *Principles of Explosive Behav or Procies (L)
13% Mi1itary Pyrasechnics, Part One, Theory ¢nd K2l fire Conteo) Systems-.luners!
Application 39 Foep Luntrol (Sapu*1ng System
18¢ Militery Pyrotechnics, Part Two, Safety, ENY] Lonpentating [lesents
Procedures end Glossary JI5L5R0)  *Decign [ ~tneers’ Kuclear €€%ei2s Manug!,
18¢ 1 l1tary Yyrotecnnics, Pavt Three, Propecties Jolume 1, Munitions and despon Sivtots Ty
of Meter1als Used n . yrotechnic Composttions 33B(SRD; *Cestgr Engineers Sutlear [ffacis Marua!,
188 suilitary Pyrotechnice, Pert Four, Dusign of igiume {1, flsctromic System end (agMETYCAT
Ammynition ‘. r Pyrotechnis Effects Systams (U}
189 nilitary Pyrotechnics, Fart Five, Bibliograshy 3374SRU;  vDes? i Engineers’ Muclear €ffecly Menys!
190 *Army Weapon Syster Anglysis . volume 111, Mclesr Environeent (4!
19} "System Analysis ane tost-Effectiveness JUEISAD  *Devigh ingines s Ruclear £ wclt Mangal,
195 *Develiopment Guide tar Reliabtlity, Part One, volume ¥, Wuclesr £778cts (U
Introductinn, Rschground, and Rlanning for i Carriades &0d Mounts--leners!}
Army Meterrel Reguirements 343 Cragiss
196 *Development Guide for Reltability, Part Two, 4 Recoti Systems
Destgn for Reltability 14 Tor Carrisges
197 *Deveicnment Guide 7or Reliability, Part Thres, M o ox Carv tages
Reliadility Pradiction 4 19001 Loators
19 *Deyeloprent Guida f5r fe'iability, Part Fawr, k) Eiguating Machantoms
veiiatility Measurement 347 Traearsing Mechan;-m
19% Daveloommt Guide for Keliabtlity, Pert Sive, 30 whagtad AmpRibians
Contracting for Reliebtlity 355 The Automptive Asyemb!,
200 *Gevelopment Guide for Relisprltty, Pér Sva, 3% Automotivg Qispoms:or
sathemstica! Agpendix and Glossary 87 Mtosotive Bogdies end ryi's
TUNDER PREPARATION--not svailebls aopfySION UKOER PREPARATION
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