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This pcrtion of the history is written to recorcd the activities of
The Ohio Stote University Cryogenic Laboratory on the "Uranium Project”,

It relate=s to the initiel ORI contract for a program of work cor-
releted with the Columbla Univereity prograrm under the direction of
Professor K, (. Urey, Although it is writter as of 15 July 1946, the
activities described were terminated some time before thia date. This
portion of the history is closely relatec to the subseguent Manhattan
Tistrict contract with the Cryogenic laoboratory, which was a part of the

los Alamos program, in. ie written up as Fart 1Y of this Chapter,

15 July 1946
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1. The cdu Pont Company planned to bulld & plant for cdistilling
liqui¢ hydrogen in conjunction with their ammonis plant =t Belle, b, Va,
Basic duta were lacking for proper deeigrn for efficient &nd safe opera-
tion of this plant and the Ohjio State Univereity low temperature labora-
tory was to be the research lacorstery in which the problems that pre-
sented themselves in connection with the large scale preoduction and
distillation of liquic hydrogen were to be workec out. The heavy water
so produced was to be used as moderstor materizl in plutonium piles, and
for other purposee in connection with the "Uranium Project"”.

2, The Ohio State University had the equipment for liquefying
hydrogen, but no building in which to set it up; although, such a build-
ing was under construction. A contract was signed by the Chio State
University Research Foundation and the ¥ar Tepartment on November 15,
1942, bhork progressed rapldly, and on February 2nd liquid hydrogen was
made, Regearch was gotten under wsy immediutely.

3, Tests were made of various thermal insulating materiale
suitable for use at liquid air anéd liquid hydrogen temperatures. The
impact strength of several types of wood and plastic materials at these
temperatures was determined. Also, apparatus was designed and built to
obtaln data necessary to the removal of nitrogen from high pressure
hydrogen, and plannecd a new deaign of liquefier intended to reduce
difficulties resulting frox nitrogern lmpurities.

4., In late Karch the laboratory was informed that the plan for

sl



fractionsl distillation ef liguid hydrogen had been abandoned because
of discovery that the du Font scurce of hydrogen contuined only half
the normal concentration of heavy hydrogen. However, research at liquid
hydrogen temperatures and en the liquefuction of hydrogen was continued
for another very lmportant division of the "Uranjum Project",

5. The working setaff on this firet project oonsisted of nine
persons: a director, three research associates, one research assistant,

one chief mechanic, one machiniet, cne machinist's helper, and a

secretary,
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Chavter 3, Aetivities of Ohio State University Cryogenic Laboratory
Part I

SECTION 1 -~ INTROTUCTION

1-1. The ¢du Font Company planned to build and operate a plant
for distilling liquic hydrogen at Balle, W, Va,, adjacent to the large
ammonia plant locatec there and cwned and ocperated by the du Pont Com-
pany.

1-2, In connection with the production of synthetic ammonia a
mixture of steam and air in sultsdle proportions is passed over heated
coke, The coke remcves the oxygen froam the air to form carbon dioxide
{with some reelicdusl traces of carbon monoxide) and hydrogea. This
producee ¢ gas mixture whish consiste principally of hydrogen, nitrogen
anc carbon dloxide., The carbon dicxide 1e removed by abscrption in water
or other suitable absorbent. This then leaver a gaseous mixture whose
composition 1s approximately 70% hydrogen, 30f nitrogen, and smsll
asounts of carbon menoxide and of oxygen. The plan was to take this
Eixture of hydrogen and nitrogen, which normally goes into the catalytie
reactors Tor producing amuonia, and send it to the specie)] plant for
obtaining pure hesvy hydrocgen, In this plant the nitregen would be
condensed out by refrigeration to yleld a gas which would be 98%
hydrogen, with perhaps 2% of residual nitrogen. This gas wss then to be
liquefied and fractionally distilled to remove its content of heavy

1.1
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hydrogen. The proportion of heavy hydrogen in normal hydrogen (as in
normal water) emounts to about 1 part of heavy hydrogen in 6,000 parte

of ordinary hydrogen, This du Pont opsrated plant was intended to re-
move this emall fraction of heavy hydrogen by the process of fractional
distillation. The »rdinary light hydrogen would then be remired with the
nitrogen originally condensed out of the ammonia gas mixture and was to
be returned to the ammonia plant for the production of ammonia, By this
overall process the plant was thus to extract the small concentration of
deuterium from the ammonia hydrogen and not sensibly affect ths production
of ammonia, The production of hydrogen at the Belle Ammonia Plant was
such that it was planned to use a battery of more than 20 large compres-
sors, sach driven by a 2,300 hp. motor, to supply the hydrogen liquefiers,.
This, therefore, represented a hydrogen liquefying plant of approximately
50,000 hp. sise. %hen it is considered that hydrogen has heretofore been
liquefied only on a laboratory scale - with very pure hydrogen (less

than 0.02 of 1% impurity in the hydrogen)- and that the largest labora-
tory liquefier was no larger than about 60 hp., the enormity of the
proposed industrial scale of liquefaction is seen.

1.2
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SECTION 2 - PROBLEMS

2-1, Many difficult problems were anticipated in the successful
and safe operation of this plant, At the temperature at which a hydrogen
liquefier runs air, nitrogen, carbon monoxide or other impurity freezes
to a solid and plugs the colls carrying the high pressure hydrogen from
the compresaors. That involves the problem of removing such impurities
from the hydrogen before its liquefaction, or of designing a liquefier
in which interference from these impurities can be sliminated, Since
this liquid boils at only 20°C above the absolute sero (-423°F), and has
a very low latent heat of waporisation and very low apecific gravity
(denaity only 1/12 that of water) there are problems in the nature of
heat insulation and in the mechanical performance of materials. {(Same
materials become extremely brittle at this low temperature and almost all
known lubricants freete before this temperature ie reached.) The high
pressurs at which the liguefier would have to operate (scmewhere between
1500 1bs. and 2500 lbs, per square inech) and the highly explosive nature
of hydrogen and air posed a serious problem in the safety of the process.

2-2, The final objective of the overall program was the prepara-
tion of large quantities of pure heavy water to be used as moderator
material in plutonium piles, and for other purposes in connection with

the "Uranium Project®.

2.1
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SECTION 3 -~ CONTRACT

3-1. At Ohic State University there was equipaent for lique-
fying hydrogen on a large laboratory scale (60 hp. compressor capacity)
and for carryling out research at the temperatures of liquid hydrogen.

At the time that the University was approached by Professor Urey of the
Columbia Univereity I'ivision of War lesearch, and member of the (SRD
Executive Committee, the hydrogen liquefier equipment had not yet been
set up. In fact, the University was awaiting the ccapletion of & labora-
tory bullding in which the low temperature laboratory was to be included,
Only the framework cof tie bullding was completed, no walls hac been
constructed either externally or internully, floors had not been poured
and no piping or other service installed. The University was urged to
proceed with the laboratory and its research prograz with all possible
haste. The contract, No. OFMsr-786, was est up through the Ohloc State
University Research Foundation under date of Hovezber 15, 1942, fer an
initial period of six months, with a budget of £25,000 (subsequently,

increased to §30,000),
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STCTICK 4, - PEFFORMANCE

4=1, The laboratory staff immediately went to work to get the
hydrogen liquefier in operation and to get the research program underway,
Turing December and January the staff worked in overcoate while the
hydrogen liquefying plant was being Installed in the Var Research Build-
ing. There were no windows and no doors in the building during DNecember
and during the early weeks in January, Although water lines were instal-
led in early Janmuary, it was impossible to turn them on until after
Jaruary 20th when heat was firet supplied to this portion of the build-
ing. An effort was made by university authorities and the contractors
to complete the epace in the bullding that the hydrogen liquefying plant
would occupy in advance of the rest of the building.

4-2. Liquid hydrogen was made for the first time on February 2nd,
On that first trial it wee poseible to produce between 2 and J liters
per hour only, but the next day, by changing some adjustnents in the
liquefier it was possible to step up the production to nearly 15 liters
per hour. A few weeke later the production had deen built up to 25
liters per hour. This production represents at least a 20% higher yield
than any other hydrogen liquefier constructed up to that time, and
represents close to the theoretical muximum with a 60 hp. compressor.

4-3, Following the successful liquefaction of hydrogen on
February 2nd and 3rd, investigations at liquid hydrogen temperatures
began, Among the first of theee were measurements of the mochanical

strengths of metals and other constructional materials at liguid air

L.l
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and liguid hydrogen temperatures. ipparatus was planned and constructed
for measuring the efficlency with which nitrogen could be condensed out
of a mixture of high pressurs gasecus nitrogen and hydrogen at tempera-
tures down to 60° above the Absoluts Zero (4LOOC above the boiling point
of hydrogen) and for measuring the solubility of solid nitrogen in liquid
hydrogen., These investigations wero necessary to the problem of removing
nitrogen impurity from the high pressure hydrogen.

k=4, Also, tests were begun of various thermal insulating materi-
ales suitable for use at liquid air and liquid hydrogen temperatures.
A rough plan was outlined for removing nitrogen and carbon monoxids
impurity from the hydrogen by means of a double liquefying cycle. This
was to conasist of oene compressor and liquefier operating at high pressure
or. very pure hydrogen, whose evaporation would be used to condense the
impure hydrogen in a second low prasssure system, from which impurity could
be more easlly removed than frosm the high preesure systenm,

4=5. A nem type of thermal conductivity cell was develpped,
which was patented, in connection with the program of measuring heat con-
duction of theramal inau;ntors at liquid hydrogen and liquid air tempera-
tures,

4-6. The impact strength of several types of wood and plastic
materials at liquid hydrogen and liquid air temperatures was determined.

“'02
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SECTION 5 - TERMINATION

5-1. In lete March the lahoratory was informed that the plan
for producing deuterium by fractionsl distillation of hydrogen had been
abandoned due to the discovery that the production of deuterium in the
mnixture of nitrogen and hydrogen produced at the du Poat Ammonia Plant
was only 1 part in 12,000 in place of the normal 1 part in 6,000,
Research turned to other methods which are mentioned in the Smyth
Report (ehemical exchange method and fractional eondensation of steam),
The original six months OSRD contract was eontinued until its expiration
on May 15, but eaphasis was placed on research at liquié hydrogen tempera-
ture, and on the liquefaction of hydrogea in connection with another very

important division of the 'Uranium Project'.

5.1
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SECTION & - ORGANIZATION

61, Research Staff. - The project was directed by Professor
H. L. Johnston, who took leave of absence from University teaching
during the period Jamuary 1, 1943, to April 1, 1943, in order to
expedite the program more fully. Half time assletance was given by
Ir. George E, Mactiood, who was responsible for the charpy impact test
and for the early measurements of thermal conductivity., The rest of the
research staff consistod of Nr. Wesley M. Jones, Mr, P, G, Wilkinson
and Nr, C, B, Hood. Mr, Jones was responsible for tne calibration of
thermocouples and collaborated with Professor Johnston and Mr, Hood
in the design of a precision apparatus for measuring thermal conductivi-
ties, Mr, Wilkinson developed lmproved asthods of analyses for impuri-
ties in hydrogen - sensitive to 1 part in 10,000,000, Mr, Hood assisted
Ir. Maciood in the early thceraal conductivity measurements and assisted
Mr. Jones in the calibration of thermocouples.

6-2, Shop Staff. - The shop prograz was under the cirection of
Mr, Gustave Nuessle, as chief mechanic, kr, Jacob Myers (machinist),
¥r. Hugh ¥. Hookway (part time machinists' helper) and Mr. Ralph N,
Fobbins (general mechanic) assisted with the shopwork, which included
the construction and installation of units in the hydrogen liguefying

plant as well as the construction of research apparatus.
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FOREWORD

This portion of the history is written to record She activities of
the Ohio State University Cryogenic Laberatory on the Los Alamos program
of the Manhattan DMistrict project.

As a recerd of these activities, it is a sequel to that writtem to
resord the activities of the ladoratory on its original CBRP eontract
correlated with the Columbia Project under Professor R. C. Urey,
described in Part I of this Chapter. The record extends through the
completion of the Manhattan Distriot contrsot in April 1946.

15 July 1946
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SUMMARY -

1. Jntrodyctiopn. ~ In 1943, when the Los Alamos plant wag being
developed, the Ohio State University was contacted in connection with
prodlems affecting the design and operation of a liquid deuterium plant at
Los Alamos and in connsction with the storage anéd handling of liquid
deuterium, 4 contract for this work was signed by ths Manhattan Engineer
Dietrict and the Ohio Etate University Research Foundation in May, 1943.
This contract was contimmed until April, 1946. The Manhattan Engineer
Listrict helped prosure material and equipment for the laboratory by
asaigning priorities, ste. and by direct expediting from their office in
Washington.

2, Japearch Problems. ~ Several of the most significant problems
which presented themselves in conmnection with this program are listed
below.

a) Tevelopment of a Liquefier,

b) Diffusion of Air Through Gas Holder Sealing Fluids,

¢) Exchange of Deuterius Atoms with Scurces ef Ordinary Hydrogen.

Rate of Ortho-Para Deuterium Conversiom.
og Thaml Insulating Materials for Preserving Liguid Deuterium.
f) Joule-Thomson Ceoling in the Expansion of Compressed Gassous
Deuterium,

g) Fatent Neat of Vaporisation of Liquid Deuterium,
h) Gas Density of Deuterium at Variocus Preseures and Temperatures.
i) Production ef Deuterium Gas from Heavy ¥ater as a Soures.

J) Pactors Met in the Storage and Handling of Psuteriux Gas.
k) Thermal Properties of Gaveous Neuterium Under Pressurs,

1} Twe Cyele Liquefying System.
3. Sscurity. - The natural irritation caused by the necessity of
withholding the nature of the work from responsible university efficials
contributed to the diffigulties presented by security. Some examples of
annoying secrecy incidents are related. However, it was possible to kesp

ngﬂﬁ@



the secret 8o well that even after the official annommcement that Ohio

State University had engaged in regsarch on the Atomic Bomb few persons

on the campus identified the work with the low temperature laboratory.
4. Physics) Security. - The hasardous nature of the research

required that all personnel connested with experimemts be covered by
extra hasard insurance, Howsver, there were no accidents that resmlited

in either pereonal injury or significant property damsage,

82
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Chapter 3, Activities of Ohio State University Cryogemic Laboratory
Part 11

SECTION 1 -~ INTROMUCTIOR

1-1. Jaboratory. - The Ohio ftate Univereity Cryogenic Laboratory
was started in 1942, to foater a research program leng planned at the
University. Inetallation of the hydrogen liouefying equipment for the
Laboratory was completed early in 1943. Liquid hydrogen was made on a
practical scale on February 2, 1943, The laboratory was devoted ex-
clusivaly to the 'Uranium Project! from Novesber, 1942, until July, 1945.
Between July, 1945, and the expiration eof the Manhattan Project contract
in April, 1946, the Laboratory worked both on the Manhattan Project and
on & new jet propulsion project for the irmy Air Cerps. During the first
six months of its eperation (November, 1942, to May, 1943) the werk of the
Laboratery was directed to preblems sssociated with the large scale ligue-
faotion of kydrogen. (See Part I of this Chapter,)

1-2. Beckground of Centregt. - In comnection with the development
of the 'Los Alamos' project, directed by Dr. J. K. Oppeaheimer, Dr.
McMillan and Pr. Kennedy visited Ohio Btate University in February, 1943,
to discuss the feasibility of preparing and handling large quantities eof
liquid deuterium (heavy hydregen). The liguid deuterium was needed in
connection with the development of the 'Swper Bomb', which was 0 be a
leng range, super secrst, dsvelopment within the Los Alamos pregrem. Twe
alternatives were discussed: (1) the production ef liguid deuterium in
quantity in our Laboratory in Columbus and shipment to Los Alamos on a

SEORET &0



specially chartered fast train, and (2) the inclusion of a 1iquid deuteriuam
plant in the program at loe Alaace. The latter preposal seemed to be

the preferable one and was adopted., Subssquently, a low tesperature growp
was organised at Los Alamos and a plant set up there for liquefying
deuterium. However, this plant was est uwp on a pilot scale and the
cooperation of the Ohio State University low temperature laboratory was
asked in sonnection with problems affecting its design and operation, and
in comnection with storing and hendling liquid deuteriua,

1-3. Contragct. - A seven and one-half months contraot (W-7405 eng-93)
starting May 15, 1943, was signed by the Manhattan Ingineer  Tistriot and
the Chio 8tate University Research Foundation. This contrast - which
followed Contract No. ORMar 786 - was extended for two additional twelve
month periods, A further four months extension,to April 30, 1946, was
granted to permit completion of computations and the preparation of a
fina) repert. (Thie report, "Final Report on Contract ¥-7405 eng-93 -
'Thermal Studies'®, Wo, AM-2393, dated 1 July 1946, is in the AEC files.)
Theze contracts were awarded bscause of the special facilities previded at
the Ohic State University for carrying on research at the temperatures of
1liquid hydrogen, and becaues af the experience of personnel associated with
the Ohio State Univereity Cryogenic Laborsetory. In faoci, the Ohlo State
University Cryogenic Laboratory was one of the best equipped in the
country for work with liquid hydrogen. The gross amount of these eontracts
(May 14, 1943 to April 30, 1946) totalled $198,00C.

1-,, . - Much of the equip-

asnt required in the development and operation of the low temperature

laboratory was of a type which was partimlarly difficult to obtain during

SEOAED mer
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SYCTION 2 -~ KRFST.=CH PROGR.M

2~1., (Qeneral. - 4 wide wariety of problems presented then-
selves in connection with the production, handling, storage and
trangportation of liquid deuterlum, These arose due to the relative
scarcity of deuterium as compared with ordinary hydrogen and the fact
that it hiad never before been licuelied except as a curiosity, and that
it had never been worked with in quantities of the mugnitude that would
be required in connection with the super bomb., Several of the most
eignificant of these problems are presented below,

2-2. Development of a Licuefier. -~ Up to the time of the contract

probably no liguefier in the world had liguefied more than 50 to 75 liters
of liguicd hydrogen in a eingle operation. The pian was to develop &
liguefier that could lijuefy in excess of 100C liters of liquid deuterium
in a continuous cperation and within e reassonasble period of time., The
prineipal drawback to liquefaction in large quantity lies in the presence
of impurity in the hydrogen - notsbly sir and products formed in the
compressor. These impurities freeze out as solids st temperatures above
the liquefaction point of hydrogen {or of deuterium) and cause erratic
operation and eventually plugging of the lijuefier. The laboratory,
therefore, set as its goal either the removal of these impurities or
modifications of liquefier design such thut these could be tolerated
without seriously interrupting performance of the liquefier,

a, OUne of the earliest investigations h:d to do with
analyticul means of detecting small cuantities of impurities in hydrogen

(or in deuterium) and with determining the charucter of impurities found

2.1
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in the normal operation of & hydrogen liguefier and their sources. It

wus found thit the purest source of hydrogen {(or of deuteriur; wus
electrolysis of an alkiline solution of water (or of heavy water). By
pasping the hydrogen generited in a good cormmercial electrolyzer through

a reduced nickel catalyet at a suitable temperature ancd rate of flow a
representative hydrogen was obtained which analyzed two thousandths or
three thousandthe percent oxygen and about one thousrndth percent nitrogen,
However, it was found that the nitrogen contaminution usuclly rose to &
value between .0l percent and ,02 percent before storuge wus accomplished
in high pressure cylinders, The nitrogen contamination wie even greater
as the hydrogen was cooled slowly 20 that it remained fer a longer period
of time in the gas holder from which it was pumped into storage oylinders.
There wus little or no increase in the oxygen contarinction. The source
of this added nitrogen contamination was traced to diffusion of atmospheric
nitrogen through the oil usuually used as gas holder sealing fluid., Con-
tamination by air which might enter at the vacking glands of the compres-
sor was readily eliminated by keeping the packing glandes under high pres-
sure from an auxiliary oil pump.

b. Turing the liquefaction of hydrogen, nitrogen contumi-
nation continued to enter by diffusion throurh the gas holder sealing
fluids, added contsminution of another sort occurred at the compreseor.
This was the result of crucking of the 0il which lubricated the compressor
cycles and by interuction of the oil and its cracking products with both
the nitrogen and the hydrogen. These reictions occurred under the condi-
tione of relatively high temperatures and high preesures in the compressor

eycles, Wethane and other hydrocarbon products were identified. aAmong

2.2
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the contaminants formed in the compressor uarmonia and pyrridine-like
substances were alao identified.

¢. On the basis of these observations two methods of
dealinp with nitrogen contunination presented themselves: (1) search for
& gas holder sezling fluid more impervious than oil to the ¢iffusion of
atmospheric nitrogen, and (2) improvement in li-uefier design that wculd
either frecze cut nitrogen'in & suitshle tr.n or that would permit its
pussare through the liguefier without irnterruption of operaticn. It was
found that moet of the contamination produced in the compressor could be
removel by 8 trap immersed in a bath of liquid air. It wae also planned
tc make & rore cureful study of the reaction in the compressor cycle -
particulerly s & function of the kinetics of lubriccting oil used in the
compressor anc of operiting pressures and temperatures, However, the war
ended befcre it wue possible to carry out this phiase of the progranm,

d. In order to cirry out analyses for the principxl i=-
provement listed above - namely nitrogen and oxygen - new analytical
procedurss were developed for minute truces of these substances ss con-
taminstion in hydrogen gas. The analytical sensitivity for these two
contaminents aprroximated one part of these ccntiminents in ten million
parts of hydrogen. This sensitivity is 100 to 1000 fold greater than that
obtisined by methods previcusly recorded.

e. It was found thst the liquefier with which the labora-
tory storted - which was the egual of sany then in existence - would not
accommodate much more than about ,02 of 17 nitrogen contamination without
pluzging after three or four hours of oreration. Ry msking certsain

improvements in the design it wis possible to sttain the goal of liquefying
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pore than 1000 liters of liquid hydrogen in 2 continuous operution even
with hy¢rogen that eont.dne< much more than .CZ2 percent of nitrogen se
impurity. In the finzl test run or this licuefier development success
was attained ir liruefying 1000 liters of liquid hydrogen in 41 hours
elapsed time, This corresponds to almost full capuclity of the liguefier
(25 1iters per hour) at unhindered operation through the full period of
the run, It wus even possible to continue liquefuztion esuccessfully while
nitrogen imrurity wis added at z relatively high r:te to the intake of the
compreasor,

2-3. Diffusion of iir rh Gus Holder . -
Ffforts were mide to find gzs holder sesling fluids that would be
superior to oil. In this investigution severul liquids were examined
with respect to diffusion rates of doth oxygen und nitrogen gas through
the licuefiers and with reapect to eolubilities of these guses., Ninety
percent glycerine proved to bte much superlor tc oll elnce the diffusion
rate of nitrogen through glycerine wee cnly wbout 17 of thzt through oil,
However, glycerine has the disadvantige of belng hydroscopic in character
and 30 absorbs moisture te raduce its concentration. 1In the more dilute
glycerine the diffusicn rste of nitropger increised reridly. There are
sleo the disudvaintepes that witer wapor is thus intrcduced intc the dry
hydrogen and that undesired crucking products are foraed in the compressor
cycles, Tricresyl phosphite w.s found to be almoet as good as glycerine
ir reducing the r:te of nitrogen diffusion without rossessing the dis-
advantages mentioned for glycerine, .ilthough tricresyl phosphate 18 &
relatively exrensive 1iquid and so would be cordinairily insdvisable for gas

holder uses, its use represents an econozy In huncling the relatively

i, = R
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costly deuteriurm, since the deuterium in u eingle super bemb night
rerresent o« murket vuelue of more th:n One ¥illion Tollurs,

4, It wus found to be & univers.l rule that nitrogen
diffuses more re.dily thsn oxygen through the several liquics thut were
tested as sculing flulds, The only contandnation thut should be present
in troublesore cuantitiee in : hydrogen liguefier is, therefore, nitrogen -

providesd the riping and cempressor packing are tight.

2= Exchinre of Deuter

It ia important, for success of the super bomb, that the deuterium

(heuvy hrdregen) be free of appreciuble amounts of ordinary hydrogen. If
ordin:rr hydrogen enters the deuterium as a contaminunt it 1s extremely
difficult to remove gince this represents an isotopic sepzration. The
sources of possible hydrogen ecntuminution ire represented bty the gus
holder se:ling fluldes and by contuminunte which muy enter through the
ccmpressor cycles, The rete vas mersured zt which the crdin_ry hydrogen
atems in tricresyl phosph.te m.y exch :nce with the he.vy hydrogen atoms
with the deuteriuvm gas. Fesults indicited that this exchunge rate is slow
and that deuterium miy be kent in contaet with tricreeyl rhoephute for
seversl days with no more then a few tenthe of 17 contamirztion. It was
fourd that this exchungs rate w.s much slower than thit between the ordi-
nary Lydrogen of witer end the atoms of deuteriur pus. The amount of
orcinary hydrogen contaminatior that mipht enter in the compressor cycles
is relutively em:ll. This contumin:ztion msv enter either by exchunge with
the 0il on the cylinder walls or with its decomposition products cr by
ussocistion with suter which may reich the cylinder through leuky guskets.
The intention wues to m:ke a study of the amount of hydrogen contamination

thut might enter through either cne of these sources in the course of
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sustsined compressor operation, Horever, tersination of the war inter-

rupted this program.

2-5. Rate of Ortho-Para Deuterium Conversion. - Deuterium, like

hydrogen, exists in two modifications known as ortho and para forms. In
both liguicd hydrogen and liquid deuterium one of these forms converts
into the other upon standing. This conversion is accompanied by the
svolution of a considerable amount of heat which, therefore, causes evapor-
ation of the liguid., Thals resulta in evaporation loss comparable to that
lost by heat leak through ineffective insulating materials., It was found
thst with pure liquid deuterium the normil rate of this change is so slow
as to be insignificant in the absence of solicd catalysts. The influence
of various metols and metsl oxides which might be present in contalners
used for storage of liquid deuterium or in components of the super bomb
wap tested, In this manner information wus obtained regarding the pre-
servation of liquid deuterium,
a. The changes between ortho and para forms of hydrogen

or of deuterium may also ocour in the gas phase when the gas is passed
over astals which are catalytic. Measurement was made of the rate at
which this change occurs in ordinary hydrogen that is passed at high
pressure through oharcoal cooled to the temperature of liquid air, This
measurement wis made decause the process of passing the high pressure gas
through chercoal at liquid alr terperatures is one of the methods of re-
moving nitrogen contamination from the gas. It was planned to make a
simller investigation with deuterium gag but these plane were inter-
rupted by the termination of the war,

2-6. Thermal Insulat Materi for Fres Liguid Deuterium.

2,¢
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Liguid deuterium used in the super bonb will generally have to be stored
for a perlod of severzl hours before usage, mey have to be shipped over
sous and may even be stored in the bomb iteelf for some hours while the
borb is being cuarrled to ita destinitlion, Reduction of evuporation loss
of highly volatile liquid deuterium was, therefore, irportsnt in con-
nection with the super bomb progrum, For that reaeon considerable time
wag given in the reseurch program to the subject of hest leik through
therm:l i1nsulating m:teriils., A new and superlor iype of cell ais develop-
ed for comparing the insulzting vulue of different miterials it tempera-
tures of liguid alr und liquid hydrogen. This represented = continuation
of a program started under the original OSHD contract (OENsr - 786).

With this cell a considerabls amount of data was obtained on the per~
formance of several insulating materials both in vacuum and with vairious
pressures of alr added to the insulator, Txcellent results were obtzined
which make it pcssible to predict not only the relutive nmerits of theae
insulsting miterlils at these extreme temperatures hut also to predict the
relative heat loss with vaurious amounts of «ir in the insul.tors,

2-7. Joule-Thomson Coo the I on of Compress ga

reuteriun. - The principle ordinarily used in the lignefaction eof hydrogen
depends upon the effect (first observed by Joule and Themssn) that gases
change temperature when sllowed to expand freely from 4 reglon of high to
3 reglon of los pressure, The sign of this temperature change und its
mignltude depend upon beth the pressure and the temrer:zture from which
expunsion tzkes pluce, To desigh properly o liquefier for either hydrogen
or deuterium it is necessury to know the exact vilues of these temperu-

ture chunges, u8 u funcbtion of both the tecpersture and pressure.

SEOREF &p
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4. Elsborate appiratue is reguired to obtain reliable
results in this type of investigation. 4 relatively simple apparatus was
designed which proved to give results of high relisbility. In order
toc save the precious deuterium while the appuratus wuas being perfected
Joule-Thomaon effects for ordinury hydrogen were first measured., Theae
duta were themselves valuable since no similar data exist for hydrogen.
nfter the preliminary work with hydrogen,Joule-Thomson effects for deuterium
ware measured at the desired range of temperature and pressure. In
comparison with the determination of the latent heat of vaporization of
liquid deuterium (ef. sey.) these dats permit computation of the expected
performance of deuterium liquefaction as a function of the preasure and
temperature at which it is operated,

2-8. latent Heat of Vuporization of liquid Peuterium. - A

calorimeter was constructed similar to that improved several years ago
by Glaugue and Johnaton, which made accurate deteramination of the heat of
vaporization of oxygen and of nitric oxide. With this apparatus a highly
accurate value was determined for the heat of vaporisation of deuterium in
conjunction with the Joule-Thomson data (eee infra). This made it possible
to calculate the sxpected performance of a deuterium liquefier.
2-9, GCap l'engit 4] t ¥ Pressyres apd Tesmperatu

The measurements of gas density as a function of temperature and pressure
provided a substitute to Joule-Thomson measurements for computing the
expected performance of liquefiers. These measurements aleo provided
data needed for the design of heat interchangers in the liquefier.

4., An apparatue for these measurements was designed and

constructed. It was first used with ordinary hydrogen in order to prove

VSIS
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its operation and then the wanted data on deuterium were obtained.
Results with both ordinary hydrogen and with deuterium were highly
satisfactory.

2-10, Production Deut om Heavy % a Sourge, -
The number of means of libersting the desuterium from heavy water were in-
vestigated. Among these were included the passage of hot vapor over heated
metal turnings. It waes found that this method iz a good one when only
emall quantities of deuterium gas are wanted, but that the reaction between
the hot vapor and the metal becomes extremely slow as soon as a thin
coating of oxide covers the metal surface. ZExperiments were continued
with various types of slectrolytic celle. Best results were obtained
with a cell constructed on the pattern of the commercial Shriver filter
type cell. FWith thie type of cell rapid production of deuterium with
relative high currents through the cells was obtained. There was no
source of contamination and almost no loss of deuterium in this operation.

2-11, tor: t the Stora Aan Deuter Gag. -
Experience was gained in methods of handling relatively largs quantities
of deuterium under preseure. With ordinary hydrogen it is economical to
tolerate some loss of the gas through valve packings, compressor paekings,
etc, Because of the relatively greater cost of deuterium it is important
to avoiéd these losses which are tolerated in the handling of ordinary
gases, The axperience with both valves and threaded connections indicated
that only packless valves of the diaphragn type ehould be used, and that
eilver soldered joints should be substituted for tap'red‘hroadod con-
nections on the high preesure eide of the system, Streamiined copper

pipe with sweated jcinte should be used on the low pressures side of the

HOT me
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syaten, ]t was found that equilibrium in the ortho-para conversion is
attained within a few hours when ordinary hydrogen is stored in ordinary
steel cylinders at a pressure of several hundred pounds per square inech.
The war was terminated before it was possible to carry out a similar test
with deuterium,
2-12, Thermal Propertles of Gagpeous Deuterium under Pregsure. -

Heat capacities, with contents ancd sntroples of high pressure deuterium

were computed from the Joule-Thomson measuremsnts and the gas densities,
These data contributed to the design of an efficlent liquefier.

2-13. Two Cycle Liquefying System. - Some plans were formulated for
a liquefying system that would utilize deuterium at relatively low pres-
sure {500 p.s.i.). The advantage of this cycle is two fold: (a) It
would reduce loss of deuterium by leaks which might develop at valves on
compressor packing or at fittinge and (b) it would reduce the likelihood
of plugging in operation of the liquefier. The plan was to use a fixed
supply of very pure hydrogen in a high preasure liquefier to obtain the
cooling effect necessary to liquefy the deuterium. The cold deuteriunm,
compresssd to 500 pounds by a second compressor, would form liguid without
necessity of carrying it through a Joule-Thomson expansion. The
hydrogen which liquefied in the high pressure cycle is re-evaporated in the
process of cooling the deuterium and returns to the compressor for re-
cycling,

a. Plans for developing this two cycle deuterium liguefier

were discontinued upon teramlnation of ths war,
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SECTION 3 - SFCURITY

3-1. General. ~ The laboratory was especially handicapped in the
sarly weeks of the 'Uranium Project' work by the fact that the personnel
were gsetting up apparatus and contimuing their research in a building
which was only partially congtructed and which had not been turned over
to the University by the contractor. They were further handicapped by
the fact that they were not permitted to divulge either the characterar the
objectives of the research program to their superiors in the univereity,
nor to the administration officials of the Chic Ltate University Research
Foundation with which the contract was drawn up, This frequently led to
delays - particularly when it was necessary to call on the university
Bervice Tepartment for service oalls to the building - and sometimes led
to irritating and embarrassing situctions., Another impecdiment in the
enforcement of eecurity regulations arose from the fact thet the guards who
woere put on duty at the Far Research Building to safeguard the work were
smployed by the University Service l'epartment and were responsible, for
their instructions, to that Service Department, although the director of
the project, Professor H, L, Johnaton, was personally responsible for the
snforcement of security regulations.

3-2, Specific Security Problems, - A few illustrations of awkward

situations which arose out of the above handicaps are the following:

a, TDuring the early weeks of the original work on an OSHl
contract (OFKsr ~ 78¢) the Laboratory was not equipped with
doors and it was necessary to admit workmen to complete

work on the sub-contracts of the building., Instructions

of the Security Officer for this area were followed, to admit
workmen only at times when their presence would jeopardisze
neither security nor the progress of the research. On one

SEORBT o
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occasion a curicus workmsn, who had no duty in the Labora-
tory space, sauntered © lock over the research activities
and refusecd to heed w ng signs or admonitions to 'Stay
Out', Although the workman was finally reprimanded for hie
conduct, question wes ralsed by the University Architect's
Office regarding the authority to deny access of any employes
of the contractor's,

b, VWhen one of the bullding gusrds was reportec for
careless talk in a public restaurant and his dismissal was
recotmended by the Arez Security Officer following an in-
vestigation he was retained by the University Service Lepart-
ment and was & source of irritation by his presence through-
out the duration of the contract.

¢. A small fire broke out in the Laboratory in Lecember,
1944, The fire was quickly sxtinguished by the laboratory
staff, However, a mistake was made by one of the men who

was newly employed in putting in a call to the city fire
departaent. ¥Yhen the firemen arrived they insisted on

c into the Laboratory slthough the small fire (no more
than $5,00 damage} was already out. The guard aduitted a
large and curious crowd into the building and up to the door
of the Laboratory and also admitted the firemen to all of the
Lahoratory space in viclation of the instructions of the
director, On leaving the Laboratory the firemen refused to
sign the visitora' register., A university official who had
no direct auvthority over the laboratery supported the firemen
and the guard in this. In distorted form and in humorous
vein the account of this fire was published in a Columsbus
paper and eventually attained a paragraph in the Saturday
Bvening Post in an article dealing with Manhattan 'istrict

Cecurity.

3-3., Sscrecy. - In spite of these handicaps the character of the
progrnﬁ on which the laboratory was engaged was succesefully kept secret
and not even the University cfficials tc whor the personnel were responsible
in the administration of the contract and in the use of university space
and equipment were aware of the character or of the objectives of the
research, cr of the existence of an Atomic Bomb program, until the officisl
announcesents were made after Hiroshiza,

3-4, Fhysical Security. - The work was hazardous both becsuse of

3.2
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the high pressures {up to 35C0 p.s.i,) and of the explosive charscter of
hydrogen, when contaminated with air. It was especially so because of

the fact that in some of the investigations the laboratory was under the
necessity of 'pushing' the apparatus beyond the limitstions of performance
which were customary in laboratory experimentation, All of the investi-
gators were covered by extra hazard insurance. The personnel wsre
constantly on the alert to guard against personzl hazards that were not
necessary to the prograx. In a period of almost thres years they liquefied
and worked with more than 12,000 liters of liquid hydrogen and with the
equivalent of more than 2,000 cylinders of high pressure hydrogen.

£0,000 liters of ligquid air were alsc prepared in the laboratory at
operating pressures of 3500 p.s.i, 1In the entire period of the investi-
gation no accident was experienced with liquid hydrogen or liquid air

or with high pressure gases, No injury more severe than an injured finger
was experienced by anyone engaged on the project. Two or three amall
fires occurred, However, these were of very minor oharacter - such as

may occur in amy laboratory - and property damage by fire never exceeded
the $5,00 damage referred to in the section above., There was no sub-
stantial material damage to any apparatus or equipment used in the program,
Probably the moat expensive single items which were lost through accident

were large glass tharmos bottles valued at about £50.00 each, which were

lost through breakage,
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SFCTIM 4 - ORG'NIZATION

L4=1, Research Staff, - Professor K, L. Johnston directed the
project throughout its duration. The organization of the research staff,
with the approximate periods of service, ars szhown in App. A, Grilly
assisted in setting up apraratus for work st high pressures, Hood¢ carried
out thermal eonductivity measurements with the newx cell. Wirth, Touglas
an¢ Plumlee developed techniques for measuring the catalytic conversion of
hydrogen and of liquid deuterium, Bezman was responsible for the high
pressure PVT measurements on hydrogen, Rubin, Corak and Rifkin later
carried these out for deuteriur, Wallace and Satterthwaite measured the
heat of vaporization of liquid deuterium, although the ecomputaticn of
their data was subsequently carried out by Rubin and Rifkin, Fwanson was
responsible for the preparation of pure deuterium, pure heavy water, and
for carrying out the experimental! work on the ortho-para conversion of
liquid deuterium, HYaag was responsible for the measurements of diffusion
rates of 0, and N, through gasholder sealing fluids, and for the solubili-
ty determinationes, Brooks and Greifer were responsible for the charpy
impact tests at liquid air and liquid hydrogen temperatures.

a, Hocd, Touglas, Bezman, Mirth and Johnston operated on
shifts in developing the hydrogen liquefier to the point that continuous
runs leading to 100C liter production were accomplished,

b, Professor Johnston designed the Joule-Thomson apparatua;
Hood, Bezman, Yirth, ¥allace, Satterthwaite, Haag and Greifer carried
out the Joule-Thomson determiéation on hydrogen and on deuteriun,

¢. Bezman, ®irth, Breifer, Raag and Swanson were

SEORE g
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responsible for the investigations on removal of impurities by charcoal
at liquid alr temperature, and the ortho-para conversion rate.

L-2, Shop Staff., - The shop staff - responsible for the construc-
tion and repair of apparatus - consisted of Mr, L.F, Cox, shop foreman,
¥r, Jacob lyers and Oustave Nuessle (muchinists). Mr., Ralph i. Kobbins,
Mr. Cwynne Tright and Mr, Vim. V, Johnston (part time) maintsined the
heary equipment and made liquid air snd liquiA nitrogen for the project.
One draftsman was lncluded in the organization throughout the period of
the project, This position wis held by Hiss Joy Phalor, Mise Rosells
Horine and Mr, Msurice Lautenslager, in turn, Hies Fileen Tavie served
&s a somputer fror Septamber 1945, to April 1946.

#. One full time secretary assisted Professor Johneton in
the administration cf the project, preparction of rejquisitions, submission
of reporte, etc, This pesitlon wus held successively by dlss Phyllis
Greenvood, Kims Yona Lou Frunken and Yise Uargarotte Coffee. MNias Clga

Sobxiewicg (part time, served as accountant in keening records of

expendituraes,

L.2
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