
UNCLASSIFIED 

Microfilm Price $ __ 3 ___ . ..:::t.ri> __ _ 

Avai I able from the 

Office of Technical Services 

Department of Commerce 

Washington 25, D. C . 

UNCLASSI FlED 

AECD-4049 

.. I --
UNITED STATES ATOMIC ENERGY COMMISSION 

THE PRODUCTION OF URANIUM METAL BY 
METAL HYDRIDES INCORPORATED 

BY 

P. P . Alexander 

1943 

Date Declassified: January 12, 1956 

Metal Hydrides, Inc. 

Technical Information Service, Oak Ridge, Tennessee 

l 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



I 
I 
I 

J .. ---. ·- ----
'c::L. 

r- ! "' 

I } 

I I 
RUNNING HEAD · r , -1 L 

./ 
tt" "''ovnuoo "'"'" • ••• •• :···- ..J. -, \ 

'' ·1 1}le PR<DUCTION OF URANIUM MEr~!L BY METAL HYD~IDES INCORPORATED 

BY ,· 

- ·-·• ~opsia 

• ___ Sl~~ -i 

. ' 

HEADLI 
CARRY~ ---, 

__ tal Izy"dridea Incorporated was a pioneer in the produc­

tion of u.r&ni\l1!1 metal on a conmeroial scale and supplied it 

tO .~11 'th.e laboratories interested in t}w) original research. 

:) i .befor.C!J o~'her ~thods fer its productj.on were developed• .. 
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respect to the accuracy, completeness, or usefulness of the in­
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PROOUCTIOll OF URANIUM BY METAL HYDRIDES II~ORPORATF.D 

by 

P. P. Alexarder 

I. Original Work 

I 
t 

Metal Hydrides Inoorpcrated. a subsidiaey of" Ventures 
. 

Limited. was a pioneer in the work on the production of uran-

ium on a col'!IJ'OIJrcial scale. This pure metal and its alloys were 

produeed tor use in various scientific laboratories and by a 

htw oo~Dl!ieroial companies. 

Uranium metal 11as produced by Ule reduction ,of black 

oxide with oaloium eydride (1) Various S0'.1POei!J of black oxide 

were inYestigated inolud ing oxide from Canada. the Belgian 

Congo. and domestic oxides produced from Colorado ore purchased 

tJoom the Union Carbide & Carbon Research lAboratories Inc. 

The pure mtal was at first produced in the farm or pOM!er 

(Plate I) which was fused into small ingot£ (Plate II) in labor-

ator,y vacuum furnaces. The powder was fused at a temperature 

a• low as ll00°C am even somewhat lower.• At ti'lis stage Ot 

· development tbe l.U'anium mAtal -.s pPOduoed in ane poUDd iota. 

!he production or oOliiJ!8roially pure matal began on a 

larger acale when Columbia UniverSity started re_seareh ~k 

in the use ~ this mtal. am placed their ftrat crder tor 

sintered ure.nmm in the term ot discs. These were produced 

with~t ditt1oulty am supplied to the University tor Dr. 

Fermi•a and Dr. Sailard's work. lAter 'the ccil4itiona ot the 

experiments wore changed· and larger amcwxta were needed. 

Columbia University therefore placed orders for uranium metal 

in the form ot powder which was used to till hollow discs and 

spheres. At :that tlne it •s not known what impurities in 'the 
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metal will be detrimeatal and the uetal was ordered without 
. . 

ury specitlcations of analysis, except that tle amount ot 

occluded hydrogen should be as low as possible. This condition 

was easily met by degassing the porrdered metal at high te:q>er-

ature in vacuum. 

The scale of produo t;ion was inCreased. At thltt stage 

uranium 11as prodooed in lots of twenty pounds in the term ot 

fine powder. 

In .1941 it beOCUllt evident trat still larger quantities 

ot this metal. ltOuld be needed, and a contract -.s pl.aoed 1:U 

the Bureau of Standards for very muoh 1ar ger quanti ties of 

c0111lD8rcia lq pure metal in pcmder torm. 

II. Production ot Meto.l tram Canadian Blaok Oxide 

'( . .......____.. 

fhe w_ork 11as star-ted on the produotion of th:ls initial 

order tor the Bureau of Standards and some five humred pounds 

of metal vm.s produced by using the canadian black oxide pur-

obased 1:U the Bureau of Standards f'rom the Eldorado Gold Mines 

Limited of Canada. 

In the ueantimD the scientists toUDd "that in addition to 

}Vdrogen, another impurity, boron, was extremely' detrbente.l 

and tba.:t its presenne in the metal would prevent them hom 

obtain~ the desired results. It was also ·found that the 

domesti_o calcium produced by the Union Carbide & Carbon Carper--

It •a further atlon contained appreciable amoun:ts. r::£ bczoon. 

fo~ that boron was also present in minute quen~ties in the'\ 

Canadian black arlde. It was decided that before going aey" ., _ 

fUrther with the production of pure uranium metal, it would 
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be m~asar;y first, to obtain caloi wn free from boron, and 

then to mke aJTangementa tar the purification or the Canad-ian. 

black oxide • 

The test made by Mr. Rodden ot the Bureau ot Standards 

deMonstrated that by distilling commercial calcium in Tacuum 

it was possible to elim.inate practicalq all the boron and so 

obtain calcium which wruld be entirely satistactcry tor use 

as a reducing raagent in the production ot _pure uranium. llith 

the help of the Bureau ot Standards the distillAtion plant 

•• set up at the plant of Metal Izyd.rideo Inc. for the production 

ot di•tilled calcium mtal on a COliiiiiBl"oial scale. At t1zoat 

tilis operation presented ccnsiderable diff'lcultiea since the 

remoftl ot pure .distilled calcium crystals tram the retort orten 

resulted in fires. 

•tal ltrdrides Inc. howeVer .toum that distilled oalcium 

could be oonwrted into cal aium hydride in the same operation. 

This elimim ted additional expense am considerable da~er in 

handliD.g fresh~ distilled calcium. The production ot distilled 

calcium hydride was started at first on a reduced saale ~hioh 
• 

•• gradual :ty increased to several hundred pounds per da.y. The 

first sall lot or purified black oxide trom ~nad.a •s reduced 

with pure distilled oaloimn hydride and the produced mtal sent __ -

\ to tile Bureau t1 Standards far analysis. it was reported by ~t 
' · .r. Bodden til at the boron content was leas than <me halt part \ 

per million am the rare earths were entireq absent, which 

indicated that by these means it wruld be po.aible to produce 

T 
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·uranium metal of sa tis tact cry purl ty fran Canadian black oxide 

and distilled oaloium. 

III. Be~inning ot the ~k tor o.s.R.D. 

In 'the meantim the scientists f'aun that still larger 

quantities of' ma.terjal would be needed fer their experinents. 

A oontraot was negotiated, theref'oro, w1 th the O.t'f'ice ot Scien­

tific Research and Developnent. It \78.8 agreed the.t in view ot 

the unusual m ture of' 1:hi s ua ter ial, no ana lysis wool d be 

apeoltied. In tact, at that stage of the work the scientists 

themselves did not know what puri'tqr of retal will be necessaty 

in order to achieve the desired results. 

The first contract with the o.s.R.D. expiring on J~ 30, 

19t2, was rene'lted to November 1, 1942. From th.o.t date on the 

production of uranium by Meta.l Hydrides Ino. was m direct 

cantract with the thnhattan District of the U. s. Engineers. 

At that stage the production of' uranium metal by Metal It'd rides 

Inc. was increased to two hundred am fifey' pounds per cloy • t. • 

~-... -~ ~ i IV. Casting and Sintering at Jletal 

~--. 
.....__, !be original work of Metal ~rides Ino. demonstra-ted 

J 

I , 

I 
' I 

' as e~ as 1935 tm t uranium pOII'der oould be e lted very sue-· 

oesstully in vacuum at tile oomparatinly low temperature or 

lloooc. (2) The mltilig was carried on in enall labo:ratcry 

------~ -·- \ 1\lrnaoes and sa necessarily limited to the production ot anly , L , 

; \ 
very. ·small ingot a~ However, an investigation wae stcu-ted to . l,-

I 

tind a more rapid method of' melting, am uranium in po1Rler torm' 1 .-J 
was sent to several laboratorial equipped wi1h hil!'P trequen:c;y --
ftouum furnaces. 

The t1rst reaul ts at the Bureau ot standards and in tm 
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General Electric Research lAboratory in Schenectady were negative. 

and opinions on the pro.oticability of using "the high frequency. 

D~tthod were di-vided. Metal ~rides Inc • .url;ed to continua 

the investigation and find some laboratory .where the melting 

of uranium powder in a hif!'il f'requanoy f'urnaoe could be tried 

out againJ 'Whereas other interested parties held the opinion 

that 'the tuaion should be nade in the resistance heater type 

furnaces. 

In the meantime samples of powdered uranium metal were 
' 

tnbmitted by Ketal ~rides Inc. to tile i:faseachusetta l!Uiti'blte 

ot Technology am arrangements wez:e nade at "the Departl!Dnt of 

Jletallurgy for Dr. J. Chipnan· to fuse this mtal in a high fre-

quency- n.ouum furnace. Dr. Chipman succeeded in tusing th~ sample 

ot metal into a well-fOl"J!Dd disc ot 1" diamter. ~ using a special 

technic. namely by placing the powdered metal in an alundum cru• 

·cible which was aurrcunded by a graphite shield. (Plate III) 

High trequenoy currents were generated in the graphite shield 

'lhi?h 'D.S quickly brou.ght up to a -very high tanperatuzoe. The 

mterial in the crucible was therefore heated and mlted, not 

'by the high tzoequency currents generated within ita nasa. but 

by radiation trom the incondeaoent gnphite shield. The pre-

' 
vioua failures by the Bureau of standards were duo to the fact 

·e 

\ ~/ 

/ 
/ 

tbe.t attempts were uade to i'uao pelrd~red metal in crucibles //// 

without the p-aphite shield. In th:lsoaae. thD beat was genera• / 
~ ~ 

ted only in isola ted po.rti cles ot tho m&tal. ·rt -took too lo~ \ · 

to bring the powdered mas to a temperature Sltf1cientlf high 

tor tusi on. and in ap i te ot -vacuum "the mas a was part)¥ orldiled 

by the· remaining traces ot air. before the desired tempera we 

"''/. 
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Arrange~D~mts were mde immediately between Metal ~drides Inc. 

ani the llassachusetts Institute ot Technology. Metal ~rides_ 

Inc. furnished a mare efficient and larger capaci-cy vacuum 

PUIIIP and :uade a subcontract w1 th the Yaet~aohusetts Institute 

of Technology providing the neoessary .f'UDis to proceed with this 

work wi thwt delay. 

In "the IM&ntime mtal tor the initial experimrmta in Chicago 

waa needed so urgentzy that it was decided temporariq to uae 

another expedient of consolidating powdored metal into small solid 

billets. The sintering of the pcmder which 11as sllccesstullj' carried 

on 1v Metal Jtydrides Inc. in the production of the first solid discs 

tor Columbia trniversi ty was res~d. Arrangen:ents were :rm.de with 

. the llaasachusetts Inst1 tute of Technology 1x> get a larger eydraulic 

press tor pressing the paNdered metal at 70 tone per square inch 

pressure into 1" cubes. (Pla!e IV) Facilities wore provided by 

tho Mlsa.ohuaetta Institute of Technology and the work was started. 

The uranium powder produced 'tv Jletal ltVdridos Inc •. in Beverly 

was transpcrted by special truck to tho Uassa'chusetta Insti ~te ot 

Technology and pressed into cubes which were tranaportfJd back to. 

tletal B)'dri.des Inc. in Beverly llhere they were sintered into solid 

. blocks • The densi-cy specified by the Chicago group was not less 

than 16, and thl'J first aeries of' pressed cubes atte:r aintering 

were at even higher density, in some cases reaching 17.· These 
... 

. ::g~~:::::::~~~ ::~:::::::-:::~;. .·/ 
\ ;> 

Teobnology was cr pni~ed on a v~y much larger scale. Facilities \/ 

were provided to press up to several hundred pounJa o~· cubes per 

dq which' on: 1he following day were transported back to Beverq 

. ~ttt9-~ 

• 
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and sintered into solid blocks. 

At that time. however, Liotal ~rides Inc. was requested 

to change the raw mtezo:.fala uaed 1n the production c1 p01rdezoed 

Ul'"anium. and instead of' black oxide, to use exclusively brown 

dioxide. 

9 

The change of' nw zterials created i.IImsdiate:cy- new problems. 

1'be brown dioxide produced by 1111Unokrod.t C~ 1:tf purification 

ani partial reduction of the black oxide • is a pyrophoric ater 1&1 

which will burn in air it overheated, and for 'this reason it cannot 

be grouDi in a ball nUl to e. powder of uniform .tineneu. HoweTer • 

since the puriv of 'tho brown dioxide is greateJ: 'than that of' the 

ool!lllercia.l black oxide. it was decided to use it in all f\rther 

The physical structure of the oxides is quite difterent. 

!he bla.ok oxide consists of vary tine solid particles. It can be 

&!'OUD1 in e. ball nill 11' nooeooo.ry to further reduce it to aey 

fineness. if' so desired.. TOO brown dioxide, on the oontzoary, 

is a mixture ot oxtremly tmo pa.rtiolea mixed together with 'ftJr'Y 

much larger particles which are not solid throughout but are 1n 

the llhape of' very small hollow spheres am tine pieoes of lace-like 

filigree structures. This adnixture at large pa.rticiles to tiDI 

particles baa a very definite effect on .t\lr'ther operation& and on 

the resul ta obtai ned. During the reduction of this brorm dioxide 

with calcium hydride the peysioal structure ani tile shape ot tba 

particles is not changed. The reduced powdered 'matal consists ot 

particles of 'the sama she.pe as in the oxide. that is, it consists; 

ot pazotioles and an appreciable percentage of' the above mentioned 

Jdcroacopio spheres and ti ligree-lUa tlakB 1 ( PlA tea V • Vl. VII, VIII) 



I • 

The resulting m:~tal therefore is far more dange~ous to handle th8.n 

that produced fran oxide consisting of particles of uniform size. 

Tbs apparent densi-cy of the metallic powder produced fiom · 

the bro1t'I1 dioxide is less ihan that produced hom the black 

oxide. Furthermore. the pressing of 1he po:rder containing micro­

scopic spheres was not satis f'act<ry. The pressed compacts had a 

very much lower density • o.f'ten as low as 13. The production of 

sintered blocks was a temperary expedient and allowed o~ scion-

ti sts to proceed wi 1h their work wi'thout waiting until the oaat­

i~ method was perfected (S). The pressing of the .. compacts 11as 

discontinued as soon as Professor Chipman succeeded 1n brmgiq,l; 

·his method of f\lsion nnd pouring and casting in vacuum to the 

desired degree of perfection • 

. : The total amrunt of pressed am silltered cubes produced 

during this transition period was 3.868 poums. This netal 

was shipped to Chicago Metallurgical lAboratory. 

V. RedtiOtiCil of Brown Dioxide 

I 

I 
I. 
t 
I 
'. 

I 
I 

.. .! 

The reduotion to metal of the brown dioxide by the calcium 

1\fdride process has certain advantages. It o<ntains lees o~gen 

and• therefore. involves a somewhat smller amruut of calcium 
•. 

hirdridel The difference is not very great and does not affeot 

Daterial~ the cost of reduction. The important advantnge. how· 

ever. 1~ the fae'b. 'that tile reaction •s prooeeding much more quiet~ 

withoot a sudden evolution of heat as in the case ot the black 

oxide. /'"~-
The disadvanta- or using the brown dioxide is that the I 

resulting pcmder is :~ unit'Ol"m. It consists of a nd.xture ot . 

minute particles or le~a than one micron in diameter, a series>) 

'" ot solid particles ot larger dimensions and very large particles\,'\ 
~ 

e 
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in tJle torm ot hollow spheres. 

The leaohing ot suoh mterial was complex problem since 

the ccmditiana had to be regplated to leach quick~ am without 

exoeaBive oxidation the particles ot micron. alze whioh required 

only a short time. The larger puticlea. sU!"rcnnded by larger 

&m.<llnts ot calcium oxide,.. ~red a long_. leach!~ time. Fimlly 

the hollow spheres cruld not be leaohed etteotiTely at all 1n a 

short tlm w1 th dilute acids since the calcium oxide held inside 

ot 'the hollow aphere was more or leas protected f.ttan the aotiCil 
... 

ot the acid am was not removed f'rom it but mereq tranatormed 

into calcium ~roxide which completely tilled 'the hollow apherea. 
~ . . 

!beae l .. arge particles containing entrapped caloium }Vdroxide 

could not be dried thoroughq ·and retained ·the moisture tor senral 

dqs. During thia pericx! the entrapped calcium eydroxide •a react­

ing wi1h the metal with the generation ot heat. Thia would inn.riably 

' produce OYerheating ot the powder and the ipition at same. 

The leaohing operation was regulated to be suitable tor ~ 

bulk ot the 1!1\terial. 'that is. the medium abe solid particlea. 

b wry fiDe ·particles ot oourse were partly oxidized since 'the 

time •• too lcmg. llld they had to be separated by decantation. 

s inoe the partly .oxidized particles are atrol!B q pyrophori~ am Cl1 

aeveral ocoaeiona ignited the whole charge. ·The very laP ge particles 

oonaiating. ot either hollow sphere• or tiligree-like atruotures la4 

to be separated by aoreening 'the wet powder. The percentage ot this 

• 

mterial wae on m awrap about 411 at the total weight ot the ,..tal, /) 

' < ' It could not be mlted am was too dangeroua to be left standing 1n ) ~ ' 

air and 1beretore had to be burned to black oxide and sent tor _re-/'/ / 

treatment. 1'he mceaaity ot the separation ot the vt~ry find }8rti~ 7 / 

olea aa well as very large ones was reducing oonsiderably 'the etti-"·· ·.. . 

oienay ot tile process. ~ cf / Cf -1 fJ 
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In ccmslusion it may be stated 'that tm purified brown 

dioxide hom a certain point of view was :rore sui table for reduo-

tion by calcium hydride than the black oxide, yet ita use involved 

far greater danger 1n landling and due to. the neoesl!li -tor of disoard­

in.g very fine netal and coarse plrtioles, was reducing the etticieney 

ver.y oonaiderab~. 

VI. Diatillation of Calcium 

I 
I 

I 

I 

I 
I 
I 

I 
I 

Calcium h~ride produced from distilled calcium was used 

exclusive]¥ tor the reduction of the brc~m dioxide since tle crude 

calcium or recast calcium still ccntaimd boron in amounts far 

abave acceptable limits. Tm distillation ot calcium and the 

production of pure h)'dride was carried out as tollowa. 

Crul!e calcium metal to the amwnt of an average 60 lba. was 

placed in the bottom ot an iron cylinder as lhown on Plate IX. !he 

ayliDder waa then placed in the n_ichrome retort. Tm lower part 

of this retort was placed in an oil-tired turmce and heated to a 

temperature above the melting point or calcium. The retort was 

provided With a tit'Jlt cover firmly held with bolts and OOlll'lSoted 

with the W.OUUJI avatem. The. calcium waa distilled .in vacuum and 

•a oorulenaing ·in tm term et a ring in the upper part ot tm 

iron oylillder. Atter the completion of the distillation which 
I 

required about· five minutes per pound ot calcium, aid while the· 
' , \ -
Dllterial was still at a temperature ot about 400-6000C, a mixture 

ot h~rogen am helium waa admitted to the 'retort. ~ percentage 

ot helium at tirat •• in tile order ot 25-:so,C. H011rever, aa tha 
./ 

skill ot the ·operators increased tile percentage ot helium waa re-

duced to 16% and even lO,C. 
/ 

/ 

-· 



This separation or Vf1l"/ tine particles •a done as 

tollowa. The leaching drum in llh:lch the treatment ot powdered 

mtal •s carried wt by agitation ot powdered uaterials in dilute 

aoid by rotating the eyliDder, -.s mterrupted trom tie to t1ma, 

the treatnant was stopped, the bee:'y luge and adiua partlclea were 

settling to the bottom ot the dJ"UUIl in a tn noonda, but the Tfll7 

tiDe particle• remained 1n auapenaion tor. a vtry muoh longer time. 

!Mn 'the drum •• part~ decanted. which reiUl.ted in .the elimination 

ot t1ne p.rtioles. Thia alternate agitation and .. deoantation was 

repeated· three or. tour thea during tb!t leaching which reBUlt.d 

in the elimination ot Tfll"1 tine partiolea mioh were one or the 

oause1 ot trouble. The Tflt'Y heavy oouree partiole• were 

eliminated &CD the obarge by diaohargi~ it fioOJI the drum aD! 

pe.alling it tbrcugh the screen. !he cca.rn particles 1I'8J'e caught 

by 'the acreen. Since no pe:rmiaaion was siven to build an ade­

~ quite catch balin in which moat ot 'the fine particle• could be 

trapped t.D! sub1equent11' reconred, 1h1a operation •• quit. 

•ttetul. Howver, due to the extre• urgencv ot thia work, it 

ha4 to be carried em •. 

Aooidents were reduced to an absolute minima 1&" adopting 

tbe t.ohnio ot aeparation ot ver:f tine and very large partiolet 

coar•• particle• enta~ed a loss or about m" ot metal. Voat 

ot the 2~ loll •• reccmtred as ~de and aent to '!he eupplier 

ot the oxide tor nproceaaing. 1'he exact am~nt of lo11 could 

not be ettillllted Iince the tim material, decanted and collected 

in tbe oatoh basin in the yard, periodicalq was apont.:neoua~ , 
\ 

ignitq. \. 
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Beliua waa admixed to eydrogen to 1low down the reacttCil• 

beeau .. it pwe ~rogen was added, 'the reactiCil, being exothermc, 

•s proeeediDg too rapidly with the result that the produoeli al­

obua 111dride was melti~ am rumdng dR'Jl and mixing with thlt reaidue 

ot tU.atillation. Honv .. , by uadJJg heli\111 as a "oh•ioal brake" 1 

the .....,. ot reacting cClllld be controlled a.nd the eonveriic,n ot 'the 

•talU.c aa.leiua to caleiua hydride waa acoompliahed withoug •ltilll 

_... It ahould. be menticmed that. t ins ide ot the iron cylinder it 

•• neeesaal)' to ~e battle pla tee which wwe pla. just above the 

~ ealeiua. 'lhia separation of crude ealciUJI and distilled ~1-

eiu. 1:.r H.ttle plates prevented the splashing ot the impure mol t.n 

calciua and therefore the cantamina tion of tbt di.-tillJtcl product. 

By this •thoct it was possible to produce diatilled calcium in om 

epwatiea aiJd ccmv•t it into calcium hydride. 

!he p~riV ot the oalcium hydrU.e produced b7 'thil methocl 

•s Yery high. The percentage ot boron in mHt ot the ruu •• 

less thaD halt ot one· part per aiilion. 

Tib ~'t&Vl or OXia • Ketal 

- , __ -

I 

. -~ 

!he pure cliltillecl ealeiua eydride waa re:acwed troa the 

upper pl. rl of the iron oylinder I by JH&Da ot a eold. eh ilel. an 

epentie~ whieh cUd not iDTelve aey dittioulty ainoe aloiua 

~· ia a l>rittle obalk-U.ke •terial. fhm the •tai•cl 

pure ealciua ~d:ride was crushed in a jaw-crusher te a llirlure 
,I 

caYisting et tine powder and particle a ot al>eut l" x t" x t". 
!be llizture ot bawn dioxide and olloiua h1dr1de •• placed in 

m ira qlinder which •• placed in a nichi'OIIe retort ot identioal 

clelip a1 t'lu•·e u1ecl tor diitillation. (See Plate X) 

• 

• 
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VIII. Prrophorio Propertiea ot 'the Powdered Metal 

'• 

• i 
I 

.. . 

~'-

tTraniua in the f'trm of wry tine pallder ia .ubjeot to 814&• 

tion b7 air or moisture at a ocaparatiTely low temperature. rcr 

im'tmloe • 1 t •lowly reaota w1 th .. tv at teaperaturea a bern 2000. 

!beretore, uraniml in tJle ton ot tine powder tm.t be bpt alwiya 

in a perf'eotq c:h7 atmoaphere of' .uch neutral g&l at heliUJI or 

azogcm.. 

!he 4r,y parder &lao reacts 1dth air at a ooaparatbely low 

teq>erature and it larse ••••• or powdered •tal .are expoaed to 
.. 

aU' tor a tn dayt thq ~w.lq oxidise at leaat on tbt 8UJ'taoe 

to black oxide with tile oonJequent gtrleration ot beat which under 

taTOrable conditio~ t.aclt to the !criitian ot the powder. further­

more, it waa touDl that wrioua aup1Jt1 ot pardered uraniua react 

ditf'erently with air ~ moisture 1n aooordanoe with the temperature 

at 11h1oh 1hq nre produced f'rCil 'the oxide. !o a1niain the pyropho­

rio ~roper tie a of the powdeNd .tal, the tewpera tuJoe ot reduction 

m.t be aboYe 9eooc• preterabl7 abon 1~. It the •terial 11 

pJ"Oduoec.t at a lower t.peratul-e it qulte often diap~ pyroph~io 

propertiu and etten ignite• 1porrlaneauazy dtrinr; the dJ'Yinc or 

pe.ckinc operatiom. 

Our lnn•tication ot the p;yJ"'phorio ppoperti•• ot the pro­

duoed powder &lao indioated that the preTioua t~w.taent ot the oxld!t 

haa a TflrY ocna14erable bKr~ em theae propertiea. So. ot the 

ahip.nta ot oxide wve diaplayin& a Ter:Y auoh poeater tendeney' to / 

gift p,yrophorio •tal than other a. The OEide obntaininc an appre- I 

alable aaa.tnt ot larpr partial•• uaually waa p.ying p;yrophorio 

aterlal. In the p.at it was obaened 'that oooaaionally pyrophorio 

•twial -.. produced tzoca the bla at oxid• reoei Yed d ireotl.y tro• 

c 

I 
I 
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IX. Leaoh~ 

•Canda. Yet ainoe that oxide waa ot very much tiller grain size. 

tile tendency to give pyrophorio metal waa very much less tban in 

the oaae ot the brown dioxide. 

After reduction at ur~i~. ca148,~to mtal. Ule charge was 

lett cooling in the 1\trnaoe to a tenprature ot about ao-40oc. 

· During all that time a ..-aouum waa traintain&<~ ·to eliminate all the 

~opn reuainirlg in Ule olw.rge atto:r Ule reduction w1 th oaloiUJI 

1\Ydride. 1he reduced metal .theretore •a thoroughq degauecl. 

The charge after being remved tram the furnace •a in the tarm 

ot a lintered clinker ani had to be removed trom the il"''n cylinder 

b7 b!'eaking it with the air chisel. :Then thia mterial •s passed 

tlra.tgb tbe jaw crusher and crushed to a rough powdw oonaiating ot 

tine Jl'&terial and pieces up to i" in diameter. Bet ere leaching til! a 

uatertal an analysis was made on this produot. It it was reported 

that boron aa within the acceptable limits. which usualq was 

in the order at one halt part per million; the charge. nO.. oonaiet­

ing ot tine particles at uranium metal embedded in pure oaloiua 
+ 

~ OXide• waa placed in the hopper and gradually shab~ illto the 

leaching sylimer containing a very dilute solution ot aoetio acid. 

(See Plate XII) 
,t) 

!he leaohing ot uranium paw'der in batohea of, several hundred 

pounds is a distinctly dangerous operation and aan.:be UD!ertaten 

only by a nll-trai%8d or~ thoroughly tamiliar with all the 
., 

·----

-. __ / 

;. . . 

d~•• ot auoh an operation. / 
//< 

/ ' 

The concentration ot acetic acid in tile l&aohJrJ« operation 

,...,. exceeded • ...., ~by ""l.f:ht. A r;reatOI" .i.oid oonoentratlon ~'/ 

libly to oxidille the sterial. The temperature ot the water is 

aleo an important poiZJt and ~. to be bopt at 1he loweat poaalhle 5"" 
~ ~ JCf ... I 



. · x. Drying 

/7 

limit and should never be allowed to rise above ssoc. A constant 

vigilance of tile temperatures in the leaching tanka ia a primary 

consideration tor the satev or the operation • 

The wet uranium pavder, atter thorough washing on the screen 

with t.l.ltered cold water, was reJIX)ved to a drying room when atter 

spreading in a very thin layer on mtallic tr&¥a it was placed in 

the dey1ng ovens provided with a continuous circulation ot dry 

nitrogen. The dry nitrogen was passing ov~ th~ surface ot the 

uranium powder, then through moiature-ebsorbing drums tilled w1.1h 

. 17 ,-- .· 
1---

ai lioa wmre the mois'blre was removed am back again into tbe drying. 

cmm. The drying operation required twelve hcurs c:m an average am 

•a conducted at nighttime. Every charge, 'there.tare, was dried by 

the tollowil'Jg marning am was read;y to be s$nt to the toUDdey tar 
melting. 

The storage ot p01rdered uranium was faun possible at low 

temperature. Therefore, cans 11lled with powdered uetal were 

st~ed in special refrigerators and oooled to a temperature ot 

-15°0 until such tim~t as thf:V were remved to the Alrnaoe room 

tor remal ting. 
\ 

\ 

\ 
. t 

Tbe uranium powder, as st..ted before, had been melted in-

vacuum by Uetal ~ides Inc. when producing this metal tor various 

laboratories since 1936. However, tb!t nelting a.rd casting ot this 

material in large quanti ties requires a di.ttereat technic. The 

problem was solved by a !roup ot scientists working wfth Professor 

John. OhipDan at tlle!lasaaohusetts Institute ot Technology. They 

devised a method ot lusing uranium pOW'der in hi~ trequenoy .turnaces 

I '~ ~'-111---

-

. ~ 



in 8raphite crucibles. After til~ developDBnt ot this mthod ot 

f'usion and casting at the Uasaaobusetts Institute of Technology 
.. 

a special foundry was equipped at Yl!ttal lcydrides Inc. in Beverly, . 
where pOirdered material 1m.s uel'ted at the rate of about one ton 

per dG¥• 

Due to an extremely slow delivery ot the ordered machinery, 

changes in spec1t1oations, and raw materials, the regular. production 

was delqed until the end ot the summer ot 1942. H01rever, by the 

end ot lfoveni)er, 1942• lfetal ~rides Ino. bad supplied the ·largeat 

part ot the metal which went into the oanstruot1.ot1 at the Chicago 

Mstalluzogioal lAboratory ot the first experimental.pile, which on 

Deoe~er 2, 1942, as reported 1n the &qytb. report, 11118 put in 

operat'ion and dltinitely demonstrated the existence ot a chain 

reaction. 

XII •. Concluaiona 

.. 
J 

I 

I-

I 
..._r---J 

Metal }trdridea Inc. was the pioneer in the production ot 

uranium metal and supplied it to all the laboratories interested 

in tJde research before other Dthods tor ite produotion were 

developed. The ,ooDditiCIDB with regard to the anaqaia, physical 

term or quantities have been cilanging, as in eTeey research project, 

oontinuouely. Tberetbre, J4etaJ. ~rides Ino. ~nt through varioua 

etages of production ot thil metal as requested lV 'the interested 

partie a. 

At ~irat the metal was pro4uoed in small sintered discs about 

1" 1n diameter. hn it was produced 1n 8!18.11 fueed ingote ot 

2*' x i" ·x i". lAter larger amounts were ·supplied in p01rder tonn. 
1 

/ '( 

later the sintered oubes were produced am tirally all the Dl!ttal:' //. 

was ~at into ingote of various aisea 1ilioh -.vied from tiDe to , ··~~,/ 

e 

• 
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ti rrom 1" to 6" in diamter. M.d height was vari d trom 1" to 11". 

The chemical analysis was changed in a.coordanoe with the pro­

gr as or the research by the physicists experimenting with this 

t ia.l. A"l first standard bla.ok oxide shipped directly tram 

Ca.nada. •s used m experiDnts with tile cnly precaution or elimin­

a.ting eydrogen fran the produced tal. Gradually it beoa known 

that o'ther el nts thould be eU.mina.ted tran the ta.l. The latest 

ap citioations list about f1~ various elements which must be kept 

below IPecitied lind. ta. The moat ditt'ioult probl •!I the elimin­

a.tion ot boron which at first s as high as 5 ptlr s per million. 

Gradually it s reduoed to below one part per million a.nd most or 

the eta.l which Metal ~rid a Ino • produced had a boron content 

ot only .1 to .6 ot one part per million. 

19 
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TABLE I 

The Densitjes ot Pressed and Sintered Blooks 

Data takBn from 1he lAboratory Record Book Nl.ulb er s. pages 

11. 14. 17 • and 46• from Jum 26 to August so. 1942 

Block sintered tran 
BliCk canadian OXIde 

17.76 
17.64 
17.80 
17.22 
14.64 
14.96 
15.18 
16.M 
17.62 
17.91 
18.09 
15.01 
16.66 average density 

Block aintered from 
th"own Dioxide 

14.S5 
14.99 
16.48 
16.17 
14.82 
14.43 
14.39 
14.07 
1S.78 
14.02 
14.08 
14.50 average dens1~ 

The a-.erage delUJity specified by Dr. Compton •• 
15 or over. 

·~ 
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PLATE I 

Uranium Metal in Powder Form , 



PLATE II 

.. 

• 
Uraniwa Metal Fused and Cast in Vaou\.01 at a Temperature of 1150°C. 

Original Ingot Produced in 1938. ~ ""' I 



PlATE III 

3 

• 
The First Uranium Ingot Produced by Fusing Powdered Uranium 

by Hif)l Frequency CUrrent using Graphite Shield • 2 f f " 
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PLATE IV 

Powdered Uranium Metal Pressed and Sintered 
in Vacuum into 1" x 1" x i" Ingot 1. 

"\ 

• 



PLATE V 

PLATE VI 

Coarse Urani ·.un Metal Powder Produoed 
trom Brawn Uranium Dioxide x 100 

• 



PLATE VII 

Vadium Uranium. Metal Powder Produoed 
trom Brown Uranium Dioxide x 100 

• 
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PLATE VIII 

Fine Uranium Metal Powder Produced 
from Brawn Uranium Dioxide x 100 

27 
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PLATE IX 
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CALCIUM DISTILLATION aDd H!DR!DIMJ FURNACE 

a. Calcha Carrota 
b. Diatilled Calcium• 
1. Furnace, brick lined, ateel shell 
2. Retort (Special Allo,y) 40"Xl8t" OD 

2a. letort Ccwer (Special Alloy) 
3. Inside C,ylinder (Steel) 33" X 16~" 00 
4. Heat Baffle and Sodium Trap 
s. Anti-splash Baffle 
6. Burner (tangential) oil 
1. Thermocouple 
e. Pyod 
9. Sate~ Val?e 

10. Gauge 
11. aydroten and Vacua. Line 

METAL HYDRIDES INCORPORATED 

DeTer~, Massachusetts 
Soelea- Approximate 

Calcium Distillation and HYdriding Process 

• 



PLATE X 

REOUCTlOK fURMCE 

~ Chcxr~: Trt-AIIoy Ox\de ctl\d Ccllciurn H~dr\de 
l) furncxce:brick \ined ,slee\ 'hell 
a) Relorf: (S~ec:(al Ano,-) 'fo·x,e,roo · 

IJa!) Retort Cover(.. .. ) 
3) Inside Cy\ind•r (,teet) \e"~ \6l"O,_ 
'\) tw' S.ffl e ~ ftre hrtck in steel s ~I 
s) Socltwn T ra )' 
Q B•rner(t«~e1\licd) od ~ ~cu (~ 
1) 1"hennoc~~lc 
I) tt~,-.,~n Relief 
1 Safct'( '/Cllw• L '"• 
10) fled 
l\) Cita"!• 
_, Hydro! en +Vote'""'" L\ne 

.MerAL HYDRIDES INcoRPORATED 
,)' 

6~verty, Mcusachusetts 

Drown cs~~rcnrhn~atety to scca\e. 

A .C.H.J,. Jt.~l"( 20 )11't3 

Reduction Furnace 

• 
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FLA.TE XI 

~0 -. . 
• 
. , 

I:.' \ '.• 
: . . ··;, . ' 
,, .J. ., ~ •,. : • 

~ \ •• ,., . 1 •. • • 
~ .. '. "· ~J • . ; .· _.. . . . , 

Ver,y ooarae Bartioles and Globules 
Oooasionally Found in Diadde x2 

• 
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l) Acetic Actd Su~~ly 
2) Syntron Feeder w\1h Chart• 
S) l)rurn: s1~el shell J rub~t"r hn.d 
'1) Na.nhole 
S) P\~ for hose attac.hment to e111~ly . 
') \\ydro~en b~bbles rt•9tn~ thro"!>b «Cid at\cJ wat..-
7) Su~por-ls 
8) Char!e 
1) Vqcuu"' f\\ter 
tO) tf~dro~el" El(hC1uJ1 

Drtve,.J cho•n ottld Y'eductt•n ~eu" 

. -. 

r=====~l(q) 
~---__,,,] 

(3) 

-- -- ... 

(1) 

METAL HYDRIDES INCORPORATED 

Beverly, M(Xsscxc.huse1ts 

A.C. H.Jy-. J~11 21, l Cf 'f 3 
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