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_§y'nogsia ’
_Mgtal Hydrides In;sorborated was a pionee*- in the produc-
ﬁon'of ur’a;nilun metal on & conmeroial scale and supplied it
to all the laboratories interested in the Original research,
before other methods for its production were doveloped. :
Metal Hydrides Inc, supplied the major part of the metal
't‘m' ‘the ocnatruotim of the tirat experinantal pile which,
on Decenber 2, 1942, demanstrated the feasibiliw of the

‘self-nustainirg chain reaction and the release of atomi.o

| }nergy 'Y

This report was prepared asa scientific account of Govern- '
ment-sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission
makes any warranty or representation, express or implied, with
respect to the accuracy, completeness, or usefulness of the in-
formotion contained in this report, or that the use of any infor-
mation, apparatus, method, or process disciosed in this report
moy not infringe privately owned rights. The Commission assumes
no liability with respect to the use of, or from damages resulting
from the use of, any information, apparatus, method, or process

" disclosed in this report.
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PRODUCTION OF URANIUM BY METAL HYDRID £S INCORPORATED

by
P, P, Alexarder

I. Ori§1m1 Work

Motal Hydrides Incorparated, a subeidiary of Ventures
Limited, was a piomeer in the work on the productior; of uran~
ium on a commercial scale. Thig pure metal and its alloys were
produced for use in various scientific laboratories and by a
few commeroial companies,

Uranium motal was produced by the reduction of black
oxide with caloium hydride (1) Various socirces of black oxide
were investigated including oxide from Canmada, the Belgian
Congo, and domestic oxides produoed from Colorado ore purchased
from the Union Carbide & Carbon Research lLaboreatories Ins,

The pure metal was at first produced in the furm of powder
(Plate I) which was fused into small ingote (Plate II) in labore
atory vecuum furnaces. The powder was fused at a temperature
as low as 1100°C and even scmewhat lt;wr.* At this stage of
development the uranium metal was preduced in éns pound iota.'

The production of commsroially pure matal began on a
larger soale when Columbia University started research york

'in the use of this mtal, and placed their first arder for
sintered uranium in the form of discs, These were produced
withgut difficulty and supplied to the University for Dr. |
Fermi's and Dr. Ssilard's work, later the caditions of the |
experiments wore changed  and larger amounts were nt;eded. |
Columbla University therefore placed orders for uranium metal
in the form of powder ;lhich. was used to fill hollow discs and
spheres, At that tim it was not known what impurities in the

o
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metal will be detrimental and the metal was ordered without

any spocifications of a.na]ysig, except that the amount of
ocoluded hylrogen should be as low as possible, This condition '
was easily met by degassing the powdered metal at high temper-
ature in vacuum,

The scale of production was inoreased. At that stage
uranium was prodwed in lots of twenty pounds in the farm of
fine powder.

In 1941 it becams evident that still larger quanﬁties
of this metal would be needed, and a contract was placed by
the Bureau of Standards for very much larger quanti ties of
commercially pure metal in powder form.

11, Production of Motal from Canadian Black Oxide

The work was started on the production of this initial
order for the Bureau of Standards and soms five hundred pounds
of metal was produced by using the Canadiap black oxide pur-
ohaged Wy the Bureau of Standards from the Eldorado Gold Mines
Linited of Canada. ' | |

| In tho mpantime the scientists found that in addition to
hydrogen, another impurity, boron, was extremsly detriwntal
end that its presense in the metal would prevent them n'om
obtuining the desired results, It was also f'ound that the
domestio calcium produced by the Union Carbide & Carbon Carpore-
ation contained appreciable amounts o baron, It was further
f&und that boron was also present in minute quentitios in tha‘
Canadian black oxide. It was decided that before going ary

further with the production of pure wranium metal, it would
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be mscessary first, to obtain calcium free from boron, and
then to make arrangements for the purification of the Canadian .
black oxide,

The test made by ¥r. Rodden of the Bureau of Standapds
demonstrated that by distilling commerofal .oal clun in vacuum
it was posaible to eliminate practiocally all the boron and so
obtain calecium which would be entirely satisfactary for use
as a red@ing roagent in the production of pure uranium. Wth
te help of the Bursau of Standards the distillation plant
was sot up at the plant of lMetal Hydrides Inc, *.f‘Or the production
of distilled calcium metal on a commercial socale, At firgt
this operation presented cmsiderable difficulties since the
removal of pure distilled oaleium orystals from the retort often
resulted in fires, '

Metal Hydrides Inc, however found that distilled calcium
could be oo.nverted into calcium hydride in the same operation,
This elimina ted additlonal expenss and considerable darger in
handliug freshly distilled calcium, The production of distilled
ca.loium hydride was started at first on a reduced soale whioh
was gudml]y increased to several hundred pounds per day. The
first smll lot of purified black oxide from Canada was reduced
with pure distilled calcium hydride and the- produced metal sent _
to the Bureau of Standards for- analysis, It was reported by
Mr, Rodden that the boron content was less than ome half pért
per million and the rare éartha were entirely abgent, which
indi&ted that by these means it would be possible to produce

%MQJL



uranium metal of satisfactory purity from Canadian black oxide '
and distilled calcium,

III, Beginning of the Wark for 0.S,R.D.

In the meantime the scientists foumi that still larger
quantities of material would be needed far their experiments,
A contract was negotiated, therefore, with the Office of Sciene
tific Research and Develcpment, It was agreed that in view of
the unusual mture of this material, no ana lysis would be
specified. In fact, at that stage of the work the mcientists
themselves did not know what purity of'mtal will be necessary
in order to achieve the desired results, )

The first contract with the 0,8.R.D. expiring on Juns 30,
1942, was renewed to November 1, 1942, From that date on the
produstion of uranium by Metal Hydrides Ino, was wm direct
contract with the lanhattan District of the U. §. Engineers,
:At that stage the production of uranium metal by Metal ‘m/drides
Ino, was increased to two hundred and fifty pounds per dey., | .

IV, Cagting and Sintering of Metal ' .

The original work of Metal Hydrides Ino, demonstxl‘a'bed
as early as 1985 that uranium pomder could be melted very sﬁc-?
~ cessfully in vacuum at the comparatively low tet;lperaturo of
1100°C, (2) The melting wes carried on in small laboretary
furnaces end was necessarily limited to the production of only
very small ingots. However, an investigation was started to .
f£ind a more rapid method of melting, and wranium in powder form
was sent to several laboratories equipped with high frequency
vacuum furnaces.

The first results at the Bureau of Standards and in the
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Genoral Eieotrio Research Laboratory in Schenscotady were negative,
and opinions on the practicability of using the high frequenoy.
method were divided. Metal Hydrides Inc., wanted to continue

the investigation and find some laboratory where the melting

of uranium powder in a high frequency furnace ocould be tried

out again; whereas other interested parties held the opinion

that the fusion should be made in the resistance heater type
furnaces.

In the meantime samples of powdored urenium metal were
ewbmitted by Metel Hydrides Inc, to the Hassachusetts Institute
of Technology and arrangements were made at the Department of
Metallurgy for Dr. J. Chipmn’ to fuse thia.mtal in & high fre-
quency vaocuum furnace, Dr. Chipman succeeded in fusing the samplo‘
of metal into a well-formed disc of 1" diamster, by using a special
technic, namely by placing the powdered metal in an alundum orue
‘oible which was surrounded by a graphite shield, (Plate III)

High frequency ourrents were gensrated in the graphite shield
whioch was quickly \;rought up to a very high temperature. The
mteriél in the crucible was therefore heated and melted, not
'b-y the high frequency currents gemerated within its mass, but
by radiation from the incendescent graphite shield, The pre-
vious failures by the Bureau of Standards were duo to the fact
that o.tﬁempte were mde to fuso pwdéred netal in crucibles
without the graphite shield. In thiscase, tho heat was genera-
ted only in isola;bed po.rtic;les of the metal, ‘It took too long
to bring the powdered mss to a temperature suffioiently high

~ for fueifm, and in spite of vacuum the mass was partly oxidized_

by the remaining traces of air before the desired temperature

was reached,



Arrangements wore made immediately between Metal Hydrides Inc,
end the Massachusetts Institute of Technology., Metal Hydrides
Inc, furnished a mare efficient and larger capacity vacuum
pump and mde a spuboontract with the Masmachusetts Instd tute
 ‘of Technology providing the necessary fundg to proceed with thig
work withait delay, ’

In the meantime metal for the initial experimnts. in Chicago
was needed so urgently that it was decided temporarily to use
another expedient of consolidating powdored metal into small solid
billets, The sintering of the powder which was succesafully carried
on ky Metal Rydrides Inc. in the production of the Pirst solid discs
for Colunbia University was resumed. Arrangemsnts were mde with
the Maas‘a.chusetts Institute of Technology to get a larger hydraulio
press for pressing the powdered metal at 70 tons per square inch
prossure into 1" cubes, (Plafie IV) Facilities wore provided by
the Massachusetts Institute of Technology and the work was started,

| Ths uranium powder produced ky Metal Hydrides Inc. in Beverly
was wénapwted by special truck to the Massachusetts Institute of
Technology and pressed into cubes which were transparted baock to.
Metal Eydrides Inc, in Beverly where they were sintered into solid
‘blocks., The density specified by the Chiocago proup was not less
than 165, and the first series of pressed cubesl after sintering
were of even higher density, in some cases reaching 17, These
cubes were welleformesd and after sinter ing wei'o resisting successe
fully any further oxidation, A group of scicntists were sent frogz
"Chicago and the work of pressing at the Magsachusetts Institute ot'
Technology wes &@nix.ed on & very much larger scale, Facilities

were provided to press up to several hundred pounds o. ocubes per

dey which’ on" the following day were transported back to Beverly
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and sintered into solid blooks,

At thet time, however, listal Hydrides Inc, was requested
to change the raw materials used in the production of powdered
uranium, and instead of black oxide, to use exclusively brown
dioxide,

The change of raw materinls created immediately nsw problems,
The brown dioxide produced by Iallinckrodt Company Wy purification
and pertial reduction of the black oxide, is a pyrophoric mterial
which will burn in air if overheated, and for this reason it cannot
be ground in 2 ball nill to a powder of uniform }inenns. However,
since the purity of the brown dioxide is greater than that of the
commercial black oxide, it was decided to use it in all further
. work,

The physical structure of the oxldes is quite different,
The black oxide consigts of vory fine solid particles, It can be
ground in a ball nill if nocessary to furthsr reduce it to any
fineness, if so desired. The brown dioxide, on the contrary,
is a mixture of oxtremely fino particles mixed together with wvery
much larger particles which are not solid throughout but are in
the shape of very small hollow spheres emd fine pieces of lace-like
£1ligrse struotures, This adnixture of large particles to fine
particles has a very definite effect on further operatioms and on
the results obtained, During the reduction of this brown dioxide
with calcium hydride the physical structure and the shape of the |
particles is not changed, The reduced powdersd metal cansists ot//"/
particles of the gams shepe as in the oxide, thet is, it conaist;
of particles and an appreciable percentage of the above mentioned |

microscopic spheres and filigree-1ike flakes (Plates V,VI,VII,VIII)
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The resulting motal therefore is far more dangerous to handle than
that produced from oxicie consisting of particles of uniform size,
The apparent density of the metallic powder produced from
the brown dioxide is less than that produced from the black
oxide, Furthermare, the pressing of the powder containing mioro-
scopic spheres was not satisfactary, The pressed compacts had a
very much lower density, often as low as 13. The production of
sintered blocks was a temperary expedient and allowed owr sciene
ﬁiata to proceed with their work without waiting until the cast-
ing method was perfeoted (3). The pressing of the_oompacts was
discontinued a8 soon as Professor Chipman succeeded in bringing -
" his method of fusion and pouring and casting in vacuum to the
desired degres of perfection,
+ The total amount of pressed amd sintered cubes produced
. during this transition period was 3,868 pounds., This metal
was shipped to Chicago Metallurgioal Laboratoi'y.

Ve Reduoction of Brown Dioxide

The reduotion to metal of the brown dioxide by the caloium
hydride process has certain advantages, It contains lecs oxygen
.and, therefore, involves a somewhat sraller amount of calcium
hydride] The difference ie not very great and does not affect ‘
materially the cost of reduction, The important advantage, how=
ever, is the fach that the reaction was prooeeding much more quietly
wiﬁnwf a sudden evolution 6!' hodt as in the case of the black
pxide. | . _

The disadvantage of using the brown dloxide is that the
resulting powder is not uniform, It consists of a mixture of
minute paxftioles of less than one mioron in diameter, a series

of solid particles of larger dimensions end very large particles
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in the form of ho].low‘ spheres,

The leaching of such material was complex problem since
the camditions had to be regulated to leach quickly amd without
excessive oxidation the particles of mioro'nv el ze which required
only a short time. The larger papticles, surrcunded by larger
smounts of calcium oxide, gequired e longer leaching time, Fimlly
tho. hollow spheres could not be leached effectively at all in a
short time with dilute acids sinoe the calcium oxide held inside
of the hollow sphere was more or less protected from the actim
of the acid and was not removed from it but 'mere]y‘ trmtorﬁod
irtbo caloiunm hydroxide which completely filled the hollow sphores.

The ge l?u-ge particles containing entrapped calocium hy;lroxido
oould not be dried thoroughly amd rétained ‘the moisture for several
dayq. During this periocd the entrapped caloium hydroxide was reacte
ing with the metal with the generation of heat, This would invariably
produce overhsating of the powder and the 1gnliticn of same,

The leaching operation was regulated to be suitable for the
bulk of the mterial, that is, the mediun size solid particles,
The very fine particles of ocourse were partly oxidized since the
time ws too long, md they had to dbe separated by decantation,
since the partly oxidised partlcles are extremly pyrophoric amd
soveral occasions ignited the whole charge, The very lgrgo particles
oon’siatixg‘ of either hollow gpheres or filigree-like structures had
to be separated by screening the wet powder. The percentage of this
mt‘erhl was on sn average about 4% of the total weight of the metal,
It could not be melted and was too dangerous to be left standing in
air and ﬂnér;rore had to be burned to black oxide and sent for re-
treatment, The necessity of the separation of the very find pé.‘rti\-ll

oles as well as very large ones was reducing considerably the effi-

ciengy of the process, gg/ /9‘ /0
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In cmnslusion it may be stated that the purified brown
dioxide from a certain point of view was rore sul table for reduc-
tion by caleoium hydride than the black oxide s Yot its use involved
far greater denger in handling and due to the necessity of discard-
ing very fine metal and coarse rarticles, was reducing the efficiency
very oonsideradbly,
VI. Distillation of Calcium

Calocium hydride produced from distillod calcium was used
exolusively for the reduction of the brown dioxide since the carude
calojum or recast calcium still cmtaimed boron ~in amounts fap
above acoeptable limits, The distillation of calcium and the
production of pure hydride was carried out as follows,

Crude celcium metal to the amaumt of an average 60 lbs. was
placed in the bottom of an iron oylinder as ghown on Plate IX, The
cylinder was then placed in the nichroms retort. The lower part
‘of this retort was placed in an oil-fired furmece and heated to a
temporamre above the melting point of caloium. The retort was
pmvided with a tight cover firmly held with bolta and oonnsoted
vith tho vacuun gy stem. The calcium was diatillbd .in vacuum and
was oomlonsing in the form of & ring in the upper part of the
iron cylinder, After the completion of the diéﬂlhtion which
;-equirod about five minutes per pound of caleium, aﬂd while the.
n'nterial was still at a temperature of about 400-5(}0%. a mixture
of hydrogen and helium was admitted to the retors. percentage
cf‘ helium at first was 1n the order of 25-30%. However, as the
skill of the operators inoreased the percentage of/ helium ias re-

duced to 156X and even 10%,
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This separation of very fine particles was done as
follows, The leaching drum in which the treatment of pwdor.ed
metal was carried axt by agitation of powdered mterials in dilute
aoid by rotating ths cylinder, was Snterrﬂptod from time to time,
the treatmsnt was stopped, the heawy large and medium particles were
settling to the bottom of the drum in & few seconds, but the very
fine particles remained in suspension rcln-‘ & very much longer time,
Then the drum was partly decanted, which resulted in the elimination
of fine parﬁoies. This alternate agitation and.decantation was
repested three or four times during the leaching which resulted
in the elimination of very fins particles which were one of the
causes of trouble., The veary heavy oouﬁo perticles were
el imim:bd from the charge by discharging it from the drum amd
buning it through the screen., The coarse particles wers caught
by the soreen, 8inoce no pemiaaion was given bo build an ade~
quite catch basin in which most of the fine particles could be
trapped and subsequently recovered, this opox;_atim was quite
wasteful, However, due to the extrems urgengy of this work, it
had to be ocarried m,

Acoidents were reduced to an sbsolute minimm ty adopting
the teohnic of separation of very fine and very large partiocles
from the bulk of the metal, However, this separation of fine and
coarse particles entailed a loss of about 20% of metal, Most
of the 20X loss was ﬁoowmd as oxide and ﬁnt to i.:ho supplier
of the oxide for reprocessing., The exact amount of loss could
not be estimbed sinoce the fine material, deoanted and ocollected
in the oatch basin in the yard, periodically was spontanecusly

1@1‘311%.
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Helium was admixed to hydrogen to slow down the reucﬂm,
becausge if pwe hydrogen was added, the reaction, being exothermioc,
was proceeding too rapidly with the result that the produced cale
cium hydride was melting and running down and mixing with the residue
of distillation, However, by using helium as a "chemical brake",
the w of reacting cauld be controlled and the eonverdicn of the
metallioc calcium to caleium hydride was accomplished withoug welting
sams, It should be mentioned that inside of the iron ocylinder it
mi necessary to use baffle plates which were placed just above the
crude ealcium, 7This separation of orude calcium and distilled cale-
cium iy baffle plates prevented the splashing of the impure molten
calcium and therefore the contamina tion of the distilled product,
By this method it was possible to produce distilled calcium in one

“operation and cavert it into caloium hydride,

The purity of the calcium hydride produced by this method
was very high. The percentage of boron in most of the runs was
less than half of one part per midlion,

Vils Mc_gueg of Oxide to Metal

The pure distilled caleium hydride was ré from the
upper part of the iron aylinders by means of a ocold chisel, an
operstion which did not invelve any difficulty since zalcium
hydride is & brittle chalk-like material, Then the chbtaimed
pure mlfiun hydride was orushed in a jawecrusher to a mixture R 2
f cmlicting of fine powder and particlss of about 3" x 3" x &".
 tte mixbure of brown dioxide and chlofum hydride wis pleced in |

an iron cylinder which was placed in a nichrome retort of tdentical

design as Shose used for di#tillation, (See Plate X)
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VIII, Pyrophoric Properties of the Powdered Metal

Uranium in the farm of very fine powder is subject to éxida-
tion by air or moisture at a comparatively low temperature. For
instance, it slowly reacts with water at temperatures above 20°C,
Therefore, uranium in the form of fine powder must be kept always
in a perfectly dry atmosphere of such neutral gas as helium or
argo,

The dry powder also reacts with air at a comparatively low
temperature and if large masses of powiered mtal are exposed to
aiy for a fow days they gradully oxidige at 1o~ut on the surfaoce
to black oxide with the comsequent generation of heat which under
favorable conditions leads to the ignition of the powder., RNuther-
more, it was found that wvarious samples of powdered uranium react
differently with air or moisture in accordance with the temperature
at which they were produced from the oxide, To minimize the pyropho-
rie properties of the powdered metal, the temperature of reduction
must be above 9800C, protbnblylubm 1ooé§,c. - If the material is
produced at & lower temperature it quite often displays pyrophario
properties and often ignites spontansously during the drying or
packing operatioms,

Our investigation of the pyrophorioc properties of the pro-

" Guoed powder also indiosted that the previous treatment of the oxide
has & very omsiderable bearing on thess properties, Some of the
shipéonta of oxide were displaying a very muoh greater tendency to
give pyrophoric mstal than others. The oxide cdontaining an appre-
clable amount of larger particles usually was glving pyrophoric
mterial, In the put it was observed that ocoasionally pyrophoric
material was produced from the black oxide received directly from

¢ 26[/7‘,/?1



‘Canda, Yet since that oxide was of very much finer grain sice,

the tendency to give pyrophoric metal was very much less than in
the case of the brown diorxide.

IX. leach ing
After reduction of uraning oxida ‘bo mtal, the charge was
left oooling in the furnace to o temperature of about S0=400C,
- During all that time a Vaouum was mintaimd to eliminate all the

hydride. fThe reduced motal therefore wag thoroughb degassed,

The charge af‘ter being removed from the furnace was in the fornm

of a sintered clinker ard had to be removed from the iron cylinder
by breaking it with the air chisel, Then this mterial was passed
th-ough the jaw orusher and orushed to a rough pmlder oconsisting of
fine mterial and pileces up to 2" in dlameter. Befare loaching this
mtersal an analysis wns mede on this produot. If it was reported
that boron was within the acoeptable limits. which usually was

in the order of one half part per million. tho charge, now consiste
ing of fine particles of uranium metal embedded in pure oaloium
oxide, was placed in the hopper and gradually shaken into the
leaching gylinder containing a very dilute solution of acetio acid,
(Ses Plate XII) S\

The leaching of uranium povder in batches of. aoveui hundred
poﬁnds is a dist:lnctly dangerous operation and canvbe undertaken
only by a ull-traimd crew therocughly familiar with all the
dangers ot such an operation, ‘

The concentration of acetic aoid in the leaching operationk
never exceeded same 2% by weight. A greater acid ocnoentration 187
likely to oxidize the material, The temperature of the water is
also an important point and has to be kept at the lowest possible

YGRS



" X Drying

_ XI. Nelting

limit and should never be allowed to rise above S6°C, A constant

v:lgilame of the temperatures in the leaching tanks is a primmy

consideration for the safoty of the operation,

The wet uranium powder, after tharough washing on the soreen
with filtered cold water, was removed to a drying room where after
spreading in a very thin iayer on metallic trays it was placed in
the drying ovens provided with a continuous circulation of dry
nitrogen. The dry nitrogen was passing over the. surface of the
wanium powder, then through moisture~absorbing drums filled with
silica whore the moisture was removed and back again into the drying
oven, The drying operation required twelve hours m en average and
was oandgoted at nighttime, Every charge, therefare, was dried by
the following morning and was ready to be sent to the foundry for
melting,

The storage of powdered uranium was found posaible at low
temperature, Therefore, cans filled with powdered metal were
stored in special refrigerators and cooled to a'temperamre.ot
=16°C until such time as they were removed to the furnace room

for remslting,

. The uranium powder, as stated before, had been melted in"-
vacuum by Metal Hydrides Inc, when producing this metal for various
lapoutorios since 1956, However, the mslting aml oasting of this
material in large quantities requires a diffemt‘toehnic. The
problem was solved by a group of soientists working with Professor
John Chipman at theMassachusetts Institute of Technology. They
devised a method of ms:l.ng uranium powder in high frequency furnaces

g 19-1¢
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in graphite orucibles, After the development of this mwthad of
fusion and casting at the Massachusetts Institute of Technology
a special foundry was equipped at Metal Hydrides Inc, in Bevve'r.ly.
where powdered material was mlted at the rate of about one ton
per day,

Due to an extremely slow delivery of the ordered machinery,
changes in specifications, and raw materials, the regular,z;roduction
wag delayed until the end of the summer of 1942, However, by the
end of November, 1942, Motal Hydrides Inc. had supplied the largest
part of the metal which went into the comstruction at the Chioago
Botallurgical iaboratory of the first experimental.pile, which on

' Dobepber 2, 1942, as reported in the Smyth report, was put in
operation and d#finitely demonstrated the existence of a chain
reaoction, |
XII, Conolusions

Metal Hydrides Inc, was the piomser in the production of
waniu}n metal and supplied it to all ﬁxe laboratories interested
in this research befcre other methods for its production were
developed. The conditicns with regard to the analysis, physioel
form or quantitié's have been changing, as in évery research project,
continuously. Therefore, Metel Hydrides Ino, went through various
-stgges of production of this metal as requested tuy the' interested
parties,

At first the metal was prodused in small sintered discs about , ‘
1" in diameter, Then it was produced in srall fused ingots of
2" x 3" 'x §". later larger amounts were supplied in powder form,
Later the sintered cubes were produced amd fimnlly all the metal ‘
was cast into ingots of various siszes which varied from time to

84,q,/’)
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time from 1" to 6" in diameter, and height was varied from 1" to 11",
The chemical analysis was changed in accordance with the pro-
gress of the research by the physicists experimenting with thilA
material, AP first standard black oxide shipped directly from
Canada was used in experiments with the only precaution of elimine
ating hydrogen from the produced metal, Gradually it became kmown
that other elemnts should be eliminated from the metal, The latest
specifications list sbout fifty various elements which must be kept
below specified limits. The most difficult problem was the elimine
ation of boron which at first was as high as 5 parts per millien,
Gradually it was reduced to below one part per million and most of
the metal which Metal Hydrides Inc. produced had a boron contemt
of only .1 to .6 of one part per million,

YYEL9~(¥



TABLE I

The Densities of Presged snd Sintered Blocks

Data taken from the laboratory Record Book Number S, pages

11, 14, 17, and 46, from June 26 to August S0, 1942

Block sintered from
adian (Oxdde

17,75

17,64

17.80

17,232

14,64

14,95

15,18

15, 34

17,62

17,91
18,09

15,01 :

+60 average density

~ Blook sintered from

Ecwn DioxIde

14,35

14,99

16,40

16,17

14,82

14,43

14,39

14,07

13,78

14,02

14,08 ‘
12,50 average density

The average density specified hy Dr. Compton was

15 or over,
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PLATE I

2l

Uranium Metal in Powder Form



PLATE II

22

Urenium Metal Fused end Cast in Vacuum at a Temperature of 1150°C,
Original Ingot Produced in 1938,




PLATE III

=3
»
The First Uranium Ingot Produced by Fusing Powdered Uranium )
by High Frequency Current using Graphite shield. (\; 19 - }7"
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PLATE IV

Powdered Uranium Metal Pressed and Sintered
in Vacuum into 1" x 1" x 3" Ingots.
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PLATE V

Coarse Uranium Metal Powder Produced
from Brown Uranium Dioxide x 100

25




Medium Uranium Mstal Powder Produced
from Brown Uranium Dioxide x 100
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PLATE VIII

Fine Uranium Metal Powder Produced
from Brown Uranium Dioxide x 100
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PLATE IX
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CALCIUM DISTILLATION and HYDRIDING FURNACE

D\

Calcium Carrots
Distilled Calcium*

Furnace, brick lined, steel shell

Retort (Special Alloy) 40"x183" op

Retort Cover (Special Alloy)

Inside Cylinder (Steel) 33" x 161" qp

Heat Baffle and Sodium Trap

Anti-splash Baffle

Burner (tangential) oil

Thermocouple

Pyod

Safety Valve METAL HYDRIDES INCORPORATED

Scales= Approximate
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Caloium Distillation and Hydriding Process 4//




PLATE X
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REDUCTION FurmnacE
a) Charge: Tri-Alloy Oxide and Calcium Hydride
1) Furnace:brick lined ;sTeel shell
3) Relort: (Special Alley) 40°X184 0D
2a) RefortCover(- =)
3) Inside Cylinder (steel) 187X 1657 0D.
4) Hed Baffle:fire brich in steel shell
S) Sodium Trap |
O Burner(fangential) ol exdgas(@  MeTAL HYDRIDES INCORPORATED
2 J:d:mg.o: ::t:f Bev;rly, Massachusetts
9 Safely Valve Line Prown appronmatelyto scale
10) Pyed ACHJIr  July20,1943
o W Gaewge
V'T""[ ‘ ,') H‘droson +Yacuum Line

Reduction Furnaoce : ‘f
SY19- 2%




FLATE XI

Very coarse Particles and Globules o 2
Ocoasionally Found in Dioxide x2 o (4 - &
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Acetic Acid Supply ' .
SyatnFendar i harge LLEACHING EQuIPMENT
prum:sieel shell, rubber |in
MW" MeTAL HyYprRIDES INCORPORATED
for hose aifachment to emply
“Y‘"Qe“ bubbles rising Through atid and water Beverly, Massachusetts
Subporis
Chtrge A.C.HJr JuIY 21,1943
Yacuum Filter
“xdro en Exhaust
Drive, chan and vreduction gear
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