
PRELIMINARY JJEPORT ON THE -~ELTING OF .URANIUM POWDER 

by 

L. Szilard August 16, 1941 

Summar~: Methods have been found for pro
tecting uranium .:netal powder from surface oxida
tion, and this resulted in the production of 
ingots which have a density of 18 gme/cc. and 
melt at about 1300 degrees C. 

Ur~~ium metal has been produced in powdered form for 

a number of years by Metal Hydrides Inc. using a calcium hydride 

reduction process which had been developed by Dr. P. P. Alexander. 

Dr . Alexander and other s have, in the past, attempted 

repeatedly to fuse such uranium powder into a solid ingot. These 

attempts were partially successful inasmuch as occasionally a 

considerable fraction of the powder was molten but the results 

were not reproducible and a smaller or larger fraction of the 

powder remained unmolten. Dr. Alexander's own experiments ap

peared however particularly promising inasmuch as they seemed to 

indicate that the true melting point of ur~~ium might be below 

1300 degrees c. 
It was generally thought that surface oxidation of the 

powder might be the sole cause preventing fusion. Such surface 

oxidation appeared, however, almost unavoidable since the uranium 

metal powder has to be leeched from a uranium calcium oxide 

mixture by a faintly acid solution. 

Surface oxidation was also thought to be responsible 

for pyroforic phenomena exhibited by certain batches of 

uranium powder which were produced for us by Metal Hydrides. 
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Some batches were pyroforic from the start; other 

batches which were not pyroforic when received became pyroforic 

after a few weeks of storage. One shipment consigned to the 

Columbia University went up in flames in transit. Another ship

!!lent of uraniu:n metal powder which consisted of a number of 

sealed cans containing the ]Owder did not appear to be pyroforic. 

The first cans which we opened appeared to be all right. A few 

weeks later, however, when we began to open the rest of the cans, 

we found that the content of the can burst into flames merely 

upon removing the lid of the can. In the circumstances it did 

not seem possible to work with this metal powder and believing 

that surface oxidation was the cause of these phenomena it ap

peared imperative to devise some methods by which surface oxida

tion could be controlled. 

Upon making inquiries I learned that it is customary to 

protect tungsten powder from surface oxidation by coating it with 

2% of paraffine. This is done by wetting the tungsten powder 

with carbon tetrachloride in which some paraffine had been dis

solved by allowing the carbon tetrachloride to evaporate. It 

seemed well worth trying to apply this method to our uranium 

powder. Since the presence of hydrogen would interfere with our 

experiments I proposed to Dr. Alexander to have uranium powder 

coated with paraffine in the above-described manner, and to free 

it from hydrogen by pressing it into a dye and heating it up in a 

vacuum furnace in order to evaporate the paraffine and sinter 

the powder. 

A conference was arranged with Dr. Alexander and Mr. 

Davis for July 28, in order to discuss this and other methods for 
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preventing surface oxidation. At this conference we reviewed 

all details involved in the production of uranium metal powder 

and I thus learned that after leeching, the uranium powder was 

placed into flat trays and allowed to dry in air for a few days 

before being packed and shipped. This way of drying appeared to 

me a possible source of trouble and I therefore proposed to Dr. 

Alexander and Mr. Davis that we dry the uranium after leeching 

either by washing with alcohol and ether, or alternatively, by 

placing the uranium powder immediately after leeching into a 

vacuum tank where the water could be evaporated quickly at room 

temperature. 

A few days later Dr. Alexander and ~r. Davis reported 

to me the following: They had leeched a sample of uranium metal 

powder and dried it in the above-described manner with alcohol 

and ether and coated in the above-described manner with paraffine. 

They pressed this powder in a dye at about 10 tons per sq. in. 

and placed a sample in an unglazed silimanite boat and finally 

heated it up in a vacuum furnace evaporating the paraffine at 

about 1300 degrees C. After allowing the furnace to cool and re

moving the sample they found a fUsed uranium ingot having a 

density of over 18. They further reported that the fused uranium 

did not appear to attack the silimanite boat at this temperature. 

The determination of the hydrogen content of such ingots , 

which were carried out at our request by Dr. J . C. Rodden, and Dr. 

Holton at the National Bureau of Standards, showed that these 

ingots were free from hydrogen . It appears thus to be established 

that the melting point of pure uranium is at about 1300 degrees c. 
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In close collaboration with Dr. Alexander a number of 

other ingots were prepared at Metal Hydrides under varying con-

ditions. The purpose of these experiments is to find a method 

to prevent surface oxidation which is easily ap lied on an in-

dustrial scale. The first ingots which were successfully obtained 

were made from uranium powder which was leeched in a beaker and 

the leeching solution had a higher acidity than could be used in 

the leeching tanks which have to be used in a large scale production 

process. These experiments are not concluded but the indication 

is that it will be possible to use the routine procedure of 

leeching and that it might be unnecessary to wash with alcohol 

and ether provided the freshly leeched uranium powder is at once 

dried at room temperature in a vacuum tank and upon being removed 

from the vacuum tank is at once paraffine-coated or otherwise 

protected from being attacked by oxygen or moisture. 

In the circumstances there seems to be a good chance 

that we shall be able to have fusable uranium powder produced on an 

industrial scale possibly without any considerable increase in cost. 

It also appears probable that we shall be able to produce on an 

industrial scale fused uranium bodies of the size and shape which 

we require without having to resort to a casting operation. It is 

hoped that one crucible can be used a number of times for fusing 

uranium powder into the desired shape either half spheres or 

cylindrical blocks. Experiments are under way to determine whether 

it is permissible to fuse in hydrogen. Fusion in helium is 

certainly pe~~issible. 
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The use of ~n induction type furnace does not appear 

to be necessary and we are at present engaged in designing fur

naces which appear to be more practical and which could take 

care of producing ingots at the rate of 700 pounds per week. 

The progress made is essentially due to Dr. P. P. 

Alexander's unusual willingness to disclose all details of his 

manufacturing process. The present development has to be 

attributed to the close collaboration which was made possible by 

the confidence which Dr. Alexander showed us by giving us access 

to his factory and to all relevant information. 

This work was greatly accelerated by the help extended 

to us by the National Bureau of Standards and by the speedy and 

accurate execution of the investigations made there under the 

direction of Dr. C. J. Rodden. 

Professor D. P. Mitchell 's kind cooperation greatly 

facilitated our task of starting the production of the uranium 

metal powder at \i:etal HYdrides on an intermediate scale . 
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Som batch s were pyroforic fro th start; o her 

batches which were not py:ratoric h. recei · e became · yro.toric 

aft r fe · e ks of .,Lor ge. Ou.a $hl .?rn<mt con 1gned to the 

C umbi Univer it1 ent uo in flru e,.. in trcm.sit . h1 -"' 

ent ot ur iurn meta.l vO ~ r whi ch cons1 tee! ot nu be:r of 

s led o· i containing the po .der did not a.,;,>ear to bt:l p;yrofor1c 

T1.i.a irst c s hie i ·e o;.JJned ·)peared to be f!1.l1 right A fe 

w. ek later• no• v r, i•hen e bega..,.1. to open t reet of t e cans, 

e found th t th content ot th can burst it1to fl . , 8 e:rely 

u on r ovtn th lid or the e n. In th o1 cu t no s it did 

not em ;>o sible to work wi th thi.. m t l powder and believing 

that su:rf c · ox1d . ti on ~s t c us · o th e ru enomen it ·o-

p ared ! µer. ttve to d vis. sone me hod~ 'by 'Rhieh ur.fa ee oxida

tion c uld be controlled. 

O on maktng inqu1r1e ! learn d that t is customary to 

! rotect t n st n powder from ... urtac oxid tion by eo tin 1t 1th 

2% of ~araf£1ne. This is done by etting th tungst n po d r 

n h C rb n tetraehl.Oride in ·./."h1Ch o~ a.r f.fine 1 ad be~n dis olved 

by al.lo . • g t e r'bo1 tet.r chloride to ev ,JOl' te.. 1 se med 

w 11 rth tey1ng to P;,'lly this ethoc to our u:rau1um ?Owder 

Since tlle pre!'! nc of' hfdrogen ould interfere ith ur exJ.rnri ent 

I e;>rOt.)Osed to Dr. Al xancler to have uranium ,)0~1der coated with 

pt') ra.f.fine in the above-describe · rumar, ::.n:. to free 1t fro . 

hydrogen by pressing it into a ctye end heatiu it ~ in a vacuum 

furnace in oraer to evaJorate the 0araff 1ne an.d sint r th lo d 

conference ~.as rrn.nge Yd th Dr. J-ile ender nd ·11 • 

D vi tor July 281 in ord r to di c s t is and other othod or 
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In elo... eolla, oration llith Dr. xmde:r numb .r or 

other ingot ere nrepar(.l!d a ?.iet l Hy rid ~ under va.r1 lng con-

di tione. The )Ul'pose of those -experi .,"ents 1. to find u method 

to )revent surface oxidatio hich 1. e sity ap;.>liod n sn in

du~trial c l~ . ?he first ingot~ hi oh were sucoess ully obtained 

· ~ere made from uran1 um ::>o der which .::· s leeched :tn 21 beak · r and 

the eech1ng solution nad high r c1di ty t n could be us in 

the leeching tank$ which h8,ve to be used in a r s cale ~Jroduct on 

roe . s. T ene e ~erir.ient re not concluded but +-h tndiaation 

1 that 1 will bt . oasible to us* the :rout ne procedure 'Of 

le ch1ng nd that it r:i1gbt b unnec 5 .cy to J~sh with alcohol 

d ether rovided the !re '1ly leec d uranium pot;der is t once 

dried at~. roo~ teilyera:t;ure in a vacuum t<m.k and upon being r~ o ed 

from th· v cUUiu, tan 1 at once · r ffin coated or othor'> 1 e ~>ro

tec ed rom b ing ttael<:ed by a~g~n or ;11olnture. 

In the eircum t&nce 

thnt we sh ll be bl to 

t h er 

rus4l.bl 

!eerns to be a 

uranium ' o~d 

ood ehtlnce 

or duced on 

lndu trial cs.la :1ossibly ithout m1y considerable increaso in eost. 

It lso p;Jeurs pr~bable that we sbal be able to ;>roduce on 

industrial sc l.ci :t'u ~H~d uranium bod1 s or the size · nd st ape hi ch 

we reo.nire ~it bout having to re ~rt to ~t casth.1g op· ration. It 1$ 

h 1ed that one crt c ble can be u...,ed number of t!m s for fus1n 

uranium 'lO~er into the de ired s a::1e either '.half s:lhere' er 

Cf lindricr l bloc .. s. xoerlrJ.ent ar unde1-- ay to c e• e tne 'hetller 

i i~ p r: i s1ble to fus in hydrogen,. Fu i n ln .. liu.. is certainly 

1.$ . ible. 
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rev ntin surface oxidation. 

all deta ls nvolve in the zoduction of ·rsn1wn mat 

and I thus lea1,ne · th~t after leechir1 , th uranium · O':''tier as 

lac d into fl t tray~ and allowed to dry tr ~1r o. a fe'1; day 

before bt?ing ;u~clced and alitp~ed. 'Thi way of deying ppen.re'"~ to 

G po ..... 1ble ou:rce of trouble ti-'ld I t; erGfore pro)osed to Dr. 

Alf::xanchtr nd M.... av1$ t· t la dry tn uraoium after eech1 

oitne:r by v:a;.hi:ng with aleohol and et .. er, or alte:.cTuitively • by 

lacing the uranium wda:r.· im.1ediately after l chin into a 

v ouun1 tank •her the at er could ba ev~?or ted Quickly -=· t r oom 

t ? rature. 

A few days lat r Dr . Ale.e.nder and fr . D v!s reported 

to e the follow1ngt They llsd leeo d a. s.ample of uraniUll met l 

? wder :m:o. d1·1ed it in the 'bove-deacrib d .:mnner -dth lcohol 

and th r a id eonted in the bova- d scribed mannar ·:1th ?araft1ne. 

They pre "ed th.is t owder in a dya m.t nbQut l tons oer sq . in. 

nd l cad a sam~ l in an ungla~ed s111raan1 te boat .nd f114-illy 

he *ed 1 t up 111 a vacuum furnace eva. ornting the oar !tine a.t 

bout 1 .. O d gree c. Arter allowing th furni..ce to cool and ... 

moving th e~.mµl th y ..found a tused urat:lium ingot htl; lng , ons1 t 

of over la. They further r , o:rt u that the fused ura iu"' <ltd not 

a n eai- to attacit th· ·i...:.1rnanite beat at thi ... t. ,, per ti::"·e. 

h determination of t he hydrogen contar•'" ct such in .ots, 

hi eh i>; r ca. ried out at our :re .. ue t y Dr J.. C ~ Rodde41• sn Dr. 

Olton at the National Bur au of 0tr:.nd~rds, .,,bowed ... hat these 

ingots er fr e !ro!li hydro en . 

o1nt urmi 1. t about l; 0 de r e c. 
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