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B » reduction of ur^iim trioxide with caleitM aetal in a boab, at 
elevated tenperatures^ provides an excellent iKthod for naking spherical 

uranium particles. Bie yields of iKtal are high (^ to 95^) ̂ d ^JC^ of the 
pellets are larger than 325 ̂ sh (ii3 aicrons). Spherical uraaiia particles 
are of interest for use in a loag-lired fuel ele^nt, consisting of such 
particles dispersed hoosgeneously In a matrix of a ductile, aonflssionable 
metal or alloy., 
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PREPARATIOI OP SPHERICAL URANItM POWER BY REDUCTIOl 
OF URAIIIM TRIOXIDE Wim CALCIIM 

A. P. Beard and F. I. HeuBmai 

nTOODUCTIOI 

Metallic uranitsm was first prepared successfully by Peligot^ aore than 
100 years ago by the reduction of txraaium tetrachloride with metallic potas
sium. Following this, other workers reduced uranium oxides with carbon^ 
calcium^ Bagnesiuiî  or aluiiintai. Uranitm halides were reduced with alkali or 
alkaline earth metals. Ifost of the JKtal produced by these reductions i»s in 
the form of powder. 

At present^ the uranium tetrafluoride reduction wl-a 3m.©aesiua is used 
on a large scale to produce massive pieces of uranium.2 ifraaiuB powder has 
been made in the United Kingdom by the reduction of uranium dioxide with 
calcium or iaagnesi\Ba.3#*̂  fhe resultant powder is nearly spherical and ranges 
from 5 to 20 aiicrons in size. •Uranium dioxide is also reduced to uranium 
hydride by calcium hydride.5 Deccaposition of the uranium hydride results la 
finely divided mstBl of irregular shape. PoWder produced by electrodepositioa 
is also IrregulM? In shape and difficult to process. 

A need for spherical uranium pellets with a variety of B»sh ranges has 
been created with the advent of a aatrlx or dispersion-type fuel eleaent. 
Each uraaltm pellet would be surrounded by a matrix of aa®aesiwtt̂  aircoaiim^ 
or other suitable »talj, thus coafinlng radiation daaages to a saall rolmm 
and fission frag^nt daa«ge la the saatrlx to a iaiai»m. One possible way of 
aaking these pellets might be by atoalzatlon. ^ this ome^ an are is struck 
between two uranium electrodes and a stream of inert gas blown ttoou^ the arc» 
Bie resultant powder is spherical.? toother i»thod aigjit be the use of a 
shot tower.° The reduction of uraaiim trioxide by calcitm or na^eslua 
presents the aost favorable aethod of aaking pellets with existing equipaent 
at this Laboratory. In addition^ it affords a iKans of studying a potential 
^thod of eliminating fluoride reductions in the production of uranium aetal. 

fheroodynaBlc calculations indicate that the uraaitM trioxide reduction 
with calcium Is more feasible from, the viewpoint of free energy considerations 
and is Bsore exothermic than the uraaiim dioxide reduction with calcium or mag
nesium or the uranium trioxide reduction with aagnesium. The uraniua trioxide 
reduction should, therefore5, result in the production of ©ore massive uraniun. 
Bie following table avmmxlzes the data for each system that M ^ t be con
sidered." 
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»BLE I Sgft^ATO ¥SSE MMQ'WS OF REACTIOMS 

VxC*K) M2Q8 ^298 
Systen ICale} Keals Kcals 

I»3 + 3 Ca %055 -l60o9 -157»2 

TO3 + 3 * 3722 -llfrO.4 -135.7 

UO2 + 2 Ca lffl8 - te,l - 39.9 

UO2 + 2 Ife 1858 - 28,4 - 25.5 

fte "teeoretical aaximai tei^erature reached in the reaction was ealculatea 
assuMing no heat losses and coi^lete reaction of stoichioaetric aaouats of 
the react^ts.-^O Referring to B-2727j, it is of interest to note that the 
M* for the fowth system falls to aero at a te:^erature of l600*l. ttmsj, 
care anst be tAen to keep the te^erature below this vriue during the 
reduction. Calculations show that JW becomes negative at this te^erature if 
"tte ̂ ^leslup, is at a hi^er presstare than the standard state of 1 staosphere. 
At a aagaesiua pressure of 25 atawspheres^ M' Is -20^000 cals. Ttm the 
reaction could be carried out at a hi#er tei^erature providing the aagnesiun 
could be eoataiaed, Bais Ba» reasoning could be applied to reaction 2 and 
also to reactions 1 and 3 althou^ perhaps to a lesser de^ee. 

The use of a salt flux has been found to be beneficial in reactions 
iavolving a solid - liquid reaction., The use of calcic chloride ia the 
calelua reduction of various oxides was used a aiaber of years ago.^^ tte 
calcium chloride nay serve as a fluxing agent by dissolving the calcitM oxide 
produced, fiiis gives a fresh surface of calclua and uranlwi trioxide at a H 
tiiKS .aM results in a faster reaction and probably a higher instaataaeous 
te^erature. It aay serve also to initiate the reduction by foiMlng liquid 
calci\p chloride-ealci«^2 ©r calcium ehloride-calcium-urafliua trioxide phases. 

to the basis of the preceding data^ the uranium trioxide reduction with 
calcium appears to be nost satisfactory froa a standpoint of producing aassive 
pieces of «ranit». A hi^er teaperature is' attained which amy pr«iote agglc»-
eratlon of the uranism and at least produce larger waaium powder particles 
than are obtained ia uranium dioxide reductions .3*'* 

m « a i M UP APPARAPB 

laterials 

Oraaiiffl,' ft'ioxide 

d e uraaliM trioxide used in tiais work was obtained ftom t ie fcllinckr^t 
Otoaiical Works. A typical eheaieal analysis is given In fable I I . 
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Al 
Ag 
As 
Au 
B 
Bl 
Cd 
Co 
Or 
Cu 
Pe 
Ge 
In 
m 

35 
0.1 
IF (100)» 
IP (10) 
0.13 
IF 
HP (10) 
5 
IP (10) 
3 
10 
m (1) 
IP (2) 
12 

TABLE I I TXPICAL CHMICAL AHALISIS OF UO3 

BleMtnt ppm Eleaent 

m m (1) 
m 1 
Ha IP (50) 
Hi 3 
P BF (500) 
Pb 1 
Pd Iff (5) 
Be m (0.2) 
Sb W (10) 
Si 90 
Sa 1 
Tl w (5) 
V W 
Zn W 

*W i ) dtsignates "not found" above ainiaRm flgiire of sensitivity given 
1» paren-ttieses. 

tt« •peeteogrsphic analyses, given la Kble 11^ are oormlly accurate to 
ajproxtiwtely *50^. Stexwd analyses on iM uraaiua teioxlde li^ieated •ttiat 
I t contained 0T75 t© 1.25 vfc ^ water. A typical screen analysis of iM oxide 
Is given in *.ble 1X1. 

mBLE I I I TMPICAL SmEM MMiIBg OT W^ 

itesh E«age 

+20 

-2© + 35 

-35 *Q0 

-80 + 150 

per Cent 

"0.82 

6.12 

13.88 

13.^5 

lle$h Hange 

-150 •!• 200 

-2(» + 270 

-270 + 325 

-325 

Per Cent 

5.71 

1^.69 

3.27 

1^2.86 



Calcluie Chloride 

The calcium chloride was Baker mad Manson, Beagent g r # a , ©btidMA ttm& 
t!i0 Allied Chemical and Dye Corporation, lew York, fcw T©rk. IwimM m ib 
sizes were used, ranging from 20 a^sh to l/2-ineb. lui^s . A t ^ i e a l ssi^ctr®" 
^aphlc analysis of tbs aî &ydrous material i s glften in Tabl@ f. 

TABLE ¥ TIPICAL BPECnoaiAEilC AMAL1BS QT Ca€l2 

Ii^mflty IB^pwitj 

Eleaent -^m l le i^nt ^m 

AL So m k 

cr ko m 5 ^ 

Cu 20 Si ^ 

re koQ n m 

Mg 3 ¥ %^ 

Ayp»atus 

All of the rsduetions w@re sad® i% steel iMgbs. l i t I ' -k i lap ia ta^i 
were 11 l/2-incli®8 high, 5 laehes outer dlSMter, i M tei m m U tM^Mi® of 



3/8-inch. A l/i|-inch deep recess was aachined into the flanged top of the 
bo*, fhe l/2-inch thick lid was bolted to the flange of the bomb by ^ans 
of six bolts. A copper gasket fitted into the recess of the boab and a knife 
edge on the lid effected a tight seal. !Sie lid also contained a flare fitting 
so that the bomb could be evacuated aad filled with helium. The ^-kilogram 
bombs were of siailar construction, about 20 inches high, 6,6 inches in outer 
diaaeter with, a 7/l6-inch wall thickness. 

Bomb Liners 

The laaterial was placed in liners which fi'*- iraide the bomb. Hiese 
liners, made of high-fired slip-cast magnesiua oxide of low silica content, 
were obtained from the Morton Co:^any^ Worcester,, Isssachusetts. The 1-kilogr^ 
liners were 9 inches high^ 3 l/^ inches outer diameter aad had a wall thickness 
of about 1/8 inch. The li-kilograa liners were I8 inches high^ 5 1/2 inches 
outer dia^terj, and had a wall thickness of l/k iach. Biey were sli^tly 
tapered from top to bottom, ^^ure aagnesium oxide was ta^ed into the space 
between the steel boob and liner, ttis layer served as insulation and a trap 
for slag if the crucible broke. The layer also facilitated reneval of the 
crucible after the reaction was coipleted. A lid|, Bade of fired ̂ ©lesia, was 
used to keep the nagnesiua oxide sand from coataalaatlng the charge, as well 
as to contain calciiM vapors. 

Heating Pnit 

tte boi*B were heated by aeaas of a water-cooled, 10,000-cycle high-
toequency iMuction coll. Bie hei^t of 'tte coil was such that the lower 
8 1/2 inches of the b o * were heated. A aotor-generator set provided the power 
which was passed through a bank of capacitors. By proper selection of "tiae 
capacitance, the heating could be regulated. 

Ths te^erature of the outer surface of the boit) was recorded on a Leeds 
and lorthrup recorder with a scale frcm 0 to 1200*C, A chroi«l-aluiMl thermj-
couple was inserted into a shallow hole peened into the side of the boai) about 
3 inches from the bottom and held in |jJ.&ce with asbestos tape. 

EXPERMEBTAL mOCroCBE AID RESm.TS 

Gener^ 

A nuAer of boi^ reductions were made on •tiie 1-kilo^am scale to deter
mine 12ie conditions which would give the least a^unt of -325 mesh powder. 
The reductions were made under a variety of conditions aad thie following 
fariables were considereds 

1. Calciim chloride^ with uranium trioxide ^ d 50^ excess calciim. 

2. Excess calcium, with uraniim trioxide and a Hole ratio of calciua 
cliloride per uranium trioxide of 0.8% laoles. 
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3. Mesh size of calciiia chloride. 

%. Heating rates. 

5. Pressed charges. 

6. Calcitm-iodine boosters. 

7. Ctorge segregation. 

8. Ifoisture content of waniym trioxide. 

9. MagneBita reductaat. 

10. l&«niifflt t e t ra f lu^ ide booiter-flux. 

11, Beduetion bmis size. 

Procedure 

A staudexd procedure vas adopted with regard to imking a reduction. M the 
first 2k rtms the uranium trioxide, calcium chloride, im,gnesia sand, liner, and 
bomb were dried in an oven at about l80*€ for a period of 15 hotirs. The UTMIIUM 
trioxide, calcium chloride, and calciim were intimately mixed (by rolling) in a 
large jar. The liner was placed in the boab with ma^esia sand on the bottom 
and aromid the sides. The charge was poised in the liner, the cover put in 
place, and sand poured on top to fill the bomb. Kie bomb lid was bolted on with 
the copper gasket in its recess. The bomb was evacuated and flushed with helium 
three times and sealed with an ataosphere of helium inside, fhe b o * was heated, 
usually-.-at~a rS'K of 100*C per minute. A plateau generally occurred in the 
teB5>erature - tine curve around 7^0*C before the reaction took place. After 
the reaction started, an increase in teaperature occurred. The external heating 
was maintained throughout the entire reaction and was discontinued when the 
tei^erature started to drop. A typical heating curve is shown in IB-2931. 

After the crucible was removed from the bomb it was separated from the 
melt|, usually quite easily^ by chipping -with a haaaer. tte crucible vas 
difficult to remoTe when calcium chloride was not present in Hie slag, fhe 
melt was nonpyrophoric and usually was yellow or green in color. It was dis
solved in a 10^ acetic acid solution. Ice wf,s added to keep the teaperature 
below 25*0. Bie calciiia oxide^ calciim^ and calciim chloride went into 
solution quite readily in aost cases, fhe leaching t i ^ of the ̂ ssive reac
tion product was about 1̂  hours. After leaching, the uranium was screened 
into four fractions^ +20 «sh^ -20 to +100 iMsh^ -100 to 4-325 aesh;, and -325 
^sh. The -325 ̂ sh uranitM powder was recovered by filtering 1iie solution 
that passed ttirough the 325 screen. It was ¥ashedj, dried with acetone^ and 
stored. Tsxe other aesh sizes were washed, cleaned in nitric acid, dried with 
acetone J, and stored. It was found that surface oxidation was reduced if the 
uranium was stored dry in closed bottles rather than under acetone or benzene. 
Evea the -325 naterial was generally aonpyrophoric. 
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Results 

Effect of Calcitm Chloride 

A series of runs was made to determine the effect of the amount of calcium 
chloride used on the particle size distribution. The calcium chloride should 
act as a flux by removing the calciua oxide from the surface of the calclmi aad 
uranium and. thus help to promote complete reaction. &,ch run was made with 15 
moles of calcium^ 3.32 moles of uranium trioxide^ (dried at l80®C) and Tarlable 
amounts of calciiam chloride. Run 7 was an exception, dince only 2'.92 m«j1,ts of 
uranium trioxide and 13.2 moles of calcium could be loaded into the crucible. 
The calcium chloride used was crushed l/2-inch lumps. A heating rate of 100®C 
per minute was used la all of the runs except Bun 1 where the rate was 7T**C 
per minute. 

Six different amounts of calclua chloride were investigated rajoging from 
0 to 1.36 moles of chloride per mole of oxide. The results are given in 
Table VI, Buns 1 to 8. The +20 mesh material had a general tendency to de
crease with an Increasing amount of calcium chloride. This relatioaship 11-
Ixistrated by the lower curve in KS-2921, where the moles calcium chloride per 
mole uranium trioxide is plotted versus per cent of yield of +20 aesh metal. 
Conversely, the -20 to +100 and -100 to 325 ̂ esh material shows a slight 
tendency to increase with increasing calcium chloride. The upper<eurve in 
KS-2921 and lower curve In KS-2922 illustrate this effect. There was a 
d(Bfinlte downward trend la the amount of -325 m@sh material with increasing 
calcium chloride when moist oxide was used. This trend is shown by the upper 
curve In KS-2922. Beductions containing a mole ratio of calcltam chloride per 
uranium trioxide of OSk appear to give the best over-all results for all four 
of the mesh ranges, and also appear to allow satisfactory processing iffter 
reduction. Run k was a duplication of Run 1, aad the results are in excellent 
agreement. However, Run 19, a duplication of Run 7, gives much higher yields 
of the -325 mesh material and lower yields of the other mesh ranges than Run 7. 
This result indicates that the reductions are not completely reproducible. The 
average recovery for all of these runs was '^^0^, which the authors considered 
to be fairly good since some of the -325 mesh material was so small it passed 
through the filter. 

Calcium chloride effects the reduction simultaneously as a flux and heat 
diluent. The fluxing is considered desirable in aiding reaction of uranium 
trioxide with calcium, and in aiding formation of -325 mesh spherical metal 
instead of sintered aggregates of this size imterial. It also promotes sep
aration of the reaction mass from the high-fired imgnesia crucible aad leaching 
of this reactor mass to obtain the uranium. As a heat diluent, the calcium 
chloride is desirable as far as yields of the three size ranges greater than 
325 mesh uranium are concerned. For both moist and dry uranitm trioxide, the 
amount of +20 mesh uranium decreases, in general, with iacreasiag calclua 
chloride, thus indicating that the heat diluent effect has greater influence 
in this size range, of particles fimn the fluxing effect does. In the two 
ranges of particle size, •=20 +100 mesh and -1C» +325 imsh metal^ there is a 
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PERCENTAGE YIELDS OF -20 + 100 MESH vs. MOLES CaClg/MOLE OXIDE 

X ANHYDROUS OXIDE 

• MOIST OXIDE 

.4 6 8 10 i 2 
MOLES CaCVMOLE OXIDE 

PERCENTAGE YIELDS OF + 2 0 MESH ¥S. MOLES CaCfg/MOLE OXIDE 
KS»292I 



70r 

8 

o 
UJ 

a. 

PERCENTAGE YIELDS OF -325 MESH vs. MOLES CoCft/MOLE OXIDE 

30r 

2 0 -

% ANHYDROUS OXIDE 

® MOIST OXIDE 

.6 .8 !.0 
MOLES O J G V M O L E OXIDE 

^ 1.4 

PERCENTAGE YIELDS OF -100+325 MESH vs. MOLES CoCf2/MOLE OXIDE 
KS-2922 



21 

sli^t trend toward gredier aasiounts of each range wl'tii increasing calcium 
chloride, Biis is considered as exk indication that the fluxing effect influ
ences t̂ e formation of these particles more than the heat diluent effect. In 
the -325 mesh particles it appears that in the reduction of ̂ Ist uranitM 
trioxide the percentage yields decrease with increasing calcium chloride, while 
Just the opposite occurs with dry.uranium trioxide. This indicates that the 
presence of moisture Influences the fluxing action of calcium chloride in a 
favorable manner. 

Effect of CalcitM 

A second series of runs was aade t© determine the effect of -aae amount 
of excess calcium used on the particle size distribution. The mole ratio of 
calcium chloride to uranium trioxide was held constant at 0.8% swles on all of 
these runs since this value gave the best coc^oslte results in the previous 
series of runs. The calciua chloride flux was 20 mesh Material. The results 
of four Suns, 9^ 10^, 11^ aad 12 are givien ia Table ?I. There was only a 
sll^t effect on the aiKJtmt of +20 aesh material produced. The lower curve 
in IB-2923 increases sli^tly with Increasing calclua^ but the total saotmt 
of +20 aesh metal produced is relatively small, fhe amount of -20 to +100 
iBSh material again shown in K-2923, remains relatively constant over the 
range of excess calclta Investigated. Biere is a general tendency for the 
amosmt of -100 to +325 ̂ sh ^tal to decrease in the reduction of waist oxide 
with an increasing aaount of excess calciim. This effect is Illustrated by 
the lower curve in ffi-292%. The results for the -325 sesh are somê îat 
irregular, as can be seen from the upper curve In ffi-292%. There is a asdnlMaa. 
in the ciarve at 50^ excess calciua and a sharp increase going either to a 
hl#er or lower asKsunt of calcium. Run 18 was a duplication of Rtm 12, made 
Witt 60^ excess calcium. Biere is, as can be seen from Table VI^ a great 
difference between liie two runs. Tae -325 Jtesh ̂ tal has increased and the 
other ranges decreased correspondingly. 

In general, the variations in yields of the various mesh sizes of spherical 
uranium with percentage of excess calclua are not pronounced. Some type of 
unknown, aad unreproducible effect on yields of -325 imah astal does occur la 
reduction of moist uranium trioxide with about 50^ excess calcium. 

Effect of Particle Size of Calcitm Chloride 

Two reductions, 16 euad 17_j, were made with calciua chloride of different 
particle size +% mesh aad +20 mesh, respectively. A heating rate of 50®C per 
minute was used. The results given in fable ¥1 show that the -325 aesh yield 
is essentially the same for each run. The only real difference was la the 
yields of the two middle mssh ranges where the diffemce between xtms was 5 to 
6^. If Run 2, made with l/2-inch lun© calcium chloride, which had been crushed, 
and a heating rate of 100*C per minute, is coiEpared with Runs 16 and I7, one 
finds little difference between them except for a slightly lower amount of -325 
aesh and a correspoMlng increase in the +20 mesh, ttus, the conclusion drawn 
fro« 1^«se results Is that the particle sise of calciua chloride has little or 
no affect on the particle size distribution of ttie uranl-um product. 
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Effect of Heating Bate 

SeTeral runs irere ̂ »d6 to dete^ne the effect on particle slae distribu-
tioa if different heating rates were used, luns 2^ 16̂ , aad 17 were identic^ 
raae except for heating rate, tte first was heated at 1TO*C per Btnute wMle 
•Hie latter two were heated at 50*C per ainute. ttese runs were discuBsed in 
tlie pre-rious ̂ ragraph aad were ia ̂ ree^nt with each other wi-tein kf» Rvna 
1 aad k were also identical except for the heating rate, lua 1 was heated at 
77*C per ainute and lua k at lOO'C per ainute. Again "tte results were al^st 
ideaticri, aff'eeing to within 3^. It Is apparent, on ihe basis of -Haese 
results, that heating rate has little effect on the particle size distribution. 

Effect of Rressed Charges 

Two reductions were iMde to detexalne if ca^ressing the charge would: 
teve aay effect on the yield. Each char^ contained 0.8% i»les of caleiiM 
chloride per mole uranium trioxide aad 50^ excess calciua aad was pressed 
into four cakes under %0-ton pressure, ttis procedure resulted in a charge 
33^ ajre dense thaa the norraal charge and ttus should give 33^ ̂ re beat 
liberated in tte reaction, luas Ik and 15 were made as described aboue. Bie 
ai»unt of -325 Biaterial Increased noticeably as ccaipaxed to a nor^il run 
(Run 2). There was also a sli#t Increase in -tte a«>unt of -100 to +325 iKsh 
aaterisl but a substantial decrease in the +20 i^sh yield. Pressing the 
charge does not, apparently, increase -ttie over~all yields of the first three 
^sh raages, but does increase the aaount of -325 i»sh. Thus, this ^thod 
does i»t appear to be of aay value aad was aot considered useful. 

Effect of Calcium-Iodine Boosters 

ttree runs were Made using -Qie calcitm. aad iodine reaction to add more 
heat to the charge. Each run contained 50^ excess calciua ezA OSh ^les 
calcium chloride per aole uranium trioxide. Two luns, I3 and 23* were m^e 
Witt 0.5 ̂ les iodine added aad Run 2k contained 1 n»le iodine, Mditional 
calclua was added in each case to react with the iodine, Bie results, given 
in Wble II, haTe a great deal of scatter. The -325 B»sh is relatively low 
in Run 13 while in Run 23, w M A is a duplicate run, it Is 50^ hi#ier. 
Similarly, liie -100 to +325 aesh M.terial has a fairly h i ^ percentage in 
Sun 13 aad is considerably lower in Bun 23« The reduction i»de with 1 B»le 
of iodine. Bun 2%, had the highest yield of -325 aesh aad the lowest yields 
for the middle two aesh ranges. Sliese reŝ ults indicate that the addition of 
a booster is not feasible if it is done in this ̂ iaaer. Since -toe aaeunt of 
uranium trioxide had to be cut down to ̂ ike room for tiie iodine, so^ heat 
was lost aad tiie addition of Iodine did not imke up for it, fte reductions 
do not a^ear to be reproducible in this case, as was also true in the pre
ceding cases. 

Effect of Charge Segregation 

Baree runs were made in wMoh the uranium trioxide-calcitM chloride 
Mxttre was segrated from the calcitaa, Biis was done to investigate the 
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influence of local concentrations of uranium trioxide on the particle size 
distribution. All of the runs were made using 50^ excess calcixm, 0,8^ moles 
salcitffli chloride per HK>le uranium trioxide, and either 2.98 or 3.32 moles of 
uranium-trioxide. The results of the reductions, 20, 21, and 22, are given 
In Table II. The -325 aesh is falHy low and the -100 to +325 «sh relatively 
h l ^ in Run 20 made with 7 layers of laraaiua trioxide-calcium chloride sand-
widied between layers of calcium. A repeat run. Run 22, al'tiiough i»de with 
less tjranium trioxide, resulted in a substantially greater amotsat of -325 
aesh and a sli^tly lower aaoimt of -100 to +325 mesh. A third run, 'Run 21, 
was made with 3 layers of uranium trioxide-ealcium chloride. In this case 
there was a large amount of -325 n^sh imterlal an^ a corresponding decrease 
in the other i^sh raages. It should be noted tihat the recoveries are somewhat 
lower than normal in all eases. 

It appears that segregation of uraaltaa trioxide-ealcium chloride a M 
calcium is 7 altersmte layers does not affect the reduction yields of +325 
^^sh'aetel unfavorably. However, ths reduction of a charge caused of 3 
alternate .layers definitely Increased the yield of -^5 B^sh. metal. All 3 
reductions of segregated charges resulted In lower total yields than reductions 
of well-ai^d reactaats uMer similar conditions. 

Bffeet of Moisture Content of the Cranium Trioxide 

The uraaixim trioxide used in reductions listed in Table ¥1 was assumed 
to be aiAydrous aad was dried at l80*C. It was later fotmd to contain from. 
0.75 to 1.25^ by wei^t water, A thermal analysis indicated that It was 
necessary to heat -Uils uteris! to %50®C to remove all the water. A nxjmber 
of runs made with uranium trioxide dried at k^OX is given in TWsle ¥11. 

CoBiparisons of the effects of calcium chloride and calcitaa respectively 
on the yields of various aesh sizes of taraaitaii from moist and dry taranitim 
trioxide have been given ia detail in previous discussions (see pp. 19-23). 
In stMoary, however, a definite advantage of using aoist oxide is indicated 
ia tiie decrease of -325 Jsesh tjranitaa with increasing calcium chloride as 
Shown in ffi-2922. The effect of caleitm on the yields of -325 aseh metal is 
aot as clear cut (KB-292J4-) as the effect of calcitaa chloride. 

Effect of Magnesium as a Reducing Agent 

Several reductions were attainted using magnesium instead of calcitjaa as 
tte rediiciag agent. Each run contained 0.85 moles caleitm chloride per mole 
ttraniua trioxide and 50^ excess magnesitaa. The first run was made by the 
usual Btetbod, and a large aiwtmt of •Qie magaesitjm vaporized aad condensed on 
the lid aad vip-per mils of the crucible. The ̂ It was coke-like in appearwice 
aad was apparently co^osed of taraaiua dioxide and metal. In the second rxm 
a simller charge was used and the void volui^ of the crucible was filled with 
a Idiick layer of i»gnesitim oxide and a layer of ta^ed magnesia. A lid placed 
iamediately on top of the charge prevented contamination from magnesitaa oxide. 



Run 
lo. 

25 

26 

27 

28 

29 

30 

32 

33 

37 

38 

39 

%0 

%1 

UO3 
g moles 

950 

836 

950 

950 

950 

950 

950 

837 

3952 

3952 

3952 

3952 

3952 

3.32 

2.92 

3.32 

3.32 

3=32 

3.3a 

3^32 

2,92 

13.82 

13.82 

13,82 

13.82 

13.82 

g moles 

310 

1̂ 38 

155 

310 

70 

30 

310 

273 

1290 

1290 

6%5 
3^0 

1290 

1290 

2,19 

3.9^ 

1,%0 

2o79 

0,63 

0,27 

2,79 

ZM 

11,62 

11.62 

5 081 
5,81* 

11,62 

11,62 

g 

600 

525 

600 

6m 

6m 

6m 

520 

600 

2k96 

2k96 

2%96 

2h96 

2k^ 

Ca, 
moles 

15 

13.1 

15 

15 

15 

15 

13 

15 

62 A 

62 A 

62,¥0 

62 AO 

62ok0 

feternal 
Temp *C 

Initial Final 

735 

Iko 

iko 

165 

770 

7̂ 5 

7l|.0 

750 

800 

790 

710 

660 

710 

800 

795 

875 

dkQ 

905 

895 

830 

820 

950 

990 

890 

810 

8%0 

Percentage Yields in fesh Ranges 
+20 -20 + 106 -100 + 325 -325 

3.8 

0 

15.9 

kS 

18,8-

19.0 

3.5 

5.2 

16.31 

Iks 

7.6 

l l o l 

11,8 

17,1 

12,1 

12,0 

17,6 

l%.7 

13=9 

17=2 

17.2 

21,8 

20,2 

&A 

19.3 

17.6 

19.5 

20 o% 

11,9 

16,6 

11,3 

9.1 

12.7 

Ik A 

20,9 

16,6 

16,2 

23.1 

23.5 

59.8 

67.8 

60.2 

59.8 

55 «2 

57.9 

m.6 
63.2 

40.9 

¥8,2 

67.8 

%6,5 

I1.7.2 

fetal 
Recovery 

87 

m 
80.5 

88.6 

9î .3 

94=5 

89 

91 »7 

90.7 

92.7 

7Q.9 

86,7 

90.6 

*3%0 g or 5,81 o j les of laCl a lso used„ 
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After reduction i t was found tiiat tiie iKl t was alnost coapletely encased in 
i m ^ e s i u a a e t a l . The ^ I t •was agaia cote'-like in appearance. P rac t i ca l ly 
a l l of the product, which, was probably uraaitm and uraaitia dioxide, was -325 
^ 8 h a a t e r i a l . 

I t appears tha t ^gnes i t a i w i l l not reduce taraaitM -teioxide s a t i s f a c t o r i l y 
under ttie conditions ttiat have been t r i e d . Ixperiaents desi©ied to perform 
reductions a t elevated t e ^ e r a t u r e s and a t h i ^ e r presstjres thaaa are considered 
safe with present e q u i p ^ n t deserve further invest igat ion. 

Effect of UraaitM tetrafluoride as a Booster-Flux 

Three reductions were aade in which varying amounts of tjrani«a t e t r a -
fluorlde were used in the dimrge along w i t t the taraaium t r iox ide . The taraaitaa 
te t ra f luor ide i s reduced to ihe : « t a l by calcitam, l i b e r a t i n g 13^ Kcals of heat 
per l o l e uranitM te t rafI t ior ide . Ihe resu l t ing calciua fluoride shotild also 
serve as a flux so t ha t the ^ » t m t of calcitM chloride required cotild be cut 
subs tan t ia l ly . Thus, aore heat should be l ibera ted i a the over-a l l react ion 
aad there i s l ees di luent present to ta&e the beat away. I t was hoped tha t 
a g g l o ^ r a t i o a of tte t»aaiu« fon»d would be l ^ r o v e d tmier these conditions. 

Bie t o t a l ^ t i a t of f lux, calcitaa chloride mid calcitim fluoride^ was held 
coastaat a t 2.78 aoles in a l l of the runs. Each rtm contaiaed 950 p 'aas of 
UTMiltm t r ioxide dried a t li.50*C m& 50^ excess calcitM. !ttie s to ich io ie te ic 
miouat of calciua to reac t with tte tjraid.ua tetrafluoride used in t^e reduction 
was also added. Tba res t i l t s of the rims are showa below i a the following 
tabti lat ion. 

Percentage Yields of IranitM Powder Using Wij. Booster-Pltix 

Bun 
l o . 

25 

35 

^ 

36 

l iales, 

0.00 

0.28 

0.69 

1.00 

Iteap Else , 

65 

70 

_ 

90 

Percentage YleMs 
+20 -20 +100 

3.8 17,1 

10.5 

21.3 

33.2 

18,8 

i9.il-

13.8 

in Ifesh laages 
-100 +325 -325 

19»5 59»8 

17.1 

111-,2 

12.1 

53»6 

1*5»1 

%0.9 

Percentege 
Recovery 

87.0 

91,8 

89.9 

88,3 

The amotmt of +20 lesh increases with aa increasing anount of uraaltm 
te t ra f luor ide and i s , in a l l cases, micb greater i^sn i a -tte rtms ^lAe with 
no uraaitm te t ra f luor ide and dry tiranitm t r iox ide , Bie a«5unt of -325 ^ s h 
i s correspondingly lower^ being 20^ l e s s in Run 36 as cohered with the rtms 
containing no taranit» t e t r a f luor ide . If one a s s u ^ s tha t a l l the taaaitaa feom 
the tiranltaa te t raf luor ide ends up as +20 aesh axA subtracts ttis trmi the 
restal ts , the yields on the bas is of only t i r^i taa t r ioxide are obtained, d e s e 
corrected values are given on "ttie following page. 

http://tjraid.ua
http://i9.il
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Percentage Yields of Ifranium Pomler on Basis of UO3 

Fercent^s Yields in ifesh. laages 
Rm Ho. iQles, UP||. _+20 -20 * 100 -100 -i- 32? -325 

25 0.00 3o8 17»1 19.5 59.8 

35 0.28 3oO 20,% 18.5 58»1 

3% 0.69 5»1 23A 17»9 5^«^ 

36 1.00 13.0 IT.9 15«7 53»3 

I t vould tbtis appear that the addition of uraaltm tetraflt»ride decreased 
the M»unt of «325 ^sh imterial by only a"bout 6 to 7^ la tlie^ WDB% faroratole 
ease^ the run containing 1 laole of uraniti?! tetrafluoride. The recoveries are 
slightly loirer than normal j, probably "because toe calcium fluoride was insoliible 
In acetic acid and had to "be separated by wasMng of ttie »325 tSBSh iiraaiiim. 
I t is apparent from these nms that Urn use of \jranlim tetrafluoride as a 
booster-flux does not affect the results enou^ to warrant i t s use. 

torge'Scale Beduetions 

Four reductions have been perforaed on a %f»kilo©raa» scale using 3952 
gcmm of a^iydrous uranium trloxidej, I29O gr^as calcltm chloride and 2k^ 
graia^ of calcium. These reductions resulted in a noticeable decrease in the 
percentage yields of -325 imsh mmiixm. as shoim in fable ¥11^ Buns 37 BM 381 
%0'and klo Subsequent work on a h i ^ teiEperature (lOCW to 1200*C) post-heat 
of the reaction aass nay restilt in furtilier increase of the yields of +325 ^ah 
spherical tiraniTam. 

Effect of Sodium Chloride as a Flux 

fte use of a flux other •fchan calcium chloride was investigated briefly. 
Sodiua chloride was used in conjunction with calciua^chloride in one large 
reduction. The sodium chloride has a meltiog point ^ 801®G not far different 
from calcium chloride^ vhich ael ts at 772®C. The results of this 'e^eriasent 
are given in !Dable fl l^ Run 39° ®ie aajount of -325 aesh mater i^ increased 
to about 160^ of that obtained in the runs using only calcium^ cMorlde while 
the other sKSh ranges decreased, except for the -100 to +325 ^ s h , •which 
remained about the saoe as in the other runs. I t appears^ on the basis of 
this one reduction^ that soditja chloride is of no value as a flux in iiie re 
duction of uraaiuffl trioxlde with calcli«. 

Analysis of Uranium ^ t a l Produced 

Saii5>le6 of ursBdvm from several runs irere analyzed spectrographlcally 
for iJ^urity e l e ^ n t s . The analysis is seiaiquantitative^ and the probable 

file:///jranlim
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error to be escpected is +50^ of the value given. The saaiples were also 
analyzed for carbon by the High Frequency Induction-folumetric Method.^3 A 
typical analysis is given in Table ?III. 

Tmm ¥111 TYPICAL M A L Y S I S OF IffiAHItM F R « REDUCTIOI OF UO3 

Element 

Mg 

Si 

Fe 

Al 

Mn 

PPffl 

300 

85 

80 

35 

25 

llemeat 

Ca 

li 

B 

Cu 

Ag 

C 

ffl! 

50 

20 

2 

1 

0.5 

500 

COHCLUSIOBS 

The preceding data show that spherical uranium particles (lS-5360) a 
large portion greater than 325 aesh slze^ can be produced by the direct re
duction of uraniimi trioxlde with calcium. Bie percentage yields of -325 snesh 
uranium are about 57^ in 1-kilogram scale reductions and about k6f in ^-kilogr^ 
scale experiments. It shoiild be noted also that the percentage of -325 mesh 
urani-um from the anhydrous uranium trioxlde (dried at ^50®C) ran about 7^ h l ^ e r 
than from runs made with uranium trioxlde dried at 180®C. fhere was also a 
general trend for the quantities of other ^ s h ranges to be soi»what 'higher for 
reductions smde with moist urmiium trioxlde than those mAe with anhydrous 
•uranium trloxide. 

Calcixm chloride is desirable in the reductions for fluxing pioposes and 
to proswte ease of processing. About 50^ excess calcium appears desirable. 
fhe mesh size of calcium chloride up to l/4-inch particles did not affect the 
reductions. Similarly, heating rate variations had a very small effect, fhe 
segregation of the charge and pressing of the charge appear undesirable. The 
use of calcium-iodine boosters did not is^rove iMe results, but further work 
coxild be done on this. A booster-flux of uranium fluoride helps slightly in 
reducing the aao\mt of -325 mesh uranium but th® calcium fluoride produced is 
difficult to separate. Reductions ei^loying ma^esium in place of calcium were 
unsuccessf\il. However, heating the bombs to high te^eratures under pressure 
and using larger bombs should be Investigated. The use of sodium chloride as 
a fluxing reduction of uranium trioxlde with calcium does not appear desirable. 
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leductions on a ̂ -kilogram scale resulted in about 10^ increase in the 
yields of spherical uraaiua l^ger ttoa 325 ̂ sh size^ ihna substantiatiag •tte 
belief that less heat losses Itoa •tiae reduction nass are desirable and can be 
obtained on large scale reductions. 

The reduction of uraaiua trioxide "wiiM calcium is a feasible technique or 
producing spherical uranium particles (see IB-5360) which axe of interest in 
development of long-lived ftiel eleiKnts, consisting of iMese pw-ticles dis
persed in a ductile, nonfissionable aetal or alloy. 
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Spherical Uranium Particles 
From Reduction of UOn with Calcium, 7 X 

KS-5.360 
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