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which htt8 been developod oontains barium fluorfde

quantities and as li.ttksam 10% by weight of

uranium tetrafluorido.

matrix. A water-cooled

geous ●

The uranium is deposited in globular form in a reddish

oathode and kerosene-dry ioe quenoh have been found advanta~

An initial attempt i% reduce lJF4in 8 fused sMt medium by means of

oalcium was sucoessfil,but later attempts failed.

‘Meltingof uranium and reoovery of turnings uriderfwed DaCl~ bIzVebeen

successful in initial exp@riment8+

Ihrthar experiments have oouolusivo,~y8h0WU that zirconia ~incm8, in no

nmtterwha% physical oondition, give yielde greatly inferior to those from tha magneeiu

Ilnaro previously employeds. The par’tiolesize of the caloium 8hOUld be about -20,

+30 moGh$ for finer metal is largely oxidised before it can be used, and uoarser

grains do not react quiokly~ Copper or stool bombs with no refractory line; gi~e

yields varying between 62 and 93 percent, and wa&ant fuxther study. (h 81OU hoat-

i~ the standard fluoride-ealoium-iodinemixtuie fires at 620° C, but before that

time the iodine has completely reabted with the oaloium, mating it with iodide,

withou~ evolving sufficient heat to trigger tho mih rbaotion. hNM? OdOiUUl than

the curntomary25 psroeat excess deorea8es tha yield disproportionately.

Latest trials with 200 gram oharges has given yields of over 9!3peraent

Fre8hly-ground ale~n oaloium, free from oxide, i’agood metal in a olean bisouit.

e8sential. hgnesia Mners, 3/8 in. thiok, fired at 1750° C are used. Heating to

tho firing point in about 7 rxinute8seems best, and heat 8hould be oomentxated.

so that the ahabge firs% ignites at Me *op.O*: .D:.:0 ● 900 ●

w;:{ ‘
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by ‘L Kolodney

1. EIECTROLYSXS

A, Introduction

The previous progre8s report (~-3$) oovered work performed in the

interval of Ootober 6 to Ootober 28, 1943, and detailed the results of

volubility tests of uranium tetrafluorido and dioxide ih various alkali and

alkaline earth fluorides ae well as scme olootrolysis employing ~hiefly bathe

of sodium-uranium fluoridos. Those baths requirdd high concentrations of

tctrafluorido for satisfao;ory operation, and woro quite volatile at tho opora-

ting tompereturos. Very small yields of uranium metal wore obtained.

It was believed that considerable 10s8 of mstal resulted from oxida-

tion during tho withdrawal and air ooollng of the oathodeO and that maeh

oxidation might be reduood through the use of an inert atmosphcro during

ol.actrol”ysisand/or during cooling after removal of the cathodo from the bath.

It i8 obviously de8irable to reduce both volatilityas well as the minimum

oonoantration of uranium salts in the bath in order to minimizo evaporation

),06s0s.

in order to reduce air oxidation, a water-oooled steel oathode wae

substituted for the previously used graphite cathode, and the eleotrolytio

produot was quenohod rapidly in kerownm which oontained solid carbon dioxidoO

A water-oooled cathode appears desirable because it permits deposition frorna

bath abova the melting point of uranium and yot producss a solld oathode

product whioh had been in oontaat only with fused salt, and should. therefore

possess a higher purity than metal deposi~ Swtbr ~1~~ of’a graphi~e cruoible.
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Bath volatility oan be reduced by emplo@g fluorides or other salts

of high boiling points~ suoh as the fluoride8 of caloium, magneaiumO barium

and

are

the

aluminum. Of the8e, the most desirable from the viewpoint of contamination

the salts Of barium. Accordingly, the major effort was direoted toward

development of a satisfactory barium-base elootrolyte, although oxplora-=

tory experiments wore made with the others.

B. Experimental .

The following table (Table I) summarizes the results of the elootro-

lytic experiments. Current densities aro nooessarily approximate, and the

voltages include line and oontaot drops. ‘hmperatures were measured at tha

bath surfice with a Lzwds and Northrup optioal pyromgter. Unless otherwise

specified, the cathode was a water-uooled ateol pipe 0.54 inuhes in diameter

“with closed end, and was quenohcidin kerosene containing solid oarbon dioxibe.

The salts used were C.P. or reagent grade. The uranium deposited was almost

invariably in a matrix of red-brown mateyial and was recovered by orushing,

sieving and washing.

Examination of the results indicate8 that whilo uranium may bo

oleotrodeposited from simple mixtures of sodium and uranium fluorides, the

proportion of tetrafluoride is high and evaporation is exoossive., The metal

can also bo suooessfully depositod from similar mixtures with oaloium fluorido

but there is a marked tendenoy for ourrent fluctuation, and the tetrafluorido

sontent was high in order to reduoe the melting point. It is likely that

lower TIP+concentrationswould result in more unsteady conditions. A simple

mixture of barium and uranium fluorides behaved in similar fashion. However,

mixtur6s of barium fluoride, barium ohlorOi+S*avn&iun A+ox:de and uranium
:::..
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● 0 ●.: ●:0 ●0: ● ** . .

. H‘~ i&iASSIFIED
●** ● ●
●

● ● ●000
● , ● **

● *. 9**
● *O ● 0

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



..”s

fluoride appeared promising,beoause

seemed sumessfhl, and a portion of

by ohlorido. These baths, however,

- ● O- ● *a -0-

● 0 **a ● **
● O*

*O**
be

●.$●:0 :

lower concentrations of uranium 6alts

the undesirable fluoride couldbe replaoed

appeared subject to vexatious poculiaritioe

seemingly dependent upon”theahod of addition of materials. For this reason,

the use cd?U02 (whioh seemed to be the omse of the difficulty) was temporarily

abandoned, and in the baths

salts and the tetrafluoride

oular ratio because in this

listed last in

were present.

proportion the

Table I (37040) only the barium

‘J!hebarium compounds are in molo-

snoltingpoint is approximately

Not) c, higher than that of any other 13aC12-richmixture. It will he noted

that when the total electrolyte weight is about 800 grams, it is possible to

opcu?ateeatisfaotorilywith a UF4 concentration of 10 weight percent, a deoided

advantage

performed

from the viewpoint of vaporization losses.

In addition to tho experiments listed in Table 1, two others wore

with submerged oathodes in the hopo of eliminating air oxidation.

In the first (41).,a graphite cathode projecting from the base ofa graphite

orwible was in close proximity to a graphito anode, in the expectation of

reducing ourrent

similar to those

oathode. In the

graphite oathode

passage to the cruoible walls. The bath was substantially

of runs 37-40. Onlya bronzs powder was obtained at tho

sscond (42), a porcelain cruoiblo was employed with a bottom

and a similar bath. Some particles of uranium were obtained

at tho oathode, but were in a reddish matrix, resembling the oathode products

of top-oathode runs,

.
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C. Plans for Mmre Work

1% is planned to determine the

atmosphere !k order to determine

with the uranium is a prcduot

atmosphere would be essential

from the bath continuously.

There has been some

of

ii?

whether

effeot of operation in inert

the non-mdallio material uodoposited

an “oxidation. In any ease, an inert
,

the solidified uranium is to be withdrawn

indication in

densities may result in a less contaminated

removal to new quarters.

the experiments that higher ourrent

produot, but suoh work awaits

. Muohwork remains to be done on the proper seleotion of bath materials

and proportions. The proportions of barium fluoride and ohloride, the effect

of’ IJ02, and additions of other fluorides require investigation. In addition,

the field of alkaline baths containing oxides has not been explorod.

Plans are at present being made for work directed toward the plating

of’uranium from fused salts and organic solvents in the hope of obtaining uni-

form deposits at low tomperatures~ This work, too, must await r6moval to new

quarters.

S1. REDUCTION BY A~ALINE FARTH METALS IllFUSED SALTS

A. Introduction
.

In the course of conversation with Mr. Kinzel, the probable importance

of oomplete dehydration of fused salts was mentioned, and 8ubsQqucmtly, *O

Jet& suggested that dehydration might be assured by the addition of a metal

suoh as oaloium to the fused salt. ~t o~~urred to the wri~r t~t.su~h a

prooess might yield uranium in a manner analogous to the bomb reaotion.

.
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13.Experimental

The first fused salt mixture soleoted for a trial of caloium

tion was the bath whioh had been emplo~d in run 41 and which had been

addi-

sub-

sequently eleotrolyzed. Approximately 4 grams of lump distilled caloium from

EleotrometallurgicalSales Corporation were added to the bath a-tabout 1100 C,

after whioh the bath was again eleotrolyeed for a short time. Upon removal of

the solidified salt, 11 grams of uranium were obtained in ths form of 4

pellets, 3 large and 1 small.

Since the prooess appeared relatively simple, further experiments

wore perfomned”usingoalcium, barium and magnesium as reductants in various

calcium and barium salt mixtureso In all, 7 reductions with calcium, 3 with

barium, and 1 with magnesium were attempted. Only minute partiolos of uranium

were obtained at best.

C. Conolu8ions

It is bolioved that the reaotion in the presenoe of fused salts of

the types described is not simple; but is probably complicated by the reduotion

of the bivalent

BaF, CaF, CeCl,

and may aocount

salts +0 well-establishedmonovalent oompounds 6uoh as BaCl,

eta. The same prooess presumably oocurs in electrolysis, I
for the wocess of the initial attempt. The obvious suggctati~n

is the use of sd.ts of monovalent metals suoh as sodium, but unfortunately,

while caluium and barium enter melts of their respective salts in well-behaved

fashion, their introduction into sodium fluoride is accompanied by pyroteohnioal

display occasioned by voloano-like eruptions of the fused salt.

A few additional experiments are planned, but it appears likely that
.

adequate solution of the problem would require a le~thy researoh program. I
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111. FLUX MELTING

In further investigation of the presenoe

their effeot on meta?lic uranium

in graphite without any previous

of extruded Tuballoy “introduced.

was studied. The

of water in 13aC12melts,

barium chloride wa8 melted

dehydration, heated to 1350 C and 28 grams

After cooling, approximately 28 gram8 of

ca8t uranium were recovered, The experiment was repeated with more oarefil

weighing, the salt heatwl to 1425 C, and the metal introduced at 1350 C.

Some carbide appeared t~~form @ the surfaoe of tho oa8t produot. After

oleaning, the rooovery on a 40 gram oharge wa8 97-98$.

In cooperation ?ith R. Kamm, approximately 800 gram of Tuballoy

were melted under very li.;tleBaC12 (much of the fused salt waa lost by splash-

ing resulting from introduction of the metal) at 1300 C and the

by tipping into a graphite mold. The re8ultant oasting appeared

after sectioning, but contained numerous miorosoopio rosettes of

identifiedmaterial.

Uranium turnings contaminated with

water, dilute alkali and nitric acid, and 50

carbon and oil

grams of these

were

uth016 poured

visibly sound

some un-

oleaned with

added to 100 grams

Of a BaC12 !aeItat 1275 C. Reoovery after oleaning the ingot wa8 94.6%.

Similarly, 10 gram of the same turnings were compressed into a pellet and

added to 13aC12melt at 1200 C. The resultint button just failed of oomplete

fision, a portion being only 81ntered, probably beoause of low temperature.

After removal of carbide with dilute acetic acid, reoovery wa8 99.@.

The barium chloride melts appeared little affeoted by the uranium,

but were not crystalline and ware slightly yellow. On the other hand~

BaC12-BaF2 molt8 had been observed to turn brown during oalcium reductions.
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1% was thought that this might be the result of’solution of U02. A molar

proportion mixture pf BaF2-BaC12 was melted and 50 grainsof uranium turnings

added at 1300 C. The salt turned brown, raw crystalline, but only 69%

recsoverywas obtained in the form of a ooherent ingot cifteroleaning.

The experiments are too few for decisive oonolusiotis.

I

I

—
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PART 2: SMALL-SCALE BO}M6PRODUCTION

1. ZIRCONIA LINERS

In M-35 it %li8stated that ziroonia liners fired to 1800° C gave en

average yieM of ?3.Q% as compared with 95.G when using fired magneaia liners.

Fbrther work has been done using zir60nia liners. The charge consisted of 10

grams,lJF4,3.42 grams - 20 + 30 mesh,Ca and 1.15 grams iodine. These weights

1/7 gOh 12/mole UF4 and 25% exce88 oaloium. The bombs were heated in a 3 M

induction furnace, The data obtained are given in the following table,

TABLE 1

Reductions in Ziroonia Liner
(10 gram oharge, throughout~

Liner

1. Zr02 fired to 1800 C
3/16” wall

20 Zr02 fired to 1700 C
3/16” wall

3* Zr02 fired to 1600 C
3/16” wall

4. Same ae 3

s. ZrO~ fired to 1500 C
3/16” vail

6. Zr02 fired to 1400 C
3/16” wall

7. Zr02 +4$ sawdust ‘
fired to 1800 C
3/16” wall

8. Dry packed Zr02
3/16” wall

Heating
Time To

‘ire (Min.

4

4

4

4

4

4

4

‘ield,$

73●0
(av)

53.9

80.0

60.9

0

d

70.5

63.0

Remarks

Poorly formed buttons, heads of
metal entrapped in slag.

Same 88 1.

Poorly formod button of metal,
some beads hsld in slag layer.

Same as 3.

Only powdered metal obtainod.

&Wtt3fi85.

Beads of metal, no ooherent
piece.

I’oorlyformed button ofxwtal.
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‘M.BLEI (oont) .

Liner
b%? “e”

Remarks

9.

10.

11.

12.

13●

14.

15.

16.

17●

18.

Same as 9

ZrO~ fired to 1800 C
1/8” wall

Same as 11

ZrOZ fired to 1800 C
1/4” wall

same as 13

Zr02 fired to 1800 C
1/16” all

~

Zr02 fired to 1800 C
l/8’’wall

Zr02 fired to 1800 C
1/4” wall

Zr02 fired to 1800 C
3/16” wall

3*5 9X*O

365 aoc9

4 69.7

4 36.8

4 24.3

4 62.3

8 72.3

9 62.3

10 : 31.0

16 77.7

Poorly formed button, beads of
metal entrapped in slag.

same as 9*”

Poorly formed button, beads of
metal entrapped in slag.

3ame as 11.

Same as 11.

Poorly formed button, beads of
meal in slag.

Sameau 15.

Poorly formed button, bead8 of
metal in slag.

SsISeas 17.
,

Entries 1 through 6 are for limrs fired to different temperatures. TM

liners fired to 1800°. l?oo” and 1600° C appeared to be the sam~~ ~ey were very

hard and had smooth walls. In all cases the slag formed a layer on the walls of

the liner in whioh small beads of metal vore entrapped. The buttons of metal wera

all poorly formed end were oovered with slag. BeoauIsaof the lowand erratic yields

no definite oonolusions oan be drawn oon]erning the liners fired to 1800°, 1?00°8

or 1600° C. The liners fired to 1500° and 1400° C were soft but the mll.s wore as

smooth a8 on liners fired at higher tomporatures. Theso 10X fired liners gave

APPROVED FOR PUBLIC RELEASE
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only potiered aetal. The liner which wa~ made from a mixture of Zr02 and ~awdust

(7) was hard but had ro~gh porous walls. Tho drypaoked but unfired Zr02 liner (8)

gave re~ults comparable with the fired liners.

thicLnmss

reportsd,

thiokness

Entries 9 through 14 in Table I give the results of experiments on wall

of liners. The dimensions of the oharge wore the same as in all runs

the si~o of the bomb being different to accommodate the different wall

of the liner. These data on will t%ickncjssindioate that the l/16” wall

liner i~ tho best, however, the yields are low in all oases. Entries 15 through

18 show the rem.altsobtained by slow heating of the charges in zirconia liners of

various wall thiokness. The slow firing had no definite

oharactcr of the metal obtained.

The results presented in Table 1 indicate that

effeot on the yields or

the poor yields my be

due toa change in the composition of the slag as oompared with

rather than “todifferences in heat conductivity or porosity. A

of 5 grams of the Zr02 used for liners, 4.13 grams of - 20 + 30

grams of 12 was

sam conditions

This powder REM

plaoed in a bomb, with a Zr02 liner, hsated for

magnesia liners

ohargs oon8isting

caloium and 0.96

4 minutes under

atsin a reduction of UF4. A black sintered powder was formed.

treated with watar to remove the odoium and leached until no

longer alkaline. The blaok powder which rmainod Zuraed vigorously to a white

oxide when heated to a low temperature. It oontained approximately 13% ziroonium

metal as oaloulated Worn the gain on ignition. An analysis of uranium metal

produced in a zirconia Mner which had bem fired to 1800° C gave

metal. This fhrther indicates that the zirconia liner is reduoed

metal.

O.l@O ziroonium “

by the oaloium

APPROVED FOR PUBLIC RELEASE
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11. PARTICLE SIZE OF CALCIUM MWTAL

Tho aaloium metal used in all reductions reported above and in LA-35

was redistilled caloium as rsce!vedfrom Eloctro-Metallurgicalcompany. This Ewtal

was ground in a Wiley mill and the - 20 +30 mesh fraotion used. Some experiments

on particle size of caloium metal were run: the data being reported below. The

darge consisted of 10 grams UF~, 3042 grams (2sand 1015 grams 12. The liners

used wre of nngnesia fired at 2200° C. The ~11 thichess WSt8 3/16”. The bombs

were heated in an induotion furnace at 3 KN for &he times abtod.

TABLE 11

Heati;~ Tim yield
Si9e of Ca Used

(rein)
I’bwmka

20

3*

4.

5.

60

?.

8.

Piecoa 2x2X1 mm

Same as 1

-30 mesh as taken
from Wiley mill

Same as 3

-30+80 mesh

Same aa-5

-100+270 mesh

Same as 7

4

4

4

44.8

76.5

65.0

76.2

95.5

96.5

0

00

Poorly formed button aovereci
with slag.

Same as 1.

Poorly formal button oovered
with slag.

Same as 3.

~~ellformed button, free of 81ag.

Same as 5.

Only powdered metal foz*med.

Same aa 7.

The large pieces of ouloiummetil (entries 1 and 2) gave low yielde and

poor oheoks. The slag layers on the wal.1.sof the liners were uneven, most of the

slag having run down on top of the metal. En’tries3 and 4 show tha results obtained

by using the - 30 mesh material as taken from the Wiley mill. This material had

,
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the following eoreen analysis: - 30 +80, 9@$i - 80 +

s%. The results obtained with this Ca were similar to

large pieoes of Ca. The - 30 + 80 mesh oalcium used in

ls!!!HP=100+27.,
those obtained using the

entries 5 and 6 was the

s&& as in 3 and 4 exoept that the - 80 nesh nmterial was removed. The results

were very similar to those reported using - 20 +30 mesh oaloium. The buttons of

metal wero oompaot and wore free of slag. Ths - 100 +270 mesh material used in

7 and 8 gave only powdered metal.

layer of

results.

6. With

not chow

of oxide

with the

oaloium.

oxide during milling, the

This is also *ought out

These fine particles beoome oovered with a

presenoe of whioh probably acoounts”for the poor

by oonparhg entries 3 and 4 with entries 5 and

the exooption of the large piooos~ it is believed that the above data does

the effeot of partiole sizo of the oaloium but the effeot of the amount

on the oaloium particles, It is believed that the lower yields obtained

large pieces of calcium are due to poor mixing of the cxaloiumand UP4.

SomJSexperiments were also run using - 204-30 mesh Baker reagent grade

It was received in

All conditions were the same

yields on two runs were 94.2

obtained using the - 20 + 30

oaloiumg

the form of turnings and ground in th@ Wiley mill.

ao used for tho reductions given in Table 11. The

and 93.7% The results were comparable with those

111. METAL BOMBS WITHOUT LINERS

mesh aaloium prepared from the

liners.

previous

1/8” and

only preliminary work

The bombs used had the

reduotiansy The steel

has been done on”the use of

same internal dimensions as

bombs used were of two wall

Eleotro-h?etallurgioal

metal bombs without

the liners used in

thicknesses, namely

1/4”. The copper bombs used had a wall thiokness of 1/4’?. The oovers

were of the same material and were held cm by a clamp. A thin layer of ma=mesia

was plaoed on the bottom before the standard 10 gram oharge was poured in. The

~
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data obtained are giben in Table III. The yields are probably low beaauae the

bombs leaked iodine during heating~ whioh was dono in a 3 KW induotion furnaoe.

There was a slag layer formed on the sides of the bmnbs very similar to that

formed in a magnesi% liner. ‘i’herewas some slag on the buttin of me~l. The

walls of the stool bonibsshcwed no attack but the Cu bombs were attaoked slightly.

Fhrther work using inetalbombs is now in p~ogress.

TABLE 121

Reduotion in unlined metal bombs

Heating
Bomb Tim Yield Remarks

. ~

1. Steel.,%/8” wall 1.5 61.7 Poorly formed button.
Bad 12 leak.

20 Samf as 1 106 85*6 Same as 1.

3* Stc!ll,q4” vJ&ll 2 82.5 Same as 1=

4a co;Jper,1/4” wall 4 92.5 Well formed button, yellow
oolor on slag.

5* Sa[9 as 4 4 7204 Poo~ly formed button, yellow “
oolor on button and slag.
12 leak.

6. stew aG 4 4 ?9.4 Same as 6.

~. PRBEEATEXEkRIMERTS.—

It i\Iplanned to oarry out experiments i.nwhieh the loaded bomb is

heated at a tem~jrature below the ignition temperature beforo it is fired in the

i~~duotionfuma:e. Work has been carried out to determine the temperature at
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wbioh the roaotion startm. These mcporimedx were done with the standord 10 ‘,ram

olwmge in an unlined steel bomb with a thermocouple attached to tho mi:e. T1o

bambwas plaaed in a uold elootrio muffle fhrnaze and heated at such a rata tt.M

it took 1 hour 20 minutes to reach 620° C, at w;~ichtemperature the reacticy

atartwd and the temperature suddenly inoreased.

The standard ohargc v.m hold at 600° C for 1 hour snd cxraminoj.The

UF4 rmained unohanged. No iodino wafiwi~ible a?d tho CQ particles werooovered

with a brown material, probably CSX2. Tho samo reoults were obtaine’1at 3@3° CO

It therefore seems unlikely that the iodine “booahrm helps by it. heat of reaction,

and ita off@t is probably @ntirely due to the f.luxin~aotio4 of the iodide.

V. VARIATION OF THE AMOUNT OF OA~lUM

Exporimonto using lerw @ that the standari 25 peroent have been run,

Redu~tion8 uoing a Aarge of 10 grcms of UF4, 2&8’if&ams (6 percent exoosa) 020

+30 CR, 1.15 grams ~, fired h Afgotiers by f-xi Gtandard method gave a yiOld of

59.5 percent in one trial, and only p~vdor”fimetal in another.

Ob.argesconsisting of 10 ~;ram~of13F4, 2.? grams of (%

of 12 wore also studied with standard linar wnd firing technique.

teins (7afor all the UF4 and 90 pefce]~tof ~)) 1~. Yieldo of 30.3

wore obte.inod. There wau tmidonoe of’ unreac3xi UF4 in fihoslag.

and 1.1S grww

This ohmga oon-

a.nd4S.6 poroen%

—
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PART 3: lKME REDUCTION ON 200-GRMd SCALE

by R. E. Dunlap

INTRODUCTION——

This

of lwballoy on a

report relaixm to tho results thu~ far obtained in the production

200-gram SO61O~ the bomb reduction method. Tho ultimate objeot

of the invefitigation ia the development of a mathod suitable for tho production of

26.

.
To obtain optimum conditions for this

oharge was adopted and a serim of variablea were

were designed to determine the effeo% of:

typo of reduotion a standard

investigated. Tho ex~rtionte

1. liner thickn~so

. 2. fired w tamped liners

3. top U’.bottom firing of charge

r
4. fact V. slow firing (offeot of preheat)

5. particle aim Gf oaloium on yield

6. oxide oontent of oalaiun

Experiments, wherein tho optimum,conditions so far determined have

been cvuployed,have reoulted in yieldo of uranium in OXWJI$S of 99 peroent of the

theoretical.

METEOD

Briefly the method oompriscm re~cting a

tatrafluorido plus l/7 of amolo of iodine per molo

ohargo oonoiating of uranium

of tetrafluoridv with caloium

metal in an amount 25 percent in exoess of the tihooreticalrcquirument~ for

reaotion with Me tetrafluoride and Iodino. The oharge ia fired in a suitable

rofraotory oruoible within a sealed metal oontainer, hewtcd by hSgh frequeney

induction.
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APPARATUS AKD MATERIALS

Three eteel (ME 1020) reaotion chambera, or bombs, of 3/36~’wall

thiokneoa were made. Eaoh bomb had an inside height of 6 l/’2nand had a detaoh-

Rbla aover at one ends The tns$de diamotemof tho thrao bombs were 2“, 2 3/4~’*

and 2 )./21’rqmctivoly. This variation in the I.D. of the bombs onablod the UEO

of fired liners having a oonstant I.D. of 1.7S” but wall %hioknesaes of l/’8”,~4°

and 3/8@ roapotively. A fourth bombwxm made of3/4° thidc 8teel (SAE 1020)

prodddl with detaohablo covers at both ends. This bomb was designed for 3/’8’h

liners and was one inch groator in inaido height than

bomb previously deaoa’ibod. This extra height enabled

the csruoiblos,if desired.

the single

the use of’

cover 3/8” liner

ahapd bOttOm8 in

411 liners= or cruuibles, were made by tamping dry (200 mesh) peri-

olase in a graphite mold and firing at 1760° C by induotion heating. The 2/8”

and l/4° thiok liners oan be satief’aotorilyfired in 20 minutes. The 3/8” I.iners

require 80 minutes, preferably 35, to avoid internal breakdown due to the initial

shrinkage of tho out~ide of the liner. The ehrinkege faator lies between 6 and

7 ~roent. Tope for cruoibles are made by firing a oylinder of the desired dia.

meter and matting zilioeaof the required thiokness.

Tho bomb firing WaISdone in a 6“ high frequency coil. power in~t was

obtainc)dfrom either a 50 M? 3000 oyole motor generator set or a 20 KW reparkgap

high frequenoy outfit as indioated in the tablea.

The tetrafluoride usedvm batoh M4216 LR

Baker reagent. The oalciumwao out in a \9iloymill to

will be diacuaaed under the individual experiments.

Two sizes of oharge wore used as below

64. Tho iodino was rogul”ar

varioue grain s%~es aa
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MO-gram theorc3ticalyield.”: kC&y& &k&&Aoal>_oJ~.....--~=~.=●*...==

197.85 grams

22.85 “

Cth 67.60 “

263.80 grams

30.46 “

90.01 “

Both of these charges reprosmt ~7 mole Of 12 Wr ~le Of UF4 -d

26 percent oxoem of oalcium metal over that required for oompleto roaotion with

the UF4 and 1~. Those charges, hereinafter referred to as standard 160”gram and

200-gram ohargea, respeativoly,woro used in all oxporimenh.

EXYJHLUW3NTALRESULTS

1. Effect-of liner thickmus and point of firing

Tablo A, below,

method of!firing the charge

indioateB the effeot of increasing

on tho perceltsge yield.

TABLE A

Liner \%’allThickness

~; 3/4” 3/8”

2098 2099 2100Run No.

Yield, top fired
(porcont)

93.14 95.3

mm m. 2101 2102

Yield, bottom fixed 86.07 91.7
(permnt )

96.66

2203

93.0

● O ● m. . .
●

::
● .**m

:
● 0 : ●

::
●: :0

● 0 ●0: ●:s●s:9:,..●

● ● ●*.●** ● . ● O
● 0.

● ● O* ● . ● ●°:
●

● 8*
● :: :0: ● eee

● *..m ●*: ● ●
99

liner thioknem and
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All runs used the dandard 150 &h ‘c&go~&~ ~~fdiatilledoalcium

ground to -20 430 mesh size and wewo fired in 7 minutes by the u80 of 5KW in tho

50 Kitoutfit. The improveznantin percentage yield with increased liner thidnmms,

with top firing is evident. There was a very definite itnprovomentin the oondi-

tion of tho reduood button with top firing. It is believed that tho higher yield

and better button from top firing reeult from the fact that the reaotion prooaeds

downward with a constantly increasing pool of metal oolleding on *ho lowering

ourface of the reaoting mm.

2. Effeot of tampered Wfired linor8 /

‘1’heetandard 200 gram ohargo was eiuployedwith -20 +30 nmh redistilled

oalcium. The bombo were fired as betwoon 4 and 5 KIV in the 50 KW outfit. Time

to firo was approximately G ti2 to ? minutes. A tampered MgO liner remal%ed in a

yield of 93.7 percent (Run no. 2107) as against 96.8 peroent (Run no. 2135) for

the man employing a fired MgO liner.

3. Effect of rate of firing

Tho standard 200 gram chargo was employed with redistilled oalcium of

a -20 *3Omesh size. The runB wero made in 3/8” fir~d M@ liners~ toP fired=

‘tableB indioates the reeult8 of this work.

TABIE B

iR!xLaQ ~ime to Fire ~ower Source m Input I%roent Yield

2120 3 mill generator 10 XIV 92.6

2135 7 min n 96.84t05Kw ,.

2143 n,n n n 9s?5

2154
25min to 600 C 4KW26min
10 Mi!lat 950 e ‘park gap 8to101G?10 9305

● 0 ● *9 ● * min
::

2165 as above ● ● l~m.
● e.ma .

:“::~:L”’3● 9*.
●b ● oo

●:: ●0: 9**.
●*.m* ● a.

●9. ..
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I

Emwmively largepartlole

oaluiumh8 boon found detrimentalto
E ‘,&e

resultsobtained. The - ● two runs

are prtiau3arlyaignifiaantinasmmb

the fineu@lAm8 indicatingthatpartiolesizo is of evmmre wnmequenuethan

the oomlitionof tho oaleium. The last fiveruns indimte the offeotof oxida-

tionwhen partiale6i.8t3is uniform. AU rum in the table are 200 gram standard

Ohargo, dsn f~IwI~WZOl$nws, top fired.

TJW.QC —— —
Time to RLVes’ Kw Type of R3iwent

l$o Firs Sol.m!o Input Calo%wn Yl$m

224s ? minutes gozmrator 4 to 5 Kid

2M4 ‘o ‘i ft

{25Win to 800 c (4 m 2!5U!in
234’7[lo “ at 950 c Spark al?(8 tO 10 XW

tgeneraor
20 min

2156 M above fl es akove

2154 n “ a s] n

As above 99.25

Red%8tillod,uommlmk 93.5
oxidized.20 mmh and
Iiown -

fkl 41bOV0 but +0 mesh 84*S
removedand rmaindor
reground

Redistilled,new mm, as m .3
ground,20mesh and
down
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colJcLusmn8

Expc3rtiantalwork to date on improvingthe percentageyieldof

uraniumin the reduotionof!lJF4~ ca2cSumin tho presexw of iodineindicates

that linersof 3/8”wall thioknesa(%C fired37S0°0) are sugwriorto liners

Of dhv or d8t’wt31~ %h%okneEm. FiuedMnmw ara su-periorto tampedlin9rc4.

l?opi’i~”ingof the ohmge %8 aupsriortc bottomfiring, Slow firing(longpre-

heating)is auporiorto fast tiring. EV3allpartiolosize in oabhm (20 n9sh

.

and down}ia superiorto mchhe turn$qyx. (lxidimdc@oium ia very dotriuxmtal

to Mgh yidds.

~ the uso.oi’ti8° firedN@ liners;slowprohoat;top firing+dean,

smallpartiolosiz8 tmloitm; the atandsrd200 gramobt?.rgemm be expolxd to

resultin yio3dain the range98 peroentand 99 peroent.
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