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ABSTRACT °o° 24

" The most suitable bath which has been developod contains barium fluoride
and Barium chloride in.equiﬁolar quantities and as little as 107 by weight of
urenium tetrafluvoride. The uranium is deposited in globular form in a reddish
matrix. A water-cooled cathode end kerosene-dry ice quench have been found'advanta-
geous. '

An initinl attempt to reduce UF4 in & fuscd salt medium by meens of
calcium was sugosssful, but lator atiempts failed.;

Helting of uranium and recovery of turnings under fused BaCls have been
successful in initial experiments.

Further oxperiments have conclusively shown that zirconia liner§, ia no
metter what physical ooﬁdition, glve yiclds greatly inferior to those from the magnesie
liners previously employsd. The particls size of the caloium should be about =20,

+30 mush; f@r finer metal is largsly oxidis&d befors if can be used, and coarser
.grains do not react quiocklye. Copéer or gtecl bombs with no refractory 1ino; give
yieids varying between 62 and 93 péreenﬁ, and wa;rant further study. On sloi heat~
ing the standard fluoride-calcium-iodine mixturé fires at 620° C, but bofore that
tims the lodine has completely reatted with the ealeium, coating it with iodidb,
without evolving surficien£ heat to trigger the main resction. Less'oaloium than

the customary 25 psroeat excess decreesos tﬁe yield disprdportionatalyo

latest trials with 200 graﬁ’oharges has given yields of over 99 éercent
good mstal in a clean bisouit.A ?teshlybground cleen oaloiuﬁ, free from oxide, is
essential. lMegnesis liners, S/E in. thick, fired at 1750° C ere used. Heating to
tho firing point in about 7 minutas seems best, and heat should he céncentratod.

g0 that the charge first ignites at the top. es e
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PART 1: ELECTROLYS1S, AL!.ALIHE EARLK HRriLs .XH dﬂ“hf SALIS, FLUX
HELTING

by ¥. Kolodney

I. FEIECTROLYSIS

A. Introduction

The previous progress report (iﬁoas) covered work performed in the
interval of Ootober & %o October 28, 1943, and detailed the results of
solubility tests of uranium tetrafluoride and dioxide in various allmli and
alkeline earth fluorides as well as scms olcotrolysié employing chiefly baths
of sodium~uranium fluorides. These baths requirdd high concentrations of
tetrafluoride for satisfaoﬁbry operation, and wore quite volatile at the opora-
ting tomporaturos. Very small yields of uranium metal wore obtained.

1t was belioved thet considerable loss of matal resulted from oxida-
tion during the withdrawal and air cooling of the cathode, and that suoch
oxidation might be reduced through the use of an inert atmosphecre during
olactrolysis and/or during cooling after removal of the cathods from the batho
It is obviously desirable to reduce both volatility as well as the minimum
oonoentration of urenium salts in the bath in order to minimize evaporation
losses.

In order to reduce air oxidation, a water-cooled steel cathode wasg
substituted for the previously used graphite cathode, and the slectrolytic
product wos quenchod rapidly in kerosene which contained solid carbon dioxide,
A water-cooled cathode appomrs desirable because it permits depoeition from a
bath above the melting point of uranium and yet produces a solid cathode
product which had been in contact only with fused salt, and should, thersfore

possess a higher purity than metzl deposgited “a.tbr wal‘a.of a graphite crucible.
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Bath volatility can be reduced by employing fluorides or other salts

of high boiling points, such as the fluorides of caloium, magneaium, barium

and aluminum. Of these, the most desirable from the viewpoint of contamination

are the salts of barium. Accordingly, the major effort was direoted toward .

the development of a satisfactory barium=base slestrolyte, although explora-

tory experiments wero made with the others.

B. Experimental .

The following table (Table I) SurmArizes the results of the elsctro-
lytic experiments. Current densitles are neoessarily approximate, and the
voltages include line and oontaot drops. Tomperatures were moasured at the
bath surface with a leeds and Northrup optical pyromster. Unlsss othorwise
gpecified, the cathode was a water-cooled steel pipe 0.54 inches in dismetor
-with cloged end, and was quenched in kerosene containing solid earbon dioxideo
The salts used were C.P, or reagent grade. The uranium deposited was almost
invariably in a matrix of red-brown material and was recovered by orushing,
sieving and wasghing.

Examination of the results indicates that while uranium may be
olectrodeposited from simple mixtures of sodium and uranium fluorides, the
proportion §f tetrafluorids is high and evaporation is excessive., The metal
can also be suoccessfully deposited from similar mixtures with caloium fluoride
but there is a marked tendenoy for ocurrent fluotuation, and the tetrafluoride
content was high in order to reduce tho melting point. It is likely that
lower UF, concentrations would result in more unsteady conditions. A simple
mixture of barium and uranium fluorides behaved in similar fashion. However,

mixtures of barium fluoride, barium chlor.it}'a..gwinium gdoxide and uranium

E
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fluoride appeared promising because lower concentratlions of uranium salts
seemad successful, and a portion of the undesirable f{luoride could be replaced
by ohloride. These baths, however, appoared subject to vexatious peculiarities
seemingly dependent upon the msthod of addition of matcrialso For this reason,
the use of U0z (which seemed to be the cause of the difficulty) was temporarily
abandoned, and in the baths listed last in Table I (37=40) only the barium
salts and the tetrafluoride were present. The barium compounds are in mole-~
cular ratio because in this proportion the melting point is approximately
1000 C, higher than that of any other BaClg-rich mixture. It will be noted
that when the total olectrolyte weight is about 800 grams, it is possible to
oporate satisfactorily with a UF4 concentration of 10 weight percent, a decided
advantage from the viewpoint of vaporization losses.

In addition to the experimonts listed in Table I, two othera were
performed with submerged cathodes in the hope of sliminating air oxidatioﬁ.
In the first (41), a graphite cathode projeoting'from the base of a graphito‘
erucibls wasg in close proximity to a graphite anode, in the expectation of
reducing current passage to the crucible walls. The bath was substantially
similar to thoso of runs 37-40. Oaly a bronze powder was obtained at the
cathode. In the sscohd (42), a porcelain crucible was employed with a bottom
graphite oathode and a similar bath. Some particles of uranium were obtained
at the cathodse, but were in a reddish matrix, resembling the cathode products

of top-cathode rums.
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TABLE 1

SUMMARY OF BLECTROLYTIC EXPERIMENTS

3

Run Bath Composition Operating Conditions Result Remarks
Weight Percent
R s e
14 12RaF; 88 UFg Graphite crucible cathode; Faint traces of uraniuh Bath melts at about 650 C;
4 amp 1 aq in; 30 amp hra; detected by grinding Excellont conductivity-
5-6 volts; 1100C Evaporation considerable
15 12 NaF; 88 UFgq 70 amp/sq in; 7 amp hr; Uranium deposited in Congiderable bath volatila=-
6 volts; 1160 C; air-cooled pglobular form. Recovered szation
2 globules 2=3 mm diam.
17 11 NaF; 9 BaFg; 70 amp/sg in; 5 amp hrs 6 Considereble uranium as
80 UPy volts; 1130-1150 C small giobules 1 mm diam.
18 Samse as run 17. 1225-1275 € Considerable uranium. Considsrable bath evaporatic
Particle size increased
over run 17
19 11 NaF; 9 BaFg; 23 amp/sq in; 11 amp hr; Thick heavy deposit of o
80 UFy 6 volts; approx 1000 C. fine uranium. Deposit
: pyrophoric when crushed e
- (X
“e 20 36 BaFy; 64 UFy 0-110 amp/sq in; 9 volts; Fine spheroids of Bath fumed. Curront fluotuat
1125-1180 C uranium widely apparently because of
failure of salt to wet cathe
21 85 Tech grade oryolits; + Non-conducting film formed ¢
15 UFy cathode. Current zero
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TABLE I SUMMARY OF ELECTROLYTIC EXFERIMENTS (cont)

Run

Bath Composltion
Waight Percent

Operating Conditions

Result

Remarks

2

20 CaFg; 80 UFy

110 amp/sq in; 15 amp hr;
7.5 volts; 1135-1180 C

Much metal deposited in
rod-like growths sabout
1 mm dism.

23

20 CaFp; 80 UFy

70 amp/%q in; 15 amp hr;
8 volts; 1200 C

Deposit in rod-liks
growths. One piece 3x5 mm

24

20 CaFg; B0 UFy

32 amp/bq in;
1210-1226 C

83 amp hr;

Layer 1/8" thiok consist-
ing almost entirely of
fins uranium

Current unsteady

25

36 BaFp; 10 BaClg.2HQ0
12 602; 42 UFs

or 36.8 BaFg; 8,6 BaClz
12.2 UOg; 42.56 UFg

110 amp/sq in; 7 amp hr;
7 volts; 1060 C

No metal. Deposit reddish

Current steady. Bath pre-
pared by melting Uls and
UFy and adding BaFp and

BaBlz°2Hy0 in sucoession

26

36 BaFg; 10 BaClg°2H20
12 UO2; 42 UFy4

or 36.8 BaFg; 8.6 BaCle
12.2 U02; 42.5 UFg

110 amp/sq in; 11 amp hr;
1226 C

Uranium deposited in the
form of pieces 1=3 mm diam.

a7

Same as run 26

110 amp/éq in; 22 amp hr;
7 volts; 1285-1300 C

layer 1/16" thick, mostly
uranium in fine form

d3141SSVIINN
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TABLE I SUMMARY OF ELECTROLYTIC EXPERIMENTS {oont)

Run Bath Composition Result

Weight Percent

Operating Conditions Remsarks

28 Same as run 26 Considerable moetal in form
of spheres ranging from powder

to several mm diam.

Graphite rod cathode;
110 amp/sq in; 7 amp hr;
1200 € approx

29 Same as run 26 Graphite rod cathode;

90 amp/%q in; 11 smp hr;

Congiderable uranium
similar to run 28

Bath prepared by
premixing all galts

1150-1180
30 Same as run 26 Same as run 29, but 3 fairly large pleces of
1225-1250 C; 6 amp hr uranium, larges 9 mm long
x 3 mm wide
33 26 BaF,; 36 BaCly+2Hp0 70 emp/sq in; 23 amp hr; Considerable uranium in Bath is result of additi

19 UO2; 19 UFg 9 volts; 1290-1300 C

20 U02; 20 UPy

- particles ranging from powder

to about 3 mm. Recovered

material represents current.

efficiency of 13%

of UFg to BaFp, Bally,
U02 mixture

35

Same as run 38
Fresh bath

Bath prepared from pre-
mixed materials; melt
visgous. Severe anode
effect which was olimina
by addition of UFy

ASv3aT13d O 119Nd d04 d3aNodddv



TABLE I SUMMARY OF ELECTROLYTIC EXPERIMENTS (cont)

— el

Run

Bath Composition Operating Conditions
Weight Percent

Result

Remarks

37

38 BaFg; 53 BaClpg*2Hp0  Approx 4 amp hr; 6.5 volts;

Considerable metal in
particles 1 mm diam.

Current not perfectly
steady. Total electrolyt
200 gz.

38

Much uranium in form of
small particles

Current steady. Total
electrolyte 200 g.

39

9 UFe 1210 €
or 41.3 BaPFg; 49 BaCly
9,8 UFa
30 BaPy; 41.5 BaClgalp0 15 amp hr; 6.6 volts
28.5 UFg 1176 €
or 32 BaFgz; 37.6 BalClp;
30.4 UFy
Same as run 37 40 amp/éqo in; 12 amp hr;

8 volts; 1125 C

Great desl of uranium in
form of small spheres

Bath prepared by 'melting
BaCl2+2H20; adding BaF2 a
UFg in sucoession. Total
electrolyte 880 zrams.
Current very steady.
Evaporation slight.

40

Same 85 39. Roplenished 23 amp/sq in; 25 amp hr;
with UFy . 6 volt; 1180 C

Great deal of uranium;
larger pieces 5 wm long

g
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C. Plans for Future Work

It is planned to determine the effsct of operation in inert
atmosphere 3n order to determine whether the non-metallic material codeposited
with the uranium is a prcduct of an oxidation. In any case, an inert
atmosphers would be essentiasl if the solidified uranium is to be withd}awn
from the bath continuously. ‘

There has been some indication in the experiments that.higher current
densities may result in a less contaminated product, but suob work awaits
removal to new quarters.

- Much work remains to be done on the proper selection of beth materials
and proportions. The proportions of barium fluoride and chloride, the effect
of U0z, and additions of other fluorides require investigation. In addition,
the field of alkaline baths containing oxides has not been explored.

| Plans Are at preséﬁt being made for work directed toward the plating
of uranium from fused salts ;nd organic solvents in the hope of obtaining uni-
form deposits at low temperatures. This work, too, must await removal to new

quarters.

II. REDUCTION BY ALKALINE EARTH METALS IN FUSED SALTS

Ao Introduction

In the course of convoréation with Mr. Kinzel, the probable importeance
of complete dehydration of fused salts was mentioned, and subsequently, Mr.
Jatte suggested that dehydration might be assured by the mddition of a metal
such as calcium to the fused salt. It ocourred to the writer that .such a

process might yleld uranium in a manner analogous to the bomb reaction.

ARRROVED ECR DIRLIC RELEASE
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B, Expoerimental

The first fused salt mixturd selected for a trial of calcium addi-
tion was the bath which had been employed in run 41 and which had been sub-
ssquently electrolyzed. Approximately 4 grams of lump distilled calcium from
Electrometallurgical Sales Corporation were added to the bath at about 1100 C,
after which the bath was agaiﬁ sleotrolyesd for a short time. Upon removal of
the solidified =alt, ll grams of uranium were obtained in the form of 4
pellets, 3 large and 1 small.

. Since the process appsared relatively simple, {urther experiments
woreo performed ‘using calcium, barium and magnesium as reductants in various
calcium and barium salt mixtures. In all, 7 reductions with calcium, 3 with
barium, and 1 with megnesium were attempted. Only minute particles of uranium

were obtained at best.,

C. Conclusions

It is believed fhat the reaction in the presence of fused salts of
the types described is not simple, but is probably complicated by the reduotion
of the bivalent salts to well-sstablished monovalent compounds euch as BaCl,'
BaF, CaF, CaCl, etec. The same process presumably occurs in electrolysis,
and may account for the success of the initial attempt. The obvious suggestion
ias the uss of salts of monovalent metuls such as sodium, but unfortunately,

" while calcium end barium entér melts of their respactive salts in well-behaved

fashion, their introduction into sodium fluoride is accompanied by pyrotechnical

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

A few additional experiments are plenned, but it appears likely that

adequate solution of the problem would require a lengthy research program.

S—

e A ROVED TOR, PUBLT C RELEAGE



APPROVED FOR PUBLI C RELEASE
SPE W

I11I. FLUX MELTING

In further invostigation of the presence of water in BaClz melts,
tﬁeir effect on metallic uvranium was studied. The barium chloride was melted
in graphite without any previous dehydration, heated to 1350 C and 28 grams
of extruded Tuballoy .ntroduced. After cooling, approximately 28 grams of
cast uranium were recovered. The experiment was repeated with moré careful
weighing, the salt heatlsd to 1425 C, and the metal introduced at 1360 C,

Some carbide appesared tv form ¢n the surface of tho cast produot. After
cleaning, tha recovery o a 40 gram charge was 97~98%.

In cooperation vith R, Kamm, approximately 800 grams of Tuballoy
were melted under very 1i:tle BaCly (much of the fused sslt was lost by splash-
ing resulting from intruduction of the metal) at 1300 C and ths whole poured
by tipping into a graphite mold. The resultant ocasting appeared visibly sound
after sectioning, but'contained numerous microscopic rosettes of some un-
identified material.

Uranium turnings conteminated with carbon ard o0il were cleaned with
water, dilute alkali and nitric acid, and 50 grams of these added to 100 grams
of a BaCly melt at 1275 C. Recovery after cleaning the ingot was 94.6%.
Similarly, 10 grams of the same turnings were comprsssed into a pellst and
added to BaClp melt at 1200 C. The resultant button just failed of complete
fusion, a'portion being only sintered, probably because of low temperature.
After removal of carbide with dilute acetic aeid, recovery wes 99.5%.

The barium chlorids melts appeared little affected by the uranium,
but were not orystalline and were slightly yellow. On the other hand,

BaCly-BaF; melts had besn observed to turn brown during ocalcium redustions.

— —RPPROVEDTOR TUBLT C RELCASE
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It was thought that this might bs the result of sélution of U02+ A molar
proportion mixture of BaFg-BaClz was melted and 50 grams of uranium turnings
added et 1300 C. The salt turned brown, was orystail'me, but only 69%
recovery was obtained in the form of a cohsrent ingot after cleaning.

The experiments are too few for decisive conclusions.

———————————————— R O P S ET EASE
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PART 2: SMALL-SCALE BOMB PRODUCTION

by Ro. Do Baker

I. ZIRCONIA LINERS

In 14-35 it was stated that zirconia liners fired to 1800° C gave an
average yield of 73.0% as compared with 95.5% when using fired magnesisa liners.
Further work has been done using zirconia liners. The charge consisted of 10
grams UFg, 3.42 grams = 20 + 30 mesh Ca and 1.15 grams iodine. These woights
1/7 mole Ig/hole UF4 and 25% excess caloiume The bombs were heated in a 3 KW

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

TABLE 1

Reductions in Zirooniae Liner
(10 gram charge, throughout)

Heating
Liner Time To [Yield, % Remarks
Fire (Min, )
l. Zr0g fired to 1800 C 4 73.0 Poorly formed buttons, heads of
3/16" wall (av) metal entrapped in slag.
2o Zr0gz fired to 1700 C 4 53,0 Same as 1.
3/16" wall
3. 2r0g fired to 1600 C 4 80.0 Poorly formed button of metal,
3/16" mll gor@ beeds held in slaz layor.
4. Some ag 3 4 60.9 Same as 3.
6. 2r02 fired to 1500 C 4 0 Only povidered metal obtained.
3/16" wall
6. Zr0, fired to 1400 C 4 g Sene a8 5.
2/16™ wall
7. ZrOg + 4% sawdust 4 70.5 Beads of metal, no ooherent
fired to 1800 C piece.
3/16" wmll
8. Dry packed ZrQp 4 83.0 Poorly formed button of meotal.
3/16" wall

ARRROVED EOR PLUBLIC RELEASE
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TABLE I (cont)

Liner Hea Yield Remarks
Sy

9. 2Zr0z fired to 1800 ¢ 3.5 8%.0 Poorly formed button, beads of
1/18" wall metal entrapped in slag.

10. Same as 9 345 80.9 Sams as 9.

11. 2r0z fired to 1800 C 4 69.7 Poorly formed button, beads of
1/8" wall metal entrapped in slag.

12. Seme as 11 4 36.8 Same ag 11.

.13, 2r0p fired to 1800 ¢ 4 24,3  Same as 11.

1/4" wall

14. Same as 13 4 652.3 Same as 11.

16. Zr0z fired to 1800 C 8 72.3 Poorly formed button, beads of
1/18" wall , metal in slag.

16. Zr0p fired to 1800 C 9 62.3 Seme as 15.
1/8" wall

17. 2Zr0p fired to 1800 C 10 - 381.0 Poorly formed button, beads of
1/4" wmall . metal in slag.

18. 2Zr0p fired to 1800 C 16 7747 Same as 17. '
3/16" wall :

Entries 1 through 6 are for liners fired to differsnt temperatures. Tho
liners fired to 1800°, 1700° and 1600° C appeared to be the sams. They were very
hard and had smooth walls. 1In all cases the slag formed a layer on the walls of
the liner in whioch small beads of metal ‘7ere sntrapped. The buttons of metal wore
all poorly formed and were oovered with slag. Because of the low and erratic yields
no definite oonclusions can be drawn con:serning the liners fired %o 1800°, 1700°,
or 1600° C. The liners fired to 1600° and 1400° C were soft but the malls wers as

smooth a8 on liners fired at higher teomporatures. These low fired liners gave

APPROVED FOR PUBLI C RELEASE
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only powdered wetal. The liner which wac made from a mixture of ZrOg and cawdust
(7) was hard but had rough porous walls. The dry packed but unfired ZrO; liner (8)
gave resulés comparable with the fired liners.

Entries 9 through 14 in Table I give the results of experiments on wall
thickness of liners. The dimensions of the charge wers the same as in a1l runs
reported, the sigs of the bomd being different to accommodats the different wall
thiokness of the liner. These data on wanll thickness indicete that ths 1/16" mll
liner is the best, however, the yields are low in all ossges. Entries 15 through
18 show the results obtained by slow heatling of the charges in zirconia liners of
various well thiokness. The sloQ firing had no definite effsot on the yields or
charscter of the metal obtained.

The results presented in Tuble I indicate that the poor yields may be
due to & change in the compcsition of the slag as compared with magnesia linere
rather than to differences in heat conductivity or porosity. A oharge consisting
of b grams of the Zr0O2 used for liners, 4.13 srams of - 20 + 30 calcium and 0.96
gramg of Ip was placed in & bomb with a 2r0y liner, heated for 4 minutes under the
sam2 oconditions as in a reduction of UF4. A black sintered powder was formed.
This powder was treated with water to remove the calocium and lsached until no
longer alkaline. The black powder which remained bwiued vigorously to & white
oxide when heated to a low temperature. It contained approximately 13% zirconium
metal as calculated from the gain on ignition. An analysis of uranium metal
produced in a zirconia liner which had besn fired to 1800° ¢ gave 0.18% zirconium

metal. This further indicates that the zirconia liner is reduced by the caloium

moetal.

AP TOVED POk PUBLT © RELEASE
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11. PARTICLE SIZE OF CALCIUM M3TAL

The caloium metal used in all reductions reported above and in LA-35
was redistilled caloium as recelved from Electro-Mstallurgical Company. This metal
was ground in a Wiley mill and the « 20 + 30 mesh fraotion ussd. Some experiments
on particle size of caloium moetal were run; the data being reported below, The
charge consisted of 10 grams UFg, 3.42 grams Ce and 1015 grams Ip. The liners
used were of magnesia fired at 2200° C. The wall thickneas was 3/16". The bombs

were heated in an induotion furnace at 3 KW for ths times stated.

TABLE 11

Heating Time

Sige of Ca Used (inin) Yield Remarks
1. Pieces 2x2x1 mm 4 44.8 Poorly formsd button covered
with slag.
2. Seme &5 1 4 76.5 Sams as 1.
3., ~30 mesh as taken 4 65.0 Poorly formed button covered
from Wiley mill with slag.
4. Same ms 3 4 76.2 Same asg 3.
5. ~30 480 mash 4 95.5 Wall formed button, free of slag.
6., Same as’'H 4 96.5 Sams as 5.
7. =100 +270 mosh 4 0 Only powdered metal formed.
8. Same as 7 4 00 Seme as 7.

The large pieces of canlcoium metal (entries 1 and 2) gave low yislds and
poor checks. The slag layers or the walls of the liners were uneven, most of the
slag having run down on top of the metel. Entries 3 and 4 show ths results obtained

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

APPROVED FOUR PUBLT ©C RELEASE
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the following soreen analysis: = 30 480, 90%; « 80 4 100 moesh, 5"!; = 100 + 270,

S%e The results obtained with this Ca wsre simllar to those obtained using the
large pisces of Ca. The ~ 30 + 80 mash calcium used in entries § and 6 was the
sems a8 in 3 and 4 except that the -~ B0 nesh mter_'ial was removed, The results
wers very similar %o those reported using -~ 20 + 30 mesh caleium. The buttons of
metal were compact and were frss of slag. The = 100 4 270 mesh material used in
7 and 8 gave only powderod metal. These fine particles become covered with a
layer of oxide durlng milling, the presence of whioh probably accounts for the poor
results.c This is also brought out by comparing entries 3 and 4 with entries 5 and
6. With the exception of the large pieces, it is believed that the above data does
not chow the effect of particle size of the calcium but the effect of the amount
of ozide on the caloium particles. It is believed that the lowar ylelds obtainsd
with the large pisces of calcium are due to poor mixing of the caloium and UF,.
Some experiments were also run using - 20 <- 30 mesh Baker raagent grade
calecium. It was received in the form of turnings and ground in the Wiley mill.
All conditions wsre the same as used for the reductions given in Table II. The
yields on two runs were 94.2 end 93.7%. The results were comparable with those
obtained using the ~ 20 4 30 mesh calcium.prepared from the Eleotro-Metallurgical

oalcium.

1J1. METAL BOMBS WITHOUT LINERS

Only preliminary work has been done on  the use of metal bombs without
liners. The bombs used had the same internal dimensions as the liners used in
previous reductions, The stsel bombs used were of two wall thioknesses, namely
1/8" and 1/4". The copper bombs used had a wall thickness of 1/4". The ocovers
were of the same material and were held cn by a clamp. A thin layer of magnesia

wag placed on the bottom before the standard 10 gram charge was poured in. The

ARRRQOVED- ECR PLBLLC RELEASE




data obtained are given in Table IIX.
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The yields are probably low because the

bombs leaked iodine during heating, which was done in a 3 KW induotion furnace.

There was a slag layer formed on the sides of the bombs very simllar to that

formed in a magnesia liner.

There was some slag on the button of metal. The

walle of the steol bombs showed no attack but the Cu bombs ware attacked slightly.

Fur ther work using metal bombs is now in progress.

TABLE 111

Reduotion in unlined metal bombs

(¥

Bomb

Hoating
Timo Yield

_(Min)

Remarks

2.

3.

5.

6o

Stesl, 1/8" wall
Sam¢ asg 1

Staxl, 1/4" wall
Coipar, 1/4" wall

Sars as 4

Semo as 4

1.5 61.7
1,5 85.6
2 82.5
4 g2.56
4 7204
4 79.4

Poorly formed button.
Bad Iz leak.

Same as 1.
Same as 1.
Well formed button, yellow

oolor on slag.

Poofiy formsd button, yellow '

. oolor on button and slag.

Same as b.

Iv. PREBEAT EXFERIMENTS

It i1 planned to oarry out experiments in whish the loaded bomb is

hoated at a temprrature below the ignition temperature beforo it is fired in the

induotion furna:e. Work has bossn carried ocut to determine the temperature at
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whioch tho remoction starts. These experiments were done with the standard 10 tam
oharge in an unlined steel bomb with a thermooguple attached toé tho sile. . Tio
bomb was placed in a cold eleootric muffle furnate and heated at such a rate trit
it took 1 hour 20 minutes to reach 620° c; at wiich temperature the reacticr
started and the temporature suddenly increased.

The stendard cherge was held at 500° C for 1 hour and oxamineJ. The
UF, romained unchangsd. No iodine was visible ard the Ca particles wern coverad
with a brown material, probably Cslp. The same rasults were obtaine: ab 300° C.
It therefore sesems unlikely that the iodine "booster™ helps by it. heat of reaction,

and ites offect is probably entirely due to the fluxing actio. of the iodide.

V. VARIATION OF THE AMOUNT OF OALSIUM

Bxporimonts using less Ca that the standari 25 percent have been rum.
Reductions using n charge of 10 grins of UPFy, 2.87 groms (6 percent excesa) =20
430 Ca, 1.15 grams iz, fired in Mg0 .iners by tits standard method gave a yiold of
59.5 percent in one trial, end only povderi4 metal in another.

Cherges consisting of 10 pram of UFy, 20,7 grens of Ca and 1.15 grams
of I, wore aleo studiod with standard liner wad firing tochnique. This charge cone
teins Ca for all the UFy and S0 percent of tivs Ip. Yields of 30.5 and 46.6 ﬁoroent

wore obteined. Thore was evidonce of unreaciad UF, in the slag.
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PART 3: BOMB REDUCTION ON Z200-GRAM SCALE

by Rs Ho Dunlap

INTRODUCT ION

This report relates to the results thus far obtained in the production
of tuballoy on a 200-gram scals by the bomb reduction method. The ultimate objeot
of the investigation ia the development of a mothed suitable for the production of
25.

To obtnin optimum conditions for this type of reduction a standard
charge was adopted and a seriec of variables were investigatod. The exporimonts
wore designed to determine the aeffact of:

1. liner thicknesc

. 2+ fired ¥4 tampod linors
3. top ¥. bottom firing of charge
4. fast P slow Piring (effect of proheat)
5. particle sizo ¢f oalcium on yield
6. oxide content of caleciunm
Exéerimnnts, wherein the optlmum conditions so far determined have
boen omployed, have resulted in yields of uranium in excess of 99 parcent of the
theoretical.
METEOD

Briofly the mothod comprises rescting a chargo consisting of uranium
tetrafluoride plus L/? of a mole of iodine per mole of tetrafluoride with calcium
metal in an amount 25 percent in excess of the thooretical requirements for
reagtion with the tetrafluoride and iodine. The charge ia fired in & suitable

rofractory orucible within a sealed metal container, heated by high frequency

induction.




APPROVED FOR PUBLI C RELEASE

APPARATUS AND MATERIALS

Three steel (SAE 1020) reaction chembors, or bombs, of 3/16" wall
thickness wers made. Each bomb had an inside height of 6 1/2" and had a detach-
able cover at onc end. Tho inside diamotem of the threo bombs werse 2", 2 1/4",
and 2 /2" respactively. This varlation in the I.D. of the bombs onabled the use
of fired liners having a constent I.D. of 1.756" but wall thicknesses of 1/8", 1/4"
and 5/8" resprotively. A fourth bomb wan made of 3/4" thick stoel (SAE 1020)
providod\with detachable covers at both onds. This bomb was designed for /8"
liners and was one inch greater in insido hoight than the single cover 3/8" liner
bomb previocusly desoribed. This extra height onabled the use of shapd bottoms in
tho cruciblos, if desired.

All liners, or crucibles, were mede by temping dry (200 mesh) peri-
olasé in a graphite mold and firing at 1750° ¢ by induction heating. The 1/8"
and 1/4" thick liners cen be satisfactorily fired in 20 minutes. The 3/8" liners
require 30 minutes, preferably 35, to avold internal breakdown due to the initial
shrinkege of tho outside of the liner. The shrinkage factor lies between 6 and
7 percent. Tops for crucibles are made by firing a oylinder of the desired dia~
moter and outting slioces of the required thiokness.

Tho bomb firing was done in a 6" high frequency coil. Power input was
obtained from elther a 50 KW 3000 cyols motor generator set or & 20 KW spark gap
high frequency outfit as indicated in the tables. .

The tetrafluoride used was batoh N 42156 LR 64. Tho iodine was regular
Baker reagent. Tho caicium'wau out in a Wiley mill to various grain sizes es
will bo discussed under the individual experiments.

Two sizes of charge wore used ns below:
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150-gram theoretica}__yield..: Zoocggraia 'él;e(é:éj:__i‘g_g_}_ yield

D e e P

UP, 197.85 grans 263.80 grans
Iz 2z.86 " 30.46 "
Ca 67.50 " 90.01 "

Both of thess charges reprosont 1/7 mole of I, per mole or'UE% and
25 percent oxcess of calcium metal over that requlred for completo reaction with

the UF4 and Iz. Those cherges, hereinafter referred to as standard 150-gram and

200-gram charges, respestively, were used in all experimenta.

EXPERIMENTAL RESULTS

1. Effect.of liner thickness and point of firing

Table A, below, indicates ths effeot of increasing liner thiokness and

mothod of firing the charge on the perceitage yield.

TABLE A

Liner wall Thickness

I/b" lﬂ%" &/Bn

Run No. 2098 2999 2100

Yield, top fired 93.14 95.3 96.66
(psrcent)

Run No. 2101 2102 2103

Yield, bottom fired 86.07 91.7 93.0
(peroent)

i
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2L, T

BT 2

Al)l runs used the standard 150 gr&m:chhrgefwitb $isetilled calcium

R
ground to =20 <30 mesch size and were fired in 7 minutes by the use of BKW in the
50 KW outfit. The improvemont in percemtaege yield with increased liner thioknoas,
with top firing is evidont. Thore was a very definite improvement in the condi-
tion of the reduced button with top firing. It is believed that the higher yield
and better button from top firing result from the fact that the reaction proceeds
downwerd with a constantly increasing pool of metal collecting on the lowering

surface of the reacting mase.

2. Effeot of tamperod ¥ fired liners ~

The standard 200 gram charge was emp;oyed with -20 430 mesh redistilled
onlcium. The bombs wore firod as between 4 and 5 KW in the 50 EW outfit. Time
to fire was approximately 6 1/2 to 7 minutes. A tampsred MgO liner resulted in a
yield of 93.7 percent (Run no. 2107) as against 96.8 percent (Run no. 2135) for
the run employing a fired ¥gO liner.

3. Effoct of rate of firing

Tho stondard 200 gram charge was employed with redistilled calcium of
a =20 430 mesh size. The runs were made in 3/8" fired ¥Mz0 liners, top fired.

vable B indicates the results of this work.

TABLE B

un_No Tims to Fire <&ower Source KW Input Percent Yield

2120 3 min gonerator 10 KW 92,8
2135 7 min " 4 to 5 KW 96.8
2143 non " ". 95.5
25 min to 600 C 4 KW 28 min
2154 10 8in at 950 ¢ P2k B2P g 4o 10 KW 10 83.5
. min

s ¢ .ggesaﬁQGe 4.3
®ee o00 999 .:

21565 a8 above

E
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4. Effoct of;gﬁrtiole 8ize and condition of celeiunm

Exceasively large particle nlze as woell as the uss of oxidiszed
caleium has boen found dotiémental to high ylelds. Table C iIndiocates the
vP‘t
two runs indiocate the offeot of partiole sige and -

results obtaincd. The

are particularly significant inasmuch as the turninge were oleaner metal than

the fines, thus indicating that partiocle size is of even irare concequence than
the condition of the calcium. The last five runs indicate the offsot of oxide~
tion whon partiocle size iz uniform. All runs in the table are 200 gram standsrd

obargo, 3/8" fired MgO liners, top fired.

TABIE €
Bun Time ¢to Pover 1) Type of Percant
%o Firo Sourco Input Caloium Yield
2145 7 minutes gonerator 4 to 5 KW «~30 mech & down, 865
@i atilled, comewhat
azidized
2l¢¢ " ¢ * Turnings (Morck) lot 87.6
no 8232
{25 min to 600 ¢ (4 EW 25 min -
2147 (10 ® at 950 C Sengga (8 to 10 KW Ags above, ground 20 mesh  98.1
& 10 min and down
2156 As atove " a5 abtove As above £9.15
2154 ™ % R " " Redistillod, somowhab 93.5
oxidized, 20 @mcoh and
down
2155 " % 0 » » As above but ~30 mesh 4.8
removed and remaindor
reground
2485 * % n o " Redistilled, now can, &8 99,3
ground, 20 meosh and
domm
*od 0ol ole 0ol ode on®
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CORCIUSIONS
Exporimontel work to date on improving the psreentage yield of

uranium in the reduction of UFy by calcium in the presencs of iodine indicates
that liners of 3/8" wall thiokness (Mgl fired 1750° Q) are asuperior to liners

of /4" or 1/8" wall thiokiness. Fired liners are superior to tampod lineors.

Top firing of the charge is supsrior tc bottow firing. Slaé firing (long pre-
hoating) is suporior Lo fast firing. Szall particle size in calcium (20 mash
and dcwﬁ) is superior to machine turninge. Oxidized ocalcium ia very dotrimental
to high yields.

By the uso of 3/8" fired V¥gC liners; slow prohoat; dop firing, clean,
small particle size caleium; the standard 200 gram oherge can be expactod to

result in yields in the renge 98 percent and 99 percent.
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