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ABSTRACT

This report describes the bosbereduction technique used for the preparation

of uranium-235 metal, The method consists, in seneral, of the reduction of the
tetrafluoride with calcium metel, Iodine 5is used us & "booster" and also to

Sive & more fluid slag. The technique desoribed gives a yleld of above 99 per-

cent,
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REDUCTION OF URANIUM TZTRATLUORIDT TO LRTAL

1., Introductionsg

Most of the reductions were ocarried out on the 1000-g scaley the
250-and 500-g scales were used only ocomsionally, Since the only sssential
differences sre in the size of the bombs and liners used, the 1000-g reduction
technique and appsratus will be reported here,

The reection between a metal halide and an alkaline-esarth metal s&s
used in the so-=called bomb reductiocn is of the thermite typs. The fundamental re-
quirement for a successful bomb reduction is that a hizh yield be obtained as a
dense, coherent piece of pure metal, The resction used for the preparation of
uranium metal ié as followss

UFg + 2 Ca—pU *+ 2 CaFp
When adepting this remction to the bomb reduction several fundamental considerations

must be studied, The melting points of the products of the reaction and the amount
of heat liberated by the reaction sro important, It is necessory that the reduction
be carried out in such s manner thet the products of reaction are in the molten
state long enough, und that the slag has a sufficiently low viscosity to allow the
metal to collect in a coherent plece. In the reduotion of the fluoride with caleium,
the combination af the melting points of the produgts and the heat of reaction 1is
not such es to allow for the best collection of metal., Thres possible ways of
cvercoming this difficulty have been sugiesteds (a) supply more hest to the bomb

by addititonal external heatingy (b) lower the melting point of the slag by the
addition of another substancae; (c) increase tho amount of heat liberatesd in the
charge by having a reaction of «lizM°h¥at “48Kd*pitkce along with the reduction

reaction, It is known that exéﬁtdﬁl ﬁ&&tihéﬁmﬁﬁ;be carried out at such a rate
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that the producsts of the reaction do not solidify before separition of the

metal has taken place, If thls does happen it is not possible to collect

the metal even at temperatures wsll above the melting points of the products,

The application of very repid heating of the bomb and its contents is difficult

and impractical. In the roduction of uranium tetrafluoride, points (b) and (o)

are combined by producing by a conecurrent reaction a substance which will lower

the melting point of the slag while at the same time the reaction supplies additional
heat. The reaction used is as follows:

12 + 8. Ca + Calz

The formation of the Cals supplies additional hoat to the chargze, and the Ca.F2 =
Gal, slag has a lower melting point than the CaFs alone. The use of &n inert
atmosphere, such as argon, in the bomb aids in the separation of the sleag from the
metal end zives the latter a smooth top. This is probably due tq the lowering of
the viscosity and for the melting point of ths slag by the elimination of calcium
oxide end calcium nitride., If air or nitrogen is used, much of the slag freezes
on the liner walls, and the metal bulton has & poor top which is difficult to clean,
A knowledge of the sturting temperatures of the reactions and reaoction
mizture is important in developing a successful heating or firing procedure, The
starting temperatures of the recactions involved have been determined in this

laboratory and are glven, slong with the calculated hests of resction, in Tab{o 1.

TABLE I

Heat of Reaction

yixture ( A H) Starting Temp,

25 ofo Xs. Ca K cal/mole halide 9%

UF4 + Ca 5126‘.’0. eee o o.oo ese oo 5150

Ip * Ca sazs.s § ok BB ET O see®

UFg + 0,1 mole I, S138, L% 3% o% T 5 L L% 410° UNGMSSIHEB
+ Ca Tt e ger e
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It should be noted that, in addition to supplying more heat and a lower melting

slaz, the I2 + Ca reaction deteraines the starting temperature of tho whole reaction.
It has been found that variations in the amount of loding used in the charge does
not change the starting temperature,

Another impgvkmnt consideration 1s the centainer in which the reuction
takes placs, This ocontainer, ususlly referred to as the liner, should meat the
following requirements;

(¢ ) Thore should be no roaction between the reducing metal and the liner,
or bestween the products of the reaction and the liner,

(b) The liner should retain the products of the reaction and should be
of such purity as not to contaminete the metsl produced. The liners
usod will be discussed in more detuil leter in this report,

11, GSxperimental

1, Raw ilaterials and Apparatus

(a) Rew Materialss The choice of ealcium metal used in the thermite
reaction under consideration is of primery importance. The reducant nust be low
in light-element impurities so as not to contaminate the uranium metal produced.
1t must also be free of oxide and low in nitrogen, It has been found that calcium
containing 0,40 o/o No or less is satisfactory for reductions of the tetrefluoride when
the bomb is argon filled, The cmlcium used in the work reported here was re-
distilled electrolytic culecium manufactured by the Electro-detallurzical Corporation.
The cﬁlcium carrots were zground to -3, +4 mesh (1/4" pleces) at Ames, lowa, and packed
in argon for shipment to this laboratory. The calclum was then ground in a Wiley
mill and screened, the =20, *+ 80 fraction being used. This grinding and screening

removes much of the oxide and leavVes @-cilean;- ghing product, The ground calecium

was stored in bottles filled with';rgénmsumh%-$na£§§is of the calecium used is zgiven

UNGLASSIFIED

APPROVED FCRrPUBLIC RELEASE

in Table Vi,

tirewe
1ree




APPROVED FCR PUBLI C RELEASE

SEEAN UNGLASS!Fitu

..: .E. 3 e;o ;eo :..
6 EIII |||| e
G
TABLE VI

Eloment ppa
% | 400
B £ 0,5
Al $ 10
lin < 10
Hg < 1000
Fe 50

Reagent-grade, redistilled lodine menufactured by Hallinckrodt Chemical Works
was used with no additional grinding. The tetrafluoride used was received as
virgin material from Osk Ridge and &s recovered material produced by Group 3M=-16,
as described in LA-411.

(b) Apperatuss The apparatus consists, in general, of a bomb, a liper or
contaipner for tﬁo charge, and a high-frequency converter and coll for heating the
bomb, Fige 1} 1s @ photograph of the bowmb, liner, and coppor gasket. Fig, 2isa
schematic drawing of the assembled bomb. The screw and gasket in the lid of the
bomb is for the purpose of sealing the bomb after filling with argon. The lid
has a lip on it which is forced into the annocaled copper gasket, The bomb is made
of SAE 1020 cold-rolled steel ,

The liners used for the reductions reported here were produced at the MoioTo
refractory laboratory. Briefly, the mothod used is as follows: the slectrically fused
magznesium oxide powder (2 o/o §10,, 200 mesh) is mixed with 7 o/o water and tamped

hen eztrudei'ﬁﬂlgglm dried,

s. The resultant body is hard

and pressed into steel dies, Thp forqu ltno;'ig-
and fired in a zes furnace at 1706° e for. tlimote hdu

e ...C"

and has a yorosity of less than ?2 &/5‘ ‘A:rrag&-dgal of empirica{_%evalopment
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Wag neocessary befores a satisfactory liner was produced., The requirements are

strict and hard to sgesily
A 20-XW Ajax-Northrup high-frequency convertor with a 9" ID, #»s 313 statiomary

cylindrical furnsce was used for heating the bombs. Figure 3 is a photograph of

the heating apparatus and hooded cublcle,

2o Roduction Procedurs: Respirators and rubbsr gloves are worn by the
operator during the reduction, All operations are carried out in hoods, great care being
taken that no material iarlost throuzh dusting or spilling. Residues including slag,
liners, pickling solutions, etc., are sent to the recovery section,

(s) The charges The reduction charge consisted of UF, + Ca + Ioo The com-

4

position of the charge was 0.1 mole of iodine per wole of uranium and 25 o/o excess
oalcium metal,

(b) Loading of bombe The liner is placed in the cleaned bomb. The Ca and I,
are mixed with the fluoride by shaking and reolliog the weighed charge in & eicssd
bottle, The reaction mixture is then poured carefully (to avoid dusting) through a
nickel-plated funnel into the liner., After placing the refraoctory 1id on the liner,
40-mosh electrically fused magnesia powder is used to fill the space betwsen the
liner snd bomb wall, and the space above the liner 1id and the gasket groove of the
bomb, Thls groove is them brushed free of magnesis and the anncaled copper gasket
put in place, The bomb 1lid is tﬁen bolted on, A stopcock assembly ig then screwed
into the hole in the bomb 1id and the bomb evacuated. After filling the bomb with
arzon, the bomb is ugain cvacuated and refilled with ergon. The stopcock assembly
is removed and quiockly replaced with tho screw and copper gasket, ”A’cllxs

(¢) Firing the charges The heating of the bomb and its contents to the Ei’
starting tempersture of the reactiof;.ig:yq;ry jﬂzxp?r;ta:qt.:c It has been found by ox~

periment in this laboratory that tha:.cbérg?é.rphuii‘pé_a dafinite preheat period before

the sterting temperature is reachcdy’s 21° vHle LomB 3.2 hoated rapidly, the resction
starts at the surface of the charge, whﬁle the:EiEEEr:§gg§}anﬁ~aﬁﬁzxj & much lowor
et}
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temperature. In this cmse more of the heat of reuction is dissipated in
heating fhc charge,; thus allowing the products to s0lidify more rapidly than
if a prencat is used, If the preheat period is too long, the caloium particles are
coated with & layer of CaI2 which presumably lowers the rate of reaction with the
fluoride, This allows more heat to be dissipated +o the liner and bomb before
the reaction is complete, thus again cuusing poor collection of the motal, The
heating or firing procedure used here was arrived at by experiment, using several
different heating cycles to locate the optimum conditions. When developing a heamting
cycle, threc thermocouples are placed on the inside surface of the liner, one near
the top, one at the center, and one on the bottom, The temperature of the liner can
then be correlated with the temperature of the outside therziocouple well, It is
important thet the bomb be located in the coil so that the entire longfh of the liner
heuats at nearly the same rate, For example, if at the time of firing the bottom
portion of the liner ia well below the firing temperaturs, the metal button is poorly
formed und a lower yleld is obtained,

In the actusl firing procedure used here, the loaded bomb 1s placed in the
9"=ID induction furnece so that the bottom of the bomb is 1" above the bottom of the
coil, The thermocouple (chromel-alumel) is then placed in the well on the bomb and

the following hesating cycle is followed:

Time (min,) L
1 110
2 200
3 280
4 360
: 0 UNCLASSFicq
7 .
8
9
10 .o. o:o: .:o :o. :..
11 ot St 2 % s
12 ... .:' :.. .:. :.. :..
15 as oo L] oo o 2 [ ]
14 RS
15 - <= St

]
)
}
)
)
)
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When the charge reaches the starting temperwture, which oocurs boetwesn 14 snd 15
minutes, (<uuride “emp-rature 625 to 650°) there is a suddon inoresse in temperature,
When this increase occurs, the power is turned off and the boab is allowed to stand
.in the coil for about f{ive minutes, The bomb is then removed from the coil and cooled
to,room tempersture in front of a fan, ) ‘

(d) Unloading the bomb an& cleoaning the buttons After the 1id is removed,
the outside of the bomb is tapped with a hammer until the contents of thes bomb can be
poured out. The metal button is then pickled in a 1:3 acetioc acid solution to remove
any adhoring calcium and slagi washed in water, dried with acetone, and weighed, Tho
slag, llnery, and solutions are returmed to the recovery sectlon, After the bomb is
cleaned, it is aguin ready for use; a new copper zasket is used for each reduction.

JIT1. Reduction Resultag

The reduction technique reportedhﬁﬂﬁ‘gdve an average yleld of 99,86 o/o,
an unusunlly high figure for reduoction efficicney of any motal. FEach metal button
wag sampled for spectrographlc manalysle. A summary of the anmlyses is given in

Table IV, Values are given in ppm,

TABLE IV

Elsment Max, Min, Ave,

L ' < 0.2 ppm z 0,2 ppm € 0.2 ppm
Beo < 0,05 4 0,08 < 0,05

B 1.1 0,08 0,22

Na <5 <5 5

g 50 5 12

Al .5 <6 {5

s o ool UNGLASSHIED

Fig, 4 is a photograph of the t0p tud Lottom of & typical metal button as delivered

Flmen smanicw Dda? amon i ;] i b d e e
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