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ABSTRACT

This report describes the bosbereduction technique used for the preparation

of uranium-235 metal, The method consists, in general, of the reduction of the

tetrafluoride with calcium metel, Iodine is 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. Introductions

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

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

UFg + 2 CaedU + 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 are important, It is necesssry that the reduction
be carried out in such & manner thet the products of reaction are in the molten

state long enough, and that the slag has a sufficiently low viscosity to allow the
metal to collect in a coherent piece. In the reduction of the fluoride with calcium,
the combination af the melting points of the produgts and the heat of reaction 1s

not such as to allow for the best collection of metal, Thres possible ways of
overcoming this difficulty have been sugjesteds (a) supply more hest to the bomb

by addititonal externsl heatingy (b) lowsr the melting point of the slag by the
addition of another substancae; (c) increase tho amount of heat liberated in the

charge by having a reaction of.ﬁéﬁ@'h?at'@&%?‘pgbfe along with the reduoction

remction, It is known that exéﬁ?dﬁl ﬁ&ﬁtihéﬁmﬂﬁ;be carried out at such a rate
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that the produsts of the reaction do not solidify before separition of the

netal 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 + OB ca + Calz

The formation of the Calp supplies additional heat to the charze, and the CaFp <
Calz slag has a lower melting point than the CaFp alone. The use of sn inert
atmosphere, such as argon, in the bomb aids in the separation of the slag from the
metal end gives the latter a smooth top. This is probably due tq the lowering of
the viscosity and /or the melting point of the slag by the slimination of salcium
oxide end calcium nitride. If air or nitrogen is used, much of the slag freezes
on the liner walls, and the metal bulton has s poor top which is difficult to clean,
A knowledge of the starting temperatures of the reactions and reaction
mizture is important in developing a successful heating or firing procedure, Ths
starting temperatures of the reactions involved have been determined in this

laboratory and are given, along with the calculated hests of reaotion, in Table I.

TABLE I

Heat of Reaction

yixture ( A H) Starting Temp,

25 ofo Xs. Ca K oal/hole halide %

UF4 + Ca .,126,:,0. see o o.oo ese oo 5150

I * G sazs.s Bk B BT eee®

UFg + 0,1 mole I, 2138, L% 2% &% 2°° S 5 et 410° UNGMSSMEB
+ca L PTE Rt
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It should be noted that, in addition to supplying more heat and a lower melting

slag, the Iy + Ca reaction deteraines the starting tomperature of tho whole reaction.
It has been found that variations in the amount of lodine used in the charge does
not change the starting temperature,

Another impkamnt consideration 1s the container in which the reustion
takes place, This container, ususlly referred to as the liner, should meet the
following requirements;

(¢ ] There should be no reaotion between the reducing metal and the liner,
or between 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, GBxperimental

1, Raw ilaterials and Apparatus

(a) Rew Materialss The choice of ealcium metal used in the thermite
reaction under consideration is of primary importance. The reducant nust be low
in light-element impurities so as not to conteminate the uranium metal produced.
1t must also be fres of oxide and low in nitrogen, It has been found that calcium
containing 0,40 o/o N, or less is satisfactory for reductions of the tetrefluoride when
the bomb is argon filled, The calcium used in the work reported here was re-
distilled electrolytic culeium manufactured by the Electro-detallurzical Corporation.
The oﬁlcium carrots were ground to -3, *4 mesh (1/4" pleces) at Ames, lowa, and packed
in argon for shipment to this laboratory. The calcium 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 leaycfcgqueaai~ghiqy‘productg The ground calcium

was stored in bottles filled with‘;rgén@:umh%-énaxygis of the calcium used is given

UNGLASSIFIED

in Table Vi,

APPROVED FCRrPUBLIC RELEASE



APPROVED FOR PUBLI C RELEASE

LS UNCLASSIFiEu

... .:. :.. .:. :.. :..
¢ o: o:l ; e;o ::eo :..
B8 g”m_-ﬂ_-_"““m . .
G
TABLE VI
Eloment ppm
N ' 400
® £ 0.5
Al $ 10
i < 10
He < 1000
Fo 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 dM=-16,
as desoribed in lA-411.

(b) Apperatusy The apparatus consists, in general, of a bomb, a liner or
container for tho charge, and a high-frequency converter and coil for heating the
bomb, PFige )} 1s a photograph of the bowb, liner, and copper gasket. Fig, 2isa
schematic drawing of the assembled bomb. The screw and gasket in the lid of the
bomb is for the purpose of sealinz the bomb after filling with argon. The lid
hes & lip on it which is forced into the annoaled 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 method used is as follows: the alectrically fused
magnesium oxide powder (2 o/o Siozp 200 mesh) is mixed with 7 o/b water and tamped

hen cxtrudei'ﬁﬂlgmm dried,

s. The resultant body is hard

and pressed into steel dies. Thg fogugd linep-dg-
and fired in a zas furnace at 1708°€%£dr- dhiree ho

*je o0 0

and has a porosity of less than :2.2_ é:/o;"Aij.éng;c:t'{igal of empiricaljevelopmont
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Wa§ neocessary before a satisfactory liner was produced., The requirements are
strict and hard to sgeeily

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

tho heatin; apparatus and hooded cublcle,

2o Reduction Procedurs: Respirators and rubbsr gloves are worn by the

operator during the roduction, All operations are carried out in hoods, great care being
taken that no material isrlost throuzh dusting or spilling. Residues including slag,
liners, pickling solutions, etc., are sent to the recovery section,

(&) The charges The reduction charge consisted of UF, + Ca + Io. The cone

4
position of the charge was Q.1 mole of iodine per wmole of uranium and 25 o/b excess

calcium metal,

(v) Loading of bombs The liner is placed in the cleaned bomb. The Ca and I,
are mixed with the fluoride by shaking and relling the weighed charge in & eicsad
bottle, The reaction mixture is then poured carefully (%o avoid dusting) through a
nickel-plated funnel into the liner, After placing the refractory 1id on the liner,
40-mosh electrically fused magnesia powder is used to fill the space betwsen the
liner ond bomb wall, and the space above the liner lid and the gasket groove of the
bomb, This groove is then brushed free of magnesia and the annealed copper gasket
put in place, The bomb lid is tﬁen bolted on, A stopcock assembly is then screwed
into the hole in the bomb 1lid and the bomb evacuated, After fllling the bomb with
arzon, the bomb is ugain cvacuated apd refilled with ergon. The stopcock assembly
is removed and quickly replaced with the screw and copper gasket, ””cllxs

(¢) Firing the charges The heating of the boub and its contents to the EI'
starting temperasture of the reactios;.iszy?y j‘inp?rjza:m.:., It has been found by ox~
periment in thls laboratory that the::c};;:éé.rg:qugipé_é dafinite preheat period before

the sterting temperature is reachcdy’s 217 tHle TomB 3o hoated rapidly, the resction

= A ,- "—-""

starts at the surface of the charge, wh*le the:EiEEErzngggians—aﬁE:nj & much lower

»—.
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temperature, In thls case more of the heat of reaction is dissipatsed in

.
"ll.i.

heating éhc charge, thus allowing the products to s0lidify more rapidly than
if a prehcat is used, If the prehecat period is too long, the caloium particles are
coated with & layer of Ca12 which presumably lowers the rate of reaction with the
fluoride., This allows more heat to be dissipated +o the liner and bomb bhefore
the reaction is complete, thus again ceusing 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 hemting
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 cen
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
heats at nearly the same rate, For example, if at the time of firing the bottom
portion of the llner is well below the firing {temperaturs, the metal button is poorly
formed and 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-salumel) is then placed in the well on the bomb and

the following heating cycle is followed:

Tims»(minoz L.
1 110
2 200
3 280
4 360
: w0 UNCLASSIFICY
g .
9
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When the charge reaches the starting temperature, which oocurs betwesn 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 bomb is allowed to stand
.in the coil for about five minutes, The bomb is then removed from the coil and cooled
to,room tempersture in front of a fan, ’ ¢
(d) Unloading the bomb &n& cleaning the buttons After the 1id is removed,

the outside of the bomb is tapped with a hammer until the contents of the bomd can be
poured out. The metal button is then pickled in a 1:3 acetio acid solution to remove
any adhoring calcium and slagi washed in water, dried with acetone, and weighed, Tho
slag, liner, and solutions are returned to the recovery sectlon, After the bomb is
cleaned, it 18 aguin ready for use; a new copper zasket is used for each reduction.

I1T1. Reduction Resultsg

The reduction technique reportaed hefs géve an average yleld of 99,86 o/o,
an unusually high figure for reduction efficicney of any motal. Each metal button
was sampled for spectrographic mnalysls. A summery of the analyses is given in

Table IV, Values are given in ppm,

TABLE IV
Blsment Max, Min, Ave,
L ' < 0.2 ppm e 0,2 pgm € 0.2 ppm
Bo < 0,05 4 0,05 < 0,05
B 1.1 0,08 0,22
Na <s <5 5
g 50 5 12
Al 4.5 <6 {5
o o o wiehadt o UNGLASSHED

Fig. 4 is a photograph of the t0p wud Lottom of & typical metal button as delivered

P B | IR S S

Kmcean wman

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

- eapsE e -

[ Y

JoSTIvNoOS

¢ 7'

p/e AN

J1GNISSVY GINOY EQW_Q C,OO_

@/ 10N 3 1708 QH XaH
b/ ZONS,DYS

AFHSYM
xfmd.}muom Qr

/ MINDS
o) \.\.V Qi

w - 1
,« |
w el - [ i - m @ . — e e -
I €
; v : O 7 \N\ . s S o /
o < . ) o i 1// N
‘//,,, L N /// // 0 ‘.//,/ N VNN N

ffffffffffffffffffffffffff

mm::r
JJ.m\S./

_ Oj
MJ&#%&b

i A ; L R M
b [ “

kmxm&o/\ T
{ QD 234900, ,,,W Tl

‘ r

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

* o o e @ ® o 9
> © &0 L L] . @ L]
e e @ L L] o000 [ ]
* o @ * e & ¢ o o o
e o L ] ese o o .
o6 908 608 008 000 o
[ [ [ [} . @
. L 4 ee [ 4 [ 2] L ]
L L] L 4 L . ®
e o L L L] L e &
. see o o0 oGod oo
L 4 *ose & oR® SWs 08
LN L] [ ® L3 “. »
L] L4 [ [ * L
L J L d [ 3 [ ne L 2 4
® [ ] L d L] LR 4
29 98® 9806 630 Pos 4
(2] (2 2 ) L] *9e & b [ ]
e« " e ¢ & o e & e 23
v " @ L 4 L] LY X L]
® B8 AAn - -on -~
s 0 - - A
~- ame - o~

[~

APPROVED FOR PUBLI C RELEASE



LLJ
%
—
|
vd
®)
_
oa)
2
o

APPROVED FOR




L
%
—
LLl
o
C .
_
a8
)
o

APPROVED FOR




