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Iplcluswib

ABSTRACT—.

This report describes tho boxb-reduction

CJfur6miwn-235 metal. The wthod consists, in

technique used for the prepar~tion

:;cneral,of the reduction of the

tetrafluoridowith c~lcium snetalo Iodine 5.swjed as a “booster’!and also to

gi-i@ ~ more fluid shige The technique desoribed sives a yield of abova 99 per-

oen%. .
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REDUCTION 07 URAMUM T:TRA7LUOR1DZ TO M2TAL

dif’f’wcncesare in the sise of the bombs and liners usedj the 1000-g reduction

technique and apparati~swill be reported here.

The reaction between a mdxl halide and an alkaline-earth metal as

used in the so-csllod bomb reduction is of the thenvnitetype. The fundsnental re-

quirement for a successful bomb reduction is that a high yield be obtained as a

den6ej coherent piece of’pure matalo The reaction uced for the preparation of

iS ti~f0110WS8

UF4 +2 Ca+U +2 CaF2

this reaction to the bomb reduction several fundamental considerations

The molting points of the prwiucts of the reaction and the amount

by the reaction are important- it is necessary that the reduwtion

such a inanncr thst the products of rcaotion firein the molten

state long enough$ ~nd that the S% has a s~f’fi~ientlylow ~isao$ity to allow ~h~

metal to collect in a coherent piece~ Xn the reduotion of the fluoride with calcium,

the combination of the meltin~ points of the products and the heat of reaotion is

not such as to allow for the best collection of metalo Three possible ways of

overaoning this difficulty have been sug;osted% (a) supply more heat to the bomb

by addi%tonal external heating! (b) lower the melting point of

addition of another substance (c) increase the amount of’heat

charge by having a reaction of.~?~M”h&at”%hW”p3&e along with
9 : :0 ::.::

the slag by the

l%beratud in the

the reduotion

——— ——
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that the $WOdUdX 0? the reaction do not solidify before sapw%tion of tho

metal has taken place. If’this does happen it is not possible to colleot

tha metal even at tenporatures well above tho melting points of the products.

T~hcJapplication of very rapid heating of the bomb and its oontents is diffioult

and Impractical. IKIthe r~duction ofurfinium tetrafluoride$ point~ (b) snd (o)

aro combin~d by producing by a oon.currwt reaction a substanco which will lower

tho melting point of the slag while at the sa~cethno the reaation supplies additional

heat, The reaction used is as follows?

12 +crn.

The formation of the Ca12 supplies additional heat to the char~ej and the CaF2 o

Ga12 slag has a lower melting point than the CaF2 alone. The use of an inert

atmospheres suoh !3sargons in the bomb aids in the separation of the slag from the

natal and sivas tho latter a smooth top. This is probably due to the lowering of

tho viscosity and /’or the melting point of the slag by the elimination of oalcium

oxide and calcium nitride.

on the liner WB1lSS and the

A knowledga of the

If air or nitrogen is used, much of the slag freezes

metal button has a poor top whioh is difficult to oleane

starting temperatures of the reactions and reaotion

Imixturcis important in developing a succ”zss.fulheating or firing procedure The

starting temperatures of the reaotions involved have been determined in this

laboratory and are given, =long with the calculated heats of reaotion~ in Table 1.

TABLE I

Heat of Reaotion

Mixture (AH) Starting Tempo
25 0/0 X6. M K oal/mole halide ‘c

.-— . .

-126.0 ..O●
●** ●** ●*

●** 9=**: :s
-128.5”” : :“ : !’ : :.* .08 ●.* ●** 8** ● m

Cw30$”: ;*” :“* ;“” :.; .“:
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takes phcilo This oontainer, usually referred to as

following requiretmont$a

(Z), Thure should be no roaotion between the

or botwean tho produots of the”reaction

(b) The liner should retain the products of

the liner, should meet the

raduoing metal and the linorO

and the liner.

the raackion and should be

of such purity as not to oontmimtci tho metal produoed. Tho liners

used will be disoussed in more detail later in this report~

1. Raw Materials W@ Apparatus

(a) Rsw Matorial@$ The choice of aal~hm metal used in the thermite

reaction under oonsidoration is of primary importance. The reducant must be low

in light-element impurities so as not to contaminate the uranium metal produced.

It must also be free of oxide and low in nitrogm% It has besn found that oalcium

containing 0040 o/Q N2 or less is satisfactory

the bomb is argon filled. The calcium used in

distilled olcotrol$rtiocalcium mnufadmred by

Tha oaloium oarrots were ground to -3~ 44 mesh

in arson for shipment to this laborntory~ ‘l’he

for reductions of the twtrafluoride when

the work reported hero was ro=

the Electro.MetaNur#eal Corporation.

(1/4” pieces) at Ames, Iowa,,and paoked

oaloium was then ground in a Wiley

mill and screencidgthe -20s + 80 fraotion being used. ‘i’hisgrinding and saroening
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TA13LEVI

Element ~

l’?~ 400

B <0.5

Al &10

Mn K?.”10

Mg <1000

r% 50

Iieagent-grade,redistilled iodine msmufacituroc?by Mallinckrodt Chemioal Works

was used viithno additional grinding. The tetrafluorido

virgin material from Oak Ridge and as recovered material

as desoribod in LA-411.

used was r6QaiVed as

produood by Group 0W=~6S

(b) Apparatus The apparatus consists, in ~eneral~ of a bombs a liner or

containur i’or the ohargs~ and a high-frequenoy converter and coil for heating tho

bomb. Fig. 1 is a photograph of the bomb, liner, and oopper gasket. Fig. 2 is a

schematic drawing of the assembled bomb~ The scraw and gasket in the lid of the

bomb is for the purpose of sealing tho bomb after filling with argon, The lid

has a lip on it which is forced into the annealed copper gasket. The bomb is mdc

of SAE 1020 cold-rolled steel ~ i
1

The linurs usad for the reductions reported here were produoed at the M.I.T.

refractory laboratory

~gnesiun oxide powder

and pressed into steel

BrieflyS the method used is as followsa tho oleotrioally fused

(2 0/0 SfL02. 200m6Sh) is mixed with? o/o water andtxunped

and fired in a ~as furnace at 17”~0$:~~P*W;Pe”Wh;M~S0 The resultant body is hard
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‘ms ?MJoessarybefore a gatisf’ac%oryliner was produced~ The requirements are

A 20-KITAjax.Northrup high-frequency oonvertor with a 9“ IDO M?ti3M stationary

oyM.ndrical furnace was used for heating the bombs. Figure 3 is a photograph of

tho heatin~ apparatus and hooded cubicle,

2. Reduction Proocwlureg Respirators and rubber gloves are worn by the—..

oporator during the roduction~ All operations aro carried out in hoods. great care being

taken that no material is lost throu~h dusting or spillin~. Residues inoluding slag,

liners$ pickling solutions, ctc,, are sent to the raoovcry section,

(a) The ohargo~ The reduction oharge consisted of UF4 + Ca + 120 !i’h~GOIW

position of the oharge was 0.1 mola of iodino per mole of uranium and 25 o/o exoess

(b) Loading of bombs The liner is placed in tho cleaned bomb. The Ca and 12

are mixed with the fluoride by shaking and rolling the weighed charge in a @inQQd

bottle. The rcaotion mixture is then poured carefully (to avoid dusting) through a

nickel-plated funnel into ‘oheliraer~ After placing the refractory lid on the linerO

40-m~sh el~ctrioally f’used~gnesia powder is used to fill the space between the

linar and bomb wall, and tho space above the liner lid and the gasket groovo of the

bomb. This groovo is then brushed free of magnesia and the annealed copper gasket

put in place. Tho bomb lid is then bolted on. A stopoock assembly is then screwed

into thu hole in the bomb lid and the bomb evacuated. After filling the bomb with

argon$ the bomb is again ovacuaiad and refilled with argon. The stopuock assembly

is rmaovod and quiokly replaced with tho screw and ooppcr gasket. ‘ficiAfs~FD
(o) Firing the charges The heating of the bomb and its contents to the
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temperature. In this case more of the heat of.reaction is dissipated in
.

hmat~ng the chargeQ thus allowing the products to col.idifymore rapidly than

tf a prehvat is used. If the preheat period is too long, the oaloium particles are

coatad with a layer of Ca12 which presumably lowers the rato of reaotion with the

fluoride. This allows more heat to be d%ssfw%ed to the liner and bomb bcforo

the reaotion is complcteo thus again causin~ poor collection of the mtal. The

hnating or firin{~prooedure used here was arrived at by experiments using several

different heating cycles to 100ate the optimum conditions. When developing a heating

cycleO threo thermocouples ar% placed on the inside surfaoe of tho liners one near

the tops one at the cemtoro and one on the bottom. The temperature of the liner oan

then bo correlated with the tomperatur’eof the outside thernooouple well. It 5.s

important that the bomb be located in the coil so that the entire langth of the liner

huats at nearly the same rate. For example, if at the time of firing the bottom

portion of’the liner is wall below *ha firinfltemperatures tho metal button is poorly

formed and R lower yield is obtained.

In the actual firing procedure used here, the loaded bomb is placed in the

9’1-IDinduction furnace so that the bottom of the bomb is 1~ above tho bottom of the

coil. Tho thermooouplo (chronvel-alumel)

the follow!ng heating cycle is followed%

QMJ&QsJ

1
2
3
4
6
6
7
8
9

10 ●:- ●●**
11 . :

● : .-

is then placed in the well on the bomb and

‘K!

110
200
280

iG--
99 :: 560

9 :

“: ~-=
● m c:. :*o ● ** :** 8.

.. .** ● O* ● ●
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‘,vhenthe oharge reaches the starting tsmperwture, which oocurs botwoen 14 and 15

minutes, (’:’:”urid.?:en~-:rs.tmro625 to 650°) there is a sudden inoroase in temperature.

When this incrcmse ocours, the powor is turned off’and the bomb iG allowed to stand

in ‘thocoil for about five minutosO The bomb is then removad from the coil and cooled

to,room tomperatura in front of a i’ano !

(d) Unloading the bomb und.oloani~ the buttons After the lid is removed]

tho outside of the bomb is tapped with a hammer until tha contents of the bomb oan be

poured out,, ‘Themetal button is then pickled in a 183 acetio acid solution to removw

washed in watem$ driad with $ioetone~and weighed. T}le

rehurned to tho recomry section. After the bomb is

use} a new coppor ~askot is used fcw oaoh roduotion.

The reduotion ttichniquoroportodb:~ gave an aver%m yield Of 99.86 o/o,

an unusually high f’igurefor rcduoti.onoff’ioioncyof any metal. @~h metal button

was sampled for speotrographio analysis. A summary of the analyses ia given in

TtibleIV. Values are given in ppm.

TABLE IV

Blamart Max, I&n. **

u <0.2 p~ 4 002 pp c.0.2 pp!s

Be <0.05 L 0,05 = 0.05

w 50 5 12

m 35Q .9: “;’ ; “:” ::%~”.
● 9.0 ● :

: lllcu;ft~● ● e

(%I2 40
● D s:= :*O ● 00 :0

q M*
99 ● ** ● ** ● ●
● ● 9 ●** ● b 9 ●99——- -—.=m=--.-r-~-.- -s--- - -=-—=%==~.
a.. . . . --m

.,.,” .- -- . . . . 1A: -- .---3 —- -&z,.=..
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