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T.hofol~owing table ~ives a summary of the optimum conditions

for the reduotion of I?F4with Ca in llg~orucibles Gn the six scales

studied.

-—..—.-.4.......-.——.——— —...- .,—

Nominal Heat- Max. Cru> Yield in
Wale ing cible Temp. Single
grams of Charge ~iml (without Button of
uranium Gomposition ,* charge) ‘C Clwul Me*al

Y Q,15 mole 12 per
mo”leu. 25’fxs

8 975 94,5

Ca.
layers of 12 + Ca
on top and bottom
of oharge

l@ 0.15 mole 10 per 4 7743 960@
&-

mob u.
251 Xs Ca

2s II Wn

256 002 mole 12
mole TJo
257..XSCa

6 70@

par 14 400 99.6

99,,3

99.8

.——-—..————---- .— .—
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The reaction between a metal halide and an alkaline earth

metal as used in the so-calkd. box.breduction is of the thermite type,,

The fundamental requirement for a suooessful bomb reduction is that a dense,

uoherent piece of pure metal giving a yield olose to thsioretios.1be ob%ained.

‘l’hereaotion used for the preparation of uAraniummetal as reported hero is

as i’ollaws$

When adaptin~

UJ?4+2Ca~U+2CaF2

this reaction to tha bomb reduotion, several oonsidww~ions

must be studied. The molting points of the prodmots of the

the amount af heat liberated by the reaotion are important.

that the reduotion be carried out in suoh a manner that the

reaotion and

It is neoessary

products of reavtion

are in the molten state long enough, and that the slag has a sufficiently

low viscosity to allow the metal to oollect in a oohermrt piece. Tn the

reduction of the fluoride with caloium~ tho combination of the melting points

of the joduota and the best of roaotion is not suoh as to allow for the

best oolleotion of metal. TInwo >osaible ways of overcoming this diff.ioultiy

are: (a] eupplymore heat to the bomb by additional er!xuwalheating (b)

lower the melting point of the slag hy tho addition of another substance

(o) inorease the amount of’heat liberated in the charge by Imving a relotion

of high heat take plaoe along with the reduction reaction. It iS k710Mlthat

reaotion do not solidity bof’oreseparation of the metal has taken plaoe~ If

thie does not happen, it is not possible to collect the metal even by sub.

sequent heati~ at tet~peratures well above the meltin~ points of the produots.

The application of very rapid heating of’the bonb and its contents, especially
9* 9**●*- . ... *
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and impracti le- With the small-soale reductions (lto 25 g of metal),

the appli.oat,ionof rapid external heatin”~ is necessary beaauso of the greater

o
&ef’feet eat loss to the container. Even with the smaller scales, the rapid

oxternsl heatinflis not sufficient to oomponsate for the combined effects

of the l’w%tloss to the containers the heat of reaction,and the melting

points of the produots of reaction. In the reduction of uranium tetrafluoride.

points (b) and (o) are oombinod by producing by a concurrent reaotion a

substanoe which will lower the melting point of the slag while at the same

time the reaction supplies additioml heat. The reaction used is as follows$

12 + (% --+ Ca12

The formation oftha Ca12 supplies additional heat to the oharge, and the

Cal?2.Ca12slag has a lower melting

of tho triohloridey iodine is used

additional heat more than to lower

point than the CaF2 alone. in the ease

in the larger=.scalo redua%ions to supply

the melting point of the CaC12 slag.

The use of an inert atmosphere, suoh as argon$ in the bomb aids in the separ-

ation of the slag from the metal and gives a muoh better formed ptie of

metal~ This is probably duo to the lowering of’the viscosity cuxl/orthe

melting point of the slag by the elimination of odeiusr oxide and caloium

nitride. Ii’air or nitrogen is usedg muoh of the slag freezes On the liner

walls9 and the metal button is apt to be poorly formed and diffioult to olean.

A knowledge’of the starting temperatures of the reactions and

reaotion mixture is important in tho dewelopmant of a 6UOOWSSf’U1 heating or

firing prooodure for a boinb reduction. A method -S developed in this

of vwious reactions .%

reductions s ‘lhls

bomb
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and cruoible (liner) as used i’o%”ti~a%tu&> #ed&~ion. A thermocouple is

plaoed against the inside wall of’the liner, the ahar~e plaowi in the IinerO

and the bomb alosed. (The thermocouple leads~are sealed end insulated through

the bomb lM,) The bomb and it~ oordxmts are then heated under conditions

similsr to those used for an aotual reduotion, time.temprmature data being

taken from the thermocouple in the bomb, At the time the charge fires thcwe

is a large incream in temperature‘perunit time. The

termined are Siven, along with the calculated heats of

TM$LE X

values thus de.

reactions in !@ble 10

Starting Temperatures for HaJide-Caloium Mixtures

Heat of Reaction” Starting
Mixture (~li] Temp.
z5@is M Ifso@molo of halide ‘c

.—

~4 + Ca -126.0 515

uc13 + Ca =$73.0 649

X2 i-ca -226.5 398

UF4+ 001 mole -138.9 410
Jz +-c&l

‘Data frcm - B~chowsky and Rossini, Tha Thermochemistry @f
Chcmioal.-Subeta~loes,Reinhold Publishing Co. (2936)

It should be noted that in addition to svpplyin$ more heat and

a lower melting sla~ that tha 1~ ,+(kiremticm determines the starting

txmpersture of the raaotion mixttire. It has been found that variations

in the( mow” of iodine used in the oharge does not olzangeths starting

temperature of the reaotian mixture.

‘Me oontainer in whioh the reaotion takes plaoe is a steal

bomb with a liner of!refractory material. This r~frtiokoryliner is a very

impvrtant consideration in bomb raduotion
●* ●mm mom ●

development. The following points
● ☛☛ ✍

● ●4*80
● *
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(a) Remotionbetweem the electropositive reduotant, the

reduoed metal? or the slag produoed should be as small as possible.

(b) It shouldbe sufficiently impervious to retain the reaation

produots, and should be of suoh purity as mot to oontaminato the metal

produoed.

(o) It should be aapable of withstanding tho thermal shock of’

the rapid heat evolution accompanying the reaotiono

(d) If a given rate of heating of the redu~tion oharge is to be

repeated on every run, the thermal conduotiv”ityof the liner must be repro-

ducible also, the rate of heat transfer from the bomb to the liner must

be duplicable; thereforo, the fit of the liner to the bomb must be controlled.

The most satisfkotory I>nere for uranium rah.mtions on all scalee

have been found to be prefired, s=gnesium oxide oruoibles. Yhe liners used

will be disoussed in

11” Raw I$atariala

1. Caloium——

The choice

more detail under the various scales of reduotion~

,

of oalcium metal used in the thermite roaotion under

consideration is of prim$wy importanooo The ,eductant must be low in light-

element impurities BO as not tQ contaminate the uranium metal produoed~ It

must also be free of oxida E@ low in nitrogen. It has Men found that

oalcium containing 00409$H2 or less is aatiel’aotoryfor reduat~ons of the

tetrafluoride when the bomb is argon-filled, while wi%h air-filled bombs

the zxitro~en content must M ‘0.W%or ksso If the nitrogen oonient is too

high, the metal buttons are poo~ly formed and tineyield of metal tends to

be ~OWt3r0 The oaloium used in the work reported here was redistilled-
.*# r . .,. cD

eleotr~lytio oalcium manufactured’by Mm El~e~ra#b%tallW&to~l Corporation*
● .m*a9 . . . . . .

● ✎ ✎ ✎ ✎

9*
● * ●.: .:.

●✛ ✍ ✍✎
● ✚✎
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-3. +4 mesh (1/41’piooes), after which thoywwre ground in a Wiley milf and

screened, the -20, +80 mesh fraotioa being used. This grinding and screen-

ing removes muoh of the oxide and leaves a olear~shiny produot. The ground

calcium was stored under wgon. The l/4n pieces of oalcium have been used

in the larger-scale reductions (500 to 1000 g of metal) with SUOOOSS, hut

the grtxmd caloium is necessary &or the smaller scales, Tho grinding and

soreoning operation is reoomraendedfor caloium used for all soales bsoause

of the oxide that Zs removed and boaauso of the better mixing of the oaloium

TABLE ZI.—

AYmlysi6 of Ca Used

Element “Jpg

B <04..6

w < 100C)

Fe 50

It has been found that ea20ium containing 400 to 509 ppm ofAls 400to 500

of’Al and Mn, ltiwersthe avara~e yield f’orlarge-soale rechaotionsby O,~@

and gives a poorly formed button as compared tith thoso obtained when the

“standardm oaloium metal ie u$ed. Xt has also been found that rodistiiled

oaloium whiah is paoked and shipped as %urnin#s is usually too high in

nitrogen %G be used in the reduction proossses dosoribed.,
●* ●** ●e. . ●*.

● ● . . .m.:: ● a9: : ●:::.. ●:0
* ●9 ●** ,.*..:... ●*
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2. Tetrafluoric&

.

The UF4 used

● om

tJNC-LASSIF!I!&
●9:

● ●:0

for all experimentalworlc

● ☛●e. : ●*9 ●
● 9***
● w ● *O
.= ****:

● 99****

F-
● * ● *: ● oo ●*9 ●9

was of commemoial grade

prepared for the Manhattan Distriot Project by Mallinokrodt Chemical WorksO

A typical ohemioal malysis of the fluoride is given in Table III.

TABLE XXI

Analysis of Uranium Fluoride Wed ~

Element or Compound Peroant _

uo~ 0.294’

IJ02F2 2.08Y

H20 380 ppm

c 200 ‘g

IA C2 n

Si 1 “

Ca 100 Q

Fe 20 w

The unta=ped lmllsdensityofthe fluoride was 206 g/cov and the partiole

size was .-100mesh~ The effeots of bulk density and partiole sise on the

f->
re@uotioa of the tetrafluorideare no% km

-to be ~e
ry pronounoed~ but a

high bulk d$msity and a small particle size are of value in mixing and putting

the oharge into the bomb linerso This is especially true for the szwll.

scxdo reduotion8~ The V02 and lY02F200ntentsgiven in Table 111 give the

APPROVED FOR PUBLIC RELEASE
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oontent of tetrafluoride hEVe bem run and.5r.~.~&sciib&.&~he section on

the 250 g seals reduction. The amount of oxide in the fluoride beoomes more

imp ~tant the smaller the scale of r@uotiono In order to obtai~~onsistent

high yields on all soales, the fluoride should bo 99+%$onverted mom

the 0Xidf90

Speoial fluorides prsparod at Site X and by Group CM16 were enployed

in preparing U-235. The analyses of these fluorides were nearly the same

as given in Table 111. ‘fhebulk densityof tinei’luorideprepared by CM 16

was lows being 108 g/so as oowpared with the 2.6 to 3.Og/co density oftie

. .

.-

.

fluoride prepared at Sib X. The low

reduotion but it was diffioult to ~et

liner used.

3,

Chemioal

Iodine ‘

bulk density had no effect on the

the full charge into the reduction

Reagent-grade, redistilled iodine manufactured

Works was used. For the small-soale reductions

ground to -30, +80 mesh, but was used 8S reoeived for

by Mallinckrodt

(1 to 25 g) it was

the Iarger.soa%o

high.frequenoy oonverter and furwce to heat the l:’;iedbomb

of a bomb or

oharge, and a

under controlled

oonditione+ F5g0 I is a photograph of the bombs and Msmrs usedo ~ig~ 1S

gives orosa-saotioml drawings with dimensions of *he bombs sfi ltners~ The

bwibs are maohiued from oold-rolled steel rod and have tire@sC oaps with a

Mp on the inside which makes a seal with the copper b=sket held in a gDoovo

iu the body O? we bombc The screw in theo?~p”gf”.~e$~b .ti,to QUM*
● 8 ● ● m●: ●

filling the loaded bomb with an in~rt gas.:.:
●:0.

●0:.●:*●*: ●:0 ..●
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TIM most

from the same supplier were found to behave quite differently. This powder

will be discussed after the usa of tha mined imgnesite is desaribedg

The mined ~gnesite had the following analysisa

Fe 00057

S%02 -LOW

‘2%
0,>39

Cao 0050

B “.20ppwl

Tho liner’was formed in a graphite mold using eithur a graphite or metal

plunger. T!]oproaadure was to jar a bottom layer

oenter the plunger (whioh ddwmuiucd the Wapo of

in the mold, and add powder in.small aounts~ the

tbeaoh afto~ -oh additionO When the height of the liner waa reached~ thf3.

plunger was marofully removed. The formed liner was thn firsd in the 3SOld

to 2200% by induotion heatingo This firing took about twenty miautes.

After GOOlinG~ the liner Y= remo~@ frQm we mo~~~ finers ‘~ao ‘n ‘is ‘merO

Wld with the mined nmgnesi%ej were hard and dense~ and were Satisfactory for

?horide reducttom, They were, howover~ too porous to be used for ohloride

reduotiol18. The ‘vitrification’tof the liner at still hlghe~ tenper~ttare

for use in both fhortde and ohloride reduotioxswa$ aoownplishod as f011~88

A lar~e MgO oruoible (4U OD? 3.S” XD and 6W high) ~hioh hsd beau fired to

.=m
-.. % __

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



at an an~le of 45 degrees. The liners prepared a8 above were pkiooci in

the large MgO oruoible which was oovered with a MgO lid. The graphite orucible
. .

was heated in a 7~*I~D. induction furnaoe powered by a ZOOMA$ax converter.

The ‘vitrifioation~aoyole was to heat the liners to Z300°C in 1.6 hours end

‘-l,,Jdat this t~perature for thirty ~iRuteS~

Calcium oxide liners were also made and vitrified by this method.

exoept that the f’irstfirix~gtemperature was l’?OO°Cand the vitrification

conditions wero 2NXPC$ for thirty minutes. Electrically fused CaOwas ueed.

The CaO liners made by this aethod ware very denee

inferior to the M@ liners for reduotion, probably

between the sla~ and the CaC)o ThoriQ and ziroonia

and ncn-porous$ but were

beoause of a reaotion

liners were also prapared

by the hand tamping method and will be iiisoussedunder the reduotion seal.esin

whioh they were used.

As stated above~ the mined magnesia was later substituted bya

produot whioh could not be used for the making of linor6 by hand tanpingd’

the dry powder. The use of the powder was taken over by Group M&-?. A

method was developed using nwohine tamping and pressi~ of the moist powder

to form the liner. The formed ltaor was then dried and fired using the same

%itri~ication” oyole as desoribod abovel The liners obtained wore Batisfaotory

;or Mth ohloricie&nclfluoride reductions. As oan be seen from the follow.

ing analysis of +Jlepowders

in the liners ran hi~hor in

Wgnesiteo

Fe

sio~

R2Q$
.

9
(%AO

the boron content was hi&h, and the metaZ made

boron than thg metal made in liners of the mined

*0,17

2.35

O.gxl““: ●:* : ●..
● ●*.::.:*D 9

: :
0.!34 .0: ● 00 .:: ●:. .:”
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(b) Loadin~ Of tha ~Omb g ?he

metal and iodine in a closed bottle and

liner, covered with the refractory lid,

● ☛☛☛●’*99.*
● ●. : :.: .

the mixed charge poured Into th~

and the bomb oap is sorowed on and

tightened. The closed bomb is then plamd in a vamnnn jar (see TigO 3),

through the lid of which a screw driver passes by me.ns of a i’fils:mseal.

The mn’ew in the oap of the bomb is then run CIut,it being held by means of

R clig on the $cre~idriver~The ~ar istien twioo evuouatmd and twioe filled

with argon, the sorew repl~oed and tightened in the oap~ and the bomb

renoved from the jar ready for firing.

(o) Rkringof the Char~~ In the firing of the reaction mixture.—

a controlled and reproducible rate of heating is nooe~seryg and a knowledge

of the top temperature reached is important~ This is espoo$ally true in the

ease of the audl-soale reduotio!-:swhere the heat generated by the reaation

ltmlt is not sufficient to keep the reaot$on produotw in the molten state

long eno~l~hfor the metal to oolleot in one coherent pieoe. The rate of

heating of the reaotion mixture is also important because if the temperature

rise is not fast enough throu~h the firing temperatures the produots may

solidi.i’y~andsubsoqueut heating to teinperfitnresabove the melting points

of the p-oduots will not ooagulate the met~l s~tisfactorily.

heating the bombs was developod where the rtiteof temperature

liner tempertiture(without the oharge) reached were known and

A method of

ris”eand top

uould be varied.

Data for the abowe xie%hod of firing were obtuined by taking

time-temperaturedata on the inside of the liner without Q charge. Fig, 4

These rates of’heating Kve been found best for firiug the bombs, having

been ascertained in most cases by trying ‘bothslower @nd more rapid rates

--=-
. . . . .-. .-
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MgO liner. A reduction Of’UF4 with Ca is to be run. “I-thas been found

that firing to a liner temperature of SJ750Cat the rate given by ourve 1

is atisfsctory (not considering the heat of reaotion). The time of h6atiR$

(d) Unloading of the nd Cleaning of the Metal; The line~s—.

tireusually easily removed from the bomb~ Theysrc then broken open and the

button of metal removed. Slag and exoess oalciumwhioh may be on tho metal

.
is removod by PIMC ing the button in R 1$3 aoetio aoid soIutiono After

piokling, the button is washed in water and dried in aootone.

Th@ bomb and liner for this soale of reduotion h~ve been desoribed.

Curve 1 of Fig. 4 gives the heating rate which was found to give the most

satisfactory and oonsistemt reduotion rosultso A 7.5-KM high-frequenoy

tipel oonverter was used With the following ooils 3s ID, 2“ high, and 7

turns of l/4* oopper tubing flattened to a thiokness ‘of l/8n0 The oomerter

Coarse l~ductariceSottinGt Left M, R3ghtM

Fine Inductance Setting: 18

Power 3et8. 6

TIMJbomb was oontered irkthe coilQ

The oharge oomposition~a studied with rospeot to the amount of

iodine used, variations from O to 1.361cole 12/bh U boiug tried. The

and iodine. The ohrge also sousisted ofa layer of 0.15 g 12+0.02 g w

.

.-
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these X2 + Crilayera was important

by adding the ~orresponding amount of’ 12 and W to the reaction mixture

,4

itself. It was found that amounts of 12 below the 0.15 mole ratio wore

pour but that amounts above this value did notaid in the neductiou but only

increased the amo~nt of slag absorption and, in general, the metal buttons

were not as well formedq

mummy of the important

charge was the one given

graphito were used.

The heating rate used was found to be oritioal a

variations studied being given in Table IV. The

aboveO Magnesium oxide liners i“iredat 2200°C in

TABLE IV

Liner
Xemp0
Without’
Chargo

975°c

87b”c

55CPC

13t30°G

.,

12Wo”c

Noo

of Heating
Time

8 mine

3 min.

1 min.

46 sea.

46 seoc

Entry runs #v&

9406

94.0

92.0

82.0

?500

Remarka

All well formed
buttons slag
down WS1l.

‘tie~~fOllQSdbu%-
tozas,slag down
fairly well.

I* m w

Buttons not as
well formed slqg
absorption hi$h.

t! U u

97.0 90.01 29

2

3

10

5

9400 94.02

9500 90003

4

95.0 62.05
held at
2 min.

liml”o,fOr

,I$ntry1

Mat %s

2and 3

gives the data obtained using tho moct reliable prooedure found

min. at #eraLw given

4 used) ShOW that good

%r’perature% ?b&’e%’~~J

and the yields are nOt

h ourve 19 Fig. 40 Entries

results may be obtained by

the slag does not run dowu over

hating for 8

(curve 1 Fig.

. —.
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.
proaedure, It should be notioed that tho rate of firing through+he

starting temperature of the rwotion (410°C) is thG 6a~L6 for the fir=t thrm

entries in ‘tabFie1’4$the only differonoe.sbeing in the %o? t~~,l~ratug.e$,z

reached. Zntries 4 and 5 are for much more rapid rates‘of haeting and higher

where the time of heatingb the starting temperature was 3 ‘m.inutos and then

tho heatir~ rate inorwksed so that a liner txxoywaturo of 97SQC was reaahed

in an additional 5 minutes. This heatin~ or firing procedure gave very 10VJ

yields and sometime~ only powdered’nwrtalwas ob%ai.ned. From the above disc’

oussion it should be noticed that the rste oflheating through the starting

Ixqerfiture is very important that the sumountof iodine used is not oritiml

above 0.15 mole 12/mole U and that the use of ‘he 12 + Ca layers is irnpbx=txmt
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reductions wore smde using

using vila’ifiodCaO liners

UNCLAS3M::

.-

..

a6 Nell

due to a

3.

W* ● ee
;.:: :.

● 0●’* : 8*9 ●
● ***9. . . . . . . . .

~ormed as with M@

-18- ●*- -:-
●9:. .:. ● be ● ** ● *

Th02 for the re.%;~%ory liner~ ‘l’heyields obtained

wore from 80 to 90& and the met!Al buttons were not

linerso ‘l’herewas much sla~ absorption, probably

resction of the slag with the CJAClliner.

10-Gram-Sc&le Mduotion.——

The bomb and liner for this scale of reduction have been described.

Curve 2 of Yig. 4 givee the heating rate which was found to GiVe the moat

satisf’tictcrysnd ccmsisten$ resultsQ A 3.Kw high.frequency Ajax converter was

used ueed with a standard Ajax 00U$ 4“ ID and 4“ high. The bottom of the bomb

was located 1/41’above tho bottom of the ooi10 The converter was run at full

power (angle 0),>

The char~a composition wtisstudied with respeo% to the amount of

iodine used wiriations from O to 2 moles Iz/mole U being tried. It was Sound

that the slag formed with no iodine present had too high a melting point and

viscosity only beads of metil being obtained,) Iodine ratios above 0015 moles

12/nole U did not im~rove the reduction but Qnly increased the amount of Glag

absorbed by tho liner? ‘When the slag absorption is highs there is a daorease

in the yield? due to some rletal being @bsQrb@d with we ~lag~ The optimum

charge oonpositionwas found tO be,Oo~~ moles ~ ~#~03e u with ea~-e~cess

Ca o%er that req~red to rnaot with the fluoride and iodine+ ‘l’heuse of layws

of 12 + Ca as in the 1 gram rcxhaotionwas found to be of no valu,eO htiohof’ihe

work on the 10 gram soale waa carried out using air-filled bombso When air

WAS used the slag $’rozoon the w@ls of’the liners leaving the button with a

slightly rOUgh to~t) ‘Whenargon was Usedv the slag aolleoted above the well

fomed button in one.omapaot pieoeo The yields obtained using air or argon

did not vary appreciably.
.=: ●** ● ..

I’hofiring or heating of’the loaded:~mb:wqs s~d~~d?.the most

UN(3ASSIFI133::;:!j@ihi&R,-----
-----

. .-
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the results 00uM not be dupliosted. A series of experiments

“ the loaded bombs were held at temperatures of 500°, 300°, and

ourcible furnaoe and than remove~ and heated in the induotion

was poor and that

were run where

200°C in a

coil. The charges

whiah wore heated at 500°C fired about am-half iha time, if they did notg

heatin$ to 77U°C in the induotion coil did not start the reaotion. ThosQ that

did firo in tho aruoihle furnaok gave very poor colleokion of ?neta~~ The ohargea

whioh were heated at 3Q0°C and 200°C and then fired in the induction coil

gavo low yields and poorly formed buttons. E%MlirIAtioZI Of’%hCI Obl?~eS which

that a layer of Ca12 had been formed

probably lowers the rate of reaotion~

to the liner and bomb before the reao-

tion is ooinplete, causing poor oollactlon of metal.

The most satisfactory liners for tho li)-=gram-scs.lereduotion wero

found to be of prefirml magnesium oxide prepared as previously desoribed,

ld.ner~fired at 2200°C in graphite were used for fluoride reduwtionss but

the,’%3trifieci1’liners ware found ne~essary for z+blorlderaduotioruso Pre-

fired Zr02 liners made by the hand-tmnping method and firwl in grqphite to

1800% were tested and found to give yiekis of’40 to ?@th poorly formed buttons.

“$The metal obtainod from ihas~ liners cowtainod 0.20 Zr. The u~ainmason for

th falltareof these liners is probably due ~e;tlw f’~at.~.~ the Ca metal reduocxl
: :\ ●: .**

the Zr02~ thus lowering the efficiency Of th~eb~j%~,~~~$i,;,, and also
● ..

WWSSIFIEO”” ‘: ““: ‘- ‘ma~! ~- —-
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rrd~ing the melting point and/or the vi~oosity of the

w

‘fhometal formed alloyad with the bomb walls and bottom, thus giving vtsry

roduc’tlowo

The procedure used fur the Ml-gram roduoticms of UP4 as outlined

was f’ound to be mtisfaotory for reductions of’both UC13 and U14 ;~,”,:lCa~

poor

above

exaept’ that the addition of 12 was not neoeesary. The U14 is hygrosoopio and

demonposea Rt room temperature. Itwat? thereforo neooss~ry to work with the

The tiverageyield obtaintjdin the reduotion of UF4 with Cfias

desoribed above was 96% A photograph of a 10 gram ss.reduced button is &iven

in Fig. 5. A typioal analysis of Wtal made on thi~ male is as fo~hwa

(valuoa i~ ppm). Be, O,N, a, 0.%, I&, 5,”Si, 30~’ Ca, 20J’and l%, 100. The

sce,le=min~afor tlm rdiuotion charge using the 10-.grambqnb, liners oherge

wmnposition~and hwating ayole as desoribed is from G to 12 grams of UWWC
.

.-
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1. GmoI*al

(a) Ap@lratua$ The appmwtus oonaists,,in general, oi’a bomb or

external oontainer with a pro-fired r“ei’raatoryliner for the ohargee and a

high.froguenoy converter and furnaae to heat the bomb under controlled eon.

ditions. TWO typos of bombs have Ueen used for reductions on the 250.and 500-

gram scalss; one with a dvuble flange aqd one with a solid bott@nO Th@ tWO-

flanga bombs ape deuirable where the liners do not fit well and nay stiok in
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of the liners wera mde at M~I,,T.or by (h’oup CM-7, The powder used by Mt,I~T,

had the followiqG anaiysis~

Fci 0.02%

sio~ 2.00

R2~ 0.23

ciao 0069

B 30 pm

The analysis of the p~wder used by Group CM-7 was as followsu

m) 0017/.

fl 300 ppm

The boron content ~f this powder is higher and, as will be Mscmssd latw~

‘the boron aontsritof the metal made h these liners was higher than that

of metal made in M~I~T~ $iners. Some liners ware remived from M.I.T, whioh

were nmde Of powder containing 4+$%02. These liners, ewn though fired at

high tmperaturee, showod very high slag absorpkion~ and tho netul obtained

-S 86 f0d10W88 The magnesium oxide was mixed with ‘i’~wsterand tamped at@
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inferior,

metul and

probably becriuseof the refiotion between the slag and C&C).

(b) &udi~ of the Bombs The halide is mixed with tk red[ming

00WWCA Wikh the rd’raotory lids und the spaoe hetvwmn tho Unor and bomb wall

nad above the liner lid and gasket groove filled with 40 mash elewtrioally fused

annesled aoppor gusket put in placeO The bomb lid is then boltod on. A atop.

cook assembly (Fig. 12) is then sorewmi into the hole in the bomb lid and the

bomb twioe waoufitod and filled with argon. The stopoook essembly is them ro-

~ Tho essential difi’erenoa

firing technique used for the lmgger scale reducti.onaand that

soaletiis that the larfi%-saalecharges are heated just to the

ature and We heating stoppedv kvhib on.the smallar scaloa the

tinued pa$t the starting temperature of the reaotion mixture.

betwmn the

used for the small

stw-tin~ twr.per-

h~fitingis cl3n-

The heating Of
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and bomb before the reaotion is oomplete, thus again uausing poor oollectdon

of’metal. ‘fhohoatilqjor firing prooedwes used for the 250-, 500-, and 100-

temperature, the mo~al button ia poorly formed and a lowor yield is obtaimd,

In the aotual firing procedure used for the 250, 500, and 1000-gram.

powwed by a 20-KX hi&h-froquenuyAjax oonver%er. ‘I’he25Gand 600=gram bombs

are slaocxiin a 7“ ID, No. 312 Ajax f%rnaae so that the bottom of’the bomb is

313 Ajux furnaca so that the bottom of the bomb is 1“ abole the bottom of the

coil. I’he00JIs are proteatec! by a sil%m ekme vkiQh fits on *ha inside of

thw ooil. After the bomb is plaood in the coil, tho thermocouple (Chromelalumel~

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.25.

90 ● *. ● .
. 9*
.* ..:*: ●*. ●

9.

● . .
:: :.OO:O: ● 9*
●e ●..:

●* ●*. .*.... 9.. . .
●

● : :*

““” : G&P●:::
●

reaohm the starti~ immperature,

is a sudden inorease in temperature

power is turned off’and the bomb irj

Qllomd to stand in the ooil for about five minures bstor~ cooling to room

temperature in front of a fan. Fig. 13 is a photograph of the firing cwuoibleo

Ouilg and aonverter usoda
.

TABLE v.—

Heating CyGle for 250., 500-, and 1000- Gram Bombs

Time
Mino

a

2

3

‘4

5

6

7

8

9

10

11

12

13

14

15

?.5

‘fhermooouple
well - Oc

110

200

280

360

400

426

450

475

500

5.25

560

57s

Soo

625

660

674
● ☛☛ ● ☛ ● ●W*:

39 :
●

:
● . ●

:

::. ●: ●

•~ ● ** ●:O ..: .:O

● ● .**
*9* * e . - - ●*-

. .

Liner T3mnperaturo
Oc

25

47

54

102

135

164

Zal”

262

279

320

347

.381

416

442

470

3)

9*
●s

●se
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(d) !kladin~ tll Cloaniu; of IiIe+=g After the lid

rwnoved$ the outside of the bumb is tapped with a hammer until the contents

removed by plaoi~ the button in a 1:3 aoetic said solution. After pioklingo

the button is washed in w..terand dried in aoetone~

Zq 250-Gram.Scale R@duotions

Th~ bombs and liners for this sualQ of reduction have been disousaed,.

~oh @ the }Vorkon this soule was oarried out using air-filled bombs rather

than argon-filled bombs. When air was used iu the bomb, the slag froze on tha

walls of’the liners snd the button of m~tal had a rough top which wa~ difficult

to olaan. With argon, the slag oolleoted in one pieao abovu the metal huttono

whioh hud a SmQOth~ ohan tOpQ T~e yields obtained iu air-filled ad argon.

filled bombs were not appreciably different.

Wlmn tho atmosphere in the bouf was air, the optimum charge oom-

positi.onwas found to be 0040 mole ~~mole U with 2S%exoess Ca over that

required to road with the fluoride aridiodine~ iodine ratios a5 low as 0.).6

mole I~mole U gave satisfactory reductions~ but thv results were not as re-

produoiblee Reductions using 1%ss than 0015 mole 12 were not satisf’aatory~

whil@ 12 ra%iO~ greater than 0.40 mole I?/mole ~ were of no dvantageo When

leaa than 0“10 mole 12

And the metal Obtf$iXWd was higlmr in magnesium.
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UF40 The

was found

experiments were made by mixing U02 with the standard UF40 It

that the yield of

as high as 4022 (005%02).

obtained using 8.44 peroent

uoherent metal was not af’feotedfor U02 oontenta

A deorease in yield of only 0.9 peroent wae

uo~ (1.00$32)0 larger amounts of UO~ gave poor

reductions, the yields being low rmd the metal buttons poorly formed. Ex.

periments were also run using fluorides whioh had low conversions from the

oxide. Argon-filled bombs wore used, Xtwas found that fluoride of 9807~0

owlveraiorlgave Batiafaotory reduotion results; the ~ield from 93,?$/b~onverted

fluoride dropped 0,5~ and the button was poorly formed,, Fluorides 91.7~D

oonverted from the oxide gave only powdered metal.

The firing or heating prooedure used for this soale oi’reduation

has been given and desoribedo The proaedure was arriwed at by running ezper==

imonts usin~ different rates of’heating it being found that the preheat period

was very important, and that heating the bomb after the reaotiou had started

was of no advantage. Experiments were Qlso run using a rosistanae furnaoe for

hemting the bomb and its oontents. It was found difi’loultto obtain and
.

duplioate the desired preheat rate, and muoh $roubke WE encountered with the

oopper flaskets leaking iodine. This ws $US to the gaskets being heated more

than with the induotion heating,

The average yield fox the 250-gram-soale reduotion
#

prooedure &a outlinedwns 99.6$. Anavmqys analyaia of the

from MoIoT. lhN3r8 ~~6 as folloW (~hQ8 in PP)t B@s 4002;

using the stundard

metal obtained

m, 5; M, %;si, 9: FQO 30; C, 120; ancl GSS 20, The bomm oontmt ofmetd

made in liners from Group CM-7 ran somewhat highers tha value being from
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of s.250-grarsbutton is given irk

The 60fih?dW2@ Of’the

bomb, liner, ahargcacomposition,

grams to 300 grams

The same

reductions of’UC%

● ✎ ●e. ● ** .89 ●ee . .
9

-28- “::.

Fig. ?..4.

reduction charge using the 250-gram

and heating oycaleas desoril.xsdis from 100

.

30 500-Gram Soale Reductions———.

The bombs, liners, and heating oyola for thio soale of reduction

have been desoribed+ The opki~,w~oharge WZLGfound %0 be 0.2 ?nole12/molo U

with 26’-fBQxoQssCa over that required to reaot with the fluorida and iodine.

The soale.rango of the reduction charge using the 500 gram bomb, liner, oharge

oomposition~and heating cyolo as desoribed is from 250 to 600 grams of metal,

The average yield for the J500-gram=+maloreduction using the standard

prooedure ~S outlined was 99,6?;0 An average analysis of the metal obtained

from M.I.T. liners was as follows (values in ppm)$ Li, A5.O; Be, <002; Bs

002; Ms,’$5; @, 7; Al, <5; SIU 20; Fe, 15; Cq ?00) Cap~20. Metal made on

this eoale u~ing GM-7 liners ran 0.2 to 2 ppm’of B. Fig. 16 is a photograph of

a 500-gram button.

40 1000.Gram-SoaleReductions

Tha bomb, liners, and heating oyole for this soale of reduotion

have boon dinoussed. The opthwm oharge was found to be 001 moh 12/’uioh

llwith 25T.oxoose @ overfaat requtid to reaot wi% the fluor~de and iodine.

The soale-range of the reduotion dwge u6hg MO 1000-gram bomb, liner, oharge

compositions and heatiw oyule as desoribed i~ fkom 600 to 1300 grams of metil,,

● ☛=“* . A

● ☛

● ✚
●

● ☛

✚
✚✎●✚

●
●

✚✎
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The average yield far the

9908~o An averago analysis of the

follows (values in ppm): xii, ~ooa;

48

-a
● *
● 9
.*

r . T*m ●*
●

●

w:
●

.,4

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



J
,,

.!
s

Tl-
cnl~

--.._L
I
I .

+-1;2 --4

, ~“

7El
,~’

32

,r”-1

1 “

I,,
a 111● a

11 0
:1 0 8 Ill● fl ;;

,1, .,, O

al .9
ID Imml,;

18 ‘)

lb ●I () (II * ,1,● .

,) ●

11dl ● ,,, e
1)

9’8
c. 1:●
4,.

1- g----l ‘m;’
GRAt45 25 GRA?IAs

FIG. Z

,.,

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



‘( . . ..’ ., ,..
.,

-.%*. ,< --,. .,. ,,“ .,, ,“ .. ”.”’.” ,.. ..- !“ -,’

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



—APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



“
., .

>,

,,

. .

\

L
,’

,,

i \

M--------4 6 -----~

I

I

— J_

7: —
I

1

— . . ...—.
/

. .—._________

_-
..--—. -—. ______.,. .. .. l!q. . . . . .. >.-: . . . . . . . . .,, ,,

,,

,....

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



. . . . ........ ............ . . .

/

i//

/’/

.*

\
‘\

Q-@jm’e130LT.—

\,
\

--- \ —/ / I I 1’

I
I

\
\\

I

I

‘–k
-w-

‘ml* I
‘-m

N
N-

1

LL.- -—._ /
/’” e,“ ~~, –//,

,/’ /’”,/ ,,,:,,:,:,y’l\l-4

,/’’” ,‘ =- “
,/’, ~

‘“”--—#———+—

r ,,. G,at-::----

, ,~.;. -:.
,.

\

1 ~-

1

, 1

I
1

l_-

LID ECEEW /~ /“2) F’w-llb

Fl~URE T(a

250. GF?AM BO JIB ASSEMBLY
ULL SIZE-——SCALE : I

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,. .,...,., ’:, ,,,

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.—— — .

“
,- .

,,
,,

\,
—.

f\
\

[

+

\ .9 ‘“ Vq?zouc-’ -z~ [-//q-—.. ...<-— “ .
HE* HD i30L Tg /’.”.’7-_______.... ___

!

--

~, \

\

‘\ \ i
\ ●\\ \ \, \.

\
\,

\

\ ‘\.
\,

“/, \ .<-_.
\

—
\\

.——-.. ......—..—
\\

‘\
\
i

\ Il- ....-+--- - -------‘!
&j,. _+_~

I \ i, ~,.
I

\ j.. . . 1
... . . _ .. . — ——_ —.. . ‘.. -n

,,

,\

-+- 4;.———.\
‘\
‘\\

‘\,I

r --
\ —.

,,\—
\

-.. . —.. __-_— - —-— — .—. - .--—. .- .——-— — — . ...-— - —.—.—.—..——-— ——---

—.-

,,

?

U
/“
/

t L..k-..~
{

;, .,, ! ,,.

\ ., ,’ ,.; I\ \
\\\y

.,
,“,,’X “ ....:,, “\\.>\’’\\).\ \,’...:\\\:\ “‘ .:,’:’ .), ‘i., ‘\

‘.
.: <\\\’”\,‘ \‘\\

\ \ \ \ \

/“ y’//
\ \ \

y’ /’/’ / ‘.” ,/ 4 ,/’f” ,/y,,#”./ .,”, /,//’ .j$’,/7-,,+’;$/ ‘ ,;”.7’
,

,.,

;,

4!~~ _ I

9a- y=——--— —.—--—--+-.-... :=
~ 161

—— -— .—... ---- .. --- .—..

=11

‘+-=

--

.
/ /’+=./

I
Q;s .......... . . . . . . .(---(‘-m,

“3
I l—=------- —–--— ----- ~~-~
I I

L/o c5ceEw
I

/~-------- —---- ..— . .._ . //’ ,~ ‘“”--”’---”” “---”-”” ‘---––------”” ‘“”- - -

I

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



i‘f
l!.
,!
,,

,,

I.(’,

,

:,\ \

/

i“i ,

,,
,.

— — ..-..— —

~1
I

\l
‘1

I
.,

1

,:

1! i t

1

Ill.. ... /

.//

.’ !

,.

.

/’
/

.1 StiKcyy

‘+-‘&7i&-H, (g)
,’

.

“L @l”-20 NC-2 Xj-1/4
HEX.f-iD.“BoLT~ NUT

FIGURE 9(LL)
= GRAM BOMB ASSEMBLY —

SCALE: W4” = 1“
.

----

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



—

.
..

.,, .:

#.-:+
.:.
‘1
‘..

S
..:t 1 -, 1, .,

!, !,,, !,. ,, ,-, ,

.

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



t

—— —— . . . ___

‘t
+

!

U-)
10

Q

‘+

,.

I

M
. .

I

/
I

1

—.

—. _. -.__,
-.-.—

.
———

/
/

,, ‘\ \’\’’\’” .\.’’\\\~’ ,,). ;\: , ‘ ‘ ‘1 .:.. ,
;“ \

f?’ ,.:’” ,A’ “ <y ,,7/:y/i ‘-,// .,,,, ,, ,,, ,2
/,

f

,,/<:” f. ‘ ,“,,.?, .’7, ,!; 5 -— —_____ ., 4.
—... — ...__

,

L

J ~
~4

,—___ .——.. . 9 g ---—.- ..-_.._,.—---- _____ (--~ — ~-—6 / /
&4%.’dz’ / f“

,/‘ /’ ;~— -—--—___ . L
———

t
[o& .. .....-._._ --—~

FIGURE H
1000 GRAM BOI’VIB ASSEMBLY ~——....—... --—-----.——___ —..—..--.,.-,. ——.--—...__.._____-_.._

SCAiE : 3/4 “ f==(j~~s \’g- -—--.--—-—-—.. .. ————-_._..-_..._ .... -.;..

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE


