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hBSTRACT

Thi6 report de8crlbe6 in detail the methods developed at

Los Alamo@ for the preparation of plutonium metal by the bomb-reduction

method. The experimental work on the development of the methods is given

for all soalea (grams of metal) of reduotion. The larger-soale-reduction

teohniquea whioh are desoribed are now used for the routin~ production of

plutonium metal. I
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The metal of high purit:,by the

~n-called bomb method wns started at this laboratory in Auguut, 1943.

The objective -S to develop small-soale methods (0.5 to.500 grams of

metal) for the preparation of plutonium metal. At the time the research

was started there was no plutonium available for reduotion research, and

nothing wns known oonaerning the physioal properties of the metal. ThisI ,
\

being the ease, and a180 8inoe thi8 laboratory had the problem of developing

I
methods for the reduotion of U-235 hen it became available, uranium -a

first used as a stand-in for pluto~nium. Suooessful bomb teohniquea were

developed by whioh uranium could be prepared with high yields (90-9~) on the

,.

.,, 1 g, 10 C, 25 g, 2~0~p 500 g, and 100 g (of metal) soales from the tetra-
1

I

!

,<
,,.

I
1“‘,F

i-

flouride and triohlorfde by reduction with calcium metal.

At the time the problem was started, nnly the large scale (25 Ibs

of metal) reduction technique for UF’4as developed at Ames, Iowaj and the

possible use of iodine as a booster, wcs known. This large scale method

was in no way applicable to s=ll-scale work where high yields and high

purity were needed. The problem here thus involved the development of

refractory cruciblen for the reaotion, the design of suiteble bombs;

the inveetiga.ticm of raw mnterials for the reaation, and the devolopmect of

teohniqzen for eaoh scale of reduction etudied.
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Shortly before plutonium became available for 0.5filg,scale

reduotion researoh at this laboratory, the melting point of the

metal was reported to be tW’lSOOOC.l?fi14 or heating procedures

were thus studied, using UF4, which should work for such a high-

melting metal. In April, 1944, the first reduction of PuF4 with Ca

In the stationary bomb and on the l-gram scale was run. A heati~

procedure was used which carried the bomb to a top temperature of

13S0°C in 51

graphite ‘was

heating tim

seconds.. .4magnesium oxide liner fired to 2200°C In

used. The reduction reaction took place, but the

was too short to allow for tb coagulation of the Flu-

tonium metal. Thera was also very large absorption of the reaction

produots by the refractory crucible.

Very shortly after this, it was reported that the melting point

of the metal was A300°C. This made the use of uranium (m,p. llOO°C)

as a stand-in undesirable. About the same time, the chemists at ●

this laboratory were ~~n% the chloride of plut~ni~ in place Of

the fluoride. In View of these ftiots,Lac13 was used as a stand-in

for plutonium (m.p. of La, 826°C). The use of the ohloride necessi-

tated the use of linerS much leSS porous than those previously used

in order to hold t~ CaC12 ~la~ Produced. A ~ethod of M@% ‘vitri-

fied magnesium oxide liners was thus developed and is ‘outMned in

this report. Successful techniques were developed for thprepara-

tion of M metil fmm the chloride On the l-EraM SCale” This tech-

n~que wss used to make the firSt f3ucOeSSfulreductionsofPUC13 in

the stationary bomb on the 0.5-grU scale.

It -s soon found that the melting point of plutonium metal was
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600°Ctand oerium was ohosen RS a more suitable stand-in (m.p.,

U40°C.). Techniques for the reduotion of CeC13 and CeF4 on the l-g,

10-g,2S-g.and 160-g soales were developed and applied successfully

to PuC13 on the l-g and 10-g uoales, and to PuF4 on all soales reported

here. The us. of uranium as a st,aud-inwas also of great value in learn-

ing the reduotion techniques, especially those used on the 160-g, 320-g,

and SOO-g soales for the reduotion Of FuF4. The tribromide of plutonium

was also suocess.tillyreduaed with oalcium on the 0.5-gram soale. Reductions

of fi02 with oalcium on the 10-gram soale were.unsuooaseful.

The work reported here is for all soales of reduotion used, “:..,

}
and all variation tried are given. Complote investigations on eaoh

aoalo reported were not possible due to the very urgent need of’ metal

for remelting, fabrication, ond physioal measurement researaho8. The

1;.
techniques do, however, give very good yinlda and leave littlo to be

desired for the production of plutonium metal.

The following tatle gives a summary of the optimum conditions

for the reduction ’of I%C~ and PuF4 with Ca in MgO oruoitlos on the six

soalos studied.
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chmga composi tian

0.25 mole 12 per mole
pu. Layers of 12 f Ca
On top ati bottom of
ekmrge. 25$ excess Ca

25$ excess Ca. lg12
+ 0.16 g Ca on top of
aharge

0.25 mole I per mole
Pu ● 2* ex%emi Ca.
lgI +0.16 gCaon

?top o charge

0.15 mole 12 per mole
Pu. 25$ excess Ca

0.S mole I per mole
Pu. 25$ e?!cessCa

0.S mle 12 per mole
pla. 2* excess Ca.

0.3 mole 12 per mole
pu. 85$ exoa9s Ca.

/’

.
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hg

Liik.L
2:00

2:00

2:45

0:40

4:10

11:00

11:00

11:00

UNCLASSIFIED

Max. Cruci.. Yield in
ble Temp.
(without

S~n61e Butter
of Clean

ohar~e) ‘c :JeW 1 )

975 90.3

975 95.0

975

470

95.3

97.9

460 98.G

325 98.8

325 99.0

325 99.0
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A. R. weiss aided in the devolo~jit @ ths Wvitrifioatlonffpromos

for thg magsium oxide liners.

I. Introduction:

The reactioh bOW(Mn a metal halide and an alkalino earth metal

a8 used in the so-called bomb reduotion 1s of the th@rfitO typ.. @l.

fundamental requirement for a suooes8ful bomb reduction is that a’

dense, ooherent pieue of pure metal,giving a Y1OM O1OSO to ths t&o-,.

retloal be obtained. The reaotions used for the prOp8ration Of plU-
;.

toniu.mmetal as reported here are as foll~s: ,,

,,;,

(2) 2PuC13 t 3ca _ =U f *~c12

When adapting these reactions to the bomb reduotion, sereral”

oonsi.derationsmust be studied:

As The =lting points of the

liberated by the reaction, and the

portant. It is necessary that the

products of the reaction, the heat

heat 10SS to the oontiiner ar9 ti-

reduotlon be oarried out in suoh a

manner that tk products of reaation are In the molten 8@t0 long

enough, and that the slag has a sufficiently low wi800Sity to allow

the metal”to oolleut in a ooherent pieoe- In the reduation of tm

fluoride with calc$um (reaction 1), the combination of the melting

points of the pr~ucts (CaF2 ~ l~~°C~ Pu = 627°C) and me ‘eat ‘f

reaction IS not such as to allow for the best collection of metal”

Three possible ways of overcoming this difficulty are: (a) supply

more heat to the bomb by additional*qX@~al~”h&t~JS8; (b) lower the
● **

r
:: ~: ‘= ‘NCWSIF1’W

-7-’ :“: ;. .-: v -:, . ~~~~~
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meltingpointof the elag by the ●dditionof anothereubstanoe(0)

inoreaso tho amount of hut liberatid in the oharge by having ●

<
reaotion of highheattako plaoe ●longwiththe roduotion reaction.

It is knownthattixtornal heating must be oarried out at suoh a rate

that tho produota of the reaotion do not 8olidify before separation

of tho metal has tiken plaoo. If this does happen, it 18 not poaoi-

blo to oolleot the metal by

abovo tho melting points of
.

h~ting of thebomband its

subsequent heating ●ven at temperatures well abo

the produota. The application ofrnry rapid

oontents, especially when applied to the

largeraoalos(160to S00 grams of metal), is very dif?’ioult and

impraotible. With the ennll soale reductions ( 1 to 2!5grams of

metal), tho ●pplication of rapid extwnal heating is neoeaaary

booause ‘ofthe greater offeat of’heat l,om tti the container. !5ven

with the emallor sealea, the rapid -xternal heating is not sufficient

to ocmpensato for tho oombined effeota of the heat 10ES to the oontainer,

the heat of roaotion, and the melting points of the produots of reaotion.

In the reduotion of plutonium tetrafluoride, points (b) and (o) are

oombinod by produoing by a oonourrent reaotion ● aubstanoe whioh

will lowor the melting point of tho slag while at the samo time tho

reaotion supplies additional heat. The reaotion uned is as follcwat

Tho
r

●nd

the

12 ‘Ca --+’ca12

fomtion of the Ca12supplied●dditionalheatto theO~r~@~

the CaF2-Ca12 slag hss a lower molting point than the CaF2 alone.

In the reduotioa of the ohloride (reaotion2) d.th oaloium,

melting point of the CaC12 (772°C) is muoh lwer, than that of
● ☛☛ ● ☛

WF2 and the addition of iodine is ao;.&e~e&ary~t~.l~~r the melting

point of the slag. In the l-gram and*~@l~;a%0s;&l~”;;~uotion8 of kho

- K-i -- - Y ;j :} .~~c~~s~~~~g
?- ..-

-. .. --.—. “.- “a. e. _..—.
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o~orido it was fouad thnt it -S not neoossa%$ t~ &e fo&xo:& n@ditioua U

bat but that thla aould be aupplled by external he~ting. Although

no large-soale (160 grams of M tal) reductions of plutonium trichlor.

MO were made, it was found with cec13 that additloml heat was re-

quirod to oompensato for the heat 10SS to the container. This was

aoo~pllahed by using iodine In the charge.

The use Or an inert atmosphere, suoh as argon, in the bomb

(with both reactions 1 and 2) alas in the separation of the slag

from the metal RKM gives a much better formed piece of meMi. m10

18 probably due to the lowerl~ of the viscosity tinci/or the aeil.ing

point of the slag by the elimination et”.ctilclumoxide and o~lciu.uA ,

nitride. If air or nltro8en 1S used much of the slag freezes on the

llmr walls, ad the

difficult tO CIOZUlc

,, E!* A knowlodge

and reaction mixture

met~i. button is 8pt to be fioorlyform~d and

of t.% starting temperatures cJf

iS important in the development

heating or firing procedure for a bomb reduction. A

the rtiactions

of a successful

method of deter-

mining the starting tempertituresof the CUICIU,Mhalide mixtures was

developed on a 50-mg scale. values obtained by thio metlbodUSiW

uranium halide-calcium mixtures checked those determined on a 10- I

in a small refr~ctory linar cont&iflr!din a Small StOOl bomb, A I

chromel-alumel thermocouple of lb. 28 guu~;ein JJ1OCO(Iin tho ountor (Jf ~

the charge and sealed throurb the Bcrow cup of the bomb by mwfj.u CM I
I

a two-hole Insulator. ?ho loaded bomb is then heeted in a hl~.’h-

frequency induction coil at a desired rtite,uswlly tht Miployad

in the actual reduction; time versus tomx]eraturoroe#ingu ~JOln+,fttiken..

When the charflefires there is a rapi~*:l&&u5~ in ~~mperuture and,
I

. . . . . . . . ..* ● *9 ● 9

9* ●
.. ---+
.,. :: :o; wcIJMIF\LD :

--:”- ‘ i-“---
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1<“’) in some cases, the thermo~uple Is bk:n~d “out:‘??h%”dataon the
.-

startl~ temperatures of various halides with oaloium metal are
r“

qiven in ~ble I, together with heats of reaotion, where known, for

-. the purpose of discussion. In all cases the amount of oalcium used

was in 25% excess over that required to react with the halide and,

if used, the iodine present.

~tartinf:Temperatures for,Halide-Ca Mixtures
(5Qmgs SOale)

;,1 — —— —.———— ...- .—

. ,1,

1,

\\, ?;ixture
.

. 2LaC13 + .3Ca

PUC13 + Ce

UF4 f 2Ca

CeF4 f 2Ca

P@4 ~ 2Ca

12 + Ca

UF4 j 0.312 + Ca

Heat of
Reaction
(-AH)
K cal/mole
hallde*

73.0

24.4

32.8

---

---

126

---

---

128.5

164.6

---

Start-
ing
Temp.
Oc

649

624

675

645

---

515

575

595

398

410

-325

Renmrks

Thermocouple

Thermocouple

Thermocouple

Thermocouple

burned out

did not bur~.out

did not burn out

did not burn out

No reaction ocourred

Thermocouple

Thermocouple

Thermocouple

Thermocouple

The~OOOUphI

burned out

burned out

burned out

burned out

burned out
(10 gram soale)

Estimted on the 160 gram scala

.

,)

*Data from - The Thermochemistry of the Chemisal
Substtinces, Bichowsky, F. R. and
RossirIi, P’.D. Reinhold fiblishin~ Co. (1956)
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‘K.- ● 0 ● 9- ●
● **
● ebb :
● OO ●
bO**
4 ●

● ☛● ✚ ✚✎✚ ✎
● ●
✎ ✎ ✎ ✎ ●

‘*
● *m*

.-— ——..—._.._______. ___ .. _._,. ,_-..... ____ ._ ------ ___ .----6 --- .

have about

the s&me starting temperatures with calcium metal. The sane is true

but this tf~mperatl~reis def~.nitely lower. It h~f the fluorides,

~ignif~cant that in reduction of UC13 the thermocouple is always
!,,

destroye~, w]li].ein TUC13, CeC13, oR! LaC13 reductions this ,doesnot
..
occur. As shown in Table I, -AH for the rare-earth reductions IS

considerable less that that for the corraspondi,ns uraIIiumreaction.

Although rate of re~.;ction will.aiso influence th~+minimum temperature,

those data provide strong ~ndication tk t thG kl~ll~ of’ reaction for

“!, PuC13 f Ca is closer to that of cec13 + ca than to thtitui’UC13 t cq.

Using a mixture of PuCl~ + cerium metal, no starting temperature wag

obtained, and the cooled mixt!]reafter heating to & maximum tempera-

ture of 967°C show6d no sign of a reaction havi~ tehen pi.ace. The

heat of formation of PuC13 Is therefore probably greater or equal to

that of Ce~13. The data on the fluorides indicate that the heat or

rate of re”aotion for PuF4 + Ca is higher than that for PuC13 + Ca.

It should alSO be noted that the startin8 temperature for the PuF4 +

0.312 ~ Ca mixture was estimated from firing data on the 160 gram

scale and iS below the starting temperature Of the 12 + ca mixture.

In the ease of the same mixture with UF4 this is not the case; the

12 t Ca starting temperature determines the starting temperature of

the UF4 + 12 + Ca mixture. This starting temperature, as determined

on the 10 gram ~oale, agrees “Nellwith the

q manner as was the PUF4 t 12 + Ca startinq

for the Startiw temperature of the PuF4 f

one estimated in the same

temperature. The reason

12 ~ Ca m~xture being lower

than that for the 12 t ca fixture iS not kno~m

CD The oontainer in whiah the reaction tfi~?~plaoe is a steel
●

_,, i!’!wNc--------.rl
. —..
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L3fiictory liner is

a very important consideration in bomb reduotion development. The

follotin~ points are important when considering a reduotion liner.

(1) ROaOtiOn between the eleotropositlve reductant, the

reduced metal, or the slag produoed should be as small as possible.

(2) It should be sufficiently impervious to retain the

reaction products, and should be of such purity as to not oontamlnate

the me@l produced.

,’

-.

(3) It should be capable of withstanding the thermal,.

shock of the rapid heat evolution accompanying the reaotlon.

(4) If Q given rete of heating of the reduction char~,eis

to be repeated on every run, the.thermal conductivity of the liner

must be re.producible;also~ the rate of heat transfer from the bomb

to the liner must be duplicable; therefore, the fit of the liner to

the bomb nust be controlled.

The most satisfactory liners for plutonium reductions on all

soales have been found to be prefired, magnesium oxide oruoibleso TM

liners used till be discussed in more’detail under the various sm188

of reduotion.

II. Raw Materials:

1. Caloium:

The Ohoioe of oaloium metal used In the thermite reaction8

under oonslderation 1s of primary importanoe- Tha reduotant must be

low in light-element impurities so as not to contaminate the plutonlimm

metal prtiuoed. It must also be free of oxide and low in”nitrogen.

“; ;0 m P!ICLA$SIRED●
●

.-(2- ;“: : ● : “ :“ “!.? ““-
. . . . ..- ..- — . . 0 . -n ----- —.
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Ithasbeen found with u=nium reductions that oaluium containing

O.- IY2or less 18 8atlsfactory when the bomb is argon-filled,

wMla with air-filled bombs the nitrogen content must ba 0.04$ or

less. If the nitrogen uontent is too high, tk metal buttons (uran-

luh) are”poorly formal and the yield of metal tends to be lower.

The effeot of nitrogen on the oaloium for plutonium reductions is

not known, l~nitrogen aaloj.um having always been used. The oalcium

used in the work reported here was redistilled.electrolyticoalcium

~mufaotued by tie Eleotro.Metalhrgical Corporation. The oalcium

W38 reoeived ae m~lfrsc”’.These were ground or sheared to -’ ~’ ‘“::

“.1/4wpieoes,, after whioh they were ground in a Wiley mill and

soreened, the -20, #M mesh fraction being used. This grinding and

soreeni~ raves muoh of the oxide ?~ndleaves a clean shiny product.

Tha grOW oalolum was stored under argon. A typical analysis of

the oalc~um used is given in Table II.

‘“TABX.J3‘II ,
. Analysis of Ca Used

;-
Elemont

Hz 400

Mn

<0.5

<10

410
,

Mg c1000

Fe 50—
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The PuF4 me propmed by the Building D Dry Conversion

process; the details of the methods used being given in LA- .

It wss found that fluorides made by the hydrofluorination Of oxides

ignited from the oxalate at 1000°C or

respeot to reduotion yields, but that

ide obtained from the 600°C oxide -s

direst hydrofluorinatlon of the dried

600°C were comparable with

the bulk density of the fluor

lower. Fluoride made by the

oxalate did not give as high

yellds on reduction as the fluorides made from the oxides. The

bulk density was also highr than either d the ox~da-fluorldes.

The effects of bulk density on the reduotion of the tetrafluoride

are not definitely known, but a high bulk density is of value in

putting the mixed charge into the bomb liners.

The percent conversion of the fluoride from the oxide Is impor-

tant. It has been found that the average yield does not drop off

appreciably if the fluoride is’QO+$ converted from the oxideD Re-

- ductioneon tb 160-gr@m scale”g~ving yields of 92$ have been made
(’

on fluorideswlth conversions as low as 7*. It is recommended,..

however, that in order to obtain consistent high yields on all soales,

>,
the fluoride Should be 90+$ converted from the oxide. Further dis-

/’
oussion of the peroent conversion of the fluoride till be given un-

der the-larger-scalereductions.
...

3. Triohloride:

The PuC13 was prepared by the Building D DryGonversion

process; the details of the methods used being given in LA-112. It.*●9*● 0
9***

ws found that chlorides made froj.:t~e~oxa~alw~~re superior to those
●* ●.*●**●**●e@●*
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made from the oxide. It was also found that chloride made from the

oxalate aould be improved by sinterln~ at 725°C for 2 to 3 hours.

All of the ohlorldes were 100$ oonverted from either the oxide or

oxalatee

4. Iodine:

Reagent-grade, redistilled iodine manufactured by blaUinc-

1
krodt Chetioal y~orks was used. For the small scale reductions (1.

25 grams of metal) It was [:roundto -30, +80 mesh, but was used as

reoeived for the larger scale reductions.

III. 1, 10, 25 gram (of metal) Scale Reductions:

1. General

(a) Apparatus: The apparatus oonsists, in general, of a

bomb or external container with a pre.fired refractory liner for the

oharge, and a high frequency convertor am furnace to heat the loaded

bomb undqt controlled conditions. F~_l is a ;>hoto&raphof the
‘~.

bombs a,pdliners used., - ,FigH@8-Et gives cross sectional drawintrswith

dimensions of the bombs and liners. The bombs are machintidfrom

oold-’rolled

whioh makes

body of the

steel rod and have threaded caps with a lip on the inside

a seal with the @pper gasket held in a groove in the

bomb. The sorew in the oap of the bomb is to enable fill

hg the loadod bomb with an inert gas.

The most satisfactory liners were found to be pre-fired oruoibles

made of mgnesium oxide. The MgO used was an electrically fused pro

duet (Vltr#frax) ground to pas a 300 mash sieve. Unfortunately,

this material, nmde from mined magnesi~ec,,is.no:lQ~8~ available.
● ● *

Later shipments of powder fr~ the sam~lls~p~~~io~.ti=~:foundto behave
● O ●

NikK9u_,0 ~:**
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quite difi’erently. This powder will be disousaed after the use of

the mined magnesite Is desorlbed.

The mined magnesite had the following analysls:

Fe 0.05$

Si 02 1.58

R203 0.39

CaO 0.50

B <20 ppm

The liner was formed in a ~aphite mold using either a graphite or

metal plunger. The prooedure Ws to jar a bottom layer of MgO In

the mold, center tb plunger (whloh determined the shape of the in-

side of the liner) in the mold; and add powder In small amounts, the

mold being jarred on the benoh after eaoh addition. When the height

of the liner was rsached, the plunger was oarefully removed. The

formed liner was then fired in the mold to 2200°C by Induotion heat-

ing. This firing took about twnty minutes. After oooling, t~

liner was removed from the mold. Liners made in this reamer, and

with tho mined mgnesite, were hard and dense, and wore aati8faOtOry

for fluoride reductions. They were, however, too porous to be used

for chloride reductions. me m~ltr~f~oatlo~W of the lln~r at at~ll

higher temperatures for use in both fluoride and ohlorlde reduotiona

WaEIaccomplished as follows: A large MgO oruoible (4” OD, 3.5W ID

and 6W high) whioh had bean fired b X500°C was plaoed in a graphito

oruolble whioh waa 6n OD, SW 11)and 9m high. The oover of this cru

oible had a oenter vent hole and a pyrometer sight tub. 6t am angle

of 45 degrees. The liners prepared as above wero plaood in tho

:* :.. .:4:..●*
oruoible was heated in a 7W ID ~n{~~ion furnao~ “poweredby a m KW

UNCL’$S:~I~-
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Ajaxoopv’ert&. The ‘vitiifloation~”h~~w~s!ti~hat the liners to

2300°C In 1.5 hours and hold at this temperature for 30 minutes.

Caloium oxide liners ware also msda and vitrified by this meth

od, exoept that the fir8t firing tmporeturo was 1700°C and tka vitri

fiaation oonditlona were 210000 for 50 minutes. Eleotrloally fused

Cat)was used. The Cao llners nmdc by this method were very dens.,

and non-porous, but wer~ lnferlor to the MgO liners for raduotlon,

probably beoause of a raaotion betwaon the slag and the CaOo

A8 8tat0d above, ths mined

procluotwhioh oould not be used

ing the dry powder. The use of

maWe81a WS later substituted by a

for the making of ‘linersby hand tamp-

tb powder was taken ovor by Woup

CM-7. A method waa developed using nncshlnetamping and pressing of

the moist powder to form the liner. The formed liner was then dried

and fired using the same ~vitrificationn cyole as desoribad above.

The liners obtained were satisfactory for both ohloride and fluorido

reductions. The powder had the following analysis:

(b)

rled out In a

the operator.

m o ● 17$

sio~ 2.35

R203 0038

CaO 0.94

E 300 ppm

Loading of the Bomb: All loading operation are oar-

stagnant-air box b avoid endangering the health of

Rubber gloves and a respirator are worn by the opera-

tor during all reduction operations. The halide is mixad with the

reduoing ‘metiland iodine In a OIOSed bott10 and the mixed oharga

pourod into the liner, oovored~with the refr?~~?or{olid, and th bomb

ul!cwm~
~i~~~:::.!.::.~
-l,’fi:“!?“”● ● :“”::.”-..7.‘“ ;. ..,-.....----.:.-..---.- “-,.:.:e.-----: ; ..*-
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oap ~ screwad on ati tightened. The oloaed bomb Is then pluced

in a vaouu jar (s0. Fi
+, through the lid of whioh a sorew

driver pasoea by msans of a Wilson seal. The aorew in the oep of

the bomb is then run out, it being held by means of a ollp on the

sorow driver. TM jar is then twloe evaouated and twioe filled with

argon, tha sorsw replaoad and tightened in the oap, and the bomb re.

movod from the jar ready for firing.

(o) Firing of the Charge: In the firing of tho reaotlon

mixture a controlled and reproducible rate of heating 1s neoeseary,

and a knowledge of the top temperature reaahed 1s Lnportant. This

is especially true in the ease of the small soale reductions where

the heat generated by the reaotion Itself is not suffiolent to keep

the reaotion produota in the molten state long enough for the metal

to oolleot In one oohorent pleoe. The ~te of heating of t& reaot~on),.‘ ..

mixture Is also important beoause if the temperature rise is not fast

enough through the firing temperature, the produots may solidify
. #

ati subsequent heating b temperatures above the melting points of

the produots will not ooagulate the metel aatisfaotorily. A methml

of heating the bombs was developed mere the rate of temperature rise

and

and

top liner temperature (without the charge) reached were known

oould be varied.

Data for thg above method cf tiring were obtained by taking time

temperature data on the inside of the liner without a charge. F&,w ~

S is a graph ahowlng these data for MgO liners on” the l-~aa, 10-

gram, and 25-gram scales. These rates have been found best for fl.ring

---

,.)
the bombs, having been asoertalned in most oases by trying both.slower

and more rapid rates of firing. The converter, coil, looation of

“~~clxw~ ~.... -\.\...$-
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bomb, eto., used to obtain these ourvos will be given In the dis

cusaions of eaah soale. The use of these aurves oan be explained

with en example. Consider the 1 gram suale bomb with an Mgo ’liner.

A reduotion of puF4 with Ca is to be run. It has been found that

firing to a liner temperature of 975°C at the rate given by ourve 1

issatisfaotory (not considering the heah of reaction). The time of

heatin &would be two minutes (See Figu#’), the temperature being

known to rise 25°C after the power Is turned off.

The above method of firing ww used to 100ate the oPtim~ fir1n8 ,

oondltions for oerlum halides. The conditions arrived at with oerium

were found, In general, to apply to the corresponding halides of

plutoniuin.

(d) unloading Or the Bomb and Cleaning of the ~etal: All

unloading and oleaning operations are oarriad out in a s~gnant air

box k avoid endangering the health of the operator. The liners are

usually easily removed from the bomb. They are then broken and tho

button of metal removed. Slag and oxaess oaloium whioh may be on the

metal is best removed by plaoing the bu:ton in oonoentratwl nitrS.o

aoid (plutonium metal Is passive to oono. HIV03). After piokling,

the button 1s washed ~n water and dried in aoetone. (31aoialaoetio

aoid may

layer Or

z?.

alao be ueed for oleaning the metal. In this oaso a thin

oxide is formed on the surfaoe of the metal.

l-gram-soalo Reductions
4

TIM bomb and liner for this aoalo of reduotion have boon

described. Curve 1 of Fi
d

gives the heating rate whioh was

found tO give th most satisfactory and oonslstent roduotion Y?eaulta
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for both th~ chloride and fluoride. A 7.5-KW Qi$h-frequenoy Lepel

oonverter was used with the following soil: 1 l/4n ID, 2“ high, and

10 turns of l/4W ooppor tubing flattened to a thickness of l/8w. The

oonverter settings were as r0110w8:

Coarse Induotanoe Setting: Left S; Right b!.

Fine Inductance setting: 16

Power Set: 1

The bomb ma oentered in the ooil.

(a) J@uotiop of-Pu@3 with Ca: The first suooesaful re.
.ZZ

duotions of plutonium in the stationary bomb were made on the 0.5Rl-

gram 6cale, using the triohloride and oaloium metal. In a successful

reduotion of the trlohloride, the oalcium ohloride Slag is down over

a well formed button of metal, and very little of the slag is abaorbed

by the liner.” ~ button Of Aetal has a “Ca oapn which 1S easily bro-

ken 1006o from the button. This ‘Ca oapn contains about 50~ Ca ad

5@ M& The use Of “v~tr~fia~” M@ liners WS rOum neoessary for

the ohlorldo reductions. Liners fired at 2200°C absorbed most of

the slag and somm of the metal. When this happened the buttons were

poorly formed and the yields were low.

TM data on O.~~?-gram-soale ohlorlde reduotiona are given in

Table III. Entries 1 through 7 are the first group of 0.5.1 gram soale

rcduotlons made in vitrified MgO liners. The liner temperatures were

varlad~ 975°C glvlng the best results. The ohlorides used in these

runs wari madO mom the oxide, and many of the variations in the data

are bellorod to be due to dlffermoee in the various batohes of ohlor

idc. In .ntry 7, 0.14 mola Iz/mol@ PU was added and found to be Or

-- =2&o -
‘,’,

.. —...- ----- . . . . .- _.. t. .,. .-. .. . . . . .
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Entries 8 through 23 are for reduotlona of ahlorlde made from

the Oxalato. Entries 14 and 15 are for the ohlorido made from the

oxalate and then sl.nteredat 728°C

and 21 are for distilled ohloride.

ide were the best; giving the best

for 2;3 hours. Entries 19, 20,

Reductions of the slntereclohlor.

formed metal buttons and the best

oolleotlon of slag above the metal. In addition to the better reduo.

tions, the sintered ohlorlde had a higher bulk density, this being

an advantage in that a larger oharge may be reduoed in a given liner.

Entries 15 through 18 list the results of a study of iron plokup

from iron bombs and niokel plated bombs with a~ without ibdine. The

metal from all four reductions was low in iron, end no significant

differences in the iron oontents were appar@nt (~oe ~bla Iv).

Entry 24 is for a reduotion of a ohloride Whioh Md been allowed

to hydrate to the pu013.~H20 formula. The results of thi8 reduotion

indioate that SOJM hydration of the ohloride does not interfere with

the reduotfon reaotlon. Reductions of tb oxyohlorldo of plutonium

with oaloium were tried. Only a-ookey MSS -s formed, no ooherent

metal being obtained. This indioates that the oxygen when present
.

in water as in PUC13.~H20 is not detrlmentil, but Is harmful to the

reduotion reaotion when it is as the oxide of the metal.

Entrie8 25 through 26 am for reduotione of the ohloride in

vitrified Cao liners. These liners absorbed the slag and gave poorly.....
forme~”’buttonq,thus being inferior to MgO liners for ohloride raduo.

tions.

One reduotion of PuC13 with ca ws ~de in a ces l$n-. This

liner absorbed all of the slag and part of the unreduoed ohloride,

giving a poorly formed button of low yield.

V=
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Representative analytical data On plutonium metal inadeby the

reduotion of’Puc13 with Ca are given in Table Iv. The oolorlmetrlo

: Iron determinations are more reliable than the iron values deter-

mined spaotrographioally.

(b) Reduotion of PU~r= with ca: Only one reduotion of

the tribromide was made. This was on the 0.5-gram soale in a vitri-

fied M@ liner. ~e metal obtained was in two pieoes, a yield of

only 53.* being obtained. A satisfactory teohnlque for the reduotion

of puBr oould no doubt be developed.
5

(o) ~eduotio~ Or PuF~ with Caz Bta on reductions ofpuF4
-G

with Ca on the 0.5Al-gram soale are given in Table V. AS has been

disoussed In the Introduotlon, the reduotion of a fluoride with Ca

on a small scale offers one difficulty not encountered when dealing

with a chloride. This 18 the high melting point of the caF2 slag

(1330°C) as compared with that of CaC12 (772°C). Iodine is therefore

used in the fluoride reductions to give a lower melti~ slag and at

the same tirm to furnish more heat to the reaction mixture. !L’ht3~:eneral
-L

teohnlque for the 0.5~”gram-saale reduotlons of PuF4 WUS developed

at first with m4 ati then later and more ~atisfdctorily with (JeF4.

The Oharge oonslsted of a layer of 0.15 g 12 and 0.02 z Ca on tki~ bet.

tom, the PuF4-12-Ca, and another layer of 0.15 g 12 } 0.02 g Ca on

the top. It was found from the stand-in work with UF4 and CeF4 thct

the layers of 12 t Ca were very important; the same aount of 12 mixed

with the PuF’4did not ~ive the desired results. T:.efiri~ procedure

for the f’luoridereductions wos the same aS wlt~i the c~lor~de reduO-

Lions, that is, firi~ to a liner temperature of 975°C. The fluoride

reductions gave very well formed buttons ‘A’iththe ‘tCaaap”o The
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yields were higher than with chloride reductions :)ntho same sCh~L13.

‘l!his is due to the fact that there Is less sla[jabsorption by tl~e

liner Inthe ease of ?,hefluoride raduotlons.

Entries 1 through 7 (Table V) are ror reductions using the

same oharge (0.64 mole 12/mole Pu) but fluorides prepared in differ.

ent ways. The fluoride prepared

bestQ It also had a higher bulk

a larger oharge (flramsOr metal)

.h..5 8 and 9 are for reductions using

ide and the 12 ~ Ca layers.

cause the slag absorption by

always very well formed.

from 1000°C oxide seemed to be the

density which is desirable in that

may be used in a given liner. Entries

0.25 mole 12/mole Pu with the fluor.

This was found to be the best charge be.

the liner was less and tile buttons were

Analytloal data on plutonium metal made by the reduotion of T)UF4
-a

with Ca on the O.SAl-grRm soale are Riven in Table VI.

3. 10 gram Scale Reductions:

The bomb and liner for this scale of reduotion have been

desoribod. Curve 2, Figure Iv, gives the heati~ rate ‘whiohwas

found to give th most satisfactory and consistent reduotlon results

for both the ohloride and fluoride. A 7.5-KW,highrfrequenoyLepel

oonverter was used with the following ooil: 2“ ID, 3“ high, and 8

turns of l/4w oopper tubing flattened to a thlokness of l/8~. The

oonverter settings were as followe:

Coarse Inductance Setting: LOft M, Right M.

Fine Induotanoe Setting: 6

power get 6

The bomb was oentered in the ooil.

UNCL=lR~
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(a) Reduction of PuC1% with ca: Three reductions of PuC13

with’ Ca on the 10 ~>am soale were n!.ade.The data on these reductions

are fllvenin Table VIX. “Vitrified MgO llners were used. The heat-

ing rate used is given by ourve 2, Fi~i’A~. ThO 975W liner tec!-
●

perature (w:thout charge) was obta~ned by’[isinga heating time of 2

.fn.~nutos,45 seoonds; the llner te~perature being Inown to inorease

35°C after the power was turned off. The button of ::,atalobtajned

had a ficaoap**(5W Ca, 50~ Mg) as in the oaae of the 1 gram soale

reductions. The ..ethodused for these reductions was studied using

L’eC13as a Btand-in.

Entry 1, Fble VrI, is for a raduotion of ohloride wade from the

oxalate. Entries 2 and 3 ~~refor reduot~ons of ohloride Cladefro?
&

oxalate aridsintered at 725°C for 2K3 hours. The layer of T~ ~ Ca

top of the charge was used to avoid having a br~dge of unreduoed

the

on

ohloride forx~odat the top of the oharge. It :s belleved, alo~ with

the i grafi”aoaleresults, that the sintered ohlorlde :s best for the

10 gran so~le reductions.
.

(b),Reduotlon Or IWFA with Ca: Dati on reductions Or 13uF4

with Ca on the 10 grm soale are g~van in ~ble VI:I. The heating

rate used 1S given by ourve 2, Fi@rO IV. The buttons of ILetal ob-
,

ta!ned had the usual ‘Ca oap~. All development work on this soale

was done wit’hCeF4 as a st~nd-ino

Entry 1, Table VTTY, is for a reduotion whero 0.5 mole 1~/mole PU

was used in the oharge; 2 gr~~ia‘of12 + 0.32 gra.:.sC& on top; and a

l’ner tempemtlme of 975°C (2 minutes, 40 seoond8, OUV@ 2, Figure IV).

This reduotion was f~red to too high a temperature and oontalnecltoo

,~uchIod!.ne, thus oausing all the slag and some of the metal to be

— ——_ —---.—.. . -—-. . . .. —. . . . . . .
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●bsorbed by the liner. Entry 2 gives the results ‘)freduotlons

USIM 0.25 mole 12/~010 PU and 1 grain 12 ~ 0.16 gr~m Ca on toP* ThO

liner taperature ms 750°c (1 minute, 40 seoonds, curve 2, l?~gure

IY)s ThOSO rduot~ons 8ave Som.what erratio yields, and a not~oe~ble
.

●mount of slag was absorbed by the liner. Entry 3 gives the results

of reduotiona using the saue oharge but Mgo liners r,adeby CL1-7.

Theso liners ware formed by preesing the !JgOpower, usiW a ~x as

a binder. IW liners were fired to 2100°C in graphite and appeared

to be vitrifi.d. They did, however, show high slag absorption.

Entry 4 is for reduotlona, using what was found to be the opti-

mum oonditlons: 0.25 mole 12/mole PU; 1 gram 12 + O*16 gra~!iCa on

top; and a liner temperature of 470°C (40 aeoonds, curve 2> F~@re IT ●

This reduotion prooedure gave very consistent results with very slight

Slag absorption by the liner. Fluorides prepared from loOOOC oxide

were found to be best (see En’tries5 and 6).
“’$/

The percent conversion

from the oxide of the fluorides used in the reductions reported in

Entry 4 varied from 82 to 10~.. It is, however, reoom-ended that for

the most eons:stent reduot:on”results the fluoride t~eat less-$-9C~~

‘oonvertedfrom the oxldo.

Representative analyses @ retal obta~ned from the lo 6X~:’scale

rOduotlons of

.(0),

Ca were””tried

PUF4 with ca -e given ~n Wble IXO

Reduution Or .Puoowith Ca: TWO reductions of PU02 with

using the 10 gram soale liner and bomb (see ~ble V?IT,

Entry 7). The heating rate used was that Riven by Curve 2, ~~gure IV.

A top liner temperature of 570°C was used with a oharge which oon-

tained 2.0 sole 12/,~iole PU. There was no apparent reduction of the

oxide, it not being poss:.bleto -fl.ndeven beads of notal upon leaoh-

ing the oharge with water.u~cLp+SSIFlm
-25– ,9
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25 m am Soale Raduotiong:

The bomb and liner used for this raduotion eIoalehave been
4

daaoribe~. CurVO 3, FiqF9+3’V, gives tho heating rate whioh was found
h

to g~ve the moat Satisfactory and oons~stent reduotion results for

the fluOrida. A XKW high-frequenoy Ajax oonvertor was used With a

standard Ajax ooil; 4~ TD and 4W high. The bottom of the bomb was

looated l/4* abovo the bottom Of the ooil. Tha total heating tifm

for the 460°C lingr temperature WSS 4 l~~nutesand 10 aooonds. The ‘

oonverter settings for this heating oyole w~: angle 25 for 2.5

‘?!nutesand angle O for 1 -i’nute’and40 seoonds. All development

work was d~ne wl’thCeF4 as a stand-in. No plutonium ohloride reduc-

tions were ~ado on the 25 gram soale.

Entry 1, Table X, la for reduotlons UaiW O-25 mole 1~/mole Pu

and vltrlfied Mgo l~nerso ‘Entry2 ?s for reductions using 0.15 mole

12/nole Pu and vitrified h!goliners. This oharge gave slightly bet-

ter for~~edbuttons tt,anthe h:,@er-iodine oharge (Entry 1). Entry 3

ih for reductions using Ugo liners whioh were fired to 2100°C In

.. graphite and not vitrified. These liners proved to be as satisfactory

as the v~trified ?fgOliners. The oonversiomfrom the oxide of the

fluorides used were between 90 and 100$.

Representat

scalq.redudtions

ve analyses of the f;]etalobtained from the 25 gram

of PuF4 ‘withCa are given ~n Table XI.

IV. 160, 320, 500 gram (of metiljSOales:

1. General

(a) ,,;aratus:The

*,D

,

.,
apparatus consists, !.n6enaralJ of a

-26-
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bomb or external oontainer tith a pro-fired refrnotory liner for

the charge, and a high-frequenoy converter and furnaoo to heat the

bomb uuder controlled oonditiona. Two types of bombs have been used

fcr reduotion8 in the I%O-gram and 320 to SoO-gram saales; one with a

double flange, and one tith ● Eolid bottom. The two-fla%e bombs

are desirable where the liners do not fit well and My atlok in the

bomb a?ter firing. figures V and V,(a) are photographs of these

160-gran bombs and liners, while Figures VI and VI (a) are oroas-seotlonal

drawings with dimensions. Figureo VII, VII (4), VIII and VIII (a) aro for

the 320 to 500 gram soale; the same bomb and liner being used for both

soales. All. bombs are made of cold-rolled steel. The aorew and

gasket in the lid of the bomb ia to enable filling the loaded bomb

with an inert gas. The thermocouple well la for the purpose of fol-

lowin2 the heating nyole. The lids or aover8 of the bombs have a

lip whiah if forced into the annealed ocpper gasket.

The moat aatisfaotory llmwg were found to be pre.fified

oruofbles made of el.eotr~oally fused msgnesium oxldo. The liners wero

made at M.I.T.” or by Group CM-7. The powder used by M.I.T. had the

following analysis~

Si02 2.00

%%5 0.23

(ho 0.69

B 30 pp

The ●nlysia of the powder used by Group CM-7 was as followsr

-2’7-
. ..
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B 300 ppm

The boron content of this powder is h!gher and, as will be discussed.

later, the boron oontent of the metal made in these liners was higher

than that of metal made in Y.T.T. liners.

Briefly, the method used at v.I.T. for the i:anufaoture of the

14Lnerswas as follows. The magnesium oxide was mjxed ‘tiith 7% water
*.J*

and~ta~ped and pressed Into steel d!es. The formed liner was then

extruded from the die, dried, and fired in a gas furnace at 1700°C

fOr three hours. The only essential difference from the above pro-

oedure and that used b::C1l-7was that the dried llnors were induc-

tion fired to

the resultant

(b)

ried out jn a

the operator.

2100°C using &raphite as a heater. With both (::ethocls

body was hard and had a porosity of less than 22%.
$

Loading of the Bomb: All l~ding opentions are oar-

stagnant-air box to avoid endangering the health of

Rubber gloves and a respirator are worn by the opera-

tor during all reduotion operations. The halide is mixed with the

reduoing metal and iodine in a alosed bottle, and the ~~ixedaharge

poured into the liner, oovered with the refractory lid, and the

spaoe between the liner and bomb wall and above the liner lid and

the gasket groove filled with 40 mesh eleotrioally fused ~:agnesia

power. The gasket groove is then brushed fne of ~lagnesiaand the

annealed Ooppor gasket put in plaoe. The bomb lid is then bolted
~

on. A stopuook assembly (Fi~&-~ is then sorewed into the hole

In the bomb lid and the bomb twioe evacuated and f!lled with argon.

The stopoook assembly is then removed and quickly replaced with

the sorew and copper gasket.
uNcLkss\Fm

‘~
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(c) Firing of thn Chargo: The essential difference between

the firing technique used for the larger-smle reductions ar.dthat

used for the s;~IQllscales is that the large?scale aharges are heated

just to the starting tefi;peratureand the heating stopped, while on

the ev.allersoales the heating is continued.~st the starting Of the

reaotion mixture. The heating of tho boi.ib and its contents to the

starting temperature Or the reaction mixture :(svery Iqortant. It

has been found in this laboratory tlmt the charge requires a defl-

n;.tepreheat period before the starting te~:perature:s reached. If

the bonb :s heated rapidly, the reaction starts at the SUrfaCe be.

tween the charge and liner, whUe the center of the char~e la at a

mush lower temperature. In this case t~oreof the heat of reactioa

isdissipated in heating the charge, thus allowing the produots to

solidify more ragidly than if a preheat ia used. If the preheat per-

iod Is too long, the Caloium particles are coated with a layer of

Ca12 wh~.ohpresmbly lowers the rate of reaotion.with the fluoride.

-~is allows more heat to be d~ssipated to the liner and bomb before

the reaction is oonp16te, thus again oauslng poor oolleotion of

me~l. TM heating or firing prooedurea us-d for the 160T 3207 and 500-

gram soalea are the same and -m arr’lved●t by experiment, using

several different heating 0y01e8 to 100ate tho optimum conditions.

Uranium tetrafluoride was used as a stand-in for the development of

the firi~ prooed~. When

mooouples are plaoed on the

the top, one at the ~enter~

developing a haating oyole, three ther-

lnside surfaue of the liner, one near

and ona on the bottom. The tempemturo

of the llner ean then be correlated with the temperature of the out-

side thermocouple well. It is Important that the bomb b. looatod in

t~ ~il w that the entire length of the liner heats at nearly the

---- w“~~l-‘ ~
-27- “
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same rate (~5°c) . For exaple , jf at the tiL e of f!ring, the

tom portion Of the liner is well balow the firing te:,perature,

metal button Is poorly formed and a lower yield :.sobtained.

In the actual firing procedure used for the 160, 320, and

bot-

the

500

gram soale reductions, the loaded bomb Is placed in an induction

furnaoe which is powered by a 2WKW high<requency oonverter. The

160 and 500 gram bo~lbsare plaoed in a 7“ ID, No. 312 AjaX furnace

so that the bottom of the bomb :s 1“ above the botto~ of the coil.

The coil is protected by a silica &leeve which fits on the -inside

Or the COfL After the bomb is placed in the Qil, the thermocouple

(chrornel-alumel)is then plaoedin the well on the bomb and the

heating cycle given in Table XII followed. The liner temperature

‘75°C’depending on the fit of thegiven is an example and will vary -

1iner. The heating oyole for the therr.000uplewell is the one recom-

mended for the bombs used;‘however, :f different bombs, liners, etc.

were used, the liner temperature should be duplicated and not the

thermoooupl~-welloyale. when the aharga reaches the starting tem-

perature, whioh.is bet~en”10 and 12xinutes, there js a sudden in-

orease ~n temperaturewlth time. I,qhenthis increase ocours, the..

power is turned off and the bomb allowed ti stand f.n the coil until

the thormooouple wall ~’sat a temperature of~400°C* The b~mb is

then

is a

roaowod from the oo11 and oooled in front of a fan. Fi_ ‘,

photog=ph of the firing oubiole, coil, and converter used.

L!!ICMSSIFIED
.
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11

12

13

14

15
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TABIX XII

Heating Cyole for 160 and

Thermooou& Wall

110

200

280

S60

400

425

450

475

500

525

550

575

600

625

650

674

-31

ONLKS;:IEO
500gramBombs

Liner Tam%&rature

25

47

54

102 ‘

135

164

211

252

279

320

347

381

416

442

470

500

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



. . . . . . . .

*
.- UNCLASSIFIEU

(d) Unloading the Bomb and claani~ of the Metal: All

unloading am oleeni~ oparatio~ aro oarried out in a stagnant

aIr box to avoid endangeri~ the health of the operator. After tho

lid is removed, the outsldo of the bomb is tapped with a hammer un-

til the oontents of th bomb oan be poured out. glag and oaloium

whioh may be on the r,etalare removal by plaoing the button In con-

centrated nitrlu aoid (plutonium metal 1S passive to oono. HN05).

The metal button usually has a thin WCa eapm whioh is made up of ;

@50$ Caand 5% ?,;g. After piokli~, ths button is wished in water ‘

and dried in acetone.

2. 160-gr am-Soale Reduotiona

.

The bombs and liners for this suale of reduotion havo been

dlsuuased. The firing or heating oyolo for the loaded bomb is given ‘

in Table XII. No reductions of plutonium triohloride were mad. on

this soale, but reductions of UC13 and CeC13 shored that tho sama mluo-”

tion teohnique aa used for the fluoride waa satisfactory.

Data for reductions of PuF4 with Ca on the 160 gram aoale are

given in Table XIII. This table gives the peroent conversion of the

fluorides used as well as the yields. Entry 1 is for reductions

using 0.2 a.ole12/mole PU end fluoride made from oxide whioh had been

ignited to $JOO°C. Entry 2 is for the same type of reduation using

0.3 mole 12/mole Pu. These two entries show that there 1s little

difference between the two iodine ratios, but It is believed that

the 0.3 nolo charge Is the more reliable. Entry 3 is for reductions

usinR fluoride made from oxide ignited to 600°C and 0.3 mole 12/mole

Pu. Entry 4 is for reductions using fluoride made by the diraot

hydrofluorination of the dried oxalate. The reduotion yields aro not

um-Rs[Rm-32-
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s%~ifiemtly dlff-~t f?m thm us iR8 fluOrid@ mad, from a

OXMO; ho-mr, tha bulk density of ‘fluorid@Mde from the oxalato

-S V- 1-, Mklng it diffioult to get the charg. into th. M-

-m UO@. M* S in m? ~duotiom using fluorides which had low

oonV@r81w rro9 * Oxido ●nd 0.s mola q+lol. Pu.

m 4ata glwn in mblc XIII ●nd tti plgt given in plgur. ~

shw that tlw pue.nt -meroion of tho flumldo is not orltioal

uatil it drops blow 90$. This 1s vary different t~n with UF4

whoro the poroont o=verslon of the fluoride must be 99* for SUO-

o.saful raduotions. It is not known whetha the oxygon is as plu-

tonium oxido or plutonium oxyfluorida. Analytlaal data on metal

from tho 160 gr~ s-10 r.duotlons aro gi~on in IWbla XV. It should,

b. notiuod that the =~1 *QO In liners Mde by woup CM-7 ran

higher in boron t~n ma~~ ~d. in liners ~nufactured at M.I.T.

~Ia ieI due tO the faot, as haa hen d~soussed, that the powder used

by OM-7 oontained WO PPM of b=on~ ~il@ t~ po~er used at M.I.T.

oontained only 30 pp of boron.

3. S20_and i50w am+oalo Reduotiono
*

~ bombs and liners us~ for these soeles of reduutlon

ham been d-oribed= The flri43 or heating OYO1. for the loaded

b=b is giv.n in ~blo 1110 The same SiZe bomb am liner -s used

for both aoales of reduotion.
.

~ta for reduotlons of PuF4 with Ca on the above scales aro

given in ~ble XIYO Entry 1 is for reductions using 0.2 mole 12/

mole pu and fluoride made from 900°C oxide, while Entry 2 is for

reduotlona US@3 0.3 mol@J 12/mol~ PU and t~ s~e type fluorido.

While the data given show no si@ifioant difference between the

-33-
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iodine ratios, it J.s believbd that the C.3 mole 12/nole ?U charge

1s more reliable, espeo~ally In view of the variations in the rlu-

orides whloh may be received. Entry 3 i~ for reductions of fluor-

ides ~de from 600°C oxide USillg0.3 mole 12/mole Pu. Entry 4 is for

500 gram reduotiona of th. same fluoride.
~,~.,

The data given in Table XXV and the plots giVOn in F’1g~Y~.1 3 x11-1
. +%

show that the peroent Conversion d the fluoride is not ur~tical for

5theao soales of reduction in the 90R 0~ range.

Analytlaal data on metal from the

given in ~ble XV. Most of the l!gand

vacuum remelting.

320_gram-scale reductions tire

Ca present js removed by

I

,..
>..” “,.

-3+
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1

2

3

4

5

‘6
#
I

7

1 8

9
,.

10

11

l.z

\’

13

---

EM
1706

1708

1785

1862

1871

1897

1895*

1943

1946

5001

5009

5029+

5032+

Amount,
Rl#O#l

v

500

500

990

U58

1183

1250

1220

490

450

531

510

TABU XII (1)

Reductionof PUCIR with Ca

.

0.5 1 gram ?hale

PuCl~ (frOEl oxide)

r

a

w

m

w

12 in charge

PuC13 (from oxalate)

PUC13 (f’romoxalate)
ca + 12 on top

PuC13 (fromoxalate)

n

m

Liner
Refrao. mm. Yield

Vitri.
fled

w

w

w

w

n

n

m

w

w

a

n

950

950

1000

975

975

975

975

975

975

975

975

975

975

L
80.0

88.0

83.0

76.8

93.4

77.6

8s.5

?7.0

89.0

80.9

74.3

86.4

83.0

Den.
91t~

18.53

11.00

16.40

1603

18.9

19.0

18.9

17.6

10.0

18.0

18.9

18.7

18.8

well formedbutton. small
Ca cap on button.

Buttonof metal porous

Fair buttonwith Ca cap.
Blaok slag. ,

well formedbuttonwith Ca
Gap. Black Slag.

well formedbuttonwith ca
Capm

Well formed buttonwith Ca
Oap. Black slag.

n n

well formedbuttonwith Ca
oap. Some unreduoedpuc13
on top.

well formedbuttonwith Ca
cap.

m w

well fo~ed buttonwith Ca
oap. unreducedPUC13 on top.

well formedbuttonwith Ca
cap.

n n I
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-
UO1lfarad buttonwith Ca
cap.

m w

Well formedbuttonwith Ca
oap. Ei platedbomb.

well for#l ‘buttonwith @
cap.

m m Hi platedbomb.

well formed buttonwith Ca
oap.

n a

w a

w n

n w

● m

. .
-

.,”

,-, ...
j...

TABIZ 111 (2)

Amount,
Yield

94.0

90.4

78.0

91.4

87.0

94.2

88*9

89.7

86.5

89.0

90.0

91.0

76.5

68.4

Ref’Hit3_ TUmp.

I!?ZL!?!L %

18.1

1!2.6

20.0

18.5

18.8

18.5

18.6

18.6

● *8*

99**

19*S

17.5$

19.5

18.9

14

15

16

17

18

19

20

5036?

5037+

5028+

5041+

5040*

5048+

5049?

5050*

5062

5073

5005*

1709

1881

1894*

484 PuC13 (fromoxalate)
and sintered

vitri-
rh d
MgO

975

975

975

975

975

975

975

975

975

975

975

950

975

925

485

49!5 Pucl~ (fromOxalate) n

,

,1

506 PuC13 (fromoxalate)
12 in charge

m

DistilledPuC13

498

46S

n

w

454

491

*

w

w

w

n

:U21
,&
:’22

23

24

25

I
26

27

PuC13 (fromoxalate)
Sintered

w514 a

501 w

500 Puc13 (fYom oxide) Vit.CaO AI1 of slag abaorbodby IA .
nor. poorly formadbuttons.

All of slag absorb-dby 11-
ner. Fair button,no@ oap.

1250 w

1250 n

a

w

●Malysis of metal given in Table IV.
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Pucls

E!!Ez
1

2

t!

4

45
‘1

6

7

8

9

10

goalo
fng●
metal

1250

1220

500

9320

495

485

488

484

485

498

RedUOtiOhRun
No●

1894

1895

5005

5010

5028

5029

5032

5036

5037

5040

Conditions E E&
40W

Q!

W600

u

<200

100

20

40

200

200

PuC13 from oxide,25$

:f~fl ‘e vi t. Cao

PuCl~ from oxide,Z*
exoesaca. Vit. M60

15
?h10

4

mm

80WPuc13.&H20rrallOxalete.
2* exuessCa. vita

Mg(l liner.

PuC13 from oxalate.
25$ excessCa. Vit.
MgO liner.

<0.5 40.

Pucl frOm oxalats.
3

25$
exce s Ca. Vit. M@.
Ni platedboab.

dooo*m

<1OOCWPuC13 f’ron oxalate.25$
excessCa. Vito MgO.
1iner.

m)
400

1000*t?

%00

<1OOO*
190

ml
C200

RD
<200

4JOOO*

2000*
313

420w m
<20012 in charge.

ul’lCL)iS~;~ED
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TABLE IV (uontd.)

11 5041

12 5048

13 5049

14 5050

male
W* Reduction
metal Conditions “

506 PuC13 from oxalate.25$
●xoess Cao Vit.?J@o
1iner. 12 in charge.
Y?i platedbomb.

465 DistilledPuC13. 2*
exoessCa. Vit. MgO
liner.

504” ●

454 w

!&
<20

20

40

60

&

IUD
aoo

100

100

100

200
</?00

100 m
G?oo

10,000 ND
4200

6,000
%00

I ●Speotrographiop’e,other valuescalorimetric.

lfota: Zr, La, Ce, 13i,and Th Were all below the ‘not-deteotodwlimit.

<1OOO* 20
240

<400*
107

$‘ 400*”

5

@oo*
174
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1

a

s

4

5

6

7

a

9

10

5104 504

5105* 480

5109 514

511O* 511

5U$ 510

5114* Slo

Slss 510

5154* 514

(14 runs)Z500

5633 1470

.-.,,. /. ,“--”-- ‘:.!
,W,, .

“ ‘L )

,,
TABLBV ~ “,,

Liner
charm Rafrao_ Temp.
J25f exmss Ca) toq *

PuF4 fr- oxide;0.64 V3t.ri- 975
mole I#mo10 PuF4; ried
0.15 g 12 + 0.02 8 W
Ca, top and bottom

n m m u m

PUF4 from oxalati. ● w
Same o~rge as 10

u .m n w: a

PUF4 rrm’ looo”cox- “ w
id.; samo chargeas 1

n n w m w

PuF4 from oxalate; w m
0.64 mole I#mole puF4
0.15 g I 0.02 g Ca
top and ~%m

PUP from oxalate; w m
0.24 mole I@ole PuF4
0.15 g I

N
0.02 g Ca

top and o tom

yield

93.4

95.5

94.5

95.5

97.6

96.2

95.0

96.1

Remarksz_

18.40 qall formed buttonwith
Ca oap.

19.50 n *

17.76 Button had hole inside;
thus lowerdensity.

19.16 well formedbuttonwith
Ca cape

15.70 Button ~d simll hola W-
sidc, thus lowerdensity.

19.00 Well formed buttonwith
Ca oapo

18.5 w w

PUF4 rram 1000OCox- w w Max. 97.0 .... W w
ide. Smne oharge Min. 91.0
as 8. AVO. 95.()

n w a w w 96.9 .... w ~

.
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Run
No.

5105

5110

5114

5194

Amount
ng. metal
h char@!a

480

511

510

514

d

TABLEVI

AnalyticalIXta on pu from PU?A
0.5-1 gram Soale
Valuas in pm

~eduatlonConditions

PuF4 fmm 1000° oxide. 0.64 mole x /
mole Puo t0.15 g 12 t 0.02 g Ca on op
and bottom. Liner temp.9750.

Pu.F frm oxalate.
5105.

_ okrga as

X as 5105.

Pu? fra oxalata.
t

O.~ mol. Id
mol Pu. 0.15 gI + 0.02 g Ca m
top and bottom. fL nor temp.97500.

.,

.-

> 7
.-

X?I@ UD<40

ND<z! (20’

. .

1

E

100

40

40

20
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Amount,
g. metal

EWZ w ‘n o~r~

1 501O* 9.32

2 5063 9.53

3 5074 9*5O

&

J

TABLEVII

PuC13 (from oxalate) “ u 96.0 18*9
sintered. 1612+
0.16 g Ca on top

w n a w 94.7 18.9

~Analpl.s of MJtal given in mblo IV.

. ...-

wall for-d buttonWith @
oap. gOJM unreducedC%
near the top.

n u

. .
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N
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4

5

6

7

‘1

4

2

27*

3*

3

2

6.!52

6.50-8.50

w

n

m

w

4.00

. .

.Wrm

Roduotlonof ~ with ~
10 - Salle

Pu? fr~ lOOOOC
t

m
ox: e. 0.25 mole
12/molepu. 1 g
12 t 0.16 g Ca on
top.

a a uo $0

2100 c
firing

m u vitri-
fhd
Mgo

PUF4 from Oxalate w
=ne chargeas 2

Pu~4 from oxide w
,xadefro,- peroxide
ppt. Wne oharge
as 2

Qvs

750

750

470

4?0

470

570

--- --- (36.s

97.3 93.1 95.7

97.7 94.0 95.9

99.1 96.6 97.9

97.0 94.4 96.0

99.1 94.9 96.9

PU02 ignited to n
9000C. 2.0 nolo
12/mole PU

Uh L
!,- !np,-
L ~iw~~~IED

‘Analysisof l~etal given in Table IX.

0.00 0.00 0.00

Well formedbuttom. ~~
slightakorption of SW
by liners.

m u

.
.
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woo

WOa

8704

89143

57a7

8780

8756

5787

TAO ‘

7e4a

7.09

7.s0

7*U4

8*OO

8*O6

0.07

-.. ‘i. ‘, ,._-:_ .... I
& *,

.

-. = ‘-””””

m 44 <0.4 -- lM 10s 89
9 <5 <O*5 a 115 @O 14

a (4 @.S Q 95 “<loo la

● 44 @l! -- 155 @lo 17

w <5 0.24 107 105 <100 <8

m
98

74

a8

500

am

?nU

5 sO<47a550

1s -- <100 19 7s

0$400+8 17 100

u -- <44 17 m
80 — g60 <8 --

98 --- @5 55 --

u~cLn,SSIFIED
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!MBLsX UNCL’,XIED
Reduction of Pti4 tith Ca

25 gram scale

we?%.%%
12/nmlePu.

PUF rrom 1000%
tOxi 0. 0.15 mole

12/QOlePu.

●~lysis of matal given in TableXI.

Liner Yield
Refrao- TemP.
= % — —LMax. Min. Vc.

pitrl- 460 97.6 97.L 97.4
fied
Mgo

n 460 98.6 96.5. 97.8

460 98.7 97.7 98.0
fired

at 2100°C

Remarks

well formad button8.
slight absorptionof slag
by liners.

uNCL:i:SIFIED
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Imn
Ho ●

,5498

5536

)5588
+
w
‘5557

Amount
g. metal
in ohar~

25.80

23.00

25.00

24.00

. \
,, ,,*,

,’

TAB13XI

Amythd Data On n m= Pur4
25 gram seam
Values in ppql

—

PUr4 rrcm looo”c ox” <3 (0.3 --- m <110 9 8S
ido. 0.25 mole Ig#

mol. Pu. Liner temp.
460%.

PUF4 fTurllooo”c oX- <4 <0.4 -- @OO 14U 7 alw
ids. 0.15 mole I /

Lmole Pu. Liner t P.
460% ●

m ~4 <0.4 -- <100 @Do 2 . a

w 44 <O*4 —--@iloM’s31164
inoo%. M@ limro

.-

71”— —

11——

7? — *-

,- -
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No.
of
Runs

5

6

10

2

2

Miount ,
g. metal
in ohargo

130-160

a

a

a

w

-—.

,

160 grals-some -

0.2 mole 12 per
CIO1Opu
0.3 fnoloX2 par
molo Pu

w’

0.2 mole X2 per
mole pu

0.5 mol. 12 per
mole Pu

- < Coxmrsios yi@lA
Fluorlda ‘Or ?luorido 4
fra: 9 !!?4” ME !E”

900°c oxldo 92.3 09.2 91.5 99*11 97.%S

m 90.9 89.1 $0.7 98.= 97.9s

600°(yoxide 100.0 94.4 96.81 98.94 98.87

oxalate 96.0 94.6 9s.s 98.7S 98.M

900°C oxide 7s.4 7s.9 75.4 96.49 98*U

98.s8

98.54

96.?5

98.W

94.47

\
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Amount,
g. metal
in ohar~

2s0-320

u

m

420-480

.. .

Raduotionof Pu14 with Ca
S20 and S(M gram goaloa

Fluoride
nom:

0.2 mole 12 per 900% oxide
molo Pu

0.3 mole 12 per u
mole pu

1? 600°C oxido

m w

~ conversion
of Fluoride

kx ● W n. AVe.

93.$ 91.4 9Z.4

94.7 90.0 9102

99.7 88.8 95.8

99.8 94.4 96.7

yield

Max. Min. AK”

98.91 98.70 98.80

98.90 90.73 98.95

99.s0 97.90 98.97

99.41 98.10 99.00

*olysis of metal given in mble m.
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TABLBxv

160

1s0

160

MO

Rofmo”
tory

plotion Uoadi tlctn, LusE ass

P-4 - Wlo”c Oxido ~
0.8 molo IJM1O pu ~

ml!? f’rm 9oo”G oxide m
o .S%lo @lelo ptl

9 w

g IA
2.1 19

8.0 “--

8.5 8s

8.0 3s

<0.6 --

J-

0,06 4

<0.5 ‘ 8

005 4

O*5 47

m
950

9ao

70

1000

160

1ooo. 4 m)

1000 20 <40

1000 6 38

100 M <17

UNCLASSIFIED

I

,

E
15

10

<7

$0

50

w

MO

11$

18

4
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