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ABSTRA~

The graphi’te-oentrift+ymethod was investigated aa a p06S~bk) means of

reduoing plutonium oompounds to mdwd. $atiefaotory reduokiona up to the one-gram

scale with excellent yi81d8 of metal wore obtained. Preliminary work wi.thumnium

u a fitxind-in

of plulxmmm,

UJWliUllle

for plutonium proved unsatisfactory from tho wkndpoint of reduotion

although excellent nwthods were dovelop~d for the reduction of

This report oovers wtudie~ mad~ of the types of! halides of uranium and

plutonium, ofvarioua reducing agents and their effect6 on reduction and quality

of metal produood, and of tire-temperature conditions that wore most auttable.

Approximately 300 reductions wero made with the graphite oentrifugo to study tlmse

faotors and to develop the technique.
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TRE PREPARATION OF PLUTONIUM METAL ON TIE 0WW3RM ~Cm ‘ ‘ .,—- —-—.

BY !4BANSOF TRE GRAPHXTE CENTRIFU& j { : 7.;. ,. . ,“. ,.

available

sent,‘and

During the development of this project, quantities of PU239 beoame

in amounts varying between microgram in the beginning to grams at pre-

with anticipated quantities of hundreds of grams for produotio~. Since

the plutonium was desired in the metallio state, re8earoh was begun on the prob-

lem of preparing coherent slugs of metal on the one-gram soale using uranium as a

stand-in. This report oonoerns the work whioh led to the preparation of one-gram

quantities of plutonium by means of the graphite centrifuge.

Tho Use of Centrifugal Force to Aid in the Collection of Metal on a Small Scale.—

The reduotion of uranium or plutonium halides by

mtals i8 of the thermite type. It iswdl known that the

mass, and the quality of metal produced in such reaotions,

alkali or alkaline earth

yield in a single large

improve as tho soale of

operation is inoreased.

wale eurf’ace-to-volume

heat oapaoity of oharge

The reasons for this improvement me that on the larger

ratio is loss for the metal produot, and the balanoe of the

and produot vs. that of Liner and bomb is more favorable

fO~ good yields. Information obtaixmd from the literature and preliminary experi-

znentaon the one-gram-soale preparation of uranium showed immediately that it wa~

relatively eaey to prepare finely divided metal$ but very difficult to obtain ths

metal in the form of well uon~olidated buttione. One method whioh 6uoceeded in

oausing the reduoed metal to form in a consolidated ma8s was that which employed

oentrifigal foroe to throw down the molten metal

reduotion. This was aaoomplished by plaoing the

refractory liner which was sealed inside a steel

●0 ●*O ●9O
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into the tip of a cone during the

reaotion mixture in a cone-shaped

bomb. The bomb was then placed
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in arkall-graphite oentrif’ugewhich was Rwated rapidly to a M@ tem~rature whil~

rotating. Ae the reduotion took plain, the mtalwas thrown together in the *IP

ao141t9.

Deeoription and Operation of the Qrqhito Centri$%ge

The apperatuE oonsisted of a ~~raphiterotor, six inchee in diameter,

rotated inside a high-frquenoy ooil by mwms of a modified dril]-press assembly.

The rotor was oonstruoted with four SIQ~:n,%)0 apart to hold t~:osteel bombs whtih

oontained the refractory liner with rwmfitante;four reductions Gould be =de

silmaltaneou61y.When les~ titanfour roduotions were made at one time, the rotor

was balmoed with ‘dumy’~ bombs. The I.mded bombs were paoked into the rotor with

MgO, whiah prevented attack on the stea at high temperatures by ~Ra graphite.

Fig. 1 shows the manner of

of halide plus reduoing agent, shown

ocnw-haped oruoible of BOO with the

The oruoible, after having “men ooverd w:!.t!,~~,lid of MgO, was plac~d inside %ho

steel bomb whioh was then sealed by welding, After the bmtm had been packed

tightly in the graphite rotor with M@, tha loaded rotor was placed inside a Mgh-

f’raquenoyzoil. Rotary motion from tho drill presB was conveyed ~:othe rotor @ F$

slot-and-pin cmnneotor devioe. ThitiGW be ~een tn Figs. 2 and 5

Rap$d induotion heating of %hm rotor was obtained from & SO XW, 3000

oyole, 400 volt generator (We8timghouee). The rotor was rotatod at a speed of’900

rpmwhiah developed a centrifugal foroe mbout 50 times that of ~ravity. In the

‘uNcL~sSIFIE~
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early exp@mont8 on uranium ths temperature of the rotor & 3!‘“‘-; “?aiked~o; 1,&~&OO”

C in about five minutes and this temperature was maiwtatned for five to ten minu%e8.

Later it wae found better to maintain

minutes. For plutonium a temperature

satisfactory. After shutting off the

the high temperature for only one or two

of 1100° C for three minute6 proved mo6t

generator, rotation was centinued until the

temperature of the rotor reaehod at leant 400-500° C. The bombs, after being

Oooled to room temperature, were sawed open at the top and the oontentc removed.

The amount of slag oovering the metal depended upon the porosity of the refraotmry

liner. Fig. 4 is a longitudinal oross eeotion of a bomb whioh has boon fired in 1

the graphite centrifuge. This particular opeoimen is far from the best, but it

olearly shows the layer of slag on top of tho button of uranium metal, whioh ia

looated in the tip of the muoible. A180 to be observed in this sped.men are tho

particles of metal (blaok spongy depoci%) olinging to th~ t!ppar part of the cone.

When this ooourred, low yields were obtained. Not 8houm in Fig. 4 is the seoond

auxiliary or retainer lid noted in Fig. 3. For reduotiona OS FuC13 it ww noce6-

sary to interpose a lid of NaCl between the M@ and the oharge in order to prevent

metal from atioking to the lid of MgO. This often happened in the reductions of

FuC13, in whioh the metal was violently thrown about at the time of the reaotion.

The lid of 19aClwas solid at the time of the reaotion, but melted as the tempera.

ture of the rotor was raised; any metal which was thrown up to the lid of NRC1

fell baok into tho orucible and oombined with the major portion of Puwhen the lid

of NaCl molted. Whether or not the slag was absorbed by the walls of the refrac-

to~ oruoible depended upon the nature of the refractory and the ohemioal composi-

tion of the slag. In general, ahloride slags were moro strongly absorbed thm

others. ‘Me best refractory liners for this work were made of highly vitrified
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The oone==shapedpieoe of’metal sham on the paper at the right side of Fig.

an example of the produot from a typioal reductio”q,?’?J&jJ~:’ -:y;j.e .+“,:’,.“.* *,

the

the

Beoause of the rotation during an aotual run it was imp088ib10 to mea-

lxmnperatureof the inside of tha bomb. Therefore, it was essential to

difforenoe or lag in temperature between the inside of the bomb and the

rim of the rotor, the temperature of which oould bo meaeured during rotation.

Stationary runs wore made in whioh the temperature ti6id0 the bomb was observed

with an optical pyromoter through a small hole drilled into the oenter. Table I

gives

8%eel

the data obtained whSoh correlated the temperature of the inside of the8

bomb with the temperature of the hottegt part (rim) of the rotor.

TABLE I

Relation between Temperature Inside Steel Bomb and Temperature of Graphite Rotor.

(Rotor not Rotating)

Time

1:52.0

53-0
54.0
.5

55.0
.25
.s0

.75
66.0

.5

57.0
.5
.75

Temp. of
Hottest Part
of Rotor

Oc

25

10!50
1200
1340

-..
1400
-se

1460
----
1405

...-

1415
-...

Temp. of
Inside Tip of
Steel Bomb

O(j
. ...

26

dark red

moo
-“..

1110

122s
----

1270

130.9:●*.
#* :
● ***
● s

●0 .@:

B

B

Remarks

. .

Generator kept at 3840 EMuntil
l;55.75 when it was turned down to
25 KR

.,! ,

ONCLASSIFIED
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TABLE I (eont~d)

Time

6800
.33
.50

.76
59.0

.33

.66
60.0

.5

61.0
62
63

Temp. of’
Eotteet Part
of’Rotor

Oc

1420

1400
0-0-

----

1250
1160
1065

moo
950
890

TemP. of
Inside Tip of
Steel Bomb

w

1326
-maw.

1325

“e)..

1330

1300
1225
1165

1100
1000
950

..—.—!—

UNCL13SIFIE0

Remarks

~~”y~ ‘- “ ““’i;;”
!,. .,

—’ --— .....

Generator turned off’. Readings
taken very rapidly from hers to ent
of run.

From this data ‘bostw time-temperature conditions for aotual operation were do-

aided upon. Two temperatures of the rotor were reoorded during a run, {a) the

hottest portion of the rim,

at approximately the center

gives data for typical rum

and (b) the temporatura of the body whiuh was taken

of the outer surface of the steel bomb. Table II

of (et)uranium and (b) plutonium.

UWLA$SIFIED
,
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TABLE 11. Timo-TtuzperatureData for ‘&pioal“Redactions

(a) Uranium (1.32 g if UX?4,0.32 g of 12, 0.50 g of Ca)

Timo Temp. of Temp. of Pow9rSupplied
Rim of Rotor Body of’Rotor KW

11:32 Converter turned on .mm- 40
32.6 102s =--- 39
33 1170 945 38
33.5 3.260 1050 38
34 1300 1140 34
34.5 1286 118S 34
35 129S 1200 36
35.5 1350 1250 31
36 134s 1265 31
36.s 1360 12m 31
37 2380 1305 29
37.5 1376 1326 27
38 1380 1320 29
38.5 1395 1350 off

(b) Plutonium (1.46 g PuC13, 110 mg of Li)

3:24 Converter turned on 40
24.5 870 -.0. 40

25 1135 930 38
25.6 1230 MOO 30
26 1230 1080 20
26.5 3250 2100 10
27 1110 1085 20
27.!5 1125 1075 22
28 1160 1100 17
28.5 1165 1200 17
29 1155 1100 18
29.5 1160 1120 M
30 1155 1115 14
30.25

Tho Uoe of tho Graphite Centrii%~e on the 50-milligram Soale

Three modifications of the above technique were used to oarry out reduc-

tions on the 50-mi.lligramscale. The first modification employed a similar centri-

fuge, but one whioh was about U3 the 8ize of that U8ed for the one-gram soale.

The 8peed of rotation, however, was inoreased to obtain a centrifugal foroe equal
. ● a ● *9 ● 8* ● ● **
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to that ueed on the large scale. This miniature rotor “devioewas

in preference to an adaptation of the larger rotor assembly. the

steel bombs wore drilled out to reaeive a smaller steel bomb into
., .

soon abandoned

one-gram-scale

which was plaoed

the 50=sailligrsm-scalerefractory 2iner ~.da-oh&rgci.
‘-. . .
Thus there resu2ted a doubly

,.-

sealed bomb whioh provided added protection in the early experiments with pltato-

nium when least waf3known about its behavior.

The third modification, whiehwats the most satisfactory, for carrying

our W-milligram redu~tions consisted of placing the small oharge in the tip of

the one-gram-6oa3e oones. Immediately above the oharge was P2aoed a small lid.

whioh effectively made a small eruoible out of tho 2arge one. In nearly all reduc-

tions of plutonium, either cm the 50-milligram or one-gram aoale, the air inside
●

the bomb was displaoed with argon before the lid was welded on.

The reaotion mixture for

to produoe one gram of. metal, plu6

When iodine was used, it was added

halide. Enough reduoing agent was

percent by weigh%.

Re6ult8;

A~ Uranium and Other Stand-ins

the one-gram soale consisted of’

one of the reduoing agents, Ca;

enough halide

Ba, Li, etc.

in the ratio of one mole of ~ per 3 moles of

added to give an over-all excess of about 20

1) Approxbately 250 reductions wore made using uranium halide6 and

various reduoing agents. UF4 reduced withCa plus ~ as a “booster” always pro-

duced brittle metal whioh oontained considerable amount6 of entrapped slag and a

high content of iron. Yields

oaused by 81ag trapped inside

obtained were about 90-104 peroent, the 104 percent

the metal. The probable funotion of the iodino

9* 9*9● ** ● ●**
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“booster” in rduotions of UF4 wus to form CaX~ {HP 576° 0) whioh lowered the

melting point of the slag of pure CaF2 (1360° C).

UF4 reduoed with IA, on the other hand, gave very malleable (indicating

good purity) metal with yields of’about S4-99 &’oent and with rnaohlower slag md

iron oontent. When IA was used, it was not neoesaary to add 12 ‘boosterm beoauae

of the lower

or Li.

metal in

and 800°

2)

3)

4)

5)

In

.
.,

melting point of the LiF slag compadpd,lo %hat of CaF~.

&odd’
“%$ 8”-.,- ‘--’”““

UF3 waa Uuooeesfilly re ‘ with Li.
.,

UC13 was suooessfully reduoed with Ca, Ba, or Li.

A mixture of UF4 plus MnF2 was euceessfilly reduoed with Li or Ca.

A mixture of UC13 plus ?#nC12was successfully reduoed with Na, Ca,

the latter two combinations, about

alloy was used because tlw melting

C, thus more closely approximating the

5 percent by wt. of resulting Mn

point of thig alloy is between 7(X)

melting point of’I% (6300 C) than

that ofpureU (1130° C). This permitted the use of lowor operating temperatures,

thereby better simulating the conditions for the reduotion of plutonium. Table III

gives a suzmnaryof a few of the reductions of uranium.

6) l?dC23wafisuccessfully reduoed with Ca.

7) CeC13 was suooessfully reduaed with Ca.

8) L9C13 was successfully reduced with Li.

9) MnF2 was successfully reduced with Li.

The last four reduetione were carried out in order to determine the
f-

“versatility’$of the graphite centrifuge. The centrifuge method is

eensitive to small variations which may cause complete failure when

bomb method is used. ,cItshould be pointed out again that reduction..
.. .**●-- ● ● . . ●

muoh less

the stationary

of oompounds
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of uranium and other metals was oarried out rather extensively to develop the

teohnique for operating the centrifuge, and because gram quantities of plutonium

were not available~ When sufficient quan~~tiep ?f;p~~@$um wore made available,
<.: .. -74b .&

it was soon learned that uranium wa;~not a“s”atisfaotorysubstitute or stand-in for

plutonium. (Baker found that the beat stand-in for Pu, from the metallurgical

standpoint,was Co. It was not until Pu was aatuedly used, however, that aignifi-

mnt progress was made.)

B.

1)

Plutonium

50-milligrsnmcale reduction;

The first attempts to prepare Pu metal at Site Ywere on the 50-milliO

gram soale in the graphite centrifuge. It was first proved with U as a stand-in

that reduotion on such a soale was possible. Best results were obtained by using

IA to reduce sither PuF3 or PuC13. This soale of reduation proved particularly

valuable for testing techniques, and to check the quality of larger amounts of

halide before use. It should be emphasized again that the smaller the soale of

operation, ths more magnified are the inherent

type. Therefore, in ‘l’ableXV, eiyield greater

exoellent, a yield of 97 peroent, remarkable.

2) One-gram reductions:

The first one-gram (930mg)

carried out at a time when the belief

difficulties of a reduoidon of this

than 50 peroent should be oonaidered

reduotion of plutonium in the centrifuge was

still per8ieted that plutonium was uimilar

in properties to uranium. Therefore high temperatures (1300-14000 C) were employed

in the reduotion of the R.2F3 withLi, resulting in only a 56 percent yield of metal.

Fig. 5 shows this metal button as it oamo out of tho bomb--the first piece of pluto-

nium metal ever produoed whio~”$a~~~~gor~t~n:&* few miorogrsms.
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Subsequent information on the melting point, obtained both from experi-

ments here and at Cbiaago, uhuwed that lower temperatures of raduotion we~e advis-
‘

able . It was found that reduotion muld be carried out at 1000° 0, but that 1100o

C gave best results. Table V lists a31 of the rechmti 4A -
3 .**’+Y JJii$dke

centrifuge on plutonium on a soale greater than 50 mg. Fig. 6 shows a group of 4

buttons of plutonium metal produood in the graphite centrifuge.

Conduf3ion:

During the time that reductions were being uarriod out An the graphite

centrifuge, B&or developed the teohnique for reducing U, and Fu in the stationary

bomb on the one-gram scale. Suuh a method, once proper conditions for the redua-

tion had been determined, was easier to aarry out, less time conmming, and in

general gave a more pure produot. The centrifuge method on the one-gram soale has,
.

however, to date given slightly higher yie~ds. Tho stationary method has now dis-

placed the graphite centrifuge. Nevertheless, tlm osntrifuge aerwed its purpose

at a time when it waa needed moat.

. .
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I

Produot from
Weight = 620

_.— —
4

J?igo 6

First One-gram Reduotion
mg. , yield z 66 peroont.

..=——.-

of Plutonium
Sample No. 1466a.

——

1-
.. --.-.

H?oduat from One-gram Soale Reduotiona of Plutoni
Refer to Table V for complete hi8tory of buttons.
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