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A135TRACT

The various probltms OF puri~ication and reoovery are diacu~wad

under th~ headings of preparation of’solution~ Concentration of plutonium~

and purci,fiea%i.on

reoovery) of the

of MM following

of plwhoniwllo The methods used in 00XlC20ntratiOn(or

plutonium are shown to consist in all casas of’0W3 or more

procedures: precipitation of’hydroxide~ oxalateo trifluorideo

tetraflwmideo or ioclato; other extraction; and certain carrier me-bhods~ A

modified purification soheme is described in detail<> .Dataare given dealing

w~.ththe wnounts of’material handled and overall recovery effieienoy,, A

resume is made of phases returning material for E’eooveryOkype of material

returned and impurities present. A flow sheet for ths wtire reaovwry and

purification scheme is given showing impurity element removal by each step
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mmomJcTIoN

In the process of reoovery wad purification of plutonium many

problems have presented themselves which deal with the separation of small.

*mounts of plutonium from very large amounts of many of Mh3 other elemmtso

Sinoe most of the reported work on i%eparation8of this type has been done

on a milligram Scale. and since much of the work of others MS claaltmainly

with the separation of the last traoea of impu.riticmfrom the plutonium

~.a~hert~n the ~~c~very Of SIWII amounts of plutonium from vary large

amounts of’impuritic+s~it’was thought that a rqywt of work done or.a on%Q

gime a wnma%ion of’the various phases of work returning

tonium,,

The work in this laboratory may be divided into three general

of a major portion of’%he impuri%ies)Oand purification of plutonium (i.e.

based on this subdivision.

I?R12PARATIONOF Swmmli,C.—...--” .

Examination of Table I shows tlmt the answer to the problems of
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readily disintegrated by water and HC1 than is

stopped while the fusion is still liquid. The

still hot.$but on cooling ititurns pink. This

of the refrwtorieaa s.proowiure which is disadvantageous for two reasomfi

In the first pkco many of the refractories resi8t ciisaolvingto a remark~.bl.e

extentO requiring long tedious treatment with various acids and with various

fusion mixtureo~ Many of the rei’mctorit?ttme dissolved in HI?and IN(35when

other solvents failed. In a few ca~es however very drastia measures have

been requir@O and it has been found that the t&L#22*C spontaneous fusion
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ia vary satisf&$o& ~or ~he&e &a&mials. The eecand clisacivan+ageof
9 ● e* . ● 9
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complete solution of the refractories lie~ M the f’aetthat much greater

amounts of impurities are mixed with the plutonium than would be if a

second disadvantage the ungyound cruoible materials m% always leached

thQrO@ly with R?210HRO ~ and sqwa regia and the solutions thus obtained,,
3

containing nearly all of!the plutonium and only a fraotion of’the crucible

solution contains only a small amount of plutonium9 and in general is set

aside until other similar solutlons have been obtainedO at witi~h time it is

In these cases where the plutonium has had to be separated

not much affected by these treatments.

Wherethe plutonium 5.6already in solutions there are three

treatments tha% may be necessary before this solution is in a conditi-m

satisfactory for use of ohemical procedures of ooncontratioau H’ the

voluma of the solution is so lar&’ethat the plutonium oonotmtration is of

the same order oi’magnitude as &he solubilities of ths

preoipits.%ed,it must be evaporated. If MM! plutonium

~tateo it nnastbe reduoed before the chemistry used in

COl?l~OLXIXi8to be

i.ein the hexavalen%

concentration aan be
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rooxidime the trivalent

oxidatzionaoare must be

MM plutonium to become

plutonium to tetravalent plutonium In this re=

hexmv82entcl It it?probablefibut not as yet prov@O

that the ddition

this. If Organio

concentration oan

matter is present~ it must be removed before ohemieal

be accomplish.ed~ The volatile organic material is removed

by evaporation and the non-volatile organio material is removed by

oxidation with HNOZ and H&OU

THE CFMWCAL CCNCEN’TRA!HW OF PLUTO~H.IM—.— .—.,.—

ThO three prerequisites of a good ~o~entra~ion method ar@:

1, The major portion of the impurity must be removed in one operation.

2, The amount of plutonium removed with the impurity must be small. 5. If

the operation depends upon a preeipita%ion prosedure~ it should, if possible,

cause the plutonium to be preoipitatad away from the impurity rather than WM

impurity to be preo%pitated away

de~crib~d here exhibit the fir~%

exhibit the third.

from the plutonium All of’the methods

two chs.racteristics~and nearly all

The exact prooedurw whioh is to be used for the 8eparation of the

plutonium from other e~emc$atawill naturally depend largely upon wha’t

contaminating materials are present~ and to what exton%~ Thus@ if a metal

button itsreturned for reooveryo almost no pre=purification procedures are

needed. IfO on the other handO

box sweepings~ several separate

in all Oaseaa the procedure for

of one or more of the following

the sample for rec$ovwy oonsists of dry

concentration steps am required. Howeves’$

the concentration of plutonium will oonsist

processeae

99 ● ** . . .

9 ● . ● **fee.
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involves the preaipitatioa of plutonium hydroxide. This serves not only to

pound whiah when dissolved in acid lesves a solutlon of approximately knon

%46r N CIHmay ‘beusedO and the ahoioe of reagents depends upon the type of

are present,7an exoess NaOR is used to precipitate the plutonium hydrbxidee

or ehmnentw which form mmordm complexes are present9 MH&oE’E used. tithe

9*●om e .
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it is present in Solution). ,

oxalate Method ...—.-

T%ctsolution containing the tetravalent plutonium nitrate is

heated to convert all nranium to -thehexavalent state. To thi6 is added

enough solid KI to give three mols of iodide per mol of plutonium and the

solution allowed to stand for thirty mlnutea with occasional 8tirring~ After

this enough M! H C O ~olution is added to give 105 mols of oxala%e ion per
224

mol of plutonium and to make the final solution 0.2 M in exoess oxaliu
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plutonium A.

exln-ac-bionof

of separation

Zf only mnalli
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~0 to 60 per cent to hexawalmt stated This is either a straight oxidation

or a disproportzionationof’the tetravalent to the hexavalent and the trimlent

statea~ Regardless of meCharIiSmOthe presence of the Ymxuvalent plutonium

in soluti>na f’romwhich the hydroxide %s to be precipitated would cause undue

loss in,the 6upermtant since the hexavalcm!%hydroxide is quite soluble,

5inoe there was considertibleam)unt of plutonium tied up in these solutions.

an effort was made to recover t!~is,

These 6upornatants w?ro obtuined from hydroxido precipitation

hydroxid~a from the supematant 6olutio.asztctedas a carrims and most of “Qhe

plutan~wn 1va3 found to be in the preoipitate~ iknvever$the coucentra.tionof

the plutonium in this precipitate is so low as to make the usual precipit.a.=

%ioxi methods untenable. For this i-t)~60n I.JLFcarrier methods were used. A
3

so3ution of’the tetravalent plutoai.umnitrate in lM HNO was treated with
3

&02 until.the solution was satura%d. Lanthanum wms added in the form of’

I-4J0-J506320$@nd enough HP to precipitate the LaF and to make the
3

sol’u%im 1 to 2 molar in excosso ‘N-mL@ was ccm%r%fugedO washed$ fumed
3

with I-ISO
2 4* tindthe M was separated from the plutonium by one oi’the

m.ethode?rwiowly clescribod~ Tho basic supernatantsafter this treatment
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is added to ‘Gh@solution and the ferric hydroxide thu8 formed io

settlo through the solution,. Results of Vnis experiment are not

PURIFICATION...— ——-

Iirter Ccmloe?ntratiorl

plutonium the procesaas

is btised.with modii’icatiomo on those tiescri.’bedin a previouflreport .1)

Howmwr. si.noo them are certain major changes in procedure, tha new method

procedure CM concentration is an oxalate precipitation in nearly all cases.

and thie iisdi6801ved and oxidized according to the method described under

anclan Bxcess of one third has.been added. The pink NaPuC&c3 5.6centrifuged

and waahed twice with acetate waGh 6olutim (5M lb’ 0.2.MAc”D 0,3!3dFM)>

The washed aoetate is dis801ved in the small~st amount Qf 16N ENCI that will
3

evaporation until MW begim to crystall%za.
3

This solution .=about 1 to

2 co per

modi.i%md

gram of plutonium C=is th~Jnex%ractod with di=ethy~ ether in a

$ioihle-textraotor having a design similar to that described in

being of greater capacity. The hexa,valentnitrate obt~ined from(1]0 but

the ether extraction is diluted scumwhat and trefitedwith enough 7N 111to

giv% 9 rnolsof’1- per mol of’plutonium. This m.ixhre is allowed to stand

-.
—..————------- —-—-—---—-—--—’ ------””— ”,------”-- .-
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. give 3.5

Solution

that the

to stand
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gramfiis most prcbably due to errors in est~mationa of am-:unt~turned in

for recovoryo since no assays are made on my of the intoning matmrialsg

whereas all outgoing samples are assayed either by weight or by radioactive

mtmnao

pririfioatimwork dono in this laboratory. Naiwrally,, the entire procedure
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COLORS OF SOLUTIWU3 AND PRECIPIT.LIW3..-. — ...-——

Since the colors of the various precipitates and solutions have

Oeen rqorted by different people as beir~gentirely differontO and sine@ our

work has dealt with large amounts of quite pure compounds~ a report is mhde

observed in this laboratory.
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TABLE I - MATERLiL RLTURNED FOR RECOVLM

Form of ImpurityForm in which Pu

Oxide, E31ago metal
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Dry BOX Sweepings

PHYSICS

PROJECTx

TABLE I C=LILTLRIAL RHIURMD FOR RECOVERY (CONTINUED)

gallate9 cu?farride

Trihalid@

Triha?.idea~oxide

MetalJ oxide

To%ra=nitrate and peroxide

Nom

13rush’hair
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solution Blue

solution Brown

Water of hydratiori is not included or excluded by th farmubt~

so 900 ● 0. . . . .
. . c1 . ● ● ●*.
=--. w.
. . . . : ●:.*
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