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Correction to L&-4040

PWasQ make the following corrections to your copy of L&-@!+.

Line 9 on page ~ should read “sodium uranyl acotate~’
rather than sodium umnyl nitrate. Ail subsequent references
to sodium uranyl nitrate srmuld read sodium UPtMiy~
acetate.~

Shirley Alldr@ldge,
Document Room
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ABSTRACT.—

This report summarizes and explains the chemioal research )eading

to the development of various pTOOCSSeS for the purification of plutonium.

‘l!hepurification eff’iciancy of the

in ?!ableVi. Purification Factors

stops and processes used is sumllarized

for Impurities.
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UUMICAL RESWRCH
BUILDING D PLUTONIW! PI!HIFICATION

;
I. History---Development of Various Purification Processes

In the summer of ]9)43,the CM-5 group was organized for the pur-

9080 of wd Ghmiskry purification and dry conversion preparatory to metal

redmkion of olutonium and urani.um.2~5.

l’hefirst plutonium received at Los Alamo6 consisted of about 0.5

milligram of oyclotron irradiated material from Berkeley mixed with several

hundred grams

plutonium and

sodium uranyl

of uranium and about ~0

~aptunium were soparatcd

precipitations.

micrograms of neptunium.2~T. The

from the uranium by the use of suoceasivs
.

Such a precipitation only ‘carriesm

W- and Np when they are in bhe oxidized state. Then the Pu waa removed from

-4

Np by several lanthanum and cerium flouriae ocirrier preoipi-tations and finally

purified by an iodate precipitation. Both the Pu and Np, after purification

were used for measurements by the Physics division.

n
In February, 1944, the first 5 milligram shipment of Pu arrived _

~
o.tthis site from Clinton and first purification research on appreciable -

-

amounts of material began. Shipments o.l?Clinton plutonium gradually in- ~

ucreased in number and amount of’material so that the design of a completely -

enclosed glass apparatus for safely ;mndling purification was begun. ‘

All lots of amtcrial~ exoept three =~ were purified by the recovery

phase of Cl&5 under I’.K. Pittman until August$ 1944, wh~ the constructj-oriof

an enclosed glass apparatus was completed which could handle one graa of

material per run. Then in September, 1~~,, ~z1l.purification runs were standard.

ized to an eight gram scales these runs being used for both production ~nd

researoh (see Fig. 1 for appartitus used). Fina13.y, in January, 19h5,_w~

.
large (80 and 160g. shipments) quantities of plutonium became avqilable from

Hanford all production runs were standardized to the 360 ~ram sc~le while
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rs6earoh was oontinued on the 8 gram scaleo

The necussity for stringent puxificution becau6e of the a.n reaotion
.

involving plutonium and li~qhterelements , purity,tolerances for metallur@cal

reasons, and our complete l:tckof knowledge as to w?&t impurities would be

present in future

in another report

purity tolerances

incoming material from Hanford, has a~ready bcon explained

(LA-.4O3,part I). It is sufficient to mention l~orethat the

whioh had to be met wore extremely low and the elements present

in incoming material which had to be removed nearly completely, involved the entire

pericdia table.

-J

.

The first purification procedure6 were suggested by analogy with known

uranium purification Chemistry. Both the ether extraction and sodium urwyl

-i-2precipitation of uraniumas U02 had proven suff~cient to purify this

element from all ot’herknown elements. Thus, the fir6t process used consisted

i,noxidizing the Pu to the +6 state, inking two sodium plutonyl acetate precip-

itation60 each of which was washed several time~ , and then twioe extracting

plutonyl nitrate with ether. This purific~tion schemo waa satisfactory except

thit i% obviously wou~d not remove uranium which vas present to the extent of

about l% in Clinton material. AISO, the metallurgists wero using uranium sulfide

cruoibles and any recovered IJucontained large amounts of uranium whioh must be

I

I

.
.

removal. I?OTthese reasons, a Jnc2an6of rer,ovingthe UK%niM present was developed.

The beat removal found WAS through the use of an oxalate precipitation of PU (111).

This WAS incorporated into a new process, designated Procedure A, which consisted

of a Pu (III) oxdate precipitation , wnd acetate precipitation after oxidation

to Pu (VI), an ether extraati.on, reduction to Pu (111), anda final Pu {111)7 ,---

.
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The results of mRny analysis proved that

suffhicmt to remove all the elements except U,

tolerance limits, eo the next procese dsveloped,

a single ether extraction, after oxidation to Pu

oxalate precipitation. (See IA.@ for complete

.

a sin~le ether extraction was

Cr, and probably Np well below

desi~nded Pro~edure B, utilized

(VI), f03,101Vcdb;,thO PU (III)

flow sheets of all processes).

This prooedure has been adopted for future production.
.

The major purpose of future research on any further purification processes

will probably attempt to do away with the ether extraction aa tifieuse of ether

constitukea a dangerous industrial hazard and

“specinlly built equipment and many protective

prornishg mcthads involve the use of Fu (III)

inevitably involves the use of

safety devices. So far, the only

oxalate precipitations w Pu {IV)

peroxide precipitations. ‘:;estill have no analytical date to prove that either

of these methods will meet the toloranoe limits for impurities in the final

product.

.
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11. Development of Purification Chemistry.

A. Ether Extraction Research

Diethyl ether extraction of plutonyl nitrate from dilute nitric aoid

uaingS~NOT or, later, Ca(N05)2 as salting out agents proved to be the most

satiisfaotory purification

plutonyl nitrato solution

the concentrations of all

stop uaed~ When the total impurities present in tho

did not exceed 5%, a singIe ether extraction 3owered

impurities at least to toleranoe limits, with only

few exceptions. Uranium was quantit~tivoly extracted, about 10~of t’heCr as

~Cr20~l=s exkraotc?d, and possibly neptunium, although there is no concrete

evidence other than general ohemical behavior that the latter would extract.

The first partial ~idenoe of the purification ei’ficienoy and the
\

technique of operating the ether extraction was obtained from an

using 10 mg. of plutonium (see report LA-75). The plutonium wa6
..

Pu (VI) with Na2Cr20~RN05 and twice precipitated as NLtPUO#C30

extractions followed these precipitations. The first extraction

expcrincnt

oxidized to

Two ether

was in the

pra~ence of 14aN05 (from the dissolution of NaPuO c ) as a salting out agent.
93

The seoond axtraotion vas made without using any aaltin~ out agent. Tho purity

of the final product from this experiment and four me gram experiments using

the same procedure” is given in 1.A=.l.@6(Table III, lots No. 5, 7, ~, 32, 3iJ

or LA-75 (Table 11).

As soon as gram amounts of W were available the extraction was carried @

. &
+ out in a standard Sox;~let exkractor provided with a non-porous cup which was

operated until ~8 much Pu (VI) as possible vr~s remo+red. At first it was feared s
-a Q

tkt the use of’ any salting out agent (even d~lute NQN03 present af%er disso3vin &

?!aPuO#c5) while’ producing faster. more complete ?U (VI) extraction would also

i’oroeout light element impuriti6s0 After the analysis on the initial runs, it
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was found that NaNQ as a salting out agent gave as good purification and
3

much

better extraction thanno salting out agentl However, up to this time there

was no evidence that more oonoentrated sraltin~out apnts could be used other

than O.@d NaNO prescmt after dissolving NaPuO#05.
3

Uranyl nitrate “stand-in” reaenrch by M. Kahn proved that using N~I?05

in concentrations up to 9.ONUS a salting out agent gave a 99.5~yield of U02(N03)2

and as ‘pure a product, within the limits of analytic duteotion$ ‘as was obtained

ueing no salting out aged. To all.ap,~earancos, one ether exkraotion was aa

-d good as several in removing light element impurities, with the exception of

boron. However, this may have been ~wtly due to the analysis of bnokground*
.

amounts of these elements. Shortly afk~r this work was made known, ~N05 v~s

“used as a salting out agent in the extraction of’~ (VI) nitrate as part of

the purification prooess. AIsoO only one

and the product purity was satisfuotory.

The Soxhlst extraction apparatus

extraction was used in the process

was used until an all-glass, enclosed

apparatus was constructed which would take cureof all chemical operations in t%s

purification prooess wtitbout ever removing the Pu being purified from the a~paratus

until finally ready to transfur the pure PU2[C20L)3 precipitate to dry conversion.

This apparatus was first built to accommodate one gram of’Pu per run but after

only one run was reoonstructsd to purify material in eight pram lots (Fig. 3.).

This eight gram apparatus was used for tineprincipal portion of a13 the research
.

done on both purification chemistry

TJranyl Nitrate “Sband-Irill Research-w .

Uranyl nitrate wa6 used aa

and produoti.on problems.

a “stand-inrtto obtain some of the preliminary

dhor extraction data, i.e., to determine effect of concentration oi’salting out
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agents and,of HN03 on the extraction rateB extraction rate of uranyl nitrate

and of RNO against time,
3

effect of H02H502 (which would be left from dissolv-

ing a prwious acetate precipitate) and the rate of extraction, The various

expcr’imentsmade and the results obtained are summrized in Table I and in

Figures 2 and 3, which are graph repreaentiq extraction rates Or uranyl ni.

trato and of HNO~ against time. Two analyses were used to obtain these extrao.

tion rates$

U analysis: To a measured aliquot of the solution being extracted was added

enough & NH~OlitO ppt* a]l the U02@, and about 2 ml. excess. This mixture

was ~entrifuged about 15 mi~ at 2600 r.p.m. The clear supernatant was then

drawn off and discarded. T~e ppt. remaining was-dissolved in 2M HN05 and

reprecipitated with &l N~OH several times (supernatants, afier centrifuging,

were drawn off and discarded) to remove a13 salts. Finally the salt-free

diuranate ppt. was dissolved in W HN03 and slowly ignited to U308 in a weighed

platinum crucible. The crucible was weighed, after cooling$ to determine amount

of U O obteined from original aliquot.
38

HN~ analysis; HNO% remainin.r in the extracted solution v.msdetermined

% by removing the later with potassiumat the same time intervals as U02,

ferroyanide andtitrating against btandard base using methyl red indicator .1)
.

~~e ether distil~~tion rate ws ke~t at ~C to 2~ ml/min~ throughout ali

the extractions and the apgaratus used vnis of the oonti.nuousether recycle type

shown in Fig. 1 (8 gO apparatus) except that the extraotor was not kept colder Q
*
&&

than room temperature and an outlet vzisprovided at khe bottom of it so that h

9
samples oould be withdrawn at definite time intervals. Rate of stirring in ~

the oxtrdo~ was k@ constant.
&

1) C. ‘?f.Hammond, April 21, 19~4, CC1.!\32,Determ.ixwtion of Free Nitria P-cid
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Analysis after single extractions had indioated that the aoetate

greoipitation was probably unnecessary for satisfactory purification, so

that the possibility of going direotly from oxidation of either the inooming

etock material or the first oxalake precipitate was considered~ When Lhis was

%3
attempted with N I?()as a saltlng out agent, such copious quantities of Br2

.
were evolved that the oorrosion problem becanx~too great. Also considerable

quantities of ‘tgunkrrwere formed whioh’oarried into the ether laye~ and ologged

the ether oarry.off tube. Therefore , if the acetate precipitation WS to be

9

.

omitted. some salting out agent other than NH NO had to be used.
h3 Prewious

reports from other site8 (A.1022, A-Y.029, A-1037, A-1052, A-1069) had described

the effects of various nitrates, e.g., sodium, oalciumo ferrio, oupriop aluminum,

magaesium, and zinc on the distribution of uranyl nitrate between water and ethere

Of these, caloium nitrate was ahosen as the most likely substitute. If any oation

impurity were to be oarried over with the ethcn’,Ca would probably bo the least

objectionable not only because it would be introduced into the plutonium metal

during reduotion but also beoause it oould be removed rather well during re.

melting of the metal. It was fortunate that very llttle, Ca+2 WS carried over

(about .Ol:i.)because itw8found t`mt O.l~orgreater Caasanimpurlt:t Froduced

lower yields during reduction of PUF4 to the metal. ‘The seventh run of this series

(Table I) was the first attempt to use Ca(N05)2 as a salting out agent.
,., . \ .;.,

Conclusions drawn from the date on Table I and ~h~ &ap& in ~igs. 2and
. .! ,...
. ,,.., ,“

‘~3 indicate that whenN NO is ussd for ’urany~>’~i.trateextraotj.on the main faotor
%3

,; &
-d

‘s ‘he ‘Otal ‘itrate ‘0~~d~~~$~?#9$~$:~+9! $$~~~oQC” !~f ~~t~er ~03 or R~H03 @
,:!r:?:.}:.,’! ,;$.’,~.r.,?& “,\ .’

indeponde~tl~ ~~d that ’Ca(l?07) with low MO cono. is a much better salting OUt ~
)2 3

agent than NH NO under the best conditions.
43

Further,’the extraction of IiN03 &
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coincided closeY.y wftn that of U02(N03)2 on all tineextractions exuept the one

using Ca(N03)2 where the acid

portion of ur.myl nitrate had

was eXtrf30tOd moro slowly Until the prinCipal

been oarried over. Calculations indicate that

those extraction curves

concentrations of’UC).+2
G

concentration of’;anyl

approximate the exponential formula at fairly high

i.e.~ the rate of extraction varies directly as the

nitrate present.
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Plutonyl Nitrate Extraction Rake6

The first extractions male, using NH NO -MO as a salting out agent for
k33

plutonyl nitrate (obtained by dissolving NaPuO&c3) had initial concentrations of

NH4N03=-605M, HN03=<oc.8M, Pu(VI) =/-O.lULl, NaN03 =xOOIJ@Is f3C21i3~ =~OCI@l@

with these starting chemical oonditions~ it took at l=st 30-@ ninut~s for g grama

of PU

ether

runs,

would

(VI) to be extracted from the aqueous medium into ether using a continuous

dlstillation”rate ofr-’~~sd~ per minute in the 8 gram apparatus. CM several

the initial WI concentrationwas not greater than 0.3Mand the extractions
3

not go to completion unless more liN03wa$ added. So research-s begun to

find the

purity.

possible

optimum oondition.s for quick oomplete extraction still retaining product

First indications were tkat the HNO concentration shouldbe as ;lighas
3

but not so high that the amount oarrieclover with the plutonyl nitrate

would interfere with the subsequent HI reduotion and oxalate precipitation.

Table 11 is a summary of the extraction rate work using N.H41W3-RN03

salting outiagent. Runs numbered thru 230 P we;e made to determine the bedi

conditions for fast, oomplete extraotion- The best conditions found started

a8 a

*xith

i?J~N03= 8.OM, ?iNO = 1.5M at the beginning of extraction. These conditions were
3

auhieved on future production runs by dissolving the sodium plutonyl. acetate with

9“0M ‘%N03”202M ’05 ‘-gent”

Runs Nos. 244P, 2@P, 246P,
.

extraction curve data ma obtained-
.

2&P,’ 21jop,251p give data for suns fromwhioh

Aliquot8 were tak~ of the aqueoue solu’ti.on

4

at definite time intervals and the Pu determined by rqdioassay- There is no data

-- available on the extractions of HN03 during theme extractions 88 there iS Still

no good method of determining @ in the presence of Pu (VI). The extruotion

curves obtained from this data are contained in Figs. 4 and %0 )?ige~ i8
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espeoially significant as it shows graphically the important part lTNO plays3

in tho extraction of plutonyl nitrate ’whereas in the extraction of urtmyl nitrate

it was found that the material lcept extracting without ‘sloping off” to any

great extent even after the HN03 concentration was very low.

Tab~e IX gives data for extxaotions made using Ca(N03)-HN03 as a salting

out a~ent. It should be noted here that the initial lf103concentrations are

considerably lower than in the previous N
%
N03 runs yet tlkeextractions obtained

were a good deal better. Figs. 6and 7 ara the extraction curves ohtiined from

this datao Ca(NO )
32

served as an excellent sa~ting out agent when used to prooeed

direotly from oxidation of tileFu.(C O ) or the& 243

solwtion by NaBrO -HNO .
33

It is assumed that all

were preceded by an oxalate precipitation unless

distillation

80C .

The

at the most,

rate was kept

efficiency of

at#mml/min~ and the

incoming material to PU (VI)

extractions ~isted in Table III

otherwise indioated. The ether

‘temperature of the extractor at

the ether extraction may be judged from the fact tlwt,

only several hundred parks of Ca per million of Pu were carried over

during the extraction from a solution which contained about LO times as much

ca(*.&OM ca,-O.lM Pu).

Conclusions which my be drawn from the data in Tubles 11 and 111 and

their aocompcmying graphs (Figs. b, ~0 e, and 7) :

(1) For best extraction the total.NO - concentrations in the aqueous
3

solution containing Pu (VI) should be as high as pos8ible. If

NH~N03 is used as a salting out eigent9 the MO oonoentration
3

should be at least 1.O-1.5M initially or HNO3
should be “bled” in

0WXM3iOllQ~~yt0 O~kiXJR fti~tlGUIll@@Q (~rQtJ>~%yield of
.

purified Pu) extraction. If Ca(N03)2 is used as.a salting out

\\Mr\ AWWD
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agent, the HN03 concentration oan be <0.5?4. In a~tual praokioe the

following sets of initial concentrations were found to be best:
..—

/

I

705M N~N03 ‘; (400M w (q~ )
I {

\ 105M HN03 ~ or . O.D$M HN03

Ii

i

(~o.m Pu (VT) I0*12M Pu (VI) ~,
L

(2) When N NO% ic used as a salt~ng-out agent,
%

the UN03concentration is very
.

important &nd

thecNIlkN03 or

CHNO and low
3

the speed of extraction depends more on the CHN03 than on

total NO -
3

oovcentration (comparo 2@P which used high

CN NO with 250P whioh used medium HN03
%3

but very high N~N03

.-

.

,-

conoentration) s

(3) ‘ilhenCa(N03)a is used as a

dependent

solution.

(4) @(~o-J2

salting-qut agent, rate of extraoti.onia

principally on the total NO -
3

concentration in the aqueous

with J.owHNO ooncentr=tion is considerably better than NH NO
3 43

with high HNO concentration.
3

The purifioatd.on mhieved on all these runs was satisfactory for the

production of good plutonium metal?

.
.

--
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5 Plutonyl

.

Nitmte ELher Extraction (251-P from Table 11) -

+ 4-== 1-, !. ,.. ’..

-.. k .

4
,., t,.. . ~-.!”” .’ -b”~

—..
,,l. , :-.”:, ,,L. ,: :.. .,. ......’”..: . . . . .. . “:.’ i

1-

~b——k’,,::;.-i;i;. “.;.::;!,.:..!::

+. .... .. ..F . . . . . . . . . . I
. . . . . . . ‘ :++H+-

1 1 4 $ . ..., :, (,, I 1 !,, ,, Lt ! I I I .Ii, llillll]!l .:L,.,.
.,”.

. . . ,.
T5.mein Xi.rnAeg
. .

.. . . . . .-. . . .—,=. “..
“ _ . w\--

:- ‘- ””.,
-’-.”: . ~.... ‘ . . . . .“”

– -’ - t.+....,- .— .- >.” ~.. .
. ,.,

., ‘- -, - ‘-----
-.

. . . . . ,--. b..... . .:. . . . . .... . .;.-. > .- .’, , .- -.–. ” .,.’: .,i; r”.. : .“. , > . -
.,----

. . k- : -’%:2.. -. .w’.m9%: ,.-+.- . .- , .- . - ...”..---.-6 .%- J- -- . ‘- . . - -,

,.
.-: :.... .:.”-:“: . “: .’..s :-”.7:. : ““:



-~..e.. .. . . . .
.. -

.,. :., ..
,

.
.

.
.

-.

.-

.


