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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.~
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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

APPROVED FOR PUBLIC RELEASE
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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

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



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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Purit. Aohieved by process Involving Sing3e Ether Extraction With Ca(N03)~

as Salting=.Out AgerAO

Results of many previous analysis had indicated that a single ether

extraction of Pu (W) gave excellent purification. For this reason it was hopqd

that a shorter, more simple process oould be used on a production scale which

would depend only on an ether extraction and o.xalateprecipitation for oomplete

purification. Two I&-gram runs, 576P, and W7-P,

process would be satisfactory for purifying lhnford

this site in June, 1945. The prooadure used was to..

were made to see iS suoh a

material as it ?~sisent to

oxidize tho mixture of Pu

(XV) and Pu (VI) nitrates (previouslydissolved in 13!ilL103)with excess NaW03,

*’ then etheraextraotthe Pu (Vi) nitrate using Ca(N03)2 as a sal.ting.outa~ent

and finally precipitate W (C O )
2243

after reduction of Pu (IV) with ~o;bl iII. This

was known as the B-l purification process. T~le~2(C20~)~ PrefJipitatawas washed

three times and after the final Wash.supeumatant was drawn off, samples were taken

for analysis. Further analyses were made after the Pu had been converted to metal

and remelted by Hamme].

procedure in LA..4O5.)

Table IV is a

{For detailed

summary of the

conditions for this prooess, see B-1

purification achieved on these two runs

listing elements analyzed for immediately after purification and after the metal

was remelted. The metal produced was found sufficiently pure to ]iwetall the ~

requirements of’the metal.lurgistsand physicists. m
=%

*. These two 160-gram runs had proved that the 8.1 process was sufficient
3

to purify lkmford material received at that time. However, there was a definite ~
,. *

possibility that certain impuritiies$vi~. Cr, Fe, Ni, bi, Sn, S04= , and POh~,

tight be immwd in the future. S04 = and P04 = had been reported as interfering.

+2
ions which would hinder extradions of W2(N03)2 W aoW?~@x@? the U02 strongly
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so i% was feared that if they appeared in high concentrations,tie

Pu (VI) would likewise not go to completions Also, if either SOL

wero oarricd over by ether with the Pu (VI) the completing action

,.
.

exkraotion oI!

=orPO=
4

might inter$ere

with HI reduction or the oxalate preoipitationo SO to test the ei’f?ioienoyQZ

atraotion (using Ca(N07)2 as a sa3ting out agent) in removing these impurities

and in overcoming the oomplexing effeot of S04 = and P04 ~ , a series of exkraotions
oI

were made on the eight-gram soa3e in whioh the impurities in question were added

in exoess ovQr any amount expeoted with IIanfordW*,!
..

.
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Table IV ,

Summary of Purification Runs 676? and 577P

UNCMSIFIED

Run ?io. 576P E77P ‘

Ihlte 6-M-45 6-21-45

Souroe of PU 7Mi 76-H

LA
I

.0.6 ~ ----- <0.fj -----
=+=
~ Be ---”- ----- :.08 --..-

Q4
0 t ----- (4.3) ----- !<0.3)
e

$ Sa ---.- .--..-- ? “-_.w

g * I
<~ ----- <2 -’----

s
I-1
% Al 9 -.”-- <2 --..-

~ Si
I

9. (Wdoo).-\.. C120 (-200)

~ Pu <~~ --mm- 45 -----

&
“ K --.-- -“.-- <-? --..-
g
+ ~~ . zqo
# .-.-- 24 -----

:
~ i <Cr, (U30) <Go (==60)

2 .‘r <22 (<60) <2 (+50)

g i!.. 4 (do) <2 (<1’3)

2
.

i’e 9e, -.*.- 118 --”-- $
<
3 C* <22 . ----- a -----

3
“Ni <22 (<10) “’,8~ (ado}

G
2 Zn --”..
m

..-. .@~ -----
.,

Cu -an--- (*) ----- (<6@)

Sr, : <2 :..---” &.8 -----

In + o ~~(<30)
I +43 (=30)

. . . . # Num’oersin paren%hesi~ indlc,atvppm. of tka elem8nt
after the converted metal was remelted.

.

,. .. .. .
... .

..
-.. .,.- -.,.

-.
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476.’ J 577P I

.6:18-45 ;“‘.
~. 6-2i-45

... .. ... .
75+ ., ?6-H-

,..
----- (IQ ;.’,;”,, ,*

(15)

<60 . (<60) <60 {~6b)

.

.
$b .-

M 43 -.-=. . . <2 --w*-
1

“e’”’ --. -* “:2 *----

I

ia
Ca ----- .. 0-&” -- <17 ......

f (<MO) .“‘.’<15-0 ● <15(2 -0.”.

----- (<150) .-, <17. 0----

.=:. . “(+5) 4W --.-- ,
.—

..-., .
-- “aO-*- 4 (<15)

i

Au

Iig
-

..

Pb ‘-”

v

●

✍✎

✎
-.-.6.,. . . , (40) 4 a*..v ( 20) I

.. . I
Xnber&‘iA$]arenthe$’is$ndicate ppm. of the jelem%nt

1

after the convertdd metal was remelted.
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Table V is a summary of’the data obtained from these runs. In 5139

seven !3.gramextractions were made using 21-% as 6tarting material. Eaoh run

consisted of the following steps: o

(1) Imyrities were added to each 8g b~tch to bring -theimpurity

Concentration of’the starting wateria~ up to the amounts indi-

cated in Table V.

(2) Tflol% (IV) - PU (VI) starting mixture prosont was oxidized with

NaBrO -HNO .
33

To do this, temperature was raised slohly to g2°C,

and i~el.dthere for one hours while stirring vigorously- Br2 started

ooming off at-65°C but by the time the temperature had roached

g2°C no more Br2 was Rpparcmt. After oxidation, the solution was

quite cloudy (probably because of Sn02 and S102).

(3) !ktraotion was then oarried out using Ca{N02)~ as a salting-out

agent. Ether was carri i continuously through the aqueous solution.

Initial concentrations Id extraction conditions:

CPU = 0012M

cCa@03)2 = 3.7M

cENo =-.oe~x
3

c
NaBrO

3
=-00062! .

Temp. =6.5° -- 9.T*c \

. Distillation .ratoof ether 2% ml/’min,
●

Extractions were visually complete
$

in less than 15 minutes (no Pu (VI) cclor in ether layer) but total.extraction time
-a

was L5 minutes. 13r2was present in the ether Jayer during some runs but no reason

for W.8 or oo~relationwith othar data could he found.. ~fiC~@D

~“,,. - . . ! . ---
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(.4) Samples were taken for axm3ysi.saftqr extraction. Results are

summarized inflab~e V. Losses of Pu in the aqueous layer did not

exceed lb mg (>>.8’~) recovery of purified Pu).

Tileonly Olemonts which appeared to any extent were Cn, Cr and M.

The oxalate precipitation which follows this should remove a good deal of each of

these impurities. The B-1 prooess

short time after this researoh ws

from every standpoint.

was adopted for use on a production soale a

done and the metal produced has been satisfactory
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LOSS of PU Duri.mzextraction

.
>

.

,s

No matter how Yong any extraction

residud of l% [as determined by radioassay)

was carried out there waa alway~ a
{

which would not extract. This is

clearly shown in severa3 of the graphs (Figs. ~~,

extraction slopes off to a straight line at some

several extractions, thu @ther layer and aqueous

.

F, 6, “?)where the curve of

low PU concentration. Alfter

layer’were scwarated and assayed

sepa.rately. It WS found that only about one tenth of the residual Pu was

in the ether layer and, therefore~ the bulk of it was still unextrac%ed in

solution.

1ezft

$lqutious

may have

from the

There are several possible reasons for this. First of all, oxidation

been incomplete and any Pu (IV) still in the solution would not extract

solution which was very low in MO e
3

Secondly, it is evident that HNO
3

is extracted with the ether and may be depleted to such an extent that the pliof

the aqueous solution approaches 7. 1% is feasible that at such a pli,basic complex~s

of Pu (VI) are formed that will not extract. FinalYy, there may be completing

ions present, e.g. acetate, sulfate, phosphate, that hinder the extraction of tho

last traces of Pu (VI).

Excessive Bromine Liberation During Extraction
.

During a I&rge percentage of t}~eextrwctiona made, a great deal of Br
2

was present in the distilling ether and as vupor throughout the apparatus.

presumably, the Ilr2-+,aseither formed during the extraction from t’neinteraction

of’NaBrOr with liNO end NH NO or was left in the apparatus after oxidation to
> ~ L5

PU (VI) by NaBrO
3°

It has already been mentioned that the use of IJ~N07 ..sa

salting-out agent in the presenoe of NaBrO
?
liberated copious quantities of Br2

and formed a paste-like emulsion in the ether layer which prevented the Pu (V
*

4~%
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fn-m being carried over into the boiYer (Fig. 1). 3hcn ca{~o ]
32 was used as a

salzing-out agent in the presence of NaBrO,tand low ;HKL concentrations the
/ 5

liberation o.t.Br2 1!:as reduced to such an extent that the yellow Br~ color in the

ekhe~ layer was hardly perceptible. This was partly due to the fact that near]:

a“!1 ~a\fl~3)2axtructioriscould be aarr~ed cut ~lsing~ery IO-W:Lrio.concentrktiun:;. .
~

“lienit was ncces~ary to add additioml H3J05to obtain complete oxidation (thereby

]tihvinga relatively high HN03 conesntration at the beginning of ex’trztction) thrrs
.

was,a ~r+wt deal of Br2 Iiaerakcd won usirigCK.(NO)
72

as a salting-3ut s.gant. 2.

special rescsrch problem indicated that considerable Brn YZS Iibe:atad ,justi’rx

the interaction of NaBrO anti“~CJ
T

~ (see sectiowon “Oxidation”, t<+.. re~ort) v,*

at the low temperature present during extraction.

Because much of the Itirge-scaloproduction a?pars.tushad to be congtruc?~d

of metal, oresmcc of Br
2
constituted a very serious corrosion problam. The only

metals which would withstxuidBr2 vapor were platinum and ti.nta~.um.so as long Cis

NH.NO was usad as a salting-out sqenk it was ir.ore
47

precipitationto remove the NaBrO after oxidation
3

The problem of Br2 corrosion has been minimized by

9ut o,gen~,‘iythe use of poly-TFtiplastic gadcets,

metal 011parts of the ~urifioation ccuipment emposed to Br
2
vsporso

h Yarga number of azialysuswere made after PU (VI) I!!.dbeen extracted

from a“queoussolukions containing :,large numbsr of metaJ impurities. This WOrk

hus been summarized in Table VI of this ‘reuort~

B. SOdiun Plutonyl Acetate Precipitation

Use of the sodium plutonyl acetute precipitationas a purification Srep
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the c5nc3ntrtitionsof all eleneLtt3

pro5ab3y some of tile hw.vier

5. “

I fho first precipitation made St Site Y with tangib]e amounts of u~itcrlai

was done as

km purified

NaN03 whick

This griv$e

..

part of the purification scheme us+l on the first 10 mg of Clin:tor~

here (see LL-~). l’!leprecipitant used wiis excess 2.4!,1WAca2.9M

V,W.S~~det to the ~~0. ~olu+;ionof’pu (VI) inm{.Aial;elv after oxidatic,n~
$

supernatant above the precipitate with the fallowing composition:

Na+ = ~M

A~- = 0.6M

H/kc= 0.5!d

lt n%s alresdy known thtitGO.&~- V.Q.Sa strong aomplex ion and the ‘

solubilit~,of the NaL70@CT compcund.?X”incipa”]lydependent on the mas8 action

l~w. Therefore, the cxce~s NQ’-used wou_lthe expected to greatl:yrepress the

volubility of the N&Fu02 Ac~ t~rc~i~itate” The precipitate vm.s centrifuged and
.

~ftcr thu supcrnatant VMS drawn oi’i’,washed twice with W Na+--0.21LIAc- --

00351VHP.csolution. !he conccntration~ of AC- and Hic were adjusted to give a

vnishso3.ution of pH = 5.

As long as acetate precipitatiorwwere carried out on the one-gram seale

. in centrifuge cones, no dif’f’icc.dtydue to settling of prscipitato WMS encounterri
s

as the prcci?itate could be etisilyseparbked ‘bycentrifuging it down to a small
-v

.~olume. However, RS soon as the all-class enclosed ei~’at-grampurification

+.!wtwould satt’lcto a r=sonably 1ow volune in a short timg. Most of the

..
\\NG

~sWt~
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settled so poorly tkt it was impossible to obtain eatisi%ctory

order to determine

gram of Pu [VI) ns

qu,alitntivclythe best conditions for precip-.

the nitrate was precipitated u.nciervarying

conditions of temperature and rate of e.dditionof the precipitating roa,gent~

The settling rate cf NaPuO$o~ineach casawsobserved~ Itwas found beat

to precipitate the NaPuO&c3 at a temperature of 60 to &j” C, adclingthe

proaipitating reeCcnt at a rate of 4.ml/min. Using these conditisnsa it was

still 5~~ossibJe to consistently obtain satisfactory precipitations so the

oheruicalcoaditlons at which the aoetate prcoipitate initially formed were

varied. It was finally found that good precipitates could always be obtained

by diluting the PU (VI) immediately after NaBrO
3

oxidation, to 002).I.M md then

USing a precipitating reagent of’20751.fhkAc-2-41dNaN().
3

The original oondi.tionsusing a temperature of 60°C and a precipitating

reagent addition rate 4 m.1/minin the eight gram apparatus or ~0 ml/min in the

60-gram production apparatus were still rctained~ The general proced~arefor SIWYI

an acetate precipitation can ‘cmrepresented schmatica~ly as follows:

.

●
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0.2@d PU (VI)

IiaBrO
’03’ 3“ ‘Pwities

I 2.75hlN&b
3.40M NaNOx

Sodium

light red oolor.

I 0.3M MO
-. —..

I ----L”l.la=~~pt.twice *th.. Withdraw Supernat8nt

,-L Withdraw supernatsmts from eaoh wash

-~

p3utonyl acetcite~ as u6ually formed in this process is pink to

VJhenpure cryst~ls &re formed, they are bright red.

Volubility of NaPuO@A&
●

The volubility of NI&UO#
3

i~s been reported in another publication

(LA-1G4)● ‘R-10figuressgiven in this report, 19.5 grtamsiliterat 25°C, and 37.5

/,pw5L8 liter at 95°C~,a indioate that one of the principle disadvantages of u6i.ng
B

a
the acetate procipitati.onin the purification process would be the high loss of &

..il
PU in the supernatant and v,m~hes. A3thoug!l the high concentration of NM+ (3 to

~ usedj cut downths solubilityto ~ mg Pu/litertheruw.6un mm grater

1

10438(350 mg Pu liter) due to smll suspended particles of the precipitate which
i

Gould not settle, evep after many hours, and were removed with the supernatant~
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The total IOSG incbrred due to the acetate step in the procedure wus

1$ of the.total Pu involved in the proce~s.

tha highest Pu 10$58step in the prooosso 1%

?hi. mado the NaPuO&03

was natural, theme that

at Ieaat

precipitation

when the

cvthbrcxtraotion and ‘Pu.2(C20L)3precipitation was found to bo successful in removing

all impurities below tolerance limits that the acetate precipitation was droppsd

from the prooess (sectuse of Ca.(IiO$2as 6alting..~utagent under extraction data

in this report).

ImpurityRemoval by NaPuO#A5 precipitation
,

The aoetate precipitation followed by two washes of the ppt. was most”

useful in rer++vingLa and a fair percentage of most other elements. All the

available data obtained here is presented in Table VI (part F, Summry of

Purification Factors).

fii$#ic!!
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c. Pu (III) Oxalatc Prcoipitation

TheIpurification process first used, (acetate prooipitation and ether

extraction) possessed no mewm of removing U from Puc There wore two reasons

why a meana of removing U wao neoessary in the process; [1) uruziiw sulfide

oruoibles were used for reduction and remelting of Pu meted and r~oovared Pu

from theee eourccm was highly contaminated witih73,and {2) there WRS no way

of knowing just how much U would be present in futura Clinton or Eh.ford

plutonlum It would be very diffioul%, because uf the ~hemioal similzmiky of

oxidation

to one of

,,

~oJ2Dto effaot a sq+ratiosa if both Islemcmt8were inthoir higbast

a%ate. For this reason, it was oonsiderad best to reduce the plutonium

would form od insoluble Pu compOund but a fairly so+uble U02* uompounds After

a great deal of research, the best precipitation found for this purpose *S been

the oxalate preoipitatw, ~(C20~)5. formed by adding 006’7M~C204 to a solution

of Pu (J.TX)nitrate after reduction with iodide ion.

So far, thie report !WS dsalt w{th two useful purification steps, Now-

with the advent of a third step? a wor~~le process had to be devel.opedwhioh

would prdceod smoothly from one ~tep to”ths next. Ibwa8 D@eSEl#.Fytht dry
~

conversion be given a I% compound which ~ould readily be oonver%ed to PU020 P? ~
-

03@4) ~ IQd thi8 requirement very W031 qo an oxalate precipitation hd to bo the
3

.
● last step in the process. It waa ’consid’oradbest to have an

aa the first step beoause tho separation faotor of U from Pu
-a

.
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It was fairly easy to oxidizo the Pu2(C20~ ~ to Pu (VI) nitrate’and C02

using NaBrO -ENO .33
After oxidation the NsPuO@3 precipitation -s made,

then, after dissolving the precipitate in IWO and ether extraction was
3

‘ made in the presenoe of N~N03 as a salting-out f@mto The Pu (VI)-l@dm

ether was carried into a boiler whore the last oxdato precipitation WAG

oarried outo This prooosa was used on a production scale from April, 19).&

until August 1945 and is rapresxsded auhema%ically aa fo~lows (See Lfi.@5,

“ArrProcess):
1

I Pu (Iv) - Pu (VI) mtiture
I

I filM ‘3N0 (d sufficient for reduction)
3

I

~ Reduction

I PU (III) Nitrate I

I 1%3-= 3 I
I Dark red I - color

3 I

I PU2(C20Q3 (wee~g crystalline precipitate]

~o.yd ~c20k Supernatrnnt

-’0.8M HN03 13\r+ (deep rod)
L

{

*

~

Withdraw supernatazzta Wa8h
l%~ei.pitatetwieeJwith ~0.

r
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1.%?J%Q2AC~ (gink to red prcoipitate)
.

~~ to ~ M Na+

--Oo5k?Ac- Supernatiant
+0.5M E4c (clear)

i

Withdraw aupermtant
~:ashprecipitate twice with
~sOM Na+ - OS3M Ac- O02M HAG

I
NaF’uO#c3

I

1 Ectraot with diethyl ether
isato‘boilern.

I Pu (VI) NitrfAtO
-205M mo3

I
T

I HZ Reduotion

Pu {111) Nitrate

s“/15- = 3

-3.OM EN()3
(Dark red Iz- color)

I

%c204
I —.

~~(c204)3 (green oyrstallino prooipitate)i

rhz-= 3

ad m3 Supernatant

o*3hl~c20h (dcmp red)

Withdraw aupernatant
Nash prcoipitato twioe with
o.I!$EQC20& -- OZLM HC1 and

once with
u

so \l*
~$!!

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.
“

.

.

.-, ‘
.

. .

,.

-41- ~

Initial Studies on Use of the Oxalate Prcoipitate———.

The first problem entailed a doterminxtion

solubilities of Pu (C O ) and of W02C204. Furthers
2243

of the comparative

the possil?ilitythat

tho PU2(C20Q3 precipitate would carry down theimajor portion of the U02~

with it r-s not out of the question@ so the actual separation faotor of U

from Pu under the conditions used in a pu.rifioationprooess must be fouud~

!Venkerhas already determined the Ksp of U02C20~=(cU02+5 (cC204~

e 1.?3X1O-9. For purposes of comparison it nws necessary to determine the Ksp

of Pu2(c20@3:

K8p =

Two determinations, made by

[%)2 [CC20L=)3

independent workers .26 and, gInvevalues of lXIO

1.12X10-26 for Ksp o.fPU2(C204)3. Botilof’these experiments were made imme-

diately after HI reduction of Pu (IV) so that the aupernatant above the

preoipit~te contained ~\15- ratio equal to-3, a known molority of Ii+and of

H#204, and a known concentration of PU+3 in equilibrium with the prcoipihate

(determinedby radio asss~). The coneontmztion of C20~=rws calculated from

the dissociation equation.

CC$4 = KI K2 (c~c@4)

(cH-+)2 —

htor~ experiments were performed to

.

check these data. T%is time, pure

PU2(C20~)3 l%%Smixed with ~0 and the dissolved pu~ concentration datermizmd

by radiornsrjay,Under these conditions, Ksp = 3038 (’%+3) 5 a8 CC204= (3[2) CPU+3.

The value of Xsp obtained by tini.smethod after allowing 15 minutes for the eyst~

to some to -26equilibrium vr~s100!3XIO , an exoeedin@y good cheak on the previous
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two values. h sntcresting faot was brought out during this workO Samples of

tho qm’natant were taken at time intervals and it was found that the con-

centration of PU present in tlm supernatant increased gradually finally reach

ing a maxh,un amount after about 2-1/2 hours. This either i.ndioate~that it

takes this long for tho equilibrium;

to be established, or that s3@t oxidation of the Pu [111) to form Pu {IV)

and Pu (VI) is taking place thus all.o’wingdissolution of additional PU+3 from

the prooipitate. ~ecause of the exoel~ent oorrelatiotiwith previous data, the

latter was takenas tho most logical explmationo

Under the conditions used for tho oxalato precipitation, U02C20hvmuld

havo a volubility ofu28g of U per liter$ while PU~(C204)3 would have a volu-

bility of only=-O.@ g of PU+5 per liter, This great difference in solubflity

i.ndicat6dthe possibility of a good separation of U from Pu. Expemimcmta were

performed in which known amoumts of U02(NO$2 were added to samples of Pu (111)

nitrate and then an oxalate precipitation carried outo Aa determined by

malyses, the concentration of U02+2 was out down by factors of about 20 ko 50

after a single

pu+3

to give a very

oxalate preaipitationo

was f’oundto oomplox reudily in saturated K2C204 or +C204 802ut3.on

soluble green oxalate comploxO FJr this reason, the exce8s of
●

A

@C204 used for precipitation hadto be controlled rather well~ It was fouad

best to keep the ooncentrationof excess ~C20~<0.@ and have tha d concentrationF*

> 0a5Mto koeP the dissociation Of ~C20h down to a m&imum. ~c@l!$\F\’

.
In actual practice the oxalatcIpreoipit~tion proved to be a very

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

. ,
8“

..

●

✎

.

,. ●

~

-43--

.

8atisfackory step in %he purification process. Onc&a satisfactory reduction

wa8 obtained, i% was very eaay to obtain a precipitate whioh would settle

exaecdingY,ywell even after sewrd washes. Bosldea rbrnowinguranium, a fair

peroenta~e of many othor impurity elements were removed by the first oxalate.

T!tislightened the lo~d considerably on the following purification steps in the

proooss. Al? of’the precipitations used wore carried out at room

No particular advantage could be found in precipitating at higher

Aa in the case of.the NaPuO#ic3 precipitate, 81OW addi.ti.oaof the

reagent (~~ml/min) produced a somewhat better precipitates

Purity Achieved by ’Singlo.Pu[111) Oxalate .Prccioitation.———

temperature*

temperatures.

pmoipitating

three washes as a patisfaotory purificxakion prooe6s (see ‘Cf’Prooess, LA - @j,

for detailed prooodure]~ Four &gram runs and two 160-gram runs were made follow.

ing this procedure but the analyses obtakwd are not sufficient to wurran’tits

immediate use. After a single Pu (111) preoipitm.tioza,the conversion to PU F
4’

reduction of PU F to Pu metals and the a-n background count of tho metal were
4

all Satisfactoryg Tho main diaadvasdxqe of this procosa 5.sits inability to remove

I.&. Both Clintonar.zclHanford Pu contain aboutiI$of this %mpuri%y &n& it must

be removed to meet purity to)era~oes.

present in Hanford material were to be

quantity of uns~tisf%ctorymetal might

report in

purification achieved by the

Furthermore, if any of’ths inqmri*ief3now

increaeed withoti Vmrning, a oonaiderablo

be produced.

oxalabe precipitation oan be found in this
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Loss of Pu During PU2 (C20~3 Preoipitai!ion

*e
—-——

Lcmsea of Pu incurred during the oxalate preoi.pitationfrom PU+3 in

solution and solid suspended partiola of PU2(C204)3 in the supernatants and

wasllea ma never excessively greatg The total IOS8 during the

precipitationand % washes was about O~~~of the total PU in

me total loss during the last oxalate precipi-batiionand three

first oxahta

the process.

washes was about

O.’?#of the total Pu in the procos8. LOSS during the last oxalate pwoipitatim

is higher not only beo~use of’Ehe extra SO wash of the precipitate involved,

hut also because %.5M H1 was used for reductim of the plutonium to pu+~ instcmd
—

of KI which was used for the first oxalate precipitation.

last oxal~te would necessarily increase the volubility of
.

.
possible kO USC!E2C20~as a

-
satisfactoryresults. This.

and thereby reduce the loss

●

precipitating reagent instead

would aut dovm the @_ concentration considerably

due to Volubility of P% (C20k)3. This procedure

has not been adopted on a production soa~e. Respite the additional loss involved,

it WAS found best to keep the # at least o.~~d~ TM.s produced $. much ~o~e

crystalline precipitate which would setitlebetter, and achieve better purification

than when a lower E+ concentration was used.

Effect of Loavjng P~(C20~)3 in Boiler after Ether Extraction

It was impossible to remove all traces of the PU2(C204)3 precipitate

left irxthe boiler after the purification prooess (Fig. 1 Apparatus)e On the

following %uufi in that apparatus, the first use of tho boiler would be to .reoeive

fio#&)2 . HN03.1aden ether and boil off the.ether to be recyoled while re-

taining the PU02(N05)2 and HN03 in solution. It was thought that tiletraces

of !%12(c20& in the boiler might react with these su?)stanoesto give a trouble.

some compound or prooipitate which might interfere with the

reduotion ~nd oxalate preaipitatione A number of runs e

fw

&@:Al

subsequent HI

made on the 3.gram
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~oale in which PU2(C204)3 was ~eft in the boiler mixed with water or di3ute
.

HN05 (<1. W) during an ether extraction. In every case the precipitate dis-

splved to give a clear solution pf plutonium ~itrate. When 1~0 to 1.5M EN03

was 3.eftin tho boi?er with the precipitate, dissolution ooourred in ~ to 20

minuteG depending on the amount of preoipitateo I& ~0, dissolution of the.

“precipitate.’waGcomplete in 30 to @ mlnutea after it was exposed to Pu (WI)

nitrate and HNOZ oarried over by the @there Premsu.ibly,

HN03 prqmnt in the boiler:

+4+-+12H+ + &’u02’+2->~pu

D. Reduotion of pu (IV) aud PU (,VI)

The plutonium reoeived at Site Y was a mixture of Pu (SV) and Pu (VI)

nitira%es. If this material wuro to be purified by the “AN procosd, in whkh

the first step is

-+3reduotion to Pu

were EOOOH, H2C0,

~ p“2(c20~)3 Precipitation, a astiwfaotory production tiosQe

ltidto be iievcloped+ Various reagents ‘testedfor this use.

13#t,electrolysis, ~and Pt blaok and 1- (from eith& KI or

RI) ● The most satisfactory reducing agent fouud for use on a production scale

was l-. Either XI or HI was added direotly to the mixture of plutonium nitrates

while stirring vigorously. 15 to 20 minutes were allowed for complete reduotion.

A crude ~olorimekrio determination indioated that the half-time for 1- reduction

ofa Pu (IV) - Pu (VI) niinmto mixture -s about one-half minute, so the time

used for reduo%ions (15-20 minutes) gave essentially oomplete reduotion. After

ether extraction, the Pu (VI) nitrate in the

before the last ~(C204)3 precipitation man
.,,

this reduction to avokd contamination of the

boiler ruat alao be reduced to PU+3

be made~ HI was always used for.

pure product with K++

The following reactions represent the deduction of’Pu (IV) . Pu (WS) by

x-: u~@lWD
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(1)

(2)

Besidee the I-

oxoess present

(3)

J..&=

2PU4 + 3S’—> 2PU+3 + 13-

2Pu02+2 -t-91” + 8H&+2PU+~ + 3130 + ~0

used to reduoe the plutonium nitrate, there

to complex the 12 formed, by the reaotion.

12 + r~13
.

U8ing given values of K and the known polarities

of 1- and 12 in the equation

K= (I-) (12)

(&j-)

mud b,esnzfficient

for the 8olubili%y

it was possible to caloulate the 1-/1 -
3

ratio just neuessary to keep the I -
3

complex stable (no 12 precipitate). For temperatures of 2(3to ~0° this ratio

equaIs 1.06. FUrther there are .670 equivalents of oxidizing power in reaation

(1) and 3x~670 = 2.01 equivalents of oxidizing power in reaution (2)* Thus for
.

each .670 oquivdents of OXidiZi~ power for plutonium, 0.335 moles of I “
3

are

formed a~d 10005 mole8 of ~ are neoesssry just for roduotion. A total of le3@

moles of 17’,than~ is the minimum amount required for reduction of each 0670

equivalents of oxidizing power of plutonium ni@ute. IX was decided to add

one mole excess of IV thereby bri.mgingthe 1-/1 “ ratio of the supernatant to
3

Thi8 exoess of ~ wms considered adequate to meet all poseible Amnging conditions,

# Necessary for Reduction— .-

By chemit?alanalysis, H@.fordmntor$al was found to oontaia about ~0~
.
.,

Pu (IV) and fjO~PU (VI). Tho Pu (Vi) was a8sumed to he n02* beoaussi of its

‘~ (-wi~ichrequires nO
.*

similarity to 1102+2* Then if Pu (W) iG assumed to be PU

@ for reduotion) it should be possible to Ixaseall @ oaloulations ou the 5cl#
.

Pu02* present. When this was done, there Wasnlt sufficient @ present to enable !

!-
kho reduckion ko go to completion. Several factors may be involved hereg (1) it
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was intpossiblot!>do more thkn osti,matothe # concentration present and al?.

our estimates may have been high, (2) the actual formula for tho PU (IV) ion

my be PUO+20 If the latter is true reaotioa (1) becomes.

{~) 2nOW+3r +@-> 2Pu+5 + 15- +2E50

This would aocount for the consumption of

evidencs tlnatI?uO+2 is the eofwal complox

In order to avoid the necessity

decided to use 5J5M HI for all reductions

agant alone supplies ample H+C.

Temperature During Iodide Reductim

When put an a production dcale,

extraction caused a

was believed due ko

*O find Q method by

nmde using the same

I ‘. This solution
3

@not calouliatedfor but we have no

ion form.=

for re3.yingon H+ calculations it waa

pn a production aaale. Then the reduoing

the last HI reduction aftmr ether

grest deal of oorrosion trouble from 12 liberation. This
.,,

the oxidation of 1“ by the excess HN03 present. ~ order

whioh 12

chemical

was held

by thiosuli’atotitration and.

liberation could be avoidedO an experiment was

conditions in the proces69,@

at known temperatures and the

eolleotiag the ~ formed on a

HNo5- 1.524r - 0.5M

~ 1ibcrated determined

‘oold finger”. B01ow

30°C0 there was praoticully no 12 liberated, but above this temperature oxidation

of *he I- by HN03 ro6e sharply and a great deal of $ was given offe Furthers

it waG found that the reduetion of Pu (VI) by 1- liberated GO Koal per mole of

PU. on R ithg scale, this would mean the temperature during reduction-would

rise 27°C, if 100~Pu (VI) were present and 34°C, if $O%pu (VI).” Therefore, @

in order to keep the temperature during reduction below 30°C, it was neoesmry

to lower the tempcrr~turoof’the Pu (VI) .

1

HNO mixture to l~°C before reduo~lon
3

and keep coolant ciircu3atingaround t!~eboiler {or extnactoro if it were first

Xl rsd]mticm> .Q’17clurinm redm-kion. A7SCI*ha Y-s+.-n? vcinm+.+nn k..d +a II- b--+
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by controlled addition of HI. Reduction of the Pu (VI) by r was just as

complete in the same time as at a higher temperature (based on oompar5.sonof

yields).

. Effect of Various Reducing Agents on Pu (VI)

S02 was used to produce very satisfactory reduction

Pu (111)0

It was only moocaaary to bubble S02 gas ‘throughthe

A
* solution or add oold, saturated S02 solution to it~ In about

of FU (VI) to

4H+

Pu (VI) nitrate

~ miuutas, reduotion

* to blu~violet Fu (N03)3 solution was oomplete.

Formldehyde9~c09 reduced PU (VI) nitrate to its lowest v~le~ce

8tata quantitatively.

2Pu02* + 3~C0 + 21f++Pu+3 + ~HCOOHi- qO

Tho reduction waa oarriad out i.na ecaled container (t~ keep all

solution) at 900C. Under these conditions and with@l$jO#excess

.

the ~CO in

H#O, reduction

was oomplete [1.O.ingUcale) after e.bout?5 minutes. On several rexlucticnswing

&) to 80 mg of PU, a green precipitate of unknown ocnsti~utiionwaa formed. It

usually took several days to di8solve this precipitate end thereby complete the

reduotion.

Hydrogen sulfide, H@., produced complete roducticn of Pu (VI) nitrate

in less than 5 hours ut room tonperature,
..,

2Fuo2’@i-3fi@+2if-.42Pu+3 -i-3s0 +40

e~ The free S0 formed In this rmction was centrifuged off and tho exoess E@5 removed

by boiling on a steqm bath.

IBICLA!NFED-=BYEQQ
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Elf30in?a1y8it3of a Pu (VI)

Using about 20 milliamperes and 1.6

in 35 minutes,

UNCLASSIFIED

nitrate solution produaed Pu (IV) nitxa~e.

voltss reduotion to Pu (IV) was complete

~uo -i-2 -1-2
2 + 2H+ i-261-*PUO + so

After rcductionflno prooipitate was obtained upon the addition of either NaAo

or HE’so it was estimated that therq could not be greater than 5%of’ PU02+ and

Pu+3 prewusb. It is possible that

would furbher reduce PuO+2 to pJ3

2. ~will reduce PU (IV) to

. oatalyst and a fast stream of ~.

2PU0’2-t~ -1-21i+

Because of bho meahanioal

Consistent reduction, none of these

acaleO

. .

the use of different elsotrolysis condition8

but r?8earoh on this prob’lemwas discontinued

I% (111] inz10 minutes using a Pt” black

Pt” blaok
~ 2PU+3 +

difficulties involved and

procedures were ever used

2H20

unoartainty of

on a production

“*
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E. Oxidation Research

~lAs\HED

. ,,

-.

Oxidation of Pu (11S) and W (IV) to Pu (VI) nitrate was necessary

as a preliminary to either a liaPuOAc23Q rccipit=tion or ether extraction. The

first oxidant used was 0.2M M Cr Cl~ ~ ~ .,lM HN03 and the oxidation was made on

dissolved plutonium nitrate from Clinton (principally Fu*)o Na2Cr207 was hot,

& tmtiafactoryoxidizing agent for sevsral ressonsm Tho oxidation required from
.

3 to 10 hours at 93°C depending on how long it took for in insoluble plutonium

chromate oompound initially forped to d$s.solvo. Often@ it V*S impossible to

dissolve the last traces of this oompound. Also when the Na~Cr207 oxidation
.

was followod by a Na PuO#03 precipitation, insoluble ohrosates of the impurities

present also prceipitateclat the pU of’5 attained~ This meant, of course, that

there wm virtually no removal of suoh impurities. After Investigation of various

oxidizing agents, NaBr03 was chosen as the best agent on a production and research

basis. The Br2 formed during oxidation was driven off, no further metal ion

impurities were introduced, no

ib Ster●

NaBr03 could be used

insoluble bromates were formed and oxidation was

to oxidize the solution of Pu (IV) nikrate in 1-2M

liN03prepared at Site Y by dissolving the plutonium nitrate paste raoeived froRL

Clinton or Eanford (first step ia ‘%n Prooese)j

5PUO+2 +2Br0- +213+ !,
5

> 5PU02* +Br2 + ~0.

This oxidation wa8 complete after heating~at 93°C(boiling temperature) for one

f
hour. A 100 excess of NaBr03 waa used.

For the “A’rprooess, NaBr03--Wi0 was used to oxidize the flrsti~
3.

(%$!J3 pro@itat8 to PU02(N03)28olutma ;
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This oxidation was complete after hooking at 9~°C for one houre Temperature

had to be raised slowly to avoid violent Br2 libora~~on -d C02 fo~~n~ *C%
.,

if uncoakrolled,would carry the oxidi~ing mixture over into the reaotor. The

first step intihis reaction mybe oxidation (at r~omtmperature) Qf m2(%?%)3

tO PIa(C20& by the BNQ~* This was indicated by am immediate color ohango of tha

precipitate from green to light tan and the fact that nO Bra ~S ~ib-ated~ The%

*S the temperature wa~ raised, the tan pU (C204)2 precipitate gradually dis-

Colved. Accompanied by copious evolution 9fBr~about 30~

2
100# excess KN03 wore used in the remotion mixture. After

excess NuBrO md3

oxidhtion$ the Pu02

+ (N03)2 solution in IM iiN03was a olear wine-red color.

On a production scale (160g Pu) there wa8 ooneiderable difficulty in

consistently obtaining satisfactory oxidation of Pu (VI) o Pu (IV) dtra~- ~R

m EiNo 03 (%” Process). In many cases an insoluble.precipitateof unkncwn’
1

compositionwus formed whioh was very diffiault to dissolve. This prooipitate

was undoubtedly a plutonium compound GO it must be dissolved before an ether

extractions the next stap in

to complete the oxidation by

and oontinue heating at 93°C

the proce$s, Gould be Iwdo. It was found possible

adding &n additional 50$ excsss of NaBrO and UNO
3 3

until the precipitate was in solution. often ‘this

required several hours. A possible explanation for this diffiotity”oan bo found

in the fact that “thestarting plu~onium nitrate solution before moh a troublesome
.

oxidation wae u.sua)lyan intense green oolorg This green oolor has beta assooi-
.

ated with a polymerized form of Pu (IV) nitrato whioh oontains at least eeveral

-. thousand Pu (IV) atoms in each molecule of the polymer. Tho polymer may form

a precipitate which is very hard to difieolvo~
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Oxidation of 13r0
3
- by ~03

Because a

oxoecs of Br07- and
J.

two oompounds might

troublesome oxid~.tioncould be completed by adding further

’03’
itWAS thought possible that reaotion between those

bo euffi.oicntto destroy each rdher, thus necessitating

replenishment of these reagents to oompl.etethe oxidation to Pu (IV). An

experiment was performed in which 0.335M NaBr03 was reacted with 0.5M, 100~

2.OMand L@ ERi05at 93°C (temperatureand oomcentratioraof IiaBr03used in the

prooees}. Aliquots were taken at definit~ time intervals and th? Br03” detrmuiaed
*.

by titration againstistand~rd %hiesulphto. With 0.5M BN03, thercswas practically

+
no reaction f3Nter several days. With 1.014IiNOq,there was slight, noticeable Ilr2. .

liberation but it was not fiuffioientto dotoct by the titration used in this

.
experiment.

‘ith 2“oM ‘T03’the half-time for tho decomposition of the Br03-

present wasx50 minutas. With @ HNO
3’

the half-time for BrO~- deeornpoaition

wF.sx20 minutes. As the usual @ ooncentratian used

lM, there is probubly very little loss of NaBr05 snd

.t

.’

during oxidation is about

BNO due to their interactions.
3
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k Fo,Su@mary of the.PurificationAohi~ved,by Various Proocwssosand by Single

Step@ in caoh Procesae

!hibloVI

worki~ on various

have been given in

where purification

part$lby weight of

ia a summry of 1210im@rity separation data obtaiacd while
.,

chemical proaekebd fdr the purification of plutoaium. Retaulte

‘rPurifioationFaotorofl(referred to by tho abbreviation P.F*)

fa(rborequals the parts by weight of the impurity per million

PU (ppm) befo~e purifkcaticm divid~ by *he p=ts by ~o%h~

of the same impurity per million &rts by weight of Fu after purification for

one or a given combination of purifioat~& steps usect. As referred to in the

table, these steps are:

Oxalate Precipitation --
.. A_oetatePrcoipltation .-

‘“2(c204)# Preoipitition followod by two or three washes.

NCWUO o prea$.pitationfollowed by two washes,$3
. .. Diet~yl ether extraction of plutonyl nitrate u8ingtiher Extraction NFi#?03

.

l?~N03 as a salting-out agent,

Ether Extraction, Ca(NOa)~-- Diethyl other ~xtra~tion Of plutonYl nitrate USi%

Ca(NO$2 as a saltlng-out agentd

&my combination of tke above steps is known as a ‘Proceu8”Q AS referred

to in the table, these processes we:

PDF. is obtained from the oaloulated best estimted P.1’.

Tablb VI), it includes mother oxalats precipitation,

%* Prooe8s --

. precipitation,
.

.“CWProceaa --

.*
See J.A.405and

oonai8t8 of an ether extraction, Ca(N03)2

(W3e notes following

and an oxalate

oonsists of a sing3e oxalate preoi@itationo

the speoial sections of this rmort for details of all the

,,abovesteps and prouesses mentioned. .

. .-.%,.,

!.
,
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Other terms used in Table VI whioh require explmation are:

Best Estimated P.F. .- Ba8t estimated purification factor refers to the best

average factor obtainable from cion~ideretionof all the data presented for

~ w@i~~l- iw~ity ~~om-~ ~er the 8top or process listede Presumably,

this P.I?.oould be used to prediot the impurity separation possible for the

.
.

.
w

. .

step or prcmess given if it wer~ to be Lnoorporated into u new purifioatiom
., /

soheme~ For ‘the ‘An Prooess, the be6t errtimatctdP-F. is obtained, where

po6sible, by multiplying the purification faotors obtained for each of the steps

in the proooas~ or using the actua3 P.F. obtained experimentally,whichever ma

tha higher factor. For the individual steps, the best valid purifioatton faotor

is givsn. It is assumed that an ether extraction, N NO is equivalent to an
%3

sthsr extraction, Ca(N03)2.

Element and State ‘J?osted.-

plu~onium and the oxidation

the time of analysia. E.g.,

Lists tine impurity element being separated from

state or compound in which the element appears at

after an oxalate precipitation, the element would

be present im a reduoed state, after either type of ether extraction, the

elemant would be present in the oxidized state existing after treatment with

lkBr03-EN03 oxidant at 939c.

Prooipitation .- parts by weight of the impurity element per million parts by

weight of Pu prese~to

All the data presented are dapendent, of oourse, on the ~itit8 Of

sensitivity of the analyaes u6ed~ In t$e sass of some of the earlier rum,

t

“I!ll

made about a year ago, theso sensi$ivit~os were not nearly so Iowas at the -
I ,.

. present timO. In short, O.Sthu mqthodq o$?analysis were improved, the purio

fiuntion factors obtained beoume grcwter. This m?counts for a good deal of the..
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irregular data obtained and substantiates the assumption that the highest

purification faotors obbqined (almoGt alv.ayslater than the original factor

‘ to Vfhioh

aXX$1y8i6

it is oornpared)

uaod and their

for any step or prooeiasara vdide The mothoda of’

sensitivity limits have been outlined In IA.406~

!

Footnotes used in Table VI.

1) Boron separations on thq four “agxmial” runs listed were made “using

U02(N03)2 as a‘stand-in for Pu02(N03)2. It is a6sumed
.

of boron from Pu would be the samo or at ‘16a8tolosely

.
were obtaiued from I& Kahn..

2) Zr.Cb mixture used was &-d&y

● in oxalio aoid solution. Run No.

traoer quantities detcotable by a

Zr~ and3~tidayCI)95

211J-Pand 217-P were

y-meter. Additional

a

-.

traocirain equilibrium

nwdo starting only with

quant5tie8 of Zr and Cb

(5ZZr and .02~ Cb with respook to Pu) were added as carriera during Run

No. 21~-P. The beet estimated RoI?.given for the ‘An prooesc is the lowest faotor

possible and applies only when total Zr.Cb impurity oontent exaeeds ~%. If only

this factor would be greater than”20Q,traoer quantities of Zr-Cb were ‘presant,

the additional separation being due to the aoelnte precipitation.

3) Sin(aQNa+ is introduced in”tho ‘Aftand ‘E’$~ooesses, the beat estimated

P9F. is oaloulated using only the steps following the introduction of Na+. From

the amounts of’Na+ introduced and t!m best estimated P.F., one would expeat&2

pprsof Na lei?tat the end of tlno‘p” Proaeas and<O~3 ppm left at tineend of’the

“IlnProcess if tho plutonium wero not further mntatinated.

4) Ga+2 ia intmduccdint~~o“B”Procewbefore W fhst purlfioation s~ep.

From the amount of Ca&
!!!in.tmxluqedand the best estimated P.F. ono womla -----’--—,
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~300 ppm CA left at t!xeend of’tho “B” Prooens ii?

ContaminatioRo

there were no further

5) A aosmiderable portion ~f the Sn present was addeda6a preoipltateat

the begiming of the process.

~ Run No. 205.F’ (first one 1isted) was made using radioactive lA140 tmacer.

Purification faotors were calculated from data obtained from y-meter readings.

7) From known chemistry, it is a~sumed ttit there will beIno U separation during
8 ,.

either an acotatw precipitation or an ether a?truotion~

impurities in chmt~ Pyrex-glass sample containers and purificdion equipment,

and C.P. reagents used in the prooess, Thu6, it maybe acunmwd that all the

purii%xation faotors given for those elements are Gonewhak lower thn the true

ValUes9

.

.

,
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~. Special Researoh Problems.

This par% of the report is a summary of the special re6earellproblems

the results of’which newer affected the purification processes used. Moat of

the work was done in tno spring of 1944 boforo a routine procedure for puri.

fic~tion ‘hadbeen adopted.

Iodate Precipitation:

The Pu (XV) iodato precipita-tionwas censidcred as a possible puri.

?Yoatiori6top, especially as a means of removing uranium. There were eeveral

difficulties, however, whioh prevented it from being used on a routine produeti.oa

basi80

Tho most successful method for obtaining a good RI (IV) iodate prcoipitato

oonsisted of the following 8tiepe:

(1) Red~oo tho plutonium pre~ewt in HW33 solution to PU+3 with S02 o

gfisor cojd SOa saturated sal-ation.

[2) Oxidize thj Pu& just to Pu&

prtwsencoof lM HN03 solution.

(3) Add ILT03..HN03to prooipitate

by heating cm a steam bath in the

th6 Pu*aa Pu (N] iodate- Enough

prcoipitant wus added to give a supernatant

2M m?o3--0.2NFI103.

Onoe formed, Pu (IV) iochato-MAGvery hard to

above the precipitate of

dissolve oven by the use

of oxidizing agents such as BrO~- or Cr207=0 Oxidution with

at least 3 hours at 93°C (“tracer” scale). ?’,llenelNaPuo@3

made after SUCh an oyidatione 12 pr~i,pitat~also. This was

I?~2Cr20#iOl required

precipitation was

probably due to the
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iodato precipitate.

● 0 ● 00 ● ● ● ● .
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●0 ●:0 ● *9 ● 9O ● ** . .
● ● . .

● OO. .OO ::
9*.●:0 ..: ::

Of these U!++=and AO- weuw”u%.u”ss &&”?&%ss sodium. .

aitrate could be used to effect dissolution: Eknw?ver,any further treatment

of a solution formed h this way, aaused reprocipitatian of Pu (103)~

The IQC%AIXpreaipitatioawas qu~to maaoassful ia removing U from PUQ

Sever&l experiments wore made inwhi~h two iodate precipitationswere feud ●

The volubility of’Pu (XV) iodate in various media baa already been

reporhm? in L&&j. Sn2M HN05.-0.211X103 volubility of Pu (IV) ic)datewws

found to be 20 to 40 mg W/liter depondiag dn ‘Mm method of prooipi.to.tion.

Pu [XV} Peroxide precipitat~on.

Solubilitio~ for Pu (IV) peroxide in variou~ media have already be@n
> ,,
.

roportad on IA-63*.In0.~3M~T03--106M~02, ~dubility of PU (ZV) peroxide
a

was about ~0 mg Puf’literat room kemperatux+a. A few preliminary iSW08ti&itiOlMl-t
. .-“ were made to determine if.a p“oroxideprecipitation could be used in removing

m

U from Pu. It was found thot very poor U

was very diffioult to consistently obtain

Pu (111) Flusride Preoipltation.

rdtiovalwas effected. ‘Furthermore~it

gdod prccipitants.

The solubiliiyof #u {111) fluoride in various medis has bcxm reported

in LA-63.b U? RCI.-IN.HFthe volubility of PU (111) fluoride is about 50mg

Pu/liter ut room teinporature. In 0.6MiiN03-0.51&Hi?,the solubilityofpu (IV)

fluoride iG greater Man 1300 mg Pu/liter at room temperature.

The PU (111) fluoride precipitation was used principally

of bhe extent of reduction to PU+3 obtained wLth various reduotimg

(VI) i’luorideand Pu (W), fluoride arev.ry spluble while Pu [111)

as an Indication

agents. Pu

fluoride is

very insoluble. HE’maFJadded to the plutonium ~olution in JZC1or IiN@3after

reduction. ‘i’hoprecipitate,obtainedwas centrifug@ a~o~@ :o~!:bi3.ityof

::.: :
th~ plutoniumprcx?ipitate”presentdeterminedby rkki

b
:jj WS f’ot.md

●
-..

● *. : ●-* ● 00-
m ●

●m+qj(j
. . . : : ● : J:: liq[~

● : .*9 ..: : :
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‘chatPu (IV) fluoride is carried by any PU (1S1) fluoride praoipitate
,“ I-3

ThiGmade the above method of detcrmi.zd.n~extent of redudioa to Pu

Pu (IV) Oxalato Prooipitation

The”solubility of Pu (IV) oxalato in w.riou6 media has already been
,

reported in 1.A-63* I= 00&HN03 to 0Q25M ~C2~~s the GOlUbilitY~~3@mC

PJliter at room tempero.tuxeo Tineprincipal roa80n for ro66aroh on the Pu (IV)

o.xalatepraoipitationwas for the purposo of determining solubili~ tider

varioua conditions~ It wd6 not considered to be of any USG in a purification

SChemeo

P3utolli.UmCornplexea

While engaged in refaoarahon WAAOU8 problems, tinefollowiag comphx

compound8 of plutonium wero obsened:

PU (III) o=mO - Green solut~on

Pu (IV)(lxalate-

pu (IV) Acetate -

PU (~) Phosphate

Pu (AT) citrate -

Orange solution

Orange 803ution

to 9+J+ nitrate

- Pink Solutiqn

Orange solution

formed by addirig

formnd by adding

formed by adding

solution.

formed by adding

formed by adding

Pu (IV)iodate precipit~tet.

m.
h

Q
.$.

excOrasK2C204

‘Xcess‘2c204

3s5MN8+-10%M

~Po~to P@+

exce?sBSodium

to Pu2(c20&e

Ao”.lo~M HAe

nitratioiiolution~

citra%e to a

● ☛ ● 0. .**

::: ● ● m. ● .
:

::.: :::0
:.:00● 0 bee ● *O ● @* ●:. ●

k Oa...cc:-.., -.-’

m
● . . : ● : .:i:~iYCIAWihff ●....::i *. ● . ●m:.:. ● ::

● *. ● m
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