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ABSTRACT

This report sunmarizes and explains the chemioal research leading
to the development of various processes for the purification of plutonium.
The purification efficiency of the steps and processes used is sumnarized

in Table Vi Purification Factors for Impuritiese.
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CHEMICAL RESE&RCH
BUILDING D PLUTONiUN PURIFICATION —

I. Historye-e-Development of Various Purification Processes
In the sumuer of 1943, the CM.5 group was orgenized for the pur-

vose of wet chemistry purifiocation and dry conversion preparatory to metal

reduction of plutonium and uranium-2%5.

The first plutonium received at Los Alamos conaisted of about 0.5
willigram of cyélotron irradiated material from Berkeley mixed with several
hundred grams of uranium and about %0 micrograms of neptunium-237. The
plutonium and reptunium were seperated from the uranium by the use of successive

“ sodium uranyl '&fzzbcm precipitations, éuch a prccipitation only "carries"”
Pu and Np when they are in the oxidized sbute. Then the Pu was removed from
Np by several lanthenum and cerium flouride ocarrier precipitations and finslly
purified by an lodate precipitation. Both the Pu and Np, after purification,
were used for measurements by tne Physics divisione.

In February, 194, the first 5§ milligram shipment of Pu arrived
ot this site from Clinton and first purification research on appreciable
amounts of material begen. Shisments of Clinton plutonium gradually in-
creased ip number and amount of material so thaot the design of a compietely

enclosed glass apparatus for safely handling purification was begun.

UNCLASSIFIED

All lots of material, except thres, were purified by the recovery
phase of CM-5 under F. K. Pittman until August, 194L, when the construction of
an enclosed glass apparatus weas completed which could handle one gram of
material per iun. Then in September, 134}, nll purification runs were standard-

- o ized to an eight gram scale, these runs bsing used for both production und
/’ﬂ
research (see Fig. 1 for apparatus used). Fipally, in Junuary, 19&%.‘g¢uaL——f

large (80 and 160g. shipments) quantities of plutonium bscame availadle {rom

- Hanford all production runs were standardized to the 160 gram scule while

——————— 5l
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research was continued on the 8 gram scaleo

The necessity for stringent purification because of the acen reaction
invelving plutonium and.lighter tlements, purity tolerances for metallurgical
reasons, gnd our complete luck of knowledge as to what impurities would be
present in future incoming material from Hanford, has already been explained
in snother report (La-LO%, part I). It is sufficient to mention here thut the
purity tolerances which had to be met wore extremely low and the elements present
in incoming material which had to be removed nearly completely, involved the entire
pericdic. tableo

The first purification procedures wers suggested by analogy with known
uranium purification Chemistry. Both the ether extraction and sodium uranyl
gﬁézgifprecipitation of wraniun as 002+2 had provén sufficiont to purify this
. element from all other known eclements. Thus, the first process used consisted
in oxidizing the Pu to thae +6 stute, muking two sodium plutonyl acetate precip-
itations, euch of which was washed several times, and then twice extracting
plutonyl nitrate with ether. This purification scheme was satisfactory except
that i% obviously would not remove uranium which was present to the extent of
about 17 in C)inton materisle. Also, the metallurgists were using ursnium sulfide
"erucibles and any recovered Pu contained large amounts of uranium whioh must dbe
removeds . For these reasons, & means of removing the uranium present was developed.
The best removal found was through the use of an oxslate precipitation of Pu (III).
This was incorporated into & new process, designated Procedure A, which consisted

of a Pu (I1I) oxalate precipitation, und acetute precipitation after oxidation

te Pu (VI), an ether extraction, reduction to pPu (III), and a fimal Pu (III}— - —-

QOSSR —

P e

oxelate precipitation.
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The results of many emalysis proved that & single ether extraction was
sufficiont to remove #ll the elements except U, Cr, and probably Np well below
tolerance 1limits, so the next process developed, designsted Procedure B, utilized
2 single ether extraction, after oxidation to Pu (VI), followed by the Pu (III)
oxalate precipitation. (See lA=LOS for complete flow sheests of &ll processes).
This procedure has been adopted for future production.

The major purpose of future research on any further purifioa;ion processes
will probably attempt to do away with the ether extraction as the use of ether
constitutes a dangerous industrial hazard and inevitably involves the use of
‘specinlly bullt equipment and many protective safety devices. So far, the only
promising methods iavolve the use of Pu (III) oxalate precipitations op Pu (IV)
peroxide precipitutions. e still have no analytical date to prove thet either
of these moethods will meet the tolerance limits for impurities in the final

product.

U
UNCLASSIFIED
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II. Development of Purification Chemistry.

Ao

Ether Extraction Research

Diethyl ether extraction of plutonyl nitrate from dilute nitric aocid

using NH’)_‘NO3 or, later, Ca(N05)2 a8 salting out agenis proved to be the most

satisfactory purification stop used. When the total impurities present in the

plutonyl

nitrate solution did not exceed 6}{, a single ether extractiom lowered

the concentrations of all impurities at least to tolerance limits, with only

few exceptions. Uranium was quantitafively extracted, about ]QZ{of the Cr as

HéCr207 was exfracted, and possibly neptunium, although there is no concrets

evidence

other than general chemical behavior that the latter would extracte.

The first partial evidence of the purification efficiency and the

technigue of operating the ether extraction was obtained from an experiment

using 10

mg. of plutonium (see report IA~75). The plutoniwa was oxidized to

Pu (VI) with Na20r207-HN03 und twice precipitated as NaPuOpAczo Two ether

extractions followed these precipitations. The first extrsction was in the

presence

of NaNOz (?rom the dissolution of NaPquﬁca) as a saldting out agent.

The second extraction was made without using any salting out agent. The purity

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

thne same

or LA-T75

out in a
operated

that the

procedure is given in lLa-/06 (Table III, lots No. 5, 7, 9, 12, 14)
(Table II).

As soon &5 gram amounts of Pu were svailuble the extraction wus carried

until as much Pu (VI) as possible was removed. At first it was feared

&

&

standard Sox.alet extractor provided with a non-porous cup which vas §
3

use of any salting out agent (even dilute NaNO3 present after dissolvin

NaPuOZAc3)~wh11J producing faster, mors complete Pu (VI) extraction would also

force out light element impuritiss. After the analysis on the initial rums, it
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was found that NaHOa s 2 salting out agent gave as good purification and much
better extraction than no salting out agenty However, up to this time there
was no evidence that more concentrated salting out agents could be used other
than O.LM NaNO3 present after dissolving NaPuOghoz.

Uranyl nitrate "standein" research by M. Kahn proved that using NH), RO,
in concentrations up to 9.0M &s a salting out agent gave s 99.§2§yield of U0x(NOz),,
and as ‘pure a product, withinm the limits of anal&tic deteotion, as was obtained
using no =alting out agent. To all spoearances, one other extraction Vs as
good as several in removing light element impurities, with the exception of
boron. However, this may have been nertly due to the analysis of background
amounts of these elements. Shortly after this work was made kpown, NﬂhH0§ TS
‘used as & salting out agent in the extraction of Pu (VI) anitrats as part of
the purification process. A4lso, only one extraction vas used in the process
and the product purity was satisfactory.

The Soxhlet extraction apparatus vas used until an 2ll-glass, enclosed
appuratus waus constructed which would take cureof 5ll_chemica] ;perations in ths
purification process witbout ever removing the Pu being purified from the anparatus
until finally ready to transfer the pure Pug(caoh)a precipitate to dry conversion.
This apparatus was first built to accommodate one gram of Pu per run dbut after
only one run was recoanstructed to purify material in eight gram lots (Fig. 1).

This eight gram apparatus was used for the principal portion of all the research

done on both purification chemistry and produc‘bio.n problens. ““C\_ASS\“&“

Urany? Nitrate "Stand-.In” Reseurch

Uranyl nitrats was used as a "stand-in” to obbtuin some of the preliminary

ether extraction data, i.e., to determine effect of concembration of salting out

——
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agents and of HN05 on the extraction rate, extraction rate of uranyl nitrate
and of fmoa against time, effect of 302H302 (which would be left from dissolve
inp & previous acetate precipitate) and the rate of extraction. The various
experiments made and the results obtained are summarized in Table I and in
Figures 2 and 3, which are graphs. representing extraction retes of uranyl ni.
trate 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 vas added
enough €M NE)OH to ppt. all the U0,*%, and about 2 ml. excess: This mixture
was centrifuged about 15 mins, at 2600 re.p.me. The clear supernatant was then
drawn off and discarded. The ppt. romaining was dissolved in 2M HNO; and
reprecipitated with &4 NHj 0R several times (supernatants, after centrifuging,
were drawn off and discarded) to remove all salts. Finally the salt-free
diuranate ppt. was dissolved in 24 HNOz and slowly ignited to U308 in a weighed
platinum crucible. The crucible was weighed, after cooling, to determine amount
of U3°8 obteined from original aliqguote.

HNO§ analysis; HNO; remaining in the extracted solution vas determined
at the same time intervals as anfa by removing the later with potassium
ferroyanide and titrating against standard base using methyl red indicatorl) .

The ether distillatiox;x rate was kent at 2C to 24 ml/min. Throughout all
the extractions snd the apparatus used was of the continuous ether recycle type
shown in Fig. 1 (8 g. apparatus) except that the extractor vas not kept colder @
than reoom temperature and an outlet was provided at the bottom of it so that §
samples could be withdrawn at definite time intervals. Rate of stirring in g’

)

the extractor vas kept constant.

1) C. W. Bawmond, April 21, 19LL, CC14%2, Determinution of Free Nitric Acid

in UNH Solutions. g
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Analysis after single extractions had indicated that the acetate

precipitation was probably unnecessary for satiéfactory purification, so
that the possibility of going direetly from oxidation of either the incoming
stock material or the first oxalate precipitate wus considered. When this was
attenmpted with NH'uNO3 as a saltlng out agent, such copious quantitiss of Brp
were evolved that the corrosion problem became too great. Also considerable
quantities of "gunk".were formed which;carried into the ether layer and clogged

the ether carry-off tube. Therefore, if the acetate precipitation was to be
omitted, some salting out agent other than NHLﬂOB had to be used. Previous

reports from other sites (A-1022, A-1029, A-1037, A-1052, A-10%9) had described

the effects of various nitrates, e.g., sodium, calcium, ferrio, cuprie, aluminum,
megoesium, and zinc on the distribution of uranyl nitrate betwesn water and ethere
Of these, calcium nitrate was chosen as the most Tikely substitute. If any cation
impurity were to be carried over with thé ether, Ca would probably be the least
objectionable not only because it would be introduced into the plutonium metal
during reduction but also because it could be removed rather well during re~
melting of the metal. It was fortumate that very little, ca™2 was éarried over
(about .01/9) because it was found that O«l/-or greater Ca as an impurity produced
lower yields during reduction of PuF), to the metal. The seventh run of this series
(Table I) was the first attempt to use C (LO3) as a salt:ng out agento

\ "'.' i

Conclu81ons drawn from the date on Table I and the graphs in Figs. 2and
. A o
3 indicate that when NHLNO is used for uranyl nitrate extraction the main faoctor

Wir }, ,J’Q 3:*

=
L.
is the total nitrate conoen?pt&ggﬁgg?heg thag“ti}e ?onc. tof e{xthex‘ HNO; or I\IIL‘NO E_”.
. ‘ -y
independently aﬁd that Ca(NO ) with 1ow HNO3 conc. iz a much better salting out E:j

agent than NHLNO under the best conditlions. Further, the extraction of BN03
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coincided closely witn that of UO;_,(NOa)2 on 611 the extractions except the one
using Ca(NO;)e where the aclid was extracted more slowly until the nrincipal
portion of uranyl nitrate had been carried over. Caloculations indicate that

. these extraction curves approximate the expcomential formula at fairly high
concentrations of UOE+2 i.e., the rate of extraction varies directiy as the

<
concentration of uranyl nitrate present.

“ms\s\m
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Table I

Ether Extraction of Uranyl Nitrate

Chemical Conditions
Previous to "xtmctmn

UOg(10s) g

Remarks end Observations

Extraction run for 208 mmutea--nrocemd. nomlIy _

| M KO, NOs Bigh HNG, conceniration used. _,
200 M BIQ‘OS . . : o ; [ '.'f by
2o 0.77 ¥ UOp(NOCa)g Bxtraction run for 220 minu ws--p'ooeeded nor‘llyo_'
9,0 M NHNO, Falrly low HNOg concemtration used.
0.45 M HNO, '
2. 0.7 M UOg(NO4jg Extraction run for 225 mimmtes--proceeded’ némny‘ i
9.4 M NHNO, Low HNO, concentration but total KOy~ camonmtion‘ .
0.02 M HNO4 - same as in preceding rua. . ‘
4. 0.1l ¥ UOQ(NO,) o Extraction run for 183 minutes. o
B.25 N NH NOu An initial NelOgAc, precipitation was nade » then
0.57 M HNO, HNO, and NH,NO, was added to.simulate sctusl purlfi-;
0.34 N HCgB.0g oation process conditions using low HNQ,oomenm’cion.
5. . 0o11 U UO0g(KO,) 5 ' Extraction rua for 158 minutes. §sed as chck o
8.5% M NY, NO, Bun No., 4 this time using high ENOy conhoentration
2.2 M HNO4 tefore extracstion. Copious quantities of nitrogen w
0.34 M HCAE4Og oxides were evolved. ‘ : g R
6o 0.11 ¥ TOg(NO0) o Extraction run for 174 minutes. A :
8,25 M H,NOy low HNO; concentration snd lower ).a‘no, eoncmmti,m
0.28 M HNOy ms sncountersd in the two previous runs. . No HCoHeOg - }..¢
' preseut. _ e S L
7 0.11 ¥ U0,(%0a)p Extracticn run for 3%. minutes, after which tine it
4.0 ¥ Ca(N0x), was as complete as proevious runs. Low HNOy ' .
0o M HNOy . concentration although total NO,~ qonca'n'br;tion s

. - nearly as great as in previcus runs. (aly 60 parts
. of Ca per million of 9L carried over with, ather, .

3ASVa13d O I'1dNd d04 d3INOodddV
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Ether Extraction of Mitric Acid
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Plutonyl Nitrate Extraction Ratos

The first extractions made, using NHL}IOB-HNO3 as a salting out agent for
plutonyl nitrate (obtuined by dissolving NaPuOEAca) hed initial concentrations of
Nf{hl\:o3 =~6.5M, HNO =< 0.8, Pu(VI) =--0.14M, Nsmo3 =~0e1LM, 302H592 =~ 0cli2M,
With these starting chemical conditions, it took at least 30-L0 winutes for 3 grams
. of Pu (VI) to be extracted from the aqueous medium into ether using a continuous
‘ether distillation rate ofr.25 md. per minute in the B gram apparatus. On several
runs, the initial HNO5 concentrotion was not greater than 0.3M and the extractions
would not go to completion unless more HNOz was added. So research was begun to
find the optimum conditions for quick oomplete extraction still retaining product
purlty. Eirst indications were that the HNO3 concentration should be as wgh as
possible but not so high that the amount carried over with the plutonyl nitrate
would interfere with the subsequent HI reduction and oxalate precipitation.

Table II is a summary of the extraction rats work using Nahnoa-ﬂmoa as a
salting out agent. Runs numberesd thru 230 P were made to determine the best
conditions for fast, complete extracotion. The best conditions found started with

NHLﬂOB = 8,014, HNO3 = 1.5M at the beginning of extraofion. These oonditions Qere
achieved on future produstion runs by dissolving the sodium plutony}. ecetate with
9+0M NENO,~2.3H HNO; Teagent. | |

Runs Nos. 2l4p, 2l5p, 2Lép, 2L9P, 250P, 251P give date for suas from which
extracti;n curve data was obtained. Aliquots were taken of the agueous solution
at definite time intervals amd the Pu determined by rqdioassay. There is no dmta
avallable on the extractions of HNO3 during these extractions a&s there is still

no good method of determining H* in the presence of Pu (VI). The extraction

curves obtained from this data are contained in Figs. L and 5. PFig. 5 is
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especlally significent as it shows graphically the important part HNO; plays

in the extraction of plutonyl nitrate whereas in the extraction of uranyl nitrate
it was found that the material kept extracting without "sloping off" to any
great extent even after the HN03 concentration wvas very low.

Table II gives date for extractions made using Ca(Noa)-HNO3 as a salting
out agents It should be noted here that the initial HNO; concentrations are
considerably Jower than im the previous NH’L.NO3 runs yet the extractions obtained
woere a good deal better. Figs. 6 and 7 are the extraction curves obtained from
this data. Ca(NOB)2 served as an excellent salting out agent when used to proceed
direotly from oxidation of the Pu;(ceohr)3 or the incoming material to Pu (VI)
solution by HaBrOB-HNOZ. It is assumed that all extractions listed in Table III
were precaeded by an 6kalate preciplitation unless otherwise indicated. The ether
distillution rate was kept at~25ml/min. and the temperature of the extractor at
8oc.

The efficiency of the ether extraction may be judged from the fact that,
at the most, only several hundred parts of Ca per million of Pu were carried over
during the extraction from a solution which contained about LO times as much
Ca (~4.0M Ca, ~0.1M Pu) .

Conclusions which may be drawn from the data in Tables II and III and
their accompanying graphs (Figs. L, S, &, and 7):

(1) For best extraction the total NO_ - concentrations in the agueous

solution containing Pu (VI) should be as high as possible. If
NE.LNO3 is used as a salting out egent, the HNO3 sonoentration
should be at leust 1.0-1.5M initiél]y or 'NO, should be "bled" in

3
ocoaslonally to obtain a fast, complete (lsa¢, >997 yield of

P SR PG Bl T gt vt oo swittng ot
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agent, the HNO, councentration can be <0.5M. In actual practice the
3 P

following sets of initial concentra.tions were found to be best:

{ 75M NRNO | LoOM Ca (NO5), ,l

! {
. 1o5H HNO3 b or }O.SM HNO ¢
{ 0.12M Pu (VI) [ 0+12M Pu (vx) ,
N vy

(2) When NHhNos is used as a salting-out agent, the UNOy concentration is very

important and the speed of extraction depends more on the cENO; than on

*bhe)cI‘HEIh.HO3 or total NO5 - concentration (comparo 2LGP whica used high

CHNC.Q, and low GI‘II:IL;NO3 with 250P whioh used medium HI\IO3 but very high NPLNO

consentration) .

(3) when Ca(NO3)2 is used as a salting-qut agent, rate of extraction is

dependent principally on the total NOB' concentration in the aqueous

solutione

() ca (N05)2 with low [111‘103 concentration is considerably better than NH) NO

with high HNO3 concentration.

The purification achieved or a)l these runs was satisfactory for the

production of good plutonium metal,

APPROVED FOR PUBLI C RELEASE
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Fluton, 1 Sitratlo stner sxLracr.Ios. (.aigs.s Saiing b fgpuht]
Run Time for dissepp. CKI-L,NO,, CHNO_., Fu loss .Method of Addn. Remarks
No. of Pu (VI) color in (mg. left of Saltinge-out
aqueous phase in aq.phase) | Rearents.

s —— —— — —
Average . . - . i
2007-222P  about 30-40 min. ~/64 5N <0.8K 0 mg. - As single soln. , Ext. duration, le=

Us.ally necessar; to add 11/2 ars.
10«20 ml. additional
1ON ANGs
223-P 10 min. - 6.7TK 0.93X 24 mg, 180 ml., of 10K NHHO,, Ext. durationm,
- : ‘ : thon 2C ml. 16M ANOm ?/4 hrs.
225P <25 min. 7.5H 1.75Y £2 mg. As single goln.- of Ext. duration,
' 10M Nii NCx=2,08K HNO,4 " 3/4 hrs, Some
. R E N0« pptd. .
initially but
gradually re-
dissolved,
.227P . T|<10 min, 7.5M 1.10M 16 mg. As single ssla. of Ext, duraston,

: . 10M NH, NOx~2.08M4 HNQ,

) Y
228P <15 min. 7.26M 1.5k 18 mg. As single soln. Ext. duration,

A 60 min.
229p <5 mine 8426 1.73% 11 ag. As single soln., then Ext. duratiom, .
eddn. l3m1. Of 10! HNOa 50 min. moa
. : pptde initially
but gradually
dissolved .
P . L=
2*0P_ <25 min. €. M 1. 66X 80 mg. As single soln. then Ext. duration, wte
: 10 ml, 168 ENO, additional 80 min. No
. acotats wasnhes.

ARHSYTD
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: i Table II (Cont.) ‘
Run " Time for dissapp. Cygn,NO, Cowo,; Pu loss Method of Addn. Remarks
No. of RPa (VI) color inm . g, left of Salting-cut A .t '
1. agueous ‘pPhase . 0 R in 83, phase) Resgents. 5
244P <20 win. 8.24M ~0, 27H 16 mg. Single soln. ’ Ext. duration;
(esz.) : 9.5M NE NO5-0.8%K HNO, 80 min.
245P <60 min, 7.%7H ~Q. 18M 47 mg. Single soln. after' " . Ext. duration, -
: * (est.) oxidetion-10M NH,NO, 120 min. No :
. ‘ : : : o - acetate ppts i
o : Lo ‘ . Poor oxalate ppt.
. L k ‘ : N after extriactions
. ¢ \ cos L et No acetates Gy,
S _ . , s ppt.,fcrmd during
e . - D T R erhncticn,
246P <25 mins' 8. 15K 0. 19N |14 mg. ‘Single soln. afted ' " Exte duro.tiou.
. © Lo (est.) oxidation-10M KE NQs - No acetate ppt. X ";‘
-y , ‘ ; . . . Excesaive Sr, e
¥ ' hoera’oed. \g: R
240P <6 min. 7.6 1. 49K 9 me. Single soln, - ' Ext. duutiom
. 7 : L . . - . 9“_ WOS-&W'ENOQ : 80 mino “‘ -3 ' e
.2502 <30 min, 8o 641 0.97X 5 mg, Single soln. :th. aur.anon. ‘
e51p K15 min. 8.4k ] ~(.7r : % g Single soln., - T Ex‘!: 'dum‘b‘ion, ‘
- After . min.{After 35 min{ lo.zx muoa-z.m HNGy | 7% miz. 1S al.
- 8.4 © . |0, 75N S of 10MENOy- . i
: - ", sdded amr;ss
B L min. of exty -

g
A
e .
=

%
%
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Table 1:7

~ Plutonyl Nitrate Ether Extraotion-(Ca(¥0,), salting out agent

Time for dissapp. b GCG(N( 3)e - CHﬁNOn Pu loss Hemarks
of Pu (VI) oclor in | '
; aqueous phase
<5'min. 4,28M ~s. 28X 2 mg. pxt. duration, 70 min. 700 parts
A ’ ! of Ca per millisn of Pu csrried
over with pure product.

<12 min. x.0M L AL 24X 7 nmg- Ext. duration, 80 min.

:10 min. L X, 75M 0.55M . 4 ng. _ Bxt. 4 ration, 70 min. No oxalate
ppt. Jireect oxidation, then
extraction.

<6 min. ‘ 5. 75K ~ .54 4 mg. Ex%. duration, 100 min. No oxalate
© ppta. 125 ml. 10M HNGy added after
60 min. Srown solid formed at
H,O-ether intverface.
; <18 min. Z, 754 ~'1.05} ? np. Ext. duration, 70 nin. No oxalate
o pota.
! \~10 min. ‘R TBM L4 4 ng. Ext. duration, f0 min. No oxalate
i ppin.
% 58 min. . 7511 ~0.5M 16 mg. " Ext. duration, €O min.

%.
S
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Plutonyl Nibrato Ether Extractiops (Table TTT)
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Purity Achieved by Process Involving Single Ebther Bxtraotion With Ca(N03)2

as_Salting-Qut Agents

Results of many previous analysis had indicated that o single ether
extraction of Pu (VI) gévé excellent purification. For this reason it was hoped
that a shorter, mgre simple process could be used on a production scale which
would depend only on an ether extraction and oxalate precipitation for complete
purification. Two 1&0-gram runs, 576-P, and 577-P, were made to see if such a
process would be satisfactory for purifying Hanford material as it was sent to
this site in June, 19.5. The proocecdure used was to oxidize the mixture of Pu

(I7) and Pu (VI) nitrates (previously dissolved in 1M HNO;) with excess NaBrOy,

3)
then ethereextract the Pu (VI) nitrate using Ca(N03)2 as a salting-cut agent

and finally precipitate 1>uz(czo)+)3 after reduction of Pu {(IV) with 5.5M il. This
was known as the Bsl purification process. The Pu2(020L)3 preqipitate was washed
three times and after the final washaaupgrnatant was drawn off, samples were taken
for analysis. PFurther analyses were made after the Pu had been converted to metal
and remelted by Hammel. {For detailed conditioms for this process, see B-1l
procedure in LA<405.)

Teble IV is a summary of the purification achieved on these two runs
l1isting elements analyzed for immediately after purification and after the metal
was remelted. The metal produced was found sufficiently pure to meet all the
requirements of the metallurgists und physicists.

These two 180-gram runs had proved that the B.l process was sufficient

to purify Hunford material received at that time. However, there was a definite

UNCLASSIFIED

possibility that certain impurities, viz. Cr, Fe, Ni, Ia, Sn, S0) =, and PO =,
might be inoreased in the futurs. 50) = and PO}, = had been reported as interfering

ions which would hinder extractioms of 002(N03)2 by comploxing the U02+2

RPPROVED EOR PUBLI C RELEASE
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so it was feared that if they appeared in high concentrations, the extraotion of

Pu (VI) would likewise not go to completion. Also, if either 50 = or FQ) =

were oarricd over by ether with the Pu (VI) the complexing action might interfere
with HI reduction or Hhe oxalate precipitation. So to test the efficiency of
extraotion (using C&(NO;)2 a8 a salting out agent) in removing these limpurities

and in overcoming the. complexing effect of 50}, = and Poh = s, & saries of extraoctions
wers made on the eight-gram scale in which the impuritieS in question were added

in excess over any smount expected with Hanford Pu.

———: T
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Table IV
S\mnéry of Purification Runs 6767 and 577F
Run ¥No. £76P g77P
Date 3~18~45 Ew21=45
Source of fu 78-1 76-H
Li ‘-0. 6 hadadndadoad .<0¢8 - - -
iy
L {Be )| eeme- - ~e08 «wnom
V]
o I T | Y (<C.3) e <0, %)
»
i
& Na Smmwwe 00000 mamamw T - -
[~
CREY <6 cevem <2 = emaa=
4
]
= | Al 9 ———— <2 @ eecae
$e
g 1St <72 (~7000) <120 (fV200)
E Pu (4" T e e o <,65 L L L R
&
~ K —-— - - - <7 -
o ,
AL PN o ’
| Ca 220 ——— 26  eeee-
3
ol I <0 (<30) <60 (<80)
o
S ler <22 ( <60) <2 (<50)
S | <6 {<10) <2 (<19)
o | i Lz - 118 bl
o
3 Co <22 . - <8 o ma
3
g ‘Ni <22 (<10) 8 (~10)
©
Cu -——- (<860) ————— (<60) .
. Sr . L2 W wmee €UeB weews
In <20 (<30) <30 © (<30)

i Numoers ‘in parenthesis indicate ppw. 6f the element
after the converted metal was remelted, ’

Al

\3\&\533\
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. igE 7 . wTable IV {Cont.) -
Run No. J a6 | 6779
Date ‘ 5-13-45 6=21-45
Source of Pu 7508 . 76=K

-« o

(15)

{ 15)

.Sh_‘ . <60

{<60)

<60

{ <éb)

o wmww

<2

ares o dven

- o

CR wemanomm .

LY L T

<17

({150)

AP 2> Wy

Blements Left after Purificatien

|{parts per million part of Pu}#

Au }-<150 ] <150

Hg - (<150) <17 wme=

11 ® . (<lp) <100 memee
Py i e <« (<15)

v “em—. (40) 1 e (20)

Dot Humbers .’m

R -..

. . P - w—ﬁ .
. . =
AR e Ty
s : ﬁ
g -
v Lo
Y - R .
. oo 4
el R I T
s PP
- - - [ 2 .
S
= - v
- N
7.
e, -
- - .
.t
:.
T "?,"V -
T R
- -

.8

[y

}arenthesis indicate ppm. of the .elsuwent
‘alter the converted metal was rame]ted.
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Table V is a summary of theo date obtained from these runs. In &ll,
seven Sagram extractions were made vsing 21-% as starting material. Each run
consisted of the following steps:
(1) Impurities wers added to each 8g batch to brimg the impurity
conoentration of the starting nmterisl up to the amounts indie
cated in Table V.
(2) Tne Pu (IV) - Pu (VI) starting mixture prosent was oxidized with
NaBrOB-HNoa- To do this, temperature was raised sloﬁ?y to 929C,
and held there for one hour, while stirring vigorously. Br, started
coming off at~65°C but by the time the temperature had reached
92°%C no more Br, was apparent. After oxidation, %he'solution wa s
quite cloudy (probably because of Sn0, and 510,) -
(3) Extrection was then carried out using C&(NO§)2 as a salting-out
agents Ether was carri 1 continuocusly through the agqueous soluticn.
Initial concentrations 1d extraction conditions:
Py = 0012
CCa(NO3)2 = 3.7M
CHNOZ‘; =-<003%
CN’aBrO3 =~0.06U
Temp. ;6.5° -- 8.5°% .
Distillation rate of ether - 25 mi/min. BExtractions were visually complcte
iﬁ l1ess than 15 minutes {no Pu (VI) cclor in ether layer) but total exiraction time
vas LS minutes. Br2 was present in the ether layer during some runs but no reason
~ for this or correlation with other data could bs found. ““CLASS\HED
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- (L} Samples were taken for analysis after extraction. Kesults are
summarized in Table V. Losses of Pu in the agueous layer did not
exceed 1L mg (> 33.8%) recovery of purified Pu). -

The only elements which appeared to any extent were Ca, Cr and 8n.
The oxalate precipitation which follows this should remove a good deal of each of
these impurities. The Bel process was adopted for use on a production soale a
short time after this researoh wus done und the metal produced has been satisfactory

from every stsndpoint.

- .
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Tabdbie V

Sutmary of Furificstion Achieved Ly Ether Extractions

Using Ca (NOa),

..3 Salting Out Agent

Run Noe Initial Impurities After Bxtraction {ppm.)
{Dete) Impurities (Separation factors given in psrenthesis
: Ca Cr ‘ Ni Sn la Fe 3C,~ PO~
—— —_— 2
170 220 " 12¢ < 13C <18,00C <26
(7-3-45) Soln. A® (2%) (715) (>€,675) (1£4) (>10) . =%6)
18.2 § SC,~ : :
% PO‘ 7¢ 220 1¢ 70 <3 24C <18 ,000 <25
7-5-45) (23) (590) {>5,675) (080) (>10) (>%e)
§0 200 10 100 <2 157 <15,000 <80
-i5 oln, A™ (17) { 50C) - RN )] (127) (>32) "] (%)
(50% SCex -
: 0.5 kU, 80 240 8 100 <2 5 <1§,000 <50
(7-6-45) - ‘ (c2s) {(>10,000) (228) (>32) (>100)
. 160 7200 20 200 <2 140 <15 ,000 <50
(7-€=-49) S lo, A% _ (17) (250) (>10,000) (143) (>22) (>4c0)
- 50T SO, ‘
2,00 PCS 270 450 <3 156 <5 274 <14,000 <64
(7-9-45) {13) (>217) L)) (73) (>25) (>310) .
250 400 <26 18 <5 100 <16 ,00C <E0
(7-9-45) Soln, A® (12.8) (>200) (>4000) (200) (>12) (>400)
13,27 8C,.~
2.04 PC= '

"ppu." refers tc parts
_ %,given is with respect

Fe=2, 0%, Cr=0,%%,

-

; weizht of elstent presant Jler' ~illicn oarts of Pu.
Lo Pu.

.Soln. A trought impurities in starting maberia.l up to following amounts with respect to Fu.
Ni=0.5), Le=2.0%, Sn= saturated soln. of Swt* with respect to 1
Linits of sensitivity on the SO, analysis in presencs of Pu {VI;.

TGy
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Loss of Pu During kxtraction

. No matter how long any extraction Yas carried out there was always a
residué of Pu {as determined by radioassay) which would not extract. This is
clearly shown in several of the graphs (Figs. L, 5, 6, 7) where the curve of
extraction slopes off to a straight 1ine at some low Pu concentration. After
several extractions, the other layer and aqueous layer were seovarated aund assayed
separately. It was found trat only about'onc tenth of the residual Pu was left
in the ether layer and, thersfore, the bullt of it was still unextracted in aqucous
solution.

There are several possible reassons for this. First of all, oxidation ~
may have been incomplete and sny Pu (IV) still in the solution would not extract
from the sclution which was very low in HN03. Secondly, it is evident that HNO5
is extracted with the ether and way be depleted to such sn extent that the pH of
the aqueous solution approaches 7. It is fessible that at such a pH, basic complexes
of Pu (VI) ere formed that will not extract. Finally, there may bs complexing
ions present, e.g. acetate, sulfate, phosphate, that hinder the extraction of tho

last traces of Pu (VI),

BExcessive Bromine Liberation During Extraction

During e large percentage of the extractions made, a great deal of Br
was present in the distilling ether and as wvupor throughout the apparatus.
Presumably, the Br2 wus elther formed during the extraction from the interaction
of Nan'O3 with BNO3 and NHI}_‘.NO3 or was Jeft in the apparatus after oxidétion to
Pu (VI) by NaBrOa. It has slready been mentioned that the use of NHLNO ss &

saltinge-out agent in the presence of Na.BrO3 liberated copious guantities of Br

and formed a paste-like emulsion in the ether layer which prevented the Pu (V w
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from being carried over into the boiler (Fig. 1)+ iThen Ca(N03)2 was used as a
sulting-out agent in the presence of NaBrOa.and low HNCL5 concentrations, the
Tiberation of.Bre wag reduced to such an extent that the veliow Br2 color in the
ether layer was hardly perceptible. This wess partly due to the fact that nearl:
a’tl ua(NO3)2 extractions could be sarried cut using very low IiNO3 concentrutions. .
“hen it was uecessary to add additiona’ HNO5 to obtain complete oxidution (thercby
leaving a relatively high HNO3 conzentration at the beginning of extraction) thera

.

was, 8 grewt deal of Br2 Tiberated even usins Ca(N03)2 a5 a saltingeout agent. A
specinl research problem indicated that considerabl s Brg =28 literated just from
the intera:tion of NaBrOz.and %INO5 (see section on "Oxidation", thic resort) cv.a
&t the low temperuture present during extractione.

Because much of the lurge-scale production apparstus hud to be constructod

of metal, oresence of Br_, constituted a very serious corrosion problem. The only

2
metals wihich would withstand Br, vapor were plutinum and tentalum. 30 as long us
NH‘LLNO3 was used as a ssltipng-out arnent it was more necessary to retuin the acetstec
precipitation to remove the NaBrO3 after oxidation then as a purification stepe

The problem of Bre corrosion has been minimized by the use of C&(NOB)Q as a salting
out ogenv, by the use of poly-TFE plastic gaskets, and both pletinum and tantalum

metel on parts of the purification ecuipment exposed to Br, vaporse

2

Sepuration of Impurities by Bther Bxtraction

& large numter of analyscs were made after Pu {VI) hsd boen extracted
from dqueous solutions containing & large number of metal impurities. This work
hus been summarized in Table VI of this report.

B. Socdium Plutomyl Ascetate Precipitation

Use of the sodium plutonyvl acetute precipitation as a purification &tep

UNCLASSIFIED sz
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s suressted by analogy with uranium chemistry. There sre so few insoluble
ascetates thaat such a precipitation should lower the concentrations of all elemeuts
present with the plutonium except Np, U, Na and probably some of the heavier
ciements vhat woulé tend to hydrolwze ¢t o pi = 5.

the first precipitation made at Site Y with tangible amounts of materiail
vas done as part of the purificetion scheme ussd on the first 10 mg of Clinton
fu purified here (sec LieT5).  The precipitant used was excess 2.14M Nadc=2.9Y
NaNOB whicn vas sdded to the HNOB solution of Pu (VI) immediatelv after oxidaticn.

This gave & supernatant above the precipitate with the following composition:

Nat = 34
Ac”™ = Q. 6M
Hae = O.5M ’

It wus alresdy knownAth&t UOEACB_ vas a strong complex ion end the
solubility of the NaU02A03 compecund principally depandent on the mass action
law. Therefore, the excess Na™ used woulé be expected to greatly repress the
.so]ubi1ity of the NaPu02 Ac3 precinitate. The precipitate was centrifuged and
after the supernatant vms drawn off’, washed twice with 5M No T=m0.2¥ Ac™ —- .
Do35N Hac solution. The concentrations of Ac~ and Hic were adjusted tq give a
wRsh soluvion of pH = 5.

~#8 long as acetato precipitations were carried out on the one-grem scale
in centrifuge cones, no difficulty cdue to setiling ol prscipitate wus encountercd
a8 the precipitate could be easily separsated by centrifuging it down to o small
solumes. However, as soon as the a)l.rlass enclosed eipht-gram purification
upparatus was usecii, taere was considerable difficulty in obteining & precinitate

Lhst would sottie to a ressonably low volune in o short tims. dost of the
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preciplitates settled so poorly that it was impossible to obtain satisfactory
washingo.

In order to determine qualitatively the best conditions fer precipe
itation, one gram of Pu (VI) as the nitrate was precipitated under varying
conditions of temperature and rate of sddition of the precipitating resgent.

The settling rats cf NaPuOEAc5 in each caso was observed. It was found best
to precipitate the NaPu02A03 at a temperature of 60 to &° C, adding the
oreclpitating reagent at s rate of I m1/min. Using these conditions, it vms
a8till impossible to consistently obitein satisfmctory precipitations so the
chemical conditions at which the acetate precipitate initially formed were
varieds It was finally found thxt good precipitates could alwsys be obtained ‘
by diluting the Pu (VI) immediutely after Nemro3 oxidation, to 0o2LM snd then
using & precipitating reagent of 2.75M BaAc=2.4M NaNOB.

The originul conditicns using & tempersture of 60°C and a precipitating
reagent addition rate L ml/min in the eight gram apparatus or 50 ml/min in the
€0.gram production apparatus were still retained. The goneral procedure for such

wn acetate precipitation can be represented schematicslly as follows:

Qs
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.24 Pu (VI)

HNO§, NeaBro Impurities

30

2.758 NsAo

3 ohOM NaNOB

NaPuOpho (8)

2.2 Nat

OoLiOM Ac” Supernatant

0.3M HAo
Tash ppt. twice with Withdraw Supernatant
GoOM Na< 0.2M A0™ - 0.35M Bac
Withdraw supernatants from sach wash

N

N&Pu()zAc3

Sodium plutonyl acstate, as usually formed in this process is pimk to
light red color. When pure crystils are formed, thnoy are bright red.

Solubility of NaPuozéga_

.

The solubility of NuPquAo3 nas been reported in another publication
(14~154) « The figures given in this report, 19.5 grams/liter at 25°C, and 37.5
grams/liter at 96°C%, indicate that one of the principle disadvantages of using
the acetate precipitation in the purificationm process would be the high loss of

Pu in tne supermatunt and washes. Although the high concentration of Nut (3 to

LM) used, cut down the solubility to 75 mg Pu/liter there wis an even grester

UNCLASSIFIED

loss (150 mg Pu liter) due to sumll suspended particles of the precipitate which

could not settle, even after many hours, and were removed with the supernatant.
APPROVED FOR PUBLT G RELEASE



APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

e ey
The total loss incurred due to the acetate step in the procedure was at leaat
ZUch‘tho-total Pu involved in the process. This made the NaPquAc5 precipitation
the highest Pu loss step in the process. It was natural, thea, that when the

ether extraction and ?ug(CQOb)s precipitation vas found to be successful in removing
all impurities below tolerance limits that the acetate precipitation was dropped
from the process (see uss of CQ(H05)2 as saltingeout agent under extraction datae

in this report).

Inpurity Removal by Nu.PuO;,ég_3 Precipitation

[y

The noetate precipitation followed by two washes of the ppt. was most
useful in removing Ia and a fair percentage of most other elements. All the
available data obtained here is presented in Table VI {(part F, Summary of

Purification Factors).

\\‘\(’\_&\%\W
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Ce Pu (III) Oxalate Precipitation

The purification process first used, (acetate precipitation and ether
extraction) possessed no means of removing U from Pus There were two remsons
why @ means of removing U was necessary in the procoeas; (1) uranium sulfide
oruclbles wers used for reduction and remelting of Pu metal and r?covore;d Pu
from these sources wvas highly conﬁumipated with U, and (2) there v;vas no way
of knowing just how much U would be present in future Clinton or Hanford
plutonium. It wo_qld be very difficult, because of the chemlical similarity of
0, and Pu0,*Z, to offect a seperation if both elements were in their highest
oxidatioﬁ svate. TFor this reason, it was considered best to reduce the plutonium
.to one of the lower oxidation statess and then precipi‘i:ate it with an lon whioh
would f‘orm' ori insoluble Pu compound but a fairly soluble U02+2 compounds After
& great deal of research, tne best precipitetion found for this purpose has been
the oxalate prescipitate, Puz(caoh)y formed by adding 0.67M BxCo0p, to a solution
of Pu (III) nitrate afier reduction with iodide iona

So far, this report has desalt with two useful purification steps. Now,
with the advent of & third step, a workqﬁle process had to be developed which
would prdceed smoothly from one step to ':ﬁhn noxts It was necessary that dry
converslon be given a Pu compound which qould readily be converted to Puozo' Puy =~ '_S:‘

(Ceou) net this requiremcnt very well go an oml&te prccipltatzon hed to be the g

last step in the process. It was considerad bast to have an oxalate procipitatiQQ)

UNe

28 the first step because the separation factor of U from Pu was guite low

(10 to 50), therefors nccessitating two oxalute pro(;ipitations to obtain ade

purification. Furthermore, a{’her the Pue(C%Oh)s pregipitate was obt
rost Gt the prosess APHSCRRIYIRERE UBLHCS RESERLEE compound. of k

own composition.
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It was fairly easy to oxidize the Pu2(020w5 to Pu (VI) nitrate and CO,
using RaBrOB.BNO}e After oxidetion, the NaPu02A03 precipitation was made,

then, after dissolving the p;‘ocipitutc in E}io3 snd ether oxtraction was

' made in the presence of NHANO?, as a saltingeout agent. The Pu (VI)=laden
other was carried into a hoiler where the last oxwlate precipitation was
carried outo This process was used on a production scale from April, 19LL

uatil August 19L5 and is represented schematically as follows (see 1A=li05,

"A"™ Process) :

Pu (IV) = Pu (VI) mixture

~18 IO, (H" sufficient for reduction)

\ I™ Reduction

Pu (III) Nitrate
r/13'= 3

Dark red 13" ¢olor

\ H2C20,

P“Z(CZOIJ,) 3 (green, crystalline precipitate)
~0«3M EEC2OL; Supernatant

~0.8M HNO» 15/1'-_5 (dsep red)

- Withdraw supernatant. WVash
| Prceipitate twice with 320.

T - ap
] Na.ﬁr05 HNO.3

Pu (VI) Nitrate -

~ L.0M HNO, “\\(’\A&S\“‘D

Co3M Brog
Wine red color

l NaAC—-NaN03

APPROVED FOR PUBLI C RELEASE
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WaPuOphcsy (oink to red precipitate)
~3 to L M Na™
~Qe5M  Ac” Supernatant
~0.5¥ PAc (clear)
Withdraw supernatant
Tash precipitate twice with
508 Nat - 0.34 Ac™ 0.2M Hic
NaPuOZAcs

{

ENO3 N '3]41\103

Pu (VI) Witrsxte
~ 7.0M NH)‘*NO3

~1.5M HNOz

Extraot with diethyl ether
into "boiler".

Pu (VI) Nitrate
~2:5M HNO;

HI Reduction

L

Pu (III) Nitrate

/15" =3
~ 301 HNO; (Dark red '.[3" color)
i B850,
Pue(c20h) 3 (green oyrstalline precipitate)
/137 =3
2N 8NO3 Supernatant
0.3M Heczoh (deep red)

Withdraw superpatant

Wesh precipitate twice with
0o HpCp0), -~ 0J1M HC1 and
once with 5,0

\\C\‘&\m

Purar Pua(ceow 3

L
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Initial Studies on Use of the Oxalate Precipitate

The first problem entailed a determinstion of the comparative
solubilities of Pue(caoh)3 and of qozceoho Further, the possibility that
the Pue(ceo.,_‘)5 precipitate would carry down the major portion of the an*a
with it was not out of the quostion, so the sctual separation factor of U
from Pu under the ooﬁditions used in a purificetion process must be found.

r'enker has already determined the Ksp of U02C20h=(0U02+2) (%co0,
= 1073x10'8. For purposes of comparison it was necessary to determine the Ksp
of Pu2(020b)3:

rep = (Crw)® (%0,

Two determinations, made by independent workers, guve values of 1::?!.0""26 &

1»12110‘26 for Xsp of Pu2(C20h)30 Botn of these experiments were made imme=

nd

diately after HI reduction of Pu (IV) so that the supernatant above the
precipitste contained I‘/ﬁa' ratio equal to -3, a known molority of o' and of
H;C50),, and & known concentration of Pu*d in equilibrium with the precipitate
(determined by radio msssy). The concentration of 020)4== was calculated from
the dissocistion equation.

“ca0), = Ky Kp (Cﬂzceol;)
(cah)?

Lator, experiments were performed to check these dats. This time, pure
PuE(CQOL)3 was mixed with H;0 and the dissoived Pu*? comcentration determined
by radioassays Uncder these conditions, Ksp = 3038 (CPu+3)5 as CCEOA = (3/2) Cput3,
The value of Ksp obtained by this method after #1llowing 15 minutes for the system

to come to equilibrium was 1008x10°262 an exceedingly good check on the previous

WM\W
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two valuese. An inbereosting fact was brought out during this worke. Samples of
the supernatant were taken at time intervals and it was found that the con-
centration of Pu present in the §upermtant increased gradually, finmally reache
i:;g; a maximun amount after about 2.1/2 hours. This either indicates that it
takes this long for the equilibrium,

puz(caoh)g‘:'——"9 2putd 4 3caohf2

to be established, or that slight oxidation of the Pu (III) to form Pu (IV)
and Pu (VI) is taking place thus allowing dissolution of additional Pu'd from
the precipitate. Because of the excellent correlatior with previous data, the
latter was talken as the most Jogical expl&nation;

Under the conditions used for the oxalate precipitation, U05C50) would
have a solubility of ~ 28g of U per liter, while P“z(ca%); would have a 8olu-
bility of omly~0.L5 g of Pu’? per liter. This great difference in solubility
indicatsed the possibility of a good separation of U from Puo Experiments were
performed in which known amounts of UOQ(NOB)Q were added to samples of Pu (III)
nitrate and then an oxalate precipitation carried outo As determined by

unalyses, the concentration of U02+2

wes cut down by factors of about 20 to 50
after a single oxalate precipitatlona
+3 5
Pu"/ was found to complex reudily in saturated Kgcaoh or chaoh solution
to give a very soluble green oxalate complex, Fir this reason, the excess of

HxC20), used for preoipitation had to he controlled rather well. It was found

best to keep the concentration o f excess }32020)4< O-LM and have the H' concentration

7 051 to koep the dissociabion of HyCo0j, dovm to a minimum. ““‘WS\‘\W

In actusl pmcfico the oxalate precipitation proved to be a very

W
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satisfactory step in the purification process. Once a satisfactory reduction
was obtained, it was very emsy to obtain & precipitate which would settle
excocdingly well even after several washes. Bosides removing uranium, a fair
percentage of many other impurity elements were removed by the first oxalate.
This lightsned the load considerably on the following purification steps in the
processe A1) of the precipitations used‘were carried out at room temperature.
No particular advantage could be found im precipitating st higher temperatures.
As in the case of the NaPu02A03 precipitate, slow addition of the precipitating
roagent (~3ml/min) produced a somewhat better precipitates

Purity Achieved by Sinzls Pu (III) Oxelate Precinitation

By the summer of 1945, the éhnford Pu received at Site Y had bsecome -
low enough in impurities (less than 1%~, exceptipg SOL‘L= and POL::) To consider
the possibility of using a single Pu (III) oxalate presipitation followed by
three washes as a satisfactory purification process (see "C" Prooess; 1A - 405,
for detailed procedure)s Four 8-gram runs and two 160-gram runs were made £ollows
ing this procedure but the analyses obtained are not sufficient to warrgnt its
immediatg use. After & sinéle Pu (I1I) presipitation, the conversion to Pu FL}
reduction of Pu Eb to Pu metal, and the a-n btackground count of the metsl were
81] satisfactory. The main disadvantage of this process is its inability to remove
Ia. Both Clinton -and Hanford Pu contein about lﬁ;of this impurity and it must
be removed to meet purity tolerances. Furthermore, if any of the impurities now
present in Hanford material were to be incremsed withoﬁt warning, a’oonsidefablo

quantity of unsatisfactory metal might be produced.

Purification achieved by the oxalate precipitation can be found in this

report in Table VI3 Summary of Purification Factors.: N“C\-ASS‘HED
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Loss of Pu During Pu, (cgohlz Precipitation

Losses of Pu ircurred during'the oxalate precipitation from Put? in
aolution and 80l1id suspended particles of Pua(caoh_)5 in the supernatants and
waslies was neover gxcessively great. Thé total 1oss during the first oxulate
precipitation ;nd two wmshes was aboutb O.BjZof the total Pu in the process.

The total loss during the last oxalate precipitabtion sand three washes was about
Oo:i"% 61‘ the totwl Pu in the process. Léss during the last oxalate presipiteation
is higher not only because of the extra B,0 wash of the precipitate imvolved,

but also because 5.5M {HI was used for reduction of the plutonium to Put) instemd
of KI which was used for the first oxalate presipitution. The extra B in the
last oxelate would necesssrily increase the solubility of Pua(Ceoh)3. It is
possible to use Kecaoh as a precipltating reagent instead of Eéczoh and obtain
satisfactory results. This would cut down the E' concentration comsiderably

and thereby reduce the loss dus to solubility of Pu, (caob)B' This procedure
“has not been adopfed on a production scele. Despite the sdditional loss involved,
it was found best to keep the Eﬁ'at least 0.5M. This produced a much more
crystalline precipitate which would settle better, and achieve better purification
than when a lower ﬁ+ concentration vas used.

Effect of Leaving Pu2(c2oh)3 in Boiler after Ether Extraction

It was impossidle to remove all traces of the Pua(Caob)3 precipitate
left in the boiler after the purification process (Fig. 1 Apparatus). On the
following "run" in that apperatus, the first use of the boiler would be to receive
Puoe(NQs)2 - HNoﬁ-ladon sther and boil off ths ether to be recyscled while re-
taining the Puo2(N05)2 and HNO; in sélution. It was thought that the traces
of Pu2(020h)3 in the boiler might react with these substances t§ give a trouble-
some compound or preciplitate which might interfere with the subsequent HI

reduction end oxalate precipitation. A number of runs e made on the S-gram

| \ ———
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scale in which Pue(caoh)3 wﬁs left in the boiler mixed with water or dilute
HNO; (<€ 1.5M) during an ether extraction. In every case the precipitate dis-
solved to give a clear solution pf plubonium mitrate. When 1.0 to I.SM‘ENOB
was left in the boiler with the precipitate, dissolution ocourred in § tohao
minutes dopending on the amount of preoipitate. In H,0, dissolutien of the
‘presipitate wae complete in 30 to LO minutes #ftot it was exposed to Pu (VI)
nitrate and HNO3 carried over by the ether. Presumably, the Pue(caoh_)3 wa s
oxidized by the Pu (VI) and HNOz prqsent im the boiler:

Pup(G0)) 5 + 128" + hPu02'+g———-> seu 4 €00, + 8 10

. Do Reduotion of Pu (IV) ard Pu (YI)
The plutonium received at Site Y was a mixture of Pu (IV) and Pu (VI)

nitrates. If this material were to be purified by the "A" procesd, in which
the first step is a Pue(Caoh)5 precipitation, a satisfactory production somls
reduction to Pu+5 had to be doveloped. Various reagents testod for this use
were HCOOH, HxCO, H,8, electrolysis, H, and Pt black and I7 (from either XKI or
HI)» The most satisfactory reducing egent found for uée on a production scale
was I. Either KI or HI vas added directly to the mixture of plutonium nitrafee
while stirring vigorously. 15 to 20 minutes were allowed for complete recduction.
A crude solorimetric determination indicated that the half-time for I” reduction
of a Pu (IV) - Pu (VI) nitrato mixture was about ome-half minute, so the time
usetl for reductions (1520 minutes) gAVe essentially complete reduction. Afte}
ethor extraction, the Pu (VI) nitrate in the boiler rust also be reduced to Pu +3

< bafore the last Pue(caou)3 precipitetion cun be made. gI wa.s alvmys used for
this reduction to avSid.eontamination of the pure product with K+

The following reactions represent ths reduction of Pu {IV) - Pu (VI) by

o UNCLASSIFIED
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(1) 21"“-'.)4 + 31— 2Put3 4 I;'

(2) 2Pu0,™ + 917 + 8E*—s 2Pu™D + 315 + LB 0
Besides the I used to reduce the plutonjum nitrate, there muat be sufficient
oxoess present to complex the I, formed, by the reaction.

(3) Ip+ Iy I;

Using gijren values of X and the known molarities for the solubility
of I” and I, in the equation |

K=(I") (2

(1)

)

it was possible to calculate the I-/Iso ratio just necessary %o keep the 13’
complex stable (no I, precipitate). For temperatures of 20 to 30° this ratio
equals 1.06. Further there are .670 eguivalents of oxidizing powsr in reaction
(1:) and 3x.670 = 2.01 equivalents of oxidizing power in reaction (2). Thus for
each o670 equivalents of oxidizing power for plutonium, 00335 moles of 13~ are
formed and 10005 moles of I are necessary Just for reduction. A total of 1.340
moles of I, them, is the minimum amount required for reduction of sach 670
equivalents of oxidizing power of plutonium nitrute. It was decided to add

one mole excess of I- thereby brimging the 1/ 1‘5” ratio of the supernatant to 3.

This excess of I was considered mdequate to meet all possible changing conditions.

gt Necessary for Reduction

By chemienl analysis, Hanford mmterial was found to containm about 50%
Pu (IV) and 50% Pu (VI). The Pu (VI) was assumed to be Puoa'}'2 because of its

*2.  Then if Pu {IV) 1s assumed to be puth {which requires no

similarity to U0,
g for reduction) it should be possible to base all H' calculations op the 5070
Puoa’*e present. When this was done, there wasn't sufficient B pregent to enable

the reduction to go to completion. Several factors mey be involved herey (1) it

B £ o S e e 2 S ——
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was impossible t5 do more than estimate the H' concentration present and all
our estimates may have been high, (2) the actual formula for the Pu (IV) ion
may be Puo*e. If the latter is true reactiom (1) becomes

(%) 2Puw0*® 4 31" + Lit——> 2Py’ 4 I, + 2H0
This would account for the consumption of H' not calculated for but we have no
evidence that Pu0*2 is the sotual complex ion forma

In order to avold the necessity for relying on g caléulations, it was
decided to use 5.5M HI for all reductions on a production scale. Then the reducing
sgent alone supplies ample B,

Temperature During Iodide Reduction

When put on a production dcale, the last HI reduction after sther
oxtractién caused a great deal of corrosion trouble from I, liberation. This
w8 believed due to the oxidation of i; by the excess HN05 present. In order
to find 2 method by which 12 liberation could be avoided, an experiment was
made gsing the same chemical conditions in thekproéess,,hM HNO5 e 158 I” = 0.5M
13'9 This solution was held at known temperatures and the I5 liberated determined
by thiosuliate titration and colleotimg the I fofmed on & "gold finger". Below
30°Cn there was practically no 12 liberabea, but above this temperature oxidation
of the I by HNO3 rose sharply snd a great deal of I, was given off. Furthef,
it vas found that the reduction of Pu (VI) by I” liberated G0 Kcal per mole of
Pue On w iéo-g scale, this would mean the temperature during reduction would
rise 27°C, if 1007 Pu (VI) were gresent and 14°C, if go;{ Pu (VI). Therefore, ﬁ
in order to keep the tempersture during reduction below 30°C, it was necessary

to lower the temperature of the Pu (VI) ~ HNO, mixture to 35°C before reduction

3

end keep coolant circulating around the boiler {or extrauctor, if it were first
APPROVED FOR PUBLI C RELEASE

9T rednetion) a1 durine reduction. A180 the rate af rasatinm led +a he bant 7w




¢y

APPROVED FOR PUBLI C RELEASE

olBe e N

by controlled addition of HI. Reduction of thes Pu (VI) by I” was just as
complete in the same time as at a higher temperature (based on comparison of
yields).

Effect of Various Reducing Agents on Pu (VI)

802 was used to produce very satisfactory reduction of Pu (VI) to
Pu (III);
2Pu02+2 + 5302.@ + 2E,0—> 2Pu™d 4 330; + LE
It was only necessary to bubble SOp gas through the Pu (VI) nitrate
solution or add eold, satufated 802 solution to ite in about 5 minutes, reduction
to blﬁwmviolet Pu (N03)3 solution was oémpleteo
Formaldehyde, HyCO, reduced Pu (VI) nitrate to its lowest valomce
stato quantitatively. ‘ ' .
2pu0,*8 + 3H,C0 + 21t~ Pu*? + 3HCOOH + Hy0
The reduction was carried out in a sealed container (to keep all the E;CO in
solution) at 90°C. TUnder these conditions and with#’lﬁﬂﬂ;excess H,Co, reduotion
was complete (1.0-mg scale) after sbout 15 minutes. On several reductions using
€0 to 80 mg of Pu, a green precipitate of unknown constitution was formed. It
usurlly took several days to dissglve this precipitate and thereby complete tho
reduction. .
Hydrogen sulfide, H,S, produced complete reduction of Pu (vI) nitratg
in less than S hours at room température,
2Pu02+2 + 3HS + 2Hemd oput? 4 380 4 LH,0

The free S° formed in this reuction was centrifuged off and the excess HpS removed

ONCLASCIFIED
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Eleotrolysis of & Pu (VI) nitrate solution produced Pu (IV) nitrate.
Using about 20 milliamperes and 1.6 volts, reduction to Pu (IV) was complete
in 35 miautes,
Puog+ 2

After reduction, mo prseipitate was obtaimed upon the addition of either Nado

+ 2H + 20Ty puo*? 4 5,0

or HF so it was ostimsted that therg could not be greater than 5% of Pu02+ and
put? present. It is possible thut the use of different electrolysis conditions

would further reducs Pu0+2 to Pu+3 but research on this problem was discontinueds

‘e

H, will reduce Pu (IV) to Pu (III) in~10 minutes using a Pt® black

- catalyst and a fast stream of Hy.

- N Pt® black N
2Pu0*? + E, + 2H > 2pu*d 4 280

Because of the mechanical difficulties involved and uncertainty of
consistent reduction, none of these procedures were over used on a producstion

scaleo
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Ee Oxidation Research

Oxidation of Pu (IIIj and Pu (IV) to Pu (VI) nitrate was necessary
as & preliminsry to elther a NaPu02A63 precipitation or ether extraction. The
first oxidant used was 0.2M NaQCr207 -.IM HNO3 aud the oxidation was made om
dissolved plutonium nitrate from Climton {principally Pu*h?o Na Crp0, was not
o satisfactory oxidizing agent for several ressasons. The oxidation required from
% to 10 hours at 93°C depending on how lomg it took for in inséluble plutonium
chromete compoumd initially formed to dissolve. Often, it vas impossible to
disgolve the last treces of this compound. Also when the NasCrp07 oxidation
wag followad by a Na Pu02405 preolpitation, insoluble cﬁromates of the impurities
present also prcelpitated at the pl of 5 attaineds This meant, of course, that
there wag virtually no removal of such impurities. After investigation of Variﬁus
oxidizing agents, NaBr0§ wo.s chosen as the best agent on a production and research
btasis. The Br, formed during oxidation was driven off, no further wmetal ion
impurities were introduced, no insolutle bromates were formed and oxidatiom was
faster. .

NaBrOz could be used to oxidize the solution of Pu (IV) nitrate in 1-2M
HNO3 prepared at Site ¥ by dissolving the plutonium nitrate paste received from
Cliaton or Hanford (first step im "B" Process)j

3Pu0+2

+ @Bro,” + 2H—r—d 5Pu0,™ 4 Bry + B0
This oxidation was complete after heating:at 93°C (voiling temperature) for one
hour. A loqyfexcess of NhBr05 vas uaedo. .

For the "A" process, NaBrOB--HNoa was'used to oxidize the first Puy
(620)) 3 prosipitate to Pu0a(NOz)2 solution

Spup(Co0y) 5 + 12Br05” + 72H'—s 10Pu02™2 4 6Brp, + 30C0p + 16HR0

UNCLASSIFIED
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This oxidation was complete after heeting at 93°C for ome houre Temperaturs

had to be raised slowly to avoid violent Bra liberation ard CO, foaming whick;,

if uncontrolled, would carry the c.)xi;iizing mixture over into the reactor. The
first step in this resction may be oxidation (af réom temperature) of Pup(C20},) 3
to Pu(Cy0))p by the HNOz. This was indicated by am immediate color ohange of tho
precipitate from green to light tan and the fact that no Bry was liverateds Then,
w3 the tempera.ture was relsed, the tan Pu (CEOh)E precipitate gradually dise
solved. Accompanied by copious evolution Pf Brs adout SOZ OXCOSS NuBr03 and

100% eXcess HNO; wore used in the renotion mixture. After oxidmtion, the Puls
(N05)2 solution in 1M HNOz wus a olear wine-red color.

On a production scale (160g Pu) there was considerable difficultvy in
consistently obtainimg satisfactory oxidation of Pu (VI) « Pu (IV) nitrates im
M EINOB'o ("B" Process). In many cases an ingoluble precipitate of umknown'
composition was formed which was very diffioult to dissolve. This presipitate
was undoubdtedly a plutonium compouﬁd so it must be dissolved before an sther
extraction, the next step in the process, could be wade. It was found possible
to complete the oxidation by adding an edditional 50 excess of NaBr0; and HNOg
and oontinue heating at 9§°C until the precipitate was in solution. Often this
required several hours. A possible explanation for this difflioulty oan be found
in the fact that the starting plutonium nitrate solutlion before such a troublesome
oxidation was usually an intense green osolor. This green color has been associ-
ated with a 'polymerized form of Pu (IV) nitrate which contains at least several
thousand Pu (IV) atoms in each moleculs of the éolymer. The polymer may form

e precipitate which is very hard to dissolve.

—
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Oxidation of BrOE- by Hm)5

Because a troublesome oxidstion could be completed by adding further
oxcess of Broaf and HNO;, it wus thought possible that reaction between these
two compounds might be sufficicent to destroy ezch pther, thus necessitating
replenishment of these reagents to complete the oxidation to Pu (IV). An
experiment was performed in which 0.335M NaBrO3 was reacted with 0.5H, léou,
2.0M and LM HNOy at 93°C (temperature and goncentration of NaBrds used in the
process) . Aliquots were taken at dofinitp time inf&rvalsﬂand the BrOB' determined
by titration against standard'%hiosulphnt.. With O.5M HNO;, thero was practically
no reaction after several dayse With 1.0 HNO5, there was slight, noticeable Bro
1iveration but it was not sufflicient to deteoct by the titration used in this
experiment. Wit 2.0M HNOZ, the half-time for the decomposition of the Bx:03°

present was~.50 minutass. With L HNO the half-time for Br03‘ degomposition

3!

was~20 minutes. As the usual H' concentration used during oxidation is abdut

14, there is probably very little Joss of NnBrO3 and HNO3 due to their intersctioms.

uM\F\E\I |
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Po Summary of the Purification Achieved by Various Procssses and by Single

Steps in caoh Process.

Tablo VI is o summry of thd impurity separation date obteined while
working on various chemical proée;séé for the purifioation of plutomiume. Results
have been givah in ?Purifioation Factors™ (referred to by the abbreviation P.F.)
where purification factor equals the éarts by weight of the impurity per millionm
parts by weight of Pu (ppm) before purification divided by the parts by weight
of the same impurity per million éarfé ?y weight of Fu after purificatiom, for
one or a given ocombination of purifidatéén'steps usede As reforred tn in the

table, these steps are:

Oxalate Precipitation - Pu2(020h>3 preoipitation followed by two or threc washes,

Acetato Precipitation - NaPu02A03 precipitation followed by two washes,

Bther Extractlon NH,NO3 -~ Diethyl ether extraction of plutonyl nitrate using

NHLﬂO3 a8 a salting-out agent,

Ether Extraction, Ca(NO,)n» == Diethyl other extractiom of plutonyl nitrate using

Ca(N05)2 as a salting-out agentd

Any combination of the above steps is kmown as a "Process”, As referred
to in the table, these processes are:
"A" Process «- congists of an oxalate precipitation, an acetate precipitation,
and an cther extraction, Nﬁhyoa,if'P-F- iz obtalned from experimental datag if
PeFeo is obtained from the caloulated best estimeted P.F. (so0e notes following
Tabls VI), $6 includes snother oxalats érecipitation,
“B" Process .- oconsists of an cther extractiom, Cn(N05)2 and an oxalate
precipitation,

"C" Process -- consists of a single oxulate precipitation.

See La-l;05 and the special sections of this report for detuils of all the

_wbove steps and processes mentioned. . — - i
%
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Other terms used in Table VI whioch require explupation are:

Best EBstimated PeFe - Best estimated purification factor refers to the best

average fmctor obtuinsble from consideration of all the data presented for

a partioular impurity o) ement wmder the step or process listed. Presumably,
this P.F. could be used to pfediet the impurity separation possible for the

step or process giﬁon if it wers to be %pcorporatod into & new purifiodtion
scheme: For the "A" Process, the best estimated P.F. is obtained, where
possible, by multiplying the purification factors obtained for each of the stoeps
in the prosess, or using the actusl P.F. obtained experimentally, whichever vas
the higher factor. For the individual steps, the best valid purification fact;r
is given. It is assumed that an ether extruction, NHLNO3 is equivalent to am
ether extraction, C‘(NO3)2’

Element and State Teosted ~e Lists the impurity element being separated from

plutonium and the oxidstion atate or compound in which the element appsars at
the time of analysis. E.g., after an oxalate precipitation, the element would
be present im a reduced state, after either type of ether extraction, the
elemont would be present in the oxidired state existing after treatment with

NaBrOz-HNO, oxidant at 93°C.

3 -
Prooipitation -~ parts by weight of the impurity element per million parts by

weight of Pu presenmto.
All the data presented are dependent, of course, on the limits of
sonsitivity of the analyses usede In the case of some of the earlier runs,

made about & year ago, theso sensitivities were mot nearly so low as at the
) ' o 1

present time. In short, as the mathodsg Bf analysis were improved, the puri.

ficuntion factors obtainad becume prester. This mccounts for a good deal of the
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irregular dsta obtained and substantiates the assu%nption that the highest
purification factors obtained (almost always later tham the original factor
to which it 1z oompared) for any step or process are valide The methods of

analysis used and their sensitivity limits have been outlined in 'I.A-hoéf
Table IloA. '

!

Footndtes used in Table VI

1) Boron soparations on the four "speciml™ runs listed were made using
UOQ(NOB)2 as & stand-in for .Puoa(N();)e. It is assumed that the ?amoval

of boron from Pu would be the same or at l1east olosely comparable. Data

were obtained from M. Kehn.

2) Zr-Cb mixture used was &i-day 2r?3 and 25=day €% tracers in equilibrium

in oxalic acid solution. Run No. 21L=P and 217«P were made starting only with
tracer quantities detectable by a y~weter. Additional quantities of Zr and Cb
(58 Zr and «024Cb with respect to Pu) were added as carriers during Run

i?o. 215=-P« The best ostimated FeFo glven for the "A" Process is the lowest factor
possible and applies only when.i*;otal Zr-Cb impurity opntent excoods 5%. If omly
tracer quantities of 2r-Cb were present, this factor v:ouid be greater than 200,
the additional separation being due to the acetate preeipitation.

%) Since Na™ is imtroduced i.n‘tt:w nan anfi "B Processes, the best estimted

PoF. 1s caloulated using oaly the steps following the introduction of Nate From
the amounts of Nat introduced and the best estimated P.F., ome would expest«& 2
ppm of Na left at the end of tﬁo A" Procoss und €03 ppm left at the end of the
"B" Process if the plutonium were ‘no‘b furcher contaminmteds

4 Ga*? is introduced im the "B" Process before the First purification step.

From the amount of \B#i2imbsadunedapd | thepbptinggtimated PaFo one womld aw---s =
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Z£.300 ppu Ca leoft at the end of the "B" Process if there were no further
conta:mimtio,n.

5) A considerable portion of the Sn prosent was added as a precipltate at

the beginning of the proocess.

6 Rua No. 205-p (first one listed) was uﬁde using radiosctive I.qu*o tracer.
Purification faoctors wers calculated from data obtained from y.meter réndings.
7) From knaown che‘mistry', it is assumed that there will be mo U separation during
either an a::etata presipitation ox.' an other extruction.

. #'All analyses of these elemonts may bs imaccurate due to contamination from
impurities in dust, Pyrex-glass sample containers and purification equipment,
and C.P. reagents used in the process. Thus, it may be assumed that all the
purification factors given for these elements are somewhat lower than the true

valuese.
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TARLIE YI.

5

PR

IFICATICON FACTCRS FOR IMPURITIES
i

Element and

Anount Present-Pix.

| Purificaticn Facter

State Tested

Refore
Purif,

Alter
Purif.

Cxalate
Fpin.

Sther Extraction
YH NG, | Ca{NGy),

Acetace
Pptn.

HAI

Process

IIBI
Process

HCI!
Process

Run

Numnber

i 4t

4

10,0C0 <€ -

>2000

Best Est.

P.F.

]

>2000

Ee Be+?

>128

Best Est.

P.F.

.B_(l) HyBCs
" 2.7 | <.s >4 - . - - - >8 571-P
" 16,000 | 200 | - - | 50 - - - - Special®
i { [
" 200 ss - - | 67 - - - - gpeciall
" 10,060 | 300 - 33 - - - - - speciall

Specinll

Be=t Est,

P,

¥ T pat

35 . -

242 -7

243-7

245-F

Special

Best Est. P.F, - - >800 >2800 >zx1cb | »2x10% | >eoo -
W agr? 128¢ <8 - - : - - >163 - - 2c6-P
" 1000 < | - - 125 - - - - 207-P
" 129 10 - - - - 13 - - 209-P
o 100 4 - - - - 25 - - 245.P
" 100 < - - b - >20 - - 24€-F
" 100 <2 - - = - >80 - - 256-P
Best Est. P.F. - - - - H125 >125 >150 >125 - -
ALY A 2000 20 - - ] - - 100 - - 208-P
n 2000 4C - - ;50 - - - - 2¢7-P
Best Eat. P.F. - - - - go 50 >160 >80 - -
s1 510, 340 250 1.4 - 1 - - - - - 57¢-P
" 790 | <120 - - ', - - - >6.6 - 576-P
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TAELE VI {€ont.)

i

Element and

State Tested

Amount Present-ﬁgm

| Purification Factor

Before '

Furif,

After

L ther Extraction

FH NO, | Ca{NCy)
3 3/ 2

nAn
Frocess

ncn
Process

Ce  cett

11,400

1

>29

L]

10,9C0

Best Est. P.F,

Best Est. P.F.

T1 T1+S

"

Best Est, F.F.

b Fog

"

Best Est. F,F.

o7 uct?

1x1cS

Speciel

n

1x10°

Special

2¢,000

281-p

4¢,CC0

242-F

2¢ee

212-P

Best Est, P.P.
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TABLE VI (Cont.)
. { .

|
Amount Presert-Ppm, ; Purification Factor

Element and

Before After Ether Extraction "AT npn wcr
State Tested Purif. Purif. ‘NH,NOLLCa.(NOS)z Process | Process | Process

Cr  Cry07 5000 <4 : >12£0

" 5000 | 450

1000 <2,E

<4

5

<2 .

220

Best Est. P.r.

L)

Best Est. P.F.

core

Best Est. P.F.
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€000

20,000

20,000

2¢,000

20,000

20,000

2¢,0C0

4980

3610

2720

2300

Best Est. P.F. >40,000

Ni Ni+2 >125

Rest Ext. P.F.

7r-cpl2)

Eest Est.

APPROVED FOR PUBLI C RELEASE
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State Tested Rxx:ii‘. Furif, Pptn. Pptn. | WE NOy | Ca(NOy) 5 | Process | Process | Process | Number
' = |
In Int2 1¢,000 <40 - - Lo - >250 - - 206-P
" 10,000 <40 - - >280 - - - - 207-P
" 5000 9 - - , - - 655 - - 229-7
" 5000 10 - - i 560 - - - - 280-P
Best Est. P.F. - - - - >3840 >300 >300 >300 - -
cd  cat? 5000 <40 - - - - >125 - - 208-?
" 5000 <40 - - 1>128 - - - - 207-P
" 1000 9 - - + - 111 - - 229-P
" 1000 1, - - 1 - - . - - 230-P
= 1000 | <25 - - " >40 - L - - - 242-P
Best Est. P.F, - - - - >16q >100 3100 | >100 - -
.s_‘l( 5) sotd 90 <4 - - . - >20 - - 220-P
" 5000 120 - - [ 42 - - - 273-P
" 5000 7C - ' - PoT 71 - - - 274-P
" 500C 100 - - Pk 50 - - - 275-F
" 5000 100 - - - 50 - < - 276-P
" 5000 200 - - - 25 - - - 277-p
" 5000 160 - - Lok 51 - - - 278-F
" 5000 150 - - |- ss - - - 279-p
Best Eat. P.F, - - - - >0 >80 >30 >30 - -
1a(6) s 300 1 1 >165 7500 - - - 1 205-P
" 57,000 <40 - - - - >1420 - - 266-P
" 2¢,000 < - - - >6575 - - - 275-P
" 20,000 <s - - - >6675 - - - 274-P
" 20,000 <2 i - - | - >1x105 - - - 275-P
n 20,000 <2 - - i - >1x105 - - - 276-p
" 20,000 <2 - - - >1x10% - - - 277-P
" 20,0C0 <5 - - - - >4000 - - - 278-P
" 2,000 <5 : - - - >400C - - - 279-P
Best Est. I.F. - - 1 >150 | >sdco | >£000 >£x105 | >5000 1 -
|
.
|
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TABIE VI {Cont.)

Amount Present-Fpm. -Purification Factor

Element and

|

1

i
Before After Oxalate | Acetate | Ether Extraction nA" "B"
State Tested Purif. Purif. Pptn. Ppton. | NE(NO, ICA(NOa)g Process | Process

EqPOg scc ' .- >36

" 906 , P >56

50€0 j : >100

5000

2c,0ce

20,000

20,00C

1,185

1,260

1,100

1,220

Best Est. P.F. C -

BSOg 182,000 [<18,000

!
" 182,0C0 1<18,000

" 500,00C [<18,000

50C,000 |<15,000

$CC,000 [<15 ,ooq

50C,000 |<14,000

Best Bst. F.F. -

x

n

Best Est., P.F.

ca®(4)  ca*?

L1

n

1048 - -

2x106 5 6,670

1.2x108 ; ; 7,060

1.2x108 17,100

1.2x108 - : 20,000

1.2x1cS ‘ -

1.2x1c8

Best Est, P.F. -
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G+ Special Research Problems.

This part of the report is a summery of the special resecareh probvlems
the results of which never affected the purification processes used. lost of
the work was done in the spring of 194l before a routine procedure for purie
fication had been sdopted.

Jodate Precipitation:

The Pu (IV) iocdute precipitution w#s considered as a possible puri-
Pication step, espocially as a means of removing uranium. There were several
difficulties, howesver, which prevented it ffom being used on a routine production
basis. |

The most successful method f‘o.r obtaining a good Pu (IV) iodate precipitate
consisted of the folloﬁing ateps:

(1) Reduce the plutonium present in HNC, solution to Putd vith 80,

3
gas or cold 802 saturated golution.

(2) Oxicdize the Pu+3 Just to }°u+Ll by heating on a steam bath in the

presence of 1M HNO, solution.

(3) 444 HIOz--ENO to prooipitete the Putlt as Pu (IV) iodate. Enough

precipitant wws added to give a suvpermstant above the precipitate of
2N HN03~-0-2M HI03.

Onoe formed, Pu (IV) iodate wae very hard to dissolve cven by the use
of oxidizing sgonts such as Br03 or Cr207 o Oxidution with Na20r207a301 required
st least 3 hours at 93°C ("tracer" scale). “hen m I\’aPanAc5 precipitation was
mede affer such an oxidation, I, presipitate also. This was probably due to the
decomposition of ICl present at the pi of 5 achioved in the buffored acetate

solution. Various complexing ions wore used in attempts to dissolve 1;3.1l i_Ii)ED
(3 "'




»
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iodate precipitate. Of these COz™ and Ac” vero useless But*shddss sodium

citrate could be used to sffect dissolution: However, any further troatment
of a solution formed in this way, caused rpproqipitatieﬁ of Pu (103) L°

The lodate preaipita‘bion was quite successful ia removing U from Pue
Several szperiments were made in which two locdate precipitations were found
to lower the U present from 10y to- \oOL&(mth respect to Pu)o

The solubility of Pu (IV) iodate in various media has already been
reported in IA-863. In 2M ENOz==0-2H HIO3 solubility of Pu (IV) iodate was

found to be 20 to 4O mg Puw/liter deponding dn the method of procipitation.

Pu (IV) Peroxide Precipitation.

Solubilities for Pu (IV) peroxide in various medie have already besm
reported on L4«63¢ - In 0.L3M HNOz-=1 o6H Hy0p, solubility of Pu (IV) peroxide
was about 30 mg Pu/1iter at room temperatures A fow prelimirary investigatioms
were made tok determine if s peroxide precipitation could be usod in removing
U from Pu. It vams found that very poor U res_'mov:nl was effected. Furthermore, it
vas very diffioult to consistently obtain g;z;od precipitants.

Pu (III) Flusride Preoipltation.

The solubllity of Bu (1II) fluoride in various media has boen reported
in I.Aoéj- In 1M H0le«INHF the solubility of Pu (I1I) fluoride iz about 50 mg |
Pu/liter ut room temperature. In 0.6H HNO3-»0.5M BF, ths solubility of Pu (IV)
fluoride is grester than 1300 mg Pw/litor at room temperature.

The Pu (III) flueride precipitation was used principally as an indication
of the extent of reduction to Pu't? obtained with various reducting agents. Pu

(VI) fluoride and Pu (iV) fluoride are very soluble while Pu (III) fluoride is

very insoluble. HF was addSed to the plu’coniwn solution in HC1 or HNO, aufter

3
reduction. The precipitute obtauined was csntrif‘ugod anﬂ tho solub:.] ity of

the plutonium precipitate oresent determined by mdlﬁi i«r. Ia't,var ..t was found

S ONCLA S
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that Pu (IV) fluoride is carried by any Pu (III) fluoride precipitate prosent.

This made the sbove method of determinimg extent of reduction to Pu+3 useleses

Pu (IV) Oxslate Procipitation

The solubility of Pu (IV) oxelate in verious media hes already been

reported ia LA=63. Im 0.6M N0z to 0a25M HxCg0), the solubility was 860 mg
Pu/liter at room tempersture. The principal remscr for rescarch on the Pu (V)
oxalate pracipitation was for the purpese of determining solubility umder

various conditionse It was not conmsidered to bo of any usc in a purification

schemeoo

Plutonium Comploxes

While engaged in researeh om various problems, the following complex

compounds of plutonium were observed:
Pu (III) Omulate - Green solution formed by adding excess KpCp0), to Pup(€50,) 50
Pu (IV) Oxalate - Orange solution formnd by adding excess Kaceoh to Pue(caohge.
Pu (IV) Acetate - Orange solution formed by adding 3.5M Natelo.5M Ac"=1.5M Hae

to Pu+h nitrate solution.
Pu (IV) Phosphate - Pink solutiqn.foémzd by adding HéPOh to Putlt nitrate solution.
Pu (iV) Citrate - Orange solutién formed by adding oxcess sodium citrate to a

Pu {IV) iodate precipltate.

| g INCLASSIFL
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