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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 Impurities.
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CHEMICAL RESE&RCH
BUILDING D PLUTONiUN PURIFICATION —

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

vose of wet chemlistry purification 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 materisl from Berkeley mixed with several
hundred grams of uranium and about %0 micrograms of neptuniuvm«237. The
plutonium and reptunium were seperated from the uranium by the use of successive
sodium uranyl '&fzzbcm precipitations. éuch a preccipitation only "carries”

Pu and Np when they are in the oxidlized stute. 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 division.

In February, 19Ll;, the first 5 milligram shipment of Pu arrived
vt this site from Clinton and first purification research on appreciable
amounts of material begen. Saisments of Clinton plutonium gradually in-
creased in number and amount of material so thot the design of a compietely

enclosed glass apparatus for safely nandling purification was begun.

UNCLASSIFIED

All lots of material, except thres, were purified by the recovery
phase of CM-5 under Fe. 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, 13L), nll purificstion runs were standard-
ized to an eight gram scale, these runs bsing used for both production and

/’ﬂ
research (see Fig. 1 for apparatus used). Finally, in Junuary, 19LS, when —

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

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

——————— 5l




APPROVED FOR PUBLI C RELEASE
\ - UNCLASSIFIED

b

research was continued on the 8 gram scaleo

The necessity for stringent purification because of the g-n reaction
invelving plutonium and.lighter elements, purity tolerances for metallurgical
reasons, and our complete luck of knosledge as to what impurities would be
present in future incoming material from Hanford, has already been explained
in another report (LA-L03%, part I)= It is suf'ficient to mention here thaut the
purity tolerances which had to be met wore extremely low and the elements prescnt
in incoming material which had to be removed nearly completely, involved the entire
periodic. tables

The first purification procedures wers suggested by analogy with known
uranium purification Chemistry. Both the ether extraction and sodium uranyl
gﬁézgifprecipitation of wranium as 002+2 had provén sufficiont to purify this
. element from all otner known elements. Thus, the first process used consisted
in oxidizing the Pu to tae +6 stute, muking two sodium plutonyl acetate precip-
itations, each of which was washed several times, and then twice extracting
plutonyl nitrate with ether. This purification scheme wms satisfactory except
that 1% obviously would not remove uranium which was present to the extent of
about 17 in C)inton materisl. 4Also, the metallurgists were using ursnium sulfide
" erucibles and any recovered Pu contained large amounts of uranium whioh must dbe
removed. . For these reasons, & meane of removing the uranium present was developed.
The best removal found was through the use of an oxsalate precipitation of Pu (III).
This was incorporated into & new process, designated Procedure A, which consisted

of a Pu (III) oxalate precipitation, und acetste precipitation after oxidation

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

e

oxelate precipitation.

QOSSR —
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The results of many emalysis proved that & single ether extraction was
sufficiont to remove w«ll the elements except U, Cr, and probably Np well below
tolerance 1imits, so the next process developed, designated Procedure B, utilized
2 single ether extraction, after oxidation to Pu (VI), followed by the Pu (III)
oxrlate precipitation. (See LA=L0S5 for complete flow sheets of all 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
‘specially built equipment and many protective s&fety devices. So far, the only
promising methods inavolve the use of Pu (III) oxalate precipitations op Pu (IV)
peroxide precipitations. %We still have no analytical date to prove thet either
of these methods will meet the tolerance limits for impurities in the final

product.

U
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II. Development of Purification Chemistry.

Ao [Ether Extraction Research

Diethyl ether extraction of plutonyl nitrate from dilute nitric aciad
using NHhNOB or, later, Ca(N03)2 as sa)ting out agents proved to be the most
satisfactory purification step used. When the total impurities present in the
plutonyl nitrate solution did not exceed 6}{, a single ether extraction lowered
the concentrations of a1l impurities at least to tolerance limits, with only
few exceptions. Uranium wes quantitatively extracted, about ]QZ{of tne Cr as
HyCrp0, was extracted, and possibly neptunium, although there is no concrete
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 ;ther oxtraction was obtained from an experiment
using 10 mge. of plutonium ksee report 1A-75). The plutoniwn was oxidized to
Pu (VI) with Na2Cr207-HNO3 ané twice precipitated as NaPuOgAczo Two ether
extractions followed these precipitations. The first extrsction was in the
presence of NaNOz (2rom the dissolution of NaPquﬁcE) as & salting 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
the same procedufe'is given in lA-L,06 (Table III, lots No. 5, 7, 9, 12, 1)

or 1A-75 (Table II).

As soon &s gram amounts of Pu were availuble the extraction wus carried ég?
out in a standard Soxalet extractor provided with a non-porous cup which vas =
operated until as much Pu (VI) as possible was removed. At first it was feared s
that the use of any salting out sgent (even dilute NaNO3 present after dissoivingé%?
NaPuOZAc3)~wh11J producing faster, mors complete Pu (VI) extraction would also

force out light element impuritiss. After the analysis on the imitial rums, it
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was found that NaHOa as & salting out agent gave as good purification and much
better extraction than no salting out agent? However, up to this time there
was no evidence that more concentrated salting out arents ocould be used other
than O.LM NaNO3 present after dissolving NaPuOphoz.

Uranyl nitrate "standein” reseurch by M. Kahn proved that using Nﬁhnqﬁ
in concentrations up to 9.0M s a salting out agent gave a 99.§2§yield of U02(N03)2
and as ‘pure & product, within the limits of anal&tic detestion, as was obtained
ueing no =alting out agent. To all apuearances, one other extraction vas 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 known, NﬂhH0§ 4 S
"used as & salting out agent in the extraction of Pu (VI) aitrate as part of
the purification process. 4lso, only one extruction vas used in the process
and the product purity was satisfactory.

The Soxhlet extraction apparatus vas used until an all-glass, enclosed
apparatus was constructed which would take careof all chemiocal ;perations in ths
purification process witbout ever removing the Pu being purified from the agparatus
until finally ready to transfer the pure P“2(°2°u>3 precipitate to déry conversion.
This apparatus was first built to accommodate one gream of Pu per run but after
only one run was recoanstructed to purify material in eight cram lots (Fig. 1).

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

done on both purification chemistry and productio'n problems. ““C\_ASS“’\&“

Uranyt Nitrate "Stand-In" Reseurch

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

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

——
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agents and of HN05 on the extraction rate, extraction rate of uranyl nitrate
and of HNO3 against time, effect of 302H302 {(which would be left from dissolv-
ing, & previous acetate precipitate) and the rate of extraotion. The various
experiments made and the results obtained are summarized in Table I and in
Figures 2 and 3, which are graphs.representing extraction rates of uramyl nie
trate and of HN03 against time. Two analyses were used to obtain these extracow
tion rates: .

U analysisg To a measured aliquot of the solution being extraucted vas added
enough &M NELOH to ppt. all the U02+2, and about 2 ml. excess. This mixture
was centrifuged about 15 min. at 2600 r.p.me The clear supernatant was then
drawn off and discarded. The ppt. romaining was dissolved in 2M HNO; and
reprecipitated with &4 NI OH 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 & weighed
platinum crucible. The crucible was weighed, after cooling, to determine amount
of U308 obteined from original aligquot.

HNO§ anplysis; HN03 remaining in the extracted solution vas determined
at the same time intervals as U02"*2 by removing the later with potassium
ferroyanide and titrating against standard base using methyl red indicatorl).

The ether distillatioﬁ rate was kent at 2C to 2@.ml/hinu throughout all
the extractions snd the apparatus used wes of the continuous ether recycle type
shown in Fig. 1 (8 g. apparatus) except that the extractor vas not kept colder ég?
than room 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

the extractor vas kept constant.

1) C. %. Bawmond, April 21, 194, 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 direstly from oxidation of either the incoming

stock material or the first oxalate precipitate wus considered. When this was
attempted with NHLNOB as a salting out agent, such copious quantitiss of Brp
were evolved that the corrosion problem became too great. Also considerable
quantities of "gunk".were formed which;oarried 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 NHLEOs had to be used. Previous

reports from other sites (4-1022, A-1029, A-1037, A-1052, A-10%9) had described

the effects of various nitrates, e.g., sodium, calcium, ferrie, ouprio, aluminum,
maguesivm, and zinc on the distribution of uranyl nitrate between water and ether.
Of these, caloium 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? was tarried over
(about o01/Y) because it was found that 0.1/-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

t "-'i

Conoluslons drawn from the date on Table I and the graphs in Figs. 2and
e

3 indicate that when NHhNOB is used for uranyl nitrate extraction the main factor

7,';-‘ }, 5 T’Q &*

=
bt
is the total nitrate conoenﬁrpt&ggﬁpg$heg thagptge ?onc. tof egther HNO; or LQLNO éEi
.‘ -y
independently aﬁd that Ca(NO ) with 1ow HNO3 conc. iz a much better salting out E:j

agent than NELNO under the best conditlons. Further, the extraction of BN03
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coincided closely witn that of UO;_,(NOa)2 on &1l thoe extractions except the one
using 09.(1\103)2 where the aclid was extracted more slowly until the nrincipal
portion of uranyl nitrate had been carried over. Calculations indicate that

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

<
concentration of uranyl nitrate present.

S
“ms\m
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Table I

Ether Extraction of Uranyl Nitrate

Chemical Conditions
Previous to "xtmctmn

Remarks end Observations

1. 0.3% ¥ U0g(10a)g Extraction run for 205 mmutea--orocemd. nomlIy
9.0 M NI NOs Bigh HNG, concentiration used, : ,
200 M BIQ‘OS "'f ,_'..
2 0.77 ¥ UOp(NOa)g Bxtraction run for 220 minu ws--p'ooeeded nor‘llyo
9.0 M NHNO, Falirly low HNOg concentratlion used.
0.45 ¥ HNOs '
%, 0.7% M UOg(NO4j o Extraction run for 225 mimmtes--proceeded’ nérﬁany‘ Lk
9.4 M NH.NO, Low HNO, concentration but total ROy~ camonmtion CEE
0.03 M HNO4 © same as in preceding run. . R H
4. Oe1l ¥ UOQ(NO,) Extraction run for 183 minutes. o
B.25 N NH NO4 An initial NelOgAc, precipitation was nade » then
0.57 M HNO, HANO, and NH,NC, was added to.simulste, actusl purlfi-;
0.34 N HCgB.0g oation process conditions using low HNQ,oomenm’cion.
5. . 0. 11 ¥ U0g(NO,) o Extraction run for 158-minutes. Used as check oa
8.53 M NY NO, Bun No. 4 this time using high ENOs cohoentrationm
2.2 M HNO4 tefore extraction. Copious quantities of nitrogen I?
0.34 M HCAH40g oxides were avolved. ‘ : R ¢
6o 0.11 ¥ TUOg(NO0x)g Extraction run for 174 minutes. o :
8.25 M H,NOy low HNO; concentration snd lower ).a‘no, eoncmmti,m
0.28 M 1iNOy as sncountersd in the two previocus runs. No HCoHeOg -}
' preseat. ) e [ 0
7. 011 ¥ U0,(%0a)p Extracticn run for 3%. minutes, after which tine it
4.0 ¥ Ca(NOa), was as complete as previous runs. Low HEOy ' .
0.% M HNOy . concentration although total N0~ qonca'n'br;tion ris..

nearly as great as in previocus ruas, (aly 60 parts

. of Ca per million of 9L carried over with, ather, .

3ASVa13d O I'1dNd d04 d3INOodddV
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(Teble I)

Bther Extraction of Nitriec Acid

: Figo 3.
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Plutonyl Nitrate Extraction Ratos

The first extractions made, using NHL§03~HN0 as a salting out agent for

3
plutonyl nitrate (obtuined by dissolving NaPuOEAcs) hed initial concentrations of
Nf{hl\:o3 =~6o5M, Oz =<£ 0.8, Pu(VI) =--0.14M, szo3 =~0e10LM, 302H592 =~ 0cLi2M,
With these starting chemical conditions, it took at least 30-L0 winutes for 3 grams
. of 2u (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 HNO3 concentrantion 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 corditioms for quick complete extraction still reteining product
purity. Eirst indications were that the HNO3 concentration should be as igh as
possible but not 50 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 rate work using NH&NDB“HN°3 as a
salting out agent. Runs numbered thru 230 P were made to determine the best
conditions for fast, complete extraction. The best conditions found started with

Nﬂﬂyoz = 8.0M, HNO3 = 1.5M at the beginning of extraofion. These conditions Qere
achieved on future production runs by dissolving the sodium plutony}. ecetate with
9:0 NENO,~2.2M HNOy Teagento | |

Runs Nos. 24P, 2l5p, 246p, 2L9P, 250P, 251P give date for suas from which
extractién curve data vas obtainede Aliquots were taken of the agueous solution
at definite time intervals and the Pu determined by radiocassay. There is no data
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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especially significent as it shows graphically the important part HNO; plays

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

Table II gives data for extractions made using Ca(NOs)-HNO3 as a salting
out agent. It should be noted here that the initial HNO; concentrations are
considerably Jower than im the previous NHLQO} runs yet the extractions obtained
were & good deal better. Figs. 6 and 7 are the extraction curves obtained from
this datao Ca(NO})2 served as an excellent salting out agent when used to proceed
direotly from oxidation of the Pu;(020h>3 or the incoming material to Pu (VI)
solution by NaBrOs-Hnoso It is assumed that all extractions listed in Table III
were precaeded by an 6ialate precipitation unless otherwise indicated. The ether
distillution rate was kept at~25mn1/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 (~L.OM Ca, ~0.1M Pu) .

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

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

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

3
ocoasionally to obtain a fast, complete (lsa¢, >99% yield of

PS8R P RS L gt e e st o o
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agent, the BNO; concentration can be <0.5M. In actual practice the

following sets of initial concentrations were found to be best:

P - g

{ 754 NE,NO, | LoOM s (NO5), |

] {
, 1o5H HNOz Y oor .}oosm HN05 {
Lo.lam Pu (VI) [ 0.12M Pu (VI) |

(2) When NHL‘N(); is used as a salting-out agent, the UNO; concentration is very
important and the speed of extraction depends more on the CENO; than on

the)cI‘I]EIh.HO3 or total NO?’ - concentration (compare 249P whicn used high

cHNd3 and low CNH&NO3 with 250P which used medium HNO§ but very high NQLHOB

concentration) .

} (3) When Ca(NOz), is used as a salting-qut agent, rate of extraction is
: 3 2 £=Q »
dependent principally on the total NOB' concentration in the aqueous

solution.
(L) Ca(NOB)e with low HHO; concentration is considerably better than NE NO,
with high HNO3 concentratione.

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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Fluten;l Sitratls sther L3Lract.iidse L.iig-.s SALEInL, L% Suuhil]
Run Time for dissepp. CKI-L,NO,, CHN03 Fu loss .Method of Addn. Remarks
No. of Pu {VI) cclor in (mz. loft of Saltinge-out
aqueous phase in aq.phase) | Rearents.

s —— —— — —
Average . . - . i
2007-222P s bout 30-40 min. ~6, 5% <0.3K 0 mge - As single soln. , Ext. duration, le=

Us.ally necessar; to add 11/2 ars.
10-20 ml. additional
1ON FNU,
223-P 10 min. - 6.TK 0.93X 24 mg. 150 ml. of 10X NHIO,, Ext. duration,
: : ' ; then 2C ml. 16X ANO, 2/4 hrs.
225P <25 min. 75 1.75Y £2 mg. As single goln.- of Ext. duration,
' 10M Nii(NCx=2.08K HNO, " 3/4 hrs. Some
- R E NOx pptd. .
initially but
gradually re-
dissolved.
.227P . T|<10 min. 754 1.10M 16 mg. As single ssla. of Txt, duraston,

: . 10M NH, NOx~2. 08U 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 sola., then Ext. duratiom, .
eddn. 13ml. of 10K HNQ, 50 min. NHG KOy
: : i'ptd. iunitially
but gradually
dissolved .
P : =
2*0%_ <25 min. €. M 1. 66X 80 mg. As single soln, then Ext. duration, wte
' 10 ml, 168 ENO, mwdditional 80 min. No
. acotats wasnhes.

ARV
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) Y Table II (Cont.) ‘
Run " fime for dissapp. 'cm'no,, CEBO:;, : Pu loss Method of Addn. Renarks
Noeo of RPu (VI) color inm . g, left of Salting-cut . .t '
1. agqueous phese T, c in 8;. phase) Regents. -
244P <20 min. 8. 24M ~0, 27K 16 mg. Single soln. ' Ext. duration,
(esz.) : 9.5M NE NO3~0.8%K HNO; 80 min.
245pP <60 min, 7.27H ~Q, 184 47 mg. Single soln. after ' . Ext. duration, -
: * (est.) oxidetion-10M NH,NO, - 120 min. No :
‘ : ) : - o | - sacetate ppt. 1.
S . K . 1+ f.. Poor oxalate ppﬁ.
- L . . P | after extractionh
) $ | Yo > No acetates Gray .
A : o S ppt. formed during
nh - 7 . Sy erhncticn,
246P €25 mins” 8. 15K 0 19 |14 mg. Single solr, after " Ext. aumtiou.
.- - - (est.) oxidation-10M KE NQs - No acetate ppt. X ',
oy ‘ S Excesatve Bry.’ ©.
¥ k hoera’oed. \gi— 4y
249P <6 min. A 1.49x 9 mg. Single soln, - . Bxt, auutmi,
7 : . . e ] 9“_ WO;-Z.'?,E"ENO‘ ’ 80 mino [“ A ' e
. 250P <30 min, 8. 641 . 0.97X 5 mg. Single soln. Bxt. aur.anon. |
o : 1G. 24 NH NO,=~1.4M HNOy 55" mm
251? {15 ﬁino 8.431 . (0, TRy 4 —7_80 81ngl° som. . B ' m duraum, .
: After 7 min,{After 3 min| 10.235 Nm,uoa-z.m HNOy | 75 mia. IS sl
- 8.4 " . |~0,75M [ of JOM: ¥
- - . sdded lmr:ss
‘4 . min., of ext, .

g
A
e .
=

%
%
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Fig. 4 Plubonyl Ni't;;%f{e' Bther Betractions
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Fig. 5 Plutonyl Nitrate Ether Extraction (251-P from Toble II)
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Table 1:7

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

Time for dissapp. 4., GCQ(N( 3)e - CHﬁNOn Pu loss Hemarks
of Pu (VI) occlor in § '
aqueous phase
5 ‘min. - 4,28M ~re 24N 2 mg. Ext. duration, 70 min. 200 parts
A ’ ' of Ca per millisn of Pu csrried
over with pure product.
<12 min. x.0M . Al 28X 7 ng- Ext. duration, 80 min.
<10 mia. L x.75% 0.55¥ . 4 nmg Bxt. & ration, 70 min. No oxalate
ppt. Jireect oxidation, then
oxtraction.
<6 min. ~ 5. 75K ~ (.54 4 mg. Ex%. duration, 100 min. No oxalate
© ppta. 125 ml. 10N HNGy added after
60 min. Srown sclid formed at
HpO-ether interface.
<18 min. 3,75 ~1.05M 7 mp. Ext. duration, 70 nin. No oxalate
= Ppta.
<10 min, -2, 75M LA 4 ng. Ext. duration, 0 min. No oxalate
ppin.
fé min. R, 751 Q0. 5M 16 mg. " Ext. duration, FO min.

3ASV3T3d O 1'19Nd d04 d3aNodddv
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_Plutonyl Nitrato Ether Bxtractions (Table TTT)
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Purity Achieved by Process Involving Single Ether Extraction With Ca(N03)2

as_Salting-Qut Agent.

Results of many previous analysis had indicated that & single ether
extraction of Pu (VI) gaivé excellent purification. For this reason it was hoped
that a shorter, mo're simple process could be used on a production scale which
would depend only on an ether extraction and oxalate precipitation for complete
purification. Two 160-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 Jume, 1945. The procedure used was to oxidize the mixture of Pu

(I¥) and Pu (VI) nitrates (previocusly dissolved in 1M HNO,) with excess NaBr0y,

3)
then ether-extract the Pu (VI) nitrate using Ca (N03)2 as a salting-out agent
and finally precipitate 1{?\112(020)4.)3 after reduction of Pu {IV) with S5.5M ill. This
wae known as the B-l purification process. The 1?\12(020)4)3 preqipita’be was washed
three times and after the finpal wash-.aup'ernatant was drawn off, samples were taken
for anmlysis. Further analyses were made after the Pu had been converted to metal
and remelted by Hammel. {For detailed conditioms for this process, see B-l
procedure in LA<405.)
Table IV is a summary of the purification achieved on these two runs
1isting elements analyzed for immediately after purification and after the metal
was remelted. The metal produced was found sufficiently pure to meet all the s
requirements of the metallurgists und physicists. 5
These two 160-gram runs had proved that the B-l process was sufficient 3
to purify Benford material received ut that time. However, there was a definite g
possibility that certain impurities, viz. Cr, Fe, Ni, Ia, Sn, S0), =, and Poh‘.—f R
might be inoreased in the future. 50) = and PO} = had been reported as interfering

ions which would hinder extractions of U°2(N°3)2 by complexing the an'h2

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

Pu (VI) would likewise not go to completione Also, if either 50 = or PO =

were oarried over by ether with the Pu (VI) the complexing action might interfere
with HI reduction or the oxalate precipitation. So to test the efficiency of
extraotion (using Ca(N03)2 a8 a salting out agent) in removing these limpurities

and in overcoming the' complexing effect of 50), = and Poh = s, & saries of extractions
wers made on the eight.gram scale in which the impuritieS in guestion were added

in excess over any smount expected with Hanford Pu.

NCLASSEED
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Table 1V
Summary of Purificetion Runs 6767 and §77P
Run No. £76P g77pP
Date G-18-45 Ew2l-45
Source of fu 76-0 76-H
L4 Y- 0.8 weeem
iy
Sibe | eecee emea- < 08 ~ene-
s
o t.. ----- (<Ce 3) batadasindes ! <Ov~ 'r)
s
| 3
& Na oomome = vecoes z - -
[+
S| Mg <G W weve= <2  meee-
4
4
= | Al 9 ————— <2 emea-
1 98
g | st <710 . (~7000) <120  (~~200)
81 pu <4? eeee <65  =meae
A
e h ----- bl X g <:'1 --aw
> :
21a ) ’
| Ca 220 —— 26 ———
3
ol I <6 (<20) <60 ( <30)
ord
S ler <22 ( <60) <2 (<50)
s | <6 (<10) <2 (<19)
5 | e S 118 =e-e-
G
3 CO <22 . - oo <8 s
2
BN <22 (<10) 8 (n10)
&
[ 4]
- e - o e o 't. -----
;; 2n . <xx
Cu o nee (<60) —om—- (<60)
. Sr. §2 ------ ‘Go -----
In <20 - - (<30) <30 °  (<30)

7 Numners ‘in parenthesis indicete ppum. of the element

after the converted metal was remelted.

Al
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Run No.

476.°

- j"?'-‘?Ie.l'zle; v {Céui.)

677P

- '’ e

Date

6-18-45

§-21-45

Source of Pu

75-3

76=-H

(15)

{ 15)

.Sh.A- <60

- {<60)

<60

((éb)

43

wen v gp

<2

- ad o dver

.._‘2 .

- noeo

Ca

Lo T T

<17

Au

(%150)

9 - <180

AP > oy

<150

Hg

(<150)

<17

A do

T1

(<15)

<100

— e

Sewe -

<8

(<15)

u--—--’

<

|{parts per million part of Pu}#

(40)

,1 . -bap 4-‘,

( 20)

" |Blements Left after Purificatien

S Humbers .’m

L -
. L - ~.—§ .
J ey
-;." ar oy

.

}arenthecis indicate ppm. of the .elsuwent
after the converted metal was rame]ted. ‘

“ - ,
N
.. . * . - -. * -
- .
. S . ~
B Svos i [ . . e . P . . .
s . . .. -
- -:'f T . N
R .
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. v t.
b s
.. . -
. N -
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Table V is a summary of the date obtained from these runs. In all,
seven S-gram extractions were made uvsing 2l.% as starting materisl. Each run
consisted of the following steps:
(1) Impurities wers added to each 8g batch to brimg the impurity
conocentration of the startipg materisl up tc 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 92°¢,
and held there for one hour, while stirring vigorously. Br, started
: coming off at~65°C but by the time the Lemperaturs had reached
92°C no more Br, was apparente After oxidation, £he'solution was
quite cloudy (probably because of Sn0, and 8102).
(3) Extreotion was then carried out using C&(N0§)2 as a salting-out
agent. DEther was cerri 1 continuously through the aqueous solution.
Initial concentrations 14 extraction conditions:
CPu = 0.12M
CCe\(N03)2 = 3.7M
CHN05 =-~0.3¥
CN’aBrO3 =~0.06U
Temp. : 6.5° -~ 3.59% :
T Distillation rate of ether - 25 ml/min. Bxtractions were visually complete

in less than 15 minutes {no Pu (VI) cclor in ether Jayer) but total extraction time

vas LS minutes. Br2 wag present in the eother 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 eoxtraction. Kesulits 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 Sn.
The oxalate precipitetion which follows this should remove a good deal of each of
these impurities. The B-l process was adopted for use on a production scale a
short time after this research was done und the metal produced has been satisfactory

from every standpoint.

RPTOTED O PO T e R



Tabie V
Sumrary of rPurificsation Achieved Ly Ether Extractions

Using Ca (NOa), .3 Salting Out Agent

Run No. Initial Impurities After Bxtraction {ppm.)
{Dete) Impurities (Separation factors given in psrenthesis _
: Ca Cr ‘ Ni Sn la Fe 3¢~ PO~
—— —_ s — 2
170 220 N 12¢ <2 13C <18 ,00C <26
(7-3-45) Soln. A® (2%) (715) {>6,675) (154) (>10) . %6)
18.2 § S¢.7 - :
% PO‘ 7¢ 220 : 1C 70 <3 T 240 <18 ,000 <25
75-45) (23) © {500) {>5,675) (080) (>1C) (>%€)
80 200 10 100 <2 157 <15,000 <80
(7-E-23) oln. AT _ (17) { 50C) . Cond) (127) (>x2) | (Y
(60% SC% -
3 Q.81 kU, &0 240 8 100 <2 _5 <1£,000 <50
(7-6-45) : ' (c28) (>10,000) (228) (>32) (>100)
) 160 700 20 200 <2 140 <15 ,000 <50
(7-€=49) S lo, A3 _ . (17) (250) (>10,000) (143) (>22) (>4c0)
- {501 SO, : -
2.0% PC= 270 480 K3 166 <5 274 <14 ,000 <64
(7-9-45) {(13) (>217) )] (73) (>25) (>310) .
250 400 <26 15C <5 100 <16,00C <80
(7-9-45) Soln. Aa (12.5) (>200) (>4000) (200) (>12) (>400)
13,27 $¢.°
2.00 PC= ’

3ASV3T13d O 1'19Nd d04 d3aNodddv

Tppm." refers o parts j weizht of elstent presant Jler' ~illicn oarts of Pu.
. %,given is with respect %o Pu.
.Soln. A trought impurities in starting maberia.l up to followin; amounts with respect to Fu.
Fe=2.0%. Cr=0.9%, Ni=0.%5}, Le=2.7%, Su= saturated soln. of ouﬂ with respect to 1% (..
Linits of sensitivity on the SO analysis in preseace of Pu (V1.
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Loss of Pu Buring kxtraction

| No metter 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 concentratiocn. After
several extractions, the other layer and aqueous laver were sevarated und assayed
separately. It was found trat only aoout one tenth of the residual Pu was left
in the ether layer and, thersfore, the bulk of it was still unextracted in aquwous
solution.

There are several possible reasons for this. First of all, oxidation -
may have been incomplete and any Pu (IV) still in the solution would not extract
from the solution 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. acetatoe, sulfate, phosphate, that hinder the extraction of the

last traces of Pu (VI).

Excessive Bromine Liberation During Extraction

During e large percentasge of the extractions made, a great deal of Br
was present in the distilling ether snd as vupor throughout the apparatus.
Presumably, the Br2 w85 either formed during the extraction from the interaction
of Nan'O3 with BN03 and NHI}_‘.NO3 or was Jeft in the apparatus after oxidétion to
Pu (VI) by NaBran It has already been mentioned that the use of NHLNO 8s &

salting-out agent in the presence of r&a.BrO3 liberated copious gquantities 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 ths boiler (Fige 1). iThen Ca(N03)2 was used as a
sulting-out agent in the pressance of NaBrOa.and low HN05 concentrations, the
1iberstion o.{'.Br2 a8 reduced to such an extent that the veliow Br2 color in the
ether layer vas hardly perceptible. This wes partly due to the fact that nearl:
atl Ua(mo3)2 extractions could be sarried cut using very low HNO§ conceatrutions.
“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 greut deal of Br2 Tiberated even usin% Cm(N03)2 a5 a saltingeout agent. -~
special research problem indicated that consideradbl s Brg »us Vliterated just frow
the intera:tion of NaBrOz.and 'fINO5 (see section on "Oxidasion", thic resort) cv-a
&t the low temperuture present during extraction.

Because much of the lurge-scale production apparstus hud to be constructod
of metal, oresence of Br2 constituted a very serious corrosion problem. The only
metals wihich would withstand Br, vapor were platinum and tentalum. 30 as long us
NH‘LLNO3 was used as a salting-out arent it was more necessary to retuin the acetste
precipitation to remove the NaBrO3 after oxidation then as a purification stepe
The problem of Br, corrosion has been minimized by the use of C&(NOB)Q as a salting.
out ogenv, by the use of poly-TFk plastic paskets, and both pletinum and tantelum

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

2

Sepuration of Impurities by Bther iBxtraction

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

B. Socium Plutonyl Ascetate Precipitation

Use of the sodium plutony]l acetute precipitation ss a purification etep

UNCLASSIFIED sz
T T T T T —




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

was supfested by analogy with uranium chemistry. Taere sre so few insoluble
scetates 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
siements that woulé tend %o hydrolvze ¢t o pd = 5.

tha first precipitation made at Site Y with tangiltile amounts of matersail
vas done as part of the purificetion scheme ussd on the first 10 mg of Clinton
fu purified here (sec L&-T5).  The precipitant used was oxcess 2.44M Hadce=2.9Y%
NaNOB whici: ves added to the HN05 solution of Pu (VI) immediantelv after oxidaticne.

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

Nat = 34
AT = Ooém
Hae = O.5M

It wus alresdy knownAth&t UOEACB- vas a sirong complex ion end the
solubility of the NaU02A03 compeund principelly depandent on the mass action
1aw. Therefore, the excess Na™ used woulé be expected to greatly repress the
'solubility of the NaPu02 Ac3 precinitate. The precipitate was centrifuged and
after the supernatant vms drawn of'i’, vashed twice with 5M No Tme0.2¥ AC™ -w .
Do35M Hac solution. The concentrations of nAc~ and Hic were adjusted tq give a
*Rsh solution of pi = 5.

iAs long as acetato precipitations were carried out on the one-gram scale
in centrifuge cones, no difficulty cdue to setiling of prscipitate wus encountercd
as the precipitate could be easily separsted by centrifuging it down to a smell

solume. LHowever, as soon &s the all-rlass enclosed eipht-gram purification

upparatus was used, Laere was considerable difficulty in obtaining a precinitate

st would sottie to a resasonably Tow volune in e short tims. 3dost of the
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precipitates settled so poorly that it was impossible 4t obtain satisfactory
washing,

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

Tho settiing rats cf NaPuOEAc5 in each caso was observed. It was found best
to precipitate the NaPuogAc3 at a tamperature of &0 to 650 C, adding the
orocipitating reagent at s rate of b m1/min- Using these conditions, it vas
atill impossible to consistently obteain satisfmectory precipitations so the
chemical coaditlons at which the acetate precipitate initially formed were
varied. It was finally found thut good precipitates could always be obtained ‘
by diluting the Pu (VI) immediutely after Nemro3 oxidation, to 0o2LM snd then
using s precipitating reagent of 2.75M FaAc=2.1M NaNos.

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

un acetate precipitation can be represented schamatically as follows:

Qs
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0.2 Pu {(VI)

HNO§, NeBrO.,, Impurities

30

2.75H lsAo

3. LOM Namo3

NaPuO Ac 3 (8)

2.2 Nat

0.LOoM Aac” Supernatent

0.3M HAo
) Tash ppt. twice with Withdraw Supernatant
5oOM Naw 0.2M A0™ - 0.35M Hic
Withdraw supernatants from sach wash
\
NaPquAc3

Sodium plutonyl acstate, as ueually formed in this process is pink to
light red solor. When pure crystils aure formed, tnoy are bright red.

Solubility of NaPuozéSB_

The solubility of NuPquAc3 nns 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 im the purification process would be the high loss of

Pu in the supermatunt and vwasnes. Although the high conoentration 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 1iter) due to sumll suspended particles of the precipitete which

could not settle, even after many hours, and were removed with the supernatant.
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The total loss incurred due to the acetate step in the procedure was at leaat

lz of the. total Pu involved in the process. This made the NaPuO‘,’_,Ac3 precipitation
the highest Pu loss step in the processo. It was natural, thea, that when the

ether extraction and fPu,2(020)4)5 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 Ca(H05)2 as saltingeout agent under extraction data

in this report).

Inpurity Removal by N».Puogﬁxc3 Precipitation

The ncotate precipitation followed by two washes of the ppt. was most
useful in removing la 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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C. Pu (III) Oxalate Precipitation

The purification process first used, (acetate precipitation and ether
extraction) possessed no weans of removing U from Pu. There were two remsons
why & means of removing U wae necessary in the procoass; (1) uranium sulfide
oruclbles wers used for reduction and remelting of Pu metal and r«ipoovore;d Pu
from these sources was highly conﬁumipated with U, and (2) there v;vas no way
of knowing just how much U would ve present in future Clinton or Hanford
plutoniums. It wqh}ld be veory diffiocult, because of the chemical similarity of
U0, and Pu0,*?, to effect a seperation if both elements were in their highest
oxidatioﬂ state. Tor this reason, it was considered best to reduce the plutonium
.to one of the lower oxidution statess and then preoipit.:ate it with an lon whioh
would forzn' on ingolublo 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 after rc&uction with iodide ion.

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

(Ceou) net this requiremcnt very well go an omlate prccipztatlon hed to be the g

last step in the process. It was considerad best to have an oxalate procipitatiqQ)

UNe

a8 the first step because the separation factor of U from Pu was guite low

(10 to 50), therefors ncoessitating two oxalute pro(;ipitations tc obtain ode

purification. Furthermore, a{’her the Pue(C%Oh)s predipitate was obt
rost Gf the prosess APPSCRRIYIRERE UBLHCS RESEALRE compound. of k

Dwn composition.
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It was fairly easy to oxidize the Pu2(020)_!)5 to Pu (VI) nitrate and CO,
using RaBrOB-BNO}e After oxidation, the NaPu02A03 precipitation was made,
then, after dissolving the p;‘ocipitute in E}\io3 snd ether eoxtraction 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 out. This process was used on a production scale from April, 19hL

until August 19L5 and is represented schematically as follows (see LA=li05,

"A" Process) :

Pu (IV) = Pu (VI) mixture

~1¥ O, (H' sufficient for reduction)

\ I™ Reduction

Pu (III) Nitrate
r'/13"= 3

Dark red 13' color

\ H2C20,

Pu2(0201+)5 (green, crystalline precipitate)
~0.3M cheoh Supernatant

~~0.8M HNOz 13/1‘-:3 (deep rod)

- Withdraw supernatant. Wash
| Proeipitate twice with H,0.

k3 -
] Na.ﬁr05 HNO.3

Pu (VI) Nitrate 7

~ L.0M HNO, “\\(’\ASS\“‘D

003M Br03
Wine red color

l N&Ac--N&N03

APPROVED FOR PUBLI C RELEASE
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WaPuOphcsy (oink to red precipitate)

~3 to L M Na™

~05M Ac” Supernatant

~ 0.5 PAc (clear)
Withdraw supernatant
"ash precipitate twice with
G0l Nat « 0.34 Ac™ 0.2M Hic

NaPuOZAcs

{

ENO§ N -‘1141\103

Pu (VI) Hitrate
~ 7.0M NH)‘*NO3

Extraot with diethyl ether
imto "boiler".

Pu (VI) Nitrate
~2.5M HNO3

HI Reduction

L

Pu (III) Nitrate

/15" =3
~ 301 HNO; (Dark red '.[3" color)
I =
Pu2(C20h) 3 (green oyrstalline precipitate)
/137 =3
2N 8NO3 Supernatant
0.3M 152020Ll~ (deep red)

Withdraw supersatant

Yash precipitate twice with
0oXif HpCp0), == O¢AM HCL and
once with 5,50

\\C\‘&\m

Purar Pua(ceow 3
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Initial Studies on Use of the Oxalate Precipitate

The first problem entailed a determinstion of the comparative
solubilities of Pu2(C2OL,>3 and of §O2020ho Further, the possibility that
the Pu2(020.,_‘:)5 precipitate would carry down the major portion of the er*a
with it was not out of the quostion, so the sctual separation factor of U
from Pu under the ooﬁditions usad in a purification process must be found.

r’enker has already determined the Ksp of U020204=(0U02+2) (®c50,
= 1073x10'8. For purposes of comparison it was necessary to determine the Ksp
of Pu2(020h)35

gap = (“P0)® (Ccz0,0)7

Two determinations, made by independent workers, guve values of le!.o""26 a

1«12110-26 for Ksp of Pu2(C20h)30 Botn of thesa experiments were made imme=

nd

diately after HI reduction of Pu (IV) so that the supernatant above the
precipitste contained I‘/ia' ratio equal to - 3, a known molority of H' and of
HC50),, and & known concentration of Pu*? in equilibrium with the precipitate
(determined by radio asssy). The concentration of cgoh= was calculated from
the dissocistion equation.

“ca0), = Ky Kp (Cﬂzceol;)
(ch?2

Lator, experiments were performed to check these dats. This time, pure
Pu2(020}+)3 was mixed with Hy0 and the dissolved Pu?d concentration determined
by radioassays Uncder these conditions, Ksp = 3038 (CPu+3)5 as CCgOA = (3/2) Cputa,
The value of Xsp obtaimed by this method after allowing 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 valuose An inberesting fact was brought out during this work. Samples of
the supernatant were taken at time intervals und it was found that the con-
centration of Pu present in the §upermtant increased gradually, finmally reache
ix;g; a maximun amount after about 2-1/2 hours. This either indicates that it
takes this long for the equilibrium,

Pus(C50)) ;"'—'-’, 2pu*d 4 3caou'2

to be established, or that slight oxidation of the Pu {IIX) to form Pu (IV)
and Pu (VI) is taking place thus allowing dissolution of additional Put? from
the precipitate. Because »f the excellent correlatiord with previous data, the
latter was tulken as the most Jogical expl&nat.ion;

Under the conditions used for the oxalate precipitation, U0C0), would
have a solubility of ~ 28g of U per liter, while 1>ug(cgoh)3 would have a 8olu-
bility of omly~0.45 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 an(l\roz;)2 were added to samples of Pu (I1II)
nitrate and then an oxalate praecipitation cerried outo As determined by

unalyses, the concentration of U02+2

we.s ocut down by factors of about 20 to 50
after a single oxalate precipitationa.
+3 ;
Pu"’ was found to complex reudily in saturated Keceoh or chaoh solution
to give a very soluble green oxalate complex, Fir this reason, the excess of

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

best to keep the concentration o £ excess BCo0), < O-LM and have the H' concentration

7 051 to koep the dissociaubion of HyCp0j, dovm to a minimum. ““‘WS\‘\W

In actusl pmcfico the oxalate precipitation proved to be a very

pra———-
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satisfactery step in the purification process. Once a satisfactory reductionm
wes obtained, it was very omsy 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 lightened the load considerably on the following purification steps in the
processs Al} of the precipitations used‘were carried out at room temperature.
No particular advantage could be found im precipitating at higher temperatures.
As in the case of the NaPanAc3 precipitate, slow addition of the precipitating
roagent (~3ml/min) produced a somewhat better precipitates

Purity Achieved by Sinsls Pu (I1I) Oxalate Precipitation

By the summer of 1945, the éhnford Pu received at Site Y had bsecome -
low enough in impurities (less than 1%~, exceptipg SOJ:’ and POL::) To consider
the possibility of using a single Pu (III) oxalate precipitation folgowed by
three washes as a satisfactory purification process (see "C" Prooess; 1A - Los,
for detailed procedure)s Four 8B-gram runs and two 160-gram runs were made £ollows
ing this procedure but the analyses obtained are not sufficient to warrgnt its
imnedinte use. After a sinéle Pu (I1I) presipitation, the conversion to Pu FL}
reduction of Pu 2& to Pu metal, and the g-n tackground count of the metsl were
81] satisfactory. The main disadvantage of this process is its inability to remove
Ia. Bota Clinton -and Hanford Pu contein about lﬁ;of this impurity and it must
be removed to meet purity tolerances. Furthermore, if any of tihe impurities now
present in Hanford material were to be increased withoﬁt warning, a‘oonsidefablo

quantity of unsatisfactory metal might be produced.

Purification achieved by the oxalabe precipitation can be found in this

report in Table VI3 Summary of Purification Factors.- H“CLASS‘G‘ED
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Losses of Pu ircurred during'the oxalate precipitation from Put? in

Loss of Pu During Pu, (cgohlz Precipitation

solution and solid suspended particles of Pua(caoh}5 in the supernatants and
waslies was never gxcessively great. Thé total 1oss during the first oxulate
precipitation ;nd two washes was about O.BQZof the total Pu in the process.

The total loss during the last oxalate precipitabtion sand three washes was about
00:?% 6.(‘ the totwl Pu in the process. LSss during the last oxalate presipitation
is higher not only beowuse of the extra B,0 wash of the precipitate iavolved,

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

and thereby reduce the loss dus to 8o}ubility of Pu, (C2°b)3’ This procedure
“has not been adopted on a production scele. Despite the sdditional loss involved,
it was found best to keep the Eﬁlat least 0.5M. This produced & much mors
crystalline precipitate which would settle better, and achieve better purification
than when a lower ﬁ+ concentration vas used.

Effect of Leaving Pu2(020h)3 in Boiler after Zther Extraction

It was impossible to remove all traces of the P“a(ceoh)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 - HNO5-1adon ether and boil off the ethor to be recycled while ree
taining the PuOp(NOz), and ANOy in solubion. I was thought that the traces
of 9“2(°2°L?3 in the boiler might react with these substances t§ give a trouble-
some compound or precipitate which might interfere with the subsequent HI

reduction end oxalate precipitation. A number of runs o made on the 3-gram

| \ ———
APPROVED FOR PUBLI CN&@



APPROVED FOR PUBLI C RELEASE

| UNCLASSIFIED

s

soale in which Pu2(020)+)3 was left in the boiler mized 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‘ENO3
was }eft in the boiler with the precipitate, dissolution ocourred in § tg‘ao
minutes dopending on the amount of preoipitate. In Hy0, dissolution of the
‘presipitate wae complete in 30 to LO minutes aftor it was exposed to Pu (VI)
nitrate and HNO3 carried over by the ether. Presumably, the Pue(Ceoh_)3 wa s
oxidized by the Pu (VI) and HNOz prosent im the boiler:

Pup(G0)) 5 + 126" 4 hPuoe'@.-._; seul 4 €00, + 8 10

. De Reduction 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" procesds, in wnich
the first step is a Pu2(0202+)5 precipitation, a satisfactory production sosle
reduction to Pu+3 had to be doveloped. Various reagents testod for this use
were HCOOH, HxCO, H,S, electrolysis, H, and Pt black and I~ (from either XI or
HI) . The most satisfactory reducing egent found for uée on & production scale
vas IT. Either KI or Hi vas added direotly 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) nitrate mixture was about ome-half minute, so the time
usetl for reductions (15.20 minutes) gAVe essentially complete reduction. Afte}

- ethér extraction, the Pu (VI) nitrate in the boiler rust also be reduced to Pu’l

. © bafore the last Pue(caou)3 precipitetion can be made. gI wa.s alvmys used for
this reduction to avgid.contamination of the pure product with K+

The following reactlons represent the reduction of Pu (IV) - Pu (VI) by

- UNCLASSIFIED
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(1) 2?u+h + 31— 2put3 4 15‘
+2 - +3 =

(3) 2Pu0,™ + 9I° + 8H*— 2Pu + 315 + L0
Besides the I® used to reduce the plutonium nitrate, there must be sufficient
oxcess present to complex the I, formed, by the reaction.

(3) I + I.‘T--,I3

Using given values of K and the known molarities for the solubility
of I and I, in the equation

K = (I ) (12)

(130

it was possible to calculate the I“/&so ratio just necsssary to keep the I;’
complex stable (no I, precipitate). For temperatures of 20 to 30° this ratio
oquals 1.06. Further there are .670 eguivalents of oxidizing power in reaction
(13 and 3x.670 = 2,01 equivalents of oxidizing power in reaction (2)« Thus for
each o670 equivelents of oxidizing power for plutonium, 00335 molee of 13~ are
formed and 1,005 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 oxidizinmg power of plutonium nitrate. It was decided to add

one mole excess of I” thereby brimging the I‘/ii” ratio of the supermatent to 3.

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

)iy Nocessary for Reduction

By chemienl analysis, Hanford material was found to conteim about 50%
Pu (IV) and 50§;Pu (VvI). The Pu (VI) was assumed to be Puoa+2 because of its

*2,  Then if Pu {IV) is assumed to be putht {which requires no

similarity to U0,
g for reduction) it should be possible to base all H' calculations on the 50;4
Pu02+e present. When this was done, there wasn't sufficient H* 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) tke actua' formula for the Pu (IV) ion
may be Pud™@. If the latter is true reactiom (1) becomes

() 2Puw0*® 4 317 + Lit——> 2pu’ 4 I + 2H,0
This would account for the consumption of H' not caloulated for but we have no
evidence that Pu0™ is the sotual complex ion form.

In order to avoid 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 elone suppliez ample B,

Temperature During Iodide Reduction

When put on a production scale, the last HI reduction after ether
oxtractién caused a great deal of corrosion trouble from I, liberation. This
wa8 belioved due to the oxidation of i; by the excess HNO; preseat. In order
to find 2 method by which 12 liberation could be avoided, an experiment was
made psing the same chemlcal conditions in thekproéess,,hM HN03 - 1.5 I” - 0.5M
13_0 This solution was held at known temperatures and the I5 liberated determined
by thiosulfate titration and colleotimg the I, fofmed on & "gold finger". Below
3000n there was practically no 12 liberabea, but above this temperature oxidation
of the I” by HNO; rose sharply and a great deal of I, was given offe Further,
it was found that the reduction of Pu (VI) by I” liberated S0 Kcal per mole of
Pue On ®m iéo-g scale, this would mean the temperature during reduction.would
rise 27°C, if IOO,ZPu (VI) were éresent and 14°C, if SozPu (VI). Therefore, ﬁ
in order to keep the tempersture during reduction below 30°C, it was necessary

to lower the tempersture 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
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by controlled addition of HI. Reduction of ths 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)
SO, was used to produce very satisfactory reduction of Pu (VI) to
Pu (111);
2Pu02+2 + 5302*2 + 2B0—y 2Putd + 380,:: + LE
It was only necessary to bubble SO, gas through the Pu (VI) nitrate
solution or &dd cold, satufated 802 solution to it. in about § minutes, reduction
to blﬁwmviolet Pu (N03)3 solution was cémpleteo
Formaldehyde, HyCO, reduced Pu (VI) nitrate to its lowest valence
stato quantitatively. ‘ ' .
2pu0,*8 + 3H,C0 + 2HE— Pu*? + 3HCOOH + Bz0
The reduction was carried out in a sealed container (ta keep all the E;CO in
solution) at 90°C. TUnder these conditions and withﬂilsoﬂgexccsa H,Co, reduction
was oomplete {1.0-mg scale) after sbout 15 minutes. On several reductions using
€0 to 80 mg of Pu, a green precipitate of unknown constitution wus formed. It
usually took several days to dissalve this precipltate 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 2put? 4+ 380 4 LH,0

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

ONCLASCIFIED
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Eleotrolysis of a 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,
+ 2
PuO2

After reduction, no prseipitate was obtaimed upon the addition of either Nado

+ 28" + 2%y Pu0’C 4 1,0

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 reduce Puo+2 to Pu+3 but research on this problem was discontinued,

‘e

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

- catalyst and a fast stream of Hy.

- + Pt® black
2pu0*2 + H, + 2 > 2pu*? 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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E. Oxidation Research

Oxidation of Pu (IIIj and Pu {IV) to Pu (VI) nitrate was necessary
as & preliminsry to elther a NaPu02A03 precipitation or ether extraction. The
first oxidant used was 0.,2M Na20r207 -.IM HNO3 aud the oxidation was made onm
dissolved plutonrium mitrate from Clinton (principally Pu*h)o Na Crg0, was not
o satisfactory oxidizing agent for several ressons. 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 NasCrpO7 oxidation
was followad by a Na Pu024°5 preoipitation, insoluble caromates of the impurities
present also prcelpitated at the pil of 5 attainede This meant, of course, that
there was virtually no removal of such impurities. After investigation of Variﬁus
oxidizing agents, NaBrOa wo.s chosen as the best agent on a production and research
tasis. The Br, formed during oxidation was driven off, no further metal ion
impurities were introduced, no insolutle bromates were formed and oxidatiomn was
fastere |

NaBr03 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
Climton or Hanford (first step im "B" Process)j

'—}Puo+2

+ 2Broy” + 28> 5Pu0,™ 4 Brp + B0
This oxidation was complete after heating:at 9300 (voiling temperature) for one
hour. A loqyfexcess of NhBr05 vas uaedo. .

For the "A" process, NaBrOs--HNoa was used to oxidize the first Puy
(Go0}) 3 provipitate to Pu03(NOz) 2 solution

SPup(Co0y) 5 + 18Br0;” + 72H'——r10Pu02™ 4 6Bry + 30002 + 1680

UNCLASSIFIED
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This oxidation was complete after hesting at 93°C for one hours Temperaturs

had to be raised slowly to avoid violent Br2 liberation ard CO, foaming whicp,

if uncontrolled, would carry the c.)xi;iizing mixture over into the reactor. The
first step in this reaction may be oxidation (af réom temperature) of Pup(C20},) 3
to Pu(Ceoh)g by the HNG;.‘ 'This was indicated by an immediate color change of the
precipitate from green to light tan and the fact that no Br, was liberated. Then,
us the tempera'ture was railsed, the tan Pu (CEOh)2 precipitate gradually dise
solved. Accompanied by copious evolution .Df Bro -about SOZ OXCOSS NuBrO; and

100% eXCcess HNO; wore used in the renction mixture. After oxidation, the Pulp
(N05)2 solution in 1 HNOz wus & olear wine.red color.

On @ production scale (160g Pu) there was considerabls difficulty im
consistently obtaining 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 precipitate
was undoubtedly 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 sdding en sdditional 50 excess of NaBrO; and HNOg
and continue heating at 9§°C until the precipitate was in solution. Often this
required soveral hours. A possible explamation for this difficulty oan be found
in the fact that the starting plutonium nitrate solution before such a troublesome
oxidation was usually an intense green solor. This green color has been associ-
ated with a 'polyxnerized form of Pu (IV) nitrate which contains at least several
thousand Pu {IV) atoms in each moleculs of the éolymer. The polymer may form

@ precipitate which is very hard to dissolve.

—
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Oxidation of BrO, by HNO5

Because a troublesome oxidstion could be completed by sdding further
oxocess of Broaf and HNO;, it wus thought possible that reaction between these
two compounds might be sufficient to destroy ezch pther, thus necessitating
replenishment of these reagents to complete the oxidation to Pu (IV). An
experiment was performed in which 0e.335M NaBrO3 was reacted with 0.5H, léqu,
2.0M and LM HNO5 at 93°C (tempsrature agd goncentration of HaBrO; used in the
process) . Aliquots were taken at dofinitp time inﬁ&rvals‘and the BrOB' determined
by titration against standard %hieaulphate. With 0.5Y HNO3, there was practically
no reaction after several dayse With 1.0 HN05, there wae slight, noticeable Brp
1iberation but it was not sufflicient to detoct by the titration used in this
experimé&t. With 2.0M BNOs, ﬁhe half-time for tﬁo decomposition of thg be;’

present was~ 50 minutos. With LM HNO,, the half-time for Br0z~ deeomposition

3!

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

1, thers is probubly very 1little loss of N’aBrO3 and HNO3 due to their inteoractioas.

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

Steps in caoch Process.

Tablo VI is o summry of thd impurity separation date obteimed while
working on various chemical pro&e;séé for the purifioation of plutomium. Results
have been givah in ?Purifioation Factors™ (referred to by the abbreviation PeF.)
where purification factor equals the éarts by weight of the impurity per milliom
parts by weight of Pu (ppm) before purification divided by the parts by weight
of the same impurity per million éarfé py weight of Fu after purificatiom, for
one or a given combination of purif&éatisn'steps usede As reforred to in the

table, these steps are:

Oxalate Precipitation -« Pu2(020h>3 preoipitation followed by two or three vashes,

Acetate Precipitation -- NaPu02A03 precipitation followed by two washes,

Bther Extractlon NH,NO3 -= Diathyl ether extraction of plutonyl nitrate using

NHLﬁO3 as a salting-out agent,

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

Ca(NO;)e as a salting-out agentd

Any combination of the above steps is kmown as a "Process"., As referred
to in the tabls, these processes are:
"A" Process «- consists of an oxalate precipitation, an ucetate precipitation,
and an cther extraction, NELNO;,if'P.F. iz obtained from experimental dataj if
PeFe is obtained from the caloulated best estimeted P.F. (so0e notes following
Tables VI), it includes another oxalats érocipitation,

“B" Process -- consists of an cther extractiom, Ca(N03)2 and an oxalate

precipitation,

€™ Process -- consists of a single oxalate precipitationm.

See Li-405 and the special sections of this repvort for detuils of all the

. above steps and processes mentioned. . i i i i - i
<L
, ““("\ASS\N‘D
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Other terms used in Table VI wihich require explupation are:

Best Bstimated 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. Prosumably,
this P.F. could be used to pfedict the impurity separation possible for the

step or process giﬁon 1f it were to be ?pcorporatod inte » new purificdtion
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 progess, or using the actusl P.F. obtained experimentally, whichever yms
the higher factor. For the individual steps, the best valid purification fact;r
is given. It is sassumed that an ether extruction, NHLNO3 is equivalent to an
ether extraction, Ca(N03)2.

Element and State Tested -« Lists the impurity element being separated from

plutonium and the oxidation atate or compound in which the element appears 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
element would be present in the oxidired state existing after treatment with

NaBrOz-HNO, oxidant at 93°C.

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

wolght of Pu presemt.
All the data presented are dependent, of oourse, on the limits of
gensitivity of the analyses used. In the case of some of the earlier rums,

made about & year ago, theso sensitivities were mot nearly so low as at the
. ) e

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

ficntion factors obtainsd becume prester. This accounts for a good deal of the
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irregular data obtained and substantiates the assu‘mption that the highest
purification factors obtained {almost always later tham the original facter
to which it 1z compared) for any step or process are valide The methods of

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

!

Pootnotes used in Table VI.

1) Boron soparations on the four "special™ runs listed were made using
er(N03)2 as a stand-in for .Pu02(N03) pe It is assumed that the ?amoval

of boron from Pu would be the same or at least olosely comparablieo Data

were obtained from M. Kahn.

2) Zr-Cb mixturs used was &i-day Zr?? and %5.day Cb?? tracers in equilfibrium

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
(5% Zr and <02/ Cb with respect to Pu) were added ss carriers during Run

i?o. 21%5=Pe The best ostimated FeFo given for the "A" Process is the lowest factor
possible and applies only when.f;otal Zr-Cb impurity opntent excoods 5%. I omly
tracer quantities of Zr-Cb were present, this factor vrouid be greater than 200,
the additional separation being due to the acetate precipitation.

%) Since Na' is imtroduced in‘tt:w wan aﬁd "B" Proocessee, the best estimted

PoFe is oaloulated using oanly the steps following the introduction of Nate From
the amounts of Nat introduced alund the best estimatoed P.F., ome would expestL2
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 contaminmtede

4 Ga*? is introduced im the "B" Process before the First purification step.
From the amount ofAﬁgp*gO%E‘ﬁqgmqueBm@eREEﬁSEtimted PeFe one wonld aw——-+ =
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Z£.300 ppur Ca left at the end of the "B" Process if there were no further
cont;minatiop.

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

the beginning of the prooess.

€) Rua No. 205-P (first one listed) was ﬁ&de using radiosctive Iglho tracer.
Purification factors wers calculated from data obtained from y-meter réndings.
7) From known chemistry} it is assumed that there will be mo U separation during
elther an a;etata presipitation o¥ an other extruction.

. ¥an 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 olements are somewhat lower than the true

valuese.
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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.

Co cor2

Best Est. P.F.

APPROVED FOR PUBLI C RELEASE
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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 sumtery of the special resesareh problems
the resuiis of which never affected the purification processes used. Most 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) icdute precipitution vﬁs considered as a possible puri-
Pication step, espocially as a means of removing uranium. There were several
difficulties, howsver, which prevented it fx;om being used on a routine production
basis. |

The most successful method fof obtaining a good Pu (IV) iodate precipitate
consisted of the folloﬁing atops

(1) Reduce the plutonium present in HNO

5 solution to Pu'> with 50,

ges or cold 802 saturated solution.

(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-~ENOg %o precipitete the Putlt as Pu (IV) iodate. Enough

precipitant wws added to give a supermstant sbove the precipitate of
2n BNOa--O.ZM H103.

Onoe formed, Pu {IV) iodute was very hard to dissolve ecven by the use
of oxidizing sgents such as Br03 or Creo7 o Oxidution withn NaECrQOTHCI required
st least 3 hours at 93°C ("tracer"” scale). Uhen 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. Varlous compleximng ions wore used in attempts to dissolve 1;3.1l i_Ii)ED
- "'
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iodate precipitate. Of these COz™ and Ac” ueré'ugsiéés But"icé s sodium
citrate could be used to sffect dissolution: However, any further troatment
of a solution formed in this way, caused rpproqipitatieﬁ of Pu (Ioa)ho

The lodate preaipitation was quite successful ia removing U from Pue
Several] ezperiments 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
reporbted in IA-863. 1In 2M ANOz==002H HIO3 solubility of Pu (IV) iodate was

found to be 20 to 4O mg Pu/liter deponding on the method of procipitetion.

Pu (IV) Peroxide Precipitation.

Solubilities for Pu (IV) peroxice in various media have already beem
reported on L&«63. - In 0.L3M ENOz =1 o6H Hy0p, solubility of Pu (IV) peroxide
was about 30 ng Pu/liter at room temparature. A fow prelimirary investigstioans
wsre made to'determine 1f & peroxide precipftation could be usod in removing
U from Pu. It was found that very poor U rémQVal was effected. Furthermore, it
ws vory diffioult to consistently obtain g;od precipitants.

Pu (III) Flusride Precipitation.

The solubility of Pu (III) fluoride in various medis has boen reported
in LAo635 In 1M H0le-INHF the solubility of Pu (I1I) fluoride iz about 50 mg |
Pu/liter ut room temperature. Inm 0.6H HNOz=0.5M BF, the solubility of Pu (IV)
fluoride is greater than 1300 mg Pu/litor at room temperature.

The Pu (III) flueride precipitation was used principally as an indication
of the extent of reduction to Putd obtained with various reducting agents. Pu

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

very insoluble. HF was adtSed to the plutoniwn solution ln EC1l or ENO3 after

reduction. The precipitute obtained was csntrifugpd anﬂ tho Solub¢31ty 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) fluworide precipitate prosent.

This made the wbove mobhod of determiming extent of reduction to Pu'? useless:

Pu (IV) Oxalate Proocipitation

The solubility of Pu (IV) oxelate in verious media hes already been
reported ia LA=63. Im O.&M N0z to 0a25M HCp0),, the solubility was 860 mg
Pu/liter at room tempersture. The principal remson for rescarch on the Pu (IV)
oxalate precipitation was for the purposo of determining solubility urder
various conditionse It was not comsidered to bo of any usc in a purification
schemoo

Plutonium Comploxes

While engaged in researeh om varlous problems, the following complex

compounds of plutonium were observed:
Pu (IIT) Oxulate - Green solution formed by adding excess KpCp0), to Pup(€50),) 50
Pu (IV) Cxalate - Orange solution formed by adding excess K,C.0) to Pue(caohgz.
Pu (IV) Acetate - Orange solution formed by adding 3+5M Natel.SM Ac"=1.5M Hie

to ?u+h nitrate solution.
Pu (IV) Phosphate - Pink solutiqn'fo;mzd by adding HéPOh to Putlt nitrate solution.
Pu (iV) Citrate - Orange solutién formed by adding exccss sodium citrate to a

Pu (IV) iodate precipltate.
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