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Correction to I&=}Ol.

Please meke the following corrections to your copy of LA-LOl.

Line 9 on page § should read "sodium uranyl acetate®
rather than sodium uranyl nitrate. All subsequent references

to sodium uranyl nitrate should read " sodium uranyl
acetate.”

Shirley Alldrddge,
Document Room
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‘ ABSTRAGT
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 lo& Alamos consisted 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 rsptunium were seperated from the uranium by the use of successive
sodium uranyl ‘é%f.r_t‘ft': 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-
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
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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
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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) while producing faster, mors complete Pu (VI) extraction would also

force out light element impuritiss. After the analysis on the initial rums, it

———— e e ———
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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. =
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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 attempﬁ to use C (NO3) as a salting out agento

\ "'.' i

Conclu81ons drawn from the date on Table I and the graphs in Figs. 2and
e |/'.l‘

3 indicate that when NHLNO is used for uranyl nitrate extraction the main faotor

Wir }, ,J’Q 3:*

=
{ —
. [
is the total nitrate conoen?pt&ggﬁgg?heg tmg’?@:i}e;?onc. ‘of eithex‘ HNO; or RII).‘NO t’_”
. ‘ -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.
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_Uranyl Nitrate Ether Extractions (frgb:_te. 1)
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Ether Extraction of Mitric Acid

: Figo 3.
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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 HNO3 should be "bled" in
ocoaslonally to obtain a fast, complete (lsa¢, >997 yield of

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

1INCL ASSIFED
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agent, the HNO, councentration can be <0.5M. In actual practice the
3 P

following sets of initial concentrations were found to be best:

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

! {
. 1o5H HNO3 b or } Qo5M HNO ¢
{ 0.12M Pu (VI) [ 0+12M Pu (vx) ,
N vy

(2) When NBLFO} 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

thecNH‘uNO3 or total NO5 - concentration (comparo 2LGP whica used high

CHNC3 and low CNH&&OB with 250P whioh used medium HNO3 but very high NQLNO

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

(W Ca(NOB)2 with low HNO3 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,
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Fig. & Plubonyl Nitrate Ether Betractions
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Fig. 5 Plutonyl Nitrate Ether Extraction (251-P from Toble II)
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