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ABSTRACT

The details of the flow of materials through the D=Building Plutordum

Yurification Process eand related operations are given,

Sample procedure sheets

gzving detalled instructions for the eperation of each process are inciuded,

The conditions prevailing before and after each chemical operation and the reacticms

iuvoived in each step are shown in flow sheets for each process. During produst=

ion operations modifications of each pracess made for greater ease of .operation

and higher yields. The reasons for and the details of sach modification are

given.
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PURIFICATION PROCESSES

D=BUILDING PLUTONIUM PURIFICATIORN

i, Intreduction

The following section presents the details of the flow of piutonim
theough the purification process and related operations.

Plutonium arrived at this site in the form of a thick paste of Pu (IV)
and (VI) nitrates, contained in a specially constructed stainless-steel “bomb".
(Construction of bemb shown in IA « L409), This material and a Pu (IV) nitrate
solution from D-Building Recovery Group werc the starting materiaia for purificat-
ion operations.

When received at this sits, the "bambs" were checked by the Monitoring
and Decentamination Group for leakege and resulting externs) contamination., If
found satisfactoery, or after decontemination, the "bomb" was sent te storage
through the Quantity Control Group. This group authorized and supervised the
transfer of plutonium between designated space units.

The first set of operations performed by the Plutonium Purification
croup oeonsisted of the preparation of' the solution used as starting material for

the actual purifisation aperations. These operations were termed (ut Operationsy.

‘“he equiprent usec during cut operations is shown im LA = LO9,
Purifacation of plutonium was by one of three procedures, designated
A, B, and C. Each modification was developed to effect simplification, redustion

-1 operation vime, and higher ylelds., The varivus changes were adopted as the
o6 o000 o000 ® ee0o L ]
[ [ 2
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k7 rd ana magnitude of the impurivies present in the insoming material became
imown and as the purification optainsd by large scale operation bocame better
understood.

After purificatien the main charge of plutonmium was in the form of a
siurry of Pu (III) oxalate. This was sent to the Plutonium Dry Conversion Group
far further processing., The supsrnatant and wash solutions fram precipitation
reactions and the residue from ether extraction contained appreciable amcunta of
plutonfiun. These soclutions were acidified, to dissolve plutonium compounds,
pamples taken for plutonium assay. and the solutions sent to D-Building Recovery
Group.

The continuity between, out operations, purification, and treatment of
supernatant solutions is shown in Fige 1. The details of these operations are

given in the sections which follaw,
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and Related Operations

Pu {IV) & (VI) nitrate
paste in stainless steel
"bmb(l

}

| Monitoring and Decontamination|

L .

| Storage

Lguantity Control

IPlutonium Assay

Jmpurity analysis

CUT CPERATIONS

I. ROUGH CUT

(=) Dimaoluticu of pasta.

{(b) Transfeor to siorags
batile

{c) Withdraw samples fer
~—— {ine cut.

(d4) ¥ain portion to
storage.

e oo
1

... .:. :.. .:. E:. 5.:
Flow of Plutenivm through Puriﬁ@ﬁag&gi IR R

D=Building
recavery ) ‘

Pu(IV) nitrate solution
in tared stoxage
bottle,

II Fine Cut

(a) Prepare samples for
'L»> radio assay and jm-
purity analysis l

Quanity Contreol

\;

’ Storage

¥

' Quanity Contrel

¥

Purification

Supernetant solutions

Operations

slurry

Ry
l Quantity Contrel
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7 ST
Metheods

Rough Gut Procedure "H" Batches
(1) Request authorization fran Quantity Control Group to move "bomb" frem

storage to ocut room.,

Open "bomb" and add 300 to 350 ml of 1.0 ENO}o
Stir for 30 minutes.

Weigh storage bottls (with cap) empty. (Record on sheet )
Transfer solution from "bomb"” to storags bottle and wash "bomb" with
M=HNO; until volume in bettle * 800 ml.
Weigh storage bottle (with cap) full. (Record on sheet #1)

Stir solution in storage bottle for 30 minutes.

(a) Take 1-ml cut with pipette calibrated "te deliver" and add te tared
sample bottle (1-ml volumetric flask), parked wiéh batch number (Record
calibration of pipet on sheet #1)

(v) On every temth batch, stop stirring, taken 10-ml out with a clean,
d?y pipette and deliver into a clean, dry 1l2-ml graduvated centrifuge cone.
Place storage bottle in boron can and request Quantity Control for
authorizgtion to move it to storage vault,

Trensfer samples {l-ml, and 10-m)l if taken) to Pine Cut rcom,

Rough Cut Prooedurs "R" Batchos

Deliver to the Recovery Group a tared, empty storage bottle, with cap
and lucite liner, in a boron can. {Record weight on sheet #1)

Receive storage bottle from Recovery with solution in it.
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If assay indicates the amount of plutonium is not in the range of 152-
168 grams, caloulate amount te be added or removed.
Add or remove calculated amount from storage bottle.
Dilute to BOO ml with H?HN% and proceed according to steps to 6 to 8
{a) inclusive under Rough Cut for "H" Batches. (Record data on sheet #1)

Prooeed according to (9) and (10) above,

Fine Cut Precedure

Keigh sample bottle from step 8 (a) of Rough Cut. (Record weight on

sheot #1)

Weigh 100 microliter oalibrated pipet and holder empty. (Record weight

on sheet #))

Teke 100-microliter cut from sample bottle, wipe end of pipet with
Kleenex aud place pipet in holder,

Weigh 100-picroliter pipet and holder » full. (Record weight on sheet 1)

Transfer 100-nmicraliter sampls to' & 10-ml volumeirie flask marked with
batch nunber and le;;ter Ao |

Wash pipet three times with HM HNO5 into flask,

Wesh and dry pipet on vacuum pipet cleaner,

Repeat steps (2) to (7) inclusive, except volumetric flask is labeled
with batch number and letter B. Tolerance weighing of * 03 petween

duplicate aliquots of A and B.
o every twemtieth "H" batch take & 100=-microliter cut and deliver with

o HNO,’ inte 1 ml volumetric flask, Mark with batch number and the

20 208 Coew  LJw @

loetter S. (Record on shest #1 that cut hms§ Boogk téken.,‘%
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Disposition of Samples Taken During Cuﬁ’bpé:e&iozio see oo

The main portion of the solution remained in a storage vault until
results of plutonium assay indicated plutonium present was in the range 14O to
170 grams of Pu. It then was ready for purification cperations.

After fine cut operations the l-ml sample, taken in step 8 (a) of
Rough Cut, was in three pertion. (With every twentieth lot, in four portions)
Twa 100-micrbliter samples plus pipet wash were im 10-ml flasks marked with batoh
pumber and letter X and B. These two ssmples together with an assay reguest (sheot
#2) were deliversd to the Radio Assay Group. These samples were used for assay
of plutonium by a radie chemical counting teohnigue, The 800 micreliters (700
microliter with every twentieth batch) raualining in the éamplo bottle, wers de=
livered to the analytical laboratory. At the same time, a request for analyais
(sheet #,) was given to the analytical office. Tho sample was used for assay of
plutonium by a titration method, for the célorimetric determination of iron, and
for quantitative determination of all elements detectable by direot copper spark.
With every twentieth batch the 100-microliter sample, worked with batoh and letter
S, was sent to group R=4, and used for the determination of spontansous fission
rate,

The 10-nl cut, taken on every temth "R" batch was centrifuged, and 2 m}
of the supermatant transferred to a clean dry test tube, marked with batch numbsr
and the letter M. This sample was taken to the amalytical laboratory for boron
analysis., The remsining supernatant, N 7.5 ml, was transferred to a clean dfy
volumetric flask, This sample was delivered te the analytieal laboratory and
uged for "camplete" analysis by the best method available at the time. The
solids remaining in the centrifuge come, were transferred mnd washed with small

vortions of ¥ ENO,, to a tared-2ml Gooch-=Monros crucibl

e, Thes moiii ﬁﬂtents
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were taken to the analytical lsboratory, where it wae dried and weighed., The
solids were later avalylzed by spectro-chemical methods,

Data Obtained by Cut Operations

(Data recorded on sheet yfl). From the weight of storage bottle empty'
and full, one obtained the total weight of solution for the batch. {Rough Cut
Procedure #li & #6). The density of the solution was obtained from the weight of
the l-m} cut {taken with calibrated pipet) and also from the weights of the two
100 mioroliter cuts. Densities caleulated from l-ml and 10Q0-microliter cuts
usua;ly checked to better than Qos%o Originally, densities were calculated
from duplicate leml samples and duplicate 1l0C-microliter samples to determine
which would be the more precise method., There appeared to be little difference
between the methods, but sinse twoe 10C-microliter sgm@les were taken for radio
assay, calculation of density from these samples afforded a means of obtaining
duplicate density determinstions. Heowever, the weight of the l-ml cut whenm
sampled and its weight when usgd iA the analy?ieal laboratory was a Genvenient
check on the extent of evaporatiom., Therefore, the weights of the leml and the
two 100-microliter samples were taken, and density calculated from each.

The total volume of solution was caloulated from the total weight of
solution and its density. This was more convenient than ettempting to measurs
the volume of such 2 highly active solution.

Only calculations from radio assay data required a knowledge of the
density. The chemical titratien of plutonium was on a weight basis, i.e. determined

and reportved as grams of plutoniym per gram of soluticu.
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Explenation of Data Sheets

The following eipght shoets are examples of The sheets used to record
and accunulate data for each batch processed by the purificatioﬁ groupo.

Shest #1. Data from Fine Cut and Rough Cut.

This sheet was taken inte the cut room and the data recorded as the
steps were finished. When the fine cut procedure and rough cut procedurs had
supplied the data through step (10), the sheet was turned over to the Recorder.

Sheet #2. Assay Request Shest.

An ostimate of the product concentration was made and this sheet made
out accordingly, by the Recorder. The cuts, plus the request sheet, were then
taken to the Assay Group. The remainder of the sheet was filled out with the
sssay data,

If, on sheet #2, the deviation was less than, or equal to, the total
arvor, and the product concentration was within the limits 140 to 170 grams Puo,
the Regorder accept the assay by initialling the sheet. This sheet wag retained
by the Assay Group. |

Sheet: #%, Data from Assay.

Upon completion of the determination of the plutonium concentration by
the Assay group, the data sheet #3 was returned te the Recorder. This sheet com~
tained only the informetion fram sheet #2 that was pertinent for caléuhting the
total present in a batch.

ONCLASSIFIED  + -+ A
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With this data, shest #1 was completed, and the total amount of plutonium %in the

batch calculated.

Sheets #Li, #5, #6. Analycis Request Sheets.

These shests were used to request analyses of the ocuts taken during
Fine Cut., Requests were made on Sheet #L, for all but every tenth batch. Or
every tenth bateh which required & "complete" analysis, sheets #5 and #6 were used,

Sheet #7. Report of Spectrochemical Analysis.

The results of direct copper sparl; pyroelectric analysis, and gup-
ferron snalysis woere reported by the analytical laboratory on this sheet.

Sheet #8, Anmalytical Laboratory Report.

A1) constitments not determined by spectrochemical methods were re-

ported on the sheeti.
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Purification Methods

-

Threa .rocesser were developed for the purification of plutenium. Eaech
process consisted of one or more of the folluwing chemical operaticns, each of
which had desirable separation factorz of plutonium from varioue fmpurities; (1)
precipitation of Pu (III) exalate. (2) of sedium plutenyl acetate, and (3) ex-
traction of Pu {VI) nitrate from saquesus solutien with diethyl ether.

The first process to be developed, designated Procedure A, consisted
of the.following chemical operations: (1) reduction of Pu (IV) or a mixture of
Pu (IV) and Pu {VI) to Pu (III) with KI or HI, (2) precipitation of Pu (III)

oxalate with oxalic acid, (3) oxidation of Pu (III) oxalate with HNO, and NaBrO,,

3 3
{4) precipitation of sodium plutonyl acetate, (5) dissclution of sedium plutonyl

acetate into BNO5 and BBLN03, (6) diethyl other extractien of Pu (VI) nitrate,
Nghﬂos ae salting out agent, {7) redustien of Pu (VI) %o Pu (III) with HI, anq{
(8) precipitation of Pu (III) oxalate with oxalic acid. i

In the first three modification of the A=Procedure, the {irst reducton
vas carviec out with KI. It was first assumed that the starting material vas

ossentially all Pu (IV) apd the reduction resction could oe represented by;-

(1) era? A opuf e I~ ' [
Spectrophotometoric analysis of the starting material indioated that
from 30 te 70% was Pu (VI), assumed to be ZPuOQ*f-u The reduction of this iom,

with icdide, was assumed to preceed according to:-

(2) 2Pu0f* + 1"+ BH —y2pd’ + 3174 LB
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Reaction according to (2) requires the presence of hydrogen ion in

order that reduction be complete, In that no setisfactory method of "determining

hydrogen ion concenfration in cencentrated plutonium'solutions had been devised,
the requirements of| (2) were satisfied by substituting HI for KI in A=} and
latter procedures.

Experiences indicated that the reduction oé Pu (IV) and Pu (VI) more
closely follows the follewing equetions than (1) and (2) -

(3) 2Pu0’ + 30" + UH —y 2P00 I, + 2RO

(L) 2puog“ F91 + sgt —— 2pd 3 513 “+ Luiao

No experimeptal evidence oxists to indicate the predeminence of Pu
(IV) eas 2Pu01’-oveq any other possible form of ion. Howsver, the behavior of

the system during reduction and subsequent operations indicated that (3) and (k)

are & gocd approximation of the reduction reactions.

To insure as complete reduction as practical {~99.9%) and te complex
the 12 formed éuripg reaction, as I}“B.the following conditiong were adopted, ‘
HI, in the ratioc of 8 moles per mole of plutonium, was added te the solution to
be redused, at a temperature of 170039 or less. Reaction was complete in twenty
minutes. Specification of a maximum sterting temperature was necessary in order
that the peak temperature during reaction be below the peint where volitalization
ol 12 beceme appr7ciableo and that & resction between I and HNC_. bs prevented.

Precipitation of Pu (III) oxalate vwes the most trouble frere purification
step used. Addition of a nearly saturated solution of H Caqh (0.67M) to »

solutior immediately following HI reduction and allowing twenty minutes for the

UNCLASSIFIED
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precipitate to form, with stirring, produced a precipitate which ssttled readily.

The prime function of the Pu (III) oxalate precipitation was the removal of

wranium, Under operating cenditions uranium was removed by a factor ef epproximete-

1y 20, lLanthanium, present the extent of approximately 30,000 parts per million

of Pu, was practically quantitetively precipitated during this step.

Preparatory te acetate precipitation end ether extraction the plutoniium

was oxidized to Pu (VI), Oxidatiom was aceomplished by the action of HNO and

NaBr05 on a slurry of Pu (III) oxalate, at elevated temperaturss, After addition

of HNO3 and a solution of NaBrO3 to the slurry, the temperature of the mixture
was raised to 75%C., ard maintained at that temperature until the precipitate

was dissolved; (approximately a half hour). The temperature was then raised to

939 ., and mmintained for one hour. The reactions involved during oxidation were

assumed Lo proceed according to:-

+ +
(5) 5Puy(Cy0),), # 12105~ + 528 —— mPuoa' + 6Bry + 3000, + 16,0

: . + +3
(6) 5Lag(Ca0) )y # 6BrOy- + 36H ey 101877 + 3By, + 3000, + 16 0

The disselution of the Pu (III} oxalate at an intermediate temperature

centrolled the rate of evolution of Br2 and CO _,

Sevoral eases of incomplete oxidation were experienced, This was

evidenced by ipnability to dissolve the oxalate precipitats, even with prolonged

neating at 93°c. The only satisfactory method of rasolving the system vas by

eddition of a twa-fold excess of HNO3 and NaBrO and heating for smeveral hours
: 3
at 93%¢. .

.
. &
(1 d

e taidation.

The precipitation of sodiuvm plutonyl aoatel "%d{&wei

%?h
L I [
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The conditions for precipitation with acceptable ytelds were much more critical
than during the formation of the Pu (III) oxalate. The presipitation reaction
was assumed to proceed agcording to;e

(7) Puoaw+ 286 + Mol ) K“P"Oz“a

The solubility of the compound was studicd ag a function of sodium iem
gsoncentration. In the pregence of sedium ipn concentrations up te approximetely
34, the selubility shows a marked decrease with inereased sedium len concentration.
At approximetsly 20°C, in water, the solubility is 19.5g Pu per liter, in LM
sodium lon 0.07g Pu per liter, Prescipitation vias from an HAs<As™ buffer (~0.254

HAc & O.5M Ac™) with a pH~ 5. Because the hydrogen jion concentration was ne%

‘ precisely known after oxidation it was necessary to titrate the oxidized solution

with €he acetate precipitant, in order that the composition of the superpatant

be within prescribed limits. By slowly adding precipitant, with stirring, the

oxcess acid from oxidation was neutralized, the end point bsing the appearance

of permanent precipitate of sodium plutenyl acetatss.

After neutrrnlization of excess acid, an amount of precipitant sufficieant
$o form “he precipitate and establish optimun conditions in the supernatant was
added, In order to form a precipitate having desirable settiing properties,

control of temperature and of rate of addition of precipitant was necessary.

Addition of the precipitant, as dilute az practical), at a rate of 50 ml., per minute,

or lems, to a solution at 65°Co inmncd a preoipitate heving desirable propertiea.
. Precipitation above é5°C., inoreased the settling rate but also increase the lass

through increased solubility. The functicn of ecetals 'ﬁée&p"’pitixﬁ’\.{k to remove
e o (X ] » ee 4 [
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lantheum, and to reduce the volume of solution to be ether extracted.
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After washing, the sodium plutonyl acevato was disgolved in HI»’O,> con=

& " -«
$aining NﬁhHO§s

8) NaPuOAc,: 3HNO . Na', PuO_ - 3HAc 7 380,
(®) gioy " IOy — 2 2
- The NghKO ected as a saling out agent for the ethor extraction te
: 3
follow, Excess reagont was added so that the hydrogen ion conconiration was

approximately 1.5M, and the ammomium nitrate approximately 8.0M.

Ether oxtraction while being the most efficient overall purification

operation was the most difficult step to engineer to large-scalo operations. For

gatisfectory production work it was required that the operation be continuous,

gompletoly enclosed, and rolatively fast. Ths first twe requirsments were met

by bullding a modifisation of the ocommon Soxlet extracter, The mechanism of ex-

traction was unknown and partitien coefficlents were only quelitatively determin-
c¢d se that oplimum conditicns for fast extraction were determined more cr less
by trial and error. The rxosults of experiments using UOL;,(NO;)g as a "atand-in"
snd finally with PuOQ(NOB)2 indicated that high nitrate ion activity and low
temporatures inerecascd the ratio Puog(moi )2 in ether to P“oz(“

03)2
High nilrate ien activity was achioved by the additien of concentratsd solutions

in water,

of NH,NO5 (in all A produces) and of Ca(N%)a (in aldl B prosedures). Nitric aeid
L

vwag extracted with PuOQ(NO7)2 and if belaw a certain initial value, extraction
2
of Puoa(N05)2 &topped before complete removal frem the equeous phase, Optimum

initial hydrogsn ion conoentration appeared to differ with the salting out agent

used with X»II:Ih‘m()3 (A=procedure) imitial hydrogen ior_-::&:ﬁé;::&i;atio;i.g:z%ater than

spproximately 1,34, and with Ce(N%?;%ASS\EL& z;:réafcc{é:tﬁ?n:;z;;;{t;nmtely
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