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The details of the flow of materials through the XJ-Buildin~J%utordwn

Ywification Pwoess and related

g2vS,qgdetailed instructions for

The condition prevailing before

iuv-olved h each step are shown

ion operations modtficatiouz of?

and higher yields. The rmsom

givens

operations are g~veno Sample QZ?QCt3dUA”~sheetn

the operation of each procwa are izmhded~

and after each chemical operation and ths reactxcn=
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FURIFICATICINPROCHSES

I)c-HilILDING PLU!!ONIUMI?URIFICATION

kiwough the puri.f5cationprooess and related operations.

Plutonium arrived at this site in the form of a thick paste of Pu (N)

and (VI) nityatea, contained in e specially conducted etainlese=-akeel“bGmbt’.

(Construction of bcanbshown in LA - 409)0 Thie material and a Pu (IV) nitrate

solution from D-Building Recovery Group wero the starting materials f’cirpurificat=

ion operationee

● When received at this 6ite, the “bamb@” were checked by the !Uonitoring

and !Mcentamination Graup for leakage and resulting $xtern@.1.comtaminatim~ If

l%mnd satisfactory, or after decontamination, the “bomb” was sent to storage

through the QUtTtntityControl Groupo This group authori~ed and supervised the

transfer of p~utonium between designated space unit8.

The fI.TStset of operations performed by t!!el’lutonlumPurification

~}~wp mmsistea of’“te preparation of the solution u6ed as starting material for

+.~e fictua”APurifi,oatim 0pr317xti.OrlSO Thase operations were termed cut Operation~.

‘~heea,uapmem uses during eut operations is shown In L& - &@.

rurif~catim of plutonium was by one of three proccdures~ designated

AO BP and C, Each modification was developed tcJeffect drnplificattms reduction

~j.{ operacxon uime~ and higher fields. The various changes were adopted as the
●* ●00 9*. ● ... .
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plutonium was an *he form of &

L-Id mm niagmtuae of’the impum~ies present in

~crflnand as the pwii?ication obtained by large

uucier6tood.

After purification the main charge of

s~urry 01’HA (III) oxalatem This was sent to the P~utomium Dry Conversion Group

far further processing The supernatant and wash mlu-tions fr= prweipitation

reaction6 and the residue frmn ether extraction contained appxwxdable amwnta cif

plutonium ‘lhesesolutions were auidifiedp to dissolve plutonium compounds

samples taken for plutonium af38ay& and the solutions sent to DoBuildirigRecovery

Group.

The continuity between , au+ oparationsa purification

● Supernatint solutions is shown in pige ~. The details of these

given in the sections v.-hichfollow.

and treatment of

operations are
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11. Methods
Rough Cut Prooedure “u” Batohes

Request authorization frmn Quantity Control

storage to out r’oom.

Group to move “bomb” from

Open ‘bomb” and add jjOOto ~~Oml & 1.0NRI?03.

Stir for 30 minutes.

weigh storage bettle (with cap) empty. (Record on aheet #l) .

Transfer solution frem “bombn to storage bottle and wash “bomb” with

W=HI105until volume in bqttle s 800ml.

weigh storage

Stir oolution

(a) Take l+nl

sample bottle

bottle (with cap) full. [Reoord on sheet #l)

in storage bottle far &.minutes.

cut with pipette calibrated ‘%o delivern and mid to tared

{1-ml volumetric flask). ~arked.wi~h batch numhe.r (Reooid

calibration of pipet on sheet #l)

(b) On every tenth batch, stop stirring, t&ea20-ml out witha oleanO

dry pipette and deliver into a Oleano dry 12+nl graduated centrifuge cone.

Plaoe storage bottle in boron can and request Quantity Control for

authorization to move it to storage vaul%.
.

(10) Tremsfer samples (1-mls and MknI if taken) to Fine Cut rcom.

Rough Cut Proocihare‘R” 13atohm

(1) Deliver to the Recovery Group a tared, empty storage bottle, with oap

and Iuoite liners in a boron can. (Record weight on sheet #l)

{2) Reoeive .storiigebottle fran Recovery with solution in it.
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(5)

,.
(4)

(5)

(6)

(1}

(2)

(3)

(41

(5)

(6)

(7)

(8)

(9)

If assay indicates the amount of plutonium is not in the range of 152=

M8 gramsO caloulate amount to be added or removed.

Add or remove

Dilute to 800

(a) inclusive

calculated amount from storage bottle.

ml with M+llt) and proceed aooording to steps to 6 -to0
3

under Rough Cut for “r Batohes. {Reoord ~ati on sheet #l)

Prooecd according to [9)and(10)above. “

E&e Gut Pmoedure

liteighsample bottle from step 8 (a) of Rough Cut. (Reword weight on

sheet #l]

Weigh 200 microliter calibrated pipet and holder empty. (Record weight

on Sheet #l]

Take 100=microM*cm cut fromsample bottle@ tipe end of pipet with

Kleenex and place pipet in ho.lderp

Weigh lW==microM.ter pipet and ho~derp full. (Record weight on sheet

Transfer 100-mAcroliter mmpla to”a I&ml vohmtrio flask marked wikh

batch number and letter A.

lhsh pipet thrae times with ~ IM23 into flask.

%aeh and dry pipet on vaouum pipet cleaner.

Repeat steps (2) to (7]inolusivea except vakne%ric! flaBk is labeled

with batch number and letter B. Tolerance weighing of + 003 between
duplicate aliquots of A apd B.
On every twentieth “H” batch take a 100+sisroMter cut and deliver with

514HN03 into lml volumtrio flask. Wmkwith batch number and the
80 ●oe K*.U ● .*.eu .0

ld+=r S. (Record on sheet #% *hat cut hm~ l!wf k{kefiq~ $ $.”
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The main portion of the solution remained in a storage vault until

results of plutonium asmy indioated plutoaium present waa in %he range L!@ to

lTO grams of’l?u. It then was ready for purification operations.

After fine out operations the l-d sample, taken in step 8 (a) of

Rough Outs WE in three portion. (Withevery twentieth lot. in four portions)

TWO lCXM@er&lZter samples plus pipet washwere in 20-ml flasks marked with batoh

number and letter A and B. These two samples tOgether with an assay request (sheet

#E?)were delivered to the Radis Assay Group. These samples were used for aaaay

of plutoniua by a radio chemical oeunting teohniqueo The 800mioraMters (700

mioroliter with every twentieth batch) rmaining in the sample bottle. were de-

livered to the analytical laboratory. At the mame time, a request for analyais

(sheet ~] was givento the analytical Offioeo The sample was used for asbay of

plutonium by a titration methods for the c610r5.metricdetermination of irons and

● for quantitative determination of all elohents detectable by direot copper spark.

With every twentieth batch the 100-microliter sample, worked with batah and letter

S, was sent to group R4. and used for the determination of spontaneous fission

rate.

The lo-ml cut. taken on every tenth “N’ batoh was centrifuged, and 2 ml

of the supernatant transferred to a CNWUJ dry test $ubeP marked with batch numbsr

and the letter M. This sample was tmen to the

analysis. The remaining supernatant~~?.~ file

volumetric flask,. This sample was delivered to

ueed for “completen analysis by the best method

analytical laboratory for boron

was transferred to a clean My

the analytical laboratory and

available at the time. The

solids remaining in the centrifuge Oonee ww%e transferred ad washed with emall

<~spwtions of N FlN030to a tared-%1 Clooob-lbnroeorucibleo Thee ruoi
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were taken to the

solids were later
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analytiaal laboratory where it was dried and weighed. The

an+ized by speotro-chemiualmethods.

i)ataObtained by Cut Operations

(Data reoorded on ahset @). From the weight of etorage bo%tle empty

and fulls one obtained the total weight of solution for the batch. {Rough Cut

Proaedure #.+&#6). The density of the aolution was obtained from the weight of

the l-ml cut (taken with calibrated pipet) and also from the weights of the two

100 mioroli.tercuts. Densities cmloulated from I-ml and 100-microliter cuts

from duplicate l-ml samples and duplicate 100-xmicrolitersamples to determine

whioh wwld bo the more preoise method. There appeared to be Mttlo difference

● between tho methodsa but sinoe twb 100-mioroliter samplea were taken for radio

assay~ calculation of’density frcanthose samples afforded a means of obtaining

duplicate density determinations. How~er, the weight of the l-ml cut when

sampled and its weight when uBed in the analytical laboratory was a dmvenient

check on the extent of evapoka%ien. Therefore. the weights of the l-niland the

two MXhnioroliter s~,ples were tikenp and density calculated frm each.

The total volume of solution was caloukted from the total weight of

solution and its density. This wm more convenient than attempting to measure

the volume of such a highly active 60%ution.

Only calculations from radio asaay data required a knowledge of the

density. The ohemioal titration of plutonium was on a weight basis~ i.e. determined

● ma reported as grams of piutoni~ per gram of soht$oa.
● **
● *
● ooo
● O
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Explcnat30n of Data Sheets

eight sheets are examples of the sheets used to reoord

each batoh processed by the purification group.

Sheet #l. Data from Fine Cut and Rough Cut.

This sheet was taken Mm the cut ream and the data reoordod ac the

EI~epawere finished. when the fino cut procedure and rough cut procedure had

oupplied the data through step (10), the sheet was turned over to the Recorder.

Sheet #$?. Assay Request Sheet.

An estimate of the produot concentration-e made and this sheet made

out accordingly by the Recorder.— The outs$ plus the request aheetO were then

● taken to the Assay Group, The remainder

M6ay data.

IfO on sheet #?2 the deviation

of the sheet was filled out with the

waa loss thana or equal to~ the total

mror~ and the product concentrationwas within the limlts UO to 170 gmms IhI.G

the Reoordor aocept the assay by initialing the sheet. ‘l!hissheet was retained

by the A6aay Group.

.
Upon completion of the determination of the plutoniwa concentration by

the Assay groupe the data sheet #3 was returned te the Rooorder. This shee% con-

tained only the information frcansheet # thatwaa pertinent for calau%ating the

total present in a batch.

Sheet HO was retained by the Reoorder andC$iJOqdO~d~~ .to~e@n ~~berc
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With this dataO shest #l was completed. and the total amount of plutonium An the

batch calculated.

Sheets +h, #j, #%. A~lyGi B Request Sheets.

These sheets wore us~d to request analytw of the

Fine Cut. Requests were made on Sheet ~~ for all but every

outs taken during

tenth batch. On

every tenth bat~h which required a ~com~leteltana~ya~an sheets #s and W ‘ere ‘aed”

Sheet ~v. Report of SpectrouhemicalAnalysie.

The results of direct copper sparks pyroelectric analysis, and oup-

ferron analysis wero reported by the analytical laboratory on this sheet.

Sheet #J. Analytical Laboratory Report.

●
All constituents not determined by apeetrechemioalmethods were

ported on tho sheet.
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Purification MethQda

●

Three IIroceE6eewere developed for the purificat~on OC plutonium. Each

process consisted of one or more ‘ofthe follwing ehemioal operational each.of
..

which had desirsble aeparatim fector~ of plutonium from mr.toua impur2%ie6; (1)

precipitation of Pu (111) oxalate. (2) of mdlvm pluteny.1acetate. and (3) ex-

traction of Pu (vI) nitrate from aqueous solution with diethyl ether.

The first process to be daveloped. designated Procedure An consisted

of the.fo.llowingchemical operations: (1) reduction of Pu (IV) or a mixture of

Pu (IV) andPu (VI) to Pu (111) with KI or HI, (2) precipitation ofl?u (111)

oxalate with oxalio acids (3) oxidation of PU (III) oxalate with Hr70 and NaBrO O
3 3

● (4) preeip~tation of sodium plutoszylacetatat (5) diaso~ution of sedium plutonyl

.Od~t. i%ltOHNOj and l!iljl?(3j8(6) dkthyl ether extraction of Pu (VI) nitrate~

N NO afisaltingout agent.(7) rductim of Pu (VIj to Pu (111) with HI. an~.
\ 3 ●

(8) precipitation of Pu (111) oxalate with oxalic ac~d,
.’

In the first three modification of the A=Prm:odures the i’irstreduet>nn

vdas carri.ecout

essentially all

with H.. It was first aasumed that the starting material was

Pu (IV) aD.dthe reduction reaction could De represented by;-

f

‘tiithiodide$ was a6mned to proooed according tos-
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Reaction accmting to (2) requires the presence of hydrogen ion in

order that reduatiop be complete. In that no satisfactorymethod of-determining

hydrogen ~on cmcen~ration in concentrated plutonium solutions had been devised,

the requirements ofl(2) were satisfied by substituting H1 for XI inA-=A and

kitt.erprocedures. :

Experience indicated that the reduction of PU (Iv) and?u (VI) more

closely follGws the following equat20ns than (1) and (2) S-

(3) 2PuQtt + 31- + bH .-> 2Pu+3 i-13” + 2H20

(4) 2PU(?:’+ 91” + all+“—) 2P: 3 +31 ~ -t 4..!$0

No exper$snentalevidence mists to indicate the predominance of IJU

(iv) as 2Puot* ove~ any ether poaaible form of ion. Hc?wever=the behavior of

● the system during Teductim and subsequent operations indicated that (3) and (4)

are a gocd approxi~t%on of the reduction reaotions.

TO inmrts as complete reduotion aB practical (+~~~] and te complex

the 12 formed duripg reaction, as I “~ the following conditions were aaopted.
3

1110in the ratio o? 8 zaoleaper mole of plutonium was added to the solution to

be reducodc ak a t@mperaturo of l~%,n or leas. I@xmtion was oomplete in twenty

minutes. Specif’i~ationof a maximum starting temperature was necessary in order

that the peak %emgerature during reaction be below the point where volitalization

ef 12 twoame appryciableO
..

and that a res.ctionbetween I and HI?O.be prevented.
2

Precipitation of Pu (111) oxalate ‘naathe most trouble fme purification

step used.. Addition of a nearly sa%urated eolu~ion of H c o (0.67M)te a
z~k

Bolution immediately following HI reduotion and allowing twenty minutes for the
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precipitate to form. with ~tirri.ng@produced a precipitate which 8ett3ed readily.

The prime function of the Fu (rII) oxalmte precipitation was the removal of

urariiumO Under operating conditions uranium vtasremoved by a factor et approximate.

Iy 200 Dmthani.um. present the extent of approximately 30.000parts per million

QZ pus W6S ~ractj.ca~lYquantitatively preoipAtated during this stepo

Preparatory to acetate preci.pi.tntionand ether extraction the pktenhm

was exidjzed to 3?u (W)o OxidatAom wa8 acoemplkshed by the aation of HNO and

3
NaBr03 on a slurry of PU (III) Oxalate. at elevatedtemperatures.After addition

of HNO and a solution of NaBrO to the slurry~ the temperature of the mixture
3 3

was raised to 75%.* and maintained at that temperature until the precipitate

was dissolved (approximatelya half hour). The temperature was then raised to

93°C0.and mintiined for one hour. The reactions involvod during oxidation were

?!hedissolution of the Pu {111) oxalate at an intermediate

controlled the rate of evolution of Bra and CO 0
2,

16H&

temperature

Ssvoral eases of’incomplete oxidation viereexperienced. This was

evidenced by inability to dissolve the oxa3ate precipitate even with prolonged

heating at 93*C. The only sati~faetorymethod of resolving the syskem wae by

addition of a

●
at 93°cc

The

twu=fold excess of HUO
3

precipitation of eodivm

and rlaBrO and heating for several hours
~
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The condition8 for precipitation with acceptable y&elds were much moro CritiCa~

than during the fmmation of the pu (111) oxalateo The precipitation ?!wact%on

!+aaaemmcxi to proceed according to!=

(7) PUO;*+jtta”./-Mt*__> l!m.Pucl@3

The volubility of the ccxnpound was studied ae a functfon of sodium son

Wnlcentrciti.cm. ~ the preeeuce of sedi’umion concentrations up ta approximately
.

3Ms the s~~lubi~itysho~~fla markeddecrea~etith increaseds@Sum Am omcmtraticm.

At approximately 20°C, fn water, the solubiltty is lg~~g Pu per lttera in~

HAc & O.~Ae-) with a pli-~. Because the hydrogen ion cmcentrat%on was m%

● precxmly known after oxidat~on it waB neeeseary to titrate the oxidized SOIU%LOU

with the acetate prcmipitanto in order that the composition of the supernatant

be within prescribed limit8~ By slowly adding precipitant, with stirring. the

exoess aoid from oxidation was neutralized the end point bsing the appearance
.
Q.fpermanent precipitate of sodium plutonyl acetat6.

Aftsr neutralization of ex~oss aoida an amount of precipitant auffici.ea%

%J I’wrm‘theprecipitate and entablish op~innm conditions in the supernatazxt was

aaded. k order *O form a preoipttate having de8irable aettllng properties

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

or less* to a solution at 65*cO formed a preoipitata having doa.irableproperties.
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Ianthaumj and to reduoe the volume of solution to be ether extracted.

the sodium plutonyl acetato was das~olvod in M’O cQn-
~

: %nJo3=---+ m ‘ ;’ Pw3
‘2

.3SG .$’31’J(30
3

The xi I?O
%

e.ot ed
3

COllow” Zxoess reagent was

approximately 1.51d0and the

as a salf$ingout agent for the

added so that the hydrogen ion

ammomium nitrate approximately

etha~ extraction te

Concoctrvl’tionwa~

600,34”

Ether axtraotion while being the moat efficient overall purification

operation was the most difficult step to engineer to Iarge-mcale operations. For

eatisfe.ctory production work it was required that the operation be canttnuouaO

● wmp~etely enclosed. and relatively fast. The first tie requirements were met

by building a modification of the oommon Saxle~ extractor. The mechanism of ex-

traction waa unknown and partition coet’fielents were only qualitatively determin-

ed ae that eptinum conditions fur fast extraction were determined more cr less

End Of

and if

ion acttvity and iow

of concentrated 6olutiorm

prosedure~). ~itrio acid

of Pu~{N03)2 ~toppod before complete removal from the equeous phase. Optimum
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