
.

.,, 5. ,.,.,,,, -9

. . ..-.

‘?h>b ikcu.nent cmtziinf ~g l!C.Seh
—-—

R.F.lw.wVim’1’l’m~!y.
., .--.—..___

.~..?. ● .O ● 00 9** ..-

*;O.

h ~-
-=.-. .

●.,9...*

9.*

● . . . . .

—-’ ‘ \Te “ 0‘“- ““’ ‘“’

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE

ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov




● 0 ● *9 ● 00 ● 00 :00 ● e

uNcmsslf@ “i”‘m● ,0 9** ,9*

,,

, -.
----

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=

UNCL\SS\F\ED

I

● ☛ ✎☛☛ ● a. . . . .

● ● . ● .O.::
.0 .0 .:

● 9
: ●:

“0 .*
●:0

.*O ●0: ●:0 ●0: ● 00 ● 0

● ● ● *9 ● 9O●o@● ● ● ●°0
● 89* ,*

9 ●9:
● ● “:●’:“:‘:●::... ● *O

● O**. ● ** 9*

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.-

Introduotion ----.—

● ☛ ● ☛☛ ●● 00:0
● 0-0

● *@ ●● ,* *m*
90 .*9

Q-
● ● e
● ● *

● ● **

● be

9** ● ●

.:-
●

● 9

●

● e 9.e .*. .:. :a* :*a

UNCLMWED:::::O m:9*9● ●em●**●*-.3-
T.4BLE07’CWTIU!TS

-------------------......---------------------------------

Jethods, Cut—.

Liwgn GULS “ii”hitches

Rough Cut, “R” Batches

------------------- ----------------- -. -.---= .--.-.--

. . . . . . . -----.-~ --.-.---e --------------- -----

Fine Cut _--= ---------------A--.. -------- ._--------- "---e -------

Disposition of Cut Samples ---------.---..-.--------------.---==-

Dat* Obtained by Cut Opxs.tions .---------~~----..-.-----.---e.e

Data Sheets

Expkination of --..,--------e”.-.-..---”-e-.-----Qee--.------------...-

Ewnples of ---------------------------------------------------..---

Mwthods, Purification

Lk3valopmnt of

Procedure A-8,

l%ocedur~ A-%9

Procedures P.-1

Procedure %2,

Proccaure S-2,

,~~~~eaure(j-l+

;k~cedure C-lU

------------------------ -------------- -------- ------- ..-

F’1owsheets --------------------------------------------

Operating instructions *-------------------------...

to A-9 --------.--.--eee----s-e--”-...-------.-z-------

p~OVJ Sheets ------- -------- --e---. --e.--- ----------

OpuratinS Instructions ---------------------------

F1OW sheets -----------------e.--.---------------._--.e

@3rating Instructions ----------------..---.We---e.

Treatment of 8uperuatant Solution and .Plutonium-
lkmring Resf.ducs------------------------------------------------

UNCMSSIFIED
● ☛ ● ☛☛ ● m. ● . . .

● 9 ● . ..O.
● e : 9*
● a.. : ●:00
● 000

● * . . . . . . ..: .:. .*
●

Page

4

11

11

21

28

37

52

55

62

75

84

88

● ● ● 9*●°9● ●
●**

● .O: ● co:
● ● O*

●
● **

:● ::@.:
● 900

● O*
● co*. ● ea ● o

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● 9 ● 00 ● a

● U* ●°0 : .OO ●

● ,*** ● O*

● 00 ● : ● O* ●

. .*.**:.*: :*. *
● 9 ● **

● ✌ ● 90 ● 00 ● ** 9*- ● *● 00:: .::● *:*..
● ● a

●:00 ● *
● ●** ● ●:0 :00●-

UNCLASSIFIED-b”

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~ $ $.”

Nii---
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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

uNCMSSIFIED.. .:..●0●.:●:0●00●00~~+,
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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

UNCWSSIFIED‘J~~● ****9●**●*.OOOOOOO● 9*
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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.

re-
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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-

● ● ● ● ☛☛ ● 00 ● *

● mme ● ●** ● **
● ● OmO *O* ●

● ● ● **9● :: ● 0: .*9

● *99* 99* .0
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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
~

● ☛ -0 0 -m ● *9 9*
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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

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



004Af8gave

attainable

the boiler

.

satisfactory extraction. ‘thera?e of ether pass was run at the maximum

with the equipment. The limiting factor was the heat transferred into

. Extraction gave the greatest pur;fiaation from a greater number of

element thmn any other operation. on~~ uraniu~~ which WaS presumably quantitative-

ly extraeted and chromium extracted to approximately 10% of that present, were the

only elements observed to follow plutonium. Prediction ~quipmmt attained approx-

imately gg~ cmtraotion in three hours.

.Followhg extraction the plutonium was reduced to Pu [111) equation (b).

and Pu (lII) oxdate preeipitatod. The final oxalate preoipi.tationserved tmo

purposen. As well as being a purification operation. it was a compound which

ceuid be conven~ently driedO &@.ted to the diotide and hydro fluorinated by the

plutonium *y-conversion operations.

When pur%ty toXorance6 were partially lifted. it seemed probable that

R quicker and simpler prooedure wauld yAeld plutonium or mtiaf~ctory purity.

The first ~ajor change in purification 0pC!rii~iOKU30 oansinted in elimination of

the first Pu (111) oxalnte and the eodiwn plutonyl acetate prmipf.tations. The

preoess was designated as Procedure B.u and consisted of the following steps:-

(1) oxidation of the starting material with HN03 and NaBrO S {,2?)ether extraction
:

IMSing CCL(NO) as a salting out a~eute (3) reductian with IHo and (4) pr=ipit=tian
32

Of m (III) oxalatef

A third revision of the purification operations ~esigna~ed Pro-duro COO

consisted only of HI reduction and Pu (111) mcalate precipitation. Only two senli-

production runs were made using the C=prooedure.
● e ●

UNCMSSIFIED
●

*

S*
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of the yio~ds and purification attained in all production

= 406.
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●
+i2.001,.H20to B@.lew

+Product to 12st.

.0 —m
● 00 ● m

STAN7MR0 P~WEDURE #..tl ● ****** ● ..
● ** ● ●e*—. — ●.***a*:*m: :***
● m .**

Flow sheet
● 0 ● ** 9** ●:= :*. :.O

UNCUSSIFIED ‘::.!.~“: ‘“ !:
●:0 :00● 0

Extractor ~nitial Produc~....

I

—— —— -— ...
0.80L 1

0.I.@d

+oM

o n!
00
(%02!4

&
Oc.00 M
00
0002M
0.394
O.oo$di!
2.05M

Puo ‘+
PAN:+
Et
FO+3

Cr::

g+=

Esoq”
Ram;
No;

cool Eixtto 17%

Allow 20 min for reduction

d

1’

cool

Extractor
. ......._— _

Ext. to 25°c

[ 1After Reduction
.-.—.—.. ——..

● ● ● ☛☛ ● be●’*b ● ● ●9* ● .*:

UNCLASSIFIED::+ :O:~ifi
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● An m ppto to form 20 min.

●

Allow ppto to nettle lb min.

0.50 L S.I?.(f)

1<,22M H+ (0.61)
0.06%! H SO+” (0.03]
0.36M No~” [0.18)
0.68M I “ (0.34)
O●13M 13- (0.07)
0022M HAC=O+ (0.11)

j405 L 1320tO Ext.

Suspend ppt. in wash solution

Allow ppt. to settle 15 min. .

Withdraw wash

61.@mgPu

I 4050 L
I

-1
00EM H* (0.55)
00006M Hsoy” (0003)
0C04M NoIj- [0.16)
Ooo’jw I-e [0.31)
O.ow q (0.06)
o.,OaA

~=t Ox. Ppt.O After 1st was~
Hacaoy (O.lO)

Extractor
L

I
0.50 L SONO-— c ‘-1

00WK ~+ (0006
i).ci@l Nog” (Qocw{
O.0~ 1“ [ooo~)
Ooo111 13- (0.007)
0.02M HLCZO+ (0.01)

l————0,10 L Ppta
I

--

I 100 nlg ml I

.

~2(C2Qy)3 (0033)
LaL(CzO+)S (OGO~)

Sn02*X H=OO SiOz*X HZO = 003g
.——

W!CUSSIFIED

● O:: ● *●**: : ●: ●
● 000 :0

● * ●** ●**●0:● .. .*
● ● ● 00 ● b*●** ● ● ● ●** ● 9*:

● ● *e ● ● m.
● : ● bae● :: 00: ● **

● 9**** 9*8*
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●

●“

+E$JO to Ext, to dilute solution ‘to2.8 L
~0.875 L HA~

l.ixtractorafter Oxid~_tio~—.—
I 1

I

2.80 L I
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●

(PuO&i++3 Aa” + Nar ~ MiPuO&Ae,

1

Periw.nontppt. should form when ,
300-700nilreagent has been added. I 4.20 L. 65°C

Allow @. tO settle 15 min. I
withdraw S.N.

30~0 L S.N. 65Qc(k)

20773! 10%+ (1.40)
0050M Ac- (0.25)
o.21@d HAc (0.12
O.U?M BrO~- (0.06{
~.16M NoJ (1.07)

+4.00L &08M Xfal1019.2)0Oo2M

-doo~’lyio (1040 to EM o

Suspend ppt. in wash solution.

All&a ppt. tO settle 15 min.

2.77M w+ :&li;;$
0,>50M Aa -
Ooi?.bd H@ (3:01)
Olma BrO~- (0.52)
2.16M I?o$ (9.06)
oao!-lM ~, s (0002)

1040$ Pu
—A

~-
NaAc (0.8) 4.00 LO 61j0C

J
4.761A R$r (19.02)
O02X AC- {;:;;)

O.* me
000ZM BrG3” [1oo~
4.5(3M No; (18002)

Withdraw wash

0050L SdTO 65°C

h07& Nat (2.40}
0023M Ao- (0012]
GO* ma (0.17)

. 0.olll BrOs” (0.007)
4050M Noa” (2.26)

‘1 qxkg Pu

● ☛ ● ☛☛ ● *O ● ● O* ●

~~oJ@lED~~”:!H’.:90 9*O ● *e . . . ● . . .*

● ● ● *e ● O*●m*● ● ● ●.** 9*9
● ●°:

● ● **
● : ● me@● :: ● 0: .0.

● ** O*e*m ● *

..
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+4.00 L~.8M llakl~19.2) 0.2M NaAc(O.8)

!0
OCJj$Jw ~c (l&C) to Ext.

Suspend ppt. in wash solution.

Allow pp%. to settle 15 min.

Withdraw wash

.

25chugPU

mcmss\F\ED

●
● a ● 9* 9** ● ● *.

● 0 .. *.*.
● 0 : ● 0

● * : ●:00:: 000
●* ●** ●** ●.*.:.●*●

● ● ● ☛☛ ● *O●’a● ● ● ●°0
● 9** ● ●

● ●°:
● *O

● ● ● 9**● :: @ ● **
● * ● ● ● ** 9*
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●

●

Oeoqjll Broa”
_\

O.OO1)
O&?OM A(I” 0.10)

.I .

0.10L Ppt.65QC— I

(0.66) I 1P-3 @rtraction Rcmidu
! *

Ether
Br’(trace)

I 5.0 L
+MM NI+NO~ to Ext. mark.~OA L (4,00) —

0.02M H‘- (0.08)
Cool Ext. to 10 to 1~%. ‘ 0.yOl& IiH: /44.56)

Extrso-bor 1I%fore Extraction

505 L

O(X?M PaO*+
0059M S?ar
looy54 No~”
8.CY3M my
0.41.M HAc
a*42M Fr
000002M BrOg”

(0.66) .
(30ti}
[56.78)
(hk050)
(2.25)
(7.82)
(0.001)

Jfeatl,joi3cr

tiliethylether to Ext. (Run Extraction
3 hrs. keeping Boiler at 45.50°C. hash
Ext. walls with ether from wash ring
@ter 1 hrs. extraction

‘L 1

%s5% p@JNO~)2etiraotd
99X HN03 extracted

a HAO extraoted

Witlidrar,liquid from Ext.

o.631d XaP (301Q-
90%~ NO=- {:7;:{

0a 0002M Br0=9
0.004M HAc (0:02)

.
$uO&aXH&OO siO&”XH~O”0.3g ;

!
800 mg Pu

1P-3 Extractor Yiash

I.M E@ (1.675)
~M N05” (1.675)

Traceu HH$. Nay . BrOy-, Pus elm

bash Ext. 1.675L 1X HN~(I.675)
0.175L from Wash Ring
1.50 L from F@. Re8.

● Withdraw wash
.1

&e 98* ●O~h
Heat Boiler to 93°C and keep at 93°C for O.~ hrs. ~ ~ ●; ~ .: : :.

7
)t
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●0 . + a:”:+”.’=90490
● *O.9 **9●OO:. :OOO:● O*
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●00000.-- .--

UNCLASSIFl~ VXOCOH:OY:

Boiler ~fter llxtraotio~
—.

.2.50L-—

oe26M Puoa++ (oO&j)
3*1OM He (7.74)
00894 Eha (2.23)
3A2M Nod” (9.00)

.

+1~1 L 5.5M UI (60cMj)to Boiler

AI1oY{20 tin for reduotloza.

{

2 PuO;++91’*8H
1

“ ‘“+ 3~p%z9
z 30 Keal heat liberate

Cool Boiler to 25°C

Boiler 1~fier Reduotiau
G- 4

5060L

0018M Pu+’ (0065)
3011M H’

11

11.19)
ooe~ 3- 3.12
002~ 1~- 00%
2.5236 W?- (99~)
00623( MO (2.23)

● ● 900.:b
● m

.

t 30~L 0.67MH#40f(20~b)to ~Oi.hr

Allowppt.tO f’01’11120 min.

Allow ppt. to settle 15 min.

IP-146 [2nd Ox. SON.

I 6.20 L

Withdraw S.M. 800 mg PU

utWtiSSIF\ED ‘
&

●
●:

● * ●** ●.. ... ● ..–.* “
● ● ● oo ● 00●*9 ● ● ● ●*9 b ●°:

● 9****** ●9 ●● ::..: ● **O
● OO

● eea. ● ** ● 9
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●9 ●*9
● ** ●a*
● Oe*m
● 00 ●
● 000.
●9 ●** ●

●0 ●*O ● 00
● 00

● 000
● 0● :

● ●:~ :

9
●
●

●

:00

●☛☛
● ☛
●00
::

●
✎ ✎

●

UWCMSIFIED ●*99
●
●

9:0

● 00
●
●*
:
●O*

● ☛

✚✚
● 0
● *

E3ilt?x c ]2nd Ox, After 2nd wash

0.50 L S.11.

O.llM ** (o.o~~)
O.(X33M 1“ (0.0015)
O.ooll!. IS- (ooooo~)
Oooogll z@J- (0.0045)
oooo~ EAc $ooy}
O.IOM cl-
O.IOM HZC20+ (0:05)

0.10 L Ppt.

Pu4(CaOy)~(~0~3 )

+5.50 L H20to Boiler

P-U6 12nd Ox. 3rd lYashl

5030LL

0CO09M # (oo@9)
O.000~ I- (0.0013)
0000033+! 1~0~ $ooooo)
0*OO08M NO,
00000* HAG (0:0013)
OoO08M cl- (0.04)
00008M HAC20+ (O.*]

MOgm

Transfer Bottle [Ox. Ppt. Af@r.
Transfer~

Su’$pcndppt. in Wadl l!lolutiorl.

Allow ppto to Settla 15 mino
0.?%)L SON.

Withdraw wash I I -
Oaqnd H* (0.001)
ooooo31i I-
Oaoool?d - $%%%%)
0.0008M ;33“ (000003)
0.0003M H&c (0000004)

0.70 L S.N. ‘*’

0JI08M cl- /O.OO1)“-
Oeoogld ~r (0.006)
000003M I- (0=0002)
OOOOOIM 13- (o.000o~)
0.0008r$ NOg- (oaooo5)
0.0003M KAc ::.OO$)
0.0c8M Cl-
0900M Ji.c20# (0:006)

0.10 L Ppt.

P-346 c 1Transfer Tube wash

0.10 L

EM
~+

(1.20)
UM cl- {Z.20)

1’ t“
Pu trace

0.10 L Ppt.

Transferslurry to transfer
bottle and return exoess
SON. to Boiler

IYash.transfertube with

● ☛ 99* ● OO ● ● 9* ●
● *O.
● 0 ~:$e

4 : 9.
::.0. ●:0

● m ● ** ● . . . . . .** ● .
:

● ● ● ☛☛●☛☛ ● ● ● .OO““:.“:

““’:~
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“36-

Wash Boiler with j.00 L 12?dHC1 (~.00)

withdraw wa.ah >

Wash Boiler with l.~0 1 la HOl {12.00)

Withdraw wash I

Wash Boiler with 1.00 L H%O

Withdraw wash I

Wash Boiler with 1.00L HLO

Withdraw wash

●D ●**
● 00
● ***
::0

● a :00

● m ●*O
●

● :
●●:

● ●:-

●9
●’0 : ●** ●
8e 9**
● 0 ●00 ●
. ..*..*

● .9.000

● 00 ● *9 :00 9*
● 0
●* ●* ::
● :0 ● 9
● ● @
● ●:e :00 ●O

‘emlmmm

1J?-146& Boiler wash

3.40 L

lo Ad
# {36.00]

lo.61d Cl” (*000]
traces of
1°
1~- ,
HAc
Hzc=c))/
Iio.”

P-46 bth Boiler wash

traces H*

llNCMSIFIEb

cl-

●0 ●** ● *. ● 9**● ...’.:: :
● *.* ● 9: +00
● 0..

● 0 ●.. ●*. ●*. .:. ..●

● ● ●00●’* ● ● ● .*: ●0: .O:
● 9** ● 0,

● :
● :O:f ● eea● :

● O
● 09

● m. ●*O **
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ljmAsslfl~ ‘::;::
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S!I%NDARDPROCEDUIWlA-8 RESIDUES

P-46

.\2060L—.

1.72M H*
~o?7- (@.661

0.0005M
C=**

(0.02)
0.OCmM $:$]
0000007M Nir
00008M HSO~ [?0:31
000002M N“Po+-

[1
00007

t));% N~- 10.88
(606a)

OOOIM L- (1.65)
Oooml *04 (3037)
ooC@l (2.22)

● 1Q24M cl- (fjooj!lo)

Pu = 2120 mg (OoQ@) 0@O02M

P-3

L-
l.~0 L (C4H~)fl

60675L-

I SnOz”X II*On SiOz OX i3L0 SO.3g I
I Pu = 800 mg (OOG03)000006M I

Evaporated ether in stream of
air in hood

675 L

Szlo%”xE400 sio&OxH.@ ~ o.3g

I?u= 800 mg (0.003]=..0.00063!

P-5

● O
●°0: ●o* b
● ● ● **
● ● ● ** ●

● 9* ● O**
● 9*. m*m

● e9 ●:9 :Om ● *
● ● *
● *o ***m
● ** ● *
● ** ● *
●

r

&sIFl~

1050L.

J$.50M Na+ (6075)
o.?jm s~: {;.09;
o.27M S04
0055M Br- (0:82)
0.60M COJ= (0.90)
0.77H 3C0q- {1016)

P-2.

12020L

Lolb! l!a~ (50,53)
0032M he” (3.88)
0.32M Iuc (3.78)
Ooo$jx RrO~- {0.58)
3.78M l’?% (46016)
00002M ~ea (0.02)

~ = 1900w (O@Ch) 0.0003M

*0050 xlu% HN03(MO)

.
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STANDARD PROCEDURE A-8 REAGEXTS

Amount per Run

Reagent

@l

FiNo
3“

10 M

HN030~4 M

HC1, 12 M

HI. 5.5 M

H2C2(& 0067M

‘2c204’ 0“1 M ~
HCl@ 021 M

1.54M

NaAc~, 2075M
&aN03t 3&OM

NaNO , 4045 M
Nad 0!5%
mo~o 03%

I?60H* 2050Id
Na2S03,1000M

Diethyl Ether.‘“n)

Total Aq: SOhltiOns

Vohmle Density Gram Moles
(liters] (g/cQ)

190375 I 0.997 I
i

30700 I 3070

00300 I 1.295 I 3000

f

20100 1050 11.55

60400 1.027 4.208

4.500 I 10XO

1.10
1010

40.50.
9.90

4000 “--”

0.900 I 1.171 10386

35.60
1.255 4.40

80000 2.00

10200 30’75
1.500 1050

UIVCl,.ASSIFIED
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STAIJ)ARDPROCKOURE A-9 RIM.GINZI’S

Amount per Run

Mol. W&• I GramsRea~arrt Gram Moles

27.40

Pound:

6300
I

1726 3.,81

“3.2611.55

HccJ02E20224

44.50

+

NO
% 3

0.4610386Mm-().
3

136.1 134074

&o=o 150“00

0.3090~

SOTS

L&?&o

1050

.-..-

0.33NafXi

k?aNO
3

I O&?126Na SO
23

UNCMSSIFIED
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-40-

Standard Procedure A-8

Ho*es8

(a) A number in parenthesis following the formula of an ion or compound

represents tho

(b} It is believed

l@ to a~og of

Cal.Mjeabtiormd

number of gram moles of the ion or coqoound.

that the process can handle a chargo containing from

Pu without the conditions being sufficiently ahanged to

loss@f30

Tho form of tho Pu when it is received is rather uncertain. After

solutions spectropho’tometrioanalysis has shown tho Pu to be about half

in the t6 oxidation stata and about half in the#4 oxidation state.

I

(c)

When the solution is allowed to stand the amount of Pu in the+6 state

deoreaseso so it appearB that~he+6 state ia uot formsd by dismtation

of thcY4 wtate after the slurry is dissolved. Beaause of its ohemical

si~larity to UO~fthe 46 state Of J% is assumed to be PUO~+O ThQ~4

state is assumed to be PuO*$nly beoausa assuming this form helps explain

the apparent loss of U‘during the oxidation in the l$B1lprocedure and

during the first reduction in ‘Attprocedure.

The amount H~presmt is very uncertain. ‘i’homount stated in the flow

sheet (0.48) rnoloaof free H~ is calculated fram the arbitrary awnxsp=

tion that the skrry received from V is IEiin total avaikblo li~ The

Y
solution could bs as low as O.m moles of free E if there were no

t-
●* ●** ●9* ● ●O* ●

available ~ in the slurry and as high as l.~{)~md~a~if”.~hc~m;l”~ular
●* ●00 ●** ●** ●O9 ●m

.- —.
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.41.

found in Hanford material

listed give high averages of the impurities

prooessod in B%dg~ D. The table below gives

the ranges through which the impurities ham fluotuated.

Xmpurity high (g) Iuw (g)

Fe 4. OA
Cr 0.6 0.06
Ni 0.4 oaf+
La “ jl:. 0.1
Sq$i 16.
P .-

$!
1: 0.3

Bo ids 1. oco~

Sufficient HI is added tc+’properlyreduce the Pu even if it wore all

in the +6 oxidation state.

The oxalate preo~pitate usually settles to a volume of 300 to 500 ml

and 100 to 200 ml of supernatant is left over the precipitate. Here

it is assumed that 600 ml of precipitate plus supernatant is left in

the reactor and that the actual volume oocupied by the precipitate is

100 ml. This volume would prediot a density of the oxalate with ten

watersof hydration of 3g/m, which iS reasonable.

Tho oquatims written for the oxidation are not known to be correot.

It is quite possible the NO-~ play8 some part in the oxidation for the

oolor of the oxalate prooipitate has been observed to ohange color on

the addition of the 1014

The pUrpOFIOOf.the

thci Br2@ C02D ~o vap=

bubblar absorbs most cd’

I.iNOo
3

bubblerie to removefrom tho reactor and absorb

and any Pu oarried in the spray. Tha aoid

tho H@ and Pu in a:”@~~~@ f.&.~ti@h the Pu
● 0000 ●* ● ●-. . . . ● -

may be roooveredg The alkaline bubbler ~ba;~%#”~h%”B~” “%f”~o and
● : ●.: ::’..:::2

UNCLASSIFIED:~~
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rmrmining traces of

● O ● ** ● O
9** ●O.: /: .
● *00* ●

● 00. : ●** ●

● .* ●** ● ● ● ●m.
● * ● 00 ● ** ● ●

● O 99* ● 9* ● ** :00 ● *
● 9* Mo

● :9**.***
● 00 ● *

● :.* : ● *
9** ● ●:0 ● ** 9*

UNCLWSIFIED
-d.&’

I%. Air ia pulled through the bubbler by xneanaof

;

a mechanical pump.

The usual amount of +0 evaporated duri~ the oxidation is about

200 ml but may be much more if the solution is allowed to boil (about

$16°Cat an elevation of 7500ft.)

probably very little Br~- deoempoSCM 8i?Ic@ the E ‘U@nC@dW&~iO~

5s reduced to loss than 3X before the temperature reaches ~z%.

(h) The aoid bubbler need not be changed ovcry run. It mod be changed

only when condensed H O from the oxidation increase~ the volume
2

sufficientlyto interfere with the operation of the bubblerE.

(i) Thealh=line bubbler noedato bechangsd every run.

(j) Ao- refers to the Acetato ion (C2H5020).

(k) The NciPu02AC5 F.-ocipitate umally settles to a volume of 305 to ~00

ml and 100 to 200 ml of supernatant is left over the procipi.tate~ Here

it ia aasuumd that 600 m3 of precipitate plus aupernatant is loft in

the reactor and that the actual volume occupied by the prcoipitate is

100ml. This volume would predict a density of 3g/cc for the l?aPUCL#?3,

which ia reasonable (density of

[1) When a clean transfer bottle is

a transfer bottle which has not

wmga3~2J%/ae )..
used the flow sheet is aoourata. When

bow cleaned ia returned by Dry Conversion

(normal procedure) itwill contain l~Oml ef ~olution plus precipitate.

Therefore a VOILUIM of anly 61j0ml should be left in the boiler for the
●* ●00 ●00 ● 99* ●

transfer. This mee.nsthat 150 ml nore of tii~ +~t~wa:? ;~l%oc>on will
● 0 ●

● 0 ●.: ●:0 ●: ● 00 ● 0
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(m)

(n)

UIVCLASSIFIED

=43- ‘

go into P-1.&6and cmly ~~0 ml of

with the precipitate.

About C).65LOf IllHN05 (0.65) iB

inc~udeclin the figures given in

aupernatant

used in the

the ixblo.

will be left in the boiler

cut operation and is not

Figure givan in the table

allow for changing the bubblers after every run.

The amount of ether used can be variable. In a ti~ht system only 1.5

tO 2.0 L are used. If a systemleaksOas much as 15L have been used.

It is assumed here tJlatono 5.lb can of ether is used per run.

““VSSIFW9

● ☛ ● ☛☛ ● ☛☛ ● 9**
● ● ● ● ● ● ●9*
● . ● *●: : ●:**:: ●

● 0 ●0: ●:0●e: ●:0 ●0
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STANDARD PROCEDURE A-8

Operating Inatruotions

Eron can Bottle Lo~
??0. I

Pu A88ay -
Ho. Ho. Soln. RadiO

$mSo Pu
Chem.

.. ——

General Inatruotions

1.

20

3~

49

Operators initial pmoedure at beginning and end of shift.

Leave reagent reservoir tubo in reagent bottle af%$r reagent has been drawn
tnko reservoir unti1 ready to uee next reagent.

GIovosO masks and coveralls must be worn during entire proaess. Face shields
mum be worn during ether extraction and while handling ether.

Do not move plutonium out of apace unit without permission of Quantity Control.

?romduro

Step

o.

1-.

2.

~c

J!.

5*

68

Cheek controls (use check list attached). Request Boron Can from
Quantity Control.

Add 2L H20 to boilor.

Turn reservoir stopcook to off.

Turn ooolant into extractor Jaoket.

Transfer produot to reservoir and add to extractor.

APPROVED FOR PUBLIC RELEASE
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9* ● O9 ● *8 ●:0, :.* :*0
b ● *● 0:0:: ● ::

●● :CO ● *
● ● O9 ● ●:O :00 ● 0

Tzrn roscrvoi.rstopcock to off.

Nhen ewtraotor temp. S 20°C$ turn coolav.tOff.

Transfer 100L 5.* 111to reservoir.

Add HI to extractor.

Operators change gloves.

Allow 20 min from time of addition of Mu for rodwtion.

!i.’ransf’er3.2L 0.67M H2C204 to reservoir.

Connect extractor m,apernatant tube to P-U}6 bottle.

After 20 min. reduction time~ add XC O im reservoir.z~~

Turn resorvair stopcock to off.

After H2C ~ is in.
5

burp extractor auperncitantline to agitate. and
stir for O min.

Af’tersolution has been stirred 20 mino Step stirrer and allow ppt.
settle 5 min. Blow out supernatwt tube and allow to cettle 10 min

After ppt. has settled for 15 min set supernatant tube 100 ml above
{%00 ml) and suck supcrnatant into i-46.

to
more.

ppt.

(710s0pinchcock on extractor supermtant Iille
extrac%or “burper” line.

;~ddwater tO exbroc~or. Start stirrer “Wli(?tl 1

Close reservoir stopcock.

Stop stirrers allcw ppte to setl.lefor 5 minO
and aklow ppt. to settlo ror 10 tin more.

and open pinchcock on

liter E.(Jia in.
2-.

● ☛ ● O* ● ab ● ● ,0 - ●

Tranaft?r4.5 liters of H20 to roscrvoir.” ! : WKMS%-IED
● m●9*● .0●.. ● .. ●*
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9* boo ●0
● ** ●°0 : ●e* ●

.* .*9*:*: ..
● *O ● ●

99 . . . . . . . ::b. e
● a ● 9*

. . 9.9 ● ** ●:0 :.* .*
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-l&-

When ppt. bas oettled for lb minO set supcrnata]~ttube 100 ml above
ppt.{-800 ml) and suck supernatzmt into P-L46.

l?~cksupernatar.lttube up. C1OSO extraotor supernatant line pinch clamp
and open eztraotor “burpcn??pinch clamp,

Add water to extractor. Start stirrqr when 1 liter 5-$3 is in. ,

Repmti 23 to 28 inclusivao omitting 25.

TranGfer jJCXlml 10M HN03 to reservoir...

Add acid to extractor.

Close reservoir stopaock.

Transfer 900 ml lo5&M B!aBr05to reservoir.

Add NaBr03 to extractor.

CIOEO reservoir stopcock.

Start extractor stirrcro turn extractor steam on and start circulating
pump.

When extractor tmp = JO°Co turn Steam off.

A11OW temp. to riso to 75°cand hold at 75°C unttlppto hss dissolved.

dissolved add 375 ml M IiNC)through wash ring. raise
2and hold at 91°C for 1 hou ~

for 1 hour at 91°CB tiiluteto 2.0 liters and adjust temp.

liters 2.75FINaAcO3AM YRN03h reeervoiro

with”WirringD to extractor add a rate of 50 ml per/mira.,
or less. (Permanent ppt. should form at 300 to 700 ml).

Turn resenoir Stopcook to off.

Continue stirring 5 tin aft9r reagent is in.

Stop tjtirrer,allox ppt. +0 settle for 5 IuIqg.Q~~@$utaaaqqer~atantline,,
allow ppt. to settle 10 rein,moro= ● 0000:: :..*.

● *O** ●

● 0000 ● 0
● * ● * ●

urtcusl~i~~(“1“*● :.::●-:
●0 &● ●.:
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● ☛ ● 00 ●
● 0

● e* ●0: .9* ●

●aO*ae:e :**
● ** ● ●

● ** ●*b ● ● 9 bmb
● 0 9** ●00 ● ●

●m●00 ● ** 9** :- ● *● *9: ::● O:eo:a ● m
●

.:* .0

9 ● 00 : ●:0 :00 ●*

‘1’ransfer4.00 liter 4.8M NaNO OJ?M itaAc O 0.35MHAc to reservoir.
3“

Changesupmvxtant bottle from PO146to P-2

When ppt. has sek.tied15 rein,open tmpernatmt line pinch clamp. close
ekractor ‘ourpern pinoh Clnmp$ 5et supcmnatxanttube 100 ml above ppt.
and suck supcrnatant into P-2.

Close SUp@r~atant li~~ pinch Ch?+IXpOopen c3firaCtOr‘tburperopiuch chim~b

Add soluticm from roservair to extractor.

Keep temperature of extractor at (zPC during washing of ppt.

Rhon 1 liter of solution has been addad~ start a%irrer. Stir for 5 din
after selution is in.

Allow ppto to settle ~
to settle 10 min more.

Transfer 4.0 liters of

min and blow out supernatant line. Allow ppt.

4.8M Na80z.0.2WIJaiic,O.%M HAC to reservoir.

CIoee tlw supernatant line pinch clamp and open the @x&mctor ‘fburper’?
pinch clamp.

Transfer 4.50 litsrs of 9.ON

Turn coolant into condensers

Add solution to extractor. Start

Turn re8ervoir stopooclcto Oflfo

Transfer sufficient 10M
Y

lio3to
5.,6liters.

‘ddm&Nozto “tractor”

‘turn reservoir stqcoclc off.

stirrer IThcn1 liter has be?n added.

men extractor is 156C or Iasa twn coolant a:~d.ga~m.of<.m.e
● ● ● ● ● ● .**

Turn Br2 bubbler off.

UNCIASSIFJED ‘:
●
●

●

● . ● ● ● ● m.● *
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69.

70.

71.

72.

73.

74.

-/7*

78●

79*

80.

81.

82●

03.

a.

85.

86.

87.

56*

4@-

Turn stcmsuinto boiler and puq on.

Turn etiractor stirrer off nnd fill e%lmr rmcmvoir. turn extractor
and boilor stirrers one

When boiler temperature is 50eC or grwxtero mdd ether to extractor
until cthar runs through wtractor side arm.

Bled ether {continuowly or in apurts) to
between 45°C to ~O°C.

Aftar axtrmction has run one hour blew out

keep boiler temperature

sxtractor supcmnatant tube.

M%er etiraotion haa run two hours blew out cxtrrnctorsupornatnnt tubo
and v:ashextractor walls down with ether from wash ring~

Change aupernatant bottle from P-2 to P-3.,

@en oxtrac-koraupurnatfintpinah clamp and close extraotor ‘~burperf’
pinah clamp,

Khen extraction

‘l’urn12 bubbler

has run thr~e hoursO suck H O into P-3.
2

on and maintainbo~lerst 9j°C for 30 min.

Transfer 1.5 liters of h!%NO to reservoir.
3

Add HNO to extractor.
5

Turn reservoirdopcook off.

Wash walls of extractor with 175 ml M HN03 from wash ri~.

Suck acid from extractor with P-5.

Romovo P-z to hoodd blw air over surface to evaporate ether.

When boiler has been heated for 30 tin turn off &teamand turn on
coolant. Cool boiler to 15°C.

Transfer1.1 litersof 5.~ HI to rewrvoir.

● * ● 00 ● **
When boiler is 150C add HI. and stir far 20 tLh~ : : : : : “

● ●*9 ●

6**** ●9**
● S ●

● 0 ●0: ●:0●0: ●:0 ●0
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.jcjb

i%henboiler ia 20° to 25°C turn cwlant and pump off.

when HtC O has been added. cloa~;,reservoirstopcoc?r~work boiler
“burpu<’’2a~proir020 timoso and w@r for 20 minutes.

Aft6r stirring 20 minUtCJSOstop stirrers allow ppt..to settle 5 rein,
‘DIOWout boiler supcrnataht IineP and,allow to set~le for 10 min moro.

Attach P-3,46to boiler super~tunt line.

Tranafsr 5.5 liters of O.lM ~c20b* OOIM HC1 to reservoir.

When ppt. has settled for 15 tin open boiler supernatant pinch clamp~
e3,QarDboiler “burper’’,pinchclamp~ sot supernat.anttube 100 ml. abovo
ppt. and w5.thdrawsupcrnatant into P-L46.

Rack supcrnatant tube Up. close supernatant line pinch ClampO open
“bed.ler‘burpor” pinch ckmpo’add-wash to boilor.

After I litcn”of wash has been addad~ start stirrer.
after wash has been added. Close rescrvolr stopeook.

Stop 9tirrer0.allow ppt. to settle for ~ fin blow out
and allow tQ aettla f’or3(2min moru.

Stir for 5 min

supernatafitline8

Transfer 5.5 liters”H20to resanwoir.

Repeat 95 to e~.

YYhenppt. has settled for 1.5mizwtes~open boiler supernatant pinch
mmq)D Olose “burper” pinch clampO sot superna.tmnttubo at 800 ml.and
suck supornatant into P-46.

Rank supernatant tube up.

Disoonneot boiler supermtant line and connoct,$~gge~’r ~~$~m-.
**!l*n e.h

Suspend ppt. in supernatant. With stirrer
transfer bottlo.
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● 0 ● **
● e
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● *99* ● ● 00
● *** ● ● 00

99* ● 96 ● ● ●e:
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+0=

A~hm’ pp%. $0 settle for 2 - 3 minutes in transfer bottle, tap bottle
tO pack pPt. Blow mq.?wnak%nt baok into boiler.

Repeat 106 and 10~ fwr timo~.

On last pass allow ppt. to settle in transfer bottle for 15 minutes
before returning s~pcrnatant tcIboiler. Leave aa~om. ~f super~~nt
ovkr ppt. in transfer bottle.

Removestoragebottlo and lei~cit~linerto boron own. Notify Quntity
Control the.tktch is ready for transfer to storaEe.

Ffash transfer tube with 100 ml 12M HCIO into PO146.

Transfer 3.0 liters of 12M HC1 to reservoir.

Add acid to boiler.

Close reservoir stopoock.

Stir for 2 to 3 minutesor untilremainingppt. has dissolved.

SUOk acid with P-~46.

Transfer 1.0 liter of la HC1 to rc?servoir.

Add acid to boiler.

Close reservoir etopcock.

Stir for 2 to 3 minutes.

Suck acid with I’=U6.

Transfer 1.0 liter H20 to reservoir.

Add H20 to boiler.

UliCIASSIFIED
Suck &O into ~-46.

Transfer l.O liter If@ to reservoir. ●* ●** ●** ● ●0.
:: ● ● . ●**

Add lL# *O boil.r.
:

●*:: : + ●:.
● 0 ●0: ●:* ● *O ●:0 ● , ●

●
●
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UNCLmWIE-
Stir for 2 to 3 minutm.

Suck E20 into IL=146.

T+MMvtisupornatantsoP=46D P+ & F-3 to supw-natant cut room.

Add 0.5 Iitmrs 163 H!fOTto l?-206tir throughly.
)

Take ca~l cut from w.ah solution into IX100mm test tubaO mmrked with
batch number aridsupwnatant no. Seal test tub0f3with paraf.ilmo

‘dranafewsugxw-natantsto F@cowry. Obtain a temporary rocoipt for
difference between ‘it-siteassay and L!@3.

Check and decontaminate room.

Oil motors and
head glide.

I)rainalkaline
or EMU3aye

Rof’illraagen’t

bearings. Grccwm stopcocks. I?utglycerims in transfer

bubbler I,ntoI?-9,transfer to Recovery with no rocoipt

bottles.

l)NC~lFIED
.* ● *9 ● ,. ● 9**

::
● .

: ●°0
● 9

:.

::
: + ●

:.
● O ●0: ●:0 ● O* ● O* ● ,

● ● ..* ●●’0 ● .
●

be :7 ::: “:];“:
● 9 . . . .*: .*:
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~JNcms,F,iii.;”:“ ..
+2-

Several minor modifications of the A procedure were adopted frcm time

to time. These chan~es$ designatmi A-1 to A-s served to make the basic A proced-

ure sasier to operate. The details of tha A-8 procedure am given in the flow

sheet. The cmential differences between the A-8 and earliar znodifioationtare

@v~n bf?~t?Wb

Procedure Ac-1

volume

Same fisA.-8excep-ts--

initial P7asolution 1.2 liters. (A08,-008 liters)

Storage bottle vashedwith J!@Oml. 6?4KI and 200 ml M HNo . and~jash
3

added to extractor. (A-8 -- Storagu bottle washed with 200 ml M HN03

and added to extraotor. One liter 5.5M HI added directly to extractor).

Volume in extractor after oxidation 3.1 liter (A-8 2.8 liters)

Sodium plutonyl acetate precipi.tant;.-~07 ~iters Of 34?4fd Nd.c and

4aOOMNaNO. ~. (A06=+?.C)Oliters of 2.751d ??al?~~and j.@15 NaN03).

Ether extraction at room temperature-”22°C [A-8 mrtraotion et loo to

of water,.)

Superna%a~t solationa were not combined, designation as follow~:..

Y-1 Supernatant and washes from Ist. oxalate precipitate, treated—.

1 liter 12N ECIO
● ☛ ● *9 . . .

::
● : ●:* ●*.

:
●0 ::: + ●:0

●* ●0: ●:* ● 00 ●:o●*●

with
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P-2—.

P-3!-

P-i&

P-LB......—

pdj
.-A_

P-6

~$

Procedure A-2,

Ether attraction a~ueous residue. P~uG 1,~ liters of E HNO used
as extractor wash. 3

Euperna%ant and lwt~ wash of 2nd. oxalate precipitate. treated
with 1 }.itcrof 12!4HCI.

Acid bubbler resitiuc~

Boiler mpernatmt tube and Imiler wash.

Alkaline bubbler residue.

Saae aB A-1 oxoept;-

0

(1) Solution after oxidation was diluted to 2.6 liters. instead of j.1 liters.

(2) sodium plwtonyl acetate viasprecipitated with 2.0 liters of 2.T/~MNaAo.

3..4OK%aN03 instead of l.~ Iitera z~%?.dI@Ac. L\.ONNaIW2.

(3) Find rGciuctantwaa 1.1 liters of ~~aflHI instee.dof 0,8 liters of ~~m

III. The sodium plutonyl aootate precipitant was changed (2) becauus it

was found that the precipitate formed by addition of a moro dilute

precipitant lmd better settling properties.

The change in volume of solution after oxidation I

m order tinatthe lar{~trvolum of acetato proci?itant.

total volume of’

The change

cha;~gein brarid

solution greater

in HI volume and

of reagent umd.

1) was necassary

(2) not make the

~harlthe capacity of’the v@8eel.

coriccntrat”i.on(>) wns because of a

Procedure A-3S Same as A-2 axcepts-

(1) Residces P-1n ??=.!.@.P-1.U30and P-6 were aombined and called PQ=I..!6.Those

i“e~idue~were ccxnbifiedin ordar ta facilitate recovery processing

● ● ● ● ✎ ✎
● 9*.

● **
● ●’. ● ●°:

● ● *m
b

de ● *9

● ::
● ● 009:0:

●e 9
● *O

● ● *. . .
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● ☛●☛✎✎☛✎✎ ✍✍✍✍

✝☎✍

Procedure .A-t!J,
uNcLAsslFiE’Jm● n

sam as A-3 except:-
● *::.:0. .0

Q

● ●*9 ● ●OO ●om ●O

(1) One liter of ~.w HI was used as first reductant rather than KI.

This change eliminated the In’trodaetionof potassium ion and also

insured sufficient H+for the reduction should these be appreciable Pu (VI).

Procodurs A-52 Samo as A-4 exoepts-

(1) The extractor was washed i’irstwith 1.5 liters 10M HN030 then with 180

ml M HNOXZ instead of 1068 liters of M ‘liNO~
3

{2) The boil;r was vua~hedfirst with 3 Mters 22M HC1. then with 1 liter

12M H(X, instead of 500ml KM FiC1.

(3) No acid was added to P0246~

These changea provided more adequate washing of both the boiler

and efiraotor. The inareasc in aoidvash to boiler eliminated the need

Of acidifying, P-146a

Prooechme A-60 Same as A+ except;-

Proo@w3

Nitric acid was substituted f’or HC1 throughout the process.

This chmgo allowed the combination of all r06idU~68 in rmovt?ry@

and anticipated the change from D building operations to D.P. site.

where stainless lines prohibited the use of HC1.

A-79 Same as A-5 exeept;-

(1) During extraction 10M N 3?03[~1~~ Iitsrs) was bled into extractor
%

to keep the volume of the aqueous phaao const&x%.

This change made for faster.extraction.

Procedure A-~~

Procedure A-94

Details given into flow sheet~, pages 21 to *.

Same as A-8 exeept:-
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Add 2.00L HaO to Boiler Alkaline Bubbler

Add product to extractor

Extractor ~nitial Produc~
.

)080L

O&ad ‘ PUO** (o.~)(~~
~mh Py (0.33) = 160,m(b)
0.22M (0.A8)(C)
o.aOzil ~&+ (0.02) = loogm
oooofjM Cr++i-

(U04) =oo2g
oooOl#4 Ni** (OOW3)~ oo2g
00031A ~?+ (0.02) ~ 3oog
0.39M mo+- (0031]= jooog
Oooogld HAPul- :;.;;) z Oo?g
L67N N03- .-

SnO ●X H O, SiO ‘H O = 003g

Wash storage bottle ~}ith0.20L U
HN03, (0.20) add to Ext.

Add O.1OL IOM HN03(I.00)

0.30L l~54L!NaBr03(O~6) toExt.

Heat Ext. to 93*CS keep at 93°C for 1 hr.

I

1.50L Before Oxide ll~70L After Oxid..!
i “t

Cool Ext. to 25°20

● 9 ● *9 ● *. ● ● 99
● 9 ● ● , . ,*.
● O ● *●: : ●:::00. ●:0

●m 9** ● . . ● .* ● . . ● *

● ● ● OO 9**●°0 ● ● ● ●°0 ● ●°:
● ●*e ● ● ● **

● ●● ::00: ● *99
● **

● 000. ● O* 9*
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●
-56”

O=$xid
00*
Ooyx!
00oav
00ooad
Ooo.a
Oaa%
00006M
0.002!4
2J2M
ocmi?d

Puo;r [0.67)
H* [1.13)
Xa+
Fe”

(0.46)
{0002)

Bit+
~=i+~

(0.003)
(0.02)

mo~e (0.31)
H.fo# (0.007)
Cr’q [OP002)
N09- (zo*)
Em03- (0.+!1]

Add 5.OMCa(NCJJ)ato Ext. mark-&.l>L (20~75)

Add O.O~L H40 to Ext.

cod to 15%

Yixtractor ~Before ?mtractiod

O.KM
o&l#il
000EM
3072M
O.O@M
000005N
o.oc@
0.001??!
OOOOQ!+M
801.t3M
Qou

(0067)
(204&)
(0.46)
(20JJ4)
[0.02)
[:0:;)

0

CEMOy----40081)
UNCUSIFIED

● 9●mm:: :
● 9*.

● O* ● ● 00● ...*.
..-.
● ● ✎ ● ✍☛9 *-6..

● * ●

● ●*=.*.. .
* ● ❉ ● ✛✛✚● ✚✚ .0: ● **

● *9** ● ** ● 9

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



‘5’?-

Add ether to Ext. RUZIExtraction 2 hr6
keeping boilor at 45 to 50°C. hash uNC~lFIED “i” Y ●:0y ;O;

P-1 M&&lll”?W&3J3*
Y&U with ether from wash&:xb0

ring d.tier1 hr oxtractione

[

99.% J?UO&(N03)Vextracted
99.% IDYs extracted
1% H4Cr207 efimoted

ITrace Brz cycled v4t11ether

Withdraw liquid from Ext. >

FlashExt. with 2.00L 1~OIYIHN03(2.00)

Withdraw Wash

I
hash Ext. with 3.GO HzO(g)

Yiithdrawwash 1

h’ashF.xt.with j,COL HzO(g)

Withdraw wash .

wash Ext. with ~~~OL Ii20(g)

withdraw wash

Heat Boiler to 93°C
for oo~ hrs

Cool Boiler to l~”ca

3

5050L

000004
3e71Bl
oo~d
W104N
000005M
000*
0.00IM
ooooo~
?.ayw
O,d.+ld

CUS04

{0.002)
(20.44)
(0.46)
(0.02)
(0.003)
(0.02)
{0.007]
(Oooole)
&2:;)
o ..

(o.,33)

snoAOxIizoesioJoxEzo oG3g

1.40D1.gw

P-1

200L

n!
“l-
H -(2.00)

lM m. “ (2.00)
~raaea Ga+n ~aFD BrO “, ~tc~

P-2

3000 L
I

● ● 60. ● 6’0●=L3e ● ● ●’.
● ●*e ● ●*:

● ● em
● :9:: ● 000● *:

**
● *8

*9* ● ** ●o
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“P”

Boiler “-@’tor ExtractioJ3J

~f@Jxs\n’~!”:F”:O:::”::● m* *o**
9mm*a*me9 ● 00

9* ●:0 ● ** ●:0 :00 ● m
●.OO ● :0 ● ● * ::

● ● O 9*9: ● O

8 ●:0 : ●:0 :.0● o

2000 L——

O.* Puo4° (0067}
1022M IF (2&)
~.~~d ?iOxw {3078)
OOOOOIM Crao, (0.0002)

COO1 Boiler to 25%.

o Boiler l~>ter roduatio~

Add 302 L o.61wH=Caoq(2014)
to Roikr I

-

Al16w ppt. to form 20min.

AUOw ppt. to nettle 15 min.

With S.N.

I

B-3 [ 1Oxdfitesell.

“,,”@JiklkiD

5.70 L

Wlm, g Fw

● 9

::

::

we

●’,
●

●
●

●*

● 00 b.. ● ● 00
● .

: ●m.
80

:.
: +

● *
●

:. .
•~. ● *O ●@@ ● b, ● e

● ● . . .
● * ● 9*. ●**
● 9* ●

● ●°:

● 0 :
● 0.,

● * ●0: ●***
● . . ..:●o:
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● 00:00●:00 ● *
● ● 00 ● ●:0 ● 9* ● O

0.60 L total(h)

1026M H+ (0.63)
0.49M r (0.25)
0.16M ~3e (0.08)
0061M NO,- (0.30)
00XM HACZ04 (0.09)

A- I

I
Add 5050 L 00IM HaCA0,(0,55)

0.3M HH~ (0055)
to 130iler

Suspend ppto in wash selut~on

Allow ppt,,te settle 15 min.

Rithdraw wa~h

Boiler OxaIate ppt. after 1st wash
.—
0.60 L total I

0,20M H+ (O.lO)
0.04M 1“ (0.02)
Oool.k! X3- (0.01)
Cblm xo~- (0007)
O$llM H2cAo# (o.o~)

l-.(%%),(0,,) I
Add5.50L 00~H40@y(0055)

0.3M FUi09 (0.55)
to Boiler

Suspendppt~ i.nwash solution

6eJttlelb min.

5050 L

0.20M H+” (1.08)
Ull$M 1“ {ma+)
Ooolh! 13- (0.07)
00UM N03” (0.78)
O.lll!f EZC20J,(0060)

2oomg pu

5050II

1 200 Ingl?u
I
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IJNtMSIFIED o

-6%

)050sol?.

t
OoUM H (0.05)
o0003M I- (0.002)
00002M %- $@; )
OO1OM X03-
0W2M l$czo# {0:0$)

Add 50S0 L E..Oto Boiler

Suspend Ppt. in Wash 80~utiOn

Allow ppt. to settle l? min.

Withdr’w WaSh +

r- --t

UNCUSIFIED

5.30 L

100 sagPu
—

● ☛ ● ☛☛ ● ☛☛ ● ● ☛☛
● ✎ ✎ ●☛✎

✚✚ ✚✎ ● ☛
● 0 ●

::
●: ●

:.
● . ●*: do w; 00. . .

● ● ● ✎ ✎●☛✎ ● ● ● .“: ““:.O:
● ● 00

●
● e.

:● ::
● m.*c.:

● 9*..
●0: ● .

98

J
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● ☛ ● em b ● e:::o. a.: , .9* ●

● * ● *9.

bem ● ● ● ** ●

.09 .mm ● ● s ●.9

● * ● ** ● 9* ● ●

—

-61-

Withdraw xmh I*
I I 304QL I

7 B.031d H* (30.00)
Wqsh Boiler With 1 L IOU 13N03(10.00] 8.>83M lllo~” [30.00)

TraoesPu l-s Is- ete. I~it~dm~W@ ~

I P-3

Wash Boiler with

WitlJciraw

1.00 L H%O

“sh-

1 1000 L -1
1 1— I

Stithdraw

Wtwh Boiler with 1.00 L B..O 1

‘s’ I 4 -=

I-J. P-3

1000 L
I
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STANDARD PROCEKXiREB-2 RNSIBUES

P-1

7050L

0.2714
20~.Q
C).ohl
0.003J!
oooo@.M
00003M
o.Oowjw
0,0002M
50?7M
O.ozkl
o.d~

H2P0,~ (0=007)

c‘*07- (000018)
l?03” (43.26]
BrOJ- (0.21)
Caso

Y
(0.31)

Si020X iiAO.Sn02CX HAO O.=Jg

Momgpu

P-2

11.50L

P-3

-J()P-5 lAcidBubbler f
—

1070L

0.d38M N (1.50)
0.88M 303”” {1050)

P09
[
AlkalineBu~ble;l

1.50 L

4.50M h+ (6075)
00%3! W3e (~.x)
2.*4 or (3.51)
Ooow Sof= {0..12)
0.16?4 Br “ (O.*)

UNCIASIFIED

● m ● ** ● ba ● ● mm ●
.mb*Om :0
● 0 ● ●

● **:9 ●:**
● * ●

● 0 ●0: ●:0 ●0:●:0 ● 0

● ● ee*O* ● ** ● *

● *****O ● *O

● 9*O ● ● 00
● ● * :0 ● 000

● ☛☛✎☛✎ .00

● **D* ●

1
a
a~L
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STANDARD PROCEDURE B-2

REMmiTs

Amount per Run

Ii20 I 21.05

I 5.20

HI -505M

‘2C21 90067M
1.

3.20

NaBrO~ 3.*
I

0030

:3.’”20

D6n5ity
g/@3

1.520
———

l.1~

1.200

0071 .*:
● 0
● a—— —..-.-.

GruntMOICIS

. .———

3070

52.00

3.010
1010

20.75
————

O&&?

3:75

● o ● ** ● ● 9*● *-*.**
● ● 0

●: ● ●:00.....:*..—-0-------- . .. .

● ☛ ●00 ●** ●** ● *O ● .

UNCLASSIFIED ::0~
● 60 ● 00 ● 99

● m**m*O ● e@

—
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● 9 9*9 ● 0

● ma ●°0 : ●.* ●

.000000 ● 9*

● m* ● ● ● **
.emeea:. .e .● ● ●*9
. . .00

“4-

STJ’N32ARDPROCKD!JR??&2

NMG??NTS

Reagent Gm. lbles b301 . T!gt . QnlB ● Lbs.

—.
i

.
-.—

~~05 7QZ ‘i) $.80 6300 3570 7.89

HI 4% 6005 127.9 774 1.71
.— -

a#2c& “2E20 3=% X26.1 4W

J ~ 0 4H20Ca(EO ) 20.75 236.16 4900. 30.80

NaEwO
3

osJ@! 150.9 TO O.lfj
——.

Mm 3G75 4000 Iy) 0.>33

‘a2s03 lo~o 85.0 128 0.28

Diethyl Ether (j) -c---- “.-.. m.m.- 5000

● 0 ● 00 .:e ● ● om
● ● .**

:: : ● *
● 000 : ●:00
● 0 9**

● e ●0: ●:* ● *9 ● 00 ● m
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● 0 ● **
● 0

● 9* ●°0 : ●** ●

● *O● ****:.. ● e
● 9**

● *b ● ba ● ● ●..
● . ● ** ● ● -9 ● ●

. . ..* ● ** ●:0 :0. :.O

u~cLNFIED::::0:0 i Y : i● 99 ● ** .*

-65-

Standard Preoodure B=u2

Notes;

(a) A number in parenthesis following the formula of e.nion cm compound

represents the number of gram moles of!the ion or compound.

(b) It is believed that the prooess can handlo a charge ce~taining frcm

230 ixa280J3without the cmditions being sufficiently changed to

causo abnormal h8s6so

The form of the Pu when it is received is rather uncertain.

Aftar solutions speotrophdmmetrio amlysis has shuwn the Pu to be

about half in the+6 oxidation state and about half in the ~. exidation

state. Nhen the solution is allowad to stand the amount of F% in the

t6 Atatedeoreazm80so it appearsthat the +6 stateis not formedby

di.smutati.onof the~h stato after the slurry is dissolved. B~ause of

‘+ the f% stato of Pu ia assumed to beits ahemical oimilmity to U(%2

Puo;+ o
+*

Tho t4 state is assumed to be S?UO @n3y beaausa assuming this

fern helps explain the,apparent Ioes of Ii+during the oxidation in tho

‘Bttprocedure and during the first reduction in “A’?prooedure.

The amount of H+prmsent i8 very unomtain. The amount stated in the

flow sheet (0.18 moles of’free Ht) 3s calculated from the

+
assumption that the shrry Ss 1 M in total available H ~

could be as low as 0030 moles of free Ii*3f’ there wore no

arbitrary

The solutien

available H*

in the slurry and as high as l.~@ moles if the molecular weight of the

plutonium nitrate were 500 and the remaining weight of the slurry was

due to 7WHN0 .

5 UNCLARIFIED(!● 9
9*O ● 00 ● 9*9 ●

● ***m@
● 00●: :

● 00000 ● ** ● *

● **** .9*

● 00 ***m ●

9** ● 9**

●m* ● 0: ● O9
● ● ● *9 ● *
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● 0 ● **
● O

● *O ●°0 : ●** ●

●0000:: .:*C
● 099

:.O ● ●.* ● ● ● ●*O

9*9 ● O9 ● ●

“o

I

I

I
●

I
I
I

1

I
I

I

I

io
1

UNCLASSIFIED ●1”●!”;:”“i”Y f;.:09
● ●00● ●:0:00● *
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(d) The amounts of impurities listed give M@ averages of the impurities

found iq IXmfordmalmrial prooessod in Bldg. D. The table below gives

the ranges through which the impurities have fluotuated~

Impurity high (g) law [g)

{e) At the end of the oxidation the

Q4
0.06
0O&
003
16.
003
0.05

solutioniB usually a clear deep red

color by transmitted light. When this has not been the ease it has

been tho practice to cool the solutien to~~O°Co add about 2001711.of
.

10!5hIl NaBrO and 100 ml of MM HZ’?Oand continue heating.
2 3

No further

HN05 Is added before the ether extraction in thie cafie. So.metiraasoven

more BrO - is roquirad to get a clear solution.
3

This extra treatment

may not be necesmaryP butiit ia known that when used Satisfactorily

ether extractions are obtainod.

The decomposition of BrO 0
3

at Q~°C. is rather slow in N HIUl~, hRB

a half time of 45 min.,in 2M HJ!J070and half timo of’.=5tin. in -!#dHNO
J 5°

The usual amount of 1120evaporated is400 ml. biitmay be muoh high-

er if the aoli.ationis allowed tQ boil (96QC).

IJ7only the amount of EH)3- indicated In the flow sheet is consumd

the alkaline bubbler solution 3.s8% umdo ii’all the IwO “ is consumed

3

I
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. ..

● 0 ● DO ●
● e

● ** .0: .** ●

.9 **O ● ● O*

.**O
● em ●

● e* beb : ● *O*

90 ● ** ● .9*9*

.. ● .* :** ●:0 ● ** ● *

● .

● ● ** ●

./

alkalino bubbler solutions should be chsnged every txo runs.

(f) The acid bubbler need not bo changed every run. It need by changed

only when condcnaed ~0’ from the oxidation increafiastho volume

sufficiently tcainterfere with the operation of the bubblers.

(E) These ~a8he8 -’ tO r@~ov@ Ca(N05)2 from the reagent reservoir so the

Ca(E~)2 till not be introduced ipto the 130ilcu?.Thoso wa6hes are

emitted in &03 the rocmmended D.I’.procedure because the D.P. Boiler

has a separato reservoir.

{h) The oxalate precipitate usually settles to a volume of 300-500 ml and

100-200 ml’of supern43tantis left over Wc9 precipitate. Iiereit is

a8sumed that 600 ml of precipitate plus superuatant is loft in the

boiler and that the actual volume occupiu@

This volume would predict a density of the

by the precipitate is 100 ml.

oxalato with ton water of

hydration of 3 g/ccDwhich is reasonable.

(i) About 0.65L ofl?lHli03(0.&j) is used in the cut operation and is not

inoludad in the figure given in the table. !?iguresgiven in the table

allow for changing the bubblers every run~

(j) The mount of ether used

L &re UBG2. If a systcm
,

assumed here ‘thatone 5 lb. can of uther is used per run.

w

UNCLASSIFIED 9*●00
● 0
● * :
● *O*
● 0000

● *●**●**●**●:0●*
● ● ● OO

●9. ● ●

● ** ● *
● ●°0 ● **

● ● O* ● bee
b : ● 000 ,.

●0:● :e: .
● * ● **:

● ● O*
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oX1’ANDARDPEOCmuRt B-2. —

Opermting Instructions.——

-m%ii7?m Bottle Lot IvI’gt“-3ax Pu fi.ssay[gms.Pui
—

No“ Noe No0 !W3its Chml0

J

1. operators initial procedure at bsginning and end of’shift.

2. Leave reagent reservoir tube in reagent bottle after reagent has bem drawn
into rOservoir until ready to use next reagent.

● Gloves, masks and coveral15 must be worn during entire proceJsB..70 Face shieldn
must,be sorn during ether extraction and while handling other.

4. Do not move plutonium from space unit without permission of Quantity Contrel,

—.

Procedure...—

7.
-.=

8.

.

Request boron can from

Cheek controls.

Transfer 200 liters of

Add I?20kO builer.

Quantity Control.

C106CI rosmvoir ~topcock.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛ ● 99 ● m
● OO 9**: ●°0 ●

. ..9** ● -e
● oo b : ● ** ●

● *m*e*:e. * .*.*99

.0 ● **

● ☛ ● *O ● 00 ●:0 :.0 :*0

UNCMSIFIED ‘::.:.1“: :“ ::
●:0 ●** ● 0

“69”

With stirrer running, add acid to extractor.

Transfer ~0 ml 1.5M NaBrO to rosenoir.
3

Start extractor bubblers.

Attach extractor supernatant to F-1.

Add I@BrO to extraotor.
3

Claso reservoir stopcoclc.

Turn steam into extrac~or and oirculati~ pump on. Heat etiraa~or to

93°c. Maintain at 92°C. to ~“c,, for 1 hour.

Turn coolant into condenser.

After heating for 1 hmr~ turn ooolant into extractor and circulating

pump on. Cool to 15°C0

Tr.aneferIOG ml of I(IMEUi03to reservoir.

Add acid.to extractor.

Close reservoir stopcock.

Transfer 3.5 liters of 5.OM Ca(NO ) to reservoir.
32

Add Ca(NO ) to extractor
32

Close r@servoir stopcook.
.

Tranafer sufficient 500M Ca(NCJ3)2to reservoir to dilute extraotor to

~Q5 l%ter80

‘dd ca(N05)2 ‘0 ‘rao’ti”r”

Close reservoir stopcookc

Transfer 50 ml E20 to reservoir.

Add lJ20to extraotor.
●* ●99 ●** ● ●*O

● ● ● ● . ● *m.9*
Close reservoir stopoock.

● *-●.9: :

UNCLASSIFIEDj-“*::;::.?:2$.:
●**● ●

APPROVED FOR PUBLIC RELEASE
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● 9
● ,
● e

-70=3

●
●

✎

● *9
● ●9*
● O ●

● ●
● *:00 ●

●:0 ● 00
●

● 9*
● *

●
●
●

●

:00

● 00
●
●
●

●e.
● *
● *O

● 00
●
● a
●

● ☛

✚✚
.9

● 000 ● 0

● ● 00 ● ●:0 :00● 0

CoOl mdz-actor to 15°C0

Turn Gtoaminto boilerand circulating pump on.

Operators put on face shields.

Turn off stirrers, fill ether resorvd.r.

Turn on extractor and boiler stirrers.

When boilor tempera-bureis 50°C or greaterO bleed ether into extracto;

until it runs through side arm.

Bleed other into extractor Elowly8 until ether returns from condenser.

Observe temperature drift for 2 minutesb

If tompwature is above 50°C. nnd is rising or remaining constant,

bleed in ether slowly until the tmnper~txa.rain the boiler falls to ~O*C.8

taking into aocount the temperature

If tha temperature is falli~o

ataady. Then prooeed as above. If

turn on bubbler in boiler~

iiaintainboiler temperature at

lag of the system.

obsmve the drift until it becomos

the temperature falls below 389CC.

b5°c. to 506C0

.?..fter extinction has run 1 ho~~r, blow out extractor supernatazrttube.

4fter extraction has run 1 1,/2hours blow out extractor supernatant tube,

wash extraotor.wallswith bther from wash rinfl.

Xhun 3xtrfiction has r~ 2 ]~ours AI qvn ~fir~ctor supern.atantpinchel~s

close extractor “burp.rm- pinchelamp$ SUCICresidue into F-1.

Continue heating boiler until temperature is ~O°C.9 then turn off pump

and start bubbler. liaintaititemperature at 90?C0 to A“e. for 1 1/2 hour.
●9 ●O9 ●00 ● ●om ●

Transfer 1.5 iiters Of M HN03 to rcs~rvoir~~~~d.~ci$te~,>:~r:~<tur.
●* 9** ●00 9*9●O* ●.

UNCLASSIFIED (0~ ●00:●:::@: bee
●m ● ● ●00.*

APPROVED FOR PUBLIC RELEASE
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● **O**** ● *● 00:0:: :*0
.000

● **

Wm- ~$Q~~r\~~~O”::O~.O~Oobe ● 00 99* ●:8 :00 9*

● 0:0::0 •~
● ● 0

●:00 ● e
● ● 00 ● ●:0 :*. 9*

;

Close reservoir stopcock.

~a19hextractor walls ~th ~00 ml of ~ ~oz from ~sh

?lithextractor stirrer running suck aoid into P-1.

Transfer 1.5 litxma o? M H.N05t~ reservoir.

Add said *O extrac~or.

ring.

Close reservoir stopcook.

with stirrer running, suck acid into F-1.

Transfer extractor supernatant tube from p-l to P-2.

Transfer 3.0 litersOf
%“

Add H20 to extraotoro

to reservoir.

Close reservoir stopcock.

With ntirrer

Repeat 50 to

Transfer 5.5

Repeat 51 to

runninge suck

543inclusive.

liters of H20

53 inclusive.

H20 into P-2.

to retiervoir.

Remove F-1 to hood, blow air over surf’aceto evaporate ether,

When boiler has been huatcd for 1#2 hour~ turn off stmmO turn

coolant and pump and cool to 15°C.

Transfer 1~1 liters of 5.5M HI to reGervoirO

l’ihenboibr is l~°C.O add M to boiler. Stir for 20 minutes after HI is in.

When boiler has cooled to 25°C.0 t-urnoff coolant and pump.

Tran8fer 3.2 liters of 0.67M%$204 te reservoir.

When HI solution has been stirred for 20 minutesc add E (jo . “
●0 99*’●OO.*** :@p4.a ‘tar

for 20 minutea~ “burp” to agitate.
00
::

●*

UNCLASSIFIED t● O ● 9***
:: 00: ● **
9** ● 00 ● 0

APPROVED FOR PUBLIC RELEASE
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● ✎ ● ☛☛ ● 0

● *9 .** : 9** ●

● *b Oe O:*: ..
● ****
● bb ● ** ● be*

● 0000 a=** ● -*

●

——

660

670

@.

69.

70.

710

72.

75.

74.

‘H<

76●

● ☛ ● 00 ● 00 ● 99 :00 9*

- UNCU’lFIEi:: ●;.=-/2- ‘

C1OM reservoir stopcock.

After stirring 20 minutes. stop stirrer$ allow ppt. to settle for ~

mtnutes~ blow out boiler supcrnatant tube and allow ppt. to

30 minutss more.

Transfer 5.5 liters of 0.1!.$E2C2~. O.IM HNO ttir@t3e~@ir.
5

Atiach beiler supernatant tube to F-3.

settlo for

After ppt. has settled for 15 minutesP open supernatant line pinohchnp~

oloae “burper” pinehc.lampjset m.prnatant tubo 200 ml above ppt. and

suck mq?ernatant into P-3.

Transfer5.5 literof O.lMH C o
224

. O.IM HMO ta reservoir. CkMJ
3

supernatmt linepinohciempand open ‘fburper”line pincbclmpo

Add wash to boiler.

When 1 liter l]aabeen added start stirrer. Htir until ppt. has been

throughly suspended. Stop stirrer,,

Allow ppt. t-o settle for 5 minutus~ blow out supernatant line antiallow

ppt. to settle for 10 minutes more.

Transfer 5.5 liters of ~0 to reservoir.

Add F$O to bojler. \$hen1 liter of ~G IWS been added ~tart stirrer=

Stir until the ppt. is throughly saspendsd.

Close remrioir Stmpcsck.

men ppt. is throughlymGpended, atop stirrerand allowppt. toeettl~

for 5 minuteE.>Blow out supcmmtant lineafidallow ppt. to settle. 10

I’TiAlkUtCS ~t3r~c, -

ulwus~~l~u~ ●: ●.: ●:. ●0: ● 00 ● 0

& ● ●,e ●**●*. ● ● ● 9**
● ● ** ● ●*:

● ● 00
● : ● O**● :: e.: ● **

● 0000 ● ** ● *

—.— —-

APPROVED FOR PUBLIC RELEASE
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●�

7’?o

~13 ●

79.

80,

m ●

’32●

’930

84.

85.

86.

87.

88.

89.

900

91.

92.

‘“73=’

When ppt. has settled for lb

close “burper” pinch ckmp.

suck supernatant into P-z.

Rack supernatant tub@ up.

minutew,, open 6upernatant lino pirichclamp.

Sot supernatant tube 200 ml above ppt. and

Dimonnoct boiler supernatwt line and connoct transfer bottle.

Suspend ppt~ in supornatarrt and witkI stirrer runnin~

transfer bottle.

Allow ppt. to settle 2-3 minutes in transfer bottlqO

JJpt. B1OW suparnatant back into bollor.

suck slurry into

tap bottle to pack

Repeat 80 & 81 four times.

(h2 kst paus allow ppt~ to f3C?tt19for 15 minwtoa in transfer bottle

before returning supermtant to boi3er. Leave ca lcsiI.of supcmnatcint

over ppt. in transfer bottle.

Remove storage bottle and Icucite liner to boron can and notify Quaqtity

Control that batch is ready for transfer to ~torage.

Nash tramfer tube with 1 liter of’10??HIO into P-3.
\ 3

Trnnsf’r 3 liters of 10?? RIJO.to reservoir.
>

Add acid to boiler. Stir for 2-3 minutes.

Euck acfd into P-.3.

Transfer1 liters of’ 10M HNOTto reservoir.
.?

Add acid to boiler. Stir for 2.5 minutes.

Suck acid .intoP=3.

Tran8fCr ~ ~itCr H20 tO roscrvdr. ‘&-;&’:. ::”:;.’:.’*
:::0

-Wus\fl~ :::;-* ●eeo9:: me: ● en
●**e* 906 ●*

APPROVED FOR PUBLIC RELEASE
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● ☛ ● ☛☛ ● ☛

● ☛☛ ●°0 : 9*. ●

● 8b* @0* ● **

● be b ● ● **

● 0**m80 ● 9 ●me
● e ● *e ● m. ● ●

●

93*

94.

950

96.

9~0

w.

930

100.

101.

102.

2040

Add EL# to boilsr. Stir f’or 2-3 minutes.

Suak wash into F-3.

Transfer 1 liter SO to reservoir.

Add 1$0 to boiler. Stir for 2-3 minutes.

Suck wash into 1’-3.’

Transfer supcrnatant bottles to

throughlyo take a 1 ml eut frmn

batch no. and red.due no. SeaI

supernatant cut rQomO Stir each

each int~ e 10 mm test tubo marked with

tent tubes with parafilm.

Trmsfer supernatant solutions to recovery and obtain temporary receipt

for diffortsncebetween ?&site assay and 14.0g. . .

Transfer supernatant cut= and aasay request sheata (sheet +2) to Radio

Assay CrOUpO \

Cheek and decontaminate room.

Oil motors and

h~ad slide.

D??airlalkaline

or fiBt3ayo

Refill reagent

bearings. Greuse stopcocks. Put glyoerine in transfer

bubbler into P-9P transfer to Recovery with no rccelpt

● ☛ ● 9O ● O* ● ● **
● ● ● ● ●mm

:: ● m●00: :- d o ●

“.t.::.::“::-:: ..”
● ● 9** ● **●’0● ● ● ●** ● ●’:

● ● 9*,99* ●
● ● ● *9*● :: 00: ● 9*

● * ● ● ● ● 00 ● a

APPROVED FOR PUBLIC RELEASE
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● 9 ● *9 ● *

● *e ●°0 : ●°0 ●

● .oeo::e: ●C
● oe b
9** ●*m ● ● ● ●oo
.* .9* ● O* ● ●

I

-7!+

STALD.!??RDPROCFD!’REC-1

product to Boiler
—.

Boiler r 1Initial Product

oo431
0 .141X

0.60M
O.03M
o.005M

“ oooC&M
ooojjM
Ooj?i$m
O.0*
2005M

Puo f p [:.3$
PUO:* / 360 gro(b)
** (0:48) (c)
l?e*3 (0.02) = Ioog (d)

Cr+3 [o.@) = 002 gr.
~i#A. (0000~) ~ 0.2 gr.
~+3 (0.02] = 300 g?.
11S0; (0033) :30.0 gr.
H..PO; ((?.007)= 0.7 g~o
No; (lea]

SnOzOX HZ04 SiOzOX HZO = 0.3 g~.--

UNCMSIFIED
● 0
● ***
99*O9

● . ● 9* ● ** ● 00 ●:0 ● m
●

I

● ● ● *e ● *9●’*● ● ● ●** ● ●°:
● 9*D ● ● ● ● ●

● 9*9* beme

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



Boilor E%.. Reduction1_.J—-.

!000 L

G?AM putz (0067)
2*09M H* (4.18
Om?d F=W (0.02{
0.C)02J!Cr’3 (o.oc&)
O.oo!adNi+z

~+9 [y;)
000ML
0016N Jisolf” (9:31)
ooooiJlilIi~Po4“ (0.007}
0092M I’?oy” (1.4)
lo~yh s (3J49)
QO?A..M*3- (0067)

Sn020X IiaOOSi.i)zoXHaO = Oc~g

+3.20 L 0061w ~C2~(20111 ] to boiler

Allow ppt. to form 20 rain

UNCLASSIFIE!

I*22M
oooc&tl
Ooooogld
oooo~
OC.06M
00002M
00*
0.,66M
oo131J

(5063)
(0.02)
(o.ool&)
$.oo;)

[::00;)

(3:15)
(0.60)

0J331 H;CAOY(~oooj

(2.@ingIJu

@!!w?m.:008*●**● *9 ●0:●:0●*●

● ● ● ☛☛ 9**9**● ● ● .**
●

● ●°:
9 ***000 ●

● ● ● em@● :: 00: ● 9*

9***** ●=00

APPROVED FOR PUBLIC RELEASE
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“77=’

1.22M H“ ‘ {0.62)
ooo6M Eso.- (0.03)
O.*M NO..- (0.38)
0066M I- (oo*)
ool~b! I.- (0.07)
0022M Eco;. (Oon)

Q.M) L ppt<i

Pu (ti07)- (0.35)
WC“(c..O*):: (O.O1)

SRO;,OXH;O,SiO:%OXE;.Ow 003g
—

Allow Ppt~ settle 15 min.

Withdraw SON.3——— ,— — -3

.-..
Boiler \Ppt. efter Ist was~

-.—— .—-.-.’-........-

0,5L S.N..— ---

0J9M H“ (O.lO)
O@M NO;- (0.02)
ooo6rd I- (ooo~)
Oool..l’d“ (0.01}
O.UM :C.-oj {0.05)
o.ogll cl” (0.05)... ...

0.1

Pu:,(c;,o;l): (0,133)
La?,(Cl0 ~~j8 (O.O1)

Sn0,9X H~O Si.O:OXHP-O= ~oz g
..—.— —.- —. —...-..

● e ● *9 ● *

● 00 .OO : .OO ●

● **O** ● *e
● bb ● ● ● ea ●

● 9**.* .000

● - ● ** ● ● 00000

90 ● *. 9*9 ● ** ● 00 ● O

● ● om
● : ● * ● ● * ::

9*** ● *
● : .0

● ●:0: ●:0:00 ● 0

P=146 - ‘-”~F5-rtitwash!
-.—-.-— —..

I505L sol’?.

I I% 160mg

:: *O*
● 0 ● OO ● .* ● 9* . . . . .

● ● ● ☛☛●*9 ● ● ● ●’9 ● *O

●
● ●°:

● e* *em. ●
● ● ● 900.:o:od ● 99

● a ● 0 ● ** .*

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



I

m? !~m~”:” “i” ;:” “;O::” :“:9*** .*
●:00 ● ● *

● 9*9 ● ●:099* ● *

-70-’

Suspend ppt● Allow ppt to settle

VHthdrctvfwash

r- —
.—

0050 L S.N.

OOUM E+ (ooo~)
O.O@J!d m~- (O.OO1)
oood.#Jlr (0.01)
00002M 13- (00001)

0010!4 H&c*oq (0.05)

O.1OM Cr’ (0.05)

0.10 L PPt.

%(W$J3 (0.33)

%W+)3 (0.01)”

sno~”x qo, Sioz”x X20, 0.3/3

+ 5050 L HAO ouapend ppt.

Allow ppt to sx$t%+e

/
-

I

Withdraw Rash

070L sol?.—..
0.Q08M H* (0.01)
Oooooal lso~- (O.OOO1)
0.002N 1“ (Oe~l)
O.JXXEMxlJ- (Omool)
00008M HaCzOy (0.01)
0.cx)8M Cl” . (0.01)

Pu 160mg

F-liJ6
—

i030L S.N.

0.008?s! f-
[Ooclfj)

0000023! :OJ (0.0009)
00002N I- (0.009)
000002M 139 (Omoq.)
O.ooabf &G~f (G@)
O.oow cl” [oC@)

Pu 160 mg

.

UNCIASSIFIIT
● O WS4 800 ● ***

● * ● ● . ● .=.
80 ● 0● *9: : 9:.*
● 0

● 0 ..: ●:. ..: ●:. . .
●

● ● ● ● *O
●
●

● m

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE
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Transfer slurry to Tran8fer
Bottle and return excess

m
Hi to Boiler

>

Wash transfer tubs with
0.10 L 12b!l?CL (1.2)

Withdraw wash —

I

2630 L sex.

Oooow ‘~+ {oo@t)
o00ooa Ko$J- (0.000*)
0.002M I- (0.0004)
0.0002M 1,” (Oooooa!$)
00008M H&o, (Ooow
O.oom ca- (0.004)

Wash Boiler with
0.50 L KM HCL (600)

Rithdraw wash

●
Wanh Boiler with

I 1= I

1.0

Withdraw

L H20

w~sh —

Waah Boiler with
loOL H~O

-1 204s4
H+

(X.2)

204M cl- (1.2) I

0.50L

/- la H+ (600)
la Cl” [600)
Traces H2C20 4 Pu etc.

Y i

P-46

‘i’hdraw”shT>
s

;: ‘
UNCLARIFIED;“~”:i”i”.:”:”:::.0●0:●:0●0:●:.●0

● ● ● *9 9** ● O●** ● ● ● ●** ● **
● ● **

● ●.;.::::
● :.: ● . ●*: ●*:

● *

——
—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



P-146

:;s G.. m*0e
● *Omm*=*m* ● *

UNCLI!SWWD●:oYO x= T i:. r:

-80-

STANDM?.DPROCIUXJRIZC-1
\

RRSIDURS

23.90L

006uA H+ (4054)
oOOou’fhd @3 (0.s02]
0.000ad Cr‘J (0.004)
0.000IM l?irz (o.oo~)
Oc.olld HSC+- (0031)
o.0003rd H2PO~0 yO~]
0.08M N($“
0.15M 1= (3:49)
ooo~l 190 (0.67)
o@M E2C2Oq (2.20
00fiM cl- (8.3?)

Pu 1120 mg

UNCLASSIFIED
● ☛ ● *9 ● *9 ● ● **

● **
::

.9*:0● 00: : ●:00
9*9**

● 9 ● *O ● ** ● . . .:. . .
●

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



—.—— <i ., .,..,, . :..

..

Reagent

HI 505 M

‘2V’4
0.67M

Yin MM

Fetal aq.SolutionE

rSubstance
t

IRI 477$

I (8)iilqj 7%

UNCIASSIFEEO Y “!” i:” !“;
● O .0

● ●:0 : ●:0 :00 ● e

-81-

STJWMRD PROWDURE A-8

REAGENTS

7’050

1.00

1.00

3.20

o.6b

t

Density Gram Moles
g/Gc

1

2050 I 50w

! 1

Lop I 0.20 I

Gmo h!oleg IiloloWgt. , Gins. Lbs.

5.50 12709 703.5 1055

0.20 63.0 12.6 I 0.028

8030 3605 303.0

/

0.67
ao 9** ● s ● *S*

● O ● ●ob
● ---- .=. -~

!

-L A__

30% 126A 4&j&:~ “ ● “:iu:&’

I I .“”’””3” ”””””

UNCLARIFIED ::~

APPROVED FOR PUBLIC RELEASE
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-*- ●;0 ● ●*e Soe ● *

=&.

Standard Prooedure c-1

Ivotest

(a) A number in parenthesis following the formula of an ion or compound

repreaen’t~the

(b) It is believed

lyoto 180g of

cause AbnO~Mal

number of gram moles of the ion or compound.

that the prooeas can handle a oharge oonimining from

Pu without the conditions being sufficiently ohanged to

losses.

The form Of the Pu when it is received is rather unoerta~n. After

solution, spectrophatometricanalysis has shown the 1% to h about half

in the +6 oxidation state and about half in the+h oxidation e%ete~

!fihenthe solution is allowed to stand the amount of PU in the +6 stato

decreaaeso so it appears that the +6 state is not formed by disputation

of the#.+ state after the slurry is dissolved~ Because of its ohemioal

similarity to lJO~fitho+6 stato of Pu is assumed to be PuO*

2°
The+ i+

++state is assumed to be PuO only beeause assuming this

explain the apparent loss of E+during the oxidation in

tindduring tinefirst reduction An “A” procedure.

(o) The amount of Ii*present is very unoertain~ The amount

form helps

the “B” procedure

stated in the

flow sheet (0048 moles of free FI~ is calculated from the arbitrary

nsmmpfzion that the slurry received from W is M in total available H*O

The solution could be as luw aw 0.30 moles of Prcw H+if there were no

available II+in the slurry and as high as 1.40 moles if the moleoular

weight of the plutonium nitrate were 500 and the remaining weight of the

● 9 ● *O ● *- ● ● *O .

slurry was due to 7% HNO .

lticu’lfl~~ : ~
●m

b ● ● ●9* boo9*99 c 9** ● ●°:9 :ymo ● ● ● * .+
● ● “ ● >....*

● 09:’ : QOs.:.:● 4:
●0 ● ●0

..

APPROVED FOR PUBLIC RELEASE
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● ☛ ● 99
9*9 ●°0 : ●9. ●

● 0000

u~cf-A~/Fl~~ L’ ;.. :.= :.O:“~:;
● 0 ● OO :00 ●:0 :*. :.O

● *.e:o::* ::
●●:.b .0

● ● *O ● ●:0 :00● e

(a) The amounts of impurities listed @.ve high averages of the

found in Hanford material processed in Bldg. D. The table

the ranges through which the impurities have fluctuated.

Impurity high (g) low (g).—

Fe 4. 0.4
cl? 006 0006
l?i 004 oo@
La 160 0.1
s

%

= 40. 160
p .=*

30 003
SO ide 3. o,o~

impuritiaa

below @Ve#3

[e) Sufficient HI is added to properly reduce the Pu even if it were all

in the +6 oxidation state. “

(f) The oxalate procipitatc usually settles to a volume of ~ to 500 ml

and 100 to 200 ml of supernatant Is left over the prccipitatee Here

it is assumed that 6001RI. Of precipitate plus supernatant Is lefth

the reactor end that the actual volume accupied by ths preoipltate is

100 ml. This volume would prediot a density of the oxalate with ten

waters of hydration of jJg/cc9whioh is reasonable.

{g) About 0*65L Of m moz (O.*) is used in the cut operation and is not

included in the figures given in the table. Figures given in the table

allow for ohanging the bubblers after every run.
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STANDAIW PROOEDURR C-1

Omrati nn Jkstruchi ms

Boron Can

1-----1- ,Ric

Bottle ‘ Lot Wgt. SolnO 1% Assay (g. Pu) !
No. No0 No. atiio hem.

I I
i

—

2..

2.

3=

h.

General Instructions

Operators initial procedure at beginning and

Leave reagent reservoir tube in reagant bottle azfterrowgmt has been drawn
into reservoir until ready to use next reagent.

Gloves, masks, and coveralls must be worn during entire process. Faoe
shielclsmust be worn during ether etiraction and while handlin~ ether.

Do not move plutonium out of space unit without permission of Quantity Control.

st12p

1.

2.

3*

4.

5*

6.

7.
-.-.”-.-

8.

Prooedure.—

Turn coolant into boiler and p,wp on.

Transfer product to reservoir acd add to boiler..

Close reservoir stopcook.

Nith vacuum OKIreservoirs wash storage bottle with 200 ml M HNO .
3

‘Trmnafer1.0 liter of 5.5M HI to reservoir.

When boiler is 15*C.9 add HI to boiler.
.. .IJNCM$$IFIED

stifi~or~C:min&x..& qhr HI is in.
● ● ●9 . .. . .--- .

●✚ ● ● ●0: ●:. ● 0

Whenboiler has cooled to Z!j°C,, turn off eook&z~an~ pump.

●

● ● ● ●00–0 –mom 99
● ☛☛☛ ● o:”- ● **

Transfer 3.2 liters of 0.67N H c2 z% tQ reae+t~~ ~ . .: ● ●
●
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4

fi%enHI solution hm been sti~red for 20 minutes. add ~C2~. Stir for

20 minulzes$“burp” te ag~ta%e.

Close reservoir stopcock.

After stirring 20 minutes$ stop stirror~ allow ppto to settle for ~

minutoa. blow out beiler supernatant tvbo and allow ppt. to settle for

10 minutes more.

Transfer 5.5 liters of 0.114~C2~o O.IllHCI to reservoir.

Attach boiler eupernatant tube to P-3.

After ppt. has settled for 15 minutes. open supernatant line pinchclampO

close ‘burper” pinohcb,mp$ set aupernatant tubo 200 ml above ppt. and

suck supernatant into P-3.

Transfer 5.5 liters of OVIM

supernatant line pinchcbmp

Add wash to boiler.

When 1 liter has been

throughly suspended.

added

‘2C21’
OOZMIiClto reservoir. Close

and open ‘burper’lline pinchclamp.

stark stirrer. Stir until ppt. haa been

Step stirrer.

Allow ppt. to settle for 5 minutes9 blw out supernatant line and allow

ppt. to settle for 10 minutes more.

Transfer 5.5 liters Of ~0 to reservoir.

Add ~0 to boiler. When 1 liter of H20 has been addeclstart stirrer.

Stir until the ppt. is throughly suspended.
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-86-

23.

%.

25.

26.

27.

Rhen ppt. has settled for 15 minutes. open supcrnatant liriepinchclamp=

close “burper” piricholamp. Set supamatant tube 200 ml above ppt. and

suok supernatant into P-3.

Ruok mpornatant tube up.

Disconnect bailer supernatant line and connect transfer bottle.

Suspend ppt. in supornatant and with stirrer running suck slurry int~

transfer bottle.

Allow ppt. to aett3t?2-3 minutes in transfer bottles tap bottle to

paak ppt. Blow supernatant back into boiler.

● 280

290

Repeat 26and ~ four times.

On last pass anew ppt. to Bottle f9r 15

before returning supernatant to boiler.

over ppt. in transfer bottle.

minutes in transfer bottle

Le&ve ca lure.of aupernatant

●

30.

3X.

320

33.

340

350

%.

3’7●

Y.

399

Remove wborago bottle and leucite liner to boron can

Control tlmt batch is ready for transfer to storage.

Wash supernatant tube with 100 ml 12!!HC% inte P-146.

and notify Quantity

TJ:ansfer500 ml EM HC1 to reservoir.

Add BC1 to boiler and stir.

Close reservoir stopcopk.

When ppt. had dissolved suck aoid into P-46.

Transfer 1.0 liter H20 to reservoir.
●* ●** ●9O

Add ~0 to boiler.
● 6 ●

close reservoir stopcock. ~i~irJ~.:
● m.*

● ● 99
● ● .**

● *●:000
● * 900 ●;. . . . .:. . . ●

Suck Ii20into P-I.).16.

Repeat 35 to 37 inclusive. uNcMSIFIE50H ●O;=:Y ;;●::
●,~w —[l.
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40. Transfer supcrnatant bottles to supcrnatant cut room. Stir eaoh

throughly~ take a 1 ml cut from each into a 10 mmtest tube marked

with batoh no. and residue no. Seal tctattubes with parafil.m.

41 ● Tl”ansfersuprmatant.solutions to reoovery and obtain temporary receipt

for difference between V,-siteassay and UO g.

u. Transfer supernatant outs and assay request sheets (sheet if?)to Radio

Ai3saygroup.

43. Check and decontaminate room.

44. Oil motors and bearings. Grease stopcocks. Put glycerine in transfer

head slide.

● 45, Drain alkaline bubbler into P-9, transfer to Reoovory with no receipt

or assay.

146. Refill reagent bottle.

● ☛ ● O9 9** 8 ● *O
● . ● .=.:: : ● 9

● * : ●:00:: ●
● 0 ●0: ●:0 ●0: ●:e● 0

● ● 9** ● *9●°0 ● ● ● ●°0 ● 9*:
● ● **

●

9*
● :e: :‘J *fi~${

—.
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d38-

Treatment of Supernatant Solutions, A-Procedure

The supernataxrtsolutions withdrawn after precipitation reactions, the

solutions used to Viash precipitate and the aqueous residue from ether extractions

were returned to the D building recovery groups for more conp~ete removal of

plutonium. During experimental runs, each residu~ was saqoled for plutonium

as6ay. to determine the amount of plutonium “lost” during e~ch operation. On

strictly production runs several of tho solutions wore combined during opcrationso

and 6amp~ed for plutonium a6say before being turned over to recovery. The design-

ation of solutions sent to Rooovery were as followsz-

P-1

P-2

P-3

POl.1

P-5

P-6

P-7

P-8

P+

P-1o

6
-..

P-aL160

The supernatant and wash solution8 from the first PU (111) oxalate

precipitation.

The supernatant and wash solutions from ths sodium

The aqueous residue from ether extraction.

The supernatant and wash solutions from the second

Acid bubbler residue.

IMler wash,

Iodine bubbler residue.

Wash from transfer bottle.

Alkdiue bubbler residue.

plutonyl acetate.

oxalate precipitation.

So2ution obtained as the result of an operational difficulty or error.

og~- If the ftrst oxalate could not be oxidizeds it was sent to D-Build-

ing Recovery as P-1OO

During production runs P-1, P04 and P-6 were ~d.;~’dafi:%na:d%~i~~~ted
● e● 00: : ●:00

● ,*e*
●* ●00 e.. ●.* ●:. ..●
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Supernatanta were samplcdo for plutonium assay, before being sent to

D-Building Recovery. If sufficient acid had not

boiler wa8h to dissolve all plutonium compounds,

been added during extractor or

the solutions wore acidified

well stirredO and a X ml sample withdrawn and sent to Radio Assay. From either

the assay of the original plutonium entering the purification process, or the

oxide weight obtained by ignition of the final oxalate and the sum of the supernat-

arrkas6ays8 the yiald for a run was calculated.

e

UN(AAtilflED
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