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The standard processes in use in Building D for the recevery of plutonium

from the different types of residue are descrivede The precipltation of plutoniun

(IV) "peroxide” was generally adopted as am isolation steps Tables are giveam

showing the distribution of plutonium among the various types of residue and the

amounts of plutonium per month made available for repurification. A brief dis~

cussion is presented of the neture of recovery operations in Building D after

the start of plutonium processing at DP site.
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BUILDING D PLUTONIUM RECOVERY PROCE!!%

INTRODUCTION

The Building D plutonium recovery processes were developed for the
purpose of concentrating and partiélly éurifying plutonium-containing resldues re-
ceived from all the plutcnium processing and research operations at Los Alamos
se as to recover the plutonium in a form suiteble for final purifioation by the
Building D plutonium purification process. Hence, thg primgry task of the re-
covery processes is the separation of small amounts of piutonium from large
amounts of other elements, whereas tﬂe purif}catiog propef dealsrwith the-removal
of small amounts of impurities from large quantities of pluﬁoniumo The former
problem may be amensble te ;olution by such methods as preeipitetion of the
plutonium with appropriate aarriersP extraction of the plutonlum inte the proper
sclvend, separation by the use of ion exchangers (such as the Amberlite resins),
and concentration by evaporation and crystallization of the major portion of the
foreign material under conditions in which negligible amounts of plutonium are
adsorbed on the orystals. To date the mature of the recovery operatione'
ip Building D has been sush thet thevcatrigr method:haavaéemed the most
straightforward, although solvent extraction methods have been used on
speciel occasiono Final stages of the recovefy operations involve preoip-
itation without carriers, |

Wiﬁh the termination on September 1, 1945, of all the chemical and
metallurgical plutonium production work in Building D the nature of the re.

covery problems has chapgedsapprociadiqse When production work is resumed,

Undertaken in Operations 2 and. 3 at
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DP site, leaving for recovery in Building D residues for which processes have as
yet\not beén engineeredo This report will deal essentially with the standard
recovery proocesses a8 they were being used before the Building D ahut-downo_
Mentior will be made of the types of residues which will still require»:ecévery
in Building D until further processes can be engineered for use st DP siteo
‘The account ef the major work of the recovery seotion which |
follows dees not include any appreciable disoussion.of the developmental
work, which has appeared in varioys eaflier reports, éuoh as the monthiy .
pregress reports of thé Chemistry-Metallurgy Division, and, in particular,
the reports written by Fo Ko Pittman: "Recovery and Purification of Plu.
tonium" (LA-1L42, Pittman, 194l)) and "Plutonium Recovery Methods"™ (LA-175,

14.192, Pittman, 19hh)o

OBJICTIVES OF THE FPROCESSES

As indicated in the introduction, the function of the recovery
processes 1s the treating of all plutonium‘residhes in order to put them
in a form appropriate for repurification. The following sections indiocate
some of the factors which were involved'in the selectioa of suitable pro=-

Ce85808e

Scale of Operations

The scale ef operations has varied widely, ranging from recovery
of small residuea from analyticél and assay samples‘to recovery from tens
of gallons of solutions per reosidue recelved for recovery. The amoumnt of

plutonium in a givem residue has varied from less than a milligram to more
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thanv 200 gramso Aocordingly, the size and type of eciuipment used in the
recovery have varied greatly.

| In 1944 a divisiont;,l policy was adopted concerning control of
the amount of plutonium in a given operation or work space, and a “Qua.ht;ity
Control™ (eor QC) Group was set up to supervise transfers of plutonium (as
well as other fisaionable'mterial)q Bafety from neutron chain reactions -
was the objectiveo. The policy, later modified for certain operations im
metallurgy, was te permit not more than 240 grams of plutonium in a given
"space-unit" at one time. Whern the time came for deciding the scale for
certain operations (in particular the purifigetion process), the water
ﬁampad oritical mess of plutonium in aqueous solution was estimated as
about 500 grams. Ne measuremente of plutonium mear criticality were avail.
able at the time, although estimates for enriched uraninm hed been checked
by actual measurements. Hence, 2omething like half the estimated amount
seemed safe under any circumstances which might arise from mistakes or
acoidentes The recovery processes operated under this polieyo |

Reoovery Product

Partially for the reason of safety from undesired nuclear reactions,
the Building D purification proceés was designed for a nomimal 160-g lot per
unit on fullescale operation. Beoause the chemical process was definite and
fixed and because the purifiocation equipment was elaborate and of the closedw
system type, it was slmost essential that a given unit be charged with an
amount of plufonium within 10 percent of 160 grams and in a constant chemiocal forme
For this reason the reocovery prooesses ‘andeavored te provide nominal 160-g

recovered lots. Bocausq’qf’;fe:tai&i'd??f%byltiea with taking cuts for radioc.
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assay this was.nét always achieved, and recovered lots sometimes had te
be "spiked" to bring them up to the nominal 160 éramo In earlier work,,
prior te purificetion on the 180-g scale, recovered lots were not definite
in amount per lote

As the purification process underwent chemical changes, particu-
larly on the 8-g scale and earl‘ier; the recovered plutonium was provided in
various chemical statssc Prioer to the fulloscale work recovered material
was supplied as plutonium (III) chloride solution or as plutonyl nitrate
solutiono For fullescale processing it was supplied as plutonium (IV) nitrate
solution obtained from plutonium "perexide" (see the secﬁion on isolation eof
plutoniﬁm as the "peroxide™), This solution wa.g 1¥ in nitric ecid and con-
tained about 300 grams of plutonium per litero Furity of the recovered prb-
duct was not olosaly.controlled nor accurately know:n,_(but wa 8 proba,bly be'tterl
than 95 percént with respect to cations. Anions other than nitrate probebly varied
appreciably since the "peroxide” precipitate is lmowm (CN;BOIS) to contain
very appreciable amounts of many other anions present in the solution from
which precipitation is made to take place; 4in particular sulfate wes always
present to the extent of approximtalj 20 percent by weight of the plutonium, and
chlorlde and phosphate were probably present in some recovered lots in signi-
ficant amounts. It appeared that somewhat more trouble was encountered in
the oxidation step of the purification process whem recovered lots wero used
than was the case for lots received from Hanfordeo

Hold-up and Losses

Roughly'lo percent of the ﬁatal amount of plutonium at the site has been

in procoaa of reoovery a‘l:ﬂ gi\:en “‘t::":mia.o. "J.Z‘he hold-up time has generally beem

£ 5 T INCLASSIFIED

APPRd/ED FOR pUBLI C RELEASE

L 4
[ ] L ]
[ 14
-
-~

) r880
X X J
jJ)ee
[ EL X X ]




At

APPROVED FOR PUBLI C RELEASE
®e 00 ves s0e s0e o0 : ; 1t f’
DRI N UNCLASSIFIF
__— -

quite appreciable, sometimes several weeks, for recovery of a given residue.
containing a moderate or large amount of plutoniumé This was true because of
the difficult nature of many of the chemical separations and because of
health hazards asscoiated with the work, necessitating cumbersome and time-
oconswaing experimental techniques. However, the holdgup was not generally serious
in the progress of the laboratorye

It is almost impossible te assess the extent of losses in the
recovery processesc In geheraia“it has not beemn easy'to keep accurate
recorés on the amounts of plutonium entering and leaving each of the plu-
tonium processeso Thers was a tendency, thgrefore, for each phase to bale
ance its books by attributing differences in receipts and outegoing plutdnium
to the residues turned over for recovery. Accordingly, the acoumniated losses
of all other chemical and metallurgical operations were partially pgssed on te
the recovery proceséeso -This has been generally recognized and justified
a8 a convenience to book-keeéingo Nhﬁeria; received for recovery camnot
usually be submitte@ for assay of the plutgnium contento TIm the recovery
eperations soluti»ns ere obtained which are very leen in plutonium and
coneentrated in various salts. Such solutions are very difficult te
radioassay for plutorium, since the saits result in an appreciable srror
due to self-absorption of the alpha particles in the samples which are alpha.
counted.s

The processing was carried out in such a way as to make actual
losses very unlikely. Essentinlly all lean supernatants (those of the order
of 1 mg of plutonium per liter or less) were stored in large underground

tankso If the assay of sulh :ao.luti§nss.m§ ¥xreatly in error it is likely
that more plutonium was pyt Jpto, sygh wgstp tunks thar was believed from the
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radioassay resultss Howaver, it is not entirely certain that appreciable

losses have not occurredo

Health Problem
The hazards arising from the high specific alpha activity of

e

have been discussed in a report by the Health Group (LA-391, 19hs)o
Because of the very great wvariety of residﬁes submittgd for récovery, the l
Bullding D recovery processes have necessarily géed open system operatiqns?
inoluding evaporatiéns, ignitions and filtrationasc Entrainedrvapors and

. .

smoke from ignitions were highly contaminated, and the hoods were not always

entirely adequate to handle the load placed upon themo The nature of the

. equipment used in a givem type of recovery operation is described in the

sections on the recovery processes themselves: It iz sufficient to state
héra that the recorery rooms and equipment were not designed to handle the
large quantities of residues which had te be handled in the last sovgral
months of operation prior te the shut-down 1# Bullding Do Therefqre, the
spread of contdminatipn becams very serious, and a large portion of the staff
was takea off fhe work because of excessive urine counts. A value of 7?0
couats of plutoniur per minute in a éhphour urine sample was regarded by
the Health Group as a count sufficiently high %6 warrant removing the_écr-
son from further exposurs until'the count was reduced below this valueo
That the exposure of persomnel in the recovery processes vas 3pprec1gble is
shown by the fact that nine out of the fifteen workers exceeded the value
of 7.0 at one time or another during the processing, the average being 12_

counte per minute, and Lhs-reogs %&5:*.:0 +20.9 counts per minute. Coumts for

personnel who did not ekaeceds the Limit. dadged from 007 te 6.9 sounts per

minute according te thoE;::oi%. I:e.;eei:.'t. aaiset:evailableo The urine counts rose
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very markedly during the rush pericds when recovered plutonium was urgently
noeded for uéc in making the Trinity and destination piecess

To réduee exposure to contamination recovery personnel wors overs
alls, a smock over the coveralls, surgson’s cap, canvag shos-covers, rubber
gloves and ons type or another of respirator. The garments were generallj.
changed at least twice a day in a speciml looker=room adjacent to the recovery
quarters, and the shoé-dovars and gloves were changed every time the worker
left the processing roomso Barly ia the'work a standard dust respirator witk
blotting paper filters was worn by each workero This type of respirator did
not furnish adequate protection against the type of contamination eﬁoounteredo
Later several types of commsrcial positive-pressure respirators were triled,
some of which gave fairly good p;oteetion, but all of which were uncomforte
able to wear for long periods of timec Ultimately a positive.pressure mask
wes designed and found fairly satisfactory, This mask was made up from &
eylinder of thin coiluloae acstate, with a hemispherical top of sheet rubber
and & bottom of‘sheot rubber so shaped that the hsad could be inserted inte
the nask and the bottom piece would fit snugly arourd the necke A head band
Iwas'used in conjunction with the mask, serving to support an air hose whioh
ren from the top of the head dgmn by the side of the neck and out to a commect.
iom on the ceiliﬁg in eéch rooﬁo The mask was light wejght and pqrmitted good
v‘visionur The ceiling hose outlets allowed freedom of movement within a_givon
roomo A naek was worn until bs.dly cozﬂ:.am* xated on the ocutside (1000 counts
per minute) or slightly oontamlnated on the inside (50 occunts per minute)
after which it wes discardedo

The recovery rooms fm.Buildzn&.D were designed with features te - ‘

(X ] ..."ll o909 Sse 0o
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reduce 1o6s and contemination hazards. The floors were smooth surfaced
and of a relatively resistant maﬁeriai without cracks, with rounded
seotions at the valls and sloping from the walls to = drain.at the center
of the flooro The drain terminafed in a 10»ga116n removable trap from
which spilled material and washings could be collected for recovery. The
walls of the rooms were covered with a special plastic=coated material
(Marlite wall board, Mershall Products Goo, Dover,_Ohio) so that they couid
be washed down with a hoseo The hoods were equiﬁped with fans glving a highe
velocity draftc Steambaths, sinks and hood trays were of welded stainless
steel comstruction, and the sinks and steam-baths had 10-gallon removeble
traps té Oatoh'spilled materiele Gless contelnoers and reaction vessels
wers pladed in metel protective cams te reduce breﬁkage and av&id serious
loss and contamination in the event of an accidento. |
| Largely as a safoty measure in oase of fire, an slevator was
built ;t the rear of thé recévery laboratory; It pasaéa inte an underground
fire-proof vaulte Residueg’could be placed on the elevator and lowered inte
the vailt for storage during absence of recovery personnelo

‘The health problem arising from,contémination can be greatly re.
duced only by the use ef'cloaed system squipment, which ws not possible
under the conditions present in the laborateryr. Standardization of the
types ard smounts of residues submitted for recovery , is almost a require-
méﬁt before all recovery equipment could be of thp.oﬁoloaod type;

RECOVERY FROM PURIFICATION PROCESS RESIDUES

Two generaltpurification'processes were used in fullwscale pro-

cessing of plutonium, the 'E‘;‘,.;rgamt;g;i;; ?i;'brate, process and the "BY,
i rommepuee=  UNCLASSIFIED
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or celoium nitrate, process (IA«L03, La=LOS, 1945)c The recovery process
was different for each cases Up to 300 liters of re§iduas per day were
r;ceived from the purification process in Building D, mﬁch more than it was
originally planned for the recovery processes te handleo

Reeevery from the "A" Purifioatiom Process Residues

1o Description of the "A" purification process. -= Ian brisf, the

"A" process consisted of redﬁctién of the plutonium (IV, VI) nitrates with
hydriedic acid (er potamssium iodide in some of.the early work) in nitric
aoid solution, followed by precipit;fibn of p;utonium (111) exaigte (giving
thé P=) residue gr first oxalate supernatant) ; the oxalate was dissolved
and oxidized with sodium bromate and nitric'aeid, followed by precipitation
of sddium plutonyl aqetate with so@ium.acetato (giving the P2 residue or
acetate supernatant) ; the acetate was dissolved in nitric acid nearly sate
urated with ammonium nitrate, and the plutonyl nitrate extraoted into di.
ethyl ether (giving the P-3 residue or the "stripped" solution) ; the result
ing aquecug solution of plutonyl nitrate was reduced with hydriodis acid
and the oxalate precipitated for transfer te the dry conversion process
{giving the P=l residue or szcomd oxelate supernatant)o‘ ﬁashings from the
boiler (PcG residue) were submitted for recovery together with P-1 and Pul
rosidues, Table I gives the amount and composition of ths.reaiduea recelved

from the stanmdard A-8 purification process pér nominal 160-gram runc

20. Flowsheet for recovery from "A" purification process residusse -

Flowsheet I indicates the gencral nature of the recovery process for the "A"

purification residues. Some detsils of the process are described in the

numbered seoctlons immedi&téiy E;li?wingd :

L L J L] L [
00 G0® 960 900 S o0 0t

RN NOUSSD
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APPROVED FCR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

O I Uloarricy
L N——

TABLE I

v-STANDARD A.8 PURIFICATION PROCESS RESIDUES {PER NOMINAL 160:E_RUN)

Pol, L, 6

Supernatents and Boiler Wash

From Ozalate Prescipitations

TTotal Volume = LP.6 liters

1o72 M H'
0,00054 Fe

0o 0001NM Cr‘*‘:
0,00007M N

0-008M  HS0

00 0002M

0o16M I
O-OLM I.”

0-08M

0.05K HAe

1.24M €17

0.0002¥ Pu

Total Pu = 2120 mg

Hngu

et

p-5*

Acid Bubbler Wash

TTotal Volume = Lo70 liters)

0,88 ET
0.88M4 N03°

-~ Total Pu = 1 mg

P=2
Supernataat from Acetate
Precipitation

(Total Volume = 12.70 liters)

6966 molos 0-32M E© 11006 moles

©0s02 3,98M Na ' 50050

05004, 0.60M Hie 7.61

00003 0s05M Bro,~ 0,635

003l; Le2H NO.2  S4e30

0,008 | 0.c02¥ 12+ 0,025

11,50 0.0006M PuOp, 0,008

6082 ’

1,70 Total Pu = 1900 mg

3.40

2013 Pe3

530 .

0,009 Portion Umextracted by Ether
{Total Volume = Gob7 liters)
0.26M HT 1.73 moles
6.66M Hﬁé_ ).‘uaso
Ooli7M  Na™ 3.1k
7.38M no;“ . l4g.20
0,0002M BFO, 0,001
0,Q03¥  Hie 0,020
0.0005% Pu0, 0.0033

1:.50 moles

1050 Sm0p ° xH,0 © §i0; ° xH,0(0-3g)

P-9™

Total Pu = 800 mg

Alkeline Bubbler Vmsh

TTotal Volume = 1,50 liters)

Lio50M
0073M
0o2TH
0055M
0.60M

0o T7M

N&+
S0
8053
B

COx—
HCO5

éu?ﬁ ‘moles

10)10
00405
00825 | oontent
0,90
1.16
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v s BURDING D PRUCESS FUE RESCTES OF aeg PURIFCATICN FRICESS RISELS UNLLASOIF
o o R T A A Fer neiminal leGg run) I Z o =
' IR Sy vy . R ' ‘?‘ L :
. . Total Va-lume:65./_;t¢:ﬂ ‘ SR ‘Total Volume =0 Liters '_
) . Meizs o | Moles ;
K] 'L35M  oHD, 8757 g | 066 M or" 6.6 j
s : 10,60006M Cr*ttr 004 : . . 2.26 Na* 22.6 )
: _ i0.177M 1G5 .50 1.60M NOjy 16.0
| | st B 11 Va assa. i |
. 3 = A = , — ) : ety A
ossa 2% Sl To Na assay tank ‘
{0.033 M A 2.13 Y )
1;0.081 M ., f30 - : Alternate - B (next sheet) : |
41262 M Na*t  170.% - " i
8\ Total Pu=~ ' =10, 5 "3
g ol & u = 45!1” ' : Tcta‘l Pu—"‘/om 1
J’ ‘ - ‘.%_J Ar‘th nd.t& :/A 3, ﬁ E
: - g; - - pd
r 6.8 Kg. NaOH S‘\f . - : i LLtﬁ_f, r 0.906 kg. NaCH l E
. ! 17C Meles sif ' 6N HNOs ' 22 63Moles a
' , 1y | ' Jo-C Moles [ Lo v 5
P-1,4,6" B ! | R | o
Total Vo/ur)‘le=42.6}_’iter.s rTota:’ Volurm==45]i%ers| | !' Total Volume =/ &L_‘;r } i—,_ct al Voigme =15 ittrers 7ot 3! VYojume=2.5 Liter= Total Yolume = 3.0 Liters| i
Male g o | cles Mojes i -4 Males | Mcles .
L7z M HY 6906 LIS M et 87.8) | « | : - 5 ' ] f
€.0005M Fe'’ 002 - 0.0Co4M  Fe** 6.02 j0.02M  Fe't (G0 ! i0.0!7M  La*tt gn25 6.32M i* . 15.80 2J7M  QOH” 6.5 : |
C.000IM Cr g.004 [C.0CO09M Crttt 0,004 ! 0603M N('' 0003 | 07i3M  Fer* 0.0 2.008M Fe'™ 0,02 0.0L67M Fe**t 002
0.0007TM Ni** 3.003 1 'C0onCEM NUTT  0.603 L 34M S22 0.34 | 0.00: M NPT G003 G.OCIAZM NUYY 0,003 5.001 M  Ni¥ 0.003 | 4
0.008M  H3O0L 034 '  i00075M  S047 0.34 QOCEM P0O4E 0,608 iarcM S04 .30 6.4C M NOZY 1e.¢ 7.53 M  Nat 224 ]
0.0002 41 Ha2PO4 2.00%: 000015 M POg= 0.608 C.oCIM Fu*r®®  gporq | O BO53IM PGxE (G GC& "iG.522M g E  1.305 533M NO; 16.0 b ‘;
0.27M NQs 11.50 ——>—10 2550  NOf .50 b »— == G.0/35M PufX® (0203 plsd20032N POs®  0.008 w10 2570 S05= 1306 o
0.16 M I 6.82 l9.2:0M 1" 9.49 ; 10.610  La™r  0.025 ;- 10.¢6.7M PogS g.0oe !
0.04 M I 1.70 10.03M ¢%3_ 0.57 10.668M  Fu® 0.02C3 0.0CE3IM La"" * 0.02%
3.08 M H:C20s  3.40 10.075 M C204” 3.40 | L 0.0C68M FutlZ 0.02032
005N r-fﬁ_c 2. 13 {C.04TM  Ac 2.13 i -
L'f“’! y IC:I s 5%’30? ié"ei’f, %11** 53.0 . 0 J ( s . :
t.ecocz! u . 13,771 a 170.0 ; ; SnCapr &0 X H0 (0.3 g) SnCzrSilz x 0 (C.2 9) n0z* 5i0x° X Ha O (0.3 g} ]
: 0602 M X 9.0 Total P 5may | Total Pu=4745mg 7' Puy = 5o, ' t =42 A '
| Total Pu= 2120 my | *I;.Eﬁj: FAL 2126 230 i \Jf.j-o: u  2075mg | fotal Pu=474 m?. i Total Fu 4’-,- 45 my Tqui.l Pu 4545”'-,}“ e ‘;‘
v , - Tetal Velume 30 L’;'J:ers . } . 1
F - ' J_I\AO{:GS - 1
0.33 M 99 | ' !
' 1.482M 44.5 | |
68T M 116.24 | To Na assay tahk
002! M C636{ e
» 'I “’ g,g§4MM joi‘g: . : " (
2 K PR oped by fv l ~ ri - g ’
=z | L0 b peroxided
o Tota: Pu~ 30 g (Flawsreont TV ) )
; e ; ——
[ ) ] - N , U T hads T iHen ' haaadh i
| 045 kg S0, | 272 kg NacH | |3 , | D048 Liter
‘ 7.0 M-les ! 67.8 ‘Mel e 16 N HN; .
| L. Tikeies  Jo | e78Mels | T ] L 077 moke
p-2,2 ~ 1 9 / | -
‘ — S v A
Taral Yolynie=19.37 Li_’::rsl Total Volurre =26 Liters I Tota! Volusiie =22 Lét-zz:.x‘ , | Tota) Yolume=05 Licer | | | | Total Vo'ume=755Liter Tota! Voiume=0.3 Liter
‘ 0ieg _ les j Do |y : .M ! g o Males Meles
¢.799M H? 5.79 10.299  H* - £.79 {0,45M OH™ 3.1 | Lo.0e5CM Lttt ge2s )t ) LCOM * 058 ie.cx5oM  Lat’t e.o25
2.77T M- Na* 5364 (p-68ZN  Na’ 5364 12.02M NHaQM 44,50 / PR9EM S04 0905 1 C.o45NM  Latr™t o028 (Q.04 M Fe™™% 0.0z
2.30M  NHY  44.50 '2.225M  NHs* 4450 iS.CIM  Nat  Jj0.24: 0.023M Fu*T 90:it3 003eM Fertr 00z (000EM N 0.0C3
5.35 .02 M Lat o025 CCLGOIM Lot 0.625 i : ‘ L icorrem Nitt 0833 2.610M S04 308
£.0 g ?; .'EV;-A !‘\?Cy ,,_%f— 6 éﬁ'?«?&’ 55‘ 0.0 36 L €367 Mw \Fs’gq‘ ésoog C.CleM ;0412 C.c08 .
. B — M ‘l]- 1% 2] " POV oy SV AP v /3\ 103..’: ,._ - o 0.0.-' "',‘..’).v 4 "! o.c ' O. "45([) \‘ u+ 0.0203 ’
10.382M  HAe 7 [T j0.341M Act 7 [T 1406 M  NOS- 0770 e
.QQ"‘SI? s f:.@:, »—_,..Q_%S.w e - fﬂ-ow VoL @.;qni : - - = .»1:”;{_;.3’ ;Aﬁ PLI,# . 0‘323';‘
0.L(CEM PR ool I0.0605M Fy & 0,0:13 T i
C i ’ i
l “10-5/0 cxorLD fazgn ! Sn0s Sl K Hedid 3 40 + SOz 50X .08, Ta,; SpQas D N,y HO L Q! 20 8L 0. X Had (0.3 0.} ]
. oh ol ip A g (020 frbz iy X przolx‘f) ¥ di \)1’?02 coli-e R 0D, LS < ?"Oj - hpey RNy N ‘Sh(,; SLO X-H;u 0.3q.; 4
: Toto = 703:145. [ Jeta] Pu= 270 mqg’ Tetai FPUAS2LTC mg,'jJ ‘ © Tata}l Fy 5:4235»13, i : Tataf F"(q-': ZIX ?J |
U U - e S A SR E e UNG‘(_.A.. S*FLE 1

5 | ]
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(continued)
[ ] ) | ’
: S : ' Tctal_ Yolume =I8Liters ;i

. - 0./335M HY 0.24 N
. | ‘ 0422M Na*  0.760 !
' » e ' 0.030M BrO; 0054 | Py T
. | | 0.I33M 'NO; 0.24 Recyele with P-2,3
N0.314M A 0.474 ' -

0.0004 M Pu0;" 0.6008 N

Total Fu ~ /80 mg.' 7

13
L) L
R ) o L
(0-66 Moles) 1.5 5075 [iters
10 g Na Br Oz (0.66 Moles .3 : 035 Lite
odis Liters cone, 8t Motes' | & 5°25, oE,
- HNOs (0.24 Moles ' ' 17 0.365 Lit Ha 0O
Alternate B T - - ‘I-;rs *
i .
Total Volume=15 Liters Total Volume =152 Liters Totatl Volume=léLiters Tota/ Vo/ume=0-/Li.ltcr$ Tota! Volume =05 Liters
&3 o 85
n.0lTM  Lattt 0025 0.0l M La***t 0.02 0.0i6M Lat*t 062 o0.250M La'*'t 0.02 LOOM MY 0.50"3
0.0/13M Fel' .02 0.013M Fe™™" 0,02 coiZM  Fe**' 0.0z 0.26¢0M Fe™*t 002 0.050M Laf'" 0.025
0.002M Ni'? 0003 } 0.0ceM  Ni'* 0.003 0.002M Nttt  0.023 0.036M Ni** 0003 0.04CM Fe*** 0,02
0.870M 507  1.305 0.860M 30/ 1305 0gI5M 30 305 13.050M S04= 1,305 0.006M ?‘f&‘? 0.003
0.0053M PG4*  0.C08 10.005M 04 0.008 6.005M PQq® - 0,008 0.080M PO4= (.008 12.610M . 38a” I.EOS
0.0135M Put® 0,0203 . ‘0158M H? 0.24 . _lo.isoM  H* 0.240 . 10196 Na 0.0)196 'c.0l6M POs= 0,008 -
*T10.043M  Na¥ _ 0.0eb > 10.48TM ga*‘ 0.730 =10.590 M Ac~  0.059 [>T 0039M MNa* 0.0116 >
6.036M Br0Oy 0.054 0.034 M rOs 0.054 0.196 M PuC2™* 0.0176 10.118M HR#c 0.059
r158M NI, 0 24 0./50M NO3 0.24 h 1.118M Nti)é' 0.559
0.0133M PuQ; 00203 0.421M  Ac 0.674 1c,039M  PuCyr* 0.0196
: 0.0127M PyOf* 0.0203 :
Sn0y-Si0z X H0(0.3g.) | Sn0z2°SL0z" X H20 (0.3 g) Sn Gy S50z X H20 (0.3g) | SN0, Si0s X H0 (0:35.) S5n0z-S10p° X Hy0 (0.3 g)
Total Pu= 4745 mg. ‘l Total Pu= 4745 mg. Total Pu=4745 mg. : Total Pu = 4565mg '[ Total Pu=4565mg
¢ . ) e
A _ To_be"peroxided”
: : (Flowsheet IV) 5
| u\\\c-\._ASS\F\ED |
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%, Precipitation of "hydroxides" from P-1, L, 6. -~ Residues

P-1, P=lj, and P.é; containing plutonium (III) were combined and trams-

% ferrad by centrifugal pump or steam jet into e 100-liter rubber-lined

steel barrel fitted with a lucite tops Solid scdium hydroxide was added
slowly with comstant mechanical stirring (propsr holes provided im lucite
cover), en excess being used to dissolve any lodine présento Considerabio
steam was released during the neutralizetion, resulting in & contamiration _
hazard. The "hydroxide" precipitate was allowed to settle and cool for‘h‘te 5.
hours. The supernmatamt and finally the slurry were siphoned inte a 13-imch
Buchmer fumnel equipped witﬁ a Whatman Noo 2 or similar filter paper rein.
forced‘with a-heavy paspero Suction filtration was used, the filtrate being
caught in a 50-liter botﬁlao The iron and lanthanum impuritiea.precipitated
as hydroxides and ovidently mcted as carriers for the plutomium (III), so that
good recovery was obtained in spite of the considerably greater solubility of
plutonium (III) hydfexido relative to that of the very insoluble plutomium (IV) |
hydrexide. (ioreover, Pu(III) has a strong temdency to be oxidized to Pu(IV)
in alkhlins mediumo) Attempts to use performed carriers, such as alumimum
hydrexide; to emsure more complete removal of plutonium resulted in ineonsis-
temt carrying, generally no better them without the use of added carriers;

Lo Precipitation of "hydroxides” from P-2, 3o -= Reslidues P=2 and
P-3, containing plutonium-(VI), were combined and the plutonium reduced by the
pe.ssage of sulfur dioxide through the solution for‘15-20 minutes. It was not
satisfactory te combine P-1, Rré, P~3, Poly and P=6, reduce with sulfur dioxide,
because of the formation of ioﬁineo Moroover, a saving of time was achieved

by avoiding the unnecessary rﬁ&ué?iqa-bnoatmpqt for the oxalate supernetants

[

* aaa o
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which supplied the bulk of the residues. As before, the "hydroxides"

|| were prsoipitated by slow addition of solid sodium hydrexide and filtered.
| 3 The filtrates from the treatment of P-1, 2, 3, b, 6 were radioassayed and found

| to contain -about 1 mg of plutonium per.litero' These filtrates, totalling

about.loo liters from each 160=g purifioation run, were piped out tov1000=

" gallon tanks to be temporarily stored until DP site cam recover the remaine

ing plutonium by use of a préformed alﬁminum hydroxide carrier (apparatus fer

such recovery has been installed at DP site)o There were two alternate meth- .

. ods developed for handling the "hydrexide" precipitates combined from P-l,

2, 3o 4o 6o Simple dissolution in aﬁ acid was not possible because a consider~
able portion of the "hydroxides" would not dissolve, probadbly because of
the formation of compounds sontaiming sulfate, phosphate and ailioatQO',

5. Refluxing “hydroxides” with coneentrated nitric acido =~ The

eombined “hydroiideé"'wéré tranaferred to a &-1iter reflux flask and refluxed
with an excess (about 1 liteé)_df 10N nitric‘acid for 16 to 20 hours., Even after
this long refiux frgatmént a consid;rablq residue remained. Spectrographis
analyéea by Greup CN=9 showed'the résiduégto conagist mainly of silioen end
sodiumo, This residue, gontaining an apgfpciable amount of plﬁtdniumo was
generally fused with potassium pyrosulfét% (see mection on pyrosulfate

fusions)o The solution was filtered and the filtrate treated with sodium
hydrokide te procipitate plutonium (IV? hydroxide {as a concentration step).

The hydroxide was disaelved in nitric acid for precipitation later as plutoﬁium
“peroxide®, Thia érocedure is the g;tgrnate A method indicated on Flowsheet I.

6. Oxidation of the “hydroiides" and precipitation of sodium plutonyl

gcetate, == An alternative method (alternate B, Flowshset 1) was te treat the

Ama o

3ive
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.
Phydroxide™ preeipitate with 1.8 moles of sodium bromate per mole of
plutonium and 9,2 moles nitric scid per.mole of plutbnium'for hw6'ﬁours at
85°C (plutonium concentration 052.Qolér)e All the "hydroxide" dissolved gen-
erally (any residue was saved for fuﬁion)o The solution was treated with
enough sodium acetate to make the solution L molaf in sodium ion, precipifating
the sodium plutonyl acetate% whieh was centrifuged or filtered and twice washed
with an scetate, acetic acid wash, Dissolution of the acetate in 16N nitrie
acid gave a solution ready for‘préqipitation of plutonium “"peroxide”. Filtrates
were recycled with the P=2, 3 soluﬁionsg Thias method was the more generally
used one because it was faster and the dissolution of the "hydrbxide“ was usually

completeg

Recovery from the "B" Purification Process Residues

1. Description of the "B" purification process. ==~ The "B" process

differed from thév"A" process iﬁ.that caloium nitrate was sﬁbstituted for
the ammonium nitrate as a éaltingnout agent in the ethér extracti§h¢ The
résulting extraction was so.efficieﬁt that the first oxalate and the acetate
steps were not needed., The ﬁroceso involved oxidation of the plutonium with

sodium broﬁatﬁ in nitric aeido ethbﬁwéxtraction of the plutonyl nitrate with

caleium nitrate salting-out agent, fo)lowed by reduction with hydriodic acid

and precipitation of plutonium (IJI) oxalate. Table II gives the composition,

amounts and designations of the residues invelved per 160-g runm for thé stande
dard B=2 purification process. This prqcesa wag faster than the "A"™ process
and gavs less plutonium in the residues, althoughvrecovery‘was made somewhat
mere difficult by the fact that caléium»hydroxide would precipitate if sodiﬁm

hydroxide were used in the "hydrox;Qe" precipltatlon stepo
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Standard B=2 Purifica.tion Process Residues (Per Nominel 160-g Run)

F=1

Portion Unextracted by Ether

TTota) Volume = 7o50 1iters)

+

027 ¥ H

2,72 ca't
0,06 Na T
0,003 Fe' 1T
o.000, Wit
0,003  1atTt
0,0009 H._pO,~
000002 9?20$=
5077 NO

Qo 03 : Br
0,04 Cas g+

0000009 Puly

. 2,06 moles
21,00 '

02445
0,022
0,003
0,022
0,007
0,0015

L3.30°

0.225
0030
0,0006

$10, © xH30,5n0, © xHy0 (0o3g)

Total Pu = 160 mg

.Pe*

Alkeline Bubbler Wash

otal Volumb = 1o50 liters)

LoS0 M Ha'_
0.92 Sez~
2.34 o) g
0.08 $0),”
0.16'  Br *

6.75 moles
1538 -
3051

0.12

0.2

p.2 ¥

Wesh Solution from Ether
Extraction Apparatus
TTotal Volume = 11,50 liters)

Traces of ', N0,~, Ca™, Puo,™

2,00 M : ¢l 58080 moles
050001 ettt 0.0029
0:10 r 20%
0.00% - 0,088
1,87 0 55000
0407 52320h 2.06

{ 0.0002 puttt 000056

P=3 R
Supernatont from Oxalate Precipitationm

- (Total Volume = 29,40 1liters)

Total Pu = 1340 mg

il

Acid Bubbler Wash
{Total Volume = 1070 liters)

0.88 X gt

10088
- Mo,

Total Pu® 1 mg

1-50 moles
3050

¥ The aold bubbler wash alkaline bubbler wash and wash of the

oxtraction apparatus are so low in Pu content that they may be

discarded inté the waste tankso

;Gnoo
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2, Flowsheet for recovery from "B" purification process regidueg, ==

Flowshaet II gives the general procedure for the recovery of the B=-2 process
residues,

3. Precipitation of "hydroxidea" from P=l. - The P-l residue, cen=~

taining plutonium (VI) and large amcunts of calcium nitrate, was treated with
20% hydregen perexide (DuPont“s Albone) in 25-liter battery jars to reduce the
plutonium. About 500 ml of hydrogen peroxide was added with stirring to the P-1
resldue from a 160~g run, and the mixture was allowed to stand about 20 minutes.
"Hydroxides" were precipitated by the addition of 15N ammonium hydroxide, and the
mixture filtered and handle as for recovery from the "A" process. The filtrate
was placed in 250=gﬁllon trailer tanks for trangporting to & 50,000=-gallon waste
tank reserved for solutions containing large amounts of calcium or nagnesium.

(This tank is leceted at DP site.)

Lo Precipitation of "hydroxidap" from P<3. == The process was the same
as indicated earlier for the "A" process. - The "hydroxides” from P=1 and P=3 were
combined and handled by the refluxing or oxidation technique, Iselation of the

plutonium wae achieved by "perexide” precipitationo

Recovery from Purification Process .Miscellanecus Residues
Other residues from the purification precess included various special
washes, purified exalate left in the transfer containers and process failures,

The former were generally sc low in plutoniuﬁ that they could be stéred in the

DP waste tanks, The axalate was disgolved in concentrated hydrochioric acld,
treated with nitric acid te oxidize the plutenium te the tetravelent state,
then plutonium (IV) hydroxide precipitated, Failures from the purification prbu

cess were treated according ta-the:eauses.rqgglting in the failure.
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S LOWSHEED L s
R UiLL?NL: D PEJCESS FOR RECOV:-_Er OF 5'—2 F’UR’IF/CA fGN F’EOLEJS R?EMB#E UN , o
- - TR T e e “{PE?"WHM W‘gi“ﬂ‘(?ﬁ“““ - '3; ‘ CLASS”:’E'
Bta/ Volume'—/Z‘ Liters !
Moles -
g-44OM r# 14 g%l : i
,‘%’Zﬂ AP RY, Mg supernatant tank
0.0375M Na* 035 e :
36 M NG 43,
', 0.0ITM  BFY T 0.z25
¥ Total Puyz |2 mg :
0.50 Liters 30% Hz0p = '
R . : (4.4 moles) g
_ s Ao 0.50 Liters ISN NHqOH C
T . { (75 meles) L{‘ .
£l SRR ' J S— -
Total Volume=7.5LLte.r§ Total Yolume = 8.5 _Létér.s : iTotal,Vo]urne=o.5 Liters )
Meoles ' i - 0. ' ¥
0.2TM * 2.06 - - 0.622 M NHéoH 529 10.044M Fer*t 0022
2.72M  Ca** 21.00 0.436M Haz 2 3.71 '0,006M Nitt 6.003
0.06M at 045 247M Ca? 21.00 0.044M La* T 0,022
0.003M ettt p.o22 0.053M Nat 0.45 10,003M Cr*** 0.0015
0.0004M N{** 0.003 0.0626M Fet*t * 0022 o.oHM Pra= 0007 3
0.C0XM Lavt+ 0.022 - 0.0004M it 0.003 0.60 M Cac 04 0.30 : d
0.0009M M, POL 0007 | 5 10.0026M La**t  0.022 m—10.002M Pu'IX 0.000& : ]
0.0C0ZM Cray*® 00015 0.000BM  PO4E 0.007 .
5. 77 M NOs  43.30 0.0002M Cr*t* 00015 , 3
0.03 M Brly 0.225 5.70M Nos 4330 : ;
0.04M #30s  0.30 10.0265M  Br” 0.225 ‘
0.0009M Pu8** 0.0006 10035 M Ca.sgé 0.30 :
- ' [0.00003%M Fu* 0.0006 _ ;
i - A ! . ’ ) A‘
Sn0a-5i0a-X Hp0 (0.3 4 Sn0p-510, X H20(0.3 ¢} Sn0.7500s X H20 (0.3 ) | :
Teta Puz/eé 4 | " Toval b 4=561§m39 Total Pu= 148 mg P | 3
' ) Teta!l Volume = ’0LLtQt‘8 @
Tota/ Volume=40Liters ' ™ 0.022M ‘Fert+ 0.028
: .. Mgeles AN 0,003 M Ni** 0.003
B oaan Llves 10ERT \ 008 E Mg B DoEe
i Q. 7M. Crf, ‘ 0.00i15 * 0.0015
Al LTV
h 0.00 ). ! ~ 10,30 M : .30 '
11,375 M Nc;' 55.00 (0/0C6M - Py 6.coe |Alternate Aor B
j0.0515M  Cpy” 2,06 _ : {See flewsheet 1)
é’ Total P‘\'4—0mg, : C
6.8 kg. NaOH ¥ | -
170 Moles - 3‘ S0ueS: o o |
, g . 2n0x 38 ZXlig 039.
P-3 i 3 | P Tota.{;F‘u /415
Total Yolume=29.4 Liters Total Volume =30 Liters Tota! Volumae=0.5 Liters f
o : Meoles i Moies T
2.00M H* 58.80 3.56M H~ 106.89 co
0.000iM Cr***  0.0c029 0.cociM Cr*+t 00029 - o
o./leM I~ 2.94 {0.106M ; 3.7 0.0112M Fuy 0.0056 :
0.003M I3 0.088 0.00IM  I05 0.029 :
P1.8TM NOax .. 5500 1.832M NO 55.00 :
L 0.0TM  HaCala 2.06 0.06FM  Cpla= ~2.06 -
10.0002M Pyttt 000567 0.0002M Fuy*I¥ 0.0056 > ; m

L Tetal Pu= /349 mg | Tota/ Pu=i340mg Total Py=)300mg , - | | \JNU‘«-N
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Recovery from Reduction Linsrg and

Slag and from Remelt Crucibles

The dry Qoﬁﬁersion process supplisd the reduction process with
plutonium tetrafluoride (LA-LU4O, 1945).  The fluoride was mixed with metallie
oa;cium and iodire and fired in a magnesium oxide liner inaidé an iron bomb,
After the metal button was removed, the remaining slag (chiefly calecium fluéride
and celcium iédidq) end liner, containing about 2% eof the amount of plutonium
charged int’ the bémb,, were turned sver to the recovery procésao For reduction
oﬁ the nominal 320=g acale a liner wéighing.about.loe kg was used, giving a
ratio of liner weight te pluteonium t$ be recevered of about 300 te 1.

Follcwing the reduction, the metal was pickled, then remelted in
vaguum in various types ef crucibles, Fortunately for the recovery, most ef
the experimentation witﬁ remelt cruciéles nade of different materials was
performed on a‘sgall scale. Fullosca}e pfecea;ing.made use of essentially
only megnesium oxide cruciblcs which were handled like the liners fram the re=’
‘duction procesé; .thnesium oxide casting crucibles were alse processed with
the reduction linerso‘ Adhering metal and oxide were separéted and handled 1ike
metals

Singe disseolution of the sntire limer or crucible was = slow procesa,
some effort was made te leach out the plutoniumo, Leaching with hydrochlerie
acid, partial dissolution of the megnesium and fusion with potassium pyresul~
fate were all only partly successful. Grinding the liners (100=mésh) and
fusion with a sodium perexide-carbon mixture was fast and thorough, but this
method oaﬁaed high contamination of ihe\rooms and wasg dangerous. Ultimately,
it was rogarded that complete dissolution with an acid was the beat answef

ts the problem. I
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Moles |
Mg0 = |
{8CaQ. 45,0 |
152, & M3 g
8.9%3 Al? 933
23C.56a Cat 576 g
152325 In %5 .
152 o F &7
31.23g 302 rb2
o) Pu BUREY
Toral Fu® 5200 mg

~ To ke "percxides’”

PROCESS Fc*®

( Flow<«rezsz I‘V:\’

’

EECOV kY

APPRO\/ED FCR PUBLI C RELEASE

— e g e

C’F -/JO L

S ¢ CEUC

(BLES. Ani

)
i
X~
«“,
- ]
¥ 1
"
- -

Mg assay tark

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE

yir Per roriial ,:’_3 r.u,,) .
o - ' ey _"—'
Total :z-.r/u)"".vf;—— Lj; L-tt:f" s %Tbti!_\/)c"x‘.-nva:'aé L(,,f!.z.ts
\ 0.4M 5.0 0,52 gaFdv Nier 48
: M I To be fused 0.09 6 M C.j;]++ E1é
) > e46M  iHat IR0
\8.87TM1| 105 5320
Tota.! Pu® | -2 ain : Total P~ ¢( ma
[
, 3/ kg NHaNCy {388 \Vews)) &
7 L'\Ater\s /é'\’ ,""NOS g = L_t.-,._v‘/::gk/ \A-I OH §'
7 \ s M 3 ‘
{144 Moles) s 7 !fftersn eﬁio p
\ L , >
7 T ‘ LI 1]
Total rC/qr)"* =90liccrs l To+al Volumea= " {.:’.ters Tota! Yeiune=50 L. izrs l/ To*-a" Yol o= LL:Er;-J[
Mcles { h~les ' ojes 2
3.32M HY 29.9 ’I b 2.99M H? 29.9 | "0.28/M NHaoH [4.73 } o
5. 89M Mg’ 530 I §.3CM  Mgo*t =229 jceM Mgt 53¢ | Ol ! ATt 0.33
5.89M g.,, . t b P ‘9+++ ;"7 - ++t 33 : pr-_’_?_»\‘ (=R 34 C.02:
0.03:’~1 AIH 0.33 1 0033}\1. Al AR \..-3v 0:}0’056%*‘94 é!++ q76 i N & v u s
'Z'S%M 1%3? ;42’56 i ,‘355%?‘ ﬁa} 438 976N NHe 32800 r
. z . ! N 5 d .U : B G, :
‘Clas8M Sita G52 Crec2iv Pt 0.0209 10.64M  NOi 5327 .
P 06023 Pyt® 20t i D0.0004aM Putl o 06209
| - A - ! — 4 x 1947
Tota: Py 5000m ' Total Pu= ¢ (i Tetal Pu = 5.00mn a cta/ Pu 194 my
- 3 l 4 "] ’ S
_ . Tetsl Voumie =.5 Liters
e Mcles |
0.36M QHT 0.57 |
: c.22M  Alog 0.3 !
Na ssfay tark  |i.67W  Na? 2.50 l
——— e [.Cof M NOZ 1 .60
s 2/ Pu = 2 mg
|
OCSb(L' cers /oM HNOp 0./ ko NaOM 0.1 Liters BN 1INO3
¢ Jri58; M'sleo (2.9 Mo es) V{16 Mowes)
Y L .' Y
" 1 ~—051 ifers Toral Yoiyme=0.1 L ters Tetal ¥olurmc=06bliters Trtal ‘w qrre-ObLLi’x rs
Total Yolume Mol 4m ole ! Mcrps : Males
1.0C M HT €.50 L95M 0N 0.57 0.884M H* 0.53
164N  NOT 0. ;82 N, 274 PJ +I¥ 0,206 ; (\_5\,5 M A'?i .33 0.55M A.gi‘* ?z:‘:
¢.04laM Put®  0,¢Z06é ; 4.leM  Na 2.50 2.67M N 516
g 2 67M oy 160 023434 Pu C.0200
— =0 c34IM FUTI 0.020k [ -
~ t
l | |
. 3 i
Total Fu ™ 4938mgq Tota! Pu & 4938 mgq ! . Total 4940 r Tota! Pu®4940m
% L e j L 3

P




APPROVED FOR PUBLI C RELEASE

e é e UNCLASSIFIED

3, Precipitation of hydroxidas from dissolved linsrs; == In order

te keep the magnesium in solution, the plutonium {IV) hydroxide was precipitated
at e pH of 5 to 6, Megnesium hydrexide dees not precipitate at this pH, and the
snall amounts of iron and aluminum impuritiés form hydroxides which serve as
c#rriora fer the pluteniumel The selution was mainteined at a ﬁHlef 5 te 6 by
increasing the emmonium ien congentration te six to eight times that of the
magnesium ion concentration, and using ammonium hydroxide as the prscipitant. -
The precipitation of nluton;um (IV) hydroxide wag done in twe 30-liter
battery jars. A concentrated selutien ef ammonium nitrate was made by diaselv-
| ing 31 kg of the solid reagent in about 30 liters of watoro The solution of
the magnesium oxide liner was decanted into thé ammonium nitrate solution and.
. any undisgolved pieces of magnesium oxide were left in the flask to be fq=
fluxed with the next-linero ) . | |
The solution in the-hattery:jar'was diluted by approximately L5 liters,
and the hydroxides precipitated by adding aboﬁt'E liters of 158 ammonium hye
droxide to a pH of 5=6(as indicated by universal test-paper)o_ The precipifato
was allowéd ta sottls a few hours and the solutibn,siphoned off through a
filter papéro ‘The hydroxide was washed three timea with about 10 liters of
water to remove the magnQaiumu The slurry weas dissolved with 16§ nitrie acid
and re-precipitated with solid godium hydroxide in excess to remove the
aluminum ag sodium aluminuteo Thia reduced the volume of the preeipitate
about onesthird and made it easier %0 establich the preper sonditions for the
“peroxide™ step. The re-p*e?fpitqted hydroxidel were filtered through ﬁho
88;e paper as was ucei to rilfer phs ammonium hydroxida supernatant. The pre=
clpitate could then be dis;olqu in nitrie acid and "peroxided" directly,

'Bﬁo :‘.’il‘ra’cg ﬁ!om- ﬂ'ze ammonium hydroxide preo:.pltation contained a
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large amount of magnesium and was transferred by trailer tank to the DP

waste tdnﬁ reserved for_solutions containing latgo quantitieg of calcium or
magnesium. Thbis filtrate contained i tb‘a mg of plutonium per liter. The fil-
trate from the sodium hydroxide precipitafion wes transferred ta the SODOOO=
gallon aodium supernatant tank a$ DP site for atorage.

Recovery from Metal Turnings9 Sorap, Skulls and Alloya

All metal or alloa samplea from motallurgy were dissolved and
"peroxided" directlyo The sample was leachsd with ¢oneentrated hydrochlorie
acid in & 6-liter flask fitted with an efficient condenser %o cut down contame
ination. Enough hydrochlorig acid was added to dissolve the metai and give a
solution of plutonium (III) ph;oride, 18 in hydrochlori¢ acid, at the volume de-
sired for the "pesroxide" preclpltatlonq The solution was filtered to remove |
any undissolved oride coating on the metal or other residue, and the volumo
adjusted so that the plutonlgm qonqqntration was § to 25 grams per liter. Thiu
filtrate was then'upgroxided? dirgétlyg The oxide and other residues were 15?
nited and fused with potaagium pyroau}fafeo Same of the experimeﬁtal alloys

creatsd spsoial recovery problems,

Recovery from Plgkling and Plating Residues.

Four prinoipal typea of residue were obtained from the pickling
and plating processes used in certain metallurgical operationss

(1) Solutions of p}uboﬁ;um in concentrated nitric aeid.

(2) Etching adluti;gs of ammonium acid sulfateo

(3) Suspensionﬁ ofjpiutonium in equeous trisodium phosphate.

(W) Solutions of orthophosphie acid plus ethylene glycols

’ The first twe types ‘of solution were "hydroxided" directly with
22 e TR0 : , oo ARV ‘
2 - umuu-wo!ﬂED
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ammonium hydroxide or sodium hydroxide, and presénted no problem. The third
Type of residue, consisting of a suspension in trisodium phosphate, could be
filtered., Since the suspension eonteined but little plutonium, the filtrate
was stored,

The fourth type of residué, of phosphoerie acid and ethylene glycol,
has presented quite a problem for recovery and a great desl of work has been
done on it, It was foun& that direct hyﬁroxide precipitation of the mixture
would not work, since too much plutonium was held up in the supérnatant due
Yo complexing of the plutonium. Removal of the glycol was attempted by dis-
tillation under atmospheric pressure uaing'a 50% phosphorie acid=50% glycol
blank. There was too mush charring of the glycol to méka this method practical,
Vacuum distillation resulted in a residue of black syrupy liquid and é bleck
of solid carbon; In an attempt to reduce the dehydrating effect of the phos-
pharic acid, the s¢lution was neutralized and the distillatiorn was continued
to dryness, The residue was mostly monosodium phoabhate and disodium phog-
phate. Nitrie acid was added and any remaining carbon thereby removed, The
salts were diluted and the solution "hydroxided" and allowed te settle for
some time'befara éentrifugingo The basie supernatant contained about 3 mg
of plutonium per liter, This has been the most satisfactory method devised,
bu’ it is still too difficult for a good standard procedure, Care had to be
teken, for there was some tendency for violent bumping if the temperaturs was
not controlled, Attempts were mado to convert the glycol to a more wvolatile
compound by the separate use of phosphorus pentachloride, phosphorus trichloride,
phosphorusg tribromide and hydriodic acid, bﬁ# all these failed, Extraction
with unsymmetrical t?ifluoroacétylacetone (ToFobio) wué also unsuceessful under

®  sce o .o

the conditioys ?r%gdo.: T

.
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Recovery from Analytical Residues

A great variety of residues was received from the analytical
operationaq inciuding oxides, sarbides, oxalatéu9 cupferiideg, and solutions
of chloridelg nitrates, sulfates, and phosphateno

The acid insoluble materials, such as oxides and carbldes, were
fused with potassium pyrosulfate, The plutonium in the solutions was precip=
itated as plutonium (IV) hydroxide. 1In cases where organic ﬁateriala were

present, it was found desirable to destroy them before the hydroxide precip-
jtation, since plutonium may be ha1d in solution by organic substances,
pbssibly.due to the formatjion of complexes. To decompose the ofganio’matera
ial, the solution was evaporated down and fumed with nitric and sulfuric acids
until the organie material was destroyed. The sclution was thén diluted and
fhe‘ plufoniu,m,(IV) hydroxide precipitated with ammonium hydro:tidé or godium
hydfoxideo Readily volatile materials, such ag gcetone and hexane, were

driven off by gentle heating on a steam bath,

Recovery from Miscellaneous Residues

Occasionally the recovery processes received appreciable amounts
of é’uch materials as alundum, oil uaed'in cutting, silicone and cerium sul-
fide crucibles, zioﬁe of whioh qomally conteined much plutonium. |

The alundum, in the form of holders from the remelt phase sometimes
h§d amall splatters of metal or oxide. Thﬁy were leached and washed thoroughly
with hydrochloric acid and water since there was no evidence of penetration of
plutonium into the interior. The plutonium (III) chloride solution was trealed

in the usual manner,

0ils from the cutting processes were rarely received, Aliquots of

Diniil egmmm—
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the 0il, fumed to destroy all organic material, were assayed and found to

oontain 1little plutonium. Assays showed the filtered oil itself to have insig~

nificant amounts of dissolved plutonium, Thersfore, the oil was diluted with.

s
!

hexane and filterodo and the paper was ignited and fused with potassium pyro-
sulfateg } \ |

The silicone after filtration also showed no plutonium in recoverable
amountsg anceo‘&t wag diluted with benzene and filtered, the paper ignited and
fused with potassium pyrosulfate,

Cerium sulfi&e crucibles often had appreciabie amounts of plutonium
on the surface and dispersed throughout the interior, The best method of re-
cévery‘was to dissolve the entire c#uciblo 15 hydrochloric acid and “"peroxide"

the solution in the standard manner. This was done separately from other mo-

lutions to be “peréxided" because the presences of the cerium in the supernatant

~ makes recovery of plutonium from the supernatant difficult, Overheated lots of

tetrafluoride (or oxide-oxyfiuoridontetrafluoride mixture) from the dry conver-

sion process were handled by fusion with potaéaium pyrdsulfatee

Potassium Pyrosulfate Fusions
\ c

When it was nébessaf& to réﬁder the oxide, fluorides or carbides of

plutonium sblubleg the best method was to fuse then ﬁith potassium pyrosulfate

' éf potassium acid suifatéo In this fusiqn a ratio of pyrosulfate to»plutohium '

of about eight t6 one was useds The fusion mixture was heated in a 500-ml platin-
. |
um dish until the molten material turned solid. This gave a fused mass which
wag readily disiﬁtegrated by digaétiqn in water and hydrochloric or ni%rié”aoidsq
-

From this solutioﬁ,,plutqnium (IV) hydroxide was precipitated with sodium hy=

droxide or srpomium hydrqyide, the hydroxide dissolved in nitric acid and a

*" *-- APPROVED FOR PUBLI C RELEASE
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"peroxide" precipitation carried out. Sometimes it was necessary to "oxalate"
snd "acetate" the dissolved hydroxide first.

A1l types of rags, paper, Kleenex, stc., were ighited or weteashed
before fusing. GConcentrated sulfurio acid was highly satisfactory as a wet-
ashing agent, and caused less contamination and loss than direct ignition.

After the waterial was completely ignited, 1t was fused in the seme manner es

deseribed for the oxide, This was a tedious process and required an excellent

hood to carry off contaminatéd vapors and smokez it was one of the most hazar-
dous of the recovery operations,

Anothér method not involving fusion was experimented with for treating
oxide. Prolonged refluxing of oxide with hydriodic acid would of'ten pU? the
oxide in solution, vallowing this treatment, the plutonium could be précipe
itated as a‘hydroxideo This procedure was not satiﬁfactory, however, It took

too long and would not work unless relatively purs oxide was used, and the

‘amount of plutonium in the‘hydroxide supernatant was teo high,

Isoletion of Plutonium as the "Peroxide"

The methods outlined in the previous sections did not give a good
separation of plutonium from rare earths (cerium from the use of cerium
sulfide crucibles in certein metallurgical operations being particularly
trouble some)nor from large amounts of uranium, thorium, zirconlum and iron.
Studies were carried out te determine whether the precipitation of plutonium
ag the "peroxide" would result in good aeparation,‘making'unnecesaary the
oxalate and acetate steps sometimes used. A complete descriptioh of this

work is being reported separately by We A. Browm.

.In.goneralg conditions for the "peroxldlng followed in Building

D resemvlgd,t,hééa use;i- ai Hanford (CN=-2021), Flowsheet IV gives the method
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ag 1t was used a%t Los Alamoao

The comeentration of plutonium was adjusted te 0.035-0.3M, nitris
acid to 1.0 and sulfurie acid to OQIMa and enough 30% hydrogen peroxide
was added to be equilvalent te the plutoniuﬁ present plus an axcﬁsa equivalent
to 104 of the total volums. The ﬁydrogen peroxide was added dropwise with
congtant stirring at 12 to 20°C. The mixture was then cooled to h C to reduce
offervesganse and permlt bettor settling of the precipitate. At one time about
nine hours was allowed for the settling, but the time was later reduced to two .
hours. Various types of eguipment were used'fbr the precipitation, none Qf
which were very good?: Asbestos was used with a 6-inch Blichner funnel for the
filfrationo since the “perpxide" did not filter wulﬁ when paper filters were
used, TOp draw-off of the supernatant wes planned, but it was found generally
| quiéker to employ fiitration es indigated;, The asbestoarwith the "peroxide”
precipitate was treated with 16w nitrie acid (2 ml acld per gram of plutonium)
filtered, and the reaultlng nltric acid solution of plutanlum {IV) nitrate ovape
orated down on a steambath to a thick syrup in 600-m1 Pyrex beakers in copper
jackétao After approximately 160.grams of plutonium was acéumulated in syrup
form, the ayrup was diluted with 1N nitric acid ta about 300 g of plutonium
per liter in a graduated transfer bottle supplied by the purifioation process.
The solution was stirred well, then a Oo5-ml sample removed with an automatie
- pipet for radioassay. The total vqluﬁe of the solution was estimated from thc
graduations on the transfer botile., ' The assay served to find out if the cone
centration and amount of plutoniumlwss satisfactory for transfer to the purifi-
cation proceeéo The actual transfer was made by ﬁlacing the transfer bottle

with 1ts auter lucite proteoting case in a boron can, and requesting quentity

control to appgovo th& tz;amﬁero
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IS FLOWSHEET IV R )
BUILDING,. D, PROCESS FOR ISOLATN ©F PLUTONIUM BY "PEROXIDE" METHOD | UNC{_ASS’F’EIS\
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The "peroxide" isolation had the disadvantage that the plutonium
had to be fairly pure in order to obtain a good "peroxide" precipitate,
and that the peroxide supernatants contained 10-500 mg of plutonium per
liter, negessitating recovery from them to relatively complicated procedures.
Moreover, the spray from the "peroxiding" operation as carried out in Build~
ing D was a major source df contamination,

Isolation of Plutonium as the Oxalate.

In cases where the plutonium residue contained impurities such
as uranium (if not present in large amoﬁnts), zirconium, thorium, titanium,
iron, beryllium, or chromium, & precipitation of plutdnium (III) oxalate vas
a fair preliminary separation method, The solution containing plutonium (IV)
nitrate was heated to convert ;ny uranium to the hexavalent state, Enough
solid potassium iodide was added to give three moles of iodide to each mole
of plutonium, After allowing the solution to stand a few minutes, enough
80lid oxalic acid was added to give one and one-half moles of oxalic acid per
mole of plutonium and to make the final solution 0.2M in oxalic acid, The
plutonium concentration should be about 0o2M. VThis solution was allowed to
stand for about one hour, after which the plutonium (I1I1) oxalate was centri-
fuged out and washed with water until the supernatant was free of triiodide
color,

This oxalate precipitate was then oxidized by the use of sodium
bromate and nitric acid, as indicated earlier., This yieided a solution of
plutonyl nitrate which was "acetated”, dissolved, and "péroiided", as a con-
venient means of getting the solution inte a form satisfactory for transfer

to the purification precess.
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Recovery from Supernatants from Hydroxide,

"Peroxide" and Oxalate Brecipitations

During the course of recovery operatious) supefnatant salutions
from hydroxids, "peroxids" and oxalate precipitations were continually obtein<
ed, They were not sufficiently dilute te be discarded and further treatment

was necessary.

Recovery from Eydroxido‘sﬁpornataﬁks

" The aolufiona'resulting from the precipitation.of plutonium (IV) hy=
droxide with sither ammonium hydrbxide or podium hydroxids were found to scon-
tain 1l te 5 mg;of plutonium per liter, an amount too great to be discarded, The
concentration of plutenium in these éo}utidns can be lowsred to a value of
approximating 0.2 mg of plutoﬁium per iiter'by treatment with aluminum nitratg
to give a preformed aluminum hydroxide carrier, The pH of these supernatant
solutions was adjusted tP eight and a solﬁtion of aluminum nitrate (0.5 g
aluminum per liter of trLated solution) added; The aluminum hydroxide thus
formed‘was allowed te settle, the solution filtered by suction; and the fil~
tratéovcontéining about 0.1 mg of plutonium per liter, transferréd to the DP
storage tenks, The aluminum hydrox%do precipitate, earrying plutonium, wes
dissolved in acid and reprecipitated with an excess of scdium hydroxide to
keep the aluminum in solution, The hydroxide precipitate was then esither
“oxnlﬁted" or “pero'xided"D depending upon impurities presont, |

Recovery from "Peroxide" Supernatants _

' The "peroxide" supernatants eonteined 10 to 500 mg of plutonium per

liter. The method of recovery from these supernatants used in Building D was
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ss folleows; the excess hydrogen peroxide was decomposed by heating on a

steam bath, Excess sodium hydroxide was ndded to precipitate the plutonium (IV)
hydroxide, Thie hydroxide was dissolved in nitric acid and an exmalate precip-
itation step, followed by an acetate step, was uged further te purify the plu-
tonium. This mathdd‘wna tedious aﬁd not eatisfactory in all} ecases, Therefore,
a new methcd must be developed for hnndllng such reaidues from DP siteo Twe
pracodures which may heve pramise 1nvolve an ion exohange resction and a solvent

extractiono

Recovery from Qxalate Supernatents

- The supsrnatant seclutions froh the gzalate proaipitation were found
to pregipitats out plutoniuﬁ (II1) oxalate upon standingo. Thux; the first stop
in working up the mixture was te filter it with suction, The axalate rosidue
may be oxidized, "acetated" an&_"pergxided“ as previouslyrdi..scusacdQ

The filtrate we.g treated with #n excesé of sodium hydrdxide and the

hydroxide precipitate filt;fed off, Since the oxalate eupernatants contained
all the impurities removed in the oxalatw precipitatlon step, a very copious
precipitate conteining & large number of elements was obtained, In fact, the
amount of prﬁcipitate was sQ great, compared with the amount of plutonium pre<
sent, that A good recovery procedure hﬁs not as yet boeen devised for this prob- ,
lem., The hydroxidc precipitate was, therefors, dissolved in nitric or hydro=
chloric acid and stored 2s "acid wash", At . present the "acid wash" consists of

about 250 litere of solution containing 50 te 70 g of plutonium.

——————
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Results of the Recovery Processes in Building D

Table III indicates the appfoximate amount of plutonium recovered

each month during operation in Building Do

Table III

Plutonium Recovered in Building D for Repurification

-

19LL . . 1945
‘Month o C;rams Pu Recovered Month ~ Grams Pu Recovered
March ' 0.1 ‘ January o 135
April 0.6 , February L5
May 565 March 226
June | iy April 1250 |
July 17 May 810
Augu&t | 22 June 1980
September 118 - July lhho
Obtbber | &0 ' ' Auguat 750
November 52 '
Total recovered, March, 1oLy,

December 132

- through August, 1945: 6958 grams

| Pus |

The amount refers to plutonium trensferred to the purification prosess for

_rephrifio@tiqnb rather than amount turmed in for recovery aceording to estine

ated rectiftss The nominal 160-g purification runs became standard procedure

in fpril, 195 }

Table IV shoira ‘bh&. diﬁt:ﬁ.buti’on of plu‘bonium aunong the various
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types of residue turned in for recovery.
‘Table IV
Types of Residues Submitted for Recovery

(April-September, 19h5)

Type of Resicdue : Amount of Pu % of Total PJ
: grams in Residues

Puritieation supernatants

(including failures) | ' 3297 L3
Reduction iinerso 51&3 dnd“;;a | |

melt crucibles &al 9
Metal, alloy, skulls, scrap 333, Ly
Piekling snd platiﬂg resaidues ' 130 2
Apalytical and mise. residues ' 178 2

Totais 7623 - 100%

The discrep#ncy betwéon amount recovered and amount turned in is partinily
dues to an unknown amount of élutonium in residues not yst recovered, and
partially to incorrect estimates of the mmount of plutonium in residues sub-
mittoed fof recoveryo _

The procassss described in this :eport'were'the étandard ones used
for the majority of the recoveries, However, there were many special methods
which were developed for a given residue and which were used only onge or twise.

Recovery Problams after the Start of DP Site

Operations 2 and 3 at DP site have been planned to take over many

of the processes whick were in use in Building D recovery work. As far as

[} see o seo obe o0
o e o o * o s o
.
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poesible, the DP site rocovefy bpe;ationo have boen engineered with olosed"
system equipment., Thus, the dissolution ef redﬁction lineres and slag and
of romelt crucibles and the dissolution of ﬁhe hydroxide precipitates will
be brought about at DP site in glass=lined stoel vessels, anh.vaasel-ia
equipped with a dry<box through ﬂh@ch the materiala are introduced into the
system in magnesium capsules, After refluxing, the solutlon is transferred
te stainlesa stesl hydroxide pots by means of suction»through en enclosed
asbestos filter, The solution isvprecipitntgd twice with ammonium hydrozids
and onse with sodium hydroxide, as descrjbed in s previous section, All super=
natants are sucked off and are sent thro&gh the filter before disposal. The
final dissolved hydroxide then is tramsferred tq the peroxide pots whish are
comp?etely enclosed in a dry-boxo After tho plutonium is “peroxidodﬁ, washed,
and aisaolvﬁd, 1t is trensferred to the stainleas steel bomb use& for transfer
to the pufification pko?esa and evaporated down to a th?ck syrup. It is be-
lieved these precaution; will be reflected in reduecd contemination. |

It ia appropriste te 1list the residues which will still be handled im
Building D following the start-up of DP.site, and until additional recovery
processes can be engineered and installed at DP site. Table V gives thia in-
formetion, In addition, acoidontn;may lead to residues fequiring handling im

Building Do Al80, there will be rosiduea from research cperations in Bﬁilding .

Do .

It is proposed te recover all plutonium in Building D recovery to

' the stage of a crude hydrexide and to turn sueh hydroxide over te DF site far

further hendling, ineluding rapurificﬁtiono
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/ Table V
i _ Residues from DP Site requiring Recovery in Building D
Residue DP Operation Remarks
/ NOQ
- Sample of solution 2 More conveniently handlsd
r : , : ' in D
L Asbestos filter cake 3 May require fusion
Peroxide supernatants 3 After recyoling through
_ operation 9
f Assay samples 3 . More convoniently handlaed
! in D '
‘ Assay outs L More conveniently hand}ed
i ? in D ;
A / Eleamex .5 Requires fusionm .
' / Dry-box sweepings 5 Requires fusion
/ Acotone 6 . May be possible to discard
! : '
/ Bomb pickling solutions . 6 Hydrochlorie agid, handle
a . : at DP later
; Casting slkulls 1 Oxide requires fusiong
| Alundum crucibles Requires acid leaching
6/ (acoidental contsm,) -
.JW Filings and ocutting dust 7 Requires fusiom
f Hydrochloric acid rinse 7 ~Handlo at DP later
; Flash trimmings Requires fusion; handle st
| DP later
| | | .
J Abrasive papers . 8 Requires fusion; handle at
tf _ : - ‘ DP later
} Phoﬂphofic‘ac!gqethyiene 9
'J glycol .. I
' Trisodium phesphate - ”NG[ASS,HFQ
{ Acotane, benzene rinneg o ér.?  May he possible to diserrd
. ~q;- T ‘5 . g - o A “M .
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