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ABSTRACT

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

from the dtfferent types of residue are ckmoribedo The prOcipitatiorfof plutonium

(XV) ‘peroxide”wa~ generally adopted

showing the distribution of’plutonium

as aa isolation step% !f!able8are gives

among the various types of residue and tho

amounts of plutonium per month made available for repurificatd.ori.A brief dis-

cussion is presented of the nature of recovery operations b Building D &fter

the start of plutonium processing at.DP aiteo
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-BUILDING D PLUTONIUM RECOVERY PROCE

INTRODUCTION

The Building D plutonium recovery processes were developed for the

purpose of concentrating and partially purifying plutonium=oontainingresidues re-

ooived from all the plu~nium processing and researoh operations at Los Alamos

se as to recover the plutonium in a form mait~ble for final purification by the

Building D plutonium purification process. Henoe$ the primary task of the re-

oovery processee is the reparation of small amounts of plutonium from large

mounts of other elernenteewhereas the purif$oation proper deals with the removal

r
of snmll amounts of impurities from large quantities of plutoniumO The former

}

& .. problem may be amenable to solutionby suoh methods as precipitation of tho
\

plutonium with appropriate oarrier60 extraction of the plutonium into the proper

solvents 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 oonditiom in which negligible amounts of plutonium are

ad60rbed cm the orystals. To date the nature of the reoovery operations

in Building D has been suoh +&at the carrier method has seemed the nmzh

straightforward,although solvent extraction methodn ~ve been USed On

apeoial oo~asionO Final stages of the reoovery operations involve preoip.

itation without oarrierso

With the termination on Septxxiber19 19450 of all the ohemioal and

metallurgical plutonium production work in Building D the nature of the r-

covery problems has oha~ed:wgpr-03a~g.oWhen production work is resumeds
● **O* ● *

at DP site, most of the”~ec~~;y ~l~~~.%ndertiken in Operations 2 and 3 at
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h XW site. leaving for reoevery in Building D residues for whioh prooesses have as
\

/ yet nob been engineered. This report will deal essentially with the standard

reoovery prooesses as they mere being used before the Building D shut-down.

.

MentioD will be nmde of the types of residues whioh will still require reoovery

in Building D until further prooesses oan be engineered for use at DP site.

The aooount &

follows does not include

tvork~whioh has appeared

the majo$ work of the recovery seotion whioh

any appre~iable discussion of the developmental

in variops earlier l*eports,suoh as the monthly

progress reports of the Ghemistry=MetallurgyDivisions and, in Particular.

the reports written by FO K. Pittmanx %ecovery and Purification of Pluu

tonium” @A-l@O PittmanO 1944) a“nd‘PlutoniumReoovery Methods” (l.A-l~~O

u-192a pitt~nn 194.4)0

AG indicated in

prooesses is the treating

in a form appropriate for

some of the faotors whiah

oesseso

Soale of Operation

(MJIZTIVES OF THE PROCESSES
1

the introduotion~ the ihno’tionof the reoovery

of all plutonium

repurifioationa

were involved in

residues in order to put them

The following sections indioate

the seleotion of suitable pro-

The soale of operations has varied widely, ranging from reoovery

small reslduea from analytical and assay samples to reoovery from tens

gallons of ~olutions per residue reoeivea for reoovery. The amount of

: plutonium in a given residw ks -ried from less than a milligram to more

A to r. u &l 1> A *
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have varied greatly.

UNCLASSIFIED

~

the size and type of equipment used in the

In 194+ a divisional policy was adopted oonoerning oontrol of

the amount of plutonium in a given operation or work spaces and a ‘Quantity

Control” (@r QC) Group -S set Up to supervise transfers of plutonium [a@

well as other fissionable material)~ Safety from neutron chain reaotions

ma the objeotiveO The policy$ later modified for oertain operations in

metallurgy, was to permit not more tkn *O grams of plutonium in a giv-

%?pacWani*~’at one time. When the time came for deoiding the scale for

oertain ~perations (in particular the purification prcce~s)o the ~ter.

tamped oritioal -sE of plutonium in

about ~00 gramso No measurements of

able at the time. although estimates

aqueous solution was estimated au

plutonium near oritimality were avail-

for enriohed uranium had been ohecked

by actual measuramezrt60 Henoe~ something like half the estimated amount

seemed safe under any oiroumstanoes whiah might arise from mistakes or

aooidetisa The reaovery processes operated under this polioyo

Recovery .?roduat

Partially for the reason of safety from undesired nuclear reaotionso

the Building Jlpurification prooess was designed for a nominal 160-g lot per

unit on full=scale operationO Because the ohemioal process wa$ definite and

fixed and beoause the purification equipment was e~b~rate and of the olosed-

system types it was slnmt essential that a given unit be clmrged vd.than
,0

amount of plutonium withim 10 percent of 160 grams @ in a oonstant ohemioal form

For this reason the reooveryprooesses eadeavoredte provide nominal lag.

recovered lote. Be~aus~*~~&eX~”~W!8ultles with taking autisfor radio-
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a6sey this was not alway6 achieved. and reoovered Iota

be ‘spiked” to bring them up

prior te purification on the

in amount per lotO

to the nominal 160 gramsO

w-hss\F\F

sometimes had to

Ia earlier work.

l&g seal.e$reoovered lot~ were not definite

As the

larly on the &-g

various chemioal

purification prooess underwent ohemica~ Changeas partia~

scale and earlier. the reoovored plutonium was provided in

states. Prior to the full-soale work recovered material

was supplied as plutonium (III) ahloride solution or as plutonyg nitrate

Sohltiono Far fwll=-scaleprocessing it was supplied as plutonium (IV) nitrate

solution obtained from plutonium “peroxide” (see the seotion on isolation Of

plutoniumas

tained about

duet was not

the ‘tperoxideg’).This

300 grams of plutonium

olosely controlled nor

solution was IN in nitrio

per liter. purity of the

accurately known$.but was

aoid and ooa=

reoo~ered pro.

probably better

than 95 peroent with respect to cations. Anions other than nitrate probably varied

appreciably since the “peroxide~ precipitate i6 kown (,CN-3018)to contain

very appreciable amounts of many other anions present in the solution from

whioh precipitation is made to take plaoe~ d.nparticular sulfate was always

prese~t to the extent of approximately 20 peroent by weight of the plutoni~

chloride and phospkte were probably present in some reuovered lots in signi=

ficant amoumtso It appeared that somewhat more trouble was encountered is

the oxidation step of the purification prooess when recovered lots were used

than was the ease for lots received from HanfordO

Bold-up aridLosses

Roughly 10 percent of the total amount of plutonium at the site has

●** ●** ●*
in prooess of reoovery a%”$i”~i{en~~; ;T?e hol~up time has generally bees

● mmo
● 9* 9*
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quite appreciable sometimes several weeks, for reaovery of a given residue

containing a moderate or large amount of plutonium~ This was true beoause of

the difficult nature of’many of the chemical separations and because of

health hazar& associated with the workP necessitating cumbersome and time.

oomnxning experimental techniques Eowevers the hold-up was not generally eerious

in the progress of the laboratory

It is almost impossible te assess ‘te extent of losses in the

recovery processes. In general. it has not been easy to keep accurate
..

records oh the amounts of plutonium enteri~g and leaving eaoh of the plug

tcmium processes. There was a tendencya therefore, for each phase to bale

anoe its books by attributing difference~ in reoolpts aridout-going plutonium

to the residues turned over for reaovery. Accordingly* the accumulated loa80s

of all other chemical and rnetallurgioaloperations were partially passed on to

the reoovery proces8es0 This has

as a ccnmenienee to book-=keepingo

usually be submitted for assay of

operations solutims are obtained

been generally reoogn.izedand ~uatified

Material received for recovery cannot

the plut~nium contento Im the recovery

whioh are very lean in plutonium and

concentrated in various saltso Suoh solutions are very difficult to

radioassay for plutonium, since the salt8 neault in an appreciable error

due to self-absorptionof the alpha particles in the samples mhioh are alpha.

oour@ed~

● The processing was carried out in such a wayas to nmke aotual),

1os8e8 very unlikely. Essentially all lean supernatan+n (tho8e of the order

.
of 1 mg of plutonium per liter or less) were stored in large underground

● ● oo 9 ● ** ● O* ● O

tanks. If the assay of ~u;h~o~ti~n~.m~>reatly in error it is likely
●0 ●:0 :00●:* :*O ●*

that more plutonium was B@~@o.sW~~s@ tanks than was believed from the
● D* ● *e*8m.
● =*** ● *9 ●
,----- +..
-. me:e--
?- -- 0 ●

-~ uNcLAs~lrid)

— .

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,

● ☛ ● *O
● **
● **9
● **
● **
● * ***

● * ● *8
● m

● D
●● :*

● ● *O

●Os
●

b
● 9

●

● ☛☛
●
● ☛
●
●
●

● ● ☛
● ●’9 ●

● **: ● O*●*O::00000

● ao● **.0
● *

: ~:lo;-:
● 0●:. :** ● 0

-.

UNCMSSIHFD

radioassay results~ HowOver, it is not entirely oertain that appreciable

TIIOhazards arising from ‘thehigh specific alpha activity of

~u239
have been disoussed in a report by the Health GrOUp (~-3910 1945).

Because of the very groat variety of residues oubmitted for recovory, the

Building D recovery prooosses have neoesaarily used open system operationma

inoluding evaporations~ ignitions and filtrations Eatrained vapors and
4

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

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

?
eq!.aipmntused in a givem type of reaovery operation is described in the

seotions on the recovery prccesses themselves It is sufficient to state
*

here that the reoorery rooms and equipment were not desiped to handle the

large quantities of residues whiuh had to be handled in the last several
.

months of operation prior to the shut-down in Builddng DO Therefore, the

spread af contamination beoame very serious9 and a large portion OF the staff

was taken off the work because of exosissiveurina counts. A value of 7.0
. .

counts of plutonium per minute in a 21Fhour urine sample was regarded by

J the Health Group as a oou.ntsufficientlyhigh t@ warrant removing the per-

son from further exposure unttl the count was reduoed below this value=

That the exposure of personnel “intho reoovery prooesses wa6 appreciable is

shown by the fact that nine out of the fifteen workers exceeded the value

of 700 at one time or another during the processing, the average being 12

oount8 per minutes and ~,e.~~e T,u5:+?m:2909oomts per minuteo Countm for
● 9**’* ● *

personnel who did not e%&~&=~&&od from 007 te 6.9 aounts per

—

minute aoaording to i&O@~~t~Ce~; &t”$vuilableO The urine oounts r~se. . ,--- --
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rush periods vvhenrecovered plutonium was urgently

the Trinity and destination pieceso

To reduoe exposure to oontamination reoovery personnel were over-

alls? a smock over the ooverd 1s, surgeon@s caps oanvas shoe-covers, rubber

f gloves and one type or another of respirator~ The garments wero generally

changed at least twice a day in a speoial looker-room adjacent to the reoovery

quarters, and tho shoe.oovefs and glovef3were changed every time the worker

left the pI?OOOSBi~ rooms. Early in the work a standard dust respirator with

blatting paper filters =s worn by each workwo This typo of respirator did

not furnish adequate protection against the type of oontamir~tion enoounteredo

Later several type8 of uommercia~ positive-pressure rempimtors were triedO

some of whi~h gave fairly good protection@ but all ofwhich were unoomfort.

able to wear for long periods of timeo Ultimately a positive-pressuremask

was designed and found fairly sabisfaekoryo This maskwas made up from a

cylinder of thin cellulose aoetate~ with a hemispherical top of sheet rubber

and a bottom of sheet rubber so shaped t~t the h-d could be inserted into

the mask

was used
.

● r~ from

and the bottom

in conjunction

the top of the

pioae would fit snugly around the neok. A head band

with the mask. serving to support an air hose whioh

head dqwn by the aide of the neok and out to a connaoh

. ion on the ceiling in emh rooti. The mask was light weight and permitted good

vfeionti The ceiling hose outlets allowed freedom of movement within a given

room. A ma61cwas worn until badly ?onti~i~ted on the outside (1000 comts
●

per minute) or slightly contaminated on the inside (50 oounta per minute)

af+er whioh it ~s disoardedO
+

The reoovery roo~.ti:.B~ild;u~~ ~Ore designed with features ts
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,
reduoe loss and contmination hazardso

and of a relatively resistant material

se~tions at the ~.ailsand sloping from

of the floor. !l’hedrain terminated in

It: ,, u /7, :, ,.

The floors were smooth surfaoed

without orackso with rounded

the walls to a drain at the aenter

a I&gallon rsmovable trap from

which spilled nmterial and washings could be collectod for recovery. The

walls of the roorn6were covered with a speoial plastio-coatedmaterial

(Wrlite wall board. Marshall Produots CO~o Dover, Ohio) so t~t they 00U1d

be washed down with a ho8e0 The hoods were equipped with fans giving a hi-

velooity draftc St8ambaths~ sinks and hood trays ware af welded stainless

steel construoticm, and the sinks and st~~baths ~d 10-@~on removable

traps to oatoh’spilled materiab Glass containers and reaotion vessels

were placed in metal protective cams ta reduee breakage and avoid serious

10EISand oontumination in the event of an aoaidont.

Largely as a safety measure in ease of firee au elevator was

built at the rear of the reoovery laboratory It pa8ses inte an underground

fire-proof vaultc Residues could be

the vatiltfor storage during absenue

duoed

under

type8

The health problem arising

plaood on the elevatorand lowered into

of rcoo-rery personnel

from contamination cambe greatly re-

only by the use @ olosed system equipmmt~ which was not possible

the conditions preGent i~ the Iaboratoryo Standardization of the

-d amounta of residues submitted for reoovery.is almoat a require.=

ment before all reoovery equipment could be of th# enolosod types

RMXWFZ?Y FROMPURIFICATIOJ FROCiiSSRESIDUES

Two general purification processes were used in full-soale pre-
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or caloium nilmate~ process (lA9D&03~I&4050 l~&j)Q The recovery prooesa

was differemitfor eaoh easeO Up to 300 liters of residues per day were

received from the purifi~ation prooess in Building Da muoh more tham it was

originally planned for the reooverg processes to handhw

Rwweuw from the ‘f.&mPtiif’ioationProcess Residues

10 Description of the “A” purif~cation prooess. .- In briefg the

‘Ailprooess consisted of reductiom of the plutonium (1’V,VI) nitrates with

hydriwiia aoid (or potassium iodide in some of the early work) in nitria

said Golutiou, followed by precipitation of plutonium (111) oxalate (giving

the P-1 residuo or first oxalatresupernatant)~ the oxalate was dissolved

and oxidized with sodium bromate and nitric aoide followed by precipitation
n

of sddium plutonyl acetate with Sodium aoetate (giving the P.2 residue or

* acetate supernatarit]~ tho aaetate was dissolved in nitria acid nearly sa~

ura%ed with ammonium nitrates and the plutonyl nitrate extraoted into di.

ethyl ether (giving the P-3 residue or the “strippedw solution) ~ the result-

ing aquaous solution of plutonyl nitrate was reduced with hydriodls aoid

and the oxalate preoipitwted for tranafer to the dry conversion prooe6s

(giving the P4 residue or woond oxdate supernatzmt). Washings from the
.

.
boiler (P-6 residue) were submitted for reoovery together with P-1 and P-4,.,

*
rosiduaso Table I gives the wmoumt and oornpositionof the reBidues reoeived

.
from the standard A-8 purification pro~ess per nominal 160-gram runo

20 Fhwsheet for removeryfrom “A” purification process residues. -~
t

Flowshee’oI indioates the gen~mal nature of the recovery prooees for the ‘An

●. purification residues. Some de@i~B of the prooess are desoribed in the
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STANDARD Acm8PURli?XX1’IONPROCESS RESIDUES (PER JKHMINAL16&g RUN)

1

F

,

%1. L 6
&pe;~;auts and Boiler Wash
From oxalate Precipitations

(Total volume = 42.6 liters

1.72 M H+ ~ 69ti66nolmi!
CI.000~ Fe 0.02
0.000IM Cr- 00004
O.0000~ NiH 00003
0.O08M IWO

k
0034

OOOO02M I& ~ 00008
oo27M No3 llm~o
O016M r 6.82
O.O@ I ““

4

1070
0008M c2Cl~ 3.40
ooo~ HA@ 2.13
lo9@ cl” ~o~o
0.0002M m- 0s009

Total pu = 2120 IIlg

P-5+

1~’flVAcid Bubbler Wash
ota 01ulm = 1.7’0liters) I

0.88M H+ 1.50 moles
0088M NO -

3
1050 I

, I
.

P-9*
.

Alkaline Bubbler Wash
otal Volume = 1“50 ~iters)

P-2
Supernataat from Aoetate

Precipitation
(Total Volume = T2.@ liters)

0.32M H+ 4.06 moles
5098M N*+ ~oo50
0060M m, 7.6x
0.05M BrO - o.&’j
4.2~ N03

d
* *030

00002M 0.025
0.0006M PU02 00008

Total PU =1900 mg

Portion Umextracted’by Ether
(Total volume = 4467 litem)

0026M H+ 1.73 moles
6066M m

#
~“ 50

oo@M Na” 30%4
7038M N03: ,49.20
0.0002M BrO- 00001,
oyQq3M HAC5+ 00020
ooodo~ PU02 000033

S.n020 xH# 0 Si02,“ xH20(0.3g)

Total PU = ’800mg

I-.

+ P.5and P-9waeh

solutions are so 10w in Pu

Qonttmt that they may be dis.

carded into the waste tanks~
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30 ~ecipitation of “hydroxides”fr~ ~-l, 4, 60 -- Residues

\
P-1, P-4, and P-6, containing plutonium (111) were oombined and trans-

ferred by centrifugal pump”or steam jet into a 100-liter rubber-lined

stsel barrel fitted with a lucite tope Solid sodium hydroxide was added

slowly with constant mechanical stirring [proper holes provided ia Iuclte

cover), am excess being used to dissolve any iodine presento Considerable

Bteam was released during the neutralization, reSultirigilla contamination

hazard, The ‘hydroxide’$preoipi~te was allowed to settle and cool for 4to

hours. The supernat-t and finally tho slurry were siphoned into a ls-inoh

B~chner funnel equipped with a Whatmsm Noo 2 or similar filter paper reim-

foroed with a.hwavy paperO Suction filtration m~ used, the filtrate bei~e .
oaught in a 50-liter bottleO The iron amd Imathamum impurities

aB hydroxides and evidently ~cted as oarriers for the plutomium

good reoovery was obtained in spite of the considerably greater

preoipitited

5

(III), so that

volubility of

plutonium (111) hydr@xide relative to that of the very insoluble plutonium (IV)

hydrexideo (Moreover, ~(111) has a strong tendenuy to be oxidized to ~(IV)

iu alkhline mediumO) Attempts tw use performed carriers, suoh as alumin~

hy&oxide~ to ensure more complete removal of plutonium resulted in inoonsis.
.,

teat carrying~ generally no better than without the use of added carriersO

~ Precipitation of ‘hydr~xides”from P-20 3. .. Residues P-2 ud

P-3$ containi~ plutonium, were combined and the plutonium reduoed by the

passage of sulfur dioxide through the solution for 15-20 minutes. Itwws not.

Satisfactory to oombke P-1, P-2, P-3, P-4 and P-69 reduoe with

beotauseof the formation of iodine~ Moreover, a sating of th

sulfur dioxide,

was aohieved
I

by avoiding the unmoessary X%”@~~@~@e?~ for the oxalate suPer~tants
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which supplied the bulk of the residuesO 48 beforea
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the “hydroxides”

were precipitated by Blow addition of solld sodium hydrexide and filtered.

The filtrates from the treatment of P-10 PO 38 49 6were radioassayed and found

to containabout 1 mg of plutonium per liter. These filtrates totalling

about 100 liters from eaeh 16@g purification run@ were piped out to 1000=

,’

1
.

I
I

I

gallon tanks to be temporarily stored until DP site can reoover the remain-

ing @Atonium

such recovery

ed~ developed

by use of a preformed a$uminum hydroxide carrier (apparatus for

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

for handling the ‘hydrox$den precipitates combined from P-10

2@ 3e kQ 6. Simple dissolution in an acid was not possible because a consider-

able portion of the “hydroxide@nwould nok disaolvteeprobably beoause of

the focmation of oompoundn eontaiqing eulfateo phosphate and silioate.

5. Refluxing “h.ydraxides”with ooneentrated nitric acid. -- The

aombined ‘hydroxides’$were transferred t? a 6-l$tetireflux flask and rqf.nuxed

with an exoess (about 1 liter) of @ nitric said for 16 te 20 hours. Even

this long rei%zx treatment a consid+rabl? residue remained~ Speotrographle
[

analysea by Group CM-9 showed the residu~;to oof~a~atmainlY of si~i~on and

after

generally fused with potassim pwosulfatie (See Eeation on Wrosfifate

fusions). The solution was filtered and the filtrate treated with sodium

hydroxide *O precipitate plu.toniw (W] hydrofide (as aconcentrati~n steP)o

The hydroxide was dissolved in nitric acid for precipitation later as plutonium

‘peroxide”. This procedure is the alternate method indicated on Flowsheet IO

6. Ox$dation of thq “hydroxides” p .P___ -~and reoi itation of sodium iuton 1

acetate. -- m alternative me~od (alt?rnate B~ F~o~shee~ ~) WaS t~ treat the
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‘“hydroxide”precipitate with 1.8 moles of sodium bromate per mole of

plutonium and $JJ?moles nitric aoid per mole of plutonium for 4=6 hours at

8~°C (plutonium oonoentration 0;2 molar]. All the “hydroxide” dis801ved gen-

erally (any residue was saved for fu~ion)o !Phesolution was treated With

enmigh sdum ace$ate to make the solution 4 molar in sodium ion. precipitating

the sodium plutonyl acetate~ whioh was centrifuged or filtered and twice washed,

with

aoid

were

UBed

an acetate. acetio acid wa~ho Dia@olution of the aoetate in M@ nitrio

gave a solution ready for precipitation of plutonium

recyoled with the P=20 3 solu~ionsO This method was

one because it WE faster and the dissolution of the

oompleteo

Recovery from the “B’!Purifica&ion.Proce6sResidues

lo Description of the “B” purification prooessm

differed from the “A” process in that caloium nitrate was

.
“peroxlden, Filtrktes

the more generally

‘hydroxide” was usually

-= The “B~ prooeas

substituted for

the ammonium nitrate aa a sa~ting-outagent in the ether extraotionb The

resulting extraction was se efficient that the first otilate and the acetate

steps were not neededO The process invo~ved oxidation of the plutonium with
r

sodium bromatq in nitric aeidO e~@W~traction of the p~utony~ nitrate with

I calcium nitrate salting-out agent? followed by reduction with hydriodic acid

.
and precipitation of plutoniu (III) oxdateo Table 11 gives the composition

1
amounts and designations of the residues involved per 16t)-grun for the etand-

dard B-2 purification process. This process was faster than the l’hn process

and gave less plutonium in

a more diffioult by the faGt

hydroxide were used in the

the residues. although recovery was made somewba~

that calcium hydroxide would precipitate if sodium

“~ro.~~e” precipitation step.
: ●
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TABLE 11

Standard B-2 Purifica-tionprocess Residues (Per Nominal 160.g Run)’

P-1. --+

~01’tiOIlKJnextractedby Ether

m~

0027 M H+ 2006 rnolcm
20’72 Ca+ 21000
0006 Na+

~**
o,J.$5

00Oog 00022
0“0004 Iii-H 00oo~
oooo~ ~+~ 0.022
O.oow
0.0002 %poL ::g:5Cr207
%?? g

8
43030”

0003
3

0.225
0.304 (h%s

4
0.30

0000009 Puoa 000006

SiC)p“ xH20,Sn02 0 xH20 (003g)

Total PU = 1-60mg

P**

Alkaline Bubbler Wash
Total Volum& z 1650 liter~)

4050 M Na+= 6~75w1ee
oc92 so

2
1038

2.34 0- 30~
0008 so~=. 0012
0016 ‘ F3r= 0024
.

~e2+F

Wash Solution from Ether
htraotion Apparatus
_ Vohlne = 110~0 liters)

P-3

Supernatant from Oxalate Precipitation

(Total Volume =290M. liters)
2000 M H+ 58080 moles
000001 /lr* o*oo2g
0010 r 2.54
00003 *CD

d
00088

lq,8~ 55000
O,*O7 f@20k 2.,06
0.0002 ~i+-+ o~oo56

I Total Pu = 1340mg

.
Acid Bubbler Wash’
Total volume = 1070 liters)

0.88 H H+ I.p moles
008d NO

3
lcl~o

Total pu=l $@

‘The mid bubblsr wxsh alkaline bubbler wash and waEh of the

extraction apparatus are so low in W content that they may be

discarded intd the waste IXUIISSO
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Flowsheet II

residue~O
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Flowshed for rscoweq f~pm ‘rB”purification prooess rosidueso =.==

gives the genera! procedure for the recovery of the B02 process

Precipitation of “hydroxidesn from P-1. - The P-1 residue. con-

taining plutonium (VI) and large amcunts of calcium nitrate. was treated with

L 3%h@r@gen peraxld~ @PontOs Albone) in 25-Mter battery jars to reduce the

plutonium. About 500ml of hydrogen peroxide was added with stirring to the PYI

residue from a 16&g run@ and the mitiure was allowed to stand about 20 minuteso

“Hydroxides”were precipitated by the addition of 15N ammonium hydroxides and tho

mixture filtered and handle as fcm recovery from the “A;’prooesao The filtrate

was plaaed in 250-gallon trailer tanks for transporting to a 500000-gallon waste

tank reserved for solutions containing large amounts of calcium or nagnesiumo

i (Thi~ tank is Iooated at”DP site.)

4. Precipitation of “hydroxide “ from p-30 -- The process was the S~O

as indioated earlier for the “An prooes6. .The “hydroxides:’from P-1 and P.-3were

oombined and handled by the refluxing or oxidation technique. Isolation of the

plutonium wae aohieved by l’perexidenprecipitation

. Recovemyfron Purifloation ProcessMiaoellaneous Reaiduea

J Other residues from the purification process inc~uded various speoial
.

washesP purified @.xalateleft in the transfer containers and prooess failureso

The former were generally so low in plutonium that they could be st~red in”tho
.,.

DP waste tanks. The oxalate was disqolved in concentrated hydrochloric acid.
!’

treated with nitric acid to oxidize the plutonium @ the tetravalent stated

h then plutonium (IV) hydroxide prooipitatede Failures from the purification pr~
.
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Recovery from Reduction Liners and

Slag and from Remelt Crucibles

UIVCiASSIF/~P

The dry conversion process supplied the reduction process with

plutonium tetrafluoride (1A-MO. 1945,)~ The fluoride was mixed with metallie

r ~alcium and iodine and fired in a magnesium oxide liner inside an iron bomb.

After the metal buttmwm removed. ‘theremaining slag (chiefly caloium fluor$de
!

and calcium iodide) and Iinar@ containing about %0 of the amount of’plutonium

@arged int$the bomb. were turned over to the recovery processo For reduotion

en the nominal 32Ckg aoale a liner weighing about 1~8 kg was usedO giving a

ratio of liner weight to plutonium to be rec~vered of about 300 b 20

Follawing the reduction tho metal was pickled. then remelted in

vaouum in various types of cruoibleso Fortunately for the recovery, most ef

the experimentationwith remelt crucibles made of different materials was
4

performed on a small soale~ lhll-scale processing made use @f essentially

only magnesium oxide crucibles which were handled like tie linerB from the re-

“duotionprocess. Magne6ium oxide oasting crucibles were alqa processed with

the reduotion liners. Adhering metal and oxide were separated and handled like

.

Sinoe di,ssdution of the entire liner or crucible was a S1OW procesa~

some effort wm mado to leach out the plutonium Lmching with hydrochlerie

acid. partial dissolution of the magnesium and fusion with potassium pyrozml-

fate were all cuily partly successful. Grinding the liners (100-~sh) and

fusion with a sodium peraxide-carbonmixture was fast and thorough. but this

method oaused high contamination of the’’rrmnaand was dangerousO Ultimately.

it was regarded that complete dissolution with en acid was the bed answer
.** ● ☛☛ ●

ts the problem.
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3. Precipitation of hydroxides from dissplved liners. =- In order

to keep the magnesium in solution~ the plu’knium {IV) hydroxide was precipitated

at a pH of 5 to 60 Magnesium hydroxide does not precipitate at this pHO and the

mull amounts of iron and aluminum impurities form hydro-xidm which serve as

carriers fer the plutonium; The solution was maintained at a pH @f 5 te 6 by

increasing the ammonium ien oen~entration to six te eight times that of the

magnesium ion concontration~ and us+ng ammonium hydroxide as the preoipitanko

The precipitation of pluton~um (IV) hydrexido %Yasdone in * X-liter

battery jars. A concentrated ~elutism @f ammonium nitrate waa made by dissdw-

ing

the

any

51 kg of the solid reagent in about 30 liters of water. The solution of

magnesium oxide liner was dpoanted into the ammonium nitrate solution and

undissolved pieoes of magnesium oxide w~re left in the flask to be re-
.

fluxed with the next liner.
e

The 6olution in the battery jar was diluted by

and ‘thehydroxides precipitated by adding about 3 liters

approximately 45 litOra~

of 19 amonium hy-

droxide to a pH of $6(as indi~ated by universal testpaper)o The preciTitats

was allowed to settle a few hours and the solution siphoned off through a

filter paper. The hydroxide was washed thrae times tith about 10 liters of

water to remove the magnesium? The slurrywaa dissolved with 16H nitrio acdd

and re-precipitatedwith solid qod$um hydroxide in exuess tw remove the

a&minum as soditi aluminzite~ ~hi8 reduoe$ the volume of the pre~ipitato

about one~thi,rdand made i$easier to establ$sh the proper conditions for the

.’+mrwpaper am vim wed to H?’ ‘~’,,,~ammotium hydroxide supernatmto Tha pro=
r i :“

cipitate couldoc~h~n be dissolv?d in nit”rip aoid and “peroxided” dircctly~
●*. ●:0 .....O

: :
!B~~til~at~ &o~~e ammonium hydroxide precipitation contained a
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amount of magnasium and was twansferred by trailer tank to tha DP

tank reserved for solutions containing Large quantities of ealclum or

magnesium. This filtrate oontained 1 to 2 mg

trate from the sodium hydroxide precipitation

gallom sodium eupernatxmt tank a$ DP site for
r

of plutonium per liter. The fil=

was transferred to the 50QOO&

atorageo

Recovery from Metal Thrnings, Sorapo Skulls an@ Alloye

I All metal or alloy ~amples from metalhrgywere diaaolved and

‘fperofidedn d%rectly. The samp3Q was lea@ed with concentrated hydroohlorim

a~id in a 6-l&ter flask fitted tith an efficient’condenser to cut down contam-

ination, Rnoughhydroohlorip aoid~s added to dissolvo the meta~ and give a

solution of plutonium (111) ~h~orideo M in hydrochlmri~ 6icid0at the volumn cle.
. ~. ~’
I

sired for the “peroxido” prebipiwtiouq The sol.uttonwaa filtered to removo

an,yundissolved oxide coating on the metal or other residue. and the volumo

adjusted so that the plutonium wmqeqtration was ~ to 25 grams per liters This,)

filtrate wao then “peroxided” directly? The oxide and othee residues were $g-
,, .

nited and fused with potassium pyrom~fateo Somo of’tie experimental alloys

created apeoial recovery probkmso

Reaovery from Pi@cl.ing and Plating Residues
1.

Four prinoipal t~ea of rekidue were obtained from the

and plating prooesaes used in corW.n metallurgical operations~

(2)

(3)

(4)
.

TM
●m.

●
●

●

● 9
:O.
● .
::

Solutions of p~uttoniumin concentrated nitrio aotdo

pickling

Etching solutions of axmonium acid GulfateO
(.,

Suspensions of,plutanium in aqueous trisodium phosphate.

Solutions of orthophosphic acid plus ethylene glyool~
~“

first two types,of solution were ‘thyd.roxided’tdireotly with
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ammonium hydroxide or sodium hydroxide~ and presented no problem. The third

type of residue$ consisting of’ a suspension in hrisodium phosphate could be

was atoredo

has presented quite a probbm for recovery and a great deal of work has beern

done on it~ Xtwaa found that direct hydroxide precipitation of tho mixture

would not work. since too much plutonium was held up in the supbrnatant due

blank. There was too muoh oharring of the glyool to make this method praotical.

Vaa,uundistillation rssulted in -aresidu~ of black syrupy liquid and a blaok

phoric acid$ the solution w-as neutralized and the distillation was continued

to drynesao The residue was mostly monosodium phosphate and disodium phoa-

phate~ Nitrio acid WaEIadded and any remaining carbon thereby removed. The

salts wore diluted and the ao~ution “hydroxide” and allowed tO s~tt~e for

some time before centrifuging. Tho ba~io supernatant oontained about ~mg

of plutonium per liter. This has been the most scitiafactorymethod devissdo

W* it is stiXl too diffiuu.1’t for Q good standard prouedum. Qre had to be

taken, for there was some tendency for violent bumping i.f

not controUed. Attempts were mado to convert tha g%yool

compound by the .separa% use of phosphorus pentac~oridee

the Qmparature was

to a more volatile

phosphorus triohloride$

WLKSSI
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,A great variety of residues was received from the ana~ytioal

operationuo inoluding oxide~o @arbidasO oxalate6* cupferridaq@ and solutiotic

of chlorides~ nitrates. sulfatesP and phosphates.

The acid insoluble materials such as oxides and carbides~ were

fused with potassium pyrosulfate~ The plutonium in the solutions was precip=

itated aa plutonium (IV) hydroxide. In caees where organic materials were

presenfo it was found desirable to destroy them before the hydroxide preoip- s

$.tationo since plutmiummay be held in solution by organic substanqeso

possibly due to the format}on of comploxea~ To decompose the organio mat-

ialo the solution was evaporated down and fumed with niAtio and sulfuric acids

until the organio material was destropd. The solution

the plutinium (IV) hydroxid~
n

hydroxides Readily volatile

driven off by gentle heating

precipitated with ammonium

materials~ suoh ae acetone

on a steam batho

was then diluted and

hydroxide or eodium

and he-e@ were

Recovery from Mikcellaneoua Residues

00casionaXly the reoovery”procassesreceived appredab~o amounts

of such ~terials as alundumO
,,.,

fide oruuibles, none ofwhioh

s
. The alundum~ in tho

oil used in outting8 silicone and cerium SUIO

normally contained much plutaniumo

form of holders from the remelt phase aometdmes

had small splatters of metal or oxidee They were l,eaohedand washed thoroughly

with hydrochloric aoid and water sinoe there was no evidence of penetration of

plutonium into the interior. The plutonium (ITI) chloride soluti.onwas treated

in the usual manner.

CdIs from the cutting prooeases were rarely reo~ivedO Aliquots of
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““~todestroy ail orga~ic material. were assayed and found to

:,
plutonium Assays showed”thb filtered oil itself to have insig-

nificant emounts of diaaolved plutonium Thereforee the oil was diluted with.
I

hexane and filtereda and the paper was ignited and fused with potassium pyre-

sulfated ,!,

The silicone after filtration also

amounts~ Hence. !itwas diluted with benzene

fused with potamium pyrosulfate~

Cerium sulfide cruoibles aften hnd

shbwed no plutonium in recoverable

and fil~eredo the paper ignited.and

appreciable amounts of plutonium

on the surfaco and dispersed throughout the interior~ The best method of re-

Covery was to cUBsolve the entire crucible La hydrochloric acid and ‘Spcsroxiden

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

lutions to be ‘peroxided”because the presenoe of the oorium in the ~upernatant

makes reaovery of

tetrafluoride (or

sion process were

When it

plutonium from the supernatant difficult Overheated lots of

oxide-oxyfiuoride-tetrafluoridemixture) from the dry convar-

handled by fusion with potaseium pyrosulfate.

Potassium Pyrosulfate Fusions
\

was ndoessary to render the ofideo fluorides or carbides of

plutonium soluble. the best method was to fuse fiem with potassium pyrosulfnto

& potassium actd sulfat6. In thin ftaaiona ratio of p~oiulfa~e to plutonium

one was uked~ The fusion mixture was heated in a ~o@ml @atih-

mol~en materia.1’turned“solid~ This gave a fused mass whioh

.’1’
was readily disintegrated by digestion in’’waterand hydrochloric or nitric’aoidao

/

From this so’lutiono,plu~dium(IV) hydroxide was precipitated witi sodium hy-

droxide or qpqnt?~i~hy~W~~o@ the hydroxide dissolved innitric acid and a
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~’peroxide”preoipitation carried ou% Sometimes

and ~Paoeta-tenthe diesolved hydroxide first~

it was ma txiskmyto ‘oxalatm’v

All typem’of’ragu. paper. K2eenwx& eto~o wore ignited or wet-ashed

before fusing. Concentrated sulfurio acid was highly satisfactory as a wet%

ashing agent. and caused less contamination and loss than direct ignitiono

After the material was completely ignitedg it was fused in the same manner as

desoribed for tho oxide. This was a tedious process and required an excellent

hood to

dous of

oxide.

carry off contaminated vapors and smoke? it was one of the xnosthazsm-

the recovery operatiom.

Another method not involving fusion was experimented with for treating

Prolonged refluxing of oxida with hydriodic acid would often pu$ the

oxide in solution. Following this trcwitmentothe plutonium could be precip-.

itated ae a hydroxide. This procedure was not eatisfactoryp however. It took

too long and would not work unless relatively pure oxide was useds and the

amount of plutonium in the hydroxida supernatant was too high.

Isolation of Plutonium as the “Pcroxiden

The methods outlined in the previous eections did not give a good

separation of plutonium from rare earthB (cerium from the use of cerium
,.

sulfide crucibles in certain metallurgical operations being partioular3y
J

●

troubleaome)nor from large smounta of uraniums thorium~ zirconium andiron.

Studies were carried out to determine whether the precipitation of plutonium

as the “perexide”would--resultin good separation,making unnecessary the

oxalate and acetate steps sometimes ussdo A.oomplete description of this

work i~ being reported separately”by We A. Brown.
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, as i% was used a% Los AMunoaO

The Gonaentration of plutonium was adjusted tg &035-003140 nitria

acid to 100M and sulfuric acid to O.IMO and enough ~@ hydrogen peroxide

was added to be equivalent tc the plutoni~ present plus an exces8 equivalent

to I@O of the total volume. The hydrogem peroxide was added dropwise with

condmnt stirring at 12 ta 20°C~ The mixture was then cooled tw 4°C to reduce

) offeI~esQ~e and permij better settling of the

nine hours was allowed far the se$tlinga but the

hours. Various types of equipment were usedfor

precipitate. &t one time about

time was later reduced to two

the precipitation none OS

whioh were very good. Asbestos was used with a 6-inch BUchner funnel for the

filtration since the “peroxide” did not filter wol~ when paper filters were

usedo TOp draw-eff of the supernatantwaa planned. but it was found generally

qui~ker to employ fi~tra$ion as indipated~, The asbestos wi~ the “peroxiden.

precipitate was treated with @? nitrio acid (2ml acid per gr~ ef plutonium)
\

f~ltered@ and the resulting nitric acid solution @ plutdnium (IV) nitrate map.

orated down on a steambath to a thick syrup in 6000MI Pyrex beakers in copper

jacket~~ After approximately 16Q granm of plutoniumwas aooumulated in syrup

fmmo the syrup was diluted with IN nitrio acid to about 300 g of plutonium

per liter in a graduated transfer ,b~~tlesupplied by the purification process..

The solution was etirred well. then a Oo5-ml sample removed with an automatic

pipet for radioassay~ The total volume of the solution was estimated from the
I

graduations on the transfer bottle. The asaay served to find out if the con-
.

centration and amount of plutonium was satisfactory for transfer to the purifi-

cation prooe~s~ The aotual transf~r was mde by

with its outer lucite protcoting case in a bpron

placing the transfer bottle

cane and requea%ing quantity
● ☛✎ ●●°0 ●:9 ● *. . .
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had to be

The ‘peroxidet’

fairly pure in
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isolation had the disadvantage that the plutmium

order to obtain a good ‘peroxide” preoipitateo

and that the peroxide aupernatants eontainod 1005t@ mg of plutonium per

liter4 necessitating recovery from them to relatively acmplicated procedures.

l.IoremverOtha spray from the “peroxiding” operation as oarried out in Build..

ing D was a major source df contamination.

Isolation of Plutonium as the.Oxalate.

In cases where the plutonium residue contained impuritj.es suoh

as uranium (if not present in

irone beryllium or uhromium~

a fair preliminary separation

nitrate was heatsd to convert

large amounts). zirconiwna thorium. titanium~

a preoipitatioa of plutonium (III) oxalata wa~

method. The solution containing plutonium {N)

any uranium to the hexavdent stateo Enough

solid potassium iodide was added to give th~ee moles of iodide to eaoh mole

[ of plutonium After allowing the solution to stand a few minutes. enough

solid oxali~ acid wag added to give one and one-half moles of oaalic acid per

mob of plutonium and to make the final solution 04??4in oxalic aoid~ The

plutonium concentration should be about 00~0 This solution was allowed to

stand for about one hour.

fuged out and washed with

ooloro

after which the plutonium (111) oxalate was oentri-

water until the supernatantwas free of triiodide

This oxalate precipitate was then oxidized by the use of sodium
/

bromate and nitric acid. as indioated earlier. This yielded a solution of

plutonyl nitrate which was ‘acetatednU diasolvedo and “peroxided”* as a con-

venient means of getting the solution into a form satisfactoryfor transfer

ta the purification processo
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~v~ from S G from Hydroxide.

,,

During the course of? recovary operations ~ supernatant solutions

hydroxideti“peroxida” and oxalate precipitationswore uontinudly obtain-

Thsy wereJnot sufficiently dilute t@ be discarded and further tmeatment

Recovery from Hydroxide Supornatants

The solutions resulting from the ‘precipitationof plutonium (IV] hy-

droxide with either ammonium hydroxide or sodium hydroxide were found to eon.

lain 1 to 5 mg of plutonium per literO an amount too great to be disoarded. The

eoxmentration of plutonium in these so}utions can be lowered to a value of

approximating o~~ mg of plutonium per liter by treatmnt witlahminum ni’brate

to give a prefornmd aluminum hydroxide carrier. The pH of these supernatant

solutions was adjusted t? eight and a solution of aluminum nitrate (005 g
I

aluminum per litsr af treated solution) addeda The aluminum hydrofide thuB

formed was allowed te settle. the solution filtered by suction. and the fil-

/
trateo ~ontaining about (l~lmg of plutonium per liter. transferred to the DP

storage tanksO Tha aluminum hydrox$de preoipitateo uarrying plutonium wma

dissolved in acid and reprecipitatod with an excess of sodiwn hydroxide to

keep the aluminum in solutionb The hydroxide precipitate was then either

‘roxalatedfior “peroxidedt’~depending upon impurities presonko
.

Recovery from l~pcrgfide”Supernatants

The “peroxida” supernatantsoontained 10 to ~CXlmg of plutonium per

llter~ The method of reoovery from these supernatants used in Building D wms
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as SO1lGWS’; the excess hydrogen peroxide was decomposed by heating on a

steam bath. Excess sodium hydroxide was added to precipitate the plutonium (IV)

hydroxida~ ThiB hydroxide was dissolved in nitric acid and an malate precip-

itation step, followed byan acetate st~po was used further to purify the ph.

tonium~ This method waa tedious and not satisfactory in all cases. Thereforao

a mm method munt be developed for handling such

procedures which may have promise involvo an ion

extraction

Recovery from Oxrhte Supernatanta

residueE

e~ohangs

.

i’romDP site.

reaction”and a

TwC4

solvent

The wpernatant solutions from the qxfi~atoproeipitationwero found

~ pregipita%e out plutoniti (111) oxaXate uptm standing. Thus. the first stop

in working up tie mixture ~S *Q filter it with suotiono The oxalate rosidu~

may be ofidizedO ~~acetatedlrand ‘peroxided” as previously disoussadO

L
The filtrate was treated with an excess of sodium hydroxide and the

hydroxide proeipitate filtered off.” Si.qaethe oxalate supernatants catitainod
,.

all the impurities removed in the oxalath precipitation stcp~ a very copious

precipitate containing a large number of’elements wns obtainodo In factn tha

amount of precipitate was s? greatz compared with the amount of plutonium pre-

sent. that a good recovery procedure has not as yet been devised for this prob- .

Iemo The hydroxide precipitate wasa therefore= dissolved in nitric or hydro-

chloric aoid and stored as “acid Washno

about 250 liters of solution containing

At pruBent the “acid wash” consists’of

SO to 70 g of plutonium.

—. —.. ~

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



$

.
b

L.

.

● ☛ ● ☛☛ ● ☛

● OO ●“o : ●’* ●

● **9*9* 9*
99090090
● 9*9.9 ●00:
9* ● ** ● ● m* o**

● ☛ ✎☛✎ ● b. ● meaea ● *
● **** ● *

● 000
●● :* :-3~o=’;:a;.:

● ●** ●

Resuits of tho Recovery Processes in Building D

Table III indicates the approximate amount of plutonium recovered

each month during operation in Building Do

Table 111

Plutonium Recovered in Building D for Repurification
.

@d.+ @.+~

Month Granm Pu Recovered Month Grams Pu Recovered

March ‘0.1 January ‘ 135

APril 006 l%brua~ W)

May %$ Maz%h q6

June & ApriX %250

July IT May 010

‘Augu6% 22 June 1$)80

September 18 July Ull$o

Ootober &“ August ?So

November y2
Total reoovered. March. Iwo

Deoembor’ 1~2
through &agustO 39458 699 grams

Pua

Tho amount refers to plutodum transferred to the purification prooess for

rap’urtfioition.

atod rea6$@tu@

ia April” 19450

Table

rather than amount turned in for recovery aooording to es~~

The nmuind 16@g purification rune beoame standard prooedum

$
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types of residue turned in for recovery.

Table IV

Types of Residues Sulxnittedfor Recovery

(ApriJ-SeptemberB1~~)

.,

The dimrepancybotwe+m amount recovered and amount turned in 1s partially

&e to an unknown amount of plutonium in re6idues not ye% recovered and

partia~lytO iZMUWrOCh estimates of the amount of plutonium in rQ8idu0S sub=

mitted for recoveryo

The prooassea described in this report were the atxmdard ones used

for the majori~ of the reoover~e#O HowevmS there wm’o many speoial methods

wh~uh were develeped for a given residue and which were used only onoe or Mm.

Reoovery Problems after the Start of DE’Sit.

Operations 2and 3 atDP site have been planned

of the prooesses Whioh were ino~os~~fnooBuildingD re~overY
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work. AS far as
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possibloo the DP site recovery operations have been engineered with olosed

System equipmek’lto ThusO the dissolution CM reduation liners and slag and

of remelt crucibles and the dissolution of the hydroxids preaipitatea will
1

be brought about at DP site in g~ass-lined steel vessels. &oh weasel is

equipped with a dryobox through ti~oh the materials are introduced into the
%

# aystm in magnesium capsuleao After refhmingo tho solution is transferred

~ b stainlesa steel hydroxide pots by means of suction through an enclosod

●sbestos filter. The solution is precipitated twice with ammonium hydroxi&

and onae with sodium hydroxide as dcmcr$bed in a previous ●ectiono hj,lm,qep

natants are sucked off and are sqnt through the filter before disposal. The

final dissolved hydroxide then is ti%smferred to the peroxide pots which are

completely emlased in a dry-boxo Aftertho plutoniun,is “pemncidod”Owashed.

and disaolvedo it is tramferred te the stainless steel bomb used fer transfer

.
to the purification pro~ess and enporated down to a thick syrup. It is be-

●

Iieved these precautions wcillbe ref~e$tad in reduaed contamination~

Building D fellowing the start-up of DP.sAteO and until additional reoovory

..
1“

--

processes esm.be engineered and installed at DP ~ite~ Table V gives this in-

formation. In ●dditionn acaiderits may Ieadte residues requiring handling $E

Do

It is proposed ts recover all plutonium in Building D reoovery to

the stage of a crud. hydntide and to turn such hydrofide over b DP site far

further handling~ including repurifica%ionO
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Table V

Residue8 fromDP Sito requiring Roconry in Buildi~D

“-
Rasidue

Sample of solution

Aaberjto8filter cake

Peroxide supermtints

hmayoutg

Shmex

ky=box uweepings

l~otone

hlb pickling solutions

RatingSku.lla
hmdum czuoibles
(accid.n~ oontam~)

Mngs and outting dus%

@rochlorio said rinse

.aahtrinm.i.ngm

tadlum phesphate
I

DP Operation
NOQ

2

“3

3

3

~

“5

5

6

6

7

7

7

‘7

8

8

9

$

...- ?3IDtones benzeno rinftee ,,.(\-

.4-A1
0 c)”

z ----
,., . . ., __!.

1’
Remarks

More Uonven$eatiy handled
in D

May require fusion

After reuyoling throu@

operation 2

More conveniently kndled

in D

More convenitilytind$ed
in D ,

Requires fu8iom

Requires fu8iom

May be possible to discard

Hydmohloria aeida haxN&)
at DP later

Oxide requires fusions

Requires acid leaohing

Require8 fU8iOm

~dlo atDP later

ReqUire8 ftasionghandlo
DP 3ater

Requires fU8ion3 ~dle
DP later

Ul!CIASSIFIFfl

at

a*

Maybe possible to di86ard
-.-”r,a+z,.,,.......=:_=—_-.,
--.,.,..:,;.:.t..i,..,:,..,a,c:,,,x....-x-m.--.-.—,,. -,,...,.
,.—------- ,—...

....!,,,,,,!,,..,, —
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