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I. INTRODUCTICH.

The Recuplex Frocess is broposed by the Process Assistance group of the
Separations Technology Unit as a Tevgidle method for the simmltancous and
efficient recovery ¢f waste materisis in.the 2345 Building snd divect coup=
ling of the product etreems from e Redox and Bimmuth Phosphate Procesges
to the 234-5 Building opezrations. , Demonstration of the féaplbility of the .
Process has been accomplished thi the cooperative efforts of the Chemical
Research, Chemsaal Developmont, aud Process Assistance groups of the Separas
tions Technology Unit, "

A. Ristorical W.

The Recuplex Process originated a5 o possible solution to the rroblem of
recovering product from one of the wagte streans in the Purificetion end
Fabrication Building. Metallic plutonium is obtained in the 2345 Bullding
by the reduction of plutontvm tetraflnoride in a megneaiwm~oxide erueible,
After removal of the metal "buton", the crucible and its associated slag
contain aepproximately three peréent of the totald plutonimm in the procesged
bateh and shouwld therofora be 4 for recyeling through the main PICm
cosalng stream. At the start of ﬁffy Bullding operations, however, a sulte
able means of treating the slag and crusible Por product recovery had not
been developed, and the decision was made to store the materdal until such
& procesn wea avallable. This procedure is stiil in effect.

An investigation of the methods of treating the reduction crucibles and
their associeted slag was underbaken by the chem.tc% gﬁsesrch group of the
Separatlions Technology Unit in the fall of 1950. T,8,14) It was recognized
that the preparation of a recyele solution suitable for. blending with the
reguler plant procesg-ptreems involved a dlssolution step and a ceparations

The growth of the proposed slegeand-crucible recovery process to a proceas
lavolving five Plutonium-bearing streams resulted from problems sssociated
with the enticipated staxrt of Redox operations. The question was raised as
to the most advantsgeous method of introducing the Redox product stream into
the present Renford. operating plants. Among the possible coupling processes
considered foasible were Plutcnium peroxida Precipitation, yplutonivm oxalste
‘precipitation, solvant extraction, 5351 exchange, and modifications of the
current Blsmuth Phoaphate ?.rocess.( The similarity of the product stresms
fxom the Redox and Bismuth Fhosphete Plants to the slag-and-ctucible disw
solver solution precented the possibility of employing a separate solvente
oxtraction facility for the simultanecus performance-of the recovexy and
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coupling operations. The proposed unit wes further expanded by the addition
of two recycle streoma - the supernates £rom the 23%~Building Wet~Chemistry
step, and the ekulls and miccellansous wastes from the 235-Bullding opera-
tlons, including such materiels as grit blzst, hand cleaning wastes, impure
buttons from hood sweepings, etc. The simulizncous parification and concenw
tration of the two product streams and three recycle streams to provide a
solution suitable for the 234~5 Building Wet-Chemistry operations was termed
the Recuplek Procoes. ‘

3. i}escrk}:ﬁion off the Recuplex Process.

The proposed Recuplex Process may be divided into five phases of operation:
sl) fesd proparation, (2) feed reception and blending, (3) solvent extraction,
L) solvent treatment, and (5) waste treatment, ‘

(1) Feed Preparation.

Of the five plutonium-bearing streans treated in the Recuplex Process, only
ope required speeial development work for the prepavetion of a suiteble feed
solution. The 2BP streem, prodiuct of the Redox Plant, cen be received direct-
1y into the Reeuplex Froceas. The F-10~-P stresm, product of the Biemuth
Phosphate Process, contaius an oil emulsion and solid contaminants which
appreciagbly increase the disengeging time of the agueous snd organic phases
in the extraction column, The molution mist therefore be subjected to s
elarification step prior to its deiivery to the extraction columa, This

can be accomplished by contucting the F-10-P stream with cerbon tetrachloride
or by a filtration cperation similar to that presently smployed in the 231«
Building., Solution preparstion of the 23% supernatant streca and the 235
skulls-and-wante gtrcum has previcusly been developed, the former invoiving
treatment with hydrogen peroxide followed by an eveporation step,{l)and the
latter requiring diseolution in o nitsic acid-hydrofluoric seid mixture.l3)
A research-and-development progrsm conducted with slagesndecrucible material
has established that & satisfactory agueons feed atream can be prepared by
dissolving the 20lid materisl in nitric acid, 8dding s fluoride~ion conpiexs
ing agent, and £iliering the resultant golution to remove the undissolved
silica. The slag-andwcrucible filtration step is performed with & 20%
dilution (using prepared supermatant solution) and must teke ploce at a
temperature of approximately 80% 1n order to reduce the viscosity of the
golution and prevent the formation of solid megnenium nitrate.

(2) Pecd Reception and Blending,

Prior to actusl delivery to the extraction column, the two product and three
recyele stresms are blended snd the concentrations adjusted in two separate
makewup facilitisn: one having a plutonium concentration of approxinately
10 grams per liter and the othey having a plutonivm concentration of approz-
imately 0.3 grems per liter. Although the two streams are later mixed and
enter the extraction columm as one feed stream, the blending operation is
divided into two pheses to provide the maximmm fead-tank capacity and operat-
ing facility within critical mees considerations, The concenirated stream
comprisas the 2BP, F-10-P, and skulls and metal~fabrication waste solutions,
blended in the approximete ratio of 24:12:1 (deperding upon relative plant
roduction rates). The two constituents of the dilute stream, the slageands
crucible solution and Wet~Chemistry supernatants, aye blended in
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e.pp:.’okimte ratioc of 3?2:7. Blendmg of the solutions must be acconpaniod

addition of onliabld reagents to edjust the solution acidity snd
the wtonium valence stats, Alumimun nitrate nonshyirate, comonly
termed ANN, is mided to the concentrated sirecn as B salt.mg agent to
inouré optime colurn éperation. The two htrbems ave then proportion
ately pumped tb the extzaction column vheid they enter as ome combined
Peed strecm,

(3) we._.._..a“

The p&uton:tuu PLesd stm&k riiaa thmudz e zmlsa column twenty«-nm i’éet
high, in vhich the estraction and seiubbing bperations ave porformed, end

is then punped to a secold tveaty-nine foot pulse colitm for the strippiig
opersition, The three opérations cerve to remove undesirsble contominants
£xom the solutton and incrence the plutoniin concehtration to 5060 grams
per liter to pexmit Lis transfer divectly to the 2345 Wet-Uhemistry step.

In the extroction step, the fEed stredh is intimately dontected with a |
selective solvent (15 per cent by volums of trilutyl phosphate in carbon |
tetrachlorids) mesulting in the mese transfer of pluntonium fyom its equecus

solvent to an organic solvent. The mejor portion of the solution contamw

inants remains in the agueous phiese and is dlscharged as waste. Prior to

its passege ¢ the stripping colium, the organic phese is scrubbed with ;
an aegueous solution of nitiic acld to remove some of the contaminants |
originally carried over from the feed stream. The operation of the extrace
tion-ondesemibbing column is conbinucus end countercurvent, The organic ’
solvent enters ot the top and desconds through the colunn as the disconte

invons phase, The agueous scrub colutlon is fed into the bottom of the ' :
colurn, while the plutoaium feed sizemn enters imediately above the scrubb- i
ing section. Inbimate mixing of the two phases i1s achieved st each of a :
sexies of perforated platés, Tuis is accomplished by an external pulse

generabor, vhich serves 1o mépest the passage of a glven ligquid volume

thyrough each plate, The muher of passsges is determined by the amplitude

and freguency of the pulss stroke. The irmiscibility of the two phagos

and the difference in density result in the discharge of the aguecus waste

strean af the top and the organic product stream from the bottonm,

The strippivg oyeamtioms serves to transfer the plutonium from 3ts orgenic
solvent to an agueous solution with 2 simmitaneous increade in plutonium
concentration. The continuous aquecus discharge fxom the stripping column
is the product of the proposed Reecuplex Process &nd doca ot requive
further treatment prior to its shipment in bateh guantities t0 the finsl
Purification and Fabrication Procesees. .

(4) Solvent Treatmont.

The organic waste from the stripping colwmn may be recycled through the pro-
cess spproximately 100 times without effecting column performance., The
gradual sceummlation of DBP from alpha bombardment and hydrolysis of trde
butyl phosphate, however, necessitates periodic trestment of the solvent.

It hos been determined that effective removal of the urganic contaminsnts
may be accomplished by conbtecting the waste discharge from the stripping
column with a dilute agueouns scolution of sodiuvm .~» o
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(3) Weste Treatment.

The proposed Recuplex process discharges three weste gtreams: the silica ,
cale from the filtration step in the slagesnd-crunible solution reparatioh,
the aqueous waste estreem from the extraction-andescrubbing column, auvd the
Gilute caustic styeam from the solventetreatment tower. If the plutonium
content of the sildca calkis is 10 yer cent, or Jess, of the botal plutonivm
in the original material, the cake will be slurried and trenoferred to usder-
ground storage, IF the loss extewds 1O per cent, the cake can be hreated
with bydrofluoric apid in the pletimmelined ekull Qissolver and the xew.
sulting solution seturned to the Recuplex Pracess, It is believed that the
proposed dissolving procedurd will zesult in grester than 90 per cent recotrary
and that additional proceesing of the pilice cake will not be necessary.

The upper lindt of pagte loss to the agqueous dlascharge from the extraction
colunm {8 0.2 per ocént, Material having a higher plutonium content can be
racycled through the extraction and scaubbing steps, although such a procedure
would require a temporary colwmn shutdown. Waste 'exéc;chion solutions

having a lower plutonium content are newtralized fnd sept to undemground
storage. The proper Gisposition of the dilute ceusbic wabte stream from the
solvent-treatment tower Bas not as yot been detexmived, It is belicved that
a procedure for the recovery of plutcnium from this streatt can be developed
although the anticipated loss is extremely biwil.

C. Advantages of the Récuplex Process.

The Reouplex Process hes five inhereut advdntiges, each of which materially
effects the opereting efficlency and cconony of the Badford Works.

(1) Bengeability of Operation,

The character of the present design and develomment proposals for the Recuplex
Process is such &s to provide extreme cpereting flexibility and pewnit extens
sive process changes., The bbjectives of the proposed process are dynamic
rather then static, and recognize possible variations in the quantities and
compositions of the streums o be trested in the event of future plant develops
mente, Among the pozaible process chenges that could be accomuodated by

the Recuplex Process ares Sl) Pplant capacity expansion to the production A
level of 100-120 Kg/mo., (2) complete shutdown of the BiPQ, plants, (3) airect
coupling of Redox to 5 Building Wet Chemistyy, and (%) improvements

in the 2345 puilding operations that will effect the nature and amount of
process wastes. Declsions relative to these process changes are not necessary
for the successful opexation of the proposed recovery-and-coupling facilities,
Furtbhermore, the procdss is of such a mature that it can be brought into

the line &f production processing in a step-wise manner., Production commiti-
ments can be accamiodated by existing facilities and 4o ot have to be bye
ressed or shutdown wntil good assurance of success following shakedown 1is
evident,

(2) Increased Efficiepcy in 234n3, Bus..‘l.di% Operation.

Product recovery £aom dvy wastes (sleg and crucible, off~standsrd metal,
slaxlls avd miscellancous cleaning residues) would permit the conversion of

RECIAESIFIED
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incoming plutonium to £inel output form to increase from 9 to 99+

per cent. The continuous processing of such material would also eliminate
the gross storage problem that presently exists. In fact, it is proposed
that the Recwplex processing equipment be conteined in the xoom now
allocated to the storege of waste mabexlals, .

(3) Independience of 23h-5 Building Operation. ’

Recovery of all the 2345 Building weste msterials by the one proceos would
result in the efficiency gains inherent with independent plant operation.
Contiral, operation of the 2345 puilding would not be contingent upon
uhintexrupted opewation of the or Redoxt Plants, as it is with xespoet
to the prosent practicé of recye the oxalate supernatanis to 224 Builde

ing.
{4) Reduction of Mxed Overhead.

The batchwise £iltration and precipitation stepe piresently carried out in

the 23) Concentration Bullding can be entirely elininsted., The similieneous
concentyration of twe pioduct stresns and purification of three recycle streams
reprasents an efficlomt consolidetion of separate operations with the eccompany-
ing reduction in processing time and materdals hendling.

Plocement of the opersiting sreas in the 231 Buillding on a standby besis
would result in an appreciable reduction of fized overhead in the plant
operating costa, In the event of complete shutdown of the 231~Building, the
annual saving is estimated to be §$1,200,000 lecs the direct operating cost
of the Récuplex Procedés. ;

(5) Miniwmum Procecs Design Effort.

The Recuplex Process achicves efficlently apd slmultegeously & multiple
process desigu gool with a minfmum emount of d2eign edforb.

D. Recuplex lixoceagg Doveloptent Program.

The demonstration of the Recuplex Process ag a feasible mathod for the
recovery of waste materials in the 234-5 Bullding and the coupling of the
Redox and 224 Building product streams to the 234-5 processes was completed
with reapzet to major points within a three~month period ending November 1,
1951, Such action wes essential due to the anticipaied start of Relox
operations and the consequent necessity for providing an Iincreass ln the
capacity and efficiency of various operations in the 231 #nd 2345 Buildings.
It was falt that, in the event the Recuplex Process should prove impracticable,
a devolopment-end-design progrsm, for other facilities could not be defexrred
indefinitely beyond this date,

(1) Program Goals.

In oxder that a decigion as to the feasibility of the Recwplex Process might
be reached within ‘the allotted period of time, & process developient progiwn
was inltisted having three principal goals: (1) definition of the process
flousheets to a degree vhich would demonstrete the yleld and purities to be
expected, (2) definition of the process equipment Megulrensnts with respect
to size, type, and materials of construction, end (3) demonstration by equipe
ment-arrongement studies of the edequacy of the space avallable withian the

23keBuilding to accamodate the processing equipment. ggéﬁ@g PIem :
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(2) Divisjon of the Development Work-Load.

The comprehensive nature of the investigation and the brevity of the avail-
able time neceositated the cooperative efforts of three groups within the
Separations Techuology Unlt: Chemical Reseawrch, Chemical Development,

and Process Assistance, the sponsoring group. By delegating the workwload
among the three groups, the principal topies of the. investigation requiring
laboratory, piloteplant, and enginecering studies ware satisfactorily accompw
liaheap

II. SUIMARY,

The Recuplex feasibility investigation comprised £.ve major studies: (1)

the dissolution and £iltration of slag-end-crucible material; (2) the extrace
tion and stripping of the combined plutoniumebeering feed strvams; {3) the
treatuent and disposition of the process weste strrams; (4) the antlicipated
corrosion effects; and (5) the equipment reguired and the altequacy of the
availeble spuce in the 23%-5 Buillding to accormofate the processing facilities.
The Recuplex Process was desigued to process vivgin material, with its Go60cie
ated recycle streams, st an instentaneous production vate (f 100 Kg/mo.
Sufficient flexibility wes incorporated into 7ne design to pammit, efficient
operation at lower rates or, with minor equizoent cbanzes s &6 1roduetion

rates up to 120 Kg/mo. Design goals wore: (a) the recovery of not less

then 90 per cent of the plutonium present in the slageand-crucible residues,
(b) a minimm recovery of 99.8 per cent and a zormsl recovery of 9 39 per
cent of the plutonium in the styesms {seated in the solvent-exiractio..
columns, (¢} the preperation of a lov acidity ( £ 2.0 §) purified and con~
centrated product stream suiteble for direet shipment to 2345 Wet-Chenistry
operations, and (d) the instsllatici of the requisite processing equijwent
within the space available in the “3%-5 Building..

Two methods for the dissolution of the plutonium present in the slag-and-
crucible materiel were investigat:d. The first » based upon the recovery
flowsheet presently employed at the Los Alamos Scientific Laboratory, necesge~
ltates essentially three separat: procedures to recover 90 per cent of the
rlutonium in the material: (1) dissoluilon in Al(nos) *OH20 end HNO; foll-
owed by Piltration; (2) treatmen’ of the undissolved s§lica cake with HPF

and dissolution of the residue with HNO.; and (3) periodic dissolution of

the accumulated heel in the diseolver véseel with hydriodic acid, The
second method, developed at the Henford Worke, accomplishes greater than

90 per cent recovery by the dissolution of the plutonium in & HNO3~HF mixture.
This method eliminates the dlssolver heel and the need for any further treat-
ment of the ailicae residues. The dissolving procedure, hovever, presento

& corrogion problem that hes not as yet been fully investigated, There ave
presently three satisfactory approaches to the problem: 1) adjustment

of the chemistry to provide satisfactory dissolution in a nope-rs--vsive
environment; 2) development of special materisls of construction for in-
creaced resistivity to chemicel attack under dissolving comditions; and 3)
reriodic replacement of the dissolver. Preliminary data ipdiraile thet

the corrcsion rates with presently aveilable stainless e*=<18 would make
dissolver replacement ecomomically feasible. The az-fubing conditions
developed in the Hanford Works laboratories are besed upon dissolvings per-
formed on the scale of ome reduction crucible and its associated slag.
Development of the optimum conditions for m3~:-urucible §§§ 126,
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best be performed in the final process equipment, since the construction
of the necessary semi-vorks facilities would entail an imstellstion essen~
t1ally the ssmz size as the plant wnit with the assoclated problem of space
location, .

Iaboratory batch-eguilibration tests have demounstraied that the combined,
plutoniu Leed siveams to the Recuplex Process can be recoversd with a solvent.
extmaction waste loss of less then 0,2 per cent, purified, and concentrated

to the dogree necessgary for @irect transfer to the 2345 Wot-Chenistry operw
stion, Two chemical flowehcets were developed from the laboratory tests

and aye presentad as alternate and satisfactory processing schemes Lor meet-
ing the Recuplex design goals. The difference between the two solvent-
treatrent procedures is the mauner in which the plutoniun is atripped from

the orgendc phage: in the first methed a piutoniumecomplexing sulfate salt

is employed, while in the second the plutonium is concentrated in the catraction-
andescrubbing column by & reflux operation vhich permits adequate stripping
without the use of & complexing or reducing sgent. The latter procedure
permits greater £lexibility in column operation and is especilally desirable

in wview of the foot that the feed streams to the Recuplex Proceds will vary

in their quentities and composition,

Piloteplant investigations of contectors having suitable operating and physical
characteristics involved the Fenske stacked extractor and pulse colums.
Test date demonstrated that both types of contactors can successfully meet
the design requirements for product concentration and purlity, asd for oolvent=
extraction wests losses. The more reproducible capacity exhibited by the
latter and the groster £lexibility in haxdling stresms varying in quantities
and contenta indiceted the pulee columns tO be more suited for use in the
Recuplex Process. Morsover, the relstively complex structure of the Feuske
asecnbly would result in greater cosis and a larger tipg-consumption for
meintenance operations or actudl replacement. Although the use of the Fenske
contactors would not veguire extension of the units through the celling of
Room 221 in the 234-5% Building, the epace necessary for the pulse colwms
can be provided without wdue construction difficulties and without inter-
fering with present procesgsing operstions. On the baeis of these considers
ations, the pulse coluwmn is recowmended as the more satiafactory and reliable
mt. a

Studies of the probable plutonium losses to the three wanste streans discharged
by the Recuplex Process indicate that the process design waste limits will

not be exceeded, It is belleved that a ope-step slag-and-crucible dissolution
procedure can be developed which will permit a wecovery yleld of grester

than 90 per cent and eliminote the need for further processing of the silica
residues. In this event, the silica cake from the solution filtration step
will be slurried and transferred to underground storage. If the process should
be econocadceally unsound, there ave three available alternatives for process-
ing the silics residue: (1) storing the silica cake for later treatment by
nodifications to the Recuplex Process, (2) processing the cake in the Hobt
Semi-Works Plent, and {3) treating the cake with hydrofluoric ecid on a semi-
routine basis in the platinum-lined skull dissolver and returaing the resuliw
ant solution to the Recuplex Process. FPropoged improvements in 234=5 Builde
ing opevations would alleviate the silica residue problem, as for example,

the reduction in the amount of sm;nresul‘bing from the nse of thin-walled

erucibles and the possible change Tn crucible composition,
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Batch equilibration data indicete that the plutonium logs Lo the aqueous
waste stresm discharged from the extraction-anfescrubbing column will be
in the order of 0.02 to 0.1 paer cent, Neutralization of the solution
recults in the formation of & large volume of gelatirous seollds. Since
saparetion of theee solids (by centrifugetion) does not decontaninate the
gupernatant golution sufficiently to permit cribbing, it is recommended
that the elkaline siuzry be transferred dilrzetly to underground storage.
Approximetely 10,000 galfmo. of the neutzalized extraction waste stresm
(volume of unneutyaligzed waste 8,000 gellons) will be sent to storage.
Facilities have been included in the preliminary equipment design for
»ecycling the stresm in the event thabt the Pu loss exceeds 0.2 per cent.

Iaboratory tests have demonstrated that continusl exposure of the organic
solvent to alphs bowbardment results in the gradual decompesition of tri-
butyl phosphate end the f£ixation of small amounts of plutoniwm. The plu-
torium compound formed inthis manner is extremely inscoluble in water end

can not be stripped from the orgenic phese by either nitric acid or & sule
fate salt. The anticipated plutonium loss to the orgenic waste stream
discharged from the stiripping columa is approximately 0.03 per ccent. Test
data indicate that after 100-hours contact tims or approximately three monthe
operation at 300 Kg/mo. the organic solvent may be efficiently treated with

5 per cent sodium hydroxide and returned to the process system without any
detrivental effects upon column operation. Due to the extremely small volume
ratio of aqueous ceustic to organic solvent .(1:20) necesssry for effective

. treatment, the concentration of "unstri e" plutonium in the caustic
vaste sirenm will be spproximately & g/l. Although this represents an ex-
tremely low waste loas, 1t is believed that sultable methods for ite recovery
and £inal dlsposiition can be readily developed.

A study of the corrosion effects Lo be antlcipated in the Recuplex equipment
damonstroted that the resistance of available steinless steels 1s sufflclent
throughout the thermally cold portion of the system. The corrosion problem
undey slage-and-crucible dissolution conditions has not as yet been fully
investigated. . Preliminary dats indicate that the corrosion rates will availe
able stainless steel materials are mot overly excessive {0.0008 « 0.0037 in/mo)
and that periodic replacement of the dissolver vessel would be economically
sound.

The engineering design basie chosen Por sizing of the Recuplex equipment was
a production vate of 80 Kg/mo. with an allowance of 20 per cent for down~time,
or an instantenscus processing rate of 100 Kg/mo. The capacities of the pro-
cess vessels were based upon & minimmm of 12-howrs hold-up and an allowance

of at least 20 per cent freeboord. Greater hold-up capacities (12-48 hours)
were incorporated at potential "bottlenecks” within the system. To insure
continuity of oparation, some of the equipment pleces were duplicated. The
stovage and processing of the concentreted plutonium solutions necessitated
special design of certain vessels to prevent the possibility of exceeding
critical-moss conditions. Vessels designed to accommodate babteh solutions
containing plutonium at conceatrations in the order of 10 g/1 were limited

to eight inches in tank diameter or a volume capacity equivalent to 1000 greme
of piutonivm. The mininm edge-to-edge distence between these tanks ic
twelve inches, Containers for the purified ond concentrated product stream
were designed to be infinitely safe, 14 est,the geomtz-g.of the tanks is

that criticality conditions cannot be excesded regardless of the plutonlum
concentration or the total quantity of liquid present, i Fapke ey
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g}&tzéiént—muﬁm eacape through the sides to insure critleally safe
conditions. The tanks have been designed with & pectanguler shape, one

Urenwion of waleh is & maximom of eight inches and the othexr two unlimited,
The toike can by arrangsd within the hcod with no restrictions as to their .
edgestionedge dintonse if they are contalned within two parallel planes ;
sepebated by the elght-inch dimsnsion. Plutonium-bearing vessels loceted
outdide the infinite volume defined by these planes must be protecied from
Houtron absorption by twentyfour inches of air ar its squivalent,

»’:'t‘., = ‘ : . . = T
e 'chittenTnation harards associatod with hendling plutontum solutions noddss
piteted housing the process equipment in such & menner as to protect operets
Ing permonnel, The two types of process Loods, Barrier and (reerhouss, viich
axe prisently eployad in the Seperebions Arca were evaluated with redpoct
1o relative construction costs, utilimtion of Lloor spaos, accensibliity of
proteos, vegsels, esse of equipnent maintensuce, operating couveniencs, opéiate
ing =fficlency, and personnel protection. The analysis wae made on the basis
of opexmbing experdence obtained with both typos of hoods and esteblished
that the Greeohouse pattern was the more adventegeous. Although the deaign
of bousing for the Racuplex Process wos based primarily upon the Greenhivuse
pinn, an attewpt wes made to incoxpobbte the desirable feetures of both
patterus in en dsproved hood design.’ ‘

Four englneering Flow sketches Bave been propared based upon the procecs
equipmont xéquivéments ani the chemdcal flowshoets. BEach dingrem depilcts
one or moré phaces of the Recuplek Prdcess and repressnts all the -equipment
to be assdolated with an individual process bood., Bricfly, the four hoods
contains (1) the equipment for prephiving slagesndecrucible solution, (2)

A revision of the present equirment for trenting the Wet-Chemiatry super-
patents,. (3) the equiptient for secdiving and blanfing the columm feed sireems,
and (k) the equipment Yor the solventeextrection, solvent-treatment, coluwme
wmstestredtaent, and product<stordge operations, Iplication of key equip-
ment, spare pulps, overflow tanks, and vacuum traps were incorporated into
tite aystém to insure sefe and conmtinuous operation. ‘

A prvime factor in tha feeaibility of the Recuplex Process is the contaiment
of the procassirg Fasilitles within the 2345 Building. The copstruction of
& new and géparate dullding, or en sddition to the Purificabtion and Fabwices
tion Building, would meriocusly limit the potentisl economie advoutages of

the Recuplex instdliation, 'There is presextly avallable within the 2345
Building unoscupied £locr space thidh 18 suitable for additionel chemical
meke~up facilities (Roci 337) and & limited smount of room suitable for pro-
cesn operations {Rooth 221} Heuipment o at studies bassd upon the
enginecring £I1oV tketohes. havh indicated thet this dpecé can satisfactorily
accomwdate the Recuplex ésscibly. Shkebches have been prepared to indicabte
the plan and elavatiod vitws of the wmost suitable arvengements of the process
vessels and the ac instyumontation. Room 337 in the 2345 Building
can accommodnte the twpreporation vessels required in the Recuplex
Process and still permit futuxre expensicn of the prasent make-up room (adjucent
40 Roor 337) iu the event of other plont nceds. Room 221 presently houses
the supernatent-recovéry hoods and the shull«recovery hood, each of which
follows the Barrier~type comstruction, Two arrangement patterns have been
developed o contain the Recuplex procassing equipment within the room.

One method involves the replacement of the two Barrier~type supernstant
hoodsn with one xvevised and consclidated Grecrhousewtype the other

Nl R
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would esploy the present supemateit-recovery hoods in the Recuplex

Frocers, In both plans the roception-end-blending hood and the heod

Tor tha solventetreaiment operalions are of the Greenhousestype constIice
tion, the late hoving & special sheoud extending through the ceiling to
house the pulse columns. The installation of the shroud van be accomplished
without umduc construction difficulties and withoul interfering with present
provessing opdretions, The lochtion of the barrier for the skull-recovory
wod, and the contamination problems Assceiated with handling tha slagoande
cxucible mate¥ial and the periofic replacorent of the diosolver vesscel,
sugpested the extension of the barrier for the skull hood and the constxuction
of the slagecidd-crucible hood sccording to the Berrier ypatiern.

Employing the preront; superatant-zecovery hoods in the Recuplex assembly
egulres elthby the expansion of Room 221 to include a poxtion of ths odjacent
locker rooms or the acceptancs of an spprecisble refustion in the working
space between the procece hoods. It is believed thet replacemant of these
hoods with one, consolidated Grasnhouss hood pernits & more efficient and
moyre sdvantageous use of the avellsble flcor space and will xesult in greater
operating Pacllity anf efficiency, Tha equirment-arpangsmant plan involve
ing & rvevised supermatanterecovery hood is therefore reccumended as baing
the more suiteble and advantagecus for the Recuplex Process, Vely rough
prelininary estimates indicate that the coot of installing the Reeuplex
Proceos would be aprroximetely $1,300,000, The value of the increased plent
production, from the recovery of thd slag-endwcrucible materiel alome, would
equal. the installstion cost in approximately 13 monthe cperation st mresent
plant capacity (aesuming the value of metallic plutoniuvm is $1L00 per gram).
It ie cobimated that o detalled project propossl will zequire 8 to 12 mane
months of englnecering effort. JIa the event the project 1s approved, the
complation dste for equipment fabrication and insvailsbtion wlll be primerily
depandsent upon meterial mnmment.

IIIu ng&:g i ‘ L L _..-;,,,”‘ R

The Recuplex Proctes hos bean demonstrated through the cooperative efforts

of the Chemicsl. Reosorch, Cheiiedl povelopment, and Process Assistence branches
of the Separations Technology Unit td be a feensible method for the simzltan~
cous end efficient recovery of wekte matérials in the 234-9 Butlding and

direct coupling of the produrt Biydens from the Reddx ahd Biaduth Puosphate
Pracesces to the 234e5 Biildibg opérebions. Tue déaign 6t greater than
90 per cent recovery of the plutonium in the slsg-shd-cruelible wuste pireen
and the puriffcatidn aid cpﬁoenzﬁr&'%ion ot the five plutonivmebeaiilly Peed
streas to & doprmé peimitting direct shifwont to Wet-Chemistry oparetions
(with a solvent-extractibn vasté-ioss leas then 0.2 per cent) can be attained.
Methods have been estublished, for thé satisfactory dispositionof the three
waste stresams., A further refineriant of the trestment for the caustic wash

of the orgenic solvent ip in the process of develophent, The corrosion rates
of presontly aveilable stainless stecls are fully satisfactory in ell thermally
cold processing veasels. The higher corrosion rates obtained in the slag-ande
crucible dissolver, with the ~HF solution, can be adeguately mat by one

of the following measures: * adjubtment of the chemlotry to provide gatisfactory
dissolution in & nonecorrosive enviromment, development of specisl materials

of constructlion with increased chemical reaistivity, or periodic roplacement

of the dispolver. The proposed process recognized fubture expansion of plant -~
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capacities and is sufficiently flexible to process verying feed-stream
quantities aégeeomposztidn over the full range of production rates up to
120 Kg/mo. ' processing equipment can be contained within the 2345
Bullding, It will be macessary, however, t0 maintaln close coordination
between design layout and the proposed supplementary development progrem,

Iv. BECQEERDATIONS

In view of the favoreble results of the Recuplex feasibility investigation,

it 1s recommended that the following steps be taken lerding to the installa=
tion of a Recuplex<Process facility in Building 23h-5: (1) the procurenent
of further detalled chamical and englheering information proceeding cone
currently with (2) the preparation of a detailed Project Proposal, and follow-
ing authoriration, (3) the preparation of o detalled epglneering design.

V. DISCUSSION

A: Design Basis.

In order to allow for the future expansion of plant capacities, the basis
choeeén for the devalopment and design of the Recuplex Process was & producs
tion rate of eighty kilograms of plutonium metal per month with en vance
of 20 per cent for down-time, or an instantansous rate of 100 Ka/mo. The
process, hovever, is sufficlently flexible to permit operation at an instan-
tancous production rate of 120 Xg/mo. with only & few minor equipment c 8.
To facilitate the laboratory and éhgineering design studies, an ervangement(16)
was mede with the Los Alamos Scientific Iaboratory to ship to the ILa racovery
facilities all the slag-snd-crucible materiel asccupmlated et Henford Works
rior to start-up of the Recuplex equipment, This egreemont made 1t posaible
to basa the process design upon steady-state conditions and eliminate the
short~term operating yeriod nocessary to workeoff the iarge back-log of

waste moterial,

Procecs vessels were designed to heve at least s 12-hour holdeup capacity

end 20 per cent freeboard. fTo maintain conbinuity of operation and minimize
the occurrence of "bottlenceks”, some of the equipment plecss were duplicated
and the hold-up capecity of others were extended to 24 bours. The process=
ing equipment was designed to accommodate: (1) and (2), 330 liters/dey of
comblned 2BP and F-10-P solution (the proportion of each being dependent

upon the relstive production retes of the Redox and Blsputh Fhosphate Proe-
cesses)s (3), 10 iiters/day of skulls-and-matal fabrication waste materialss
(%), 20.7 crucibles and their sssociated slag per day, or 294 liters/dsy of
8-8~C solution; and (5), 64 liters/day of prepeved Wet-Chemistry supermatants.

B. Development of the Recuplex Process

The Recuplex feasibility investigation can best be considered according to
the five major pheses of the progrem: (1) dissolution of the slag-ande
cerucible material, and the preparation of a feed strean sulteble for intrpe
duction to the extraction column; {2) development of an efficlent solvent-
extraction process having suitable operating charscteristics; (3) treatment

DEC




EOUSSFE)  y

of the three process waste stwveams; (&) corrosion studies; and (5) adequacy
of the 234-5 Building facilities to accommodate the processing equipment,

(1) Siage-end-Crucible Dissolubtion and Solubion Preparation

OF the five plutonium~-becring streams treated in the Recuplex Process only
one required special development work for the preparation of a suitable
fecd solution: viz the crucibles and their associated slag from the Purie
fication and PFa etion Building. The principel source of the material is
the 23%-Building Reduction step in which two combined plutonium-tetrafluoride
batches are reduced to plutonium wetal in a magneslium-oxide crucible, termed
th2 S-1 erucible. A second source of eruciblas 1s the 235-Buillding Pouring
snd-Casting operation, in which tw buttons are melted in sn H=1 pouring
crucible and trensferred to an He2 casting crucible, The He1 and -2 crucibles
bave the seme composition ms the 8wl crcibles » but are smaller and have a
longer life, A% present there are twice ag many Se1 crucibles sent to
recovery storage ss He2 crucibles and approximetely twenty 8-1 cruclibles are
discarded for each H«1 crucidle. The compositions of typical S-1, Hel, and
H~2 cyucibles, anf the slag associated with & reduction erucibie are pre-
aented in Table I,

TABIE I

COMPOSITTIONS OF TYPICAIL, REDUCTION .‘POUREB,
AWD CASTLNG CROCIS
mm.m
tion Reduction Cast Recowe
ﬁxr_mim Fm Ty T Ty oo r“—%”@osi e

Quentity per

S«l1 crucible 1 1 1 0.05 0.5 1

Companents

(avems/crucible)
Mg0 1519 wea  106.5 426 270 1761.8
3102 . 19024' hahatd 2 aa Sos 3 .l& 23 .6
F6203 3 .9 o cacionon s l.l °¢7 l}.n
Cal Bl wuw wanwe 2.3 1.4 8.9
8203 CITWEC MG e 0 96 - 0 06
ca G 00 e e 1 30 ‘8 LTt e ) 30 08
Cel, Cwmmson 115,2  mam 13s.2
CaFa v @ 203 .3 (oY IV 203 .3
Pu 8.066 (s)  3.0(®) 5.3

Total welght 2017.07 43h.9 278,64  2u78.2k

(a) A small portion of the Pu shown to be asgociated with the H~2 crucibles
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The dosign @al for the recovery of Plutonium from the slag-and-crucibles

kas been establisked at 90 per cent of the plutonium present in the material,
Accurate determinetion of the plutonium content of original material, howe
ever, necessitates a material balance of the stresms entering and leaving
the dissolution-end-filtretion brocesas. Since this 1s a time-co

operation involving the Procassing of the entire silica reslidue, the evale
uation of a dissolving procedure suitsble for the Recuplex Process was
facilitated by employing the Accountability values for the plutonium content
of the material. In two of the experimental teats diascussed below, hovever,
complete plutonium belances were performed, The Accountability and analyt-
ically determined values agreed within 5 per cent in one case and within 11
ber cent in the other. The amount of plutonium escribed to an individual
crucible and its associsied slag by the Accountability Records is tha

step and the weight of the plutonivm in the Pu?k batch prior to reduction
{(with pericdic corrections for loss to plckling solution). It is recognized
that the values can be in error in individual cages,

(a) Chemicel flowsheets.

The chemical flowsheets of Figures He2-15213 and H=2+15084 rresent two alter-
nate procedures for the preparation of a slag-and-crucible feed solution,

"both of which include a dissolution step and a filtration step. The filtra-

tion step is neceasitated by the silica content of the material, since the
presence of Sio% in the f£inal feed in concentrations greater than 10 mg/L
serdously effects column operation, causing emulsification snd poor disengege
ing times. The difference in the dissolving procedures of Figures H=2-15213
and H-2-1508% is that in the former the fiuvoride ion present in the slag is
immediately complexed by aluminum nitraste~pouahyirate, while in the latter
free B is employed in the dissolution, By avoilding the immediate uge of
ANN to complex F~, the plutoniuvm loss to the silica cake is reduced to =
minimpm. Since & recovery yield greater than 90 peyr cent tan be stiained
by the flowsheet in Figure B-2-1508% without re-working the silica residue,
the mathod is recammended as being move suitable for the Recuplex Process,
The procedure, however, presents a corrosion problem which has not as yet
been fully investigated. fThere are rresently three satisfactory approsches
to the problem: 1)} sdjustment of the chemistry to provide satisfactory
dissolution in a non~corrosive epviromient, 2) developient of gpecial stains
less plastic lining (es teflon oy fluorothene) for increased resistivity to
chemical attock under the conditions of HW #1 Chemical Plowshest, and 3)
rericdic veplacement of the dissolver, Preliminaxy dete indicete that the
corrosion rates wilth presently available stainless steels {ca 0.0008 to
0,004 1in/mo.) would make dissolver replacement economically Teesible,

The chemical flowsheet preseunted in Figure §~2-15213 is based on the slage
and~crucible recovery process rresently employed et the Los Alsmos Scientific
Laboratory. Datae on recovery yilelds and optimm disgsolving procedures were
obtained from Los Alemos end from izboratory studies carried out by the
Chemical Research, Chemical. Development, and Proceess Assistance groups at
Honford, The Hanford-Horks procedure (Figure B=2-1508%) was developed by
the Process Assistance (2345 Development) group. The optimum conditions
indicated by these studies are based on the dissolution of one reduction

) cmgible and ita associated sla_g. . Develomrent of the optimm operating
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conditions for muiti~crucible dissolwings can best be performed in the

£inal process equipment sfoce the construction of the necessary semis
works Pacilities would entail an installation essentially the same sige
as the £iaal, one with tha associated _m'oblem of space l.oca.tion.

(1) BSlag-snd-crucible sclution preparation: preliminary chemical flowsheet.

The Los Alamos procedure involves charging the solid materials to the dise
solver kettle and adding T2 per cent aluninum nitrete-nonshyirste, The mixe
ture is asir-sparged at rocm teémpersiure for oneshalf hour in oxrder to hydro-
lyze the calcium pregent, complex the fluoride ion, and drive off the hydrogen
formed., The lodine is then removad by boi with 15 M nitric acid at
120°C. A aixz-hour period of yefluxing at C concindes the dissolution
.procedure, gerving to dlssolve the crucible and coagulate the silica, The
resultant solution is diluted 25 per cent by volume vith prepared oxalate
supernatonts and filtered st a temperature of 80 - 90% to decrease the
viecosity of the solution and prevent the formztion of solid megnesium
nitrate, The treated supernatant solution is employed as a dlluent wather
than distilled water in oxder to maintain the plutonium concentretion et &
paximm value,

Data on the laboratory dissolution of slage-and-crucible materisl, sccording

to the procedure described sbove, were obtained from the Los Alamos Scientific

Leboratory. In seven experimental runs the plutontium recovered in the filtrate
and cske-wash solutions varied from 35 to 69 per 2. ent of the Accountability

value for the plutonium in the origival meterial.(15) The dilssolution pro-

cedure and the test date are summerized in Table IX. To increase the slag-

and-cyucible yield, 1t was necessery to extend the Ios Alamos Pacllities

to include equirment for hydrofluorinating the silica cake and treating

the dlesolver residues with hydriodic acid. The space and equipment require=

ments nscessarily involved in the expanded assembly mede it highiy desirable

to develiop a onee-step, total dissolution procedure for incowporstion into

the proposed Recuplex Process.

The application of the Los-Alamos dissolubtion procedure to uranium and
plutonium refuction crucibles snd thelr associsted slag was tested at the
Hanford Works. The tests conducted with uranium as a stand-in for plutonium
(which were primarily for the filtwation studies discussed below) resulted
in essentially complete uranium dissolution. When the procedure was spplied
to slag-and-crucible meterisl containing plutonivm, however, total plutonium
dissolution wes not obtained. In a series of seven dissolvings, each involve
ing one smallescale reductkion crucible and its associated slag, 10 - %0 per
cent of the plutopnium present in the materdal wae recovered in the L£iltrate
solution. The amount of plutonium originally present wos determined £rom
the Accountability Records, The daba, obbtained by the Process Assistance
(234=5 Development)group, are preseated in Teble ITI. Similarly, dissolution
of £five plant=scale crucibles and their assoclated slag in the Chemical
Rescarch laboratordes resulted in 58 per cent recovery of the plutonium
Iindicated by the Accountability Records to be present in the materiel., The
undiissolved heel remaining in the kettle after three crucible dissolutions
contained 11 per cent of the accountgble piutoniunm ard required treatment
with hydriodic acid for its removal. Since dlssolution of the slag-and-
crucible material by the Los Alamos procedure would not permit S0 per cent
recovery of the plutonium without further treatment of tﬁs i
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TABIE II

Basis:
Procedure:

SLAG-AND-CRUCIBLE DISSOLUTION LABORATORY TESTS PERFORMED
0S ALAMOS SCIENT ; ORYX

1 refiuction crucible and asgociated slag.

3.095 litexrs of ,81M M(N03)3' 9 HpO solution added

to slag, crucible and send”ih 12 Liter vesction vessel,
Solution was air sparged for 30 minutes to allow the
Hy gas to be evolved sefely. Then, 4.8 liters of
i5.TM HVO, was edded slowly. The I, evolved during
this reacéion woag absorbed in 6 KOH scrubber, After
tke I, liberation reaction hed subslded, HNO,; sufficilent
to refider the slag-and-crucible solution 5M In free
acid vas added. The solution was refiuxed for 6

bours at 100°C. The solution wes then cooled to 80°C
and Filtered through a 500 ml sintered glass funnel,
The silice cake was weshed with 6N ENO3;. The slage
andecrucible solution was diluted to 9.0 liters with
68 ENO3.

. Run, Total Pu® Pu Recovered in

Numbexe in SefeC Filirate and Cake Washes
} Sgrams) )]

Au669§ 6.31 35.3

A=6T0 i3.2 39.7

AuXQ"g I" .W 53 '5

A‘x“’a 3 075 . 680 5

m-nao-&-;sﬁ 2.08 68,7

XT8LmA+ R 18,82 .7

XTOL~AC 1.6 62.3

Notes: # Data obtained at the Los Alamos Scientific Laboratory.(t5)

a,
b.
Ce
d.

EBased upon Accountability Records.

Laboratory reduction crucible and associsted slag,
One~half plant reduction crucible and sgsociated slag.
Total plant reduction crucible and associated slag.
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TABIRE III

SLAG=AND-CRIX SOLUTION FREPARATYON
T PHETIMURARY TAGORATOLY TooTaE —

Bagis: 1 small-zcale crucible and sssociated 8lag.

Procedure: Material cherged to dissolver.
350 ml 1 M ANW added,
325 ml conc. HENO. added.
Sclution alv-spa¥aed et 25°C for 15 minutes.
Mixture heated without reflux for 45 - 60 minutes.
Mixture hested with reflux during indicated reflux period.
Bolution filtered at 80 - 909,

Run Refinx, Total Pu® Pu Recowired

Nunber _ Period in Seg=C in filtrate
{hours) {gm} —tt)
1 6 0.436 i2.8
2 6 00252 C 3906
A 5 1,150 9.5
5 k.5 1.06 29.2
6 8 0.806 _ 348
85 6 0.56% . 36.4
Notes: # Data obiained by the Process Assistance (234-5 Developuest)
sroup,

e Based on ficcountability Records.

various wdifications were tested on & laboratory sesle,
(11} Singeand.crusible solution prepavetion: B chemical flousbeot No. 1.

Three melified procedures wexe tested by ths Procoss (ssistance {23La=5
Developmnnt) group with swallescale refuction cruciblis, The Pirst involved
the uss of nitric acid without any fluoride-ion complenting agent and resulted
in 93.9 per cent recovery of the accountable plutoniwa in the material. In
the second modified procedure, nitric acid was added 1z incremental amounts
end the mixbure heated until visual observaetion indicated that all the iodine
bad been driven off (10-15 minutes). ‘The solution wes then refluxed for
approximptely four hours to digest the erucible and associated vplutonium,

The Tluoride was subseguently complexed with ANN and ap sdditional four-hour
refluxing period followed, serving primarily to coagulste the silica into

an easily filterable form, In Pour test runs, 87 to 94 per cent of the
accounteble plutonium was recovared in the filtrate., A veries of samples
vag taken throughout the test indicated that Plutonium disscintion was
essentially completed within the £irst hour of the crucible-digestion period.
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BW-22596
TABLE IV
SLAG-AND~CRUCIBLE SOLUTION PREPARATION
~BW_LADORATORY TGETS = PROCEDUGE 1#
Basis: 1 small-scale crucible and associated slag.
Procedure: Material charged to dissolver.
750 ml of 68 HNO, udded.
Mixture heated uétho\ﬁ; refluxing for one hour.
Mixture heated with refluxing for 5 hours,
. Solution £iltered at 20°%.
Run Reflux Total pu® Pu Recovered
Numbey Period in Geg~C in filtrate
—— {bours Sgrems) (%)

Notes: ¥ Data obtained by the Process Assistance (234-5 Development) group.
S Based on Accountability Records.

TABIE V

SLAG-AND-CRUCIBIE SOLUTION PREPARATION
W _LABORAT - II

-«

Basis: 1 small-scale cracible and nascciated sleg.

Procedure: Material charged to dissolver.

ﬁgﬁoxﬂmately 50 »exr cent of indicated HENO., added,
ure hested witout reflux approximately 10 = 15 mimtes

until all Ip driven off (determined by visuel observation).
Remaindler o BNOS added. :

Mixture refluxed”fzx four hours.

Indicalted quantity of 2,3M ANN added. A

Mixture refluxed f£or an &dditionsl four hours.

Solution filtered aut 80 ~ 900C,

Run Total, ANN addfg_i_ Totel Pu Pu Recovered in Filirate
Number HNO, added (i) in SefC ore
~ ANN added. Of Run
8 Mlw 123, 0.6 .
iﬁ:ab 209 mi 157 6.955 188,29 .
1l 00 m1~10M 100 0.256 93.4 80.1
5P %00 m1=10M 160 0.548 86.8 8.6

Notes: # pata obtained by the Process Assistance (234-5 Development)group.
&, Baged on Accountability Reports.
b, Crystellization occurred on cooling solution due to high salt
concentration.

¢, Of the total Pu charged to sleg-and-crucible #138 0.8 per cent
was found in the ;?ﬁca cake.ag“ # e

d. Of the total Pu charged to slege-and-crucible #143 0.8 per cent ...

was found in the silica cake, , §§§!m
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TABIE VI

SWMWIBIE ‘ SOMOR PREPARATION

Basis: 1l small-scale crucible and associeted slag.

Procedure: Material charged to dissolver.
Approximately 250 ml 8M HNO, added.
T.73 ml 2.3 M ANN added (egéiva.lent to the fluoride ion
present in slag).
Mixture heated without reflux approximately 10 - 15 minutes
wrtil 811 driven off (determined by visual observatiom).
Remainder 8 HNO, added (500 ml total).
Mixture refluxed fo% £ive hours.
115 ml 203 M ANN added.
Mixture refluzed for an additional four hours.
Solution filtered at 80 - %0%.

. Run Total Pu® Pu Recovered in Filirate
Humber in SegmC Before Tinal AT nd
addition of ANN of Run

1k0 ’ 0.437 95 93.7

Hotes: #* Dats obltained by the Process Assistance (2334-5 Developent) group.
a. Based on Accountability Records.

L
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In the third experimental procedure, an amount of ANN equivalent to the
caleulated F~ content of the material was added to the dissolver with a
portion of the nitric acid. after the evolubtion of the lodine, the
remaining nitric ecid wee added and the mixture refluxed for five hours,

An excess of ANN wos then added and the silica coagulated by a four~bour
refluxing period. The recovery yield was 95 per cent. The data, prergented
in Tables IV, V, erd VI clearly indicate that the presence of uncomplexed
£luroride ion in the acid solution is necessary for the complete dissolution
of plutoniuwa,

(v) Filtration procedures.

Data vere obtained by the Chemical Development group on the optimum conditiocuns
for £ilirstion of dissolved ﬁ%«aaducmible solution, employing uranium
ag 2 gband-in for plutonium, Tests were conducted on a laboratory-scale
with & 3«inch diameter (0.05 sqg. £t,) sintered stainless-ateel filter plate
and on a semi-worke scale with a sintered stainless-steel otar filter have
ing epproximately 1.7 sg. £4. initiel effectlve erea. Precosts of thick-
nesses varying from 1/8% to 3/4" were placed on the plates by filtering a
water slurry of either Celite 521 or Hy-Flo Super Cel filter aid. In each
case the precoat vms washed with water, Filter aid was added to the dis~
golver solution approximately ten minutes before the start of filtration.
The temperature of the Pilter feed was maintained in the range of 80 to

. 95°C and the filtration was accomplished by applying 16 inches of mercury
vecuum to the downstream side of the plate, The data, presented in Table VII,
indicate thet with & precoat thickness of 1/8 inch and 2.5 grams/liter of
Hy-Flo Super Cel £ilter ald in the dissolver solution, the overall filtration
rates vary from 10 to 40 (gel)/{br){eq. £t.). The lower rates were obtained
under sub-gtanderd digestion conditions in the dissolver, that is, & diges~
tion and silics coagulation temperature of 100°C raether than 120°C. Employ-
ing filter aid in the above manner reduces the Si0p content of the £iltrate
to 0,01 gf1, which does not eppreciebly effect disengaging time and is
acceptable for satisfactory column operstion. -

Sleg-and-crucible solutions were filtered in the laboratory through National
Pllter ¥edis glasg cloth G-201 and Fibergias 183 without employing filter
ald. Data from these teats are ilncluded in Table VII. Filtration rates
during the initlsl filtration cycle are gemerally higher than the rates
obteined with filter aid on sintered steinless steel. As the cake depth on
the glass eloth increases, however, the filtration rate decreases rapidly,
resulting in overall f£iltration rates of epproximately 10 (gal)/{hr)(sq.
£t.). The reduction of the siilca content of the discolver solution obtaine
ed by the use of glassocloth £ilters was sufficient to permit satisfactory

disengaging times.

The results of the experimental studles demonstzate that both of the flltera-
irg techniques described above provide adequate fliltration rates end silics
removal efficiencies under Recuplex operating conditions.
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SAGAD-GRUCTICE SOLUTION FREPARATION
" _ -
; 3
Rasolviion: Dasist One crucible and associated slag, {U me stand-in for Pu), dispalved ng to the Los Alasoa
L proesdure,
L Rt Fqulresnst
i - labo Sieel Piste Nertaontal, 3-imch dlamster (0.05 aq.Ct.), filter plste of Micrometallie, porosity *D%, atatersd etatnlass
- stee) wap clampad between flaages fa I-inch 1spens pips, filter body baving opea, r body and bottom outlet . -
B te vacuum, filter flmsk, Pesd solution entered the upper, filter body through a Inck, glass tube ewptying
directly oato the filter plete,
- Filter plate of above squipment was replaced by gleas cloth Avpy‘;rhd o8 stainless steel, wira mesh, & mesh
per inche Geskets restricted filter ares to 0,042 2q.ft, Glass cloth was sithar ¥atiosal Filter Xedia Co,
£-201 or Fiberglas 18] aw noted. Mo precoat or filter aid used fer Elans~gloth filtrations,
- Semteworhs scale equirment eaployed & -tmdu'-d, Xlerometallie, péorosity "F*, sintered stainless atesl, star
- - Tiltar having approx, 1.7 sq.ft, {nftiu) effective area, Fllter elesent vas enclosed in filter case shich wan _
filled with feod solulion as filtrate was drewn by vacuum frow the disaoiver tank, through tha filter, and
o . into the filtrete receiver,
ZAlSar Procedury Precoat of desired thickness was leid en filter by fHitering & water-slurry of the filter aid, Frecoat was .
washed with water until wash came through clear, Filter ald ndded to diasolver solutios apyrox. 10 minutes
before atart of filtration, Feed rate to filter adjusted to 9p C1lter covared with liquid, Fillrstion
accomplished by 26 inches of marcury vacuus, Teaporature of £ilter foed 35° to BO® G,
Disengnging Tine Plaengaging tise deterained by agiteting selacted volumes of filtrate and CAY {155 TP tn €Clg) for one atnute
1a & 50-al,, gredurted cylinder and meaguring the time for clea paration of the liquid phases after agites
. tion bas atopped, Pratrestament of filtrate and volume ratias noted below.
FAktrats Clegity Par cant trenselseion of light of 657-aillimicron wavalength was deteruined for all f1ltrstes from the lab —— . -
ruse, The results not linted because "clurity®, beyord the point of being viaitly clear, 13 not considered
: nignificant, A1) trations liated produced fltraten that were sparkling cleer,
Piltar Kedlom, Filter Atd ;om 'ﬁm(l) Oversll Rete, Gal,/(hr ){sqg.rt,}1) . }uuinunm; Rate  Blaengagingt?) 510, 1a{2}
- Precoat or type  Coae,, iss, Piltrate, - After 10 gel./aq.ft., Tise, Filtrate,
Rua Yoo ofgless cloth, _gufle mine Salenft. ParZeb/ets P2 gsl/ents, Sel/lbe(safl) . — secaods . _oguts .
Lab, I 1/4 tnch of 2% 76 12 -— —— 5.7 €916} 0,002
Celite 528 AN f
Leb. 1T 3/4 tnch of 2% 28 LI e C e R R X 253(6) .02 -
° Ceallte 520
. tab, II1  1/4 tsch of 5.0 101 2 — —_ 12 33(0) 0,02 -
Hy-210 Super Col . '
lab, IV Y/i nch of 10,0 108 18 ) - - —_— . = 98 149(6) 0,016
Hy-¥lo Super Cst . - - N . .
, . T Lab. Y | 1/4 tach of [) a3 18 — s n.s al6) 0.¢3 N
£ Hy«Plo Super Cel N B N .
Lad, VI 1/4 1acd of 2.5_ 86 2 . 52 36 17 (6} 0,08
Hy-Tlo Super Col
Lab, I'  Kational =201 0 72 1864) ‘39 9 n - {7 —{10}
Leb, II'  Natisoel §+201 o 70 1664}, 38 n LK nin (10} .
Lab, I¥'  Fiterglse 1B3 0 £ 21:} 18 (10) 3587 {19}
an-103}  1/8 toch of 2,5 0 12 35 18 13 . 8 0,01
Hy-Ple Super Cel .
320110 1/8 tnen of 2.5 % 2 . 10 10 7 1308} — I
Ky=T1o Super Cel :
1T 1/8 tnch of a3, 17 53 o X 8(9) 0.t '
i - Hy=Flo Super Cel s R -

M T W e e e e v e i e = 0 A e > e e A Ao T = o s = a8 = =

= . *Data obtatned by Devslopaent, Ssparations Techaologr Unttlio),

Hotaps - (1} Dua to geometry of f1lter wesd In 321 bullding, the [llter area decreassd from 1.7 qeft, ’ N
" te approx. 1,2 »q.f%, 63 the rus prograssad, The decrease dam besn considered,
SR I?S;:;;;:m seaple was taken diring the run, oaly the mixisca value ;i'. shovn,
DL Ly Lafuy e ¢ N . . " ' oM e
’ (3) During ross IE-X and 3211, the silicaccoagulation step wae performed at 1009C, for
16 2 20 houre,

cmres 8}, Wase flltrate maa resyalads . .. . —. i s
" {5} Wattaeted rete after 7 gal./sq.ft. filtrate volusa, o
(Gi 111 volime Tatie m to c{-guiq aquecus was uadiluted flltrate, Sp.Gr. 1.40, - ' : e

a : o

‘ : . == e

(&4} »l;li_;"\!lml'c IrEOQb equectis to organtc) squeous vas filtrate after 505 volwse ditutiow,

{¢) 12 volusa retto tqueoys to orgeniag equecus wam filtrate dlluted to Sp.dr, 132,

j._.. [} ft%ﬁ:o t:-otlo aquou-' S e‘f;:&hi -quu'm_a wes filtrate ot k;.or. 1,35, ’ ’ . -
{10} Acalysis not yat known, M
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(2) Solvent Extraction

{a) General principles.

The use of liguid.liquid extraction as & meons of separating small cone
centrations of a desired component Pyom & solution has grown rapidly in
the lest few yomrs, especlally within the field of nucleonic englneexying.
Separation of the desired matepisl is sccouplished by 1%s transfer from
one liquid phase %o & second, immiscible » ilquid phase according to its
respective solubllity in the two liquids. Thus s Plutonium in the agueous

- stream, containing varicus associsted impurities, mey be purified and

concentrated by contecting it with an organic solvent in which the Dl
tonium 1s preferentially soluble., The Plutornium may subcequently be
further concentrated and veturned to an agqueous solution by & similar ex-
traction process in which the solubility distribution fevors the aqueous
phase, Through the efficient performence of these two operations, the
Reeuplex Process provides the necessary purification and conecentration for
the five-component feed stream and yields a product solution suitable for
Wet Chemistry processing.

The solventeextraction steps in the Recuplex Process teke place in columns

“having a suitable mmber of stages and opereting continuously and countere

cuwrrently in o mamner similar to a fractionating column, In fact, a direct
analogy nay be drawn between solvent extraction end fractional distillation.
Thus, the volatility term found in distilliation problems hes a direct counter-
part in solvent extraction in the form of the E:@ velue which is defined es
the ratio of the solubility of one component in the organic phece to 1ts
gsolubility in the agueous phase under conditions of Phase equilibrium. By
employing E 2 values and calewlating the concentrations in the two pheses,
en equilibrium curve may be constructed which has the same chape as the
normal ¥ vs. X equilibriwm curve, Similerly, the concept of a theoretrical
plate and the use of BETS or HTU values have their counterparts in extrace
tlon and distiliation deaign calculations.

. Operation of an extraction unit imvolves the introduction of the two phases

et opposite ends of the tower, intimate mixing during their countercurrent
pageage through the column, and theiyr fingl separation and discherge, The
agueous feed atream may be introduced at the bottom and the orgenic extrac-
tant at the top, or vice versa, depending upon the relative densities of
the two liquids, Ei{TheF [hace may be the continuous meddum. The total
flow rates ave limited by the flooding capacity of the column; id est, the
ability of the disengaging section to permit the formation of en interface
and prevent one phaee from being entrained in the discharge streem of the
other. Fhace separation in the dlcengaging section is influenced by the
density difference and Imnlscibility of the two liquids, and the presence
of emulsifying conteminants, A disengaging time of two minutes is normally
considered the maximm period for satlsfactory column operation.

(v) selection of ihe organic diluent,

Farly experimental studies of the Recuplex extraction operatilons were DPEY-
Tormed with tributyl phosphate as the selective solvent and the hydroe
carbon AMSCO 125-008 ac the organic diluent, It was belleved, however,
that the use of en alternate, non~flammble diluent would be éwferable

En
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in the 23k~5 Bullding operstions. A series of tests (cf Table VIII)U‘O}
s contucted with sleg-and-crucible solution to detemiine a suitable
TEP~dilvent miziure that would disengege within the acceptable time 1imdt,
The density differvence between the two pheses could be iancreased by in
cressing the molecular weight of the diluent, varying the TBP content of
the organic phaze, or by dlluting the agueocus phuse., Adeguate disengaging
times and satlisfectory column operation were obltalined by diluting the slage:
andecrucible solution 25 per cent (by volume) and employing as a solvent a
mixture of 15 per cent (by voluxe)} TEP in carbon tetrachloride.

TABLE VIIX
PROFERTIES OF DILUENT MIXTURESF

Diluent Solvent ¢ Disengaging Time®

Cooposition Density ‘TP Density
(% by weight) {gn/nl) (% by volume)  (gn/ml) (minntes)
100% C 15 1.503 30 1.9 2
1009 cﬁls 1.503 15 1.552 1
86.9% 01)*
b 6% CoClg 1.629 30 1.433 23
55.49 ¢ol.

6% cgm% 1..629 15 1.528 1

100% €Cly 1.595 15 1.492 ca 2
Notes: * Data obtained by the Chemical Research group.(®)

Tests were conducted with undiiluted sileg-and-crucible solution
having & density of approximately 1.40 gn/ml.

(¢) Chemical £lowsheets.,

Schematic representations of two fessible methoids of performing the solvante
extraction s}t:efa in the Recuplex Process are presented in Flgures He2~15206
and H=2-15207.(9) fThe chemical f£lowsheet of Figure U-2-15206 presents on
adequate and satisfactory processing scheme. The latter flowsheet, however,
i3 considered the more advantagecus on the baaia of its grester £lexibility
in handling possible variances in streem composition. The two flousheels
are based on laboretory and pilot-plant investigauticns of approximately six
preliminary flowsheets., The data necegsary for thelr preperation were
obtained through the cooperative efforts of the Chemical Research anf Chamie-

can Development groups.
(1) Cremicel flowsheet No. L.

The chemical flowsheet presented in Figure H-2-15206 contains two solvente
treatment towers, the extraction or CA column and the stripping or CC columm,

e DEEUSSIFED
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by means of vhichk s plutonivm solution can be effectively prepared Lor
treatment in the Vet-Chemlstry step in the 23%.5 Building. The purpose

of the CA columm is to effect the transfer of plutonium £rom the combined
agueous feed stroam to the orgenic phase with minimm loss of plubonium

to the aguzous waste snd minimum entraimment of the original contaminants
to the organic product stresm., To accomplish this efficiently, the CA
column containe an extraction section snd a scrubbing section, the formesr
serving to transfer the plutonium to the organic phase and the latter serve
ing to serub entrained contemivents £rom the organic stream prior to its
bassage to the stiripping column, Since tha solvent, or CAX strecm, is the
heavier solution, the feed or CAF stream enteys the column above the scrubbe
ing section and rises as the contimxous medium to the agqueous-waste dlechaxrge
vort of the top of the columm, Distilled water is introduced at the bottom
to serve es the scrub or CAS stresm. The rlutoniumsbeering organic stresm
leaves the bottom of the scrubbing section as the pwoduct of the CA column
apd is pumped to the top of the stripping colwmn.

The state eguilibrium deta for the CA column, which are presented in Table
IX, are representative of the series of laborctory tests vpon which the
chemical flowsheet of Figure H-2-15206 is based, The data were obtained by
countercurrent, batch equilibration and separation of the Ltwo phnses in &
series of seperatory fumnels, each of which represented an extraction stage,
Thaus, analysis of the phages at each stage led to the dlstribution of pIu=
tonivm and nitric acid throughout the theoretical "column®. The run {number
. 18, conducted by the Chemical Research group} differed slightly Lrom the pro-
cedure presented in Figure H~2-15206, The plutonium solutions were not
introduced into the "colvmn” as o combined feed. but were divided into two
streems, the CAFa and the CAFb feeds. The former conteined plutoniuvm at
& concentration of 19.1 gfl, (approximately twice the flowsheet value) and
ws introduced into the "column” immedistely above the scrubbing section.
The CAFb stresm, diluted 1l:1 with distilled water, emtered the "column” two
steges above the CAFe entry point. The fecd streams did not contalin a
salting agent., The extraction section comprised six stages and the serubbing
sectlon two steges. The plutoniun distribution between the two Phagea throughe-
out the "columm” is represented by the equilibrium curve in Figue 1.

The data indicabe that the pexrformance of the column was good; the measured
Plutonium loes to the agueous waste stresm was 0.11 per cent, Pactors
influencing the extrection efficiency were the valence state of the plutonium
ion and the sboence of the salting agent, aluninum nitrate ronohydrate. In
systems lavolving TBP es a selective solvent, the extraction coefficient is
slightly grezter for Pu IV than for Pu VI and has beendemni ted to be
dependent upon the concentration of ANN present in the feed.lll) mhe feed
stream employed in the experimental run, however, had approximately 25 per
cent of the plutonium in the pius VI valence state and did not contain a
salting agent. It 1o estimated that the loss of the CAW would heve been
approxinately 0.02) per cent if ANN had been added to the CAF stream.
Compensation for these factors has been made in the prepavration of the
chemfcal flovsbeet. Spectrographic analysie of the scrub solutions obtained
. in an eariier test indicated that scrubbing with water removes considerable
quantities of calcium, megnesium, aluminum, and menganese from the orgenic
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TABLE IX |
CA COLUM STAGK EQUILTRRTUM DATA®

Run Momber 18,
Countercurrent batch equilibration and ssparation.

Run {marac%er:g;ticm:

Extruction - 6 stages
Serubblng - 8 stages
Ko AN enploged 4in CaP,
Seg~C ailuted 100%

Ll

Stream | Yolumen cmaitié_p

cas” 6 "

capa™* 30 ?’3?1 &/l Pu, b.5 ¥ HNOg

CAFD ) 0077 &1 Pu

CAX k6.5 15% TEP ip CCLy,

CAW _ 76 0.0081, ¢/1 Pu

CAP” 46,5 12.6 g/1 Pu, 5.4 g/ 8RO,
. ‘ Pu Josa to agueous waste - 0.1l

Streem sﬁage ¢ Phage eous Phage E:xtmk:lon

retlion Ro. : Pu Coefficients
N g, g gy 3 EE PR EQuNOg

CA.K Cm 1 O » 061 ey 0 00081 Al ? . 5 bl
gﬂ 0 .2’35 st and 0.0’!»5 Rk od I" . 5 hamtad ol
3 0.546 27.2 0,133 21 ko 0.13
CAFD I 1.60 27.2 0.3 23k % § 0.13
5  5.95 1.2 2,15 243 2.8 0.11
CA¥s & 18,6 21..9 5.65 242 2.8 0.09
7 18.8 12,0 17.5 125 1.1 . 0.10
CAS cAP 8 12,6 5.4 43,0 50 0.3 0.11

Note: # Data obteined by the Chemical Research group,
' & ghe plutonium content of the CAFa stresn was twice the Plowsheeb
concentration, -

phase.(la) Following the scrubbing operstion, the plutoniun stresm contains
only a few tenths of one per cent voital impurities {based on the plubonium
pregent) and is adegquately purdfied by en oxalate or peroxide precipitation
step in 23%=5 Wet Chemistry.

'. The pirpose of:the CC columm is to tranafer or strip ‘;.-he isolated plutonivm

from the orgsnic phase to the sguscus solution and gffect simulbtaneously
a great encugh volume veduction to pexmit direct shiment”ﬁﬁﬁ T

2 =IeTes:
s Lot =
pu
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' o wet Chemistry, The organic yroduct stresm from the CA columm is
pumped to the top of the CC coluwm and is contacted with an aguesus stripp-
ing agent rising from the bottom. To.be effective, the stripping solution
mast contain either a reducing agent or a plutoniumscomplexing sgenb. Rapid
reduction of the Pu IV and Pu IIX by 2 compound such as hydroxylamine sulfeie
should result in ap efficient strippiog operetion since the extraction co-
efficient for Pu IIT is lower then foxr Pu IV. It has besn demonstrated, howe
ever, that the sulfate lon complexes the plutonium and cen strip the organic
phase seiisfactorily.

Stoge equilibrium deta and the pluwtonium equilibriuwn curve for ea experio
mentsl CC colurm similer to that in Figure H-2-15206 are presented in Table

" ¥ apd Figure 1 respectively. These date were obisined in the same mawner
and during the same test mun as those described above, The stripping oper.
ation was efPicient, with a plutoniwm loss to the organic waste streem of
only pa012 per cent.

PABIE X _
- CC COLMMY STAGE EQUILIBRIUM DATAR

Run Numbex 18
Countercurrent batch equilibration and seperation.

Run Characteristics:
Stripping - 6 stages

St:.feam Yolums c«nms:{tion

cer® 46,5 122 g/% z’us 5.4 g/1 Hxvoﬁ

ccx 5 0.6 M (18),)» SOi, 0.05 H HoSOY
CCW 46.5 0.001k g/]il. 1%::,02’0,16 g/1 HI0g
cCcP 5 108 g/1 Pu, 36 g/1 HNOg

Pu Joss to orgenic waste - 0.012%

Btream Stage Orpanic Phase Aqueous Phase Esttraction
%mtion No. Pa " HNOg 'mg"""“‘ﬁxﬁg Coafficients
; glL g/1 gli g/i” EfPa i HNO3
cCF  CCP 9 12.9 2,45 108 36 0.12  0.068
10 1.8 1.57 0k 27.1 0.13  0.058
11 4,81  0.98 309 17.. 0,016 0.057
12 5,13 <0.65 109 11.8 0,047 20.055
i3 0.125 <0,33 48,3 9. 0,003 <0.036
cex  cew 1% 0,001k <0.16 1,31 7.2  0.001 <0,022
’ Noteas: #* Data obitamined by the Chemical Research group.

8 fqhe plutonium content of the CAFa stream was twice the flowa

sheet concentration, g
DEGLASSIFED
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F:gure No. 2 .
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A picterial representation of the mass-transfer and concentration OpeL-
ations that take place within the CA and ¢C coluvoms is presented in Mgure
2. Termed a plutoniom concentyation profile, the graph i based upon the
countercurrent bateh equilibrations deseribed above and consists of &

Plot of stage musber Yye. the plutoniun concentyatlons in the aquesus and
organfc phuses, Since the abocissa is plotted on a logaritkmic scale,

the distance between the curves is & measure of the extraction cocfficiont,

1% 5

- ‘The agquoous stresm Aischarged from the top of the CC colum i the product

of the Recuplex Process and is suPficlently comcentrated to be treatsd in
234-5 Building Wet Chemisbry. Tue sulfate lon present in the CeP stacen
remains ia the supernsbont solntion thot sesulis from the subseguent oxaletow
precipitation step, and 1s reeycled to the Recuplex facilities, The possible
effects that ‘the sulfate ion might have cn the extraction efficiency of plutoniun
in the CA column were investigated by bateh extractions of an aqmous foed
vhich smnlwfig the aguecus phase ot an intermediaste stege within the extractm
ing section.{13)  me simulated solution comprised 0,17 M fa 3, 0,60 M AL
zm )3s 0.65 MUg ™, 0.1 ¥ CA'2, 0.05 M AIF., 3.7 M HNO,, and 0,048 N
mﬁ)asoa. The solvent Tas 305 TEP 17 AMSI0 125-50W (1 ¥ mio), while the
volume of organic to agueous was l:b, A similar solution con: no
sulfate jon was extracted in the some monmer for murposes of tomparison.
The results, presented in Jeble XI, demonstreted that Plutonivm extraction
1s not apprecinbly affected by the sulfate ion,

| TABLR XI )

EFFECT OF SULFATE ON CA COLUMY EXTRACTION®
Organic: 30% TEP in AMSCO 125e90W '

Aquecus: Simiated P-10-P, 25P, and sleg-andwcrucible
) solution at intermediete stage.

Volume Ratlo: organic: aguecus: Ish

Consecutive | Sulfete  Present SuwiPate Absent
Bateh Pa omc B () a
Extraction a/2 _ER | g2 B

2 ’ " 0.169 gg 0.1568 83

_ 0.032 0.032 27

3 0.0056 19 0.0061 16

l" 0.003.7 3 08 i OOM 15

Notes: * Data obtained by the Chemical Research grounp.
8+ The comstant amount of less extractable plutoniun evidently
Dresent wes possibly due to the fiunoride ion in the polution,
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The chemical flowsheet presented in Pigure H-2-15207 aiffers from the
Drocedure of Figure E~2-15206 in thst a product solution containing

60 g/1 of plutonium is produced without the use of & complexing sulfate
salt in the stripping stream. Dilute nitric seid is introduced into the
botton of the CC column and etrips the Plutoniun from the organic phase
during its rise to the aguecus dischorge rore at the ‘top. Only onawthird
of the concentrated aquecus stream, hovever, is removed from the systen
as the products the major portion of the stresm is returncd to the bottom
of the serubbing section in the CA column, thereby eliminsting the need
for a separate sciub feed, Within the CA column, the plutoniwm in the
concentrated stream is transferred to the orgsnic phaze, thus increasing
the plutonium concentration in the orgenic product stream to s point
where stripping can be accomplished satisfactordily without & zeducing
egent or e complexing ion. Such a procedure s termed internsl refluwing,
rermits greater flexibility in columm operation and is especially desirable
in viev of the fact that the feed stresms to the Recuplex Process will
vary in their quantities and compositions.,

- Stage equilibrium data and piutonium egullibrium curves for experimental

CA end CC columas similar to thosz in Figure H-2-15207 are presented in
Tables XII aud XIIT and Figure 3, The date were obtained by countercurvent
batch equilibrations and separations of the solutions in separatory fumels.
The leborstory test procedure (Run No. 19, performed by the Chemical Rescerch
group) differed alightly from the procedure offered in the recomrended Tlowe
sheet, The feed to the theoretical “eolum® was divided into two streams

of different concentrations. The more dilnte strezm contained sluge-and-
crucible solution diluted 100 per cent rather then 25 per cent and was
introduced into the “column” two sLeges above the more concentrated feed,

The degree of extraction end stripping obtained in the test was excellent,
The plutonium loss to the aguecus waste stream wes 0.19 per cent, while

loss to the organic waste stream was 0.008 per cent. The pilutonium con=
centrations profile, constructed from these dete and presented in Pigure L,
indicates the manner in which the concentration varies Taroughout the columms
and demonsirates the clearly defined concentration reak obtained in the
aqueous phase by means of intermal refluzing,

(4) Proauct purity

The degree of product purity attained by the solventeextraction step is

an Inportant meaoure of the precticability of the Recnplex Process. The
CCP streams from the two batch equilibration tests described abova {runs

18 and 19, performed by the Chemical Resesrch group) were sulmitted for
spectrochemical annlyses snd the relative quantities of elemental impurities
present were determined. The analytical results, Presented in Table XIV,
demonstrate thet the Recuplex product siream conteins fewer impurities

than the product solution from the 231 Building and, conseguently, the
solution can be transferred directly to 2345 Bullding Wet Chemistry. The
plutoniuvm in three produet solutions from previous batch-eguilibration
tests (Runs 8, 12, end 13,) wse converted to the metellic state by the
2345 Wet Chemlstry process in the laboratories of the Process Assistance
223%5 Development) group. The piutonium in two of the test solutions

Runs T and 12) vhich had been stripped from the organic phase by dilu
amonivm sulfate was precipitated as the oxalate, and the plutonium
third solublon which had been stripped by dilute nitric scid
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TABLE XIT

CA_COLUMY STAGE EQUILTERTUM DATA®

LRI

T

Run Number 19 A
Countercurrent batch equilibration and separation. '

Ruon chmmegistic:s:

Extraction  « 7 steges
Sexubbing = 1 stage
Reflux ratio « 2:1
S-g~C Ailiuted  100%

Strean Volunes Composition
cas 10 49.6 gf1 Pu, 36 g/1 HNO
CAFa 35 8.3 g/ Pu, 230 g/1 EWD., 0.8 M ANN
CAFb Lo 0,007 g/1 Pu, 180 g/1 Hiog
CAX. b5 15% TEP in €C1)
() - CAW 85 0.00056 g/1. Pu
, CAP 45 18,6 g/1 Pu, 5.4 g/1 ENOg

Pu loss to aquecus vaste 0,019%.

Stream Stage Orgeuic These  Aqueous Fhase  Extraction
, ration  No, Pu 3 é £i074) Coefficient

In O __ 2 g gt gL EW mmo

CAX caw 2 0.0038 27.8 0.00056 18% 6.8 0.315
-] 0.020 memaw 000137 wew 16 wmem
3 00055 RN Cra 05008}. —u. 608 Wy
) 0.13% . 0.0252 wow . 5.3 e
CAFD 5 0.410 o 0.075 U 5.5  womimae
6 1.78 anwm 0.323 I 5.5  cwae
CAFa g 12.6 25.5 1.69 210 7.4 0.2
CAS CAP 18.6 10.4 23.5 120 0.8 0.09

flote: * pPats obtained by the Chemical Reseaxch group,
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L _ TABLE XIII
. - CC_COLUMN STAGE EQUILIERIUM DATA#

Run Number 19
Countercurvent batch equilibration end separat:l.on.

Run Chmcteristiceu:

Stripping - 6 stages -

Roflux ratio - 2:1 .

Strea;_-n Volumzo . Conmposition

CCF 45 - 18.6 g/1 Pu, 5.h 3/1 HNO,

ccx 15 ’ O 1M HH

cow 45 00G%L g;l Pa, 0.16 g/1 ENO4
ccp 5 h9 6 g/1 Pu, 36 g/l HNO3

CCR 10 k9.6 g/1 Pu, 36 g/l ENO

Pu loss to organic waste 0,008%.

. Stream S-f:aée Organic Phage Aguscus Phage  Butraction

Operation No. Pu HNC Pu HNO4 - Coefficiont
TooOw o mh o si g BT B,
CCr CCP & 12.9 5.@2 ke 6 35.6 .26 0.15
CCR .
10 3.89 0.%8 39.% 18.2 0.099 0.051
11 0.b15 0.65 12,6 12.2 0.033 0.053
i2 0.069 <0.16 0.9+ 7.46 0.076 <0.021
13 0.00126<0.33 0.00k% 7,31 0.29 <0,045

ccx  cow 1k 0.00044<0.16 ©0.00087 6.56  0.k5  <0.02k

Note: * Data chieiped by ths Chamical Ressspch group
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‘ Figure No. 3
?LUTONIUM EQUILIBRIUM CURVE

Run No. 19
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as the peroxlde., Following conversion to plutonium tetrafiuocride snd
reduction to the matal, the plutontun "button" was analyzed for camparison
to standard tuttons. The yesults (Table XIV) demonstrate that the dogree
of metel purlty attained by the Recuplex Process compsres favorably with
that obtained by the standaxd operating procadure.

PABIE XIV

Product _CCP CCP A Pu Pu Pu Pu
Solution Solution Solution MNetel Metal Matal Metal

Rui Sulfate  Refluxe Standerd Sulfate Bulfate NNO:  Stendard

Conditions strip By Pant stedp strip strip  Plant
atrgg operation oxalate ocunlabe Ex0p operation
— Iota.

m. ﬂmo
Elements mb o g Zpa P po X
Al 20 <20 33 <20 <20 <20 b1}
ca 200 8o e 50 80 100 21
Cr 0 30 3250 5 <a 5 25
Fe 1000 1000 8000 200 50 500 372
K 200 2 - <2 <2 <2 -
ia 80 300 > 2000 130 50 30 342
Mg 50 100 80 50 200 200 252
ni 50 200 1135 20 200 500 T

Notes: (a) Average plant values obtained from Document §o. BW=R22252,
"Flow Dlegrem - Purification and Fabrication Bullding w
. Model 110," (9-26-51) by P. E. Collins,
(b) Pm = pexts per million bassd upon plutondim.

(e) Selectiom bf the contactor, | g

The laboratory stulies conducted by the Chomical Résearch mholip m&e&m

the most feasible extraction and stiiping Procedured Werts cdbbali %ﬁt o
with a piloteplant investigation undertalan by the Chefildal Detelbphet

group to select s contactor having suitable opereting and physical characters
lotics for the Recuplex Frocess, Anong the prime factors considared in the
selection of & Recuplex contactor were the ability to procoss the design
throughputs with minimm plutonium loss, operating ecase and Llexibility in
in handliing streams varying in quantity and composition, minimum maintenance
or replacement @ifficulties, ahd a total column height sufficient to permit
its contalvment within the space available in the 23%-5 Building. Pllotw
Plapnt tests wore conducted with two types of contactors, tha Fenske stacked

o DESLASSIAED
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extractor and a pulse column. Preliminary studies indicated that the
reguired height of the former unit would not exceed the height of Room
221, 2345 Building, while the height of the latter was such that it
could be encased in & special shroud extending above Room 22),,

(1) Penske stacked extractor.

The Fenske stacked extractor employed by the Chemical Development group

in a series of exploratory studies was & 20-sbtage, 600 ml./stage unit
originally designed &t the Pennsylvania Stale College, Petroleum Refining
Laboratory., Mixing of the two phases wes achieved by meens of reciproceting
perforated plates, which were supported by a sheft and ariven by & hydraulic
motor, The flow of liquids wes concurrent through the mixing and setting
zones, and countercurrvent betwsen the steges. The extractor was equipped
with facilities which permitted sampling of both phases on each stage 2
resulting in the direct deterxmination of stege effliciencies. The plate
frequeney could be varied from O to 2000 cycles per minute and the length
of the stroke from O to 0,37 iunch. Under certain conditions, sufficlent
agitation could be provided to make each stege 100 per cent efficient,

that is, the two phases veach equilibrivm, The overall dimensions of
twenty assembled steges were about 36" high by 15" long snd 8" wide.

Throughout all the test runs of the Feuske stacked extractor, uranium

was employed as a standein for plutonium., Streem cgg?iti?g vere b?g a

on three preliminary Recuplex flowsheets, mmbers SA 8B ? and 8c'™;

none of which specified intermel refluxing in the CA column as in Figure
H-2-15207. The principal differencee between the three flowsheets and the
alternate flowsheet in Piguve H-2-15206 were the stvesm €low ratios and

ANN content, and the division of the CA column feed into a concentrated
CAFe. stream and a dilute CAFb stream, In 2ll cases the CAFs stresm comprised
similated F~10-P and 2BP solutions, while the CAFb stresm in some2 runs was
filtered S«&-C solution, prepsred from crucibles in vhich uranium reductions
had been pexform=d. The selective solvent was 15 per cent by volume of

8P in a CCly, diluent. Water was employed as the CA column sexrubbing sgent
in each test run. The stripping solution specified in flowsheets 88 and

8¢ vas ammonium sulfete, and in flowsheet 8a, dilute nitric acid.

The results of the stage~efficlency tests of the CA and CC columnsg, SWwHLa -
12ed{17) in Tables XV and XVI, demomstrate that low uranivm losses and
adequate extraction efficlencies are obtainable under the conditlions of
preliminary flowsheets 8B and 8C. The urenium losses in 17 to 19 stages of
the CA columm ranged from 0.01 to 0.9 per cent under various operating condi-
tions, whaile estimated Murphree asquecus-phase stage efficiencies ranged

from 40 to 60 to about 100 per cent. In the CC column uranium losses in
twenty stoges ranged from 0.03 to 0.5 Per cent, vhile estimated Murphree
solvent stage efficiencies ranged from approximately 30 to 80 per cent.

The flooding performance of the Fenske stocked extractor, however, was highly
syratic, not only under streem conditions based upon the preliminary £lov-
sheets, but aleo iv experimernts in which pure CCl) was contacted counter-
currently with distilled weter. The data, presented in Taebles AVII and
XVIII, indicate that under the some operating conditions the flooding capecity
of the extractor varied over a four-to five-fold range.
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(i1) Pulse columns,

In view of the difficulties experienced in the cperation of the Fenske

unit, an investigation of pulse columns as suitable contactors for the
Recuplex Procesgs was inttiated by the Chemical Research and Chemicsl
Development groups. A pulse column is & countercurrent flow, vertical
extractor having three principal components: (1) a pulse generator, which
is @ single or multiple piston-cylinder system with an adjustable-length
stroke driven by a constent speed driver; (2) a transmitting system, which
consiats of & constant diamcter Pipeline Joining the generator to the bace
of the column; and (3) the pulse column proper, which consists of & constante
diameter, vertical cylinder containing fixed, horizontal, eloge~fitting,
rerforated plates, surmounted by a lavger~diameter settling chamber, Intimste
mixing of the two phases is achieved by means of the pulse generator which
repeats the passage of an incremental voluze of liquid through each plate

& certain munber of times. The number of passeges is determined by the
emplitude and frequency of the pulse,

- The ex'bmetién operation within g pulse column is more related to the operation

within a packed column then to the mechanism in the Fengke extractor since
the two phases are not mixed and separated at each plete. Consequently,

the contacting efficiency of the pulse column must be expressed in terms of
the HETS concept rather than the individual plote efficiency. The Beighte
Equivalent to-g~Theoretical Stage 1a defined as that height of yacking
material {in this case, close-fitting perforated Pplates) which is equivalent
te a theoretical plate on which the two rhages reach equilivrium conditions,
Thus, if the mumber of theoretical stages necessary to achieve a desired
degree of sceparation arxe known, the necessary column height can be calculsted
from the EETS value,

Preliminexry tests conducted by the Chemical Repearch group witk o once-inch .
diameter pulse column indicated good operation at throughputs up to 600 gar/(nr.)
(8q. £t.) and o flooding capacity of spproximately 800 gal/(hr.)(sa. £%.).

A more extensive investigation was initisted by the Chemical Development

group with a 3-inch 1,d. glags pulse column. The plate seotion of the

column vas 9.1 feet high and contained siainless.steel Plates spaced two

inches apart and perforated with 1/8 inch holes to provide a 23 per cent

free areg. ,

Uranivm vag efwloyzaa as & stend-in for plutonium in all the experimental runs.
Streem coz)mditiom; approximated those in chemical flowsheet HW No. 2 (Figure
H=2=15207) .

The test resulis, sumsarized in Tables XX through XXII1, demonstrate that
a throughput of 320 gal/(hr.{sq. £t.), stm of both phases, corresponding to
flow conditions in Figure H-2~15207 is approximately 50 to 70 per cent of
the floeding cepacity of a three-inch CA column. The throughput correspond-
ing to flow conditions in Figure H.2-15206 is 260 gal/(bv.){(sg. £t.). Siace
the extraction efficiency is relatively insensitive %o volume velocity
variations in this range, a three-inch pulse column is appliceble to eilther
flowsheet Por the extraction and scxubbing operations. The stripping
efficlency is not significantly effected by varistions in throughput over

| —  DECIASSIFIED
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the rasge of 120 to 590 galfhr.) (sq. £t.), sum of both phases. A twow
inch 1.d. pulse columm is consequently sultable for the stripping opersation
under the conditions in both chemical flowsheets, the corrasponding volume
velocities being 130 and 300 g8d/{hrilsq. £t.). If future studies can
establish the strippivg cperation to be satisfactory at throughputs in the
order of 50 gal/(hr.){sq. £t.), it will be possible to speeify the €O
columm diameter as three inches and thus permit the use of identical

Pulse generators,

Extraction and £looding characteristics were correlated with the arithmetic

product of puise amplitude and frequency (inches/min.) under the particular

flowskeet conditions investigated, opbimm performance was obteined between

30 aud 100 inches/min. Move intimate mizing occurred throughout the columns
when the aqueous phase wes the contimious medivm,

Tentative specificutions for the Recuplex pulse coliims as recommended by
‘the Chemicel Development group are presented in Table XIX. The mumber of
theoretical stages in the extraction, scrubbing and stripping sections
required to meet the conditions of chemical flcwsheet No. 2 ave 6.5, 1 and
5 regpectively. The maximum HETS values {Height-Equivalent-to-a-~Theoretical
Stage) for the corresponding sections are approximately 3, 3, and % feet.
Consequently, minimum plate-gection heights of 19, 3, and 20 feet are re-
quired to meet the Recuplex design goals. A safety margin was incorporated
. into the tentative column specifications by increasing the extraction and
stripping plate-section heights to 22 and 26 Peet respectively. The height
of the scrubbing secction was not incressed iv order to avoid excessive
internal vefluxing of the plutonium within the CA column. 'The resultent
overall column height, twenty.nine feat ineluding end sections, is sufficient
to permit conteinment of the colvmns within the 2345 Building,

In view of the more reliable perfoymance characteristics of the pulee columns »
this type of contactor is felt to be more suited for use in the Recuplex
Process, A second factor influencing the selection of the pulse column

is the fact that replacement of the Fenske unit would be costly axnd time~
consuming due to the complex castings of the assembly., Although the use
of the Fenske contacior would not require extension of the unit through
the ceiling of Room 221 in the 2345 Building, the necessary space for

the special shroud can be provided without undue construction difficulties
and without interferxing with precent processing operations, On the basis
of these considerations, the pulse column is recommended as the more satis-
factory and relisble unit,
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TABIE ATX
TENTATIVE SPECIFICATIONS
" RECUSIEX PUiSE COLME™
CA Column CC Column
Overall height, feet 29 29
Flate~section height, feet
Minimm, for extraction 19
Specified, for extraction 22;
Minimm, for scrubbing 3
Specified; for scrubbing 3

Minimmf for stripping . 20
Specified, for stripping 26

End-section height, feet

Top end-section 2 1.5
o Feed point 0.5 -

Bottom End-section 1.5 1.5
Plate=-cection dlameter, in. 3 2
Perforated plates Stainless sieel, spaced 2"

, apm, 0.125 121‘. holeﬂ, 23%
] frée area,

Pulse an;putngg (£1%ed),4in. , ) 1@ . 1.0
Pulse Crequency (varied),cyc/min. | 3070 404200
Contimicus phage | : Aqueous Aqueous

Note:  Date obtained by the Chemical Development group.
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(3) Waste Trostwent.

The proposed Recuplsx Procoss discharges thres mmgte atreans: (a) the
8ilica cake from ths £iltraticn step in the slag-end-crucible solution
properation, (b) the agueous weste gtrezm from tke extraction-and-scrubbing
colums, and (¢} the dilute caustic streem associmted with treatmant of the
organic golvent., ILaboratory studica have been mado of the Plutonium logs
to these sireams end the most suitable mirmer in which thay may be either
discarded or recycled. ' .

(v) Silica cake from slag-and-crucible solution provaration,

The design goal for recovery of the slag-end-crucible mterial iz 90 per
cent of the plutonium present in the materiel. T¢ is belioved that a
dissolution procedure using a niitric acid-hydrofluoric acid mixturs (as
reprosented in the Slagesnd«~Orucible Solutiom Proparation~Chemionl Flowshoet
HW Wo. 1) will provide a rocovery yleld of 90 per cent; or greater, and
eliminate the noed for further treatment of the ailica cake, In two of the
runs Goscribed in Tuble V, tho entire silica calke was hydrofluvorinated and
the residue was mgtathasized with KOE and filtersd, The plutonivmebearing
solids were dissolved im nitriec acid and the solutions amlysed for plutonium,
The results established that in both instances approximatialy 0.8 por cent of
the total plutoniuvm content was assoeiated with the 8ilioz cake, If tho
Plutonium loss to the 510y cake is 10 per cent or less in plant-scale
procesaing of slog-and-crucible material, the coke will Ld slurried and
transferred to wnderground storage. Semi-works tests performed with the
sintered stainless stesl £ilter desoribed in Toble VI iniicated that the
ceke can be readily removed from the plate by beckwashing with water end

alr at 10 psig. Agitation is necessary to provide a uniform suspension
with water and insure ease of transfer, Fropertles of the solid and suspended
cake are presented in Tables XXIV and XXV. It iz estimated thet with a 1:2
volume ratio of cake to liquid, approximetsly 100 gal/mo. of silica sluxry
wlll be transferred to underground storage. )

In the event that the flowshest in Pigure H-2-15213 would he employed, there
are three alternate procedures avallsble Por processing the silica cake: (1)
storing the cake separately for later recovory by modifications to the Recuplex
equipment; (2) processing the stored silica in the Hok Semi~vorks Plant; and
(3) treating the silfca cake with hydrofluoric acid on e semi-routine basis

in the platimmelined skull dissolver and returaing the dissolved plutonium

to the Recuplex Procsss. Proposed chemges in the 234~5 Building operations
would alleviate the silica procogsing problem by reduecing the quantity of
Bilica requiring treatment, i.e., the use of thin-walled erucibles and a

more bighly purified Ma0 im crucible fabrication,

The preliminary domign of ths filler for separating the sillica from the
dissolved slageand-crucible ‘Bolution has included facilitios for either sus-
Yonding the ceke end jJotting to Vaste storage or remcving tha solid for
further treatmsnt, ' : ,

(v) Agquecus waste atreem from the €A column,

The process deaipn gosl for the plutonium loss to the aqueocny waste stream
digcharged from the CA colvmm 1s 0.01 per cent with an upper limit of 0.2

DPer cent. With a waste loss of this low order of magnituda, further process-
ing of the CAW would be economically umsound. If the plutonium content of

an individuel CAW batch should excecd the syecified maximum, provisions have
been included in the design for Plutonium recovery by recycling the material
to the solvent~sxtraction columus. Such a procedure would require a temporary
shutdown of the virgin throuvghpus. ' ' ' ‘
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TABLE XXIV v
FILTRATION OF SIAG AND CRUCIBIE SOLUTIONS

1o

FILTER CAKE PROPERTIESK

-

Dissolution: l_)iaeo,!.ution according to los Alamos procedure.

Solution: Slag and crucible dissolver solution {U 83 _stand-in for Pu).

Mg(NO, ), 2.0 M 510 (from crucible} 1.5 g./1.
Ca(N03)n 0.290 M Filter Aid (Hy-Flo Super Cel), as
AL(NO3)3-9H,0  0.56 §  noted. -

HNO, 5.0 M Volumes, 20 liters/crucible

UNH 0.0005 ¥ Sp. Gr, 1L.h0o |

Filtration: Filter modlunm vas either micrometallie, sintered stainless
stesl plate with precoat or glass filter cloth without preccet. Total
bressure difference was 16" of mercury (vacuum on f£iltrate receiver).

At the end of filtration, cake was sucksd free of excess liquid.

Notes and Obscz:vaticmsz The cake has besn easily removed from the Micro
matallic filter plate by backwashing with mixed water and conmpressed
air at 10 Ib./sq. in. ga. ,

Agitation is hecessary for slurrying the ceke with water,

Cake contain{ng filter aid is move easily slurried then cake without
filter aid, , ,

Filter Aig, Cake Analysis,
g./L. in Sp. Gr. Cake Volume Wel
Bun_ Dissolver Solution  of Cake cu.in, /[Crucible S10, UNE
A o - 31 ——— -
B 0 1.ho : 50 - ——
c 2.5 - 22 - -
D 2,5 1.3% 28 3.5(8) 0.016

Note: # D;ta obtained by the Chemical Development group.(ls)

{a) Mgterial balance arcund dissolver end filter indicates
154 810, in cake,
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o FILTRATION OF SIAG.AND-CRUCISIE SOIVTIONS
' . VISCOSITY OF FIITER CAKE SUSEENSIONS®

EW-R2596

The cake from run D (TableXXIV) was slurried with water to various volume
ratios of water to settled solids. Viscosity of tse slurry vas measured
with a :Brookfield viscosinster (No. 1 spindm)z .

Slurry Dilution,

Vol. ratio of Spindle

Supérnats to Speod, Viscosity,
Settied Splids rev, /min, Centipoise

5 sl 100 21.2

' 5 17.2

20 15.0

o 10 _ _15.0

-1 100 . 16.6

T 50 13.0

— . 20 13.C

: ' 10 10.0

® __ 50 8.0-

: 20 - 9.0

10 T.0

Notess ¥ Date obtained by the Chemical Development group.(ls)

(2) Accuracy of the instrument is doubtful belov 15
_t___;:_enti:poise.
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Representative waste-loss data obtained by the countercurrent, batche
equilibration tests described in the preceding section (Tebles IX and XII)
indicated 2 plutonium loes to the CAW straan of 0,11 pexr cent and 0,019 per
cent for Runs 18 ard 19 respectively, The CAW loss in Run 18 wes within
the acceptable limit., It is estimated that this loss would have been
approximately 0.025 per cent if ANN had besn added to the CAP stroam,

Neutzalization of the agueous waste from the CA colurm produces a largs
quantity of gelatinous, slow-settling solids, the volume of which, even
after centrifugation, is more than helf thet of the acid waste. Romoval of
the solids from the alkaline slurry results in a total alphs dscontemination
of epproximately 1000. The supernatant s however, contains approximately ten
tinmes the alpha activity which is present in solutions customarily cribbed
at Hanford. The procoss design, therefore, has provided “hat the CAW stresm
be neutralized and transferred directly to wnderground black iron storage
tanks., The storage facilities will be adeguate to receive approximately
10,000 gals/uo, of neutralized CAW slurry.

(¢) Agueous waste from the solvent-treatment tower.

Studies conducted by the Chemical Research group indicate theat unfer prolonged
exposure to alpha irradiation tributyl phosphete is decomposed, forming
dibutyl phosphate. The presonce of DEP in the organic solvent results in the.
fizetion of plutonium in a stable compound which is preferentially soluble

in the organic vhase and cannot be stripped into an squeous solution. Tha
date, presented in Teble XXVI, demonstrate that after 100 hours contact time
the concentration of fixed Plutonium is approzimstely 1 per cent of the
maximum plutonium concentvation in the organic phase. Undor the conditions
of the chemical flowshest in Figure H-2~15207, 455 liters of organic solvent
would be exposed to alphe irvadiation epproximtely one hour per day and at
the end of & 3-month periocd would contain epproximately 0.2 g/i1 of f£ized
Plutonium. This represents 0,03 per cent of the procossed plutonium,

TABIE XAVI
DECOMPOSITION OF TBP DUE O ALPEA TRRADIATION®

Procedure: TBP wes exx}osed to alpha irrediation by prepering a solubion
containing 22 g/l Pu in 15% TRP-85% CCly. At various intervals
of time, aliguots wore removed and stripred with five equal
volumes of 0,1 X 81'103. The Pu remaining in the organic phasse
wag then analyzed,
Contact Pu Remaining in Orgenic Phesge \
Pariod After Stri
ghoursl !E‘EEZ:E ZZ!
0 ~0,1 3.7 0,02
2 2,0 0,01
2.5 2,6 ; 0,01
> - DECLASSIFIED
ol
9% — 215 1°

Notes: ¥%* Data obtained by the Chemical Development Zroup, -
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It is recomendad that the DEP and fixed Plutonium be yvemoved from the
organic solvent following operating periods of 100 conbteact hours, Pre-
liminary studies indicate that efficient troatment of the solvent cen be
accomplished by contecting the stresm with an agqueons golution of % per
cent sodium hydroxide in a packed tower, Since the suggested flow ratio
of orgenlc to sgueous phases is 20: 1, the resultant aqueous solution, under
conditions of the chemicel Plowsheot in Figurs B~2~15207, would have a
pluSoniun concentration of epproximetely % g/l. Although the stream
raprogents a waste loss of only 0.03 per cent, it is currently believed
that & procedure cen be doveloped vheyeby the plutonium can be recovered.

(%) Corrosion Stuiies. _ )
&n inveatimtfbn of the possible corroéion effects that might be exhibited

H-2-152]3 and the HW Chomical Flowsheot No. 1 In Figuve H-2-15684, Similay
tests were conducted with the fqueous waste solubion from the CA coluzm end
the two-phage solubicn mizture corresponding to the food point in the CA
column, The corrosion rates exhibited by the steinless stesls in the thorme
ally cold process solutioms were legs than 0.0005 inches per month, All
materials exposed to boiling dissolver solutiouns simalating conditions in
the preliminary flowsheet for slag-and-crucidble solutiocn preparation (Figure
B-2-15213) corroded et average rates less than 0.0015 in,/mo, Semples ex~
Yosed to the corresponding vepors indlcated a maximm corrosion rate of
0.0027 1n, fuo. . These valves aye not excogaive and fall within the generally
accepted corrosion rate for steinless steels (0.002 in, [mo.). The experimental
procoduxres and the corrosion data obtained in those tests are summarized in
Tableg IXVIX through XKX.

A preliminary investigztion of the resistence of types 304 EIC, 309 SCB,
and. 347 stainlsss eteels to tho dissolver, solution in BW No, 1 chemical
£lousheot for slag-and-crucible solution Preparation (Figure H-2~1508%) in-
dicate & corrosion rate of 0.0008 - 0,00k in./mo. It 1is balievad that undey
these conditions periodic replecement of the dissolver vesse) would ‘be
economically feesible. The erperimental results are presonted in TableXXXI.
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TABIE XEVII ‘.
CORROSION STUDIES CAW STRRAM FROM CA COLUMN
; AT _ROOM TEMPRRATUREH ]
Teab Specimens: fType 304 EIC and Carpenter 20 steinless stoel.
. Specimen immersed In liquid at 70-80°F, Only

sensitized 304 BIC and parent metal Carpenter
20 are to be tested,

Procedure: - Specimens immersed in synthetic CAW prepayed

- according to 8A Recuplex flowsheet. Specimens
oxposed to CAW egquilibrated with €C1y+ 15% TBP,
and to CAW equilibreted with hydrocarbon + 15%
TBP. Solution chenged once per week,

Resulis: .

Average Overall .
Solution, Agueous Corrosion Rete After 504

Test Specimen CAW Equilibrated Hours (21 Days) Exposure
Haterial Type as Indicated inches/month

Type 304 BIC Semsitized  CCl, + 15% TBP  m
: ' HC | + 15% TBP Nil
Cavpenter 20 Perent metal CCL, + 15% TBP ' R * 31
HC ' + 158 TBP 11

TABLE XXVIIT

"CORROSION_STUDIES AGITATED THO_PEASE SYSTEM
' AT FEED POINT OF CA COLUMN®

Zest Specimens: Type 304 RIC and 316 stalnless steel, Specimens Limersed
- in the agitated pheses at room temperature, Only
©  sensitized 304 EIC and parent 316 vere tested,

Procedure: CAS, CAF, CAF', and CAX (Recuplex 8A Flowshest) mixed in
ratio of 12:50:50:30 and agiteted In beaker with glass
stirrer. Metal samples totally immersed in Agitated
system, Solution chenged weekly,

Repults: ,
; ' _ Average Overall Corrosion Rate
Test Specimens After 442 Hours (18 days) Exposure
3 ) - inches/uonth
Type 304 EIC _ Sensitized LML gy _ @%%%E@
' ’ 3, e
Type 316 ~ Parent Metal Nii g%

Note: ¥ Date obtained by the Chemlcal Development group, (18)

-
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CONROSION STUDIES~CAW STREAM FROM CA COTUMN
" AT BOTLING POINT# |

Tost Specimans: Type 309 8Cb, 304 BIC, and 347 stainlescs steel. Each
specimen exposed to both bolling liguid and condensing
vepors, Specimins are both parent matal and sensitized

matal,

Procedure: CAW propared synthetically based on Recuplex 8A Fiowshest,
One~half of the synthetic agueous solution equilibrated
with CCY, + 15% TBP and the other half with hydrocarbon
+ 15% . Specimens contsined in gless £lask equipped
with reflux comdenser. Soluticn tained at bolling
point. Solution changed once per veek,

Regults:

Average Overall
Coxrosion Rate After 240
Solutiom, Hours (10 Deys) Exposure
Agquaocus CAW inche th
_Jest Speciman Equilibrated Liquid Vapor
Material Type as_Indioated (1)  Expopurs Exposure
Type 309 SCb Parent Metal CCly + TBP (2) (2)
- * HC '+ TBP (2) (2)
- Sensitized  CCYy + THP 0.0001 0,000k
HC + TBP _ 0,0001 0,0004
Type 304 EIC Parent Metal CCl, + TBP 2) ga;
HC + TBP 2) 2
“Sensitized  CCl, + TBP 0.0003 0,000k
BC + TBP 0.0003 0.000%
Type 347 Parent Metal C(Cl, + TBP ia; 22;
HC + TBP 2 - {2
Sepsitized  CCY, + TBP 0.0002 0.000}
HC ft THP 0.0002 0.0004

Note: # Data obtained by the Chemicel Development &roup, (18)
{1) gc%rcpmxaents hydrocarbon. Both EC end CCl), contain
TBP . i

(2) Tests not initiated because of low corrosion rates i
obtained with sensitize@l metal.

(3) A sensitized metel sample is ons that has been hostod
o 1250°F for 1 hour end water quenched.
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TABIE XXX
GORROSTON STUDINS SIAG AND CRUCIBIE DISSOIUTION

CONDITIONS IN PRE CHEMICAL FIOWSHEET*

st Speoimens: Types 309, 30k BIC, and 347 stainless stesl, Pyrex and cobalt
glass, .

Each spscimen exposed to both boiling liquid and condensing
vapors. Metal samples both parent motal and sensitized metal.

Procedure: Bach 2l hours, fresh slmg aud crucibla from cold uranium
reduction was placed in glass reaction £l2sk with the tengt
specimens, A standard dissolution (Los Alamos f£lowsheet)
was ocarried out using ANN to complex the fluoride, After
lodine removal and dissolution. the solution was refluxed
at 100-320°C for 24 hours. After 24 hours the solution
was removed, the samples weighed, messured and replaced in
the flask with fresh slmg snd erucible. This cycle was re~
peated 18 times,

Results:

Average Ové_mll cbrrosion Bate
Baged on 18 Batch Dissolutions

Test_Specimens _inchea/month _ .
M 1iguid Exposure Vapor Fxposure

Type 309 S.8.(1) Parent metal 0.0009 0.0027
sensitized (2) 00,0067 0.0207

Type 304 EIC 8.8.Parent metal 0,0009 0.0017
sensitized Q. 0009 0.0022

Type 347 FParent zetal 0.0008 0.0018
sensitized 0,0013 0.0024

Cobalt glass - 0,0002 0.,.0001
Pyrex glass —— 0.0004 0.0003

Fote: * Data obtained by the Chemlcal Developmant g:soup.,(ls)

(1) This meterial was thought to be Type 309 SCB
stainless steel when the tesis were initiated.
It wao loter discovered that the metsl waa
nogestabilized. ‘ ) .

(2) A oensitized metal sample is oune that has been
heated to 12509F. for 1 hour and water quenchod.

——
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TARLE XXXY

COROSTON STUDTES SIAG AND CRUCIBIR DISSOIDTION
CONDITIONS IN EW NO. 1 CHEMICAL FIOWSHEET®

Zest Specimens: Types 309 SCB, 30k EIC apd 347 stainless steel. Rach

spacimen exposed to both boiling 1iquid and condensing
vapors,

cedure: Every 2% hours frach slag and erucible from cold uranium
reduction vas placed in glass resction flask with test
specimens. Dissolution (BW No. L flowshest) performed
with 2 hours dissolution in ENO, &nd 18-20 heurs digestion
with AN added to complex fluoride ion, Solution then
removed, the samples weighed, measurad and replaced in
figsk, Cycle repsated 4 times,
Resultss
Average Overaell Corrosion Rate
’ Based on 4 Batch Dissolutions
Test Speciman ches /month
Material Type Liquid Exposure Vapor Exposure
Type 309 SCB Parent Metal 0.0008 0.0012
stainless stesl soensitized (1) 0.0008 0.0013
Typs 304 BIC Parent Metal - 0.0016 0.0037
stainless steal sengitized 0.0017 0.0035
Typs 347 Parent Metal 0.0000 0.0027
Stainless steel senaitized 0.001% 0,0022

Note: * Date obtained by the Chemical Development grou:g.(

18)

(1) A sensitized msta) pample 18 ons that has
beon heated to 1250°F for 1 houwr and water
quenched,

o
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(5) Equipment Roguirements end Adequacy of 23%-5 Building Facilities.

The developmsnt data and recommended chemical flowsheeis cbtained through
the combined efforts of the Chemical Rezsarch, Chemical Development, and
Process Assistance (234+5 Developmsut) groups wers cmployed by the Process
Assistance (Bugineering) group to propare the enginecering flow diagrams and
design the equg.pmant requirad in the proposed Recuplex Process,

() Enginsoring desien bases.

In order to allow for the future sxpansion of plant cepacities, an instan-
taneous production rate of 100 Kg/mo, was chosen as the design basis for
equipment sizing. Sufficiont f£lexibility was incorporated. however, to
permlt operation at an instentaneous rate of 120 Kg/mo. with few minor
equipnent changes. The magnitude of the various feed » product, and waste
atreams which the Recuplex Process was designed to hendle is presented in
Figure H-2-15208 by means of e material balance of the procesa based upon
tventy-four hours opsration at an instentensous rate of 100 XKg/mo.

(1) Tank cagg_‘éity_.

Tenk sizing was besed on & mizdmum of twelve howrs hold-up and an allowance
of at loast a 20 per cent freshtoexd, Oreater hold-up capacities were incor-
rorated at potential "bottlenecks" within tho system and some of the required
eguipment was duplicated in order 4o insure continuity of operation,

(11) Critical-mass considerations.

The storage and bandling of comcentrated plutonium solutions necessitatod
special design of certain tanks to prevent tha possibility of exceeding
critical-mass conditions. The receiver, meke-up, end feed tenks of the con~
centrated food strecm to the extraction tower were designed to be safe with
respect to criticality by (1) employing geometries pormitting an unlimited
range of concentrations or plutonium content, i.e. elight inches or 1sss in
diameter and twelve inches edge~to-edge spacing, and/or (2) emnploying batche
size control which permits, over the plutomium concentretion and avorage
composltion range expectod, o totel of 1000 grams of plutonium per batoh. (20)
The product receiver and storage tanks ware made infinitely saf'e from ‘the
criticality viewpoint Ly the geometricel configuration employed, The tanks
wore designed to be rectangulexr in shepe with one dim?gg%on a mximun of
eight inches and the other two dimensions unlimited, The tanks can be
arrenged vwithin the hood with no restrictions as to their sdpe-to-ecdge
distance if they are contained within two verallel planss separated by the
elght-inch dimension. Plutonium~bearing vessels located outside these Planes
must be protected from neutron absorption by 24 inches of air or its equiva~
lent,

(211) Hood design.

One of the problems peculiar to the design of a process for the purification
and concentration of plutonium is the need for housing the eguipmont in such
a manner as to protect personnel from the hezerds of plutonivm contaminetion.
At present, there are two processes in the Seperations Area vhich are con-
cerned with stresm volumos and equipment sives on approximately the sape
scale as thet proposed in the Recuplex process. The equipnent in the older
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of the two bulldings, the 231 Concentrabtion Building, is housed according

to the sow~called "Greonhouse" pettern, while that in the newer 2345
Pyrification and Febrication Building is enc.osed in the Barrier~type hoods,
The purpose of thoe Barrier~type comstrustion ie to provide an unpierced
physical separation between the opsrating and servicing areas of the equip~
ment, To acoomplish this, three areas are constructed, sach seperatod from
the other two by solid barriers and each ventilated by a soparate exhaust
system, As illustrated in Pigure 5, the middle svea is designated as the
process hood and contains a single row of processing vessels. Operstion of
the vessels 1s performed from ons side of the hood through rubber-glove poris,
whils guch services s&s. sampling and reagent-addition are sccomplished from
the other side through rubber~-glove ports and air-locks, Theoretically,
maintenance work requiring direct access to the hood and consequent removal .
of hocd panels is done from the servicing avea, thereby, permitting the long-
tern contamination of the servicing-room air withoub affecting the operating
ares, The Concentration-Building Groenhouse pattern, on the other hard,
differs from the Barrier-type in that serviecing and operation of the eguip~
mont are not performed in isolated arens, and therefore only two ventilation
systens are required. The contamivated process vessels are confined within

e transparent hood (ef Figure 5), which is directly accessible from all

sides for both equipment maintensnce aznd operation. ZExperiemce in the 231
and 2345 Buildings has demonstirated that the Greenbouse~typs construction

is proferable, Use of a Barrier-~types hood rather than a Greenhouse results
in increased costs for installation, mmintenance, and operstion. The
fabrication of Berrier-type hoods not only involwes extra materials and
menpower, but also requires that the process vosssls and the enclosing hoods
be place in a single row, Greenhouss hools, on the other hand, permit better
utilization of floor space since there are less restrictions on the axrrange-
ment of the vesssls. Practice in the 234+5 Buillding hes shown that mainten=
ance of some of the leas accessible equipment must be performed by plercing
the Barrier from the operating side of the hood, Such action requires the
construction of a porteble air-lock and shutdown of hood operations. In

the 231 Building, howovar, it has bsen found that the swespage of aly into a
hood through an opened panel iz sufficient to réstrict the spread of contam=-
ination and obviates the meed for portable air-locks, There 15 a considerable
amount of inconvenience imvolved in operating equipment housed within a
Barrier-type hood, especially the welking distance between the two sides of
the hood. To perform certein steps in the 2345 operating procedure it is
necessary to have two operatoras, one in the operatimg asrea and snother in the
servicing room; in some instences, this impones gevere restrictions upon
communication and operating efficisncy. The ready accessibility of the
equipment in & Greenhouse hood; howaver, results in more convenient end more
efficient operating procedures, requiring a fewer mmber of opersting personnel.
In view of these considerations, preliminary design of the housing for ‘the pro-
Posed Recuplex process was besed primerily upon the Greenhouse pattern, It
is felt, however, thati strict edherance to eithor the 231 or the 23%-5 hood
Plans is not to be recommended, but thet the desireble Peatures of both should

be incorporated in a new and lmproved hood design. DEB Qgggggn
(b) Engincering £low sketches. ULV |

Four enginecring flow sketches havse been Prepared, each of vhich describes
one or more pheses of the Recuplex Process amnd represents all the equipmsnt
to be essoclatod with an individual process hood. Briefly, the four process
hoods contain: (1) ths equipment for breparing slag-and-crucible solution;
(11) a revision of the prosont equipment for treating Wet-Chemiatry supar-
natants; (111) the equipment for receiving and blending of the column Peed
streama; and (iv) tha eguipment for the solvent-extraction, solvent-treatment,
colum-waste~treatimant, and product-storsgs operations. )
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SCHEMATIC REFRESENTATION OF BABRIER AND GREENHOUSE CORSTRUCTION
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BARRIER~TYPE FROCESS BOOD
OPERATIVG AREA Limited Access Through Rubber Glcve Ports
m /—\\ ‘/
' G ) Barrier ! :

SERVICE AREA

GREENHOUSE-TYFPE PROCESS HOOD

(0 b

Limited Access Through R. G. Ports amd Ailr Iocks
Direct Access by Panel Removal

52

- Iimited Access Through Rubber Glove Ports
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Direct Accesz by Panel Removal

OPBRATING AND SERVICING AREA
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(i) glag-and-crucibls solution preperation.

As Figure H-2+15082 indicates, the dissolution and filtretion assemblies
within the hood have been duplicated to insure contimulty of the batch
opsration. Tho design of the dissolution ascerbly iz based vpon similar
equipment employed at the Ios Alamoa Sgientific Inboratory with cexrtain
modifications, Corrosion studies of the dissolving yrocedurss recommended
3n the Chemical Flowsheets indicate that the digsolver should be constructed
of stainloss stesl., An intermediate heat transfer £luld will be used in the
dissolver jacket to #liminate the feasibility of s jacket failure resultling
in the mixing of the dissolver solution with the process cooling water or
gteem and being discharged to the cridb. The 10-foot reflux column and the
ceustic scrubber arvangsment are similar to the ILos Alamos dssign except
that & cooling coil has been incorporated in the serubber pot to remove the
heats of reschtion and prevent excessive vapor entralumment.

The £1ltration ascerbly differs from the Los Alemos equipment and 1s adapte
ebie eithsr to direct filtration or to the uwss of a precoat on the filter
and filter aid in the fesd solution. Mesns huve heen Provided for dilubing
the filter feed and Tiltering the solubidn at elewnted temperetures in ozder
to decreaas the viscosity of the solution and prevsunt the formation of solld
meguesium nitrate, Tho silica cake wiy be elthor wlurried for Jetting to
yaste storage or rvemoved es & solid for futurd reduvery proceseing. Approx-
inetely 100 gal/mo. of silice altrry would be sent to underground storage.
The £iltrate vecoun line is designed o contain a cold trap and deentrainmont
trep a3 a Jreventive neasure egainst pésbilble carry-over into the vecuun S T
equipment. It is proposed thet the chemizel addition tanks bts located lwaed-
1ately ebove, but outside the hood proper. Tild would veduce the need for

direst entry into the hood to repair leaks, valves, oLe, in the chemical feed
lneco,.

Prelimivary spscificetions for the eguipmant aesociated with the slag-eande
crucible hood are presented in Figure H+2-15209. -

(11} Supgrmﬁ_nt solubion properetion.

A propossd revision and condensation of the present supsrastant=recovery
hoods 1s presented in Flgure H-2-15079. 'the principal differextation from the
present oporation is the cuusolidation of the equipment presently contained
in two Barrierstype hoods iuto one Greemhcuse hood, Diplicats evaporating
asgonblies have boem preserved; the supernelant storage capacliy, however,

hes basn en and hydrogén-poroxide :ced tanks and nn additiomel hoid .
tank for the £inal solution Heve been imuorporated, The chemicel tauks hove
been placed outsids the lood proper. Proliminery spdei’ications for the
ocguipment associated with the superantant~trdbtuont hood are presented in
Figure H-E2-15210. ,

(111) Solution reception and blending.

The recoption and blending operations of the five plutceniuwm-bearing stroans
to ba fed to the extraction columns are inmcorporated into ona process hood.
The flow sketch in Figure H-2-15080 includes the IR Can unloeding facilities;
it is proposed, howsvor, that these be enclosed within & seperate hood, It
is also felt that the reegent-addition tenks should be placed oubside the
bood and vented to voom alr. Although complete duplication of the processing

“neEpia Smm -
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(1v) “solvent eiémtion operations,

) o

respals Dot _attenpted, key equipment Pieces wers duplicated and such
équiphent as spare punps, overflow tanks, and vecuum treps were inoluded
t0 insure meximm opureting time without shutdcwn. Safs criticality cone

ditions were meinteiried in the sizing of the vessels to contain concantratod
feed, Figure H-R.15211 presents the preliminary speciffcations for the

¥

The equirment indiceted in Figure H-2+1508) for thw solvent-extraction,
solvent-treatment, wasta~treatwent, and productestorage steps of the Recuplox
Process 1s simple enough to poruit enclosure within coe hood., The extraction-
and-aserubbing colurm is three inches in diamobtor end the strippivg coiumm

tvo inches in diameter, The muber of theorstical stages required to peiform

| the, extraction, sorubbing, and stripping operations ake 6.5, 1, and 5, with

cortespording HETS values of approximately 3, 3, and 4 fest, Sinoce the
rocommiendsd column heights, insluding end sections and appropriate cafety
margina, are sach twenty-nine feot, the colums must extemd above the wmain
body bf the hood in e spocial ghroud. The dimensions of ths solvont-treatmont
tower, given in the Droliminary squipment specificabiéns of Figure H-2-15212,
are approximate; more firm values have not as Jot been determined, Proper
dlsposition of the aguecus CIW stream has yet to be dotermined, Although

the plutoniun loss to this strecn i3 extvemely low, it is believed that a
sultable racovery procedure my be developed. The aguacus wasts stream from
the CA column requires special underground piping faclilities and storage,

© The amual voluse of the golatinous, meutralized CAW golution is astimatod

to be approximately 10,000 gallons. An evaporator is ineluded downstrean

of the CCP receiver tonk to bo employed in the event that the dilute 8lag=~
and-crucible solution would be the only feod stream to the extraction column.
The product receiver, evaporator, and storage tents were designed to be
infinitely safe with rdgard to criticality conditions.

(c) Equipment arrancenent studies,

satisfactorily. Sketehas have been . preparsd to indicate Plan and elevation
view of the most suitable arrangements of the process vesszels and the accompany e
ing instrumentation,

(1) Chemical make-up Lacilities

Room 337 in the 234«5 Buillding cen move than adequately accommodate the reagent-
Dreparation voseals required in the Recuplex Process. As Figure H-2«15083
indicates, the installstion of the Propeasd Recuplex equipment would still
permit expansion of the present make-up room in the event of other plant
reguirements.
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(11) Present floor plan of Room 221,

The pregent floor plen of Room 221, presonted in Figure 3-2'-3.5075; demnstra:bss
tise location of the supsrnatent-recovery hoods (mumbers 29, 30, 31, and 32)
the skull~recovery hood (number 40) and the space aveilasble for the Recuplex
processing equipment. Each of the present hoods follows the Berrier~itype con-
struction :qattsm

(115) Reeup Wﬁ ayrangement No,l.

. A feasible a;rrangemnt of tho Recuplex process oquiment within Room 221 is
presonted in Figure H-R«15076. HReplacement of the precent Barrier~typs super=-
natant hoods with Gresnhouss construction would enlargs the avallable operat=
ing ares in Room 221 and provide & satisfectory solution to the Recuplex
spacial reguirements., It 1s proposed that the receptlon«-axd-blending hood
and the hood for the solvent-extraction opersticms both be of thes Greenhouse~
type construction, the latter heving a spacial shroud extending through the
ceiling to house the pulse colwms. The location of the barrier for Hood No.
40 and the contamination problems assovisted with hendling the slag-end-

- exucible mmial end periodically replacing the dissolver pot, suggested

tho extonsion of the barrier for Hood No. &0 end the construction of the
S«&-C hood acoording the Berrier patteyrn. For purposes of convenience the
IR Cen unloading station was alao inciuded in the Barrier pattern, although
it is not belicoved to be necessory. Elevation view of the cquipmont and

the instrumani ps.nels are preaezﬂ:ed in Figure 3-2-15078, sheets 1 and 2,

{iv) Recuplex eguimﬁ g_r__rwment Bo.2.

A gecond arrang».mant of the Recuplex process equipmnt vithin Room 221 18

givon in Figure 3-2-1:5077. The individuml hoods are essentiell the same as

in Flgure H-2-15076, with the exception of the surernntant-recovery facilities.
The Berrier-type procuss hoods can be reteined in the room and the Recuplex
facilities installed in the remaining area. The use of the present-supsrnotant-
recovery facilities in the Recuplex Frocess, howsver, prosents the alternatives
of eithoer expanding Rocm 221 to include a poruvicn of the adjecent locker rooms
or appreciably reducing the working apace betwesn the hopds. Elsvation views

of the equipment and the instrument panols in the second arrangemon:b are
presonted in Figura H-2-15078, sheots 1 axd 2,

Of the two aq,uiment«xrrangmnt plans presented in rigures BE-2«15076 and
H-2-1507T, the foxmer permits the moro efficient utilization of the availeble
floor-space, i‘ha replacement of the present Barrier~type rocovery hoods with
one revised and consolidated Greschouse hood releesss the present servicing
area for use as & combined sarvicing and operating area, The resulting
arrangemsnt will provide a greater facility and efficioncy in the operation
and maintenence of the procensing equiysent. She proposod substitution of
sulfur in the place of hyériodic acid prior to the Wet-Chonmistry reduction
step will permit the Wet~Chemistry supernatants to bs recycled directly to
the 224 Building (vithout a prelimirary reductiom in volums) during the
construction of the nevw facilitiea. On ths basis of these eonsiderations,
ths equipment-arrangement plan of Figure H-2-15076 is recommend ;
more suitable and sdventagsous for the Recuplu: Provesns. T'E

Preliminery ostimmtes indicate that the cost of installiastion would be approxi-
mately $1,300,000. Xt is estimeted that the prepexrmtion of e desteiled Project
Proposal will requirs 8 to 12 men-months of engineering effort. In the event
the project 1s spproved, the completion date for equipment fabrication and
irstallation will be primarily depemdent upon m2ierial procurement.
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Vi. DUTURE YOFK.

‘the Rocuples. progrea has reachad the stege of developpnt whoreln the
Preparation of g deotailled Project Proposesl is ipdicated, It is eshimeted
that this will reguire 8 to 12 man-months of engimeering effort, Although
the feasibility of the Process has beon established, certein pliagos of the
leboratory, semi-woxks, and engincering studies have mwot us yeb bosn com~
pleted. Souw of thesa data should be cbtained on a plant-scals basis in
the installed process equipmsnt, as for ewaplo, the optimm opsrating
conditions (tempereture dissolving timos, ote,) for dissolution of the
slog-and-crusible residuecs and the stebility and cpsrabting characteristics
of the solvant extraction columns under cond tfons of varying feed stream
quantities and compositions, The following work should be peorformed cone
curreatly with the prepsration of a fimm Project Proposel armd a dotelled
engineering desiga: ' ‘

A. Colum Feed Preparation.
(1) Slag-ang-Crucible Dissolution.

The three approaghes Yo the corrosion problem agscciated with the one-~step,
total~plutonivm-diesolution proceduse mwst be evaluated: (1) odjustment
of the cheninstry 4o provide satisfectory dissolubion in & non-corrosive
environment; (2 - development of special matorinls of construction for ine
croasaed resistivity to chemlcal attack under dissolving conditions; end (3)
veriodic replacefont of the dissolver. Preliminery damte indicate that the
coxzosion rates with presently availoble stainless stesls would muke
dissolver replscemont econcaically sound. In the event the los dlamos
dissoluvtion proceduwre 1s uwsod, the most advantagsous method of processing
the silica cake mugt be detormined.

(2) F-10-P Clarification.

The presence of oil emulsions snd solid contaminents in the P~10.P solution
gsriously affects columm o.eration by increasing the dissngsging time of the
two phaeess. The sclution muah vonmseguently be elarified prior to its blend-
ing in the Ch-columa feed strosm. This cen be accemplishsd either by weshe-
ing with carbon tetrachloride or by a filtration operation similar to that
presently employed in the 231 Buiiding., ‘%he tvo methods must be emliated
and the bsttor pfoccedure incorporated into ths Recuplex system, Preliminsry

' gaﬁa. indicate that ths carbon-tstrxachloride wash will provide an offectivs

raatosnt, . ’ )

B. Solvent Mxtraction.
Exrbrection cosfficients sxd columa operating characteristics should be
Gotormined for the individuval 2BP, F~10P, and S-4-0 strsams to provide the
noopnaxy date to insure Recuplex opsrability over the full rangs of feed~

© strean quantity and composition, Studies pertasining to the purity of the CAP
siroam and erpirical diffusion rates in the dilute extreciion end of ths CA
eolure: endl in the CC columm should be complobed, - 5 l%gm

i

¢, Waﬁ‘i@w _mﬂ E&m@.a

Although the veste loss to the organic phase is ouly:():és per céms, tha
voricdic trontment of the solvent with a 5 per cent caustic wesh results in
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an aqueous solution heving a volume of epproximately 17 liters eand & plutonium
concentration ca & gfl. It i1s believed that an effsctive procedure can be
daveloped for the recovery of the plutonium.

D. Denign end Bquipment-arrancomemt Studies.

Althovgh the equipment propescd for the Recuplez Process is capable of
eccormodeting varying feed stresms, proper adjustmonts will have to be made
in the chemieal flowsheets and engincering flow sketches to compensate for
future precess changes in the Bismuth Phospbate, Redox, and Purification

apd Febrication operatiors. It will be nocsasary to maintain close coordine
ation betwean future development investigatlons and the eguipment-arrsngement
studies to lnsure the containmont of the Recuplex equipment in the gpace
available in the 234~5 Building.

&
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