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The period September 1k, 1953, through Seﬁtenber 29, 1953, was spent in discussions of

separation process researck with personnel at the Argonne National laboratory and at
the Oak Ridge National Laboratory. Information obtained in these discussions is mum-
. marized in this report. - .

2DISCUSSIOoN

nucn'ida Volatility 3588 -

A. Argonne Fluorids Vohtintz gg ocess (m Trifluoride m_)

The major effort in ths Chemical Enginesring Division at present is directed toward
dsvelopment of the Argchne Fluoride Volatility Process ("AFVP") tlrough the pilot plant
demonstration stege. An extensive laboratory investigation of process variadblas is
currently in progress under the direction of Dick Vogel, The pilot plant, designead to

exploy & 10 Kg scale batch dissolver, is under construction and is dus to be completed :
carly in 1954,

alemental fluorine in ths dissolution step and to devise & schems for removal of PuFy

and insolubls fission product fluorides from the dissolver in & merrer which will nog
require alternate use of interhalogens and aqueocus solutions in the dissolver, Use of

elemsntal fluorine in the dissolution. mpmbo .necessary in Mtowmm
. uzotmuth&!

the UFg in the distillation operation mld be difficult s
nearly identical,

It is hoped that the use of elemsntal fluorine can de avoided by opersting the dis-

solver in such a way as to distill off the UFg snd Bro comtimuocusly as they sre forme
thereby keeping the concentration of bromine in the pot liquid low, The pilot plamt
¥ill be able to test this tm of omatiou. f ‘ . : :

It 4s hoped to avoid the necessity for alternste use of interhalogens and aquecus -
solutions in the dissolver by carrying out the wrenium dissoluticm in BrF3 mmm

a suspension of fimely divided aluminum fluoride. The hope is that the PuFj end in--
aol.ublc fission product fluorides will deposit preferentially om the high surface aree
vhich can then be removed as a slurry in BrF3. The cross-over to agquecus systems
ouid then be oftoctod in an mxilim unit vhich might be either a filter or s szall
batch still, )

-

The pilot plant will be able to test this ode of opo:at'ioa also,
1. Laboratory Studies

Problems currently unier investiggt.on 1in V'sgel 8 section of the Chn.lccl Engineering

Division at ANL are summarized in se:.lons a through k., Basic studies in progress in
the Chemistry Division are dlscussed {n sezttons 1 and m, Results of a cost study
mails ty <he Cnexical Enginsering Di~isioa at ANL are summarized in section n.
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« Kinetics ocr tha nacti.on ot \n-m:lun notd vith m triflnorids.

The activation energy for this resction has been determined to be ca. 6 Kcal/mole, ~Al-
though this 4s in the regicn of astivaticz snergies normally found for Adiffusi

processes, it is believed that the slcy step in this reaction 1s not a mxm m
~ since ths rate has been shown to be indspendsnt of agitatiom frequency.

The rate af this resction has also been touadtobon-otomm demir
parities in the wranium, With highly purified uranium (carbon and nitrogen reduced to
less than 10 prm) rutes of reaction reproducidls to 2 10% have been obtained, With

“normal” uranium metal the rates sre much less reproducible but are on the arder of
three times gresater tm with highly purified uranium,

The effect of bromine on the rete of dissolution of wranium in BrF3 is under study st
the present tizs, Preliminary findings irdicate that broxine has at most only a minar
catalytic effect,

_ It is_plammed to mﬂr also the effect of other additives, notably snr “which was four
in earlier work %o Ve a Righly ef?ecilve "eatalyat™ far RIS TeECT 2 ——

b. Neasurement ot absorption spectra ocl' gasecus mixtures af 1'2, m-z, nr!‘;, and M;.

A »a“atlvciﬁ»thm mmsmadtwth-*pcu o2 studying the =he
v cerruen spectra of mixtures of these gases, It is hoped that such techniques
" preve useful for amalysis of vapor sauplas, With such studies it =mxy de “‘wm““f-‘u-
- té‘ ﬁWﬂ"ﬁ“w Tt Ywuction of ur3 Wy erentee wetals

c. Rydrolysis of BrP3 solutions,

An imgroved procedure has been developed for hydrolysing BrF3 samples., This proocsdure ..
employs a hydrolyzing solution which is 1 N in boric acid, 0.6 R in hydrazine, amd 0.6
in nitric acid, With this wedium it is possidle to accomplish the hydrolysis with a
dilution factor of only ce. 50 as compered with the dilutiom factor of ca. 250 mecessacy,
when hydrolysis is carried ocut in dmnm nitrate solutions as in the earlier work,

mucmtqmmam“smnmmtmmr3 sanple, gemerally sbout 1 wl ix
volums, in a nicksl or monel tube., This tude is theh inserted, open end down, through .
a ruddber stopper in the neck of a 1 liter polymmmthtomammﬁmubna
added the hydrolyzing solution, Eydrolysis occurs as the ssmple Welts and Grips imto -
the agueous phase. The polythene bottle is housed in a tightly fitting plaster of Paric
- cast during the hydrolysis coperation to prevent its bursting under the pressure bBuilt =
Ty the gazes relesased in the hydrolysis reacticn, The sampls weight iz obtuined by
weighing the polythene bottle and contents before and after ths hydrolysis reastiam,

The standard analytical msthods for plutomium, uranium, ‘and bromide iom have been thm
to be applicable to the hydrolysate prepared by this procedure,

The only difficulty experienced v:’.l; this procedure to dsto hag been with samples coﬁ-
taining high concentrations of UP;. With su:h samples incomplete recovery of uranium
has been observed on 0:¢asion due ¢ reteniion of solid UFg in the sample tube,
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1. !!ofrggtin index of M mixtures,

Data correlating refract’ve index with couposiuon have been obta.tned for thn thres
binaries: BrF3-BrF5, BrFy-UFg, and &'F:-Ul's.

. Msasuremsnt of refractive indsz has proven to be a useful analytical method in many

of the investigations of Brll'3 systems ccnducted at ANL, notably in mapping certm
of the phase disgrams,

o. Chemical stability of materials of comstructien.

Apperatus is being set up to enable muon temperatures to be dstermined for wvarious

possible materials of comstruction in various rlnorina.ting agents which might be en-
countered in a m-r3 procoas.

f. Removal of PuF3 from the d1ssolver by murption on mmded Al!'g

. There has been very little experimsntal work done on this wocodm'o to date. Samples .
_ __of a plutonium-uranium alloy containing plntoninn at_ a level have bdeen ac-
- quired Tor such studies.  The efficiency oF

oﬁ 0T PUFy ¥y Alr¥y wvill ve wm:x
"and the hanmng ‘characteristics of Al?3 clm'r:lés 1n nrr3 w11l be stulted,

8. Fhase diagr .

Mapping of the phase d.hgrm for the ’b:lmiu Brz-nr &Brr -Ul's, and Bris-UFg :
- - is-largely-complats. The ma-m oqn:un:zin for ustu kr3-nrr5 is w
werer--SLEAF -GS - LD -FHOSOTL-LiNB . - — .. .

RV R S

S AT g

It is planned to map the phase diagrom for cne ternary system, eltdbar UFPg-BrF3-Br¥s
or UFg-BrF3-Br2. Study of the ternmary system will be delayed until a decision can

be reachad as tovhether it will be necessary to employ elsmental fluorine to dastroy
the dromine formed in the uranium dissclution step. If it proves necessary to use

fluorine in the ‘dissolution step, the tornu'y involving BrFs will be studied, other- .
vise the ternary involving Bra.

h. Kinetics of fluarination of BrF3 and Bro.

The kinetics of the reactions between Fa(g) end BrF3(g), rg(g) aa m-r3(1), r2(g) and
Brz(g), rzigz‘m Brz(l), and 72(5) and Bry{soln in BrF3) are under investigatiom at

‘4, Applicati,n of "AFVP" to submerine rsactor fusls.

Previous vork has shown that \i:-a.niun can be recovered satisfactorily from STR fuel .
“elesments by fluorination vith bromine trifluoride., Work in progress at the resent

time is designed to determine the fouibinty of recovering uraniun froa SIR elsments
by similar techniques,

Two types of flovsheets are under consideration., One of these would be a batch

operation in vhich the fuel element wouli be fragmented by dissolution in a suitable

aqueous medium followed by evaporation to'a dry solid residue suitable for fluorin-

ation with Br?3. All operations would be carried out in the sames vessel, With this
®
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flowsheet thare is a possibility of smploying & diaposabls pipe section as & batch
dissolver,

After removal of the uranium and plutonium, the pipe sectiom would bo
capped off and used as a container for storage of the fission products.,

With the second flowsheet ths fuel elsmsnts would be dissolved in an aquecus medium
and evaporation to a dry solid residue wvould be accomplished in a spray drier, The
hope is that a powder suitable for fluidization could be prepared in this way.

The
subsequent fluorination atops would them be carrisd out as gas-solid reactions in
fluiéized beds,

J. lab-scale dissolving studies,

lab-scale dissolver (2.3 1. pot capacity) has been comstructed and was put into
operation during the latter part of September. Various flowsheet modifications will.
be tested in this unit, wtieularly as to their effect on the plutonium behavior,

k. Corrosion studies,

Studies of the corrosion of pouib].o mterials of constmction by various process
systems are contim:lng

P Y e A g ks R e o Sl VA S B AT g7 SR

"It has bean found that tha carrosion of monel by aquecus aluminum nitrate soluticns™"
is considerably inhibited by sulfamic acid, The effect is greatsr if the matal has

been previously oxposed toa fluorina.ting medium and hence is coated with a fluoride
film,

1. Basic cholilu'! of 3!'?3. 3’“‘”' v

.- e —

- miavza=
- maw e v
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'nn Chnniatry mVision a.t m 13 continuing vork 1n the chonistry ot Muhuocen .
systems. Irving Sheft is studying the reaction of PuF) with BrFi;. It has been found
that treatment of PuFf}, with BrP, converts a small fraction of thé plutenjum (never
‘more then ca. 15%) to s whtné spacies presumsd to be PuFg. Ths yield of volatile
plutonium decreases with each successive treatment, however. In a typical experimsnt -
the yield of volatile plutonjum might be ca. 10§ in the first fluorination, somsthing -
less than 1§ in the second fluorination, and only trace amounts in the third fluar- |
ination., Since similar behavior is obtained with PuFi Trepared in a variety of ways
and since the yileld of volatils plutomium apparently cannot be increased by ;rolonging
the time of contact with BrP3, it is believed that the dacreasing yield of volatile
Plutonium is not &ue to a dacreasing rate cf sclution of PufF) or any such sffect,

In order to test this, it {s planned to study the conversion of PuFl to PuFg using &
homogenecus (and necesserily very dilute) sohxt.ion of PuFy in BrFq es the starting
zaterial,

E. H, Hyman is stncbing the Bry-BrF 3yston.

Tha electricsl conductance of the Bry-
BrPy cystex has tsex msasurald over iks

.wlo-«- ad Y mee \-nn—ln. L Ty
° was w4 '

roains coacsntratlica, It is

A L0
found that the conductance pasiaes through a minimum \dth increasing concentration of
bromine., From this behavior it is inferred that the ‘transference pumbers of the

-~ varlous current carrying speclies in this system must be considerably different.
Herice, it i3 planned to extend the investigation to include measuremsnts of the trans-

Zarence nupbers of the {onic species present in BrF: and 4n Br -&-1'3 solutions, It
{s planned alsc to study the abeorption spectra of these systom in”parall®l with
the corvductance studies,
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" m, Preparation g_{.ms.

B. Weinstock and J, G, Malm are setting up to prepare Pu:g in quantity by direct high
temperature fluorination of PuF),. The techniques vhich will be used are very similar
to those employed successfully by Florin at los Alamos, In addition to studying the
physical properties of PuFg, it is plammed to study the behavior of PuFg in BrFa, 1.0,
‘having sizable quantities of PuFg available will permit the PulF)-PuFc equilidriim 4n
- 3rT3 to be approached from the other side., This work should thus provide an answer as
to Zha feasibility of preparing PuFg in good yleld in nrr3 systems,

°
n. Cost comparison: AFVP vs. Purex

mreliminary cost aralysis of the Argonns Fluoride Volatility Process has been made

by Walt Rodger's section in thc Chemical Enginsering Division., A comparison was made
with Purex on the basis of a 200-ton per month plant. The saving in anmal operating
cost estimated for the fluoride volatility process ranges from arcund $700,000 for a
conservative fluorids process to some $6,300,000 for an "optimm" fluaride volatility
process. in the latter process externel dsjacketing of slugs would be employed, slugs-
_...would be dissolyed with a mol ratio of BrF3 to U of 4/1, and Bry and UFg would bs re-
- moved as rapidly as they are formed in the dissolution, The pluronmium would de Irzecs
by solvent extraction on a scale such that the feed volume to the plutonium extraction

cycles would be only 50 gal. per ton of uranium processed. The breakdowa for thia’
case is shown in the accompanying table, o o

COST_COMPARISON OF AFVP WITH PUREX

o s en e e — — AR A —— sy

e T T patar 200 oo PN e R
| Anmual Operating Cost |
Recovery and decontamination of U and Pu 737,&57',00@  $7,552,000 .
Conversion of UNE to UFg - 6,38%,000 -
TOTAL | 13,842,000 1,392,000

For the purpose of these computations a fluorine cost of #1.00/11:. m,umd.
Yes:e storage costs were taken as $1.00/gal. for hoth Purex and the AFVP,

~ No attempt has been mads to arrive at a concrete estimate of the capital cost of &
200-ton per month fluoride volatility plant, but this is presumsd by the Argonne
people to be in the neighbarhood of $30,000,000. : ‘

~

It shnould "¢ emphasited that these cost comparisons must be regarded as serving only
to define a range of reduction in operating cost which might be attainable with a
fluoride volatility process, No accurate cost figures can be expected until mors
experieace is gained in large-scale handling of interhalogens, ’
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B, Chlorino Tr:lt’luoride Process

The original exploratory work on th.is Jrocess was done by personnel at x-zs. Th:l.a

Program wvas terminated at K-25 more than a year ago, hmver ’ and ang rurtlm' work
or, th:la _process will be done at mm. '

The current program a.t ORNL calls for completion or an economic evaluation of the

chlorine trifluoride process by the end of 1953. At present, two ongimen and two
cmmsts are engaged in this study, ' '

This cost study will be made on the basis of a 3 ton/dw plant. The type of plant
envisioned will employ dejacketing of slugs by the usual techniques, drying of slugs
under a vacuum or an inert gas, and intermittent charging of dejacketed, dried slugs
to a continuous dissolver, This unit will consist of a vertical tower of alvays-safe
diameter, Slugs will be charged near the top of the tower and will be allowed to
stack randomly on a perfurated supporting plate located about halfway down the colmm

The dissolving medium (0.3 CiF3-1 EF) vill be introduccd mser the top of the.tower, -- »
_ Metal will be dissolved according to the reaction '

FAML o er oy cm—

_— “Urg(soln in cm3-m') + 3XIF (@)

in the upper section of the tower. The resultant aolution, cantad.ning UF¢ in 01!'3-
- B¢, will drain downward through the perforated support plate and thence through a
pacld.ng vhich f£ills the bottom nalf ot the dissolver. A temperature gradient willi be
- maintained- mwﬁhﬁt ‘yacked section-sufficient -to-insure-that-the- -iquid-erriving -
~be-"pure”™- UFg- free-of - 01F3-and -BF , —The-lover -I

the dissolver thus aqrvoa ‘as a fractionating tower for separation of UFg from 01!3 and :
"r,

~ U(s) + 3C1F3(soln with BF)

The vapor leaving the top of the tower will contein C1¥,, EF, CIF, and some UP5. This |
will pass through a reflux condenser which will return iiquid 0133-83-0?6 to the top ¢
of the tower. The gas emerging from this condenser will consist mainly of C1F¥, This

vill be pessed through 8 converter unit vhere elsmsntal tlnorino will be introduced
‘and C1F3 regensrated by ‘the reaction

cr (&) + Pyle) 2 cary (@)

The . 01.:; thus tornd will be ccndsnsed and returned to the dissolver as liquid, along
with thd emal] quantity of make-up C1F; vhich will be required, Off-gas from this
condenser will consist of unreacted C:L; and F,, certain of the more volatile fission
products and possidly some "inert” gases, 'l‘reatmnt of ths off-gas, e.g., by caustic
scrubbing (possibly employing s the scrub solution the caustic waste solution re-

sulting from the jacke: removal step), vill be necessary before these gases can be
vented to the atmosphere,

It is presumed that the fnsoluble PuF; and ths insoluble fission ;}rodnot'nuaridu
will slurry with the liquid UF35 and \r}

11 smerge from the bottom of the dissolver as
& suspension in liquid UFg. This mixture will be fed continuously to a fractionating
column vhere the bulk of the UF; will be taken off as vapor. The UFg taken off as
‘overhsad from this column will. be sufticienuy pure that it can be fed directly into
a diffusion plant, The insolubles, and fission product fluorides, will be taken
off as & slurry irn a fraction (perhaps i } of the UF; from the bottom of this dis-
tillation colum, This slurry will be fed contmuously to a battery of criticsally~
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safe batch processing units, either bo,...n s 3.113 cr fi.a.ters, vhere the UFg will be
separated from the insolubles,

The recoTarsd UFg will be recycled to the feed point
tc tho distillation tower, _

‘The s0lid residue, containing the PuF: and most of the fission prodnct fluorides, will

be dissolved in an appropriate aqueo:..s med..um, e.8. ’ Al(NO3) 3 and the plutoniun recov- |
ered by solvent extraction, _

In such a pla.nt the dissolver will be opera.tod at 125 D8 .1., the distilliation tmr
St ca. ho p.a,i.

The economic evaluat:ion currently in propu'@tion will m'ovida a basis :ror a decision
as to vhether to continue work on the chlorine trifluoride process., If it is decided
to continue work on this process, it is planned to esbark upon a program of component .
testing. - Pilot scale units (1/25 plant scale or 3/25 ton per day) will be constructed .
and the verious plant operations tested over a range of conditions with “"cold"

materials, These units will thsn be assembled into a pilot Plant vhich will test tho
overall operation vith hot feosds,

Some of the more obviocus p:-oblem “which will’ han t0 be solved in such a yﬁ.ct phm:
. program are:

Compressing and handling elsmental fluorine at 125 p.s.i. (Current X-25
practice avoids handling fluorine at pressures greater than 40-%0 p.s.i.)
2. Design of a slug charging mschanisnm, _
-3. Devising techmiques for: tmaperting M-_; and molnhlo ﬁnion px-o&:.ct - T
- -~fluorides-ss o slurry-in-Ukg.- - : e e
l‘. Inproving ths §ield in the ClPF; regeneration reaction. (Tho conditions und.er
vhich it is currently plamned goomy out this reaction, 00°C and 125 p.s.i.,

give a conversicm of only ca. $5%

Devising satisfactory malyt:lcal methods ‘and techniquos for ClF, systenms,

(Chlorine trifluoride can be hydrolyzed "safely” only in the vngor pbpao.) o

" The only expuimntal work in progress on this process at ORNL at the present time
consists of lab-scale studies being carried on by R. E. leuze and C, J, Schilling.
mn- nad.n errorf. at prosont is devoted to operating a lab-scale "contimious" dis-

e oo™ A .

5.

This apparatus
has been in operation only a short time and no data have been obtainea as yet, It is
planned to study the effect of composition variables and temperature on the kineucs
of the reaction of uranium with Cl1F,-HF mixtures under conditions approximating t
those which would exist in the proposed plant dissolver, The dissolution in the lsb-

scale unit will not actually be "continuous” but will involve essentially dissolution
to & uranium heel,

Previcus batch diesolution -studiss have shown that the rate of dissolution of uranium
in C]J'3-E!' mixtures 1s warkedly deperdent on the previous history of the metal, It ‘
is hoped that this =frect can be eliminated as a variable by .carrying out the rate studi=-

on & single "batch” of metal, The rate data obtained should then be seif-consistent
but may not be directly applicabls to dissomtion of irradiated wraniinm,

It was orlgina.lly planned at OBNL to uas as s basis for the economic study of tho

chlorine trifluorids process a flowsheet employing an extractive distillation with a
perfluorocarben compound t¢ separate the UFg from the m3 and solid fission product

luorides, With this flowsheet the slurry of PuF3 a.nd fission product flucrides

DECLASSIFED
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tom ot the dissolver would be fed continucusly to
a diatillation tower in Mch 8 high boiling perflucrocarbon compound would reflux,

The overhmad produst from this columm wenld be purified UFS. The bottoms product
would be a slurry of PuF3 and fissicn product fluorides im the perfluorocarbon compound,

This slurry would be fed continuously to a scrutbing unit where the solids wouid be
dissolved in squeous aluminum nitrate solutiom,

Ths resultant aqueocus solution would
be processed and the plutorium recove:'ed by solvent extraction., The perfiuorvcerbon
compound would be dried and recyclisd to the distillation columm

Soms laboratory studies have teen made erploying perflumcu-bom compounds which
2ight B3 used i suck ex exivestiwe dletillation, a.2,.. a perfluorotributyl amine,

a port’luoro cyclic ether, and a cyslic perfluarocarbon compound used at K-25, "c-816",

The radiation stabs.lity of such’ compounds has been studiod and found to be about the
same as for hy&rocarbomns,

The chsmical stability of such compounds has been studied alic, It is found that a
polymer is formed om comtacting the perfluoro tributyl amines with UFg. Contacting :

- "C=B16" with UFg 4t 100°C leads to formation of lower fluorides -at an appreciable ~ ——
rate (e.g., 0,08 g of lower fluorides formed from 100 g "C-B816™ in & hours at 2.70°C),"

Leuze believes that the chemical sta:bj.lity of these natorialn could dbe improved by a
Pro-conditioning treatment with eiemental. I.l.uon.ne.

Soms studies have also been mads of the scruooing stop in which FuFq and olkar s"“‘as‘
~ 'would be dissolved in aqueocus aluminum nitrate, Uranium te de was employed

as & stand-in for Pufy.in these studies. Dissolution vas found to be rapid 4f vig- -
orcus agitation is emPloyed or if the scrubbing is carried out with boiling almumm
nitrate solutions,

Phase seperation is poor, however, and some water is rota.inod Yy
the organic phase., (The porﬁuorocubon Phase is cloudy after separation.)

Use of an extractive distillation stap exploying & perflucrocarbon eewonnd has nov
‘baen abandoned on ths advice of K-2% personnsl that a process employing ruch compounds
in operstions vwhere they migat conceivably come in contact with C1lF3 would be too
hazardous to be considered for s large scale plant, As mentioned earlier, the cost

study will nov be based on & flowshset in which ths M3 end fission promct fluorides
~ will be transported by slurrying with UFg only,

11, Wet Pregation of Uranium 'L‘etmﬂuoridz

Higgins and Roberts at ORNL are cantinuing studies on a process which gives n‘m«
of reducing the cost of preparation of UF from the agquecus nitrate products of solvent
extraction plants,

This process involves an jon exchange step in vhich the uranyl iom
is adsorbed Qut of a nitrate solution on a Dovex-50 resin colusmn. The uranium is then

eluted off the resin with an aquecus HF sclution, The ion exchange stsp thus serves
to eliminate nitrate from the uranium solution, The solution of U in aquecus HF

is then subljected to an electrolyti: reduction (at the boi.ling poig‘g %t the solution) |
in vhich solid UF,«3/h Hyu 1s formed,

Bydrofluoric zcld will be recovered by distillation, It 1s alao considered economi-
cally feasibls to recover nitric acid from the wvaste from tbo ion ozchange s%ep by
distillation, .
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It is considsred that. tbe ion exchangs atop hAs besn fully demonstrated om the lab-
scale and is ready tor pililot plant testing, Some decontmimtion is possible in the

 {on exchange step, and it {g belteved that suzh a step could be substituted for the
last uranium solvent extraction cyzles, Decontamination factors of 25 have been ob- -
-teined for Ru, zZr, and Nb, and it is believedthat these could be improved by factors
of perhaps 2 to 4, Decontamination facters for light conmts dnants are lower, of the
order of 5 to 10, u'on is pernaps the worsi conlaminaatl slacs 4t will dspesi
the UF. .

nl& aod 4%
" d was

Selecting suitable materials of comstruction for the elect:olitic cell is ths major ,
unsolved problem remaining in this work. Flatinum anodes wi,e used in the early werk,
but these are vuusidared too expensive for & full-scale plant., Current studies are
being made with carbon anodes. These dsteriorate rapidly in the boiling EF solutiom, .
giving & suspension of carbon particles which must be separated.from the UFy. Various
techniques have been employed for this. One involves wrapping the carbon anodes with -
a suitable resistant cloth, This suffices to retain ths carbon particles but increases.
the resistance of the cell, Compartmented cells have also been employed where the :
carbon can be filtered off between compartments., It is plammed to study vertical colh
where there is s poniunty ‘of removing the carbon suspension by a flotation process.

Current efficiencies of the order of 90$ are obtained in the reduction step and 95—9%
conversion to U!}’c)['t fy0 is apparently easily obiainsd.

U0,F, apparently yrosents no probhms.

- 33313 22 tha m.‘t‘nn"l

An economic study has been made of this procosa. The capital cost is estimated at ’
 $5,031,090 for a 20-tom per day plant, The total cost for conversion of aquecus UNE

to solid WFy,.3/% H,0 is estimated to be 23¢ per pound, 62 which 54 per pound 18 piamt

um'uzation {over 6 2/3 years) and 184

per pound is operating cost, The estimated
operating cost includes & charge of 3§ per pound for replacement of anodes.

No work has yet been done on the drying end fluorination of the ur;,e/u Hx0 mamt
wodueod in this process, v
A report summarizing the present status of this process is in prowat:lon.

J. B. Moore at K-25 1s studying other methods of reduscing the UOsP2 product from the
ion exchange step., A process involving preparation of a doudle salt of UO.F, with
NHF vhich can be dried in & spray drier and rednsced to UFj by KRy at high tempera-

tures is regarded as offering promise, Such & reduction step w\&d have the advantage
that it would not require extensive handling of aquecus HF solntiona.

111, _l:;mtal.lm'gical Procoases

A program of investigation of high temperature processing uthnde has beon initiated

in the Chemical Engineering D:lvteion a.t. ANL, m techniques which it is m-opoud to
explore are as follows: .

txtra.cuon of Plut.onmm Out of Molten Uranium b;; 'l‘roatmnt with )blton netu.ls
Iuisciole vith Uranium ’

!xtrutant metals to be tested includs silve:. cerium, and lanthanum
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,B. ‘Decontamination of Uranium by no‘t.rica.l Iransport g_u-;_m Fased Salts

Decontamination of uranium by electrical transport through a bath consisting of the
esutectic mixture of LiCl and KUl has teen attempted, The decontamination obtained
was poor, but it is hoped that it can be iwmproved by increasing the concentration of

uranium in the elscirolyte, Comsiderable. d:lft:l.culty has been encountered alao 1n
obtaining an adherent dopoait of uranium on the cathods,

C. Decontamination g{ Uranium b__y' Direct Elsctrolytic Gensrstion 3£ U_lé

&paratlus 1s Velag ast up Lo eapiire Jhw powsivilily ui gensreling UFg direciiy by
 employing a solution of UFy in KP-HF as the electrolyte in a high temperature fluorine
- cell, The hope is that the uranium in the system will depolarize the anode so that

- UFg rether than ¥, will be generated at the anode.

D.

Recovery of Plutoniun from Molten Uranius by Slagging Technigques
Techniques to bs explored .'mclndo shgging wvith mixtures of UF) and Bal, and mhms_,_
with oxides, ...

IV, _Solvent Rxtraction Px-oceaus _

A, Solvent Ixtraction Stndies at m

. The mk on tho Halex n-oeou has been concluded, snd the ﬁ.m.l report is in mm
tiom. Futurs work en solvent extractiom at ANL will be confined to stuldies of cvons—

~ tactors and small-scale scouting work on spplication of solvent extractiem to symu
© other than tha nitrate systen,

' Qoorgo Bornatein is studying tha operation cct ths ut.achd. stage ox:hmtor with the
CCly,-TEP systen.

This unit is operated as a compound extraction column plus &
stripping column, Bermstein feels that the stacked stege extractor has advantages

as a research tool because of the ease of sampling at intermesdiate points dut prob-
_ ably would have no advantage over pulse columms as a production unmit,.

. laboratory studies are in progress on solvent extraction of BCl systems, It is be-

lieved that the corrosion difficulties with such systems could be minimized by using
ceramics in regiona ot low activity lavels,

Studies of electrolytic dissolution of wranium in EyS0, are in progress at the munt
time, A fumeless dissolving 1s employed in vhich a mstal ion is discharged at the

_ cathode, so the uranium dissolution is accomplished without generating hydrogen at
the cathods, It is planned to study the processing of such solutions by solvent
extraction, ' ‘

B, Purex laboratory Studies at ORNL

TYhe semivorks Purex testing program has been zoncludsd, Some additional laboratorj
8

tudies bave been carried on by Flanary, These have been devoted mainly to the solvent
clssn-up probvlem azd to ths problem ¢f ruthenium distillation in the waste consen-
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Icdine retentiom by the solvent 1s beliov'od to arise from addition of iodine to um-
saturates present in tr2 diluent,

Scme work was dome on remcval of activity from
the solvant by adsorptioun om solids, !

0f the adaorbents tested, activated alumina
- showed the most promiss, glving a gross hete-gamme d.f. of %0-100.

The dscontamin-
ation dscreases markedly with througkput, however, begimning to tail off after 13
bed volumes. The dssorption of titivity off the bod is difficult also.

Bi-29912

‘Exchange of the iodinaled solvent with other iodine compounds wvas tm& to be sliov,
Decontmnsuon was poor in those exchange reactioms tested,

Further estudies cn the ruthsnium bshavior in the acid & recovery at.op indicate that
the ruthenium a.f, is dspendent on the time of retention 0f ruthenium in the still
pot, The ruthenium 4.f, remains relatively constant for about the first twenty-four

hours and then begins to tail off rather rapidly. Ruthenium distillation is very
rapid out of nitric acid solutions of comcentration greater than ca. 8 M.

Littls work has been done on the UX; separation, The pilot plant runs were generally--

of 2-3 days' duration, These were made Ly first establishing steady state for tho_&

" bulk censtituants with cold feeds and then switching to hot feeds, It was fc -
that a steady state activity distribution was genarslly obtained in 3-5 columm chmau.

It is admitted that a long term effect arising fron slow reflux of uxy cou.m have
escaped notice in the semiwarks runs,

. In the last saries of semiworks runs it was fouud that the water wash af the re-- -
-..covered solvent was giving no -mummmun, -anl-sinee-the - sentrifumats:
step was giving satisfactory phuo upua.tion, the water wash wvas dispensed uth.

V, Bes ation of Plutonium Icot 8 at - Ble tic Method 1

The ubaoctive in the plutoniun isotope aomation prograa is to prepare n:pha of
the "pure” isotopes ror research purposes. The emphasis was placed on optimizing
tieparation factors rather than recoveries,

Thus, resolution factors for plutonium
isotopes are adout the came as for wranium isotopes, 1.,0,, a dspletion by a factor

of ca, 10, but recoveriz. are only about one~fourth as high for plutonium isotopes,
1.0., ca, 44 for plutonium as compared with ca. 198 for urenium. The lower recovery
efficiancy for plutonium arises from two factors; a lower arc erﬁciency for pla-
tonium and a Ihwar retention of plutonium on tho collsctor,

Most of the work dome to date has been with feeds comtaining ca. 0.7% Pu-240. The
products obtained with these feeds are 1-2 g of a Pu-239 m-odnot containing ea.

T00 ppm Pu-2k0, and ca. 200 mg of a Pu-2h0 product consisting of 50-T% m-z%‘ the
remaindar boing Pu-235. The advantage of the latter product (end msunbla the
reason for employing & lov lsvel fesd) 1is that {t contains no Pu-2

It 4s planned in ths near future to bogin running feeds conteining %% or more of Pu-2h0
and collect both Pu-240 and Pu-24},

-~ Within about a year it will be possible to begin wocessmg feeds or qu:lttod Plu~-
tonium, With these roads 1t will be possidbls to collsct Pu-zho, Pu-2h1, and Pu-2h2,
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Xo gocd perfirmancs ngu.-es are availadle as yet, 8o no cost astimates are ponibh
- at the present time,

Bowvever, ths opiniom of persomnel engaged in this work is that
calutron separation of piutonium isotopes on a :roduction scale is oot likely to be
economically fsasible,

Chc:isn-y Unit
‘ Technicel Sectiom
W Valling: kb ‘
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