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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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HE CHELATE PROCESS, VI, PROCESS FLOWS INVOLVING ©-DICHLOROBENZENE

AS THE SOLVENT FOR TTA

S Mo Wo Dav1s, Jr., T. E. Hicks, and T. Vermeulen:
Radiation Laboratory and Dépsrtment of Chemistry and Chemical Ennineeang
University of California, Berkeley, California

ABSTRACT
somparative studies of a series of halogenated solvents; as carriers =
for TTA in the chelate process for plutonium extraction, indicate that

ortho-dichlorobenzene most nearly satisfies the reouiréments that are
‘get forth, A complete process design is vresented for use with this solvent, -
and flow-data .and equipment capaeities are given for dissolver solution '

and for uranium-free fission Droduﬂt aolution as alternate feeds to the

gttlers are recommended as the contactorsg

DrOCESE, -Vbrtlcal mixer

although pulsed columns or packed columns are also belleved to be sultabj

The szize of such units is estimated from the best available rate and

operating variable are consideredo

equilibrium data, and the effects of severa
: ‘ , '
: . .

THE-CHELATE PROCESS, VI. PROCESS FLOWS INVOLVING .

0=DICHLOROBENZENE AS THE ”CTVWNT FOR TTA .

for plutonium extraction has been described in

£

n

- The chelate process

p?Pvious‘reports from this laboratory. Tt provides efficient recovery

solutions containing uranium, fission products, or both,

of *lutnnwum from
As

© such as are involve d 4 Er processing of neutronQirradiated uraniume.

developed previously, the chelaue process has used benzene as the solvent
7
Tor the ¢ h lating agent (thepoyltrifluorcacefone, or TTA). Because of the

'valatility ofnbenzene and the flammebility of-its vapor, a search for an

alternate .sclvent has been undertaken. . : E

7 . .
~
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' also be

to avoid excessive losses, 1t should be very 1nsoluble in watero

'*his solubility is a

4= L | UCRL~1032

" CHOICE OF A SOLVENT
A solvent for use in this process must satisfy several requirementss |,
The»solubility of ’PUfTTé)4 in the solvent must be of the order of 0,01M \

The solvent must be resistant to oxidation and nitration by‘

or greater,
It must_>

streng HNOB,:and‘itewvapors should be relatively non-inflammable.

aveilable in larée quantities at a reasonable Drioeo Flnallyq

The requirement of oxidation stabillty suggests the use of a halogenated

.

solvent, Several available materlals of this type have been considered, and

thelr solvent propertles 1nvest1gated in comparlson to those of ‘benzene,
Dlstrlbutlon data obtained by Dorls Heisig of this laboratory, listed in
Table T, show that:all of the solvents considered give similar dlstrlbutlon

ratios, However, considerable variation 1ls observed in the solubility -

vmeasurements of uranium chelate by K. L. Mattern, which are used to predict

the solﬁbility of plutonium chelate, ?u(TTA)Ao Even when benzene is used,
1imiting factor in reducing the volume‘of thevorganie

ﬂhaee° thus it is des1rab1e that any alternate solvent have a ehelate solubility.

at least equal to that in benzenec

Of the solvents considered, only chlorobenzene and orthodichlorcbenzene

solubilities approaching the solubility in bengzene,
greater chemical Stability,

hed chelate ' The higher

density of dichlorobenzenereletive to water, and its

are two important factors in its favor,
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. : TABLE I

EXTRACTION PROPERTIES OF HALOGENATED SOLVENTS | .
i : :
g : K*% x 10"’6 : .
 solubility of U(TTA)#  Distribuion  Solubility
- : - _.eat25°¢ for Pu ~ Parameter (7)
CHBr, éooocfzf | ' 0.0% _ 10.5 |
oHGiy 10,0019 - 0,045 9.3
| Cggll 0.0037 o 0.55 9.5
L o0,  0.004 0.3 -
céﬁé | 0,005 | 1.39 945
g d5H3013  0.0006 N 0.29 e
- GalL, | 0,0002 : 0,50 -
661, - ' 0.0002 1.6 8.6
G,Clg - 0,00004 1.4 -
*sélubi;.ities of Pu(TTh), are estimated to be twice those of U(TTA) 4,,: ‘
Kx% | = (PU(TTA)4§Q {H%)%A '
(PuIvﬁ; (TTAO31 Cenditions0.474 M HNOB
If_érthpfgichlorobenzené is used fof extractingrplutoniumAffom dissolver
501utiqpvof highvdepsity, it will be.necessary to h?Vé oneAmiiermsettler‘-
a or ¢olumnvfo? the extracting 5g§tion and another separate unit for the -~
. washing»-s‘ecztiono This follows because the density of Qrthodichiorobeh%ene
RN

fioBO'at 20° 0) lies between the densities'of.dissolver solution and of
. the aéidfscrﬁbp ﬁoweVer; since the total number of contacting stages required
would. not be increased by dividing the column, this requirement is considered

incidental,
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A%@uqiiﬁative explanafion of the observed 301ventvbehaviqr is afforded
by-@he’sélubility pafaméter‘fifst'definéd by Hildebrand.? The solubility
of‘thexéhelate would be expected to decrease as the difference betﬁeen its
4 gdluﬁiiiﬁﬁipérametet and that of the solvent increased, Tﬂis suggesis thati

the pé&é@éﬁer»for the chelate is probsbly in the range 9.2 to.9.6.

S N “EROCESS‘AL¢ERNA$iVES'

, _Thergjare two ways in which the ¢heiate prbcéés,may be operatédg. One
is to remove the plutonium:from the .dissolver solution,éontaining uranium;v
the other .is to remove .the uranium first and then tq separaté piﬁtdnium
frqﬁ the fission produdtso AThé detailed condiﬁions‘for plutoniuﬁ'recovery
are somewhaﬁ differept in,these.two qaseé, and_will be referred to. as Process
A~andfProcess:Bs fespéctivelyo ‘In either case9 the reﬁoval.of uranium is
écéomp}ished by some other process such as a solveﬁt extraction process
Iusing pentaether or a solution of tri?utyiphosphateg or in Process B, by
nbnfaqﬁeOus\fluorinationo However, the calculations présented here for"
process B assﬁﬁe a preceding solvent extraction process using.nitric acid
as the salting agent. |

The appended“drawing of Process & shOws all equipment and ihé composition

of all streams eonhectéd with the purification of‘plutonium by extraetion
from'dissclvef'soiﬁtibn,“based ﬁpon one meéric‘ton‘per day of irrédiated_
uraﬂiumo If a_sdivent with the deﬁsitjiof_orthObdidhlorobenzene is used,

the first column will have to be split at the center féed point, as discussed-

pfevious‘lyo
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' The drawing of Process B shows all edﬁipment and the composition of
all streams connected with the purification of plutonium by extradtion from

a solution from which uranium has already been extracted,

g The feed to Process B_is much higher in HN’O3 concentration -then the feed

to Process. A, because of the acid requirements for the uranium-extraction

gtgpo.‘ﬁs a-result; the TTA qoneentration.and the relative volume of organic
phase are both much larger in Process B,'gnd abproportionately larger column

will aiso be reqnirédo Therefofe, from the standpoint of plutonium extraction,

?rpeess‘A wouldee pnefefred.- Should dry fluorination be'used,'Process B'wbuld

be modified considerably. . )

PROCESS DESCRIPTION

The main decision 0 be made in connectlon with thls plant de51gn concerns

thgttype of_cqntaqting equipment to be used. The TTA process is con31dered

workable with packed columns, pulse .columns, or mixer-settlers, The choice 4

of the contacting equipmént is dependent upon expense, size necessary for

a given séparation, and ease of operation, It is believed that these advantages
/

can be best attained by the use of vernécal mlxermsettlers of the McKlttrlck
type shown in Part T of thls dissertatlon UGRL=-1013o Thls nnlt is relatively

inexpensive, is easy to assemble, and should be free from operating difficulties,

7 Due to the use of HNO; and TTA, all equipment .‘conneete.d with the plant
must be made of stainless steel and Teflon, '4 -
' In -column ;uof Process A, two extra mixing chambers are added to the

| extfécting section in order to contact'the.leaving fisnion products and

uranium with fresh solvent, This serves to Tlower the TTA concentration in. R

the équeous phase, in order to reduce TTA losses, and to prevent build-up
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of TTA.inhﬁhe organic phase of the foilqwing process fdr extracting uraniﬁm°
~ In order to recover the organic solvent and TTA pséd'in the plutonium
pu?ificaﬁion steps; an extraction with 0.5M NaZCZOA innHNOB is necessary,to '
femqyg the zirconium from the o:ganic stream leéving coluﬁn II, After the '
ggalgtevéxtrg?tiong a water wash removes traces"of.oxalate remaining entrained
in the organie solvent, .The solventlthenvgoes to storage tanks, Two diéé
'dillationvcoluﬁns for the purifica@ion of the solvent and the TTA at the ‘
eﬁd_9f each-gycle are ingludedo It should pro%e possible to recycle the TTA
- solution without distillation, in which case the columns will be reserved
for ocga;ional use, ‘
Calculations indicate abépt gix feet of concfete would bs necessary
for ghieiding‘ail-coneentratea fission produét streams, The activity assumed

for the solution was 6 x 105 curies of beta and 107 curies of gammneg, 1t

was further assumed that the average gamma energy was 1 Mev,

GAiCULATIONS

Plutphium separation gnd recoyefj ﬁere éaleulated for various conditions
éf @ixeréégttler operation, assumiﬁg voiumes péy stage.of 1Ao2gliters in
?roeegg A and 21,2 liters in'pfocess B, The>method\of calculation may
be fqund.in a later section. The’ equations used indigate that the aqueous
ﬁgldup per stage is an important varigble in plutoniug chelate éxtraétiono
Acco:dipg1i9 calqulations_Were_mgde for Cplumn I, proéess\Ap with aqueous
holdup volumes of 25, 50, and 75 percent of the total stage voluﬁe;
| -ihe fo}lcwing.fables give the calculations made to determine the-nuﬁber
of'ﬁikerésettler stages required for plﬁﬁonium separatiangvbéséd on a récovery,

.of at least 99.99% of the plutonium,
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Shown 1n Fig° I isa olot of req1dence tlme of the agueous phase versus
the numbe; of mixing stages required in the extraction sectlon to remove
greater thanA99 99 percent of the plutonlum from the aqueous Dhaqe° It
can be seen that the aqueous/organlc phase ratio in each mixing chamber

should be set as hlgh as p0351b1e9 subJect to requirements for good mixing.
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NUMBER OF STAGES 'IN EXTRAGTING SECTION

FOR>99.99% RECOVERY OF PLUTONIUM

s

~

[

(4]

o

UCRL-1032.
~10-

r — T T T
NUMBER OF EXTRACTION STAGES QEQUIRED

FOR>99.99% PLUTONIUM RECOVERY AS
A FUNCTION OF AQUEOUS RESIDENCE TIME

PROCESS A ~ COLUMN |

! . 1 l i

3
() 2 - r ‘ 6 T
RESIDENCE TIME OF AQUEOUS PHASE IN MIXING GHAMBER (MIN.)

Fl6. 1 MU 1317



TABIE ITA
Process A. - Column I

Summary of Calculations, Based on Equation (18)

Pu conc. in ’ Org./Aq.

| Pu conc, in’
L Organi% Phase, Eouilib., Gy ; By Aqueous Phase,
Stage No. M x10° - g  (b) O - M x 105
T g75(?) L © 1:35. 198
2 s Lo 1.89 127 295
3. a2l © 1.20 143 12 3
L w120 130 122 363
5 455 ‘ 1;20 | l;2§ 12 37h
6 ~ 461 130 12 129 . 387
7 118 | 130 , 3;31 VBQ;O | 3;93_
8 130 -« 130 ) 3;31 ‘ 3oﬁb 0.433
9 - 1?&3 | 130 3;31' 30;0 | 0.048
10 T 0.16 . 130 3;31 30.0 - o;oos

h

A}

a This value was given by the conditions assumed.

b Corcentration in organic phase,divided by concentrat ion in entering aqueous phase.

instead ?f,Ck + 1» because of reverse numbering of the stages

c Ratio of actual conc, in Organic phase to conc. in ameocus phe se

Aqueous Volume per Mixing Stage (va) = 10640 ml. = 75% of Mixing Stage Volume

Pu_Leéving
In Aqueous
Moles/Min x 10

Pu Entering
in Organic

s

7705
89.7

' 95,2

9.1

62.3
6.85
0}755
‘0;0837

0.00925

~

197

222

234

249

243

62,3

6.85
0.755
0.0837

0.00925

~Moles/min x 10

-1~

ZLOT~=1400 -

Cye is used in equatioﬁ (18)

0



TABLE I1IB
‘Process A - Column i
Flow Diagram Sh0w1ng Concentratlons and Transfer Between Stages

Aqueous VOlume per Mixing stage (V ) = 106AO mL. = 75% of Mixing Stage Volune

’ //nnx

: Org Extract .
Pu, Moles/mln, Leav1ng Stage in Organic Phase: Qﬁggﬁiémln
Ivent Cg.amac? 7. f.sxlo’6 6. 85x207 6230 2. 1+3x10 3 auao? 2.0 2,220 1. 97xlO ESR
a7 m%/min S W U { ! ( .‘(' .A_/ ”/ _ “/ \
— - . — ; \ - . T ]
\ 6 P haxi . o0 I D e -3
gl 1,59%107C | 1.43x1075 1.30x10 1.18x10~3 a,,émch u,ssxm" L.44x1073 | 4.21x10” 3.7l4.xlO ! 2..75xlo /
: " Pu, molds/liter, in|arganic phajse - . \ - ‘ -
. ) ' . i ) *!—‘
- N
]
| 5.3007 [heao” | 433078 | 3.9307 | 3.57074 | 3,700 | 363007 | 3.41x1073 | 2.95a073 | 1.98x1077
2 . | . = 0 " - - ’ ”
T ..
9,25;10 8 8.am0?  7.55x107° 6085x10—5v\z.,23x1>0'l‘; 9.81x1074 9.52107% "8.9707%  7.75x107h 5.2000-h
T | o B | - ©1.50M HNO3 /
Pu, moles/min. leaving stage : 1480 ml/min ' : © 263 ml/min

in aqueous phase ‘ 1.45x10-3 moles/min - . . Aqueous Scrub .
' . ' Aqueous Feed :

'TEOT-TH0A



Aqueous Volulme:per" Mixing Stage (Va) = 7090 ml = 5% of Mixing Stv‘a.ge Volume .
i - . A !

~ TABLE III

Process A - Column I

Flow Diagram ard Summary of ‘(_Jalqulations ' "

€T~

e

T : ,527ml/min
“Tml /min N ~L00145 >
. Pu, Moles/mln, Leavlng Stage in Organlc Phase A o o
.3x1078 4 25xlO’7 % 86x10’6 1,92x107°7 1,29x1074 8,70:107%  2.41x1077 2.38x1077 2, 31x10 T 28k07 {1093xlo’3
i A o i \ ‘( [ ( (. -
. —&jﬁ‘ 7\.*. ~—6\§;. _ - Ksi » \9 . _ N . T - \’}; 19 T
o, 3-05:077 [5.42x10 3;6Ax10°5 2‘,1+5>.‘<1o="+ 1.65x10-3 [ 4.58x10-3 |4.51x10~3 {4.39x10-3 [L.14x1073 [3.66x1073 [ 2.75x10°3
‘ | | Pu, {moles/liter| in organip phase |
3; e . b, i
o g N A . Pu, moles/llter, “in aqueous phase . 4 - ,
/ 13.62x107° | 2.440077 l°ébxlO’6 1.10x107° | 7,44x1075| 4. 98x10™% 3.70x10™3 | 3.60x1073 |3.31x1072 | 2,80x1073 | 1,85%10~3
e | el ’ - L~ - / . ’ L. L i : " .
S e e s e (o o
”\' \ . .\ o o : ' Y . i . \“\g &
6.3 1o=8 he25a07T 2.86x107° 1,92x1075 12007 8.7:a07% Po.7maoh 9.uexioh 8.70x10-k  7.350074 1, gexio-h
5 Pu, moles/min, leaving stage in | i 1480mlL /min "~ 1,50M HNO3
J/in _ . hquecus phase .00145 moles 2531 /min
age - : : , _
oo 1 10~ 8 7. 6 > b 3 2 1
130 130 130 10 130 1.20 1,20 - 1.20 1:20 1,20~
22,2 22,2 2.2 22,2 22,2 9.20 1.22 1.22 1.25 . 1.30 1.48 .

. ZEOT-THON
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TABIE IV .
Process A - Column I
_ Flow Dlagram and SUJnmary of Calculatlons ) A
. Aqﬁeous Volume per Stage (V,) = 3540 ml = .25% of Mlx.lrg Stage Volume
. 527ml/mln ‘ Pu, Moles/mln, Leava_ng Stage in Organic Phase. : 527ml/mln
s 2.96x1077 1.23:107¢ 5.06x107° 2, 08x10’"5 8.55x1075 3.53x1074 1,45x1073 2.38x1073 2, 3zpao=°3 2.26x1073 2.12x1073
A : . _ 1.86x1073
\ A W y . (o ' | \ \ |
| P P P s > P Xy, ) ,\4. - \>4- Y \ﬂ Y
s, éleO’7 2, 3zpdo =619, 60x1076 B.9ux1075 1. 625104 . 70x1074 . 75x10-3 4. 52x1073 1y, 4 x10-3 |4, 29x1073 |4, 03x10~3 | 3. 53x1073 2‘,753
v . ] . ) . . _. . L . ) XlO’ 7
Pu, .moles/liter,[ in organjc phase : {f
4 Pu, mcles/llter, in aoueoHus phase “| ‘
4121078 1. 725107 7.05x10° 7] 2.90x1079 1. 19x10“5 192510742, 02:10~4| 8. 3130104 3. 58x1073] 3. 40x10-3 3°O8x10='3 2.56x10-3{1.56 K
. — ~ " - : — - L L /< |x10-3 A
;- j (\ | f\ﬁ ( - (I  <{\3 f\}! L (N
.18x1078 2, 96ﬂo=7 1, 23x10“6 5, 06x10"6 2, 08x10=-5 8. 55xlo‘-5\>g . 1.45x1072 9,4,0x107% 8995x10"4\d 10x10™* 6.73x10 ‘*\4 ]
3,.53x10" ;
Xg ' Pu, moles/min, leaving stage in aqueous phase 1 . . 4.10x10 b
LTh5ml/min - : ,
1480 l/min 1.50M HNO3
1.45x10-3 263 ml/mif, -
%
Stage -9
Now - b ‘ - 5
.13 12 11 9 7 6 5 b 3 2 LR
& 130 130 130 ‘ 130 10 130 130 1.20 1.20 - 1.20 1.20 | 1.20
By 13.6 134 13.6 13,6 13.6 13,6 13.6 5.4 124 1.26 1.3 1.38 1.76
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'/ ' - ~ TABLE VA
. o ' .A Process A - Column II

: Summa-ry of Calculat ions, Based on Equation (17)2

Aqueous Volume per Mixing Stage (V,) = 7090 ml, = 50% of Mixing Stage Volu_r;e

Pu conc., in '

R _ - Pu conc, in - Pu Leaving in ‘ Pu Entering in
‘ - queouﬁ Phase C Ck o Ek Organic Phase Organic, Moles/ . ‘Aquecus,
© stage No. - I x 10 ‘ 5 (d) M x 106 min x 100 Moles/min x 106-
1 2gob 0 00897 206 ~10.8 . 1460
2 232 . .00888  .00897 208 ' 0.9 1460
5 232 ©.00888 .00897 ' 208 10.9 A 1460
232 . .00888  .00897 208 10.9 | 1460 :
- _ : - . , =
5 232 - .00888 .00897 208 10.9. ' 1460 Y
232 .00888  .00900 209 a1z | 121
; , 9.2 .109 L0140 - 26.8 . 15.0 15.0
3 R 2.38. 109 LOLAL 3.36 1.95 1.95
'9 0.309 . 109  .0140 S 0.433 0.25 . 0,250
10 0.0397 . .109: .0140 ~0.0556 - 0.0322 | 0.0322
. ) i ‘ \
o | [
a Organic/aqueous equ\il_ib'r‘ium ratio € = ,009 g
b Given by the COndltl ons assumed for one calculation ‘ ‘%
3 Q
W
c 'Concentra tiom in organlc phases divided bj concentratlon in entemng aqueous phase ™

ﬁdtlo ‘of actual’ concentratlon in organic phase to concent ration in aqueous pha se .



TABIE VB
Process A — Column II.

-Fldw Diagram Showing Concent rations and Transfer Between.Stages

} o g Aqueous Volume per Stage (Va) = 7090, ml = 50% of Mixing Stage Volume )
E ‘ ) . o . 1.45x10-3 Pu, Moles/mln, Leav1ng Stage in Organlc Phase
org. 52.5ml/min - 527ml/min ,
SR -5 oow10=5 Y aoags | -4 ~5. 1 gerinb o —7 ' -8
. 1.08x10 1.09x10 1.09x10 1.21x10 1,50x10" > 1.95x107°  2,50x10 3,22x10
_\ \ 1 Y ( [ W \
. s <5 $- . \\(\; : AN \$ PR . T = | |
fi2.06x104 | 2,08x10™% | No changp in Puj 2.09x10~4 2, 68x1075 [3.36x1070 | 4.33x10™" | 5.5%x10-8 [ -
: Change ih F.P.'s|only - a L _ 579.5ml/min
Pu,moles/liter, in prganic phage 5_
- - : .
g o . -2 ‘ - . . : ‘_. B _j . _ Lo B
2.30x107% | 2,32x10° . | ' 2.32x1072 | 1.92:107 | 2.38x10™ | 309107 | 3.97:a07® e 63.0ml/min
_ . . R (]
: o
o o . L . Pu molec J.ter, in Jlaqueous phgse - B
L \L-/ \// ~ f’ J/” » ;F "J//, - A
1.46x1073 1L46x1073 {Aéx.wﬁ 1.21:07% 1.50x10-5  1.95x10°6 250107  3.22:¢007°
46 43,0ml/min

1,45%x10-3 moles/mln Pu,moles/min leaving stage in aqueous phase

Z€0T=T¥00 ~
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TABLE VI
Process B - Colu;nh I
Flow Diagram Showing Cowén’c_.’rati. ons ard Transfer Between $ages
.Aqueous Vbl_uné_ per Stage (‘Va) = 15,900 cc = 75% of Mixirg St:ag:a Volume - )
Pﬁ, moles/min leaving stage in ‘Ofg'.o diluent '
" ‘organic phase ' 1680 ml/min . ' : 2205m1 /min

525- ml/mln .
Org. scrub

. g6 5 . s | o g ST
1.53x1077 "1.43x10 0 L.3x10 ~ 1.25x107% 1.87x10-3| 1.86x1073 1.84x10-3 1.80x10-3 1.70x1073 1.45x10 >

(i N N R 'O I /RSO VAR N T . j
2.93x1077| 2.73:107] 2. 55007 | 2.38107 [3.56x10°3 [&.4x10-h |8. 361074 [8.15%107% | 7.70x107% [6. 58107 N
_ o > gt ﬂ
; | _ Pu, _rtio.Les/ liter, inorganic ppase’
- —— . _ i —— e e . -
7: 2431079 6.75x10"8 1" 6.30x2077 5.88x1070 [5.50x107° {3,98x107% [3.92x107% |3.76x107% | 3.36x107% |2.40x10 b
| i . Pu, mojes/liter, in aqueous phase '
| - L . ‘ R o - ) : -
. ;[ . . . R . . L s N{ o ' " r . 5 . .
‘ 1565x10—8L1°53xlO’7 1.43x107° 1.34x1075  1:25x1074 L.18x10°4 4.10x107% 3,94107% 3.52x07%  2.52x107
2275 ml/min Pu, moles/min leaving 1225 ml/min e : 1050 ml/min- §*
' - stage in agqueous phase . 1.45x10-3 moles Pu/min ’ : M HNOg 5
- . : , : o ’ . W
Stage. : : - ' _ m
No. | - . - . . -
0 .9 - 8 7. 6 5 Iy 32 1
€ 1335 133.5 133.5  133.5  133.5 = 2.10 2°1¢ 2,10 2.10 2.10

E, 0.5 40.5 0.5  40.5 6.8 212 213 217 2.29 2.7



) o - .- TMBIE VII
| Process B - Column II
Flow _Diagrajﬁ shovving'Conqeaqt rati orisfband 'fransfgr _Betwgen Stg_,_g,és _
: , . Aqueous Volume per Mixing Stage. (\Vé)r =5'15I,9OO ce = 75% of Mixirg Stag'é Volume
105 ml/min org. l:°h5)d0'3' mole s -Pu org-o -
‘ 12205 ml/min _ : ' 2310 ml/min

Pﬁ9, moles/min o .
_¢« leaving stage in : 6 : " .6 ' -6 - 7 8
9.02x10™°  organic phase 9.02x107° |1.99x107%  3.94x107°  7.84x107°  1,56x107° 3.10x1077 6.15x10"

i . . \ o . ] Lo \; .ot c. \. . . . N B - >‘ . y.
18.60x1077 >!8360x10"5 1,71x107° - 5.40x10-6. 6 76x1077 [1.31077 |2,66x1078

\

N ™ R
~8.60x1075 | unchalnged | 8.60x10~7

Pu, moles Hiterg in organic phase

to- 7

8
. I
L 385107 | 1.39x10°2 | unchaged | 1.39x1072 | 1.39x107° | 1.89x1073 |3.75:00°% | 7.46x1075 | 14801075 |2.94x1076 =
| | L : ' . Pug"moles iter, in afyeous phase,” L "
! A _ } s Y, _/ye" /A Wi
VAN v , & A S I SRR A
41, 46x1073 | 1.46x1073  1,99x107™% 3.94x107°  7,84x107° 1.56x107° 3.1x10
N , : . ' ' ' 105 ml/min
1:45%x1073 mole/liter " ,Pu, moles/min leaving stage in aqueous phase ‘ : '
105 ml/min  ~ o - ' - ‘
. =
Q.
- &
stage . S | - L
No. o S - ‘ A TS
1 ) 3 L 5° 6 7 8 S9N 10 o1 R

Ek .00624 0062 0062l 00624 L0062l ;09625 " 00905 .00905 _'0999055 ©,00905 -~ -,00905
: ¢ = .00620 throvghout ‘ ' ’
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AS

CALCULATION METHOD
The eqhations for calculating the mimber of siageszrequiréd fér 9909’péfcent
recovery of plutonium in mixer~settlers ére reproduced here from UCRL—AOoﬁ
At_steady state in an& miiing chamber
dE/dt = (AE/Jt) flow rate = 6 f¢ (Jﬁvgt)mass frénsfer s 0 =0 : -(1)
where E 2 ¥/X (X ® moles of plutonium-pe?.liter of aqueous phase ‘
and Y = moles of plutonium pef liter of orggﬁic phase) and t-g_ﬁime in min,
‘Therefors (B/st)p ;. = o = (W/MQTA) = o = (B/ROXt) e 2 o (3
and since | ,
| X ¢ PY = const, ) ' | ' - (3)
:where P = the &olume'of organic phaée divided by the volume of

_aqueous phase

OXAt), = 4P OLAt), =20 | N )
Therefore - ) -

| B = s - 4 ‘

\AE/ét)fr g0 . ;*%"ggm géxyét)foro o : (5) ..

Next considerA ml/min. of an aqueous solution of plutonium entering
and leaving a Qixer containing Va ml, of agueous phase, and at the same
time B ml/min of an organic solution of plutonium entering and léaving the
same mixer containing Vﬁ'ml'of the"ofganic_pﬁaseo Lét thié be the kth
mixer with X moies/liter of plutonium in the.aéuepus phase’ of thé mixer;
sinde.this phase“is homogeneou39'subStantiallj perfect ﬁixing is oBtainedg
andxthq average compensation of this entirévphase Will be the'éame gé A

’

that of the portion leaving the mixer.
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~ Let.the entering aqueous phase containing X , 4 moles/litet of plutonium,

and the entering organic phase contain Y _ 4 moles/liter of plutonium; while

the organlc_phase in the stage and in the exiting organlc'stream ‘contain

Yk moles/iiter of plutonlumo "This mlxer is one stagé off'a"mlxer--settler°

: Under steady-state conditions the amount of plutonlum in the:stage

doeswngt change9 therefore the amount enteéring the spage'must:gngl the

amount leaving the stage, That is -J_fQ{

AX, , 1 ¢ BY, _, % A ¢ BY, jf:h" v (6)
Sinee By = k/xk
QE, /1) e 0 T (L/K)ON/3)y poe o = B/KIOX/) = o0 0 (7)
but |
(BB/t), o 2y ® (BAR) (Tpeg - ) | A, (®)
and (gxk/at)moto €o° (A/va)(xk'+ 1= %) _ : o - '(9)
= (B/Va)(lk - Yk - 1) | .;Jl _v ;
= - (P)(B/T) (Teg - %) e (10)
Therefqgg substituting eq. (8) and eq.. (10) in eq. (7) glves* .. o
OE/%), oo F (BAYQ + B (L - T/K) | (1)
T /) 4 PRI - B L (12)
where G, = Y, /% :‘:z{ff¢~;§;j{ f .: (13)
Substituting eq. (12) and eq. (5) in eqo (1) glvesl;;{;t‘; i 3%:1 |
L+ P-%{/Xk)(e N/otde 5 o (B/‘vb)(l ¢ PE,) (G - Ek) 20 (14)
or (/B OBA ) = o = (B (B - Oy e (15)

This expres51on is applicable for the’ dlstrlbutlon,o Zany component
between 1mmlsc1ble solvents in any one extracting stage, and it is not
-necessary that the exact mechanism for extractlon be knowno In order

to apply it, it is only necessary that a single mlxer931milar to the one
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to be used in the continuous apparatus, be built, and batch extractions
peiformed to follow the transfer between the two phaées ef the element

under con31deration as a function of tlme and totalfzoncent”"tion level

The appllcatlon of these equatlons ‘Yo a. partlcularusyste requlres S

experlmental data concerning the rate of transfer between phaseso Fer ‘the
plutonlum system Crandall and Thomas deve10ped the: followmg equatlon

for the rate of extraction between O.5M HNOB and benzeneﬁ_

dr/at = k) % (TTA/E*)? = kz% (5% /TTA)? | L o (16)
ky * 185 min”t | :
ko = 1,24 x 1074 min~1

Y = plutonium cone in benzene phase

X = plutonium conc in aqueous phase
P = volume of organic- phase divided by volume of agueous phase
t # time

TTA 2 conc, of TTA in Eenzene
S ﬁ* # conco of H* 1on in aquecus A
By comblnlng equations (16) and (15) chks developed an equatlon for the

calculation. of the dynamlc equlllbrlum coefflclent Eko

Ek 2 015&-‘ ' "" Bkck 7 . ' ‘- — . .
215V ! - S Sl (17)
— 4 B, R
or Ek = .15 V'a\(_g 4 Ak | |
,15 V
a R
(18)

e.‘:

— ¢ /G
\{‘ | Akk+l
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volume of.aqueous phase in mixing-chamber, ml

Vg =
Ay, = aqueous flow rate ml/min
Bi = organic flow rate, ml/min : -

plutonium TTA syStem in
- ‘benzene or cgl&;and aqueous
nitrates S

‘e- [cz-,oéxloé‘)/(l 151057+ 1000,)2] (EEy% - equiltbrium constant for

-

G = Yoo - - B
Yk ¥=1 J

n xk" . PR

Gk#l = Yk/XR+1 v ' _~ ‘ B

- o -

/

These equations seem to give fair accuracy for high stirring ‘speeds

so they were used to make the calculations necessary to size the vertical

mixer settlers,

‘Recent work on piutonium extraction byDoris Heisig has shown that

e

the rate of extraction is diffusion gonﬁrolled and therefore a funcfion
of stirring speed. This indicates that the'valués of kl'and k2 qbtained
bj Crandall and.Thomas are not strictly valid at’different stirring speeds ®

and ir mixing chambers of different sizes and shapes., In order to make

accurate calculations, a value for kl and kz‘must be determined for each.
" ‘case experimentailyo Bk kl and k2 were deté?mined in this way the calcula~

tion to determine the number of mix}ng_staéeé'for aAgiyen separation ﬁould
be qui@e aécurétea 'Sinqe the values of kl and k2 used to?s;ge the large
mixer-settlers were determined in a small stifring chamber %ith high speed ,
stirring the number §f mixing sfages:arrived cat §§r }he 1afgé'units mst.

[

‘be ﬁegardéd as.a rough approximation to thg truih;
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OPERATING VARIABLES : .

\ e e e e

Thefcondit;pnsrghosen in Process A and B for the Separetiqn of piutonium.

are merely one possible combination among mahy that will work., 1In column I

the flow’Fate of organie phase has been set at a value near that given by

tﬁelsolﬁpility of ?ugTIA)Ao The ER product in the washing or mefub: - section

was-.chosen in order to prevent a large buildup of plutonium in the center -

9f the eolumn, and thus teuprevent preci?itation of IPu(TTA)4 Likewise,

ﬁhevER-produet in the extracting section is given by the conditions that

avoid buildup of fission products. As the ER product depends upon both the.
iotamis el , RS , |

and the TTA coheentratiops, these are taken as low as possible in order

3

to give minimum material and processing costs.

_ihe;folipwing-diecgssion will‘be connected with Column T of Process A,

but applies also to Process B,

- FLOW RATES (Column I)

e

A decrease in the flow rate of dissolver solution to the center of the

eolumnuwould-haveutheefollowing effects

The Hf cqnéentrat;on in the ext;acting section will be'raised, lbwering

the E-and raising the plutonium concentration in.the waste stream of fission

products,

An inerease in the flow rate of dissolver solﬁtion would have the

opposmte effeeto )
An increase in the feed rate of 15 5M HN03 scrub would have the follow1ng

/

effect5°

(a) The only effect in the washlng section is a decrease in the R

which lowers the ER and therefore increases the reflux of plutonlum 1n ’

the column, - If the concentratlon ofiPu(TTA) is close to the saturation
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o limltg this could cause precipltation of the plutonium chelate,
(b) In the extractlon sectlon the H concentration will be increased

A
. thus deoreasing.the'E and increasing the plutonium lost in the waste stream

witn the fission -products, -
& decrease in the feed rate of 1.5M HN’O3 would have the opposite

effeetf : _
An increase in the-organioeTTA”feed would have the'following effectss

(a) Tt Would increase the R in the extracting section which would decrease

the amount of plutonium lost with the fission products. -

u‘(b) -It would increase the R in the washing sectionldeoreasing the reflux

. h " of. plutonium but at the same time deereasing the separation from elements

below plutonium, . o R .

A decrease in the organic TTA feed would have the - opposite effect,

CONGENTRATTONS (coLuMN 1) o

"An -increase 'in the aeld concentratlon entering in the dissolver solution

will have the following effects

Tt will increaee the aoid concentration int he extracting section lowering

the B ellowing more plutonium to leave with the fission products.

& decrease in the acid ooncentration will have the'opposite effect, -~

" An increase in the acid scrub concentration will have the following

_ effects
SR {a) Tt will lower the E in the washing section increasing the reflux

4 .
'y "~ . R

of plutonium and thus increasing the plutonium concentration in the center N

-

of the oolumno
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(b) It will lower the E in the extraction section increasing the
amount of plutonium leaving with the fission pi'-oductse
A decréase infthe acid scrub concentration will have the opposite effect,

An increase in the TTA concentration in the organic extractant will

~ have the following effects. | |
(a) ‘Tt will increase the E in the extracting section lowering the

amount of plutonlum 1ost with the fission: nroductso ~
(b) It will raise the E in the washing section decreasing the plutonium reflux

A“degregse in the TTA concen?rgtlon will have the opposite.effe¢tf_

Thé&fo}lowihg'aiscﬁssibhrwillﬁbéiQpnﬁactedxwith;@oiﬁmnaII;offP&ant T,

| | o Fde RATES (GOLUMN ID) . S
A decrease in the flow rate of organlc—TTA solution contalnlng Pu(TTA)A
and Zr(TTA)A to the center of column II Wlll have the following effects
The R in-the extracting section will be 1owered causing a decrease in
tﬁe -amount of ﬁiutgnium lost with the zirconium in the organié séream~but .
an increase in the.zirconium'reflﬁx°
‘ 'Ag;ingreése in the flow rate of organic-TTA to the center of column Ii
wi1l have the followlng effects W |
The R in.thgj‘extracting section will be increased causing an increase
in the amountﬁéflﬁlutonium lost in the-organic‘st:eamo’ ‘
An'{ﬁé}éégé“ih the flow rate of organic-TTA scrub will have the following
reéultg%‘ | | o | | | '
(a) In the washing section the R wil@ be increased éausing an -
_increase'in thé‘plutoniuﬁ‘reflux but é decrease 1in the‘zirconium leaving

 in the aqueous stream with the plutonium,
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N

() In the extﬁacting section the change in R wili be almost negligible -

because of. the 1arge center feed rateo !

A decrease in the organieuTTA sorub will have the follow1ng effecto

»(a) 'The R Wlll be decreased in the washing seetlon whleh will reduee

plutonium Peoflux and 1n®rease the zirconium impurity in the aqueous dlscharge

although this will still be very small,

(b) There will be essentielly no effect on the extracting section,

An increage in the HNO, £low reﬁe‘will have the following effectss
.:(a). The\R will beﬁdecreased‘in the extracting section deereasingfthe
plutoﬁium lost ip the orgenie stream at the bottom and increesing the "zir-
cqniumvrefluxo | (
(f} The R will be decreased in the washing’eeetion thus décreasing"the‘
reflux of plgtoniumo~A | o

A decrease in the HNO3 flow rate will have the following effectss

(a) - The R will be increased in the extracting section thus increasing

- the amount ofxplutanium lost in the orgaﬁie stream and decreasing the zir-

conium reflux, ‘ )
HOR The R will be increased in the washing section thus increasing

the reflux of plutoniums

CONCENTRATIONS {COLUMN TI)

An increase in the TTA concentration of the scrub would have the same

éffect in the washing section as increasing_the flow rate except the magnitude

of ehange would be greater, This is also true of the extraction sectien

where the E will be increaSeé, tendlng to increase the amount of plutonium

lost in the organic dlschargeo

A deerease in the iTA Voneentratlon of the serub Wlll decrease the E in

the washing SGCthH; deereaswng the plutonlum reflux.
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SUMMARY
‘.Comparative studies‘of'a series of halogenated solvents, as carriers
for TTA in‘thebchelate process for plutonium extraction, indicaté that

Qrﬁh9=aichlorobenzené‘most nearly satisfies thé'fequifemeﬁts:fﬁét are

~ set forth. A complete process design is presented for use with this

éélyent,,?hd flow data and equipment capacities are given for dissolver
solution and for uranium=free fission product soiution»és alternate feeds
to the process, Vertical mixerwéettlers are recomménded és'the-contractoré;‘
although pﬁlsed colu@ns or packed cqlumnsrare also believed to be suitabiéo‘ -
The size of such units is estimated from the beét available rate and |

equilibrium aatas and the effects of several operating variable are

" ‘considered.,
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