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THE CHELATE PROCESS, VI o PROCESS FLOWS INVOT.. VING o ·DICHLOROBENZENE . 

AS THE SOL~IT FOR TTA 

Mo Wo -Da:Vis; Jro,- T. E~ Hicks, and T. Vermeulen· 
Radiati'on Laboratory-and l):epc:.r'tment of Chemistry and Chemical Engineering 

Unbrersity of California., Berkeley, California 

ABSTRACT 

Jompara-tive studies of a series'of halogenated solventsj as earriers 
_; 

for TTA in the __ chelate process .for plutonium extraction, :l.ndioate that 

ortho=dichlorobenzene most nearly satisfies the renuireiments that are 

set forth., A complete process design is presented for use with this solvent9 

and flow-data and equipment capacities are given for dissolver solution 

and for uranium-free fission product solution as alternate feeds to the 

process" Vertical mixer=settlers ere rt3commended as the contactors 9 

although pulsed columns or p2cked co1mnns are also believed to be suitableo 

The size of such units i::1 e.stima.t(::d from the best available rate and 

equilibrium data, and the effects of several operating variable are consideredo 

THE- CHELATE PROCESS~ VI o PROCESS FLOWS INVOLVING 

o=DICHLOROBENZENE AS THE SOI,VENT FOR TTA 

' 
The chelate process for plutonilliu extrac;tion has been described in 

J=S 
pr·e-vious reports from this laboratory o It provides efficient recovery 

.of ph:;toniu.m from solutions containing uranium, fission products, or bothg, 

~, such as ar·e involved in the process-fh;; of neutron=irradiated uraniume As 

developed preYiousl~r,, the chela:i:.e process has -used benzene as the solvent 

for· the chelating G.gent (thenoyl trifluoroacetone, or TTA) o Be0au~e of the 

. volatility of benzene and the flammability .of·-its vapor, a setilrch for an 

alternate .soJve·nt has been undertaken., 
' 
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CHOICE OF A SOLVENT 

A solvent for use in this process must sati,sfy several requirements~ 

The so~ubility of l'u(TT~) 
4 

in the ~olvent must be of the order of OoOl_M 

or greatero The solvent must be resistant to oxidation and nitration by 

strong H'N03,. and it~ -vapors should be relatively non-inflariunableo It must 

also be available in large quantities at a rea~o~ble priceo Finally~ 

to avoid excessive losses, it should be very insoluble in watero 

The requirement of oxidation st~bility suggests the use of a halogermted 

solvento Seve~al available materials of this type have been considered; and 

their solvent properties investigated'in comparison to those of benzeneo 

Distribt,Ition. data obtained by Doris Heisig of this laboratory, listed in 

Table 1, show that all of the solvents considered give similar distribution · 

ratios o However, considerable variation is observed in the solubility 

measurements of uranium chelate by Kc Lo Mattern, which are use'd to predict· 
/ 

the solubility of plutonium chelate, 1'u(TTA) 4 o Even when benzene is used» 
I 

this solubility is a limiting factor in reducing the volume of the organic 

phase; thus it is desirable that any alternate solvent have a chelate solubility. 
) 

at least equa~ to that in benze:qeo 

Of the solvents considered, only chlorobenzene and orthodichlorobenzene 

had chelate solubilities approaching the·solubility in benzeneo The higher 

density of dichlorobenzenerelative to water, and· its greater chemical stability, 

are two important factors in its favoro 
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CHBr3 

CHCl3 

GtJI5Cl 

o-C6H4 C12 

C6H6 

. C6H3c1
3 

c2014 
cc14 

c4c16 
/ 

TABLE I 

EXTRACTION 'PROPERTIES OF HALOGENATED SOL VENTS 

S~lu1)ility _of U(TTA) * 
at 25° c 

- - 4 

0.0007 

0.0019 

0.0037 

0.004 

0.005 

0.0006 

0.0002 

0.0002 

0.00004 

' 

K**. X 10=6 

Distrioution 
·for PuiV 

Oo076 

0.045 

0.55 

Oo43 

1.39 

0.29 

0.50 

L6 

L4 

Solubility 
Parameter (7) . 

9J5 ' ,--

*Solubilities of '?~(TTA) 
4 

are estimated to be twice those ~f U(TTA)
4 

._ · 

K** , = (Pu. (TTA) 4) o (H+) a 4 
(PuiV) ~ {TTAJ4~ Conditions ~0 .4 74 .f!1 HNOJ 

. 

• 

If ortho-dichlorobenzene is used for extraeting plutonium_from disso1ver 

solution of high density, it will be-necessary to have one mixer=settler 

or column for the extracting section and another separate uni~ for the 

washing section. This follows because the density of orthodichloroben~ene 

(1.30 ;3.t 20° C) lies between the densities of, dissolver soluti~n arid of 
. 

the acid i scrub,o However, since the total number of contacting stages required 
. --

w~uld. not be inc:r·eased by di'l.d,ding the column~ this requirement is considered 

incidentalo 
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A qu~litativ·e explanation of the observed solvent behavior is afforded 

by ,the solubility parameter first defined by Hildebra'ndo7 The solubility 

of the chelate would be expected to decrease as the difference between its 
\ 

solubility parameter and that of the solvent increasedo This suggests that 

the par~m(3ter for the chelate is probably in the range 9u2 to 9o6o 

P.ROCESS ALTERNATIVES 

There are two way·s in which the chelate process. may be opera ted" One 

is to remove the plutonium from the .dissolver solution containing uranium; 

the other is to remove .the uranium first and then to separate plutonium 

fr<?m the fission productso The detailed conditions for plutonium recovery 

are somewhat different in these two cases, and will b~ referred to: as Process 
. . 

A and Process B, respectivelyo In either case, the removal. of uranium is 

accomplished by some other process such as a solvent extraction proooos 

· u~ing pentaether or a solution of tributy·lphosphate, or in Process B, ·by 
. .. ··-

non-aque6us.fluorinationo However, the calculat~ons presented here for 

process B assume a preceding solvent extraction,process using nitric acid 

as the salting agento 

The appended drawing of Process A shows all equipment and the composition 

of all streams connected with the purification of'plutonium qy extraction 

from dissolver solution, based upon one metric ton per day of irradiated 

uraniumo If a solvent with the density of ortho,,dichlorobenzene is used,, 

the first column will have to be. split at the center feed point~ as discussed 

-previously o 
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The drawing of 'ProcessB shows all equipment and the composition of 

all streams connected with .th.e purification of plutonium by extradition from 
. ' 

a solution from which uranium has already been extractedo 

~he feed to P:rocess B is much higher in HN0.3 concentration·than the feed 

to !rocess __ A, because __ of the a?id :e_quirements for the uranium~extraction 

s.tepo. As a-result 9 the TTA concentration .and the relative v:olume of organic 

phase are both much larger in Process B, and a proportionately larger column . . . . 

will also be required. Therefore, from the standpoint of plutonium extraction~ 

Process 'A would be preferred.· Should dry fluorination be used, Process B ·wol,lld 

be modified considerablyo 

PROCESS DESCRIPTION 

The main decision to be made in connection with this plant design concerns 

the .. type of cori~a~ting equi.pment to be usedo The TTA process is considered 

workable with packed columns, pulse co;:Lumns, or mixer-settlerso · The choice 

of the contacting equipment is dep,endent upon expense, size necessary for 
. -

a given separationy and. ease of operation., It is believed that these advantages 

can be best attained by the use of vertical mixer-settlers of the McKittrick 
. --: . 0 

type shown in ~art T of this dissertation UCRL-1013 o This unit is relatively 
/. 

inexpensive 9 i~ easy to assemble, and should be free from operating difficultieso 

Due ~~ t~e use of HN0.3 and TTA~ all . equipment connected with the plant 

must be made of stainless steel and Teflono 

Tn column J of Jrucess A, two extra mixing chambers are .add~d to the 

extr~cting section in order to contact the lt;laving f'ission product~ and 

'uranium with fresh solvento This serves to lower the TTA concentration in· 

the ~queous phase, in order to reduce TTA_losses, and to prevent build·=up 

\ 
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of TTA in the organic phase of the foilowing process for extracting uraniume 

In order to recover the organic solvent and TTA used in the plutbnitim 

pur.~fica~ion steps~ an extraction with Oo5M Na2c2o4 in HN03 is necessary to 

remove the zirconium from the organic stream leaving column IIo After·the 

oxal~te extraction~ a water wash re~o!es traces of oxalate remain~ng entrained 

in the organic solvento The solvent then goes to storage tankso Two dis~ 

dilla tion columns for the purii'ication of the solvent and the TTA at. the. 

end of each cycle are includedo It should prove possible to recycle the TTA 

solution without distillatior19 in which case the columns will be reserved 

for occ~sional usee 

Calculations indicate abo).lt sixfeet of concrete would be necessary 

for shielding allconcentrated fiMion product streamso The activity assumed 

for the solution was 6 x 105 curies of heta and 105 curies of gammao It 
.. 

was further assumed that the average gamma energy was 1 Mevo 

CALCULATIONS 

Plutonium separation and recovery were calculated for various conditions 
\ 

of mi:x:er-settler operation~ assuming volumes per stage of 14o2 liters in 

process A and 2lo2 liters in process Bo The method of calculation may 

be found in a later sectiono The· equations used indicate that the aqueous 

holdup per stage, is an important variable_ in plutonium chelate extractiono 

Accordingly 9 calc,ulations were made for Column I 9 process A9 with aqueous 
• .. . .. . ' .. • - I . \ 

holdup,volumes of 25 9 50 9 and 75 percent of the total stage volume~ 

The following.tables give the calculations made to determine the nufuber 

of mixer=settler stages required for plutonium separation~ based on a reco·very . 

. 9f at least 99o99% .of the plutoniumo 
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Shown in Figo I is a plot of residence time of the·aqueous phase versus 

the number of mixing stages required in the extraction section to remove 
. . 

greater than 99o99.percent of the plutoni~m from the aqueous phase. It 

can be seen that the aqueous/organi~ phase ratio in each mi~ing chamber 

should be set as high as.possible~ subject to requirements for good mixing. 

. / 

;1 

\ 
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NUMBER OF EXTRACTION STAGES REQUIRED 
FOR>99.99% PL.UTONII,JM RECOVERY AS 
A FUNCTION OF AQUEOUS RESIDENCE TIME 

PROcESS A - COL.UMN I 

4 6 7 

RESIDENCE TIME OF AQUEOUS PHASE IN MI>ONG CHAMBER (MIN.) 

FIG. I 
MUI317 



Stage No. 

1 

3 

4 

5· 

6 

7 

8 

9' 

10 

,. . 

TABLE IIA 

Process A - Column I 

SUmmary of Calc1:1lat -iotJ,s. Based on Equation (18) 

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

Pu cone. in 
Organic Phase, 
M X 105 .. . . 

2~5(a) 

374 

421 

444 

. 455 . 

·461 

118 

130 

1.43 

0.16 

Org./ Aq·. 
Eaui1ib., 

e 

1.20 

1.20 

1.20 

1.20 

1.20 

130 

130 

130 

i30 

130 

-
CD 

1.89 

1.43 

1.30 

1.26 

1.23 

3.31 

~ 
(?) 

1.39 

1.27 

. 1.24 

1-.22 

1.22 

12.9 

30.0 

3. 31 ' 30',0 

\ -

30.0 

30.0 

Pu cone. in 
Aqueou·s Phase, 
M X 105 

198 

295 

341, 

363 

374 

35.7 

3.93 

0.433 

0.048 

0.005 

Pu Leavi!ll; 
In_Aqueous 
Moles/Min X 105 

52 

77.5 

89. 7. 

95.2 

98.1 

62.3 

6.85 

o. 755 

0.0837 

0.00925 

a This value was given by the conditi:ons assUired, 

Pu Entering 
in Organic . 
M~le s/ min x 105 

197 

222 

. 234 

240 

243 

62.3 

6.85 

0.755 

0.0837 

0.009·25 

I 
1-''. 
1-' 
I 

b Comentration iri orgamc phase divid_ed _by cortcentration in ente;ring aqueous phase. Ck-:t is used in equation (18) 

instead of Ck + 1 , because of reverse nunberirg of the st.a.ges 
' 

c Ratio of actual conc:,in Organic phase to cone, in aC).leous ph?.se 
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TABLE IIB 

Process A - Column I 

Flow Diagram Shovd.ng Concentrat.ion~ ani .-Tr~ fer .Between St~ges 

Aqueous Volume per Mixing Stage (V
8

) ,;, 10640 ml. = 75% of Mixi~ Stage Voluim 

Pu, Moles/min, Leaving Sta~e in Organ~c Phase· 
. . 
-7 .,5,5xlo-6 6.85xl0-5 6.23x10-4 -3 . 2.43x10 . 2.4xlo-3 : 2. 34xl0-3 

l.43xlo-5 LJOx10--4 1.18xlo-3 4.61xlo-3 4. S5xlo-3 4.44xlo-3 4.2lxlo-3 
Pu, mol s/liter, in organic p 

-' 

. . . 

2.22x10~3 1.97xl0-3 
\ 

. l 
-3 i 

2. 75x1o I 
I 
.-a 

~~~~~--------~------~~------~----~~---------r--------;---------+-----~--+-------~ ~ --- ·---~-

4.33xlo-6 

8.37xl0"""7 

Pu, moles/min·leaving stage 
in aqueous pha,se 

3.93xl0-5 
.. 

3.57xJ.o-4 3. 74xl0-3. 3.63rl0-3 3.4lxl0.;;.3 

. 2:JxJ.o-i 9. !ilxlo-4 . 9. 52xlo-4 s. 97xio-4 

1480 ml/ ffiin · 
L45xlO-3- ·moles/min 
Aqueous Feed 

7.75xlo~4 5.2Xlo-4 

L50M HNOJ 
· 263 min 
:. Aque-ru'"'--s-S-::-c-ru~b~ 

~- ' : 
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TABLE III 

Process A - Column I 

(' 

·• 

Flow. Diagram arrl Summary of Calculations 

Aqueous Volume per Iviixii1g stage (Va) = 70o/J rnl = 50% of Mixing Stage Volurre _ 

_, . Pu 9 Moles/min~ L~aving Stage .in Organic,.~Phase 
· .3xlo~8 4.25xlo~7 2,86x1o-6 l,92xlo-5 l.29xlo-4 8.70xlo-4 2.4lxlo-3 2.38xlo-3 

\~~---~~-~------~------~~- ----~-----~~~---~---~~--~--~+-~----~------~~ 
. ~- ''~7 
\, 'Jo05xl0 

. . . 

3,64xlo-5 2.45x1o=4 L65x1o-3 4.58xl0;...3 4.5lxio=3 · 4.39xl0-3 
' ' 

Pu9 moles/liter 
•, ,. 

. Pu9 moles/liter "in aqueo 
LlOxlo~5 7,44xlo·-5 4.98xlo=4 3. 7ox1o=J 3.6ox1o-3 3,31x1o=3 2,8oxlo-3 

.- ~ . . . - . ~----f-----/,_. __ ~-~'----~~~~-----'----
4. 25rlo-? 2 .86xlo -b 1. 92x1o-5 L 29x1o-4 8. ~xlo-4 i 9. 73xlo-4 9. 46xlo-4 8. ?Oxlo-4 1.; 5xlo-4 ·• • 86xlo-4 

'45 
~;-.. in 

.age 

/ 

l' ll 

130 

22o2 

Pu 9 ·mole s/min 9 leaving stage in I l480ml/min · 
_ AqueOL\s. phase b .0014) moles 

10 9 8' 7' 6 5 4 

130 130 130 lJ) ·lJ) L20 ·L2Q 

22.2 22.2 22.2 22.2 9,20 L22 1,22 

/ 

3 '2 l 

L20 L20 1.20' § 
F.l 
~ 

L25 L30 L48 f-' 
-0 

\.>:) 
1\) 



. 
.t 

' , ' .. . . 

TABlE IV . 

Process A - Column I 

' 
Flow Diagram and Summary of Calculations 

~ . . .. ~.-

Aqueous v·olume per stage (Va) "' 3540 ml = 25% of Mixing Stage Volume 

. u 9 _ o es nun? eav:Lng .. _ age J.n rgan;t.c a~e . . · . 

5.06xlo-.6 2.08xlo-5 8.55xlo-5 3.53xlo-4 L45xlo-3 2.38xlo-3 2_o34xlo-3 2o26xlo=3 2.12x10-3 
=

3 ' l' l.86x10 

P M 1 . /, · L '· . St - · 0 · Ph .. . · 527ml/min, ~-

··-·~--'r1-~--~~--~.,.----~..,----__;~-~~-'M---~-h--""':'. - . .I 

) 

. ' ' 

-7 -7 o05xl0 2o90xl0 · 

~-'745ml/min 
Pu 9 moles/min 9 leaving stage in aqueous phase 1 

1480 ml/~n 
1.45xl0-3 a 

Stage ~ 
u 

No·. I-' 
C) 

13 12 11 10 9 8 '7 6 5 4 ·3 2 1 \.,.) 
1\) .. 

e 130 130 1):) lJo 130 ' lJJ 130 130 L20 L20. L20 L20 L20 

Ek 13.6 13/6 13,6 13. 6' 13.6 13.6 1~. 6 '5.44 L24·, 1.26 LJl L38 L76 
'· 
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TABLE VA 

Process A.-- Column II 

' 
SUmmary of Calculations, Based on .Equation ( 17) a 

Aqueous ·volwne p~r Mixing St-age (V a) ~ 7p90 mL = 50% of Mixing Stage Voluf!B 

Pu cone, in Pu .cone, in ' Pu Leaving in 
Aquequ~ Phase c . E Organic Phase Organic,

6
Moles/ 

M X 10. . (~) (d)k M X 106 minx 10 stage No, 

1 230b 0 o00897 206 10,8 

2 232 ,00888 ,00897 208 10,9 

3 ' 232 . ,00888 ,00897 208 10,9 

232 ,00888 ,00897 208 10 •. 9 

5 232 ,0088.8 ,00897 aJ8 10,9-

232 ,00888 ,00900 209 121 

i 

' 19.2 ,109 ,0140 26,8 15,0 .. .. 

2.38, ,109 ,0141" 3.36 L95 

0,309 ..... ,109 ,ouo 0.433 0,25 -q ,. 

J.() 0,0397 ,109• ,0140 0,0556 0,0322 

I 
a Organic/aqueous equilibrium ratio 8 =· ,009 

b Given by ~he conditi_ons assumed for one calculati~:m 

c Concent~atio"i:i' in organic phase, divided by concent.ration in entering aqueous phase 

d Ratio of actual·concentration in organic phase to concentration in aqueous phase 

... 
Pu: Entering in 
Aqueous, 
Moles/min x 106 

1460. 

1460 

1460 

1460 
Q 

1-' 

1460 Vi 
8 

121. 

15.0 

L95· 

0.259 

0,0322 
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1~ •• 

or g. 52. 5mJ-/ min 

~-· l.08xlo-5 

( 2.06x.l00:4 

( 6_3-.0ml/mln . . 

f.45xl0-3 ~oles/min 

TABlE VB 

Proces's A - Column II 

·Flow Diagram Showing Concentrations and Transfer Between. stages 

' 
Aquews·,Volume per stage (Va) = 7090. ml =50% of Mixing Stage Volume 

L45xlo-3 
527Inl/rnin 

Pu, Moles/min, Leaving stage in-Organic Phase 

l.09xl0-5 . l.2lxl0-4 

No chang in Pu; 
Change i F.P. 1 s only 

··, 

-8 
3.22xl0 

4. 33x10-7 5. 56xlo-8 
___:J79. 5ml/min 

~63.0ml/min 0 
1--' a-. 

fi 

3.22x.l0-8 

Pu,mole s/min leavi.11.g stage in aqueous phase 

'. 



~25- ml/min, 

TABLE VI 

Process B - Column I 

Flow Diagram Showing Comentrati ons arrl Transfer Between stages 
- ~ 

,Aqueous Vollll'IE per Stage (Va) = 15 9 900 cc = 75% of. Mixiqs Stage Vollll'IE 

Pu 9 moles/min leavir:g stage in 
' ·organic phase 

org. diluent 
1680 rnl/min 

Org. scrub · -6 . -5 
4 L 53xl0-? . L 43xl0 l. 34xl0 L 25xl0- l.~xlcr-_3ll.86xl0-~ 

~2.9;xlo-7 2. ?~xlo-6 2. 55x10-5 2.38xlo-4 

I 

I · norga.nic p se · 
:1'. :. 

.. 

r'/~24x.l0"'":9- i.~5xl0-S _6 .. 30:xl0-7 5.88x.lo-6 5·.50xl0~5 3.?98xl0-4. 3.9_2xl9-4 3.76x.lo-4 3.36x.lo-4 2·.40xl0-4 

Pu 9 mo es/1iter9 n aqueous 

.. 

· -i .. bsx.lo-81.·. 53xio-7 1·.43x1o-6 1·.34x1o-5 ,~ 3.52xlo-4 2:52-"Ll0...-4 l;25x.lo- . 4.18xlo-4 

~ ·. ' 

2275 Jill/min Pu 9 moles/min leaving'·· 1225 ml/min 
stage· in aqueous phase L 45xlO-3 moles Pu/min 

Stage. 
No. .. 

10 .9 8 7 6 5 4 3 2 l 
... 

8 133.5 133.5 133.5 i33.5 I 133o 5 2.10 2.ld 2.10 2.10 2.10 

Ek 40.5 40o5 40o5 /.,lO o 5 64.8 2.12 2.13 2ol7 2~29 2.74 

2265ml/min 

0 

-tl 
0 

g 
. ::u 

1050 ml/min- to' 
3M HNOJ 1-' 

0 
\.>) 
1\:), 
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' TABLE VII 

Process B - Column II 

Flow Diagram Showing.Cot;lcentratioris, and Transfer Between Stages 

Aqueous Vo~uire per Mixing Stage (V a) "' 15. 9 900 cc = 75% of Mix.i.Qs Stage Volume 

105 ml/min orgo 

Pu 9 moles/min · 
_

6 
leaving stage in 

. 9o02xl0 _ .. ?~gaffi.c phase 

\ 
~ I . . . 
· . ?> 0 60xl.o-5 .8o60xl.o=5 -unch nged 

uncll:n nged 

. . 

L45xl0-3 moles Pu org, 
2205 ml/min 

~.. · ·1. 46xlo-3 

'l~45xl0~3 mole/liter !Pu9 moles/min 1eaving stage in aqueous phase 
105 ml/mip . I 

§:tage 
Noo· 

l 
I . 

2 3 4 5 6 8 

•· 
_o 00624 o 00624 o 00624 o 00624 · o OQ625 

7 

,00905 o00905 
•! 

· G = , 00620 throt,ghrut 

10 

o00905 

' / 

2310 ml/min 

105 ml/rnin 

11 
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CALCULATION METHOD 

The equations for calculating the number of stages required for 99a9 percen~ 

recovery of plutonium in mixer~settlers are reprc;>duced here from UCRL-400" 

At steady state in a:ny mixing chamber 

dE/dt :;: (~ E/J t) flow rate ~ o · <r (J E/J t)mass transfer ;;: o ~ 0 

where E ~ Y/X (X ~ moles of plutonium per liter of aqueous phase 

and Y ~ moles of plutonium per liter of orgariic phase) and t ~ time in mino 
':.·· 

and since 

X ~i' PY :; canst o 

where P ~ the volu~e of organic phase divided by the volume of . 

aqueous phase 

:, 0 

Therefore 

(JE/~t)fr:;: o :;:~ ·(~Y/~t)foro '.;: 0 

Next considerA ml/rnino of an aqueous solution of plutonium entering 

and leaving a m:l.xer containing V a rnlo. of aqueous phase 9 and at the same 

t~ne B ml/min of an organic solution of plutonium entering and leaving the 

same mixer containing Vb ml of the ·organic _phase o Let this be the kth 

mixer with Xk moles/liter of plutonium in the aqueous phase' of the mixer; 
. . . ' 

since this phase is homogeneous 9 substantially perfect mixing is_ obtained 9 

and the average compensation of this entire phase will be the same as 

that of the portion leaving the' mixero 

(1) 

(3) 

(4) 

( 5) ' ' 
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Let . t~e entering aqu epus phase containing Xk ~ 1 moles/lite~. pf plutonium 9 

and the entering organic phase cont~in Yk _ 1 mo~es/liter of plutonium; while 

the .orgB:ziic phase in the stage and in the exiting :qr _ _g~n:~<?- .streii~ .. ~,ontain 
._; __ .,,,_. ··.·: . . ,_._~-~);:\~-.. ~_ .... ' .· .· -~. 

y''o moi~s/ffief of. piutoniUni~. -:'·This mixer ;is one stai~ :··6i:;.~;;,mher"Lsettler 0 

. k ... · .. . ' . ' ... · /' 

Under steady-state conditions the amount of plutoniUm ~n: tli.~~st9;ge 
. . / . . .. :: ~ ~-~ ~ . . . . 

does .. n~t change 9 therefore the amount entering the s~age must '~qu.~ the 
. . ' .. -· 

·: '. 

amount leaving the stageo That is 

AJSc + l ~ BYk ... l ~ AXk '.(;. BYk (6) 

.Since Ek :;;: Yk/Xk 

. (c}Ek/~t)motoill 0:: (l/Xk)(.)Y~j;.)t)mot~a o ~ (Ek/Xk)()Xk/Jt)moto= o' (?) 

but 

(aYk/Jt)moto~ o : (B/Vb)(Yk-1 - Yk) 

and (J Xk/o t)mo to .~:: 0 = (A/V a)(Xk + 1 - Xk ) 

:: (B/Va) (':~ - Yk - 1) 

: - (P)(B/Vb)(Yk~l - Yk) 

Ther.efo~~ subr;;;tituting eqo (~) and eqo ~19) in_eq~· q) 
(~_~/~t)mo to .~ o - (B/Vb)(l -+ PEk)(Yk-1 - Yk/Xk) 

I . 

:: (B/Vb)(l ~ P!k)(Ck - ~) 

where Ck : Yk~l/Xk 

Substituti.ng eqo (12) and eqo (5) in ~q·o (1) gives. · · 
·,. 

gives 

/ 

(1, -t P.~/Xk)(d Yk/d t)foro :. 0 ~ (B/Vb)(l ~ PEk)(Ck · ... ::Ek) : 0 . ( 
: ... k ? .. ~-

·: ':: . 

This expression is applicable for the distribution :ot:: any c¢mponent 
': ,_; :' . . . . 

. . ' .· :;·- ·.-. 
between· immiscible solvents in any one extracting stage 9 ~d it is not 

· necessary that the exact mechanism for extrll.ction be .knowno In. order 

to apply it 9 it is only necessary that a single miXer 9siffiilar to the one 

(8) 

(9) 

(10) 

. (11) 

(12) 

(13) 

' (14) 

(15) 
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to be used li1 the continuous appar~tus 9 be built 9 and batch extractions 

performed to follow the transfer between the. two ph~ses of the element 

under consideration as a function of time and .tota.J. concentra.tioh levelo · 
• • • • •• ·.--. ~· ,. ..{:'.~:·· • < • ' •• ::- • • 

' >·The 'ap·piic~tion of these equations to a. particiliar: syite~ '1-e'q\ii!oes 

experimental data concerning the rate of trans~er between ph_a,~~So For the 

plutonium system Crandall and Thomas developed the' :following equation 

for the rate of extraction between 0 o 5M HNO 3 and benzeneo 

dY/dt : kl ~: (TTA/H+) 2 
:: k2 ~ (H* /TTA)2 

k1 ; 185 min-1 

k2 ~ lo24 x 10~4 min-1 

Y ~ plutonium cone in benzene phase 

X ~ plutonium cone in aqueous phase 

P ~::volume of organicphase divided by volume of aqueous phase 

t '!!: time 

TTA ~ conco of TTA in benzene 

H~ ~ conco of H+ ion in aqueous 

By combining equations (16) and (15) Hicks developed an equation for the 

calctl1ation of the dynamic equilibrium coefficient Eko 

Ek :;g .,15V ~~ . t BkCk; 

or E ·~ 
k 

15V I 
o a 

·n '* Bk 
--~-f <'• 

o15 va \(T + Ak 

ol5 va 

'(r 

' . f . 

(16) 

(17) 

(18) 
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Va, = volume of .. aqueous phase in mixihg · chamber, ml 

Ak = aqueous flow rate ml/min 

Bk: = organic flow rate, ml/min 

9 ;, V4o6x106)/(l 4${NOJ1 + ~O{N03} 2] (=!·-,4 

-~ = ¥v.;l 

, xk 

0k ~1 = Yk/Xk +1 

) 

= equilibrium constant for 
plutonium TTA systein in 
b~p.zene or ,CQ;t.4 :B:nd aqueous 
nitrates : 

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 plutonium extraction byDoris Reisig has shown that 

the rate-of extraction is diffusion controlled and therefore a function-' 

of stirring speedo . _This indi?ates ~hat the values of k1 and k2 obtained 

by Crandall and. Thomas are not strictly valid at· different stirring speeds .. 

and in mixing chamber~ of different sizes and shapeso In order to make 

accurate cafculations, a value for k1 and k
2 
m~st b~ determined for'each. 

' . . ~· 

· case experimentally o If. k1 and k2 were d~t§~ined in this way the calcula-

tion to determine the number of miXing stages for a given separation would 

I be qui~e accurate;, Since the values of kl and k2 :u.sed to ,size the large 

mixer settlers were determined in a small stirring chamber with high_ speed 

stirring the number of mixing stages arrived at ~9~ the large.units must. 
I 

be regarded as, a rough appro.ximation to th.e trutho ' 
I. 
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OPERATING VARIABLES 

T"ne ... conditions chosen in Process A and B for the separation of plutonium . 

are merely one possible combination· among many that will worko in column I 
_, - .· . . .. !' 

the flow rate of organic phase has been set at a value near that given by 

t~e· sol~l:>ility :>f 1'u_(~~) 4 o The ER product in the washing or :a-erub: , se6tion 

was chosen in order to prevent-a large ?uildup of plutonium in the center 

of the column, and thus to_prevent precipitation of 1Pu(TTA) 
4 

o Likewise, 

the ER product in the extracting section is given by the conditions that 
• • . . -. I 

avoid buildup of fission produ~tso As the ER product depends upon both the 
... . .. - .. . . ' I 

. I 

HN0
3 

and the TTA concentratio~s, these are taken as low as possible in order 

to give minimum material and processing costso 

The following discussion will be connecteq with Column I of Process A, 

but applies aiso to Process Bo 
...., __ . 

FLOW RATES (Column I) 
... --- ' 

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

column--would have the following effect: 
. -· -- . 

The H~ concentration in the extracting section will be ·raised, lowering 

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

productso 

An increase in the flow rate of dissolver solution would have the 

opposite effecto 

An increase in the feed rate of L5M HN~ scrub woul,d .have the following 

effects'J 
-

(a) The only effect _in the washing section is a decrease in the. R 
I - \ 

which lowers the ER and therefore i~creases the reflux ·of p~utonium in . 

the columno · If the concentration of 1Pu'(TTA) 
4 

is close .to the saturation 
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limit~ this could cause precipitation of the plutonium chelateo 

(b) 
. I ' -+ 

in the extraction se~tion the H concentration will be increased 

thus decreas~ :the :E and increasing the plutonium lost. in the waste stream 

with the fission''-products o 

A decrease in the feed rate of lo~ HN03 would have the opposite 

·effec:to 

An increase in the, organ'ic.=T-TA -feed would have the following effectsg 

(a} It would increase the R in the extracting section which would decrease 

the amount of plutonium lost with the fission productso 

. ·(b) It would increase the R in the washing section decreasing the reflux 

of-plutonium-but at the.s~me time decreasing the separation from elements 

below plutoniumo 

A decrease in the organic TTA feed would have the opposite effecto 

CONCENTRATIONS (COLUMN I) 

·An -increase ·in the- ~ci~ concentration entering in the Ciis·s-olv.er. ·solution 

will have .the following effectg 

It will increase the acid concentration in the extracting section lowering . ~ . ·' 

the E9 allowing more plutonium to leave with the fission productso 

A decrease in the acid concentration will have the opposite effecto 

An increase in the ic{d-scrnb concentration will have the ~allowing 

ef'fectsg 

··--~ 

. (a) It will lower the E in the washing section increasing the reflux 

of· plutonium and thus inereasing the plutonium concentration in the center 

of the columno 
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· (b) It will lower the E in the extraction section increasing the 

amount of plutonium leaving with the fission products. 

A decrease in' the acid scrub concentration will have the opposite eft"ecto 

An increase in the TTA concentration in the organic extractant will 

have the following effects., 

(a) It will increase theE in the·extraeting section loweriq.g the 

amount of. plutonium lost with the fission productso 

{b) It will raise the E in the washing section.decreasing the plutonium reflux 

Adecrease in the TTA concentration will have the opposite effect • 

FLOW RATES (COLUMN II) 

A 'cie.cre-ase in the flow rate of organic-TTA solution containi1:1g Pu(TTA).4 

and Zr(TTA)4 t? the ce~~te~ -of column II:will have the ~?llowing effect: 

The--R in--th-e extracting section will be lowered causing a decrease in 

the amount of plutonium lost with the zirconium in the organic stream-but 

an increase in the zirconium refluxo 

An-increase in the flow rate of organic-TTA to the center of column II 

will have the following effectg 

The R in the extracting section will be increased causing an increase 

in the amount of plutonium lost in the organ:tc .streamo 
-

An Irici;:ea.s·e in the .now rate of organic-TTA scrub will have the following 

(a) In the wa·shing section the R will be increased causing an. 

increase in the plutonium reflux but a decrease in the zirconium leaving 

in the aqueous stream with the plutoniumo 
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(b) In the extracting section the change in R will be a~ost negligible 

because of-the large center feed rateo 

A decrease in the organic:=TTA scrub will have-the following effectg 
===="'=~ 

(a) . · 'rhe R w~ll be decreased in the washing section which'will reduce 
•• '>,. •• I 

··-·.!:·. 

plutonium reflux and increase the zirconium impurity in the aqueous discharge 

although this will still be ve~ smallo 

(b) There will be essentially no effect on the extracting sectiono 

ltn ~ HNClJ~ow ratl:) will have the following effects: 

-{a) The,R will be decreased in the extracting section decreasing'the 

plutonium lost in the organic stream at the bottom and increasing the 'zir-

coniumrefluxo 

(b) The R will be decreased in the washing section thus decreasing the 

reflux of plutoniumo 

A de-crease in ~the' HN03_ flow rate will have the following effectsg 

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

the amount of plutonium los:t in the organic stream and dec:t"easing the zir-

conium refluxo 

. (b) The R will be increas_ed in the washing section thus increasing 

the reflux of p1utor~iU.mo 

CONCENTRATIONS (COLUMN II) 
. . 'v 

An 1ncr"ea-se in the TTA concentration of the scrub would. have the same 

effect in the_ washing section as increasing the flow rate except the magnitude 

of change would be .gr,eatero This is also true of the extraction section 

where the E will be increased, tending to increase the amount of plutonium 
\ 

lost in the organic discharge" 

A decr~as~!L_!.pe TTA.:~ncentration of the scrub will decrease the E in 

the washing section~ decreasing th·e plutonium refluxo 
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SU!\'!JIJ!ARY 

Comparative studies of a series of halogenated solvents 9 as carriers 

for TTA in the chelate process for plutonium ~x:traction9 indicate that 

ortho=dichlorobenzene most nearly satisfies the requirements th.at are 

set fortho A complete process design is presented for use with this 

solvent 9 and flow data and equipment capacities are given for dis,solver 

solution and for uranium=free fission product solution as alternate feeds 

to the processo Vertical mixer~settlers are recommended as the contractors, 

although pulsed columns or packed columns are also believed to be suitablee 

The size of such units is estimated from the be~t available rate and 

equilibrium data.ll and the effects of' several operating variable are 

consideredo 

. / 
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