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AN EXPERIMENTAL APPROACH TO THE OPTIMIZATION OF
SOLVENT EXTRACTION PROCESSES

A, lkuta™ and E.C Costa®

ABSTRACT

The applicat'on of an oprimizarion factor defined from fundamertal reasoreng is described in 1he
determuration of optimal chowces of coerating lewvals of process wariables, and in the comparisan ot the
petformance of different eaperimnantal assernalies. The facen was defired for an estraction pracess 2s being
irecily proporticnal oo the are of oagfer of the earrastalale species nln The grgasng Smean, ineergrly
progorueeal e e rate al s af the specws in the raffinade stregop, sed dircctty proposticmal g ehe roe of
productien. The use ot thos Factar permitted the excrapalation ¢ conclusions from simp e ongstage ok szahe
batch experiments, to mutistage pilot-scale anits,

INTRODUCTION

The maxmuzation of rate of oroduction and the munimization of rate of loss of valuable
products in the waste streams of 3 producthion process are challenging problems which
frequantly defy one’s skil and ingeruity. A producunn process operating uader the conditinng
of maximum rate of gan or minimum -ate of 'oss of valuable products 2t a lieed imput rate of
1aw materias ks saicd 0 he optimized The sea-ch for optimized conditions, boweyer, involves
chaicgs among alternats routes and levels of gertingnt variables, which in gach case must consist
of optimal decisions and will wltimate v determine the ower-all process performance, Therefoes,
to establish optimal chaices one must carefully select unblased pa-ameters which can
adequately rneasure the process pocrformance. As a genera: fule, aonce a siitable parsmenet
defined, the optmization procedure is reduced to the naximization of a functian of the type

F= 19 0%, 7] 11

whete F it the regponse vaviabbe which measures the process parformance, X are the contralled
virtables which can be wvaried ower 3 range of allowable values and Yj are uncontrollable
variables oeculiar to the system or apparatus teing studied, In gengral, Yi dre constants by the
wery ngture of the problem or can be held constant for a sot of experiments;, sa that the
rasulting responss Fund ton

Po tp0X,} 121

for dhifferent systerms or apparatus can be compared. [n this paper examples are given both of
the maxirmzation of P tor a given aystent angd apparatus [‘l"J constant] by optimal ahoieey of
lewats of conmtrnlled variables, and of the companson of different experimental assemblics by
maintaining constant the controlled varighles {X; constantt for a given constant system.

* Chemical Engineeiing Zivision - Ingldoil de Energea Atdmica - S50 Paulo - 5P - Brazil.



Thee Fallowing wark is coneerned with the maxomization of the fuactional celationship
given by Equation 1 applied to solvent extraction problems, but the fundamental emphasis is
placed primarily on 4 suitable definition of P for these processes. The work s definstely < anted
tomard the solvent extraction purificaton of ucledr matarials, nevertheless the undertying
theosy 15 opplicable to ather extraction processes ai well and can possikly be retended to many
similar problems 11 other areas. As far as icis known to us, the approach heerin deseribed is an
criginagl conttibtion ta the field and undoubtedly simplifies much of the laborioos work of
interpreting extraction data. The method not only silows aptim 2alion of gual tatie dec s ons,
but &lsi the determination of optimal choices of operating levels ot controlled variahles n
extraction problems. In one of (he applicatons to be described, the method proved to be A
gimple and sasy wdy of determining the optimum solvent dilubon: a controversial prablem
which has puzzled many a worker in The past,

THEOQRY

In the optmization of solvent extraction processes there are osually targ well-defined
problents, that of optimizing the system and extornal conchtiors dsoct as fesd rates, feed
concenirations, O/8 ratia) and that of maximizing the producsior rate ot ac existiog apparatus
ond system. In the first case the chowce of adequate parameters which enable eptincal decisions
is & ehallernning problerm, keretnfore mostly empirically approached on the grounds of educated
guesses, whareas i the second case there are several well-esiahlished measures of process
par{ormanca which are v commeon ysage. In the swidy oF mulli-siane contsctors for example,
HTU, HETS or stage efficiency at o fixed feed rate are the parameters most frequently
encountered. These factors are a indirect measure of the rate of gawn of preduct in the solvent
streame or of the rate of loss of procuct ir waste streama, however, whilst they are @ functicon ot
the input rate, they do ot ndicate 3t what input rate the contactor is operating. They are
therafara vriditable far the pursoil of ae optimcation path or the magimization of P, singe
they are nat an adequale measure of process performance, The interpretation of these data then
harome  somewhat diffioult and cumbersome, becduse there s the need for a parallel
determination of floading capacities and the mazimiged produetion ratz does not coincide
simultaregusly with the conditicns T minimom HETS or HTU and thaose For maximum
through put. By the same token, rate of production alene is an unsuitabde measure of
performance, because it does nol teke into socount the rate of loss of product in waste streams.

Tao circomvent those problers ard an arder 10 cornpars the performance of different
contactors, there kas been some attempts in the past2.2.4.55 w0 employ the factor

WL, FVILHETS =

in the ieterpretation uf multi-stage contactor data, The vie of this factor, howeyer, is imited to
ohnly crude relatve comparisons between contactors operating with the same relraction system,
and cannot be wsed 25 & response varable in Equation 2, becasse HETS presetts an unknown
cnmples dependence on ‘n.'-'ﬁ+ or U‘g. This farior has been called performanee Tactord and is
dirgetly proportoonal to the feed rate and rnwversely proportional to the rate ol Ioss, sioce the
smallen the METS, tha owar the losses and the larger the nemencal value ot the factar.
Althcugh arbitranly defined and unexplainably adding two opposite Tlows i the namerator,
the factor defined by Equation 3, contributed somewhat to the interpretation of multi-stage
contdcter daty, glthough, still ingdequate far the pursait of aptimum cperating canditicns

In wiew at the aforementiaoned dif ficelvias in interpreting @xrractinn data, dand ddequately
measuring process performance, we attempted to detine in the ensuing paraquaphs, based on
rnore fundamental reasoning, another parameter which could better gefine the rospond F ot an
ExIraction proCess, sYshem or Jpparatus.



Let ws then conswder, in the general case, a cascade of countercurrent continuous
eordaclirs, consisting of 0 discrate a0 continooos stades 5 onchicated by the following diagram,
in which a valuable speeies & being extracted trom an aguecus phose fod to the first stage, to an
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organic solvent fed wnto stage n, From our intrdoctory temarks then, what e sesk to
maximize is either the rate of gain of the axtractable species inTo the organ: strearm, i@, the
difference {¥7x7 - ¥2415%4q), or the rate of transter of the spec.es from the aguecus to the
orgame phase [WHExd - "f."?‘;xﬂ] and to minimize the rate of loss of the extractable specics in the
raffinate stream ?‘u’gxﬁﬁ. However, the wse of any of these factors alone are of no avait as a
measure of P,osince wlentical rates of gain (o rates of loss) can be abrained for different feed
rases of the extractable species to the apparatus, xg'f.-‘g. and the performance of the apparatus is
definitely dependent on the feed rate. On the other hand, 3 measure of proces: performance
should be directly proportional to the rate of gaim of the extractable species in the arganic
stredm, inversely propoartional to the rate of 'oss of product in the aquecus stream, and at the
sarne tirme e a maagure o7 the prodogtion [evel, We have defined a factor englobing all of these
fratures, which we believe ix an adequate messure of P tor solvenr exiracrion processes, and to
which we have assignad the aitne aptimization Taclor {Fgppl, Qne can then write

e vave al gar
soptimizatiaon factarl @ [ —————1 x {rate of productiond (4}
1ate af loss

which for a cascade ot cominuous Extractoers becorres

= ok [1x§uy - xBpqvTqlixdvd] syt i}
Qr
Fe’lpl = ["’(?V? b Iﬁ+1vﬁ+ll'l.’(?'|l‘;r?|]|”$u?:' &l

As 3 measure of process pertormanc, I"c,pt is & lurction of all variaoles affenting the behaviar
of the apparatus and system, as defined by Ecuation 2, and the maximization of Fapt can be
dong by e usudl procedures. However, once Figy is mawimized, the question still remaing
whether Fopgis an adegquats and unbissed measure of process performance. This can be verified
by parametric deviattang along the axis of the controlled variable being optimized, around the
value which maximizes Fgpr, and abserving the value of the difference between the rate of gain



in the solvent stream and the rate of nss in ke agqueaus stream |‘-.'-‘-J3‘x'-:|'-‘-’2x?.|]. if this
ifference 15 rnaximized for the same value of the controlled varisble which maximizes Fypq
1nen Fupt- should really be an unbiased measure of the process under study.

To further visualize the problem of naximiang Fopr, let us comsider an extraction
problem, xay the astraction of dranyl nitrate, thariom nitrate of Zireany| nitrate from an
aqaenus hitrie acid sciution iato a n-tributylphosphate-inert diluent organic phase. We have
then frxed our oxtraction system. Mow, say we are performeng the extraction mn an existing
battery of mixer-settler contactors, so that the ¥i's sre constants. Thus anl becomes

Fropt = taix)l {7

wherg X, are the controlled -.rﬂrlables atfooting FDp‘- such as 1he crgamc feed flowrate |"u"n+ 1,
the agueous feed flowrate (W " or the ratio of organ e tu aquecus feed flowrates I:"u"n.l.l."‘u’ 1.
plus wll orher factoes affectieg the cxtraction factor, E , of the extraciatle species, I this
problem Feopt would generally be an equation o the furm

Fopt = 130vE4q. VigivE ..,mjj At ag *TEP T k]

The functor defingd by Equation B can then be maximized by an of the usual procedures for
maximizing a response furction in several incdlependent varialpdes, in crder to find an absolute
Ml T in F.:,pt. In gencral, howeyar, one must place canstraints on the levels of some of the
controlled variables, tor exampls on the me.xirmm f.'mkinu tamperature to prevent fire hazards
ar degradation of salvents, or on Pyl .H"\-" b, KU or KTBP wigh might cowse the segregation of a
dilurmb-rich phase, o on 1""n+l which can cause flooding of the apparatus. Therefore, most of
the time, in the cpumization of solvent extraction processes, one s concerned with locat
maxima 10 Fepp, since canstrainty are praced on some of 1he variables, The existence of maxima
in Fopt along tha axes ol the contralled sariatdes & warranted by Bolle’s thaomem, when there
gre no distonunities on the resporse surtace in the region of experirnentalion, oz can be gasity
verifigdl by an analysis ot the change of F.:,pt for each of the variables listed in Equation B, The
application of Fyp s ilfustrated 1n the following sectian,

EXPERIMENTAL WORK AMD AMNALYSIS OF THE DATA

The aptimization factor s detined by Equation & has beem applicd in the determination
of optimal choices for two different extrocion sysiems: 1] the extraction of thorium nitrate
from an agueoss 1 M HMNO3 solution and 2] the cxtraction of HRNOg from an approximately
3 M sgqueous soluton. In both cases a fresh oroanic phase (e, :-cnﬂ—m consisting of a
mixturg of n-tributyfphosphate TTBF) with Yarsol was employed 45 the extracting phase. In the
extraction of thorum nitrate, the apparatus ano system were kept canstants { Y] constanc}, and
the problems consisted of choosing and comparing the optimal organic sohwant dilution in threg
different apparatus; & one-sksge batch contactor, & one-stage continUous countercurient
comlacter #nd a four-stage cominoous ceuntercorrenl snstactor, and of choosing the optinal
thatium witrate concentration ina 1 M HMO3 aquecus solution from the data of a one-stage
batch contactor. In the extractian of HMODz from an aguenus sclotion, the data from the wark
of Bril and Costa® was recalculated by means of the optimigation factor, Thair work was
roncerned with the establishment of an eptimal choice among ditterent caruidges for a given
perforated-piate pulsed extraction column and  the determination of the optimum
amphitude-frequency oraduct (af} tar wach cartridye a1 8 fixed input rate to the column. In our



work we shall employ only part of their data and our results will be compared with thair
findings

11 Extraction of Thorium Mitrate

Choice of the Organic Sodvent Difution. This part of the work has a double purpaze, that
¢l ilmstrating the establishmunt ¢f a bocal masimurm for one of the variables when orker
controlled varialiles are constramed, and that of comparing the conclusions drawn from the use
of different axperimentat setups, in order o gssess the validity of 1he conclusions arrived at by
gmploying a simple ane stage bateh contactor,

The batch contactor consssted of a 3.5 cm | 0. glags eylinder provide with a ground-glass
stopeochk in the bottom for draming the liquids at the end of 3 yun, and an external heating
jacker thraough which water, feom g ponstant temperatues bath, wes circulated The temperature
in all experiments was maitained at the 3500 lewal, Constant agitation was provided by a
turbine impeller connected o a motor and a vanable veltage transformers. The same speed of
agitation was used 0 abl experiments. In edch case, 60 ml of the fresh crganic phase was
contacted with 30 ml of  an anuenus pbase (OFA= 2 of thoriom rmiirale conaining
3G Thg and 1T W HNO3, The experiments consisted of mixing the two phases for
sucressive periods of 3 minutes cach and observing the decantation tine until canstant readings
were obtaimed. Cenerally, after two mixing penods *he decantation time romained constant
within the expernimental error. Samples of the organic and agueous phases were then collectea
#nd dnglysed The oriterion far determining the end of the settling perind was the ceasing of
vartical mateon af the interface betwesdn the phases. Decantation imes could be reprodocead, in
te majority of the runs, within L1002 min The data for 1these experiments are reported mo
Tahkle 1, aleng with the caloulated valyes for 1he aptimization factor, and shown graphically o
Figure 1. The observed maximum in Fppy corresponded approximately 1o a S0 v
TEP-in-Varsol organe phase. The optimizotion factor erptoyed o these caloulations was
defimed as follows

T LT I Y- PR N
Fapr > 1% M7= S g, b g1

and had the units of g ThO/man

TABLE 1

Chuere ol the Qiganic Phase Concentration Bdloh Contactor Data, AgQuecus
Phase: 30094 Thdg. @ MNHMNOm O/A=Z2 Orgamec Phase Walume: GO mi
Temperature: 3590

(=] ] 3

“Tpp "ThiMDqly *ThiND3la tete Fopt
[P igfs Thq) 1 TG [rmint lgérar Thizl
20 454 NTEB 345 75

a0 83,7 1339 0.75 &4

50 ann 7.0 oe7 04

G0 1110 X 218 B

B0 1242 ag.3 =240, < s
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FIGURE 1

Lhaice af the DOrganic Phase Concentration for a 30Dg/
Thig, 1 N HNDg Aquétus Phase.

o Batch contactor
(N Continuaus ane-stage contactas

Contnuows muitstage contactor

The ane-stage conftnuous confactor consisted o a miking chamber and a separate setiling
chamber. The mixing chamber was the same employed in the batch experiments, with an
overflow outlet which led 10 the settling chamber, The yvolume of this chamber was such as to
provide § mean mixing time of about § minater at the highast fhows, Both the mixing and
zeitl ' ng charmbers were provided with external water-haating jackets. The mixtere 12aving the
mixing chamber flowed by gravity into the settling chamber where the height of the interface
was controlled by manual displacerrent of the verucal position of the agueouws hase awverflow,
The experiments consisted of varying the input tlow rates in the ratio O/A= 2 and maintaining
the postian of the interface constant, 3o as to provide a 60 md settling voieme for the organic
phase. Plotuing the inpur flow rates agairst the entrainment of the aqueous phase in the organic
phase, permitted the determination of the ratos corresponding to 1 v®E entrainment,
Expaennments ware parfarmed them at theése rates and samples of bath phases at equilibriam
conditions were collected and analyeed, The data [or these experiments are reported in Table 2
and shown graphically in Figure 1. The maximum in Fgpy also occurred a1 an approximats



value of 50 4% TBP-in-Varsal. The aptimization factor had the units of g ThOz/min and was
defined in 1hiy case a5

Fopt = eluwiadud)Py® na

TABLE 2

Choice af the Orgenic Phate Concentranion. Contnuous One-stage Contactor
gty st 17 Entrainment of 10e Aouepns Phiage. Agueaus Phasa: g/ ThOg,
TN HNOg O0FA=2 Organ’c Phase Dreoantaton Wolume 60 ml Temperature:

389,
[u] a] d
*TRP “TriNGgl TThinGsla Ve Fopt
[t y!l ThOzh (q!l ThOz) Ll fren | lferon Thid b
4] 4.6 12168 I8.E 10.7
G 51.0 179 15.0 148
5ilt 113.0 ar4d 228 AT

The four-stage continuous countercurrent contacton consisted of & section seated off fram
a Model BR-0F1 16-stage Lucite mixer-settler contactor, manufactured by Eis
Deschamps-Chalande, St Ouen, France. The aguenus and organic phages woare stegdily fed ara
congtant temperature of 3520 in the ratio O/A=2 The flows ware varied 19 arder 1o cause
ditfeicnt entrainments of the aguecus phase in the organic phase. The lovel of the intertace
between phases was kept constant v oall stages, so as to prowde the same decantateon volume.
Aftar tha battery reached equilibriom, samples were collected amd analyzed, and the
antrainment measured. A S v entrainment level was used for the analysis of the data, The data
are reported in Tabkle 2 and in Figure 1 In this caso, the maximum in Fopy also securred ac an

TABLE 3

Chaice of the Orgamc Phaze Concantrat on. Continuous Mulzi-srage Conracior
Dara a1 5 % Erdrunmiierd ol by Agueaus Phase  Aguepus  Fhase:
3000f1 Thidz, 1 F HMOS, O°A=2 Termperaturs - 35000

o [a) a o
“rgp "Thinfghy " ThiNDglg Vi Fopt
1w ladl ThO=l ig/r Thidg] imiming {gimin ThOgl
40 1204 0.2 225 24.5
50 132.6 224 195 30,6

Gk 1355 106 ad 16.5




approximately 50w TBP-in-Warsol concentration. The optim zation factor uwsed for the
caloulations was defined as

<

- La]
Fapt ¥ Ix3v,

- T =] ,
;I‘:Ut:lu1'\.l'1 [11;

The resubts reported in Figure 1 were amaz ngy coincident. There were differences as
expected on the magnitude of the optim ration factors, since different apparatuses were used,
however, the agresmmeant ai to the best solvem dilution was remarkaple. One can thergfore
conclude that simple batch experiments can supply the necessary information for oprimal
chonoes of the lewels of the controlled wariables, and the data when correctly interpreted can be
extrapcilated to multi-stage extraction units.

[ arder to further evatuate the concousons drawe from the apptication of the
oprimizatian tactor asdd to verify whether it “s 2o unbiased measurg of the performance of the
Bxtractian process, soveral other measares af process pesformance were calculated froan the
datg i Table 1, These new dara are reported in Table 4, Column 210 this table is 2 measure of
the rate of gawy of the rhodium nitrate ko the organic phase per cyele, whnle the third column
15 & mopsure of the rate of loss por oycle. An artalysis of the first column alene, weuld indicate
that the lower TBPF concentrations wowld faver the producton rate, whereas column 3 indicates

TABLE 4

Conpar san petween different Facrors used in the inzeipratarion nf exirazpon dara frum
a batch conTaciar,

a 4] o] H| ] a,,n a4 1] ]
TBF  TThinOgl, Y des TThgnogi Y Cgec BOMTEV e B E Mg Font
[t [gtmin Th{)?b lephirg Thikz) @i Thkal Imm'il lr)'rmin Th{}zll

Z0 6.0 145 -85 a.41 0.9 5

40 67 o4 1.3 1.25 147 g4

a0 b5 333 25 1.76 1.81 10.4

&0 305 1.07 13 2,85 1.3 27

gn 0.0z <1001 e R 4.99 00X v L

that the rates of loss increase with decreasing TBP concentrations, [~ fact, ot the ower TRP
concentrations we lose more thoriom arrare than we extract. Hence, it lower TBP
congentratinng fayor the ratg 0F produchon gnd higher TBP concentrations decrease the rate of
logs, there must be an intermechate concentration waich 15 a campromise hetwear 1hesa rares
and masimizes the rate ol gan, Thas is indeed the case, 35 proved by the difference betweon the
rate of production and the rate of foss in columa 4, the ratio belwern gain and o5 per unit
tirma reporred i column 6, as well as the optimization factor reported in column 7. AL masxoma
in calurmns 4, 6 and 7 occurred at approximatedy 50 o Similar caleulations for the data m
Tables Z and 3 wield identical vesults. One can therofore conclude that the optinization factor
rerein defined /5 4 true measure of the perlormance of the extraction pracess,



Choice of the Agqueous Phase Congentrations, The simple ane-stage hatch contactor used
in the previous experiments were employed now for the maximization of Fopt by warying the
thornam niteate content of & 1 M HINQ3 agquecus solution. The organic phase was a fresh 50 i
TAP-in-Yarsod salution. The (VA was nantained at 21 and the temperature kept at the 359C
leyel, The experimental data are reported in Tabe & and in Figure 2. The maximum in Fypy
crcurred at approximately 290 g41 Thig for the solution studied, The eptimization factor used
in the calculations was the same as defined by Equation &, This factor proved once mare to be a
simple and effective way of interpreting the expe imental axtracfon data.

TABLE 5

Choice ot the ThiNO3)ay Concentration sn the Aqueous Phase. Barch
Coracior Data, Qrganic Phage: S0 '\-"ﬁfl".'l TRP-n-argnl, 2/8=2, Qrgamg
FPFase Volume. B0 mil. Tamperature, 3500,

a Ly el

 nital ldec x Lo Fapt
11N HNOg)

13l ThOp lrrum| lgdl Th el g1 Thiial fgfemin Thilal
LIRS 273 121.2 152 7 4.2
300 1.10 HEQ 10Z 0 9.4
18 1.12 Yy 528 T8

A .56 3B 259 41
45 073 13,3 168 20

18 oy 5.1 T2 0el

21 Extraction of Mitric Acid

Choice of the Optiaum af for Different Cartridges. The data for three different pulsed
column cartridges veed in the extraction of HNO3 from an aguecus solubion was taken from
the work of Bl and Costa®. The original 2xperimental data from this work for an all srainless
steel cartridge, an all-Lucite cartridge aned a miszed cartridge consisting of alternate pairs of
stainless ¢recl and Lociie plates are given in Tables &, 7 and 8, along with the original values of
HETS, anc shown graphically in Figure 2. The HETS duta was deteomined at g constant 1otal
theaughput of 22 [/hr |0.88 4 he-lemc 2 in all gxperiments, thernfors the choice of the best af iz
valid only for these conditions. From the plot of HETS ws af in Figure 3, Bril and Costa
derermined the opumum af's for the prevailing operating cenditions, 83 the ones whach yiglded
a mimimum wvalug nf HETS. These wvalaes can easily be found from Figure 3. Of cowrse, the
calcularion of HETS : involved the determination of an equilibriurm diagram for the systerm, an
cperating and the usual #oeCabe-Thiele determination of the number of theoretical stages,

We have recatcuated the data o Tables 6, 7 and 3 by means of the optimazation factor,
employing the general detinition gqeen by Eguation B The results are given in columin 100 of
these tables and shown graphically «n Figure 4, aleng with the HIETS data. Comparison betweern
the curves of HETS and Fpy versus af for gach cartridge, immedhately shows that the af value
whick wields 1the minimom HETS is idectical with the ane that maximizes Fopt- This is a



TAELE G

Dara for the Srainles Seel Cortedge, 44 9 2031 % TEF 0 Warsoe, 004 =10 Pulse freguency . 132.8 cy/min.

Temperature: 289C

F

o

.‘;',D

o ) L = VY x'.-'n ntq 97 HETS Fopt Cop
fagding at ¥y
el M [LFH 1M1 M1 {14h¢] LT (1) lerral {egygihr, | grhrl
5 (R L 18 301 o117 196 1.95 28 160
El LR G298 293 0099 139 1.95 -9a 25 180 e
2 [ EAH D 0.3¢8 1 o104 202 1.97 ar 25 reg Jag
1y JeR: H 0.234 208 00949 20.0 1.96 28 26 157 11¢




TABLE 7

Data for the Lucite Cartndge. 45,1 1 &1 v TBP-in-Varsal. WA= 10, Pulse hremquengy: 102 8 gy frin,

Temperature: 250C

KU

'.;.'“

L.

af ¥ a *iz " 1 n Un+1 n
Flacslinee
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Data for the Mimed Cartridge. 45.0 £ 0.1 w5 TBP-in-Warsol.
Teryperature: 2590

TABLE 8

0/A&=10. Pulse fraguency: 102.8 cyimin,

i - a1 = Ty U wl Wiy at HETS Fopt Fop
Flagshing at U?

sank [1d'N] Imh Il M 115 110 {11/hr] i) I:-eq-g,"hrl lfeq-g,"hr]

15 0.0 1, 352 2.4 0128 0.0 2.00 5 31 144 bz

13 [, Ol 0,287 2498 0101 200 2.00 a7 25 167 e

i 0.00% 0312 286 D23 20.4 2.04 2B 25 1E1 M

A0 0.005 £.297 285 135 ez 1.90 21 2B 141 13E
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Chovcr of i Aguodes Mhase Canceatration fur g B0 v
TBEP-in-%arson Organic Phose

retnarkable rosuit in view of the case of intorpretation of the expermental data by means ol the
gptmization factor, Wie hawve therefore, noar omder pilat seale condtsdns o 3 multi-stage
etuntaurrent continuows contactar, found detinitive enidence that Fopy 15 3 trae, unbiased
rmzasure of the performance of the excraction grocess

Cptimal Choice Among Cartridges, When one operaies a oulsed-col omin coniacior under 3
fixzd total throuwghpot, the choce of the best cartridoe can e done by cormpparing the maxima
i I'Dpt. Mtferem carlodges, apparatuses or sysfems can only be compared under aptimized
conchtions . Thoootore, one can asily soo tram Fiqere 4 that the stanless steel cartridge yields
the highest walue of Fopt at the corresponding maximum. The stainless steel cartridge is
thergfore arv optimal choioe among the three cartndoes studied, Cosla and Bril arrived a1 1he
same conclusion interpreting the data by means of (he Tzotor defined by Equation 3. Since this
factoe anwvedvey 1he 1ol throughbgnel ar flooding and the HETS derermimned at a fixed flowrate
far from flooding, the results are subfecr fo a cortaa amount of uncertaitty, nevertheless their
coRclusions were identical to the ones eported 10 this paper. To further verify the behaviar of
Fopr we have caloolated anclher aptiinezat.oe facter based o flonding rates, as follows

r . Vg 1, @ gl 0y, @
Flogr = De W ia M 101

TV fgq @ Tlocding] 113

The imphoit assumption here, tike in the use of Eguation 3, is that the efficiency of the pulzed
column is fittle affected by the floserate. The cotcutated data sre reported in the last column of
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Takles &, 7 el B, anet platted o0 Figuee 5 & glance at Figure 5 imenediately indicates that the
stainless steel cartridge iz by far the best choice for the system studied.

CONCLUSIGNS

There are 3 number ol conelesions to be drawn frem the defieimion af the sptisrmzation
tactar and the applicaticns described un this work .

In defining the optimezation factor, we artempted 1o approach the problem of
characteriang process performdance from the fundamental reasoning that whatgver vdriable
affects the performarce of a process, its cHect, when the variable is subject to a change in tevel
[fqaalizative or guantitative], must ultimately affect the ratie of the rate of gain 1o rate of loss
af product at a certa'n aparatian leval. This is very fortunate, singa the eptimizatian fagior can
now be apphed in the clhaice of the system of @straction, in the choice ot an ecxtraction
contactar or in the comparison of contactors, a5 well as in the determiration of optimal levels
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for nperating varialles. Many ot rthe examples given in the text lustrate these asgertions.
Furtharmora, if the applicahility of the optirrization tactor can be extended and generalized to
all extraction systems, as we hope to nvestigatle in future works, we have then found & trely
unified way of opirmigsing all steps of an extraction process

Tw appl cations of the cptimizanon factor meontioned 0 the text which deserve special
artention are the choice of the optimum sobvent dilution, as illustrated in the extraction of
thorium nitrate by & mxtare of TBP-Varsal, and the choice of the best cartridge from a setin
the operation of a pulsed extraction column, In the former case, the opt mum didution was
determined and ronfirmed by experiments in three andely dhilferent contactars, therefore
salving thas ageloing prebiem which has defied many inwestigators, wWhoreas in the latter case the
optimzaton factor peoved to be s simple and effective way of interpreting extraction data.
instend of the labhorioas use of the HETS nwethed .
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NOMENCLATURE

! total amglituda of mation in a pulsed column extractor, cm
af armplityde-fregquenasy progoct, cm o]

[E extraction factor fram the agueous to the organadg phase

f fregquency of pulse s & pulsed extractar, cyckes/ses

f1.f2.f3  functional relationshwps relating the variables X and Y to P
F K tames FDI:IT

Fopt opt'mization factar, massitime
Fapt opt.mization factor defined by Eq. 12, eg-gfhr
HETS height aquivalent nf a theoretical stage, om

HTU height af a mass-transier unit, length



i

8 praportionality constant

CH A ratio of the organic 1 agueous phdse vo wmes or wlumetric flowrates
P a measure of panoess performanes

] tirme, minuee

T temer ature, Y0

Yh fractianal valume percentage of TEP ina mixture TBE-inert diluent, %
bW valume, md

W wolumetric flowerase, il fmin

i contralled varigbles in an extracbon process

¥ urcontralled varigbles T gn exTACTIoN process

subscripts:

Q, 1.0 nt1 refer tostages 10 & multislage congagion

de; refer to the decantation time o decantation valuome
52T 7. refur 10 salting agenty

SUPErsCrpts:

a resfar 1o the agiedus phase

o refer ta the argani: phase

RESUmMO

A aplicagan de um Fatae o8 apoimrzagao, definido g par e g corsederacdes fandamentas, & descrica na
derzimindcdn de njvias cphinoradns d€ varigees de gracessa £ ng comparacdo da desempenbe de diterenies
gpardlhus de extracdo. O hataor celirodo parg oM prasgsse of exiragio @ Jdrgtamente proporcianal
velooidade de fransferéricia da especie extraivel para o Lase srganmca, wversarmente proporoonal 3 velagdade
e perda da espécie no refinada, e dirctaments groporenal § velocidode de producso.

0 uso deste Fator permitiu a extrapolagdo de copclustes obt-das emn contaciadores de labacat®ric de
A Bapa, Para wendgdes palatd il e-elapaos

RESUME

L apphcotion d'en factenr o'ephmusatoe, Jélon & parnr de cergadératians TondamenTates, ase dtbene
rans la ddeterrmination de miveans Opbrosgey des waiables o processuy &0 dans la comparaison oo
e e el de ditberents appareils d'estracnon.

Le factgur dedim pour un processus O'exiraction 851 dirkcterment prapartionnel & la vitesse e ransder
e 1Tesplece quiil est possible d'extriacre de la phass arganngue, inversernent propordionmel A 13 vitetse de perte
o lespice dars s matariag rafire ot dvectament praporiennel § .a witesse de productsoa, Lempslon oe ce
farieur o perrmis Pextrapelacicn de ronclusions abtenoes seee dis gnntactesrs de laboratorre & une drape, &
Hes uisEs lo1es 3 plugieurs Stapes.
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