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Anexo

ANEXO
Al. FICHAS DE SEGURIDAD DEL TBP

FOSFATO DE TRIBUTILO

2 MINISTERIO @' MeTITUTO MACIONML
@ vASUNTOS SOCIALES FHEL TRABAJO
FOSFATO DE TRIBUTILO
Fosfato de tri-n-butilo
Acido fosforico, éster tributilico
C12H2704P

Masa molecular: 266.3

N°CAS126-73-8
N°RTECSTC7700000
N°ICSC0584

N° CE 015-014-00-2

ICSC: 0584

TIPOS DE PELIGROS/
PRIMEROS AUXILIOS/
PELIGRO/ SINTOMAS PREVENCION
LUCHA CONTRA INCENDIOS
EXPOSICION AGUDOS
Combustible. Evitar llama Polvos, AFFF, espuma, diéxido
INCENDIO
abierta. de carbono.
EXPLOSION
EXPOSICION
Dolor de cabeza, Ventilacion, Aire limpio, reposo, posicién de
vértigo, nausea, extraccion semiincorporado y someter a
e INHALACION dolor de localizada o atencion médica.
garganta, proteccion
convulsiones, respiratoria.
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dificultad

respiratoria.

iPUEDE Guantes Quitar las ropas contaminadas,
ABSORBERSE! | protectores, traje | aclarar y lavar la piel con agua y
Enrojecimiento, de proteccion. jabon.
e PIEL
aspereza,

sensacion de

quemazon.

Enrojecimiento, | Gafas ajustadas | Enjuagar con agua abundante

dolor. de seguridad o durante varios minutos (quitar
e 0JOS pantalla facial. las lentes de contacto si puede
hacerse con facilidad), después
consultar a un médico.
Aumento de la | No comer, beber | Enjuagar la boca y someter a
secrecion salivar, | ni fumar durante atencion médica.
debilidad, el trabajo.
calambres
« INGESTION abdominales,

dificultad
respiratoria,
nausea, vomitos,
diarrea, pérdida

de conocimiento.

DERRAMAS Y FUGAS | ALMACENAMIENTO |ENVASADO Y ETIQUETADO

Recoger el liquido

simbolo Xn
procedente de una fuga en R: 22
recipientes herméticos, S: (2-)25
absorber el liquido residual CE:
en arena o absorbente
inerte y trasladarlo a un
lugar seguro.
ICSC: 0584 Preparada en el Contexto de Cooperacion entre el IPCS y la Comision de las

Comunidades Eurpoeas © CCE, IPCS, 1994
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FOSFATO DE TRIBUTILO ICSC: 0584
ESTADO FISICO; ASPECTO VIAS DE EXPOSICION
Liquido viscoso, incoloro, inodoro. La sustancia se puede absorber por

— nw O 4 » O

num-+42=Z >» 4 X0 O v <

PROPIEDADES
FISICAS

inhalacién del vapor, a través de la piel
PELIGROS FISICOS y por ingestion.

RIESGO DE INHALACION

PELIGROS QUIMICOS Por evaporacion de esta sustancia a
La sustancia se descompone al 20°C no se alcanza, o se alcanza so6lo
calentarla intensamente y al arder, muy lentamente, una concentracion
produciendo vapores téxicos y gases nociva en el aire.

(6xido fosforoso, 6xido de carbono y

fosfina). Ataca algunas formas de EFECTOS DE EXPOSICION DE
plasticos, caucho y recubrimientos. CORTA DURACION
La sustancia irrita los ojos, la piel y el
LIMITES DE EXPOSICION tracto respiratorio. La inhalacion del
TLV (como TWA): 0.2 ppm; 2.2 mg/m3 vapor puede originar edema pulmonar
25 mg/m3(ACGIH 1990-1991). (véanse Notas). La sustancia puede

tener efectos sobre el sistema nervioso
por su poder de inhibicion de la
colinesterasa. Los efectos pueden

aparecer de forma no inmediata.

EFECTOS DE EXPOSICION
PROLONGADA O REPETIDA
El contacto prolongado o repetido con
la piel puede producir dermatitis. Se
puede producir una accion inhibitoria
importante de la colinesterasa
sanguinea por acumulacion de efectos:

(véanse Sintomas Agudos).

Punto de ebullicion (se descompone): Densidad relativa de vapor (aire = 1):
289°C 9.2
Punto de fusién: <-80°C Punto de inflamacion: 146°C
Densidad relativa (agua = 1): 0.98 Temperatura de autoignicion: 410°C
Solubilidad en agua: escasa Coeficiente de reparto octanol/agua
Presion de vapor, kPa a 177°C: 17 como log Pow: 4.0
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DATOS
AMBIENTALES

NOTAS

Los sintomas del edema pulmonar no se ponen de manifiesto a menudo hasta pasadas

algunas horas y se agravan por el esfuerzo fisico. Reposo y vigilancia médica son por ello

imprescindibles.
Cdédigo NFPA: H 2; F 1; R O;
INFORMACION ADICIONAL

FISQ: 1-112 FOSFATO DE TRIBUTILO

ICSC: 0584 FOSFATO DE TRIBUTILO

© CCE, IPCS, 1994
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A2. PROGRAMAS DE gPROMS

Definicion de variables

Variable Types

Hame Lower bound Default value
coeficlentesTd [-1.0E30 1.0E-4
concentration_al-1.0ELd 1. 433
concentration_ o/ -1.JELd 0.1

flow a.0 b.a1

valums a.0 b.a014

Definicion de corrientes

STREAM TYPE: mainstrﬂam_g

Upper bourd
L.0ELE
1.0ELE
1.1E11
10000

0.2

Units
mfh
moelsm3
mol S m3
m3/h

ms

STREAM TYPE: mainstream o

|
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Modelo de conexién médulos - tanques

MODEL: ext rext

[ e T L
P SlUBprograma
E MOTDULD DE EXTRACCION-REEXTRACCION ¥
focsccssccscsccsccssscsscssSSsESsssssCsSSSsssssSsssssssssssssas ]
VARIARLE
® AS Concentration_a
UNHIT

MoOD EXT A3 Extraction

TAN EXT AS Tanka

ThN _ORGE A% Tanko
MOD REXT A5 Rextracticn
TAN _ST® AS Tank

EQUATTON

MOL_EXT.Adqueous out IS5 TAN_EXT.In;
MOD_EXT.Organic_ocut IS MOD REXT.Organic_in ¢
MOD BEXT.Qrgamic ocut IS TAN ORG.In;

MOD_REXT.Aguecus out TS TAN_ETP.In:

TAN_EXT.Dut I8 MOD_EXT.Aquecus_ing
TAN_SIP.Jut IS MOD_REXT.Adquesus in;
TAN_GRG, Dut S MOD_EAT.Organic_im:

Flgualamos las Fm de los medulos de extracoion y reextracclen.
MOLD_EXT.Hass_tr nr.."._.':nnfr': MO _REXT.Mass_t T.Enﬁ_:ﬂn:F:

¥ Comprobacisn del BM tetal del sisbems

(11%2.801-TAN EXT.COWC)*TAN EXT.VOL-TAN ORG.COWC*TAN ORG.VOL-TAN STF.CONC®
TAN STE.VOL=KE;
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Modelo del modulo de extraccion

MODEL: extraction

¥ ¥
¥ SUEBprograma H
¥ MODULY DE EXTRACCION ¥
¥ ¥
FARAMETER
Langth,Vel_a, Vol o fin, Aout AS REAL
CISTRIBUTION DOMAIR
.ﬂ.!':i.':'l_.': AS [0: Lengthl
Bxlal o B3 (0:Length)
VARLAELE
Conc_a AE DISTRIBUTTON (Axial_a) OF concentration_a
Conc_o,Conc_ol AS DISTRIBUTION (Axial o) 0F concentration o
Ineens_ao, Duteons_o AS concentration a
Inzenc_a,utconc_a A5 concentration_a
Flow_a,Flow_o AS Elow
Mass trans coeff AS cosficientesTM
E,q'.u'__c:-na: AS caalflciantesTM
STREAM
fqueous_in: Inconc_a,Flow_a iS5 mainstream_a
Bquegus out: Outconc a,Flew a A3 mainstream i
Drganic in: Incons_ o,Flow o AS mainstream o
Organic out: Outconc o,Flow o A5 malnstraam o
BOUNDRRY
¥ Inlel conditions &b z2=0 and ocubleb condibions ab ==L
Cl.'}l'lt_:'l |':;'|'-Ir'll'_"-’_"lﬂl_"'_a.=
Cona_a{Length)=lutconc_a;
# concectadeos &n paralelo
Cone_o{fl=Inconc_of
Conc o{Length)=0utconc o;
¥ Conditions at fibre wall (r=R)
FOR z :=0 to Length D3
Egu j.l_:.'u:lsL"C-:l:u_'_a. (3] -C-'_ﬂ:u_'_u'_ [z} z
ENE
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EQUATION
FOR =z i=0]+ to Length DO

#Al #n an la fase acuosa
~PARTIAL|Cons aiz),Axlal a)=Mass trans coeff*|Cone oliz)-Conc olz))*Ain/{Flow a*Length) ;

¥ Al complajo en la fase organica

# PAATIAL I:C'cn:_l: [z}, P.x:_&l_'_'l:l =flan 5_Lr&ﬂ:|_¢_'r_'|=1'l'." 1E'|:m"_'_:|i [E53] -C-'Jﬂr_'_u (=) b * {RouLs [Flnw_n‘LEnthJ | ]
PAB‘:'I'IAI.lConn_n I=zh, .n.:u".:i'l_n]=M;Ls!:_trnns_cnaff‘ 1Cnn¢._n'i (= -Lonc_o i=h i ¥hout/ (Fl Q-'H'_Q':.%I‘I-gthl 3

ERD
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Modelo del modulo de reextraccion

MODEL: rextraction

P s s s s s s s s s s s s s s s s s s s s s s — - L

¥ SUBprograma ¥

¥ MODULD DE REEXTRACCION &

B L
FARMMETER

Length,¥el_a,Vel_o,Aln,Aout AS

BISTRIBUTION DOMALN

Ax‘a]_n AL {0 :Langth)
Axial o A5 {0:Length)

VARIASLE

Cone_a AL ETHT?THUT'UNIAxin1_nj

REAL

AF concentration a

Cons_o,Conc_ol AS DISTRIBUTION (Axial o)

In:un:_c,ﬂu::un:_c
lnoonc_a, Qutcenc_a
r;uw_a,r;uw_u

Mass trans_coeff

Equlil const

STREAM
hquc:u;_in! In::n:_a,Fl:w_a
Bguecus_cut: Outcone a,Flow a
DLgAnL:_Ln: In:cn:_u,Pluw_u
Organic_put: Outconc a,Flow_o

BOUNCARY

¥ Inlet conditiona at z=0 and cutlet

Conc_a(l)=Inconc_a;
Eunc_atL::g:h#-Gu::un:_d;

¥oonectados en paralelo
Conc_o{0)=Incenc_o!
Cunc_:{L:ng-h}-ﬂu-:un:_c;

fConditions at fibre wall (r=R]

FOR z :=D to Length DO

Equlil conat*Conc oli(zy=Conc_alz):
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AS
Az

o
I Lo

S

AZ

concentration o
concentratio I'l_l:
concentration_a
Elaw
coeficientesTH
coeflclentesTi

mainstream_a
B3 mainstream_a

mainsbream o

malnstraam o

conditiona at ==L
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EQUATION

-

BARTTAL {Con _trans coeffr (O

Modelo del tanque de la fase acuosa de alimentacion

MODEL: Tanka

EUBprograma

¥ TANQUE DE ALIMENTACION

4 e B

wiARLABLE

Conec in,Cona

e
A

CONC&nTraTtlan A&
Vol AE
Flow in, Flow out AL T

WL M

STREAM

In: Cono ingFlow in AS mainstroam a

ot Cong, Flow cut A8 mailnstream

EQUAT ION

Yol*Scone=Flow in*Conc in-Flow out¥Congy



Anexo

o

Modelo del tanque de la fase de reextraccion

MODEL: Tank

F SlBprograma

¥ TARQUZ

WaAR L AR LE
Conc in, Conc
Vol
Flow in, Flow out

STREAM

In: Cong in,Flow im
F

e =

out Cona, Flow out

EQUATTON

Vol*Sconc=Flow im®{

CE REEXTRACCION

A S
AZ concentrat

A% mainstreaam a

B3 malnstream a

rong in-Flow

Modelo del tanque de la fase organica

MODEL: Tanko

AL wizl

T S

ion

1amia

out*Loncy

F SUBprograma

# TRNQUE DE

JHE N ] o)

Val*SCono=FLow

in*Cens In

ORGANICER

AS concentration
RS volume

S £low

Flow autvCons;
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“Process” : Valores de parametros e inicializacion de variables

PROCESS: simul

L =kl OFE SNTREADR DE DATDS

¥ SIMULACION DE LA PLANTA FILOTO

- g ar

FLT AS &xT_ raxt

WITHIN MOD EXT (8w

]

WITHIRM MOD BEXT D

Lenglh s=0.19;
Vel a H

Wil o :

[hin 1.45;
Aout =] B2
Ain s=1.4;
Aot = ¥

nxizl a .= [BETM, 1

Axial a H

ENE

WITHIN PFLT DO

WITHIMN TEMN EXT LCO
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AmLTHLE TAaK Z_F |5 ]

EHD

WITHIM TEN QRG [Eiw]

=ML
EC_ UTlOonparamaetalrs
g FLOT EE ]
Reaportinglnterval v=0, 27
= cutputleyvael] =2:
gExcalidutput : =0FE

¥ gaescaloutputi="Resultadss Gproma™;

C
L CONTINUE UNIIL PLI.ThAHN EXT.Canc<3d

CONTINUE FOR 5

“Estimation” : Fichero para estimacion de parametros

ESTIMATION: =simul

FFICHERD DE ESTIMACION DE PARAMETROS

ESTIEATE
FLT.MOD EEXT.Mass Lrans coelf

1E-3 1E-5 1E-1

MEASIRE
PLT, TAN EXT . CONC
CONSTANT VRRIRNCE (L:il:l)

MEAZ LIRS
FLT.TAN STF.COHC

CONSTANT WARTANCE (1:1:1}
RUHE

ExPl
EXFPZ
EXP3
EXE4
EXPS
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“Experiment” : Ficheros con los datos experimentales

EXPERIMENT (PARRMETER ESTIMATION) : EXP1

INITIAL=CONDITION
FLT.TAN EXT.CONC 1192.E1
FLT.TAN_STF.CORC O,

3
PLT.TAM ORG.CONC 0.

MEASURE
FLT.TAN EXT.CONHC
Q.0 115%2.81

1.4 1e4.2%
2.0 125.91
2.4 112,48

3.0 100.79
4.0 100,45
5.0 100.23

I'P.CONC

FPIECEWISE-COMSTANT
FLT.TAN _EXT.WVOL

PIECEWISE
FLT.TAN_EXT.Flo
L P A e

PIECEWMIS
PLT.TAM ORG.Flow_in

O.03LG6E

PIECEWISE-CD
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EXPERIMENT (DARRMETER ESTIMATION): EXP2

INITIAL=CONDITION
FLT.TAM EXT.CONC 565,82
FLT.TAM_BTF.CONC 0.0
FLT.TAM ORG.CONC 0.0

MEASUEE
PLT.TAM_ EXT.CONC
0.0 586.0

Q.25 4E3.65

0.5 391.1

0.67 344,90

-0 198.78

4 DG TR

2.0 84.38
-4 Bp.23
71l
.0 73.87
0 6B.56

LA s B3 RE RS

MEAZURE
FLT . TAN_STF.CORC

INTERVALS
1
1.0

PIECEWISE=CONETANT
FLT.TAM_EXT.VOL
%.225E-4

FIECEMTSE-COMNSTANT
FLT.TAM OFRG.VOL
5.8E-4

PIECEWISE-CONITANT
PLT.TAM_STF.VOL
§.225E-4

PIECENISE-CONSTANT
FLT.TAM_EXT.Flow_in
0.03396

PIECEWISE-CONSTANT
PLT.TAM_ORG.Flow_in
0.03156

PIECEWISE-CONETANT

PLT,TAM_STP,Flow_in
0.02968
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EXPERIMENT (PARAMETER ESTIMATION) :

EXP3

IHITIAL=CONDITION
FLT.TAM_EXT.CONC 263,64
FLT.TAN_STF.CZONC 0.0
PLT.TAN ORG.CONC 66.3B

MEASURE

ELT.TAN EXT.CONC
0.0 263.64
0.08333 238.94
O.1E6T7 194.5%
Q.25 172.04

0.5 131.51

75 11%.28
L 10v.D5
5 72,42
085,08

5 57.74
o
o
]

23,09
£3.31

a
1
1
2
2
2
4
3 39,39

MEAZURE
FLT,TAM_STF.CONC
a.0 0.0
0.08333 4.14
a.1667 11.25
0.25 21.1
d.5 50.46
Q.75 T4.63
-0 3B.12
.5 L7
2.0 156.9
-5 LEB.GS
0LT1.58
-0 177.39
5.0 LBER.4

de LS b R} 2

IKNTERVALS
1
1.0

PIECEW]SE-CONSTANT
FLT.TAN _EXT.VOL
5_225E-4

PIECEWISE-CONETANT
FLT ., TAM_ORG.VOL

5. SE=4

PIECEWISE-CONSTANT
FLT.TAN STP.VOL
9_Z25E-4

PIECEWISE-CONSTANT
PLT.TAM EXT.Flow_in
a.0224

PIECEWISE-CONSTANT
FLT.TAM_ORG.Flow_in
J.02628

FLIECEWISE-CONSTANT
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EXPERIMENT (PARMMETER ESTIMATION) :

EXP4

IHITIAL-CORKLITION
FLT.TAN EXT.CONC 138,24
FLT.TAN_STF.CONG 0.0
PLT.TAN ORG.CONC 0.0

MEAZURE
PLT.TAN EXT.CONC
Q.0 138.24
Q.08333 131.64
Q.25 1159.83
107.17

5 98.B5
4L.51
apn.3s
047
58,11
51.14

i

[ -

1]
a
1
1
2
2
3

LU )

MEASIRE

FLT.TAN STE.CONC
Q.0 0.0

0.08333 1.34

INTERVALS
1
1.0

PIECEWISE-CONETANT
FLT.TAM_EXT.VOL
§.225E=-4

FIECEWISE-CONETANT
FLT.TAN_ORG.VOL
5.9F-4

PIECEWISE-COMETANT
FLT.TAN_STF.VOL
3.225E-4

PIECEWISE-CONSTANT
PLT.TAM EXT.Flow in
QD342

PIECEWISE-CONSTANT
PLT.TAN_ORG.Flow_in
d.02a8e

FIECEWISE-COMSTANT
FLT.TAN STF.Flew_in
d.03312
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EXPERIMENT (PARAMETER ESTIMATION): EXES

INITIAL=CONDITION
FLT.TAM_EXT.CONC 136,04
FLT.TAM_STF.CONC 0.0
PLT.TAM ORG.CONC 0.0

MEASIEE
FLT.TAM_EXT.CONC
0.0 136.04
Q.0833 114.26
Q.1EEET 92,48
Q.25 BO.0

0.5 51.63
0.75 36,46
1.0 2T7.65

1.5 LE. 7B

2.0 14,07

2.5 11.87

2.0 1L.33

4.0 10,17

3.0 11,12

MEAZURE
FLT,.TAM_STF.CONC
Q.0 0.0

Q.0833 1.23

0. 16667 4.33
O.25 2.16

a.5 27.8a%9

0.75 46,92

b &Z.08
5 79,32
b 91,91
-5 94,81
O 101.05
0 1D3.D1
0 102,76

INTERVALS
1
1.0

PIECEW] SE-CONSTANT
FLT.TAM_EXT.VOL
5.225E-4

PIECEWISE-CONETANT
FLT ., TAM_ORG.VOL
5.9E~-4

PIECEWI SE-CONSTANT
FLT.TAN_STF.VOL
9.2Z25E-4

PIECEWISE-CONSTANT
FLT.TAM _EXT.Flow_in
a.0324

PIECEWMISE-CONSTRANT
FLT.TAM_ORG.Flow_in
a.0324
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A3. ARTICULOS Y CONGRESOS

Congresos

a) 6™ Network Young Membrains (NYM6), 22 — 24 Septiembre,

2004, Hamburgo (Alemania) —

B fevss

MEMBRANE-BASED SOLVENT EXTRACTION FOR THE
RECOVERY OF ZINC FROM PICKLING EFFLUENTS

Keywords: membrane solvent extraction, zinc, TBP

PhD 10/2003 -
Introduction

Zinc hot dip galvanising is used to apply a corrosion resistant coating of zinc to protect steel
goods from corrosion. This process produces a spent pickling hydrochloric acid effluent that
is high in Fe?" and Zn’* and may contain other heavy metals (Pb, Ni, Cu, Mn, etc ) as
impurities[1]. Therefore, the resulfing effluent presents a strong hazardous character and
needs to be cleaned before discharge. The development of a clean process allowing the
recovery of zinc under conditions that permits the manufacture of electrolytic grade metal
would reduce the effluent toxicity, recovering at the same time the component of higher
added value. In previous papers, it was found that Zn?* can be recovered from spent
pickling solutions by means of membrane-based solvent exiraction, using tributyl phosphate
and service water as extractant and back-extraction agent respectively [2],[3].

Objectives

The aim of this work is to study the recovery of Zinc from spent pickling solutions by means
of non-dispersive solvent extraction. Batch experiments were performed in order to analyse
the influence of the initial metfal concentration on the separation kinetics. A kinetic model
has been proposed.

Materials & Methods

A frontal view of the non-dispersive experimental
system is shown in Figure 1.Two hollow fiber
modules are being used, flowing the organic
phase from the EX module to the BEX one. In
the first module, the solute was transferred from
the aqueous feed to the organic phase, and in
the second module the solute is transported to
the BEX phase. The three phases (feed, organic
and striping) are pumped in a recycling model,
and they flow concurrently. The extraction and
back exiraction agents are TBP and service
water respectively.

Results

A series of experiments, varying the initial concentration of zinc in the feed solution (80, 40,
and 20 g/l approximately), has been carried out in order to analyse the influence of the
initial metal concentration on the separation kinetics. Kinetic results of zinc separafion were
safisfactory enough and therefore it has been developed a kinetic model consisting of a
system of partial differential and algebraic equations describing the mass balances of Zinc in
the fluid phases of the hollow-fibre contactors and homogenisation tanks. The main

180 Network Young Membrains 6

- 237 -



Anexo

Henar Samaniego Pena
= samaniegoh@unican.es B +34-942-20 2028

Promoter: Inmaculoda Ortiz Uribe
University of Cantabria, Chemical Engineering and Inorganic Chemistry

39005 Santander (Cantabria), Spain

hypothesis is that membrane mass transport controls the extraction kinetics. The equilibrium
constants for the EX and BEX reactions, necessaries for the resolution of the mathematical
model, were calculated by means of a series of experiments carried out in a rotatory
equipment (dispersive extraction), varying the initial feed concentration and the relations of
volume between feed/organic and organic/stripping phases. ([Zn.s. = 80, 40, 20 o/l;
VaNo = 1/1,1/4,1/8; Vo/Ns = 1/1,1/4,1/8). It was found out two distribution coefficients
for the extraction and back extraction equilibrium:1 and 1.5 respectively.

The resolution of the mathematical model was performed by the gPROMS simulation
package allowing the calculation of the optimum value of the mass transfer coefficient,
km=1.7E-7m/s. The comparison of experimental and simulated data confirms the validity of
the kinetic analysis in this range of initial concentration. As an example, the comparison of
estimated and experimental data for three experiments of [Zn],... =20/, is shown in
Figure 2. The experiments carried out with other initial concentrations of Zinc have a similar
behaviour.

300 250
n_g ggg ,;g 200 |
a -
E 150 g 1%0
& 100 x 100
8 50 g 50
e . . 0 ; .
0 2 4 6 0 6
Time (h) Time(h)
Predicted W ExpenimentiA —Pradicted W Experiment1A
& ExperimentiB & ExperimentiC ® ExperimentlB & ExperimentiC
(a) (b)

Figure 2: Comparison of estimated and experimental data in the EX (o) and BEX (b) tanks for
experiments of [Zn],..,, = 20g/l
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b) 7th World Congress of Chemical Engineering (WCEE7), 10 — 14 ...

Julio, 2005 Glasgow (Escocia) 2

P39-011 — Clean technologies in the treatment of waste
effluents. Recovery of metallic pollutants.

Recovering Valuable Material

The Hub, Wednesday 13 July 08:00 to 18:00

Engineering for Life - Sustainable and Clean Technologies
E Bringas ', H Samaniego ', MF San Roman ', | Ortiz

'Chemical Engineering and Inorganic Chemistry, University of
Cantabria;

Recovery of the valuable components that are contained in waste effluents is
one of the best options both from the economic as well as from the
environmental point of view. The difficulty in the development of recovery
processes is associated i) to the low concentration of the components, and ii) to
the physico-chemical complexity usually encountered in waste effluents, where
the required component is present with different amounts of non-desirable
compounds. Both aspects have been researched in the application of selective
membranes to the treatment and recovery of metallic components in polluted
waters obtaining promising results. In this work the experimental analysis and
mathematical modelling of a selective membrane process that allows separation
and concentration of metallic compounds from polluted waters is reported. Two
different applications have been considered i) separation and concentration of
chromate compounds contained in ground water reservoirs in low concentration,
and i) separation and recovery of zinc contained in spent pickling
solutions.Zn+2 was recovered from spent pickling solutions by means of
membrane-based solvent extraction, using tributyl phosphate and service water
as extractant and back-extraction agent respectively. Since the viability of this
process was proved, a series of experiments, varying the initial concentration of
zinc in the feed solution, has been carried out in order to analyse the influence
of the initial metal concentration on the separation kinetics. Kinetic results of
zinc separation were satisfactory enough and therefore it has been developed a
kinetic model consisting of a system of partial differential and algebraic
equations describing the mass balances of Zn+2 in the fluid phases of the
hollow-fibre contactors and homogenisation tanks. The technology used in the
recovery of Cr+6 is called “emulsion pertraction”. This technology combines the
advantages of the non dispersive solvent extraction with those of the emulsion
membrane technologies. Alamine 336 and NaOH were selected as anionic
extractant and aqueous strip solution respectively. Once the viability of the
recovery of Cr+6 was checked, several experiments were carried out to analyse
the influence of NaOH concentration in the extraction and back extraction steps.
Therefore, a mathematical model has been developed in order to describe the
process.
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Introduction

The presence of pollutant zmens in effluents and groundwaters, 15 an environmental problem that is necassary to
solve due to the high toxicity of most of these compounds. The removal of these pollutants permits the discharge of
the waste waters according to the law. On the other hand, the recovery of these compeounds for selling o1 re-using m
some mdustrizl epplications is an interesting altemative in order to compensate the costs assoclated to the cleaning
processes. For these reasons, it is necessary to develop “zero discharge” technologies which also permit the recovery
of the valuable compounds[1].

In this work, the membrane based solvent extraction technologies have been proposed to reach bath of these
objectives. The separations of two different anionic pollutants have been studied. In the first system the hexavalent
chromivm anions are disselved in groundwater reservoirs, contaminated as a result of the filiration from surface
deposition of industrial wastes. The second system is formed by the zine chlerocomplexes contained m spent
pickling solutions produced in the hot dip galvanizing processes. The membrane technologies used to reach the
above defined objectives are respectively the emmlsion periraction (EPP) and the non dispersive solvent extraction
(WDSX), usmg hollow fiber modules.

Experimental Section

The two membrane based technologies proposed use hollow fiber modules as membrane contactors. The exfraction
of the anions is carried out nsing & selective exiractant as carier. In the NDSX two hollow fiber modules are used. In
the extraction (EX) module, the solute is transfarred from the agueous fzad selution to the organic carrier phase, an
in the back - extraction (BEX) medule the selute is transported from the organic phase to the =mppj.1.1§ phase [2, 3].
In the EPP process only one membrane module is used to carry out simultansously the EX and BEX steps. The
aqueons feed solution, with the solute to be extracted, flows through to the inner side of the hollow fibers. The
agueous strip solution is dispersed in the organic phase containing the carrier, and the emulsion formed is 1\'.:mped
through the outside of the hollow fibers. The solute is transferred from the aqueous feed solution to the organic phase
which is embedded in the pores of the hollow fibers, and next it is transported to the inner side of the droplets where
the strip phase is situated. The solute 15 recovered from the internal agueons phase after emulsion breakage [4].
Table 1 shows the charactenistics of the feed solutions used to carry out the experiments. For the EX and BEX of
zine chlorocomplexes pure TBP (tributyl nzc-mh.ﬁte]l service water were used as solvating extractznt and
stripping phase respectively. For chromium amions, Jc.l.ﬁrc. ne 336 (10%v/v) and NaOH (3 -6 M) are the anionic
extractant and the stripping phase respectively.

Table 1: Fzzd Solufions Charactenstics

Spent Pickling Solution Groundwater Solution
(Feal affluent) (Synthetic sohrttons)
[Zo] =82 gL
Fe=96 gL [Crl=05gT
FEED STATTE L
COMPONENTS [cI]=17 gl =01=1gl
Mn, Pb, AL Cr, i, Cd, Ca, Cn [C]=03g0
(Impurities]
pH =0 Adjusted 1o 1.5 nsing H:30,
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Eesults and Dizcussion

For the recovery of zine from spent pickling solutions the influence of the imitial metal concentration was
experimentally studied. Starting with an mitial concentration of zine of 1200 mol/m®, two other feeds were prepared
by dilution of the real effluent to give an initial zine concentration of 600 and 300 mol'm®. Zinc separation
expenments were performed m recycling mode. Figures 1 - 2 represent the evolution with time of the dimensionless
concentration of zine in the EX and BEX tanks.

EX BEX
1,2
;
f 1 —a— 1Mol __-._-J.-__,_,;-
o e e
4
Tz
2 ul.| --I.; | B
ol
Figure 1: EX of zine Figure 2: BEX of zinc

It can be observed that there is no influence of the nitial metal concentration on the separation kinetics of zme in the
EX and BEX steps. Moreover the EX and BEX percentages for zinc are around 73 % for 1 hour of experimental
Tunming.

For the recovery of chromium from groundwaters a group of experiments were performed varying the NaOH
concentration in the stripping phase. In these experiments the feed solution flows in contmuous mode and the
emulsion is pumped in a recycling mode. Figure 1 shows the concentration of chromium in the feed solution at the
module outlet. It is observed that psendo steady state of the system is reached rapidly and the chrominm
conceniration goes from 500 mg/L at the module inlet to 0.2 mg/L at the module cutlet. Figure 4 shows the evelution
with ime of the chromium concentraticn in the stripping phase contained in the emulsion tank, where it 15 chserved
that the chromium in the stripping selution i3 concentrated to a value of 13 g'L. It can be noted that the influence of
the NaOH concentration in the range 3 -6 mol'L, on the chremium EX and BEX steps is negligible.

[ = ]

=

10 i Ly

[

Figure 3: EX of chrominm Figure 4: BEX of chrominm

Conclusions

This wotk reports the vigbility of using membrane — based solvent extraction technologies for the recovery of 1)
chromivm from contaminated groundwaters and 11) zine from spent pickling baths. Current work under development
15 related to the modeling and design of the two processes.
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Abstract

Tes denalopmant of Tew “zar discherge™ 1n-i|:u:|]:?.n: witch also permmit the secovery of pollutant anios from
indesmrial westo weaters is 2 way ef nominsireg the costof the pooc eeses and the inpact oo te smasoneoon:. The kinosc
‘bebavion of o pameal and meovary of oy Sffereet amiomic Fwwnigmmm sebeant
exmacion techeolomes: |1 necovary of bexenalant chromsinmamoes zod = groundoasen by means ofameslacn
parzactioz (EPT) and (1) recovary of 2nc chloroconmpisxes Som spant pickling sehitioss oy mazns of noo Esparsivg
sohwant exiraction (HDSK] -:mhr:ﬁmu e pariommed = oodar to snudy the irfhiancs of St varablas
om the separaton kinetics, Lo, the NalUH concestration in the seippe=g plase &= the case of chromeim sl the =]
il comoanTRson in e aguecys fed schdion o the cass of zin: mcovary.

Kinvwawrds: Aroonic palhrznts; Enrlsion persaction: Moo-dsparsne solvent extraction

1. Insreducios t=z oter hand, the recovary of the valozble coza-

The prasszca of pollutans a=ions in indnsizial poznds for re-use iz some indzsirial applicesicns
effoemts and'or m g_r;\qmd_ﬁaﬂ“ I% A0 eOvVLToT- 1% am I.I:I.'.-:-\.'E:DI!L! alzerzacive iz arder o puini=nire
manta] problam that is necessary to sehre dus to the anvironmensal inmpect 2=d bo compemsab far
tea high owicity ef mast of thess compounds. Sz ths costn associatad to the clianing procasses.

Tharsfore, the developmez: of “neas-zaze dis-
#Correaperding suther chargs” techoelogies, which also permoic the
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2I=2v Asgusr 2005
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racovary of valorble cozapou=ds, is 2 snstaizable
altarnative [1].

The diffcalty in the devslopmezt of recovery
Processks G assoctatad o (1) low conceztration of
the components and (¥} phyvsicochemical com-
plaxdity uszally encomorared im waste affhiemts
whers the reguired comiponant i pressz=t in 2
hewrogeneons michre with differs=t 2mounts of
noz-desireble compounds. Among the almr-
pattves Sor the tmeaiment of aguecus STeAms
confaiming tomic pollutants, one of the most
promusizg techniqoes is menrhraze-based solwant
sxtractice. Sevemal works have muported experi-
manta] zpplications a2 Laborapory scale, is,
separation of Wi—Cd sdxtarss by zon-dispamave
solvent swtraction (WDSEX) [2]. recovery of
coppar by means of epvolsion permaction (EFT)
[3,4]): iror (III) mansport nsizg suppested liquid
manzbranas (SLA] [5].

Iz this wors fwo different applications hzve
been constdared: {1} sepamaitton and concentratio=
of baxavalezt chromium apions comtmized b=
grou=d watar reserrois iz low concentatiom and
(2} saparation 2zd recovery of zizc chlesocom-
plaxes coztzined = spent picklizg selotioms.

The widespread uss of chrommm in indnszial
applications such 23 leather tannizg, metallurgy
and slecmoplating processes has cazsed chmom-
imm comfrmizefion of surfice and groend wasen
Crus to the Eagh toxscity of bemavralent chromium.
clenz mchoologies are needed for the reamant of
tta polluted ground waters, allowing at the sa=e
time the recoveary of the metallic species [1,€].

Hot dip galvapnizing is used i zpply a
cormesioz-mststant coating of rinc fo profect steel
goods from corroston. This process produces 2
spant pickling bydrackloric acid effizemt with 2
high concemiration of Fa' and Zo*; the affluant
also comfaing races ofother heavy matals (Fh, B
Cn, Mo, etc.). Tharafose, the resulting waste is
wary barardons apd mesds o be trexted befors
dizposal. The development of 2 clean process
allowing the recovery of minc under conditions
ttat permit the mecovery of slectmolyic-grade
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matal would reducs the effluent texicity, recorar-
i=g ot the tame tme a component of high addad
valea [7,8].

1. Erperimemcal

Tha two membrene-hesed techeologies pro-
possd mse hollow-Sber (HF ) modoles as mem-
brane confactors and the extraction of the amiozic
pollutanss s carried ot using a salactive axmac-
tant 25 carrier. The technology weed in this work
for the recevery of chropuune is called EPT. Tt s
an pdvencsd msmbrans-basad rechoology wkare
the axiracticz (EX) and back extraction (BEX)
staps fake placs smultaneously m the same HF
moduls. The aqoeous faed solution flows through
tha innar side of the microporows HF meozbrazes,
and the s=oalsion (formad by the coganic axtac-
tant phese that cozfmins mner droplets of the
aqueous siripping phase) Sows conziercusmemtiy
teromgh the shell side of e HF meodules. The
solute &5 mansfurmed fom the agueons fead
solution to the sirippmg phase confFingd = the
amulsion droplas. The solmie & recovemed froms
ths imrnal aqoeous phase afir sxmlsion boeak-
age [*-11].

The removal and recovery of =zmnc chloro-
complexes: from spent pickling solutons was
parformed following a stmilar background niizg
a diffezent pran=er of comtect of tha Bguid phases
te.. KDEX In this tecknology foco HF modules
ars usad In the EX module, the solete i trams-
formed Srom the agqueous fsed solusion to the
crganic phass, aod in tee BEX moduls the solute
5 mansported fom the organic phase io the
smippizg sobwtioz The organic phase cimculates
from the EX medule to the BEX medule = 2
closed circait Figs: 1 2=2d 2 show. respectivaly,
t2e EPT and NDEX systemes conzpristng the EF
modules, the strred tazks for the fluid pheses,
and accassomies [12,13].

Zinc sxpesizaenty wers camied oot wring & real
affinemt as aqueous feed solution. In the shody of
chrominm rempal. te pressncs of high concen-
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W L x.- E% 3l sk (m o)
=510
Frad Iln'l '
I:ln.|1|li-r Twnk " |
I:Il_l\;' Savipjplag Tk
BEX 8 edake (J}
| P {;-" —] Fig- 2. Experesenial sel-ip (NDEX)
trattoms of calcium iz the grouzdwassss [14]. Tukde 1

regquired the slimmation of the cation prewious to
the azionic sepazation in ordss to avoid pracipd-
tation of caleiun: hydroxide 2=d fouling of the
miczoporons HE membrenss. For this masoz the
sxperimants were camied omt wmh syotecc
solottoms that sinzalxted the compasition of pel-
lated waters, specially in anlomic compositioz
Tabla 1 shows the composition of the fesd sole-
tions wsed in the sxpartmental smdy.

Iz the chrooeum sxperimests the gesons feed
selatton flowrsd im 2 single-pass meods wharees
tte szmmlsion was recycked iz order to ackievs 2
high chrominm concentzation in the soipping
selatiom. For the parformames of the zins removal
process, the fuid pheses Slowed co-carmnidy in 2
racycling pxode.

Fexal scliiliona chiducisialica

Cheresium salaing
[y et o lutorei

T seluteen
[ER = RS T N]

[En] = 1154 malm’
[Fr‘": 1719 melimm’
[EI-] 0% s e
B, Ph AL Cr B 04
T, T el |

[CF*] = 5.6 moliss’
[8057] = 104 sl
[C27] = &5 melim’

pH £ 0, edjoatedis 1.5 unsg H 80,

Tha crganic phasensed for Cr* axtracticz was
preperad maizg 10% v of to-octyl/decy] amine
(Alzmme® 335, Cogzds) as aniomic sxiractant,
Isopar L Fluid (Exwonmebiles Chanxicel), that 5
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o isopematiinie bydrocarhon. as sobeant, 3% v
of Plaromic PE 3100 (bleck copelymar of atky-
lane oxide znd propylecs oxide, BASF) a5 sur-
factant azd 1% wiv of I-Deodecanol (Mdarck) 2z
modifier. Tee BEX step was performed wsing
WelH (Pazzeac) in 2 comcanTaton ramze of
ICO-6000 mol’m®. For F2* wxiraction, pure
tribmiy]l phospkess (TEP) (Merck] aod service
wuter ware the solvating extzactant and the s=ip-
pizg phass, respectivaly.

The chronzine: and znc concemratiozs waces
amzlyzed using an atomic absoapiicz speciro-
photomamr (Packin Flmer 31110).

3. Fesults and discussien
A1, Zing resulis

For tee recowary of zinc frons spant pickling
soloboms, different Einwiic exparimazts were
purformed m eodar fo analyze the imflusncs of the
iziial metel cozcenTaton on the rads of =oo
swparatinon Scartmg with an misal concestrasion
of zinc of 1200 mol'm”. two diffsrent basckas of
fead solaticz were prapared by difation of the real
sffloezt to give 2= initial rinc concemiratiom of
600 2nd 300 pzoliza®. Fig. 3 showrs the comparisez
of the kimetic axtraction and back exmaction
rawalts. The dmensionles oonosztration of zme
is givez = ordar to m2ks possibls the comparisez
batwwen the resulis obizined ot differszt =ital
zine concenTations. It cam be observed that thare
it no significant mfluence of the indtial mearel
concsziretioz on the separstios kimetics of @onc iz
tke axmaciion and back extraction steps.

Pruwvioms works reported the evoletion of the
separation selecovity, ay, o, Witk the izital con-
paztresion of rinc i= the foad sohition, imdicating
ttat dilutad sebotvens {[Z2], <600 mal'm") lezd ta
higher values of the sspamation salectivity, oy .,
= 125 mol Z='mel Fa, wheres with mose con-
caztrased faed selatioms ([Zn], =600 mol'm") the
salectivity decmeases to am almost a2sympioric
valus around 30 mol Zz'me] Fa [8]. Therafoms, 2
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Fig. £ Byalitisn with Bme ol S eosossinalion ol 5 in
the BX wnd BEX tnlca

sql of sxperimems wiing dilvied feed solutiozs
wars developed for 5 b of sxpesimental romnizg
iz order e shudy the bekeviour of the exzactioz
and back sxirachion processes for longer remni=g
tmes. Fig 4 shows the kingtic msults = the
axiraction 2zd back sxiracdon seps.

The concemiraticz of Zo in the wxiracticz
tank decreased fromn the izl 244 maol'=” o
3% melm’, achisving 2 soippizg solution of
13% mel'm". Extraction and back sxiracton par-
cazizges were aronmd B5%a.

5.2 Chraminm rosulis

For the recovary of chropinn from grousd
walers, a group of sxperiments was parformed
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Fig. 5. Bvelulion with time: of the chromeum congen-
iratisn &= the EX ind BEX steps

varying the Wa2lH comcanTacion iz the soipping
phass. Fig. § shews a comzpesison of the kizatic
rasults iz the savirecoon and back exiraction staps
The first grapk represants the evelotion with timo
of the chromimm cozcenmaton m the aqueous
faad solutiom 2t the pvaduls ontlar. In the sacond
graph, the svelnton with fmoe of the chronzne
conceztratiozn in the siripping solwoticz is
TapTasantad

Iz elatvon to the exiraciicz resulis, i can be
obsarved that the pesudo-rmady stase of the sys-
tam is reached rapidly, 2nd the ciroonivm concen-
tratiom goes down from 8.6 mol /=" 2t the modwle
izet te: 0,015 zool'm” 2% the meduls outlet in coe
pass througs the HF coontacoor (bemg the nesi-
duncs tms m the moduls f= 0004 B) that i close
to the wastewater maximun: chromieam kel for
final dispasal into the environment accordizg o
sxviroomszsal regalatiozs (00056 malm™ [1 5
On the other hand, the beck sxtracton resalts

sbow thed chroariue m the soippizg soluton &=
concemrated 1o a value of 28] melim” after 1 3 b
of cpamaftom; thus a coocenmaiing factor of
12700 is obtaimed It can ba zoded thet the
izflnenca of the concenmbtration of the solotios
bydroxide sripging zzeof, iz the ramge 3000-
000 mol'm', on the ckzomgium EX apnd BEX
resnlis is megliziblae.

4. Cooclusrons

Thiz wors mepests the axparimeetal stady of
the babavionr of clean tachnologias based o= the
usa of salective manzbranags applied to the moom-
ary of aniomic componnds fom polluted wratens.
Two cases of smdy weme considered: (1) the
recovary of chromate amions fom pollused
grouzd wamrs by mezns of an EPT dhet weed
Alapzing 3346 a5 selective axmactant and MaOH a2z
wmippizg soloiom, 2=d () the mcomry of =nc
chlorocomploxes from a spent pickli=g acudic
atfhoemt by means of NSEX, szoploying TEP as
ize seleciive sxiractint and servics weisr 25 tha
back-sxiracton plass. For bedth systems the
kimatic bakeviour of the separatioz concemiration
was anzlyrad.

In firtars srodies the kizetic modalling ofbotk
processas, thar i, the necassary oool Sor desigm
and eptinvisation, will b mwpartad.
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Modelling of the Extraction and
Back-Extraction Equilibria of Zinc from
Spent Pickling Solutions
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Dept. Ingenieria Quimica y Quimica Inorganica, ETSII Y T, Universidad
de Cantabria, Santander, Spain

Abstract: This work reports the study of the chemical equilibria of the extraction
and back-extraction of zinc from spent pickling solutions. Tributyl phosphate was
used as a selective extractant and service water as a back extraction agent. Feed
solutions had an average composition of 6.4M CI~, 1.2M Zn™2, 1.7M Fe*? and
traces of other heavy metals i.e., Pb, Ni, Cu, Mn. Under the experimental conditions
the ion ZnCI3~ was the predominant zinc species in feed. A careful experimental
design was performed obtaining the equilibria mathematical models and parameters,
Kgx = 0.137 (mol/L) ™, and Kgpx = 1.46 [—1].

Keywords: Extraction equilibrium, back-extraction, zinc chloride, tributyl phosphate,
water

INTRODUCTION

Steel goods are most often coated with zinc to protect their surfaces against
atmospheric corrosion. Zinc films are deposited by immersing steel details
in molten zinc around 450°C. In order to obtain a high quality zinc film,
pre-treatment of the steel surface is required, including several processes, i.e.,

1. degreasing with a hot alkaline solution;
2. rinsing with water;
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e

. pickling with HCI 20%:
rinsing, and
. fluxing with zinc and ammonium chlorides.

N e

In the pickling step, hydrochloric acid is consumed during the process,
but the concentration of chloride ions does not change. As a result, the
spent pickling solution contains zinc and iron, present mainly in the form
of iron(Il), which form appropriate chlorocomplexes. Typical metallic
concentrations lie in the range 20-120g/L for zinc and 100-130g/L for
iron, whereas the hydrochloric acid concentration lies in the range
I-6mol/L (1). Besides, the solution may contain other heavy metals
such as Pb, Ni, Cu. Mn, etc. at low concentration. Thus, this effluent has
a strong hazardous character and needs to be treated before disposal (2).

The spent pickling solution is conventionally processed by the Ruthner
process in which the hydrochloric acid is evaporated and granules of iron
oxide are formed in a fluidized bed at temperatures above 600°C; however,
the presence of zinc in amounts higher than 0.5 g/L disturbs the process (2-6).

The development of a clean process allowing the recovery of zinc under
conditions that permit the recovery of electrolytic grade metal would reduce
the effluent toxicity, recovering at the same time the component of higher
added value.

Solvent extraction and membrane based solvent extraction have received
considerable attention and have been proved to be very efficient in the removal
of solutes from aqueous solutions (7—12).

With regard to the separation of zinc (II) from solutions containing hydro-
chloric acid, Cierpiszewski et al. (2002) (5) studied the behavior of different
extractants in the separation between zinc and iron concluding that
solvating extractants led to better extraction results than other analysed
compounds. In fact, tributyl phosphate (TBP) is the most suitable reagent
and enables both the extraction (EX) of zinc (IT) from HCI solutions and sub-
sequent back extraction (BEX) with water (3, 5, 13). In a previous work it was
reported the viability of applying the non dispersive solvent extraction
(NDSX) technique to the recovery of zinc(II) from spent pickling solutions
using TBP and service water as extraction and back extraction agents respect-
ively (2). In the latter work it was reported that the transport of trace metals
such as Mn, Pb, Al, Cr, etc., to the stripping solution was negligible. The
homogeneous formation of zinc chloride complexes in hydrochloric acid
solutions and the extraction of the formed complexes into organic phases
has also been reported (14-16). However, a suitable equilibrium model of
the extraction and back-extraction reactions together with their representative
equilibrium parameters, has not been reported due to the complex behavior of
the system.

The aim of this work is to study the chemical equilibrium of the extraction
of zinc(Il) from high acidic medium using TBP as extractant, as well as the
back-extraction reaction using service water, in order to obtain the
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mathematical model and parameters needed to design and optimisation of
separation processes.

EXPERIMENTAL
Reagents and Analysis

Physicochemical characteristics of the industrial spent pickling solution used in
the experimental study are shown in Table 1. Extraction and back-extraction
agents were pure grade TBP (tributyl phosphate, MERCK) and service water,
respectively.

Experiments conducted at different initial zinc concentrations were
carried out by diluting the initial effluent. After dilution of the samples, the
concentration of CI ions was adjusted to 2.5M by addition of HCI, in
order to avoid the influence of this variable in the studied system.

The metallic content of the feed solution was analysed using a Perkin
Elmer Plasma Emission Spectrometer ICP 400; the iron(Il) concentration
was determined in a Spectrophotometer Spectroquant Nova 400: the concen-
tration of chloride ions was analysed using an Ion Chromatograph Dionex-120
and finally the zine content of the samples was determined using Atomic
Absorption Spectrophotometry, Perkin Elmer 3110,

Experimental Methodology

Equilibrium experiments were carried out in separatory funnels, using a
rotatory SBS stirrer (5- 150 rpm), at room temperature (18 +2°C). Extraction

Table I.  Physico-chemical analysis of the feed solutions

Property color (pH) Value (green = ()

Composition meg /L mol/L
Zn 81,760 1.250
Fe 96,000 1.720
Fe 42 96,000 1.72(0)
Mn 174 3 17E-3
Ph 104.64 SE-4
Al 38.21 1.4E-3
Cr 18,99 0.365
Ni 18.73 3204
Cd 26.63 59F-5
Cu 518 R.1E-5
Co 0.14 24E-6

Cl- 225920 6.400
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experiments were carried out starting with four different initial concentrations
of zinc(I) (1.2, 0.6, 0.3, and 0.15 mol/L) and using different volume ratios of
the feed and organic phases: V,/V, = 1/1,1/2, 1 /4. Table 2 shows the exper-
imental planning. In the extraction analysis 6 batches were prepared with
similar conditions (EI-E6) in order to provide enough organic phase to
replicate back-extraction experiments. The extractant (undiluted TBP) and
the feed solution were mechanically shaken for Ihour, time enough to
reach equilibrium (experimentally determined). After equilibration, the
solution was allowed to settle down for phase separation (few minutes). The
content of zinc(Il) in the aqueous solutions was analysed after complete sep-
aration of the phases. The study of zinc(Il) stripping was performed in a
similar way. Volumes of the loaded extractant (5-20mL), were equilibrated
for 1hour at the selected organic/stripping ratios V,/V, = 1/1, 1/2, 1/4,
using service water as stripping agent. Table 3 shows the experimental
design. After separation of the liquid phases, the concentration of zinc(ll)
was measured. The contents of zine(Il) in the organic phase were calculated
from the mass balance of the respective aqueous solutions.

RESULTS AND DISCUSSION

[n the system under study that has a very high chloride concentration,
metal ions formed chlorocomplex species according to the following
reaction (3, 17).

M™ +iCl-eMCl!™ (1)

sr.!'n

where the stoichiometric coetficient can take different values, i = 1, 2, 3,

and 4 and
wc’f{:—r”
Bf. = I.j i ﬁJ - )
(M=) - [C]

is the equilibrium parameter of the homogeneous reaction responsible of the
formation of the complex species.

Table 2. Experimental planning in the study of the extraction of
zinc(Il) with pure TBP

V:l.'r.lvlr
[Zn], 1/1 1/2 1/4
1.2 M experiments El-E6 E25-E30 E49-E54
0.6 M experiments E7-E12 E31-E36 E55-E60
0.3 M experiments EI3-E18 E37-E42 E6l-E66

0.15M experiments E19-E24 E43-E48 E67-E73
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Table 3. Experimental planning of the study of the back-extraction of zinc(Il) from
loaded TBP (from experiments E1-E24) with service water

Va/ Vo
[Zn], 1/1 1/2 1/4
ORG"!"E® ¢xperiments B1-B2 B3-B4 B5-B6
ORG®" B2 experiments B7-B8 B9-B10 B11-B12
ORG®E!8 experiments B13-B14 B15-B16 B17-B18
ORGF'E2% experiments B19-B20 B21-B22 B23-B24

Different values of 8; have been reported for the same system by various
authors mainly due to its sensitivity to the presence of other ions that can be
quantified by the value of the ionic strength and/or the water activity.
(3,5,6,13,15-17) Regel et al. (2001) (3) reported that in a system containing
IMFe*? 0.1M Zn™, SM Cl™ and 0.6 or 3.6 M HCl, with an ionic strength
around 5, over 90% of the zinc was in the form of ZnClﬁ_ and only a few
percent existed as ZnCls. Similar results were reported by Cierpiszewski
et al. (2002) (5), Mishonov et al. (2004) (6), Niemzcewski et al. (2004) (13)
and Miesiac et al. (2004), (18) for SM Cl™, (0.5-2.5M HCl, and very
different zinc concentrations (0.0076-1)M. Table 4 summarizes the distri-
bution of zinc(II) chlorocomplexes in aqueous solutions reported in the
literature.

An increase in the ionic strength leads to an increase in the formation of
complex species with high stoichiometric coefficients of Cl~ (13). In this
work, aqueous feed solutions (undiluted and diluted solutions from real
spent pickling solutions) contained high concentrations of Cl~ 1.6-6.4 M,
of Zn*2 0.15-1.2M, and of Fe*? 0.2~-1.7M, as well as traces of other
heavy metals i.e., Pb, Ni, Cu, Mn, etc. Therefore, according to the literature,
the ion ZnCli_ can be expected to be the main anionic species of zinc(Il) in
the aqueous phase.

The extraction of zinc(II) complex species from hydrochloric acid using
tributyl phosphate was studied by Morris et al. (1962) (16) and Forrest et al.
(1968) (15). For aqueous feed solutions of high acidity, the zinc(I)
complex species are extracted according to the following equation

HyZnCly + 2TBP<=H,ZnCI,2TBP 3)

This reaction is shifted to the right by an increase of the aqueous phase
acidity and of the chloride concentration. Under milder conditions, lower
HCI concentrations, other reactions become important,

HZnCl; + 3TBP<=HZnCl;3TBP 4
ZnCly + 2TBP<=»ZnCl, - 2TBP )
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Reaction 4 becomes important for concentrations of hydrochloric acid in
the range 0.8 2.7 M. and is shifted to the right with increasing concentration
of protons. Reaction 5 is dominant for concentrations of HCl and CI' below
0.8 and 1 M respectively (16).

[t is important to notice that those works (15, 16) determined the
compositions of the extracted zinc(ll) complex species using model dilute
solutions. Thus, Egs. (3)—(5) provide only general trends and boundaries of
concentrations because it is very difficult to transfer the data, including the
regions of complex existence, from dilute model solutions to the actual
spent pickling solutions (5).

Equilibrium Study of the Extraction of Zinc(II)

According to the literature, extraction of zinc(Il) with TBP can be described
by a general reaction of the form (15, 16),

ZnChxHCl 4 oTBP < ZnClLxHCloaTBP (6)

Considering ZnCl;  as the predominant zine species in the studied conditions,
the equilibrium reaction transforms into,

ZnCL2HCl + aTBP—=7nClL,2HClaTBP (7)

and the equilibrium parameter can be expressed as,

~ ZnCL2HClaTBP ZnCL2HCITBP
T ZnClb2HCL - TBP ZnCh2HCL - (TBPo — a - ZnClL2HCITBP)"
I
= (8)
ZnChL2HCI
where
. ZnChLxHCITBP ©)

- (TBPy — « - ZnClLxHCITBP)"

Figure 1 shows the experimental data of the equilibrium isotherm obtained
under the conditions specified in Table 1. Experimental points are the
average value of 6 replicate experiments.

The equilibrium isotherm shows that the distribution coefficient varies in
the range of the studied conditions. However in order to have an equilibrium
expression that can explain the experimental behaviour in the whole range of
concentrations, data of Fig. 1 were fitted to the linearized expression of
Eq. (8). Plots of “n” in ordinates versus ZnCI-.2HCI in abscissas were done
for different values of «, obtaining the best fitting for e = 4 (Fig. 2). The
value of the regression coefficient, ~ = 0.98, is high enough to consider
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Figure 1. Equilibrium isotherm of zine(Il) extraction. Experiments EI-E76.

that the equilibrium reaction can be described by the stoichiometric equation,

ZnCl2HCl + 4TBP<=7ZnCL2HCIATBP ! (10)
being the value of the equilibrium parameter
Kex = 0.137(mol/L)~" (11)

No previous references have reported a value of the equilibrium parameter
of the extraction of zinc(IT) with TBP. However, several authors have reported
values of the distribution coefficient (D). According to Fig. 1 the equilibrium

1000 \\
800
7.
= 600 -
[#]
E
S 400 4 y = 1367x
c R = 0,98
200 -
0BT . -

0 0,2 04 0.6 0.8

[Zn]ag, mol/iL

Figure 2.
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Figure 3. Linear regression of equilibrium data of region L.

isotherm can be divided in three regions with apparent constant distribution
coefficients, Thereforc, in order to compare the values of the extraction distri-
bution _coefﬁ(nent (Dgx) reported in the literature with the results of this work,
the value of Dgx was calculated in region I (Fig. 3) obtaining,

=337 72 =091

(12)

that is very close to the value of 3.33 reported by Niemczewska, et al. (2004),
(13), who worked w;th a fecd ‘;olutmn contammg 0, 31 M Zn+2 0.55M HY,
and 13V Col i RERAE

Thus, 1t is concluded that workmg with solutlons of hlgh ac1d1ty and
low concentratlon of zinc ([Zn]aq <0.15 mol/ L) thé extraction equilibrium
thh TBP can bc descnbed by a dlsmbutlon coefﬁment whereas at higher
concentranons, it lS better descrlbed by a chcmlcal equnllbnum expressmn

qullllbl‘ll.lm Study of the Back Extractmn of ch(II)

Figure 4 glves a represcntauon of the expenmental data of the back-extraction
isotherm; replicate runs were performed for each point. As shown, zinc(II) can

~ be effectively stripped from the organic phase using water as back-extraction

agent (3, 5). Equilibrium data were fitted to a linear isotherm of the form,

[Zn] = 1.46 - [Zn],,,; 1> = 0.98 (13)

being Kggx = 1.46 [—].

Cierpiszewski et al. (2002), for (5) studied the stripping isotherm of
zinc(Il) from loaded TBP with water. The organic phase was loaded with a
solution that contained 0.9M Zn™? and 1M Fe*? dissolved as chloride salts
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Figure 4. Zinc(Il) stripping from loaded undiluted tributyl phosphate with water.

in 3.16M HCL. An approximately linear isotherm with a slope close to 1 was
obtained. Regel et al. (2001) (3) determined the stripping isotherm using the
loaded organic phase obtained in extraction experiments where the aqueous
phase contained 3.6M HCI and the concentration of zinc(II) in the organic
phase was below 0.24M. The obtained isotherm was approximately linear
and the following equation was reported:

(Zn),, = 1.13 - [Zn),,, — 0.32; r* = 0.99 (14

Thus the results obtained in this study are in good agreement w1th those
reported by other authors.

Addntionally, the equilibrium data of the back extraction study have been
compa:ed to the extraction data. The system under study is the revemlble
reaction of zinc chloride chlorocomplexes with TBP, thus, accordmg to the
extraction reaction Eq. (10), the back- extraction equation can be described by

ZnCl,2HCIATBP <=>ZnCl,2HCI + 4TBP (15)

characterized by the equilibrium parameter

., ZnClL,2HCI - TBP*
BEX = ZwCl,2HCIATBP

"

(16)

_ ZnCL2HCL - (TBPp — 4 - ZnClL2HCI4TBP)" ~ ZnChL2HCI
- ZnCL,2HCI4TBP T

Figure 5 gives a representation of the equilibrium concentration of zinc in

the back-extraction phase in abscissas versus the parameter “n” in ordinates.

Although the data reported in Fig. 5 could be fitted to a straight line, the
value of the slope m = 0.0108 leads to a value of the back-extraction
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Figure 5. Linear fitting of zinc(IT) concentration in the back extraction phase to n-10*

values.

equilibrium parameter K’ gy = 108 (mol / L)* that is considerable hi gher than
the corresponding value obtained from the reverse of the extraction parameter,
ie, '

- :'RL = 7.3(mol/L)* | (17)
Kix, (3

- The difference could be attributed to the influence of the acidity of the aqueous

solutions used in the studied equilibria. Therfore it is concluded that under the
experimental conditions the back-extraction equilibrium is best described by a
linear isotherm [Zn],, = 1.46 - [Zn)yg. X

CONCLUSIONS

Taking into. account the formation of different chlorocomplex species in the
feed solution (high concentration of HCI), Zn_OL%." was considered as the pre-
dominant species in the experimental range of concentrations. Experimental

- data were satisfactorily fitted to a mathematical model with a stoichiometric

coefficient ‘of the extractant o = 4, being the equilibrium parameter
Kgx = 0.137 (mol/L)™* The back extraction equilibrium has been
described by a linear expression of the type [Zn],, = 1.46 - [Zn], 4, that is in
agreement with related studies reported in literature.
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Abstract

This work has been focused on the study of the kinetics of zinc removal from spent
pickling effluents by means of membrane assisted solvent extraction (NDSX), as the
main step in the valorisation process of the metal. Tributyl phosphate (TBP) and service
water were used as extraction (EX) and back-extraction (BEX) agents respectively.
Working with hollow fiber membrane contactors, kinetic experuments were performed
i order to analyze the influence of operation variables on the rate of zinc separation. A
mathematical model that considers diffusion through the organic membrane as the main
kinetic resistance was developed and the membrane mass transport coefficient was
estimated by means of the parameter estimation tool gEST (from gPROMS) obtaining a
value of Kp=389x10"mMh. Simulated results agreed satisfactorily well with

experimental data, thus confirming the validity of the kKinetic model and parameters.

1. Introduction

Acidic effluents coming from hot-dip galvanizing processes with molten zinc contain
high guantities of both iron and zine. Typical metallic concentrations lie in the range 20-
120 gL for zine and 100-130g/L for iron, whereas the hydrochloric acid concenftration
lies in the range 1-6 molT (36.5-219 g.-"L}.1 Besides, the solution may contain other
heavy metals such as Pb, Ni, Cu, Mn, and so forth at low concentration. Thus, this
effluent has a strong hazardous character and needs to be treated before disposal.”

The spent pickling effluents are often neutralized with lime and then released to the
enviromment, but the discharge of such wastes 15 lughly undesirable because of their
hugh acidity and eco-toxicity. Another method that has been considered appropriated fior
the treatment of spent pickling effluents 1s the Euthner process where hiyvdrochloric acid

15 evaporated and iron oxide granules are formed in a fluidized bed at temperatures
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around 700°C. However, the presence of zinc in amounts higher than 0.5 g1 disturl
the pmcesa.]'?

The development of a clean process allowing the separation of zinc from the acid
effluent under conditions that permit the recovery of electrolytic grade metal woul
reduce the effluent toxicity, with valonsation. at the same time. of the component «
higher added value.

Membrane based solvent extraction (NDSX) has received considerable attention and hu
been proved to be very efficient in the recovery and/or removal of different solutes suc

14-16

, B-13 - . 4 17-19
as metallic elements" ™ organic compounds’™ ", acids” ™, and so forth.

This technology presents several advantages in comparison to conventional processt

0-23

that have been widely reported in literature.””™ The benefits include low maintenanc
non dispersion of the fluid phases and the high interfacial area provided when a hollov
fiber configuration is applied.

With regard to the separation of zinc species from solufions contaming hvdrochlor
acid. Cierpiszewski et al. (2002) studied the behavior of different extractants in tf
separation between zinc and iron concluding that solvating extractants led to beth
extraction results than other analyzed compounds. Tributyl phosphate (ITBP) w:
selected as the most suitable reagent enabling both the extraction (EX) of zinc chloric
from HCI solutions and subsequent back extraction (BEX) with water. > **

Previous works have dealt with the study of the viability of a solvent extraction proces:
using hollow fiber (HE) modules for the recovery of zine chloride from spent pickling
effluents using TBP and service water as extraction and back extraction agents

respectively.>**> Additionally. the analysis of the interfacial extraction and back-

extraction equilibria occurring in the system has also been reported by the authors ™
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In this paper, the kinetic analysis of the membrane assisted process of zine recovery
from spent pickling effluents is reporied, obfaining the mathematical model and
parameters needed for design and optimisation of the metal separation step in a

valorisation process.

2. Experimental Section

Spent pickling effluents collected from surface freatment processes were used in the
experimental analysis. Phvsicochemical characteristics are shown in Table 1.

Extraction and back-extraction agents were pure grade TBP (tmbutvl phosphate,

MERCEK) and service water, respectively.

Table 1. Physico-chemical analysis of the feed effluents.

Property Value
Colour Green

pH =)
Composiion mglT  mell
Zn 81760  1.230
Fe 96,000 1.720
Fe™ 05,000 1.720
Mn 174 317E-3
Pb 1464 SE4
Al 3821 14E3
Cr 1299 0365
M 1275 32E4
Cd 2663 S9ES
Cu 5.18 B.1E-5
Co 0.14 24E-§
1 225,920 6.40

Experiments conducted at different imitial zinc concentrations were carried out by
diluting the mnitial effluent. After dilution of the samples, the concentration of CI 1ons
was adjusted to 2530 by addition of HCL, in order to avoid the influence of this vanable

in the studied system.
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Separation experiments were done at laboratory scale using microporous polypropvlene

hollow fiber modules {Liqui-Cel Extra-Flow, Hoechst Celanese) as contactors that

provide an effective membrane area of 1 4 m-~ Other characteristics of the modules are

given in Table 2.

Table 2. Hollow-Fiber Membrane Module Characteristics.

Module reference

Ligui-cel extra-flow 2.5 8§

Cartridge dimensions (Dx L), cm
No. of fibers

Effective surface Area, m®
Effective length, m
Cartridge material

Fiber type

Fiber material

Inner diameter, pm
Thickness, pm

Porosity, %

Tormasity factor

6.65 x 28.23
10200

14

0.15

EPOEY
Celgard 310
pelypropylens
0.035
30

16

Figure 1 presents a flow diagram of the experimental setup.

P P P
! / (2r) EX Module (1) (m)
iy ' '—I—IH: o [ e |
— —p\ﬁ- N PN |
Feed Tank — =
(@) /
Y —7
o bad—] - o
) Organic Tank (B
l“|' P \'| P
1 iy tripping Tank
| /| Stripping Tank
- L /
e I =] TIL;I-_ =t
(3 BEX Module ()
s | vt

Figure 1. Experimental setup

In the extraction module (EX Module), the feed agueous phase contacted the organic

phase and the reaction between TBP and zinc

chloride took place. In the back-extraction
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module (BEX Module). the loaded organic phase reacted with the back extraction agent
transferring zinc chloride to the sinpping phase. Both extraction and back-extraction
operations were carmed out working in a recirculating mode with the fluid phases
flowing cocurrently in each module. The agueous phase solutions circulated through the
inside of the hollow fibers at a flow rate of 3.6 107 m’/h, while the organic phase ran
through the shell of the module at a flowrate of 3.3 107 m’/h. The differential pressure
between the agueous phase and the organic phase was maintamed at 0.2 bar in all
experiments. The positive pressure difference prevents penetration of the organic phase
fo the aqueons phase and permits to stabilize the interface between phases at the pores
of the hydrophobic membrane, >

Pumping of the aqueous phases was aclueved by using peristaltic pumps 313 (Watson
Marlow) capable of flows up to 0.06 m*/h, while pumping of the organic phase was
achieved by means of a gear pump AT144-07 (Micropump) capable of flows up o
0.012 m*/h. Three flow meters were used to monitor the flow rates of the feed,
stripping, and organic phases. Thev were simmated at the outlet of the HF modules. The
flow meters were equipped with back-pressure confrol wvalves to maimntain the
appropriate differential pressure of the aqueons-organic interface in both modules.
Thyee stirred tanks were also emploved for homogeneisation of the liguid phases: feed
aqueous phase, organic phase and back-extraction phase. Samples were taken ouf at
different tumes from the agqueous reservoirs and, the zinc concentration was analvzed,
after sample preparation, i a Perkin Elmer 3110 Atomic Absorption
Spectrophotometer. The concentration of zinc in the organic phase was determined from

mass balances. The metallic content of the feed solution was analvzed using a Perkin

Elmer Plasma Emission Spectrometer ICP 400 the Iron(Il) concentration was



Anexo

determined in a Spectrophotometer Spectrogquant Nova 400 and finally the total

concentration of chloride 1ons was analyzed vsing an Ion Chromatograph Dionex-120.

3. Theoretical Background

NMass separation devices used in nondispersive solvent exfraction normally contain a
bundle of a large number of parallel hollow fibers through which the fluid flows, and it
15 reasonable to assume that the conditions in each fiber are identical and independent of
the other fibers. Thus, it 1s sufficient to analyze the problem for a single fiber 1n order to
predict the overall performance of the mass separation device ™

In the proposed model. the mass transfer of zine chloride species from the feed to the
organic phase takes place in the following steps: (1) diffusion through the feed-phase
stagnant laver to the interface with the membrane, (i1) instantaneous imterfacial reaction
of zinc chloride with the extractant TBP to form the organometallic complex species,
(i11) diffusion of the latter species through the membrane, (iv) diffusion of the complex
species through the boundary layer of the organic phase. The order of the steps is
reversed during the back-extraction process. Additionally, several assumptions were
made in the formulation of the mass balance Er;w,:{rinzmrlszl3 (1) zinc in the reservoirs
changes slowly compared to the concentration changes occurring in the module, thus
steady state 15 assumed in the HF modules and, (11) plug flow of the fluid phases inside
the HF module is considered.

The kinetic resistances, corresponding to diffusion through the fluid phases boundary
layvers were considerad negligible in the case under study. The latter assumption is
supported by the high concentration of the metal in the feed phase and by the higher

turbulence of the organic phase. Thus, the mass transfer rate 15 assumed to be dominated

by the resistance of the membrane, as a result of the low diffusivity of the
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organometallic complex species and to the thickness of the hollow fiber. With these
assimptions mass transport balances to the separated zinc species were d&‘.‘EleEd.:?

EX module mass balance,

Aqueous solution

dC o .
- A g fex =) z=0 ¢, =C m
dz L.F

2

Organic Solution

dCfx A
dz

FEX [ EX .BEX | _ EX T .
'}"m 'l-(:-:.:i _E-: II'- z=0 (—‘o _{:-: '\_—'}

: [
BEX module mass balance,

stripping Solution

€. _ A g (CEEx _ ) -_p ¢ =7 (3)
dZ L]: =1 al [ I )

Organic Selution
dC?E _ A _K3E=:|"C BEX _ CBE:{] z=0 (¥ _ CE=L (4)
dz L . Fu = \ (=5 L=} £ = L=}

Mass Balance in the stivred fanks,

Feed Solution

dc?

VI = —F,-[c™t-CT). t=0 CT=CT(O) (5)

Stripping Solution

T
‘»’f'm;_t‘=r,-l.c:=1—ff.'- t=0 C7=CI(0) ©)

Organic Selution

v % F, [ _¢T). t=0 cI=ClO 7
i
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It is considered that the solute concentrations in the reservoir and at the module mlet for

both phases are identical.

The extraction and back-extraction steps take place consecuiively, being connected by
the organic phase. The complex species concentration at the fluid-membrane interfaces,
C.:._-_D: and CuiEE{ are considered to be the equilibrivm conceatrations of the organic
species with the solute concentration in the aqueous solution in both modules at each
axial positien wvalue. Therefore, these concenfrations can be obtained from the
mathematical models of the chemical reaction equilibria.

In aqueous effluents with high conceatration of hydrochloric acid, different
chlorocomplex species have been reported in the literature; under the experimental
conditions the ionic strengih reaches hugh values (I == 5 m), so that more than 20% of
the zinc is in the form of ZnCl™ and only a few percent exists as ZnCly™ In a previous
worlt, the authors rep-:hrred:g the modeling and parameters of the extraction equilibrinm
reaction of zinc chloride from spent pickling solutions using tributyl phosphate, and of
the back-extraction equilibrium vsing service water. Under the experimental conditions,
that is high concentrations of hydrochloric acid, the extraction reaction proceeds

according to the following stoichiometric equation,

ZnCl1, 2HCI+4TBP = Zn(C1, 2HC1-4TEP (8)

being the equilibrinm parameter

. ZnCL,0HCT 41BP ZnCI, JHCI 4157 ©
= " ZnCl,JHCI (TBP)*  ZaCl,2HCI. (TBP, - 4. ZaCl,JHCI. IBP)*

with a value of

Kex=0.137 (molL)™* at 203K (10)

Alternatively, Niemczewska et al. 2004 reported a linear expression in order to describe

the extraction equilibrivm behaviour of the type,
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Cer =337.C; (11}
Eesults predicted vsing eq. 11 do no differ sigmficantly from those described by eq (9,
when the metallic species concentration in the agueous phase 15 high enough
(concentration of zinc more than 0.3 molT).

The back extraction reaction 15 described by the stoichiometric equation,

ZnCl1, 2HCL-4TBP < ZnCl, 2HC1+ 4TBP (12)
and equilibrinm data were described successfully by means of a simplified linear
equation,

C: =146-CE=x (13)
For simplicity reasons under the experimental range of variables, the linear expressions
of the extraction and back extraction equilibria have been uwsed in the mathematical
modeling.

The values of the membrane mass-transport coefficient depend basically on the tvpe of
membrane used in the module and on the physico-chemical charactersstics of the
system. Considering that in the case under study the organic phase leaving the
extraction module enfers the back-extraction one, the physico-chemical characteristics
of the system diffusing through the liquid contamned in the pores of the hollow fibers are
very similar in both HE modules, so that 1t 1s considered that KmE'{=KmEE{' 7

The dvnamic response of the system is determined by simultaneously solving the set of

differential equations 1 to 7. The use of the mathematical model would require the

knowledge of the design parameter, that 15 the membrane mass transport coefficient £,
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Results and Discussion

Different kinetic experiments were performed in order to analyze the mnfluence of the
mitial concentration of the metals on the rate of zinc chloride separation. Experiments
were duplicated so that the results presented here are average values of the metal

concentration, zinc, obtained in both experiments.

Starting with the effluent that had an initial concentration of zinc(II) of 1200 mol/m’
(experiment I), three different feed batches were prepared by dilution of the effluent to
obtain initial zinc concentrations of 600, 300 and 150 mol'm’ (experiments IL IIT and
IV). When dilution was important {150 mol m’ of Zn), the concentration of C1 1ons was
adjusted to 2.5M by addition of HCL, in order to avoid the influence of this variable in
the studied system. Figures 2 and 3 show the kinetic results of extraction and back

extraction.

In Figure 2 it 15 observed that the concentration of zinc chloride in the aqueous feed
phase decreases below 10-13% of the initial value within 2 hours, indicating that the

extraction of zinc chloride is achieved with a satisfactory rate.

(a) (b
1400
o 1200 4 , o
% 1000 - E &o0 4
2 800 E i
2 600 P 070 .y
el T 200+
[, _EClg- LI -:—._.__._. M . [ S— -
o 2 4 B ] 2 4
ti{h) tih)
——Pradicted = BExperimental —— Fredicted = Expsrimental
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Figure 2. Experimental concentration of zine in the extraction phase. Solid lines represent

simulated curves. Experiment I (a), experiment II (b), experiment IIL (b) and experiment IV (d).
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Figure 3. Experimental concentration of zine in the back-extraction phase. Solid lines represent

simulated curves. Experiment I (a), experiment II (b), experiment III (b) and experiment IV (d).
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In Figure 3 it 15 observed that the concentration of zinc chloride in the stripping phase
achieved maximum values around 700 mol/m’. The presence of other metals in the
back-extraction solution was measured observing even lower wvalues that the
concentrations of the effluent shown in table 1 indicating a negligible extraction of
those metals. Considering the average metallic concentrations of electrolytic solutions,

[Zn] = 480 mol m’ and [HCI] = 120-200 mol/m® *°, re-use of the obtained back-

extraction solution would be a possible alternative.

In the mathemarical model reported in previous section, the membrane mass transport
coefficient K, was the unknown parameter. The parameter estimation tool gEST of the
gPROMS software was used. The svstem of differential and algebraic egquations that
form the mathematical model and the experimental values of the extraction and back-
extraction phases were loaded in a file. The least-squares technique was used to find the
numerical value of the parameter that minimizes the difference between experimental
and simulated values, obtaining finally a value of =3 80x 10 m/h. The COMPArison
between simulated and experimental values of the concentration of zine chloride in the
extraction and back-extraction phases is shown in the parity graph of Figure 4. Eighty
one percent of simulated feed concentration values fall in the range Cae et 20% Caxag,
while 84% of simulated stripping concentration values fall in the range Cgpxagt20%
CaExep Considering the wide range of variation of the experimental conditions,
varying the initial concentration of zinc chloride in the feed solution in the range
between 150 and 1200 mol/m’. it is though that the mathematical model together with
the value of the estimated parameter permit a satisfactory description of the membrane
assisted separation process applied to the recovery of zine from spent pickling effluents

and using TBP as extractant and service water as back-extraction agent.
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Figure 4. Parity Graph. Comparison of experimental and simulated results: (a) feed phase and (b)

stripping phase.

Conclusions

In this paper, the kinetics of the non-dispersive extraction and back-extraction of zinc
chloride from spent pickling effluents wsing TEBP as selective extractant and service
water as back-extraction agent are reported. Batch experiments were performed in order
to analvze the influence of the inifial metal concentration on the rate of zinc chloride
separation. It was observed that there is no significant influence of the initial metal

concentration on the separation kinetics of zine chlornde in the extraction and back —

extraction steps.

The lanetic model consisted of a system of partial differential and algebraic equations
corresponding to the mass balances of zine chloride in the fluid phases that flow
through the hollow-fiber contactors and in the homogemsation tanks. The proposed
mathematical model considers that the mass transport 15 domunated by the resistance of
the membrane. The membrane mass transport coefficient was estimated by means of the

parameter estimation tool gEST of gPROMS obtaining a value of Ky=3.80x 10" m/h.
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The comparison between experimental and simulated data in a parity graph confirmed
the validity of the kinetic analysis.

The reported technology allows zine separation from an industrial waste with strong
hazardows character and recovery of the metal in a solution with physicochemical

properties adequate for its recveling in electrolytic process.
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List of Symbols

A = effective surface area, m°

C = zine(IT) concentration. mol m”

F = flowrate, m’ b

Kz = chemical equilibrivm constant (extraction)
K = membrane mass transfer coefficient, m o™
L =fiber length. m

V = volume, m’

Z = axial distance. m

Subscripis

a = effluent phase

o = organic phase

0,1 = organic interface

5 = stripping phase
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Superscripis

* = gquilibrinm
T = tank

EX = extraction

BEX = back extraction
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