CHAPTER II

LITERLATURE REVIEWS

Membrane for the separation and concentration of metal ions have received

considerable study throughout the past three decade due to characteristics such as ease of

operation, energy and selectivity adyal }f

low cost operations factor. Membrane
icular interest because of their

111 : -d
versatility. - e

The permeation/ : \‘5 \ mbranes were calculated by

Plucinski and Nitsch | 'syste nposed “of zinc(aq)-dithizone-carbon

tetrachroride. The experi efe ciformed in dstirted cell. To describe the mass

was obtained. This indicates thatsthe transport™of metal ions through supported liquid
membrane can be calculated on-the basis of a 86ed knowledge of liquid-liquid extraction
(kinetic and equilibria- paramctess) and hydrodynaini the apparatus(mass transfer

coefficient).

A carrie i Ej ?mw uﬂm ? copper for the purpose
of regenerating @ a ‘pl ing s'i ir ir Z[a been studied. Copper is
transported from the alkaline etching®“solution to e aciﬁatir:ﬁéth through a solid
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of 3.2 pug-cm’-sec’ has been obtain with a 50 % solution of B-diketone(LIX 54-100)

supported by thin (25 um) microporous polypropylene film. A study of the effect of
process variable including aqueous stirring rate, reactant concentrations and membrane
thickness indicates that diffusion of copper carrier complex across the membrane is the

pemeation rate controlling process at sufficiently high stirring rate and copper feed



concentration. The equilibrium distribution relationship between the feed solution and the
membrane appears to be nonlinear for carrier concentrations above 40 %. Independent
measurements using well characterized, track etched membrane have qualitatively
verified the inverse relationship between concentration and diffusivity of the coppe
carrier complex, but are not accurate enough to quantitatively sipport the simple
membrane diffusion mode. The selectivity of the membrane for copper is at least on the

order of 10* with expect to nickel, zinc and tin (O’Hara and Bohrer(1989)).
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Hann et al. (1989) pr. - )model for the extraction of copper
ions with LIX 84 that ma extﬁde@e the extraction of other metal

ions. The effect of the y ntrations on the copper flux
through the membrane ‘ r

u‘-\\ and for a reaction-limited case to
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\\1 n’ ‘he regeneration of the liquid
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determine the rate para

ion exchanger (carrier) : vith the formation of the chelate
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complex. It is shown thagfusi A . \ \\‘ sfer model can simulate the

W

Dispersion free solvent extractio: m an actual process stream has been studied

using microporous hydrophebic—pofypropyler ollow _fiber membrane modules.

Simultaneous extractip , soltte  species 3 same stream has been
investigated using dif witht different packing fractions,

surface areas and membrane types. Very high solute recoveries have been achieved in

modules only 15 ﬂ/ﬁ - 4 1 module and module in
series have bec@ga ri dﬂlﬁmm:jﬁ jlraction, mass transfer
correlation’s valid_for varie m dules_ s 1 c Experimentally
obtained ag aﬁfgﬁﬁ u&&ﬁiﬂﬁiﬁ perspectives in
contacting gquipment. A long term extraction study using a prototype module indicated

no performance deterioration over 64 days. Alternate design strategies for extraction from

a large scale stream have been analyzed(Prasad and Sirkar, 1990).



Shiau and Chen (1993) studied theoretical analysis of copper-ion extraction
through hollow fiber supported liquid membrane by used Bis(2-ethylhexyl) phosphoric
acid (D2EHPA) as a carrier agent. Both rigorous model and simple model with varied
permeation coefficient for system are proposed. The once-through and the recycle mode
were studied. From this study found that both models gave the closed experimental data
and concluded that simple model can use in this system. From the model it is found that

the permeation coefficient is function of copper ion concentration. The rate-controlling

i sene as a mobile carrier. A

nt \&\\Q\- ueous film diffusion of metal
\ L iffusion of D2EHPA and its

metal complexes. It w at wthes ai \ pemmeation rates were in good
: L 4
agreement with the measuged igher sél ctivity, in the separation of zinc and
..i-i '

copper was obtained when the di wqﬁ' resistan 3 \ membrane phase was dominant.
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liquid membrane containi
permeation model was

ions toward and out of

Yun et al. (1993) studle e N oxic heavy metal from aqueous waste
streams by using hollow fibe U brane. Toxic heavy metals studied

were copper and chrom

Y.’
through experiments frow :

rﬂ
o wastewater in the fiber modu

o incial individually moved in separation once
1

nic extractant flowing in the

shell side countercurren The organic extractant used

for copper was ﬂ wﬁnﬂjﬂﬂ glm extraction was tri-n-
octylamine (TO L:ae eveloped to predict the
extending of copper extraction from the aqueous ﬁhetlc wastewateér. The equilibrium

consant ) hiped 2k Welemidc B 11 ek it it The

expenmentgl data on copper extraction are described well by the model if the forward

interfacial chemical reaction rate constant is 9.0x10°° cm/s.



Yi and Tavlarides(1995) presented a numerical model to evaluate the dynamic
behavior of mass transfer in the hollow fiber supported liquid membrane for metal ion
removal from aqueous stream. The analysis that considers the effects of axial-flow
velocity on the radial pressure difference across the membrane wall permits the
specification of this operation of this operating parameter to avoid expression of
impregnated carrier from the membrane and to prevent membrane wall rupture. The

model account for effects of boundary layer mass transfer and kinetic rate resistance at

the interfaces on membrane flux. The'perfoumance of different size membrane modules
was estimated for two operating modes of 4 g: one for the flow of feed solution
7 @w in the annular region and the
other for the flow of stri inside ne tube and feed solution flow
in the annular region o 158 'SySte evaluated is copper ion extraction
from acidic solutions y-3=n@nylaceto ; one oxime impregnated in o-

alumina silica ceramic The-petforma '- f membrane module depend on

aliquat 336 are presente Dy 9961 The simulation of this process

was carried out using the ‘gPROMS process modeling system. This software package
provides a high mathematical models of
unit operation. ﬁ l-ﬁkalcal ﬂm? ﬁ.gtqtﬂ imxed sets of nonlinear
integral, Therefore both
dlstrlbutg ﬁiﬁﬁﬂﬁdﬁmﬁwj iﬂaﬂﬁlﬁd ﬂ&mulations of a
single extractlon membrane module were carried out for both the cocurrent and
countercurrent cases. Models have been developed for both single-function and dual-

function membrane modules, and these have been combined to model entire separation

process carrying out simultaneous extraction and stripping of Cr(VI) from aqueous



solutions. Limited validation of the models developed has been carried out using

experimental data already reported.

The efficiency of hollow fiber modules for chemical extraction are studied by
Daiminger et al (1996). The system composed of Me,/bis(2-ethylhexyl) phosphate
(DEPA) in isododecane. It was possible to achieve 2 — 4 orders of magnitude decrease of

metal concentration in the aqueous phase by extraction in a single-pass flow mode. The

necessary values of mass transfer ceefficient were calculated using correlations existing
. The obtained results of extraction
were compare with those ed.,'ievumn and an ideal mixer-settler
cascade. It is possible to M Xt in a short densely packed HFM
compare to extraction . related to the high interfacial

area and short diffusi sadvantages of laminar flow.

solvent extraction should the ‘HEM etraction. against the classical solid ion
exchanger.

Itsara (1998) on of copper ion from an
extremely dilute solu embranes. Various factors

: ,,

affecting this extractim@l oncentrations of extractant in

membrane phase in the ge below 25 V/V%, the types y extractant between D2EHPA,
LIX84-I and L m solution in the range of
1 ppm to 100 Dﬁfuﬁgﬂ avl mmd in shell side of hollow
fiber supported liquid membranes, led®ith buffer solution,
and c1rcu§ ﬁaﬁm i illﬁiﬂ (E]?ria gjlution while 0.1

mol/l sulfurxc acid was used as a strip solution. From the experiments, the ability of
copper ion transportation was increased when concentration of extractant was increased.
LIX-type extractant showed better performance than D2EHPA. Copper ion transportation

was increased as concentration of copper ion in feed solution was increased. Flow pattern

of feed solution in tube side and in shell side of hollow fiber module had no influence in
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the performance of the system. Copper ion transportation was increased when pH of feed
solution was kept at 5 by buffer solution. The copper ion transportation could be occurred

appropriately by using small amount of strip solution in circulation mode.

The modeling of mass transfer rates of metal ions across supported membrane
were reported by Elhassadi and Do (1999). The model equations were tested using

experimwntal data reported in the literature and produce in this work. It was found that

uraniem(VI) and thorium(IV) canyb lectively separated and concentrated using
supported liquid membrane. !q*‘b : the liquid membrane are designed,
the selectivity toward a specific.mietal canibe ined. The effect of the ratio of the

effective diffusivity to
same characteristic of s ‘ ntially adserbed solutes. The two methods used

for evaluating the par S Vs tem were 'to give good estimates of the

controlled, reversible or itreversible), to identify clearly the rate-determining steps and to

propose a detailﬁﬂﬁ%wgﬁwlﬂ f] ﬂ ‘j

El Aamrani FZ, Kumar Aand Sastre AM stidied the facilitfitéd transport of Cu-II
from chaicwn%a tﬁoﬂhﬁ m-uen&aen&li(ﬂran&lne (FSSLM) is
investigatea, using thiourea derivatives as ionophores, as a function of hydrodynamic
conditions, concentration of copper (1-3 x 10(-7) mol cm(-3)) and H+ (pH 0.1-2.5) in the
feed solution, structure of carrier, carrier concentration (0.7-3 x 10(-5) mol cm(-3)) in the
membrane, strippant in receiving phase and support characteristics. A model is presented

that describes the transport mechanism, consisting of diffusion through a feed aqueous
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diffusion layer, a fast interfacial chemical reaction, and diffusion of carrier and its metal
complex through the organic membrane. The organic membrane diffusional resistance
(Delta(o)) and aqueous diffusional resistance (Delta(a)) were calculated from the
proposed model, and their values were 107 x 10(2) s cm(-1) and 625 s cm(-1),
respectively. It was observed that the Cu-II flux across the membrane tends to reach a
plateau at a high concentration of Cu-II or a low concentration of H+ owing to carrier

saturation within the membrane, leading to a diffusion-controlled process. The values of

mol cm(-2) s(-1), respective /. The va ues_pf t Cdiffusion coefficient (D-0,D-b) and
were 2.6 x 10(-6) cm(2) s(-1) and

diffusion coefficient (D-
1.2 x 10(-6) cm(2) s(

selected throughout the

olid support, Durapure, was

Kumar and Sastre ‘ el g and mass transfer of separation and
concentration of gold(I) froml agugous« ‘ emea yusing hollow fiber supported
liquid membrane. The anic sextract as. N,N-bis(2-ethylhexy) guanidine
(LIX79).The model valid for rec" e 3 odel is presented which describes the
e olling_steps. The validity of this

model was evaluated " ta_and-found- i9-tie in well with theoretical
Y

g f 7~
values. The effect of € 0-1000 ppm did not affect the

recovery of gold.

| ‘o v/
The extra@iouﬂua)nﬂancﬁiﬂaﬂ;l KL:jylenediamenetetraacetic

acid(EDTA) solution across micro ox‘;us hollow fibers to an orgdhic phase containing
Aliquat 3a (ﬂ%arﬁﬂgmuejﬁ&%miﬂnfcnlalr%i{uangQOOO). A
mass transf%r model was proposed considering aqueous layer diffusion, membrane
diffusion and organic layer diffusion on the basis of a good knowledge of extraction
chemistry and the transport properties of the relevant geometry. Close agreement between
the measured and modeled results is obtained (average SD, 12 %). On the basis of the

fractional resistance of each diffusion step, the present hollow fiber extraction process is
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found to be combined and governed by aqueous layer and membrane diffusion. The

resistance resulting from the organic layer diffusion is negligibly small.

Kasem (2000) studied and optimized the efficiency of copper ion extraction in
the one, two and three stages hollow fiber supported liquid membrane system by using
computer program. This research simulated and optimized the parameter that affects

copper ion extraction. From the simulated results it was found that the average relative

error of this model was 6.9 %. The, éff g of copper ion extraction in the two and

three stages hollow fiber membrane system; at least 2-3 times more than the

The diffusivity was sig antly 3 500 support with respect to
Cegard 2400 and 2402 4 d Accurel PP. A theoretical rﬁ'del applied elsewhere in the
case of Donnan ai i the case of facilitated
transport, which m mm (ﬁﬂﬁn s1on of the carrier metal
thiourea com lexes inside the membrahe su
AN MU ANEAY

Su-lgISIa Lin and Ruey-Shin Juang (2002) studied the simultaneous extraction
recovery of free Cu®* jons and ethylenediamenetetraacetic acid(EDTA) chelated anions
from chloride solutions into a stripping HCI solution with a mixture of LIX64N and

aliquat 336 in two hollow fiber modules. A kinetic model is presented that considers

possible mass transfer steps, including aqueous layer diffusion, interfacial chemical
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reaction, membrane diffusion and organic layer diffusion. In particular, the effects of the
preferential extraction of one metallic species and the mutual interaction of the two
extractants were also corrected in this model on the basis of the results for individual
extraction systems. The calculated time profiles of the total Cu(I) concentrations were in
reasonable agreement with the experimental data. Finally, the rate controlling mechanism
of such nondispersive extraction processes were quantitatively in term of a comparison of

the resistance of each mass transfer.

The separation of coppg and zir )ueous sulphate media by supported
liquid membrane (SLM) : , @oric acid (TOPS-99) as mobile
carrier has been studied b( and Das RP. . Celgard-2500, a microporous

e iquid membrane. A plate and

R

in the membrane phase and acid

polypropylene film, w
frame type of cell was of different parameters such
as flow rate, pH of feed
opper: and zinc were studied. It was
observed that flow rate of 1 i .' ity ‘- 4\1 ) was sufficient to reduce the
resistances due to the aqueou 1RAAry fays in¢ was permeated in a pH region 1.5-
5.0, while copper permeation stafie At pH 2.5, the co-permeation of copper

with zinc was negligib{g an ' ation fac as achieved at this pH.
- r : : . £

The extraction o ]] r membrane module with a

kerosene solution of di ‘-ethylhexyl)phosphorxc acid (DZEHPA) was studied by Juang

RS, Huang HL Qﬂ) i ﬂﬁ Mjfferem aqueous metal
concentrations (0. 'fJnol m ﬂa concentrations (25-100
mol/m®). A mass transfer model was presented thé&® considers ah ﬂlayer diffusion,

mermbrandioh GhiNrsi b b, bk

metal concentratlons agreed reasonably with the measured data (standard deviation, 9%)

files of aqueous

based on a good knowledge of the chemistry of extraction reactions and the transport
properties of the relevant geometry. By comparing the relative resistance of each
diffusion step, the extraction of Zn** was predominantly governed by aqueous layer

diffusion; however, the diffusion in aqueous layer, membrane, and organic layer all
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played a certain role for the extraction of Cu?**. The changes of rate-controlling steps with

time during the experiments were also evaluated.

Molinari R. et al. (2004) studied copper(Il) removal and recovery from
wastewater, e.g., washing water of contaminated soils, was investigated by using a new
chelant, the molecule 2-hydroxy-5-dodecylbenzaldehyde (2HSDBA), never used before

as a ligand for metal ions. This material was designed and synthesized by improving a

method reported in the literature, obta : ery high yield (80 vs 19%). Process
selectivity and supported llq id membrane’ (SI.1 iability were studied. The operating
conditions and selectlvxty of thETprocessd @y means of L-L extraction tests

performed at different ca O% v/v) usmg kerosene as the

solvent. At 50% v/v carri€ .‘ ctivities of Cu®* separation vs

‘\

Ni**, Zn**, and Mn** wer€ 428 ,‘ _and \\\\\ tively. The carrier concentration

W

cess: indeed, by increasing the
\ e decreased, thereby avoiding

had a strong influence g

concentration of the carrier, Deraiin
diiaad
d phase ‘The-entic \ \factor of Cu®" in the strip ([Cu®*]

copper precipitation in the f
(strip)/[Cu®*](feed))(final) Was03.54 WG
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