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and desorption of those components at the dastream sideTherefore, lhe
structure optimization of a membrane plays a vital role in its separation
efficiency and practical application.

Polyelectrolyte multilayer membranes are rapidly emerged as desirab
pervaporation membrane materials because theinctures are readily

adjusted via changing deposition circles, charge density, or the kinds of

polycation or polyanion[3]. In addition, polyelectrolyte multilayer
membranes can combinedasirableproperty of a polyanion with that of a
polycation, andthey even display improved separation efficiency when
compared to the pristine polyanion or polycation membraf#es 5].
Generally, solution blending and interfacial complexatiane beerused for
the preparationof polyelectrolyte multilayer membranes the case of
solution blending, a cationic polyelectrolyte solution rsigérectly with an
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a predetermined composition.

2.2 Membrane preparation

le

2.2.1 Hydrolysis of PAN supporting substrate

For the sake of subsequent adsorption experiment-@he groups on
PAN substrate surface should tenvertedinto carboxyl groups, which can
normally be achieved by a hydrolysis process. The hydrolysis of PAN
supporting substrate was conducted as folld@8]: PAN ultrafiltration
membrane with amreaof 10x10 cm was hydrolyzed by immersing in 1
mol/L NaOH aqueous solution at 3C for a given time and then washed
thoroughly with deionized water until neutral. The hydrolyzed PAN substrate
was immersed irl mol/L HCI aqueous solution for 20 min, washed with

anionic polyelectrolyte solution to form a homogeneous casting solutionwater until the pH values of the rinsed water reached about 7.0. The carboxyl
However, precipitate or phase separation would occur in the direct blendingroups on the resulting PAN substrate are favorable to react-Wih from

of oppositely barged polyelectrolyte solution unless the ionization deigree
controlled. On the other hand, the interfacial complexation method irs/olve
alternative layeby-layer (LBL) deposition of polycation and polyanion
solutions onto a charged substrate. In fangre deposition circlesire
normally required for the fabrication of a complexembranewith an
acceptable separation propef;, 6]. In order to speed up the multilayer
growth, dynamic LBL techniquf’, 8] and electric field drivind9-12] have
been intoduced

Alginate (Alg), obtained from the cell walls of brown algae, is a

CS in thepreparatiorof multilayer composite nmbrane32, 33]

2.2.2 Preparation of multilayer composite membrane

The preparation of PEMCMs was conducted by a pidesen interfacial
complexation method. CS solution was preparedibgolvingCS in aqueous
acetic acid, while Alg solution was forméy dissolving sodium alginate in
deionized water at room temperature. Prior to the preparation of PEMCMs,
the hydrolyzed porous PAN membrane (thgpportingsubstrate) with a
surface area of 50 émvas placed in a Buchner channel, as showfigare

prospective membrane material because of its excellent water selectivity. The CS/Alg PEMCMs were fabricated by depositing polycation and

However, themechanicabtrength of Alg membrane is required to be further
improved[13]. Kalyani et al.[14] blended Alg with poly(vinyl pyrrolidone)

polyanion alternatively onto the hydrolyzed PAN substrate. The following
steps were successively carried out: (1) wt% CS solution was poured

(PVP) for pervaporation separation. Due to the brittleness, the obtaineshto the hydrolyzed PAN substrate which had bemrated in a Busher

membranes were nauitablefor use except for a 3:1 Alg to PVP blend. In
addition, crosdinking with multivalent ions[15, 16 was also &vorable to
enhance thenechanicalstrengthof an Alg membrane On theother hand,
chitosan (CS) membrane has bewxd much attention due to its excellent
chemical andnechanicastability, but its water selectivity is not high enough
esp. for practical application. For the sake of separatiefiiciency, CS is
generally blended with other polymers such as poly(vinyl alcqidl) 18]
hydroxyethylcellulose [19, 20] and mly(acrylic acid) [21, 22] The
combination of Alg with CS seems to b@m@misingcardidatefor improving
membraneproperties[23]. However, Alg is soluble in water, in which CS is
insoluble[24], and thus the preparation of CS/Algsed membrane becomes
difficult. Lee et al.[25] proposed that theombinationof Alg and CS could
be achieed by immersinga dried Alg membrane in a chitosan solution
instead of directly blending their solutiolm another workKariduraganavar

channel under a reduced pressure, excessive CS solution was removed from
the Busher channel after 5 min, and then diedhpletely (2) After the
drying of CS layer, a-Wt% Alg solution was introduced into the Busher
channel under theame condition as the deposition of CS solution above.
When the Alg layer was dried, it was rinsed usingahézed water, and then
dried completely before next deposition. (3) Steps (1) and (2) were repeated
till the predetermined deposition cycles wetéamed. The layer number of

and n+0.5 suggested the CS and Alg layer were on the top surface of the
composite membrane, respectively. The resulting PEMCMs are denoted as
(CS/Alg), or (CS/Alg).o5 and the subscript or n+0.5 means the number of
polydectrolyte layer. It should be noted that only membranes of (CS/Alg)
(namely Alg layer is on the top surface of PEMCM) need to be further treated
with sulfuric acid solutions containing 50 vol% IPA for 10 min at room
temperature in an effort to furthimsolubilize the top Alg lay€i30].

et al.[26] found that a gel would be formed when the CS acid solution was

added to SA solution. This gel was requitede redissolved by the addition
of NaOH solution in order to obtain a homogeneous solution, and thus t+
succeeding CS/Alg membrapeeparatiorcould proceed.

In fact, CS and Alg are considered as ideal polycations and polyanions
LBL deposition proedure respectively [27, 28] which makes their
combination possible. Huang et 9, 30] prepared novel two ply CS/Alg
composite membrane by casting CS and Alg solutions in succession, al
found these composite membrane displayed desimaiglehanicalstrength
and pervaporation performance. This interfacial complexation appears to be
facile method for the combination of CS and Alg. In the present work, CS/Al¢
polyelectrolyte multilayer composite membranes (PEMCMs) were fabricate:
by alternatively deposhg CS and Alg onto a hydrolyzed porous
poly(acrylonitrile) (PAN) substrate under a reduced pressure. The effect ¢
hydrolysis time, numbers of polyelectrolyte layer, operating temperature an
feed composition on pervaporation performance of these PEM@Ms
investigated in detail.

2. Experimental

2.1 Materials and reagents
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Fig.1. Schematic diagrarof the fabricationof CS/Alg PEMCMs.

2.3. Membrane characterization

Chitosan (CS) was supplied by Yuhuan Ocean Biology Company

(Zhejiang, China), and was purified as reported in our previous {@dfk
The resulting C®asa degree of deacetylatimf 90% and a viscosity average

2.3.1 ATRFTIR characterization
The attenuated total reflectance Fourier transform infrared spectroscopy

molecular weight of 810° Da. Alg (sodium alginate) was provided by (ATR-FTIR) was obtained using a Nicolet Avatar 370 FTIR spectrometer
Sinopham Chemical Reagent Co., China. PAN-dleet ultrafiltration ~ with ZnSe crystal at a 45ncidence angle. The reported spectra were the
membrane with an average surface pore diameter of 25.4 nm was purchag&gumulated averages of 64 scans at 4 @solution.

from Developmat Center of Water Treatment Technology, Hangzhou,

China. Other reagents such as sulfuric acid, methanol, ethanol and 2.3.2 Contact angle measurement

isopropanol (IPA) were purchased from Hangzhou Gaojing Fine Chemical The contact angles of water wemeeasured by the Sessile water drop
Company, China and were of analytical grade. They were used withounethod using &riiss DCA10 (Germany) instrument in a temperature and
furtherpurification The feed mixtures used for the pervaporation experimentfiumidity controlled room (23C, 60% relative humidity). Water droplets
were prepared by blending methanol, ethanol, IPA aridrdeed water with ~ (about 3pl volume) were dropped carefully tmthe sample surface. The
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avera@ contact angle was obtained by measuring the same sample at kOthis paper, therefore, the sorption experiment on thesmleesurface was

different sites. The error of measurement was employed in an effort to describe thesitu sorption behavior of PEMCMs.
The feed solution was pumped into the pervaporation cell where the
2.3.3 Zeta potentials determination PEMCMs had been fixed. The ugsim side of the membrane was in contact

Zeta potential was determined on a Beckman Coulter instrumentith the feed solution for at least 24 h to allow the membrane to reach
(Delsd™ Nano C) at room temperature. &lionic strength of aqueous KCI equilibrium sorption. After the swollen membrane was removed from the
solution was maintained at 0.01 mol/L, and theatézed water containing pervaporation cell and carefully wiped the adherent liquid, it was poitain

standard particles was used as the conductive medium. sealed vessel. Under reduced pressure, the solution absorbed into the swollen
membranes was completely desorbed and collected in a cold trap. The
2.3.4 Scanning electron microscope (SEM) composition of the solution in thevollenmembrane was analyzed by Varian

SEM images othe crosssection layer ofhecompos#te membranes were  GC-3800 gas chromatography. dfsorption selectivity was obtained using
taken by a Hitachi 8800 scanning electron microscope (Japan). TheEq. 3:
membrane samples were fractured in liquid nitrogen, and then coated with a
thin layer of gold prior to SEM measurement. M |M

— T water organic
B = TF
water organic

3
2.3.5 Mechanical strength measurement
Mechani@l strength measurements were carried out using an INSTRON . .
5543 machine (USA) at room temperature. The extension speed of tH¥1€reMuaer aNdMorganic, Fuater aNd Forganic are weight fractions of water and
instrument was 10 mm/min. organic component in the swollen membrane and the feed solution,
respectively. The diffusion sgtivity can becalculatedby Eq. 4.
2.4. Pervaporation experiment
- ase
The pervaporation experimental -sgt is shown inFigure 2. The feed Qi = a *
mixtures were circulated through the upper side of the permeation cell, and sop
then sent back to the feed tank. The amount of the permeate was much less
than that of the feed in each run, so the concentration in the feed stream could . .
be considered constant thghout the experiment. The operating temperature3- Results and discussion
variedin the range 080-60 °C The effective membrane area in contact with o )
feed was about 25 @niThe pressure at the downstream side was kept at 1003-1 Characterization of the hydrolyzed PAN supporting substrate
200 Pa by a vacuum pump. The tested composite membesnsupported on
a porous steel disk in the pervaporation cell. The permeated vapor was A charged substrate wasecessaryfor the subsequent assembly of
collected in a cold trapmmersedin liquid nitrogen, and then weighed polyelectrolyte pairs. In thiork, the carboxy_l groups were introduced onto
accurately by electronic balance with 0.0001 g of balance sensitivity. Ththe surface of PAN substrate by a hydrolysis process.-ATR spectra of
compositions of the clelcted permeate were determined with a Varian GC PAN substrate with different hydrolysis times were showiigure 3. For
3800 gas chromatography. Theparatiorfactor/separation selectivitylg), ~ PristinePAN substrate, the peaks at 2243"camd 1452 cm were due to-

©)

and permeate fluxj are defined as follows: CN'stretching vibration aneCI-!zbend_ing vibration in the PAN polym§s4]. _
As it could beexpected, the intensities of these two peaks decreased with
Y Y hydrolysis time. On the other hand, the intensities of the peaks at 3310 cm
- — __water| organic (1) and 1568 cm, which are resulted from carboxyl groups, increased with
P Xowater | Xorgamc hydrolysis time. These results suggested that mGfé groups on the PAN
surfaceare converted into carboxyl groud85], and anegativéy charged
Q PAN substratés formed.
J= Al )

whereY andX are the concentrations of a certain component in the permeal
and in the feed, and the subscripts (water and organic componiodte the 1452 gm
species.Q, A and t represent the weight of permeatg (e effective 1568 em”
membrane area @nand the permeate collection time (h), respectively. Each |
measurement was carried out at least three times in order to ehsure
reproducibility of themeasurements. The errors inherent in these permeatio 3310 cm-1 2243 ¢cm’
measurements were of the order of a few percent. |

TI: Temperature indicator
PI: Pressure indicator

i | 'l 'l 'l

a b
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Fig. 3. ATR-FTIR spetra of PAN supporting substrate withfferent hydrolysis

X L . . times. The hydrolysis time: (a) 0 min; (b) 10 min; (c) 20 min; (d) 30 min; (e) 50
Fig.2. Schematic diagrarof pervaporation experimental sgp: (a) water bath, (b) min.
feed tank, (c) pump, (d) permeation cell, (¢) membrane, (f) tcaf (g) vacuum
pump.

3.2 Fabrication of the CS/Alg charged polyelectrolyte multilayer composite
. . membrane
2.5. Sorption experiment
. . . X . The CS/Alg PEMCMs weréabricated by casting CS solution and Alg
Generally the sorption experiment was carried out by immersing g\ tion alternatively onto a porous PAN substrate till a desirable deposition
membrane sample in the feed solution. In fact, the upstream side of §je was achieved. This process was readily demonstrated by the change in
membrane was always in contact with the feed solution during perviaporat ¢, ace composition and property of the resultant compasitenbrane.
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Figure4 shows the ATRFTIR spectra of the CS/Alg PEMCMs with different 120
numbers opolyelectrolyte layer. The weak peaks at 1650 evere owing to
the C=0 stretching of the secondary amide, which may be attributed to the
fact that the CS was nabmpletelydeacetylated36]. It should be pointed 100
out that the peaks at 1590 émvere resulted from the overlap efNH
bending vibration of CS and carboxyl anions asymmetric stretching vibration
of Alg [37]. When the layer number was0.5, the peaks 650 cm' were e
observed, indicating the CS dominated the surface of the polyelectrolyte %’h 80
composite membraneimilarly, when the number of polyelectrolyte layer g
wasn, the intensity of peak at 1590 énincreasedsuggestinghe Alg layer £
was located on thsurface of composite membrane. £ o0
g
g 40
2
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| 2
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ne3 Fig. 5. Water contact angle of the CS/Alg composite membrane as a function of the
n=2.5 number of polyelectrolyte layer.
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Fig.4. ATR-FTIR spectra of the CS/Alg PEMCMs with different numbers of E
polyelectrolyte layer (n). 8
8‘ 0

Furthermore, the change in surface wettability of the PEMCMs indicated &
this alternative absorption of CS and Alg. Aswn in Figure 5, the water ﬁ -3
contact angle changed alternatively witie number ofdepositioncycle.
When the layer number was+0.5, the hydrophilicity of the prepared
composite membrane was similar to that of [86, 38] As the number of
polyelectrolytelayer wasn, however, the composite membrane displayed the
same water contact angle (#%&s Alg[39]. Further characterization on the 12
stepwise growth of the CS/Alg composite membrane was conducted by zel
potential measurement. Asuld be observeth Figure 6, the zeta potential -15 A A 1 ' ' I
alternated between about +5 mV anf mV when the number of
polyelectrolyte layer was+0.5 andn, respectively. This reversal change in 0 1 2 3 4 S 6 7

surface zeta potential confirmed the alternative deposition of CS and Alc . . .
during the fabricon of the PEMCMs. Number of polyelectrolyte layer
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|
o
v

Fig.6. Surface zeta potential of ¢hCS/Alg composite membrane as a function of

3.3 Crosssectional structures of the CS/Alg composite membranes
the number of polyelectrolyte layer.

The crosssectional structures of the CS/Alg composite membranes with
different layer nu_mbers are pr_esented Figure 7. Both (C_:S/Alg) and 3.5 Pervaporation performance
(CS/Alg) composite membrandisplayed a dense separation layer and a
porous supporting substrate. In addition, streictureof the separation layer
seemed consistent, and was composedtrefular lamellae in a direction
approximately parallel to the surface plad@]. It can alsobe seen from

3.5.1 Effect of hydrolysis time

It's well known that theCN groups of PAN supporting substrate can be
' - . converted into carboxyl groups byhgdrolysis process, which is normally
Figure 6 that the thickness of (CS/Algand (CS/Alg) composite membrane o enced by the alkaline concentration, hydrolysis temperature and
was 0.56 and 1.9m, respectively, namely, the thickness of a single \\q o1ysis time. In the present work, the hydrolysis of PAN porous membrane
deposition layer was about 0.8m. This indicates that a defetee |55 jerformed under the condition of 1 mol/L NaOH at°6D and the
polyelectrolyte pervaporation membrane can be achieved witlewer . qpjysis time was variedFigure 8 shows the effect of hydrolysis time on
deposition cycles pervaporation performance of (CS/Ajg)composite membrane. The
hydrolysis time hagrofoundinfluence on the pervaporation performance of
the (CS/Alg) composite membrane. The flux deased significantly while
. . . the water content in permeate increased with hydrolysis time. As the

The mechanical properties of CS, Alg membrane and-sta®ding | qrolysisproceededmore—CN groups on the PAN substrate were converted
(CS/Algh membranes are given ifable 1 The tensile stresand strain at 4 carhoxyl groups as shown fiigure 3. In the fabrication of the PEMCMS,
break of PEMCMs changed in the range of4DMPa, and 6.46.8% g (polymtion) was firstlydepositecon thehydrolyzedPAN substrate. The
respectively It was more approachingthe values of the pristine CS enhancement in carboxyl groups meant the increase ineativecharge
memb(ane, implying that the mechan'ical propert'ies of Alg membranes Welfansity of the substrate, and accordingly a more comipstacial layer
much improved upon the complexatiofi CS. This enhancement may be phepyeen CS and PAN was formed. This compterfacial layer resulted in a
attributed to the interaction between polycations and polyanions. decrease in flux, but its hydrophilicity was in favor of the absorption of water.
However, by theconsiderationof the fact that the mechanical strength of

3.4. Mechanical strength of the CS/Alg polyelectrolyte multilayer membrane
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PAN substrate would be reduced as the hydrolysis proceeded, 3@asin
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selected as the hydrolysis time for the following experiments.

|} Separation layer

Supporting substrate

Separation layer

Supporting substrate

Fig.7. SEM crosssectional views of (a) (CS/Alg)and (b) (CS/Algy composite

membrane.

Table 1

Mechanicapropertieof CS, Alg membrane and frestanding (CS/Alg)membranes

Membrane Tensile stress (MPa) Strain at break (%)
cs 58.7+1.9 7.4+1.2
Alg 20.1£1.5 4.6+1.5
(CSIAIg) 40.142.1 6.8+0.8
(CSIAIg) 45.242.6 6.4+1.1
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Fig.8. Effect of hydrolysis time on pervaporation performance of (CSiAlgymposite

membrane. Feed09nt.% methanol/water mixtures, operating temperatur€C50

3.5.2 Effect of the number of polyelectrolyte layer

The number of polyelectrolyte layer normally plays an import role in the
pervaporation performance of the resulting composite membrane.
Penaporation experiments were carried out for the separation of 90 %
methanol/water mixtures at 60.°The permeation flux and water content in
permeate versus the layer number are displayedrignre 9. The flux
decreased from 625 to 36 ¢/ while the wate content in permeate
increased from 66.1% to 99.9%hen the number of polyelectrolyte layer
increased from 2.5 to 10. This changing trend in permeability and selectivity
was also observed upon varying feed methanol concentration and operating
temperature
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Fig.9. Effect of number of polyelectrolyte layer on pervaporation performance of
the CS/Alg composite membrane. Feed: 90 % methanol/water mixtures, operating
temperature: 60C.
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Fig.10. Sorption selectivity, diffusion selectivity andeparatia selectivity of
polyelectrolyte membrane wittlifferent layer numbers. Insert: sorption selectivity
and diffusion selectivity as a function of the number of polyelectrolyte layer.

It's widely accepted that both sorption selectivity and diffusion
selectvity contribute to the separation selectivity in a pervaporation process.
In order to better understand the pervaporapoocessof polyelectrolyte
multilayer membrane, selectivities (including sorption selectivity, diffusion
selectivity andseparatiorsdectivity) versus number of polyelectrolyte layer
are given inFigure 10. It is apparenthat the separation selectivity increased
significantly when the layer numbefaried from 4 to 8, and remained almost
unchangeablas the layer number exceeded 8. Hesveit isinterestingthat
the sorption selectivity and diffusion selectivity exhibited different
dependence towards the numbers of polyelectrolyte layers when compared to
separation selectivity. The sorption selectivity was always higher than
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diffusion electivity when the numbers of polyelectrolyte layers were lesseach polyelectrolyte deposition layer was composed of not only a thin
than 7, implying that the separation selectivity was mainly resulted from théterfacial complex, but also the CS or SA layer. For the first 6 SA/CS layers,
sorption selectivity. On the other hand, the diffusion process had morthe hydrophilicity of the resulting composite membrane wéseced, which

profound influence on the separaticgfficiency than the sorption process was favorablefor the adsorption of water and hindered the adsorption of

when 8 polyelectrolyte layers were deposited on a PAN substrate. methanol[24]. In this case, therefore, the sorptiselectivitydominated the
The effect of polyelectrolyte layers on the pervaporation process waseparation selectivity. However, thisicknessof polyelectrolyte deposition
related to the structure of CS/Aplyelectrolytelayers. As shown irfrigure layer increasd greatly when more than 8 CS/Alg layers were deposited, and

11, the CSAlg polyelectrolyte interfacial complex was formed by thus diffusion effect became more significant than sorption effect during
electrostatic adsorption. Driven by pressure, the thickness of a singleervaporation separation.
deposition layer was about Ou8n, as shown irfFigure 7. This suggestshat

S/ R O
LBL deposition cs \
W =i vomy o Interfacial
—P 7.

= complex

Fig.11. Schematic diagramaf the structureof CS/Alg polyelectrolytelayers.

3.5.3 Effect of operating temperature and feed methanol concentration in the present stydsuggests that the transport of methanol and veaterss
Pervaporation performance of the composite membrane prepared llge PEMCMs may be more facilitated.
depositing 4 polyelectrolyte layers on a hydrolyzed PAN substrate was
evaluated over the experimental temperature range-603C. As shown in
Figure 12, the pervaporation performance of the (CS/Algpbmposite 6

membrane exhibited typical temperature dependence, namely, the flux
increased while the water selectivity decreased. Similar behavior was also
observed for other polyeleolyte-based membraned4l, 42] This
temperature dependence of pervaporation performance was normally 56 F
explained by the fact that the free volume of the membranes increased with
operating temperature, and accordingly the transport of both water and
methanolcross the membrane became easy.
52 p
300 100 3
48 b
20 p °
<
o 95 2
- 200 b g 44 P
-~ B
E _~
@ 150 ¢+ - 00 E 4 3 M 4 " 4 » 5
d:
é jj 0003 0.003 0.0031 0.0031 0.0032 0.0032 0.0033 0.0033 0.0034
0o b 8 LT KY)
4 85 E Fig.13. Arrhenius plots of pervaporation separation of the (CSiAtgimposite
[ membrane. Feed: 90 % methanol/water mixtures.
0 b ==
The effect of feed compositiaon the pervaporation performance of the
0 A A k A 80 (CS/Alg), polyelectrolytecomposite membrane is shown Figure 14. The
water selectivity increased while thilix decreased with increasing feed
20 30 40 % 60 L methanol concentration. This behavior vgeerallyexplained by thdact
Operating temperature (°C) that the polyelectrolyte membrane was inherently hydrophilic and swelled in
Fio 12, Effect of fing t ‘ i " ¢ (CSIA the feed solution, making the polymer chains more flexible for both water
C(')?ﬁpo'siteerf]e?ngr‘;ﬁ e 00 o et g, ance @ (C8/Alg) and methanol to transport in the membrane. In particular, the water content

in permeate increasesignificantly from 85.6% to 91.7%, correspondingly
the separation factor enhanced from 54 to 210 when methanol concentration
The relationship betweethe permeatefiux (J) and the operating 1N the feed varied from 90% to 95%. In fact, the separation of
temperature(T) is described well by the Arrhenitequation (J=J, exp ¢ methanol/watemixturesis difficult due to the strong interaction betn the
EJ/RT) (seeFigure 13). Theactivationenergyof pervaproatiorprocess(Ey) two components, and thus the separatlon factor is normally36jv It was _
for the (CS/Alg) composite membrane was estimated as 24.9 kJ/molecently reported that the pervaporation perf_ormance for dehydratlng
according to the slop of the plots igure 12. The E, was normally ~ Methanol could be enhanced by a (PB&-AN)/SIO, membrane, which
consideredas the energy required for the permeate molecules to transpoffisPlayed a separation of about 25@ anflux of about 120 g/fth [47]. By
through the membrane barri@3]. For many polymeric membranes, was contrast, the (CS/Alg)composite membrane exhibited a separation factor of
found to be varied from 20 to 56 kJ/njé#-46]. The comparatively loweg, ~ 272 and a flux of 185 g/ when used for the separation of 90%
methanol/water mixtures. Obviously, more polyelectrolyte layers seemed to
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be a good candidate for increasing the water selectivity for methanolare larger than methanol molecules. Therefore, the water selectivity for

dehydration.
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Fig.14. Effect of feed methanol concentration on pervaporation performance of the
(CS/Alg). composite membrane at 80.

3.5.4 Pervaporation performance of
membrane for dehydrating ethanol and IPA

The pervaporation performance of the PEMCMs for ¢bparationof
ethanol/water and IPA/water mixtures is presenteBligure 15. Under the
operating temperature of 6, the permeateflux for dehydraing ethanol
and IPA was 210 and 596 ¢/im, and the water content in permeate was
99.3% and 99.8%respectively, implying that the (CS/Algkomposite
membrane displayed excellent water selectivity.

Furthermore, for dehydrating both ethanol and IPA, gleneateflux
increased remarkably while water selectivity seemed almashangeable

polyelectriely composite

with increasing operating temperature. This behavior was very different from

that for the separation of methanol/water mixturese(igure 12). The
transport of ethanol anlPA across the compapblyelectrolyteseparation
layer wasseverelyrestricted due to the fact that ethanol and IPA molecules

dehydrating ethanol and IPA was less affected by tipgreemperature, and
was much high than that towards methanol/water mixtures.

Table 2lists the pervaporation performance of polyelectrebased
membrane for the separation of alcohol/water mixturBse prepared
CS/Alg composite membranes presented rowpd separation properties,
esp. water selectivities when compared to other polyelectrdigsed
membranes, and compromised well between flux and selectivity. The much
higher water selectivity may be due to the higher hydrophilicity and more
compact stratures of polyelectrolyte separation layer. In general, the
resulting CS/Algpolyelectrolytecomposite seems to be an excellent water
permselective membrane for the separation of alcohol/water mixtures even
though its permeation flux should be further optied.
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Fig.15. Pervaporation performance for the separation of 90 witpethanol/water
and (o) IPA/water mixtures through the (CS/Algpolyelectrolyte composite
membrane.

Table 2

Comparison of pervaporation performance for the membranes fropnetbent work with that of polyelectrolytmsedmembranes
Membranes Supports Temperature (°C) J(g/n?.h) [¥] References
Feed: 90% ethanol/water mixtures
(PEI/PAA) Polyamide6 50 20 1400 [24]
(PEI/PAA)s PAN 70 400 231 [35]
(PAH/PSS)o PAN/PET 58.5 700 36 [48]
(PVA® /PVS)yo PAN/PET 58.5 250 700 [48)
(CS/Alg) PAN 60 210 1277 This work
Feed: 90% IPA/water mixtures
PVAYPEC7030 Polysulfone 60 800 441 [42]
(PVA® /PVS)o PAN/PET 58.5 650 900 [48]
SA/CS twoply polyelectrolyte None 60 554 2010 [29
(CS/AIg) PAN 60 596 4491 This work

2PAN/PET, a thin PAN layer was deposited onto a poly (ethylene terephthalate) (PET) fleece

b PVA, poly (vinyl alcohol)
°PVA, poly (vinylamine)

4. Conclusions
CSJ/Alg polyelectrolyte multilayer compadsi membranes (PEMCMS)

were successfullyfabricated by a presdriven layerby-layer deposition
process which was confirmed by ATRTIR spectra, contact angle and

the number of deposition layer. The sorption process dominated the transport
of the permeate across the membrane when the numbers of deposition layer
were less than 7. However, the diffusion effect waatlthassthe sorption

effect as more than 8 polyelectrolyte layers were deposited on the PAN
substrate. Suctifferentdependence towards depositidrcleswas resulted

surface zeta potential measurement. The pervaporation results showed thabm the higher hydrophilicity and more compact structure of PEMCMs. For

the sorption behaet of the resulting CS/Alg PEMCMs was dependent on

the separation90% ethanol/wateand IPA/water mixtures at 60°C, the



W. Zhanget al./ Journal of Membrane Sciea and Research (2017) 272-280

separation factor of the (CS/Algdomposite membrane was as high as 1277 [16]
and 4491, and the corresponding flux was 210 and 596tg/respectively,
which was higher than that of most polyelectrolggssed membranes

reported in the literatures. In addition, these PEMCMs compromised well (17
between flux and selectivity. These resiidicatethat the prepared CS/Alg
composite membranes have promisipgtential for the separation of
alcohol/water mixtures ven though a further improvement in their [1§]
permeation fluxes is needed.

(19
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Nomenclatures
A effective membrane area fn [22]
Ep activationenergyof pervaproatiomprocesgkJ/mol)
Fuateriorganic weight fraction of water/organic component in the [23
feed solution (%)
flux (g/m?.h) 24
M uaterforganic weight fraction of water/organic component in the
swollen membrane (%)
PEMCMs polyelectrolyte multilayer composite membranes [25]
Q weight of permeate Jg
t permeate collection time (h)
Xwaterforgnic concentration of water/organic in the feed (wt.%) )
Y waterforganic concentration of water/organic in the permeate (wt.%) (261
Olgiff diffusion selectivity
Olsep separatiorfactor/separation selectivity
Osorp sorption selectivity [27]
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