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2 2k B AT poly(vinyl alcohol) (PVA)S} 7FalA] poly(styrene sulfonic acid-co-maleic acid) (PSSA MA)= ©]-&3}
o AZH ol tetracthylorthosilicate (TEOS)E =¢34 -g oetg Ad e FHRFL AFE IS TS EH (120~
140° C) ZHLEH(25~70°0)2 T334t TEOSY ke PVA ] 3, 5, 7 wt%s AL&3tHon, e =4S
HE & 10, 20, 30 Z 50%°] i3t zASHH & oﬂ%—% 10 : 90 &4, RYLE 50°CHA AET 17303 BH=

16.3 g/m’  hr2 PVA/7 wit% PSSA MA/5 wi% TEOS o] Ho Ft),

Abstract: Pervaporation separation for water-ethanol mixtures has been carried out using crosslinked poly(vinyl alcohol)
(PVA) membranes with poly(styrene sulfonic acid-co-maleic acid) (PSSA MA) and at which tetracthylorthosilicate (TEOS)
was introduced. The concentration of PSSA MA was fixed 7 wt% over PVA and the TEOS contents, 3, S5, and 7 wt%,
were varied against PVA. The composition of the feed mixtures were 10, 20, 30 and 50 wt% of water in it. PVA/
PSSA MA/5 wt% TEOS membrane showed the separation factor, 1730 and the permeability, 16.3 g/m2 * hr for water :

ethanol = 10 : 90 at 50°C.

Keywords: pervaporation, water-ethanol mixture, poly(vinyl alcohol), poly(styrene sulfonic acid-co-maleic acid), tetrae-
thylorthosilicate, TEOS
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Fig. 1. Relative energy use by various separation tech-
nologies.
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Fig. 2. Preparation process of PVA/PSSA MA/TEOS hy-
brid membrane.
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Fig. 3. Postulated PVA/PSSA MA/TEOS membrane struc-
ture.
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2.3. Fourier Transform Infrared Spectroscopy
(FT-IR) % Scanning Electron Microscope
(SEM)
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Fig. 4. Schematic diagram of pervaporation apparatus.
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Fig. 5. The sectional view of pervaporation cell used in
this study.
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3.2. SEM image
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Fig. 7. SEM images of PVA/PSSA_MA/TEOS membrane as a function of various TEOS contents ; (a) 0 wt% TEOS, (b)

3 wi% TEOS, (¢) 5 wt% TEOS, (d) 7 wt% TEOS.
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Fig. 11. Flux and separation factor of PVA/PSSA MA (7
wt%)/TEOS (5 wt%) membrane against various cross-
linking temperatures for water : EtOH = 50 : 50 solution.
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4 T T T ¥ !
132 & (Iperati ture, 50 'C - 1800
-1 puat}ng temperature o -
4 —&— Operating temperature, 60 °C
120 - —=— (perating temperature, 70 °C - 1600
108 —
] - 1400
96 - ;4
- : - 1200 %
= Bd ~ P
"': 1 1600 -
S 72 i 5
2 ; &
5 60 -~ 800 %
£ b =
48 ~ R o~
] 600 )
36
4 - 400
24 - A
1 » - 200
12 - _ :
0 wt.% Iwt.% Swt%

TEOS (wt.%)

Fig. 14. Flux and separation factor of PVA/PSSA MA (7
wt%)/TEOS (0, 3, 5 wt%) membranes crosslinked at 120
°C for water : EtOH = 10 : 90 solution.

g/m” - hro)
173099 =
4. 2 =

i
of we} Az =L o] &3 E-oEs TF
EA4E BRELS B9t dolr .

1) 130°C, 1 hr8] 7twzH A TEOSY & W3l
e HAEEE 50°C E-A&E 2080 PVA/7T wi%
PSSA MA o] 0392 HE Yepjjon, 25°C &
H] H oA PVA/7 wt% PSSA MA/5 wt% TEOS Ho]
0.072 HAE UYBHYUT o] E Ko} TEOSY F
7Fe PVAY -OH, PSSA MA¢Y -SO;H 53 TEOSQ]
=SiOH%} 8] FAZAYE Foto] 2 YHY A
(free volume)7} 7tAdte] BEE7 74T Z0= "3
2+

PVA/7 wt% PSSA MAS] TEOSQ| &
Aol &



PVA/PSSA_MA/TEOS & o] &3t &/ g& A9 Fasd £ 51

2) 120°C, 1 hre] 7}mzAdA TEOSY) & M3l

E FHE+ 45°C E-A ¥ 50/50, TEOS 0 wt%ol
A 12077 g/m’ - hrg oY TEOS 7 wit%o) A 394.6
g/m’ - hrE YERRI L, HdEE 50°C 10/90 TEOS 0
wt%ol A 3859 2.1} TEOS 5 wt%ol A 17309 3+
EF AT o] 24 TEOS7F =4 E ol el EtOH| i g
A FNE G A 28 ¢ F AP Kim
2[28] Tusw (Y 5% FATA £5)9 gko] TEOS
0 wi%d o 130.8°CEEE TEOS7} 30 wt%d u
180.1°CE =719ty BRudn g6 ol = o
TEOS7} #71del o} =SiOH 5& %39 PVAL
-OH®} 4 AF"go] ¢ Bopby Tto) T8 23 A &=
A g 4 glon, o|=FE TEOSY H7te
ol g AV TR & e Ad Arle) 7
& dAHE AFRYE FaAA TRt 74
ANE JErdY. w3 TEOS/ @7te] w2 wighe
AEE 30CAH 2439 +=d TEOS7I H/MEF=
©eo BUETt AsE A
sl TEOS7} H7/12a5 de&d i &9 gL
S7Vst= Zlolgl A=

Moo Eoirr b

E B A4Sy, AYEs Z718l9 2, TEOS &
FH35lel 7w s H3lo) el B AHEo o
S HA= AL ¢ 4 YA
Al
B =52 20079% sdutista SedF244 A
Ao oJste] AFEF oH o] FAI=HYY

1. R. A. Leonard, “Recent advances in centrifugal
contactor design”, Sep. Sci. Technol., 23, 1473
(1988).

2. X. Feng and R. Y. M. Huang, “Blended chitosan
and polyvinyl alcohol membranes for the pervapo-
ration dehydration of isopropanol”, J. Membr. Sci.,
280, 815 (2006).

3. A. A Kittur, S. M. Tambe, S .S. Kulkarni, and M.
Y. Kariduraganavar, ‘“Pervaporation separation of

water-acetic acid mixtures through NaY zeolite in-

10.

11.

12.

corporated sodium alginate membranes”, J. Appl.
Polym. Sci., 94, 2101 (2004).

. H. 1. Shaban, “Using pervaporation technique to

separate water from organics’, Chem. Eng. Pro-
cess, 35, 429 (1996).

. J. Sekulic, J. T. Elshof, and D. H. A. Blank,

“Selective pervaporation of water through a non-
selective microporous titania membrane by a dy-
namically induced molecular sieving mechanism”,
Langmuir, 21, 508 (2005).

H. I Cho, M. Y. Seo, D. H. Kim, I. C. Park, S. Y.
Nam, and J. W. Rhim, “Pervaporation Separation
of Water/Ethanol mixture using PVA/PSSA MA
ion exchange membranes”, Membrane J., 16, 235
(2006).

. J. W. Rhim, “Pervaporation separation of binary

organic-aqueous liquid mixture using modified
blended polymer membranes, a theoretical and ex-
perimental investigation”, University of Waterloo,

Ontario (1989).

. D. S. Kim, Michael D. Guiver, S. Y. Nam, T. L.

Yun, M. Y. Seo, S. J. Kim, H. S. Hwang, and J.
W. Rhim, “Preparation of ion exchange membranes
for fuel cell based on crosslinked poly(vinyl alco-
hol) with poly(styrene sulfonic acid-co-maleic acid)”,
J. Membr. Sci., 281, 156 (2006).

.S, Y. Kim, H S, Shin, Y. M. Lee, and C. N.

Jeong, ‘“Properties of electroresponsive poly(vinyl
alcohol)/poly(acrylic acid) IPN hydrogels under an
electric stimulus™, J. Appl. Polym. Sci., 73, 1675
(1999).

Z. Maolin, L. Jun, Y. Min, and H. Hongfei, “The
swelling behavior of radiation prepared semi-in-
ter-penetrating polymer networks composed of poly
NIPAAm and hydrophilic polymers”, Rad. Phys.
Chem., 58, 397 (2000).

S. Y. Kim and Y. M. Lee, “Drug release behavior
of electrical responsive poly(vinyl alcohol)/poly
(acrylic acid) IPN hydrogels under an electric stim-
ulus”, J. Appl. Polym. Sci., 74, 1752 (1999).

H. S. Shin, S. Y. Kim, Y. M. Lee, K. H. Lee, S.

J. Kim, and C. E. Rogers, “Permeation of solutes

Membrane J. Vol. 18, No. 1, 2008



52

13

14.

15.

16.

17.

18.

19.

20

ok
o,
Holr
o
1
ro,

through interpenetrating polymer network hydrogels
composed of poly(vinyl alcohol) and poly(acrylic
acid)”, J. Appl. Polym. Sci., 69, 479 (1998).

H. C. Park and M. H. V. Mulder, “Pervaporation
of alcohol-toluene mixtures through polymer blend
membranes of poly(acrylic acid) and poly(vinyl al-
cohol)”, J. Membr. Sci., 90, 265 (1994).

H. C. Park, R. M. Meertens, and M. H. V. Mulder,
“Sorption of alcohol-toluene mixtures in poly(acryl-
ic acid)-poly(vinyl alcohol) blend membranes and
its role on pervaporation”, Ind. Eng. Chem. Res.,
37, 4408 (1998).

J. W. Rhim and Y. K. Kim, “Pervaporation separa-
tion of MTBE-methanol mixture using PVA/PAA
crosslinked membranes”, Membrane J., 8, 235
(1998).

J. W. Rhim and J. H. Jun, “Salt effect of metal
ion substituted membranes for water-alcohol sys-
tems using pervaporation processes’, Membrane J.,
11, 133 (2001).

C. S. Lee, S. Y. Jung, J. H. Jun, H. S. Shin, and
J. W. Rhim, “Studies on the methanol permeability
through PVA/SSA 1on exchange membranes sub-
stituted with various metal cation”, Membrane J.,
12, 51 (2002).

H. S. Shin, C. S. Lee, J. H. Jun, S. Y. Jung, J. W.
Rhim, and S. Y. Nam, “Preparation and character-
ization of 1on exchange membrane for direct meth-
anol fuel cell (DMFC) using sulfonated poly-
sulfone”, Membrane J., 12, 247 (2002).

S. Y. Nam, K. S. Sung, S. W. Cheon, and J. W.
Rhim, “Pervaporation separation of aqueous etha-
nol solution through poly(vinyl alcohol) membranes
crosslinked poly(acrylic acid-co-maleic acid)”,
Membrane J., 12, 255 (2002).

S. W. Cheon, S. H. Hong, H. S. Hwang, S. L

wEg ), A 18 A A 1 3, 2008

ks
{Jl

e

o

21.
22.

23.

24,

25.

26.

27.

28.

=
ol

. Lﬁwhg. . %1

A

Jeong, and J. W. Rhim, “The effect of PAA on the
characterization of PVA/SSA ion exchange mem-
brane”, Membrane J., 13, 118 (2003).

J. W. Cho and K. 1. Sul, Polymer, 42, 727 (2001).
H. I. Cho, M. Y. Seo, D. H. Kim, 1. C. Park, S.
Y. Nam, and J. W. Rhim, “Pervaporation separa-
tion of water/ethanol mixture using PVA/PSSA
MA ion exchange membranes”, Membrane J., 16,
235-239 (2006).

J. W. Rhim, C. K. Yeom, and S. W. Kim,
“Modification of poly(vinyl alcohol) membranes
using sulfosuccinic acid its application to pervapo-
ration separation of water-alcohol mixtures”, J.
Appl. Polym. Sci., 68, 1717 (1998).

J. W. Rhim and Y. K. Kim, “Pervaporation separa-
tion of MTBE-Methanol mixtures using crosslinked
PVA membrane”, J Appl. Polym. Sci., 75, 1699
(2000).

D. S. Kim, H. B. Park. J. W. Rhim, and Y. M.
Lee, “Preparation and characterization of cross-
linked PVA/SiO; hybrid membranes containing sul-
fonic acid groups for direct methanol fuel cell ap-
plications”, J. Membr. Sci., 240, 37 (2004).

K. Nakamura, T. Hatakeyama, and H. Hatakeyama,
“Studies on bound water of cellulose by differ-
ential scanning calorimetry”, Textile Res. J. Se-
ptember. 607 (1981).

A. Higuchi and T. Iiljima, “DSC 1investigation of
the states of water in poly(vinyl alcohol) mem-
branes, J. Polym. Sci., 26, 1207 (1985).

D. S. Kim, M. D. Guiver, M. Y. Seo, H. 1. Cho,
D. H Kim, J. W. Rhim, G. Y. Moon, and S. Y.
Nam, “Influence of silica content in crosslinked
PVA/PSSA MA/Silica hybrid membrane for direct
methanol fuel cell(DMFC)”, Macromolecular Res-
earch, 15, 412 (2007).



