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Q o tF4d AAAY Polyvinylidene fluoride (PVDF) F3AMol|] E4H S 7|HHO 2 319 Polyethyleneimine (PEI)$}
Polyvinylsulfonic acid (PVSA)E 7]-°“?§‘(phase separated and pressurization, PSP)2.2 I®AA ThFEHE A 23Tt oo
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Abstract: The porous support polyvinylidene fluoride (PVDF) with a salting out based on the hollow fiber membrane
polyethyleneimine (PEI) and polyvinylsulfonic acid (PVSA) by coating with by phase separated and pressurization (PSP)
method to produce a multilayer membrane. The resulting membranes were characterized under the various conditions, such
as the heat treatment temperature, coating concentration, feed concentration, cross-linking time and cross-link agent concen-
tration in terms of flux and rejection rate for NaCl 100 ppm solution at 4 atm. The best results were PEI 20,000 ppm and
PVSA 1,000 ppm, PEI 15% with a 2% malic acid aqueous solution coated by PSP method the hollow fiber membrane
heat-treated for 1 minute showed flux 24.3 LMH, the rejection of 82.1%.

Keywords: multilayer membrane, PSP (phase separated and pressurization), polyvinylidene fluoride (PVDF), poly-
ethyleneimine (PEI), polyvinylsulfonic acid (PVSA)
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Fig. 1. Schematic diagram of the experimental apparatus
for the preparation of hollow fiber composite membranes
by the PSP method.
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Fig. 2. Performance results for heat treatment temperatures
ranging from 0~130°C with membrane prepared by PSP
method using PEI 20,000 ppm coating for 10 min at 6
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Fig. 3. Performance results for heat treatment temperatures
25°C and 130°C, (a) flux and (b) rejection.
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Fig. 4. Performance test results of the hollow fiber compo-
site membrane prepared by double coating, (a) flux and
(b) rejection.
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Fig. 5. Effect of coating concentration and pressure differ-
ence on (a) flux and (b) ejection.
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Fig. 6. Effect of cross-linking time on (a) flux and (b) re-
jection for NaCl 100 ppm.
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Fig. 7. Effect of cross-linking agent concentration, (a) flux
and (b) rejection.
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FEatol 2 7hqk " £ 8t
£ 39t PEI 15%
= EFE §Aof & HAA
di= Alﬂg 7474 183 sRog ggstyrt. npA
A o] PVSA 1,000 ppm £ GUHEFS H7lst
o] o] 2A7] 0.1& FAom SE F 4 atme ¢
FH F 130°ColA 28 AT E 3] 2he A =3}
Aot AAALE 1, 5802 AAG 4 Anith #4
4 (NaCl)2] FEE 100 ppmel A 3,000 ppm F7}A7]
A BREe AAES AU
12 A3 2o A FAdT s=7F SHEsrE
EfEE 341 LMHOA 448 LMHZ 27}319 01
1A T17%ANA 21.5%% 748k A4S AT
S5€ T AN ArE F95Y v Sk wet
F3 %7} 243 LMHOA 374 LMHE &7
ALL 82.1%NA 21.5%8 Z+Aaste A .
T AT BT FY5Y 57 1 g BREe

_>.:

m o b1 AT
o rlo rlr e

wEgel, A 25 @ A5 3, 2015

LAY

bt AAELS Zaste AF

o
pz
82
=

4. 2 B

B AF= 34 PVDF F3AF 2ol

OE Layer-by-Layer 2] 0.2 7} & 0]
NF #& Azt Az o] EARHH7
Eias! ‘éﬂﬂ 25, IHFEE, YT v, AL 2
7t w5, 7haA e 2Eetsi o NaCl 100 ppm
?%"%‘011/‘14 Eis g AAEE golruA s

1) €A 257t S71g wet A E kA ¥e
o] B¢ EFREE 1495 LMH, AAEE 62.9%E U
Ebstth. 2ol 130°C7HA 9 €A EE T3t 130°Col A
ENREE= 72,6 LMHE Azt 7HA38te
o AALL 76.1%=2 Z75te AL Yt
getA EAY v I2HETE ALA e 24
&+ 1A3} *E“f?j%}%it}
AN O] FTbeke] wel G AH SIS
135.1 LMHOA4 152 LMHZ 37}34
wgko] glolth tE FHI A fo F
of 3] 60.8 LMHZ °F 40% 743
Z Aol (A
20,000 ppmell ¢Exko] 6 atms 7F4H2
Z1o] PEI 10,000 ppm®l 4 atm< 7}$+4
EHE9} AAE] T STt
7t wet BREE f4sta A
o, 7tuAe) X7t S7hekel whet

o
1 AALL Z7sle ATS U

[o \-ﬂ o o
oo £

Moo Mo

fioro @ & g o [t
Mo o™ rlo rr

2 24 o

3) PE

~—~
P

15 o

{0
b b

UV

=]
x
k)

>.

N

bt

3]
223

UF o Bl i
>,
N
o,

3@
N R - -

£
&
fo

=T} 271842 12 A3 g A
34.1 LMHOIA 44.8 LMHE Z7}3st%C
77.7%0 A 21.5%°0.2 ZHAast4th. wekA
7b St wet A= T
73S BAh

b ozl
rir

o
fo
1o
B off rlo

e H‘l

rlr

],

Of

o] =E(AA)L 20138 wFH} FFATATE] o
HFAT AR dAE S A LS ol 3"
2013R1A1A2008351).



10.

11.

g THEE o)

Reference

. E. H. Cho and J. W. Rhim, “Preparation of a new
charged nanofiltration membrane based on poly-
electrolyte complex by forced fouling induction for
a household water purifier”, Macrom. Res., 23, 183
(2015).

. S. U. Hong, “Effect of substrates on nanofiltration
characteristics of multilayer polyelectrolyte mem-
branes”, Membr. J., 18, 185 (2008).

. N. Kim, “Preparation and characterization of foul-
ing resistant nanofiltration membrane”, Membr. J.,
17, 44 (2007).

. J. H. Choi, C. K. Yeom, J. M. Lee, and D. S.
Suh, “Nanofiltration of electrolytes with charged
composite membranes”, Membr. J., 13, 29 (2003).

. K. Y. Wang, T.-S. Chung, and J. J. Qin,
“Polybenzimidazole (PBI) nanofiltration hollow fi-
ber membranes applied in forward osmosis press”,
J. Membr. Sci., 300, 6 (2007).

. G. Edcher, J.-D. Hong, and J. Schmitt, “Buildup of
ultrathin multilayer films by a self-assembly proc-
ess:IlI. Consecutively alternating adsorption of
anionic and cationic polyelecrolytes on charged
surfaces”, Thin Solid Films, 210, 831 (1992).

. J. H. Cho, “Analytical method for the fabrication
of layer-by-layer assembled multilayer
Polym. Sci. Technol., 19, 48 (2008).

. A. L. Rogach, D. S. Koktysh, M. Harrison, and N.
A. Kotov, “Layer-by-layer assembled films of

films”,

HgTe nanocrystals with strong infrared emission”,

Chem. Mater., 12, 1526 (2000).
. A. A. Mamedov and N. A. Kotov, “Free-standing
layer-by-layer assembled films of magnetite nano-
particles”, Langmuir, 16, 5530 (2000).
P. Podsiadlo, S.-Y. Choi, B. Shim, J. Lee, M.
Cuddihy, and N. A. Kotov, “Molecularly engineered
nanocomposites: layer-by-layer assembly of cellulose
nanocrystals”, Biomacromolecules, 6, 2914 (2005).
Y. Wang, Z. Tang, M. A. Correa-Duarte, L. M.
Liz-Marzan, and N. A. Kotov, “Multicolor lumi-
nescence patterning by photoactivation of semi-
conductor nanoparticle films”, J. Am. Chem. Soc.,
125, 2830 (2003).

&

i

12

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

t3u Az 397

. G. Zeng, J. Gao, S. Chen, H. Chen, Z. Wang, and
X. Zhang, “Combining hydrogen-bonding complex-
ation in solution and hydrogen-bonding-directed
lyaer-by-layer assembly for the controlled loading
of a small organic molecule into multilayer films”,
Langmuir, 23, 11631 (2007).

. Y. Tian, Q. He, C. Tao, and J. Li, “Fabrication of

fluorescent nanotubes based on layer-by-layer as-

sembly via covalent bond”, Langmuir, 22, 360

(2000).

F. Caruso, D. Trad, H. Mohwald, and R.

Renneberg, “Enzyme encapsulation in layer-by-layer

engineered polymer multilayer capsules”, Langmuir,

16, 1485 (2000).

E. Allémann, R. Gurny, and E. Doelker, “Prepara-

tion of aqueous polymeric nanodispersions by a re-

versible salting-out process: influence of process

parameters on particle size”, Int. J. Pharm., 87,

247 (1992).

H. Bagheri, A. Mir, and E. Babanezhad, “An elec-

tropolymerized aniline-based fiber coating for solid

phase microextraction of phenols from water”,

Annl. Chim. Acta., 532, 89 (2005).

B. A. Kim, H. M. Lee, B. S. Lee, S. P. Kim, S. L.

Cheng, and J. W. Rhim, “Enhancement of mem-

brane performance through surface hydrophilization

of hydrophobic porous flat-sheet

Polymer(Korea), 35, 438 (2011).

C. J. Park, S. P. Kim, S. 1. Cheng, and J. W.

Rhim, “Studies on th fouling reduction by coating

membranes”,

of cationic exchange polymer onto reverse osmosis
membrane surface”, Polymer(Korea), 36, 810 (2012).
Michael J. Hey, Daniel P. Jackson, and H. Yan,
“The salting out effect and phase separation in
aqueous solution of electrolytes and poly(ethylene
glycol)”, Polymer(Korea), 46, 2567 (2005).

P. M. Gross, “The salting out of non-electrolytes
from aqueous solutions”, Chem. Rev., 13, 91 (1933).
R. M. Mazo, “A fluctuation theory analysis of the
salting out effect”, J. Phys. Chem. B, 110, 24077
(2000).

M. Radall and C. F. Failey, “The activity ceoffi-
ceint of non-electrolytes in aqueous salt solutions
from solubility measurements. The salting out or-
der of the lons”, Chem. Rev., 4, 285 (1927).

Membrane Journal Vol. 25, No. 5, 2015



