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1
1.1
tBA 99% NIPAAm 99 %
SnCl, Aldrich
PSF P3500
CH, ,SiCl CHCl, CH,;OH CuBr 2 2’-
bpy HCl 36% NMP  THF
PEG2000
tBA NIPAAm 3
CuBr

1.2 PSF-CH,Cl PSF-g-PAA  PSF-g-PNIPAAm

PSF-CH, Cl 0
3.0L 1500 mL
CHClL, 30 g PSF PSF . 20 g
4.5 mL SnCl, 90 mL
CH, ;SiCl. 60°C 72 h
CH,0H/H,0 Viv=1/1
PSF-CH, Cl 50C
98.1% .
PSF-g-PAA .1
PSF-CH, C1 tBA NMP
PSF-CH, Cl/t BA/NMP CuBr bpy
40 min
80°C 6 h
THF Al O, Cu CH,0OH
30°C 72
h PSF-g-PtBA. 2 PSF-g-P:BA
NMP ~10 wt%  PSF-g-PtBA
100C 48 h
CH,OH 35C
PSF-g-PAA 71.4% .
PSF- g-PNIPAAm PSF-g-
P:BA 87 % .
1.3
"H-NMR Avance DMX 500
MHz Bruker Co. Germany
CDCl;  DMSO-d, TMS GPC
Waters 515 Waters Co.
USA
1.4
1.4.1 PSF-g-PAA  PSF-

g-PNIPAAm  PSF NMP
PEG2000
35s 20°C H,0
1.4.2
SIRION-100
FEI Co. USA

Autopore IV 9500

XPS XPS
PHI 5000C ESCA PHI Co. USA
Cls =285 eV
1.4.3 1
OCA 20
Dataphysics Instruments with  GmbH
Germany 281 C
70 % 10
.2 pH
4.0 cm
pH 24 h
pH 0.1
MPa pH 30 min
J=VI AxAt
J 0.1 MPa L/m"
h VvV 1 L A
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PSF  PSF-CH,Cl 'H-NMR CDCl, PSF b 7.88 i
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' Fig. 1 '"H-NMR spectra for PSF and PSF-CH, Cl
PSF-g-PtBA  PSF-g-PAA  'H-NMR DMSO- CH,Cl NIPAAm
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Fig. 3 'H-NMR spectra for a PSF-CH,Cl and b PSF-g-PNIPAAm
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" CH,Cl
Table 1  Molecular weights and polydispersity index PDI  for PSF- 2.2
CH,Cl PSF-g-PAA and PSF-g-PNIPAAm PSF
Polymer m, POI" m, 2:8 18 wi% PEG2000
PSF® 3.98 x 10° 1.71 —
PSF-CH, CI" 3.82x 10° 2.16 — Swt%. 4 FSEM
PSF- g-PAA° 5.05 x 10* 2.15 4.12x 10* 2000
PSF- g-PNIPAAm® 5.58 x 10° 2.10 4.58 x 10*
: - 5000 PSF 4a
“Determined by GPC based on polystyrene PS  standard °"THF as
effluent  30°C ‘DMF containing 1% LiBr as effluent 50°C
4 Estimated based on composition from ' H-NMR using Eq. 1
PS
PSF-g-PAA/PSF 4b
"H-NMR 1 PSF-g-PAA
PSF- g-PNIPAAm PSF-g-PAA PAA
1. PSF- g-PAA
onomer
Mn graft copolymer = Mn PSl"—Cl‘l2 Cl 1 + X W 1 NMP H2 0
1 M, s copotymer
M, o PSE-CH,CI X FSEM PSF- g-PNIPAAm/PSF
PAA  PNIPAAm e 4¢ PSF

AA NIPAAm

]‘41’SF‘»CH2 Cl PSF'

0

20 um

' 4 FSEM images of the cross sections of a a pure PSF membrane and membranes containing b 20 wt% PSF-g-PAA ¢ 20 wt% PSF-g-

PNIPAAm
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11 PSF- g-PAA PSF- g-PNIPAAm
2 PSF 3 XPS Cls 5
2 PSF 65.9% PSF 3 0
0.08 pm. PSF- g-PAA PSF- g-PNIPAAm 284.7 285.3 286.3 eV C—C/
C—H C—S C—0—C PSF- g-PAA/PSF
PSF 3 C
Table 2 Porosities and average pore diameters of pure PSF membrane COOH 287.1 eV C—CO0 285.7
and blend PSF membranes eV 2 C # PSF- g-
Membrane PSF 20 wt% PSF- 20 wt% PSF- PAA PSF-g-PNIPAAm/PSF
composition g-PAA/PSF  g-PNIPAAm/PSF PNIPAAm C
Porosity % 65.9 77.9 76.6 C—N 285.3 eV O—C—NH 286.4 eV > .
Average pore diameter pm  0.08 0.16 0.19 2.3
5 PSF PSF-g-PAA/PSF  PSF-g-PNIPAAY 6 PSK
6 PSF 83° 120 s
Pure PSF 76.8° PSF
20 wt% PSF-g-PNIPAAm
C—C/C—H
55.4° 89 s
5.2° 90 s 0° 20 wt% PSF-
g-PAA 38° 33 s
3.8°35s 0° 35 s
H,0
380 282 284 286 288 290 PSF-g-PAA PSF-g-
Binding energy (eV) PNIPAAm

1 1 1 1 1 1
280 282 284 286 288 290
Binding energy (eV)
\ 20 wt% PSF-g-PNIPAAmM

1 1 y 1 1 I |
280 282 284 286 288 290
Binding energy (eV)

' 5 XPS Cls core-level spectra for a pure PSF membrane and PSF
membranes containing various amounts of PSF-g-PAA or PSF-g-

PNIPAAm

Pure PSF

m
30 L E|E|I:IDE]EIEIDDDDEIDDDDDDDEIDDDDDEIEIE|E|

20 wt% PSF-g-PNIPAAm/PSF

(o)
(=]

5 oA
5 AAA 20 wt% PSF-g-PAA/PSF
- wit Lo-
5 401 o AAA o PSF-g
E o AN
S o N
o] AA
20 o) A
o, AAA
o A
o A

0 1 1 1 1 1 1 1
0 20 40 60 80 100 120

Drop age (s)

. 6 Water contact angles of the separation surfaces of a pure PSF
membrane and membranes containing PSF- g-PAA or PSF- g-PNIPAAm

as additives

7 pH PSF- g-PAA/PSF
PSF
pH pH 1-~8
60+5 L/ m" h
20 wt% PSF-g-PAA/PSF
pH pH 2-~6

cor T . PSF- g-PAA/PSF
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pH LCST  PNIPAAm
PSF-g-PAA PAA PNIPAAm
pH 16
pH  pH<3  PAA 32°C  PNIPAAm
pH
PAA COO~ PSF- g-PNIPAAm/PSF
PAA PNIPAAm
8
7 pH 8 PSF- g-PNIPAAm/PSF
1
pH pH —— Pure PSF
PAA —0—20 wt% PSF-g-PNIPAAm,
" 300 increasing temperature
--&-20 wt% PSF-g-PNIPAAmM,
= decreasing temperature /
—+— Pure PSF o 7
—0— 20 wt% PSF-g-PAA , inceasing pH £ 2001
200 | - A - 20 wt% PSF-g-PAA , inceasing pH 2
%
_ =
RoERES 100 |
&
= 0
g 100 2
= 0 I 1 1 L I 1
0 10 20 30 40 50 60
sol Temperature (°C)
0 . 8 The temperature-dependent water permeability through a pure
0 é zlt 6I é 11() PSF and 20 wt% PSF-g-PNIPAAm/PSF blend membrane
pH
- 7 The pH-dependent water permeability through a pure PSF and 3
a 20 wt% PSF-g-PAA/PSF blend membrane
PSF-CH, Cl CuBr/bpy
PSF- g-PAA PSF- g-PNIPAAm. PSF
PSF-g-PNIPAAm/PSK PSF-g-PAA/PSF  PSF-g-PNIPAAm/PSF
30°C
« /"
PNIPAAm PSF-g-PAA  PSF-g-PNIPAAm  PSF
LCST PSF
32°C. LCST
PNIPAAm
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SYNTHESIS OF PSF-g-PAA AND PSF-g-PNIPAAm AND THE
ENVIRONMENTALLY RESPONSIVE PROPERTIES OF THEIR BLEND MEMBRANES

WANG Jianyu' > XU Youyi'  YI Zhuan'  ZHU Liping'  ZHU Baoku'

" Institute of Polymer Science ~ Zhejiang University ~Key Laboratory ~Macromolecular
Synthesis and Functionalization ~ Ministry of Education Hangzhou 310027

2 SINOPEC Beijing Research Institute of Chemical Industry ~ Beijing 100013

Abstract To prepare environmentally resporsive ER  copolymers which are suitable for fabrication of ER
polysulfone PSEF membranes we designed and synthesized the PSF copolymers with poly acrylic acid PAA and
poly N-isopropylacrylamide PNIPAAm side chains i.e.PSF-g-PAA and PSF-g-PNIPAAm respectively. These
two comb-like copolymers were synthesized via ATRP by using a chloromethylated polysulfone as macroinitiator. The
molar fraction of PAA and PNIPAAm in the resultant copolymers estimated from 'H-NMR is 0.538 and 0.896
respectively. In using as additives for PSF membranes prepared by the phase inversion process the comb-like
copolymers segregate to the membrane surfaces delivering improved porosity average pore diameters hydrophilicity
and ER properties compared to pure PSF membranes. For instance 20 wt% PSF-g-PAA/PSF and 20 wt% PSF-g-
PNIPAAm/PSF blend membranes can be completely wet by water within 35 s and 90 s respectively . The flux of the
aqueous solution through the 20 wt% PSF-g-PAA/PSF membrane decreases with increasing the solution pH valuse
from 1 to 6. The water permeation rate through the 20 wt% PSF-g-PNIPAAm/PSF membrane increases with
increasing water temperature from 25°C to 60°C. .

Keywords ATRP PSF-g-PAA PSF-g-PNIPAAm Blend Environmentally responsive membranes





