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Abstract: Polyethersulfone (PES) membranes were modified by various physico-chemical modification methods to
enhance the surface hydrophilicity for application as a separation membrane to separate and collect water vapor from the
flue gas. Homogeneous PES flat-sheet membranes were prepared and modified by acid treatment, blending and plasma
treatment for hydrophilic surface modification. The surface characteristics of the modified PES membranes were eval-
uated by ATR-FTIR, XPS, SEM and contact angle measurements. No significant change in hydrophilicity was observed
for the PES membranes modified by acid treatment with sulfuric acid or blending with various compositions of polox-
amer as an amphiphilic PEO-PPO-PEO tri-block copolymer. On the other hand, Ar plasma treatment led to a significant
increase in the hydrophilicity of the surface, depending on the plasma treatment time. As a result, the PES membrane
could be the most efficiently surface-treated by applying the plasma treatment for enhancing their surface hydrophilicity.

Keywords: surface modification, hydrophilicity, polyethersulfone membrane, plasma treatment.

M B o Qs 840 T AT 718 Bhe HloR o
AL Tt olHF & ¥ AR slds] 2%

A A AAZ R AF2dsE ddE vl wet Z A eARde] sidely vEd | 4 52 AKkiS
T, 7k, AEiAe] st A ] WE) Foll olEes AL HsE 2Hfsh] wiEel ¥ v E HaskeluA o
Jom, 53] QlFe] gl drjder dadt B2 ¢4 A AT S R fesie &5 AL F de Vs
T 2 AR TP Fod Y T ER B4R Qv | 7fo] QFEITE? HFRE oM Ak A e i

AT &2 25% A=l 1 F ol e T o] ZkaA| o] FoIR| AL U= 7heHl, 58] oUA] 49 &
2 Aslre AA Fe 30% BER ARRiske 3 299 ofell M thF WEHE Aavirizel 23 FES 84

“These authors equally contributed to this work.
"To whom correspondence should be addressed.
E-mail: khuh@cnu.ac.kr

205

o= sgal BR 714 U B AP} olFoi L
o1t

B Fl&e BRI Bje] 270 ek AL
2t s B M ksl Aol a7

i e



el 3ge) Buslapl ol 833 Qckd Ea guhel AHgol
ol ZAHoIM 4} WSS et 27159l o<t Las)
A 7] wj & olUR] Au|7) A, 373 213k FAo|g

£ 4He A

QT3S o)9} 718 oG B2 ukH Ao A]

S dawirieo)] 2R SRS Yo 355
8 = 2] 716 Aesiel F71490 1934 Qo] B

Holur] HelHel 2] 35 9 Ago] /sl e
1} 715 A1)itoll i) Fgo] U 8857 9
e el Easl 98 9 27l dhEske Al
A Q1) whel] Haole we) Be) - sl Sy
SHIA elss PPIE 154 Belehe Auste o)
Fas

ERAGe A Bl B9 - 551 542 HalA]
P AL WY F ShiEA FE 54 S

[e)
R

715E FoAstAY T dss BTN
HOoE AREH o] gtk AWkl FHNE o R
=2joln] A2l, St A2, BaY, Eelxel A2 5
o5 o % Avkz QeHAE ol&aje] A o|ELL A
sl W9 ARVE 2T lon, ZEje|n Hele
ZpA) 9 92| mEe]] 21skS TR e ANEAE ol &
ol oItk ek A 4k, de B A 52
FH9] o]Ed S AAske Tl FTHE sHoRE W
SHAA FHe] B 518k EAS AT e
H] F2H817F A g stk g4 ol 9,11:},10 4 EAYE 7 7
58 2 ol ME tE uiA 2dS EudeR 96t
Ao g = vIg0) net e S48 FaY
QIThS niAute 2 Eehanl el B AMgE 9
24 Aoz B ool A, A A8 B
B3stHA FH) Sgket] =2 - 318H4 RES-& Fa
2R HRO) 54 B4 % BeE AR 5o BAE
o}t AA xS #dsH MEE
7IRITE 7 B3] AeF Sekzutel| o] g A
£ FulslA] o} BlanA] Agsiar, A& ‘?l
7Fssb7] Wil datA At Rl AR
Aol vk Bg 79k AdElelA =2 A
S sall AEE 714 v AL A A5

whgout olx]e] He-g Sal Hdda A
E3) 25 S Zol= AoE HyEoe] g #¥
2 49l ALgE Al Bele Al EelolH AT
(polyethersulfone, PES)O.2 ZFubAlo] Z=rddl | AHA =%
otk PESe &0l 9%k B4 A7t AaL 7kg/dol st
] fE]Ho| L7} 225 °CE WG o] wojtar IHEL%‘H
F33te] LCDE F1 713, AFsaHere] A4 3E
718 F2A, e =8 T2]al L&A 29, %’5‘] 0
2ol 2z e *}‘9—517 ATF2 2L} o] 2]k el
E78lAL PESO] W XA R lsie] Bt =

5ol

HU

e A e
6{0

%

M o kI o

[e)
=
=
o)l
AT

o%

1o of ¥

(¢

\__

Zan, A384 A23, 20143

I

ARg-o] AlgHAo)7] Wit =2 - 35hd mHsfE Wy
B3l 58S AT A SEEA o] FoX| AL
]-:{_'28
= A¥oM= PESE % 348 Eelv A= &8st
sl FHO JFEE aHF R *7%]7]7] Skl U]'Ook
7H7<1 2 A5l PESS He| = A%
o183 tbiel, E5pris 3 e,
Fepznl A2 4 59 Age) EwAlAE
¥ EXL v Friskich AEE PES ¥
wo] R d a9 gRIs] flal TR 9437
(ATR-FTIR), FZZ}(contact angle), FHAAH-47](XPS)E ©|
gsto] Ao =g - s5hA] B4 WstE EA i) g
EA/NES PES B9 W] JEEE wstE #Es] 9
3l AT (SEMyS ARS8t B2t

30 o

A

Eﬂ-
5yl

r°"

Al
=

ot

Alof AR, & Aol ARE PES, 25A = BASF
AHEY), n-methyl- 2-pyrrolidone(NMP)‘: Tokyo Chemicali}
(), A EE AR &1h(96%)e Frtskeh (@l Al

Yotk Aol AR £ 33} S/RTE ARSI

PES O} XZ. PESE NMPoI| 3591 754 £91(10 wi%)

10mLE &3]3 $Joll =X &, 100~130 °CAlA] A7 &
QF Az AxE Huke SR 12707 1 AR5
of Huk Ufe] 77 SulE A A 3, g0 HF o
A 2477 B Az A HEES 1x1 em®] A7)
2 28 AF g A 52 A xsty Qyste] 2ot

MX2|E 0|83 EHIHE. 20, 30, 50% TE= Az 3
Agolol| 1x] em®z AHZ PES WU A|2 2 7}z A5 &
2, 4, 6A|17F FRF WHsHHEA &ﬂaa skl A2 34
ARl &, Feg A SFFE 33] M skaL 42 71
QB0 wo 24A7F F<F 21x315] T

PES 23, NMPE &vlZ A&3&}3. PESS ==
407 == ZE2A1Y 1889 F 2AH&L 7H7} 90:10,
80:20, 70:30(wt/wt%)=. Sto] OB Akl 4H22]
FoA 24x7F FRF xSt AxE BHE 1x1em
o] A7 Zet HF P9 A ES Axsty diEsle] 2y
O}Mqi

Edi=0IE 0|88t FHMNE. Ar ZT=PIE 60 W2 A
3la, PES HH Al S 7H7} |, 2, 3% B¢t xixgE 2
st Sek=nt Aol AR 71 Sek=nt Ax)=
13.56 MHz2| radio frequency(RF) A€ 2 0~300 W] H]
2 e Zﬂé‘g AR Zejzuls §AE= Ao Has &
A2 @Rz 1 Yol (g=)elA] ket Aojt). Zekznt
2 AIRAY S AR A Ee 2o AFeE

A F S5
ol g 2447& &t Az

oH o

2 Ao

j=iR=R
=75



O BRVIES o83 ETlollElEdE Bl 31 Y 207

%7} 27 7]71(drop shape geometry,

g3l 4], Edd, Stz Ao
oJall /| AE PES WUt A R59] A&7 Wsks BFal%rk
Z=ul A ABE 33 S55E AFFAS AR AZ

3 AN e ME WEE A o4 1BAEF T
7} Z40) ALgSAT) 7} Aol WEze 72t 308

gk & F#pks e

EM A XM 2&T|(ATR-FTIR). 2HA 2], £3ld,
g=zul 222 THNAE Alge] W AR 2 A7) B4
< 98l ¥ TAL A 2]4 337 (attenuated total reflection-
Fourier transform infrared spectroscopy, ALPHA-P, &5 )&
ARSI 3 W 91= 630~4000 cm'o] T},

XM ZEX} 2E7|(XPS). TH/ME A - 5 PES B4 &
Hof| gk £412 X4 F2F £33 7](X-ray photoelectron
spectroscopy, Thermo, MultiLab 2000)E- ©]-8-3}d 7} *]2]=
7ol W PES Hu 99| 318t A 9 71 WstE 4
sttt Al Ko X-rays AHS-3to] energy step size 0.1 eV
7102 SAsT

SENEHY EA(SEM). thst o s /fd ¥ PES
B s #He JuE WstE s flste] FAR
Z}3 1] 7 (scanning electron microscopy, S-4800, HITACHI,
AE)E o] gsidrt E¥ AE] - & PES WY Als= 7}
Z1e] A5 ©haE|o]Zol] IAYAIZ] F 3027F 40 mARE W
= IZYSIAL 3.0 kvolld FAARERA wij &S W %

o

il

_l

Zn o =2

9

PES B4t M=. PESE &2 =ehdS wal HlA%%
AEE AU fEdolRmrt 225 °CR % €A
& 7RI, 53] SaArEe] Alxe] ARSEE Bl £
o A2 IR Ack(Scheme 1(a)). & A3 oA PESQ
FANE Rl we T 544S &olsiAl B8] sl
PESS o FHiE AlxsiSint. 4T Y AR AXE 9]
a5, 10, 20 wt%®] TS FEO] ALEA}F SO wNE o
e Alzel] vastint. See] TRt & A9, ALEA
goo] Jrrt IA S718te] PESE ol Alzke] F7tst
3 fEjel] 97 FAR =) Z@sinh Al &9
o] FLTt S A, AR Wl I AR Exd A
2 A T 2RA S K@ Afole] ® Gl 7]l
stod 50 dofut PES Hute] FHjo} FAE 2dsp|
3133tk Scheme 1(b)o] @< 3 PES Hu A% 34
A LERAITE NMPe] =50] 202°CE %7] o2l
frejdell =xE PES 8o adH o= AxA7)7] S8
100°C ©]%¢ 712 sfoll 5A1Zke] Az & 288l F
F2]1 PES ] AlZ 272 10 wike] 2wAt 82

)=
Rl

O

.

o

p

(N

~
lcm
g Drying ,5h -
N — o)
Solution T o T g
|
Polymer powder + S g _ Drying
NMP In distilled water in vacuumoven

(b)

Scheme 1. Manufacturing process of PES membranes: (a) chemical
structure of polyethersulfone; (b) preparation of PES flat-sheet sam-
ples; (c) picture of a PES flat-sheet sample with thickness of 200 um.
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Table 1. Surface Modification of PES Membranes Using Acid
Treatment

Table 3. Surface Modificaion of PES Membranes Using Plasma
Treatement

H,SO, Conc. Treatment time  Contact angle

Treatment time Contact angle

Samples o Samples Cleanin . o
P (%) (h) © P e (min) ©)

SMA-1-1 2 72.445.1 SMP-1-1 1 38.0+3.5

SMA-1-2 20 4 75.6+4.5 SMP-1-2 Before 15.120.6
cleaning

SMA-1-3 6 74.243.8 SMP-1-3 3 16.2+1.3

SMA-2-1 2 71.1+4.5 SMP-2-1 1 61.1£2.0

SMA-2-2 30 4 71.9+4.0 SMP-2-2 After 2 52.7+1.8
cleaning

SMA-2-3 6 71.4+4.8 SMP-2-3 3 61.1£2.9

SMA-3-1 2 69.5+4.6 *Contact angle of untreated PES membrane: 75.6+3.0.

SMA-3-2 50 4 718433 Flow rate of Ar gas: 5 L/min, RF Power: 60 W.

SMA-3-3 6 74.9+4.9

*Contact angle of untreated PES membrane: 75.6£3.0.

Table 2. Surface Modificaion of PES Membranes Using Blending

o, Eet=vl AE] § PES Hue HEZLS A A
75.6:3%014 A7kl wle} 13-9] 79 38+3.5°, 272 A
% 15.140.6°, 3%-2] 79~ 16.2+1.3°2 =A 7+43813tt. o8
3 A= Ar Zakxnt HEE ol sH PES ¥ute] 3182} AF

Samol Pol PES/Poloxamer  Contact angle
amples oloxamer (W/WY%) ©) < B °H~/] ) -Jri _LD:]oﬂ E}ak,] A ;q_,_z} _'.|_7]E;do]
SMB-1-1 90:10 68.143.1 238 Al 710 Aew *}EQE}”” AF Felle BH
SMB-1-2 P407 80:20 69.8+4.3 off EAlskE AEAF fF71EHe] AAFBEZSZ?PANZ] A Al
SMB-1-3 70:30 69.1+4.0 Foll s *:‘EHX#_E @57‘:1 tﬂf}ﬂ = %‘%ﬂi ;—ghi}
=Zul x Zo] A Hlsl] d=7lo ~237 R 7+A3) 7
SMB-2-1 90:10 75.443.5 u;fj_ A‘/]mc]i%]_o“ﬁz};i%ﬁ ]E]_li 2}3 Z;]L —:: f;
= i % R 3|
SMB-2-2 P188 80:20 74.145.0 " I - e
SMB2.3 2030 69,9452 T Bl Jlo] ey B R ATiE e
‘ — 2 4t 43S 1ol
*Contact angle of untreated PES membrane: 75.6+3.0. ATR-FTIRS 0|23 E0i =AM M, 7w/ o3& PES
B Ewo] AR A5 ws7)9) WskE w@) 99
PES Bute] 9ol SSAtnle] 2ol ZvMRele Bk HR WAL MM B 3412 XIS Figure 2 %
SAEZY ek 07 WIE AR B BRI 34 A S99 FEsh He) Agk] nhE W #5719] WaE
RS AT 4 AUt} 4, Table 334 Figure 1(c)e] A Ul A32, PES Wl 71E A9 EHXE BFHER
=7t Wske Uehdl dollr Bofx|o), S2kx=u} A2 §- S -OH(3400 cm™) ¥ 25 #AFF AU, -C=C
PES Hofe] gEzte el A7) meh =) elEsle] ga (1630 em) B8] A)E T ke 2 Felskt.
she A & & Utk 55 Sekxvl Ag FARSPS e 837 29450} SPH0R TEEe o) A 2
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80 4 804 ]
—— )
- 704 - 704 —_
cE 60 4 °§’ 604 iq'f
[=2] (=] [=2]
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° ] ]
E 40 4 B 40 < 3
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S »1 [ s S .
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(a)

(b)

(c)

Figure 1. Change of water contact angle of PES membranes with (a) acid treatment; (b) blending; (c) plasma treatment.
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Fiture 2. ATR-FTIR spectra of PES membranes after (a) acid treatment; (b) blending; (c) plasma treatment; (d) plasma treatment with a wash-

ing process.
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Table 4. Atomic Percent Concentration and Atomic Ratio of
Acid Treated PES Membranes
Time Atomic
Samples (h) Peak percent (%) o/C
Cls 82.35
Untreated 0 0214
PES Ols 17.65
Cls 79.09
SMA-2-1 2 0.264
Ols 20.91
Cls 77.76
SMA-2-2 4 0.286
Ols 22.24
Cls 78.14
SMA-2-3 6 0.276
Ols 21.56
Table 5. Atomic Percent Concentration and Atomic Ratio of

Plasma Treated PES Membranes with a Washing Process

Time Atomic

Samples (min) Peak percent (%) o/C
Cls 82.35

Untreated 0 0214
PES Ols 17.65
Cls 68.42

SMP-2-1 1 0.462
Ols 31.58
Cls 69.92

SMP-2-2 2 0.431
Ols 30.08
Cls 69.89

SMP-2-3 3 0.431
Ols 30.11
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Figure 3. Decomposition of the Cls peak of PES membranes mod-
ified by (a) untreated; (b) acid treatment; (c) plasma treatment with
a washing process.
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Figure 4. SEM images of PES membranes modified by (a) acid
treatment; (b) blending; (c) plasma treatment; (d) plasma treatment
with a washing process.
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