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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.
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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
o, Sek=nt A & PES B JF742 A A

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

Table 2. Surface Modificaion of PES Membranes Using Blending

Samples Poloxamer PES/Poloxamer Contacot angle
(W/w%) )
SMB-1-1 90:10 68.1+3.1
SMB-1-2 P407 80:20 69.8+4.3
SMB-1-3 70:30 69.1+4.0
SMB-2-1 90:10 75.443.5
SMB-2-2 P188 80:20 74.1£5.0
SMB-2-3 70:30 69.9+5.2

*Contact angle of untreated PES membrane: 75.6£3.0.
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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
Untreated Cls 82.35
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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