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2 2f: PES/DMF/TSA/PVP TEAENS Eo JAAAIE 4ol #82 Fato] Al o] F4d€ PES HEHY
< A Z3¥ T PES (polyethersulfone) & ol 314 (p-toluenesulfonic acid, TSA)% &4 &4 (polyvinylpyrrolidone
PVP)9 7o} & AHe] =E AR dojve WEHA W pre-coagulation 4L HH# <19 :rLZX4 E4% 5

o2 —Hoﬂ 1 o] w&f& 982 Pk PES &2 FEol2H g IHE F o 72~144% T 80%S] FEAANA F
71 =% -:i“ Sz JA =) Capillary flow porometer, FE-SEM¥} %3 B2 & 5314 ‘%]HE]IOIA EXNS

*MP_»H:} TSA 20 wt%2t PVP 10 wt%7F 27HE 11 wt%e PES £do A @Bl 722 utjAde] A %Wﬁ‘ﬁo
o HA VFEFY FAE golde & £ T 1 AHE FEAF F FUE AL B ot

Abstract: PES (polyethersulfone) membranes with highly enhanced their asymmetry were prepared by phase inversion
process. The membranes were prepared by using PES/DMF (N,N-dimethylformamide)/TSA (p-toluenesulfonic acid)/PVP
(polyvinylpyrrolidone) casting solution and water coagulant. The pre-coagulation of membrane surface which was induced by
an addition of TSA as a demixing agent and PVP as a swelling polymer in the PES solution and humid exposure time,
played a crucial role in determining morphological properties and the PWP (pure water permeation) performance. The PES
solution was coated on polyester film under condition of 80% humidity for a while (72~ 144 sec) before immersing in a co-
agulation bath. The characterization of membranes was carried out by a capillary flow porometer, a FE-SEM and a per-
meation test apparatus. As the thickness of the smallest pore size layer (SPL) decreased, the asymmetry of membrane in-
creased under conditions of 20 wt% of TSA and 10 wt% of PVP in 11 wt% of PES solution during longer humid contact
time. As a result, the membranes showed a remarkable increase of PWP.

Keywords: polyethersulfone, asymmetry, membrane, the smallest pore size layer, humid
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9] solid-liquid phase separation®|tt liquid-
liquid phase separation®} 22 demixing e ol A B&
o] Ag 2 gAY 3 HAAA AVle LEA
gAaAe] 240 HWIHE ZHFOIN JhEEA HE
2 28 Lol demixing agent7} A W HA A
Zko] WHEH WHOl pore structured A 7=
AR dFe FO[15]. 53] £y ®dHo|] He
Bl guiote] HEH REWHFY F2u 53537} demixing
agent®] 7o) o) WA AA oA &SR Ju
-HgE ke &3 gEolAM e =4 %5}7} pore 4%
ANztel Zebd A4 1EA T WEH2 729
Q& vAT16,17). £ AFoA = PES/DMF 3L
B2 gAA o] demixing agentE TSAS} PVPE Ab-&-3}
of 248 A FAT FEAM F& 371949 =

of AA|

o
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2.1. Materials

W Byl uEAZ Polyethersulfone (PES, Ultrason-E
6020, BASF), 5342 p-toluenesulfonic acid (TSA, Junsei
chemical co.), -&AZ polyvinylpyrrolidone (PVP, M.W.
58,000, Acros), & 2 dimethylformamide (DMF, 473
A3 shE Zhzh HA §lo] AHE-EHTE Dope solution
11 wt%2] PES$} 18, 20 wt%-‘i] TSA, 10, 12 wt%]
PVPE DMF &ufo] #7}3 60°CE 4A7F o4 W
Hhste] #Y9% §Ho] F “ﬂ”Vl =3t ol 1%
744 FES E 20 wi%=E §A51 DMF £ FFS
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o™ polyester film oAl 250 pm® gaps 7HAE
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Table 1. Composition of Polymer Solution, Air Exposure Time and Quenching Time

Casting Solution

Membrane PES DMF TSA PVP Air exposure time (sec) Quenching time (sec)
PESa-72 11 59 20 10 72 165
PESa-90 11 59 20 10 90 207
PESa-120 11 59 20 10 120 276
PESa-144 11 59 20 10 144 331
PESbH-72 11 59 18 12 72 165
PESb-90 1 59 18 12 90 207
PESb-120 11 59 18 12 120 276
PESb-144 i1 59 18 12 144 331

o A polyester filmollA] trt’: A HEE 2N W
Hoz olFojhrt AMAE UolZofA FHHZ7A| 9]
A e AA & ‘J“‘ﬂﬁﬂ 4 polyester film BE 79| &
g8 Age 12302 34E A% sj2H FXE
o] &3t} AH3A D} 4 Aol Ao n&A &
& AHgEgon Sz L5E 10 £ 2°CE 24
R polyester film &3 g7t dojue AF=
T AR fA T Ao B MEHIL 90~
95°C°ﬂ7\1 4 Az B dFolAe A "E &
dol Faz YA AR AT, SLEAA Y B
THA &8 ’\]7\_}01] oE Wegele 72 W, 4 &
BA3G ). Table 191 AATE 34

2

5 B7le cross-flow celldl A 1.0
A 13}0&14 Wugel MEo B3
Eoll A ‘%_}E]Q “‘I“’]

2 ERsET. FFL okt 4 (D€ ol
gom Q4 F3 $3, At Yua
4, T 84 AZ, PE TEYEE gna

Flux (mL/kgs - cm’ * min) = Q/(A - T - P) )

2.4. Characterization
2 H ] 212] morphologydll 3o 83 A= FA4H

pore size, T35 pore density, pore size distribution,

porosity, 123 smallest pore size layer®] pore size®}
A 52 E 4 vk 92U morphology 4
FE-SEM (Quanta 200 FEG, Chalmers co.)¥ Flow Poro-
meter (CFP-1200-AE, Porous Material Inc.)& ©]-8-3}¢]
w439tk FE-SEMOE5H dHid 59 AE #

Fatgom ArHAY HF 71F9 27, 3] FHE,

71% A7]¢] BAEE Flow Porometerg ©]-&3te] &
A

.ﬂoﬂ

FE-SEM$& ©
A4 R TEE
Y 9 a5 4P -‘?’—%‘3_9] 4 0]
A3 AA B HAe B Ao i
AEE FAHLE 457 /¥t ¥ Microflow Po-
rometerd] 74§ g =0l 7EA= pore size, pore den-
sity, pore size distribution 18|31 smallest pore size
layer] @< FXE 483 T & de AHL 3
ou R 7139 Exy A JF FEHE ST
4 ot 1822 FE-SEM¥ Microflow Porometer
AE Zro] AAgozH Bt AZg WEgd mor-
phology ¥410] +32 4 Ut

Microflow Porometero] A RA} 8ol & F7] %
HFE ZFsHe BHAE(y)F HEZ( ) K
Z2A7ES 7HA 1 U+ wetting solvent (Galwick, Porous
Material Inc.)E AR&3ted 4] (2)9] Cantor equations
ALgEte] Zh ol Ml pore size (rp)E AAME F 4
(3) Hagen-Poiseuille equation®. 2 HZAH 7} r,ol &
s pored] EEFE A4SIHT A 3)AH Fe F

7] B3, 7 Galwick 99 HE, nd& P ¢EoA
9 7139 27§ e 7159 AF, L2 7159 Ao
& ofngith 2] )9 (3)F o) &3t ANEE 4 FF
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o A 2] average pore size, air permeability, pore size
distribution % 52 IHelulE A4to] 715351th[18,19].
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Fig. 1. Cross sections of the PES membranes: (a) PESa-72, (b) PESa-90, (¢) PESa-120, (d) PESa-144, (e) PESb-72. (1)

PESbH-90, (g) PESb-120, and (h) PESb-144.

Fig. 2. Top surfaces of the PES membranes: (a) PESa-72, (b) PESa-90, (c) PESa-120, (d) PESa-144. (e) PESb-72. (f)

PESbH-90, (g) PESb-120, and (h) PESb-144.

4 4< & F 9t Fig. 1(e), (D& F

e AAEE Fglo] gl 4 A sETh Fig 2
W FE-SEM A2l & 4239t

59 recipedl A 2B T JAAAA Y AF AL L

gy AI7HE gEd A3E Fig I(a)~(d) 7+ vlaet
Fig. 3(a)~(d) 7+¢] BlnZ &2l &

PESa 1EA §H02 7j~8 ¢ vl PEORIE
gl "ol FE-SEM ARX oIt} Fig. 1(a)~(d)2)
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(c) (d)
Fig. 3. Film side surface images of the PES mem-
branes: (a) PESa-72, (b) PESa-90, (¢) PESa-120, (d)
PESa-144.
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Poresize Distribution

Average Diameter (um)

Fig. 4. Pore size distribution of the PESa membranes:
PESa-72 (@), PESa-90 (M), PESa-120 (¥), and PESa-
144 (A).

50

Air Flow (L / psi-cm? -min)

100

Pressure (psi)

Fig. 5. Specific air flow of the PESa membranes: PESa-72
(@), PESa-90 (M), PESa-120 (#), and PESa-144 (A).
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Poresize Distribution

0 0.1 0.2 0.3 0.4 0.5 0.6

Average Diameter (us)

Fig. 6. Pore size distribution of the PESb membranes:
PESb-72 (O), PESb-90 ({), PESH-120 (), and PESb-
144 (D).

pore size distribution¥} air flow rate®, Fig. 63 7¢
PESb &40 2 AxHold #AHH A pore size dis-
tribution?} air flow rateZ Ztz UJERASITE Fig. 49
ol3lH PESa £90F Azd WEHAUY S mean
pore size?] main peak’} 0.15~0.2 umo|A F2 e}
UA A8 AARAA S A/ AL P HJA AL
o] ZojZ o wel mean pore size] main peak’} A%
A oA PAHHE A & 5 Joh v s
g 3 AARAAY AF ARE E AA Aol AojF
2} mean pore size®] main peakRt £ J71F IA7|E
ZHe 23 29 soldg B 4 3tk ol SEM ©H
Ao Aol Al Bxo]l AAAA L] AF AT g HA
AN 7ro] AojA = Zo] SPLY 71F A71E AA sHEA
A =% gfolA e @R AEE £ gtk F UF
we EH a7t SPLY F
B2 SPLO| AT BXEA
7b 2 71F0] AAEA HA
9] pore size7t & 7]30] 4R Fig. 59
specific air flow data® AW T ¢ 3ok H|F pore size
7 & 71Fol AAgT = 1 47} mean pore size
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Fig. 6214 &

::'4
g
rlr
=(I){;1‘
X
rlo

PESb €802 AzH WEHS pore
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50

40
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Fig. 7. Specific air flow of the PESb membranes: PESb-
72 (O), PESb-90 ([J), PESb-120 (), and PESb-144 (A).
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200
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PWP (I/m? - hr)
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Y

40

72 90 120 144
Air Exposure Time (sec)

Fig. 8. Pure water permeation of PES membranes pre-
pared by (a) PESa (dash line) and (b) PESb (dot line)
solution.
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Table 2. Particle Distribution Analysis

(particle/mL)

Praticle size (um)

0.1

0.15

02

03 045 06

0.8

1.0

PES12-a 942
PES12-b 914
PESI12-¢ 90.1
PES12-d 88.6

98.9
953
94.5
93.4

99.4
96.9
96.6
95.8

99.6
97.7
97.6
96.9

99.6
99.7
99.7
99.6

99.7
99.7
99.7
99.6

99.7
99.8
99.8
99.6

99.8
99.8
99.8
99.8

PES13-a 979
PESI3-b 97.8
PES13-c 973
PES13-d 95.1

99.3
99.3
99.1
98.3

99.6
99.5
99.5
99.2

99.8
99.6
99.6
99.4

99.8
99.8
99.6
99.5

99.9
99.8
99.8
99.5

99.9
99.8
99.8
99.6

99.9
99.8
99.8
99.7
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