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Abstract

Polyvinylpyrrolidone (PVP) was modified on the surface of mesoporous silica (MS) to prepare
MS-PVP nanoparticles, and then added to polyethersulfone. PES/MS-PVP composite membranes
were fabricated by phase inversion. The surface and cross-sectional morphology of the composite
films were observed by field emission scanning electron microscopy (SEM), and the separation
performance of the composite films was investigated. Then the membrane surfaces were charge
modified to enhance the separation performance for the (Humic Acid, HA); the results showed that
the separation of HA was 96%, which could be used for the treatment of drinking water.
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KR Z IR e B (PVP) B ZENFL = EALEE(MS)RTH, I ERMS-PVPE KR T, SRJ5 B0 B SR BAAR
W, RIFEAREH % HPES/MS-PVPEATE. FIAZRFAHBEENE T EAEANRTOABEESR, 3
B AR SR AT THRR . WE A BRI T BEEE)E, HTRAKEF EHEER (Humic Acid,
HA)WAE, SREH, FEREESEMNHARREEE96%, W HTRAKNGEELHE.
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1. 5]

IR IR AT B AR ), T B R R (KA EE T 2 ORI 2 3563 . AL T RIBIERAR, 9N
FEEAHEMSE, WEMREHEREE S, BB E B RN 1-[8]. e Lk, B
BORTZ N TG KRB, SR, 55 G BRI L — 20 R R I .

WEJVEESR, BHIF AR B By Je i i 7 KRR 7E, — MR, MER SRR SR, AP G
REJJERSE[9] [10] [11] [12] [13]e HoRKMEPURRLTBER PR T 1R M5 Y AT A R T A
5 2R LIRS BEBH(PVP) F 3 B AL AL RER T, 46 H MS-PVP giKki 1, 3K Hom A\ #) PES
K AR A 46— R R BRI G, 0] R AT A f it AR T RARE IS I o 8. R
FAHA4 8L (SEM) 72T ANFT-IR), i 5 FI(TEM) LA K AR B0 B AU (TGA) X T il 15 i gl € s fie
BEAT T RAE
2. SEIEERSY
2.1. SEMMRIRTGE

EBAPA(PES, Ultrason E6020P, Mn = 52,000 g/mol)/#J F 7 BASF /A, N,N-—_H & H F}Z(DMAC),
R 7K, (y-MPS),1-vinylpyrrolidone(VP), 5% — 57 ] & (AIBN), JL/K 4%, 57 N EEF NaCl Ji 5 Sigma-Aldrich
Co.

2.2. Silica-PVP E &R FRUBIZ MR

AL SEARTE R H1 45 2% SR TR AR 1 TR 14]. BTSRRI FL SRR LR A N 868.9 mY/g,
LR/ R 2.2 nme NHI4E Si0,-PVP 44Kk T (MS-PVP), y-MPS Fl VP 4351 FI/E 28 BEFFIAN S B4 157
o, ML EAAREE RIS T IR EE NaOH [ LB A LA MS-OH. 4XJ5, MS-OH 44K
KL BUE B A ClE . ZUKA y-MPS B3EWH, T 70°C )M 24 h AR MS-y-MPS 9Kk ¥. il &
PVP-SiO, H &K, MS-y-MPS 7B ZBEH K+, #R)5 VP Fl AIBN (0.5 wt% of VP)IIA B UL i,
FEFEIGRA T T 70°C P 3 h LsE R A fE. AHZ )G, &0, FHRREEEYE0E L2 T PVP.
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e, WA AP TERUFBE AR T, B MS-PVP,
2.3. EAEHIEMTL

2.3.1. EHI&IE

AT NS, RS & T 60 SRR 1. AEEERN MS-PVP 9Kk
TEBPRE T IMAZ] DMAC 1, RGN PES, 60°C FHtFEIN# 24 h H R &R BIERALE 60°C
PSR SR B BE R S IR L i b

FEC P i L S S FE [ 16 0.1 mol/L 1) NaOH B & 2 mol/L =R KEERINA, H 0.45 um €
R BRIP40, B SRR ZE TR 48 hJE, U, 0.1 mol/L ff) NaOH ¥& e s,
RGP AEAKIE YR, w4547 ek, id o PES/MS-PVP-48.

2.3.2. E8ENRIE

JIES 1) 2% T R BT T 2 300 £ 3% % 8416 L B3 82 (FESEM, HITACHI-4800) . HU— /N F BB BN T & i 1
IR IR TR T T 3855 b — R K 4o MR 2 B VR R A E R AR B P kAT, EIA RO R Ay 20.1
em’s FEMRZ AT, FTARIBEAE 1.0 MPa R 4K T 1 h ASREUR 2 &, FfiJE7E 0.6 MPa R illikim & .

vV
J, =— 2
wl AAt ()
C
R=1-—~ 3
c 3)

Hep, v RBEWRAR(L), A4 2BRAERGS IR M), At 2R F), CA C, 5 Al R AE )
BIM ST o BNBURDE LV b 26 A0 & & B 3 SR 5E (Multi 3401, German). FE/MRIGTE 25°C + 1°CHikeT,
FITAE /KGR B A B R SR A =R, R BT ME .

3. ZRE S
3.1. FRAYFRE M E

TH AR MS-PVP YRR (1) A R T AR R TS 2 48 LI 1. Mgy Kb e b ) &
BT 5%, MS-PVP K EMRRI ML, R, HHSEHN 5%, #HIE 1(d)rTH, PrKRT1E
JER IR A TR EPBIRMG . HILATA, 9Kk & 28T 5%K, MS-PVP 5 PES Z[A| HA R4
HAME . [ 2 NS B AFEGIKRLT 1) PES BT EIEZSL, HER %A1, MS-PVP 7£ M3 #1343 5), tHEl 2(b)
AL, FEIRFLA AR R I B R IAOKRRL T SR, 24 MS-PVP & &t B mE i, MS ™ = )
gk RIS, HILRT AL, MS-PVP EBE A S BN 3%,

Table 1. The composition of the cast solution

= 1. HHIRRER

W TR PES PVP DMF MS-PVP
(wt %) (wt %) (wt %) (wt %)
MO 18 4 78 0
M-0.5 18 4 77.5 0.5
M-1 18 4 77 1
M-3 18 4 75 3
M-5 18 0 73 5
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Figure 1. The membrane surface morphology of (a) M-0.5, (b) M-1, (c) M-3, (d) M-5
B 1. BBREFIE () M-0.5, (b) M-1, (c) M-3, (d) M-5

— 10 M

Figure 2. The membrane cross-sectional morphology of (a) M-3 low magnification, (b) M-3
high magnification, (c) M-5 low magnification, (d) M-5 high magnification
E 2. FRETERERE () M3 RS, (b) M3 &fE, (o) MSRfE, () M5 SE
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3.2. [RRYSrETERE

FEE 73 B TR BE L IE 3, 4% 3%MS-PVP ] PES/MS-PVP & & 54l /Kl &4 %) 25 L/m’h, /& PES JERE 1)
1.5 %o MYPRRLT & S IG N4 5%0T, NaCl #8H 2 K0E N . R FE N B T90K0F 5 PES BAEWZ
FEAPERZE, T PEE SR B 2RI 17] [18] [19]. — A 1 JE Fry i B B e T M8 26 T FLAR /NN
PRI SR K, 70 B 1 KR 18 I R IR R4 NaCl #6873, 3] MS-PVP BRIk, F Hah
KRF 5 REW A He B REF[20] [21].

3.3. BRI BIEER HA B BS 14 RE

LY S R P opum:tiacid: g A1)

RIBIKEHEF RERFEREANIG Y, DA HAMERUEITEH. AL 2H&MES
JER LA EN, TN FHE VIS R 26 . T8 a4, BrA BRI pH {E¥) A HCI 88
NaOH A% pH {4 7.5, VMBS RIR KK IAET . & 4 FIE 5 BoR TEEAER S8 0.2 MPa T, et
AR CPERES I8 1 mg/L HA ZKFERT, R RTAR A0 38 & 1R AL GU A HA FIRTaa B 2 . &l 4 BT %,
PES 1 PES/MS-PVP & & 5% HA MEIFE R EAK, B8 72%, EEERE A B, B HA HEE
B 95%., HIAKATRESRE, HH RS PES. PES/MS-PVP EA HH A (4 B4 70 T2 AARIE I FLA%,
T JEE 2 T RN L AN A R, A ER 2R R FHR AR FE BV R T R SR vy P B 38 0. 1T HA I WRAE pH
KT 47 WmHiE 2EHE R APE, 78R A TR RER T, Beie A B A nT U I 14 e £/
STEANY, M EEE .

5 NG A MIEER O IER RIS DL T, BEE I BEREAT, BT RS R E, PES
JEE PRI B gk PR, PES/MS-PVP MBS, R IHIAT H itk 2 5 1) 526 o & 3 pd i /) . 223 120 h ik
ZJi, PES. PES/MS-PVP. PES/MS-PVP-48 &4 Jliiti & 528 & 73 il N 29.8% 10.6%F1 4.9%. KA &=
TR FEF R, AR R HA 7 e R T s AL DOAR AT 3 s R TS 4, Ji 4k, B
TR ZE WA A 3 P B S R R 3R 2 —[22]
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Figure 3. The pure water flux and rejection of NaCl
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Figure 4. The rejection of membrane for HA
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Figure 5. The change of the flux for the modified and unmodified mem-
brane
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4. INGS

1) ¥ PVP [E5E E/FL - EAbiELT, #1175 MS-PVP 90Kk, FIHHIEAL 61155 MS-PVP 45K
Fi 1) PES/MS-PVP E-& 1, i@ PVP &1 f5, RS R MS-PVP fEJE 8 R i, 49K
Fi5 PES Z [A) o H 30 BH 2 4 B

2) MS-PVP 34 1 BfsE ke, AHEET PES 3405, PES/MS-PVP E &K /KEEE & . ZE &K
JETERRI 7> B R BLLT, 24 MS-PVP ZEfS P 58 3%, i Rt S X HA IR B R ATE 95%.
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