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B gk Si0, B B Ab S B s o, AT 3 T R e Ak R L R A% M RE S R A HL/AEHLE
HARL, BT T XM G AT HLEE A B 25 K B

A ST LA G5 0 SR i, L GO I 8 i 1Y 40 oK Si0o, R B A KL, I GO 2 i
—COOH 544Kk SiO, K TH 12 5 (—NH,) Z [H 8y [ 4B A N, FFRE T Z 588 GO/Sio, Jt
ML A I HI & TE . X EL T 4 Rkl vk, BDECZS hhig . 2t e il Bhah g . B0 Bh i e 1R A
PR B ug k, S55 X AT AR I A R T B RE A LA . SRR S . 2 T RLRE R SR K 1Y R S RAE
DL A BB 55 AR PE AR e 1 A PR 48 FR , B SR 7K GO/SIO, B4 IRy il 4 ik AT Tk, Wil
FARKTHE BN SIRES %,

1 MBE5ERE
1.1 SEHHE

BAAMBERIREHAE WM (SSM, 316L A, HEZFE&BARAF), 2247%K 10 um, JEEH
70 um, £ 5 mol'L™' B2 IF W IR 30 min J5, ALK o ohvk, F 60 C ML T4 H o il B 544 k)
PEH 2 mgL™' GO B VE W (K £ <500 nm, Fg 5t 5% £ 44 K M BB A R 7)) FURLAE S 20 nm [
Si0, 44K kL (Ludox HS-30, Sigma-Aldrich, 2 [E), H i SiO, 44K Pok: 28 ik ke Ak S N 6 i I il 45 36
TH 5 A 2 A Si0,(M-SI0)! . M-SiO, Byl & AR T« ¥ 4A 102 gL 442K Sio, A1 35.6 gL
3-G HE N AL (= P REBE)APTMS, 97%, Sigma-Aldrich, 3 [E)pH & 5 B IR & 7 W78 2SR BHE
PR F 70 C NI 24 h, FEENTAE 48 h 5, il f5 M-SiO, BVEW, PRAFT 4 C &M, HAih
B A 25 5 k. ERIR 2 U (dopamine, 98%). — (5% W HE)-2 FE W e £h R £ (Tris-HCI, 99%).
1-3-HZ RN 3)-3-2 5tk — W Bz R £ (EDC). N-B2 T —BE W i (NHS, =97%) DA K 2-(N-Ig
W) 2R 4-M0 K £ i iR (MES, =99%).

1.2 ETFEZHIEAR GO/Si0L(v-GO/Si0,) E A EHI&

W AR VAL FS (1) SSM 22 B e qhugasrh, MRYCE ] 10 mL 0.4 mg L' 1Y M-SiO, & P i Fl 10 mL
2mg 'L 1Y GO BRI AE b KT B ok, EE 4K )5, SSM R EIE il — )2 GO/Sio, B &
2, B85 v-GO/Sio, & &,

1.3 EF % BB HIERN GO/Si0Ld-GO/Si0,) B A IEHI&

PR VAL RS B SSM IR T3 A 2 gL ZE LY Tris-HCL W 4. 16, 24h, idk d-4. d-16
Fd-24, Bt iARZERR SSM 2B efugdsh, & EAR TR I TR, BI153)] d-GO/Sio,
AR
1.4 ETHREEH GO/Si0,(h-GO/SI0,) 8 & fEHI&

W5 IR VAL B S 1 SSM B TR 2 B A — 2 8 TP Rk A OB O B B A A, 8 A 50 mL
I mg L' GO BIFW, T30 CHAHHEMT; A 100 mL %4 2 mmol- L' EDC., 5 mmol-L™' NHS
A1 10 mmol-L™' MES AU AL FIIR M, & & 15 min 5, B HMEILFAER; 2 HNA 50 mL 0.4 mg- L™
M-SiO, B IFI, T30 C FHFE RN ZRE T4; EE FREAE 1R, BA§1E h-GO/Sio, B4 HE.
1.5 ET 5B MEHEBHIER GO/Si0(c-GO/SI0,) B & EH %

VLR VAL PRI 1Y SSM & & fEHl g 4R b, SR 50 mL R A= SiO, 44 K WikL (HS-30) & 77 W ok if
RHATHIUE , K T AR TG 2 A 44K Si0, 9 SSM TE A AU T T 500 C 4K 4 hy B S e IR R Ty
AT HE IR, R4S E) c-GO/Sio, B A K.

1.6 FRMEEERIE

JIEE 2 T AROWE IR 5 R FH 37 K S A L T W40 (FE-SEM,  JSM-7001F, H A H 57) A7 g%,

T ST AR S5 AR RS BE SR FH IR 1 1 B 6 BE (AFM, Multimode 8, #5558, fH[E) JE47 W ; R im
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4l 7K 322 fih £ SR FH R A9 6 27 422 fi A 0 22 A (OCA 20, FE, ) M o 00 B i i, Sl R o7
BN AR A b, SRS 2 pL B Sl AR TR A B SR AT, T 10 S 0T A B 2% T A T S AR AL
A, TR IR B LR S (— TR AR TR R 20 0.5 s Z ) FRUR A B -k B i A o R R AE TSR A
AR LGS AL (FT-IR, VERTEX 70, A€o, fEE) #4700, B0 8K &k H—2& k5t
st U R G HATINGE , R GH HIEM (Amicon 8010, A At UET ALK 4.1 em?®, HHE, EEH). B
F K (ML4002, Mg, Hvdo). B ic sf oo DL R J7 B i A i e B 2 Ak . alikoE &b
K. 7E 20 kPa 18 JE 4% {4 X6 B pE 47 9 1 € 20 min 30 [a] 53 2 W ks T-8a 8, BfJS 16 10 kPa 514
R € 10 min, HRAEEC (1) TR AY 4l K
P\ "
AAPdt

e JRgiKEE, m(skPa)'; VREIERAER, m’; AP AL, kPa; ¢ At JERTH], s,
2 #HR512
2.1 v-GO/SiO, E & FERI B FF M RAE

IS 29 T 114) 255 5 /K P B B ke 2 2 R 3 T S b 4 b L R ke g L T O P S T 4 K M o
TR BB K M BT, — ARy, BT Sl K $ 2 Ml f 0<90° kS5 K FLTHT 5 <50 (al R ik R £ 58 2
i) R K U, L R T SSM(R kAL BT IR ) Fl v-GO/SiO, & A Y K Bz fish £ 2h S AR Ak
0L JEAE SSM AU A HEfil /1 o 114.8°, 7E 120 s N FFE R 103.8°, 8 EMIBKME, HiEmMA T
RERTRE EZ AN TR A2 H 28 &M, 24 SSM &l FRVE AL S , 3 i W Bf A 41K ¢ 1 R il 28 45
F B, WA 4 fil # A BT BE AR (106.4°), [HATS 2 B & A K M o 3X 2 EJE T SSM 2K T Y

DA MR AR A 5 R A T i B AR, BRI S 20 o
SSM L, Cassie-Baxter H 3¢ AR 12 fil . A if 2 B0 113 P R ——————
DL e . 72Y

B l%l’ﬂ B DL, MEZ T, v-GO/Sio, B & g 80 ﬁgﬁﬁ?@&
BB 090 4 4 A 2. 3 A 28 55.0°, 2400 JEi Ak £ [, GOS0,
SSM iy —2f, XEZHNT 2 8l H: GO 5 ﬂﬁ*’mmmmmmmmmmwm
94>k Si0, # 1 & % —COOH, —OH #1—NH, 21
FEKEREW, HARESWRmERE; 70 70 20 40 &0 80 100 120
GO F4 >k Si0, HFT1E SSM AR H: {7 &, /b BRI T/s
T % SRR s )M (K T 5 SSM B SR ;ngﬁizg o OIS0y

SRS N SRS = HY =
fil 452 5 4 4 Sk Wenzel B8, AT 22 B 1 3 UK , =T -

] e A N Fig. 1 Variation of contact angle over time for the SSM

PRI H L, v-GO/SIO, & 5 BB 25 K T B2 (before and after acid treatment) and v-GO/SiO,
fi%, 7 120s 5, MKARGERETE 35.9°; H GO/SiO, composite membrane

25 SSM Z Rl il & J1 8 2, s BRI .
2.2 d-GOSSIO, E B RMIB L4 R

Z B — R R B B SR i S E RE A A e R, RRTEIR SR KRR
H 2R B AT e EARSR I &, 88 T A HLBE A R K SO et A WF Y AE SSM 3R v #ill 1 2% £ [0
e LU i GO/SIO, JZ2 I BT o ] 2(a)~I&] 2(c) 43 A A BR VL5 ) SSM IR IUTE 0.2 g L' Z RS W 4.
16 f124h 3 SEM IR, hE 2050, £ 4hZWEMNSSMERSAH - EREMEZEIEARTY
BV Z ), T bt 25 s B) 0 ZE 4K, SSM 2 1 3R 22 EX4 Bz (1R 388 in 9 AN H &g

RLZE R E M SSM W5 KB W3R TF . B 3(a) M T[RRI B (4. 16 F1 24 h) J5
SSM 1% 2 [1 Hz fil f % L 25 5 . SSM 2% 1T 422 fish M 3 W 350/, R H R EZ DB W TR 405,
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SSM [147] by £ fil #f1 Ky 29.5°, FFAE 7s S5, S4BT SSM F M (R4 f1 ok 0°), FRILH IR 1 3%
K. X AT B SRRl SSM K I X B 5 R 2 TS, 4 4 h £ E A ORI Y SSM 2 T T §
(1 2(a)) CEDULHBIER] T3X— s, 7FZ2 16h M124h i), AR SSM KRRt Ak A 225, {H)&60s
Jo, ¥ T 200248 4y . B 3(b) AOR R 32 5, SSM R I A 21 AN, 1 558 em™ Ab (14 W g U4
H—NH, 22 fHR 3 (1 590~1 650 cm ') Mg, ¢ T 05 B C=C {147 (1 370~1 610 cm') FI—NH, 7% £f]
WS EAAEAE, LA WA T 3055, (e — @ R LIRSS T SSM K1 R £ M MM AF7E . 1%
P rp O A S B0 O 0 WL B e, X T R PR A 22 T e 2 AR i 3 o i D R

(a)4h (b) 16 h (c)24h
El2 SSMIRBEZBERSAEREFHRE SEM E
Fig. 2 Surface SEM images of the SSM soaked in the dopamine solution at different times
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Fig. 3 Variations of contact angle and FT-IR spectra of the SSMs soaked in the dopamine solution at different times

FEFRER 4 h IR SSM il 5t d-GO/SiOE A ik, Kl 4 KL T d-GO/Sio, E A5 4h £ H
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v-GO/SiO, & & B (B 1) M 1L, d-GO/Sio, & &
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45t

Hefih /(%)
& z

B 0 4 £ 8 A L W R 5 g, 0 3 T S T T
KA BT BT L (R v-GOISIO, 4 4 MY 37K Tl
PEATY SR 5641 El 4 d-GO/SiO, E &R 4h ZERZHEH
=h A< ARV T
2.3 h-GO/SiO, § & IR R B L 45 RAE Fe 4 C SSM ?ﬁmﬁﬂ'”?wﬁt b hed
o N N NTS 1g. omparison of contact angle variation between the d-
i LIRGTRAI, SSM Y PARE 1 R A GO/Si0, composite membrane and 4-h-soaked SSM in the

W REAF TR E. T2k dopamine solution
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GO 542K SiO, 76 SSM K I Yt & , 42 T+ U 0 48 fe, AR 98 SR FH AR Bl i F0 GO/ K SiO, 2 2 4%
K 3 B v 4 % ) h-GO. h-GO/SiO,. h-GO/Si0,/GO. h-GO/Si0,/GO/SiO, 4 Fh ik B il 43 Fl )2 KA [A] Y
AN, B S(a) ROBET 4 P50 B2 ol A8 fR 25 5 o 4 o S 10 42 Ao A X bk B 2 0 B I ) AR
RIFf % GO JZ M SiO, 2 MR B, H2 il M AR UGZ i B AR . H-GO JE 19 422 fnk #f1 f /=1 (R0 46 422 fk f1 A
65.2°), SEAHXFE KM . XJE P GO KM BN & BAR A — & 5 i—OH Fl—COOH 4% 3£ 7K 'H g
A B R A B 1) R BB AR, S ECEAKMEARD, 4 h-GO B 1H gk 22 [ 4 ek — 2 M-
SiO, AN AKIRL G , T A3 h-GO/SiO, B8 14 2 7K 1 B 25 4 Tt (00 i 42 ik 71 B %2 32.5°), X FZEIHE T4
K M-SiO, I8 F AR, B B2 B0 38 0, RS TE SR K MR AR i — 2P R T, (R A 2
KGN,

Kl 5(b) 4 4 B G REAILLAME IR, 1100 cm™ AR WIS Si—O—Si B8 AR X PR IR 2l I i g,
1 600 cm™ 4b fY W WL 1% 4 —COOH F fig 4] H —C =0 i i1 45 31 3 (1 660~1 760 em™) W Wil . BE4h,
A fig & T GO Efii—COOH 5 & 34k Si0, F i —NH, &£ TIHMiE s, S8 T —C=0 Ay iitig
WK 1) & A Tk . 48 BRTIR, h-GO/SIiO, 5 & IR 1 S5 K MEA BT 42 71, (473 R ik 28 55 K
G, H A IS AL SE B 3055, AFF SRR .

80r  -O-hGO —h-GO/SIO,/GO
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60
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Fig. 5 Variation of contact angle and FTIR spectra of different H-GO/SiO, membranes

24 ¢-GO/SIO, E & PRI (LT M RIE

R 22 e R Bl B o) RS i B8 X DA ) A5 R 1 R K GO/SIO, B A T, ik 2 Al e SR T I
AN, B A R DL RA R B 25 AE SSM b AR XX — )R, AT B TG AE SSM 3 T
U8 B — U R AR 40K SiO, UKL (HS-30), B 5 48 e R KB bs LA o X i 252 B P ) B 25 5 R, A4S
c-GO/SiO, & & i

Kl 6(a) s e 1 3 £ 240 K Si0, UKL I/ be J5 T 5 Si0, B Fl ¢-GO/SiO, Y 4% fith £ 2 28 722 4k 1% Xf
HaES. nTLVEH, SiO, BRI E A 27.3°, JFFE45s INFEE 12.5°, RIMHBGRIEKYE. HE 7(a)
& 7() AT UL, SiO, BEE I HA Z 2 H MM EM B E SIEH, BITE SSM I 1R P 80 (UK 9 45
Fa) 1) 25 11 7 55 7 — 2 BUE 1) Si0, 40K 0k (oK 2254 m IR 6(b) mT %0, SiO, B H 1) Si—O0—Si
A IR S U4 (1 100 em ™) o TIE S T 2% M2 56 A9 90 K UKL A 9 K SiO,. TE SiO, R LAl I i 5 1Y c-GO/
Si0, & 45 RSN 3% B 1 6 2 /K Rk, LR KR dR H2 il AR AR 6.1°, HL 2 s R E iR, X &
B A T R T Y 22 2 AN 45 48 (] 7(c)) A 3 K M-SiO, 40 K BkE (181 7(d)) #8 5% /K 4 1 1) B3 )
VERT . — 5T, 24 M3 & A iR bl 357K M-Si0, 4 K kL i 35 e 28 1 IR 3% 1w 10 1k 2 M i, il
IR ERT s 75— I, ZRHAN G A R T K 0 WORCRER R, T L Wenzel £ fil 5
2R T B R I SR K PR
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Fig. 6 Variation of contact angle and FT-IR spectra of SiO, membrane amd ¢-GO/SiO, composite membrane
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Fig. 7 SEM images of the SiO, membrane and c-Si-GO/SiO, composite membrane

WAk, c-GO/SiO, & A B 1 21 4k K] (& 6(b)) HA7 BH S (4 Bk A1 RHE KR AE, 3R T GO Ry A7
o HE 7(d) AT, AR GO 5 FRCIR M-Sio, hAE K R R R ST R T — R MURE 250, F
— AR T SR T SR KM AR T

&l 8(a) F1 &l 8(b) 43 %1 i SSM Fil ¢-GO/Si0, & & B 1Y 3 i AFM —4EJE S Kl . SSM Hl ¢-GO/SiO,
A A TR0 2 T 359 S B0 RSP (R 2L R 54 . T GO I M-SiO, ki 7 R T K&, ¢-GO/SiO, &
A IS MRS FE R, 1 1 540 nm B 2 364 nm, AT LU S0REG 2 SRS B, DI A A T 1 R
PP i O = N £ e 10710 = A R4 B QRS TO N 7 YA = N =<9 = T = Ll = R )
c-GO/SiO, B G 5 SSM LK B W&, HA R AT ry 3 M Ay LA s B
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Fig. 8 Surface AFM morphology of the SSM and ¢-GO/Si0O, composite membrane
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1.22 1%, J& %38 PVDFHE JE I 3.21 %, 28
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Fig. 9 Comparison of water permeability among
different membranes
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Abstract Membrane surface hydrophilicity is a key factor that dominates the occurrence and development of
membrane fouling. A hydrophilic membrane normally performs better in antifouling. Based on the self-assembly
reaction between graphene oxide (GO) and amine-terminated nano-SiO,, different kinds of GO/SiO, membranes
were prepared by the respective method of vacuum-induced filtration, dopamine-assisted vacuum filtration, heat-
induced deposition, or high temperature calcination-assisted deposition. With systematic characterizations
including contact angle measurement, surface functional group analyses and scanning electron microscope, the
preparation methods and their corresponding conditions were compared and optimized. The superhydrophilic
GO/Si0, prepared by the calcination-assisted deposition method had the following characteristics: a low initial
contact angle of 6.1°, a complete spreading on the membrane surface within 2 s, and an excellent
superhydrophilic characteristic. In addition, the pure water flux of the GO/SiO, membrane was 3.21, 11.10 and
1.22 times as much as that of the conventional PVDF membrane, superhydrophilic SiO,/PVDF composite
membrane, or 0.22 um commercial membrane, respectively, which presented promising applications in various
fields.

Keywords superhydrophilic membrane; graphene oxide; SiO,; self-assembly
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