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Abstract: Membrane fouling is still the major problem for the application of membrane separation. In this study,
different amounts of silver doped mesoporous graphitic carbon nitride (m-g-C;N,/Ag) were introduced into casting
solution by blending. The polyethersulfone (PES) nanocomposite membrane was prepared via the phase-inversion
method. The impacts of m-g-C;N4/Ag addition on the morphology, filtration, antibacterial, photocatalytic, and
antifouling properties of nanocomposite membrane were systematically studied. The results showed that the addi-

tion of m-g-C;N,/Ag can improve the cross-section structure of the nanocomposite membrane as well as its surface
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hydrophilicity. Compared with pure PES membrane, the pure water flux of the modified nanocomposite membrane in-
creased significantly with the increase of doping amount. The protein rejection rates of all samples were over 90%,
indicating that the addition of m-g-C;N,/Ag can significantly improve the filtration performance of the nanocompo-
site membrane without sacrificing the rejection performance. The anti-bacterial activity of the nanocomposite mem-
branes was improved with the increase of m-g-C;N4/Ag content in which the anti-bacterial activity to P. aeruginosa
was much more significant than that to E. coli. The pure PES membrane almost had not photodegradation under
light irradiation. By contrast, all nanocomposite membranes exhibited good photocatalytic properties under visible
light irradiation, and the photocatalytic activity improved with increase of m-g-C;N4/Ag. The nanocomposite mem-
brane in which the m-g-C;N4/Ag content was the highest that showed the optimal photocatalysis, and the decoloriza-
tion rate of methyl orange reached 63% in 120 min. The comprehensive antifouling performances of all membranes
were characterized by four-step filtration experiments. It can be seen that the flux recovery ratio (FRR) of all nano-
composite membranes is much higher than that of PES membrane. The FRR of all membranes was further increased
after washing with water and irradiating with visible light. In summary, the addition of m-g-C;N,/Ag can endow the

PES membrane with the antibacterial and the photocatalytic properties under visible light irradiation, thereby improv-

ing its comprehensive antifouling performance.

Key words: m-g-C;N,/Ag; polyethersulfone membrane; antibiosis; photocatalysis; antifouling

HE7> BB AR AR AR BT L . v Y RE S5 L R AE
WK B i K AR FRATUA 2 T iz B A SRR
(PES)BAT RAFIIAL AR ENE . IR Hrg e vEAT
BRI T, W2 AR 4 B ]
Bt WO SRR —H, SRBETABE AR T I 5 < S
Qe[ a5 o BT Ge 2 ™ H RS LA (0 3 A v 1k
fE, SO ML BN TR S L, RAIE ) B I AR
AIHEAT, TEAE T 5 RS I (TMP), JfXHi5 45
(AL A BEAT P B o e BRAL 22 U, I 2 M g
FE AT AR R, B2 b R TS e 19
B 7RI 1R

AR, BEHEIRERKIARE, 9K RIS
GEREATRIE Ny — Fh i Sk 42 LS G 1) 7 VR RO BIE 7
R gk R Tio M A AT,
GRS BT B SR K R e el
MRS PUR S5 T A4 5N B .
TR, ININAN AT RAS AT DA SR BEA R 2K 1
ek A AL A5, SRR JEVERE, WO H AT LA A
AURFPRL RS IR PERE, SEREAS 2 — ANl A 2
Ji Wi, 38 AT HUTE RO I A SRR P e

A SR AR B ALK (g-CaNg) IR AR 7t R AL 2 e 1
IFETE . TG N OLREA RS B T2 O
{E B — 21 73 1A A SRR A B 5 T W o S FH RE A
MR, AR T-ZREGRE, BT AFRK
SR, NITTHIES T HO AT E - R, 8
MEACTRIEAT StE, R HOEGE . e

MTEA, CHONME. L5 RHE R
ol Ll g-CoNy kiR, 4@ Aag Pl P,
P o H R AT B M, T LU b I ] A
-/ O R A, s, ok, i
FLA S5 AH AR (m-g-C3No) A 58 1T 3 N 11 2 FL 1 A1
B ) L SR T AR SR AL B 22 () S SV MR AT R A O
Wtk AR 25 ) TR I R AR B AR A
IS £ 9K 5 A TR R B 5T v A 2 WL

PUORAR B AT 18 R B, 0 1 P RS I 1,
PG MR S 278 5 R H . 9K 2
R 5N B BRI(PES)! )L BB (PA)'S), BERR 4T
YK (CAMVVE LR RSB R R, RS RE
B, W g KR vl DL e s 2 A IR P E &bt
WG PERE . BT, TPAFINNGKRB TS
JE BT E IR TR O — MRS 9K
B ey R A T A KR 17 A SR R
SHCEMAINEIERR A", 1 Ag BEWE A ([ 5
HHE-SHE A, SECFREE RS, FHIET DNA 1)
E%U%[zo-zl]o

FET I, AW ST UG Geds i oy Ok s, adad
I FLA S8 AH B ALK (m-g-C3Ny) AR 9K & & 4 B
FgE, ¥ m-g-CyNy PG AEAL 1 BE 5 9 KR 1 2% B P
BN S, TR S SO s Rk E &
JEERA R ) ) 25 S M RE I 9T, R B FINT 9K E Ak
TRINEN B A AR g . g DL R LR A s et
FEH AN



480 LA I < =

34 %

1 SRE7AE

1.1 5D

3% 4liKAX (Basic-Q15-1T, LM AH
PR 2w, /N id B 0 ML (LX-300, Kylin-Bell Lab
Instruments CO, LTD. ); #] W4r 6 &H(D-7, B
HAEHA AR AR A A); % TAE & (SW-CJ-1FD,
TN ZRTERBEAREGRAR ), HIREFER
(THZ-103B, g —{ER}ZAXERARAA); BidE
EREF7 46 (DHP-9032, L —1ERMHA A BRA F);
SRR 1 78 VR OK 1 28 (LDZF-50KB, | H 22 R 97
BB ), HUEM (8010, 1 [EER AR,

Zifh: LA SAHEAGRR(E ) LA SR
EBRERAR (). HJER . SAbEh. BRERE 4.
BERR A, PR RN, LOKIRIREE. —
HH O R B 38 o i i, D | B 2 S L 25 R R
BR AT o 2R [ R B RESEE)  Agar T H 95 E OXOID
AT ARFREVAW(1000 mg LYW HE E XA B4R
Fe BT RERE TR ot . PES T 1 8 [ L4
A28 LK AT i (Escherichia coil ATCC 15597)F1
B 23 AR PR B (Pseudomonas aeruginosa ATCC 27853)
AR -

1.2 m-g-C3Ny/Ag #l&

¥ 5 g ZRFUEM 5 g NH,Cl/EFSH B -h it &,
IOREHS . R)E, KRS EEBNA 5 &
Wi, 76 600 CLygfdr b 2 h, 19214 FLA7 40
AL

5, B 0.3 g Hil 4 1 m-g-C3N, JIA 100 mL %
BTk, A 30 min, IS0 EL. SR, K
15 mL AgNO; /KiEVE AN 10 mL oK FEEIN S m-g-
CsNy Wb, 19 3 (1078 & WLE & R AT UG ik
12 h J5 35001 2 B 1K I =k, dHraith. iE,
K E T 70 CHRIE S T T 120 %P
1.3 m-g-C;N,/Ag/PES F&E#| &

T S VR M R A ) 4% o B[R] B
m-g-C3Ny/Ag ¥y AR MA R N,N-—F I H Bt i (DMF)
dIE B R TR B SRR IR AR I K R
JF R PES, BT 60 CHUA ik B 2 58 &V .
BRI IR P B IR G /8 60 C N i B
Mo FEBRMA I E=E)E, HE )% E {ET
Yifn I, SRJE K FRGEIR N Al K b E AR R SRR i
24 h, DMEEFIZHAARFE SR, £ 1 AL
6% Hh B L 2L P

F1 NEHHBRRENR

Table 1 Composition of dope solution

all\o/{aer?\lfjirailil(fn COH?;L‘;?\I;W% PES/wi% DME/wt%
MO 0 18 82.0
M1 0.1 18 81.9
M2 0.3 18 81.7
M3 0.5 18 81.5
M4 1.0 18 81.0
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Fig. 1 Morphologies of composite membranes
(a) Surface; (b) Cross section
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Table 2 Basic specifications of the membranes

Membrane CA/®) Porosity Water ~MWCO

abbreviation /%  uptake/%  /kDa
MO 68.50+£1.64  63.31 31.77 69
Ml 63.03£1.70  64.06 32.52 69
M2 60.27£1.90  64.51 32.94 69
M3 55.66+£2.60  65.38 33.79 69
M4 53.75+4.70  66.04 34.42 69
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Fig.2 Pure water flux and BSA rejection of membranes
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Fig. 3 Concentrations of leaching silver during 12 h filtration
of each membrane sample
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CsNo/Ag Ers i3 n, il 4 B A A RN 3 0h 3,
FEGIE M3 AT M4, FHAR R EE 100%. thok, &
B MBS P B 4 B 2R B B v T R A A,
W A2 B BT 4 28 P L LA O A ) o TR R
WA RERW, HEBEA®RPURE e
W R ERAE NP 75 M R A IR IER IR £,
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Fig. 4 Antibacterial effect of membranes on (a) E.coli and (b) P. aeruginosa in the disk diffusion test

#3 PRESEMNEMERE
Table 3 Antibacterial rate of membranes on
E.coli and P. aeruginosa

Membrane

abbreviation PA/% EC/%
MO 0 0
M1 61 57
M2 100 76
M3 100 100
M4 100 100

B 6 SEAE ] WOGIRS T, M4 [ HY A8 VA W
WOt A AL, AT ELHLE B, WO AL R,
464 nm Ab R VETZAET N F2 o IXMHEL S AT DL IR HEIE ]
A I3 T RN T B T

FREERERN, m-g-CsNy/Ag MIIAIER T
AR E G HRAE W] WO T RO TEE . B R
LI B A PR L PE 32 B A T2 m-g-C3Ny/Ag
PAERDEER T SRS T RN AR E . 5
SRR, H T B GRAR 1 K BE AR, S B
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Fig. 5 Photodegradation of methyl orange with different
membranes under visible light irradiation
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Fig. 6 Absorbance variation of methyl orange solution with M4
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Fig. 7 Flux values of various membranes at different processes
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