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Preparation of g-C;N, Doped Polyvinyl Alcohol Nanocomposite Membrane
and Study on Photocatalytic Properties
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Abstract: Ultrasonic-assisted solution casting was employed to in situ dope graphitic carbon nitride (g-C;N,) into
polyvinyl alcohol (PVA) matrix, and a series of g-C;N,@PVA nanocomposite membranes were prepared. Scanning
electron microscopy, X-ray diffractometer and Fourier transform infrared spectroscopy analyses indicated that g-C,;N, was
uniformly dispersed in the PVA matrix, the (002) crystal plane and triazine ring structure were retained, and hydrogen
bonds were formed between g-C;N, and PVA. UV-Vis diffuse reflectance spectroscopy showed that when the mass
fraction of g-C;N, doping was 8%, the optical band gap of the sample decreased from 5.62 eV of pure PVA membrane to
3.04 eV, with significantly enhanced light absorption capability. Photoluminescence spectroscopy analysis revealed that
the sample with 8% g-C;N, doping exhibited the lowest photogenerated electron-hole recombination rate. Using 100 pg/L
omethoate as the target pollutant and irradiating with ultraviolet light for 160 min, the degradation rate of the sample with
8% g-C;N, doping reached 99.21%, with a half-life of 23.62 min. Quenching experiments indicated that -OH were the
main active species. The research results provide a reference for the development of efficient and green membrane
materials for pesticide wastewater treatment.
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Tab.1 Formula of g-C;N,@PVA nanocomposite membranes
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Fig.1 SEM images of g-C,N,@PVA nanocomposite membranes

2.2 g-C,N,@PVA#ik &£ A IEHI XRD 4 #7

24 g-CN,@PVA YR A5 R XRD i 14, ME 2
W LLE Y, g-CN,7E 20 4 13.81°F1 17.48° 4047 W 2 i 77 5+
U, 3 I @-C5N, 2540 S5 4544 A (100) AT (002) i T » X
Bol% 55 ¢-C N, HH ) =R (C,N, )l 3-s- ZBEIRN(C N K,
5 e H 8 5 7 A 2R 1~ T ) AR 28 4 A (002) i 1)
ZEMHEFACS . W g-CN,@PVA K E A1, 20 A 100,
152 20°405% W AR A HEH ) PVATT, I AR () AT S0 ot
FiliE PVA TR B0 B8/ N FEARS, 32 S B g-CN, R Y
FTEHIE(20 4 12°~13°) 5305y PVA WA I EBE ) e i 5t A
F% . UL b 25 BIIE 52 g-C.N,@PVA 91k &5 4 bk i 2
B o
2.3 g-C;N,@PVAHXEAENFTIROH

% H FTIR %} g-C;N,@PVA 42K 52 4 5 3 1 77 1£ /Y
BRI EATLE . 183k g-C,N,@PVA 4K E A FTIR
W, IE 3 TTLLE H, 806 cm AL AYEREIE X B g-CoN,
B =R IR A FFAE D5 1 230~1 640 cm™ X I8 % W C—N
RO MAEIESD ; 75 1 638 e Fll 1 407 e Zb MR 52 31 i 7
7 W X B g-CN, BPEHE C—N il C=N gk 3R 31", % T



g-C;N,@PVA JI£,3 256 cm™ F12 939 cm™ AL AUEXT . & &
JEirf PVA 1)—OH il C—H a3, & PVA itk
FERBE N, TN T B D NI AR O 1853 . RB
R NIE B 5 PVA R 53R R g-CN, kLI i Y
P S, A, 848 .1 4191 090 cm AbAYIESK B & A
H PVA ) C=C A .C—H Z i Al C—O—H 4R sh™",
FTIR 252 5 XRD il SEM 55— 38, iiE 5% g-C,N,@PVA 44
KE BRI A

10%g-C,N,@PVA

8%g-C,N,@PVA

6%g-C,N,@PVA
4%g-C;N,@PVA

2%g-C;N,@PVA

L L 1 L L 1 L L L ]
5 10 20 30 40 50 60 70 80 90
20/(°)

B2 g-CN,@PVA %K F AR XRD# B
Fig.2 XRD patterns of g-C;N,@PVA nanocomposite membranes
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Fig.3 FTIR spectra of g-C,N,@PVA nanocomposite membranes
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Fig.5 Water contact angle of g-C;N,@PVA nanocomposite membranes
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Fig.6 PL spectra of g-C;N,@PVA nanocomposite membranes

2.7 g-C;N,@PVAHRE SIEMI L PEMRIIGLE R
2.7.1 ObfEfevEREITER,

T UV-Vis WAl & 2 i S0 SRR R R AR
74 g-CsN,@PVA DK A B OG5 B M RE
o, 28 6 HRAUA U RS IRAE S /MG R AL, LI
215 5y A RS DL B 7Ta v LI, 28 A B
211 nm AL FYWGREE A 1.2, T PVA £E 211 nm AZbaY I G RE R
MR R 1.19, I H B SObMbiE g AR . G
g-CNIBAEIIENN, ¢-CN@PVA DR E SHERDGAE LT
RemE T, BRI B2 PR, M e-CN, 3B
AR 2% I, OB EERE 22 018, s HhBH B A P A AL
5 SIS TR 5 4% I WO EE#E— P52 0.105 435
HRITC B 6% i WG RE A 0.05 5 2445 % Tt 434 8% i,
WG BE IR B RRAREL M 0.01, ER Btk ERE . 1H2Y
g-C N BT E 10% B O BEmS 33 Il 7152 0.03 , TR
RIS BB S EUA TR, NI M AR
HE— 343 4T 8%g-C,N,@PVA FE AR A [ B 1) i) B A
e, BT 7o W] LLFE HY WG EE I 20 min 11 0.68 )& FRE R
160 min [ 0.01, B H R E AL RERRE T .
2.7.2 Jeffes 1ZE

8 24 g-C;N,@PVA 4K 45 W) e AL R BE
ME 8 BT LLE Y, AKdB 7% g-C N, 1) PVA B3 LA 22 G i
TLRE ST AR 1.1%, P32 iR 9 658.22 min, [l
g-C N IB BRI, g-CN,@PVA 4K A G Ak
REMLE U , Y g-C N IBIR TR/ HON 2% I, BEAR ST
%= 84.67%, - E W 4558 & 60.87 min, 24 g-C,N, B Fi &
Gy 4% B BE AR R — P 91.57%, WA

44.64 min; HABATRPHCA 6% I, FEAR AR K5 95.43%,
SEEI 4 37.06 mins YIBZ TR AME0H 8% I, EARACR it
. 1499.21% , P SEWIGHITIE 23.62 min. SATT, % g-CN, i3
% IO 8 43 B AR 5 5 T 3 10% B i iR SR BN B R
97.18%. P ZEH M1 7+ 2 32.60 min, X L5, 5%
Xk g-CoNG I, PTREDR I AT o O B O
BRI BRI ISR T I,

1.2¢ AN
v 2—PVA
1.0} 1 3—2%g-C,N,@PVA
: b 4—4%g-C,N,@PVA
W 5—6%g-C,N,@PVA
08l . 6—8%g-C,N,@PVA
i | 7—10%g-C;N,@PVA
R 06} 1
2 i
04+ "
0.2+ "\
0 LIRS N
100 150 200 250 300 350 400
HK/mm

(a) g-C;N,@PVA PRI ARG RN S

12,

i 125 AR
L 220 min
1.0} ;o 3—10 min
. 4—60 min
e 1 5—80 min
0.8} ! 6—100 min
; 7120 mi
it PR 8140 min
ji 0.6 - ; \ 9—160 min
04 / Y oas
1 8 N\
02} L %
h A.
0 »' S
100 150 200 250 300 350 400
K /nm

(b) 8%g—C,N,@PVA [WIFA#RVERE
H7 g-CN@PVA %R I Ao BarE S it
Fig.7 Absorption characteristics and degradation performance

of g-C,N,@PVA nanocomposite membranes

1.0

—=—PVA
0.8 ——20g-C,N,@PVA
O ——4%g-C,N,@PVA
——6%g-C,N,@PVA
——8%g-C,N,@PVA
0.6 ——10%g-C,N,@PVA
& \
< \
0af N
N
0.2
’ ——
0 20 40 60 80 100 120 140 160
Fs} 18] /min
(a) g-C;N, @PVA YRE BN PR
5.6
=PVA
209-C,N,@PVA
4.8 | 2 1%5-CN,@PVA -
@PVA
L 8% @PVA
_ 40 et @PvA *
3 .. .
< 32¢ . L.
E 24} " ot
T DA
1.6 - . = * =
N
0.8+ 5 L =
i H
) S S S
0 20 40 60 80 100 120 140 160
8] /min

(b) FEfif e REIA T R A2 b
B8 g-CN,@PVA 2K &R RABMCE AR PE AR
Fig.8 Photocatalytic degradation performance

of g-C,N,@PVA nanocomposite membranes



273 8% g-C,N,@PVA FGHEAL AR
9 kN BN 8% g-CN,@PVA HEALFE AR E AL IR
SR

1.0

—=—10 pg-L”
——50 pg-L”
—— 100 pg-L”

0.8 1
——150 pg-L

0.6 -

clc,

041

0.2}

L L . L . . . |
0 20 40 60 80 100 120 140 160

) /min
(a) UL R RATI AR Tt RS AR R 2 1) 52

1.0 —=—0.25¢g
——0.50 g
——0.75

——1.00 g

081

0.6

clc,

0.4 r

021

L L . . . . . |
0 20 40 60 80 100 120 140 160

) /min
(b) FEALFIS R SR REREZR 1 20
1.0 BOE O oEE —e— AR
. ——IPA

B
—— EDTA-2Na
08t '

0.6

clc,

0.4

0.2

0 20 40 60 80 100 120 140 160
Hif ) /min

(©) FEI X AR 50
B9 B AH 8% g-CN,@PVA 14k
M i B IR R AR 09 e
Fig.9 Effect of reaction parameters on catalytic degradation effect
of 8% g-C;N,@PVA to oxydemeton-methyl

M 9a 0T IR Y, Bl 5 Yy A A SR RAT 6 It e
M 10 pg/L B4 13 150 pg/L, G 80 min J5 M 4 il 28 WA
38.54% T F% % 28.09%, M 7EEEG G PG 80 min f& , e
FEAR 53 )4 92.03% . 88.71% . 84.15% F1170.55% . X FEHH
FEARTT v B LA SR SR, AR 23 L0 T e (1 B e
R AR T AR T G o R R R AL B i
FEERRAR, TR S 1O ROV R

PE— 5 A [H] 8% g-C N, @PVA #5445 100 pg/L
AL SRR R I 520 . & 9b W LB Y, Bl & ik 57
BhRE N 0.25 gBEIE 1.00 g, B 80 min Ji HA & fif R AE
25.46%~33.89% I 31, il F5 P K B 80 min J5 1) s 2B
R34 69.61% .88.29% . 85.73% 11 77.08%., X FH#%
s s AL A R T e R AR RCR  (Hid B80T ie
FOG BT 8 N B A 00 S5 RN, DA R AL R

Gy L

FESCALRE iR Ferh  BICF P2 A2 h' - OH Fll- O,
FEINEEE R, R T IRNIR T X L TE Y PP 7R
fifg b A HP 0 U FAILEEL, 6 5 NS ] 8 258 R 2R 47 5
5. MIE 9c i LIE H , 45 A KT R A1AEBE K 80 min 5 HYRE
fif 4 38.54%, Thj IPA . BQ HI EDTA-2Na [ HII\ s [ i
43 335 5 39.15% ., 39.76% 1 40.36%., 1E k% J5 H G I
80 min JiF , B 2L P R 2R 43 710k 92.03% . 58.7% ., 68.11% Al
62.52%. IPA PN MRACR B4 VE ok 2, &
Y - OH TEf i F b e & £ 31EH . BQFIEDTA-2Na )
N B RS ATSORAT 5200 , 156HH - O, Rl h FE R g ik R
W EAEE B DA bR g B v - OH A& YR
TEPFh, k- O, flh',
3 g

SEM ., XRD 5 FTIR 3k [s]3F 5% g-C,N, 7E PVA Jt {1 1)
215y 0T 5 PVA TE B EE , 3 (002) 5l T & =R IR 4E F 2
TEAFTE ; FEE g-C N B AR 203G I, R SRR AR BT,
A RO TR B ST IR PR S TS Y il .
: g-C,N, 5 28 it i 73 500 2 4 8% , LB} g-CN,@PVA 4}
K AR AR BRI 22 3.04 eV, AR -2 NE AR
AR, SRR b M P 2 52.5°, 75 100 pg/L 4840 SRS W
WY 160 min J5 B A R S IE 99.21%, 2 3E AR
23.62 min, 4RZEPR ] g-CN IBARTTR I HR 10% I, B
MRS BB S FRE, I g-CoN, 3B 24 i 820 4 8% &
FHERLEAL) S VERE AR IB K. B ELER R, - OH A&
DR B A RSB ) R E TR R, -0, 5 h B EIFE A
1%E A NEAE SRR A 24 P K AR B B PRk | ol 4 Hoo] 9 R
ML id .

Sk

[1] ANICDEVIC V, TASIC T, MILANKOVIC V, et al. How well do our
adsorbents actually perform : The case of dimethoate removal using
viscose fiber-derived carbons[J]. International Journal of Environmental
Research and Public Health, 2023, 20(5): 4553.

[2] EA, LAEM, F45% . Ni@C/CON 9y RAR A R T il 55 A sk A8 AL
b-th e A ALEALD). SRR TE K S R AR( 8 KA AR), 2024, 42
(2): 108-113.

[3] #&, xIh, 34, . B EAB RACBOLARAA a9 AT LB (D). B o
L FHE 2R FIR, 2021, 34(6): 27-34.

[4] ALAGHMANDFARD A, GHANDI K. A comprehensive review of
graphitic carbon nitride (g-C,N,) -metal oxide-based nanocomposites:
Potential for photocatalysis and sensing[J]. Nanomaterials, 2022, 12
(2): 294.

[5] BASIVI P K, SELVARAJ Y, PERUMAL S, et al. Graphitic carbon
nitride (g-C,N,)-based Z-scheme photocatalysts: Innovations for energy
and environmental applications[J]. Materials Today Sustainability,
2025, 29: 101069.

[6] ¥4, W24 hLF, F. 6 E2MRHARAELH T RHIE]. B



e 55 72

kR Plastics Science and Technology NO.08 2026

0T T8 K 3 (B KA R), 2024, 37(1): 87-92.

(71 &3, RIA, ZRE, 5. ROHEA LY TEBRILSAH OB
B [J]. AL, 2018, 2(1): 35-39.

[8] ALVARADO M C. Recent progress in polyvinyl alcohol (PVA)/
nanocellulose composite films for packaging applications: A
comprehensive review of the impact on physico-mechanical properties
[J]. Food Bioengineering, 2024, 3(2): 189-209.

[9] FILIMON A, DOBOS A M, ONOFREI M D, et al. Polyvinyl alcohol-
based membranes: A review of research progress on design and
predictive modeling of properties for targeted application[J]. Polymers,
2025, 17(8): 1016.

[10] THURSTON J H, CLIFFORD A J, HENDERSON B S, et al
Development of photoactive g-C,N,/poly(vinyl alcohol) composite
hydrogel films with antimicrobial and antibiofilm activity[J]. ACS
Applied Bio Materials, 2020, 3(3): 1681-1689.

[11] CHEN C, LIAO F T, ZHANG X C, et al. Polyvinyl alcohol as solid
proton donor to modify g-C;N, via hydrogen bonding enabling efficient
photocatalytic H,0, production from H,O and O,[J]. RSC Advances,
2024, 14(18): 12407-12415.

[12] YANG J Y, TANG D X, LIU D L, et al. Excellent dark/light dual-mode
photoresponsive activities based on g-C;N,/CMCh/PVA nanocomposite
hydrogel using electron beam radiation method[J]. Molecules, 2023, 28
(22): 7544.

[13] GAO X Q, AI L C, WANG L L, et al. The stable and elastic graphitic
carbon nitride/polyvinyl alcohol photocatalytic composite sponge:
Simple synthesis and application for wastewater treatment[J]. Journal
of Environmental Chemical Engineering, 2022, 10(3): 107814.

[14] % %5 25 . PVC/g-C;N, B &M A1 6 5 & B FL R AR 440 75 K 6 B R
[7]. #HFHE, 2024, 52(2): 69-71.

[15] 44 £ 38 . i 5 0A4h BOVE AR IR 4 J8 7 BUAE 22 09 h) & 2 3L 2 PVA AL
a4y 2 A[D]. KJR: KR LK, 2024.

[16]MO Z, SHE X J, LI Y P, et al. Synthesis of g-C;N, at different
temperatures for superior visible/UV photocatalytic performance and
photoelectrochemical sensing of MB solution[J]. RSC Advances, 2015,
5(123): 101552-101562.

[17]KANDULNA R, CHOUDHARY R B. Concentration-dependent
behaviors of ZnO-reinforced PVA-ZnO nanocomposites as electron
transport materials for OLED application[J]. Polymer Bulletin, 2018, 75
(7): 3089-3107.

[18] GANESAN S, KOKULNATHAN T, SUMATHI S, et al. Efficient
photocatalytic degradation of textile dye pollutants using thermally
exfoliated graphitic carbon nitride (TE-g-C;N,) [J]. Scientific Reports,
2024, 14: 2284.

[19] A 2, 6L4F, RIE5%, F . 6 240 RACHE T & 696 A5 Hr#e i)
W ag 5 R R [J]. 4L AT R A, 2023, 51(3): 36-44.

[20] SUTHARSAN M, MURUGAN K S, NARAYANAN K, et al. Chitosan/
polyvinyl alcohol/g-C,N, nanocomposite film: An efficient visible light-
responsive photocatalyst and antimicrobial agent[J]. Processes, 2025, 13
(1):229.

[21] A £ 4, FTR &, w1445, 5 . & %5 PVA/SIO, 4 K &F 4 i 3 A-TiOy/

BiOBr 3 3% =T JLAAEAL B[], L it B, 2025, 44(6): 3084-3092.

[22]NASR R A, EL-SAYED A F, KOMY G MEL, et al. Modification of
photocatalytic activity and antibacterial properties of Mn,O; by Zn ions
doping[J]. Scientific Reports, 2025, 15: 14325.

[23] 3K 3%, & %5 35 . 527K ZnS/PVDF H4&- Bt #Had ) & A AR L AL BT A
[J]. #AHHHL, 2025, 53(2): 86-90.

[24) kLB, $ 2%, L4F, F WO, L4 Eudb 2 g-C N, EALH] 09 4] &
B RAEACTE R B AT Z[T]. A AR, 2025, 39(13): 48-52.

[25]ZHENG X K, YUAN 1J J, SHEN J, et al. A carnation-like rGO/
Bi,0,C04/BiOCI composite: Efficient photocatalyst for the degradation
of ciprofloxacin[J]. Journal of Materials Science: Materials in

Electronics, 2019, 30(6): 5986-5994.



