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Application of Graphitic Carbon Nitride in Zearalenone Degradation
HE Xiao-ying', ZHU Yan-guang”, WANG Ping-dong’, CHEN Jin-ying*P<
(1. Hangzhou Branch of China National Grain and Cereals Storage and Quality Inspection Center
(Jiangsu) Co., Ltd, Hangzhou, Zhejiang 310000, China; 2. Sinograin Chengdu Storage Research Institute

Co.Ltd , Chengdu, Sichuan 610000, China; 3. China National Grain and Cereals Storage and
Quality Inspection Center (Jiangsu) Co., Ltd, Nanjing, Jiangsu 210000, China)

Abstract: A semiconductor nanomaterial was prepared and its degradation efficiency on zearalenone (ZEN)
was investigated. The photocatalytic material, graphitic carbon nitride (g-C;N4), was synthesized by the
conventional thermal cracking method, and its structure was analyzed by (X-ray diffraction) XRD, Fourier

transform infrared (FTIR), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM)
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and transmission electron microscopy (TEM). The photocatalytic degradation experiments showed that
g-C;N, induced photocatalytic effects under ultraviolet light (254 nm, including 185 nm), releasing reactive
oxygen radicals to degrade ZEN. The experimental conditions for the photocatalytic degradation of ZEN
were explored. The results showed that the degradation rate of ZEN was 96.0% when the mass of the
photocatalytic material , the wavelength of the UV lamp, the initial concentration and the irradiation time
were 20 mg, 254 nm (50 W), 0.5 pg/mL and 60 min, respectively. Meanwhile, the experimental conditions
for the photocatalytic degradation of ZEN powder samples were optimized. The results showed that the
degradation rate of ZEN was 80.0% when the mass of the photocatalytic material, the wavelength of the UV
lamp, and the irradiation time were 800 mg, 254 nm (50 W) and 50 min, respectively. The results could
provide a theoretical reference and practical basis for the photocatalytic degradation of ZEN.

Key words: zearalenone; graphitic carbon nitride; photocatalytic degradation; thermal cracking; photocatalyic
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1.2 AEHILHEBERH BT, A 20 mg g-C3N4, %A, #1706
o CoNy F R AR S b 0T, e MELRIRE, SRR 60 min, RGO R4

W =RENE b (BRa b anlh 10:1, 5
1.2:1,1: 1) %@ BNREG, RIEHEDIHY
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Table 1 Photocatalytic degradation of zearalenone
at different wavelengths

Ji i /mg (ug/mL) min
254
(fu%5 185, 50 W)
254
20 0.5 60

(F% 185, 50 W)

365 (100 W)

b) Bl 4 mLO0.5 ug/mLZEN TAEEH T 10 mL
AT, IMARFS &Y g-C3N4, IRFIHA],
7 50 W( 254 nm )M A4 T ST 0L S
SN EFIE] SR 60 min, 0 s I I 5 e A3 44 A0 57
. WG, RUGEARTDVE, wER sk
K177 A i e R SR AR FrUAERL T 4 °C
TORAFE (£ 2),

¢ )B4 mL 0.5 pg/mLZEN TAEW T 10 mL £5

ST S IR o AR PR AT 4 °CHI( R 3 ),

x2 FAREREBEUHBERFEEICENLIZRE
Table 2 Photocatalytic degradation of zearalenone by
different mass catalytic materials

g—C3N4 B/‘J

ZEN WA EE/ RS (a]/
Ji i /mg i

Bt
24K /nm (ng/mL) min

10

20
254

({145 185, 50 W) 40

80

160

0.5 60

x 3 AEBRETEE ERIFEHE LR
Table 3 Photocatalytic degradation of zearalenone under
different irradiation time

g-CNu Y ZEN WIURVREE/  HE S5 A i)/

EIMNE K
RIP K /am i f/mg (ng/mL ) min

10
20

254 30
(f45 185, 50 W) : 40
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1.4.2  ZEN ¥ 5ok AR 1Y A0 B fig

HARSCR BT .
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AT AR N, IS AR P K AR R M
Tl 3% e S5 I T e %) B A BT R ) (56 4),

R4 ERFBHEIMAREROAR S ELEREEE
Table 4 Different photocatalytic degradation time of
zearalenone powder samples

2-C3N4 1)

ZEN ¥ h SRS E]/
i /mg i

e /(ug/kg ) min
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20

e 800 505.3 30
({345 185, 0W) ' 40
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50
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b) [EIFEH, #F 20 mg B AKE S A B 7 57
M, SRIGIMARE S =R g-C3Ny, B &A
ZEN WMy ARRES S g-CNy 43R4, 7E 254 nm
EHMT (TFH 50 W) H1 50 min B HRG S ]
PEAT AL N, IR R A FE S ZEN [ fi
J I i 75 14 S FE AR B i (3R 5 ).

R 5 RERBAE AR KT 5 FH KRR O L R

Table 5 Photocatalytic degradation of zearalenone powder
samples with different quality catalytic materials
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~ | 132 \“
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K /em™

: (a) g-C3N4 Y XRD &5 (b) g-CaNy [ flisg AR 42T ARG
Note: (a) XRD pattern of g-C;Ny; (b) Fourier transform infrared spectroscopy of g-C;Ns.
1 g-CNy HiEE
Fig.1 Spectrogram of g-C3N4

22 HHEEEAL
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Fig.2 Degradation rate of ZEN by different materials
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(c) g-C3N4 By N 1s XPS Eliif; (d) g-C3N4 1Y O 1s XPS KElif,

Note: (a) The whole XPS spectra of g-C3Ny; (b) C 1s XPS spectra of g-C3Ny; (c) N 1s XPS spectra of g-C3Ny; (d) O 1s XPS spectra of g-C3N,.
3 g-C;N HJ XPS i
Fig.3 XPS spectra of g-C;Ny

T Hi kR LR 25

Note: The arrow indicates a hole structure.

4 g-C3N4 WA BEEEK

Fig.4 Scanning electron microscopy images of g-C;N,
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Note: The arrow indicates a hole structure.

5 g-C3N4 MESEEEK
Fig.5 TEM picture of g-C;N,

ME 6a FJLIEH, £ 10~40 min N, JEK N
254 nm (TIFK 50 W) 1Y) ZEN B T K
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(B 6b ). 25 i FI Al T FE R AR ] (1) 52 Brofds
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(b) BN 254nm (20 W Fl 50 W) PEIMT AN R YR T IREAR M2 . ¢-CNy Bkt : 20 mg,

+SD (HrifEfhi 2 s

FHEG, JMA g-C3Ny 5 ZEN [ [t St — 25 4 5
LR e B 25 ' BR [a] A 38 I Tmi 38 0, 7€ 60 min
Ik B, 76 60~70 min Z2L A K (1 7a),
P, 60 min A fcfEG BRI ]

K 7o, SR g-C3Ny 115 # Xt HRAIHH L,
BRI R A g-C3Ny BF, ZEN AR R K
KIGI . B g-CNg MG, AR 2 7 T
., TE 80 mg HHKEIEHE KM, SRIFZHkEI, H
JER AT fig o i g-CaN A D T 5 Bk AR5
A R ok R, S SR R AR, A,
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20 mg HINE] 80 mg B, T K ARE M 1Y R R

BEINEA o R, S FE o ARG AE AR A4
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1.0F P —
i o
0.8 - o . "
S - BT A o
o 06 = Py i
€ 04 -~
x
r o254 nm (50 W)
02t s --2--254 nm (20 W)
<
0 1 1 1 I 1 1 1
10 20 30 40 50 60 70
f+f[E] /min

BB 1E] . 10~70 min,

WA ] : 10~70 min, 25443

Note: (a) Degradation curves of UV lamps with wavelengths of 254 nm (50 W ) and 365 nm (100 W ). The quality of g-C3N4: 20 mg,
irradiation time : 10~70 min. (b) Degradation curves of UV lamps with wavelengths of 254 nm (20 W and 50 W ) at different powers. The
quality of g-C3N4: 20 mg, irradiation time: 10~70 min. The error bar represented + SD (standard deviation).

E6 AEKK. TEIFEMTRHT ZEN HIFEHEH 2

Fig. 6 Degradation curve of ZEN under different wavelength and different power UV lamp irradiation
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F150 W) [N FEAIR g-CsNy & i T IR INZR . g-C3N4 Btk : 10~160 mg, #HARMIE: 60 min, 1R2 5% MFELSD (Frififh2 )
Note: (a) Degradation curve of UV lamp with wavelength of 254 nm (50 W ). The quality of g-C3N4: 20 mg, irradiation time : 10~70
min. (b) Degradation curves of UV lamps with wavelengths of 254 nm (20 W and 50 W) at different g-C3N4 contents. The quality of

g-C3N4: 10~160 mg, irradiation time: 60 min. The error bar represented + SD (standard deviation).
B 7 AREERKE. REKRET ZEN §MER %

Fig. 7 Degradation curves of ZEN under different irradiation time and different mass
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(a) #KH 254 nm (50 W) BIERIMTRIREAR L. g-CN, st : 800 mg, FRHTASMH]: 10~60 min. (b) g-CiNy A&t T
WK N 254 nm (50 W) HYEEAMT IR INZ . ¢-CaN, Jli& . 400~1 200 mg, HRFEATIE] . 50 min, #2252 4405E£SD (ARifEfm 2 ).

Note: (a) Degradation curve of UV lamp with wavelength of 254 nm (50 W). The mass of g-CsNy4 : 800 mg, irradiation time : 10~60 min.
(b) The degradation curves of UV lamp with a wavelength of 254 nm (50 watts) under different g-C;N4 contents. The mass of g-C3N4: 400~

1 200 mg, irradiation time: 50 min. The error bar represented + SD (standard deviation).

8 ZRSMTHIBERR B L
Fig.8 Degradation curves of UV lamps
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Fig.9 Degradation reaction mechanism diagram
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