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Oxidative degradation of tetracycline hydrochloride by

persulfate catalyzed by nitrogen-doped mesoporous carbon
FU Chaoting,ZHOU Qian, XING Bo, YANG Guo,SONG Xiang, LIU Xingyong
(School of Chemical and Engineering , Sichuan University of Science and Engineering , Zigong 643000, China )

Abstract: A series of nitrogen-doped mesoporous carbons (NMCs) were prepared by using liquor grains as carbon
source,nano-silica as template and different amount of melamine as nitrogen source. N, adsorption/desorption, XPS,
XRD, FT-IR and Raman were used to characterize the structure and surface properties of NMCs, and NMCs were
used to catalyze persulfate (PS)oxidation for treating tetracycline hydrochloride (TC ) wastewater. The results showed
that the difference in the amount of melamine had little effect on the pore structure of NMCs. The pore size was con-
centrated around 3.8 nm, and the specific surface area was 138—184 m?/g. The activity of NMCs increased with the
increase of melamine, and this enhancement was closely related to the surface pyridine nitrogen and graphitic nitro-
gen. The reaction of PS activation to degrade TC met with the pseudo-second-order kinetic model, and the activation
energy was 20.29 kJ/mol. When the added amount of melamine was 14.5%, its catalytic activity was the best. Under
the conditions of 25 °C,0.4 g/L catalyst,0.4 ¢/LL PS, and wide pH range(4.0-11.0) , the degradation efficiency of TC
(50 mg/L) reached 82.9% after 60 min of reaction. The results of free radical masking indicated that surface free
radical reactions played a major role. After 4th cycles, the catalytic activity recovered to 86.9% by high-temperature
regeneration.

Key words: liquor grains ; nitrogen-doping; mesoporous carbon ; persulfate ; antibiotics
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Table 1  Pore structure parameters of NMCs
Sppr! v/ V..

P ( mZB-E;" ) ( cm3t~ g ( cml;?j;;_l ) Vawud Vi Dyyy/m

MC 168.75 0.35 0.30 0.86 3.84
2.5%NMC 157.43 0.37 0.31 0.84 3.83
6.5%NMC 183.87 0.30 0.24 0.80 3.85
10.5%NMC 137.67 0.31 0.27 0.87 3.81
14.5%NMC 158.32 0.30 0.25 0.83 3.84

HHSBET%%EJ‘%D , 45 RE 5 b 2R AUEE 137.67~
183.87 m*/g Z [A] , = 5 UM Us fin & X NMCs [ 3% 1
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Fig. 1 XRD pattern of NMCs
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Fig.2 Raman spectra of NMCs
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Fig. 3 FT-IR spectra of NMCs
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Fig. 4 XPS spectra of N 1s
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Table 2 Surface elemental composition of NMCs
and atom fraction of different nitrogen structures %

N 1s

R C 0 N
N-py N-pyr N-g N—Or

MC 9394 499 1.07 023 050 021 0.12
2.5%NMC 93.83 449 1.68 041 069 036 0.22
6.5%NMC 93.15 448 237 061 089 053 0.33
10.5%NMC  92.78 4.67 255 071 1.03 045 0.36
14.5%NMC 91.89 511 3.00 0.88 1.02 0.63 047
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Fig. 5 Degradation of TC by NMCs and

corresponding kinetic model fitting curves
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Fig. 7 The effect of different reaction temperature
on TC degradation(a) and Arrhenius fitting(b)
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Fig. 8 Effect of free radical quenching agent
on TC removal by 14.5%NMC
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