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Zero-valent copper catalysts derived from composite hydrogels
efficiently activate persulfate for the degradation of chlorophenols

LIU Quan, LIU Zifan, YUE Cailiang, LIU Fuqgiang
(School of the Environment, Nanjing University, Nanjing 210023, P. R. China)

Abstract: Transition metal/carbon composite catalysts can effectively activate persulfate (PMS) to degrade
organic pollutants. In the present study, a simple pyrolysis technique was used to effectively transform a
composite hydrogel adsorbent loaded with Cu( Il ) into a zerovalent copper/carbon composite catalyst (C-Cu),
which efficiently activated PMS and rapidly degraded 2,4-dichlorophenol (2,4-DCP). Under conditions of pH=
5, a C-Cu dosage of 5 mg, and PMS concentration of 0.20 g/L., 2, 4-DCP (0.1 mmol/L) was completely

! which was 3 orders of

removed within 5 minutes, with a reaction kinetic constant as high as 3.434 2 min
magnitude higher than those of reported metal oxides. In compliance with the Integrated Wastewater Discharge

Standard (GB 8978—1996) Grade I, C-Cu could stably operate for 81.3 hours in a dynamic column reactor.

W75 B #1:2024-02-28
EE&TH: + =KL RE (20142X07204-008)
PEZ B A XIA(1999- ), 55, E N 4 8 WK 5T, E-mail: liuquan21250065@163.com
Xk GRAEER ), 9, 8042, 1+ 4 S, E-mail : liq@nju.edu.cn.
Received: 2024-02-28
Foundation item: Special Project of Water in the 12th Five-Year Plan (No. 20147X07204-008)
Author brief: LTU Quan (1999- ), main research interest: heavy metal adsorption, E-mail: liuquan21250065@163.com.

LIU Fugqiang (corresponding author), professor, doctorial supervisor, E-mail: l{g@nju.edu.cn.



218 K5 xR ¥E AL FROP FE L) % 48 %

Under the coexistence conditions of pH=25-9, conventional inorganic salts, and natural organic matter, the
degradation of 2, 4-DCP in the C-Cu/PMS system was not significantly inhibited, demonstrating good
environmental tolerance. Moreover, the C-Cu/PMS system showed superior removal performance for various
chlorophenol pollutants. Quenching experiments of active species and EPR results consistently indicated that
zerovalent copper acts as the active site for PMS activation, generating a large amount of 'O, and - O, . LC-MS

analysis results suggested that 2,4-DCP underwent processes such as dechlorination and ring-opening to achieve

degradation and mineralization.

Keywords: hydrogel; persulfate; zero-valent copper; chlorophenol; catalysis
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Fig.1 Schematic diagram of the preparation process of

catalysts
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Fig. 2 Diagram of dynamic cylindrical reactor
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Table 1 Comparison of adsorption properties of SA-PAA,

SA-PAA-ZIF-67 and reported adsorbents for Cu(ll )

#omi/  Cu(ll)/  Wekf/ Z%

A (g/L)  (mg/L) (mmol/g) 3Cifik
PVA/SA@ZIF-9 1.0 50. 0 1.547 [21]
Cu(Il )-p(PEI/HEA) 2.0 64.0 0.625 [22]
poly(AMPS-co-V)-g-GT 1.0 20.0 1.089 [23]
SA-PAA 8.3 64.0 2.086 A5
SA-PAA-ZIF-67 8.3 64.0 2.680 AW
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Fig.3 Optimization of catalysts
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Fig. 5 Optimization of experimental parameters for 2,4-DCP degradation by C-Cu/PMS Reaction conditions
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2,4-DCP By e B 2514 . pH Ry 5. C-Cu AL 78 in
M5 mg PMS R RE N 0. 20 g/L.2,4-DCPHILR
e~ 0. 1 mmol/L,
2.3.2 MakriR

T2 THT C-Culk & 5HAh PMS & 2 X%}

2,4-DCP Wy B f E e . H1 & 2 Al 1, C-Cu/PMS {1k
Rl HE AR AE AL T & PMS 0 & F 2 3 5 1
2,4-DCP Z B3, H LR A o 5 5 08 A IR R 12
3R

®2 C-Cu5E4RiEPMS K RFEAE 2,4-DCP R MHERELL R
Table 2 Comparison of the performance of C-Cu and PMS system in the degradation of 2,4-DCP

it HEAL I BB R IE /(g/1)  2,4-DCP i k¥ /(mg/L) PMS ¥ B2/ (g/1L) LBRF/ % k/min"' ZFE Lk
pyrite 1.00 10.0 0.50 98.0 0.000 2 [29]
FeCo,0, 0.06 100.0 1.00 95.8 0.000 4 [30]
Zn0/7ZnMn,0, 0.40 15.0 0.40 86.0 0.002 5 [31]
nZve 0.05 5.0 0.14 100.0 1.8550 [32]
C-Cu 0.10 16.3 0.20 100.0 3.434 2 KRB 5T
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ik R B P AR K SE S i C-Cu/PMS
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Fig. 6 Exploration of active species in the C-Cu/PMS

system
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O, WA AN 6(b) s, %R 2 v a] i i il
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2.4.2 XPS 4 #f

ik XPS % FE X 4 M C-Cu i b AT 5 4% 00 %
LR . W 7(a) s, C-Cu 2l C.O,
Cu.Ca#fili, 5 EDSZ R —% . WK 7(b)fiR,0 1s
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