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Abstract: In order to realize the comprehensive reuse of solid waste, the iron/sludge-based biochar
catalyst was prepared by using the mixed sludge of activated sludge and Fenton iron sludge from the
sewage treatment section of steel plant in Anshan, Liaoning Province as raw materials, and kaolinite
as binder by a mixing-extrusion and pyrolysis method. The structure was characterized and the
preparation process conditions were optimized. We optimized the process parameters of catalytic
ozonation degradation of simulated wastewater containing quinoline as the target pollutant, and
studied the stability and catalytic mechanism of catalyst. The experimental results show that the surface

of catalyst is rough with a rich porous structures, and the catalyst mainly contains Fe; O, ,CaCO; and ZrO,
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crystals. The optimal preparation conditions for the catalyst are a binder addition of 12.5%, pyrolysis
temperature of 800 ‘C, and pyrolysis time of 3 h. Under the conditions of initial pH=7, catalyst dosage of
50 g, and initial mass concentration of 50 mg/L of quinoline, the removal rate reaches 76. 31% after 10 min
of reaction. The catalyst has good stability, and the removal rate of quinoline only decreases by 0. 09
percentage points after continuous use for five times. There are two types of hydroxyl radical ( + OH) and
superoxide anion radical (O; ~ ), as well as singlet oxygen (' O,) non free radicals in the catalytic system,
with O, ~ playing a dominant role in the reaction. The change of Fe*™ /Fe®" ratio before and after the reaction
indicates that the redox cycle of Fe*" /Fe*" participates in the catalytic degradation reaction. This study
provides a new idea and method for the reuse of solid waste and the efficient treatment of coking wastewater.
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Fig. 1 Reaction device of catalytic ozonation process
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Fig.3 Effect of different pyrolysis temperatures
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Fig. 2 Effect of binder addition amount
on degradation efficiency of quinoline
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Table 1 Analysis results of elemental composition of catalyst

. EDS XRF ICP-OES
e Bk e 80 % S NEE Bk e 80 % i Y80
C 13.76 25. 92 — —
0 34.84 49. 26 — —
Na 0.83 0. 82 — 0.76
Al 2.57 2.15 3.83 3.54
Si 3.25 2.62 5.29 4.68
S 1.54 1.08 1.26 —
Ca 7.82 4.41 15.67 8.27
Ti 0.52 0.24 0.92 0. 36
Fe 30. 82 12.48 30.13 27.89
Zr 4,05 1.00 — —

e 1AL, ARSI B A E E 2 C, O, Na,Fe,Ca,S,Si, Al, Ti 1 Zr, Hrh Fe,C,0 MR
BB R 30.82%,13. 76 % . 34. 84 % (EDS 4535, Si Fl Al %14 w08 - P i i 4y, 78 = IR AS L T
AR EAAAE TR . SHAMAETEMLIL, BT Fe mEAMALT D SRR, Wik, 1k
R R T, i Fe 51 & M fb son & £ S A4EH.
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B4 R ITE W Fe, AL DL RFRZ R RIS b iy AL S Zr & BT R, Sad i, (A8 FAeN
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Fig. 6 SEM image of catalyst Fig. 7 XRD pattern of catalyst
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Fig.8 XPS of catalyst (A), XPS of Fe 2p (B), XPS of O 1s (C) and XPS of C 1s (D)
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(- O R T BRG], HKFER pH A 2 Bl 5207 B 8] 1) 38 fin i AR W7 k. [, KRER) pH (8 25
M {4 A 700 2 T AP S5 AN AT AL TE K T A A L R TR M S B 25 . Pk R A S I IG pH (E T4
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KAE 89. 6%, 4 pH {E T 2 ol P I Bsf s mbh 1) B A o T R R, SRR PR R IR T, REAAAER) H il 5
RO, HEBERAMA N T, 10 O, RALBE S 3055 ; SmBMEIAREE T A SR OH i3k, kA
3 B e R R, IF HLAE K R RS R W R £ Bl p L A B4 T 5 T A, R R T AR A B B AT, i T
PRk e pHAEZ A 7, HILEESE pH="7 1E Rix SN M 5ol pH H. 7ESLPR T 2859, ANH#HMA
WK pH {H.
2.3.2 ALK B b MR ok 8RB

AR 75 8 45 o T X R AR SR AL S I 4 SR A B R L AR S PR TR, T AR A A
AR, B, 808 A3 0 AR B A B T AR, B E A R 25 1 v ko) 4 T
HBE 50 mg/L, RAERIE 10 mg/L, #146 pH="7. 2 51#/0 20,30,40,50.60 g WAL, % %4
Al 30 45 o 0 A A R R SR A R A e RSO B B I, 25 SR AN 10 B, mi I8 10 WL, A AR ) 45
ARG, kR R O TR TR R R . YR I i 4 B 20.30.40.50 g B, 10 min
I s B Y88 i 3543 91 K 44, 99 %6 ,65. 87 % ,72. 62 % ,76. 31 % s AkSEIG NN 2 60 g, W BRI Al R W [
i, Ry 74,64 %0, AR AN o 55 4 Ak 300 2 10 AT SO A TR A G . 24 AR R A e A b i, AT
o7 3 P A D s R A - OH IRCREAR; bt mnt, SECEREE LS, &
R A3 TR LSRNV B R AE — S SRR RSB RAIR DT B3R A1 o e s bl () 8028 . Sy ik B R
Woe figp S5 SR o BCHEAL RN BN 50 g 18 Ry fe it I g 45 1F
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Fig. 9 Effect of pH values on degradation Fig. 10 Effect of catalyst dosage on degradation
efficiency of quinoline efficiency of quinoline
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Wk e R, AR 11 AT UL, 28 5 WRAEER T . 30 min MEMKIE AR RN 98, 59 % FE R 94.08% . 90 min [ f#
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FELA K409 nT 80 v K Bl A . SR TICP-OES 2 42 8 12 1 A0 o i vk B L R A3 1 o
HWE R0, 125 mg/L, 1K TFrifE(GB 25476—2010) , FBHIZ ML 54 2 1 B 1T
2.5 T P AR IEE R UK RO AL ER
2.5.1 B @mEMH LB K EPR MK

PIAUT BN - OH MZERH, X8 M A 2L O, DMK, B8R IR R H Y H 320
DL RO AL, #E ] pH=7, BRI EH 10 mg/min, [0 0 &5 HIEFE 50 g BYMEALT], MEmkw) i BT &t ik
JEH50 mg/L. 43 AIEERBIERFINA 1 g/ L BUT BRI 1 g/ L X R b 5L S80S Th % A s bl S 1y 235 54 an
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Fig. 11 Degradation effect of catalyst after Fig. 12 Effect of different quenchers on
continuous use for five times degradation of quinoline in system
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