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Process optimization and degradation mechanism of organic matter in Fenton oxidation treatment of coking wastewater.
RAN Yu-fang!", XU Chun', LI Xin-peng!, GONG Yao', FENG Wei-bo?, HU Jia-shuo?, ZHAO Cheng-wang’ (1.Chongqing Iron &
Steel Co., LTD., Chongqing 401258, China; 2.School of Energy and Environmental Engineering, University of Science and
Technology Beijing, Beijing 100083, China). China Environmental Science, 2023,43(12): 6329~6340

Abstract: In this study, Fenton reaction was used to oxidize pollutants in coking wastewater, and the degradation effects of time, pH,
H,0,/COD mass ratio and Fe**/H,0, molar ratio on coking wastewater were investigated. The response surface method (RSM) was
used to optimize parameters, and the change rule of organic compounds in the reaction was explored. The results show that Fenton
oxidation has a good treatment effect on coking wastewater. Under the conditions of pH=3.19, m(H,0,/COD) 1.72, n(Fe**/H,0,)
0.74 and reaction time 40min, the COD removal rate was 72.69%. The B/C ratio of treated wastewater increased from 0.24 to 0.32.
According to the analysis of organic matter in coking wastewater before and after the reaction, there were 21 kinds of organic matter
in raw water, most of which were macromolecular substances with complex types, while the number of organic matter in Fenton
effluent was significantly reduced to 14. Among them, nitrogen-containing organic matter was completely degraded, some aromatic
compounds in the benzene ring cracked, most of the long chain organic matter was broken into short chain organic matter, and the
overall molecular weight decreased.

Key words: fenton oxidation; coking wastewater; response surface method; organics analysis; mechanism
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Fig.3 Effect of pH on pollutant removal in coking wastewater
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Table 3 Experimental results of response surface method

.  Fe?/H,0,  H,0,/COD  SEERMmaR:  Jy A2y
J¥'5  pHIH E, = )

WIREL)  (FiRH) {H R1(%) R2(%)
1 4.5 0.55 2 66.18 63.95
2 325 0.1 1 61.45 58.84
3325 0.55 1.5 70.55 71.96
4 4.5 1 1.5 64.73 64.34
5 325 0.55 1.5 71.27 71.96
6 325 0.55 1.5 7291 71.96
7 2 0.55 1 60.36 62.59
8 325 0.1 2 60.36 60.88
9 325 1 1 66.18 65.66
10 2 0.1 1.5 57.82 58.21
1 325 0.55 1.5 72.36 71.96
12 325 0.55 1.5 72.73 71.96
13 45 0.55 1 59.09 60.00
14 325 1 2 68.36 70.97
15 2 0.55 2 66.91 66.00
16 2 1 1.5 66.18 64.48
17 45 0.1 1.5 52.00 53.70

FEANBETHUFE 17 AS925 55, K H Design Expert
13.0 X SEIGARE Hh 1 7341, 73531 LL COD 25 B 264
IAE ), H 22 TRl YA 20 A 06 S 56 s ik 47 L4 3k

P45 ZE 3 WAL 2 PRI R AR 4, — Ik 2 TR,

LRI h (7):
Y =—1.479+24.17X, +27.04X, +30.53X, +1.94X X, +
0.22X X, +3.63X,X, —4.07X,;> =26.74X,> -9.85X

A F 10 G AR R 7 22 43 AT (ANOVA) X £ 4
AT A R0 br, Forb PRI RN R BRI K 2%
SRR ML E/KP,P /T 0.05,3 ALY 5% K
Z BRI E /N T 0.001, 72 B Bl % [F 2%
R 3 2RI Sk 2R s B B Y 5 s 36 FU 5 1

O

FRBE RN 38 22 S (R . 22 1 X Uy 22 93 B ] e A 20
() F {8 A 11.66,P=0.0019<0.05 13 B iZ B (K404 2%
B RAFRPIIR P=0.0236<0.05. 15 1] Ik Z AP0
Ji RS SERREE ) A

Fx4 COD ERRFEHIMLERE T ESITIREZ 0L
Table 4 Extreme significance test of variance analysis of

response surface model of COD removal rate

TR P AhE B F Al Py BFEME
R 539.76 9 59.97 11.66  0.0019 B

A 10.74 1 10.74 209 01917
B 142.97 1 14297 2779 0.0012
C 27.12 1 27.12 527 0.0553
AB 477 1 477 09279 03675
AC 0.0729 1 0.0729  0.0142  0.9086
BC 2.67 1 267 05196  0.4944
A’ 170.69 1 170.69  33.18  0.0007
B2 123.44 1 123.44 2399  0.0018
C? 25.52 1 25.52 496  0.0612
B 36.02 7 5.15
K 31.9 3 10.63 1032 0.0236 B
iRz 412 4 1.03

syl 575.78 16

Aoff FH 10 A AR R 7 22 43 BT (ANOVA) Yo £ 4
HHATHLA RS AT, S0, P A I /N R WA K 2%
SR Z ML ZAKTP EH/AT 0.05, 78 MR sl 12 [
FAT B PP AE /AN T 0.001, 2 BB B K- DR 2%
R S 2 UL SRR 7 i R A 5 S B0 4045 (1)
Pt B R 3 2 S (R R . 22 Ty 22 A ) e A 7Y
() FAE R 11.66,P=0.0019<0.05 i W iZ A% 1 (4825 3%
R KPR P=0.0236<0.05.35 1] ik Z A&
T PR SERR BRI £

ST NAY Y, 250 A, B, A% B? RN %
(P<0.05); By iE B0 R*=0.9374,%8 % 2% C.V.%=
3.48%<4%, 3 WA RS 1Y 1) 1] A5 55 ARHURE i 155 8 v b %
ERBRAE S S A HE, KT 4 BIRE & 250
T Y T ARSI E I LER 10,496, KR8 5 5 78
JEZEA DAL AR R, i) T A 2 Ol R SR A, T
.

3w S TV 43 E) Fenton 48 AL AR AL /K
(AR 4 pH=3.19. Fe*'/H,0, 4 0.74. H,0y/
COD Jiifa th oA 1,72 J SIS 1] &y 40min. X 1% 52 5
ZAFREAT T B UE, 43 B SBR[ COD 2 BR &N
72.69%, S TIFIAL 73.29% XA % 0.82%.1X %
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X (7) T U G R 8L Fenton 484 FE Ak IR /K (1)
AL PEASR.

222 —[N7BBDHER T COD LFRZFEMMm
K 6(a)fi 78, H,0./COD R E N 1.5.24 Fe*'/
H.0, YRR/ T 0.4 I,COD 2[4 2 A%, 24
Fe2'/H,0, W) R (f1 R LU AT 0.75 22471 ,COD [ 22 B
B pH (TGN 2~4.5) 1088 K, o1 K5 .24
pH=3.25,Fe*"/H,0, )Tt 1 &t 0.55 f,COD %%
B 71.96%. 1t BN Fe* /H,0, W5 i & L ot
COD [ 2B % 1) F= B2 0 K 32, (K H Fenton 424k 11)
AL 2 (2) T 01, Fe™ WIUAH S 3 s {23t Ho0,
72 -OHL 1Y A LR .4 55 -OH 1 422 fk ik 26,
COD [ Tt iy AR — 52 ()i, ) 2 L B(6) ) MY,
T K 2 8 5537 3 1K-OH &N, I /b-OH 2 5 [l 4R
A0S, AT COD (1) 22 B R [.(3) s AR F(2)
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Fig.6 Influence of different conditions (pH, molar ratio of
Fe*'/H,0,, mass ratio of H,0,/COD) on COD removal

rate of coking wastewater

W 6(b)Fia,Fe® TH,0, MR R L 0 1.
EE R LLE tHpH (G H 7R 2~4.5 I, [#] 58
H,0,/COD it & Lt 24y [X 1] Y AT — {H I, & 7K 1)
COD LBk pH {E A4 K 5614 K 5 /N pH L 7E
2.75~3.75 P JA) 2 B H SR K B0 i b s R B Y
pH=3.2,H,0,/COD JiifElt 1 If,COD EBR&Fimm
72.61%.7E pH {EEAGI, (i H s W 03w i) 1
SN Fe IR 5L N 25l />-OHL 172 A, 5 i J
MR G T pH B, A R T4 v O R AR AL
2R T pH A8 R I, 2k LL Fe(OH)s F T UM H L 10
Wb B Fe™ ol b BHAS T Fe’' 5 Hy0, N F2E Fe™,
A FTF Ha 00 7EBE A 5T 43 A% 2 O, A HLO, AT B
ik 7-OH [y &0,

WP 6(c)FT7,pH {E [ 5 4 3.25.Fe” /H,0, YR
M LAE 0.5~1 Z[H),H,0o/COD JiiH Ll 1.4~2 Z
[i],COD HILERZEIIE 70%Lh .24 Fe* /H,0, i
()& E 0.55,H,0,/COD Jii & tt 1.5 I,COD % [ % 5
B 71.96%.P=0.0019<0.05 & WAL &5 5 I % R=
0.9374 AHCHE R 4F NE ] DU H COD (1 %R
Bti%; H,0,/COD JifE Lt Fe®'/H,0, ¥ I 2 L)
388 o i B4 n, i s X (2) T LA R R A R
TOH (AP Rt K Fe™ 2 S EUR KN
SSEr S 3 N, T R SRR T, 5 e S A B v 1
H,0, W EEH FI T COD [AAE &, 5 M 7K 5 K T A2 4047,
A AT BE 7oA HaO, YRS (38 i ml A2 E-OH A
356 (¥ ¥ Bk, OF HL B S B B — A S8 A AT 32 /S
F-OH 1335 A i HOL) P T kb 81 BN ey B,
AT CAAS I BEZS N HaO BRAEHEAN S N I [ P 1 2244
hn H202[36].

2.3 Fenton ZbHEHTJ5 ALK K A HLALL 5 43 BT
2.3.1 Fenton AHIH 5 AL R K P A NG L4
S TRE ST BT R R K
HHUAL 5 34T GC-MS 43 B, Wi B 7(a) i, JE K H
ALY (B I B 2 28, WL g i £ 4
i 40min f¥) Fenton AbPE 5, 4nB 7(b) AR, 2 it
T LI Rk TVF 2 X U] Fenton ARFEXT
FEAC IR K AT WL G AL o3 R B8 R A A R
M550, Fenton A3 40min 0] LLBEMREEAL R /K A7 K
SN ESRIRY/E

2.3.2 FEALIEI/KAE Fenton ACHHT G AN A S
A BT KA R K A B R S A ALY G
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A 43 %

Gy REAT 1A, A R B 8 B JEUK A 21 Rl HLAY),
Y153 52 5% HL 22 hy M B 1) 5 Rk & 4, L O
FTEY . SRINEY . TR DI
e R 32.42%. 16.5%. 33.04%.
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K7 R K (@) St FE AR B AR R KB L4 43 1
BT (b) (pH=3.19+ Fe?'/H,0, 4 0.74. H,0,/COD Jj 1.72.
J VB[R] 24 40min)

Fig.7 Primary coking wastewater (a) and ion flow of organic

components in the water under optimal treatment conditions (b)
(pH=3.19, Fe?'/ H,0, 0.74, H,0,/COD 1.72, reaction time
40min)

Fenton AbPE 5 AL IR K PRSI 14 R HL
W, BTN TG EERAE YRR A X
EEDHHN 57.18%. 34.48%F1 8.33%,IM &5 AL
AR S B A Y e ik

L s sEik K
=REET ST EEIERYS

AN
K8 AR K AL BE R J5 A HLA &5

Fig.8 Relative content of organic matter in coking wastewater

before and after treatment

FEEY TR, E B R KE L Fenton &b
B ,— 073 77 A B W 1 S A W 2R A BRI 1 0 A
T, — 8 2 RUA & B b & F 5 A A )
FL (1 U P0G e T 0% 110 2R R 2 I T A% (1
AL B IE SN JE T4y 40% 4647 COD R I LA,
ARG 25 B i R K E LB S IS T JRUK,
DAL bt A 0 8 ZKO0T T R TR 28 49 D o8 e 5 S A A8 A1
R UK TP R e . 2R BT WL (e Ak
HUG AR, S IR B RE A
058 A BAT WL AT 1T BE 4 4 A 5 4l i
R THU, I K PR A S R P X
2.1 PEE S AR L A S A 7 A A3
Je (R R AR R 7K AR DR 7K HR A A W 1K R 254
5, 0] RE TR S R AL B R 3 R A s A 1y 2K )
JR%,

/® H,0

E§+(L£H\ipF+Jw;iva

B9 LR EA A R N AL

Fig.9 Reaction mechanism of typical aromatic compounds
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B T o S A B, B R R P R B i 1,
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Table 5 Organics in coking wastewater

JK puSEIE YN
HHA) , FAXS 537 AR , AHR 937 AHR & &
AR gt L HESLATR st . "
S (%) i (%)
Benzenepropanoic
acid,3,5-bis(1,1-dimethylethyl)— C35Hg03 530.9 1.78  Phenol, 3,5-bis(1,1-dimethylethyl)— C14H0 206.32 21.97
4-hydroxy—,octadecyl ester
Diethyl 2—(p—tolyl)malonate C14H304 250.29 2.42 2,4-Di-tert-butylphenol C14H0 206.32 8.05
o Phenyl 1 CoHsO 130.139  16.27 Fhenol, 2,2 methylencbis Cy3H30 340.5 3.90
enylpropynal . . . .
) vipropy e [6-(1,1-dimethylethyl)-4-methyl- > >~
Benzenemethanol,4-methyl- CgH,00 122.16 1.28 Methyl stearate C19H330, 298.5 23.26
1H-Indenol CoHgO 132.16 6.51
Benzene, (ethenyloxy)— CsHO 120.15 2.89
Benzene, 1 -methoxy—4-methyl—- CgH,00 122.16 1.27
5-.beta.,8—.beta.-Epoxy-3,5,8,8a Valeric acid, 3,5-dihydroxy-2,
CoH;00, 150.17  16.50 . C7H,,04 144.17 2.78
—tetrahydro—1H-2-benzopyran 4-dimethyl-, .delta.~lactone
TS Methyl(methyl 2-O-methyl-.
N . CoH,607 236.22 4.64
&x/] alpha.-D-mannopyranoside)uronate
7,9-Di-tert-butyl-1-oxaspiro(4,5)
R C17H2405 276.4 2.65
deca—6,9-diene—2,8—dione
2,2-Dimethoxybutane CsH 140, 118.17 3.72
Butanoic acid, methyl ester CsH;00, 102.13 2.73
Sh A A ' L—Arabinitol CsH,,0s 152.15 3.86
3,3-Dimethoxy—2-butanone CsH 1,05 132.16 3.01
gy’
2-Propanol, 1,1'-oxybis— CsH 1405 134.17 6.36
D-Ribo—Hexose,
. C7H,4,04 162.18 4.73
2,6—dideoxy—3-O—methyl-
Ethane—1,2—diol,1,2-bis(1-benzot
. CisHpNgO2  296.28 5.24
riazolyl)—
Spiro[4.4]non-3-en—2-one,4-met
hyl-3-(1H-tetrazol-5-yl)-1-oxa C;oH2N4O> 220.23 2.15
1H-Pyrrolo[2,3-b]pyridine C7HgN, 118.14 1.77
1-Methyl-2-phenylhexahydropyr
Ci1Hi6N> 176.26 1.51
R imidine e
&) 2-Methyl-5—(4-methylphenyl)tet
h YIS viphenyDiet NG 1742 451
razole
2H-Pyran—5-carboxamide,2-oxo
. Ci4H3NO3 243.26 7.25
-N-(2,5-dimethylphenyl)-
N-[1,2,3-Benzotriazin—4-yl]-N'-
CoHoNsO 203.2 8.82
methyl urea
Cyclopenta[c]quinolin—4-one,
yelopentalclq CiHiINO 185.22 1.79
1,2,3,5-tetrahydro—
(Z)~Docos—9-enenitrile CHy N 319.6 1.70
HAh &M Acetonitrile,2—(2-azulenyl)~ Ci,HoN 16721  5.54
aW Butanamide,N-methyl-N—(1-met
CgH7?NO 143.23 1.51
hylethyl)-
Kok 9-Methylheneicosane CaHys 310.6 1.52 Undecane Ci1Hay 156.31 8.33
" Bicyclobutylidene CsHis 10818 17.76

2.4 ZFHIEAIIHT

AN Ab B 7 300 T fR A0 B K Ak B 28355 0 H

tbaank 6 Fros.

Kb B AR A R K IR B T A0 355 A 5 24 51 B3

FE FL W AE LA SIS T 25 B 4 i A 1 B A
9Y¥3% 1 1) Fenton 4B T 25 (4 5F 414 R (pH=3.125.
Fe*/H,0, Jj 0.7. H,0,/COD ittt ly 1.2,COD 2=
BN 70.32%) A0 BL A Ay 11.51 T/t MR T Hoh Ak
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Tt 221K HaOn B 220 AT BUSAS B iy, 1X Al 5 7
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B COD 4/F T Fenton 4b P B AL — 5.
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Table 6 Economic comparison of different treatment methods of coking wastewater

JiSEyEy Jii/k COD(mg/L) 7k COD(mg/L)  KIEWINEW)  COD K% (%) AT 2% 3k
R 5500 2149.95 0.028 60.91 14.01
UREAR 5500 1502.05 0.028 72.69 17.91
2 5500 1632 0.028 70.32 11.51
Fenton 228 63 0.021 72.4 1.28 [40]
SBR 1591 335 0.67 78.9 4.28 [41]
A/O-W 3854 43 1.6 98.8 10.86 [42]
A/O—IRERDTHE 3677 291 0.85 92.1 8.04 [43]
WG E-A/O 3650 160 8 95.6 5.9 [6]
PEBE-HH-EVAIR
o 27000 110 2 99.6 84.8 [44]
TE U0 LUK 25 B B AR BEAT S —
DRI R A 5 A B 2 75 7% T8 Fenton (Y. S 30k
5 AR T M R TRA T AR AN KR N R [1] K e AL e B 0 SO0 B MR
OIS JKALERPERERIFT [D]. KiE: KIERE T K%, 2021.
Zhang Y Z. Preparation of metal oxide catalytic electrode and its
3 z:éﬁt, photocatalytic/microbial fuel cell water treatment performance [D].
Dalian: Dalian University of Technology, 2021.
31 Fenton AL[\}E:B\‘:\'T{A}ZEAQ E‘]Fi-i"fi %’ﬁ:ﬁ'\] pH:3.5, [2] Zhuang H, Han H,. Jia .S, et al. Advance.d treatment of bi.ologica.lly
pretreated coal gasification wastewater using a novel anoxic moving
m(HZOZ /COD):I 6:1 ,I’l(FeszzOz):l :29 }i E\z HTJL I‘Eﬂ j"j bed biofilm reactor (ANMBBR)-biological aerated filter (BAF)
40min,COD.BODs A TOC iﬁfﬁﬁﬁj\%ﬂ 1514 60.91%- system [J]. Bioresource Technology, 2014,157:223-230.
47.87%Fl 67.01%,@5?5&%&%%%@%% PN [3] Wt Mo A B R T A L IR K A/O T & HIK
_ MEsE 3], P EEEE RN, 2008,28(3):215-219.
fllﬁ‘@?//[\ Lai P, Zhao H Z, Ni J R. Study on treatment of effluent from A/O
3.2 ¥/ BBD iy EEY{; i IE Sy = R? 184 coking wastewater treatment system by ferric sulphate coagulant [J].
09374,P<005 BrE'i 'ﬁt % ’ﬁ: %j pH=319 . m(H202/ China Environmental Science, 2008,28(3):215-219.
2 . . [4] LiJ, Yuan X, Zhao H, et al. Highly efficient one-step advanced
COD):I T2, n(Fe /H202)20‘74‘ &Fj[ﬁ» I‘ﬂ j»] 40mln’ treatment of biologically pretreated coking wastewater by an
%DLI: ijﬂﬂ j% ’f/t E 7J( 73.29%, i IK/T? E’(J COD f I;,% ﬁ ?'\j integration of coagulation and adsorption process [J]. Bioresource
7269%,%}1@ HE *ﬁﬁém‘;’:‘; Technology, 2018,247:1206-1209.
” ; . [51 £ IEXEEL A RKIR A BRI T (1], PR O
3.3 £ Fenton A3 AL KA AL 1 21 248 2009,3(10):1804-1807.
ﬁEF{)il/l\j'g 14 *EF;H\: *,gﬁ%ﬁ*ﬂ#@%ﬁ%éﬁ%ﬁﬁ,%ﬂ Wang J, Liu Y X, Fan D. Experimental study on advanced treatment
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[7]1 Chu H, Liu X, Ma J, et al. Two-stage anoxic—oxic (A/O) system for

5500mg/L [ 5) 1632mg/L ZEA47,BE1% T 70.32%, H:
A FEREALI A 11.51 JUt.

the treatment of coking wastewater: Full-scale performance and

microbial community analysis [J]. Chemical Engineering Journal,



12 3

s

Fenton &AL PEARAL IR K 1) T 2 A0 KA B BEfEBL G

6339

(8]

[l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2021,417:129204.

Marafion E, Vazquez I, Rodriguez J, et al. Treatment of coke
wastewater in a sequential batch reactor (SBR) at pilot plant scale [J].
Bioresource Technology, 2008,99(10):4192-4198.

Zang L, Wan Y, Zhang H, et al. Characterization of non-volatile

organic contaminants in coking wastewater using non—target screening:

Dominance of nitrogen, sulfur, and oxygen—containing compounds in
biological effluents [J]. Science of The Total Environment, 2022,837:
155768.

FHAZ, 14 W] Fenton /LR AL PR /K b 31 v 1) B H R ISR 8 (7).
S 7K HEK, 2008,24(18):9-13.

Yang L P, Xiao X M. Application and research progress of Fenton
method in coking wastewater treatment [J]. China Water Supply and
Drainage, 2008,24(18):9-13.

Jiang Y, Ran J, Mao K, et al. Recent progress in Fenton/Fenton-like
reactions for the removal of antibiotics in aqueous environments [J].
Ecotoxicology and Environmental Safety, 2022,236:113464.

Gao X, Zhang C, Wang Y, et al. Treatment of membrane concentrated
landfill leachate by a heterogeneous electro—Fenton process with an
iron—loaded needle coke cathode [J]. Journal of E Environmental
Chemical Engineering, 2022,10(5):108287.

Badmus K O, Irakoze N, Adeniyi O R, et al. Synergistic advance
Fenton oxidation and hydrodynamic cavitation treatment of persistent
organic dyes in textile wastewater [J]. Journal of Environmental
Chemical Engineering, 2020,8(2):103521.

B PRI B AR B, A S A PR A B ) b BEHEAK DY ER
FPEIED (7], b E PR, 2017,37(9):3315-3323.

Zeng P, Liu S Y, Zhang J K, et al. Fenton method for in—depth
treatment of tetracycline resistance genes in biotreated drainage [J].
China Environmental Science, 2017,37(9):3315-3323.

Shi L, Zhang Y, Zeng C, et al. Zero sludge discharge strategy for
Fenton oxidation wastewater treatment technology: Biological
regeneration and in-situ cyclic utilization — A feasibility study [J].
Journal of Cleaner Production, 2022,376:134259.

Xu M, Wei J, Chen X, et al. Satisfactory degradation of tetracycline by
a pH-universal MnFe-LDH@BC cathode in electric Fenton process:
Performances, mechanisms and toxicity assessments [J]. Journal of
Environmental Chemical Engineering, 2022,10(5):108409.

JWEL T AT 5,55 Fenton UL L BR ALK GNIEHR K P
PUIIwEST [J]. Tk K 5K, 2020,51(2):11-16.

Fan L Q, Ma X, Ren J, et al. Study on the removal of organics from
nanofiltration concentration of coking wastewater by Fenton oxidation
[J]. Industrial Water and Wastewater, 20,51(2):11-16.

Tyagi M, Kumari N, Jagadevan S. A holistic Fenton oxidation—
biodegradation system for treatment of phenol from coke oven
wastewater: Optimization, toxicity analysis and phylogenetic analysis
[J]. Journal of Water Process Engineering, 2020,37:101475.

Verma V, Chaudhari P K. Optimization of multiple parameters for
treatment of coking wastewater using Fenton oxidation [J]. Arabian
Journal of Chemistry, 2020,13(4):5084-5095.

P %k.Fenton J:4bFRAEALEKAIRIGHT ST [J]. BEUEIRIE (R,
2017,31(5):12-14.

Chen B. Experimental study on the treatment of coking wastewater by

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31

[32]

[33]

[34]

Fenton process [J]. Energy and Environmental Protection, 2017,31(5):
12-14.

Lima V N, Rodrigues C S D, Brandao Y B, et al. Optimisation of the
degradation of 4-nitrophenol by Fenton's process [J]. Journal of Water
Process Engineering, 2022,47:102685.

PO BTSRRI A AL B AR G R AR AR Sy
B [9]. B TAE TR, 2019,27(2):77-80.

Huang W, Du Y, Ding X et al. Analysis of nitrogen conversion
process in waste leachate treatment system [J]. Environmental Health
Engineering, 2019,27(2):77-80.

ST IR EE-Fenton-A/O T Z At ZUAL HIL P 52 K R CR S L
FEWFFT [D]. A AR ERITE R, 2020.

Wu X. Study on the effectiveness and mechanism of enhanced
denitrification of slaughter wastewater by coagulation—-Fenton—a/o
process [D]. Fuzhou: Fujian Normal University, 2020.

Jiang W, Zhang W, Li B, et al. Combined fenton oxidation and
biological activated carbon process for recycling of coking plant
effluent [J]. Journal of Hazardous Materials, 2011,189(1/2):308-314.
Chu L, Wang J, Dong J, et al. Treatment of coking wastewater by an
advanced Fenton oxidation process using iron powder and hydrogen
peroxide [J]. Chemosphere, 2012,86(4):409-414.

Zhang H, Yang J, Yu W, et al. Mechanism of red mud combined with
Fenton's reagent in sewage sludge conditioning [J]. Water Research,
2014,59:239-247.

U8, T2, i 5% [, 55 Fenton 71K S NATLER B 50 0 24t 5 ik
J& [7]. ToksKAabPE, 2017,37(5):10-14.

Liu X L, Yin HL, Lin A G, et al. Research progress on reaction
mechanism and kinetics of Fenton reagent [J]. Industrial Water
Treatment, 2017,37(5):10-14.

1751t Fenton VEVRREAC B ALK BTIRER BT [D]. Ki&: K&
K2, 2020.

Bai S B. Advanced treatment of coking wastewater by Fenton process
[D]. Dalian: Dalian Maritime University, 2020.

Deng Y, Englehardt J D. Treatment of landfill leachate by the Fenton
process[J]. Water research, 2006,40(20):3683-3694.

Sayin F E, Karatas O, Ozbay I, et al. Treatment of real printing and
packaging wastewater by combination of coagulation with Fenton and
photo—Fenton processes [J]. Chemosphere, 2022,306:135539.

9 1, TR N TR DA R L SF WAL B R 4L X-3B BRK
[7]. 4846 T, 2022,51(5):1014-1019.

Peng Y, Zhao P F. Treatment of reactive red X-3B wastewater by
response surface method [J]. Contemporary Chemical Industry, 202,
51(5):1014-1019.

Guo Y, Xue Q, Zhang H, et al. Treatment of real benzene dye
intermediates wastewater by the Fenton method: characteristics and
multi-response optimization [J]. RSC advances, 2018,8(1):80-90.
JefRBEAT W 5K XA Fenton S0/ BET R AL BRAEAL K 424
HUKEGBITE [0]. FRIEREE, 2006,(11):2201-2205.

Zuo CY, He M, Zhang P Y, et al. Synergistic treatment of biological
effluent from coking wastewater by Fenton oxidation/coagulation [J].
Environmental Science, 2006,(11):2201-2205.

Ribeiro J P, Marques C C, Portugal I, et al. Fenton processes for AOX
industrial wastewater:

removal from a kraft pulp bleaching



6340

o[ F

ST
5%

B

43 %%

[33]

[36]

371

[38]

[39]

[40]

optimisation of operating conditions and cost assessment [J]. Journal
of Environmental Chemical Engineering, 2020,8(4):104032.

Ramos J M P, Pereira-Queiroz N M, Santos D H S, et al. Printing ink
effluent remediation: A comparison between electrochemical and
Fenton treatments [J]. Journal of Water Process Engineering, 2019,31:
100803.

Munoz M, Pliego G, de Pedro Z M, et al. Application of intensified
Fenton oxidation to the treatment of sawmill wastewater [J].
Chemosphere, 2014,109:34-41.

Wang C, Liu Y, Huang M, et al. A rational strategy of combining
Fenton oxidation and biological processes for efficient nitrogen
removal in toxic coking wastewater [J]. Bioresource Technology, 2022,
363:127897.

Chen Q, Lii F, Zhang H, et al. Where should Fenton go for the
degradation of refractory organic contaminants in wastewater? [J].
Water Research, 2022:119479.

Rodriguez S, Lorenzo D, Santos A, et al. Comparison of real
wastewater oxidation with Fenton/Fenton-like and persulfate activated
by NaOH and Fe (II) [J]. Journal of environmental management, 2020,
255:109926.

ik M R KRS A FE T ERE T [D]. dbat:db T JA K,
2020.

Zhang Y. Research on deep treatment process of coking wastewater

[D]. Beijing: Beijing Architecture University, 2020.

[41]

[42]

[43]

[44]

200 B, BRI, S SN BB K AR BB AT 5 S Sk (0]
PRI TRE2AAR, 2014,8(5):1965-1969.

Jin X W, LI E C, Lv S G, et al. Research and practice on nitrogen
removal from coking wastewater of Baosteel [J]. Chinese Journal of
Environmental Engineering, 2014,8(5):1965-1969.

BRILE R TR AR LGS K AL B TR S [T]. KAE
FREER, 2021,47(11):133-135,140.

Li CM, Cao J, Zhou N L, et al. An example of a coking wastewater
treatment project in Jiangxi Province [J]. Water Treatment Technology,
2021,47(11):133-135,140.

b, 2K, 2R SO IR BRIV T 2 A By . FUR K AR SE) (1]
WAL Tk K 222441, 2009,24(1):17-19

Pi K W, Luo Y Q, Gong W Q. Treatment of phenol and cyanide
wastewater by coagulation and precipitation process [J]. Journal of
Hubei University of Technology, 2009,24(1):17-19.

% WEAEALT OHLIORS PR RS B TR SEG] (9], TalkkAb
H,2020,40(12):115-118.

Chen H. Zero discharge treatment project of crude phenol refining
wastewater in coking plant [J]. Industrial Water Treatment, 2020,

40(12):115-118.

TEZ BN 1551996, %, TP B A By B0 TR, 2 1, 1 i
JEAKAREE T 2. KR 3 2 §5.1932568689@qq.com.



