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W OE AT EAE KA A B S COD ME T Ik bR HE Y R 8, DUAE AR IR K AE AR oK X S, R iR 5 Ak
Fenton 4% AR (41 % 915 MHz) 1 78 & &b BE AR AR B HLER R AT T 489, 455 KW 78 Fe* M 10, &= 43 5l 4
1.8 mmol-L™" #1 15.6 mmol-L™' 4514, Fenton Ab# J5 7% COD Ry e fE 2 5 R H 18%, F) F LI # 1L Fenton £ AR
Xt COD Hy = BR R AT - T2 77%, /K COD AP % 52 mg- L', Wl CHRBEb=p Tl is e e dn e ) 5 it b
% Fenton F1 13§ 5 £k Fenton Jz I H 7K 1 Ji€ J5 ) COD, % i Fenton [ I X} COD 1) 25 Bk 2 ] B 18% & F+ & 72%,
F WY AH AT JE— 25 W B 5 2 COD; 11 {8 58 4K Fenton S IV Y COD 25 Bk A& AW 1o 5 i 28 819%, 3 W 4R fb o gk
i 1t Fenton i 7 19 FEZEAE ML, 33 1T B 55 falc bl 0 S0 38 o B4 s o7 sl A PR mT DR 2 A P BE M A e . AT 42
TR N RCRA K. LRSS REM, iRk Fenton S i 2 £ L IR K IR AR HEC R — AP AT EREBE OB R, W]
Sk E A3 B AR A K A B A R AR HE AL BE B R I B R I

KHEIR AR SRR S SR Ak Fenton; %1k W

AL AR AR AR A R W B R rp ™ A ) — 2R LR T K, T2k B TR
BB AN RREK . BHK L AMTG KN, Ak, HRWlkES . SR, B REFHE
U AR K — M 28 SRR R R 26 BT A 3L S — 20 R AT AR WAL B, SR AR AR K
COD 4524 200~300 mg-L ™', 3k T35 BIAHCHR bR 1, 5 2 — A0 R B2 b 2,

UL TR BE AL B AR A SR . Ak % AL RN Fenton %4k 55 . Fenton %Ak J7 15 78 5L PR (19 &
KR BERL B iR R H I, F 20 H O /Fe® TERR T 45 4F T 77 42 -OH, AR5 3P, K1 H,0, Fl
FHRAR, AR SR AR EFF A, N, EHERER TIFZ PR, b oFin
PR S WK U R HL0, 19 g m A BRACR , {H R R FHBERIFHRAIK, BEFER; W
SR U PR O, 78 LA b S A 7 A= 19 HL,O, 5 WK B+ S iy, A= i -OH 1 Fe'™', H BB A4} L it
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BORAL, H0, AN m o A, L Fenton W ok B fiff (9 AH OC b BE 4 R A AEWF 58 b, ik 5
Fenton, Fe-EDTA MK 50>, ZEBFSE R B, X S0 IR AR AT LU %P b 5 JIR 5 AR Fenton £7
TE ) BN ORI A )8, DAk B 3G 25 A BRALR .

Tl 2 — ol e 15 40 LG D% (0.3~300 GHz), Ay ikt T 40 B a5 RS A%, T Tl R R Ay A
R4y 500 915 MHz il 2 450 MHz, H:rf 915 MHz A9 1% 28 15 T 22 /3 T 2 450 MHz 3t 3 510, 24
V4R S5 Fenton BEFHET, M TRk 28 B E0R, R HMA R N Y401, BRAK SN 1 16 L B Fl F
M2 ddam i, PG, Al 2 2 38 & Fenton SN TG4, AT BEAIX Fenton Ji2 7 B[R] . 3% 58 f2 v 24500,
W 5 A5 07 SR H B0 175 5 Fenton R fif 7K rfox Al 3 G028, X AR 3 S0 2K 1 COD 11 2% B 5 43 03] v 3k
98.9% #i1 90.8%; Z= Al % '8 SR F AWk 5 Ak Fenton J5 ¥E &% T /K v () BPA, & B Al /> H,0, Fl Fe* [
o, {Eik-OH B4 . H I R Ak Fenton 2R xF A W] S B 2 7K B4 Ak A5 R B HCOx vy 189 52 i
LA £ T ik — L e .

A ST LR AR IR K 0 A= A K AR IR0 G2, 3 T P 30 54 Ak Fenton &b 3 i) 25 58 0 )iz ]
(AT A5 . FE Ak L Fenton S B 2% 14 19 6 aify b, X [) 46 52 56 4% 4 F 3340 i3k 5% fk Fenton J2 1 5
Fenton S [ [ Ab BRAC SR HEAT T Ho#8, FE0I B4R T T 7E 600K 51 A J5 Fenton 4b ¥4 & 35 42 T+ 19 7] B
HUEE, AT H AR E A1 5 K b BAA AR HE R AL BRE R i B4R 2%

1 #MRl5RE*%
1.1 MRS

LK AEEC A NS SRR AR A K (RK). )R A/O AR BT L, KRR IA]
JG BT 4 CARAE. KFE pH N 84402, COD Jy (203+5) mg-L™!, TOC 4 (34.0£2.0) mg-L™', AN
(4.45£03) mg-L™", BA N (83.6£2.3) mg- L', {AJF N 836+43,

S 46 I fif FH A9 FeSO,-7TH,0, 30% H,0,, NaOH, 98% H,SO, %35 k3 #rali, W [ [E 254 i fk 2
AT PR A
1.2 IWHEE

T e X Fenton 4804k (14 &b BEACR SE AT PEANY A OC 25 500 8 3t 19 bL 4 225 SCik b 9 5 36 0 R AT
b SR LB S U iy o X HEAT . 4 B H 200 mL A= Ak K K BE T S AN, FH 3 mol LY
H,SO, 815 pH 2 3, A Fe*'1.8 mmol-L™', 7 H4ZMEE/RIL 1:2, 1:4, 1:6, 1:9, 1:10 HIn&
A H,0,0 B F Z 07 1 15 £ 4% (WH-410D, 78[5 Wiggens 28 7)) L3 FE & W 78 min, ¥ 15 pH &
7, # 1k Fenton X N o K S0 5 A9 £ 40 % 7K B T 500 1E IR K 78 59 (LUX-12, b 5t bl A B A BRA
F) N, 7E 50 °C PN 30 min, LAEBRER A H,0,27,

SRy v SR T 60 G0 BN AR R SRR R 915 MHz, REHLINE Ky 5 kW, SEFHIE K 0.9~1.1 kW,
KA A2 AT 7 AT S5 . K 3256 F K A 3 mol- L' H,S0, ¥ Vi I8 1Y pH & 3, [N A — &
e FE Y Fe* 1 HLO, (43919 1.8 mmol-L™" 1 15.6 mmol-L ™), FEfI S A& PN IT i BG4 IR, F2)% 18 min,
2 Ja PR AR E SN 18 P 60 min, SRAEAN AR S EAT T .

1.3 D7k

WA TOC FE B R IR EER 3 0.45 pum JEIE . 43 5 %HEE & COD (NOVA 60, 7% [ MERCK), TOC
(TOC-Veph, HZREHY), @ (LICO 620, 3£ [E HACH) il pH (AS600, H 7% ASONE) 45 48 bx it 17
S AH PGS BE T (F-7000, H 2 H ~7) W8 = 4558 6615 .

HUEACE 8 100 mL R 2] 1) Fenton W H 7K K G0l -Fenton K7 H 7K, B U8 4G AR A H $AuE IR 50X
T4 (DGG-9070B, [IFAR(F), 76105 C &M FHT 1h, BT THMA, W85 ™A
75 8 1
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IR 2 1) Fenton [z i H 7K K 38 -Fenton Sz i H 7K E# B ULTE 30 min, 7EH% 33 4 1200 r-min~' A 5%
P REL 6 min, $ FIEWREH, R ET L (FD-1A-50, b5t E RS A R 7)) T-80 C
HEATY R THRRY, SRS FHILL AN GIE AL (Nicolet iZ10, 26 [ 228k K H /R ) I 2 2k Ve B £L A i .
2 #HR518
2.1 H,0, X NE X} Fenton 2 5 35 5 A9 20

Fenton J v 3 %38 o A VE F FNRBEVE F >k L BRi5 4y, s2m A 2 A4 pH. Fe* ¥k B Al H,0,
MW . A% 52N [A] HL0, $in& X) Fenton W (5% M R0, ASCEG#F pH & 3, Fe®* 2l 1.8 mmol-L™
BT, sr8ldE 1:2, 1:4, 1:6, 1:9, 1:10 BE/R L8N H,0,, WA 2R 78 min. & 1 M 7EA
[f] H,O, #& & 25 F T, Fenton S W X B /K AL BRSO .t IR 1 a1, B HO, BOmE i m, Jx
XA HLA (UL COD Fil TOC i) 123 Bk &2 SRS KIS /N % . -OH /& Fenton i H 48U Ak R B A7
MLTS Ye W i = B G A b A, HoA: e 32 Fe F HLO, B RZ 221, 24 1,0, #enid /it , H,0, 4
5 R -OH & AR — 25 M g, DT A L AR AR Y5 [FIR, HLO, R Fe* %84kl Fe**, FHAR
AAL RN I B#EAT , AR T -OH By 2k i ™), Utk , 7 Fenton 2 it #2 . Fe? 1 H,O, 1Y 4 kb 4
X T A BRAOR A B E B AR, AL H,0, # I (3.6 mmol- L) T, HI Al ik |
—E MR, SUVA WA b5 6 A — 30, Uil 86 2 005 &R0 a9 i,
WY B A 5 B AL BB . 78 Fe e B iy 1.8 mmol-L™', H,0, & 15.6 mmol-L™' i 44 F, Al X
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Fig. 1 Effect of Fenton reaction on removal of COD, TOC, chroma and SUVA at different H,0, dosages
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COD F1 TOC ik B LM R BRACR , H BR300 18% F139%. J5 L ARG SL B4 e b 5514 F e .
2.2 KSR Fenton LIRS R

S BT 9 Ak Fenton 2V [ Ab B A0 R AR 2 4, 7E pH=3, Fe*"Fl H,0, 1Y ¥k & 7 il Ky
1.8 mmol-L™" Al 15.6 mmol-L™"' (45144~ , #-4T T 4L 7d AYSEE, Hodb B #2458 18 18 min, ¥R 0
WA B RE 1 h ST RO . &l 2 MiELkiatT 7 d J5 58 AL Fenton KT J§ TOC. COD LA K €8 B ()
A4S R . 5 Fenton Ab LA AN EL,  im A Tl b RS B RO BE R TE, XEF COD g & BR R M
18% e ¥ T+ 2 75% 2247, TOC M 40% A+ 2 65% o4h, H ABRZCRTEE, COD K
E80mg L' AT, KB T (R b2 Tolkis Y W HE PR #E ) (GB 16171-2012) H B #2 HE ik i ZE3K
0, B (1) 55 75 25 i M N 25 5 Ak 2218, {H 5 Fenton AbFRECRAR LG, 06 —EmEF. Boh, 7
SR, BRT AR R, A A DT S 8 G S B R) 45 SR AT IR A S S ik — 2D B X
FHIC A A A e R 2 AT A SR A

280 45 ¢ 1200 ¢

240 b —a— Jfi/K —e— f3)i-Fenton 40} —s— JFIJK —e— fi({§;-Fenton 1000k —a— i /K —e— fifJiz-Fenton
fp 3 i/.___./!\-/'\i ~ 357 H_!\E\I—i/.
o w00 L300 800 | w
p 10T %D | = ool
\5 120 F 1 20 1 =
g ol S 15 @ 400t
S ol W
ol =+ 42 st 200 | .\/‘\./‘/H
o ob—— i e
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(a) 18k -Fenton/h P i f/F CODAE L (b) f i -Fentonfb Hilfij J5 TOCAE fk (¢) 13k -Fentonih ¥ i 5 (B AR 1L

& 2 1K -Fenton &2 A]/§ COD. TOC FlEBET

Fig. 2 Variations of COD, TOC and chroma before and after microwave-enhanced Fenton treatment

P 3 M JE K K 25 Fenton Al 58 Ak Fenton 4b B S (1) = 4966k K . I8 it A HLYI 928k
g ar Ry 5 2P, SR AR (Ex 4 200~250 nm, Em 4 280~330 nm); J5 & EE AR (Ex N
220~250 nm, Em & 330~380 nm); & B W2 (Ex & 220~250 nm, Em & 380~480 nm); 1 2k ¥ 5 1€ W
(Ex & 250~280 nm, Em & 280~380 nm); #A R (Ex i 250~400 nm, Em & 380~480 nm)., &l 3 Af
M, HIEKALG, Fenton N H 7K sk B 1 5 i A LA S B Sy S B50RR RN IR B BRI TR,
221 -Fenton AL 35 7K A28 S0 BEAR G055 , U 355 MIAE D B IR R I 9OLFE S, X R
W ZEAE LY C i L bR
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Fig. 3 EEM of raw water in the experiments and effluents after different reactions
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PR RCR, RN K A K (0.45 pmil& [ B JS B9 COD #EAT T HL AL 2

ZiRILIE 4. K 4w

M1, Fenton I 7K A9 COD 182 mg-L™", EBRFHAL (18%), {Hid )51 COD & 61 mg-L™', H &
B2 I8 2 72%, X 3% B KHE 43 COD vl W B e Je A w5 i 3 3 Ak Fenton 2 W J5 % HY 7K COD iy
52mg-L™", % CODM LR FIET] 77%, i385 I H K COD 42 mg- L', 33X 2 W K3 20 A DLt

AAb bR, B SR T 2 M T, i
U8 5 BT A5 U8 AH T I B Y COD f L ik 5 Ak
Fenton £l Fenton S v 7= A= (1 1+ Je & 3 %1 o~ 1.27
gL A1 1.34 gL', Je Al COD M Fff & 43 5 o0
8.07 mg-g' fl 85.73 mg-g'. HI UL T UL, Fenton
SR K R A A R B T K COD, T X
T 5 AL Fenton Kb B UL, A ALY A EBR F
BARSESE AL AT, FEAR T U AHH COD By 5k H
o MULRIED, SRk Fenton 21 A i 25 41
1= Fenton J i i AL B8 J1 o M B AL | ok
Uk, O B AR, B AR 1k 43 7 A v R
TERE Bl i, DI A A8 AR R B R T 2 R B, BEAIR
IV B I AL BE ANy T 1 AL 2R SR RS 5 Ab
T 1) Al BN g 4 35 T 5 T AR 1 A
fiff FL A 2 A W 2400, AT 2 %5 T Fenton S
OE=R fA=r

K o6 kit e BRUR) ML AN .
BL6 UL, 2 B s A 2R rp ik e A B 38 e 1Y)
O—H fh4atRzhifd, Wk 3 540~2715em™,
F W& A COOH. Bl K My v O—H Y M IR
I . 1E 2 965~2 850 cm ™ Ab, FFAEGRLES K CH, X
X AR 47 i 2l W Wi e 55 B e CHL SR BRI G Bk
W45 PR B s . 7E 2 500~1 900 em ! 4k, A —
BEOR A W IR, X & C=C FIl C=N 11 455 ¥}z 5
PI R C=C=C, C=C=0 % Z BV X FR i
PRzl 2 RN H 7K AE (1600£10) cm™ | 1 500~
1450 cm ™' 4b 7776 BH & /49 95 3 C—C M4 ¥k 3,
XUt 7 RS FEE., 761135 cm’!
BF T H 3250 58 ) A L C==S {1 4 % 50 W A 1
2 N KRR T B R AR R, R EL
R EHEAMmAMEY, ANFZAFET, Fenton
F N kIR AE 625 em ! BFIT H PLAR A C—S il
AR g, X it — 25 0 A 73 % -Fenton &2 1
e B4 A LB C—SHEERY Y T, i Fenton
TS %7 D) 2 3 ek VR A A A U R L R
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glzo- % %
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SR
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Fig. 4 Oxidation and adsorption of COD in
different reaction types

100 1.36
90  BCODWEfft i EATef
11.34
~ 80f e
?D 70 [ / T 1'32 fon
on / a
£ 60r 7 130 7,
oE 50 f =
- ] i)
g w0l 128 3
a I -
g8 30 //// 11.26
© 20t /
0l 11.24
0 E 1.22
f#kifz -Fenton Fenton
S 257

E5 TRIRMEHKHERERBMELER
Fig. 5 Sludge content and adsorption amounts in
the effluents after different reactions
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Fig. 6 Fourier transform infrared spectroscopy of iron sludge

samples in microwave-enhanced Fenton and Fenton systems



1500 ok L B ¥ W 145

3 g

1) 13t 588 Ak Fenton 7] & 35 $2 FH AR AL B K A AL K ALY 9 L BRBOCR . Wl —L8 AT, %
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Abstract  Conventional biological treatment of coking wastewater is still hardly meet the COD discharge
standard, thus, for biochemical effluent of coking wastewater, the advanced treatment effect and reaction
mechanism of microwave-enhanced Fenton technology (915 MHz) were discussed in this paper. The results
showed that at Fe’* dosage of 1.8 mmol-L™' and H,0, dosage of 15.6 mmol-L™', the best COD removal
efficiency by Fenton treatment was only 18%, while the COD removal efficiency by microwave-enhanced
Fenton technology increased up to 77%, and COD in effluent decreased to 52 mg-L™', which could meet the
pollutants discharge standards in coking chemical industry. By comparing the COD values in the filtered
effluents between Fenton and microwave enhanced Fenton reaction, the COD removal efficiency by Fenton
reaction could increase from 18% to 72%, which indicated that the sludge phase could further adsorb part of
COD. The COD removal efficiency by microwave enhanced Fenton reaction slightly increased to 81%,
indicating that oxidation was the main mechanism of microwave enhanced Fenton reaction, which may be
related to the acceleration of hydroxyl radical generation through thermal or non-thermal effects of microwave
radiation enhancement, and the improvement of the oxidation reaction efficiency. This study shows that
microwave enhanced Fenton is an alternative technology for the coking wastewater discharge below the
standard, provides reference for the technology selection to treat the coking wastewater and discharge below the
standard.
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