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Abstract: A novel electro-catalytic reactor, with oxygen-reduction cathode ( PAQ/GF) , dimensionally stable anode ( IrO,-Ru0,-TiO,/
Ti) and heterogeneous catalysts, is developed for advanced treatment of coking wastewater after biological process, integrating cathodic
and anodic simultaneous oxidation processes. A PAQ/GF electrode was synthesized by the electro-polymerization of 2-ethyl
anthraquinone on graphite felt, which was characterized with cyclic voltametry measurements; the results indicated that the PAQ/GF
electrode showed high reversibility for oxidation-reduction reaction of anthraquinone and catalytic activity for O, reduction to H,O0, ;
13.5 mmol/L H,0, was obtained after electrolysis for 6 h at —0.7 V (vs. SCE) and pH 6 with a current efficiency of 50% in a
membrane reactor. Fe-Cu/Y350 catalysts, prepared by impregnation method, could catalyze the production of hydroxyl radicals
(-OH) from H,0,, which was confirmed both by fading reaction of crystal violet and oxidation of - OH-probe compound ( p-
chlorobenzoic acid) ; Fe-Cu/Y350 also showed high catalytic-activity for the oxidation of organics by hypochlorous sodium, because
COD removal of coking wastewater reached 26% in the catalytic process while only 11% of COD removal was obtained in the absence
of Fe-Cu/Y350. COD removal of coking wastewater reached 49.4% (26.0% and 23.4% in cathodic system and anodic system,
respectively) in the developed electrolytic-reactor, which was higher than that of conventional cathodic-anodic-oxidation process
(29.8% ). At optimal reaction condition of initial COD =192 mg/L, I =10A+m *and pH 4-5, more than 50% COD were removed
after electrolysis for 1 h. The mechanism might be as follows: in cathodic system, H, 0, is generated from reduction of O, on PAQ/GF
cathode, and catalyzed by Fe-Cu/Y350 for production of - OH, which causes mineralization and degradation of organic pollutants; in
anodic system, Cl, and HCIO are generated from Cl~ oxidation on IrO,-Ru0,-TiO,/Ti anode and the organic pollutants are oxidized by
Cl, and HCIO with Fe-Cu/Y350 catalysts or by direct anodic oxidation.
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Fig. 1  Structure diagram of electro-catalytic reactor
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Fig.2 CV curve of PAQ/GF electrode in different

pH phosphate buffer solutions
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Table 1  Effect of pH on electro-generated concentration on

PAQ/GF cathode in membraneless reactor

pH 3 4 5 6 7

¢/mmol - L~ 2.13 1.94 1.82 1.45 1.07
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A REAR, P A L 3 22 185 K IR R g 4 i T 2 (W i 1
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Fig.4 Effect of cathodic potential on electro-generated H, 0,

concentration on PAQ/GF cathode in undivided reactor
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Table 2 Effect of catalysts’ types on crystal violet removal

L 2+
e )l:ité Fe Fe-Y Fe-Cu/
&F (1 mmol/L)  (5g/L)  Y350(5 g/L)
B LR/ % 1.52 95.4 55.6 78.6

1) 3 AL EHE N 10 mmol/L, 45 5 22 W W N 0. 4mmol /L, pH
3 ME Y 1 h I&E (22 £2)C

I FH B A R 7K A Ry b B 52, PEH AS [ 28 4 xof
AL AR 3 M, a0 3% 3 BiraR. Al L, R R 43 1 O
R AR AL TE P O T 4 AR A8 R Ho P Fe-Cu/
Y350 (1) 1 3 7k 5

#3 TEMUATELEK COD £ MR

Table 3  Effect of catalysts’ types on COD removal of coke wastewater
fE AR F 2
FEAL R K COD LR/ % 34.7 51.2 68. 4

1) fE4LE 7K COD 4 250 mg/L, it AL E 40 4 e £ 20 10 mmol/ L, 4
=R 5 ¢/L,pH 5, REHN (22 £2)C, N 1 h

Fe/ALO;  Fe/Y Fe-Cu/Y350

2.2.2 Fe-Cu/Y350 XA ME AW H LA LD B
Ak B

H T HL i o R () S A7 E B BH B S I, B AR 17 it
T2 A A 70k B T A % fie A ML 35 5 AR AE .
FAEACE K PAFAE 1o/ S 1, WA ad 72 PH AR
ARG EA Y, T2 % S0 7R % & A
PEALAE . SC5 40 R - B 200 mL A2 AL R K Y pH =
55 ,MA 5 ¢/L 1 Fe-Cu/Y350 1 100 mg/ LAY UK 4
TR, 5 P HEAT YR 9% IO RE 2 h, ) I A5O3 A5 AR 50 Y
XF LS. S5 R A AL BT Y COD L BR
HA 11% , A Fe-Cu/Y350 ALK 5 COD %
PR E 26% . AT, SR AL Fe-Cu/ Y350 X
AL E AR K T ML TR RE 7R R G 1 A
AT
2.3 R AR RN A X AR AR R K TR B Ak FRAE 5

) FH R 119 72 2% 25 AR L B PAQ/GF fE N
FAME , IR 1r0, -RuO,-Ti0, /Ti H, #% /E >~ BH A% , 3H 7
] 5E AL AL ) Fe-Cu/ Y350, 41268 T 45 4 L fit 4k F2 17
i, UEAT R AR R K VR B Ak A 5T
2.3.1 T 2A&Mm5E

(1) pH

FE LSS RN, — MR AR pH E 3.0 22 4T,

H T 32 80 RN ZR pH Y BRI A 3 fE T 7E KR
8 192 7K A 3 3o A v A5 80 0 . AR A R SR A 28 i
A3 I AL A B S A SR S S b S L R fi £ Ak
PEAK UL S RE W8 8 55 56 1) pH I Bl N 55 B0 % £ 4k
JEIK COD H5k £ Bk, COD £ BRHRAE 40% ~50% 2=
/&), Hi 7K COD <100 mg/L. 4b B 5 i FE1L K /K pH 1E
5.7 ~7.8 ZIa, A F TN bk Il 8l k17 F —
Ao HE AR BE AL 2R

60 8.0
—m—CODEBZE
55 —A—Hi7AKpH 175
© 50 -7.0
X L L
bl - A\i/ 65 -5
8 T~y
O 40| H16.0
a—"
35| 455
30 | 1 | 1 | | 50
2 4 6 8 10 12
WihipH

Wtk COD W BEH 150 mg/L, 2= A 0.5 L/min, B L
#H -0.7 V(vs. SCE) , HELHIH Fe-Cu/ Y350, B IF[H] 7 1 h
B 5 #% pH Xt EKF COD XBREME K pH BRI
Fig.5 Effect of initial pH on COD removal rate

and final pH of coking wastewater

(2) FL L %5 B 52 )

FL L 2 R Y e VR S el 1) i oy 4 SR AR B 1 Ak
BEBE 7, (A2 5k /e A R B R s 5 S0P R B [ 1
H ok R T A AR 1 B AR R A7 1 3 v 1 B AR FRL A 2%
FEAE BT BT A R B kAR DT AR R U R
M 6 AT LAE H, B3 B E R 10 mA < em T HE HL
TR R A E I8 46.9% ,COD R 3K 49. 7% ; i bfi
LM BENKE 50 mA-em A4 COD EBE
WRZE 67% M ZHMBCRIER 15% L. i DLk
FH 10 mA - em 2y S5 AR LI B B I S AR 1 Rl AV 7
-0.5~ -0.8 V ZI[a, 5t 45 H,0, H {7
Rl 4.

2.3.2  AhFERUR BT

AL 51T (pH 5 ~ 6, HL U % B K 10
mA-cm S FEN 0.5 L/min B, K AEFA] 1 h)
XU COD A 192 me/ LAY £ 1k B 7K 1F 47 fL A Ak b
FE,COD EBRHE 50% LU |, TOC EHBEH 25% ~
30% . AT JE BE 7K 53 B4 AT HPLC A GC-MS i#
P b, 25 SR 2y I UL 7 A 8. 4 5 Ha i Ak Ak B
J& ,HPLC Fl GC-MS K] 3% rfv A7 BL4) 14 0 1 s i B4
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AT G0 7E BT A BE A= R 1,0, , 3 BE5E AR 41k

TOC B VAT i e o A L e oy P PRI COD 3k B A 3 g o A i AL )
sorh ] =4y, R e B k. J& 82 S COD K BR AR A 49. 4% 8 A /Y

2.3.3 AL KA FRHLE £3 RUANMESHERLREER
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Fig.7 HPLC analysis of coking wastewater before and after electro-catalysis treatment
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