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Advanced treatment of coking waste water by ozone catalytic oxidation technology
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Abstract : The COD_, of the effluent from the secondary biological treatment process.of coking waste water couldn’t meet the standard. In or-
der to resolve the problem, the effects of advanced treatment of coking waste water by ozone catalytic oxidation technology was analyzed
through a pilot test. The influence of pH value,reaction time,ozone dosage ,and the catalyst on COD_ removal rate were investigated. The
optimal operating parameters were determined. After 68 days continuous’ operation, when the dosage of COD,, ranged from 140 mg/L to
200 mg/L,the reaction time were 1.5 h,the ozone flow velocity:were 80 mg/(L - h) ,the average COD,, removal rate was above 60%
which met the Emission Standard of Pollutants for Coking Chemical Industry, China( GB 16171—2012) . The operation cost was RMB 1. 30
per cubic meter which accounted for only 25% to 50% of the operation cost of forced coagulation and sedimentation technology. The
process was stable and reliable in operation. The specific surface area and pore structure didn’t change significantly after and before the use
of catalyst. Meanwhile, the catalyst still had activity.
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Fig. 1 Schematic diagram of the ozone catalytic

oxidation equipment
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Table 1 Index parameters of the catalysts

fEAk T 2k HiA2/mm RmEA (m? - g LB/ (em® - gh) HeBRE/ (g - mL7h)  HUESREE/(N - ki)
WAL v-AL O, 3~5 =180 0.4~0.6 0.65 ~0.75 =100

FAE AL S AL SN 25 2 B R 3161 A4 5 1Y [
HERE , RSF $600 mmx2 200 mm, Sk A 1 [a]
W, R HEAK, BEB K, B4R N 4 G
HEA R SR A % (F 5 EARA A CF-G-
2-100 g &) Blig ) #5, BAA B K™ A4 iR 100
g/h, LTS AR . A BRIE A AL 3 | 5L R
IR T2 i, R R ARG 38 7K 558 %o I 17 4% HR A9 2 1
HEATOER . O ik A v AR 1 B ARG R AR A
JEHEAZ S,
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Fig. 2 Effect of ozone dosage on COD, removal rate
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ZEF|4 h, ALK COD, ¥R 60 mg/L LA, )55
FhHm e BE i fe 8 7K COD, ¥4 40 mg/L IR,
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B B AR, Tk R 15 U W R i oK, BRI
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Table 2 Ozone consumption of the removal of unit COD,,

BAH R CcoD,, KW/ (mg- L") BABINE/COD,, i/ (kg - kg™)
(mg- L' +h™) 1h 2h 1h 2h
45 89 118 0.51 0.76
80 102 128 0.78 1.25
140 89 113 1.57 2.48
220 120 140 1.83 3.14
280 106 122 2.64 4.59
320 128 146 2.50 4.38

H1% 2 Al A1, COD,, Bk it il SR S B0 1y 3
T3 I, T 25 BR #AZ COD,, THAE Y R A & it
it 22 1, 3 A i B SR A R, RS
ISR EAR - DRI RIE P 4o S S 850 T A — A~ 2
AR Y, d KB EE DRIk B K v 3 2 AR
M7 A e BE A g AR Pl - OHL, Il 5243
Mo 5 A LA B, sl B i e R R SR A K
O o DRMCTE 96 K2t K s o BEOR A SR A I, L

LU R AN, AR TSI A, TEA
5T P BEHE 80 mg/ (L - h)

TE R E SN 80 mg/ (L - h) I, 5L/ v i
[ COD,, KBRF A0, K 3 frs, RiE R4
AL EAL B HES T, COD, 2R R R 5, 24
N3 h B, COD, ERRBEEA G TRE, X &M THE
KA A Bl 28 B A AL SRR A ) R S T AR
ol ) B ALY AAAE . B T IE R SR K 1 COD,, 7E
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Fig. 3  Effect of reaction time on COD_ removal rate
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Fig. 4 Effect of pH on COD_ removal rate
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Fig. 6 COD,, removal rate by ozone catalytic oxidation

HE 6 uf WL, 2437k COD,, £ 140 ~200-mg/L
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M2 1716 DL F , 2R K5 b & 8, i W 4
%, & R AL A AL R N g Ab RS, 8 7K TE TR, 7T D
S AL AL T 22X R 1 L BRASCR AR & 4, i2E K
JEFEITE 500 ~ 700 A5, K @ /0T 30 15,
R AL AL BT HE K pH P4 8. 01, KW 1.5 h
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Table 3 Parameters of the catalysts before and

after reaction

Ry v LA/ Lizs W/

i H
(m* - gy (mL-g™) nm (N-g™h)
KRR 199.25 0.48 5.66 140
RIS JE ML 198.75 0.46 5.76 139

2.6 ZFHEST

SR R B AR R AR K A TR Ak 3 iy
T A% TR SR FH 3 R XA 43 4 T B Ak Ak 51
TE T A A 04T AR T BURL A It
K GG, N7 BAN SRR AN i s s
F9EH . IR E M E T AT 32
RAMGIREH, RE LN REFE R ZEHAE,
TR R AR HEFEL N 13.5 kWh/kg( L) O,
TF, # AR SR AR A A8 5 8 A B L AUk A Kl
SAHLIREFRE ) | Fac BR300 o A A R i 7K B A8 i
HJ 120 g/m’ WA B EHEFEN 1. 62 kWh/m' 1%
Tolk HL 2% 0.8 Jo/kWh 1, AT 1 /K 2 17 9% R
1. 30 70, (URAE G i TR BEVITE T 20 1/4 ~ 1/2,
PR IR FH 5L S A Ak AR AR TR B A S AL P K FE 28
U LT, HAA ARG R A5

3 & it

1) K146 pH A | S A BN 5 R0 B B[R] %
RA AL E AL T 2R BE AL B AR AL R K A TR KSR
Pt —m g, SR A R W0 h pH A Ry
PR A, AR 80 mg/ (L + h) , L A
[E24 1.5 h, REGEE SN T 23R TR T it
T

2) R FH R AL S T2 R B AL B A fb )5 R
TRIEK AT I = A T e 2 T R, R
FH A A AT SODO- T 1 S UM Ak 420k 1) 5 vy 3k
KRR A A1y 3.35 %, B[R 2 41 F Xt

57



2016 455 5 #A

ik 4 4 H# K

22 %

COD,, M EBR24EE T 50%

3) fE Fe B &0 T, K CoD,, A 140 ~
200 mg/L, 2K H A L7 SODO- 1T (y-ALO, i
AR 574 Ja Ak ) 47 68 d By il ge
Z5RFEW,COD,, T EBRFERT 60% , HK¥Ti 2
CHRBE AL 2% Tk ¥5 G 9 HE s #E) (GB 16171—
2012) W E AR HEORIE 2K, H L Z sk e . i
AV RIS, R AR LA SRR A A B B A
b EARIR R ARG S . MiKiZ T2 N 1. 30
TUEAT AURE SRR EEDITE T2 1/4 ~ 172,
Ii] i R A A BT B AR A B AR AR R AR B K 25
b RS T ALK IR R T2 BB T2 575 YR
W FHULZRI R AR AL S T AR A B A
TG BEAR R AR AT AT RN 501

2% 3K ( References) :

(1] Z0Ed RIS, Mm-S S aE[ M. Jba ma Tl
Hh ek, 2008.

(2] SmWXIBUR, Riibete. 3 M35 Pk ab BAR ALK COD ANik
PRI AT ()] . FREBEREA S5 1R 2008 ,31(1) :62-64.

Wu Gaoming, Liu Hanjie, Lu Xiaohua. COD analysis of coking
wastewaler treatment with activated sludge[ J]. Environmental Sci-
ence & Technology,2008,31(1) :62-64.

[3] 3 % RAMMAFEM-BIE- 085 R EEAL BRI K 1 T
RESLBI[I]. TR S BK. 2015,46 (4) :60-62.

Guo Jun. Project example of coking wastewater advanced treatment
by ozone catalytic oxidation—ultrafiltration—reverse osmosis{.J }. In-
dustrial Water & Wastewater,2015,46(4) :60-62.

[4] WS, R4es mHiEDy S5 A YE A0 T2 AL IEEfb K
WEFE[T]. BRIERLAE 2007 ,28 (12) 27272733
Lai Peng,Zhao Huazhang, Ye Zhengfang,et al. Study on treatment
of coking wastewater by A/O process of biological filter[ J]. Envi-
ronmental Science,2007,28 (12) ;2727-2733.

[51 56 M, Fouke, 230k 4 Wi HoiR B Ab B A AL K 1Y
WEFE[I]. R ,2010,16(3) :100-103.

Guo Sheng, Wang Guanghua,Li Wenbin, et al. Study on advanced
treatment of coking wastewater with biological activated carbon
process[ J]. Clean Coal Technology,2010,16(3) :100-103.

[6] Restivo J,Orfao J J M, Armenise S, et al. Catalytic ozonation of me-
tolachlor under continuous operation using nanocarbon materi-
als grown on a ceramic monolith[ J]. Journal of Hazardous Materi-
als,2012(4) :249-256.

[7] Nawrocki J, Kasprzyk—Hordern B. The efficiency and mechanisms

of catalytic ozonation [ J]. Applied Catalysis B: Environmental ,

58

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2010,99(1/2) :27-42.
Bekar D, Czapski G, Duchovny I. Carbonate radicals in flash pho-
tolysis and pulse radiolysis of aqueous carbonate solutions [ J].
Journal of Physical Chemistry,1970,74(10) :2206-2210.
Cristensen K, Sehested K, Corfitzen H. Reactions of hydroxyl radi-
cals with hydrogen peroxide at ambient and elevated temperatures
[J]. Journal of Physical Chemistry,1982,86(9) ;1588-1596.
Staehelin J, Hoigne J. Decomposition of ozone in water; rate of ini-
tiation by hydroxide ions and hydrogen peroxide[ J|. Environmen-
tal Science & Technology,1982,16(10) :676-681.
WEHEIH , ERE 5k =23, 45, 822 BI40 K MnO, /Al O, HEAL 5
4 Tl B A SRS A A BB S T5 7K bk [T ] R £k il
#2,2015,34(8) :2260-2266.
Pan Luyang, Wang Shutao, Zhang Lanhe, et al. Preparation of
doped nano—Mn0, /Al, O; catalyst and catalytic ozonation of sec-
ondary effluent of oil extraction wastewater for advanced treatment
[J]. Bulletin of the Chinese Ceramic Society,2015,34 (8):
2260-2266.
R A & m A LK P A HL DR [ M.
MRS : R VLOGA At 2013,
X BE R AR TR, . SRR IR BE AL B AR AL R K 1
FHRWF[T]. TN T 2014 ,42(19) :67-68,73.
Liu Pu,Zhang Lei, Wang Li‘na, et al. Experimental research on
advanced treatment of coking wastewater by ozone oxidation[ J].
Guangzhou Chemical Industry,2014,42(19) .67-68,73.
gk Mg R VL, RN, S K o A I B Y R SR BIE S
[1]. F6 %4 ,1996,47 (4) :488-494.
Zhang Hui, Cheng Jiang, Yang Zhuoru, et al. Ozonation of 4 —ni-
trophenol in Aqueous solrtion[ J]. Journal of Chemical Industry
and Engineering ( China) ,1996,47(4) .:488-494.
X OBk A R, AF R AL IR BE AL B AR AL IR
IKISIRTFEL )] . BT 2 5197 ,2015(4) :42-43.
Liu Pu,Zhang Lei,Wang Li'na,et al. Experimental research on
advanced treatment of coking wastewater by ozone catalytic oxida-
tion[ J ]. Resources Economization & Environment Protection,
2015(4) .42-43.
2O E B SRR BOKAE AL K TR A PR AT ST (T ]
b T2 ,2014,32(5) :14-16,39.
Peng Feng,Pan Xia. Experimental study on advanced treatment of
biologically treated coking wastewater [ J ]. Environmental Engi-
neering,2014,32(5) :14-16,39.
e, s, . SRS PRI TR A 3
PR ). BB T AR ,2014,8(9) :3665-3669.
Yang Demin, Yuan Jianmei, Xia Hong. Advanced treatment of co-
king wastewater by ozone combined with activated carbon[ J].
Chinese Journal of Environmental Engineering, 2014,8 (9):

3665-3669.





