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W E. SR A E. HUAKLEREEA, RAMER T EEITLAEREE, =
MR SR IR F BRI T A1k tt, BRI SBR IEHSREHIT TR EA LR, SREH0,
PRELARE AL BE R ALK P COD. By . BRALIE B HLISRA(COD LR E N 70%, 8.
F. MU EREDFIA 76.8%, 65.9%, 70.3%), 11 LT BEIR B K KA 4 L (BODy/COD,, B4k
HEAH 028 IREBILEEN 0.54, WTAMHIRET 48.2%). Wit IEAARRME T HBMsFiLR
BEUEAKNEESEN: #K COD=2200~2400 mg/L, #i/K pH MEZ) 3.0~3.2, HREARK 74 G0t
fi] HRT=55~65 min, Fe/C(f&xfk)~1:1.5. NAMBMATLE-SBR IZE AT EEK, TTHHKE
FRAEI(E R 1 SHERARHE GB13456-92).

XEiE. AR ALK CoD: ERAR; SBRiEHISRE:

PESES: X321.012 ICERFRIAES: A X ERS: 1009-606X(2003)05-0471-06

1 "

BERKREL EUESINHEERES . HREETE. F &8 BB RS = A&
FHERR. ZHXFREEA. Bil. ARFAHLEYRTEK. ER_—ME COD. HBME. BEA
HAAEEM RN —FHIANEK Bi&Ea XS RAEIEQHRR I, EHBRS
. P, EYREF)AEELEK EBEKBERSGY, SABHELS T ELEK
R EZRAER, TEEERHR, KPR ARHKRE. B EREYKT 30%, HK COD B
(KT 100 mg/L). 2@ SE IR E R A B840 RAEYSREAE AW EK, IR FEEKF
By, ®UAFRHER, HEEEYW COD, BODs K& EEHAEE 100%iE BRI 15 ZHIRE K.

BT AR N EEERELAE VR IRE) OH B, TERESIIBEKPIH KD TFEIY,
BTS2 K R AT AR %), BB AR A BN B T (P, BALE TR FePINBRSE A e R UTHE,
REEBREAKPHRI>AEYR, BFrTEA SR KRFAETF. AN T SR RITFERR
ER R — R A/O T 24F ) R IE1T 7% I BHK K SBR(Sequencing Batch Reactor) i 15 J8 i3
TZ. BXHEMTEEEEER, BMBEMAIEAN SBR T, Rz WM EM-SBR iFHSRE.

2 eI RN

HMEAERAHES BB MR, Ul Fe, C R BT EAFITHEN TS, XIRN BB,
Bt sk, HEAFE BT UEEAUTIASE: 1) BRERN. AREENRNES,
B B4k FesC R — AW RA R, MHEBRBAKF MR T KT LA/ Mo, 2igk A
B, Fe;C R—LeZu hBAtk, RAEBRBRN, XEEMBEMN. XEABRINN: EHEK
Fe—2e—Fe™", E(Fe*'/Fe) = —0.44 V; ZEFI 2H +2e>H,, E°(H/H,) = 0 V; 7Esh ¥ BRI [ EREE

il

Wik B RH: 2003-03-09, #E BH#H: 2003-06-13

RETE. KEEERPZEESWTE (@RS : 2002KJ035); #WERSFREEHIMAT AT RITEH (%S 2003jq132)
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i, SSBBRAS BRI ERFES OH, Fe S 5K PiFLHB K EBALEE RN,
WK PERIRER, BRD> TN T, EEARKTELERIBERES, biEt—E0
AL BRI T 4. Q) EALEBRE RN, MJKPEEEANN, Fe gt —H e LA Fe™'. 81
EREEHETT LA H BE IR R RS, MEXETHEHEEEBEEREERZIL P —FIC. (3)
AL, SERLBRE TR MER— MR E, EHABSAE R, 2K
K FEERENBAR, 2XER AL T Bin TR A Bk e TR . (4) YRR, €558
HEwt, EEENERERENRBMORESE, THBKE—FEAENYR, HXEOA
FHEORIGENE, AR K P REIE Y, SLEK. (5) BB THRREEE. ERELET,
FE K AT B K 2R A B ARSI Fe. B S Fe SRS E AL F RIBIF HIREE &N, SRR
MBE 1 B F— 2K LB 3 ) Fe(OH), ™. (6) £ h RIMES S 4Rl Fe(OH); B8 S 7K
t IBRAL Y ST ONE B A B tiE .

3 MBET®

3.1 EHHE

RERAVIBEBEA, & 1000 mm, E£ 30 mm; ARFPh, Hfe<1.2 mm; F&KEZEETI
KEETEIT)), cHKEKEYE BHBK, REHMRENE 2 h, DMEREEZEFRER
HAwE ek, BB AERBRE —ENERE SN EEAMBMEERN, B EN 800
mm, ¥iFEH S%EOMBRRENL. . THEAEREDNA 100 mm, ARG FREA, TREFERT
ik, EERRPTIEMAERMKTLE. SBR AL, FEHLEFEHIE, & 700 mm, H2 100 mm, 4
5.5L; BTOO-50M ¥EZhFH(RE 28 77), YL-888 RIS R —E(FAIMESK). B 1 ALRHEE.

( Coking wastewater I—%' Trough of pH adjustment l—%l Micro-electrolysis column j—»[ Neutralization chamber ]

- Ca(OH), (10% slime milk)
for pH adjustrment

t
AV

Basin of sequencing batch
reactor (SBR) activated G—-l Sedimentation basﬂ
sludge process L

, Sludge thickene4rl
B 1 LRHRE

Fig.1 Flow chart of experimental investigation

3.2 BEAKNEHR Bk R

S PR KE B D 4Nkl AR &S, K ERTRTR A : COD=1200~4000 mg/L, BODs=300~
1000 mg/L, NH3-N=102.6~509 mg/L, pH=6~8, 7K 30~58°C.
3.3 XBWAE

TEHE: HEMEKEBRKBEREAFKRE, DEBEERKRES). LR, R—e&
LR K, B AR pH 4 2~4, AIRZHR LU —E MEWEKEAMBAEEHERHEKD,
AR B AGEAN PR A, IMEEAS10%AKINET pH A 7.0~7.5, RNSHITRSBECGS
Fe? AL A% Fe™), EUEMAPITIR, i ER#EBEEA SBR A4Lith, FiiEisREEAERR.
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BIETE: B RNERERRHIT 6 h, 8B 1 d FAFEKS M BEMAEHTR Y. SBR BT
FAMAK 24 h(FRHEIXHH/K 6h, BES 10h, FliE 1 h, H/K 0.5h, HE 6.5h).

ERFTE: SR W SRIEMEMEE. HADO. etk O&FEE 1K, KR 200 ml,
HHBEURKEREGE—EAIEEFE O ZREFEE 6 1K 1200 ml), XHER] LA BB 1 K
KEETIRABARIRE. SBR AL RIE 1 K, BUFEALE % SBR UTHE F#BIIE T 3 om 4b(#
BYIPF 30~60 min J5), BEATKEHT.

Fe/C . WHFERFEH: WHMBHEPH Fe BE RMKMITENM D, Bl—Er, HKSE
FABUERLD, XN HEEAEPIMAKE, HARERENL. BT C XBRSS5HERRN,
WAL, FRERE TS RYRA R dE 2.

3.4 KEREE

KBS ERA KgAK RAMTTEY " 2 COD., MWK ERRELE, BOD;s
KABELE, SEUEKARE-HRANLEE, pH EANERHAEHRE, EXBRRRERAH -
AEZHFHHREERGELE, ALK A TR -t AR e E.

4 KBHEREMN

4.1 EXRWF S EKAELE
RGBSR ERKN T 2S5, ZR30E™", LLEk/K COD, pH, 7K /71285 E) HRT,
Fe/C A 4 MEARTHERRBERRE LGYE 1), #HTHEALELR, k2 85 1 HFn.

#F 1 EZRGERFAKF
Table | ~ Orthogonal test factors and levels

Factors A, Influent COD (mg/L) B, Influent pH C, Hydraulic retention time HRT (min) D, Volume ratio of Fe/C

Level 1 1100~1300 3.5~3.8 55~65 1:1.5
Level 2 2200~2400 3.0~3.2 70~80 1:2
Level 3 2500~2900 2.0~2.5 85~95 1:1

F2 EXRBRARSKR
Table 2 Scheme and results of orthogonal tests

No. A B C D Y Effluent COD
Influent COD (mg/L) Influent pH _ HRT (min) Ratio of Fe/C  Removal ratio of COD (%) (mg/L)
1 1 (1207.3) 1(3.5) 1(55) 1(1:1.5) 302 842.7
2 1 (1247.9) 2(3.0) 2(70) 2(122) 31.9 849.8
3 1 (1143.1) 32.0) 3(85) 3(1:1) 100 10288
4 2 (2204.3) 1(3.6) 2(15) 3(1:1) 31.5 1509.9
5 2 (2335.8) 23.1) 3(80) 1(1:1.5) 68.0 747.4
6 2 (2338.5) 3(3.2) 1 (60) 2(122) 47.1 1237.1
7 3 (2598.0) 1(3.8) 3(95) 2(1:2) 24.4 1964.1
8 3. (2800.0) 2(3.2) 1 (65) 3(1:1) 69.0 868.0
9 3. (2844.6) 3(2.5) 2 (80) 1(1:1.5) 50.9 1396.7
72.1 86.1 146.3 149.1 9
K 146.6 168.9 114.3 103.4 2 ¥, =363.0
1443 108.0 1024 1105 =
24.0 28.7 48.8 497 B
K3 489 56.3 38.1 345 Y =363.0/9=40.3
43.1 36.0 34.1 36.8
Max(X/3) 48.9 56.3 48.8 49.7
R 74.5 82.8 439 45.7

Optimum scheme Ay B, G Dy
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4.2 EXRESEE

F2HEXRRITELER. HRTLLED, XABEREME KO E RN AGEK COD #KE),
IRk BGSEK pH {8). D(Fe/C #4FRLL), BER CORHEMA/K I EHETE HRT). BEERN TZ2H
% A;B,C,D;, Bfif7K COD 4tF 2200~2400 mg/L. #7K pH {EAL T 3.0~3.2 2Z[8]. Tk . A3 7K A [E]
7E 55~65 min 2 /8] Fe/C ##Rt A 1:1.5 iHAA B R H/AEF, COD HFREL 70%.

B ERER, A THELEEEANKNMERSERTRIE, 4RNE3. BRTLLEH,
MR EREBIE T10%E4h, REERRABRGRER B 3 KLRHEL COD ERENHIH
95.3%, 97.6%, 96.7%, HZ&Hi7K COD<100 mg/L, XBEIF T IERRBHE LZSHTIERYE.

F 3 EXRBEAYIEIEL R
Table 3 Verification of the optimal results of orthogonal tests

Micro-electrolysis influent  HRT of micro- Volume Micro-electrolysis effluent Effluent Total removal
No. COD electrolysis ratio of COD Removal ratio of  COD of SBR ratio of
(mg/L) P ipfluent(min) Fe€  PH (mgl)  coD(%) (mg/L) COD (%)
1 1846.0 32 55 1:1.5 61 5102 724 873 95.3
2 2204.3 3.1 65 1:1.5 5.8 732.6 66.8 51.9 97.6
3 2038.6 3.0 60 1:1.5 63 4710 76.9 68.2 96.7

4.3 PNEEMRTAACTE X AR 4L B 7K & {1 RO M)

AR AL R A ML BE K AT IR B 3T AR AL L) B AR KK . KT SE BODs, S53R LK 4.
AT LB 1. 4L BE K ) BODS/COD (BN AT AE4L ) F39 {8 e AL B AT ) 0.28 IR & BB /5 1) 0.54,
RET 48.15%, XMWESEELTEWAFF. RES | 5124 SBR Hi7K BODs, #J/hT 40 mg/L.

F4 NN ERACEAKELIERNT
Table 4 Effluent of micro-electrolysis on the biodegradability of coking wastewater

No Micro-electrolysis influent (mg/L) Micro-electrolysis effluent (mg/L) Effluent BOD;s of SBR (mg/L)
i COD.. BODs BODy/COD., CODg BOD; BODs/CODx
1 13073 3429 0.26 431 .49 248.46 0.58 35.6
2 1846.7 586.3 0.32 585.40 3154 0.54 378
3 2418.7 613.4 0.25 1003.76 521.6 052 ' 39.5

4.4 PBRMRTAIEITERILEK PR, WM. MELYHERYER

EUsM AR K. AR SELHANERS. &, By, SR0EK S i, BERATR, HE
RS, Bl B RS FA 76.8%, 65.9%, 70.9%. BAGEEEER, BERTHX
4. BTHAY. CN. BHAENABRRETRMEDE FME, Fik, BdMERRN, 7EHE
RN ER P 4 K3, MW AKEE T REKP XSS LY SR, BT elflxX/EgE SBR
AL TERFN, FRTREA{LAE. TTLE HMEM-SBR A4 TEZXH. . R £k
R RTEER 99.5%L b, AT BFK 1 ZHHARE(GB13456-92)M).

#£5 WARSELLEMNELEKDE. W. WEDIEBRBR
Table 5 Removal of phenol, cyanide and sulfide by micro-electrolysis+ SBR activated sludge process in coking wastewater

Micro-electrolysis Micro-electrolysis Removal ratio of Biodegradable effluent Total removal ratio
No. influent (mg/L) effluent (mg/L) micro-electrolysis (%) (mgl) (%)

Phenol Cyanide Sulfide Phenol Cyanide Sulfide Phenol Cyanide Sulfide Phenol Cyanide Sulfide Phenol Cyanide Sulfide
572 1.68 975 1531 073 2.63 732 565 73.03 007 0.07 038 9.9 999 96.10
68.92 233 813 2229 067 248 67.7 712 6950 016 0.16 034 99.8 99.8 9582
3139 278 1161 3.6 0.83 345 899 70.1 7028 0.05 0.05 0.41 99.8 99.8  96.47
53.20 ~ - 12.62 — - 76.3 - - 0.28 - — 99.5 - -

W N -
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4.5 B HE-SBR iEES IR B ST B K N EEIETH R

B 2 5N B -SBR & Vs B4
AT AL R K FIIELIZTE R, e 3000 400
LAF 44, SBR A4LH 7K COD #1 NH;-N 3R F¥F 2400 | ]
3343 8N F 100 F1 15 mg/L, B8 ZI97E 90% I
PLE, X3 TEXR I ZHBAFHEGB13456
-92)ith,

1800 -

—&— influent COD
—X— Biodegradable effiuent COD
—e— influent NH,-N 100
—a&— Biodegradable effluent NH,-N

4.6 fNEEMR-SBR FEiTIREMEBRELEK : apdda
P S AT ] B b
%%E‘]E%IZ%E%%%Z’(;&%* 6.05 6.10 6.15 6.20 6.25 6.30

HERNREAREETELEKTERRER

T R INGE 7 S, N S = B 2 HB#-SBR iEHS BILEEIEITER

TETFEI AL BRI B, — 7 TR o Fig.2 C}(;ntinu9us tzst ;'esults of micro-electrolysis—

P e (5 A s T R RERAE B, 0 R SBR activated sludge process

BOKPEIERY): H— 5 EARAMBE RN A RY O BaEMEER, EBK P RREEA

S FEMTEA N TF, TR T BRKR T AN, SMR@ETEEREK, BRAH SBR T

AT AL, EEKAEEIHE. MRS TR)E SBR ST RIES RIS

AN IIEPRGE, AEXRE =4 —Ris 3.

ZE, NMABE-SBR GG T ZE R — MO 3000 mY/d £ BKEIE B, H

HERBAN 670 u/(m’-d), BITEHERALN 4.6 U/m’, FHXERAESHBKE EHABEE,

KR 298> TV 7K, AT )4 BRI B K A 2 2% FH .

5 &

(1) MABBARETUEE B KA AR EBRE KT COD. By, #. iy, mHReEES
BOKRIRT At PRERER KR #tE, FRTREEEILE.

Q) B ERRRWEHBME TR ALEKFLEESECN: #7K COD~2200~2400 mg/L,
7K pH £5 3.0~3.2, THHE/K P& B i8] HRT~55~65 min, Fe/C 4&FIEL4 1:1.5. A b BB R 5
iF, COD ZBRELN 70%.

(3) MAH R -SBR EMH RGN &AL EKRIELETERRY, LT EMRkERAKF
BTG R LR T 90% UL b, EFITBK I ZHBARME(GB13456-92)". S HHAN

670 FT/(m*.d), EATEEBAHLN 4.6 To/m’,

BB -
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Treatment of Coking Wastewater Using the
Micro-electrolysis—SBR Activated Sludge Process

ZHANG Wen-yi
(School of Chemical & Environmental Eng., Anhui University of Technology, Ma'anshan, Anhui 243002, China)

Abstract: Tests has been carried out on treating coking wastewater using the micro-electrolysis—SBR activated
sludge process. The results show that the micro-electrolysis technology not only removes COD, phenol, cyanide,
sulfide in the wastewater, but also improves its biodegradability (BODs/COD,;) from 0.28 to 0.54. With the
micro-electrolysis technology, the removal rate of COD, phenol, cyanide, sulfide is up to 70%, 77%, 68%, 71%
respectively. By orthogonal test, the best parameters of micro-electrolysis pre-treatment of coking wastewater are:
influent COD=2200~2400 mg/L, influent pH 3.0~3.2, HRT 55~65 min, volume ratio of Fe/C=1:1.5. Using the
micro-electrolysis—SBR bio-treatment technology the effluent water can meet Grade I requirement of the National
Discharge Standard (GB13456-1992) for discharging industrial wastewater.

Key words: micro-electrolysis technology; coking wastewater; COD; orthogonal test; SBR activated sludge process
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