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Feasibility Study on Coke Wastewater Treatment Using Membrane Bioreactor

(MBR) System with Complete Sludge Retention
ZHAO Wen-tao'» HUANG Xia', LEE Duu-jong’» HE Miao's YUAN Yuan'

(1.State Key Joint Laboratory of Environmental Simulation and Pollution Control, Department of Environmental Science and Engineering,
Tsinghua University, Beijing 100084, China; 2.Chemical Engineering Department, Taiwan University, Taipei 106, China)

Abstract: A laboratory-scale submerged anaerobic-anoxic-oxic membrane bioreactor ( A;/A,/O-MBR) system was used to treat real coke
wastewater and operated continuously for 160 d with complete sludge retention. Pollutants removal performance of the system was investigated
through long-term operation. The characteristics of dissolved organic matters (DOMs) in influent and effluent coke wastewater were analyzed
using hydrophilic/hydrophobic fractionation, and further discussed based on fluorescence excitation-emission-matrix ( EEMD. The results
showed that A,/A,/O-MBR system could stably remove 88.0% = 1.6% of COD> >99.9% of volatile phenol, 99.4% +0.2% of turbidity,
and 98.3% +1.9% of NH, -N, with individual average effluent concentrations of 249 mg/L + 44 mg/L, 0.18 mg/L +0.05 mg/L, 1.0 NTU +
0.2 NTU and 4.1 mg/L +4.3 mg/L, respectively; moreover; the maximum TN removal rate also reached 74.9% . During the whole operation
period, the MLVSS/MLSS appeared to be constant as 90.2% +1.0% and no inorganic matters accumulation occurred. The observed sludge
production (MLVSS/COD) decreased with time and stabilized at 0.035 kg/kg. DOMs in coke wastewater were fractionated as hydrophobic acids
(HOA), hydrophobic neutrals (HON), hydrophobic bases (HOB) and hydrophilic substances ( HIS); HOA was found to be the most
abundant constituent in terms of DOC and color intensity both in influent and effluent, which accounted for 70% and 67% of total DOC, and
75% and 76% of total color intensity, respectively. Humic-like substances were suggested to be the major refractory organic and color-causing
compounds coke wastewater effluent according to EEM analysis.

Key words: coke wastewater; membrane bioreactor; complete sludge retention; hydrophobic acids; fluorescence excitation-emission matrix;

humic substances-like matters

FEAC IR AT TR AN AL 7 ik 73 25 (e e
Hr R AR Y — A el K - JOK AL 4y
ST AL B A K A IR BE T NH NS AL
Yo R B P Oy DL R 8 N2 DT ke
CPAHS) R 0 S R I 24 R A e i ey e
Prn A ZAT R4k P R PR BN AR 2 2 A i Jl ™ B
fi S 100 R B £ A R KIS TS Ve AR A FE T

2 DRV I SACA, 1AL 10D FI SIS/ UF 50 (AL 10D
Z G5 He 3 1o IR AL IR A R AR s RS A A FE B Hb

Y5 H #A: 2008-12-10; 1&3T H #5: 2009-01-07

HEEE : B EAHHER IS H (50725827)

PEE BB 1979 ~ O, B LR AR, BRI 7 A R R
KAk B0 RS2 ) R 3%, E-mail: zwt02 @ mails. tsinghua.
edu. cn

* JARIKER A, E-mail: xhuang @ tsinghua . edu. cn



113 AV TR AT N RS- 2R B 2 2R G0 b BRARAR PR K AT AT PRI 3317

bR 2 PR RN 2 IR AE SR AT DAL S, BRI KB,
DX RV 8 R SR AT AR, A /A, /0 F
A, /0 L E RS T B T 52 3 2 7K A A U B 1) 5
R [ R i P P e SR SN E 27
JE(PAHOMS, 380 T 75 8 Ak B 1) 3 FE A AR

JI5- A4 [ . 4% C membrane bioreactors MBRO1E 4
— T B R R K AL B R O )2 N T AR T
KR 7K A BEE200 58 3 ok 0 8 i 41 F 7
R I 73 25 4E T, MBR REEAT V5 ¥ 1) 58 42 B
SEILAE AT e B I CSRT 22 TR 411 I
BT L HERIEAT 4T R, MBR 4 FEfE AR E
ICH F/M BRI, fie 56 4 25 B B AR B A K AT DLV G
W, [ D 3 8 7= e o T AR B K i
AN TR BEAE R G0 H S % B IR RE, AR T IR+
KIF e M1 R H o8 TR 41 R
MBR IR BF 9 8 B4 i 5 v KR 3 75 7K Ak
B2 ST S B e 8 MR K HR R A 3 3 AR 6

ST TEHRe 4 F 1) MBR X il B2 s 2 1k £
AR 7K 1R Ak R A 98 A ) N 55, TR B AR B 9 %
HANABUR A, /A,/0-MBR R4, % 42 H AL To RV 4%
PR KIS AT b B A AL PR K [ T AT 1, 938 1 55 i
TKZH 73 B 73 A = HE 586 WA CEEMD X R AL R /K
oh RV AT DL CDOMs ) (R A 73 5 AE JEAT i A

1 #MR57AE

1.1 R E

AWFFUR H /N RIEE A /A,/0-MBR 5 48 (il
Bl 1 BTs ) Hr 3 AR TC R N AR AL, 4300 ok IR AR R Y
(A 11,5 Ly B 7R 959% MBI R | 460 S N 4
(A,,12.0 L, 5ERRA)H AR N4 (0,27 L, 584
A IR O 2 2T Y JEE A AF (Mitsubishi Rayon, H
AR BB A LA e, AL 0.4 pm, THALN
0.2 m’ . M5 H 7K SR i 30 S R B il W5 AT 45 5K, iy
I AT EE 24 8 min/2 min. W< FLAE ICE 7 2 AF
N5 BRI N 2 m? /h, T 3 B SR T S
W T, Ak 75 Ve A BRI R DU, JE 4 FRis i
(DO E > 3 mg/LL. 1 40 S5 I3 245 F1] 5k A s I 24 (1)
TR IR L R 3009 BE K 5 B4 RN 2% DO <
0.5 mg/L. BicIR 40 75 1] 1 32 0 AU A 5 1R 1) ik
FETHFE, W I pH 1 2 42 61 A0 880 &R 48 (LM
MILTON ROY, 3% [ #% il 4 4 5. JC pH {H1E 7.0 ~
7.2 PRAR AR R I 460 S I 24 i 8 e o i 47 1) 4%

FEHIFE 30 ~ 35°C » 1% & 23T T S B AR AL IR 7K b 2
T AW A B AL AR R R A

 drm— |
= oh,
lro & 5
"By | i i I e 2l
T cU.,—q— 1
9ﬁ' [ : ]‘ﬁ9
s b=
= R 14
.| I'.Q. L EN] 0
1 2 3 4

1REAKOKAR 2, R AR 3. SRR NAS 4. IFRUR NS
5. 3KE 6. A 7. WEAE 8. tHKEE 9. fHIRER
10. BEFEES 11, pH BEFEHIREE 12, BB E R
13.Nay CO; %W 14. S5
Bl1 RE/ME/FE-EENRNBRELETE

Fig.1 Diagram of anaerobic/ anoxic/ oxic-membrane bioreactor system
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Fig.2 Scheme of the fractionation procedure of dissolved organic matter

1.4 Kot ik

BOD; ~ COD- # &%) \NH,” -N-NO, -N.TN. 7@ &
T R B CMILSS) FHVR 75 VA 2 P A 7 il A ik
JSECMLVSS il 52 7 925 2R Y IR 5% e g k0200 S v 4

R I 5 S FH 28 0 T Ak BEE0) 3 B L DO pH AT TOC
3 3K F 380 BE A COrbeco-Hellige 965-10, 1)
WAL (Thermo Orion 850, 3 [E )\ pH 1% ( Thermo
Orion 868, & ) A1 & A HL #x 43 #1 4L ( SHIMADZU
TOC-5000A, H )W 5 . €05 15 I 2 K 40 4l BE £
P i A B KO R 2 O ot Bk
(SHIMADZU UV mini 1240, H 4D, 0 = 3R (i v
S 30 ANE R ABARAES

= YE 6 1 CEEMD SR F 94 06 43 6 ol X
(HITACHI F-2500, H AWl 5 , 30k FH R 5 5k 4% 56 B
NS nm, IR E N 1500 nm/min. A T 3RAF = 4E 9%
TGk, WO E, 8 220 ~ 400 nm, K 5 nm; K
SK E, 240 ~ 600 nms 2P KA 1 nm. W 2 B 3
TKHE it B 53 R B 1 000, M8 HH ZRE ity B 3 4143 7
FE 100 5. 4 T 08 ALIOGIRAT L, W T 4 W) 1165 4
FRC AT, D2 BT A 5T (1) = 4 56
BTG FE i AR ) o0 2 i) pH (BN 7.0, B8 151
47°0.01 mol/L KCI. =452 5655 = 2 K H OriginPro
7.5 AL

2 HZR5IE

2.1 TG4 LR ERE

A,/A,/O-MBR & Gt 7t oA e 55 11 T iE 8Lis 1T
160 d, ¥ 7K CcOD. # & Wy ol &2« NH, -N+ TN Al
NO, N JE SAH N (1) 2 BR A £ 1 fis, % 500
SN 5 GL B 1 2 B DUk R K 2 TR

F1 A/A/O-MBR RS H KT HRIRE R ERE

Table 1 Influent, effluent concentrations and removal efficiencies of pollutants in the A;/A;/O-MBR system
N A S — S L S L Sl —

KRB P+ bR % fieAs] SR + bRvE( 22 bieAz] SPEIE + hRdEfw 22 biei]
COD/mg*L.~! 78 2107 £375 1396~3116 249 + 44 158 ~ 349 88.0+1.6 76.9 ~ 89.2
FE R W fmge 1! 11 405 + 109 311 ~716 0.180.05 0.11~0.26 100.0+ 0.0 99.9 ~ 100.0
U /NTU 37 178 + 60 84 ~ 330 1.0£0.2 0.4~1.8 99.4+0.2 98.7~99.7
NH;" -N/mg*L~! 78 282+ 51 162 ~ 401 4.1x4.3 0.1~16.9 98.3+1.9 89.6 ~100.0
TN/mg*L.~! 78 348 + 61 210~ 518 164 + 40 73 ~250 51.9+11.7 38.3~74.9
NO; -N/mg*L~! 78 — — 5.6+5.7 0.4~93.7 — —

R2 BRTRMEBMTRUGERTRE %
Table 2 Contribution of each units to pollutant removal/ %
K b 5 UK I Vi b
RE TG B LT JAEEESTH JIELER

COD 35 2.6+6.6 57.7+12.3 32.3+11.7 7.3+£2.2
Eva 3 8.7+2.8 48.6+4.4 42.7+5.9 0.0£0.0
NH{ -N 34 -2.6£6.0 -6.9x11.3 109.3+10.9 0.2+0.3
TN 33 -6.3+£11.8 116.4+£27.6 -16.7+26.1 6.6+4.0
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Table 3 Hue and dominant wavelength of coke plant wastewater samples and their fractions
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