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Application of combined process pre ozone plus MBR and post

ozone in sewage plant technical transformation project of coking park
LI Zhilei, LIU Baofu, CHEN Xiujuan,ZHANG Dexiang
(Shandong Provincial Architecture Design & Research Institute Co., Ltd., Ji’ nan 250001, China)

Abstract: Due to the frequent exceeding of toxic substances such as total cyanide in the inlet water, poor biochemi-
cal properties, etc, the sewage treatment plant of a coking industrial park had difficulties in the cultivation of acti-
vated sludge in the biochemical system, the large consumption of deeply treated powder activated carbon, and the
COD and TN of the effluent difficult to stabilize. On the basis of the existing process, the primary treatment was
transformed into ozone pre-oxidation and hydrolytic acidification tank , which improved the biodegradability of waste-
water while breaking cyanide. The secondary treatment was transformed into A/A/O and MBR process, giving full
play to the biochemical degradation of organic matter, nitrogen removal and phosphorus removal, and the low turbid-
ity of MBR effluent reduced the ineffective amount of subsequent ozone. Advanced treatment was transformed into
ozone oxidation. After the completion of the technical transformation at the end of 2017, this combination process
showed a good operating effect, and the cost of post-technical transformation treatment was reduced by 3 yuan/m’
compared with that before the technical transformation. The main indicators such as effluent COD and ammonia nitro-
gen steadily reached the “Environmental Quality Standard for Surface Water”(GB 3838—2002) Class V standard.
Key words: pre-ozonation; MBR process; coking wastewater
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1.1 #EHKKER

AT H AR R K BT HE KK TR T (R R AL 2%
Tl 5 G HE il br ) (GB 16171—2012) H1 3 1 1]
BEHE RS fE , Hoh cOD VA L BVA S R ARl Y K
K5 B KK BT AT KO T K Ak 335 G 4 HE ik
FRifE)(GB 18918—2002) — 2% A h5 i, 7 SR 48 BRI
L2 R (COD<40 mg/L, 2 A <2 mg/L) , ¥ i1k H
KA 1R .

— R K) — T2
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VA PR PRl F - R A A AR
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Table 1  Design the quality of the inlet and outlet water

KI5 48 B bl ik
pH 6~9 6~9
BRI <70 <10
CcoD <300 <40
AA <60 <2
BA <60 <15
B <3.0 <0.5
BOD <100 <10

S

TE B pH b, FAK B4 b S0 354 mg/L.

1.2 BUERTLIZmE

PR BT R FH A+ R TAL 3 T B, A/P+O/P Ry
A AR BT B, o i+ R b A R BE AL BT B, T2
AR WA FTR o

¥
75 PR i vo——- B HE ek - 43z Ak B

B1 Ri&tIZiRE

Fig. 1 Original design process flow

13 MENEEIESH

(D) VEF M 18, R LxBXxH=40 mx25 mX5 m,
A AR 4 500 m?, P8 45 B E] 10.8 ho (2) H i .
32145, A 150 kW, K S 0.5 h,
WZAFM . 28, B RS LXBXH=12 mX5 mx
9 m. 4%l b TR 10 mm/s, 4 B X G R
1.5 mm/s. AR 5 15 7K 100% I 3E A7 SORE
(4) R4, 18, LXBxH=39 mx24 mx8 m, {5 B4 f:f [i1]
15.3 ho(5)— . 1, R DxH=22 mx7 m, & HK
JIHAF 1.1 m*(m*h) o (6) 440t . 188, RS) LxBxH=
39 mx24 mx8 m, {5 84 B[] 15.3 ho (7) 003 o 1 )3,
ROSF DxH=22 mx7 m, 1 K 51 G fif 1.1 m*/(m*h) o
(8) V& Pk s kit o 1, RSF LxBxH=34.2 mx24.2 mx
8 m, {5 BB [A] 14.8 ho (9) =0ith o 1 )8, R~F DxH=
22 mx7 m, MK J7 FfF 1.1 m*/(m>-h) . (10) B €
Mo 2, B R S LXBXH=9.2 mX9.2 mx7 m, J§ i#
25 m/ho (1DIEEEM . 18, R LxBxH=10 mx8 mx
5 m, 15§ 0[] 0.85 ho

1.4 BUSRISITHRRGFEMNEE
1.4.1 BE/FHE

MO AT YE 7K AL B 24 9 000 vd, 45 T2 B
HE KK R AN 26 2 TR .

R2 BEWMEIZERFEHHAKKE
Table 2 Average effluent quality of each process

section before technical transformation mg/L
K B CoD BOD, HA HA S
LRER(LN PN 280 32 48 54 2.12
K 266 30 46 52 1.26
IR A 7K 240 35 44 50 1.13
TS H K 84 4.1 3.5 19 0.45
7 b K 38 3.2 3.2 18 0.41

FH 2% 2 PN AR Uk ekt ) TS PR A2 COD LRV
WU AT COD U5 Hh /K HE AR S AR T LA 2 HE bR o
fHIEA A Bt COD 2 BRI, 4=kt 7K COD 24 80~90
mg/L, A PRAIE S KR BR , 6 PE SR B T K
ARG, PR IE AR A B, T LA K SR
1.42  BERIEAT R A

MU R B AT A a3 3 s .
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Table 3 Main operating costs before technical transformation

LIERS AR & A% /5 o6 B AR/ (TG m™)
AR 4833 600 kW +h 338.35 1.03
SIFEH PACTE W (10%) 657 t 32.85 0.10
PAM(BIE F) 6.57t 10.51 0.03
WA (10%) 32851 32.85 0.10
LTRH(25%) 394.21 59.13 0.18
T AR 2 20 A 120 0.37
A TG P A 547.5t 438 1.33
5 e 5 b T 2918.18 t 1 459.09 4.44
MK PAC L (10%) 583.64 t 29.18 0.09
Wik H PAMCFHE 1) 35t 9.45 0.03

[ ok k2 438 t 0.15 0

Gt 7.70

1.4.3 A5 BB P o Bk

AT H 2016 4 ) S BR 87 5, A7 E Kt ) i
(1) HE i R 0% R, ik A e 35 TED B 95 e 0 2T Ak,
2dTEE N T 1R, 8172 &5 (2) LliE ik
Al 35 Kk K RS R OR R E A D A
SEMEGR R 8.7 me/L. AR R GEM A2 b ik, 1
VR E H AT (3) HE UK B/C ARG, I S U
B % R e 4F i SV, X 8~10. S2IN A fL BE COD
K AR MEAR T 80 mg/L, SRy fRIE 7K a5 b5 , HRE 7 1%
P Ry Sl R B I A T M R . R R AR IS AT AR
05 S = o A ) W = S 14 5 T S 7
e AT AEEZBR —EA SR EY R (nE
/NS SE 7/ DI 10 T N E 3 G = B S A
Y
2 BAKAEBHETIZIRIE
2.1 MEIEZRZ
2.1.1 FRALZE TR R R

P T L S R A A A PR M s AT 2 A ]
BT T B s o BRI 2 AR A Tk
AR, N T RS AT 9, s R A Il n
VEARRTE L I EE 20% SRR H 2 7 55 kW REIK
R 2615 kW o Sk % £ Ak 5 K AR AE 5 G (26
My 2 R W55 ) 25 2 R R I I 0, 4 IR AT DR St i B
i SRy AR AR AR, SRR T A A A Bl R
61 109 15 7K A AR G 1 Kb RSO 5 R ) o X T B LAk
Yy, R ARSI T 100% 5 H B, AR H
WO I Y SE PR as AT AR o, B 20 me/L Y R R
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AL LUK 7K Y 5~6 mg/L 1Y 8L U AR 2 0.5 mg/L LA
Lo R A R EAE A . R AR A
FE AU ] B AT 05 e R e e ke A IR W 4
TEIR W RE SR 5 HE K R Ak . AR R e B
57K 77 TR TR AR A R AN ) KA TR Ak b K TR AR
Ab 3 A ) A DR AL AR 2 A4S B B, BRIV R K i
HNTE 7 R B AR N AN A L K i S 1 i
H ALY, K M A P B R R B 2% BROR R AT
Yy 5 e A Ry iy = ) B ik ) A BILTR A R A5 /Ny 1
L7/ 05 N TE 1 = Y- S DTS S e
2,12 AA R T HEKERL

FH 2 2 AT 0, A R a1 32 2 H R 2 3R Ak COD il
SRR ZEBR . BOE AT A AR K COD  80~90 mg/L,
K BVE 20 20 me/Lo SR UM RS LXBXH=39 mx
24 mx8 m, B A5 B A A 15.3 he R T 5 AL B AU BR
T, 44 DAL G Bt s Ay DR AR T+ i Bt + i S IR
FORE T, BRI T RRFR (PHB) 2 76 I8 i Al 9 B
2,30 20 M P9 0 SR LA Ay BRSO R AR S TE
B 4t ok R WA W T R A% ¥ e A M T S B A
Py B 0t B AU R A SR OK 3 A NOS-N I AR AR
b 1] 7 YR A5 V) S A A TR AT B Ak R B I
K NO, =N # A6 Ry N, B AR K i 02 41, [
I 2 fige 78 43 COD 5 G 43t v 1) 58 2 1) 9 fie S AR
S BT ) R R R A ML R A R W e A i R o
i TR A 8 7K R 248 SRV 23 B AT LA NHL =N e 4k
9 NO, =N RUR B6 43 825 BE 2 45 3 40 5 e (1 75 e ik
JE, DA 28 725 BRL{E 3 25 1) b 3 7 ef , O HL SIS K 1
VA A 4 figk X 1 i A AL 1) R P A L 60w 4R L I
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ZEE & .FMEE+MBR+ER AT LA EME KT A B vy A

M K D3 R B L B 1A% A0 D MBR B L 2 A
AAO+MBR AL BT . b T 2058 T A0 E K 1 ik
B ALY A BRI B EBRACE . 5
A, BB A 1 v 25T R A P A RT PR E BB S K
JEARAR A5 I F J5 2L i TR B AL 2

MBR Ji5 L 75 Y 51 3 A 40t (18138 B oy 400% )
G4t A i i P VR D] A B 40Tt I3 1L Ry 300% ) , ik
SIS R DA o AR b S 8 T MR 6 000 mg/L,
5= FE ] A S b, B0 MLSS B 67 47 4 0.04 kg/(kg-d)
(PANO, =N o g PR GiE i 0 0 R, i St iy o 422 1
WAL A 30 LI EL BN R4k o DR 4UTth 15 e I it vk
J& 41 6 000 mg/L, 15 BR BF ) A7 1 ho G 4803 95 30 o 1 i
J£5 6 000 mg/L, 15 B 15} [0] 2 9.3 h, FLfi. MLSS A HLY)
M 0.08 kg/(kg-d) (LA BOD,i) . &SR A R MBR
T2, BAE MILSS il S0t 1 280 97 47 4 35 0.06 kg/ (kg d)

(PANO, =N 1), 4 53t s, MLSS A5 #IL 71 4 K 55 0.12
ke/(kg-d) (LA BOD,it) , & Z AR S50 T Ak i Ak

AT H o S S PR AE 4T R, MBR B 3 HY K
COD &= A A S ke , 2 coD /] DLfa e 3
60 mg/L LA T, Ho ok i BT RS T 20 mg/L LA E, #5KHl
RAARC T R B A B 2% 1
213 FRAEAFE T ZKERLE

AT H E R 17K COD /T 40 mg/L, 6 A4 T
BUR TR AL B o B 18 Ab BT 25 Bk
ARG PR W, SR PR TR bR AR R M R £, &
et AT 1 o W K A P AL 2 T3k 3.38 J6/m’,
DA el o SRR R T 20 R IE R R AU
By 2 B ARl BRIt A foh bt ], 64T T a5, 25 2R
WM 455

x4 RESMAHHARR

Table 4 Pilot test record of ozonation

st H ) O, At/ (mg-L7") 15 B4 B} ] /h A4k 7K COD/(mg L") B 1K COD/(mg-L7") COD £k /%
2016-10-20 60 15 83 63.10 23.98
2016-10-20 60 2 83 61.55 25.84
2016-10-21 70 15 89 65.67 26.22
2016-10-21 70 2 89 64.00 28.09
2016-10-22 80 15 85 58.33 31.37
2016-10-22 80 2 85 56.43 33.61
2016-10-23 90 15 82 52.00 36.59
2016-10-23 90 2 82 49.10 40.12
2016-10-24 100 15 85 51.67 39.22
2016-10-24 100 2 85 49.29 42.02
2016-10-25 110 1.5 78 41.33 47.01
2016-10-25 110 2 78 38.71 50.37
2016-10-26 120 15 81 41.00 4938
2016-10-26 120 2 81 38.14 52.91
2016-10-27 120 25 81 33.00 59.26
2016-10-28 120 25 80 32.10 59.88
2016-10-29 120 25 76 30.20 60.26
2016-10-30 120 2.5 87 39.31 54.82
2016-10-31 120 25 84 36.00 57.14
2016-11-1 120 25 79 31.54 60.08

2% 4 AT, B4 A AR X A T H Y COD A #R 4F
(2 R AR, 2 R BN iy 120 mg/L, 3 fil b5 (8] Sy
2.5 hiit,COD H1 2 80 mg/L F& Ik & 40 mg/L LA R, &
% 1 mg/LEY CODFFEZY 3 me/LIY O,

Xif LU TR AR T e T B T 2R R R T

BATINA B R ANK 5 R .

Hi 3R 4 . 5 AT H, ARG AT LAGRIIE S /K 3k g
AH EG TRy AU 4 ¢ W B B8 B AT 28 9% 5 JLPE
22 METIEHREWRTE

FRE LA 404 B G e i T 2R an i 2 s .
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Table 5 Comparison of operating costs between activated carbon adsorption and ozone oxidation

Tz B foi 1 LNty LA/ (TE o m ™)
N 3y oK 0.16 kg/t 8 Jt/kg
W TP T IR T (e e 3.38
AR TEAIH L2 (R i) 75 Y8 16 e A 7 0.42 ket 59t/ke
0.90 kW - h/ 0.7 76/(kW-h
SR T () BIE ‘ LMW b .83
WA FE i 1.20 kg/t 1JG/kg
, . AR 0.08 kg/t 8 Ji/kg
] i e W B S (o 1.69
FIATRIE LR 1.2 (St ) 5V fo B Ak 0.21kgh 57t /kg
FLFE 0.90 kW - h/t 0.776/(kW +h)
LA AL T2 (M ) 0.92
PRI T 2 (B R R 1.20 ket | 7t/

— B EEAEK) Hiﬁ%imliﬂﬁ%)%%ﬁﬁhl—ﬂ RA LI

Gty

bR/ A I

FER A

K fif B A

D DT V(L T R i i

v
(5 Ve vk divl—s B Bt K41 iz 4b B

B2 MERHIZRE

Fig. 2 Technological process after transformation

3 MEIZIT
3.1 MEIZBRTIET

(DR . A He i AR Tt 23 A 356 4 [
T R DLTE M, BR S8 2 4 filh |
FE 10 mm/s, 43 85 X W] T ¥ 1.5 mm/s, <K
I3 b 20% . WASOKIRE 3 G2 H 1%, fHK
FBH . 0=42 m’/h,H=60 m ,N=15 kW ,

(2) R HU A At +K iR Akt . B DR +—
Ut B33 Ay R AT 4L T+ 2 it + K A R Ak Tt +— 7T
i, BARS . LA TR AT, 1% B AR R e -
B, T I I R N R R IR A . AR
FEfl B (B] 1.5 b, BN 5 20 mg/L s ZZ vhh, 1, 2%
PRBSEIE] 1 b K R AL b, 1 457 B A I) 12.5 he

(3)A/A/O Ak o D 47 480l 230 Sl AZA/O A4
W, % I5 R B W EE 6 000 mg/L, M ET T MK K
Shy s R AR, 1 5 R DS by DRGECHAL L 1 45 BE B
[F] 1 g df 400, 188 452 B B I] 9.3 b

(4) MBR 53t + J 5 408 fi it o 9045 006 4 e B
Tt 3 4% LA A 1 RS 0 S MBR T 2R 2 4% ks
Ry Ji AR flt L 5 3RS R B T R R R L L VR R S
I 485 it

(5)MBR B3t . BEIT 1 HE 4 4% o A R B2 K R
LG 4, 355000 HE K B 4 4% 55t . PR IS 3, e
7ANEESE 5E B 9.8 L/(m*-h) . PVDF #1J5i, fL12 <
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0.1 wmo FCEIEVERG , L5 A 05 Ve A B 405 Uk .
FELE Ve R A 9+1 A5, B3 38 9 min, 45 1R 1T
AR PE 1 mine R 4 4%, B 2 T VRIS A 1A%, 55 Ak
3k AR A TR A, B IE G B S N ZE 13 L/(m®h) o
7 15 26 T U 1 R b 2 O L e R R AR S TR U B R
T8 B 25 70 A A %G T A VR BE 2 000~3 000 mg/L, pH
10~11 9 NaClO ¥ , FR ME WS BE 25 010 0.2% 812 , 1=
YIS [E] BB PE 6~24 h FRYE 2 ho #FE/K (HEVEHLBh 1]
K485,

(6) B 5 [a] . MBR B th 22 171 7 6 B 15 4% A] , R
RS, 2/ H=49 m, TEELREWT ™
K46, % &SH:0=105m’/h,H=10 m,N=5.5 kW .
FBANER ARG E 2E , S E1E, YK
15, ZERE1E, g RL2 5.

(7) 5 5L AU folit o 1 A, 3 R 0 TR R - B %
€5 I % o o S UV R S D= 87 N S =
L fli f 18] 2.5 b, B2 A 4% # 80~120 mg/L.

32 MUERE

AT H ok v S 2 124.99 77T, Horh B B
FH 1 604.11 J7 JG , 18] $% 9% 1 520.88 J7 oG . T 4% 3%
S TR 2% 260.59 J7 0T, B £ A B 3R 1 125.80
Jiot, &% TR 217.72 71 7t
33 FEETHRA

M BB BT NE 6 TR .

X EE e 3N 6 AT AT, B I FL R AT AT AR
FEAL T 2.97 70/m®, A B IF A2 55k .
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Table 6 Main operating costs after technical transformation

FEZ S Ba LK™ AT TG B A/ (TEm ™)
L FE 0.7 kW -h/a 4927 500 344.93 1.05
TR PACIAE I (10%) 657 t/a 500 32.85 0.10
PAM(FHE F) 6.57 t/a 16 000 10.51 0.03
WA (10%) 328.5t/a 1 000 32.85 0.10
RN (25%) 394.2 t/a 1500 59.13 0.18
TR AR A B 20 A 60 000 120 0.37
15 Ak & 9% (FE %) 636.93 t/a 5000 318.46 0.97
V5 e AL B (— [ %) 912.5t/a 200 18.25 0.06
B K F PAC YA (10% ) 309.89 t/a 500 15.49 0.05
JE 7K FH PAM (BH 857 1.86 t/a 27 000 5.02 0.02
L& 2920 t/a 1 000 292 0.89
EES & 438 t/a 3.5 0.15 0.000 5
MBR fi5 57 4 2 H 10 640 m*/a 120 127.68 0.39
P S kA T IH 2% 0.29
A T A G B 0.25
At 4.73
®7 2021—2022 F B F i H kKR
4 EhiE 1T X\)I[ R ER E/T CED Table 7 Average monthly inlet and outlet
41 LEREBEFHE water quality from 2021 to 2022 mg/L
' e o 1 GH  coD A BA MW
AT H T 201 7T4FE4E K211 25, BT8R R AT, it s Bk 250 15 55 o1
HiKfa g ik b, AT 299 000 m*/d L b, 2021 4E— itk 32 0.9 12.1 0.42
ys$iis .
202247 J1 - ST Hy AR A3 7 R - T B,
B K 28 0.8 11.3 0.35
534%7‘[%] ﬂilﬁﬁﬂif_"}: / )&% Ei@,,uﬁu 2021457 i J=8ivi e 279 51 56 1.7
K] LS s B AR v A K 34 1.2 134 0.36
Bk 2 4 2.2
42 BEWR dopripgp DA S
JERiiPIN 36 0.6 13.6 0.39
(DA HESEFRATAERASATZ & 2021 40 ] BAEK 269 44 49 1.6
5L H fi o F PR VR B85 L B 2 T ek 27 03 1S 0%
- JESii YN 282 46 52 1.7
o JEERIE N T SRR R AR T &R G RN 2l AR L, 2021410 A Bk 29 0.6 22 035
X LSRR AR AT T AR AF 2% 3, S bR AT A 4 e A
p 2 A K 31 0.9 12.9 0.41
20% HIBUABLAERE - 2021 4F 12 5 Sk 276 46 55 2.6
(2) AT H B i Bt 7 2 5 20 kg/h 7Y WA R Bk 36.8 184 138 0.46
SRR AR BT RIS FORMER R HIK  jppue g BEK 2600 a1
_ Bk 33 1.4 12.5 0.42
U5 AH 2 SE PRz 47 v & BLTE 2 i A 3 Y rh oK i ey B 256 " o ~
PR R HIBCR AL 2 R LR RIOR A I Btk 34 0.9 134 037
BT 26100 vh TR FR S HE L IRIRR AR somgpap DA 0 s
Bk 35 0.8 14.1 0.39
R4fo 20224 4 J] JENii Y 279 43 51 22
(3) A5 H % T 245 WHE B K BL, OF: 1k iz sk 34 11 138 037
JERiiT 8 279.7 46.7 52.8 2.0
A . A =
1T SLhrigfrrh, SR RN E HIER LY, ik FHIH Gk 3as 006 1ao  0a8s

15 PR BN E D — R [ K, Ak 8y 1) B Ak B A A
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AL o PRI S 25 4 e 4 b R ASARE M K ML B3 oy 2
Mor iy RS (1L E AP IFE G 1B A A
P&, RRREAR 15 e i b & 2% 1 .

5 #ig

(1) A3 H 5k 1 # R A8 A A+ K R A +A /A0
AL +MBR T2+ RA A A G T2 14k
Tl Bl 95 7K Ak B 3E P, A 2017 4R 4R R 1B 1T 2=

A AT H 4T R AT 3B AT AR B e i i R AR
%3ﬁmﬁ?ﬁ%ﬂﬁwiﬂﬁﬁﬁﬁﬁﬁﬁﬁ\
Ui A5 BAT — E BRI

(2) 7351 H s 55 70 1) IS A8 35040 L IR 480t ek
T Ay TG AR + 2 i+ K i R Ak G AU b R i Dy
AAO HE AR 3% P 2R K T 2O S MBR R + 5 R 4R
AL+ T M R b, X T TR 28 B A s T H B
—EMZSHEE,
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