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Abstract:In order to solve the unqualified discharge standard of coking plant wastewater after conventional biochemical treatment, the coke
powder produced by the coking plant was used in the advanced treatment of biochemical effluent in the wastewater treatment process of co-
king plant. The effects of coke powder dosage ,solution pH value, particle size,and adsorption time on the removal rates of COD and chroma
in coking wastewater were investigated. The optimal process plan was obtained by orthogonal experimental design,and the morphology and
surface element distribution of coke powder before and after use were analyzed by SEM-EDX. The results show that the removal rates of
COD and chroma increases significantly when the coke powder dosage increases from 40 g/L to 120 g/L. To further increase the coke pow-

der dosage, the increase of the removal rates of both COD and chroma are slow down and then remained stable when the dosage of coke
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powder is more than 200 g/L. When the size of coke powder exceeds 5—6 mm,the removal rates of COD and chroma are stable,and the re-
moval rates of both reach the maximum with solution pH value of 8. Besides, the removal rates of COD and chroma improve remarkably
when the adsorption time prolonges from 0.5 h to 2.5 h and then will be stable as the adsorption time further increased. The optimum de-
sign of dosage of coke powder,the diameter of coke powder,the pH value and the adsorption time are 200 g/L.,5 mm,8 and 3 h,respec-
tively ,based on the L,4(3”) orthogonal design. The results of several parallel experiments in the optimized conditions show that the average
removal rates of COD and chroma are 66.8% ,and 71.2% ,respectively. The SEM~EDX characterization results show that the pore size of
coke powder is large ,and there are large cracks on the surface before adsorption. While the pore size and cracks are obviously reduced due
to the adhesion of abundant substances to the surface and pore channel of coke powder after adsorption. The relative contents of carbon, ox-
ygen, sulfur,and nitrogen on the surface of coke powder increase greatly,indicating the good performance of coke powder on adsorption or-
ganic matter and part of sulfur and nitrogen—containing substances in coking wastewater.

Key words : coking wastewater ; coke powder ; adsorption ;orthogonal experimental ; COD ; chroma
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Table 1 Heimao coking wastewater pollutant index

COD ¥ J%/(mg - L")

pHH LI/ (mg - L) BACHIRIE/ (mg - 17) BRIHIRIE/ (mg - L) HERBIKEE/ (mg - L)

120 ~200 7.5~8.5 1~3

0.5~2.0 0~5 0~0.2

xk2 EMIVETESH

Table 2 Proximate and ultimate analysis of coke powder

Tk s/ % TEERIM/ %
Mud A ad lel chd Hduf Ndaf def Odaf
6.22 0.56 14. 24 78.98 81.02 2.29 0.94 117 14.58
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Fig. 1 Particle size distribution of coke powder
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Fig. 2 Effect of coke power dosage on COD and chroma

removal rate
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Fig. 3 Effect of coke powder particle size on COD and

chroma removal rate
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Fig. 4 Effect of pH on COD and chroma removal rate

H1 T pH (B 23 el 28 K s e AEAE B =X (4
T BT AW , X S8 B A K ) fig S
Fs f B A A8 Al DRI pHL {2 B A0 IR BT Ak B
Rk B R B T R 4 n
TERRYEZAE T BE pH E AR, COD M 3 J2 Bk
FRREAR; pH>9 B, I L BR A BE pH 0y 3% i %
%24 pH {H7E 8 Bff 3 i, P& LB Rk B i K,
COD EPBRFHIAE| 47% , A KRR IEE 50% , 43
M pH (ELXHREE A 52, R B pH {E 43901 7.8 .9 1B R
IE AR A K 5
2.1.4  MEEE X COD Fn e & 2= I B %0l

ANVHATRK pH A, 7EFE M BN 100 o/ L, itz
4 ~5 mm WERSMT R HAR 50— 3, %
FEMG B (DX COD Al €e B L BRFm (E5) .

60

COD

0 1I 2 I3 4
W2 P I 1)
B5 e X COD Frt B 4 IRk 3 oy % ol
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Table 3 Orthogonal experimental factor level

HER A H#E B FE C
A KD
K ERENE/ iy ip A W fh B "
(g- L™ 1%/mm [&]/h P
1 120 4~5 2.5 7
2 160 5~6 3.0 8
3 200 >6 3.5 9

2.2.1 COD £WBRERE R

ALK COD LBRFIEIRIEE R IR 4,

HRIEZE R 7T H W7 25 P R X 56 6 A 14 5% i)
T, HR 4 T SR AR KA HL S | fE AR R
K COD LBRFM2E KN N A>C>D>B, BI4 A
M COD EFRFM FWITF A . A>C>D>B, RIFE
BAB I FER R AE | W B ERETR] W pH {E 4 4>
P, % COD 22 BRZ A5 KN Ay« fE R B >
W2 R A 1] >V pHL (B> R bR A2

I3 BT 85 P 2R 45 7K XHR S8 38 Fr 19 52 ), AR 5 1
ARG RN by ke, oy TR AT FNWT R R XIS bR
PR e B B DT A DR R I s K P, 3R 4
Wk, ky ks TR ALB,C,D, S 4 DR M RALAKT
A, BVA R I B 2B A2 fb % K o coD it T2
S BTN 200 g/L, FERYRIAE 5 ~6 mm,
BAFESFE] 3 h, %K pH =8,

HRAE E S RGO 26 3BT A5 R LR 5
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Table 4 Orthogonal experiment results about COD removal of wastewater
75 HE A K& B R HE C wE 5] BR2E COD %BR3/%
1 1 1 1 1 1 1 1 50. 44
2 1 2 2 2 2 2 2 60. 17
3 1 3 3 3 3 3 3 56. 64
4 2 1 1 2 2 3 3 65. 56
5 2 2 2 3 3 1 1 65.07
6 2 3 3 1 1 2 2 59.50
7 3 1 2 3 3 2 3 61.75
8 3 2 3 1 1 3 1 66. 28
9 3 3 1 2 2 1 2 60. 81
10 1 1 3 2 2 2 1 53.23
11 1 2 1 3 3 3 2 49. 86
12 1 3 2 1 1 1 3 52.41
13 2 1 2 1 1 3 2 63. 54
14 2 2 3 2 2 1 3 59. 34
15 2 3 1 3 3 2 1 63.37
16 3 1 3 2 3 1 2 62.49
17 3 2 1 3 1 2 3 65.91
18 3 3 2 1 2 3 1 60. 54
ky 53.792 59.502 59.335 56. 905 59. 680 58. 427 59. 822
k, 62.730 61. 105 60. 580 61.713 59. 942 60. 655 59.395
ks 62.963 58. 878 59. 580 60. 867 59. 863 60. 403 60. 267
R 9.171 2.227 1.255 4. 808 0.262 2.228 0. 873
TE k) ko Ky A30R 3 KT R ER AR AR 1 P-4 ; R k2%,
x5 HEHW
Table 5 Variance analysis
a=0.05 a=0.01
PSS i 27 J5 Fl A F1H
F Il B B F i FHE B

A 328. 135 2 126. 449 5. 140 ® 10. 900 w o

B 15. 835 2 6.102 5.140 * 10. 900

C 79. 063 2 30. 467 5. 140 * 10. 900 ®

D 17. 872 2 6. 887 5. 140 * 10. 900
B2 7.79 6

T F o 200 T 225 B K

M2 5 A, RAEA 95% RIMERn] Ak FEp %
I MR | U BR R T) VR pH (E KT 2R X
RIGA BT KA 99% HIHER AT IA k FE R
T R RS ) K S e AR X 6 A R I R B
FER BN R B ) %) COD £ ER ik,
2.2.2 BEXBRIERLERSN

AR K G LBRR ISR R L 6,

M2 6 ], 5k A B A AL R K R, B2k R
TR R R BRI 22 KN A>C>B>D, B 4%
PRI 28 5 M) 2 B 2 BB ) R R ¥ R AS>C>B>D,
RIVFE By £ hE ARy RS | W B R A pH i 4
164
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MR 6 1k, ky Jky K/NCERATAL A B,C,D, 2
4 NI EACACF L5, RV IR R 25 BR A AL PR
K R R TR SRR 200 /L, 45
FYRIAE 5 ~6 mm, WEFFINF )Y 3.5 h #K pH=8,

AR E A B HA RSO 22007 AR AR 7
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Table 6 Orthogonal experiment results about chromaticity removal of coking wastewater

P HE A HZ B R K% C w2 E) R UL RBRA/ %
1 1 1 1 1 1 1 1 46.77
2 1 2 2 2 2 2 2 55. 61
3 1 3 3 3 3 3 3 53.13
4 2 1 1 2 2 3 3 61.56
5 2 2 2 3 3 1 1 64.07
6 2 3 3 1 1 2 2 56.5
7 3 1 2 3 3 2 3 65.75
8 3 2 3 1 1 3 1 68. 28
9 3 3 1 2 2 1 2 64. 81
10 1 1 3 2 2 2 1 52.94
11 1 2 1 3 3 3 2 45.33
12 1 3 2 1 1 1 3 44.01
13 2 1 2 1 1 3 2 62. 54
14 2 2 3 2 2 1 3 57.34
15 2 3 1 3 3 2 1 59.37
16 3 1 3 3 3 1 2 66. 49
17 3 2 1 1 1 2 3 72.91
18 3 3 2 2 2 3 1 61.54
ky 49. 632 59. 342 58. 458 55.538 58.502 57.248 58. 828
k, 60. 230 60. 590 58.920 59. 220 58.967 60.513 58.547
ks 66. 630 56. 560 59.113 61.733 59. 023 58. 730 59. 117
R 16. 998 4.030 0. 655 6. 195 0.521 3.265 0.570

R7T FHEHH
Table 7 Variance analysis
a=0.05 a=0.01
HE i 22575 il H FAE
F g FHH i P F G FH 2
A 884. 456 2 799. 930 5. 140 * 10. 900 * ok
B 51.074 2 46. 193 5. 140 ® 10. 900 # ok
C 116. 499 2 105. 365 5. 140 ® 10. 900 # ok
D 32.072 2 29. 007 5. 140 * 10. 900 # ok
RE 3.320 6
2.3 REHERMUL AL T 207 258  FE M & 200 /L f&

i COD F{a i 26 (3R 0 1E A8 0 45 SR ] LU
th,COD LBRFBM AL E N A,B,C,D, , ML
BRI EAE T A A, B,C,D, , —HFEW BT[] LA
JATR Bt 78 £E A 480 & 200 g/L, fE Ky K42
5~6 mm VW pH=8 MIILAME T, 25580 st [a]
G350k 3 3. ShoXHEEE RBRBEAE M, 25 RE
W RFF B TE] R 3 RN 3.5 h B, B B ER R B A
71.3% F71. 4% ,22BEA K, 11 COD 25 R e {34
WO RG] R 3 h, FE0 2 B T SebRas ek
25 B LW TR E R 3 b, PRI, 3BT COD A h
JE R BRR MBI )T RN A,B,C,D,

KyRife5 ~6 mm W FHETE 3 h W pH=8, 7ELL
AT AT 5 WOPATIES, 25 R Wk 8, ik 8l
H1,COD & B 2 A8 B 25 B 250 8 7 5 = KR,
COD EFRR - N 66. 8% ,hrifEZE T 0. 48% ; {1,
FEEBRREIME N T1. 2% XS R 0. 54% , P
PR 2R/, Ud B0 25 R, w22 /), 1% 1A
AT AT AR Bl e g R . BRIk bk
KZ A,/0 T 2ZAEE 5 A4k 7K COD fE7E 120 ~
200 mg/L, & BIAL)E T 2B S coD
F%4 40 ~ 67 mg/L, Al ik 3| {4 75 4 & (CODer) H
FEHERICBRE 80 mg/L HIARE
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Table 8 Parallel experiment results
miH R 1 it 2 5 3 iR 4 5 S XA Frife22
COD EBR%R/ % 66.5 67.3 66. 1 67.1 66.9 66. 8 0.48
05 KBRS/ % 71.0 72.0 71.2 71.3 70.5 71.2 0. 54

2.4 EMWMEIER SEM-EDX R1E

5 ~6 mm FERY IR B HT S B SEM IR R aniE 6 B
7N, PR 400 A5 R B . BB 6 R, W R
HI, S LA, R 5K AR B, W B FL A 4k
Bt B S 0N, 4307 i R T R A 5 22 ) o o A
33 1T S ALIE P

(b) WG

He RItHEEREKEAMESEEN
Fig. 6 SEM images of coke powder surface before and

after adsorption of coke powder
3 2 43 BT HE A W B AT IS B EDX S R £33 3
SRR EAAE N, W 9, R, WS, M
Wy TR G R G A R Y i, o
WO R FE TR N i 22, 3% 1 B A2 43 BE W B 2% 7K
TR A DL R F i S AT
x99 EMEMIIEIEEETESE

Table 9 Percentage of non—metallic elements before and

after adsorption of coke powder %
S| C 0 S N
2 R THT 55.6 21.8 1.1 0
% B F 62.5 30.0 3.2 1.7
3 & it

1) B R g R W] S BB R T 120 /L
166

Bt , COD 50 e A 1 Sl % , 8 3 AH 0 AR 1
FEMPRAR KT 4 ~5 mm I, COD FA i Ze i LA
R s VW pH =8 B, W 25 B R 1 s B A AL ; T
TR R T 2.5 h )5, I 2R R AR E

2) IEAC iR 45 SR R W . A b 45 o 2 5% )
I BE IR R U R 18] A AR50 A5 R R £
B 200 o/L, WKt a] 3 h, R R AR S ~
6 mm, % pH =8, M COD (a3 2 4 345 Hilik
F] 66.8% F171.2% .,

3) R SFE T A5 00 ) L B R X EE A AT 3 B
HF W A ARG R AR S K R, B
FER X B K A HL R & L AU T E A T
PR BEFAEE H
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