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Table 1 Technical indexes of commercial activated carbons

%'y KA/ % K5 % WA/ (mg-g~") I F i B/ (mg-g ")
1* <23 / =650 =70

2# <23 / =1000 =180

3# <16 <5 =900 =130

4* <16 <5 =850 =110

5% <16 <5 =800 =90

R2 KRR R

Table 2  Quality of coking wastewater

] ) COD A s?- CN- PR T (2N SS
IKFE pH {H -1 -1 -1 -1 -1 (37 -1
/(mg-L™") /(mg-L™") /(mg-L™") /(mg-L™") /(mg-L™") /1 /(mg-L™")
JEIK 8—10 6000 =540 85.7+£20.4 52.4 16 20.1+10 1180 £120 450 +70 70 £20
K 7—8 316 £76 25.0+15.3 10.5 +4 0.8+0.4 1.0+0.5 45 +£20 50 £15

1.2 L

HLF O (b FHIB AR A 7)) (COD 43 MY (HEAERHE 2] (BLOHL(_ R8T TDL-5-A) ,
pHS-3C %% pH i ( L & #E A 7)) . TOC 43 #7 AL ( Shimadzu TOC-V ) | S AH 5T 3% {X ( Agilent 6890-
5973N) VR THEHL( Virtis 4K) i il B sl Y (R D FRRHLES 22 7] WZR-1T-CIT) | Fe R 1 A TR
(L ZE 522 w] ASAP2020N) .

1.3 SRk

TP A MR B < 00 R 7K R D /K v 2. B 200 miL 7K BRI B4, A 0. 20 g ¥ 1A, 43l 7
0.2.5.15.30 .60 .120 min BUREJEN % COD {#;2000 remin ' B0 5 min 438, 4% A 200 mL JEK
0.2.5.15.30.60.120 min HURE S JE M COD 5. 43 B4 1 0. 10.0. 20.,0. 30 .0. 40 0. 50 ¢ KL =
100 mLEEZK T, W2t 60 min, &2 380 % COD {5 8.0 43 &5 )5 , A 100 mL JiE7K A, 15 B 30 min , 43 380
COD {H.

BRBEFAI 22 L 4 By 781K 1 A FE Ak B KRR 45 10 L, [ o 3 3 728 48K sfoin AL 5. 00,10. 00,
15.00 mL (2R, 43 BN 50. 0 g (&P o , -4 TI B, 00 2 W B JS TOC . 3o 8 36 1k o, 114798 R
T AR, SR G A TR I E
1.4 optiik

COD J4 % B R A 66 vk R AR AN G A Fe gk, CN ™ S SR 235, SS RAE 1k, &
H SBR[ 10 ] ISP AL | LS 4 K 3 GB/T 7702. 7—2008 .GB/T 7702. 6—2008. SCN ™ &% ¢
B[ 117, GC/MS R b3 K 4347 UL SCHik[ 1], 43 3L 300 mL &7k (100 mL J5T7K Fip b B SRR 5 SR i st
ini 1 2l AL

2 IR 5®

2.1 PAC By¥%ik
W5 5 Ff PAC 05180 E AWK (pH H 7. 46) , BN HI8 1.00 g- L~ WEF 120 min, 850705
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Ja  BEAJEIK (pH AE 9. 34) W B 120 min. 535510 %2 W B FiTJe 7K A 14 COD 8L, R H T 1 2 1 2 WL IR o ¢
UL TR, S Tl P AR A R 5 149 PR I 7K e i g T . e, 200 37 R A BOR B
2" BRER LM SR 136 mg COD-g ™ $2 75 731 mg COD-g ™", 3" RAEAIME M At 45 mg COD-g ™' 2
3 528 mg COD-g ™" TR IRIEIT R 2 AT D0 T , W BR 28 S5t 1 /N 15 2 3 7 7% (19 16 4 e B R 48 s 5L I
IS FR , ORI R 3. JUAEER ) S i P A A DL (O 5 o 2 B0, 02> W6
P THT PN TR A P R L5 15 AU T R AT, H s P S T ) A P , 5 oo 15 A W BT LD R PR R, X sy
AR T 07 1)

8001 I COD 6050 mg-L™!

700+ [1COD 266 mg-L™!
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1 RFEBARIE ST K H COD [ fft e
Fig.1 Adsorption capacity of COD on different powdered activated carbon (PAC)

F3 EMERNEARIER
Table 3 Technical indexes of PAC 2%, 3*

%5 WLfE/ (mg-g™") W H A/ (mgeg ™) IR (m>g™") LA/ (em*g™")
2% 865 206 882.7 0.595
3# 629 125 703.6 0.347

2.2 PAC W e K B

g 2 TE MDA 2 A R K B 1,00 - L™, 25 58 B W5 BFH7-r i (1 1 IR) o
OYESRTE PR , T PO BT ISR, 2 A R B A kA COD (G4, 5 R AN 2 B, i 18 2 W] I,
AR F82 R v A B 11 W - 8 R () 00T 30 min. 8] 3 () 548 1 AN [A) W0 2 W 2 R K A IR FRFRICRY | 240 1
AN 3.00 g+ L7, COD [y ZBRALUERFAE 70% 7oA. WK 3 (b) B, O VA 1 R K i 5k
X iR B IR K S R HAT 4 i ) TR A 5

(a) C -
350 % _m—358mgl! —o— 270 mgL! 6100 . —m—35gmgL ! —0—270mgL!
i - -1
300 - —A— 153 mgL! —w— 111 mg-L™! 6000 - —A—153mg-L7! —w— 111 mg-L
= 550l ~~ 5900 |-
L 250 "
&0 - Y —
E200f &me _ -
@[ - * = 57001
= =
& 150 _ oy -
= ® = g ¥ C
8 ol 2 5600
S 1r O 5500
or ————— - 5400 |- <
| 1 | 1 | L | [ | | | | | . |
0 5300
0 40 80 120 0 20 40 60

t/min t/min

B2 K (a) A K (b) COD B Al A2 4k

Fig.2 COD removal efficiency over time in tail water(a) and raw water(b)
MR AR R AR B 3,00 g- L™ A IE M B, R BR AR AL /K T i A LA (4 B3R I R 4R

w0, DU 27T P SN REXT SR AR 1 COD TR A W . 5% COD 95—k Jlg SCN™ | CN™ \8*7 L /b i
%7 5 A HLY. B KSCN ¥  41. 8 mg-L™', Na, S PR 48. 7 mg - L™, i Bt KCN F5 i 2



10 4] SRR« TR B AR AR K 2 8 T A S B REAE T 209 SE R T ——LASE R o 1513

25.0 mg- L' FEMERBNGE S 3.00 g-L7", 18] 4 G55 TR, 16 PEARRHZ S TCHL B8 BoA W RIOCR. 543
B BT P TR K, anl&] 3 (b) iz, iR COD YRR 58] S I 19 1 ¢ A2 T A Dk
(AL, IR B R A TR LG A BN B 25 5t g, (mg COD-g™") IR HERBIN G m/V(g-L™")
HRARN q. = 815.8 —49.6 x (m/V) . ARIAW S LUK COD KBREEMS, nfARYEIXAHEATIH ME AR AR

=N
TR A5
400r (@ COD Wefii---- LMk 100 7000 (b) COD ¥R ¥ - - - - £ BRH 770
3501 —8—354 mg-L"! —0—266 mg-L™' 6500 - —m—354 mg-L"! —0— 266 mg-L! :60
o —A—151mg-L! —y—105mg-L! {80 B —A—151 mg-L™! —y— 105 mg-L™! i
2300 _ 6000 Iso
= r 7 d ! d
& asor oo & 3 5S00F 1 =
N - i = 140
4 2001 1 & <= s "%
2 L 1 el =30
= L 40 & 4500 E
A 150 8 D i 8
S F 4 4000 4
Q 100+ % ] 8 _20 S
r b 3500 -
50+ i 410
r 3000 - 7
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TR N (gL TEHERIL NG /(gL

B3 KK (a) AR IEUK () ARG PR At COD /Y% Bk

Fig.3 Effects of dose PAC on COD removal efficiency in tail water and secondary adsorption in raw water

30 - _ _ _ 800 6500
—e—SCN™ —A— 8> —o—CN L —e—Ifit%H —a—COD
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_"\ on [ -15500 o
2 Al , N ‘e 700 . T
sn 20 | T — e . . :
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st Fa| 14500 3
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4 JEVERNT SCN™ CN™ . S*™ By ki 5 KRB B S0 TR AR B O R
Fig.4 The adsorption of PAC on Fig.5 The adsorption capacity of PAC
SCN~, CN~and $*~ in different dose in raw water

LA 358 mg- L™ ) B AK R 9], o W i aod AR A TR B B F1 2 400 (R 4) S5 SR o , W B R4 s 400 — 2 3
J12% X 55K /NHE Zhang Mohe ' S A (I 7K W B ) BIF 55 4% SR R AR — k. AR 30 i 10 4 57 0T 95 2 O 0F 5
gL TS K o TOC F WS B 45 et R I T linear £ VL5 R, 15 4k ¢ X Sk h COD f 1% B 452
TR FE 4 F Redlich-Peterson 23R 287

F4 PAC R /K COD W31l 24
Table 4 The kinetic fitting parameters for the adsorption of COD onto PAC

Bk S5 g, P—2 3l Iy 2 g w 2
/(mg-g™!) qe ky R qe ky R

JEk (358 mg-L’1 ) 174.1 66.2 0. 0642 0.8522 172.4 0.0053 0.9930

JE K 552 290 0. 0966 0. 6042 588 0. 0007 0.9840

2.3 WREMTHOWAL 53 1) GC/MS F3 A
IR 1.4 BRI, K B K I BTG B9 GC/MS 25 R4 K 6 Firs. JE /K, 15. 1—22. 3 minfy

Wy /0 P B AR [ 4),22. 4—32. 6 min FERF R LG ,32. 6 min J5 y KERESAL
B MUK, 12.4—20. 8 min [ 1IN BZRYI BT, A5G —TCH 2 08 45 520. 8 min J5 Y H RIS
ZS

i
RARIALE W), C ARV e ST A4 s R R B e 2. SR ALK 2 A W b PR 2 B0 A A
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TR, JFOUK AR TS A LB W B R A, (45 TR AN BE. AR K, EE AR
PRI BERRAE | 1T 50 WAL It () B b AR A s 3 M WG B K I 32 2 5 R 15 Qe 0 U 2 B A
KEEREIE , BT Y WIAE LA MR A , SR T BT OR BT JEUK b S A R R B 2 e R IR AL 59,
FHE MR T R/ B3 P 5 PR BRI, X e it R I & W LA e 238557 R HA T 2 38R,
I ARERENE, Qn1E] 6 s, BRI TSR BT K R4 T I8 B 10 ok HE S 6 45 R e B, T A A 4 MR
JEKR A WU R I IO PR , ELRIFFIR R G R 2 25 57, SR WM R 2o e 8 A 3 ¥ T MR BE 4L 00, X — A,
DS PEB ) A ISR AL T B SERE . W SEPR I K INTETE W S Z 4 03 I 2R A AE A T 4P B, 55 % Ff
253 o 553 W R AL 4 LA RS0 P T e R R A P B kT AR KR R 207 R & 3R L
D Ay 20153 T A8 T ) P 25 A ML) 2 B0 A 55 W B RL 3  3hoof e T A o AR ) 253 W B
P8 P T 19 2 5 R AN SO T A 0 P R AL
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Fig.6 The result of GC-MS of bio-treatment water and raw water
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2.4 WRRRHIS T PR R AR N P AR

FEHR 1.3 (01 P B D K P 2, 55 0 o W A [ e B AR Ty 3 YR 11 9% 1 ¢ i) i 6 A7 24 b v
TR, SKEARHIT 1% AT 4 CLRAFUINT LA HUE A, SR IG AT HE DN E 45 R L3R 5. RIS T
PER ARG G T A B B A 55 W R B A AV 2 . AR I B T F A A T R Bt , 537 81 Wi o
TETG MR FE 0 AW KOS A L SR, 3% 6 FR. ARk 2p Ml 0, R A bR kb s
>4 3055 kJ-mol ' K TOC AH Ky 72.0 g-mol =, I TOC #H 24 & 7] LRI Ry bR HERA Be e 5525 19 4
THRRIE 0 TR SR LSRN 42,4 k-7 [RIH A] SR ] H Y TOC HAME Y 5. R Iy PV 24
S A S (B G BRI A /), Al 6 P 7 AR IS Il B8 T vy, 2 IR R 398 e e 3 T ) AR I 4 R e 52
BRI KA L) TOC FAB Y 5 8 T A48 W , 156 I R R 25 i 1) 4 o 3 5 4 B 28 Tl X & AR
I AN  mEnE s bR AR ) TR B, I (IHEIE Y TOC PAVE Y 6 3k I, 156 BH 33 1 e 3R 1T IR B T 2
ZRIRA N, X GC/MS BRI 4 5F&—2 . L TOC ¥R €, ( mg- L") (AR K, 300 m/V Y
SIS TR FRERT R A 81, BT K AT SR LA A O, FTRR R Q, (T - L7') = (45.990 £3.521) x C,, , 2
I 5 R B BTE RE K R BE €, ( mg- L1 MU MR MBI B AQ()) ITHE AQ = (45.990 +3.521) x
(C,-C,) xVisiE.

x5 IR BEIEN &
Table 5 The result of calorific value of PAC

o IKFE PAC $ it TOC/(mg-L~") FUL B g, PRBER
(10 L) /(g-L™1) W WHE Akl /(mg TOC-g~'PAC) /(Jg™h)
1 FEIRK 0.42 0 0.42 0.084 9910
2 535 mg-L ™' SEE} 396. 8 74.27 322.5 64.51 11680
3 1070 mg-L ™' 2w} 5.00 804.3 304.4 499.9 99.98 12530
4 1605 mg-L ™" ZE 1258 626.2 631.8 126.4 13020
5 ALK K 816.8 415.4 401.4 80.24 12590
x6 HYLWY TOC Pl M EITH
Table 6 The calculation of TOC calorific value
PR R s A 2 S [ 14] < B L
#(0) — - N 3054.9 42369
(535 mg- L") 2370 39117 Je1] Y 3685. 8 43815
(1070 mg-L~") 3520 38753 i % 2376.4 49437
HM (1605 mg-L~") 4222 37632 M 2783.7 46328
KA 3416 45990 WDk 4703.0 43484

2.5 A

S K b B0 A 3 58 7E 6—14 6 - m S A, PR AL B AT 29 8 OG- m (COD
5000 mg- L~ ZE 47 ), BEE K COD R8T FF 5. J& 7K R PR 8 90 0 o0 0 0 L 0 F- 38 e P 24 4
3.0 96 ~m ™, 5 VR IEIE BHUE A A BRI 1.2 6 - (RO BRI T SRR 15 R T A
DFFERIBFHR SR 1 m® BEK T LA A 0 3647 9 TR, 1L 27 ¥ e si CHC B 2 3000 7 -1
) oo, TEAER AL 1 ke m R AR TR TRAN 3 76 -m ™. LB BE K I , 7] 225
15% D41 COD fi, i1 5B HMIE  JAUBLEL FERT MR IE 15% AL 250 B (AN 80 35 U8 7=t 1
S 1 PRSI TR 5 %+ e A M BRI AR TR 80, Db 3 004 T 458 90 FH i
1.2 58 m B P SRS , SR R A R B CEETIT A L 1000 JE -0 A4 58)
[ 40% ISR £ 0.4 T - m . WMEBORFIBC Iy 2k, WM T3 ULV A B, W M0 s 35 U8 -
TEHLSFRZ A 1.3 J6 -m . WIASR SR 1 2P VA% I3 7. 1K AR BIIE 1T 9 i o SR 198 G -m
86,5 75 -m U 1.5 T5 - BIZE T . TSRO R B B4 SR MM R O 4, 2 o e it
BRI IRA.
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H T KM B B0 A M R B R PR AR SRR W AR BRI 3R, T B R E PR . IR
JEA LR K FAL B AN F (JG -m ™) | TR SR S B AL R B AL B 2% F O M (T -m ™) V5 YR b B 9%
ST +m ™) (KRIE TR, M 250 F ({1 40% ,S 294 F (1 15% ) . TR AL B SR FF 50 BR 4 W 531
LW BHRUHEAE R K R 2R 00T 275 . e K TP OB SN« = (m/V) kgom 7 HAME N C(C >
0) (JC +kg™") , TR B BT A AL AR AR Ay . € (G ~m ™) W3R 4 B8 5 K MBI K (COD B H €, >
3500 ( mg-L~") ), COD ByZ:R A = (815.8 —49. 6x)x/C, , NG EEHLFE 257 K35 I Z i/ , 1%
TR AT R N (A F ) (I8 -m ™) WA E COD Hufn s , Hisair & S 3r-& MR B Lo il 2 B,
FRAZWEHFIEIAME R « - B (JC -m ™) ARYE HATHIHA, KIS R T AL N 1.3 50 -m ™ 77
MR SIRAIRIEE AN = (F =M - S +xC - (815.8 —49. 6x)xF/Cy —xB +1.3) (JC m ). %
N =0, W C = (815.8 —49.6x)F/Cy + B — (F - M - S +1.3)/x . LLJFi7ZK COD ¥ & 4 6050 mg-L ™"
AL R K ], MBI 5 kg-m B IE 2S5 B =0.5 (0% BRI A% T Rl 42 0. 27 TG kg LA
W, BIA] SEBLR K AL %55 4T 9% Y H .

RT PRI,

Table 7 Assessment of the cost of wastewater treatment

PR wan ST | e e S
REEDIE  ISFRHERL 2—4.5 FE KR fi AR 3
REEML iR 2—5.5 R COD F&AIRZY 15% -1.2

I I R 0% FIKEL T10% —T5% 0.2
BREE  FKRAT0%—T5% 1.2 EwRTA FIKFEL30% 1.1
GBI R E PR BB FEOTRIE -0.4

J i A T4 E ~0
/Nt - 3.2—6.7 Nt — 2.7

3 45ie

(1) 3 (AT BRI B A AT L BR K Hr A AL, S MHEAE AR -2 5 1 K5, P A T S5 7K i
REF, SBT3 P R B R A, B R AG 5 K 1 COD 17 fap , I /0 15 Y8 77 A e 5 i R0 R o 1) 358 P e 17 2%,
T A YL R T 4388 e B AR, BE (RS0 T 4ARE , SCSEB T I 1 e 1) e 2 b

(2)C, ( mg-L™") FoRELE K TOC it ik B, B i K al 4R LA RN Q, = (45.990 +
3.521) xC, (J-L7") . BFt /K £ A G TG PE s, A B Bl il 7K COD 3AFR, bR A XTG4 1k 3=
B W) R GERR AR A Ly, S R IR KB JE R4, %) SCN ™ | S* ™ 5 JCHL B 10 AT W BFF AR, 5
W B B B, X B2 it VR ARFME S W A S 2 I 05 R AT 0 2 I RICR , SR AR B , 7 W Rf e
SERZYET E W 410y, e TS EACE IR A L B 75 i g, (mg COD-g ") 58t m/V(g-L™') &
LMEXFR: g, =815.8 —=49.6 x (m/V) ;MR FE KA VLA 0 , HABREHAG 21 1 25 58 5, 1o MR Il
[y AQ 1 AQ = (45.990 £3.521) x (C, - C.) x V.

(3) FHRBE M AT IR A W B AA Rk 4 7 v VA B8 R 7K AT ML) A W B 4 5 20 8, 185 43 ) A LA 1
B CAnECHI AR ) LU AL R ARE , 55000 25 $ 2075 21 i FEHIAEL A9 7= i, 24 T S8 30 0l A3 BLI%E 7K Ak PR T
FEIE N B AT A B B B PR, L R IR S AL L T 2.

5 £ X #
(1] AT, 500, S8, 55 SRR KK BT IR R 2 5 A = etk 40 [T ] BR35R 2254, 2007 ,27 (7) :1094-1100
[ 2] Lim BR,HuHY,Fujie K, Biological degradation and chemical oxidation characteristics of coke-oven wastewater| J | , Water Air Soil Pollut,
2003,146.23-33

(3] Fatim, SO R, 4. SRABOKTS QAL R 2 5 SR AT [ ] BRBER #2441 ,2007,27 (7) :1083-1093
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(4] GBHREL WREPE RN RS M. JEat: A2 Tl di ekt , 2005 :341-343
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Study of combustible adsorbent for separation of potential heat from
coking wastewater to reduce energy consumption of water technology .
an example of activated carbon

ZHANG Zhi WEI Chaohai” MAI Lijie DIAO Chunpeng GONG (Qian

GUAN Qingqing YU Xubiao WU Chaofei HU Yun
(College of Environmental Science and Engineering, South China University of Technology; The Key Lab of Pollution Control and

Ecosystem Restoration in Industry Clusters of Ministry of Education; The Key Laboratory of Environmental Protection and

Eco-Remediation of Guangdong Regular Higher Education Institutions, Guangzhou, 510006, China)

ABSTRACT

The application of activated carbon ( AC) served as both adsorbent and fuel in the treatment of coking
wastewater was investigated in this work. Powdered activated carbon (PAC) was firstly used for the adsorption
of tail effluent, and then it was reused to treat the influent of coking wastewater. The adsorption processes were
investigated by GC/MS, and the calorific value of saturated PAC was tested after the secondary adsorption.
The results indicated that the effluent can meet the COD discharge standard with a small dose of PAC. The
refractory compounds and long chain hydrocarbon compounds in tail effluent can be removed by adsorption.
Moreover, phenols in coking wastewater were removed during the second adsorption process, suggesting that
the removal efficiency of PAC was not affected. The calorific value of coking wastewater per unit mass can be
calculated by equation of Q, = (45.990 = 3.521) x C, . After adsorption, the calorific value of PAC
increased and it was determined by: AQ = (45.990 £3.521) x (C,, — C.) x V. The energy recovery process
can reduce the cost on project and operation for coking wastewater treatment.

Keywords: activated carbon, coking wastewater, adsorption, calorific value.



