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Adsorption mechanism of organic pollutants from biologically treated coking
wastewater by powdered activated carbon
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Abstract; The adsorption of the organic pollutants from biologically treated coking wastewater on powdered activated carbon (PAC) was studied. The
kinetics, thermodynamics, and the main factors affecting adsorption, such as pH, PAC dose and molecular structure of the pollutants were investigated.
The results show that the pH value and the PAC dose play important roles in the adsorption process. Raising the pH has a negative effect on TOC removal
efficiency. The TOC adsorption capacity on PAC was (37.2 £7.8) mg+g~! under the initial TOC concentration of 40.0 ~ 60.0 mg+L ! and a PAC
dose of 1.000 mg+L ™", the pH value of 6.2 ~ 7.2. Long chain alkanes, benzoid compounds, halogenated organic compounds and phenolic compounds
are adsorbed well at pH <8.00, while amines are adsorbed well under basic conditions. The kinetics data were regressed using Lagergren kinetic model
and pseudo-second-order kinetic model. The activation energy was 38.75 kJ+mol ~'. The adsorption process fits a pseudo-second-order model and is
controlled by external film diffusion at earlier stages and by intraparticle diffusion at later stages. The equilibrium data fit the linear model well, which

shows that the process conformed to the mechanism of the linear model. AG® and AH were both negative, so the adsorption is spontaneous and
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exothermic. Thus, activated carbon without carboxyl and phenolic hydroxyl or other nonpolar organic adsorbents is suitable for the treatment of wastewater

containing refractory organic compounds such as long chain alkanes, halogenated organic compounds and polycyclic aromatic hydrocarbons.

Keywords: coking wastewater; organic pollutants; powdered activated carbon; kinetics; thermodynamics

1 5|5 (Introduction)

BER ST UARBIE ST, RE 90% L
R Al 3 AL K B AL B RCR A AR, A RE
EARHERR . AL K A AL AL B H K Hr Y COD 2 200
~ 380 mg-L ™' (Chao et al. ,2006) ,5% 8 T K&
ERY)E PR RIS Y R R AL
1 (54,2006 ; Wang et al. ,2002) ,3X S B& 7K 5] Y
THPFSMEER HRET M, B BB 35T
ERBTEEF, Bk, 4L Rk AL 3 B K B IR
R — DR E R RE. 55 LR R, B TR
PR R B AL 38 05 ¥ £ B A0 4 R % (Shen, 2002) |
Fenton % 4k ( Trujillo et al. , 2006 ) | 3§ ¥ & % Ff
(Ghose ,2002) & ;(HE <=4 KEJ5IR, Fenton
SAEFTERY pH E 2 3 24, Wi 16 % W Mk
BAER A AR IR SR R, 8 AT Y
FPREIRBEK. R L FE XM SRS T B
58,00 Wei(1993) A58 T — B FFEWE M & B
27 1 Bt AL 3 ; Moreno — Castilla (2004 ) 1A 28, F #l
a3 5 W B 50 B B0 R i S A R S R R A AR
FAA R, 7 v AR P el VR RS J50 0 % R0 B A 4 IR 9
WAL S TR , o # B AE T 0 s B8 A K
PP E;Ho(1999) & B 45T 1984 ~ 1999 4% [/ SCHR
HrE R R R B P, AR Z Qe Rl AL &R
BIFReU _ g 1 #RA. 2 AR RA, X

By )LR ARk B BR A7 S Freundlich J7
B,y EE RN ERER SR (Kunar e al. ,
2003) s KBy 7R 5 ¥k £ W B #F & Langmuir 75 2
#0 Freundlich 7572 , ] DX F )l — % 30 /7 2 # b H R
Ff} it #2 ( Mohanty et al. ,2005). £8-& b, B HiSCHER
Hr A S04k & W R AT O B IRGE R £, T i T
SRR RS BB ESR, B REREKFESR
HArH P M AR R B IR R B . AR SCLL 2 000
m*d AR A/0° KRR TRAEWLEE KN
BEFXTG , SR P F 7 O B 3 O 570 o 2R 9 ek e %ok L o
BRARFITT Gy iR Mo 4, N4> F 4540 .3 i 2
AR G TR BRI M B, AR
A B 7K K T R B AR 32 A 52 36 5 B BE Al

2 I #R4 (Materials and methods)

2.1 EEtH

e 5 PR RIS R AR MR, 45 17,27
3P 4TSN 2 T EM R AR B R A S
T K 300,220 F-180 3G ¥k 4 TG R = A K i
TR RN, 5" 5 5 7= B L B RS R
ARAR. AN, MAEERAEEFKBEHE2,
EBRBEMHER,EI05CTH 24 W, BHEEHT
BRI &R B R R AT E 4. K
HRA ABRNEAEAL BREALETE S
RIFEH K, R 1EFE A KRB RS THE.

F1 kEHKRER

Table 1  Quality of biologically treated coking wastewater

con/ BOD/ NH, -N/ s2-/ CN~/ HERB/ 2,/ Ss/
pH -1 -1 _ -1 -1 -1 -1
(mg-L7") (mg-L™") (mg-L™") (mg-L7") (mg-L7") (mg-L™") & (mg-L7")
6.20 ~7.20 100 ~380 6.0~9.0 17 ~30 < 0.02 < 0.50 0.20 ~0.50 30 ~ 60 30 ~50
2.2 RBHE AFEFRBE R IMAZA 100 mL FKE 250 mL

1020A & TOC ¥ ( 3£ H OI Analytical 22 &) ) ;
GC/MS-QP2010 ( B & & i) ; PHS-3C ¥ % pH if
(L ERAA) ) ;RE-52 Bl R LN ( L%
ZHTFERTT) sJAL003N B FRE( LR ) ;
THZ-C-1 § XA HEERTR G & (LH R EHERN
).
2.3 XBFE

EHER MR ABSEZKE: 4 9% 0. 100 g

SEFCH P L FE 25°C & AF T DA 120 remin ' B RIE R
PR ¥ 30 min; 3t 38 J5 W 2 38 W B9 TOC 1, MR 47
Wt AT G TOC WAL RE BRI R E ¢
(mg-g™").
FNEERRAENBREL B —-EBEMER
MA—EWEREKS, 7 25C K4 T 120
re-min ' WERERRG. &0 RS E, W E MR
H1E) TOC AE , SR 1 Y TR F & ¢ BE BT [R] ¢ R AR 4k
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A

45 32 B SR A M A B (the bottle - point
method) : 7E 25°C &4 T, 43 5% A 7] B & 9 75 M ox
#1100 mL BEK A0 A 250 mL B4R, HRRES
2R B4, W TS MR TR & g ALK
TOC PAGHSE ¢, (mg-L7") ZHMXE.
2.4 M E

TOC gy TOC {Y I & . GC/MS 43 #7 &4 : B3 AE
X DB-5 (15 mx0.25 mm x0.25 pm) BLAEH,
RN 1 pL,ou R 1:10. FRBEF 40CREF
5 min, [ 10°C-min "' B EF F 150°C ,{£ % 2 min,
L) 5C-min 3 FEFZ 280°C , {25 3min.

3 ZIHHE R (Results)

3.1 EHREFE

W o ) ) 39 43 0 00 SR A (DLAH 25 SR A AL
FRUCEC RN, B 8 2 W R 570 0 o e R i Ak 2
HRMEH RN EEN, HEREM SR,
W RE ST BB JE E IR LR M A N ILEERXF
3 ~ 6 MM AT R, BRERERN KRGS
(B SCHRS,2005) . 36 2% 09 TR R B 7 32 15 4 AR
2R T AL 7 0 B B TR R R e, O O, B AR S
MAEWRER 2.3 WHhRTERHELTERTR. B
FEARESHE—8 K, Cr,0, REEEAL WA I ([
1845 ,2006) , 803 A TOC 1EA B LY E BIEHR,
W Fft 30min B TOC RSB AE 1 Bra. A A]
IE 178 R G m %t K R TOC R ft 5 B &
K, ZJ5 W SE 5 3 3% 8 M AR 1R AR B R

85% — a

75% [~

TOC ER¥

70% [— \

60 —

glmg-g™")

2 3*
PAC 45

1 FRMEE R KBS TOC iR 2

Fig. 1 Adsorption capacity of TOC on different powdered

activated carbon (PAC) (Initial concentration of TOC

= 86.3 mg-L~!, dose of PAC = 1.000 mg-L~')

3.2 TOC B EHMEHEZR

pH {EANYE M 5% F & Xt B /K H TOC % BR R
WA ANE 2 BTN FESL B SE Bl 9, TOC 5 BR 2R pH {H
I /N T 4 K, 2 pH < 3. 0 i, TOC % B & it
80% . fEAb KA M BE KM pHERHN 6.2 ~ 7.2,
0t pH HTE I, TOC B R K 5% £ 4 , KT
TOC BBR R B KE; NETTFR RN AEE , % pH
AL 3 B T DA JE 52 B TR B A oK. B B 2b A A,
b6 5 Mok B B3N, TOC 25 B 3R 55 ) 1 8 3 K,
LiEMERE N NE 1.000 mg- L' B, TOC kKR 2Rk
B 73.7% , WSS EHEINE MR &, TOC X BREH N
TR/ 7E TOC ¥R FE R 40.0 ~ 60.0 mg-L ™' pykrES
B 1.000 mg-L ™' 15 #E 5%, R A B A A F(37.2 2
7.8) mg-g” WL, FERELE P, AEFY pH E,
R ARG S AR 1.000 mg-L~".

100% — b

80% [~

60%

40%

PAC HI& /(gL 7Y

2 pHEMFHERAEIN TOC EREMHHWE

Fig. 2 Effects of pH and dose of PAG on TOC removal efficiency ( Experimental conditions ; initial concentration =43.0 mg+L ™!, contact time =4. 0

h; a. dose of PAC =1.000 mg-L~", b. pH =6.98)
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3.3 ERHABRMUWEARFANDERNER
- H

Bl 3 R4 I MR R M AT IS KRR GC/MS

AR B REN 9.01 ~ 9.66 min A 45 H

REEY RN ,9.82 ~ 10.40 min KK EEZF,

12.51 ~ 12.88 min JyEBk,15.01 ~ 15.19 min 3

B 4k# ,23.51 ~ 23.72 min Kk ,22.26 ~ 23.41

a. 4b35 (pH=3.85)

min f123.88 ~ 25.01 min HERY. NEIFRUFE
HBEKF AN EREZGTRERMER
T rHREFTRZ, BEAGTRE, KER. K
Y WS EREF I B RS RETILY
TERMERMA T RS RBT, RREBEA LY
TEBHERMT B THEM, R4 T EER
RILRGFRYE —E &R

b. 4L (pH=7.20)

0 10 20 30 40
{/min

c. 4bH5 (pH=8.94)

0 10 20 30 40

{/min

0 o 2 | 3 4
{/min

0 10 20 30 40
{/min

3 ZEERRHITENAEYN GC/MS B (a. 7 pH=3.85 ZHTEEHRRH b. £ pH=7.20 RHETEBEHEREMKR, c. 7 pH =
8.94 BT AW RRM d. REFHR TR HRMLEREWLERK)
Fig. 3 GC/MS of coking wastewater (a. adsorbed by PAC at pH =3.85, b. adsorbed by PAC at pH =7.20, c. adsorbed by PAC at pH =8.94, d.

effluent of biologically treated coking wastewater)

3.4 RM A
23 WHRERTEHATRMSINFELE,
SR ME 4 B, i E A RUE B R R IR BE & A
351
30-
25-

gimg-g™")

0 L 1 ! 1 1 1 ! 1 1 1 ! | 1 ]
0 50 100 150 200 250 300 350
#/min

4 B B i A i A R B TOC MM
Fig. 4 Adsorption capacity of TOG on PAC over time

T, 35 M % XK RE e TOC B W it 8 56 R FiS B IR] ) 2
AR ERAK 25 min Py, IEH &I TOC
W & EFHAR R, 7E 60 min BY Z A K B L4, R 4H
W, RS ot AR 7R 40 A, B S R E] O 4 h. ¥ 4 h P
B ERIES AR 2 P

Lagergren 3 15 7 B (Ml — &3y ¥ 7 8) M
W3l 5% 07 A E AT 3R A B AR R R R R N R
HE IR Fit AL &) (Ho et al. ,1999) , B 114 5 AT &
.S

Lagergren 3f 72 J57 #& ( Lagergren , 1898 ) :

In(q, -¢) =Ing, -kt (1)
W= Fsh 155 (Ho et al. ,1999) ;
i i i
PR 2)

A, b (min™') B8 — Z% B EE®E R L
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(g-mg ™ ~min ") 400 = 2% R B 0 B 40 S O
B(MGR2) WE 4 FR LR BERETEY, 7
B 5a FE 5b, WA BIWAIAK 2 ;L g 3t "7
-In(1-F)(F=q/q,) %t B, BEE Sc fH
5d. A\ 5a. K Sb f1k 2 A AFE b, RS B S

4 25°C
e 35C
6 4 45C
L A
-8 L (- I L I L I L (- I

0 50 100 150 200 250 300
{/min

32r

30

28 -

g/(mg-g™h)

26 -

24 |

W =Fsh ¥ 5B, B Amhenius AR, Ink =1nd -
E/RT B Ink, % 1/T f IS5, RAB 0B M B
BIMEALEE E, =38.75 kJ-mol ~'.

b
10 -
Tl
£ |
Tw 6
£ 3
§ 4= m 25C
< T * 35C
2 - 4 45C
0 | | | | L | L | M|
0 50 100 150 200 250 300 350
{/min
d
6 —
5 L
[
14 -
E
3 - 25C
® 35T
2 4 45C

1 PR I T T I SIS S I ST Y
0 40 80 120 160 200 240 280 320

{/min

5 FERERBH TOC M3h /1% (a. Lagergren By 1A b, "R HEBER o, BORMY BRE ,d. BEY BUHER)
Fig. 5 Adsorption kinetics models of TOG on PAG (a. Lagergren model, b. pseudo-second-order model, c. intraparticle diffusion model, d. liquid

film diffusion model)

£2 FEREH TOCHIHN¥SH
Table 2 Kinetics parameters for the adsorption of TOC on PAC

Lagergren 3h J1¢ 518 W_Fsh 1% HER
BE LHE 4.
/C /(mgrg~1) 9./ -k R? 9./ ky/ R
(mg-g™") min ' (mg-g™") (grmg " min~")
25 31.2 11.3 1.765 x 10 ~?2 0.832 31.6 6.226 x10 ~3 1. 000
35 30.0 8.0 1.573 x10 2 0.833 30.2 9.257 x10 ~3 1. 000
45 29.4 7.7 2.523 x10 2 0.856 29.6 16.692 x 10 ~3 1. 000
3.5 WM-PHERKMNA % linear 7572 :
Langmuir J5 & .Freundlich 5 #2 1 linear 5 &% q. =K,c +b (5)

FAT 8 3R % B P AT S AR, 2 AR IK R
J—‘EEP ,a\qm\n\kF\b\Kdigﬁ%ﬁ;qm(mg'g_l)%ﬁ

Langmuir 572 ;
1_1 .1 (3) 3t TOC KRR KR ME; K, 2R RR. o
4. g.0¢, 4 FIRTRE(3) . (4) . (5) X% Bt P48 B4 2t 47 e

Freundlich 7772 : B AL, RN 6 Frgs LSS HIIAE3 F.

Ing, = Ink; + Llnce (4)
n
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025 I~ * T ’ 120 = ° e
B e 100 —
020 |- N s L
PN L i e ~ 80 |
‘co | e Tw
2 015 |- e ®r .
~ L E 3| £ 60 4
= )
= = -
= 010 ] -
e b (1N 40 - .‘i
. 25C 2 - 25C - = 25T
0.05 |- . sC - . 35C 20 L + 35C
a A oy
L .“. 4 45C A 4 45T - 45°C
0 I BT N I B 1 1 I | I | 0 I O R B B Y
0 005010 015 020 025 1 3 4 0 6 12 18 24 30 36
(Ve H(L-mg™ In(c,) c/(mgL~Y)

6 EMRBMENE KD TOC HEBS(a. Langmuir LB L, b. Freundlich £B 4, c. linear £ELK)
Fig. 6 The adsorption isotherms of TOC on PAC (a. Langmuir model, b. Freundlich model, c. linear model)

£3 TOCHEBUEREMEMTESH
Table 3 Equilibrium parameters for the adsorption of TOC on PAC

B Langmuir Freundlich linear

/%€ 4n/(mgeg™") a/(L-mg™!) R /n R K, b I
25 -25.419 -4.155 x10 2 0.931 0.678 1.518 0.975 3.516 6.266 0.991
35 -26.069 -3.799 x10 2 0.954 0.597 1.521 0.982 3.265 6.504 0.993
45 -22.614 -3.924 x10 % 0.959 0.493 1.572 0.98 3.169 6.983 0.991

B AR (6) (ten Hulscher et al. ,1996) #1724
A(7), P logK, 3t 1/T FEENA &, R A& K Fff
BRI ESEIIAK 4P,

AS° AH®
logKs =3 303R ~2.303RT (6)
AG’ = AH® - TAS® (7)

R, AR KR UER M 2E (KJ-mol ') , AS” My hm o
W B AR (J-mol K ™) , AG hm ¥ B 5 A 7 B
HBEZE (kJ-mol ') , T AW AR BE (K).

F4 FHERBMELEKKESR TOCHRNESH
Table 4 Thermodynamic parameters for the adsorption of TOC on PAC

BE -AGY/ -AH,/ -ASY/

/K (kJ+mol 1) (kJemol™')  (Jemol %K')
298 3.100

308 3.066 4.115 3.403
318 3.032

4 1Fi8 ( Discussion)

4.1 AHL A %K pH T HH LB 8 &
ST 3 PRI S R AT A, AL R OK A Y b
BEKPEREARER GAY . BR.SHFTRE
AEEEBANY , ERERF T, BHRRERER
Z-¢ 2 NUS-P =30 8- il E L

BEAERE, FATRER XX KW EE
B LA B K I R R T B ) TR P B e
& F S FBRIE B4 Mk (RNH, + HCl — RNH,CL,
RORKREL) , i H WA BE K, % e 2. 7 o
MR MR KR R A B %
K% L — 2 BRI , 3 2 B A 05
BT R BRI (LA 8 B, KA R R
MRS A B B B K M, R AT AR A AL
0RO , T 5 2K 2K % 55 MR A L 4 AL
BB AR BE B, T B R BT R R
BRI AR, R S, BT RS HRR
RS, B 28 T R 0 50 0 3K R O B, —
75 T M R 2 T, R T AR M LY
B B, 53— T £ 3K 0 0 K, SR
B T 0 2K R AT O 39 2 T 0 90 o 7
FR o0 B 1 B 3K R 7 B A T R B R
R RSB DL IR, B RS b
37 2 O VE M 5% LT AR A T HLOR R R B
BT TS Y A AR b 5B R BB L
000 B AL BE K A B AL TR K
4.2 F WA HLE A A

— A, TR R A A AR B SO
FU AR Bl ) s LS8
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o U ERR2 FER, WESBBRY 8O3 B)E
FEBREAYBGHE -In(1 -F)X  FERELR, W
WHEYT HREEERREH S R (Kumar e ol ,
2005). fE Sc AT LEH ¢ f1 K 2 BELRRE,
VLB B OB 9 1 BUAN R A WY BRI S I 5d B
A-In(1-F)f: ERFHNELRR, BEAELE
AOULH RS SRR M R EEREH S
TR % FR R 05 A M B B A TS M R R T A BRI R
Bt O B B 2 S IR B R ALY A TR AR R
W RS MR R L, RO, B B R
H IR 8 o BRI PR 5 BE U8 /1N R B B BE L T DA R
S R B o O R R A B R M BATE MR R
ERANY S THEE R — S BE, %R N B R
PHEL B R RHER SR MRS 1%
BEIIE AR 1. 000, BBl = G 3h S M AE
AR TSR (EERMN A SE, IR EY 8.
SBURL A 3 B0 IR B B2 R ) , B SR I B £R 4K R K
A A 3R K HR I A B R I AR I R AL
Kl6a MEEIEEHAERMAE S M, £33 P
Langmuir 7572 Bl & B8 ¢, 0 7, 3B Langmuir J5
BABEH B %R M o R, R R TR
Fff ;B 6b B 6¢ 13k 3 R EIE B R , linear 72 H
Freundlich 7BREEZ A ALREE, AR KF
AN EEER ENRBSBEBZERIYE
WHENTEIRE, EZRYBERM. BEREFH
T, W% R R 7 7 R 3 i Ak FL P R B B R bR,
AT 455 W52 i 3k 3R 088 K, B 80 = 4% Wi B o 3R % S
K BBEFE kAR W/, U A I8 # 2% % B4 1 TR
M, 5ERHERM R h¥ BT ER
SR —BL25CHEMT , BEKEDAHEEKF K
TOC ZEWE ¥ BB P& 5K ¢, = 3.516 ¢, -
6.266 , 1R 45 V45 5 B \TOC %] 15 ¥k BE 0% Fit /5 70
HAB KB DT BTSRRI E, R LT R
AFGEB R ER, AT BP I UE S, L HR
i B it K ] SP- 8 vk B o AH oz 3 K
KAFREBEER, B HEBH ACH AH X
T, LB IE R MK B PR A VL 2 A &K
PR, B RIR B A A TR B R R 21T AS R
FAE , R R M N R WIRELER /D, ALY
A TFAEE YR R HAE K B E KRR,
R R RE B — /N T 63 ~ 84 kJ-mol ' fL3E
R 5k AR B B B — AR A SE 84 ~ 126 kJ-mol ' (E L
SR ,2005) AL EKEWLEE KT HE LY

VS MR BRI IS LEE E, =38.75 kJ-mol ™', B
Ty B . AH® B4 e WP B2 /0 , 56 B O BfH A AT b
55, AT — 20 B T R B o R O B R

5 #5i (Conclusions)

1) RN EAEKEYLBEKPFEIE
guy (TOC R ) B R Fff 3 78 32 0 1 i o 28 7K AR
pH B &0, Xt TOC ¥REEH 40.0 ~ 60.0 mg-L~'
BIZKHE, B ) RIS A 300 351 & 7F N W B 500 B,
FERNE K 1.000 mg-L™' M &4 T ,TOC KK B 25
BH(37.2+7.8) mg-g " B RF pHEAAE
RENABOLGKER ERZY IR FERESF
VLI RS RMEA VLA pH <8.0 B IR 3R
BT R EWHEA M TERAE KM 5 T HOR M.

2) ALK EYEEE KK TOC 21 &
LRI IEFEU S hF R, UE B
THEEHMEBMEIREY S REF RNFRAMFE
linear 7772 , U AR Fii I B X ER AW TETE &
5KBBRFRARSRE, RIFZRE - ACH - AH
A 814 3.032 ~ 3.100 kJ-mol "1 4. 115 kJ-mol ',
AN EE R BRI E—NB R D
WEEENAFEEA TN EY RN IR B
P RORBURL P9 3™ 8043 3 2 W RN 0 S8 0 R B S B
FEBEBEH SR

3) Bl EAREYLBREKTERENKER K
R 23075 15055 X [ A6 B W 7T LA 38 2o IR R ok 4
BER THERRKIELE B KOAEDETH. B
BEERESHRUEEASELHEERBHEIER
PR HLIR R RS & T A0 32 28 B K. X IR f 4 0 i
%, VR F Fenton 44k Sk 5 15 4 508 3 E 3R 2)
RERUCARNFETEY LB ER, XHTERHARL
YEEEFEHEFT .

BEFEGN . FHE(1962—), 5 B g L LR
Wi R TMARTRENB RS ER, TEXEBARAL
EHRASMABRRAERBERANT RN G LA LTE,
YERBEX AHBARFMAE 16 AUKEMEA B RE
AMTEXR BMGERXERFEIRBEARTL S LARE 30
RBL,AFRWX 140 £F,H 4 RELHH R E WA AR
RARK.
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