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Kinetics of adsorption of dyes by sludge activated carbon
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Abstract; In this paper, sludge activated carbon (SAC) was prepared from municipal wastewater treatment plant sludge using chemical activation (the
activation reagent was ZnCl, ) , and the kinetics of adsorption of three dyes (Reactive Brilliant Red K-2BP, Acid Scarlet GR, Direct Violet N) by SAC
was studied. The results indicate that the SAC can adsorb dyes effectively. The amount of each dye adsorbed at equilibrium (g,) increases with the
increase of initial dye concentration or temperature. Using the same conditions, the order of g, of the three dyes is as follows: Acid Scarlet GR > Reactive
Brilliant Red K-2BP > Direct Violet N. The adsorption of each dye by SAC follows the pseudo second-order kinetic model. For Reactive Brilliant Red
K-2BP and Direct Violet N, the adsorption rate is not only controlled by intra-particle diffusion but also by extra-particle diffusion. However, for Acid
Scarlet GR, intra-particle diffusion is not the rate-controlling step. The adsorption of each dye by SAC, which is an endothermic process, has a small
energy of activation, and is mainly a physical adsorption process.
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1 5|5 (Introduction)

BEEBT K HEMLEKENERES,
BREARBHBE AR BRFEFRENFI
M ESBUREMBRBAEY, HEEBXR.5R
WM ABEFER, WRLBAT, BSERKE
B s 4 (A E %,2004) . h Tk 518
BHEREREA VY, B, 755 R AE N R
£ MR (Rozada et al. , 2005) ,TEHERIEN—Fb 5
RO B AR, BT 2 B A T 3R R R 2 R S TR

R—UBRMEETE , ANTME—EBE LRH T
BB R (Pollard et al. , 1992) . i 15 I ] 45 16
RANFATEAMAMEL /KR, ANEFRT
BRRALELE X BT FERTHREE
B, TUBBUDEBRENER. BRI EEES
XX RRTE U8 v MR B A RE AR AT T —
B 5% (Jeyaseelan et al. , 1996; Tay et al. , 2001a;
2001b; Sébastien Rio et al. , 2004; Rozada et al. ,
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2005; HEMRSE, 1999; BHEEE %, 2004) ,IEEL T
DAY R AE O SRR AT DL &t B BB R B RE Y

LB EKBETHACMEAEARLEY, BHA
INASFENEKZ — REB L EKERR
TE A 5 A W A, T B R A O R — R AL
BB K B I . B IR TE s A T 4R R K Y
AEBEASNE A P45 (Rozada F et al. , 2003 ; Martin
, 2003 ; Kadirvelu et al. , 2005) ,{H#E /5
T 1R B 2% 0 22 i) 46 A TR Y A B B F 5, X R
Mt 3l 5 M BE R A B A

ACLATE KA K 15 R AE N R, R A
WAL (ZnCL B RIEALH]) R G RIEM K, H 2

Maria et al.

T BF 5T Y5 Y8356 P X6 M 41 K-2BP B M R4 GR
FIEHE N X 3 Fh iU i R I3 24558, A
Kb TR M AR EE ARSI 35

2 3554 (Experimental )

2.1 sEEMH

2.1.1 B HEGREERNERZER TS
TR R — RBAKER, L& KRR T75.03%,
BR(FR)H52.27% ,TOC(FH) K 22.63% ,
Pl (F2L) K 14.842 MJ-kg .

2.1.2 o ARZWFTH 3 Mol 5 h E
41 K-2BP Rt K41 GR fE#H KL N, KW 4
FHAAE 1.

£1 =HEBHEHRKX.HFR

Table 1 The structures and molecular formulas of the three dyes

BB -3 GFR MG FR Ape/om
Cl
SO;Na _<
N~ OH NH—</
i CysH,, CL,N,;Na; 0,,S, 808. 48 533
NaO;S I I SO;Na E
mi&g{cﬁ Q @ Gy, H, N,Ns, 0,8, 556.49 510
Nao” O
SO;Na
NH, H,N
(=l DA =Y
E?fi%? Cy,Hyy N Na, 0,8, 728.66 528
C ) -

NaO,$

SO;Na

2.2 BREERWHE

Bk M T BERE, i 100 B . Kk R
25% EQEW%IJ(ZnCIZ%‘F;ﬂ&)@lEI;@tt(?m)E 5%
EFIRE ) A 122 WHBIMAFERY , ZSREE
B, EZRTHEBRRE/K 24h 5, TR E KR
ElO%UT REBABREASIERRPIAN

B H BE Y R AT R AL ¥E 4L, #E 550C TS 4k
15min J5 6 7= & B HCl IR H vh ik , 2R )5 75 A #4%

MEBEFRKER,&ERT, FEBr 2 100 B,
B A5 B AR B 15 TR T AR 7 A

2.3 FREERMERKNE

2.3.1 EABRE T5URE MR KUK FHE T 2
TR E AR GB/T 7702. 7-1997 (45 i UKL IE # %
BRI 7 - BUR FE AW ) ; LR EBGE S ST-
08A FI bk, 3% T AR M A& 1S M 52 5 T WL 3R T 45+ 3E a
Hitachi S-520 By FHI# {48 (SEM) WL£E.
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232 RUBELELE KEE GB 5086. 2-
1997 (B EHEEEHBR Y FE—KERGE)
WA BREE KRB E B, HP 48 .0 5. 85088
Sk A 22 E # A F] 1Y IRIS Intrepid 11 XSP 23 %%
BF ARG GIE I (ICP-AES) I & , % B BN &
JEd Hitachi 180-80 J&-F WK W43 J6 b BE Tl <€ .
2.4 FHEXRH A ¥EEE
B 50mL A [F) % 46 & BE (30 mg - L7, 40
mg-L™".50 mg-L™") By YR L BE K , B F 100mL
REHEMF A 0. 15g 15 JRIEHx s A FIRE
(293K.303K .313K) IR H & K 140 r-min 'K
HTFHRG—EE, REERBEA 0. 45um JEE
T8 , 206t BE R ) 8 Yokl R A v BE , R A (1) 3
BARBZ) ¢ MY R & q,:
(C,-C)V
g =——" (1)

A, g, 08 ¢ B 2075 U8 16 4 5 3 4o ok B R B B
(mg-g™"' ); Co K W W BT %o B B K 1 4R Wk BE
(mg-L™");C. % ¢ B 2 BEAK ¥R BE (mg-L71) s V R R
IR (L) 5m % B 5HIT5 PR R R E (8) -

3 42 (Results)

3.1 FREERAER

W E 15 IRIE VR 0 LR B N 326mg- g7
HRERR 289m™ g™, 43 Kk ok 500 4% F0 12000 1%
fy R TS (SEM) A LB 1 FI 8 2,8 M
ELRBABNEERNE 2.

1 5B 1R MK SEM B ( x500)
Fig. 1 SEM photograph of sludge activated carbon( x500)

2 GiREER B SEM B ( x12000)
Fig. 2 SEM photograph of sludge activated carbon( x 12000)

®2 FRERERRBURESRAGE

The contents of metal elements in the lixivium of sludge

Table 2

activated carbon

52 maws ORE
/ (mg-L ) / (lgg'L'l)

QY-S 0.0371 3

14V9-8:37 9 I 0.3

B A 10

WEHAEY (EHET) 0.0418 50

HREAEY (UEASET) 21.3 50

BEHAEY (BRI 0.31 10

MEEAAEGY (EATT) 0.1478 1.5

3.2 WM A%

SR T 2 303K, Je b w1 46 #e BE €y 50 5104 30
mg-L™" 40 mg-L"".50 mg-L™" i, ¢ BB 1D ¢ % O
& ¢ BN AN 3 B . SR AR HE C, 28 40
mg-L™' YR B T 43 %24 293K .303K. 313K B, R fft
B R ¢ %ot % B B g, OB R SN IR 4 BT

AT R BT IEIE TR TS R A 3 B Rt 08 Bt
R, B R S R IR M B3
WAL, AR AT 4 # 3l # R Bk X E 3 FE
4 B B BB 3 17 #1 & ( Lazaridis et al. , 2003; Ho
et al. , 1999; Ozacar Mahmut et al. , 2005; Yang
et al. , 2005) ;

1) th— %3y % 5 & (Pseudo first-order

equation) ;
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—a—K-2BP
40 mg-L~!

—i— K-2BP
50 mg-L~!

—e— K-2BP
30 mg-L~!

—0— GR 30mg-L-! —8—GR 40mg-L~! —&—GR 50mg-L"!

wemerr N 30mgeL1 ool N 40mg-L ™! st N 50mg-L!

q/(mg-g™)

A |
0 25 50 75 100 125
#/min

B3 FEMGERER3 MEBE g, dhER

Fig.3 Plots of g,-¢ for three dyes at different initial concentrations

(T=303K)

——K-2BP 293K —8—K-2BP 303K —#&— K-2BP 313K

—o—GR 293K —8—GR 303K —a— GR 313K

e N 293K e N 313K

B N 303K

g/(mg-g™")

0 ! ! ! ! |
0 25 50 75100 125

{/min

4 FRREM3MEREY g BKR(C, =40mg-L7")

Fig.4 Plots of g,-¢ for three dyes at different temperature

dg,
dr

Xt (2) TR FF AL A FZM =00 ¢, =0,1
=t H;J‘ 4. =4, ’m‘ﬁéﬁ‘l

In(q, -q,) =Ing, — k1 (3)
KA, q, g, 20 BN A B AT ¢ B 20035 U8 e g o) e

=k, (g, -q.,) (2)

BRI & (mg-g '), AT M55, 0 Dh— 5 R B i3
BB (min "),
2) th= % 3h )1 % 7 & ( Pseudo second-order

equation) ;

d

dqt'=kz(qe -q,) (4)
MR (4) #HFT R AR EURFMG: =00 ¢,=0,2
=t} ¢, =q,, I1FH:

t 1 1
Z_kzqi ' q. (5)
R R P = R R B (g-mg " min ™).
3) M—R ¥ TR EREE b HETE
E,%

ko=KL (6)

ql

#R(6) RAK(L) ,RprAj 53]
BIE D — % 30 11 2% 5 18 ( Modified pseudo-first-

order equation) ;

dg, q.

& =K1q—t(qe—q,) (7)
(7)) #HT RS A BREZMF: =08 ¢, =0,
=t} q,=q,, 15 H:

ﬂ+ln(qe—q,) =Ing, - K;t (8)
qe

ALK N B IE D — % i 3R B (min ™).
4) MR AP B85 B (Intra-particle diffusion

equation) ;

g, =k,1"’ (9)
S, JBURL P 5 B 5 B (g min )
HEBNATBREABDHWRENR:
69. /D
kp =T ; (10)
R NV (om).

MLk 4 M3 T B R E 3.8 4 FE
FHTEBEUSRAR S S F UG Mk (RIS M
£IK-2BP ) LA 5. 6,852 i 4% i 4 =3 F BB
HHEBHS HESHILES.
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14— b
a & K-2BP 30 mg-L~!
m K-2BP 40 mg-L-! 12
S 4 K2BP 50 mg-L~!
N 10 |-
= ®
3 s 8
= A =
=
6 ¢ K-2BP 30 mg-L7!
4 m K-2BP 40 mg-1.7!
a K-2BP 50 mg-L7!
2
I I | 0 | |
50 100 150 0 50 100 150
t/min t/min
30 ¢ 181 d
5s 4 * K-2BP 30 mgL~! 16 -
1 ® K-2BP 40 mg-L~! u k .
20 4 K-2BP 50 mg-L~! b
/‘g 1.5 A —It.:.D 10
= o - o
2 10 g
+Q N = s -
T o5 L p ¢ K-2BP 30 mg-L7!
N 0 m K-2BP 40 mg-1.7!
4 4 K-2BP 50 mg-L~!
05 2
.
0 50 100 150 0 5 10 15
t/min 03

5 FREMGREREERT K-2BP 4 Mg 2R EHGHE

Fig. 5 Four kinds of kinetic plots for reactive brilliant red K-2BP at different initial concentrations( T =303K)

£3 TEEHTIHRBHINESH

Table 3  Kinetic parameters for the three dyes under different conditions

th—G&sh i H R th_gsh i HE BEH—RS HEFR LU SASEIN O
Bt 71;/ ( CO/_I K/ b2/ K,/ kB
mg-L7") 1 R (g-mg™" R o R (grmg™" R
(min ") min 1) (min ") min ~%%)
g 293 40 0.0223 0.9812 0.0100 0.9871 0.0160 0.9846 0.8154 0.9846
K2BP 303 30 0.0304 0.9839 0.0164 0.9958 0.0241 0.9975 0.6751 0.9498
303 40 0.0246 0.9793 0.0105 0.9923 0.0182 0.9921 0.9001 0.9662
303 50 0.0222 0.9787 0.0073 0.9879 0.0158 0.9782 1.0950 0.9805
313 40 0. 0265 0.9613 0.0121 0.9967 0.0201 0.9959 0.9519 0.9295
BRYEREL 293 40 0.2445 0.9030 0.1690 0.9997 0.2143 0.9575 1.1343 0.7940
GR 303 30 0.2546 0.6513 0.7857 1. 0000 0.2278 0.6966 0.5596 0.5684
303 40 0.2609 0.7944 0.2585 0.9998 0.2312 0.8438 1.0793 0.6983
303 50 0.3146 0.9668 0.1299 0.9997 0.2835 0.9951 1.5312 0.7901
313 40 0.2686 0.5871 0.5264 0.9999 0.2403 0.6126 1.9309 0.7798
BHEE 293 40 0.0311 0.9656 0.0342 0.9793 0.0198 0.9898 0.5804 0.9961
N 303 30 0. 0496 0.8174 0.2083 0.9995 0.0424 0.9314 0.2278 0.9311
303 40 0.0349 0.7316 0.1430 0.9991 0.0277 0.8886 0.3024 0.9577
303 50 0.0385 0.7314 0.1317 0.9996 0.0313 0.8696 0.3731 0.9446
313 40 0. 0409 0.7203 0.1608 0.9998 0.0332 0.8373 0.4067 0.8193
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¢ K-2BP 293K
s K-2BP 303K
A K-2BP313K

n/(ge-q,)
=)
w
I

0 50 100 150

{/min

¢ K-2BP293K
= K-2BP 303K
A K-2BP 313K

grq:tn(geq))

t/min

10

tq,

+ K-2BP 293K
s K-2BP 303K
A K-2BP 313K

] |
0 50 100 150

{/min

Eal (N
20
¥ osr
= * K-2BP 293K
6 -
= K-2BP303K
41y 4 K-2BP313K
)
0 | 1 |
0 5 10 15

t().(b

6 TRERERGEEST K-2BP {14 M E2HFEHGHE
Fig. 6 Four kinds of kinetic plots for reactive brilliant red K-2BP at different temperatures( C, =40 mg-L~')

4 1Fi8 ( Discussion)

TSR TE MR PRI E g5 R AN 1 DL XK 2
AT, B 45 1975 U8 16 o xR B 1 0 B R B4 A
WRER, ERBARNB S ILEH, B, ERA
BERRMEES. iR 2 A, BRE P ILMNE LE
SR EHMET B GB 5085. 3-1996 (fE kKW
KAmE—REFEHER) F B E R &S IR
EXEHABREERFATFALEBEZ M T
B EARENHTRAKKALE. 57550, B B8
B VR B IR 5 , X TG B8 R R YR B B U ZnCl, RN 18] BT
B, M ) A A] DA G Ak o R W K R I kA8 DA
3. Martin Maria J %5 A (2003) AFR RN, BRTE
xSRI EEREL, RAEERRNILESMH, B
DL Aloh =, BAE TR M 3Bl X B K A L
Y, MELEERBEARRERK,EEXE
PISALA £, XL TR KB sl 4 FEA AR
RERIEWR M 1E R, B L, 7 ol 38 4 2R Xk 3L R} Y R R
P BB B A 20 15 8 1 R

Hi & 3.4 BT A )R BE R, TS R T R X 3 A
HURHE) P48 W B 8 g, 3 B B 0 96 R JBE B4 3 o T
. M FEA G A B, 3 PR RUR PR N B ¢ BIBER
18 B2 B 3 on T 3 0. eh BE RT A, TR SR R A TR
Bt A9 #E4T , BEBA 3 b JRH7E V5 JR 15 th ik B BB
B—MREHEE. BRE KL GR IEHRE N XK
iP5 B B (R A, oY SR B BE NS , T 155 M #E 4T K-2BP
15 2 % Fi P4 B9 BRI RE X BEIG ,  ERBEP 4%

Xt 3 b YRl #E AT BB AT A, 7 A IR 9R B B A 4R
WET , PR E ¢ B R/NIUF N : BRI RLD GR
> WEPEHIAL K-2BP > HRE N, X5 3 Mo 7
A2 R/ R AR P 2 B R R 6. ik 1 ]
L, BYERA GR WA TERE/NT 52 FYH,
B, ER a7 2 BAAR RN, T HH 2T 451
B S TR AZRE/N A X T 53 A 2 Ak G 1 40 T A
BALR /N TS YR 35 4 2% 1L B BT IR B, G848 BR MR K
AGREBHMERK MEEE NMEBEHET
K-2BPR i, REERE N Ko TE/PDTHERED
K-2BP fHE#% N 4 F G ¥ 41 K-2BP 44 7/
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RARFBEL, BRI AR, FHI, BEE N o
TR R RAE AL E K, B REEAR G RE
PR ILBRE D2 5551, 5IE 4 K-2BP AL, H
B8 N TFHREREE(-90," F)BES, FHik,
ERREN, SHEREERRERIERDERHK,
X2ANREEFEIBEESE N HRHE LS HE
4T K-2BPf.

B33 o R A, 3 FI54H 4 K-2BP 4 i3
HEFTBENUEBEDY LB ; X TRHE KL GR,
REW_ZIrBRNUSBREMRE ;N TERE N, K
THZR T BENUERERBZIN, BAANT B
BUSEEGLRES. 3 HERNBEEN R TR
RUEBREHNBTH—RTE. W _RTEXNT 3
MR EBRESEES, XREAN R L%
KEAGERMTAE LR, MBS EY B RE
R 1 ORE P B8 9 8% ( Chang et al. , 2004) , BB
Oy H Sl 2 e g 70§15 Je v 1 ok b i IR BT 2.
A LEER g, HERBFR, % 4 Fh3h 5% R
AR5 TR B R AT

Mckay % AN, YRR T BT BT ¢, 5
SR RIFHWRMER R BBE S FE R, W 368 ¥ B 7
BR AT RSB RMERRE—EH PR
(Mamdouh, 1999). f13£ 3 B &1, {544 #6541 K-2BP f0
HEENK 5 " 2RHRTFHRBXFTERE
AR R IR 2 P YR TR T5 TR S Mk R M R R
B Y B 72 R T P B R i 1 ) 2 R (LR R
— B AR TR, W R 2R 2R R B 3 32 OB Ah B R
R (40K R B AR B0 R IR . X T R
R GR,q, 5 " BRI ENRBRER,FIUER
TR B Bl AR A 2 R B R 3 i 20 TR

MR 3B IER,3 MY mdh —RR M=
Wk, Y BEE IR R B BB R TR B, R
MBI — 2 e LR F AR A

F=d (11)
qe

Bk (11) AR (5) 78
F

Tq.(1-F)i

DAYE 4T K-2BP 4] (34 2 Fh gt A M
) , 7E R R0 86 v BE B B Foe R (LI 7). ol
B 7 AT, R AT — AR F TR R ¢ 2
I 25 7 1 ik B 0 0 T 8 e T B AR (12) T,
b, 553 — ERALR F FTE KB ¢ BT A%
R, A RE M, B I,k B 0 6 R E

k, (12)

R ZHT /. B2k 3 A A, B E IR BRI, 3
RGO O — 5 T PR 2R AR B, S B W K, X
FETT DUGE S H AR F R BR.

1.0

08 —

0.6 —
—e— K-2BP 30mg-L~!
—a— K-2BP 40mg-L-!

0.4
—&— K-2BP 50mg-L~!

0 50 100
t/min

7 FRMGKERE BT K-2BP 5 F-¢ fh £
Fig.7 F-t plots for reactive brilliant red K-2BP at different initial

concentrations (T =303K)

T4, BURL A T BOH 3 Bk B BE B W IR B
AR K. = (10) AT 4,5, 5L E R & g,
FBRLAY BARE D RIEWHIRER ,FEE VI IRRE
BRI K, P55 W B B g 35908 N K, TR A AL P
HAR D g K (Yang et al. , 2003) ,H L, FOk:
PO B SRR B K, R0 4 R B 10 38 K T R T 16 K

HRIE Arrhenius 232 .

Ink = E, (13
n ——ﬁ+c )

ALk AR BLERERGEATELGE; R A EES
RE B D Ink X 1/T VR GXE B B — 500 Fi 2R
RERE,) , ARRN ARG RIS ROELGE E,,
HEERMEMNHT K-2BP R K4 GR.OHEE
N E 452 7. 38 kJ-mol ' ,43. 18 kJ - mol ',
59. 56kJ-mol ~'. — M 3K Ut , 4y 3 W i BT 7 4 95 1k B
BN AFRBHAFRE/AEER X T 83.72
kJ-mol ' (#F H £1.%,2005) , i S 7] 41,3 Fp Yukl£E
¥5 U T A 3 R R Ak O B R B R AR L LA
YRR R ER D R EREEES.

5 #5i (Conclusions)

1) R M SCae e B, AT K ) 15 U 08 SRRkl &
Bk

2)3 P IR R B B ¢ I REE OB A0 16
JBE R BBE Y 38 O T 48 K5 A R AR T, AR R R &
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4 RN g BRYE R GR > T5 HE 14T K-2BP >
HEEN.

3)4 Mg LA O R 3h 1 R AL RRE AR I
Motk 3 b Beokl £ V5 U8 16 Mk B B9 R B 3
ih.

4) X FIEHEHL K-2BP MEHEE N, BNy
BOS B R ZB R R PR EA R — R ®E
BB, WM 2 R F] B R 2 FORLAN B R
B, TN T RERLD GR, BN HEBAZR
FiE R R P P IR

5)3 PR O — S R R AR kI BEE A
R BE R 3 KT Bk /0 , 3 BE R R BE G 38 KT 3 oK,
UL BOE 2R W Bk, XY BE R B0 06 R BE B B K T
WX

6) V5B IE v Xt 3 b Lt i IR fE 5 B — R
Mo IR IS AL BB/, BN Y BRIR f S AR
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