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Adsorption Kinetic Mechanism of Ionic Soluble Dye Mixture on Fly Ash

SUN De-shuai, ZHENG Qiang-qiang, ZHANG Xiao-dong, FANG Long
(College of Chemical Science & Engineering, Qingdao University, Qingdao 266071, China)

Abstract: The fly ash from coal combustion was used as adsorbent for the removal of binary mixtures of dyes from aqueous solution.
The binary solution included reactive red 23 and one of reactive blue 4, reactive yellow 4, acid black 1 and acid blue 193. The
experimental findings show the removal efficiency of reactive red 23 is about 60% -70 % while the removal of acid dyes exceeds 90% .
The removal value of reactive blue 4 is about 85% , while the value is only 50% for reactive yellow 4. The adsorption kinetic data are
good fitted with the pseudo-second-order kinetic model. The external diffusion coefficient solution is in the order of 10 “*cm-s ™", while

1

the intraparticle diffusion coefficient is in the order of 10 *cm”+s™'. Because all By numbers are smaller than 100, adsorption of dyes

on fly ash is mainly controlled by the external diffusion mechanism.

Key words:fly ash; dyes; adsorption kinetics; intraparticle diffusion; external diffusion
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Table 1 ~ Composition of fly ash
i { Sio, AL O, Fe,0, Ca0 S0, PRk it
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Fig. 2 Removal of complex dyes in solution on fly ash
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Table 3  Initial adsorption rate at the rapid and
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i H T Rapid TSlow

RR23/RB4 2.56/4.25 0. 055/0. 061
RR23/RY4 3.97/2.65 0. 036/0. 027
RR23/AB1 2.83/5.89 0. 048/0. 028
RR23/AB193 3.72/5. 84 0. 052/0. 034
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Fig. 3 Adsorption kinetics of complex dyes in solution on fly ash
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Table 4  Kinetic parameters of adsorption on fly ash
B THE— R U B
b q./mg-g ! ky/min ~! R? q,/mg-g”! ky/g+ (mgemin) ~! R?
RR23/RB4 1.169/1. 689 0. 105/0. 123 0. 988/0. 990 1.254/1. 803 0. 159/0. 193 0.997/0. 998
RR23/RY4 1.357/0.974 0. 126/0. 137 0.953/0. 988 1.456/1. 041 0.200/0. 219 0. 986/0. 999
RR23/ABl1 1.122/1.721 0. 103/0. 195 0. 960/0. 972 1.212/1. 819 0. 155/0. 335 0. 990/0. 996
RR23/AB193 1.744/1.216 0. 160/0. 133 0. 989/0. 968 1.303/1. 846 0.273/0. 208 0. 998/0. 993
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Fig. 4 Fitting curve of the intraparticle diffusion model
ok M ECRE (emes ™) 5 m R B SRTAY —lg[l—(i)z]— 4D (8)
\ . N = 2
Bt (g)s p N W B SRR A 3R OUL R q. 2.3d

(grem ™) 5 d WL R0 B WORE B AR (m) . T30
PRI =0 B, e =c5 ¢, =0) AT RLRAGFK
(7):

dc/c, 3m
[~ ]FO o (7)
FIH Origin 7.5 W50 1 58 oK A5 G4 RHTE H
JRURL AN SR, i3 5 fras. Mrpal il 78
ANFGRHMA b GRS W B A R R B
10 Femes T B g, X 5 H b BF 5T & 0 45
w0
Khraisheh % I FH X (8) XF P9 4 HIL &R Btk A7
HISTTH.

L, D ALEAY BARE (em®-s™). RS HINT
WY BRBOTE AR, Wl JICIE AN Bls 2
L, BRAPE G 3 R B0 5 e TS SR Y
PR AR E SRR AN R B Y
HURE, TS By Bu(=09) ™7,

d

By = krz—D (9)

HH By &R T 100 W, AR W2 B2 3 A0 B8 T
4 By BT 100 F, WeREoR AN B RS AR
SRR S PR, A JeRH R Y By /N T
100, SRR I PE R K B0 5 4 IR B LA SB
YRR B P IR e

R5 BHERBMYTBRE
Table 5  Diffusion coefficients of adsorption on fly ash

S HL
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H ke x10*/emes ! D x10%/cm? -5~ R i
RR23/RB4 1.78/2.96 1.63/1.53 0.986/0. 982 46.4/82.2
RR23/RY4 2.75/1.84 1.72/1.65 0.987,/0. 983 68. 1/47.2
RR23/ABI 1.96/4. 08 1.24/2.17 0.994/0. 981 67.2/79.8
RR23/AB193 2.52/3.94 1.76/2.22 0.992/0. 992 61.0/75.4
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