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Fig.1 Plots of I' vs. ¢ for the adsorptions of disperse dyes on cationic bentonites under different conditions
(A) DYB S-2RFL on EPI-DMA/Bt at T=296 K and different concentrations; (B) DYB S2RFL on EPI-DMA/Bt at ¢, =50. 00 mg/L

and different temperatures; (C) different disperse dyes on EPI-DMA/Bt at T =296 K and ¢, =50. 00 mg/L; (D) DYB S-2RFL on differ-
ent cationic bentonites at =296 K and ¢, =50. 00 mg/L.
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Table 2 The values of I'“ and k under different conditions

Ay + Ay =T W7 30 (4 58 BOA (Aye ™ I

¢/ res

Aye )RS, M T EET T B, 4550

Adsorbent Dye . IT/K ky ky R
(mg - L1 (mg - L)
EPI-DMA/Bt DYB S-2RFL 30.00 291 31.70 0.171 0.029 0.997
30.00 296 31.33 0.191 0.030 0.988
30.00 301 31.07 0.402 0.029 0.992
50.00 291 53.72 0.258 0.026 0.998
50.00 296 45.52 0.516 0.031 0.998
50.00 301 40.89 0.803 0.042 0.990
70.00 291 56.45 0.097 0.036 0.999
70.00 296  50.65 0.106 0.032 0.999
70.00 301 43.67 0.096 0.028 0.999
PD/Bt DYB S-2RFL.  50.00 291 46.56 0.667 0.067 0.986
50.00 296  43.42 0.925 0.080 0.998
50.00 301 40.38 0.981 0.098 0.998
CTMAB/Bt  DYB S-2RFL 50.00 291 21.16 0.169 0.020 0.998
50.00 296 17.90 0.198 0.025 0.99%4
50.00 301 16.05 0.234 0.043 0.998
EPI-DMA/Bt DR S-R 50.00 291 53.36 0.254 0.038 0.998
50.00 296 51.16 0.413 0.044 0.998
50.00 301 48.69 0.697 0.046 0.997
EPI-DMA/Bt DB SBL 50.00 291 49.67 0.217 0.033 0.996
50.00 296 43.94 0.258 0.040 0.998
50.00 301 39.99 0.397 0.046 0.994
EPI-DMA/Bt DY SE-6GFL  50.00 291 31.83 0.126 0.022 0.999
50.00 296 28.46 0.191 0.029 0.9%
50.00 301 25.49 0.231 0.033 0.996
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Fig.2 Plots of —In(I* —T,) vs t for the adsorptions of DYB S-2RFL on EPI-DMA/Bt under different conditions
i e, BRI R; HUR BE R P AN IR B I, GORL > I b 3 R SR A, RORF AR T B v 4k
P73 N A (R N ) a9 1 -5 =29 1KV P = 7 e Rl 2 o T D e N il S
B, Aol e, Bt 5 % JRLRE ) T TG . eAh | FEARR]IELE AR A vk B T, = BH &S I b X o3l
HORE W I 30 12 H 80 k, B9 K/NA PD/Bt > EPI-DMA/Bt > CTMAB/Bt, 16, 78 FH &S 112 18 -+ W% B 43

ARt R R, BRECK A F )2 (8] B
MR B3 AR A1, B K 1 S22 ) R 2 T P P
JEHE AT R,

M2 WJLVE W, b, /N T k1
{H, X EZRM T REE WM ETT, QR
FANTE T1) W B FH B I B 3 1 A7
L, BT HE T LA AR R £

Table 3 The values of k calculated via different equations

¢/ Equation(2) Equation(4)
Adsorbent Dye i I7K
(mg- L") ky ky ky ky

EPI-DMA/Bt DYB S-2RFL 50. 00 291 0.258 0.026 0.285 0.027
50. 00 296 0.516 0.031 0.547 0.031

50. 00 301 0.803 0.042 0.790 0.043

30. 00 296 0.191 0.030 0.196 0.031

70. 00 296 0.106 0.032 0.111 0.034
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Fig.3 Plots of —Ink-1/T(A) and —In(k/T)-1/T(B) for the adsorptions of different disperse dyes on EPI-DMA/BT

a, e. DYD S2RFL; b, f. DR S-R; ¢, g. DB SBL; d, h. DY SE-6GFL.
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Fig.4 Plots of —Ink-1/T(A) and —In(k/T)-1/T(B) for the adsorptions of DYB S-2RFL at
different cationic bentonites
a, d. EPI-DMA/Bt; b, e. PD/Bt; ¢, f. CTMAB/Bt.

i Eyring 2270
Ink/T = Inky/h + AS*/R — AH* /(RT) (6)
K, ky, h F1 R K Boltzmann 4§, Plank & ECRISARE £, AS™ I AH " MR B 2 i 7% Ak i AT Ak
5. S TRWMHAZ, 29I —In(k,/T) Fl = In(k,/T) X 1/TVEEI (& 3 FIE 4) , 1 RFRFIEEE AT 4351
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Table 4 The thermodynamic parameters for the adsorption process at ¢ =50. 00 mg/L

E,/ AS*/ AH*/ AG™/ T AS*/
Adsorbent Dye (kJ - mol=") (kI - K" +mol™") (kJ - mol™") (kJ + mol™") (kJ + mol™")
E, E, ASf ASS AH AHY AGY AG, T, AS] T, ASS
PEC-DA/Bt DYB 38.42  31.52 -0.169 -0.175 25.38 29.18 57.96 80.98 -32.58 -51.80
PD/Bt 32.93  37.72 -0.174 -0.159 24.94 34.42 76.48 81.48 -51.54 -47.06
CTMAB/Bt 40.95 37.88 -0.148 -0.169 29.07 28.62 72.88 78.64 -43.81 -50.02
EPI-DMA/Bt DR 39.74  13.25 -0.138 -0.195 27.39 10.91 68.24 68.63 -40.85 -57.72
EPI-DMA/Bt DB 41.81 23.12 -0.122 -0.201 33.47 20.78 69.58 80.28 -36.11 -59.50

EPI-DMA/Bt DY 42.17 28.08 -0.125 -0.188 33.83 25.74 70.83 81.39 -37.00 -55.65
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Kinetics of Adsorption of Disperse Dyes at Cationic Bentonites

LI Qian, YUE Qin-Yan™ , GAO Bao-Yu, LIU Li-Li
(School of Environmental Science and Engineering, Shandong University, Jinan 250100, China)

Abstract Kinetics of adsorption of each of disperse dyes, namely, Disperse Yellow Brown S2RFL(DYB S-
2RFL) , Disperse Red S-R(DR S-R), Disperse Blue SBL(DB SBL) and Disperse Yellow SE-6GFL(DY SE-
6GFL) onto cationic bentonites( EPI-DMA/Bt, PD/Bt, CTMAB/Bt) were studied. The results show that the
adsorption processes follow a two-step first-order kinetic rate equation with two different rate constants

(ky, k,) , energies of activation(E, , E, ), enthalpies of activation( AH; , AH, ) and entropies of activation

ap s
(AS;, AS, ). With the increasing of the alkyl of cationic intercalary reagents, the kinetic rate constants also
increase, which indicate that the large space between layers, more hydrophobic interlayer environment and
more positive charges of cationic bentonites are important influence factors to accelerate adsorption. It has been
found that for both the adsorption kinetic steps, AH, < =T, AS’ ,AH, < =T, AS, and AG™ >0, which

means that the influence of the entropy is more remarkable than the enthalpy in the activation reaction.

Keywords Cationic bentonite; Disperse dye; Adsorption kinetic; Rate constant; Thermodynamic parameter
(Ed. . D, I)



