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1.2.1  ZFAA AL (CMT) 694 FE 500 mL [P0 158 5 i A Z€ 48 7K 250. 0 mL 34 5 & 8 e
78.4 mL fiflk 168.0 g,0 ~5 CRMHkE N 3 h, AR5 TR 2 20 ~25 CF S 2 ho FHZEIR/K I BRI
o7 I AR 23k R L 3% A s 2 R Ay 2 IR T 2 AP . ISR SRS T 515 2] CMT,
1.2.2 PTCC #94m  Z%CHR12] 51 E=IR T ,5. 0 g ARHRAE it 4348 10% ~20% ) NaOH 7K
VIR 1 h, iIfA 15.0 g CMT,45 ~48 °C, JZ v 20 h, FHE % 60 C4kL: v 4 ~5 h, HIA 95% 2.1
40.0 mL,7E 60 CFHi$E 0.5 h, 54§, FHZE /K N R 43 51 Y % PTCC,60 C T T R HE, 157 E A
PTCC 10.2 g, Z0HiAR e I35 B 1 i 435008 20. 1% o H S F 4 Scheme 1 7R o
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Scheme 1  Synthetic route of PTCC
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Fig.1 Effect of pH on the adsorption capacity
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2.2.1 FERAMAE  AE7 4250 mL HEIEH A, AL HBPE MR 2351 0 0. 05.,0. 10,0.20,0. 40,
0.60.0.80.1. 00 g/L Juphzs s 50. 0 mL, 4R J5 FEA 0. 020 g (1) PTCC,298 K /KA H LA 140 r/min (453
& 5 b, WEFHHIL e (mg/L) HAFHRII AR ¢ (mg/g) o
MR8 Langmuir 259 I 7 72 -
1/q, = a/c, +b (2)
Freundlich 4535 0% {7 72 .
lgqg, =clge, +d (3)
AL/ q % 1/¢, F0 g q %% 1g e MR A5 B ER BRI e R 80 R 45 R 5 T3 1,
%1 Langmuir Freundlich &8 R HITELER
Table 1 Calculated results based on Langmuir, Freundlich isotherm adsorption equations

Dyes Langmuir isotherm Freundlich isotherm
Equations R? Equations R?
VPB B 1/q.=0.1709/¢c, +0.0015 0.9901 lg ¢q. =0.5101lg ¢, +1.3816 0.9780
VPB R 1/q, =0.2398/¢c, +0.0016 0.9904 lg q, =0.57501lg ¢, +1.1815 0.9870
NB 1/¢q, =0.6618/¢, +0.0026 0.9918 lg g, =0.58131g ¢, +0.8328 0.9873

i3 1 Al AEH, Langmuir Z51E 2819 7] P R E0K T Freundlich £ 78 209 n] g 2 %%, Kk, Langmuir
SR R R ASTRY B3 5 T iR PTCC X BIriak Gk Ay Mg o 2ok e , W B vl LA FH B0 53 J WA S B DA e e o
2.2.2 BB EBEEGH A TE 250 mL £ F oA 1000 mg/L E K 50 mL i PTCC
0. 020 g, fEA[FRSE .pH =7. 0 BKEEH LA 140 o/ min (838 IR 5 , B B — € I 18], 328 22 I 7 V5 R
ebve BE T TSR B 2, BF S T W BB )6 PTCC R Bt s o SEER 25 SR LI 2,
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Fig.2  Adsorption kinetic curves of NB(A), VPB B(B) and VPB R(C) on PTCC
T/K:a.288; b.298; ¢.308; d.318
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Table 2 Equations of adsorption kinetics
Dyes T/K First-order kinetic equations ky/min " R?
VPB R 288 —In (1-g¢,/q.) =0.0507¢ - 0.0965 11.67 x10 2 0.9910
298 ~In (1 -¢,/q,) =0.04861 —0. 0065 11.19 x10 2 0.9647
308 —In (1-¢,/q.) =0.0415: —0. 1859 9.56 x 10 2 0.9670
318 ~1In (1 -¢,/q.) =0.02567 —0.0200 5.90 x 102 0.9981
VPB B 288 —1In (1 -¢,/q.) =0.0541¢ +0. 0445 12.50 x 10 -2 0.8923
298 -In (1 -g,/q.) =0.0346¢ +0.5311 8.00 x10 2 0.9966
308 —1In (1-g¢,/q.) =0.0037¢ +0.3069 0.85x10 2 0.9276
318 —1In (1-g¢,/q.) =0.0036¢ +0.0612 0.83 x10 72 0.9888
NB 288 —1In (1-g¢,/q.) =0.0154¢ +0.3980 3.55 x10 2 0.9742
2908 —In (1-g¢,/q.) =0.0221: +0. 1447 5.09 x10 2 0.9809
308 =In (1 -g,/q.) =0.0196¢ -0.0519 4.51 %102 0.9872
318 -In (1 -¢,/¢.) =0.0207: -0. 1216 4.76 x10 0.9869
Dyes /7K Second-order kinetic equations ky/(gemg™'emin ") R?
VPB B 288 t/q, =0.0009¢ +0. 0045 1.80 x10~* 0.9998
298 t/q, =0.0012¢ +0.0170 0.85x10 % 0.9907
308 t/q, =0.0016¢ +0.0451 0.57x107* 0.9954
318 t/q, =0.0019¢ +0. 1538 0.23 x10 4 0.9823
VPB R 288 t/q, =0.0011¢ +0.0194 0.62x10°* 0.9947
298 t/q, =0.0013¢ +0. 0286 0.59 x10 4 0.9910
308 t/q, =0.0016¢ +0.0474 0.54 x10°* 0.9902
318 t/q, =0.0019¢ +0.0971 0.37x10°4 0.9903
NB 288 t/q, =0.0018¢ +0.0365 0.89 x 104 0.9973
298 t/q, =0.0027¢ +0. 0840 0.87 x10 4 0.9936
308 t/q, =0.0033¢ +0.2239 0.49 x10~* 0.9983
318 t/q, =0.0045¢ +0.5161 0.39 x10°* 0.9897
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Table 3 Thermodynamic parameters of adsorption

Dyes T/K Equations R? AH/(kJ-mol™')  AS/(Jomol'-K~')  AG/(kJ-mol™!)
VPB R 288 lg D =2336/T -4.787 0.9963 -44.73 -91.67 -18.32
298 —17.41
308 -16.59
318 -15.68
VPB B 288 lg D =1275/T -1.240 0.9875 -24.40 -23.73 -17.64
298 -17.40
308 -17.16
318 -16.92
NB 288 lg D =2150/T —4. 604 0.9846 -41.17 -88.15 -15.78
298 -14.90
308 -14.01
318 -13.14
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HL 25 TR, HASTEPEAK o 28 RSB B 1 LR 240 IE MU A (0 2P T R 7 A6 B 1, B B i Ak
fERE ST FASTEAE o A2 TP A KIS IR, PTCC X PH B - YL i) Wiz B 2 38 2o S A ) SE3 Y, AH . 22 1]
PIRALFARTE , fiff — 28 2Z (Rl A T SR s 2, Rz ofh 25 s 4 K
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Adsorption Kinetics and Thermodynamics of Cationic
Dyes on Polythioether Type Cotton Cellulose

WANG Ya-Wei, SHI Wen-Jian*, CHEN Xuan, HAN Yue, YANG Qin-Lin, ZHOU Yan
(School of Environment and Architecture , University of Shanghai
Jor Science and Technology , Shanghai 200093 )

Abstract  Polythioether type cotton cellulose ( PTCC ), a functional material, was synthesized by the
etherification of cotton cellulose and chloromethylthiirane in an alkaline medium. The effect of pH on
adsorption capacity of PTCC for cationic dyes was investigated. The adsorption kinetics and thermodynamics of
cationic dyes on PTCC were studied. The experimental results show that neutral condition favored the
adsorption. At 298 K, pH =7.0, the adsorption approached to equilibrium in 2 h, the saturated adsorption
capacities of PTCC for basic Blue B, basic Blue R and night blue were 726, 652 and 320 mg/g, respectively.
The adsorption of cationic dyes on PTCC followed the second-order kinetic model, the adsorption rate constant
k, increased with the decrease of temperature, indicating that low temperature favors the adsorption. The
negative values of AG, AH and AS suggest that the adsorptions are spontaneous and exothermic processes,
which were achieved mainly by Vander Waals force. The adsorption isotherms fit well with the Langmuir
equation, which can be explained as a monolayer adsorption.

Keywords polythioether type cotton cellulose, cationic dyes, adsorption , thermodynamics, kinetics
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