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Abstract; Modified zeolite was synthesized using natural zeolite ( clinoptilolite) and chitosan. The
SEM and nitrogen adsorption experiments were carried out to characterize the surface structure.
Results indicated that zeolite surface was covered with chitosan and porous structure was formed.
There was no significant difference of the BET specific area before and after modification. But the

total pore volume and mean pore size were increased by 1.62 and 1.71 times respectively. The initial
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concentration had more effect on the modified zeolite than natural zeolite. Adsorption of MG onto
zeolites was slower than that of LR, and the adsorption capacities of MG were much higher than that
of LR. The adsorption was probably due to the combined effect of Vander Waals’ force and
electrostatic repulsion. The adsorption of MG increased with pH in the range of 2.0 and 9.0, but
dropped appreciably when pH was above 9.0. The adsorption of LR decreased when pH increased
between 4.0 and 11. 0. The adsorption capacities of MG and LR onto natural zeolite and modified
zeolite increased with temperature from 20 °C to 60 °C. The adsorption kinetics conformed to pore-
diffusion reaction much more closely than first-order or second-order reaction, which meant the
adsorption took place in rather large pores and diffusion in pores was the key step to determine
adsorption velocity. Langmuir equation and Freundlich equation could describe adsorption isotherm
satisfactorily. Natural and modified zeolite could easily absorb MG and LR when judged by 1/n
value. Results of thermodynamics analysis indicated that adsorptions of MG and LR on zeolites were
endothermic reactions. The adsorption reactions were spontaneous and mainly belong to physical
adsorptions.

Keywords : modified zeolite, adsorption dynamics, thermodynamics, isotherm, malachite green,

lissamine rhodamine.
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Fig.1 Comparison SEM of natural and modified zeolite

a. natural zeolite, b.modified zeolite
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Table 1 Pore parameters of zeolite and modified-zeolite
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Fig.2 (a) Adsorption of MG on natural and modified zeolites ; (b) Adsorption of LR on natural and modified zeolites;

(¢)Effects of initial concentration on the equilibrium adsorption capacity
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Table 2 Fitted constants of adsorption kinetics
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(mg:L™%)  (mg-g™) R? R? R?
(min”") (mg+g™") (grmg " min"") (mgrg™)  (mgegtmin'?) (mgrg™")

R ¥ 5 4.7 0.019  0.8719 5.78 0. 0003 0.9369  5.66 33.03 0.9793 -1.249
Wbt MG 25 20.2 0.014  0.9091 3.63 0. 0004 0.8965 2343 140. 88 0.9741 -95.963

50 29.1 0012 0.9427 2.98 0. 0002 0.9288  27.39 218.80 0. 9698 -71.774
N T 5 35 0.011  0.7298 3.62 0.0014 0.8680  3.73 19.44 0.9831 -22.809
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I LR 25 18.9 0.044  0.9114 426 0.0025 0.9568  19.12 185.38 0.9577 -19.333

50 2.3 0.034  0.9710 2.89 0.0015 0.9143  29.26 265.59 0.9474 50.091
PN 2 5 25 0.040  0.9626 297 0.0141 0.9353 271 28.76 0.9675 8.667
I LR 25 10.8 0.029  0.9741 2.41 0. 0020 0.9119  13.66 115.95 0.9735 -63.227

50 19.8 0.017  0.9892 1.96 0.0010 0.9593  21.02 172.83 0.9842 -58.269

2.7 WA T RS
I oL 45 a2 2 DY A 2 R R0 %) R B R O B AR AR, R Y AL 4S Langmuir J5 #2 M Freundlich J5 2.
Langmuir J7 FRZMERIAAN .
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Ing, = InK; + —InC, (7)
n

AP K[ (mgeg™) (Lemg™) " oAZER T, n A REANE 2 N5 BRARZRAE I 1, 27 fi 185 4 e BT A

20 CEAET, Wish Gerb et 4 LB R4 P01 & 45 R an &l 6 7R, Langmuir J5 72 (R® = 0. 9968—
0.9999) , Freundlich J5 2 ( R* = 0. 9818—0. 9999 ) ¥J g &5 i b HUl 5 5L 46 K , 4805 40 2k K 4F. Langmuir
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Fig.6 Fitting linear regression line of adsorption isotherm
F3 IR B A AR (T=293 K)
Table 3 Fitted constants of adsorption isotherm (7=293 K)
Langmuir M7 B 25 1 X Freundlich M Jf 4595 =X
W 2%
Qn K R? Ky 1/n R?
MG-HC b A7 41.10 0. 0241 0.9999 3.4096 0.5327 0. 9998
MG- KR A 27.78 0. 0567 0. 9994 0. 3607 0. 7829 0. 9994
LR-BCHEh A 35.88 0. 0270 0. 9997 1.1246 0.7213 0. 9999
LR-KARk A 29.38 0. 0972 0. 9968 0. 0937 0. 8578 0.9818

Freundlich J7 25 16 F 7 $ A v 45 W B 9 0 W B B R — MR 1/n < 0.5 B Ja 45 5 Wit 1
1/n =205 J@ XEM FiE AL A 45 5L 26 B, 1/n K/NAE 0. 5327—0. 8578 Z 1], J& T8 725 5 W B 25 3893 A i 1k
Jei XL 1/ AB 35 W G RAR, UL RH PR 1 58 5 T5 MG LR & A=W BRE s Ry, (L se: 40 e B A 0 A e AR
FRIRW A7
2.8 WM 2= oA

HRAE BT ) 2 R EOC R AT A

AG =- RTInK, (8)

K AG() - mol™ ) FR7R I A W7 1 fR AE, FH T 0 W 4 0 2% B O 1) PR s ROk R JR AR B
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(Jemol™K™) s K, I B AR K, =g,/ C, ARG SR AL RERE S, A -

AG = AH - TAS (9)
AP AH(J-mol™) A SWKEAE s AS S SRR AZ . =X (8) L (9) AT %
AH AS
K, == — + — (10)
RT R

DA InK % 1/ T YRR 15 Lk 5 &, I H 80 A st 2840 331 3 F 380 RH I TR E T X6 0 #0724 2800, 45 5 L
% 4.
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Table 4 Fitted constants of adsorption thermodynamics

% AH/ AS/ AG/(J-mol™")
(kJ+mol™") (J-mol™'-K) 293 K 303 K 313 K 323 K 333 K
MG- B P A 0. 9645 8.12 41.26 -3974 -4386 -4799 -5212 -5624
MG-RAR A 0. 9898 4.14 16.08 -575 -736 -897 -1057 -1218
LR-2C PR A 0.9812 6.86 28.09 -1370 -1651 -1932 -2213 —2494
LR-RKARW A1 0.9285 5.82 20. 51 -178 -383 -588 -793 -998

PIA SRR, AH YR, Ui MG LR 7837 AP L A R 2 2 W 3RS . A G ¥R
{8, AR T A kN A 2 B B 2 7 ) & A R 5 L AG /NI 2 37 1) #4824 3K 8 7 4
SR VR B0 5 A R 2 IR RO S I, ALS S TE AL, 2 B IR fF o A v [ 9 ST 1 R RS T R AR — A
9 AH 1E-40—20 kJ - mol ™'y Bl PN J& T W BEWZ Bk 3, 1T AG 7E—20—0 kJ - mol ™" 715 [l PN Bt 2% ) FHE I e
() E B AR 22— 25 AR AL SR WA A A7 % MG LR (R B L BRI B R

3 4hiE

(1) SRAZCRMESCME 385 A 22 1T 50 5% 1 R S Z2 LR etk A 1 2R 11 B 7 R B O
TV U 25 1 Z LR 5 R TS BET R AR AL AR (H S LA BURE 4L AR 2 B K 1.62 £5 1
1.71 .

(2) FEXFIT , WU v B AR A X R AR Ay LB A M 258/ 0N , T el A T 25 i A K oA 6 MG
AR B 5 B AR T LR, W B 25 s B I R TR 3, 3 T ey Al Ty I fUR I 25 B VE A5 AL

(3) pH HTE 2.0—9.0 i Fl N AR Wk A1 FEsetE i 44 % MG (1) 25k 52 i, pH (E T 9.0 J5 3 mE
AR B R AR A TN 6 A A pHA—11 Y5 Bl X LR AY W B 52 B B34, M 7E pH2.0—4.0 NI A
N

(4) RETLEE M 20 °C FFFZE 60 °C , RERHEA X LR Il MG (902 B 25543 I 14.0 11.3 mg- g~ 8K
) 15.3.13.1 mg-g ™" s Blethuh A 25 5 A0 B 21.0,16.0 mg-g ™ BME] 22.2 17,9 mg-g™".

(5) MR i — G AE G5 R , FLIN S HOT R n] LU At filiik MG LR 78304 Ak vk A L i
W2 2%, U B IR B s 1 2 T A AR SR I L, FL N IR 52 i W B o 1 22 R R

(6) Langmuir J5 2 F1 Freundlich J7 &5 BEH U4 28 W B 45 R 0 72, PR B 40 0 2 T 5 Rk e AR W
B I, L e s 4 I B T I S A T i

(7) AT12E TR MG FN LR A3 RSO Ay 190 R o 3 A WA A 7, R o 52 7 2 % 1 ek
T, HLJ&E T3 Sy 32 1 B S AL
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