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Abstract: To solve the problems of high synthesis cost and lack of specific adsorption sites on traditional zeolites surface,
polydopamine-modified coal gangue based zeolite was successfully synthesized by combining alkali melting hydrothermal method
and impregnation coating method using coal gangue as raw material and dopamine as the polymerization monomer and applied for
efficient adsorption of Cd(II') from aqueous solution. The adsorption performance was investigated by batch adsorption experiments,
and adsorption mechanism was revealed by SEM-EDS and XPS method. The results showed that polydopamine coating significantly
improved the adsorption capacity of coal gangue-derived zeolite. The adsorption process conformed to the Langmuir adsorption
isotherm model and pseudo-second-order model, suggesting that Cd(II) adsorption by Zeolite@PDA was monolayer and chemical
adsorption, and the theoretical maximum adsorption capacity could reach 130.89mg/g, which was two times as high as that of Zeolite
(¢max=66.49mg/g). Thermodynamic studies indicated that Cd(I) adsorption by Zeolite@PDA was a spontaneous, endothermic
process with increased disorder at the solid-liquid interface. SEM-EDS and XPS analysis showed that cation exchange between Na*
and Cd(II) as well as surface complexation between surface functional groups and Cd(Il) played a primary role for Cd(II) removal.
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Table 1 Composition of coal gangue
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(%) 64.12 28.85 2.77 1.44
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Fig.1 XRD patterns and FT-IR profiles of Zeolite and
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Table 2 BET specific surface, pore volumes and BJH pore
size of Zeolite and Zeolite@PDA

W BEEAL R MM (m™/g)  fL%(em’g)  BIH fL2(nm)
Zeolite 25.1513 0.0616 19.1527
Zeolite@PDA 52.2348 0.0784 14.7101
100 - - = Zeolite
o8| Zeolite@PDA
96 -
;\: 94
lﬂﬁ 92
B 90t
88 -
86 -
84+

100 200 300 400 500 600 700 800

#RE(C)

Kl 3 Zeolite #l Zeolite@PDA HIFHT 3T il 2k
Fig.3 TG curves of Zeolite and Zeolite@PDA
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Fig.6 Isotherms model fitting for Cd(1I') adsorption by
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Table 3  Adsorption isotherms fitting parameters of Zeolite

and Zeolite@PDA
By ZH Zeolite Zeolite@PDA
Ggmax(Mg/g) 66.49 130.89
Langmuir Ki(L/mg) 0.074 0.033
R 0.997 0.994
Kr(mg/g) 24.1632 17.9362
Freundlich n 5.65 2.89
R 0.951 0.983
224 WRPHEN AL & 7 RIZR 4 WTLUEH,

Zeolite I Zeolite@PDA ¥ — 20 2)) J1 # UG 2%
PRI R, LA R A RS 90 0.999.0t
&b, Zeolite Fil Zeolite@PDA #E 245y ) 2F A5 A 5 HL ()
SPATIR B4 A 68.12 AT 122.25mg/g, 5 S A
T X AR 20 R B 5l ) AR 5 E A 4
SRR o R, T T B2 2 R A 2 21,

Fz 4 Zeolite 0 Zeolite@PDA Wi H FRA I & S
Table 4 Adsorption isotherms fitting parameters of Zeolite
and Zeolite@PDA

AR ZH Zeolite Zeolite@PDA
Wi 2 e (m‘g/Ig) 57.53 108.91
. kl(mlzn ) 0.0156 0.0227
R 0.948 0.801
W g 2 ) qe (mg/g') 68.12 122.25
wim z[g/(mgjmm)] 0.0004 0.0002
R 0.999 0.999
kit [mg/(g'min'?)] 1.354 3.497
Ci(mg/g) 33.03 43.41
SIURL P 47 BSOASE R’ 0.993 0.919
uitl kino[mg/(g'min'?) 0.2356 0.5721
Cy(mg/g) 57.71 98.08
R} 0.892 0.828
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Fig.7 Adsorption kinetics of Cd(II) by Zeolite and Zeolite@PDA
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Cd(I1)2& B K 1k 72, s A A T 0t 47 AH°
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AS®H IEAH, W] Zeolite@PDA WKt Cd( 11 )Rij i [l v
P AE] T 4 25 L 48 K ),
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Table 5 Thermodynamic parameters of Cd(II) adsorption by

Zeolite@PDA
T(K) AH°(kJ/mol) AS°[J/(mol'K)]  AG°(kI/mol)
298.15 -2.6019
303.15 -3.5954
308.15 29.702 109.125 -4.0290
313.15 -4.5825
318.15 -4.8136
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Fig.8 EDS elemental analysis of Zeolite@PDA and
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