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Adsorption to Acid Red 14 in Wastewater by ZnCr Bimetal Layered Materials

LIU Feng-Xian SHAO Meng-Meng XIA Sheng-Jie NI Zhe-Ming*
(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Zinc chrome bimetal layered materials (Zn,Cr-LDHs, x=2, 3, 4) were successfully synthesized by the
coprecipitation method and different factors on the adsorption of AR14 were also investigated. The
characterization of XRD, ICP, FTIR and BET revealed that the crystal structures of Zn,Cr-LDHs (x=2, 3, 4) were
very good and stable, it had the mesoporous structure. Experimental results indicated that the optimum sorbent
was Zn;Cr-LDHs with a specific surface area of 101 m?+-g™', the maximum adsorption capacity for AR14 was
484.63 mg +g~'. Moreover, lower pH value and higher temperature were favorable to the removal of AR14.
Adsorption isotherms and kinetics showed that the adsorption process could be well fitted with the pseudo-
second-order kinetic and Freundlich equation. Based on the analysis of Materials Studio 5.5 simulation, the
adsorption menchanism was that AR14 were adsorbed on the surface of Zn;Cr-LDHs, the -SO;™ group was the

reaction point.
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Table 1 Chemical composition of Zn,Cr-LDHs (x=2, 3, 4)

Samples nz/ ne (1CP) In /! % Cr/ % C/% H/ % Chemical formula
Zn,Cr-LDHs 1.7 34 16 1.98 243 [Zn06:Cro37(OH)5](CO3)o155+ 0.35H,0
Zn;Cr-LDHs 2.7 47 14 1.67 2.49 [Z1073Cro2(OH),](CO3)o.135+ 0.20H,0
ZnCr-LDHs 3.8 46 10 1.28 2.55 [Zn679Cro2(OH)5](CO3)g 105+ 0.25H,0
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Table 2 Pore structure data of Zn;Cr-LDHs and Zn;Cr-CLDHs

Adsorbent BET surface area / (m*-g™)

Total pore volume / (cm®-g™)

Average pore size distribution / nm

Zn;Cr-LDHs 101
Zn;Cr-CLDHs 64

0.21 7.67
0.26 13.86
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Table 3 Langmuir and Freundlich parameters for the adsorption of AR14 on Zn;Cr-LDHs

Langmuir Freundlich
Temperature / °C
Q.. / (mg-g™) K./ (L-mg™) R’ Ke/ (L-g™) n R?
15 156.25 2.560 0.818 4 104.30 0.124 8 0.909 6
25 166.67 3.158 0.873 2 112.51 0.126 4 0.945 3
35 172.41 3.625 0.887 3 117.63 0.128 1 0.959 4
45 175.44 4.071 0.862 5 119.07 0.134 5 09755
55 175.44 4.750 0.850 8 120.53 0.136 9 0.985 4
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Table 4 Thermodynamic parameters for the adsorption of the AR14 on Zn;Cr-LDHs

AR14 concentration / _ 15 C 25C 35C 45 C 55<C
AH® / (kJ-mol™) AS® / (J-mol K™
(mg-L™) AG® at different temperature / (kJ - mol™)
100 14.376 99.884 —-14.365 -15.397 -16.485 -17.373 -18.340
100 1 t

n/%
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Fig.7 Effect of temperature on removal of AR14
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Table 5 Parameters of pseudo-first-order and pseudo-second-order Kkinetic models

Initial AR14 Temperature / Qe / First order Pseudo-second order
concentration / (mg-L™) C (mgeg) Qo ky / min” R Qui ky / (mg- g min™) R
50 25 99.1 56.45 7.76x102 0.975 4 106.4 2.17x107 0.998 7
100 25 169.6 60.72 1.75x107 0.990 8 172.4 7.48x10* 0.999 7
130 25 182.2 81.29 1.78x1072 0.981 1 188.7 4.98x10™ 0.997 4
100 15 151.6 57.59 1.58x107 0.991 0 153.8 7.35x10* 0.999 4
100 35 169.1 67.47 1.94x1072 0.991 8 175.4 6.69x10* 0.999 3
100 45 170.0 65.33 2.17x102 0.969 4 175.4 7.94x10* 0.999 8
100 55 170.5 51.27 2.45x102 0.937 8 175.4 1.11x107 0.999 9
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