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Fig. 1 XRD patterns of modified bentonite
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Fig.3 SEM images of bentonite before and after modification
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Fig. 4 Images of contact angle determination for bentonite before and afte modification
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Table 1 Fitting parameters of kinetics

) h—g3 71 =g

A O, opf/(mgg ™ — - - -
k/(min) Q. /(mggh) R ke/(g:(mgmin) ") O, (mgg") R
0.5DSB+1.5CPB 2.784 0.151 2.746 0.873 0.180 2.807 1.000
0.5DSB 1.044 0.070 1.026 0.858 0.112 1.051 0.999
Jit 0.324 0.031 0.288 0.810 0.105 0.339 0.995

Qo N ERMAFRIR I, mge™s O, o AIE-FHMHHE, meg.
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Fig. 7 Adsorption isotherms of phosphate on bentonite before and after modification
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Table 2 Fitting parameters of adsorption isothermal model

Langmuir /7 2 Freundlich /5 72
R
O./(mg-g™") K /(L-mg") R /n K, R

JR 0.37 0.159 5 0.867 1 0.3309 0.097 4 0.8714
0.5DSB 1.14 0.156 4 0.966 9 0.376 7 0.258 3 0.942 4
1.0DSB 1.69 0.178 4 0.968 6 0.356 6 0.421 6 0.962 7
0.5DSB+0.25CPB 1.43 0.1343 0.9557 0.403 9 0.286 4 0.9309
0.5DSB+0.5CPB 1.91 0.3655 0.976 3 0.308 7 0.6355 0.966 3
0.5DSB+1.0CPB 2.47 0.5727 0.963 7 0.277 6 0.962 2 0.940 1
0.5DSB+1.5CPB 2.89 0.5415 0.989 5 0.298 2 1.055 8 0.936 6
1.0DSB+0.25CPB 1.92 0.1509 0.972 6 0.4030 0.398 1 09152
1.0DSB+0.5CPB 2.22 0.205 4 0.9710 0.376 5 0.540 7 0.948 4
1.0DSB+1.0CPB 2.68 0.546 7 0.986 8 0.296 9 0.979 7 0.926 8

1.0DSB+1.5CPB 3.03 0.5157 0.986 2 0.3051 1.074 4 09125
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Fig. 9 Effects of different temperatures on phosphate adsorption by compositely modified bentonite

*3 WMMANFESYH

Table 3 Adsorption thermodynamic parameters

LAt T/K K, AG/(kI'mol™)  AH/(kI'mol™)  AS/(J-(mol'K)™)
293 2.288 ~2.098
0.5DSB+1.5CPB 303 3.482 ~2.957 23.053 85.850
313 4.178 -3.815
293 1.718 ~1.305
1.0DSB+1.5CPB 303 2.858 -2.674 38.796 136.865

313 4.756 —4.043
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Abstract In order to study the performance and mechanism of phosphorus adsorption and removal by
amphoteric-cationic surfactant compositely modified bentonite, different proportions of dodecyl dimethyl
sulfobetaine (DSB) amphoteric surfactant and cetylpyridinium bromide (CPB) cationic surfactant were used to
organically modify bentonite to obtain DSB+CPB compositely modified bentonite. In addition, bentonite
samples were characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR),
scanning electron microscopy (SEM), contact angle (CA) and thermogravimetric analysis (TGA). The
adsorption process was fitted by adsorption isotherm models and kinetic equations, and the effects of
modification ratio, pH and temperature on the adsorption were studied. The results showed that DSB
modification improved the adsorption capacity of phosphate by bentonite. When adding CPB for composite
modification, the phosphate adsorption capacity by DSB modified bentonite could be further promoted, and the
adsorption capacity increased with the increase of modification ratio. For the 0.5DSB and 1.0DSB amphoteric
modified bentonite, their optimal composite ratios with CPB were 0.5DSB+1.5CPB, and the maximum
adsorption amounts were 7.81 times and 8.19 times as much as that of fresh bentonite, respectively. The
phosphate adsorption by the compositely modified bentonite fitted Langmuir isotherm model and pseudo-
secondary adsorption kinetics equation. The adsorption capacity decreased with the increasing of pH. In
addition, the adsorption was a physical and chemical process with spontaneous, endothermic and entropy
increase properties. This study provides the therotical support for phosphorus adsorption and removal by
amphoteric-cationic surfactant compositely modified bentonite.

Keywords bentonite; amphoteric-cation composite modification; phosphate; adsorption; characterization;

kinetics; thermodynamics
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