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Performance of Polymer-based Titanium and Zirconium Oxides Composite

Adsorbent for Simultaneous Removal of Phosphorus and Fluorine from Water

CHEN Jia-kai' , NIE Guang-ze’, LIU Zhi-ying’, YAO Yuan’, XU Yan-hua®"

(1. College of Urban Construction, Nanjing Tech University, Nanjing 211800, China; 2. College of Environmental Science and
Engineering, Nanjing Tech University, Nanjing 211800, China)

Abstract: A novel composite adsorbent ( Ti-Zr-D201) for simultaneous removal of phosphate and fluoride from water was prepared by
loading nanosized titanium and zirconium oxides on the anion exchange resin named D201. Combining with the characterization of the
adsorbent, adsorption isotherm experiments, effect of solution pH experiments, competitive tests, kinetic experiments and fixed bed
column adsorption experiments were performed to explore the adsorption performance and mechanism. The maximum adsorption
capacity of Ti-Zr-D201 for phosphorus and fluorine was 34. 9 mg-g~' and 35. 1 mg-g~'respectively, when the pH value was 5. 8 and
the temperature was 308K. Adsorption behavior was spontaneous, and higher temperature was favorable for phosphorus and fluoride
adsorption. The effect of pH on the adsorption of fluoride was more significant compared with the adsorption of phosphorus. SO~ ,
NO; and Cl~ were selected as the competitive ions for competition experiments, and the results indicated that Ti-Zr-D201 exhibited
favorable sorption selectivity for phosphorus and fluoride compared with the host material D201. The fitting results of the internal
diffusion model showed that there were two different adsorption stages before the adsorption equilibrium of Ti-Zr-D201. Column
adsorption experiments showed that Ti-Zr-D201 had a stable structure, excellent dynamic adsorption performance, and could be
recycled, which showed the potential of practical application.

Key words : polymer-based ; composite adsorbent; titanium oxides; zirconium oxides; phosphorus and fluorine removal
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Fig. 1 SEM-EDS images of Ti-Zr-D201
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Fig. 3 Simulation of Ti-Zr-D201 structure and adsorption principle
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Fig. 4 Adsorption isotherm of Ti-Zr-d201
%1 Ti-Zr-D201 B8R Freundlich 71 Langmuir A &S
Table 1  Fitting parameters of Freundlich and Langmuir model for phosphate adsorption by Ti-Zr-D201
Freundlich Langmuir
/K -
K/ mg'g’l . (g.L*I)n n RZ Omux/mg.g b/L‘mg—l RZ
288 11.43 3.36 0.992 31.5 0.344 0. 891
298 11.94 3.36 0.990 33.7 0. 300 0.877
308 12. 69 3.40 0.993 34.9 0.323 0. 887
%2 Ti-Zr-D201 %Y Freundlich 1 Langmuir #23 & 5%
Table 2 Fitting parameters of Freundlich and Langmuir model for fluorine adsorption by Ti-Zr-D201
Freundlich Langmuir
/K -
K/ mg-g™' -« (g-L7")" n R Qua/ Mg g b/Lemg~! R
288 2.64 1.88 0.999 30.3 0.043 0.978
298 2.95 1.91 0.999 32.5 0. 044 0.976
308 3.00 1.87 0. 996 35.1 0.042 0.976
F£3 Ti-Zr-D201 WHBEZREANZSH
Table 3 Thermodynamic parameters of phosphate adsorption on Ti-Zr-D201
T/K K, AG/ kJ-mol 7! AH/ kJ-mol 7! AS/J+(mol-K) ~!
288 1. 667 4 -1.22 1.93 10.97
298 1.726 5 -1.35 1.93 10. 97
308 1.756 6 -1.44 1.93 10.97
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Table 4 Thermodynamic parameters of fluorine adsorption on Ti-Zr-D201

T/K K, AG/ kJ-mol 7! AH/ kJ+mol 7! AS/J+(mol-K) ~!
288 1.1754 -0.39
298 1.2415 -0.54 2.50 10. 07
308 1.2572 -0.59
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Fig. 5 Effect of pH on phosphate removal and fluoride removal by Ti-Zr-D201
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Table 5 Kinetic parameters of phosphate adsorption onto Ti-Zr-D201 and D201
Intra-particle diffusion %%
Pseudo-first-order 571 Pseudo-second-order 57 1 P i 2
it H
q. k, x10° R q. ky x10° ky x10 c R kyp c R
/mgeg™" /min~! /mg+g~! /g+(mg-min) ~' /mg+g =" +min %3 : ! /mg+g =" emin =3 : :
Ti-Zr-D201  20.29 3.47  0.990 29.31 8.9 0.985 2.17 0.59 0.929 1.07 -5.17 0.995
D201 11. 02 6.85 0.993 13.89 47.9 0. 980 6. 84 —-1.430.986
&6 Ti-Zr-D201 KM M B N A FME S
Table 6 Kinetic parameters of fluoride adsorption onto Ti-Zr-D201 and D201
- e Intra-particle diffusion 5%
Pseudo-first-order 57! Pseudo-second-order f& 71 1 hra-pariicie Grusion 5
T ky x10° ky x10° ky x10 k
x 10° x 10°
e 1 1 R de 1 2 pll s O R,? » 0s & Ry?
/mgeg™" /min~! /mgeg”" /g-(mg-min) 7! /mg+g”" +min " /mg-g " +min ~*3
Ti-Zr-D201 7.02 3.44  0.995 8.08 6. 66 0.983 3.55 0.22 0.984 0.98 -0.53 0.977
D201 4.84 4.36  0.982 5.77 6.53 0.956 6.76 -0.680.962
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