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Comparison of Phosphate Adsorption onto Zirconium-Modified Bentonites with

Different Zirconium Loading Levels

JINAG Bo-hui, LIN Jian-wei ", ZHAN Yan-hui, XING Yun-qing, HUANG Hong, CHU Ming, WANG Xing-xing
(College of Marine Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study, zirconium-modified bentonites (ZrMBs) with different zirconium loading levels were prepared, and the
adsorption behaviors of phosphate on these ZrMBs were comparatively investigated using batch experiments. The results showed that the
kinetic process of phosphate on ZrMBs well followed the pseudo-second-second kinetic model. The kinetic process was divided into
three stages, including a rapid external surface adsorption stage, a gradual adsorption stage where both the intra-particle diffusion and
film diffusion were rate-controlled, and a final equilibrium adsorption stage. The equilibrium adsorption data of phosphate on ZrMBs
could be well described by the Langmuir, Freundlich, Sips and Dubinin-Radushkevich isotherm models. Phosphate adsorption onto
ZrMBs was more favorable under strongly acidic condition than under weakly acidic or neutral condition, while phosphate adsorption
onto ZrMBs under weakly acidic or neutral condition was more favorable than that under alkaline condition. Coexistence of Na* and K*

+

slightly enhanced phosphate adsorption onto ZrMBs, while coexisting Ca®* greatly enhanced the phosphate adsorption. The presence of
HCO; or SO;™ inhibited the adsorption of phosphate on ZrMBs. The mechanism for phosphate adsorption onto ZrMBs followed the
ligand exchange and inner-sphere complexing mechanism. The phosphate adsorption capacity for ZrMB increased with increasing
loading level of zirconium, while the amount of phosphate adsorbed on unit mass of ZrO, in ZrMB decreased with increasing loading
amount of zirconium in ZrMB. When the loading amount of ZrO, in ZrMB increased from 3. 61% to 13. 15% , the maximum phosphate
adsorption capacity (MPAC) for ZrMB increased from 3. 83 to 9.03 mg+g™", while a further increase in the ZrO, loading amount to
19. 63% resulted in a slight increase of MPAC to 9. 66 mg-g™'. However, an increase in the loading amount of ZrO, in ZrMB from
3.61% to 19.63% caused a decrease of the MPAC for the ZrO, located in ZrMB from 106 to 49. 2 mg-g~'. Considering both cost and
adsorption capacity of adsorbent, the ZrMB with 13. 15% of zirconium loading amount could be more suitably used as an adsorbent to
remove phosphate from aqueous solution than the other ZrMBs.
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Fig. 3 Fitting curves of intra-particle diffusion model
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Table 2 Fitting results of kinetic models for phosphate adsorption onto zirconium-modified bentonites
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Fig. 4 Adsorption isotherms of phosphate on zirconium-modified

bentonites with different loading levels of zirconium
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Fig. 5 Fitting curves of D-R isotherm for phosphate adsorption

onto zirconium-modified bentonites
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Table 3 Fitting results of isotherms for phosphate adsorption onto zirconium-modified bentonites
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Freundlich 1/n 0.184 0.225 0.235 0.213
R? 0. 967 0.985 0. 996 0. 989
K, 2.23 4.07 4.31 6.36
Sips a, 0.117 0.395 0.0735 0. 266
n, 0.214 0. 363 0. 260 0.278
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qp/mg-g ! 5.88 10. 4 14.8 15.4
DR Kp,/mol? -kJ ~2 0.001 63 0.001 92 0.001 91 0. 001 66
E/kJ+mol ™! 17.5 16. 1 16.2 17.4
R? 0. 960 0.985 0. 986 0.988
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Table 4 Maximum phosphate adsorption capacities of hydrous zirconium oxide-based adsorbents
reported in previous literatures as well as of the zirconium-modified bentonites reported in this paper
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Fig. 6 Effect of ionic strength on phosphate adsorption

)

onto zirconium-modified bentonites
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Fig. 7 Effect of solution pH on phosphate adsorption

onto zirconium-modified bentonites
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