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Adsorption of Phosphate by Lanthanum Hydroxide/Natural Zeolite Composites

from Low Concentration Phosphate Solution

LIN Jian-wei, WANG Hong, ZHAN Yan-hui *, CHEN Dong-mei
(College of Marine Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: A series of composites of lanthanum hydroxide/natural zeolite (La( OH) ,/NZ composites) were prepared by co-precipitation
method, and these composites were used as adsorbents to remove phosphate from aqueous solution. The phosphate adsorption capacities
of different composites prepared with different precipitated pH values were compared in batch mode. The adsorption characteristics of
phosphate from aqueous solution on the La( OH) ;/NZ composite prepared with the precipitated pH value of 11 was investigated using
batch experiments. The results showed that the La( OH) ;/NZ composite prepared with the precipitated pH values of 5-7 and 13 had a
low adsorption capacity for phosphate in aqueous solution, while the La( OH) ;/NZ composites prepared with the precipitated pH values
of 9-12 exhibited much higher phosphate adsorption capacity. The phosphate adsorption capacity of the La (OH),/NZ composite
increased with the increase of the precipitated pH value from 9 to 11, but remained basically unchanged with the increase of the
precipitated pH value from 11 to 12. The equilibrium adsorption data of phosphate from aqueous solution on the La ( OH),/NZ
composite prepared with the precipitated pH value of 11 could be described by the Langmuir isotherm model with the predicted
maximum phosphate adsorption of 44 mg-g ™" ( phosphate solution pH 7 and 30°C ). The kinetic data of phosphate adsorption from low
concentration phosphate solution on the La( OH) ;/NZ composite prepared with the precipitated pH value of 11 well followed a pseudo-
second-order model. The presence of Cl~ and SO}~ in low concentration phosphate solution had no negative effect on phosphate
adsorption onto the La(OH);/NZ composite prepared with the precipitated pH value of 11, while the presence of HCO; slightly
inhibited the adsorption of phosphate. Coexisting humic acid had a negative effect on the adsorption of phosphate at low concentration
on the La( OH ) ,/NZ composite prepared with the precipitated pH value of 11. The mechanism for phosphate adsorption onto the
La(OH),/NZ composite prepared with the precipitated pH value of 11 was explained by the ligand exchange process. Results of this
work indicate that the La( OH) ,/NZ composite prepared with the precipitated pH value of 11 is a promising adsorbent material for the

removal of low concentration phosphate from water/wastewater.
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Table 1  Elemental composition of lanthanum hydroxide/natural zeolite composites prepared with different precipitated pH values/%

PLYE pH A Si 0 Al La Fe K Ca Na
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13 56.39 23.63 5.63 9.96 2.27 0.79 0.26 0.14
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Fig. 2 Phosphate adsorption capacities of lanthanum
hydroxide/natural zeolite composites prepared under

different precipitation pH conditions
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Fig. 3 Effect of initial phosphate concentration on the adsorption
of phosphate on the lanthanum hydroxide/natural zeolite

composite prepared with the precipitated pH value of 11
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Table 2 Isotherm model parameters and correlation coefficients for phosphate adsorption

onto the lanthanum hydroxide/natural zeolite composite prepared with the precipitated pH value of 11
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Table 3 Maximum phosphate adsorption capacities of lanthanum-containing adsorbents reported in previous literatures
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Fig. 4 Effect of adsorbent dosage on the adsorption of
phosphate on the lanthanum hydroxide/natural zeolite

composite prepared with the precipitated pH value 11
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Fig. 5 Effect of solution pH on the adsorption of phosphate
on the lanthanum hydroxide/zeolite composite prepared

with the precipitated pH value of 11
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Fig. 6 Adsorption kinetics of phosphate on the
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lanthanum hydroxide/natural zeolite composite

prepared with the precipitated pH value of 11
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Fig. 7 Fitting curve of the intra-particle diffusion model
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Table 4  Parameters and correlation coefficient of kinetic model for the adsorption of phosphate

on the lanthanum hydroxide/natural zeolite composite prepared with the precipitated pH value of 11
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Fig. 8 Effect of coexisting anions on the adsorption of
phosphate on the lanthanum hydroxide/natural zeolite

composite prepared with the precipitated pH value of 11
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of phosphate on the lanthanum hydroxide/natural zeolite

composite prepared with the precipitated pH value of 11

2.4 XPS ot

P10y W Wi i 6 s RO DLTE pH (B 11 B
-k A1 S S AR XPS A3 . bRl DL g B 5
R R R R 2 T 0 il B R A A BE P 2p YU
TG BR8P 68 F5 t B T P 2p U XTSI
WE IR iR R . 2 A3 T IR BRI 57) 2 1 L

120 000 —
5
) HBE
100 000 [
80000 |-
@ OKLI
% 60000 |- La3d32 1a3p32
#
40000 | M”P
a Cls
20000 | [/Si2s
0 1 | 1 1 !
0 200 400 600 800 1000 1200

eV

E 10 MRMIEEIHETERITE pH EA 11 F4-B A S5 EE XPS 2% E

Fig. 10 XPS wide scan spectra of the lanthanum hydroxide/natural zeolite composite prepared with the

precipitated pH value of 11 before and after phosphate adsorption
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Table 5 Fitting parameters of O 1s peak of the lanthanum hydroxide/natural zeolite composite prepared
with the precipitated pH value of 11 before and after phosphate adsorption
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