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Performance and mechanism on the phosphorus adsorption by
magnetic lanthanum-loaded acidified vermiculite

LIU Yefang®, HUANG Lefi, LE Xiaonan®, HUANG Ruimin®®

(a. College of Environment and Energy; b. Key Laboratory of Pollution Control and Ecosystem Restoration in Industry

Clusters, Ministry of Education, South China University of Technology, Guangzhou 510006, P. R. China)

Abstract: Compared with traditional phosphorus adsorbents, lanthanum-based materials have stronger affinity
towards phosphorus and higher environmental friendliness, which have become the research hotspots of new
phosphorus adsorbents. However, in practical applications, lanthanum-based materials have problems such as
difficult recycling and low lanthanum utilization. Therefore, in this experiment, the magnetic lanthanum-loaded
acidified vermiculite adsorbent (LaFeAVE) with high lanthanum utilization rate, high efficiency in phosphorus
removal and magnetic separation was prepared by using acid-activated vermiculite as the carrier, introducing

Fe;O, to give it magnetic properties and loading it with lanthanum by solvothermal method and precipitation
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method respectively. The two kinds of magnetic lanthanum-loaded vermiculite adsorbents (LaFeAVE and
LaFeVE) were compared and analyzed by adsorption experiments and various characterization methods to
explore the differences in their structures and phosphorus removal performance. In addition, the phosphorus
removal mechanisms of LaFeAVE were investigated. The results showed that the acid activation could remove
most of the impurities such as AL,O, from vermiculite, which increased its specific surface area and the loading
amount of L.a on vermiculite. The phosphorus removal capacity of LaFeAVE was 15.97 times higher than that
of unmodified vermiculite. The adsorption of phosphorus by LaFeAVE was in accordance with the LLangmuir
isotherm model and the quasi-secondary kinetic equation. Its maximum adsorption capacity at 35 “C was 40.01
mg/g, which was 1.30 times as much as that of LaFeVE, and its time to reach the adsorption equilibrium was
shortened by half than that of LaFeVE. It could be used in a wider pH range than LaFeVE and the phosphorus
removal rate of LaFeAVE was above 93% in the pH range of 3.00-8.00. LaFeAVE was more regenerative than
LaFeVE. Its adsorption capacity of phosphorus decreased by 20% after 5 repeated regenerations. Electrostatic
interaction, ligand exchange and intra-sphere complexation reaction were the mechanisms of phosphorus
adsorption by LLaFeAVE.

Keywords: acid-activated vermiculite; magnetism; lanthanum modification; adsorption; phosphorus removal
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Fig.1 SEM images of material
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Table 1 EDS and ICP-OES detection results of LaFeVE and LaFeAVE

st/ % LaJCE & i
Vel C 0 Mg E?ﬁi]itt// Si Fe La 7(Ejg/g)ﬂi/
LaFeVE 7.100 23.63 1. 500 1. 490 5. 380 37.92 22.98 87.465
LaFeAVE 5. 050 38.51 8.320 6. 560 16. 030 23.62 1. 900 94. 486
%2 VE.AVE.LaFeVE.LaFeAVE ] BET %&£ LaFeVE#H L%, LaFeAVE 7E 40 "L I i 477 5 08 L
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AVVEE 51'0 2136581 13?'43968 2: ZZ;’ Fidt ALO, 77 5 Ze MR AL 5 W 5 e A ), J2 il L 328
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Table 3 XRF results of VE and AVE

2.1.3 XRD & #
B 3k LaFeAVE 1 LaFeVE B XRD & . 5

- k&R /%
SiO, TiO, ALO, Fe,0, MnO MgO CaO K,O
[izZ i 53.77 0.9300 15. 84 9.010 0.150 0 2.470 1. 080 1. 820

A5 65.53 2.4100 10.19 7.480 0.0890 4.290 2.470 3.498
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Table 4 Isotherm parameters of phosphorus adsorption on LaFeVE and LaFeAVE

Langmuir %5 #I

Freundlich £ %I

% B 551 g/ °C 5 5
qn/(mg/g) K. /(L./mg) R R;/(mg/g) 1/n R
LaFeVE 25 27.36 11.173 0.9956 10. 1238 0.2205 0.989 1
35 30. 67 9.858 8 0.9937 10. 146 2 0.2726 0.9911
LAFeAVE 25 36. 66 7.6550 0.998 1 11.176 3 0.2770 0.964 7
35 40.01 7.1937 0.992 5 12.2835 0.2876 0.947 4
x5 WRBEFIBRBERE S1RTLE
Table 5 Comparison of phosphorus adsorption capacity of adsorbent
kL WEE/C ¢/ (mg/g) La(w) P/La H T SCHR
VE 25 2.160 Jo AL
AVE 25 2.630 Jo AL
FeVE 25 2.680 H A
FeAVE 25 3.030 H KNS
LaFeAVE 25 36. 66 9.450 1.7384 H A3
LaFeVE 25 27. 36 8. 750 1.408 8 f A3
La gV M B 4 25 12.08 4.260 1.2680 Jo [16]
La(OH), S Pk ig A 25 79.60 31.520 1.0191 Jo [17]
La st g i + 25 12.02 3.170 1.697 1 Jo [18]
ALY e b b 25 4.210 Jc [19]
R AL B R 25 4.270 V [20]
MgO B AR W 25 28.20~29. 22 X [21]
Ak 4 i 25 1.977 7 [22]
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Table 6 Kinetic parameters of phosphorus adsorption on LaFeVE and LaFeAVE

E— 4 ) J) B

e 28l Jy o

5 o 541) g /°C - 2 4 P
q./(mg/g) k/min R q./(mg/g) k,/(g/(mg-min)) R?
LaFeVE 25 19.149 3 0. 055 50 0.942 2 19. 294 6 0. 009 90 0.994 2
LaFeAVE 25 24.596 1 0.179 2 0.902 6 25.022 5 0.012 2 0.9920
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