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Fig.1 XRD patterns of MgAlFe layered double hydroxide (LDH) samples prepared with different Mg/Al/Fe molar ratios
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Table 1 Cell parameters of MgAlFe LDH samples prepared with different Mg/ Al/Fe molar ratio

R d3/nm dype/mm dyjo/nm a/nm ¢/nm
LDH-0 0.77889 0.38852 0. 15241 0.30482 2.33667
LDH-0.1 0.78397 0.38814 0. 15265 0.30530 2.35191

LDH-0.6 0.80034 0. 40059 0.15232 0.30464 2.40102
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Fig.2 XRD patterns of samples of LDH-0.1 (Mg/Al/Fe 2:0.9:0.1) calcined at different temperatures
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Fig.3 Effect of Fe/(Fe + Al) molar ratio on phosphate Fig.4 Effect of calcination temperature on phosphate
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2.4 pH B W I AR AL R38R A 52 i)

AR RIS pH (ETE 4—12, BRI AL 1.5 gL', MBS 4 b, 08 pH B X CLDH-0. 1-300
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Fig.5 Effect of initial pH value on phosphate Fig.6 Effect of CLDH-0. 1-300 dosage on
adsorption by CLDH-0. 1-300 phosphate adsorption
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FIR T, WIABKIE 20 mg- L' KRR 1.5 g- L' pH fEl 6,C1~ \NO; ,SO;™ ,CO; 4 Fi
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%42 CLDH-0. 1-300 %t 3 7K rhgf W AR 0 W B 280 R DI HE TR, Rk B A A 2 3, ARG TS
JKICE BT R 5 K AR B Tt K. 3 ZOK R AR B FE 24 20 mg- L7 RE R 30 °C,pH fHM 6,
W RfEA N 1.5 g+ L' WZBAFE] 4 h, CLDH-0. 1-300 Xf 3 Fhk i W M i W B8 S Gn 181 9 7. 7848
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Fig.7 Effect of temperature on phosphate adsorption Fig.8 Effect of competing ions on phosphate adsorption
by CLDH-0. 1-300 by CLDH-0. 1-300
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Fig.9 Phosphate adsorption capacity of CLDH-0. 1-300 Fig. 10 Phosphate adsorption capacity of CLDH-0. 1-300
in three different types of water samples after repeated use
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1054 I 55 ik 2 31 %

Langmuir 55 77 FEF Freundlich SR ¢, - C, Z SR FRUT .
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mg-g ' g,.. A CLDH-0. 1-300 X KW mg-g ™' 5 by, by, n 23000 AW HSEIR S5

F2  A[EZHIEBAIRS CLDH-0. 1-300 W BERRAR 114 24
Table 2 Data of phosphate adsorption by CLDH-0. 1-300 fitting to different kinetic models

et eI BRI
/(mg-L") ky/min =" R? ky/(g-mg~'+min~") R?
15 0.0341 0.9512 0.0351 0.9999
20 0.0221 0.9587 0.0187 0.9997
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Fig.11 Effect of reaction time on phosphate Fig. 12 Isotherms of phosphate adsorption by
adsorption capacity by CLDH-0. 1-300 CLDH-0. 1-300 at different temperatures

A 12 H B ER MIHEAT (C./q,) -C. Fl In g -In €, ZRPERIT ) ISR HAR R 3 80 45 R an 3 3 FiR.
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Table 3 Data of phosphate adsorption by CLDH-0. 1-300 fitting to Langmuir and Freundlich equations

T Langmuir Freundlich

/C T Ky, R Ky n R
30 25.25 1.08 0.9848 11.98 0.303 0.9093
40 27.03 .12 0.9909 12.86 0.298 0.9552

2,12 HLEEAT

T fi# CLDH-0. 1-300 W& BT J A 285 A8 A8 1k 1 W BRF TS A S 2E 4T XRD 40T, 25 3 A&l 13 IR
REPERTAE T LDH-0. 1 (ST 5 FLIGE RIS, 156 B BT & 1 9 28 /K A L R R 47 1 2 AR 254
ShENEE R 242300 CREBE)E , HE i CLDH-0. 1-300 AYRFIEAT S SEAR T 2 | 22 B b PR 445+ e A AR 0% ol
PR, CLDH-0. 1-300 130 1 A BARAAEATT S0, fH BT AR I RIS 58 T 20K M A A R
BRIGEERICALEN , R beJa 2K 18 A W BT R R AR J5 WK 52 T TR 1 28540, (L4532 ) 8 BRI, B3
TR,

RREBERE R Be e T W B Bl 9 AR 1T 5 21 A0 6% 4 B an 1B 14 TR, A4 LDH-0. 1 B b o,
3444 cm ™' 1 1628 cm ™' 43R R TR A 4G 4R D FK 43T S R 2, BB LDH 3R 1H A7 78 K it 52
32928 om ' A IIEA COTT—H, 0 Z A FEAE FH I B SRR i ™) 51366 em ™' i 2 [R] CO3™
ARFIE N Y, Ui LDH 2RI 7R COT™ &1
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Fig.13 XRD patterns of LDH-0.1, CLDH-0. 1-300
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Fig.14 FT-IR spectra of LDH-0.1 CLDH-0. 1-300

and CLDH-0. 1-300 after phosphate adsorption and CLDH-0. 1-300 after phosphate adsorption

3 4Eip

(1) Mg/Al/Fe ¥ HEN 2:0.9:0. 1,300 CAHE) , W R 25 B e K, 202 R Bl il 1. 32 %
CLDH-0. 1-3007¢ pH {E 4—11 i [l #5 A TR AT i W BFFAECRE 5 5 4 B T A7 AE B, CL- T NO, Xof IR o At R AR
RESZ AR/, COT™ (SO; FAAES FEARIL SRR FRAR B 1, Horh COS ™ MsEm KT SO; .

(2) CLDH-0. 1-300 X R R (14 W [T B 2 1 B2 0 ot v 1 o, 2 — DR 2. 3h 22788 4%
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Adsorption of phosphate by calcined Mg-Al-Fe layered double hydroxides

YIN Lu LEI Guoyuan”™ LI Chenjun LIU Zhijun
(Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources,

Wuhan University of Science and Technology , Wuhan, 430081, China)

ABSTRACT

A series of MgAlFe layered double hydroxides (LDH ) were synthesized by a coprecipitation method and
were calcined at different temperatures for 4 h to prepare calcined layered double hydroxides (CLDH). The
samples were characterized by XRD and FT-IR to investigate the performance and mechanism of phosphate
adsorption. The results showed that the layered structure was destroyed with excessive iron and increased Fe
loading led to the decrease of the sorption efficiency. CLDH-0. 1-300 with Mg/Al/Fe molar ratio of 2:0.9:0. 1
and calcined at 300 °C had the highest phosphate adsorption capacity. The maximum sorption capacity reached
27.03 mg-+g~", which was 32% higher than the uncalcined material. CLDH-0. 1-300 showed excellent
performance in phosphate adsorption from the solution with co-existing anions in a pH range of 4—11.
Moreover, CLDH-0. 1-300 exhibited remarkable adsorption capacity for phosphate in wastewater samples. The
adsorption kinetics and the adsorption isotherm followed pseudo second-order model and the Langmuir model
respectively. The adsorbed phosphate was desorbed from CLDH-0. 1-300 effectively with 0.5 mol-L ™" NaOH
solution to regenerate adsorbent and the adsorption capacity was still close to 60% of the initial value after
three cycles of the adsorption-regeneration-adsorption.

Keywords: layered double hydroxides,adsorption , regeneration , phosphorus removal.



