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Preparation of Magnesium-Aluminum Hydrotalcite from Fly Ash
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Abstract: An acid leaching solution containing aluminum ions was obtained by a sulfuric acid leaching process after calcining
clinkers using coal fly ash as a raw material. Aluminum hydroxide was precipitated through adjusting the pH value of solution and
used as an aluminum source. Magnesium aluminum hydrotalcite was synthesized via hydrothermal reaction with magnesium oxide
and sodium carbonate. Based on the results by Fourier transform infrared spectroscopy, X-ray diffraction and scanning electron
microscopy, magnesium-aluminum hydrotalcite with a good crystallinity, a pure phase and a complete lamellar structure can be
synthesized under the hydrothermal conditions (i.e., mole ratio n(MgO):n(Al(OH);):n(Na,CO3) of 2:1:1, at 160 C for 14 h). In
addition, the feasibility of adsorbing phosphorus by Mg-Al hydrotalcite was also investigated. The removal rate can reach 97.4%
when the concentration of phosphorus solution is 20 mg/L, the dosage of Mg-Al hydrotalcite is 0.7 g and pH value is 4-10.

Keywords: coal fly ash; acid leaching of aluminum; hydrothermal method; magnesium aluminum hydrotalcite; phosphorous
adsorption
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Fig. 1 XRD pattern of aluminum hydroxide
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Fig. 2 XRD patterns of Mg/Al-LDHs prepared by different
mole ratios n(MgO):n(Al(OH);):n(Na,COs)
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Fig. 3 XRD patterns of Mg/Al-LDHs prepared at different
reaction temperatures



. 1344 CREFR 3h 244D

J Chin Ceram Soc, 2020, 48(8): 1341-1347

2020 4F

Intensity
N
(=)
e}

A \ " 100 ‘C
10 20 30 40 50 60 70
20(°)

n(MgO):n(Al(OH)3):n(Na,CO3)=2:1:1, =14 h.

Kl 4 AN[R]SOBii B il %% Mg/AL-LDHs [f) XRD i
Fig. 4 XRD patterns of Mg/Al-LDHs prepared at different
reaction temperatures
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Table 1 Indexing of XRD patterns for Mg/Al-LDHs at different hydrothermal temperatures

Interlayer distance, d/nm

Temperature/C

Lattice parameter, a/nm Lattice parameter, ¢/nm

Grain size, D/nm  Ratio of diameter to thickness

(003)  (006)  (009)  (110) 003)  (110) D(110)/D(003)
100 0.756 0377 0.256 0.152 0.304 2.27 12.9 20.5 1.59
120 0.756 0377 0.257 0.152 0.304 2.27 14.3 24.8 1.73
140 0.757 0.379 0.257 0.152 0.305 2.27 16.1 19.7 1.22
160 0.759 0.380 0.257 0.152 0.305 2.27 25.3 32.9 1.30
180 0.764  0.382  0.258 0.153 0.305 2.29 22.9 28.0 1.22
n(MgO):n(Al(OH)3):n(Na,CO3)=2:1:1, reacted for 14 h.
2.2 FTIR &% 100
9 T N=| N >, - Beft d i
DB I 235 B 100 11 AL(OH)s 1 Sl 03 £ JBE /R e
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FEA TS R i 24 P 5 AT L /5 3 467 cm !

AR T 1 ANBE0E, o(OH)XHARIAR(E/ N At 5
(3 650 cm "), X AL A AT FZE FR I B B B K 43
T o(OHYX PR 4 die h L %, LR vl U 45 4 F
JE R 2 R 7 A T SV 4 S ATE S B . 1
1 636 cm ' AbKE R (K2 45 i K h—OH (1975 it 4 50
e, BiHH —EMEN KD FRHAREN; 7
1368 cm™' H1 681 cm™ ' AbA 75 W G IR IAC s, S0 1
R COR™ 1 5 R e 45 I 2 RS 0 R 25 T i 23 5
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Wavenumber/cm™!

n(MgO):n(Al(OH)3):n(Na,CO;)=2:1:1, reacted at 160 C for 14 h.

K5 Mg/Al-LDH (414N
Fig. 5 FTIR spectra of Mg/Al-LDH
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n(MgO):n(Al(OH)3):n(Na,CO3)=2:1:1, reacted for 14 h.
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Fig. 6 SEM photos of Mg/Al-LDHs at different reaction
temperatures
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