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Fig. 1 Anew acidic process of producing aluminum oxide from fly ash
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Fig.2 XRD pattern of fly ash used in present study
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Fig. 4 Particle size distribution of fly ash used in present
study
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Table 1 Chemical composition analysis of CFA (mass

fraction, %)

Chemical Chemical
.\ Content .\ Content
composition composition
Si0, 50.11 TiO, 1.13
AL O, 30.63 MgO 1.52
CaO 7.69 K,O 0.93
Fe,04 4.88 Na,O 0.68
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Table 2 Chemical composition analysis of CFA and Residue (mass fraction, %)

Sample SIOZ A1203 CaO Fe203 T102 MgO Kzo NaZO
CFA 50.11 30.63 7.69 1.13 1.52 0.93 0.68
Residue 76.90 8.14 2.60 1.25 0.37 0.77 0.11
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Fig. 8 XRD analysis of raw fly ash and residue after acid

leaching

S UM P SR A IR, B R ATE, X
5 XRD & B SR —5. HE 10(a)~(b) T
FIE Rk KR 2 BON Y BAR BU%
15, EDS(LKE 10(c))WnEK Al F ik 35.32%,

B 10 KR MERIRER SEM-EDS 73 #t

CFA

Residue

I, IV, V: AI(IV)—O—Si
11 VI: Si—0 1096
I - Si—O—Si NV 463

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

9 RN FT-IR &3
Fig.9 FT-IR spectra of residue after acid leaching

Si N 31.72%; BB INEIR H )5, BRIREERIE Mk B
EIRAOLE 10(d)~(e)), REFEER TR
Wk, (AR A GRS N e, EDS(IL
B 10(0) BRI R Al & &1UH 6.77%, 1 Si

EEEiA 68.33%.

(b  Alg; Zone A
Element  w/%
Si 31.72
Al 35.32
(6] 12.70
Ca 14.36
0 Fe 1.67
Ti 2.12
Ca K 0.59
Mg 1.39
Mg|
1 2 3 4 5 6 7 8
Energy/keV
@ S Zone B
Element  w/%
Si 68.33
Al 6.77
(0] 20.38
Ca 0.97
0 Fe 1.59
Ti 1.24
K 0.73
Al
Ca
M Ti Fe
2 4 6 8
Energy/keV

Fig. 10 SEM images and EDS patterns analysis of CFA((a), (b)) and residue((c), (d))
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Fig. 12 XRD pattern of alumina product

Table 3 Analysis of chemical composition and particle size of alumina products

) Chemical component Size distribution Specific
Technical (mass fraction, %) (mass fraction, %) Angle of surface/
parameters repose/(°) 2 1
ALO; SiO, Fe,0;  Na,O “20pm  +150 um (m™g )
YAO-1 =98.6 <0.02 <0.02 <045 <2 <3 <35 =60
YAO-2 =98.5 <0.04 <0.02 <0.55 <5 <6 <35 =60
YAO-3 =984  <0.06 <003 <0.65 AMER
Sample 99.1 0.001 0.014  0.0002 50 0 45 70
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Table 4 Comparison between bayer method and acid method
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Production of aluminum oxide from coal fly ash: A new acidic
process based on crystallization and pyrolysis of potassium alum

WANG Peng', LIU Hui-yong', HUANG Hai', KUANG Ge', LI Huan

(1. College of Chemical Engineering, Fuzhou University, Fuzhou 350116, China;
2. Western Australian School of Mines: Minerals, Energy and Chemical Engineering, Curtin University,
WA, 6102, Australia)

Abstract: The production of aluminium oxide from coal flay ash, an aluminum-rich and silicate-based solid waste,
has been found uneconomic, particularly due to the great challenge for impurity removal. The present study
proposes a new process to recover aluminum oxide from coal fly ash using pressure leaching with sulfuric acid,
followed by crystallization and pyrolysis of potassium-alum. The thermodynamic and experimental analyses
proved the feasibility of obtaining metallurgical-grade aluminum oxide using the new process, with low reagent
and energy consumption. In the process, the separation of aluminum from the complicated sulfate leachate could be
achieved effectively and efficiently. The excess sulfuric acid, potassium sulfate and oxy-sulfide (obtained from
pyrolysis) could all be recycled for reused. Comparisons between the new process and the traditional Bayer process
were made , which indicates the promising application of the new process for aluminum oxide production from
aluminum-rich and silicate-based materials.
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