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Fig.1 Acidic process of producing aluminum oxide from fly ash
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Fig.2 XRD patterns of fly ash used in present study
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Fig. 3 Polarizing light micrographs of fly ash used in

present study
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Fig. 4 Particle size distribution of fly ash used in present
study

x= 1 BRI
Table 1 Chemical composition analysis of CFA

Chemical Content, Chemical Content,
composition w/% composition w/%
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

1.2 RERRHEARNEDHT
IKIGEAETS, Ry v S AR AR SR A3
T RERRIR 6 T At S B R & A IR O R

3A1,05:2810,+9H,SO4—>3 Al,(S04),+2S10,+9H,0
(1
A1203+H2804—>3A12(SO4)2+3H20 (2)

G HCS6.0 1 & H 2 X (D AI(2)7E 273~573
K I AG-T tZ il 5 s, BREERE I RB(1).
(2)fE 273~573K F AG<<0, FTLLIXFHAN F S MAE %
T DX 1] P 34 A7 AR R

1.3 $HAMSEREFUHETE

K,S04-AL(SO4)3-H,0 =70 B A 72 A A 617
W 6(a)fras; HEBIBLES f XK, K,SO, Xt
AL(SOy)s A SRR ERT RN, R 545 5 TE R
FHIBIL(KAL(SO4),- 12H,0). 1B 6(b)FT7R N KoSO4-
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Fig. 7 Relationships between AG;°and T for Eqs. (3)—(4)
(a) and DSC—TG curves of anhydrous potassiumalum(b)
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2.1 MRERERER R S S8

FREUK IR 5 g, 1% — 52 B4 BT SRR R (98 % »
JRESH). ABKRAE, BTAEBAN 250 mL 1)
T i e R S B 28 (HT—250L B il v T SO 48
igEMAES, ), Q200 r/min) N R EE
TR, fHIR RN BV E R (] @A EIKA G,
TE B A BIR HORT AR = s L AE A FAOK B
¥J5, f£105 C T T 2h.

2.2 fRARFRANSE | ANARE SIS

AR HBOINBRERET, S dn. B iR &
JBE 7K 468 J 145 T K B B . FREUE 2 07K B B
W, 2 FARAE 20 cm® A FERE A B, R R
SRR IR ENE 700 ClE, KRN P
B 1 min, 25BN E 18 S
(BTF-2000 A% sCHLFH Y, FRIFARTHN o X SIS
JRET )5, A e A o R ek E L 8:1
590 CHIKIRA, PHRI45 min, 385
IK BRI IEDE o

23 FiEFHE

1§ F§ Nova NanoSEM 230 %437 Kk 5H3Hi B 1 &
BT (SEM) WL EZFE SO I3, JEE 5 2 AR
EDAX REGiAe B ORI X B AEE(EDS) . W
IR Xpert3 1 X BHERTH 0 B AX(XRD)iE
T, HATH AN Cu ¥ K, 58 5HE(1=1.5406
A), EHIEN 40kV, FIEE Y 10 (°)/min, HK
90.02 O, HAREAERN 10°0~80°. M AE-%
PO ATl STA449F5 A4 H Bt [R50 #4743 43
1o 13 H Mastersize2000 B HL 7 A o #T
iRLAE o f F Nicolet is50 Y #3725 $0 2T 78 34X
(FT-IR) M RE SR B BE . Bk AR L . St )m

®/2 OBERK. BT

Table 2 Chemical composition analysis of CFA and Residue

HIEE F, 7E 59xc-pe BURERAEL(PLM) R 4T
FERIESR . 18 FH ASAP 2460 U EE 3 TH A4 HEAL 2 #T
FE G LR T

KA B —EDTA 2841 5 1200 52 W AR
AR At e R A R R A e R AT
M ((CAP7400)2,

AR R E AN

A =(mw, —m,w,)/ mw, (5)

X 1A ALO EHE, Y%: my JBLHTH K
i, g owi NEEKT ALO; FIESEL %; my
RIRPLEERRE, g5 w, NRMNEET ALO; i
ENEL %,

3 #ER57He

3.1 MHERERERR & SKIGIIE

FRECKY K 5 g, {EIRNRRE 220 °C. ylE Lk
5:1 mL/g. WIHEHERIRE 3 mol/L. Al 180m in %%
TR, IR AR B . BRI
R ISIE R B 22 B AT SR R 2. IR
MR H G, KNEF ALO; & & E 8.14%,
ALO; 2 R ]IE 83.53%; BREARZ Ak, Bk ek,
BR. R BPECRACE MR, ATIE S G R H L
WHENSECRNEE.

3.2 BRIRIERIE

e LR AT, SRIFE 4T XRD. FI-TR LA
J¢ SEM-EDS #AiE, H45RuE 8~10 frax. HE 8
Hil, WERIZHG, B RO AT SR 5
AH R, Si0, T SHARFAE VI i H. o IR B S AT 5
RREIE . X R pSORA R R, R
BTAA%. HE9mTLLEE, MERHE, MK
FT-IR ZL4MtiErh7E 874.82 cm™'. 739.17 cm™'
562.62 cm ' Ak AL(IV)—O—Si SR A 5 5l e 4
%, BN 79553 ecm ™ AT Si—O HRENIE, THAE

Mass fraction/%
Sample - -
SIOZ A1203 CaO Fezo3 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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+ — Mullite (3A1,04-2Si0,)
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Fig. 8 XRD patterns of raw fly ash and residue after acid

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

RO E 10(b)), BRIZFUREE & /1A 35.32%, fiE
RN 31.72%; BRERINER G, BRIZ BRI R
B R (ILFE 10(c)), R AEAE AR 5 AT R I B TS
Wk, (HHERIA IR E M N, EDS SR
(LB 10(d)), BRIZEERTEBURAR & RN 6.77%,

RN

S =R 68.33%.
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Al 35.32
(0] 12.70
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Fig. 10 SEM images and EDS spectra of CFA((a), (b)) and residue((c), (d))
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3.3 SHRRRALE SR AR

A E 25 HEE I K&K S G
JKERIIEN, B K belm B 840, 880+ 920, 960.
1000~ 1040 °C, K5BEIR B X4 B AL 2 i 28 R 52 2
K3 Fn. HERIWEH, FEERKFRER,
Oy R BE R e [ IR T . MR EON 960,
1000 “CH, 5E4 7 ffE 18] 43 524 135 A1 100 s

R"3 AFREE T oA AL e - 42 70 i BT 5 I TR]
Table 3 Time required for complete decomposition of

anhydrous potassium alum at different temperatures

Temperature/C DeC(;:tlg/c;/s;ition Deccgrliic;zition
840 98 330
880 99 300
920 100 200
960 100 135
1000 100 100
1040 100 70

Other conditions: particle size distribution of 38—48 pm,
0.5 g/20 cm’.

34 ARSI ENRIE

FEREBEIRTE N 1000 °C . K5 B 18] A 100 s 2444
NRERE, RrbertMa KRS B G, KA IEDHE
105 'C T4 2 h, #ATHT  Kift. XRD L& SEM
KA HT, HEEFRIEK 4 FE 11 A 12, HRE
MEAERIEDHR, B E R A RR &P A R
FoAR R,

XRD srirdi REWE 11), £ 20 AN
19.44°, 32.59°, 39.47°, 45.84°. 66.71°KbHIfTES 14
d 1843514 0.2280. 0.1977. 0.2390. 0.1395. 0.456,
ZIER Y AL p-ALOs FIRFIERTSTIE . HAE 20 f

4 A A R S A RTRLAR 3 A

N 25.5°0 57.4° 00 FF R I a-ALO; T8 &, BEHI4
TRERHT L 9-ALOs AE . HBFIWE(LE 12),
AR BURL B AR AR bR i I L0k 7
22 AR ARSI R o IR R 2R HE
B R F A E A BRI S5 AR B s, T ELALAK
SRR, U 9-ALO; 5. 45& AL HE,
WLAR 53 A0 MOS0 o3 # - AR SCRIT i) 2% R S8 R
A ERLAR B 2 YAO-3 RS LA . SRIG i & 1
AR RN R /DN, X AT RE S F T RE A R
SO; 13k H ALY =R LT 46%, B8 T IR
KB AR, A SRR SR TE AL,
FRE T - E MBSO BEE KR, 5%k
BRAH ELAZ XCHEA AR R R NV, (1 A
BiAA ISR RO B T R . X R8T Sl Wik 4
FARIR AT A R R AR 3 /) T PSR T R, A
MR “TIR” Efbss. dat, 2B fikEl 450,
KSR SR “HPEIR AR R A

*
*— 3-Al, 0,

10 20 30 40 50 60 70 80
20/(°)

1 A& XRD 1
Fig. 11 XRD pattern of alumina product

Table 4 Analysis of chemical composition and particle size of alumina products

Grain size distribution

. Chemical £ W/ Specific
Technical emical component, w/% rate/% Angle of surface/
parameters - repose/(°) 2 1

ALO; Si0, Fe,0;  Na,O —20pm  +150 pm (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 <0.03 <0.65 Without requirement
Sample 99.1 0.001 0.014  0.0002 50 0 45 70
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B 12 S A SEM 1R
Fig. 12 SEM image of alumina product

4 TiEHESRE

5 90% LA F IR A 45 H 2R A DU IR R
TR ERMFE A A Y, AR A
ARV b o P RO, B,
FEEAGI o T4 WL A Rk BRI RV A
FHEHEAR, SHELTFERAE A SRR
REFEXT LI T

PN FE 5 R 1 e B =R (6)~(14) Fr s, il it
HCS6.0 1F 5 W AN I 2 ¥ K I BL 0 b 4 & B 4
(2LAH )

FEEEU I B 2 RN
Al03-3H,0+2NaOH—>2NaAl(OH),,

AH? =—66.21 klJ/moL (6)

NaAl(OH),—> Al(OH);+NaOH,
AH? =48.85 kJ/moL (7)

2 AI(OH);—2—y-Al,03+3H,01,
AHY =703.03 kJ/moL (8)

®S5 FFHIREAFIIURIL L

BT FE R AR P A AR R A v S R
N
D AHy, . = AH + AH? + AH{ =734.52 kl/moL
(BL ALO; 1)

SET AR RLES AR R BRVE SR BT BROR «
ALO3+3H;S0,—>Aly(SOy); + 3H,0 ,

AH? =-292.87 kl/moL )
Aly(S04)3+K;80,4 +24H,0—>2KAI(SOy),- 12H,0 ,
AH; =-78.36 kJ/moL (10)
KAI(SOy),- 12H,0-2-KAI(SOy),-3H,0 + 9H,0 ,
AH =—129.34 kJ/moL (11)
KAI(SOy), 3H,0-2-KAI(SO4), + 3H,01,

AH, =85.17 kJ/moL (12)
2 KAI(SO,),—2—-y-Al,05+K,S0,4+3S0;51,

AH, =740.96 kJ/moL (13)

SO;1+H,0—H,S0,, AH!, =-25.51 kJ/moL
(14)
T BRI R SR AR I R S PR v S Sk Ty
D AH.. = AHJ +AH{+2 AH + 2 AH S +
AHS+ 3 AH{,=722.19 kJ/moL (LA AL,O; i1).

K IR BRI M Tk (o6 O IR IR v 3R BB B AR
R AT BEAERES /N T FE VR . X PR T2 M0 B
WK 5. K 5 WLEH, AW RTIR FH AR B
LRAERERE. WIFELL L&A R 2 07 THIA 5K Tk
I8 77

L FIR AT AR, A ST I ST B
8 T AR IR B 2K AR 7= S A A 1 T2 B 1 S
BRIGAE T iZ BT AT . BAT, A 90%[MH
PRERER ERBRIEZE P, IR Ah R R R 2B BT T T R (1)
BF XM i Az — /K B4R 17 38 J5 U i T2

Table 5 Comparison between bayer method and acid method in present study

Process details

Bayer method

Acid method

Short supply of bauxite and

Material

Low cost of solid waste

expensive price of caustic soda

Energy consumption Low

Comprehensive utilization

potential

Difficulty on comprehensive

utilization of red mud

Low

Beneficiation of other valuable metals in

leaching solution
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FHE R, AU R 7 H O RE R B ], o H
Mk B T AR e AL e A RSO, {3 T
BB IE FEERTE LURAR ) IR SRR oE, BRVER tH A
ERRMERNS, FOVERERR I, BREZH
MIRRANE SR ARE SN, AT AT FEPD BRI AL B4
A . WAl A Giva & TR AR IR 4 2 — T
(3T, (BT FT T I AR 35 AR % R AR T 1 A LY
RS E KL IK. LR AT 200 mL B
FEIEE AR IR 165 mL, X AE— @ FE L kb 1R
VEBR IR AE . H AT, AW I EOR B 2k A
AR A R e B R B .

5 45t

1) $& A BB B o =t . B B ARG i
1 BTV AR P AR B T2, 45 a1
R T AR AT AT . FFEABLSSE S LT LA 2%
SR R P AR I B AL, S RRROR (9] 82 HL
AL TR AR, BB R AT LLIRAR A
SPEACERE S, RN SCHURRRAN . BRIRTEIR,
BHHEFEK.

2) @SR E, BRI E RN
220 C, WRRIKE N 3.0 mol/L, Hf[Ey 180 min,
WE LE A 5:1 mL/g: MERKERRE NG, RNVE
TR S B E 8.14%, FAALEIR R TTIL
83.53%. Jo KB B R fige ik 1 b ik e AR S N
900~1000 C, FFIEA 100~135 s, EFBAHL /M FE R AT
% 100%, FIERTHIA S HEAA R 5

3) JE TR B 4 S AR AR IR K R VE AR T AR
WA HAR S5t G L0 N R R EE N R i,
AR TR S AT -
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Production of aluminum oxide from coal fly ash by acidic method
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 results
show 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 can be
achieved efficiently. The excess sulfuric acid, potassium sulfate and oxy-sulfide (obtained from pyrolysis) can all
be recycled for reused. The comparisons between the new process and the traditional Bayer process indicate that
the new process for aluminum oxide production from aluminum-rich and silicate-based materials has a wide
application.

Key words: coal fly ash; acidic method; potassium alum; pyrolysis; aluminum oxide
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