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Technique Status and Progress of Alumina Extraction from Coal Fly Ash
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(1. College of Chemical Engineering.Inner Mongolia University of Technology. Hohhot 010051, China;
2. Inner Mongolia Key Laboratory of Efficient Recycle Utilization for Coal-Based Waste, Hohhot 010051, China)

Abstract; The bauxite resources are scarce and low-grade in China, Al, O; is extracted from high aluminum coal
fly ash to satisfy the increasing demand for aluminum resources, which not only reduces environmental hazards, but
also ensures the safety of aluminum resources in China. Herein, the technical technology of extracting Al, O; from
high aluminum coal fly ash was introduced, including the process flow, principle, and shortcomings of the alkali
method, acid method, acid-alkali combined method, and other methods. The vital problems that restrict the
industrialization process were pointed out, the development of extracting alumina from fly ash was prospected,aiming
to provide a reference for relevant research.
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Fig. 1 Flowsheet of limestone sinter process
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Fig. 2 Flowsheet of lime-soda sinter process
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Fig. 3 Flowsheet of predesilication and lime-soda sinter combination process

1% 2038 b TR Ak B T R B K AL/SE
AT R g i R A IR A A Na, CO; Y T FE B A6 45
T 0 7 A [ 0 A 5 A Y R A R A
P CaSiO; , VE A 3C 46 48 1 v i B8 3E0RE B 45 3 G
e A K RO S BT R R R O R AR .
ok SR FH P A — B A K 5 45 v Ak BB UK L B
READBE A W 0 B RE PR AIG 3020 22 A7 MBS T I A1
L0 Y6 247  RE A5 35 7= BERRAIR 70 0 22 45 o T Ak 3t
FEEIRRERR 28643 SIO, H S = A R4 R L Rl C, S
£ NaAlO, f1 Na, CO; IE W H R E K. Ha 5

NaOH ,Na, CO, Fl NaAlO, [z v » 4= UK A6 A A K
A L 3 RSN AR A G AT B AR T AL O i [l
Wt I A o R O S A A R R
AT A R 3 T T AW E R . AL
PE CaSiO; 5 ik 8 7™ 8 B K 78 W T 3 72 v A7 7 38
PR 3 ISP R
1.4 FBERE— R ES be 2 1k

TR RE RS 25 T A MR WA 4. 5Bk
E — B A1 KBS 4575 A W) Z AL 72 TR 25 H AR = A
[F] . 30008 Ak — A K B 45 7k R R BE 45 A R



5510 1 F TS OB LR H B4R AL B 1 B R B R T 3 83
NaAlO, F1 C, S, M\ T S B0 Ak L 48 45 25 . 1 Fi A 1k — i 1. 9Ca, SiO, + 3. 8CO, A (31)
%@%éﬁﬁﬂsumﬁiﬁ NaAlOZﬂEu Nago * CaO * SlOg;’é SAlg Og . 25102 + SNag C()g + ZCaCOg -
SR A A0 B L L g s g o, 6NaAlO, + 2Na, CaSiO, + 7CO, A (32)

5T, AT IR A DR AR K L UE S A Al Oy 4+ Na, CO; — 2NaAlO, + CO, +  (33)

JKAT B Na, CO; T+ 1 050 CHEATARES Bedh . Sessid
R L= (30) ~ (35)
NaAlSiO, (T i (<<700 C)
3AL 05 « 2Si0, + 4Si0, + 3Na, CO,
6NaAlSiO, + 3CO, 4 (30)
Nay. o Aly o5 Sig. o5 O, Fl NaAlO, BYTE 5, (800 C) ;
1. 95NaAlSiO, + 3. 8CaCO; — Nay s Aly o5 Sio. s O, +

Coal fly ash

Magnetic separation

Nag Al; Sis Oy (OH), « 2H, O + 6CaCO; +
5Na,CO; — 6NaAlO, + 6Na,CaSiO, +
3H,O4 +11CO, 4 (34)
Nay, o5 Al o5 Sl o5 O 54k NaAlO, (<1 000 C)
20Nay, o5 Aly 45 Siy. 05 O, + Ca, SiO, 4 2Na, CO; —
39NaAlO, + 2Na, CaSiO, + 2CO, 4 (35)

Pre—desilication
v L
Desilication filtrate —  Mother liquid Desilication filter residue Limestone/Sodium carbonate
]
Causticization Ca(OH?? - X
: *
Alkaline Calciumsilicate cacing
~ solution precipitation * *
l Crude NaA 10, solution Calcium silicate slag and alkali residue
Manufacturing
wollastonite Two—stage desilication Dealkalization
o — ' '
— Calcium silicate slag Alkali liquor recovery —]
Mother liquid Al(OH), Wall materials
ALO,
B4 WipE—REEEEIZRERD
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BeL e B RARE K SR S 2 DR B e
BB El AL O, 7™ i

OB fE— R ES e 4G 1 AT UG AL O, fe R R
1 e i B8 Y LA EL B ISR e A2 0% L (HU
L AR T BRI EL ORI B AR T A7 K3 A6 A
TEAS A Y 77 A R AR BT ¢ MR R R R A A
2. 42t [7) IR B 7= R IR A A A AR 7 A 1
U4 5y AT 70 ik el WA, S B T R B DR M A L 4R
Rl T — 28w OB K B BCAL O, 19 B
E%éjéL%*?GJ .
1.5 BRFRE/BiR R R4 5

BRI L LA MR W 5. F2E RN

J[25]

BRIk 5 (NH, ) SO, IR A 85 B8 4 s F K )
NH, ALCSO, ) . RS Bk 85 o Bl e A1) [0 05 ) 20 7K
# NH,ALSOD, oy AL 3T 3€ k. 15 2 M
ALCOHD 5« 38 3 Bl v bR 25 Fe 28 i, XF NaAICOH),
HEAT A0 M s b, 45 3] AL O, 7= 5 3o 78 b 72 A 1Y
(NH,), SO, 3 [9] i P 05 ¥5 i FH . e 4 o 7 2 2R
BT A FONHL ), SO, B YR 83 3R Hh i 3% 58 14, I
50k A . B 4 e R SOk 3 2 S AR
NH, AI(SO,), :

4(NH,),S0, + AL O, = 2NH,Al(SO,), +

6NH; 4 +3H,0 (36)

TR B 0 U R AR RR AR A (NH, ), SO,



84 4B T/’

%11 %

Coal fly ash

(NH,),S0,

e

Absorption H Dust—recovery |<_ Flue gas

!

(NH,),S0,

Solid-liquid separation |

'

NH,A1(S0,),

L » NH,-HO —> Precipitation

|
1

Silicon slag

{

| Solid-liquid separation |

'

NaOH solution Crude AI(OH),

——

/

(NH,),S0, solution

{ !

!

Evaporative crystallization

Solid-liquid separation |

Evaporation

|
' i

NaA1(OH), solution

!

| Seed crystal digestion |

{

Solid-liquid separation
|

AI(OH),

Mother liquid

I

Calcining

ALO,

5 MBRREEIZRER

!

(NH,),S0,

[28]

Fig. 5 Flowsheet of ammonium sulfatesinter processt*’

VE R 08 B8 A s BEAR T % 158 45 B I ok, A0 HE v
AL SUN AEPC R T —Fh e = iR R 3l 2 i e R
W ONH, ), SO, My BB Hh B2 B AL O, 187 7 15
L 3R R B L A i 28 R SRS AR B AL O 77 i
AL O, m T AR BCR IR F 3T 902, WU 25
ZHANG 25V (NH, ), SO, K Be vk B 3k 153 1)
NH,AI(SO,), 5 NH,HCO, j# =t 3 ¥ & 15
NH, AICOH), CO; , Z J& il i JBrbets 2L AL O, 77 i

WANG 252 5 7 —Ff NH, HSO, 1R & 5% 5

MR TR TR B AL O BB AR (LR 6) i T 24
FEh5be R UTTE 48 AR T B ik Ak 43 i B e S T
A AT AL O, I RBUR KR 90 %0 DL F e &
BEIT 9% ae ALO; =i, RBD~UDHHT
1%1%5’9%%1 R,
BRI K 5 NH,HSO, T 400 CIE AR Bs
3AL O, « 2Si0, +12NH, HSO, = 6NH, Al(SO, ), +
6NH, A +9H,0 + 2Si0, (37)
3AL O, « 2Si0, +9NH, HSO, = 3Al, (SO, ); +



% 10 )

F ILYCAE RO P2 B4 AL 0 A9 13 AR BIIR B T2 it Je

85

9NH; A + 9H,O + 2Si0, (38)
Fe,O; +4NH, HSO, = 2NH,Fe (SO, ), +

2NH; 4 +3H,0 (39
Fe, O, + 3NH, HSO, = Fe, (SO, ); + 3NH; A +
3H,0 (40)
BRaE B I I B 5 im A NH, HCO, ,

DLUER M i Al A Fe.
NH,HCO, = NH; + OH + CO, 4D

Coal fly ash

AP 4+ 30H = AI(OH), v (42)

Fe’" +30H = Fe(OH), (43)

Fe Fl Al JE BUUTVE 5 » M P 35 78 NaOH )
R mPE AL SEBL Fe 1AL B9 40 B . bt i 38 1 5
o3 BB E] AL Os 7= i . BRR AL S MW A £
JRELHAT R A R T . B R R e 12 e FE IR
BAAR A TR N B A AR P B = A K
NH,; . YB3 F FHRCR AR .

NH,HSO,

Sintering

Leaching

| Solid-liqui

d separation |

Residue NH,AI(S0,), solution NH,HCO, solution
1 T
Leaching
| Solid-liquid separation | * *
Al(OH), (NH,),S0, solution

T

Na,SiO, solution Residue

| Solid-liquid separation |

%

Na,CO, solution Si0

2
Carbonization

| Solid-liquid separation |

%

CaCo,

Ca(OH),

suspension

— Na,CO, solution

& 6

Fig. 6 Flowsheet of ammon

L RS BE BT 9% e A B W RN K BH Tl K 2%
P T —F A NH, HSO, $#2 B0 #E K - AL Oy 1)
BR LR ok K 5 NH, HSO, i3 iR &
5 F 130~180 CAEJREH 3 h,fiJ5 F 80~90 C il
A NH #4748 003, # ALCOHD ;38 2 % 5 FF B 3%
4 HR A b AR AL O, L W48 B W 3 47 78 Kk 45
f 3 E (NH,), S0, , (NH,),S0, 7 280~330 C
BEATAR IR 43 1% L 45 2 i) NH, HSO, #1718 2 #)
NH; K B G #F AL Ty, TR AL O,
P RPUR K F] 83. 5% FE kP, 1R
oI B RN E KR B AR T 4R AL Os $2 L

| Evaporative crystallization

| Solid-liquid separation (NH4)ZSO4
Fe(OH), NaAl(OH) solution
Y v
Na,CO, solution Al(OH),

Ca(OH),

suspension

ALD,

| Solid-liquid separation |

%

NaOH solution CaCo,

MBERREETZRER

ium hydrogen sulfatesinter process

R, H B A T RE K, R R F
180 C ¥ W i NH, AL (SO, (OH), 5#Ea %k .
KT RUTTE 15 AL Oy JRBCR RS, % T4
LR AR, B R 2 TP HR B A KR 58
G ) AR e NH, HSO, Be 4 s 5 58 5 1 45 #2 7]
AL B IE AL ALCOHD s iR il NHY & SO X e 227 5
AR R AR P A
1.1.6 Wik

BAT 285 1 BiF 5% 4 K 22 00 b3 B mT LA
15k H, SO TE il T B s 55 8L 43 i . A 3
fA L BE 7 = T 150 C, Ho At o R i Sy 300 C



86 4B T/’

811

MU 25 Fi] F 6 BR b 45 1 MRy 0 I o il 46 1 T
aALO, T LR WME 7 fra. 156, Xk
FHAT R SIS | Z 05 B 4 K 5 vk H, SO, 34 5 4
RIS E TN TR ES AR 1Y SO, 8 H, SO, Wi
FEIR IR 2, T . 5% i T A OK Vs i 5 n #4725
A s B JE B BE 1S B o AL Os 77 il s AL O; (1 $2 BUR
it 87.64% . 54 R WU — B, B R R 45 1k W RE
T I1F [53% 2% FR] X £ i) 251

Coal fly ash

Physical activation

SO Residue

H,S0,

| Solid-liquid separation |

v
A1,(S0,),

Filter cake

Recrystallization

AL(SO,), - 18H,0

v ¥
30, a-ALD,

7T mMEBREZTIZRER

Fig. 7 Flowsheet of sulfate sinter process

Manufacturing SiO,

1.2 KkKFEik

K AR 2 05 B SE R BT ORI B 2 SO R Y
1B i NaCaHSIO, ok 52 BLAE 48 40 B . v [ BL 2 B
o AR TR TR IL A AL BT A T — AR AR AR
S CHTZmBRWME 8 iR, %k AL O, g
BCRATA ] 922607, K25 T8 8 A
I C ORISR ANVN B R N R N L £ 98
NaATO, ¥ 1 1150 B [ 14 5% 3 1l e F) . 7K k2 i
JE L g B K 5 CaCOHD, . NaOH  J [5] i F)
) NaAlO, 3 W 4 B — & LR &, F 250 CA&£
4 AT A0 B i NaCaHSIO, Fl NaAlO, , 52 B FE4SS
I3RS ROV AR N L (44) ~ (48)

250 CLLF W il YEm ¥ S 2B BRI 5 B0 A

2NaOH + SiO, - Na,Si0; + H, 0O (44)
3ALO; « 2Si0, +10NaOH — 6NaAlO, +

6NaAlO, + 6Na,SiO; + 8H,O —
Nag Al Sis O (OH), (H,O), +10NaOH (46)

Al O; + 2NaOH — 2NaAlO, + H,O 47
250 C LAk BHT7 4 53 i A i NaCaHSIO),
Nag Al; Sis O, (OH), (H,0), +6Ca(OH), +
4NaOH — 6NaCaHSiO, + 6NaAlO, + 8H,0

(48)
WY BE IR o3 it I 5 3 78 & AN NaAlO, B H 45
fn i NaAlO, @4, iy T7E 8 il 72 v, SiO, 2 & 1Y)

Vi B S AT 5 NaAlO, 7E45 b i R 3L UT3E . BRI i

I R FLHEAT R | Bl S HEAT R4 B AR B AL O,

P o BT LRSS T A 7 R AR B AR R

XA KA B ARG T, KA

SR SR P TRT B R O AT DUARAS 4 = 19 AL O, [mlili

R H SR B B (45 0 (A5 HORLBE B i KL R

il 7R 3 L BB B AE R CRAR Clal i s B

WA B AL Oy i R 30~35 k) (11X AA

—E W R BRI

NaOH Coal fly ash

Crystallization

Seed crystal digestion

Ca(OH),

Water —l

Residue

Dealkalization

NaAlO,

| Solid-liquid separation |
recovery

f

Dilute Manufacturing
alkali solution calcium silicate

Ca(OH),

suspension

Solid-liquid separation

AI(OH),

ALO,

1

8 KkiEEFIZmER"

Fig. 8 Flowsheet of Hydro-chemical processt'!

1.3 BRE—BRRE

PR R CaCl, 500y 1 IR & 1 B2 K
SORAFAC R Co A SRS M Bl A HL SO, 2 HL,
AT 95% L EM ALOEEUR, GUO 21041
T — i [ A BB RN AR VR I T2 Uk A A
MK 5 757 \Na, CO; 18 G 85 be , B B A F1 ik £1 R
VA B S A HCL 3% H, SO, B2 38 . B 24 b s )5 15
AL O 7§, LT AE 42 1 R NaCl 5 85 B KR
HREE L HAT R K R EL Y M R AL N RE S R, 2
Jaii it HCL R ¥ e 3K 4% AL O, (H I
i NaCl iy A, i 5 1) NaCl 2 5 80™ 5 1y 4



% 10 )

F ILYCAE RO P2 B4 AL 0 A9 13 AR BIIR B T2 it Je 87

B, ASHWINI £ %] ] NaOH % 1k — HCI 8 &
M7 AR AL Oy o LUH T 5 B3 0 R0 Ak 8 15 Ak PR b
TEALTT 25 18 800 C Hyap Bl 1 ho AL O; 2 B
K Hy 8306 M AE 900 W R 4 v 10 min 35 14 B AT
BA% 76 %o 1 AL O, =2 BUR il 1 42 5 mm,mﬂu
PRGBS A By B K 2 3L Al O o — T & 28 3%
T

2 BRxFRIAAE

2.1 HERFEWHE
ERIR R AT HCL ¥ 800 #y K 47 R 2

33 AICL WS XU‘%Mﬂ*ﬁéﬁaﬁafﬁf%& B B B

Z&HD) e A 4 A B ALCL f A B a2 0 R B A
@J AL Oy, Hrr, fi A fE BB W I 25 & JF K A BR 2 )
F 2011 4 8 AR T 4 000 t/a [ —HBRIEE"H
BERIEIAL O i & I C AT T 7T IRERS
BT AL O3 k5] 85 % L b . il 4 Hi i AL O,

Al K 99. 3900, 1K B H KR & — Kb AR .
TR W9, 3 AR Ry Ry IR IR 2 il i B Ak
Ja 5 HCLE WO A 8 By K b i 3% H AL O, 36 48
JIAT Y ALCL L RE 3 48 0T R 43 125 05 2 B0 AR L 4R )
BB 21 IR R 2 R SRR 25 B RS SF S 1 5 Mk
ik fh, B be G 8 5 AL Oy 7= fh L Beah, =8 4
SEUOURIH ALCL VA Ry 40 U 38 3k R AT K% g B AR
L AL BR 2 A5 B B R A M4 80R) GUMA
BB 5 U0 A T oKk AL O, $ B
ik 95%,

Coal fly ash

| Preparation of raw materials |

S]]l( a pr()dll( ts
_f_ | Leaching |<—
White mud <—| Solid-liquid separation |
Gallium -— r(i?},l\“:.rrr:, <—| Filtrate impurity removal | |HCl absnrptinnl
* | Concentrated and crystallized |
Wastewater
+ | Sintering |<_ Gas
Ferric oxide

ALO

B9 #HB®ERHITIZHREAY

Fig. 9 Flowsheet of hydrochloric acid leaching processt

hIRIR L T2 A A, ol ASE B 3 B L Bk
A HCL B =SR] S 45 df ALCL 23 fff 5 5 AIG B8 7
AE » AR A B0 L A AR K AR B sy o T X A
Jrob BE i A BCA Qi AR » LI HH o R R R 1 22 L B A

R AR s v R BR A A% M T %n&ﬁé%kﬁ
B, B AR 2 AR TR ok O L 58
E‘Jm(ﬁ.ki@&ﬂilﬁ@ﬂ?k,m@a{%E@ILEJZZI—‘/Hﬁ
e B A 1%k BB BRI T g 3e 4
2.2 WMERRWE

TRER T 2 H ] H, SO, Ry IR AT IR IZ L Bl T
Xif A19<S()4>33£F TR AR RSB AR Al (SO,

ik, BRI IREBREH ALO =5, LV
%m]%tﬂéﬁﬁﬁﬁmﬁ/iﬂi*ﬁﬁ%%m AL O 1

TEFELE 10, Hh BhiK S H, SO A
JE AT R RRIR  Z 05 AT W B R AL (SO,
A MnSO, F1 KMnO, , 38 i3 W% B 2 370 3 #F 47 B 2k

JE AR E] AL (SO )5 gk, B 5 PE1T 55 56 15 2106 4 9
AL Oy 7 i R et B2 7 A 1Y SO, e SO £k WIS
HEAT H, SO, 1y ISR 52 3R /9 06 28 AR . 51
HERE R T R R AR Ak R DR B K 4
B AL Oy W75 35 F e Ho SO, 5085 1 K 1 AR AR I
B BRI KR LSBT AL E . BLER B BAR
AT LS B 8 1 AL O [l 5 36, {EL TR 16 67 BR £k 1 T
H e S T R 2 R A R R R R Y A
MESH TR PR A LT O A B B 5T . SHI
S0 ) FE R A MK HL SO 2 H I U s T ]
WIE B AICOHD s PUTE » HL g 8 H, SO, L 7T iR
] BRI R A R AR B AL Oy #2417 — 2 3 B
SN T QIR

Coal fly ash H,SO,
_

High pressure leaching

Solid-liquid separation

Acid sludge

Crude AL(SO,),

| Evaporation concentration

ering

Filt
S() Concentrated liquor

ﬁ

A] L0, SO /S(),

Washing

water

Water absorption

H,S0,

10 HBRRHEIZHRER

Fig. 10 Flowsheet of sulfuric acid leaching process



88 4B T/’

811

2.3 miwEARYE

TRIPATHY 4555 ¢y 56 F) FH K #4325 6 3= 0t e
B 5 T H, SO, 4 Nal X i i #5853 47 3= H L R
PR A MR ALO, AL O, 18 R k5] 91%.,
LIU G50 $ T — b LANH, F 2 35 46 #1545 AL O,
B 75 3 B B K R NH, F b 45 05 B L 45 1 e s 4% 14
7 850 C .60 min K F/Si Jy 5, 7] DL15 5] Al/Siik
8. 83 MM LE =, HEAT AL LS A3 3 AL O, 7™ i JF &l
77 SIO, 9K UKL . A6 W B i A AT DAAE — 5 B
I AL R R S HAE T AR5 AT K
A% i o 5 A B R AR DR A AL AR

3 BRABIFAEIRREAAL

PR B A 1 LR AL A ST R B 2 0 R
[ 5 A R 1 S R LR 40 15 L IR 3R A AL R Si R g
PREUEE, LT AU by MR 1 AT WL AR R A S 5
H, SO, #F 17 [ i » b J5 2F 47 i & F 34 K 3%
Al (SO, 82 7 W 45 4K 15 Al (SO, df 1A K
BeJa A% v-Al O, Bl 5 3l i Ff 5 2 351506 & 9
AL O =8 & T AL O, R BURRE EAE 87% .
MA S5 SR R B 58 0 A B 9 » AL A NaOH %
T2 B R K KL 2% 18 1 S10. . I il 8 3L A
Si—O—AlZ5 g, 88 5 A HCL #5288 19 48
HEAT HR B, fe &AL O, B B G5 B 86,
VALEEV %% 3 £k B2 B8 12 J5 (9 ALCL 7 0 A
HCl #5475 W85 AICL, » 6H,O, 7F 400 CHgEE IS
BR T AL O, B )5 F M ALCOH), XFEH %
PEIR B AT TE R TE AL O, $E47 T 45 5 k8 05 15 31
W AL O, 7= fh. ZONG 255 9 Sk by i K 5% 4k
T BRI AT SR G A HCL 3 AT 78 . AL O,
¥R FE Tk 5 90 %0 A b . FR AR K A ik R IR i A
B 4 R 0 AL AT 7 B G L RBAREAIR, P RAARAS R
= AL Os Fil SIO, 2 U3 AH % T2 L7 8K BR
THFE R R WPRHIE P R8CR B L BE Tl Ak FH A A —
SE BB .

4 HALRIAACLE T &

SHEMI 45§t 1) F 2, Bk P9 R SAH B B0 O 2%
MR IR $2 AL O, 2 A2 B ALCG H, O,
Wt 5 o T 45 - o T a4 R A HLA R SO DR Y
TG R A% AL O, , XUE 250 F| ] £ 25 #k
JEL AR MBS BE IR TR I AL O, F F B BE IR AR 5 %
Fe, O 1R &R be, il i FEAL CO 143 = & 10° Pa, ¥4

R ARG o0 R B BEAIRE 1 023 K, B 5 X 4k
KB W R AT G AR REPE TR 4> A AL O, AR
(& 4 . SEN S FE R R 4R U T — Fh ik iR 42
O A IR P R R K T ) ALGE S DL
FATH A AT 37 C .pH HN 6 W™ Pk 5 57
Fe PR B S RN 0. 12% B AN 0. 11%
B ER S A0 R 0. 25 %0 JEALEA 0. 008 %0, e f 1 B
SAF R IEIRB R R 1% CRLRE Ry 61 pem 422 Bl vk
H40%, 4 60 d ¥ HL, BRI R ALO, & &
25. 45 Y018 & 34. 725, EEIF N T 8K 5 A W) i
KA AR 72 A TR A A5 STO, R 50 ik TR h i J50 40 14 i
I HLA AR W 5 550 47 A5 AR 5 04 AH 51 . DT 4 4
a5 i

5 %i1E

Wit 7 (] 0 D A 2 110 DR e L R BT IR
oK S BT IR O 8 AR . e BB B
TR AL O, B 28 B 22 i 7 ) A B 3 [ 40 B 22
ARG . AT [E AR 5T DORBRE K R i
AL O W58 EZ AT AL O WP A 1 3 23
PEAT o TR 15 Ak HHA B DK T Il 5 PR A B B
% LA AR B R AR O e SR iE A AL Oy S
FEL AR B R (R XE o ) TR 2 Ak RO IR TG T i
7R T B R LA R R R BRCIEK 5 1 B AR AT AR
PR AL O SR BCR H T2 R | 56 1R 8 ol 1
AR R o [R)AE T W 25 9 R 2 ) TR, H R T 2
BCECAS BB R FR B AL O, B 7% 38 B ik 101 H L SR
WA BORBA B AR BRI T Tk A iy
PERE . EBORRME TS T AT AE LT LA 7 1 T 1% -

1) AR Z5 1056 Ry A5 K 5% Tl 4 AL = 78 BE A T 5
RICTEBRES IR BRIR S A T3 1 v R K i AR
FRAs i AR A B i) L 21 o3 IS5 L AU Dy
il %5 A S I H RS 2 AT O O A
A CEHARA AR AR L6 R AL O E
AR

2) 1 38 IO A A5 5 A R AR B AL, O (9 975 %
A B sl DR b S AR 58 2 A A SR Y 0L
AR B C AR I e [ I R AR e AR e A S TR TS
2tk

3)H v L 23 A v B i B R TR A . [ I g it
B S R RS AT WA 3R 22 T L S AR B L AR R
FERC R A R R K AL R SR
HLRBR — B0 A — BT A R (AT L L B R
YR AR B AL O, i B AR



F ILYCAE RO P2 B4 AL 0 A9 13 AR BIIR B T2 it Je 89

10
5%k :
[10 s . AR AR 90 0000 40 AT JH T o [0 468 0 10 77 k)

(2]

(3]

(4]

(6]

7]

[8]

F L0, v 4 e 4t . 2020 (4) :142-143,145.

YANG Fugiang, XIONG Hui. Substance flow analysis
for stock of aluminum utilization in China[]J]. China
Metal Bulletin.2020(4) :142-143,145.

B R T R SR B0 S R R A A LT 1. 7 AR
PR . 2018(1):189-191,197.

ZHANG Haoyu. Demand forecast and supportability
analysis for China aluminum resource [ J]. Western
Resources,2018(1) :189-191,197.

TRFFY. I E AR L LT B AT LN/ON. b [ [ 4
PEP AR 5 2017-09-02 (005) [2020-09-10]. http://www.
chinamining. org. cn/index. php? m = content&.c =
index&.a=show&:catid=6&.id=22720.

ZHANG Lingling. Analysis for supply and demand
trends of bauxite in China[ N]. The Chinese newspaper
of land and resources, 2017-09-02 (005) [ 2020-09-10 ].
http://www. chinamining. org. cn/index. php? m =
content®.c=index& a= show & catid=6&.id=22720.
IhACH SRR £ R R 3 A R M e BT B
SROND. o A 6 4 8 4, 2019-07-01 [2020-09-10 ].
https://www. cnmn. com. cn/ShowNewsl. aspx? id=
411707.

MA Dongcan, GUO Chungiao, WANG Min. Structural
transition in China’s bauxite market emerges[ N 7. China
Nonferrous Metals News, 2019-07-01 [ 2020-09-10 .
https://www. cnmn. com. cn/ShowNewsl. aspx? id=
411707,

HAN S.CHEN H.LONG R.,et al. Peak coal in China:
A literature review [ ] ]. Resources, Conservation and
Recycling,2018,129:293-306.

LUO Y,WU Y,MA S,et al. Utilization of coal fly ash
in China: A mini-review on challenges and future
directions [ J ]. Environmental Science and Pollution
Research,2020,24(4) :1-14.

YAO Z T,XIA M S,SARKER P K,et al. A review of
the alumina recovery from coal fly ash.with a focus in
China[J]. Fuel,2014,120,74-85.

GUZZON M, MAPELLI C, MEMOLI F, et al.
Recycling of ladle slag in the EAF; Improvement of the
foaming behaviour and decrease of the environmental
impact[ ] ]. Revue de Metallurgie, 2007, 104 (4);
171-178.

N e 5 R R SR AL B R BUIR 5 R R
HI] A 4R TR .2017,7(1) :30-35.

JIANG situation and

Xunxiong.  Technique

(10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

development trend of extracting alumina from coal {ly
ash[ J]. Nonferrous Metals Engineering, 2017, 7 (1)
30-35.

e L, OB, A IO B R 4 IR AL R R BF 5
JelJ]. rEmg R4 ,2017,36(9) :3003-3007.

RAO Bing, DAI Huixin, GAO Likun. Research
development on extracting alumina from fly ash[]].
Bulletin of The Chinese Ceramic Society,2017,36(9)
3003-3007.

DING J, MA S, SHEN S, et al. Research and
industrialization progress of recovering alumina from
fly ash: A concise review [ J]. Waste Management,
2017,60:375-387.

VFALZE s EACRE S BRAR 55O i 3R AR AL 58 128
AT BT B4 )R . 2018(7) - 10-13.

XU Lijun, WANG Yongwang, CHEN Dong, et al.
Analysis and comparison of alumina extraction from fly
ash by alkaline[J]. Light Metals,2018(7) :10-13.
CHESLEY ] A,BURNET G. Sulfate-resistant portland
cement from lime-soda sinter process residuel J]. MRS
Online Proceeding Library Archive, 1987, 113.
163-171.

GONG B, TIAN C, XIONG Z, et al. Mineral changes
and trace element releases during extraction of alumina
from high aluminum fly ash in Inner Mongolia,
China[ J]. International Journal of Coal Geology,2016,
166:96-107.

X EAE I AR, R SR AR P R ek A LT .
%4 )8 ,2006(2) :13-17.

LIU Guihua, FAN Kuangsheng, L.I Xiaobin. Sodium
aluminosilicate hydrate in alumina production[]J]. Light
Metals,2006(2) :13-17.

AR O AL TR S AR R R SR R AL S A
i WA W PP i R AT O [T . i B R 4 i, 2012,
12(4).613-617.

BO Chunli,ZHENG Shili, MA Shuhua, et al. Leaching
behaviors of aluminum and silicon compounds in
aluminum-rich fly ash in dilute alkaline solution[]].
The Chinese Journal of Process Engineering. 2012,
12(4).613-617.

ANEIT L IMR B IR AR LS R R R TUBE A R 2 B AR
B L] A A m GRIRRSY) ,2014(5) . 21-25.
GONG Yanbing, SUN Junmin, ZHANG Sheng, et al.
Synchronous reduction of alkali content in high alumina
fly ash by pre-desilication [ J]. Nonferrous Metals
(Extractive Metallurgy) »2014(5) ; 21-25.

BAI G, TENG W, WANG X. Processing and kinetics

studies on the alumina enrichment of coal fly ash by



90

e = R i

811

(19]

[20]

(21]

(22]

[23]

[24]

[25]

[26]

fractionating silicon dioxide as nano particles[ J]. Fuel
Processing Technology.2010,91(2) :175-184.

S P SVAS SO =R -2E R SR E R WA
PRSI Bk 2 AR S L)), B4 w2015 (8) .
10-14.

WANG Yong,SHEN Limiao,ZHU Yingbao. Study on
dealkalization of silicium-calcium slag from Pre-
desilication soda lime sintering process with high-
alumina fly ash[J]. Light Metals,2015(8) :10-14.

WAl AN AR B R R BRI AL AR LR K
BT HE )] EHLER Tk, 2016,48(2) :9-12.

PU Wei, LIANG Jie, LEI Zeming., et al. Present
situation and research progress of alumina extracting
technology from coal fly ash[J]. Inorganic Chemicals
Industry.2016,48(2) ;:9-12.

HAE VR SCER. SR TR BB A OB A 7 A 68 B A T2
FeXess[J]. A 65717 .2013,29(3) : 29-31.

DONG Fei, XU Wengiang. The desilication process and
equipment of alumina production from coal ash[]J].
Non-Ferrous Mining and Metallurgy, 2013, 29 (3):
29-31.

e i R XA L 9 ol
SiO, A7 AT, S TR 2% 4 2006,6(3) :431-434.

LI Xiaobin, XU Huajun, LIU Guihua,et al. Behavior of
Si0O, during leaching process of alumina sinter[J]. The
Chinese Journal of Process Engineering, 2006, 6 (3):
431-434.

2Rl T ASSR R SE L R B R B A AL AR B R
FEAR B ol Al gk e [ ], ¥ B R L 2018, 24 (5) «
1-11.

LI Xiaoguang, DING Shugiang, ZHUO Jinde, et al.
Research status and industrialization progress of
extracting Al, Oy from fly ash[J]. Clean Coal Technology ,
2018,24(5) :1-11.

JIANG Z, MA H, YANG J, et al. Thermal
decomposition mechanism of desilication coal fly ash by
low-lime sinter method for alumina extraction [ J].
Ferroelectrics,2015,486(1) ;143-155.

e % 75 S s, A R BT IR T AR M K 4R
WAL B8 BF 5E BE R [T ], 4 2% T %, 2014, 21 (5).
313-324.

YANG Jing. JIANG Zhouging. MA Hongwen. et al.
The bauxite resource in china and advances in the
techniques of extracting alumina from high-alumina
coal fly ash[ J]. Earth Science Frontiers,2014,21(5);
313-324.

T IO S L AR IR e 2 vk DA iR RO IR B
R REACE LT ). B4R . 2013(11) :9-13

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

JIANG Zhouging, MA Hongwen. YANG Jing, et al.
Extraction of alumina from high-alumina fly ash
desilicated residue by low-lime sintering process[ ] ].
Light Metals,2013(11) :9-13.

WU Y,XU P,CHEN ]J,et al. Effect of temperature on
phase and alumina extraction efficiency of the product
from sintering coal fly ash with ammonium sulfate[]].
Chinese Journal of Chemical Engineering,2014,22(11/
12):1363-1367.

R IR, B AL AR O R R AL R 1 R
Je i s L ] BEB T 5 255 AT, 2013(2) 1 65-69.
GAO Rong, GUO Jianmin, YUN Dongdong. et al.
Development prospects of alumina extraction from fly
ash in power plants [ J ]. Coal
Comprehensive Utilization,2013(2) :65-69.

SUN L,LUO K, FAN J,et al. Experimental study of

Processing &

extracting alumina from coal fly ash using fluidized
beds at high temperature[J]. Fuel,2017,199.22-27.
WU Y, LI L, YANG X. Coprecipitation synthesis of
Si-modified mesoporous alumina with high thermal
stability from coal fly ash[J]. Chemical Papers, 2020,
74(8):2537-2543.

ZHANG L, WU Y, ZHANG L, et al. Synthesis and
characterization of mesoporous alumina with high
specific area via coprecipitation method[J]. Vacuum,
2016,133:1-6.

WANG R,ZHAT Y, WU X, et al. Extraction of alumina
from fly ash by ammonium hydrogen sulfate roasting
technology [ J ]. Transactions of Nonferrous Metals
Society of China,2014,24(5):1596-1603.

R 5 T L B TR U B I TR T Ak BB B IR A 71 4
FAALE T T AT #r LT ). B4 )8, 2015 (10D
10-13.

LI Laishi, WU Yusheng. Industrial feasibility analysis
of producing metallurgical alumina using coal fly ash
with Ammonium bisulfate solution process[J]. Light
Metals,2015(10) :10-13.

WU Y, YANG X, LI L, et al. Kinetics of extracting
alumina by leaching coal fly ash with ammonium
hydrogen sulfate solution[ J]. Chemical Papers, 2019,
73(9):2289-2295.
BAI G, QIAO Y., SHEN B, et al. Thermal
decomposition of coal fly ash by concentrated sulfuric
acid and alumina extraction process based on it[J].
Fuel Processing Technology.2011,92(6):1213-1219.
MU W, ZHAI Y. Preparation of o-alumina from coal
fly ash by sintering with sulfuric acid[ J]. Advanced
Materials Research,2010,113-116:2039-2044.



% 10 )

F ILYCAE RO P2 B4 AL 0 A9 13 AR BIIR B T2 it Je

91

[37] SUN Z,LI H,BAO W,et al. Mineral phase transition
of desilicated high
extraction in mixed alkali solution[ ] ]. International
Journal of Mineral Processing,2016,153:109-117.

[38] DING J, MA S,ZHENG S, et al. Study of extracting

alumina from high-alumina PC fly ash by a hydro- 47(7) :5-8.
chemical process [ J ]. Hydrometallurgy, 2016, 161 (48] F 775, A8, B 5K 3 e B 2 B A 1L 48 # R oF
58-64. FE[ 1], BALAL T.,2020,40(8) :194-197.

[39] LI H, HUI J, WANG C, et al. Extraction of alumina

alumina fly ash with alumina

from coal fly ash by mixed-alkaline hydrothermal hydrochloric acid

method[ J]. Hydrometallurgy,2014,147-148:183-187.
[40] ZIRYL.TFE I . 2. G5 ks B2 vk 18 UM B K

leaching method

[47] SBHAAR. By BEIR“ — B MR L VR MU AL 88 T2 AR I
Tk & T (1] MR TR, 2015,47(7) :5-8.
GUO Zhaohua. Study and industrialization development
of one-step acid dissolution technology for alumina

extraction from fly ash[J]. Coal Engineering, 2015,

WANG Hongbin,DU Yanxia. The research progress of
extracting
alumina from fly ash[J]. Modern Chemical Industry,
2020,40(8) :194-197.

By A e AR LT O3 B R 2%, 2013, 33 (9): [49] LV Y,CHEN C,MAO Z. Preparation of alumina from
fly ash by sulfuric acid [ J]. Advanced Materials

1601-1606.
LIANG Zhenkai, LEl Xuefei, SUN Yinglong, et al.

Research,2013,734-737:1551-1554,

Extraction of alumina from coal fly ash by calcination (507 BEINME . 7 TF 3, 5 Ha 75 . 25, BilR B K5 1k v MW

with calcium chloride process[J]. China Environmental

Science,2013,33(9) :1601-1606. 30-35.

[41] GUO Y,LIJ,YAN K,et al. A prospective process for
alumina extraction via the co-treatment of coal fly ash
and bauxite red mud: Investigation of the process[]].
Hydrometallurgy,2019,186:98-104.

(427 L1 S,BO P,KANG L,et al. Activation pretreatment
and leaching process of high-alumina coal fly ash to

extract lithium and aluminum|[ ] ]. Metals,2020,10(7) .

893.

[43] ASHWINI K, SHREY A. NIKHIL D. Processing of

KPR EAB LI FE 4B TR, 2017, 703):

JIANG Xunxiong, JIANG Kaixi, FAN Yanqing., et al.
Extraction of alumina from coal fly ash using sulfuric
acid solid phase conversion technology[ ] ]. Nonferrous
Metals Engineering.2017,7(3) :30-35.

(510 AL %5 FKIE  BRA . 55, BB K IR w4 IR AL R T 2
grR[J]. MR Tl ,2019,51(4) :10-13.
XU Lijun, WANG Yongwang, CHEN Dong, et al.

Research progress of the extraction process of alumina

coal fly ash for the extraction of alumina values[]].

Journal of Sustainable

294-306.

2019,51(4) :10-13.

Metallurgy, 2020, 6 (2): . .
[52] SHI Y, JIANG K X, ZHANG T A. A

by acid from fly ash[J]. Inorganic Chemicals Industry,

cleaner

electrolysis process to recover alumina from synthetic

[44] BPBRG. BB IR ik R BCA L 40 T Z O se SR LT .

T4 ,2017(15):75-77.
CHAO

extraction process from coal fly ash by acid method[]].

sulfuric acid leachate

ash [ ] ].

Hydrometallurgy, 2020, 191:105196. DOI: 10. 1016/j.

Research status of alumina

hydromet. 2019. 105196.

[53] TRIPATHY A K. BEHERA B, AISHVARYA V,

Chemical Enterprise Management,2017(15) ;:75-77.

(457 SB5i. By BE K R v $2 R AL R Y 20 s kSR [T ). v
H A ,2015,21(5) 1 115-118,122.
GUO Qiang. Development on leach of alumina from fly
ash by acid method[J]. Clean Coal Technology, 2015,
21(5):115-118,122.

(461 ZE%Bh H &, E52 0L, 45, DURBHR IR O TRk il 46 e 40 o

enrich alumina and prepare silica nanoparticles from

S EUERTY 98 K AL 8 (). fk R 2558 4R 2020, 39 (3) 2018,173.40-47.
(550 B0, B Aca . Th 4% vh L 46 B M [ i S8 Ak 48 T 25 F

812-818.
LI Zhiwei, TIAN Ang, WANG Zongfan, et al.
Preparation of high purity monodisperse spherical
nano-alumina by using fly ash as raw material [ ] ].
Bulletin of the Chinese Ceramic Society, 2020,39(3):
812-818.

FEHUR Btk LI, 71 ,2021,30(3) :83-92.
HOU Huiyao.CHEN Yonggiang, MA Baozhong,et al.

et al. Sodium fluoride assisted acid leaching of coal fly
ash for the extraction of alumina [ J ]. Minerals
Engineering,2019,131.:140-145.

[54] LIU C,ZHENG S, MA S, et al. A novel process to

high-alumina fly ash[J]. Fuel Processing Technology,

Researchstatus and progress of alumina recovery from

fly ash[J]. Mining and Metallurgy,2021,30(3) :83-92.

(T%#: & 122 T71,Continued to P122)





