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Experimental Study on Synergistic Leaching of Lithium and Aluminum
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Abstract: Ammonium sulfate roasting - water leaching process was adopted to synergistically leach lithium and aluminum
from coal ash, and the effects of mass ratio of ammonium sulfate to fly ash, roasting temperature, roasting time, liquid-
to-solid ratio, leaching temperature and leaching time on leaching rates of lithium and aluminum were also investigated.
The results show that under the optimized conditions; ammonium sulfate and fly ash in a mass ratio of 4: 1, roasting
temperature of 400 °C , roasting time of 2 h, liquid-to-solid ratio of 4 : 1, leaching temperature of 80 C and leaching
time of 30 min, the leaching rates of lithium and aluminum reach 86.77% and 78.04%, respectively. Mechanism
analysis indicates that mullite, the host phase of lithium, reacts with ammonium bisulfate (the thermal decomposition
product of ammonium sulfate) at 400 °C to generate soluble ammonium aluminum sulfate and aluminum sulfate,
resulting in destruction of mullite crystal structure. After being released, lithium reacts with ammonium bisulfate to form
lithium sulfate, which enters the aqueous phase during water leaching, thus realizing efficient synergistic leaching of
lithium and aluminum.

Key words: coal ash; ammonium sulfate roasting; water leaching; lithium; aluminum; synergistic leaching; fly ash

R DA ) AR B SR R ), R e Il B R ZE S M I X R B AR R B X, H
Frox ML TR IR 2k HOR TS YL AR BRI R, AT YR EE S AT 1) B TR TR R AR

© Wi BH . 2026-01-28
EEWA . SHNE BRTERIT 2022 4F R — R0 SR B AT 3 H (B B AR BT R (2022)632 5 s st A BT E (BFRGTF&
KXJZ[2024)003 ) ; 5t 4506 FH b J Jey = SR RHUF 30 H (51 kﬁ‘ﬁﬂﬁﬁ[2024j2 03)
YEE® T WRHEEE(1999—) , 55, SN S5 LIPS AR FZERRSE 5 [0 0 7 RS FIH . E-mail :923747889i@ qq.com
BIEEE. BAR1990—) , &, NI, T, ﬁ?&ﬂ&ﬁﬁ T =R LE ARG TAE, E-mail :82208721@ gq.com



184 7R

T i 46 %

W) AR FL R R O A 4 ST B B
B (LR P ) E BRI 5 0 ) R 22— o B IR 32
T4 R Si0, AT ALO, ), FE B8 4 A AL 35 B 5
TR FORAT AN IR S BRE AR AL A R
IRPIREAE AR AR B S s R TR, A B
MZEA R B R i TSR 2 R
M ERTE R A, FR AR AR R R ARG A R |
X AMEAEBE O R, MR JRE R H b IR B B L
AL HA TR 75

YR L EEAAAE T 5Ok SR AR R
DN Li Al PR BRI T Rl 551, AR 2
BRI O Li 5k AL T Li AL P R) 45 BRUATE 5% 44
/b ERT, B R RE L AL B T2 B IR R
Bl B4 VA A B RS R i, R/ B L4203 Hh
R RABAIR, T B Bl R o5 e TR A R A T B, W
FUREE B bR R RO R (ER b
TR (=800 °C) , fEFER K, MR B AR K NH,F
RN TR e, BBETERARIREE (150~300 °C) 9
R R I AR A SR I D R RS, &
L S S 7 1 e 11 A E P O (1= 1. 73
B R pe- KRR R BE AR (350 ~ 500 °C) , BT #A
TR BRI AL , S PR P ER [, 1o FF AT

HT S BRAE K A) R A R A2 A, o L 3 L
5 b ST 2 AR PRI TG 32 4 4 A i b 5 -
T 5B TF R 8 AR TR R 3 R A B T LA
HENT RS 2 2 TR 1 56 BRI AR SR A R TR
PR, T A SOR FHBR IR B 58 - /K 12 0 IR IR
TR Li AL, DABR £ b Bl 7RI 2R 77 6 e
WAL, P KRR Be i v Li Al BEFFIE IR T
Li Al P[] i a2 ) A S A RS AT, LA A
WK Li AL 254 AR ARSI A AR S 7

1 5
1.1 fL=4Em

TG FIT P IRE oA 5N 5 AL 3 24 TR A
FE AP IR B BT -75 wm, AR SCEEAR X
IR Li (AL TCE BB M BRI A o A v 285 78 448K
be,C S mBAR, ANS 5 RO, /N, PR X
C E AT, K 22 A L3R 1,
F 1 Al R T Si0,(37.72% ) Fil AL O,(30.94%)
I, Hob Li,0 &5 50.21% , 2 1 DZ/T 0203—2020
(W=t B A 4w 2e) " kA L A
WM S H 1SR (Li,0=0.20%) , %k ke Li,0 & &
L5 2 0 A 4 P 2 B A AR

R BREZUERS (RESH)

Table 1 Main chemical composition of coal ash %

Si0, ALO, Fe,0, Mg0 Ca0 Na,0 K,0 TiO, Li,0

37.72 3094 6.87 0.79 854 1.18 1.18 1.77 0.21
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Fig.1 XRD pattern of coal ash
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Fig.2 Effect of mass ratio of ammonium sulfate to

coal ash on leaching rates of Li and Al
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Fig.4 Effect of roasting time on leaching rates of Li and Al
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Fig.7 Effect of leaching time on leaching rates of Li and Al
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