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Table 1 Main chemical components of lignite ash %

Ge * Sl()g Alg()g Fcz ()1, Ca() C

8 013.95 33.83 14. 66 11. 63 11.08 4.05

* BN g/t

B 1 #BE& XRD(a)#1 SEM(b) S &R
Fig. 1  Analysis results of XRD (a) and SEM (b) of lignite ash
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Fig. 2 XRD pattern of alkaline fusion products of lignite ash
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Fig.3 XRD patterns of alkaline fusion products obtained

under different alkaline fusion temperatures
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Fig. 4 Leaching effects of alkaline fusion products obtained under different alkaline fusion temperatures in

different acid leaching systems
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Fig.5 Leaching effects of alkaline fusion products obtained under different alkali-to-slag mass

ratios in different acid leaching systems
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Fig. 6 Leaching effects of alkaline fusion products obtained under different alkaline fusion times in different acid leaching systems
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Fig.7 SEM morphologies of lignite ash (a),alkali

fusion product (b) ,hydrochloric acid leaching residue (c),

and sulfuric acid leaching residue (d)

G 1.2 R 7 R AR R R 2 B —
R is , BRI WOkr 2 A W A8 4k, i G BRI 45
T 2 78 Ry AN FI ) AR 285 4 SRR, 350 B X 75 1% 33K O 45
PR BB IAS 35K A 7540, 2 T PN IS %) 00 R R 3R T 1)
Py AFE AR SRR R I S A b A% 22 T e R ) A
W2, A 75 R T R Y Y B S A S G TR AT
VAR TR 8 3 R AR UE AR .
2.3 AEIZREMRITLL

o EAEA R AL BE T2 50 4B I K
B R AR TR AT N X T BRI bR
B AL R CRHU R b 1/2)3 Fh T2
BIECR . G A MR kRl 600 C L 4%
BEit ] 3 ho W AR L 6 mL/1 g, 12 i EE
80 °C .t H 4L 600 r/min. 32 I 3 h, B
Sy ONAE R TR IR IR 2 Fh R AR R kAT, ER R L AR
R B TR R YR FE 3 91 A 100,120 /L, R 45
W 2,

F2 TEIZHREUREIL
Table 2 Comparison of germanium extraction effects by

different processes

Ty o R/ B/ 0 e
CRRRR . T T
HE Hm 5 896. 4 34,88 40.25 20.17 72.40
Rz Bk 4016.5 44,49 38.27 15.89 90. 60
fibe— W 3036.56  73.65 67.42 44.17 67.50
iR = T 1R 2 164.33 78.50 65.17 22.14 75.56
ks — R 4 946.54  86.37 70.52 59.87 11.00
[iva=d i 2 1198.21  93.98 86.25 90.60 7.50

M1 2 W R TR B R SRR
U AR L BLWT R AR 7 W IR 52 R i S BRR
ARALBR T X T A O A i 1 R 2 Rk i [V
PRESHTRE S ME DL BRI 5 208 LK 28 0 e i el
For WAL B L 8RN R B A B T 8O e PR
R HEIR M ROCR S B 32 DL D S B D R
BEAS TR T BRI (0 R R T R A DL i
. B 5 RS T I3 5 22 0 e A AR B
BR VBRI AR AT B IR AR T R PR A % 6
s T A8 JRE D P S B 3 A AR L ) ) A RE %
AR ER AR ZERR IR B Bk RE T 5B — R
TR E A 45 1 T RO IR Hh =i .

3 it

SR B 196 b — TR 132 9k T DA JRE i v AT 24
R . 76 TS IR E S 600 C LRI R R A
1/1. 8 AR A R 1 h (40 F B 47 Ak 2, m]
FEMER LR AL hE R B S Y 1L 5
VS PR R R AN AR IO (A5 85 A8 15 5 T REBOMZ
BB 7 W) A R TR W) 4R o & vk B 100 g/ L W T K
BT L 6 mL/1 g2 R 80 °C il 4% i
600 r/min i2 B [H] 3 h Z& A T2, 8 R
A3k 86. 37 %6 B KA 7 W) TE B R V) IR I L VR
120 g/L OB BRI T & b 6 mL/1 g, i@ iR
80 C .M HE K 600 r/min 2 HBFE] 3 h &4 F
BB RIS E 93.98%,

22 A R S R T T RERL,
Gl RIR A Pk o N 3 e ek A U= @
Hh L Ay R R R U R 1 B R AL R R R
J& B = AR B T —FOR R B R R ek
AR AR & — B e T TE — 1 790 A8 B4 O 200
P 12 VR B R AT 4 B



5545 B 3 M

SRS L 45« BB I AL

PRI T 2 B OB B JK o 114 B .

329 -

S &k :

[1]

2]

(3]

[4]

[6]

BRI N AR SE R R R i B Y B IROR B
FEHERELT]. A B & )R GRFRH7) . 2023(8) :60-71.

TANG Honghu, LIU Bingjian, WANG Cui,et al. Review on
extraction and utilization of germanium in coal and its by-
products[ ] ]. Nonferrous Metals (Extractive Metallurgy) .
2023(8):60-71.

AP ST A5 S0 X2 35 L 4. BRLT B R T T 45 5 L O B R
KRB FEL) ] Mk if 42,2024, 43(5) :538-542.

FU Weiqin,ZHANG Houwen, LIU Junchang, et al. Prepa-
ration of high-grade germanium concentrate by acid pickling
of tannic germanium residue[ J ]. Hydrometallurgy of China.
2024,43(5) :538-542.

SERCRE =N R I A TR N G R |
5 AR B AL R AR RS ()] 1B 0R 45, 2024, 43(5)
573-582.

WEI Jie, PEI Qifei, LU Zhanging, et al. Optimization of
ultrasound-assisted activator leaching technology of high-
silicon and low-germanium zine oxide dust by response sur-
face method[ ]J]. Hydrometallurgy of China, 2024,43(5):
573-582.

PR P 950 AR W BRSO R RR B LS
WEELT]. dE iR 42 .2026.45(1) :31-38.

FENG Zhichao,PANG Peiyan, JIANG Xuexian, et al. Syn-
ergistic leaching of zinc and germanium from germanium-
rich zinc concentrate[ J]. Hydrometallurgy of China, 2026,
45(1) :31-38.

SRIRTL L B, XSO, A5 by 0 T B Y B R A A s AR
HBUwE s HE L], 0777 423 FI . 2025, 46 (5) < 1-10.

ZHANG Sujiang, ZHOU Yi, DENG Wenbing, et al.
Research progress on resource occurrence and separation
extraction of germanium in fly ash[ J]. Multipurpose Utili-
zation of Mineral Resources,2025,46(5) ;1-10.

AT PR AR, A5 TR TR T BT AR T BLAR e AT 2
S Xk A [T, A B 5, 2023435 (5) ¢ 1-5.

REN Hui, LIN Zhongxiang, BAI Weican, et al. Current situ-
ation of germanium mineral resource supply and suggestions
for sustainable development in China[ J]. Coal Geology of
China,2023,35(5) :1-5.

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

SR ARSE. B A e DG 4 R 3 AL 4 B
FEHE LI, 5 3 5 5 B 9 . 2025, 53(8) : 121-130.
WANG Yuhao, DONG Zhongbing. Advances in research on
the activation and recovery of strategic and critical valuable
metals from coal fly ash[J]. Coal Geology &. Exploration,
2025,53(8):121-130.
TRBOI WO, BIRMR 5 R A RAE S 43 B B O
(1.5 =040 5 AT, 2022,42(6) :10-20.
ZHANG Zhiyuan, TENG Daoguang, CAO Yijun, et al.
Research progress on the occurrence and separation of ger-
manium from coal[J]. Conservation and Utilization of Min-
eral Resources,2022,42(6) :10-20.
REIE A, BRI, A5 NS B AR P IR Y T
WEELT ] WA & Jm 5 B A 4, 2023,51(5) - 22-27.
XIONG Hao, PU Shikun, SHAO Yumeng, et al. Study on
the enrichment and extraction process of germanium from
germanium-containing dust[J]. Rare Metals and Cemented
Carbides,2023,51(5) :22-27.
TEVE B HE D5 TR DK 4 5. B A A HOR Q0 1Y BT 9T B e
(1. A & 45 ,2026,40(1) 1 40-45.
WANG Yang, YANG Guifang, ZHANG Qingjin, et al.
Research progress of germanium metallurgical technology
innovation[ J]. Nonferrous Metallurgical Equipment, 2026,
40(1):40-45.
REZAEI H,SHAFAEI S Z, ABDOLLAHI H,et al. A sus-
tainable method for germanium, vanadium and lithium
extraction from coal fly ash: sodium salts roasting and
organic acids leaching[J]. Fuel,2022,312:122844.
2. R eI Abox Ay R 15 Pk B Y 5% e BIF Y [ D). K
KIFERHE KA, 2023,
LI A, YOU J X, LU H, et al. Extraction of germanium
from coal measure germanium-containing dust by reductive
sulfidation volatilization [ ] ]. Journal of Environmental
Chemical Engineering,2025,13(5):118170.
XN B, 28 SCHE L 275, 56O B IR v B 1 R R K TR R
ET 2] P EA GRS, 2018,28(1) : 183-188.
LIU Lixia, LI Wenting, PENG Jun, et al. Germanium
enrichment from ash by second enrichment process at high
temperature[ ] |. The Chinese Journal of Nonferrous Met-

als,2018,28(1) :183-188.



« 330 - ke 4e 2026 4FE 6 H

Extraction of Germanium from Lignite Ash by a New Process of Alkali

Fusion Activation— Acid Leaching

ZHANG Te'?,DU Zeyu' ,DENG Zhigan' , WANG Weicheng' , LEI Linxin',
ZHANG Chaobo® ,FU Guang’

(1. Faculty o f Metallurgical and Energy Engineering s Kunming University of Science and
Technology, Kunming 650093 ,China;
2. Yunnan Chihong Zn&-Ge Co. ,Ltd. ,Qujing 655011,China)

Abstract: Germanium in lignite ash mainly exists in Ge—O-—Si bonded state, vitreous encapsulated
state and iron oxide adsorbed state. The traditional acid leaching method is difficult to destroy the
structure of highly stable Ge—0O—Si bond and dense encapsulated vitreous body,resulting in less than
50% germanium leaching rate and low resource recovery rate. Based on the comparison of three
process routes of lignite ash direct acid leaching,roasting—acid leaching,alkali fusion activation—acid
leaching and two leaching systems of sulfuric acid or hydrochloric acid, the process route of extracting
germanium from lignite ash by high temperature alkali fusion pretreatment—acid leaching process was
proposed and studied. The effects of alkali fusion temperature, mass ratio of material to alkali and
alkali fusion holding time on the leaching rate of germanium in lignite ash were investigated,and the
leaching effects of sulfuric acid and hydrochloric acid on alkali fusion activation products were
compared. The results show that the leaching performance of germanium can be significantly improved
by breaking the Ge—O—Si bond by alkali fusion and converting insoluble silicate into soluble sodium
salt,and then the efficient leaching of germanium can be realized by conventional acid leaching. Under
the conditions of alkali fusion temperature of 600 “C ,mass ratio of material to alkali of 1/1. 8 and alkali
fusion time of 1 h, the main spherical structure of lignite ash is destroyed, and the encapsulated
substances in alkali fusion products are released. When hydrochloric acid or sulfuric acid leaching
systems are used, the leaching rates of germanium are 86.37% and 93.98%, respectively. This
technology can realize the efficient leaching of germanium in lignite ash, which can provide a new
technical approach for the resource utilization of high-silicon germanium-containing secondary
materials and the efficient recovery of strategic metal germanium.

Key words: lignite ash;alkali fusion;activation;acid leaching ; germanium



