TEEaMNA

Multipurpose Utilization of Mineral Resources o]

5
2025 4£ 10 A

=GR ER & A ] e

R K 8 ) BRI AT 5 70 B SR BT 7 1t Fee
WAL, B, MUK, KFAH, KEfH
(REFREBERARSMRSRRL, T Bih 065201)

E: B OSONEREIN. DU BURZE H 507 R IR 7 2 ol BOR SUZUAN AT sl F) e e 1 A A7 <2
JE G INPRAT BN b (¥ 7y BE IR, — 7 T RE NS4 = W B RSB A SRR RE DL R AR B s A BT
fili #6520, 55— J7 T RE S YR AN IR HEAT 18 RN AR AS A ORI 0 (Rl AR 2 LRI 7 il 10 22 e v B AL 2 0 A i
R 28R TR BRI SRR AR TE 20, 3R L2 M o IR EUNE M B SO g, B SN T e vE
FERE G RWGE TR b B BRI BOIR, AR HT T & A 5 A AE AR B AAS 2[RIy PRy J5E K o
) ORI HEAT T R

KA B OB BHRIBATE; R e

doi:10.12476/kczhly.202312160659

REDES: TDIS4 NEFFERE: A XEHS: 1000-6532 (2025) 05-0001-10

SIAMEE: SKIFIL, F%, XCEe, 4 B 86 ) BHIRIAE 5 20 B AR HUBTE TEEJR (7] 77 22 5 A, 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 Utilization of Mineral Resources, 2025,

46(5): 1-10.

B (Ge) R onR MRS 4 A IVA &
5 R B R I v O B R A A BB I T
K, 1886 = H il [ 1b 2 5 5 3 11 7 - 3 v O E 70 AT
AR R I, AR TR RIS
P JE . B AR A DU AR 3 = 4 W 25 JF B
W AANEREIE R E . (REERES &
M IR EZ R T Lk RE, EH RSk
TRE” M &R L&Y Z N T4
S BEMERL. EMEE. S E#EIR. K
REG R Hth o A% W BRI 5 A 2 i R 4 4 R
Tk R T ARO[
Z, RO H R KRN E R EN L
8600t JTAER, BEAEH FATIAIPUE K. &
RS R R R B TR R R s, DU
2 HBR 5 BEA B R 8 55 8 2R 41 200 PR UE H 3%

Wi HEL: 2023-12-16

W SR e a4 1 6 1 2 TUBCK, 15
S BOM B R B H 2K T 2 2035 4,
TH 75 b B R SRR 30K 2 308 t 5 180 s

H ARG P BRI B SR R B, AR DA
I X E 0 HOR S A A2 T s Al A
SRR HAT, 2R B LI B
BRI, 20F 173 MAREAN BB R & A el
Bt PR, SRR A P I 2 S B R S
BES Hh&% ( dh AL R 208 T 32 A% R K e
B 5 W RE VR G < AR TR AU RO, A ER A
BB IR BRI ST RN A PR, 5 Y
PEB IR AN AR AN AT, Y& R R
L AE 18 73 40U 7 ol B A A S B < JR AR, s Rt
HE AR RS0 AS B 307 B4 LT 7 I R A 2 5 3R R 22
18, B S AT SR BN = 751,

EEWE: FEMFEEREWTIE Sy i 7R R EE T 55T LN A" (DD20230138)
fEZ R KT (1984-) , F, BRI, EENEY = 4 sl i BRNC S B 50k REMT AT .
BEESE: KEMF (1986-) , B, SP LRI, LB R R RS RN = i S0 5


https://doi.org/

o B 745 4RI

2025 4

2 0 3 T AR YR IR 2 B ) O R,
2021 FHREAE A E —IREEIRA = S5 HE R A R
b2 0I5 67% 5 56%, % B H B P9 DL R 2tk 1)
FRREIRG B AL, RS E N
RE VR I 2 A BEIR AR AR, T 2 — b B O R
5 B B i () A ML UTRRCE A 7= B R, 7R R
[y b 57 5 Hh R A0 25 R F R AT AR AR B L4
PR LA LR, MBS EE FIERYS
FE G RIS B AN [) HGS O B G S A4 R}t 75 22 42 A
ik [ R 2 5 w2 i 0 B K e oA BB U U
RICEE G SRR U, VRN i oy R ) — 2
REVEN =, [E N EEORAE g RIA 1300 140, 294
S ORBUR SRS B 13%7, i, i
RSB IL 200 mglkg, 7E HAREBE S TE R A
KA, A E R R A A 10 5 A
A SRR, B AR KK R A A
30 A2, ALK& A7 A R i Ak 35 25 2 BN
IO PR 3 R S e, DRI, T I T R e
BEURFLGR EUR T SR, In aE H E rh  ) BR
P AT 5 BRI AR 7, —Hm Ay KE N
RN ) S A BL R . AR A BR S L T O IR
R R E R EAZ ORI 7 — 7]
HRREAR PV B A TR AR R R A AR, (R
peiy O N P T E TR R - S T E N Bl
M KL RGRIR T A K R R S 5 B
RIMEA T IE, FER S AR B A L AT R 5
BT, CAHIARY R Hp i 1 256 el 5 F R FE 4
%,

1A IR 5 %

VB — P AE IR YT ", BB 2
PRI 5 e AT A BRI R A R L B A
R B A AR IS S5 R ER I S B R B AR S 1 BK
AR A JURL YA B IRV, [ B 0 — o E
B A5 AR D B AR IR ZH A B B R A
A DL % 235 ) 0 A0 5 1 R X AR E I 4R TR
PRI AT S o S R R R
158 2% A FHHE RSO ARE b 3 7 1 5 TR 3R L [ g 117,
IR AL 2 LS Sio, 5 A1,0,, —H & &
25 B EER 70%~80%, i ALO, FEY
337 % Lk, BANIE S A DK Fe,05. CaO.
MgO. K,O. Na,0. P,0,. TiO,» MnO. SO, %
AN, PARBER Gew Ga. Liv V. Se. UZ%k

BN LR, WK P R sh iR, Sk
W ATE. BEoRA. BRK. BKAE. Bk
W N E, BTN BEER . TG E S
AR T IR BN 60%~T75%, 1M
FMLE 5 LR A 43 518 0.55~0.80 g/em’
2 900~4 000 cm® /!>,

R IR 1) 53 2R A LU JLRR T R4 SR AR
2 A AN TR 2 R34S . s SRS 25 3 Fioky
K IR S HBOT KA R 5 8T K W%
K VAR WK IR 5 4Ry IR K 55 5 ok S 7K
WHE AR T A [F) 43 MR FEAE 1350 C BB
PP FIR FEAE 800~900 °C 2 [8] FIE AR Ak A 25
PR 2K

2 HMEAERREARER T
AR A

18 [F B 2 X Goldsehmidt T 1930 4F 1 ¥k 78 it
WO ILAE, AR R LR U [ Ok B A R X 2 [
Peters M A H R I HE b A7 0 1.1% FRIBET. K
R—MAEARFEEKANSE, H5 KT
6.25, #%JE 5.35g/em’, MR 1210K, #B3103K,
W S AR ST, B NERPIAES
RIS IERRE . iR TS B LK, TREL
ARRERRN, TEMERS KSR BREE,
15 5 W5 A R S8 AL I ATV T A IR B R« & R R
£7J<[6,20]O

AR B K b B A RS B R i HL 7 B 4
T 2Rk B0 3d b BRI AR ROt JE A O 2 4
JE & & AR RS S o, AIE — E R
K R K R B R AE T 3K R R L B AT
WU, BERARRAPERKINFEES, HEZ LR
JE 1) Ge MR8 1 Ge P Al AL &S T X H e
EiEAE IR EE L Ge-C. 0-Ge-O K4 I L)
(BURERE R 2D S 3 MRS —FHRZ, B
JREK B I AEAE TR X 2 DL T B S A 89 86 i 45 T
R KL GeO, LRI AN T, TERK
Wi (Ge, W) Oy (Ge, As) Oy (Ge, As,
Sb) Oy 1 (Ge, As, W) Oy SRR &4k &
Vs HRHEIE AL TR K B 4. Sio, 11
[ VA A B S kR AR Y

3 MMk PR O ik
St R M o B T P 2 2,



% 5
2025 4£ 10 A

R AR 40 ORI AL o BRI L e *3.

H B B O 2 e TR GR 2 B A R 5 TR AR LE
HORE P2 BN HL e 56 5 TR P R (10 BE 0 AN RS JEE S
FH G am, D T B 2 R B K PR
B SRR A A, Bbeimi 5 = %
JG, W AT R M AR, VA R A T

SEE, FT T 2RSS MRt K
e, ok H bR R R UK R R A AT
o R IR S SR B A W R iR
HaE, — BRI A A PRI 1k,
AR 3 B (R D .

1 BEIRCPERR AR S0

Table 1 Characteristics of germanium leaching technology in fly as
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Fig.1 Schematic of the process flow for microbial leaching of germanium from coal or fly ash
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Table 2 Technical characteristics of separation and extraction of germanium in fly as
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Fig.3 Schematic of the production process for extracting germanium from fly ash using chloride roasting method!”

44 RWEELE
WIEAFNSHE LS R ER, K
B R SRR BN S5 K o S H . ek
Yl HEFERE R E, (HAUHE D8 R0
A RI] K HE & A2 H AR 1) [R5 A7 358
%[29] .

4 BIEPY SR F 8 IR 4% K IETE 1000 C RS ek
TR 5 i H R VR A R 2 h, AT AR R Tk
99.3%, HxZARMUE ST 24.52% IAEREN . &
JE B 4R T POV R T A o R R AL RS ) TR
L M TR THEES I N B R 1200~1 350 C
P N AR R G hrdE: RELE 03: 1~
0.5: 1. Fif¥-0.425 mm. /K% fi & H 5 H<20%.
RIHAE>20 300 kIkg) , %] CO. C 5 O, HITE
By BN 3%~6%- 4%~6% Fl 2%~3%, {#
W 8K I B R R B S ik I B GeO. GaO & 7R
1 250~1350 C B &AF T # &dk N A, J8 it g
Bk 2R SR URERIZ AT B BN e bl = A G B R
T A R ) GeO, Gay0,, 15 EIEE NS .

I T 20k B Hh 4 (R R 22K 85.4%~90.3%, K
) 4% K F 5 81.1%~89.7%, #HE LW EET
100~120 £5F1 40~60 £521,
45 BRIEEE

ZITE X R R e — i E &, HFE
BT 2R IMNFE S FE A BN b SR
BRI N B R R e S R R 1) IR AR AT
AR, SR S 2510 5 /KR8 JR AR TR 15 3] GeCl,y
Al & &R, kT2 RgE, £
DR R e 8 IR S AR R 3R <T70%, HIZIE TR . 5
17, WIAEITE A R e R PoE & AR B 1Y,
46 ERETHEEA

DAL R AR R A T | A o i vy T LIRS
AT [ R o 5 R SR SR B (N R B
Wb AEAERSRIE TN 3103 K, 1MTE 1~10 Pa H 20
BT 1100~1300 K BIAT#E KD U 7k mE N
FMABEREE AR ARTZ, TRIELHEF
BE— IR G & AR

ZHANG P fE R E P IER S 5 gk



6 W74 2R

2025 4

JREIK — T fe S = U S0, Je e s i A
GeO, it Ji A< )& Ge MEE 5 K GeO, WIFL#R
By, £ 10 Pa LA, 1173 K &R Fn#k 2/3 h,
TE B 25 B0 AP A 6 DX S WA 4 1) 1) 5 A A e 55 2% T 4
R a0 R IL 93.96%; HAl & AR, JF
JEJR 10% R . 500 g KK 5 1473 K =il
HSEES, BRI EIRRIA 94.64%.

RNt bR S SRR 4, ZHANG &5 B¢
A AE R R I R — & AR — ke
. BEAARPERREPY: SRR 30% B H,0, ¥
Ge 5 GeOH W N HE 5 ¥ T R [ GeO,, FI H
GeCl, # s B ARIX — 5, DL 8 mol/L (3R MR1E &
W4 FAZTBAR B e S S TR S 40
5, 15 GeCl, b i AHIT ) AsCly, T {1k 551
MnO, ¥ H Ak N HyAsO,, BEF 11 T & A% K&
NCSEHLT B I Atk DL R B R S A T T R BB
XA T2 AR IE 91.88%+0.75%, i
BrZIE 95.65%+0.83%. SiEGIRIEIEIMRETTE
AL, FRBE T 2R S B2 B4 A B4R
B, (RS R G SRFES = R A B Ak
AR TRAR, 0 B R SR AN 77 i P A A% G T
,ﬁt[%] .
4.7 BETWCRRME

HRE RS SR RIEE R Z R IEIK5E
BE SR EIRT, 2 DLAY) As,05 5 As,04 1T
KRR, T AT AR R R R A ), T
Sk A RPUR WP AN & B A S e
28 B AT 4 VU 43 8 S AR S I A B B

ZHANG %P7 1 il 35 2508 J5 v 1) 25 iy B
J& T ALBR S se s, B IRE, A
o TCE 50% B AT SR B K, R IR A R LT

[
e
%U\ﬁﬁ% A
YT pHAE AHX

PRI

e B

[

A HUA

1 Pa H 2 L 20 C/min fFHEE F N E 550 C
F4EFF 4 h, As,0; 5 As,)O, 7£ 200~480 C i &
AR AR BN AR B A il 527 °C Y As, S, S A
427 C 1 As,S,, s S LAY R A BRAL s B I
FERIBETAE 850 C LLL, NETENERSA
BRI T 2 M T SR I I e PR A M E . 5
W IR EURL R B, I B A P W v e B B R TA
96.00%+1.00%, TN ATdEHE T 17.2 557,
4.8 BFZEBUE

BFEFER . REERE=ATF, EGHTH
B h s mk, BAmSmEE. ik
FE A TR Y FE S5 A U REEGR)
DHYA ( i ¥ 58 ) . MiBK (3R T %
BiD . P204 CELEEIERERR) . H106 (1 = JkedEil
RRENSE) « Kelex100 (7-%3E-8-F2FEmE k) |
Lix63 (a-#2f5) « YW100 (C,, #AMH) . H
He S TN . CClL, Al WS>, Hodr, A
f i gE 1 AH AR B AR ROfE B AR IR 32 R
Kelex100 5 Lix63!">"*8, & 71 K By MK I 2K o
P — AR WL 4.

T UG S5 ST S A B AR ) G3815,
oK AR FE R Y, AR SRR B R 4l AR B
B, T E IR AL 92% 1 98%. 1% L 2KR
FEARRKHE, &ER H — 20 2D B HL o) B S I
PRAE IRl A SR R il S — B
RS (Cyanex923) FFIES (Aliquat336. Alamine-
336) FHUFHEHUCHCR B, Haghighi 5 $5
Aliquat336 & —Mag 2T AT B A G, B
RERIE 99%. K FHBEIR = T Hg, 5 3500 pL
BB 2 R 2 TR TR VR AR HLAS B 86% UL I
k=

J

FHU N
fﬁ SULIE KA

E2VUTEI

B4 BFZEBUEMNSHR R p R E R

Fig.4 Schematic of the production process for extracting germanium from fly ash using solvent extraction method
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Research Progress on Resource Occurrence and Separation Extraction of
Germanium in Fly Ash

ZHANG Sujiang, ZHOU Yi, DENG Wenbing, ZHANG Xinzhi, ZHANG Zhiwei
(Cores and Samples Centre of Natural Resources, China Geological Survey, Langfang,
Hebei 065201, China)

Abstract: Germanium is an indispensable strategic rare metal resource in the fields of information and
communication, modern aviation, military, new energy and many other high-tech fields. Accelerating the
separation and extraction of germanium from fly ash can not only improve the existing production and
supply capacity of domestic germanium resources, expand the national germanium strategic material reserve
base, but also alleviate the ecological and environmental pressure caused by fly ash storage and promote the
diversified high-value green recycling and utilization of coal and its by-products. This article reviews the
latest research progress on the resource occurrence forms, leaching processes, and separation and extraction
methods of germanium in fly ash. The current status of precipitation, volatilization, and extraction methods
for the recovery of germanium resources in fly ash is emphasized, and the advantages and disadvantages of
various methods are analyzed. At the same time, the efficient utilization of germanium in fly ash is discussed.
Keywords: germanium; fly ash; resource allocation; leaching; separate extraction
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