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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN120589728A

A method for extracting germanium from germanium-containing lignite and simultaneously

preparing hard carbon materials

—Th M S HEEIE P IREN BRI S B 8 57

[0001]

Technical Field
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ARG

[n0001]

This invention relates to a method for efficiently extracting germanium from germanium-
containing lignite and simultaneously preparing hard carbon materials, belonging to the

fields of metallurgy and materials synthesis technology.

KBRS R—IM S HEIET SRR ER D GIEBmM NG A, BT aSMMEa AR

1o

[0003]

Background Technology

BREEA

[n0002]

Germanium is a key metal with wide applications in high-tech fields such as infrared optics,

fiber optic communication, new energy, and semiconductor materials.
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BEXEERRE, TA4IMNEE. HABEE. MeFENFSEMESEESRAMIEEET ZRIN A,
As a new wave of artificial intelligence sweeps the globe, the demand for high-end chips is
experiencing explosive growth, and germanium, as a key raw material for chip manufacturing,

occupies a pivotal position.

EEM—RALERRHAFEESK, SRCABRKEZMBATEK, #BEATHBIENXBEREE S
EE B ERRL,

Developed Western countries such as the United States, the European Union, and Japan have
enacted critical mineral laws to strictly control germanium in order to maintain their

advantage in cutting-edge technology fields.

XE. RBMBAFAALEERD BT HIE XBY FARNEHITRIES, UEREERER
AR

The struggle for control of germanium has become a new focal point in the great power
resource game. Germanium resources are of great significance for ensuring national resource
security, promoting the development of high-tech industries, and occupying new high ground

in the great power resource game.
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BRIEFINSFTEARAMN KRR REFIHER, BRENTREERZFRE. HIIEHRA

AR STIRERFEFHTSHAEERNE X

[n0003]

Germanium-bearing lignite accounts for about half of my country's germanium reserves and
is an important source for the development and utilization of germanium resources in my

country.

EHREELIREREEN—F LA, EHRE#ERRALXMANEEXR.

The existing lignite germanium extraction process uses a crude method of combustion
enrichment-chlorination distillation, which faces multiple challenges such as low germanium
recovery rate, high consumption of auxiliary materials, and difficulty in treating waste acid
and waste residue. Germanium enrichment through lignite combustion involves burning
lignite in a chain grate furnace (~1000°C) or a vortex furnace (>1200°C) at even higher
temperatures. By controlling the atmosphere in the furnace to be a weak reducing
atmosphere, germanium is reduced to GeO, volatilized, and enriched in the flue gas. However,
existing methods for enriching germanium through the combustion of lignite have significant
problems, such as low germanium volatilization efficiency and low germanium grade in

germanium-containing flue dust.
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NEBFEREXAMREE- SNURBIERETZ, ElRfEEWRRE. BEDEER. REREEXEL
BEZERG. BENRERERITERAERIP(~1000°C)5:aE ESRYIER AR (>1200°C) 44
B, BEIERIPHRSRABERSIRN, BRERNGeOLSELAHERLEFEESE, A, WNEEIE

MIREERBEFERELANERR. SEREPHEAUREEZ R,

[n0004]

Hard carbon is a material that is difficult to graphitize. It has advantages such as high stability,
stable performance, low cost, and high reversible capacity, making it a popular research

target for sodium-ion battery anode materials.

M — LA AEURME, BEREMRS. MERE. BAR. IEFESFNR, HAWE
FREMARMEIRA AR TR,

Currently, the precursors for the preparation of hard carbon materials mainly include

biomass, resin-based, petroleum-based, and coal-based raw materials. Among them, coal-
based raw materials have advantages such as wide availability, low cost, and sustainability,
and are gradually attracting the attention of researchers. The preparation methods of hard
carbon materials include direct carbonization, hydrothermal carbonization, physical or
chemical activation, etc., but they generally have significant problems such as long

carbonization time, low efficiency and high energy consumption.
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HEl, BHMASSIENREEECEEYR. WiEE. FRENEERN, EPERERMAEEXR
[Tz AR, PSS MR, BH5IEMRENNXE, EMHGIEEA8E. Bk

ft. KA. MEFAFENE, EERFERUHNER. MRR. EESFEERE,

[n0005]

In view of the current problems in germanium extraction from germanium-containing lignite
and the characteristics of rapid material preparation by Joule heating, we have innovatively
developed a new method for extracting germanium from germanium-containing lignite and

simultaneously preparing hard carbon materials.

ET B S HEEREFENNBRUNREERREREMRAMTR, FAMILIFALR T —MMEEE
IR R D H S AT R 5 75
It can not only achieve efficient extraction of germanium from lignite, but also synthesize high-

value hard carbon materials from low-quality lignite. There have been no related reports yet.

FMNEESSLIEE P ISR, RS FSRINERS RSN EVERME. BridkIE

KiRiE,

[0008]

Summary of the Invention
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REAAR

[n0006]

This invention aims to provide a method for efficiently extracting germanium from

germanium-containing lignite and simultaneously preparing hard carbon materials.

RERAERRMI—FM S HEBE PSRRI ER Y SIS HEmMAM IR 5 7%,

Germanium-containing lignite is placed in a flash Joule heating device and rapidly heated to
500-3000°C by applying an electric current to generate Joule heat under vacuum or protective
atmosphere for 0.1-10s. Then it is rapidly cooled to room temperature. This heating-cooling
process is repeated several times to obtain germanium-rich sublimes and pyrolysis residues.

The residues are then acid-leached and filtered to obtain hard carbon materials.

REHEBEETHNREEMRET, TETHRIPFSA MEIENERTEEERNGINREAEE
500-3000°C, HEfNEERAYEI/0.1-10s, AEREEFEEER, ZME-FFREEFEIFEUR, 73E3E
BREYMPGRILEY), RBYER ST IRERFEREL,

This invention has significant advantages such as high germanium extraction efficiency and

high product value.
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KFEPBEAEHREDRNES. maffEeFEZEMNR.

[n0007]

A method for extracting germanium from germanium-containing lignite and simultaneously

preparing hard carbon materials includes the following steps:

—TMNEHEIEFRINER D RIEEHMENGE, SFEUTIER:

[n0008]

Step 1: Place germanium-containing lignite in a Joule heating device and rapidly heat it to
500-3000°C by applying an electric current to generate Joule heat under vacuum or protective
atmosphere. The current application time is 0.1-10s. Then cool it down to room temperature.
Repeat this heating-cooling process several times to obtain germanium-rich sublimes and

pyrolysis residues.

TR FEHEERETEEALER, EETHFRIPASR TEIHNNER~ EEEHRR A VREF
mE500-3000°C, FEANEEFRATEIA0.1-10s, ARBREER, ZR-FREFBIFER, 73RFEE

HRIE A AR B
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[n0009]

Step 2: Mix the pyrolysis residue obtained in Step 1 with acid for leaching. After the reaction is

completed, obtain hard carbon material by solid-liquid separation.

TR BT BIFMGARABYNBRHITESZH, RNERBZERD BRGEHRMEL,

[n0010]

In step 1, the germanium-containing lignite used has a particle size of 100% less than 74 um.

SR, FRANSHEEIERIEL100%/VFT74um,

[n0011]

In step 1, the heating environment is a vacuum or a protective atmosphere, wherein the

protective atmosphere includes: N<sub>2</sub>, Ar or O<sub>2</sub>.

ZERIFR, MPFREAEZTHR PN, EPEFRIFESFERE: N<sub>2</sub>. ArgO<sub>2<

/sub>,

[n0012]
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In step 1, the applied currentis a pulse current, alternating current, constant current,

decaying current, or a combination of the above.

ZR1IA, FREMRYERABCRER. XEEA. EEER. RABERANALERAS,

[n0013]

In step 1, the applied current intensity is 100-150A, the duration is 0.1-10s, and the peak

temperature is 500-3000°C.

SR1HP, FEINERRE/100-150A, #54:RYiE]/90.1-10s, EEEE500-3000°C,

[n0014]

In step 1, the heating rate is 10<sup>3</sup>-10<sup>4</sup>°C/s, the cooling rate is
10<sup>2</sup>-10<sup>3</sup>°C/s, and the heating-cooling program cycle number is 1-20

times.

SEIF, FHREFRAN10<sup>3</sup>-10<sup>4</sup>°C/s, FEBIEZEN10<sup>2</sup>-

10<sup>3</sup>°C/s, FR-FERIERBIFXEN1-20/R,

[n0015]
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In step 2, the acid used is one or a combination of hydrochloric acid, sulfuric acid, nitric acid,

and hydrofluoric acid, and the concentration of the acid is 10-15%.

AERP R —TEAES, BREVREN10~15%.

iy
2

SRR, FRANERANEER. RER. WHER.

[n0016]

In step 2, the pickling temperature is 20-90°C, the pickling time is 10-60min, and the liquid-to-

solid ratio is 1-10mL/g.

SE2H, ERERVNEE/20-90°C, BLSEAYE]/910-60min, REEL/91-10mL/g.

[n0017]

The main chemical reaction equations of this invention are as follows:

FEBNEBNF RN SN T:

[n0018]

GeO<sub>2</sub>(s)+C(s)=GeO(g)+CO(g)
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GeO<sub>2</sub>(s)+C(s)=GeO(g)+CO(g)

[n0019]

GeO<sub>2</sub>(s)+C0O(g)=GeO(g)+CO<sub>2</sub>(g)

GeO<sub>2</sub>(s)+CO(g) =GeO(g)+CO<sub>2</sub>(g)

[n0020]

GeO<sub>2</sub>(s)+H<sub>2</sub>(g)=GeO(g)+H<sub>2</sub>0(g)

GeO<sub>2</sub>(s)+H<sub>2</sub>(g) =GeO(g)+H<sub>2</sub>0(g)

[n0021]

GeO<sub>2</sub>(s)+H<sub>2</sub>S(g)=GeS(g)+H<sub>2</sub>0(g)

GeO<sub>2</sub>(s)+H<sub>2</sub>S(g) = GeS(g)+H<sub>2</sub>0(g)

[n0022]

Ca0(s)+2H<sup>+</sup>(aq)=Ca<sup>2+</sup>(aq)+H<sub>2</sub>0(l)
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Ca0(s)+2H<sup>+</sup>(aq)=Ca<sup>2+</sup>(aq)+H<sub>2</sub>0(l)

[n0023]

MgO(s)+2H<sup>+</sup>(aq)=Mg<sup>2+</sup>(aq)+H<sub>2</sub>0(l)

MgO(s)+2H<sup>+</sup>(aq) =Mg<sup>2+</sup>(aq)+H<sub>2</sub>0(l)

[n0024]

Al<sub>2</sub>0<sub>3</sub>(s)+6H<sup>+</sup>(aq) =2Al<sup>3+</sup>(aq)+3H<sub>2<

/sub>0(l)

Al<sub>2</sub>0<sub>3</sub>(s)+6H<sup>+</sup>(aq) =2Al<sup>3+</sup>(aq)+3H<sub>2<

/sub>0(l)

[n0025]

Fe<sub>2</sub>0<sub>3</sub>(s)+6H<sup>+</sup>(aq)=2Fe<sup>3+</sup>(aq)+3H<sub>2<

/sub>0(l)
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Fe<sub>2</sub>0<sub>3</sub>(s)+6H<sup>+</sup>(aq)=2Fe<sup>3+</sup>(aq)+3H<sub>2<

/sub>0(l)

[n0026]

The working principle of this invention is as follows: Germanium-containing lignite is
pyrolyzed under Joule thermal shock. During the pyrolysis process, germanium is
transformed into GeO or GeS. Since GeO and GeS have high saturated vapor pressure, they are
vaporized and volatilized at high temperature. Germanium-rich products are obtained by

collecting the condensate.

RREBNERRIEET . SREREEEEMNPE THITAME, REdETd, BT NGe08GeS, H
FGeOMGeSHYBMZASERK, EEE FNERZFRELLE, BIWELRIRFERE " mo

At high temperatures, the carbon components in lignite undergo carbonization. During the
carbonization process, some carbon elements are oxidized and volatilized, releasing small
molecule gases such as CH<sub>4</sub>, CO<sub>2</sub>, and H<sub>2</sub>, which

causes a large number of micropores to form on the material surface.

=R FEED IR DTSR T TR, RSP HEEROMTENRUIIEL, SBB—
e/ [\ FSEUCH<sub>4</sub>. CO<sub>2</sub>. H<sub>2</sub>Zf, fEEMEIRAEZEK

(i E P
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Simultaneously, carbon atoms rearrange themselves, undergoing aromatization and
condensation reactions, thereby generating structurally stable carbon grid units. These

carbon grid units stack randomly and disorderly, eventually forming hard carbon.

FIBYIRIE F#HITEHE, S LEFTHN. BRRN, HUILERSHRTENRMISETT, XEHRMILE
TCHRELTEFRIES, REAAARENK,
Because lignite usually contains some inorganic minerals (CaO, MgO, Al35036, Fe37038, etc.),

ash is formed during pyrolysis.

HTBETEESE—BOMTHEE #(Ca0. MgO. Al<sub>2</sub>0<sub>3</sub>.
Fe<sub>2</sub>0<sub>3</sub>%), TEHRENEIEFRAZEIKS
The inorganic minerals can be removed from the pyrolysis products by acid leaching, thus

obtaining hard carbon materials.

R = YhEd BRI2 rT IR B AL 4, MR 2Rl

[n0027]

The beneficial effects of this invention are as follows:
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RPN ETMRA:

[n0028]

Compared with existing methods for enriching germanium by burning lignite, this invention
can not only quickly separate and enrich germanium, but also avoid the waste of carbon

components caused by burning lignite and synthesize high-value carbon materials.

HRTIRNEBENIREEENGE, RAANMGBERELMENSEEEE, MEBEE TRIERRE
FiFiReR 57 BR 88 B & iE M BRI 4L
This provides a new approach for the efficient and comprehensive utilization of germanium-

containing lignite.

NEREIENSHGEFBRME T HFNF AR,

[0032]

Detailed Implementation

= N s

[n0029]
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The present invention will be further described below with reference to specific

embodiments, but the scope of protection of the present invention is not limited thereto.

TEHEGREFLRGINALZRIEH—THIRA, BALERNRIFEEARRET I,

[n0030]

Example 1

SEhEf)1

[n0031]

0.5g of germanium-containing lignite was placed in a flash Joule heating apparatus for
thermal shock. The pyrolysis environment was an Ar atmosphere, the applied current was
120A, the applied current time was 800ms, the peak temperature was 1500°C, and the heating-
cooling program was repeated 10 times. The sublimation and pyrolysis residue were collected

separately.
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R0.5g 2 HEIEETAZREERIgEPHEITHRME, REEINMENArSSSR, EINERA120A, HEl
FERAYIE)9800ms, I&EREN1500°C, HR-FERZFEIFREALI0R, 7RISR EYMPARET
Eo

The volatilization rate of germanium was calculated by chemical analysis of the condensate.
The pyrolysis residue was leached with 10% hydrochloric acid at a solid-liquid ratio of 1:10 at

80°C for 30 minutes. Hard carbon material was obtained by solid-liquid separation.

REMRNT ST BHEINELRR, RES10%RENERRIZIRL10MEREES0°CEEH

30min, ZERDERSEmRMFL

[n0032]

In this Example 1, the volatility of germanium was 98.2%, the yield of hard carbon material

was 45.6%, and the carbon content was 95.9%.

KGR, FEELEN8.2%, BRI EN45.6%, FEEN95.9%.

[n0033]

Example 2
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SEE {512

[n0034]

0.5g of germanium-containing lignite was placed in a flash Joule heating apparatus for
thermal shock. The pyrolysis environment was an Ar atmosphere, the applied current was
100A, the applied current time was 500ms, the peak temperature was 1200°C, and the heating-
cooling program was repeated 5 times. The sublimation and pyrolysis residue were collected

separately.

¥0.5g 2 H@EETRNZEBEMSERHITHRE, AEFIEAArSSSR, HEINEA/I100A, HEN
AT 1E] 9500ms, IEEREN1200°C, Fm-FEaRFRIFREASR, BRI AET

>

/=0

The volatilization rate of germanium was calculated by chemical analysis of the condensate.
The pyrolysis residue was leached with 10% hydrochloric acid at a solid-liquid ratio of 1:10 at

80°C for 30 minutes. Hard carbon material was obtained by solid-liquid separation.

BREMZ B TITBEERNIERR, RRES10%RENEERIZIRL10MERLEES0°CEEH

30min, ZEIRDERIGHEmRMEL

[n0035]
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In this Example 2, the volatility of germanium was 84.6%, the yield of hard carbon material

was 57.9%, and the carbon content was 90.3%.

AKHEFI2F, FEELENE4.6%, BRMEIFTEN57.9%, WEEN0.3%,

[n0036]

Example 3

SEhEf)3

[n0037]

0.5g of germanium-containing lignite was placed in a flash Joule heating apparatus for
thermal shock. The pyrolysis environment was an Ar atmosphere, the applied current was
130A, the applied current time was 100ms, the peak temperature was 1600°C, and the heating-
cooling program cycle was 1 time. The sublimation and pyrolysis residue were collected

separately.
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R0.5g 2 HEIEETAREERIgETHEITHRME, REEINMENArSSSR, EINERA130A, HEil
FERETIE)N100ms, IEEREN1600°C, HR-FERZFBEIFREALR, 23IWEREMFAMER
Eo

The volatilization rate of germanium was calculated by chemical analysis of the condensate.

The pyrolysis residue was leached with 10% hydrochloric acid at a solid-liquid ratio of 1:10 at

80°C for 30 minutes. Hard carbon material was obtained by solid-liquid separation.

REMRNT ST BHEINELRR, RES10%RENERRIZIRL10MEREES0°CEEH

30min, ZERDERSEmRMFL

[n0038]

In this Example 3, the volatility of germanium was 61.8%, the yield of hard carbon material

was 51.6%, and the carbon content was 92.7%.

KHEFI3F, FHELEN61.8%, BRMEIFTEN51.6%, EEN2.7%.

[n0039]

Example 4
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SEhtEf5l4

[n0040]

0.5g of germanium-containing lignite was placed in a flash Joule heating apparatus for
thermal shock. The pyrolysis environment was an Ar atmosphere, the applied current was
110A, the applied current time was 800ms, the peak temperature was 1400°C, and the heating-
cooling program cycle was 20 times. The sublimation and pyrolysis residue were collected

separately.

#0.SgA BB FINASERSEITHGE, MEFRERACSSE, MIIRERA110A, K
FREYIE800ms, IBEREN1400°C, FHR-FERRFEIFREN20R, SRIKEREMHAMTE

/=0

The volatilization rate of germanium was calculated by chemical analysis of the condensate.
The pyrolysis residue was leached with 10% sulfuric acid and hydrofluoric acid at a solid-
liquid ratio of 1:10 at 80°C for 30 minutes. Hard carbon material was obtained by solid-liquid

separation.

BREMR RS MTEEINIELRER, AR E510%RENHRERM S MERIZR1L:10MER&RELES0°C

N

=H30min, ZERD BEIRSGERAEL,
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[n0041]

In this Example 4, the volatility of germanium was 98.5%, the yield of hard carbon material

was 41.3%, and the carbon content was 98.2%.

KGR, FEAELEN8.5%, BEMRMEINFTENA1.3%, EEN98.2%,

[n0042]

Example 5

SEhtEfIS

[n0043]

0.5g of germanium-containing lignite was placed in a flash Joule heating apparatus for
thermal shock. The pyrolysis environment was O<sub>2</sub> atmosphere, the applied
current was 120A, the applied current time was 500ms, the peak temperature was 1500°C, and
the heating-cooling program cycle was 20 times. The sublimation and pyrolysis residue were

collected separately.
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R0.5g 2 HEIEETAREERIgEPHEITHRME, PAEIFIRNO0<sub>2</sub>] 5, MANERN
120A, FEANERABYE)9500ms, IEERE91500°C, HR-PBERIEFBIFRE9200R, DRIKER
LI RRRTE,

The volatilization rate of germanium was calculated by chemical analysis of the condensate.

The pyrolysis residue was leached with 10% sulfuric acid at a solid-liquid ratio of 1:10 at 80°C

for 30 minutes. Hard carbon material was obtained by solid-liquid separation.

REMRZNT ST BERNERR, RES10%RENRERIZIRL10MEREES0°CEEH

30min, ZERDERSEmRMFL

[n0044]

In this Example 5, the volatility of germanium was 98.9%, the yield of hard carbon material

was 30.4%, and the carbon content was 85.1%.

LGS, FEELEN8.9%, BRI EN30.4%, EEN85.1%.

[n0045]

Example 6
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SEhtEf16

[n0046]

0.5g of germanium-containing lignite was placed in a flash Joule heating apparatus for
thermal shock. The pyrolysis environment was O<sub>2</sub> atmosphere, the applied
current was 150A, the applied current time was 500ms, the peak temperature was 2000°C, and
the heating-cooling program cycle was 10 times. The sublimation and pyrolysis residue were

collected separately.

R0.5g8HEEETAREERRERHEITHMRE, AEIFENO0<sub>2</sub> R, MR
150A, HefneR;AY(E/9500ms, IB{ERE2000°C, FR-FEREFEIFXEA1I0R, 2allkEER
YRR B

The volatilization rate of germanium was calculated by chemical analysis of the condensate.
The pyrolysis residue was leached with 10% sulfuric acid and hydrofluoric acid at a solid-
liquid ratio of 1:10 at 80°C for 30 minutes. Hard carbon material was obtained by solid-liquid

separation.

BREMR RS MTEEINIELRER, AR E510%RENHRERM S MERIZR1L:10MER&RELES0°C

N

=H30min, ZERD BEIRSGERAEL,
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[n0047]

In this Example 6, the volatilization rate of germanium was 98.5%, the yield of hard carbon

material was 35.1%, and the carbon content was 88.7%.

KGR, FAELEN8.5%, BEMIMEINFZEN35.1%, EEN88.7%.
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