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Fig.1 FE-SEM image (a), TEM image (b), HRTEM image (c) and SEAD pattern (d)''* of Ge nanoparticles
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Fig.2 Schematic illustrating: (a) the synthetic method used for
NW growth and (b) the cumulative effect of cycling on

the NW architecture ['*
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Fig.3 Schematic of the processes used to fabricate the Ge-na/Cu
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Fig.4 Schematic representation for the template-free and

catalyst-free fabrication of Ge nanowires™®”!
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Fig.5 Schematic illustration for synthesizing meso- and macro-porous

Ge materials via metallothermic reduction processes (a),
SEM image (b) and TEM image (c) of mesoporous Ge
particles (inset HRTEM image of Ge particle showing a

crystal lattice)™™”
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Zhang AP GeO, Ky A by JEURE, 38 7 11
WAHDURL, SefrEkiE 13k GeO, ST 4K, 1M JEAES
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ALE K, AR T HRBOR I A 78 0 2 5 A I
L, PR R Ak e R R R TR R ) T
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s g, HEAAEF IR IR ARG, £0.1 C
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A Ge
W Ti
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g s AhtE it 1200 mAh-g” .
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Bl 6 47y %) XRD B, SEM 7. HRTEM )7 fl SEAD 1E4F
Fig.6 Typical XRD pattern (a), SEM images (b, c¢) and high-resolution TEM image (d) of Ge microcubes (inset in Fig.6d is the

corresponding SAED pattern)?*”!
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Fig.7 Illustration of synthesis of Ge particles and hollow Ge

microspheres in different molten salts’®?)
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Rl MR G WIAT R GRS, GeO, HBEZR /T
Fe AR Z L Ge (KT 50 nm), 1 &0 4b 2
KM 8104, JE R KA (B HLD BAERAF AL &5
FII) Geo 5 ICALANKEE FOARAH LL, 146 1) 2 LB Fi 21
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IR B O ARBUR AL, BRI F AR IR AL, $E v F it
PGP AR P, AN s 5 RN ) 1 F Ak 25 T i
MR SRR E SR SR AR Ay
HEMEE &I EMESE, MXmE, WmEs
MBS & &2 MBI Z .

3.1 t/REEHR

A ARG, R TIAUR . 3 b i S0 A
AR BT LA 8 5 40 KA R S e i) B AR BB 22 0 . 7
QiR I ow e S v/ B A S TN AR Y SR N2 A
T FLBR AT LLAT S22 B O R I B B Y T R
RO A . RN, B mT DL R B8 5 4R AR 2 A 1) 5 F
WIE, RS AR E I . B S
S BBACH), IR 0] DU 5 52 G 6 R
BRI, BT AR Ge/lC A MRt
TulRe. HuT, HT S5H#EWRE S MM E 2R
TCRETERM  BAKAE R S0 2

Yoon iR B BAEE R b EURE, 18 AL
BRI Ge/GeO, H A MR N EEAR, & B Ge/GeO,/C
H It A L. £E 200 mA-g”! (0.2 C) HLRE L NG
W, MRS KBOR LR R 1623 mAhg !, EARE
H 60%. FEIR 50 KA, HEARN 915 mAh-g!, AR
TRFEE N 93.6%.

Chen A B Tt & 1k T 5 &5 A= ik (0 7
2R E5 M) Ge AWM B JZ2 IR Ge 55 5 24k
Fo R 1R/ FH AT 52 64 ) o A0 S5 16 r A 2 1 i
1 A-g IR N EER 300 G, ARl 1067
mAh-g™'; £ 0.1 F1 20 A-g™' FLEEE N I H 2 0 )
605 A1 1270 mAh-g's £ 2 A-g ' LR FAEIR
600 i, ELAEREL 912 mAhg'. 4245 K il
AT DA 3 R A T ) A R TR, T 4B U T LA

gERIIAR e R A AR T

Bangrun 41PN GeO, N JERL, KA Lalkaf
P R 1 158 55 J5 e AR B ik, 41 4% HY 4 2 &2 L 4%
Ry 5 38 J57 AT 524 (Ge/rGO) 1 ER (LB 8). Ge
YKL T 34 A ik AE = 4E (3D HLE B2 10 T AT SR
W2 ef L T R o LS5 R SE 3, (45 Ge/RGO Tk
HA B & 5 (1000 KAGH 5, 284 811
mAh-g D BRI A ar (£ 1C FAEE 6 IAEHF
FIZE 1000 SAFIA I A FORFF RIS 80%) iy i %
PERE (£ 20 C N4 380 mAh-g™ ). =4 FHII A58
A5 009 24 Sy WL A A A T DO S, R T T A e i
JRGRIJZE (SELJRD) BB RG: 2 FL 450 0] 1 25 Bt g
S 2% I A R AR AR AR AL, B 5] Ge/RGO THERIF)
SR SEAE TR XA EE . w RIS RS A R TR
TR AR =] N 1 v R D e R 0 B S 1 H
B L A AR . Guo TR BT 1 il 4 22 VK AR
h 4~7 nm [f] Ge &1 & (QD) H#iEZ LI (4L
10~150 nm) IR K L4 (CNF) 1, JER Ge
QD/CNF &M k. HT Ge &1 s 5IRAIKET 41
PhRER, Biik T Ge BIFIEE, 3 THES 719 15,
AR 0, OREFE T 26 MR 85 116 e
Y. Ge QD/CNF 5 & M B A8 s im0 b 258 & (L
WA E 200 mA-g ' N 755K 1204 mAh-g™), AR
PREFFFH (100 RAEIF G AR RRFF RN 87.1%) L+
A% Mk B CHL % 3000 mA-g ' 7 A
760 mAh-g ).

Spray Thermal

pyrolysis reductio
Ge 2o
G%sa ; 1:1. NH,H(HGeO:3),/ Ge/rGO.
solulion - G0 composite composite
"en 2500 , <
= . 100 S
< \ — Y
£ 2000 1 80
> . - 5
g 1500} : L 60 E
& 1000 e\ e ; —3 40 2
a.% 500 {02 C for 1000th reversible capacity | 20 g
3 first 5 cycles S
= 0 0 ©
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Cycle Number

8 M RALEIH Ge/RGO IR 1 ] 5 7% 55 P R P v 07 34 1 g

Fig.8 Schematic illustration of the method for synthesizing
Ge/RGO microspheres; charge/discharge capacity and
columbic efficiency of the Ge/RGOP®!
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BN LR APYILL GeO, HEEYE, NaBH, Aif 5
5], IKBGEHE Ge/GeO,/Z |21 82 E &M I HAE Ny
LIB G R EAT Fo A 24 PR BERIF 7 o 2% HLRR 1) 15 T
HIZ BE 2045 mAhg ', FECRURN 56.0%. fEIF 50
WaE, KEARFE 1008 mAh-g ™' R R, ZH
W AE 1000 A1 2000 mAh-g™' F, HARZ B0 H K, H
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32 AEEEAMH

FEEE & & TR 456 T 8610 = L 3 R R RE
(1 e Ll 25 8 R B (R 057 T 2 s A S 1) H Ak 2
Bt o Yu 2 NP R T % Si-Ge i TR 4K
LRREF R, IFIF ST T S5 KR W B LAk 27 1 RE PR S i
Yue BRI ZMmHER (PS) B, FIA1L
AN DU IR AT = 4 7S AOROIR B/ B A0 K b B 51 52 &
BB A ] o s 10 &5 g R85 5 1) 5 H ko R T4 v
M fF LA A M RE 1% HARA BHAE 300 mA-em™ HL it % T
NEFR 100705 EL A B 0.1 mA h-em™. Songift i 41!
PASiH, A1 GeHy ol J5URE, A FH AL 2% AR DTSR 19 Si-Ge
FGe-Sik% 58 45 H I gl K 25 o T 3k 48 20 A0 P40 11 52
Krgh g, RGHIFIT T kA S TN K 4 A X Ak 2
REN 520 (K19) o K ILSi-Gelk 72 4 K 25 o Bl 1R 1 24 P g
R 2 REI UF T Ge-Sikz Fe gk & i, HAF0.2 C
N R FE L LA 1276 mAh-g!, S0IRAE R )G A
TREFFNT2.4% . 45T, fk4H 57 &5 400 o) 2 1) B AR
S R/ EY USSR B, TS B
A RN 2 R0 8) 12447

Stokes VR AL LI by A%, A it . A5 RSB
Bl ) S T AN OK A B R A . A RO AR RN
R R, RS M A EHE RIS AN SiiLGe,

S *“"‘,::
N O
WS R ]

Lithiation/
Delithiation
Repeated Repeated
lithiation/ lithiation/
Delithiation Delithiation
P =

K19 Sn %I Si-Ge AKX & it 2k I FIDE 3 50 K e
WIB A R

Fig.9 Overview of the synthetic protocol used to prepare

Sn-seeded Si-Ge hNWs and the changes in morphology

due to repeated cycling with Li after 50 cycles*"

GaW 2N . EIEFHR40008 (0.2 C) J&, K
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14613 mAh-g A .

AR5 T 4 . Cho i 8 41 1305 Fl A0 3%
H G f# 3K 15 Ge-Sn(Ge ., Sn,) & 4. SnffyHI BH 2 184 T
T HAR I 7 (R FRS0K 7 & 1010 mAh-g™) Rl 5%
P BE . Bodnarchukilf i 21 V) FH v i -9 1 - [ 44 (SLS)D
ARKHUEE, R B i % T Sn-Ge & & 4K HE
856 TR I RN, &89k A0
b2 EPERE: fE1 A U E N A #1000
mAh-g'.

4 BRSRE

B AT PR BEAR LA AR AR i, WL
FHAR VAL R B 1 e b FR) AR I 46 52 K3 - SR
TN & R RE, A i B A b B AR R AR
e, AR B BLROE BRANRE ¥ SELJZAE
SEOHE ) AT Rt o Dy T SR L ), BIF ST B
T T RIUH R RESE AR L, R ARRBURE L 4R L
gk, ZILH. MR GMEL HESMEE. A
[Fi) 45 K A KRR RRL AR AT HL /8 1 3 AP 2 T A AE 22
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Process in the Preparation of Ge-based Anode Materials for Lithium-ion Battery

Chi Caixia'?, Yang Yu!, Qiao Xiuli%, Zhao Jiupengl, Li Yao'
(1. Harbin Institute of Technology, Harbin 150001, China)
(2. Suihua University, Suihua 152061, China)

Abstract: Along with the rapid development of portable electronic products and electric vehicles, the research on lithium-ion batteries
(LIBs) with high energy density and power density has attracted more and more attention. Anode material as a necessary component of
electronic device has become an important research direction. Commercial graphite anode is limited by its low theoretical capacity.
Germanium-based nanomaterials have emerged as important candidates for lithium-ion battery anode materials owing to their high
theoretical specific capacity and unique chemical and physical properties. This review will focus on preparation methods, current
applications and future development of germanium nano materials with different morphologies and composition in LIBs.
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