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The increasing demand for high-performance energy storage systems has highlighted the limitations of
conventional Li-ion batteries (LIBs), particularly regarding safety and energy density. All-solid-state bat-
teries (ASSBs) have emerged as a promising next-generation energy storage system, offering the potential
to address these issues. By employing nonflammable solid electrolytes and utilizing high-capacity elec-
trode materials, ASSBs have demonstrated improved safety and energy density. Automotive and energy stor-
age industries, in particular, have recognized the significance of advancing ASSB technology. Although the use
of Li metal as ASSB anode is promising due to its high theoretical capacity and the expectation that Li dendrites
will not form in solid electrolytes, persistent problems with Li dendrite formation during cycling remain. There-
fore, the exploration of novel high-performance anode materials for ASSBs is highly important. Recent research
has focused extensively on alloy-based anodes for ASSBs, owing to their advantages of no dendrite formation
and high-energy density. This study provides a comprehensive review of the latest advancements and challenges

associated with alloy-based anodes for ASSBs.
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RECENT PROGRESS OF ALLOY-BASED ALL-SOLID-STATE LI-ION BATTERY ANODES
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Fig. 1. Potential microstructural contributions to inhomogeneous Li plating from a solid electrolyte (SE) Left and middle;
current focusing mechanisms resulting from poor interfacial wetting or fast Li-ion migration along grain boundaries; Right:

accommodation of electrodeposited Li at soft grain boundaries [9] (Copyright 2018, American Chemical Society)
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Fig. 2. Electrochemical behavior of all-solid-state cells with aluminum-based negative electrodes a—e, Galvanostatic testing of
Al and Al,, In_ cells: (a) Al | LPSC] | NCM full cell voltage curves, (b) dQ/dV curves for the first two cycles of the Al-In, (c)
Al,, JIn, ;| LPSCI | NCM full cell voltage curves, (d) dQ/dV curves comparing the first cycle of the Al to the Al-In cell, (e) Areal
capacity with cycling, (f) Rate testing of Al| LPSCI | NCM and Al,,In, .| LPSCl | NCM full cells, (g) GITT measurements of Al
| LPSCI | Li (red) and Aly, JIn ;| LPSCI | Li (blue) half cells with 10 MPa stack pressure;The open circles represent OCV values
after the rest periods, and the solid lines are the voltage traces during current application; All testing was performed at 25 °C

[29] (Copyright 2023, Springer Nature)
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Fig. 3. Electrochemical behavior of the different alloys Li stripping and plating performance of symmetrical A|Li; PS.CI|A (A
= Li, Li,sIn, Liln, LiIn;) cells; (a) Li, (b) Li, In, (¢) Liln, (d) Li;In;, the red dashed line in the polarization profiles
corresponds to the overpotential (IR min) expected based on the resistance of the electrolyte pellet (RSE) and the interfacial
resistance (R int), (e) Schematic illustration and comparison of the depletion mechanism for Li and the Li alloys, as well as the
impedance elements used for the data interpretation, (f) Long-term Li cycling performance of the Li,; In, |[Li;PS.Cl|Li,;In, cell,
(g) The corresponding Nyquist impedance profiles recorded before and after the cycling, (h) Computed Li* migration energies
in Li-In alloys [30] (Copyright 2021, American Chemical Society)
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Fig. 4. Characterization and electrochemical behavior of the Si/SE/CB composite anode; (a) Schematics of the preparation
process of Si/SE/CB and the configuration of Si composite anode in ASLB, (b) SEM images of Si nanoparticles, (¢) SEM
images of Si/SE/CB, (d) Galvanostatic charge and discharge profiles, (e) Correspondin% dQ/dV profiles of ASLB at the first
cycle, (f) Rate performance of ASLB at current densities of 0.1, 0.2, 0.5, 1, and 2 mA cm™, (g) Long-term cycling performance
of ASLB at a current density of 0.5 mA ¢cm [26] (Copyright 2022, John Wiley and Sons)
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Fig. 5. Characterization and electrochemical behavior of the Sn/Graphite composite anode; (a) Schematics of the Sn/Graphite
half-cell in ASSBs, b-c. Cross-sectional SEM images of anode composite in contact with SE, (b) before cycling, (c) after cycling,
d-i Charge—discharge curves of (d) graphite and (e) Sn/Graphite-based electrodes, (f) Charge—discharge curves (2nd cycle) of
Sn/ Graphite electrodes with various areal loadings, (g) Rate capability measurements of Sn/Graphite electrodes with the
composition of 30:5:65 (Sn/Graphite/CNF/Li,PS,), (h) Cycle performance of Sn/Graphite and graphite, (i) Comparison of the
selected voltage profiles of Sn/Graphite electrodes [46] (Copyright 2022, American Chemical Society)

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023

471



JEONG-MYEONG YOON AND CHEOL-MIN PARK

W Al Bt Fu) sl o)sh e 3| By
o AA AaAdA A Sn 52 FE AT
el ate] HeA] Az 2 gt FuHsks 7dsh=
o g kst 7k WalE 3l 9tk Miyazaki A7H
n} 80Li,S-20P,S, Z/d 2] nAHEAS & WS &
n/80Li,S-20P,S, A5 Azl AuAdAE &
A2 ALt [45]. SHAAE ARSSHA] §iskr]el)
W Al pAs ] a7 EAYskA] ekako, 0.03
Co] A7F W% ZAoM 600 mAhg'e] S0 7 402
=H] Z(:]_oﬂ/q oFg ARl 4 EAJS VeSSt 71]1:]_7} =
WA Aol v, Sy AdaEA %ﬂxﬂﬂ Az
A= Zlo] BZH L) Navarra A7TEHL Snp =4
T8 ' vhe FE W uAEsidS “‘XVF"E' =
gkslo]l AuA)HAAE SFAAE ALkt [46]. pa=S
el mAs A, el 2 obeel osh Huvist
OJ;Q]E EEH =< 7H)q 0}031:]- w3k oLaﬂ}_ﬁoﬂ/ﬂ 5 ton
Hl= 6.5 ton® 2 71et 9 Sn HEA17F o 9
352 YERACE Palaniselvam 2! Adelhelm J‘Eoi:rL
SnCL2o} S<12] d*2](900°C)E E3ll Sn Wi @@%(3-
10 nm)e] Sl I=2A Ak SnSA EAE Alx
atlom, o5 thA] 'k v Al 9 aAdEA Y &
Foto] AIANAR 5= LAE 288 [47].

32 of

S
S

wm%mew

oZ OiN

o

FU_,

Graphene

23 MIANNMXE &3H 5F &
alloy anodes for ASSBs)

2l O](P)JJr QFE| Y (Sb)i= B2 472 2F3
T8 Hhee B8l 2 ol g e Hdshe 18
A °1*XHE FHETh o2
SH|EE A4 7325 AY 2 gEel =¥ v
S At} [21,48,49]. 12uh, S Al Fu] #
skol gl A7) AxAdo] £4 7] wiwel 73 ¥
k= A= Al A7IAERS] i BEgt E4E
oty AaA|AA A 55 AArsE 55052 &8 A
dle B8=7 LiBH, dalds ARE-sE Az =] ol A
F2 BaEdeh

2(Group V-based

5&0

< puckered layer®]

o[n o[o{

2.3.1 21H| 8= A&l (P-based anodes for ASSBs)
APy F 379 T3t s Fdll Lipgow
g3k =m, H 2596 mAh g'9 §3-S W}
[49]. AaAAA e FF0% PS A&3 Al &
TR, S7TEE AY+& 57 (Black phosphorus, BP)
o] AnAAAe 5507 ZEHUT Peng A7EH
B U9y} gxpapd-s &-g-ste] BP/1#i¥/LIBH, H3
g Axsta, ol SaaAE A48Tt [50]. C-P
bond7} EAjete] o] 4l Aate] o]Fo] FE L, F-

£
_______________________________________ H
5
Ball milling o
400 rpm
e ool oo Potential (V vs, Li"t 1}
'

Potential (V vs. Li"/Li)

0 500 1000
Specific capacity (mAh g”)

1500 2000

2500 +
5 o Discharge
= 2000+ @ Charge
;. g o 02Ag"
';‘- z 1 o L “
9
: H -,
] 3 10007 o !
H 2
g £ -
g 3 | bl e ]
0 S0 1000 1500 2000 o 0 2 % @
Specific capacity (mAhq') Cycle number
2800
..n._. 1
310 N 02Ag fer doyien BPNG > 80

0 4 Charge
05Ag" @ Discharge 60

(%) Asuso)3 J1quoNoD

Specific capacity (mAh g”)

B8P

0 2 0 60 ) 100
Cycle number

Fig. 6. Characterization and electrochemical behavior of the BP/NG/LiBH, composite anode; (a) Schematic illustration and
HR-TEM image of C-P bond in BP/NG/LlBH composite, (b) CV curves of BP/NG/LiBH, for initial four cycles in all-solid-
state half-cell at a scan rate of 0 2mV s, (¢) GDC curves and (d) rate performance of BP/NG/LIBH 4 composite at current
densities from 0.2 A g' to 1 A g, (¢) GDC curves of BP/NG/LiBH, for different cycles at the current density of 0.5 A g'and (f)
comparison of long cycling performance of BP/NG/LiBH,, pure NG, and pure BP at the current density of 0.5 A g™ [50]

472

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023



RECENT PROGRESS OF ALLOY-BASED ALL-SOLID-STATE LI-ION BATTERY ANODES

In-Situ Formed

Ligquid Metal

Sh Ga Super P
4 N o
GaSh d 5 ﬁ 1 a‘ﬁ.} y

Anode -.1 ‘\

LiBH

lectrolyvi

Tis,
Cathode

o
(o]

—1 = so0 1
" Gad balf call )
é- :::_ 1Ag" %. [n— "~ " g
5 M —- E 8004 wl
£ 4z —:: 2 31 tasnang | &
P &
= \ 0™ g 400 ¥ -
IRl g | " ‘ . =
= I o 1Ag # Charge o ¥
g o8 — = Iﬂﬂm P GaSb « Discharge 2
¥ Chargs » Coulombic -
o E -_I sb a Discharge A - E
o @ 9 ’ n
] 108 200 00 400 o 50 100 150 200 250 300 as0 400
Specific capacity (mAh g"}
d e o o
R o
Lo — 280, 80O
TiS fiGash full cell "o e 100 o
15 o T = - = g
— BOO 4 = I 90
£ o) —w = N TiS_//GaSb full cell S
’ wr L B 01Aag” B0 =
@ — w0l o
g 2 _;ﬁ 100 =L 0.5 A g" 70 %
> -
09 & 200 3
[ 50 * Discharge ad E
8. @ Charge ’;‘5
o \ w ol o s0 =
6 80 100 180 200 M4 A o 200 400 600 a00 1000

Specific capacity (mah g”)

Cyecla number

Fig. 7. Characterization and electrochemical behavior of the GaSb/C/LiBH, composite anode; (a) Schematic lllustratlon and
Dynamic TEM image of GaSb/C/LiBH, electrode at 1.2V, (b) GDC curves of GaSb/C/LiBH, half cell at 1A g™’ ) (¢)
Corresponding cycle performance of GaSb/C/LlBH half cell (d) GDC curves of GaSb/C/LiBH, |TlS full cell at 1A g, (e)
Corresponding cycle performance of GaSb/C/LiBH, |TlS full cell [S52] (Copyright 2020, Amerlcan Chemical Society)

WA A BAEks YRS olAsis 1wl ofa
Z Q& 2P A %S BP &2 vwslo]
LE3) QA" d7)3she se Rkl

232 QE|2L{A &= 2XH(Sb-based anodes for
ASSBs)

FEIR U (Sby= E 3709k #=3h vhe-& Eall Li
Ao st =, Ho) 660 mAh '] &5 Ud
st Sb &= AbslEAl W @skEAl wAAsd Al
*E“Oﬂ AT ALEgomn, wA W dad U] B
T 53 A Hold 18 548 Idshe Aol
Q1E ). Kovalenko 2 Rupp 350782 AHst=E
Lig5Al ,La,Z1,0,, (LLZAO) A& 8-S elat A1

A AJ2ElOA Sb, LLZAO 1LA|-s)4, 7REE= PVDF

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023

ARG E 798 S8 Se2lE LLAZO 23 el
FYFoRH SHE SFoE BEA] 5T W15
8tx A58 FRsEdn) [51]

Song ¥ Sun ¥EATH % 0.1-1 pm =7]¢] GaSb ¢
2, 83k LiBH, A, 752 0= 773 GaSb
BYA 5T 2 WYL T AxIh Gasb BTA
ozo H]—éé "“(half cell) ]_,_ 1A gl_J F E=an=1 R ]/\1
°F 400 mAh g'¢] %%k—a— WEah, 40039 T F
ot 986 %2 *Q“Ek‘rrxl S Uehdo] S=o=ZH] 955
A71ske4] dse < ”Pﬂﬂ} [52]. Sbe] =gk Fud
st sl AAEE A A5 54E dEGat] 3%
e T EA TSI Jain A7-EE SbA| SHe
=(Sb,S,, Sb,Se,, Sb,Te,y= LiBH, 1A 312 2 7252
3} Egtslo] BEEA duAdAe] SFog AL

473



JEONG-MYEONG YOON AND CHEOL-MIN PARK

S [53) S, 2] W olES Fale 4, @
Fole Axeld e 23} B kg vAUES

3 ARATANE 5 IS

galatict. s

2 Qe g3t 2617]§i‘r§} dee s X3k

Hdefd& =4 AR 288 JduARIA = 39
SIge] 719 glgol Aol vlsl dA3] won,
Ao w2 F5dE Bz A8 Aol agEo 3l
o 71A1A et} wale] f1go] A2 kg o]xpxiA]
AlzElolt), wEbA, 71Ee] gEel A AlEelM
AgE = okl A Fas S R 9lem, olE
A= 222 Aoz gEole AAEY E2 o
U4 2Aste] glgele A9 FAE dolAd
ot AT olluA] A= sg7ptar Q)

3

S0 pA|da A el 2 XA A
F3o7 Aol &

12X
1
mlm

30
IF
o

i)
o [
ol jo

A

2
f
0,
ol

flo
oo
=2 ol rfo ¢
o
i
flo
2
o

AA 2] go
% Sholek s

fl, A AL

e
1

-
RS
C
E

rNo{

o
FIF

% %—*Alﬂﬂ
QD} HJrEW ﬁzxﬂxﬁ] ,1 @%
5k j‘% E/\—] ol Z2x ]/\O
b 2pA] S=2AA]
o] o]43 QFE =
6]—;17%] O:L/\XHO] Si
‘__.';I, TTTS]- i‘é‘ ’—‘}\:’
AAAA G A 3L
Skl %\E} 1L, 9SS 3o )
HaAsh= A A8
A5k A ] A ol A e s
N7, ol A SFaA

k=
ot
5
10,
—|~ —‘ m

o6
, o
*%
X
o &

0.L4

o] A

I oox B rlo I nE o mft ox x% 4 WL o ME LAy
o oy

¢
ot
T
=
lo

This research was supported by Kumoh National
Institute of Technology (2021).

474

10.

References

. D. P. Finegan, M. Scheel, J. B. Robinson, B. Tjaden, I.

Hunt, T. J. Mason, J. Millichamp, M. D. Michiel, G. J.
Offer, G. Hinds, D. J. L. Brett, P. R. Shearing, In-
operando high-speed tomography of lithium-ion batter-
ies during thermal runaway, Nature Communications, 6,
6924 (2015). Doi: https://doi.org/10.1038/ncomms7924

. K. Takada, T. Inada, A. Kajiyama, M. Kouguchi, H

Sasaki, S. Kondo, Y. Michiue, S. Nakano, M. Tabuchi,
M. Watanabe, Solid state batteries with sulfide-based
solid electrolytes, Solid State Ionics, 172, 25 (2004). Doi:
https://doi.org/10.1016/j.ssi.2004.02.027

. J. B. Goodenough, K.-S. Park, The Li-lon Rechargeable

Battery: A Perspective, Journal of the American Chemi-
cal Society, 135, 1167 (2013). Doi: https://doi.org/
10.1021/ja3091438

. Q. Zhao, S. Stalin, C.-Z. Zhao, L. A. Archer, Designing

solid-state electrolytes for safe, energy-dense batteries,
Nature Reviews Materials, 5, 229 (2020). Doi: https://
doi.org/10.1038/s41578-019-0165-5

. J. Trevey, J. S. Jang, Y. S. Jung, C. R. Stoldt, S.-H. Lee,

Glass—ceramic Li2S—P2S5 electrolytes prepared by a sin-
gle step ball billing process and their application for all-
solid-state lithium—ion batteries, Electrochemistry Com-
munications, 11, 1830 (2009). Doi: https://doi.org/
10.1016/j.elecom.2009.07.028

. A. Manthiram, X. Yu, S. Wang, Lithium battery chemis-

tries enabled by solid-state electrolytes, Nature reviews
materials, 2, 16103 (2017). Doi: https://doi.org/10.1038/
natrevmats.2016.103

. Y. Lu, C.-Z. Zhao, J.-K. Hu, S. Sun, Q. Zhang, The void

formation behaviors in working solid-state Li metal bat-
teries, Science Advances, 8, eadd0510 (2022). Doi: https:/
/doi.org/10.1126/sciadv.add0510

. J. Kasemchainan, S. Zekoll, D. S. Jolly, Z. Ning, G. O.

Hartley, J. Marrow, P. G. Bruce, Critical stripping current
leads to dendrite formation on plating in lithium anode
solid electrolyte cells. Nature Materials, 18, 1105 (2019).
Doi: https://doi.org/10.1038/s41563-019-0438-9

. S. Yu, D. J. Siegel, Grain Boundary Softening: A Poten-

tial Mechanism for Lithium Metal Penetration through
Stiff Solid Electrolytes, ACS Applied Materials & Inter-
Saces, 10, 38151 (2018). Doi: https://doi.org/10.1021/
acsami.8b17223

C. Zor, S. H. Turrell, M. S. Uyanik, S. Afyon, Lithium
Plating and Stripping: Toward Anode-FreeSolid-State Bat-
teries, Advanced Energy & Sustainability Research, 2300001

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023



11.

12.

13.

14.

1.

16.

17.

18.

19.

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023

RECENT PROGRESS OF ALLOY-BASED ALL-SOLID-STATE LI-ION BATTERY ANODES

(2023). Doi: https://doi.org/10.1002/aesr.202300001

F. N. Jiang, S. J. Yang, H. Liu, X.-B. Cheng, L. Liu, R.
Xiang, Q. Zhang, S. Kaskel, J. Q. Huang, Mechanism
understanding for stripping electrochemistry of Li metal
anode, SusMat, 1, 506 (2021). Doi: https://doi.org/
10.1002/sus2.37

C. Yang, H. Xie, W. Ping, K. Fu, B. Liu, J. Rao, J. Dai, C.
Wang, G. Pastel, L. Hu, An electron/ion dual-conductive
alloy framework for high-rate and high-capacity solid-state
lithium-metal batteries. Advanced Materials, 31, 1804815
(2019). Doi: https://doi.org/10.1002/adma.201804815

Y. Lu, C.-Z. Zhao, H. Yuan, X.-B. Cheng, J.-Q. Huang,
Q. Zhang, Critical Current Density in Solid-State Lith-
ium Metal Batteries: Mechanism, Influences, and Strate-
gies, Advanced Functional Materials, 31, 2009925
(2021). Doi: https://doi.org/10.1002/adfm.202009925

K. Takada, T. Inada, A. Kajiyama, H. sasaki, S. Kondo,
M. Watanabe, M. Murayama, R. Kanno, Solid-state lith-
ium battery with graphite anode, Solid State lonics, 158, 269
(2003). Doi: https://doi.org/10.1016/S0167-2738(02)00823-
8

N. Ohta, K. Takada, L. Zhang, R. Ma, M. Osada, T.
Sasaki, Enhancement of the High-Rate Capability of
Solid-State Lithium Batteries by Nanoscale Interfacial
Modification, Advanced Materials, 18, 2226 (2006). Doi:
https://doi.org/10.1002/adma.200502604

L. Hoéltschi, C. N. Borca, T. Huthwelker, F. Marone, C.
M. Schlepiitz, V.Pelé, C. Jordy, C. Villevieille, M. E.
Kazzi, P. Novék, Performance-limiting factors of graph-
ite in sulfide-based all-solid-state lithium-ion batteries,
Electrochimica Acata, 389, 138735 (2021). Doi: https://
doi.org/10.1016/j.electacta.2021.138735

H. Wang, Y. Zhu, S. C. Kim, A. Pei, Y. Li, D. T. Boyle,
H. Wang, Z. Zhang, Y. Ye, W. Huang, Y. Liu, J. Xu, J. Li,
F. Liu, Y. Cui, Underpotential lithium plating on graphite
anodes caused by temperature heterogeneity, Proceed-
ings of the National Academy of Sciences, 117, 29453
(2020). Doi: https://doi.org/10.1073/pnas.2009221117

T. Waldmann, B.-I. Hogg, M. Wohlfahrt-Mehrens, Li plat-
ing as unwanted side reaction in commercial Li-ion cells —
A review, Journal of Power Sources, 384, 107 (2018). Doi:
https://doi.org/10.1016/j.jpowsour.2018.02.063

N. Suzuki, N. Yashiro, S. Fujiki, R. Omoda, T. Shiratsu-
chi, T. Watanabe, Y. Aihara, Highly Cyclable All-Solid-
State Battery with Deposition-Type Lithium Metal
Anode Based on Thin Carbon Black Layer, Advanced
Energy & Sustainability Research, 2, 210066 (2021).

21.

22.

23.

24.

25.

26.

27.

28.

29.

Doi: https://doi.org/10.1002/aesr.202100066

. J. G.Kim, B. Son, S. Mukherjee, N. Schuppert, A. Bates,

0. Kwon, M. J. Choi, H. Y. Chung, S. Park, A review of
lithium and non-lithium based solid state batteries, Jour-
nal of Power Sources, 282, 299 (2015). Doi: https://
doi.org/10.1016/j.jpowsour.2015.02.054

C.-M. Park, J.-H. Kim, H. Kim, H.-J. Sohn, Li-alloy
based anode materials for Li secondary batteries, Chem-
ical Society Reviews, 39, 3115 (2010). Doi: https://
doi.org/10.1039/B919877F

M. N. Obrovac, V. L. Chevrier, Alloy Negative Elec-
trodes for Li-lon Batteries, Chemical Reviews, 114,
11444 (2014). Doi: https://doi.org/10.1021/cr500207g

Y. Huang, B. Shao, F. Han, Li alloy anodes capacity for
high-rate and high-areal-solid-state batteries, Journal of
Materials Chemistry A4, 10, 12350 (2022). Doi: https://
doi.org/10.1039/D2TA02339C

A. L. Santhosha, L. Medenbach, J. R. Buchheim, P. Adel-
helm, The Indium-Lithium electrode in solid-state lith-
ium ion batteries: Phase formation, redox potentials and
interface stability, Batteries & Supercaps, 2, 524 (2019).
Doi: https://doi.org/10.1002/batt.201800149

Y. Lu, C.-Z. Zhao, R. Zhang, H. Yuan, L.-P. Hou, Z.-H.
Fu, X. Chen, J.-Q. Huang, Q. Zhang, The carrier transi-
tion from Li atoms to Li vacancies in solid-state lithium
alloy anodes, Science advances, 7, eabi5520 (2021). Doi:
https://doi.org/10.1126/sciadv.abi5520

D. Cao, X. Sun, Y. Li, A. Anderson, W. Lu, H. Zhu, L
Long-Cycling Sulfide-Based All-Solid-State Batteries
Enabled by Electrochemo-Mechanically Stable Elec-
trodes, Advanced Materials, 34, 2200401 (2022). Doi:
https://doi.org/10.1002/adma.202200401

S. Luo, Z. Wang, X. Li, X. Liu, H. Wang, W. Ma, L.
Zhang, L. Zhu, X. Zhang, Growth of lithium-indium den-
drites in all-solid-state lithium-based batteries with sul-
fide electrolytes, Nature Communications, 12, 6968
(2021). Doi: https://doi.org/10.1038/s41467-021-27311-7
H. Pan, M. Zhang, Z. Cheng, H. Jiang, J. Yang, P. Wang,
P. He, H. Zhou, Carbon-free and binder-free Li-Al alloy
anode enabling an all-solid-state Li-S battery with high
energy and stability, Science Advances, 8, eabn4372
(2022). Doi: https://doi.org/10.1126/sciadv.abn4372

Y. Liu, C. Wang, S. G. Yoon, S. Y. Han, J. A. Lewis, D.
Prakash, E. J. Klein, T. Chen, D. H. Kang, D. Majumdar,
R. Gopalaswamy, M. T. McDowell, Alluminum foil neg-
ative electrodes with multiphase microstructure for all-
solid-state Li-ion batteries, Nature Communications, 14,

475



30.

31

32.

33.

34.

35.

36.

37.

38.

39

476

JEONG-MYEONG YOON AND CHEOL-MIN PARK

3975 (2023). Doi: https://doi.org/10.1038/s41467-023-
39685-x

C. Hansel, B. Singh, P. Canepa, D. Kundu, Favorable
Interfacial Chemomechanics Enables Stable Cycling of
High Li-Content Li-In/Sn Anodes in Sulfide Electrolyte
Based Solid-State Batteries, Chemistry of Materials, 33,
6029 (2021). Doi: https://doi.org/10.1021/acs.chemma-
ter.1c01431

R. Kanno, M. Murayama, T. Inada, T. Kobayashi, K.
Sakamoto, N. Sonoyama, A. Yamada, S. Kondo, A Self-
Assembled Breathing Interface for All-Solid-State
Ceramic Lithium Batteries, Electrochemical and solid-
state letters, T, A455 (2004). Doi: https://doi.org/10.1149/
1.1809553

T. kobayashi, A. yamada, R. Kanno, Interfacial reactions
at electrode/electrolyte boundary in all solid-state lithium
battery using inorganic solid electrolyte, thio-LISICON,
Electrochimica Acta, 53, 5045 (2008). Doi: https://
doi.org/10.1016/j.electacta.2008.01.071

C. Yu, L. van Eijck, S. Ganapathy, M. Wagemaker, Syn-
thesis, structure and electrochemical performance of the
argyrodite Li,PS;Cl solid electrolyte for Li-ion solid state
batteries, Electrochimica Acta, 215, 93 (2016). Doi:
https://doi.org/10.1016/j.electacta.2016.08.081

Q. Yang, C. Li, Li metal batteries and solid state batteries
benefiting from halogen-based strategies, Energy Stor-
age Materials, 14, 100 (2018). Doi: https://doi.org/
10.1016/j.ensm.2018.02.017

H. J. Bang, S. Kim, J. Prakash, Electrochemical investi-
gations of lithium-aluminum alloy anode in Li/polymer
cells, Journal of Power Sources, 92, 45 (2001). Doi:
https://doi.org/10.1016/S0378-7753(00)00522-X

H. Wang, H. Tan, X. Luo, H, Wang, T. Ma, M. Lv, X.
Song, S. Jin, X. Chang, X. Li, The progress on alumi-
num-based anode materials for lithium-ion batteries,
Journal of Materials Chemistry A, 8, 25649 (2020). Doi:
https://doi.org/10.1039/D0TA09762D

J. Gu, Z. Liang, J. Shi, Y. Yang, Electrochemo-Mechan-
ical Stresses and Their Measurements in Sulfide-Based
All-Solid-State Batteries: A Review, Advanced Energy
Materials, 13, 2203153 (2023). Doi: https://doi.org/
10.1002/aenm.202203153

S. Y. Han, C. Lee, J. A. Lewis, D. Yeh, Y. Liu, H-W.
Lee, M. T. McDowell, Stress evolution during cycling of
alloy-anode solid-state batteries, Joule, 5, 2450 (2021).
Doi: https://doi.org/10.1016/j.joule.2021.07.002

C. Chen, M. Jiang, T. Zhou, L. Raijmakers, E. Vezhleyv,

40.

41.

42.

43.

44,

45.

46.

47.

48.

B. Wu, T. U. Schiilli, D. L. Danilov, Y. Wei, R.-A. Eichel,
P. H. L. Notten, Interface Aspects in All-Solid-State Li-
Based Batteries Reviewed, Advanced Energy Materials,
11, 2003939 (2021). Doi: https://doi.org/10.1002/
aenm.202003939

U. Kasavajjula, C. Wang, A. J. Appleby, Nano- and bulk-
silicon-based insertion anodes for lithium-ion secondary
cells, Journal of Power Sources, 163, 1003 (2007). Doi:
https://doi.org/10.1016/j.jpowsour.2006.09.084

H. Kim, M. Seo, M.-H. Park, J. Cho, A Critical Size of
Silicon Nano-Anodes for Lithium Rechargeable Batter-
ies, Angewandte Chemie International Edition, 49, 2146
(2010). Doi: https://doi.org/10.1002/anie.200906287

Y. Jin, B. Zhu, Z. Lu, N. Liu, J. Zhu, Challenges and
Recent Progress in the Development of Si Anodes for Lith-
ium-lon Battery, Advanced Energy Materials, 7, 1700715
(2017). Doi: https://doi.org/10.1002/aenm.201700715

D. H. S. Tan, Y.-T. Chen, H. Yang, W. Bao, B. Sree-
narayanan, J.-M. Doux, W. Li, B. Lu, S.-Y. Ham, B.
Sayahpour, J. Scharf, E. A. Wu, G. Deysher, H. E. Han,
H. J. Hah, H. Jeong, J. B. Lee, Z. Chen, Y. S. Meng, Car-
bon-free high-loading silicon anodes enabled by sulfide
solid electrolytes, Science, 373, 1494 (2021). Doi: https://
doi.org/10.1126/science.abg7217

W. Yan, Z. Mu, Z. Wang, Y. Huang, D. Wu, P. Lu, J. Lu,
J. Xu, Y. Wu, T. Ma, M. Yang, X. Zhu, Y. Xia, S. Shi, L.
Chen, H. Li, F. Wu, Hard-carbon-stabilized Li-Si anodes
for high-performance all-solid-state Li-ion batteries,
Nature Energy, 8, 800 (2023). Doi: https://doi.org/
10.1038/s41560-023-01279-8

R. Miyazaki, T. Hihara, Charge-discharge performances
of Sn powder as a high capacity anode for all-solid-state
lithium batteries, Journal of Powder Sources, 427, 15
(2019). Doi: https://doi.org/10.1016/j.jpowsour.2019.04.068
G. Maresca, A. Tsurumaki, N. Suzuki, K. Yoshida, S.
Panero, Y. Aihara, M. A. Navarra, Sn/C composite
anodes for bulk-type all-solid-state batteries, Electro-
chimica Acta, 395, 139104 (2021). Doi: https://doi.org/
10.1016/j.electacta.2021.139104

T. Palaniselvam, A. I. Freytag, H. Moon, K. A. JanB3en, S.
Passerini, P. Adelhelm, Tin—Graphite Composite as a
High-Capacity Anode for All-Solid-State Li-lon Batter-
ies, The Journal of Physical Chemistry C, 126, 13043
(2022). Doi: https://doi.org/10.1021/acs.jpcc.2c04024

S. M. Beladi-Mousavi, M. Pumera, 2D-Pnictogens:
alloy-based anode battery materials with ultrahigh
cycling stability, Chemical Society Reviews, 47, 6964

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023



49.

50.

51

RECENT PROGRESS OF ALLOY-BASED ALL-SOLID-STATE LI-ION BATTERY ANODES

(2018). Doi: https://doi.org/10.1039/C8CS00425K
C.-M. Park, H.-J. Sohn, Black Phosphorus and its Com-
posite for Lithium Rechargeable Batteries, Advanced
Materials, 19, 2465 (2007). Doi: https://doi.org/10.1002/
adma.200602592

J. Yang, F. Mo, L. Huang, H. Liang, G. Sun, S. Peng,
Building a C-P bond to unlock the reversible and fast lithium
storage performance of black phosphorus in all-solid-state
lithium-ion batteries, Materials Today Energy, 20, 100662
(2021). Doi: https://doi.org/10.1016/j.mtener.2021.100662

S. Afyon, K. V. Kravchyk, S. Wang, J. van den Broek, C.
Hansel, M. V. Kovalenko, J. L. M. Rupp, Building better all-
solid-state batteries with Li gamet solid electrolytes and met-

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023

alloid anodes, Journal of Materials Chemistry A, 7, 21299
(2019). Doi: https://doi.org/10.1039/C9TA04999A

52. F. Mo, J. Ruan, W. Fu, B. Fu, J. Hu, Z. Lian, S. Li, Y.

Song, Y.-N. Zhou, F. Fang, G. Sun, S. Peng, D. Sun,
Revealing the Role of Liquid Metals at the Anode—Elec-
trolyte Interface for All Solid-State Lithium-lon Batter-
ies, ACS Applied Materials & Interfaces, 12, 38232
(2020). https://doi.org/10.1021/acsami.0c11001

53. K. Sharma, R. Singh, T. Ichikawa, M. Kumar, A. Jain,

Lithiation mechanism of antimony chalcogenides (Sb,X;;
X =S8, Se, Te) electrodes for high-capacity all-solid-state
Li-ion battery, International Journal of Energy Research,
45, 11135 (2021). Doi: https://doi.org/10.1002/er.6596

477



