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Study on Reducing Interface Impedance of Oxide-based Solid State
Battery for New Energy Vehicles
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Abstract; Oxide based solid-state battery possesses the advantage of high energy density and safety. However,
high interfacial impedance is the biggest obstacle to the development of oxide-based solid-state batteries. In this
study,aluminum and polyvinyl oxide modification layers were used to deal with the high resistance of the anode and
cathode interfaces respectively, thus reducing the polarization of the battery. On the anode side, due to the high
reactivity of aluminum and lithium, the interfacial resistance was reduced from the original 632.5 Q/cm® to 31. 2 Q/cm’.
On the cathode side,due to the good ductility of the polyvinyl oxide film buffer layer, which provided ideal interface
flexible contact,the resistance of the interface was reduced from the original 1 457.2 Q/cm® to 60.3 Q/cm”. The
total impedance of the whole battery was reduced from the original 1 638.1 Q/cm’ to 298.7 Q/cm’. Due to the
reduced interfacial resistance, the cycle stability of the lithium cobalt oxide/lithium metal battery was significantly
improved. After 100 cycles at 0. 1C, the capacity retention rate was increased from only 43.3% to 95.1% . The
capacity retention of the 1C cycling after 500 cycles was increased from 5.1% to 72.3%.
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Fig. 1 Schematic diagrams of Al modified the anodic interface
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Fig. 3  EIS profile of the Li symmetric cells: (a) Unmodified; (b) Evaporated Al; (c) Magnetron sputtered Al; (d)Atomic layer deposited Al
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2.3 £HRMBEFERE

E— 25 L A BIF 5 A L Y S R L A B
I8 IE E G S B 1 2 5 1A SE PR R . ]
6C) AL AE 25 CF 0. 1C HE wic Mgk, %
JEF] PEO By %Ak it A7 A7 FR L 5k i3 19 58 R R T Wl E
FPEO 1y fif I e AR i e e 4.3 V. i
FRGIENR S T AL B A B B BT8R Pl Ak

Wl BB e 48 50 106. 8 mAh/g, T £id A
T i o v Tt AR Al 35 AR, OB e A R =
127.1 mAh/g. K 6(b) AW 0. 1~2C fi5 KPR
P AT RLE & BB S L R A I T
20~35 mAh/g., MM 6Cc) Fiam iy 0. 1C 15 3 % fE
XPHCE AN R . R AL 1 1Y H it 100 R BRI
AR RN 43. 3%, M4 T 5



543 +

SR A PR AE TRV S S p W 2 o 25 L b B T FELE A9 F 43

1B Y ke B 2 Bt Aa E ME I IER 2 PEO 5 itk g

B S L LT 100 PSS 2% e AR R 3k 95. 100,

B 6 (A Ik T P 3 AR R (1O K6 S 1

(@) Temperature: 25/°C
Rate: 0.1C

bl
%

Voltage /V
W
2N

32 Without modification
—— With modification
3.0+
Il Il Il Il
0 30 60 90 120 150

Specific capacity/(mAh + g™")

BE. R 2 BT B By M 300 FBIE 3 )5 25 (B 5
T, AR RAUCK 5. 1%, T Z45EM IS . i 25
TR R E 500 B JE A AR R RS R] 72. 3%,

160

(b)
0.1C

02C 0.1C
000
120 ©977P00000 5¢ 00000

00000 1C
00000

. g")

0
0000055000

80| ©0000

2c ©%000
00000
OOOOO

OOOOO
40—

Specific capacity/(mAh

O Without modification
O With modification

ol | 1 1 1 1
0 5 10 15 20 25 30

Cycles

a0
<
<
£
B
2
“é O Without modification
<
7 O With modification

30 -

| | | |
0 20 40 60 80 100
Cycles
150
(d)
Rate: 1C
120 [~

Specific capacity/(mAh - g™

{

(@@

60 [~ . e
QO Without modification
QO With modification
30
0 100 200

Cycles

El6 (a)EBEFEMEEL; (b)ERMRE; (c)0. ICTEIRIERE; (d)1C FEIRERE

Fig. 6

3 it

R TR GO A 5| AR 2 5 IE B R 5 TA
PEO 1 J2 19 5 » [ I B AR T LLZO JE [ 25 i 3t
1 S ThT BELAT . SRR S ThT LA B B AR A 2 T AR B
S R 4 @ A A LLZO 36 i 1120 Pk 6 5 . 1F
e S 1T BT 0 AR A 25 T PEO A 5 A %€ Ji& 14 AT

(a) Initial charge/discharge curves; (b)Rate performance;(c)0. 1C cycling performance; (d)1C cycling performance

A T - [ PP 2 ik Ay 2 P 42 ik ol ok DA 1 A T A
Ji ks SO A T B T AR BT 632, 5 Q/em’ AR
F 31.2Q/cm®; IERFLE N A 1 457. 2 Q/cm?® &A%
£ 60.3 Q/cm®, T AT A B A BR X FR B b 1
AR TR 5 L B TR PR/ 4 JE A 4 vl M ) 10 3 O i
IRARAFHETE 0. 1C FEFF 100 P 5 A9 25 AR 15 %
RGP 43. 3% 8T & 95. 1% . 1C JEEF 500



44

e = R i

%13 &

Bl AR RE AL 5 1% # T+
F72.3%.,

SE 3k

(1]

(2]

[3]

(4]

(5]

[6]

7]

(8]

HE X, DAI Y N, LU G, et al. Tuning interface
lithiophobicity for lithium metal solid-state batteries[ ] ].
ACS Energy Letter.2021,7(11):131-139.

XIA Z, WU Z, An X, et al. Anode-free rechargeable
lithium metal batteries: progress and prospects [ J].
Energy Storage Materials,2020,32(8) :386-401.
ZHANG Z,SHAO Y,LOTSCH B.et al. New horizons
for inorganic solid state ion conductors[ ]]. Energy &-
Environmental Science,2018,11(3):1945-1976.

XIA Q, NI M, CHEN M, et al. Low-temperature
synthesized self-supported single-crystalline LiCoO,
nanoflake arrays as advanced 3D cathodes for flexible
batteries [ ] 1.
Chemistry A,2019,7(11):6187-6195.

JANEK J., ZEIER W. A solid future for battery
development[ J ]. Nature Energy, 2016, 1:1010. DOI;
10.1010/nem. 8b05132.

ZHU Y,LI L,WANG Z S,et al. Dopant - dependent

lithium-ion Journal of Materials

stability of garnet solid electrolyte interfaces with
lithium metal[ J]. Advanced Energy Materials,2019,9;
1803440. DOI:10. 1002/aenm. 201803440.

TRTCTE . A, EAE S e AR AT B T b R R I Bk
GO AL R 2 L)) A (s TR, 2021, 111D
1-6.

ZHANG Keyu, GAO Geng, WANG Qianwen, et al.
Controlled fabrication of iron oxalate as high-performance
batteries [ ] .
Nonferrous Metals Engineering,2021,11(1) :1-6.
A7 e L s R I A S N DR T
PR A a4 J8 TR, 2021,11(11) : 80-91.

PENG Panpan, LAl Xueqi, HAN Xiao, et al. Recent

anode materials for lithium-ion

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

progress of anode materials for lithium-ion
batteries[ J]. Nonferrous Metals Engineerings, 2021,
11(11):80-91.

XU K. Electrolytes and interphases in li-ion batteries
and beyond [ J]. Chemical Reviews, 2014, 114 (13).
11503-11618.

FENG L,LI L,WANG H,et al. Break-Even analysis of
all-solid-state batteries with li-garnet solid electrolytes[ J].
ACS Energy Letters,2021,6(5):2202-2207.

SHAO Y Z.L1 X F. WANG ], et al. Drawing a soft
interface: an effective interfacial modification strategy
for garnet-type solid-state li batteries[J]. ACS Energy
Letter,2018,3(9):1212-1218.

HAN F,ZHU Y., HE X,et al. Electrochemical stability
of LiyyGeP, S, and Li; Las Zr, Oy, solid electrolytes[J].
Advanced Functional Materials,2016,6(11) :1501590.
DOI:10. 1002/aenm. 201501590.

DENG T,LIANG W,WU Z Z,et al. Tuning the anode-
electrolyte interface chemistry for garnet-based solid-
state li metal batteries[ ]J]. Advanced Materials, 2020,
32(1):e2000030. DOI:10. 1002/adma. 202000030.
WANG S H, DUAN L, FENG L, et al. Tuning
wettability of molten lithium via a chemical strategy for
lithium metal anodes[]]. Nature Communication, 2019,
10(1):4930. DOI:10. 1038/s41467-019-12938-4.
CHEN S,NI Z, TIAN F,et al. The Influence of surface
chemistry on critical current density for garnet
electrolyte[ J ]. Advanced Functional Materials, 2022,
15(3):2113318. DOI:10. 1002/adfm. 202113318.

LIU X, PANG M. SHI B. et al. Local electronic
structure variation resulting in Li 'filament’ formation
within solid electrolytes [ J]. Nature Materials, 2021,
20(12) :1485-1490.

(wE £ )





