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Z=X: Tarascon, J.-M., & Armand, M. 2020. Issues and Challenges Facing Rechargeable Lithium Batteries.
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101 2isHersRIg 247 22X He

1) 2|BHIEHERI Y oY

JEEER) s/ M2 g 2 RLg oluxIZE o)

Old Lithium Metal

=Thin Lithium Metal

Separator Separator Separator ) Safe Electrolyte

Cathode Cathode Cathode Cathode
Geno0 Gen1 Gen 2 Gen3
Li-Metal Li-ion Li-ion Li-Metal
100-200 Whikg 200-250 Whikg 250-300 Wh/kg 400-500 Whrkg
200-300 Whi/L 600 WhiL 700 WhiL 1200 Wh/L
Dangerous Safe Safe Safest

EX: Matheson, R. 2016. Doubling Battery Power of Consumer Electronics, MIT News Office.
https://news.mit.edu/2016/lithium-metal-batteries-double—power-consumer—-electronics—0817

2lE0|2HX|9] HUXIZE e EXHIE S=017| ?lol0], S22 = 2E8HES AM&ots 2=
2 S ChHH| of 108401 sHEok= R =
0|2 823,860 mAh g )2 7IX1 1, H2 BEMIMLI(-3.040 V vs. BESATZ(SHE))
£ 0 V| W20 01Xl 3= S22 W2 55 LORKD: 0l2{ef 2| ZHETAQ] HUHX|2E

TR0 Chet A1t 2o TiE1 QUL 2|E

i
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=
=Ci=tob| 2lot0l, 18 Y=o A2 T4HO0IL. JHZAA NCM S=19] 2ES S, 2
HEHX|= 400 Wh kg0l Zot= &2 0IHXIZES] 20| 7ks5HH, 0= H7|Ate 22 88

OfM =lH2IE &71Xo2 53 4 U= AS Q0IBHTHIE 75).
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RI27H55t 024 95t TS 0RFHAIS SA LT T wat
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2) 2|ZHETXIE SIS 0L 2Rd
TOHAZEES 7HKE SFHETXE Feioh| flohiM X C2 TIUAA =17t 28
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== QUCE SRX|ZH LA Y=1He| EE2 T 0| S/tok= O1F Lt eh 8 ergddt 24 ot
0| Z4otH 0| 545 20| /t&eltls 2AVH BRIt AUZA Y=M0i|A 95 Kottt
224 LojLt= FE 01RE NIt 0122 SOF-H0 ofst MatZlutel £8HS0|Ct S35, TLIZA &=
e (DelEst 18 & Ydohs 20| Hal2 QIoHH YAt LHROIM AEH AT S, 0|2 Qlaf
OlMZE0] SJELE Ol MallR0] Y= LR HEY + s 82 J2= ofH, =M EF X
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Z=Xx:Sun, Y.-K,, Chen, Z., Noh, H.-J., Lee, D,-J., Jung, H.-G., Ren, Y., Wang, S., Yoon, C.-S., Myung, S.-T., &
Amine, K. 2012. Nanostructured High—energy Cathode Materials for Advanced Lithium Batteries. Nature
Materials, Vol. 11, p. 942.
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Electrolyte penetration
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A 3

- 3.0-4.3 V, Charge/Discharge: 0.5C [ =
©220f = .

v
= =12
< o <
£ g lclationofnternal A A
=210 H primary particies
_§‘ 'Q 9 External pressure of 1200 kPa
7}
s -E W 25%~75%
© 200 ° ) T Range within 1.51QR
3] 5 6 — Median Line
[ 2 o Mean
g g
<
8 1907 NCM90 PPC150 £ )
S - NCM90 PPC1200 53 oo N
a ¥ CSG NCM30 PPC150 2 —_ =

180 —e— CSG NCM90 PPC1200 < °
L ]
20 40 60 80 100

D) )
OV g0 oW oot

Number of cycle NCMS90 CSG NCM90

ZX: Kim, H., Lee, S.-H., Kim, J.-M., Yoon, C. S., & Sun, Y.-K. 2023. High-Energy-Density, Long-Life Li-Metal
Batteries via Application of External Pressure. ACS Energy Letters, Vol. 8, p. 2970.
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2 76). G20, SETHE YT WARHOR HIEHE oty HEfS] URIUXIR O|Z0fHH= X

C EROIA QFYAIS SHE3H 4 QION|, WARHOR HISIEl ity SE] URIIRIE BISWA 2} &
o o

o] #iotz YYot=s A=9 22 HES S0, YAt 2t OIMZEE E0|11 HelEe| F7H

S
SHISS BT 77). SETHE YIS EUS Sohk B KoIS LAATIT 4T O
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E

mHm
=

um
lo
i
ﬁ

-I-
o
Ho
=

Liquid
electrolyte

Li

Cathode

ZX: Chen, R., Li, Q., Yu, X,, Chen, L., & Li, H. 2019. Approaching Practically Accessible Solid-State Batteries:
Stability Issues Related to Solid Electrolytes and Interfaces. Chemical Reviews, Vol. 120, p. 6820.

5202 SS9 Uit 2|EHES Ao =H AOIZ A0 2|§0129] &l/E2|7F LojL= A
0] OtL|2t S5 HHOIM S2/E2} H130] Lo{HT} S22 21§01=20] SH=HEM 5= HTHOA
59 FHZ MEE= 2H0[H, 0] LM 21F0] X1 FEf(LRI IR el = &6 St

(121 78).
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X753t DIRAS 915t D45 0IRRIAIS 47 920 7 w3

[ = = [ o oo = y =
O H|ZH0|1! MX|Q| M&g E7IA7|= dead LiO| H= BHO| FMECH T 20}, XEHQl ™
o 222 dead LIZ 1ot Mef0| S7totHM |SHEMX|C| +8 S8 daAlZID Lt A

S5/ 2IS0IZ| AR HIS R2lo2 AUAT|D BEY 4 U 0l Y31 230 3T 2

A EBM LS Hets Yo7\ M| ey S2n 22 O ZHIE =2 4 U

9£

o
HMOi| Solid Electrolyte Interphase(SEl) layerg &4

layert SRUSIILE ZOPYSI0] £7 A4Sl B9, ERUS Li plating0] LOILPA| HEA 2K

.J:m Sand’s time equation

2
(ZCCOF )
t =D, ———
Sand app P
4(1t,)
=X Hwang, J.-Y., Park, S.-J., Yoon, C. S., & Sun, Y.-K. 2019. Customizing a Li-metal Battery that Survives

Practical Operating Conditions for Electric Vehicle Applications. Energy Environmental. Science, Vol. 12, p.
2174.

YPNoZ 2lEHEO X1 M1 MRULEQ| A= Sand's time equationS 2L
21 79). ™aliZ!9| diffusion limitationg =1fot= ME7} 76K l= 4R, =2 HHO & =271 02
2 AA5kT FUSt electroplating0| 2HE6HXl= AlZHS Sand's time (ts,,0)012t2L SICE (D,,,0 2
S| 2t A, 2, 2lF§0I2 Mot -, ¢ bulk B S5, £ W2{H0] &=, J: TR B, 1,0 50129
transference number (t,=1-1,,,)) Otz AMOIN = & JAX0|, te,. = MFUEC| MiZut |2 2|

2N, BRIV SRR S ES tAlY g2 JHbetEn.

91



3. BIEHETAE YA I=H A&7tset DIHE Pl 1ds ORMHAIR A =M e P&

2) $30|M 2[5t 2l EMHIRHX] 5 Bt HHLIE Cryo-EME 53l 0I5t Ni /201 T2 2ISHZS 3| SEl layer

No Ni clu“s‘ters in SEI

50 nm

6? Strong crossover effect

Separator

=X Vila, R. A, Huang, W., & Cui, Y. 2020. Nickel Impurities in the Solid-Electrolyte Interphase of Lithium-Metal
Anodes Revealed by Cryogenic Electron Microscopy. Cell Reports Physical Science, Vol. 1, p. 100188.
SEE N 0|22 MoliEg Soff 2lEHYS2CZ 050N 2HI=(0f BH| St 2ai

Lithium metal anode =oa— 9

=5 SEl layer?| {32 2|S0|20tS 0|SA|7|1 MAI2 Xchsls H8HS 61X/t SIYIE NI 2|50|2
=X L, W,, Jie, Y, Chen, Y., Yang, M., Chen, Y., Li, X., Guo, Y., Meng, X., Cao, R., & Jiao, S. 2023. Crossover
Effects of Transition Metal lons in High-voltage Lithium Metal Batteries. Nano Research, Vol. 16, p. 8417. 9| 0|2 Walot ! M7|ME=dES M= Ni-rich SEl layerg &Mett. Ni-rich SEl layer= F71491
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Mn 0|2 S=0| ME 28 88

m Mn 0|2 R20f 2 Li plating morphology2t

sl - @ Mn ions reacts with Li
-,
z 60 e,
w S, @ Destroying
© 40t wioMnions s LA uniform SEI
5 mM Mn ions "o, formation and
20« 50 mMMn fons ~ nucleation
1mA cm2,1 mAh cm 2 e
20 40 6

Cycle number

X Zhang, X.-Q., Wang, X.-M., Li, B.-Q., Shi, P., Huang, J.-Q., Chen, A., & Zhang, Q. 2020. Crosstalk
Shielding of Transition Metal lons for Long Cycling Lithium-metal Batteries. Journal of Materials Chemistry

Vol. 8, p. 4283.

Mn OI2(F2 Mn* 012)0| 8EEI4S TOIE SEI layer 41 Li platingdll S&XeI

S O|ZC Mn 0|22 SEl layerS &dot7| ?iet HoiEo| H7[efstX S Yolidtal SEI layer

LB R USt SEl layer #41t Li platingS =45

22 771 S22 HIZS 47|41 SEl layer 20| #2EE ZAATILE ZHHOZ,

Li,O, LiF2t Z 4
Mn 0|20 oo M= 27t SEl layere 2n ot 81#2IE21 Li nucleation@ 2 0|HX|H 2
SHEO| X4 MES F2ICt £ Mn 0|22 SEl layerE #E510] X228 U071 21§
HE2=2 RAAIZE = T 2=, Mn 0|29 852 2SHETX|S| 4SS XotAl7| 1 SQrdst
2IEHE S22 RLUSHTE 82)
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Subsequent Cycle ;

CEl Thickening
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»

I

‘ 1 Cycle
Artificial
cel »

Z=X: Guan, P., Zhou, L., Yu, Z., Sun, Y., Liu, Y., Wu, F., Jiang, Y., & Chu, D. Recent Progress of Surface Coating
on Cathode Materials for High—performance Lithium—ion Batteries. Journal Energy Chemistry, Vol. 43, p.
220. / Zhang, N., Wang, B., Jin, F., Chen, Y., Jiang, Y., Bao, C., Tian, J., Wang, J., Xu, R., Li, Y., Lv, Q., Ren
H., Wang, D., Liu, H., Dou, S., & Hong, X. 2022, Modified Cathode—electrolyte Interphase toward High—

performance Batteries. Cell Reports Physical Science, Vol. 3, p. 101197.

Subsequent Cycle |

More Stable & Uniform
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6) QPR YS-TsE M HYS ST Mol 35 BE M AL

JIEEER)  mot% m7tuol M2 CEl layerl 21t

. CEIl Formation
Additive by Additives

Inhibition of TM lons Dissolution

X Zhang, N., Wang, B., Jin, F., Chen, Y., Jiang, Y., Bao, C., Tian, J., Wang, J., Xu, R., Li, Y., Lv, Q., Ren,
H., Wang, D., Liu, H., Dou, S., & Hong, X. 2022, Modified Cathode—electrolyte Interphase toward High—
performance Batteries. Cell Reports Physical Science, Vol. 3, p. 101197.

TOUXEE R YO S|FSHETXE Hoot| o, HMolE HItHSl =2 7Hd 2ot
1 ZHAR! Hol o] AT Ut MohEel THAEIEY, 0, F7HM)S2 Highest

Occupied Molecular Orbital(HOMO) level0] E245 L=-TohE ATHOM MM L5t
SHEICE mEtA, CHE TolE 74 LASEL 2 HOMO levelg 7HKl= F7HHIE ZQUsH0F StH,

H7tHS| Aot #22 71S0| S0ttt Mol F/HE L=-ToiE ATUA HaiEel V(=

ol

P AeE 2Xg 4 QIOH, =2 0128 EE, P40 315l/HV |51 oFgY 59 S8E 7=

J
J

Cathode Electrolyte Interphase(CEl) layers S5t 4= QICHIZ! 85). M7tMl= O|ZDHO2E &
WHMO=Z CEl layer @4 11} CEl layer2| 74 2AE 2FS 4= LM, Mohd HIHHC SFO0
£ a2(B) ge F7H, 24F) g A7, A(P) ete A7, A2Z(Si)

7 Z7tH SOI A
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15 F7H|, Z2AN)

IJ
ng"

Mol HIMHS =s S& afsl/H7|eeHez oFgst CEl layere| @42 HFE ddst=

=
LiPF6 251S {RIZt #2 OILI2H HF7} M4 SICIRIE HFRRE S2e 1S YXIsto] Ho| 359
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+ Dendritic Li growth
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Number of Cycle

(2]
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~ e
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L o  Baseline e =
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=X: Lee, S. H., Hwang, J.-Y., Park, S.=J., Park, G.-T., & Sun, Y.-K. 2019. Adiponitrile (C6H8N2): A New Bi-
Functional Additive for High—Performance Li-Metal Batteries. Advanced Functional Materials, Vol. 29, p.

1902496.

SIS MU=t W4 CIFEIR SE7HIS YRl FCG73E 28 BH QS &5t
HMoliRtel 2etg I O|MZES AXIE #2t OtL2t oA HI7EMHZ adiponitrile(CsHN)E =8
ol 2|SHETRX| g58 PA7I= ATE TAUCHTE 86). HRlEstE TLIAA L= BH=
SfeiMOoZ Z0rFSH Ni** 0|20 ZXH5H=H| adiponitrile H7HIZ =6 Ni** 0|21t H7HHof &=
E LIOIEE 287|(-C=N)7t L5k Hi¥ZEe el Y3-Moid AHe U&= oyt
A7, THoliEe] REt8E AXloh= RS ERACt sE A=AHe HollE HIMHQ SA| &
2 OMTE AH|, Tolld 2EIS oM H o= HEH QFYeiE Sof 28 e = 0| g4 85 3
SHEST G3E AN == AUCE
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JEEEE Adivonitrile H7HH S0 M2 2ISHTHA +% 54

o »
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£ 200 202
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> 150 158
:5?_ 100} —©— 0.5 wt% Adiponitrile 102
3 50 —0— 1 wt% Adiponitrile - 3
g —0— 2 wt% Adiponitrile < E
g 0 0.0 g
S 100 200 300 400 500 600 700 800 i
a Number of Cycle

£7X: Lee, S. H., Hwang, J.-Y., Park, S.-J., Park, G.-T., & Sun, Y.-K. 2019. Adiponitrile (CgHsN.): A New Bi-
Functional Additive for High—Performance Li-Metal Batteries. Advanced Functional Materials, Vol. 29, p.
1902496.
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GREAT SCHOLAR CAREER DECISIONS A oLt 2 O|RMEL U T ENOZ Qlot AMISIRACE. CHRICZ oxide(Atat2A) 1M X

S Sot AFdE HUAA EUXT EFet 0|2T = Os| 2MRACE. T=L 2008H
Argyrodite TAE 71 &3kE 1H| HoliiE, LPSCIQ| THEZ 243! 0|2TEEE 7N RS =
1 I-“I‘IXI % l‘J:“ gEﬂ“ JH% %pg" & 7R 1IA| TISHEO| JHLE| 0] 10X HahEe| M2R2 227t HAI=ACHIE 88).
A Mo S0 2 HEE 222 LPSCIQ| 7ie 0|22 11| ZoHE0| tHat 7Hee 227t
& A& FZ5] 0|01 LZLCE. LPSCIECE QREHQl a2 1| Mo Z0] A=A 2 H2 02
IO] x-IJ_x‘"x-le % I-7:" oC)FEI-XH 7H-Io-l- EEQF 7FH|M|— X-”IH:”QOE OIOH = I'_|- I% X| %3}1 Il:r_ _7_'<_7|>§ LPSC|()” u@» Ol%IJEE%
1) MIHFX| 7]20] GIAF T JHEF TQA IR0 @45t QPG 7181 halide(2f210|E ) TH| FBHRI0| MIAIE|QIX|BE 240 $IXpRHIE O 2
Qlol HEJ0| REIUL. otzA HollEE Agal |0 e =0kt +8 522 Qlot &M &
o2 A Bl W2t 2R SE Ml 71Kl SR 215012 HA Yo 20| X0 0f2R2d| 0| F=517| flof 212 &at27 Haldol 71X RS MAZ WASIO]

= o
Y EdsS

2nog, ® MS SHAAIZ oxysulfide(AMEHatat2 ) FSHEIO| MIAIE|7 | = SIRICT.
-, k- ’ - 7t x| Moz ol Ldlich= M EXHIE 25| F=0t7| ol AUX HMoHE il 1
k %" & > non-aqueous electrolyte battery _ _ _

8- H MoliZS ALEst= 0] 2l§0|2TX|Q| LHRte2 111l QITt W2t 2E 24 3310t Y=

aqueous electrolyte battery B ~
ME J|ag 7|82 & AHY0| 46t =2 HUXUESE 7HE MO HZTX|(All-solid-state

A
ool

v
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