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Abstract : Lithium metal anode with the highest theoretical capacity to replace graphite anodes
are being reviewed. However, the dendrite growth during repeated oxidation/reduction reaction
on lithium metal surface, which results in poor cycle performance and safety issue has hindered
its successful implementation. In our previous work, we solved this problem by using surface
modification technique whereby a surface pattern on lithium metal anode is introduced.
Although the micro-patterned Lithium metal electrode is beneficial to control Li metal depo-
sition efficiently, it is difficult to control the mossy-like Li granulation at high current density
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(>2.0 mA cm?). In this study, we introduce vinylene carbonate (VC) electrolyte additive on
micro patterned lithium metal anode to suppress the lithium dendrite growth. Owing to the syn-
ergetic effect of micro-patterned lithium metal anode and VC electrolyte additive, lithium den-
drite at a high current density is dense. As a result, we confirmed that the cycle performance
was further improved about 6 times as compared with the reference electrode.

Key words : Vinylene Carbonate, Electrolyte Additive, Patterned Lithium Metal Anode, Lithium

Dendrite, Lithium Secondary Battery

LM £

#F ©]2 X (Lithium-ion Batteries, LiB}= &
g 3 oA xS AHOR &Y IT Hulo]~i
Tk oy} A71AFs A} (Electric Vehicles, EVs) 2 o]
A A%} Al2=®l(Energy Storage Systems, ESSs)¥}t
22 FUE AA Alz"e] F A AAEHA HE
WAL o= ek 53] 712Rs Rl tig 4=
87 A&Ho R FoEd et A7|AsAte] T3
& Y7 |# o2 s8e Aol 7MY & o=
gF=E Aok AN #A Ni o] =2 NCM
Age F=7 54 23] FF ol WA=EE WA
713 o FHARE e A2 oy 24
ol 218 FF 55 S50= HAFgeEN olF
AN} s Alert oAl FEE S QoY

o

| =

gz B, 2l w5 o9 ¥ /KK EAd
o=z 9 8 ol A7t EAlS BlF =
& S5 FHoA ] WHEAR] Ak} el WhgS T
3 2 =% TR AA dsfF Al Solid
Electrolyte Interphase(SENE A slA At = 1
A EL B 44 2F 55 55 T A8
o] BF F% W=dlolErE AAstA =W o= QlE)
Loz Hafjd Falrt dojuA =i AR F
St SHAT olofx]A Hrh L Wyt ofuz), g
dl=gto| BV AR AY ERjX o= deH
=g B F5 ZESH HE D(Short-
circuit)o] FAE F low ol kHAde] FAIE ¥
o & Q) mEbA, 2lF F5E S50=H
Hgat7] ire HEgolES SAske 7le At
o] I o7 Mg}

o|Z didsl] Yal A 1) 7154 HahEe] ARg2),
2) 3D Hosting B2¢] AR&1620, 3) Egjut 72212
4) 2F S5 129 NE? T oeks WA 2E
49 dEgo|EE oAEtrA} sk A7t 2EE
3 9ok 53] £ A 1EdME BE 35 19

=

A )

Mr o
U o

Al S FAsle] HHe HAFLUEE Ao,
S

A=)
=
g AATGeZA BF 5] dE WHE F3 H=
2 FLEATHP, gl F4 dERo|ES a9
o= Aoz s Ar|sketd o] A P
HAA, =2 A7 Lo 2F d=selEE
AT AAISIA] Ela, 1717 (Mossy-like)e] W=
o] EZl Y YR FAEE S IRlskih o
o} 7o) FAoe] & dlEglelEE Ashe Z A
&xo7 Ad ARE FE5H BF w5719 A
A Aol otddE mA Uk

g5 75 o7 dEgelES Ash] fleiMe
g5 35 FH vlg- kgstal Axgk SEIE |4
sh= Zo] IgAo|thdd), ol& s ds] fJ8l Halld =
= HAHFsksAY &a7ke] 75 HTHIE A7k
2 7P BEAC|AL FAF] WEoR tiFEAL Q)
L AR AsF AvHE Bl 25 1Hd &84
dstal A5gk SEIE AT F Jon o]e WHiE
= 2 HAAHolx 9] Had ®3lE WAsla W=zt
OJEE JAT = At o g s e
VC (Vinylene Carbonate)'>*>3?, FEC (Fluoroethylene
)40-49 " SA (Succinic Anhydride)*>*7,
TPSA(2-(triphenylphosphoranylidene) succinic
anhydride)***® Fo] AAE I Qo 1 F VCE 4
skl Al 7P de] ARER itk VeE A
el oF ~5%8E=2 A7 VoA BF 55 &
= Aol poly(VC) &2 g ol AXEE SEIZ}
PR FHEEAS A FIANE F g

A 2 Aeas B2 AFEEolA vlAl 9
HelE 2lF 359 #F d=lE J4E H|nA
Hgstatr] flal Hafd H7HEM VCE Swi% Fg
A7skAct vA siElslE BE 5% Ve dald
A7 AR @92 Q) 2AFUEA 2E ol
ol EV} Hlwd AdslA S HYoH o= <l
3 A718}sky Adso] A FFES I E
3k, ©]Z Galvanostatic Cycling, A7 W& FAF &
uld, XA 22 23 1E B4S B9 2o g A
A3l 8189

Y ox

AN

Carbonate



A7 3)ek8)A|, A 229, A 23, 2019 71

HiEd

20% oH

ok

2.1 M3 M=

¥ FEZ 90 wt% Li(Nig.sCo.Mn,)0,
(NCM622, L&F Co., Ltd., Korea), 5 wt% =X
(Super-P Li ®, Imerys, Belgium), 242} HIRIEIZ
= 5 wt% polyvinylidene Fluoride (PVdF, KEF-
1300, Kureha Battery Materials Co., Japan, M, =
350,000)F N-methyl-2-pyrrolidone (NMP, Sigma-
Aldrich, USA) §7i& ARgsto] &9 & S2jele
Azsdet. o] o A" vRRIH= NMPEHjel 10
wit% PVAFE FoX AREsIiTh ol HElEE o=
g o83l IFulg HHMA (15 um, Sam-A
Aluminum, Korea) ¢Jol Z®3ITH A|xdH HFE
130°CollA41 1 h A%3 %, Roll Presser (CLP-2025,
CIS, Korea)g ©|83t HF9 FA} Ues =¥}
Atk AzE 4F9] Loading Level 10.35 mg cm™,
A= 23 gem o2 Aojsle] H7EIATh

22 3AUM =

7|88t BAS Hrkelr] 918l WA (Half-
cel)Z 2032-type coin cellS A x3tYth Azxd
NCM622 =2 A& 12mme 9 BYgoe= #A
G, 80°CollA 12A17F B¢ X3 7xste] ARE-3t
Atk #EstE Li metal(100 um, Honjo Metal Co,
Japan)S A& 162 mme JYrRYo=z Hy
(Polyethylene, PE, 20 um, ND420, Asahi Kasei E-
materials, Japany> A& 18 mme] YEo 7 HAAYT}
o] AL&-3}3ITh Reference Aafled2 1.15M LiPFg in
EC (Ethylene Carbonate)/ EMC(Ethylene
Carbonate) (3/7, v/v, ENCHEM, Korea)y2 A5}
o Z2FL Reference s Ao VCE 5 wins
A7kt ARk zF 2R U Hajde] g2
200 pl= A=Ak 371 A5 3 E2u Argon
gas 51719 Glove Boxtielr] ==t (14 -
80°C)

23 MI|8t8M S "It

7 &9 HAA= 2 F 12 he] Aging o, C/
10 (0.158mA cm?)9] HWFLE=Z A F(Constant
Current, CC) 274 3.0~4.3V, 25°ColA F7l=
o] Formation ©AE AXth (PNE Solution,
Korea) Formation T4 ©]3, C/5 (0.317 mA cm?)<]
AR 2= PHAFA A (Constant Current/Constant
Voltage, CC/CV)Z71 02 QFY3sl(Stabilization) TAIE
APsATt. (AL FY: 3.0 ~ 43V, &5 25°0).
Formation¥} Stabilization @AIS FAsl] X7 l0|&

(Precycling)o]2} gt} A& Z7|Alo|E TBAIE
AZl °]F /2 (CC/CV Mode, 0. 792 mA cm?) =
A, C/2, 1C, 2C, 3C, 5C, 7C, 10C, 15C, C/2
(CC Mode, 0.792 mA cm™2, 1.584 mA cm?,
3.167 mA cm™2, 4.751 mA cm™>. 7.918 mA cm?,
11.085 mA cm™?, 15.836 mA cm™>, 23.76 mA cm™,
0.792 mA cm?) WP 27O E 3.0~43V cut offllA
717} Scycleg WHESIO 24 £ 5AE WUl
% EALS 1C (CC/CV mode, 1.584 mA cm?) &
A, 1C (CC mode, 1.584 mA cm?)E WHEsle] 2=
o] §FAES RIS

24 M7|stEty 2N
F 75 59 399 ¥ degelEl] 2ER

A (Morphology)E &%13}7] I8l Z71Ato|F o] %,
2mA cm? AFUER 5EFO AFE
@+l JAE Ralete] AA WE FAF AW (FE-
SEM, Hitachi S-4800, Japan) ¥4]& A3} &
st Heste 2l 49 ®W SEl AES 45
sl 27AelE @A o]F Alx® dHAE Eallst
ATh. 27AbelE @Al ARREIE dHstE EF
& 252 DMCEHE AREste] Al
£ SuEEkE o] Aol 124759t AxE

9 ddsid gF 25 o5 Xd ¥R &4
(XPS, ESCALAB 250Xi, Thermo Scientific)
A&

A

Mo b
it}

ik
o

3. &a o nE

vlA HelslE 2lF S35 552 AFEP] Qs 2|
A7 AE] 2emx2cme] 2RIEZE A2
Aztg ~"xzel Yy EE2ZXE 18] Y3
Optic Microscope 2 3D Mappingdt ©|n|A] & =7F
atlen o= Fig. 19 YERASIT Fig. 1 (@ 2
A, 2§izef] MR oR Fn= o] sjde] 7Y
Al FAd=lo] JUTh ESH 3D Mappingdt ©]u]A]
(Fig. 1 (b), (c)E &3l 7 Fer= ge] Hole oF
50 um, 7F2 2 A2E 50 um 282 Z}zke] wjEhn)
= g2 AE 100 pm71Fe] HAE zhe g gl
Si3th o5 FEl Aol ARSEHe SfZe] ZER
A7F o] AFelA AlEHOIHS Bl HAstE =
E2A9} vlze FEAS & AU

ol& o]&3ted 100 pm7 1k 2F =55 ==l mlAl
Jele A3k o]F, Li/Li Symmetric Cell2 #|Z3}
o] Galvanostatic Cycling TestZ FFgo=zH ZF
=4:9] Plating, Stripping A%< &slaAl AT
(Fig. 2) 34, W AFUEE 0.5 mA cmE 3085



72 J. Korean Electrochem. Soc., Vol. 22, No. 2, 2019

60.0C 80.00 100.0C 12000

16000 18000  200.00 22000 24000 26000 28000

Fig. 1. (a) Optic images and (b, ¢) 3D mapping image of 2 cm X 2 ¢m stainless-steel stamp by using digital microscope.
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Fig. 2. Potential profiles of Li/Li symmetrical cells during
galvanostatic cycling [+0.5 mA cm? (30 min) — Rest
(10min) —> —0.5 mA cm? (30 min) — Rest (10min)].

Table 1. HOMO and LUMO energy levels of ethylene

carbonate(EC), ethyl methyl carbonate(EMC) and,
vinylene carbonate(VC), and their reduction potentials.
. HOMO Lumo ~ Reduction
Material (V) (V) potential
(V vs. Li/Li")
Ethylene
Carbonate -13.3 1.40 0.93
(EC)
Ethyl methyl
Carbonate -8.25 0.81
(EMC)
Vinylene
Carbonate -7.2 -0.26 1.06
(VO)
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Fig. 3. SEM images of (a, b, c) Reference, (d, e, f) S wt% VC with Micro-Patterned Lithium anode after plating with a

current density of 2 mA cm .
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Fig. 4. Voltage profiles of Li (NigsC092Mny2) O; electrodes (a) without VC and (b) with VC electrolyte additive during

precycling.
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Fig. 5. SEM images of (a, c¢) Reference and (b, d) 5 wt% VC with Micro-patterned lithium metal electrodes after

precycling.
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Fig. 6. C 1s XPS spectra of the micro-patterned lithium metal anodes (a) without and (b) with VC after precycling.
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