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Zeedd 2] W4 AR A7)8etEA JiAde 18 RF Magnetron
Sputter”|¥Fo.2 4 Ymr|g o] Algky So] IgE e Eelue Alxsileh Sew
dte] 7 &dglel IR A0S Hasteb] 917 $2 20E HAs) sl olF Ve
Az e Felwe] 294, d71ssty H7E Adsdnh oF 20nme] ALOy7F ZH ¥

A, 77
Polypropylene(PP) &2]2h-2 Aok 2|
22 250.8 sec/100 mL)& Dol H o},
140°C & 30 min), A3l Uptake(LT: 176%, T8 E2uh: 190%) X o] LA T (At
0.700 mS/cm, &8 ]2 0.877 mS/em)= EF FAAE AT 2 A3}, 2032-type Half-cell
(LiMn,Oy/LiYe o438 71318k HrllAe, ddd 88 S fARE 8 548 Yel)
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Abstract : Herein, we have fabricated an ultrathin aluminum oxide (Al,O;) coated PP separator
by using a RF sputter deposition process. Approximately 20 nm thickness coating layer on the
bare PP separator was formed at the power of 55 W for 2 minutes without thermal damage.
Whereas only permeability of the coated separator was degraded slightly, other properties such
as thermal stability, uptake amount of liquid electrolyte, and ionic conductivity were improved
comparing to the bare PP separator. As a result, an only 20-nm-thick Al,O; coating layer could
improve the rate capability compared with a bare PP separator under a high current density.
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7H1 PE (polyethylene)2} PP (polypropylene)
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# 24 = Radio-frequency (RF) Magnetron
Sputters ©]&-3te] 27| WEES dHae A
o] ZY HE-& E3F F Ue dF BAEY
UTE FARE o] W 71 AER A7 =2 &
A BAEE dell oste] 71E¢] lgolabdAlel A
|5 PE B9 A 5] Mse EAES
Zka Q7] wjiEel AR Az 38 =Yl ofERol
9} 20

mebs B AFoxe gEelxAlE el
HEAS FIAI717] fl8ke] 71 PE EEl9ET W
dAdo] 7% PP E=S ARt RF Sputter 2
H A AEFHGNE dFFo] HA ¥v 2=
ALOyS FHHsSISIT. old wet Algte)s g3 pp
e A, WEA, EE2X, 57=, A 2
74, oleAEx 5o =84 A ALOS AWT
PP ZE|9a At o] ArisleA o R foJgh A}
ol HoleA] £ EAH £ 548 HUlsiith

2.4 H

2.1 A% R =

4=& LiMn,0, &4 (Iljin Materials, Korea),
=R (Super-P, Imerys, Belgium), Polyvinylidene
Fluoride ¥}1T] (PVdF, KF-1300, Kureha, Japan),
N-methyl-2-pyrrolidone (NMP, Sigma-Aldrich,
USA) AFE3IAT, 252 Li Metal Foil (200 um,
Honjo Metal, Japan)S Al&38t3lom, Hdsjdoz
1.15 M LiPFs7} %¢}9l+= Ethylene Carbonate

(EC)/Ethyl Methyl Carbonate (EMC) (3/7, V/V,
Enchem, Korea)S ARE-SIATE 2|9k A2 2% o
2lste] AlZ¥ Polypropylene (PP, 71 20 pum, 71&
T 65%) w9 F24 WwHoe=R 2% Al
Polyethylene (PE, ND420, 7] 20 um, 713%
41%, Asahi Kasei E-materials, Japan)& AlM8-3}S1T.
RF Sputtering® 2 AM2te] WHE AL $I5l, Target
EZZ ALO; (99.99%, Diameter 50 mm, iTASCO,
Korea) & AME-3IT.

22. AL,O; & PE / PP £2[9} M=

Al,0; =¥ AH|Z Radio-frequency (RF)
Magnetron Sputter (Sukwon, Korea)E A3}t
Sputtering ZZA|2~+= Stainless-steel Chamber©]] 4]
3 F o™, Targetd} Substrate 7HHL 80 mm=
FA = A, Working Vacuum Pressure= 7x1073
Torr, Argon (99.999%)% WA -] A,
Pre-sputter (Power: 50 W, Time: 60 min)E 53l
ALO; Target £H9] 7 o9 48 AA F, PE,
PP &9l 25, 50, 75 W= 1, 2, 5, 10 min &
QF FESIATE 3, w2 EEA] PP EYHE 55,
60, 65, 70 W= 2 min < IR

>

23. ALO; 2E 229 2 Sd "ot

Bare 93 ALO; ¥ EZ9 (Ceramic
Coated Separator; CCS)2] %W ZEZZA= Ion-
sputtering Coater(E-1045; 10 mA, 60 sec; Hitachi,
Japan)E ©]&-3l>] Platinum LayerS ¥ 3, Field-
Emission Scanning Electron Microscope (FE-SEM;
S4800, Hitachi, Japan)Z ©]&3to] F1&tt. ALO;
8] F7= Silicon Waferdl] 5 2792 Sputtering
% ¥ Layer®] F7E Alpha Step Profilometer
(Dektak 150, Veeco, USA)S & et 43
= Hrhes 22 37] G0mm x 30 mm)e] 9 &
0; ¥ PP #292 77}t 140, 150°C, 30
b 9B =FA|7]3 Thermal Shrinkage
Ratios 2] (1) o]&3fe] Alxtaladct.>1

o{-ﬂ;:
O

Thermal Shrinkage Ratio (%) = (A; - Ap) / A; x 100 (1)

A= wE A Relge) ws
A= 3 ¥ Foiuel B

Liquid Electrolyte Uptake= £2|2hg ol 12
hr &F 331 A1 § 7o) wejet BHe] Asjds
AA = FAE SAARL, 2 2)F ol&dtd
Liquid Electrolyte UptakeZ Al4tatSict. 19
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Liquid Electrolyte Uptake (Wt%)=(W —W;)/W,x 100 (2)

W = Aaiel 12 hr 3§ welwe] 7
W, = el o A Eejute]

gk oleArLE AXtslr] fsle] F 9]
Stainless-steel (SUS) F=- Atolol] &2je-& ¥, A
M-S A = AFS 3 o]AEEE 4 (3)
< o] g3t Ak

oc=L/RxA) 3)

o = lonic Conductivity
R = ol& A%

L = &e7te] 5

A = SUS x=e] w3

229 F7|%=+= Densometer (4110N, Thwing-
Albert, USA)E ©]&3}o, JIS-P8117 (Japan
Industrial Standards, sec/100 mL) 422 Gurley
Numbers A3} ch.!417

24, = HA ¥ M=

&= A= Al LiMnyOy4 90 wt%, Super-P 5 wit%,
PVAF 5wi%<} 8l NMPs} E9tale] &2l s Alxat
A3, Doctor BladeZ ©]-83Fd Aluminum Foilell &
siglon, I8 HFE 130°C 2EA 1hr B9 A%
ST}, Roll-pressing Machine (CLP-2025, CIS, Korea)yS-
ol-g3te] Y=o Wiet T/ (Density: 1.68 glem’,
Loading Amount: 6.67 mg/cm?, Thickness: 44 pm)S %
A3ttt F=-2 Disc Shape (Radius: 12 mm)E ©]&
sto] Aebsial 70°ColA 12 hr &%t FF 7% siih.

25 SR M= # MY(stst S "Wt

71E PP #E|9 ALO; ¥ PP 7o Cell
Performance® &%13}7] $l38ted 2032-type®] Half-
Cell (LiMn,O4/Li Metal)S Al 2FatSict. Half-Cell A
Z A %= (120 mm), Li Metal (16.2¢ mm), &
Zut (180 mm)S AL Argon Gas #1719
Glove Box Qo4 CCS Halfcells} Bare Half-cell2
A=A}, HalfcellS 12217} 59 Aging & 3114
7] (PNE Solution, Korea)s ©]&3}4] 0.1 C, Constant
Current (CC) modeZ 3.0~43 V (Li/Li"), 25°ColA]
Z73} Wsked Formation Cycle, 3 CycleZ 02 C,
Constant Current/Constant Voltage (CC/CV) mode=
F738}2L, CC mode, 0.2 CE WZ3le] Stabilization
< sk o] FHE AR F & B4R 5

AL Hrrsidnr ¥ 542 CCIOV, 05 CR7e=
F438993, CC modeZ 05, 1, 2, 3, 5, 7, 10, 0.5
C &AMZ 712+ 7 Cycled WA 838 S43199H,
FH EAL 3043 V (LiLi"), 25°ColA CC/CV,
05 C & 248193, CC, 1 C 2702 vbHste,
500 Cycleg 13} T}

3. Zx o nF
3.1. RF Sputter E2{01| (}E ALO; TE =219} M=

RE SputierS o183 Fodel wejze] Ay
38 =SSR 4%, 29 39 wshe 99 o

(a) PE Separator
Bare 1min  2min  5min
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25W 2
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(b) PP Separator
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Fig. 1. Digital camera images of (a) PE separators and (b)
PP separators exposed to various RF sputtering powers
and times.

Table 1. Thermal shrinkage ratio of the PP separator
exposed to various RF sputtering powers.

System 55W  60W  65W  T0W  75W
Sputter

Shrinkage 0 % 11 % 30 % 51 % 58 %
Ratio




44 J. Korean Electrochem. Soc., Vol. 20, No. 2, 2017

Fig. 2. Digital camera images of PP separators exposed to various RF sputtering powers for a limited time.

Table 2. Physical properties of bare PP and Al,O; coated PP separators.

System Thickness Gurley Number Liquid Uptake Conductance Ionic Conductivity
Y (pnm) (sec/100 mL) (%) (Ohm™) (mS/cm)
Bare PP 20 211.3 176 0.891 0.700
AlLOs
Coated 20 250.8 190 1.140 0.896
Separator
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58 % 5 Aol #AEASY, 55 W ol &
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Table 2= PP E2]7t e} ALO; Aleh?] =¥
Ealuke] £, 57154 (Gurley Number, sec/100 mL),
Al ZEA, o]l2dAELE v e o
93 ZY B9 2F 20umE Z% H o}, RF
Sputters &3+ Algte] IEZFo] LherH 02

HE AL onlsit. A 28 TS 1G] 9

100 150 200 250 300

Scanned distance / um

0 50

Fig. 3. Surface profile scanned using the Alpha Step
Profilometer.
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[ u

140°C, 30min

Fig. 4. SEM images of bare PP separators (a,b) before and
(c,d) after RF sputtering at different magnifications.
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min).
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Fig. 6. Digital camera images of bare PP, CCS after
dropping a drop of liquid electrolyte.
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Fig. 7. Potential profiles of the unit cells (LiMn,O,/lithium
metal) during precycling.
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Fig. 8. Nyquist plots of the unit cells after precycling.
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Fig. 9. Comparison of the rate capability of the unit cells

(LiMn,Oy/separator/lithium metal) employing different
types of separator.
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Fig. 10. Comparison of the cycling performance of the
unit cells (LiMn,Og/separator/lithium metal) employing
different types of separator.
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