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Abstract: It is very important to impart enhanced thermal stability to polyolefin-based separators for the fabrication of
Li-ion secondary batteries with high energy density. For this purpose, in this study, a heat-resistant polyamide-imide (PAI)
polymer solution was coated onto a microporous polyethylene (PE) separator with a nano-sized coating thickness,
employing a continuous slot coating process. Through attended total reflection infrared spectroscopy (ATR-FTIR) and
scanning electron microscope (SEM) measurements, a thin coating of PAI inside the microporous membrane was con-
firmed, and the relation between the PAI coating amount and the change in pore structures on membrane surface and
cross-section was clearly identified. In addition, various characteristics of the separator such as permeability, porosity, and
shrinkage before and after PAI coating were systematically investigated. Based on these experimental results, it was found
that the PAI coating of 1.23 g/m* optimally enhanced the heat resistance properties of the PE-1 separator.

Keywords: polyethylene separator, lithium-ion battery, slot coating, heat-resistant polyamide-imide, microporous structure.

1 =] &S]

ofr
i
-
Ln‘i

M B 2] Agsel A T},

%

= & et dnkA im R
A/FLE /I AbeE o] AHE 3 3T A
2] o]0 XA A (lithium-ion battery, LIB)= =2 AU|A] (NCM, nickel-cobalt-manganese)-; 2|71 32| LFP(lithium
o 28 Uy 958 £ EA 9 vk x|k iron phosphate, LiFePO,) 52| Hola&tslzo] 2 A8

& 7L o] FHiE, BEE, RER, S AU, 3L glom AdAe] i F2 =ol7] sk

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

[o) v Ale)

1/]74] Srako o

= 4=, = T o=

EFRE o]ofE, 2ntE A9 22 Fig A} 7)1719] A A FoFeliAlE A5 H8AE AT Rk R At
do g de] ARgE] ghor, Holl= A7AsAHE A Y= ok S A2 e AASAG xS =2
O 72 ARgFFo] A Skl JAoh? LIBE 4=, &4, i AREEH, E9tehe AElE sighEe] HI7ke 5488 /AR
2o, Al de] 4l T8 7 Q4= o]FojA e, ol o2 AR &S SHATE AF7F A S AL /Uoke
: e ﬂEoﬂ*‘ 7] &ujoll Al f7] Hafjde] F
T e et sos s A18595], 9 B9 432 A1) 313 7
©2021 The Polymer Society of Korea. All rights reserved. 2 A sl gk A7 i) o] Foix| AL ke

456



2lEole ol RS iAlthe g ERlellE Eelute] 43 M

=1 b

AR5 AFshs BAE, AA9 45 4 °W**°ﬂ ARARl
&S F= T ZEH oA ) v
719 7135 e AT LA e R 2 Edld
dl (polyethylene, PE), Z2]Z 23 (polypropylene, PP) 52
%ﬂgﬁﬂﬂ(polyoleﬁn)ﬁ] TR} AR =8 7|AA 7}
L:_, [e) % =] _":_7;1] ;poe-gl_ 7]_1_ z 0/‘\-5]- §]_6‘1—7(4 o}
Ao HL 7}x]—/ ot} 97 o}zqﬂo] Zoksl A=
SAGTE"? HZ olAA A FeT P tiwAed A
71AFERLE] 785, A S BAshaA A &S T
= SUAA i TR F 72E 58t ske A0
FH AR Ho] vk AR @] B B oy e
Hske 93 Wete® FSHAA B FAE Eole
Al WEEE A AT A77F AFE L gl
53] 43719 o] W9 TAF Sl T2 Aol 2
57} oma g S4o] 953 Bl o] B
olt}.

Felgaln 2ol g
R AR)e) 9H 52 %501—5— ik
AR 24 el Az b, W)
el T3 By ol A A,
o] 94 545 =ol= dle PESE 94 540
PP2] —‘—‘Qg(coextrusmn) 25s
o IA AR5 B AT .
o Qs 9 weoAlel 45 54 AU o] Ty
9a pposE Rele 98 54 99 52
AR glort, Eed 2ale 5L
YL elshe Rl AT} 9

Sus g S0 S48 1A 24 AP
of A8AIA A el Axshs 4goltt dlE B9,
719 Ak electrospinning) 342 WA o] $48F w82} AA)
2 8§ T g AoA FH Y E Eyeto g vkE &

O

mlo
1
Q
QL
X
e
o =
it
(2
DTS
roly LFU
S

o
\
4

Ei

N
2

].

Mo
o o
ol
R
T
Hi
o
Lo &
¢ ue L -y
o & 9 off &

o

>

>,

LFS
me oot
o~

o}-J
o

= WO =2 polyacrylonitrile(PAN), polyvinylidenefluoride
(PVDF), polyethylene terephthalate(PET), polyimide(P]),
polyvinyl chloride(PVC) & Th¥st L EAE 488 A7}
BT YRR Do) 58 TEAE A AHET
=) Iﬂtﬂ-o R o:lx—l ,E_/H ;ﬂ—gﬂqlﬁlsq 7;5:}73:1@ UJ ;HQ/H
(wettability)o] -8k EX]O] oL}, A H]go] l;_TL B
ulo] w7} Ok—(;H tHeo 2 Hes= Ao 347} 9L
AR HPRe 9228 97 oBgAS A §7)E FE

P

-llj

P1ES 71 Bl 29ste] welel B 5498 B
A7 AoIT M0 el gel7l eleto] JAE $4e

A, 8 194 5o e A e 542 F
7}§ oA 5 e WHORE AA ol Al Eeut Al
zo 48] €853 Aot Chung 52" diethylene glycol

AL

o

odt

S3 e 28RS I8 457

o

dimethacrylate @& PE £2]9 tHol ZHS & T3}
g 72 A FobgAS =Tt Liang 52
HA7|AE W2l o2 Pl FA X 2hs v Ae7haFrvt
£ H(dip) 28 WA o= g@Hg L Alxsiin Alx
E PIEEE I20X F5o] WA efom, AR &
o] i &9 5o $-oitt sAINE FrlEo] X3
i -?‘51“3& W 545 HolA|wt, -‘?7]%9] Ae71 A
£ A ST EAEE X]ﬂ‘:}.

A

2 AT B9 FAY oA Arrt B A4 2
92 o 7] B0 Aerka Relnke e A5

ddo] $-rstal Yol E2 polyamide-imide(PAI)
& &5 38 380l A8A1A PE w29 Wi 7%
A WEew|E] oW 2 upe E’_E‘/\]ﬁ‘:} PE
d A ZRSS AT AT, gt

e

7k A Dol & A3, /1% G o eow FED
Foheg Shushe o] ojelg 4 k. ol B ol
£ YT AT Azl B FHA £F TIUS V87
o] PE 2I7] he %09 wint g 295 WA
o2H BAE HASkA ARSI PAI LY T8
gole] sy W) W Relvte) Bl /QH SHEL
Bla R43 A3, PAIS) Wt 2Rl $53 U B4
Rolghe Helsrt
Al = |

PE &2/9t 3 1LY Xt MH, Aol A18-3F PE

uko QK innovation(3H)OZH-E AlFeror, A
’d2 Table 19 7]AStA L) a9 2292 16-25 um2]
AL 7, Tt 711E°ﬂ*1 ztol& Helrh ey
Ao S ol mE T B 5 540 ¥t AEE
7] fEiA 7e= 3% 132 £ §24o] 978 16 um
1] PE-1 #Eluhs = ARkl 3 T3 543
TEHES WAE I Sl 71E 28} T 540
T 4%9] PE F8|2& ARE-Ste] Bl Ekeith =, 16 um
PE 22|82} 2%5(PE-2, PE-3)} 71357} 40%2 Wl §3 &
AJo] ¥ke 20 um PE B2 15(PE-5), 71557} 60%% =
3 S EAJo] 9473 25 um PE 8% 15 (PE-4)S AL
ElSv1=

PE 2|9 HE8S Fofsl] 1gk i
Al EAFEH(M,)°] 5300021 SolvayA}(Belgium) PAI(Torlon
AI-10, Figure 1)E AH8-3}31 2™, &1 = Sigma-AldrichA}
(USA)2] N,N-dimethylformamide(DMF)S A}-&3}91 T}, PAI
€49 FE= PE £9 W2 Y oo FE3] 2
£ T UEE 5 58S ek 510 wi% H 9o H

oo Alxste] AT

1ru kA G

ARARE

Polym. Korea, Vol. 45, No. 3, 2021



oX,
oxl
g

T

458

il

A

of

l-ll
Ho

Table 1. Basic Properties of Various PE Separators Used in This Study

Units PE-1 PE-2 PE-3 PE-4 PE-5
Thickness um 16 16 16 25 20
B Darcy 4.9 3.8 2.7 11.5 1.6
Permeability
Gurley (s) 120 170 216 80 420
Porosity % 53 53 43 60 40
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Figure 2. Schematic of continuous slot coating process.
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