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(57) Abstract: The present invention relates to a secondary
battery separation membrane including double porous coat-
ing layers of inorganic particles having different surface
properties, a secondary battery including the same, and a
method for manufacturing the separation membrane. Ac-
cording to one embodiment of the present invention,
provided is the secondary battery separation membrane com-
prising: a porous substrate; a first porous coating layer; and
a second porous coating layer. According to another embod-
iment of the present invention, provided is the method for
o (‘\ & & o o manufgc.turing the secondary bgttery separation membrane,

2 ® & & © 5 & 5 & 4+ 42034 comprising the steps of: forming a first slurry, forming a
® &6 8 & 5 8 s second slurry; forming the first porous coating layer; and
forming the second porous coating layer. The separation

O 0O 0 0 0 O O O C O xigz=a membrane, according to one aspect of the present invention,
O O O 0O O 0 O O O T =z2g= FF in which the inorganic particles are uniformly dispersed

o o o0 0o O o0 O 0 O O within the coating layers thereof, can maintain battery stabil-

ity by adsorbing excessive metal ions in the battery which

7~ ) _trma oy 66 are generated if the temperature of the battery exceeds a nor-
7 mal operation temperature range.

(57) 8%A:

AA ... Pore [EI'% = 74"/—‘7—]
BB ... Porous particle

CC ... Metal ion

DD ... Adsorption

EE ... Second porous coating layer

FF ... First porous coating layer

GG ... Porous substrate
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| Eg}slo] =2 353, N-H| €-2-3] Z 2] == (NMP), ol & ¥ & 7} 1.4 o] E(EMC),
vt FEHEEE O-FE EEE) B o] 5o Z3HEE o] Fo| Xl f{7] Gufol
o == el E Ao o, olo vt d8 E = A& of T}

A7 A FYE HE AFY Az T L 8T B uhe), AA Az
g F AAg dAo A Pl 5 At B o] Feukg AX ) A gk
O 2= ARAQl T4 Q1 A F (winding) ©] 2ol &= -] H} =2
Z-(lamination, stack) 2 %] S-(folding) 374 ©| 7}-53}t}.

gl Houbgo] o AA o] whE vt Az 348 YehlE ek
tho]o] 13l (diagram)©] TF. & 4rg o] th & S¥o uheh, Al 1 £ o ¥4
A, Al 2 28l FA aAS2), Al 1 thaAl Z'EFe g4 aA(S3) 2 Al
2o A ZE T FA GASHE E3shE o) A A8 e ko] Al o
AlgH ) o] 8}, & 82 Farshd o1 ok

S1 AN A, -4 0= A 1 vlY] ALdAE Al 1 8] ol SaAA Al 1
vlelt] o= g oS A3 et

Al 1 8RRIY] 313 A= ShA] B ol A o] 2pd A g -] el st 7] A% vlhe}
dol Ahg= = 9l

A1 G = ARS8 eharal sk wkQlY At Akof G-l 5= A =7 FAFsHH,
= o] W Aol ntgA st} o)== E3to] U o] Fojd 4= lom,
o] Al 1 v & golstAl AAT 5= V] wistoltth. Al 1 8o B] A &4 <
of| 2= o} M| = (acetone), H| E 2}8}0] == 2 - P (tetrahydrofuran),
| €l gl & 2 2} o] = (methylene chloride), £ & & ¥ &(chloroform),

t] v & 3£ -0} 1] = (dimethylformamide),
N-] €l-2-3] & 2] &= (N-methyl-2-pyrrolidone, NMP) 2

[e:

12 of o
! 034_,
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[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

N
i

Abo] 2 2 8 A(cyclohexane) 2. & o] Fo] 7l -0 2 HE M ElH 15 1= 2F
oo £3EA F vt

71 A 1 ERIE ool Al 1 F71& RS A7Feko] Al 1 5771= A7

O

WAE A 1S S BB A L RYE QA G BN A o] A §
s-elupe] hato] 7] A1E sl o] AbgE & ek
)

A7 AL G o] Fe Al 1S Y] oF 40 A oF 955 F %, T oF 60 WA
Fod 7 Atk 7] A 1 &re] gheko] A W el &8k A5,
)= YA A ZAl tigk Al 1 &2l 9] A8 (wettability)
St dFA 714 71F 25 AT U RS & 5 A

Al 2 vkt L7AE A 2 Sl Foll S A Al 2 vplY

A 2 ukele] A R A 2 Gl A7 BP0 4] A Lukele m¥} R

=

o =
UAE A7ske] Al 2 771 = dA7E EAbE Al 2 S E A g Al 2
7= A A ol A ol A A& el el #ste] 7] A whef 2o
A 3l

47 A 2 o] Sheke Al 2 elele] o 40 A o 9550, = 9 60 7]
°F 0053 % A 4 Atk 471 A 2 Gl o] FFo] Mg w WA el Lahiz AL
oNF A7) WA= FAHE A L b 2YER A 203 29
ARol €] 4] 9} (mixing)©] W] 5 2 & Qg 41 AW JehE P sHE o] gol B 5
3

$3 9 A6 A1, 471 S1RANA AAE Al 1 Zelel 2 ohEa 719 Holw
Qo] SR olojH, 47 A | £ele)-EEH B4 /1A F AEAA ]
A 12l o] Al 1S AA G o)l @ Al 1 Sl o] AAR e, 4]
SEA TAe] How 9w 9 7] F 1% ol 4ol el Al 1 A = Fo)
G4k,

g 71 A= A Sl A e ol wsto] YAl E uhe) o] AbgE
N, 7] 3 Z1AE A T AlE VA EARRE e 3] 2
THES R A8l FH AN TAEA A= TAAA S HE, o 2 &,
A = 7] FYHAAAE AL FAY e AR & AR S
AW S Fsto] 732 Ao =4 Axd 5 Ut

A1 F71= dA7E A Al L €98 E vaA 7 Aol 298k W&
FFA N LHF FFAR ZEH WHE ANES o, o & &Y H(dip)
FE thol(die) LY, F(roll) LY, FH(comma) ZH Hi= o] 59 23 1H2 &
chekgt WAl S o] 83 = Tt gk A 1 ThE A ZYEE 3] oA 71A1 Y
G EF s Ak e o g A o ot o) of & ZE Wl
mhel A E A 1 g3 ZEHSS O 7IAle] W 2E A 71419
S48 1 Rl A EAlsHA "t
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[59]

[60]

[61]

[62]

[63]

[64]

[69]

[70]

[71]

S2 GAl A FAAE A 2 &8 E A7) S3EAA FAH
Y3 Aol gt} ojoj A, V] Al 2 el E]-m i v
e T Al 2 &l & A A, o] 2 15| V]

=
g4 ZEZo] WA HT,

S A el ol o =, &5 E A& @l fofoll T A H o =
ulhe} Zow w3k o] 5 A4 A 0 ® Q¢ 7 v, B whEl] Foko
FAEA A= T D/ Wyl o3 folatA A" 4

ol e gt & g o Fe|vhE &= S5 Abolol] Jf A E o] o] xpH A 2 A
Azf ) B3 2 g o] o)A A= gl | w5 g oAb A, Bl F o]+ o] A A,
dF Z2H o)A A = R ol HY oA A 58 E3EE g FE

o] 2 A U 4 ATt

ol e}, & W& A A o & ety Y8l AAdE 5o AlsH
Ausl7] &2 ot 2o}, 2 o] wE AAdES o8 7 & P EHE
A o= o, &l ol )7 ofefjell A A dhiz Ao &l A H 1=
Ao = A o) A= rEITE B g o] Ao 52 G Al A B A ]
A28 7H2 Aol Al B g & TS @A ab A A str] Hl A AlS E A= Aot
[A A 1]

weate] Az

Al 18RI 2 A

PVAE-CTFE(Z R Z 2 glo| =SR2 EdZa2gddd 5345
FTHEE A 1§ 24 ofAlE 95 T ol H7EshaL, 50°Coll A oF 12A] 1 o] 4
Tt &alAA Al 1 uplY §dl-& F1) 53T

A7 8" ALY g o) B Y7 0.7 um R BET 4 m2/g®] A 1 &1t}
JAE vl F 7] & 9] H] & o] 10:900] ¥ =5 Egalar BAA A A 1

e & Az Al 1 EE 8] BS540 A A A FH = vk}

A 2 BFQIT] 2 A
PVAF-CTFE(Zgv|d gl Z 2ol S22 EgZ 2 2o|da 25345
FTHEE A 1§ 24 ofAlE 95 T ol H7EshaL, 50°Coll A oF 12A] 1 o] 4
Tt &l A A A 2 vplY] §-dl-& F1) 5T

2F7] 8] A 2 vl gNol), HF 4 0.4 um, BET 15 m¥g 2 Hf 713 77]
100 nm 9] A 2 LF v} YALE vl F 7] & 2] H] & 9] 20:800] ¥ =5
L3tstal FAAA Al 2 S E A xe T Al 2 £ 7o A S & 500l A

A A ¥ 3= vlef e




11

WO 2014/084681 PCT/KR2013/011035

[72]

[73]
[74]
[75]

[76]
[77]
[78]

[79]
[80]
[81]

[82]
[83]
[84]

[85]
[86]
[87]

A7V AzE A1 E8E 2 A 25889 E AR SEho] = £33 (slide-slot)

d=ol Az

G 222 2A gF 9 Hatsle 00 T, A 2 A
7he-E @ (carbon black) 5 5 -, BFQIT 224 E ]| d 2] ¥l & F = ¢} o] =(PVDF)
5 FHEE Sl N-HlE-2 9] & 2 = (NMP) 40 S-37-ol] A7tsle] &= 24
=8 & Tvleleith 47 = 2 =2d Ed9E FA7F 100 i) F=
HAA o] LdFr A BH ol =3shal A X 9, o] 5 F Z ¥ 2 (roll press) &

Anshe] G Az,

o T ARAM B B 95 TEY, A AR JhE (carbon black) 3
TR HRIT 2 2] d 2 91 & 220 = (PVDF) 2 T &7 & &1 N-v €2

Y& 2= (NMP) 100 530l 7hste] &= 224 <ol & THlsath 47
= B2 S S FATH0 m) &= WAA ] 72 (Cu) Bl sl
AXZ F, 0|5 & L =2 AAste] =2 Alzs it

—

=

B olabA o] Az
UM A xE W, F= H 5= stacking WA 02 w9
2 A3 LU,
z 8l o (ol & A 7 B ] o] E(EC)/H W E 7} R o] E(DMC)/o & H & 7L R | o] E(E
MC) = 3/4/3 (F-1) 1)), B FAALE ZZFE A5 0] E (LiPFy) 18)S T84 2l &

ol AR A & Az G T,

(=)
o

M2 1]

weluhel Al A A 2 SR AAE Takehs A2 0B 29 S
glo] Al 1 v AAE Fatel Al 1 g4 ZEERE FHF AL
Aslahiis, Ao 17 FAF W o ¥l Alzair. T, 4]
Reuhe AAld 12 BT RO R F ol A A Az

[¥] 2L 2]

Be)uke] Az gl A Al 1 FF YAE E3eh= A
glol Al 2 ¢Fmrr}
A el eba=, A A 2 = =
R uhg Axle 13 FAFE R 2 F o2k

L2 =
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[88]
[89] (23 d]
[90] el ure] =41 ot
[91] AAlel 1 F BlaLd 1o A Z2H o) 2px Aol A Z & = 5= & & 24 3}
AL AL, ol & o|AAAE & HEEES 588 8tr] & 19
A A 3R T
[92]
[93] E1
[Table 1]
7] 100 cycles 200 cycles 300 cycles
A Al 1 100% 99.6% 98.8% 97.6%
H] nlof| | 100% 98.0% 95.2% 92.6%
[94]
[95] T AV A EE Vel 5 EH e tishe] ICP(inductively coupled
plasma)y€ ©]-&3lo] W1k o] 2o AEFE A oW, TL A 3= 5] 3% 29
A A 3R T
[96] 32
[Table 2]
2] 39 (ppm) &= %9 (ppm)
Al 1 145 150
B e 1 135 180

[97]
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71E&& ZE o] V1Al
A7 ThEA 7IA Y] Aol A E Y] 7] S 1 o]
G ol Y H o] 9lom BET ¥4 10 m¥/g W] 7HS 2H= Al 1
F71= A2 R AT A1 F71E GRS YA s Rl
AAsto A7] Al 1 F71E dAF ALl E 1A 2 LB A= Al L
vy R4S E3a= A | ve A aE S 2
A7 A LA 2S5 el 2 E o 1o, BET 94 10
WA 50 m¥Yg 91 Al 2 #7185 dAh R A7 Al 2 5712 dAbe] A
E= A Y X8te] AGr] Al 2 F71E JAF Aol & A E ¢
AN = A 2vIE AFAE 3k Al 2 ad IR S S
T8 8= o] A A& v Ht

|

2
—
o
=
32
2
2

9% F %
Aol 9lot A,
A7VA 257 E ARl kol Al 2 v 21 52l 30 WA
955 F%) A& B O R o= o] A AR EE

Al 18}el] 9lo] A,

BT AL F7E AR A2 FV = ARV A Sy o R
FAE AFTESs ol FUIE AL A E ol AE v 2
F71E A H o] 5 £EE o] Foxl ORI HEEHE
AL 5RO = sl o A A& 27

Al1gtel] oA,

A7 54 714171 2 2] ol © dll(polyethylene),

<] 32 2 4 &l (polypropylene),

= 2] o & 2l ef) | 32 - 2] ©] E (polyethyleneterephthalate),
e g O] E (polybutyleneterephthalate),

= ol] 22 Hl] Z(polyester), = & o} 4 € (polyacetal),

g o} "] = (polyamide), 3 2] 7} B 4| ©] E (polycarbonate),

%] o] 1| =(polyimide),

<=2 o) | 2 9] ]| 2 7| = (polyetheretherketone),

2] o} ol | 2 7| = (polyaryletherketone),

<] ol ©]]| 2 o] 1] = (polyetherimide),

= g o} = o) v] = (polyamideimide),

< 2] Wl %] 1] T} (polybenzimidazole),

=] ol ©]]| 2 A4 & (polyethersulfone),
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il

7 25 A} o] = (polyphenyleneoxide), Ao & ¥ 22|

™ (cyclic olefin copolymer),

| d €l Ad 7} o] = (polyphenylenesulfide) 2

2] lJr 3 2} 2ll (polyethylenenaphthalene) & 2 o] F0] %

H o shpe] a1EA = ol F 2% o] /d 9]

X}nl = O]C/] q_znl A) 3L TtE =

s '—]._L_.J__1_.

2 8hi= o) pH A & welu

Mo jo oMo
Bdomin U 2 &8 ®

FEHU-{Eru
N\ﬂr_
1or{nz

N

[—
ESNS
2;9
3
2

M o2 2L AT rjob Mo w1l

bole] a9 A 2 vRelE] At A7 B g o
Felude)l E29 cho| = AN E R0 2

3z =22 I dl(polyvinylidene fluoride-co-hexafluoro propylene,
PVDF-co-HFP), Z ]| de]dl £FQelo| = Eg] &R =8

o & &l (polyvinylidene fluoride-co-trichloro ethylene), <=2 8] d 2] ¥l
SFo ol SRR ELEF R o€ #(polyvinylidene
fluoride-co-chlorotrifluoro ethylene), 3= 2] M| &

| €} =1 & 2| o] E (polymethyl methacrylate),

+ ] o} =8 21 E 2 (polyacrylonitrile),

2] 8] d 3] & 2] = (polyvinylpyrrolidone),

2 H] d o} M| El| ©] E(polyvinylacetate), | & &l B] o} M| e o] &
&% & Al (polyethylene-co-vinyl acetate), 35 2] ol & 1l

£ AFo] = (polyethylene oxide), A& 2 Q. 2> o} A| E]| o] E(cellulose
acetate), Al &2 Q & oA | o] E FEl 7| o] E(cellulose acetate
butyrate), Al & 2 Q 2 o} A E| o] E X 2 1] Q U] o] E(cellulose acetate
propionate), A| o} 3=l & - 2k(cyanoethylpullulan),

Al o} x-of & £ 2] H] d ¢k 5 3-(cyanoethylpolyvinylalcohol),
Alolol e A& 2 Q 2 (cyanoethyl cellulose), A o=l &
T2 Q Z~(cyanoethyl sucrose), ¥ FFH(pullulan), 7} = =4 W€l
A & 2 Q 2~ (carboxyl methyl cellulose, CMC),

18 21 = 2o AP

&% & Al (acrylonitrile-styrene-butadiene copolymer),

2 2] o] ] = (polyimide),

Z 9 d 2] ¥l &5 2 2} o] = (polyvinylidenefluoride),

# ] ol = E 21 E H(polyacrylonitrile) % Z~E| &l FE}T] <l
a1-5-(styrene butadiene rubber, SBR) = o] F o]

2 o2 RE A
o] - Fh = o & F2F o) TREJN AE A o= F)=
o] 2} 2| g -2l 1t
S, =T, DAV FFT AT = Abolell A A E o = A3
WA Al6d 5 o 1= gk g o] o] AP A& ]S E3eHE
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o] 4414
78kl 901,
471 oA AA T AT ol AAAN AL EA 0= 5= o] A,

g A1 HRIY g,
115712 JdAE A7hsta

A48t @A,
Al 2 vk AL A 2 S Foll 83 Al 2 vhlr] g,
BET 4] 10 WA] 50 m¥/gs! Al 2 71 & =,
RO B2 M GV A 2 F1E YA AL Al 2 SelEE
A48t @A,

A 188 7S 2 a4 71 A1 Hoje i
Lt ARA o mMA A

]

3z |
T T 1& ol el Al 1

>
a
N

7 A 257 = A= B 71E 71 7F 2 WA 2000m Q1 A=

A7 A1 g R A 2 Gl 7F 22t 55 24 0 2 o)A E(acetone),
]| E 2} 8} o] = 2 7 h(tetrahydrofuran),
| & gl & 2 2} o] ™= (methylene chloride), £ = & 3 &-(chloroform),
] v & 3£ &0} 1] = (dimethylformamide),
N-m &l -2-3] & 2] = (N-methyl-2-pyrrolidone, NMP) 2
Alol & 2 & Ak(cyclohexane) & & o] Fo] 2 O ZHE AElH 15
=28 o] EFEQ] As SAH LR &= o| AP A&
o o] Al =y,

9% ell 1oy A,

71 A1 &we] sheko] Al 1 &elel 9] 40 WA 955 F %
O = &= o] AP A& ] ] Al =Y.

i
o

4

P
o

o 2 i o X
o
o]

O
o

7] Al 2 Gl ol gheFo] Al 2 &2l el 9] 40 WA 955 %% A
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Ao & 3= o)A A& Fel kel Al ZHHH
93}o]] Qo] A,
15712 AL A 257 E JA7 A7 P4 08 A8
F7F5 o]l FUE AL g ol A v8 e 2 R E
AL ol 59 EFER o] FoyH o RRE AEE = AL
Ao & 3= o)A A& Fel kel Al ZHHH

& ]

N, e
o=
4 o
OH&O
Oii%
= N
2
AN

e d

AC)

=

i)

L

A

g}

@]

S,

<

S

=

<

=

@]

=

l¢]

\_/

& (polypropylene)

2l €] 7] 32 €H | o] E(polyethyleneterephthalate),
ol el 2| 3z ek 0] E (polybutyleneterephthalate),
E 2 (polyester), & 2] o} 4 € (polyacetal),
Z (polyamide), =] 7} 2.4 ©] E (polycarbonate),
= (polyimide),

of| €] 2= 7| = (polyetheretherketone),
E

>ru£lrum}m

é—{mé B

O
EI

o
= = =

i
[ lm 2 lm

]_

]

© 2 o
o

]_

A = (polyaryletherketone),

é

(e
T o] "] = (polyamideimide),

=

(polybenzimidazole),

|
1=
| 7] = (polyetherimide),
]
=
d

2 &

=
F(polyethersulfone),

| £ A} o] = (polyphenyleneoxide), Ao & 2-# ¥
cyclic olefin copolymer),

@l A 37} o] = (polyphenylenesulfide)

@l 1} 3 €Al (polyethylenenaphthalene) 0. 2 ©] 0] %

9 o) - ahikel A o & 5 2% o 4l
H;{}m- = o] 1:/] q_znl ;d 3 o=

B 8h= o] AP A W] o] Al v

SRl

=)

HU-{EMSEMLEMLEA
il

__IYE

]
]
%

Homo f & 5

0,

=Y
o=
= I
N
o
v ﬂilo O.>|: r_>|:4
rd
N K

A 7 (o O T ) P - T AR P R (- G R AR P R A )
o
9,
o

Jd

M o2 2 AT oo Mo e R i ol ol ol ol o o o ol ool i o> 24 Jim xQ o2 24 XL im

23 9 A 2 vpele] AL 2 E g e

ZFQ oA ER R

z=zd Tzi](polyvmyhdene fluoride-co-hexafluoro propylene,

PVDF-co-HFP), Ze|H| ¥l EF o djo|=-Eg S e

Oﬂ €l 2l (polyvinylidene fluoride-co-trichloro ethylene), <52 2] d 2] €l
Fogo| -2 2 EYEF Q2 o & #ll(polyvinylidene

fluoride-co-chlorotrifluoro ethylene), 3= 2] M| &

| €} =1 & 2| o] E (polymethyl methacrylate),

+ ] o} =8 21 E 2 (polyacrylonitrile),

2] 8] d 3] & 2] = (polyvinylpyrrolidone),

i)
=
il
_VE

N
2,
[—
jus)
=
-0
u o
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2 H] d o} M| El| ©] E(polyvinylacetate), | & &l B] o} M| e o] &
&% & Al (polyethylene-co-vinyl acetate), 35 2] ol & 1l

£-AFo] = (polyethylene oxide), A& & Q 2~ o} A €] ©] E (cellulose
acetate), Al &2 Q & oA | o] E FEl 7| o] E(cellulose acetate
butyrate), Al & 2 Q 2 o} A E| o] E X 2 1] Q U] o] E(cellulose acetate
propionate), A| o} 3=l & - 2k(cyanoethylpullulan),

Al o} x-of & £ 2] H] d ¢k 5 3-(cyanoethylpolyvinylalcohol),
Alolol e A& 2 Q 2 (cyanoethyl cellulose), A o=l &
T2 Q Z~(cyanoethyl sucrose), ¥ FFH(pullulan), 7} = =4 W€l
A & 2 Q 2~ (carboxyl methyl cellulose, CMC),

ol 2 EY-~E - e <l

&% & Al (acrylonitrile-styrene-butadiene copolymer),

& 2] o] 1] = (polyimide),

Z 9 d 2] ¥l &5 2 2} o] = (polyvinylidenefluoride),

g ol =1 21 E H(polyacrylonitrile) 2 Z~E| &l F-E}T] <l
a1-5-(styrene butadiene rubber, SBR) = o] Fo] Al
o= S} I o] & T 2F oo e A
o] A A& e Hhe] Al =W,

Aol JofA,

}71 A 2 7= A= 3
O = 5= o) 2 A E
13l o)A,

71 A 2 F71E A= 3
O = 5= o) 2 A E

o

71&€=3717F 2 WA 200nm €1 AL
o] 2},

0]

0.1um WA 10mQ! A&

Mooz 2 Jim o*

o
_IE ol
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[Fig. 5]
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[Fig. 8]
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