o 2 8| Q1 (Membrane Journal)

Vol. 24 No. 3 June, 2014, 231-239 Brint 1SSN: 1226-0088

Online ISSN: 2288-7253
DOI: http://dx.doi.org/10.14579/MEMBRANE_JOURNAL.2014,24 3,231

Polyetherimide-PVP S%2| &F0|E S¢t OIUS7|HK[2] tsd =8[9 M=

Z

A AT

2
<

Y
o2
ol

BRI ELGU T VA - Ao - HoHFSY

(20149 59 129 A<, 20149 6 219 A4, 2014 62 259 A H)

Preparation of Porous Separators for Zn Air Batteries through Phase Inversions of
Polyetherimide-PVP Solutions

Yu Song Cho, Young Kyoung Kim, and Ja-Kyung Koo'

School of Energy - Materials and Chemical Engineering, Korea University of Technology and Education, 1600
Chungjeolno, Byungchonmyun, Chonan, Chungnam 330-708, Korea
(Received May 12, 2014, Revised June 21, 2014, Accepted June 25, 2014)

ok oldFZ/|AA 9] Beluto 7 A7) $13F Polyetherimide (PEI) A2 9] ©& A x3tqth. 2o Alxs Abxoly
slo] o] FojF o, |28 £9-& PEL n-methylpyrolidone (NMP) 2 polyvinylpyrolidone (PVP)2.Z o] Fo]H T}, A%

ohs o] &3t oAV AAE AASATE M2 & W] PEI &FH A 2E &4 tigk VP bl Eele
227, 7IAA =g o] eAET WA= 9L 47 SEM, AAAEAY 9 dods AP 5t 24, Hrlst
Aok oFAF7IHA Y #7158 B AR FAAEE Bt SAEAT. M2 &9 F PEI o] S w
gt B9 JAAH AEe UMt eH, Aae §969 pvp Hute BElHY JAE FEd 2 ¥FS HAA FUT
9 o PEI gFo] Z71stH A B o] 2AEEE 7HAEAT. &9 PVPE FUkse dldl oA A7 10 wi%
M= A7 7t wheh £ o] A EEE FTHskA. PVP A7bEC] 10 wi%oll A o] &8 =%+ 0.1 S/em®|
He B F F7be] HUbe wapA e o] 2ARETF At B9 o] 2AEEE FUIokAAA Y &% & FFS
mRoH, & oAREE Ztv BYYUOE Az AV 5 &FE HATh

o

Abstract: Polyetherimide (PEI) membranes for separators in Zn air batteries were prepared via phase inversion process
from casting solution composed of PEI, n-methylpyrolidone (NMP), and polyvinylpurrolidone (PVP). Furthermore, Zn air
batteries were fabricated with the separators. The effects of PEI content and PVP addition in the casting solution on the
morphology, mechanical strength, ionic conductivity were investigated through SEM, stress-strain test and ac impedance test.
The elelctrochemical performances of the batteries were evaluated through galvanostatic discharge analysis. The mechanical
strength of the membrane increased with increasing PEI composition in the casting solution. Little effect of PVP addition in-
to the solution on the mechanical strength of the membrane was investigated. The ionic conductivity value decreased with
increasing PEI composition in the solution. With addition of PVP, ionic conductivity of membrane increased until 10 wt%
to show the maximum value of 0.1 S/cm. In the higher range of PVP addition over 10%, the ionic conductivity decreased
with increasing PVP addition. Ionic conductivity of separator strongly affected the capacity of Zn air battery, and the battery
assembled with the separator which showed high ionic conductivity showed high capacity.

Keywords: phase inversion; separator; Zn air battery; IR drop; discharge capacity

.M 2 HZ AA] gdste] 7 2 #AAE AUA AR
&S wole Aot @A M £L A 289
AAZA gl 2AA7F &3 A lon, g Fol 244
= 7PAAF A7) AE AR okl AA 74 dE A

TCorresponding author(e-mail: jay@koreatech.ac kr)

231



232 =%

= gl oA glFol2xd A= 2 gAl

23 Aoz Holul, 34 5l o) A} A,
wol2dA e Fart &5 A 718 4% d5A
2 #A7F o1E Thedel &

N
et

o
o
VS
)
o &

ro T
:

e rlr
Wi ﬂm

4 4
B0
x
ox 2
R
>

o
2

gzg
=
o
®

o,
=
[
o
<
B
L
Y
o
ﬁgm{mrﬂi‘d
£
» 2N g
i N
do — ofN
_O|L
T
N
lo i)
Eimﬂ
J.?L'rjé_h
RIRRCI
N

o o

%0

[e3
°
re
oK
N

o
e
lo
)
N
o
o — oo ol of
()
N
=2
=
ol
ol
s
XN

b

=Y

3&

20

Ko

rl

o

ax

o

;9‘
o 0

N

2

3

e 2

H g
o P
41 X Jo o

lo @ o

N
-

S A3 Fatnz A4 duAdezA A
e ok&d Ady. ofgk 22 oY JHA A& 1T
g ookdFIAAE FF AU DAZAY THeA

=

y
4 898 A48T, £ AN FEU0E 3

ol

H 2 a

D VRS N o U - i 1)
S iR = S w W T )
=2

oft
on
5
R

S
u
i
ofo
N

o
2

o ofd HN §2 bt T 2

2 3}
A= Holtk. olefgt A
P A7 del o] Folz
om, ofdF7|AA W EEutel tid <
= AAo|ty, HIZ7HA o}

A=
3] Eol2dAe £

2 hor

)

4z

iy

2

=

ok
4N 2

b ofo

o

¢

19 e
ft N, o

muEgol A 24 @ A 3 F, 2014

- 72

o>

F&-3lE o] Ab83ta e PE 2 PP AlAS] Oha 4
e AgSte] Aol U3 A=TE dEA S
2]. 284 PE ¥ PP W & AFAo|RE
FHY A3 DS At ofdF A A oA
AAde] Feuts AT o] & Byo| ofr|d
o X%, o] A5 A Beluto] ofd g A
S S8 A g BAhsd
AA EYgug T o] o]Fo] AA A}
Ak ol gt A ] dgow A 1EA

A vk Th3,4]. 18y A 1E&A
ot AR ZERE st I A&l dAE
o A 32 Asdy e JAH T
(e}

. 4 =
g Qe ARto R UM AET VAR A=
= x
L .

)

2 ¥ i oo
_|>L 12
oo
i)
o

rzimﬂg

2 )y 8

Qo) bl 2 XN 4y o Iy O Ae

=

}

=
7t
bl

o =

¢
(S TR A TR P

i rlo
jus)

ojHe] Aol E o] &3t
polyethersulfone (°]3t PES) A&9 o34 £
Az, dFstAdH7]. OdE8 B Axste b
AAME AAAGFHE 53 WS (phase inversion)
= AHgstfon, Bewy 5 725 2dde &
o2 484 182 polyvinylpyrrolidone (©]3F PVP)
= A7HIE ARSIt AARAE S T WS
< O3 1EATS Azse M 9w o
oA 3ow[8-10], PVP 5] 4
bt F59 725 2Hde ATE H
of o3 zlegH u} Th[11-16]. £ AT = o] &
79 AHEEH PES A Zol Bls) 7IAH A=t 45T
A4l polyetherimide (13t PEI) A2 E thAste] 7]
A Zzo AAE o]F22 YL o]F B3l &
< 7IAA e 423 oA et Vv Ee B
of Az, A st

g2
e} !
19 ojy d

X rE 2 o ox

O

fr
4 ko

2.1, duiEsg S8 29t Mx
B AzE A% s AFeA Y 1EAE
PEI (Ultem-1000), £ £ N-methylpyrrolidone (NMP,



Polyetherimide-PVP §9¢] 7 ol& &
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2.2. SEM
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Table 1. Contents of Materials in Cathodes

o
of

active  conducting

Materials  catalyst binder
carbon agent
Weight
ratio 3 72 5 20
(Wt%)

Table 2. Contents of Materials in Anodes

Materials Zn Powder gelling agent KOH solution

Weight Ratio

(Wi%) 75 0.5 245

5 of Wirol H7kgk & F71
Z 24N & wnkste] o= g E Az
A2 e 120009 2BNA 1247 5ok AxE
T 24, £Z2E =t o] £2ol| Iso-Propyl alcohol
< A7kt WEg e, o]¥A YolA Roll-PressE
53tod T 400 pm W99 sheetZ THEUT TSR
sheet= HAA ZA4 9] Ni meshol] §&3te] =g s
Aom, THEZ YT 120°C9 LEA 2447tE
Qb Hzete] o5 WjFol ZF3SkE Iso-propyl alcohol
S AASAY. Table 1& £ AFolA Ax3 ofFe
dAEe} O FFS BT

o

2.6. 839 M=

A G 252 AA Asjd Ao g ALdhe
85 M KOH &9 500 goll A w&a Sl
Carbopol= 10 g H7}3H & SAIZE ¢ 1&H0 2 Wyt
& 5 F749] SAZE T AS 1Lk s A ol R
ZH(Aldrich)& 5¥oll Yol FYH zine gels A%
FATh A28 Zine gel& F7HE 2447 B 14 1

wkate] AT Zine gel Az F ofd R
FA3 wwk Ao FUD 7ZE AAG7] Yskd 30
°C, 300 mmHg®] FF2E oA 208 5t AFA g
3FAth Table 2+ 39 Azl AL AE9} 1 =
HE YEhAT

2.7. CHEX|9 M= U X
G HA = 3.5 x 2. 05 (Cm).O/] SS316 £7] ok

5
zinc gel& H § B9, 55 A2 SHES

Augel A 24 @ A3 35, 2014
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Fig. 1. SEM photographs of separators made from solutions
containing (a) 20 wt% PEIL, (b) 25 wt% PEL, © 30 wt%
PEI, Top : air side, bottom : substrate side.

PTFE membrane ¥ H2AX=Z gon 1 9o SS304
meshg &Y A= Pt AxzsAth Az HA <
TEAGH WA LFE H7ksk7] 98k Current Interrupt
Method (¢]3t CIM)A B BAF BHALI S FIstA
o CIMAEL 3 mA/m’E2 AFLES FA8:s F

RO E teste] At 3He FAE BESIHS

=3

o, $RLEE 120 CE EF02 HAAsQa, A48
1= H

o

3.1. Mefxdo| e 2E=X[2| Hs}
Fig. 12 7|28 &4 9] PEI 5%

2ol B
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Fig. 2. SEM photographs of separators made from 20 wt%
of PEI solutions containing (a) 0 wt% PVP, (b) 10 wt%
PVP, © 15 wt% PVP, Top : air side, bottom : substrate
side.

H F2E BHAY 39S FdlA PEI 571 F7tstd
A ko] Aol oA & HEhE el Wi, fE7)
Tol HEPd EHY AT FH oA 1UEY FHF
of A= AL E 4 Utk ol¢ & PEI &%
sl HAAQ wHo] Y7t FolA7] W&l AoE B
It} Fig. 2& 20%9] PEI &30l PVP H71&e 77t

0, 10 @ 15%% 243 |28 &40 7 A %3 Eg

Table 3. Mechanical Properties of Separators from PEI
Solutions without PVP

PEI Content Tensile Strength Elongation

(Wt%) (MPa) (%0)

20 7.92 8

25 16.41 12

30 20.78 14.5
go] 9 F2E Btk I13& 53 AxE &9
wel pVvP A7kl SUkstEA e iR §59 2
717F b AAE A¥FE B F Aok 22y PVPY
A7kol <lstel ol BYsE sk A PESA

A2 A7 Aol wgtd A= ¢ doAAE AE £
T AR o= PES &4 PEI &9 FEatold
71918 Ao HQth PESS} PEIE $9¥ 52
NMPo| &3late] &d& THEUS W 1 A2’ Al
of PES &9 nl3le] PEI §9o] Hlwz =& 7t
2ol #Zd u Ao oY HE =2 PEI &9
PVPE H7lste 7%, PVPY IFA 02 s
e =HE vhd, PEIEY AA9] & A
PESE AHElS Wo} 22 & 359 ¥4
AoR & & 9tk

3.2. 2299 7|IAH o

Table 3& H7MAE AHESHA b &Aoo 2HE
o RYute] AREE HoErh B ARES K3l
PEIAES] Fejote A7 520 7|hgd npe} 2+
o] AAA=] Arigtel loiA PESAIZ S EelgtelA
o] AAAE 3H(5.29, 7.63, 10.76 MPa)°ll Hlste] 4%
3 =2 A& 2 4 9t Table 3S 53] =3 &9 )
o] PEI &&Fo] F7lstHA JABAETL S7tete A&
= 7 Ak ol Ed%e F7F 200 ume| A 2=H
AolA A WHsstA| 2 defelA &4 U] PEI &
o] Z7lste 4§ EeHoM T PEIY o] FY3}
A F7Vet7) wjEolth o] & Qg B& Fro g9og
FHe 2 959 o] AzxHH, 1 dZF =7}
S7bele 202 B 4 ot o]y Afe 52 %
of §AOTHE 2 YR F2E EHH SEMY 2
o} AAFTh Table 4= PVPES 713 &9 02 RH
Ao Byguro AREE HojZt) o] 7o) QoA
% PEI A|29] &eluto] PES AZ | 75l nls) A

-n

Membrane Journal Vol. 24, No. 3, 2014



236 =%

Table 4. Mechanical Properties of Separators from PEI
Solutions with PVP

PVP Content Tensile Strength Elongation
(Wt%) (MPa) (%)
0 7.92 8
5 7.62 15
10 7.83 13
15 7.75 10

Table 5. Ionic Conductivities of Separators from PEI
Solutions without PVP

PEI Content (wt%) Ionic Conductivity (S/cm)

20 0.062
25 0.041
30 0.022

Table 6. Ionic Conductivities of Separators from PEI sol-
utions with PVP

PVP Content (wt%) Tonic Conductivity (S/cm)
0 0.062
5 0.092
10 0.101
15 0.084
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S ey )
: = ~/ — 20% PEI
--------- 25% PE|
———- 30% PEI
00
0 5 10 15 20
Time(sec)
PEI Content{(%) IR drops(¥)
20 0.419
25 0.493
30 0.598

Fig. 3. Result of current interrupt experiments of Zn air
batteries with separators from PEI solutions without PVP
addition.

e T2 AL JASI= kinetic &3/ 2AHA
o2 ZAgate AoE dHA AUTH12]. B AT A
of oA PVPY F7bel| wi} o] 2H =RVt E Fo 8
A&H o7 Z718t9d PES A2 Egute Aol H
W&t PEI £9& 71 HAo] PES £ nlg) mou
2 ‘thermodynamic E 3}’ H]&| ‘kinetic &7} )
HoZ o A ZEe ALE & F ok o= s}
o A7 10%7HA & O 2AEE gho] & £o0=2 F
7hken, 57 15%2 $718 Hole % Eopxl
o2 Q3 “kinetic 37} o IA YERG Zo
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o A Az BEEue A +339d PESY AT
Aztol] Hlg Thh e o]LAHAEEE HYSdE PES

2elgo] Histel 1 )AH 2wt U5
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HAd = A
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CIM (Current Interrupt Method)E E3l o} ¥
A Yol Ao Heluto] w3el= A7 EA
=4, B7tstAth Figs. 3, 4& & dAFolA Az
ooz A2 ofdFrIAAS CIMEAE AHE
RSt Fig. 304 A28 &4 YolAe PEI 3
o] 7ttt &7 IR dropel F7lete AL 2

¥0 oy F{]I o N,
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S
©
= s 0% PVP
................ 5% PVP
—————— 10% PVP
——— 15% PVP
0.0
0 5 10 15 20
Time(sec)
PVP Content(%) IR drops{V)
0 0.419
5 0.361
10 0.359
15 0.396

Fig. 4. Result of current interrupt experiments of Zn air
batteries with separators from PEI solution with PVP
addition.

t}. Fig. 49141 20% PEI §9¢l| PVPE 7} 749,
HA7}eEo] 10%7} 2 YriAe H7leE 27 wet IR
dropo] Z&3lE 21& & F lom, pvPel Hzpare
15%74A 2748HEA IR drope]l THAE E71etE AL
2 2 9t} o]H @ IR dropd 7 FAE HAA =2
Aoz B & glon AR 7te] 2ZAFY 3}
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O|LHAEEY} ZHAaT wat FZAGgol ZUlEe A
HE 28 2 9u) ogd ANE Edte R uo
JRAEEE o}AFTIIHAY FEALE AAAE F
8% Q4% A3 AES AL F Utk

3.5. OAZI|MR| o] UNE
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Fig. 5& /|2=8 &9
WA Az Eees
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wt%Z GASHA FASL PVPY HrtEe Wds]
JVHA Az BEure A1ed Ax9 LAY AT
E Ut A 5 A/ 120 CE FA8H3
o OgoA BE

%ol & AFolAM AFY BRE oldF
71AA o] WA 439 PES £uE T AY
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Fig. S. Discharge curves of Zn air batteries with separators
from PEI solutions without PVP.
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Fig. 6. Discharge curves of Zn air batteries with separators
from 20% PEI solutions with PVP addition.
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