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We report the frequency spectra of complex linear and nonlinear permittivities of potassium ionomer films
prepared from poly (ethylene-co-methacrylic acid) in the frequency range from 1 kHz to 1 MHz, at room
temperature. A characteristic conduction relaxation phenomenon was observed in the spectra, which
suggested the existence of different ion conduction mechanisms between the high and low-frequency regions.
We also found that the ratio of linear to nonlinear conductivities calculated from nonlinear permittivities was
closely related to the elementary process of ionic transport. Furthermore, the ratio obtained from nonlinear
measurements allowed an estimate of the important parameters which characterized ionic transport in
ion-conducting polymers, such as the hopping distance of ion or the size of a connected cluster of the site
capable of the ion hopping, without the need for any additional assumptions in potassium ionomer films.
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Fig.1 The structure model of ethylene ionomer as proposed

by Longworth et al V.
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Fig.2 Charge distribution of LLDPE film.
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Fig.3 Charge distribution of a potassium ionomer film.
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Fig.4 Chemical structure of ethylene methacrylic acid

copolymer and potassium ionomer.

(2007)

ZHIM, 20K EWDOSEERINETF ¥—VT 7
(ROBWRT 7R TR 2. R EhD(@) (F72i%
BIL) &, AVMBROFE BENICLY, EBRIEERFEE
Bk (FRITEER o %)

e¥=¢'—je," @123+ (2)

o, =0 +jo," @123 (3
BEROD. RVATLAOREEL, KSHICBITD, 54, 7
7, SINEDEWME B R MBI ZTND.

VT LT AF )~ —T AV MBI OFHFERMBLLIL, 1
KEEEN B> CEFBEBEMBAR VLY, FEHET
1/100F2 FE L1 H 0T/ S, G Sk DI I E O RS %
B2 T\, 22°C, 4 EIF & 1%, JI7E B H0% % KiE 2
[ (25 mHz~10 MHz (#J9#7) #1 kHz~1 MHz3#7); =F L
YTAF )RR OFEET LEP~HIR), FoT7 7 E
FHRERDUVAT IMEREMEZRESEEL, SHIZF 22—
=27 EEEER LT A2ET, BIERELZL . nl, 7
YTYOIEZDAAF JARXPRKRENZEND, T 71345 [E
DOREBH TIVEEL THIENTEXIEBM T 7T ORHEL,
BT IS LT, BICEMBD /A X% R EL, I )
B (e—2%) %41, SMELIE BAHIB LI (20728, 4RI
FEROLOHEETHD). TORE, #EkERBE LY
IKHz~IMHZ O &N CHIIZIER I % B R E1X70dBRE
M L7z,

3. #& g
6 (2R (28.5C)ITBITD, WU LAA L EHEEERN

TFL ATV VEEILE G K E-1SMAA &, Zh ey A
A>T 40mol%(E-15MAA-0.4K), 60mol%(E-15MAA-0.6K),
80mol%(E-15MAA-0.8K) FFIL 7=, BT LT A A ) ~—T )b
LOBHFERER ¢ POARIILEELD .
E-15MAA-0.4K, E-15MAA-0.6K, E-15MAA-0.8K & CDHIY

| SYNTHESIZER [*——|MICRO COMPUTER}~—

| VOLTAGE AMPLIFIER] “—{ WAVE MEMORY |

ATTENUATOR £

E= Ecoswt D(d
= SAMPLE ' CHARGE AMPLIFIER

Fig.5 Schematic diagram of experimental system for

. . e )
measuring permlttlvmes.l‘)



AV TLTAX ) ~—DOIFRGHEART ML B WITH) 5

DT AF ) =—IZBT, 10kHz /5 100kHz |25 EAE A~

E— I PFEL TV (B 6 REBESY) . ZAUTKIL T, BT LA
AL EEEEROE-1SMAA T, BRBRE R TE—7 23 %
BL Qe ZORIERS R, FEBMBIEOTFER, 1Y
DAT > DIFFEICEHEER L TOBIEEEATTW5S. £z,
VG DA PREDEATDHIZHONT, B — 7 ER /s
STNDHIENRDND. ZHIUCKILT, 3 ROFERIERFEE
ARIIVTHD 3%= ¢35 - j e "1LLVBE MR R E R LT
Bl 71C e s*OPEMRETT. 3 ROIEBEERFBEELRE
oy, BHE e3" &b, WIDALAFTIRED 80mol% b
60mol%|Z T A%, B G AT T8 — 73 E NI/
720 TN,

HEL, BLAIL 72 /\%mﬁﬁ/&z}%ﬁﬂ%@ EREFNA
NI VERE— W BT DR B 0 prerax

O relax = AUn Lﬂzan (4)
A+ (jor,)™)

o, *= jnwe *  (1=13) (5)

B, MELTWA, 22T, BRIRE A o, BRKEE -, &
O M 2R TIEE 0, £, THD. KBIZA,)Rz
FAWT, E-15MAA-08KDIMIEFHEBAXT MO [ Hi#do T
1L (fitting) | Z L7 fE R AR T . 22T, as =
3 = 5.03x10°6s, Aoz = 2.12x1019SmV2TH 5. Z 2 TH-
AcsDIEE, A A BEmyFHz H il %ﬁ]h‘é%?f/%%ﬁ

04—
o Temp. 30°C
03F o o
°s % l E-15MAA-0.8K
& 8 ° oooo 0°°oo
S02F %5 Cleewe” l
N 8, l E-15MAA-0.6K
‘e 70 00° w0 000),
0.1r “Bo0°° lE 15MAA-0.4K
E- 15MAA Sog T Co0g, %
0.0 Ll il \0000900 Lo
10° 10° 10* 10°
S (Hz)

Fig.6 &"/ ¢ spectrum of potassium ionomer, exhibiting a

change in potassium ion content.

2.98, 83 = 0.88,

ESFOME, iz, R =FLroddy FRESFDAos
= 8.01x1017SmV2 & FL_FEFIT /NS WO, F 7=, BRI
BRI TWAES T THELIL TV 403 = 5.18x10718
L0 /NSNS BILEMBEINNRY ZOT A X ) ~—
FHREEZT TV Z LR T 5. PO ¢ 5, @1
" OMIEMZ, EFRIT@),0)RUTESEH B R RT.
3RO IEMIEFBATIIZBNT, BITRT I
KHzUL BT, ek 63" —2%280, B<HBE TE52L
MWEDD. LILERAD, 1 kHzh 510 kHzO &P Tl ¢5"D
HEMEIBEENREERS>THOD. T, 20 kHzITF
WZHDFEMBLGIN OB L (K6D «,"D1 kHzEL FOILH
RIS A EM B ORE) NEESNL TN
L& ZTWA. £77, E-15MAA-0.4K, E-15MAA-0.6K T, =
DFFFNART ML NSSIERIB LB OB EDORALHY, 130
EFVHETF, @),0)RO MRS TIDILTE e o7,

4. E =

AT BB DME A 72hopping ¥ A T E IR T AT OWTHED
NHEUT, BB ICHRESNTND >0 Rl TITEE
M1 53 F Ot B B B L
theory® 2 343 F-#HD &7 A NEBN A FEIC L 7 dynamics [
L7zE7 VELTHAZED TEYY, KI=FLoAF R
B TAC DWW TUIIERR I 2 & 0 TREAT SR B L T 51 7
7L, ZOHMNTEHARD D B, YT ICITEE M2 E O
HHRBBETHY, DIVLTAA/~—DXd7, BHERE

DUNTIE, dynamic percolation

0 €3 of E-15MAA-0.8K

o ® & of E-15MAA-0.8K
. O €3 of E-15MAA-0.6K

m & ;" of E-15MAA-0.6K
& €3 of E-15MAA-0.4K

a °
s A 3" of E-15MAA-0.4K
al
£ P
Q L ] 2 00 o 9 o o
=) 0.0 A A a2 a X E ] 5 § 0o
w2 A A DA A A B o
3 0 oo p obB e °
= U
3
05 °
o
D
o ° o o
1.0x10° 1 1 1 1 1
3.0 35 4.0 4.5 5.0 55 6.0
log f (Hz)

Fig.7 Frequency spectra of the third-order nonlinear

permittivities in potassium ionomers.
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