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Abstract

The structure, interaction, thermal behavior and ionic conductivity of polymer
nanocomposite electrolytes were studied. The system of interest is (PEO)8NaSCN/MMT at various
MMT content, where PEO (Polyethylene oxide), NaSCN (Sodium thiocyanate) and MMT
(Montmorillonite) act as polymer hosts, ionic charge, and inorganic filler, respectively. This work
starts from the computational molecular modeling of polymer conformation based on Rotational
Isomeric State (RIS) model. These RIS models predict chain dimensions, dipole moments, and
temperature coefficients in reasonably agreement with experiments.

Next, (PEO)8NaSCN/yMMT system, where the molar ratio of PEO:NaSCN is fixed at 8:1
and y varies from 0 to 20 wt% were investigated. X-Ray Diffraction (XRD), Differential Scanning
Calorimeter (DSC), Fourier Transform Infrared Spectroscopy (FT-IR) and Impedance Analyzer
were employed to investigate the effect of salt, clay and polymer filler on structures and properties
of these materials. From DSC and XRD results, the percent of polymer crystallinity was decreased
upon addition of clay. Complexation of salt to polymer was substantiated by an appearance of new
bands not present in pure PEO and also broaden the C-O-C vibrations as the salt content increased.
Competitive interaction between PEO/NaSCN and PEO/MMT can also be illustrated by FTIR data.
Adding MMT seems to enhance salt dissociation and increase the carrier concentration. The
magnitude of an ionic conductivity of (PEO)8NaSCN/MMT is highest at 15 %MMT as a result
from a competitive interaction between ionic dissociation (MMT and NaSCN) and increased
viscosity. Hence, optimized MMT content is needed to obtain the highest ionic conductivity for

PEONaSCN/MMT electrolyte nanocomposite.
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Hectorite M (Al, Mg )Si,0,,(OH),
Saponite M Mg, (Siz Al )Si 0,,(OH),

M = monovalent cation; x = degree of isomorphous substitution (between 0.5 and 1.3)
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2.2 MSINIYNAIVENS

[

SaquazgUnsain1Flumsnnlulasens? utlszneudne
- Magnetic stirrers and magnetic bars
- Hot air and vacuum oven
- Cannon-Ubbelohde Viscometer No. 150.
- Digital temperature controller, capable of maintaining 10°-100°C + 0.1°C
- Water bath shaker
- Na-Montmorillonite (Na-MMT),SWy-1, Source Clay Minerals (USA)
- Poly(ethylene oxide) (PEO MW 200000, 4000000 g/mol), Aldrich.
- Sodium Thiocyanate (NaSCN), APS Finechem.
- Methanol (CH30H), Analytical Reagent, Merck
- Benzene (C{H,), Analytical Reagent, Merck.
- Acetonitrile (CH;CN), Analytical Reagent, Merck.
- Tetrahydrofuran (THF), Analytical Reagent, Merck.

- Acetone (CH,COH), Analytical Reagent, Merck.
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Molal = (M:0)x(1000/MW ., o ..) (2.4)
w = Wsalt/vvpolymer = (M :O)X(M\Nsalt/MWper oxygen) (2'5)
Lﬁﬂ IVIWper oxygen = MWponmer/(n+1)
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232 MANAMIINTNZHITIUTInNNZ0U (Differential Scanning Calorimeter : DSC)
a = 9 = a o a o 9
QuuninsvaoNkan (T,) taziosaznanueaday PEO uag SPEs 9331A3121 lag 1y
4 . o a I
1A304 PerkinElmer PYRIS (Diamond) DSC aananslugil 2.3 Tagld Tanzdwdouiueas

a

sy lumsaouiiounsos DSC Tagaz 19areg1atlszana 10 Hadnsu Tugrevesgungil

AMINATBUIIN 10 D 100 DI NFAFod A10003101519A1UToU 10 DIAUTATo AR U

meldussomeluTasou

2.3.3 FT-IR Spectroscopy (FT-IR)
@ an ' a 14 a a 4 a a
BUATNIB13HINNOAWDT/MMT, WOAIDS/NOANOS 1Az NOAB S /A1 TIHOUVDA
A .. A = Yo a o
in@ouaz salt association NATI19d0D Iag FTIR 1omsany1 laduiumsny FT-IR anlnlas
1905 Perkin-Elmer 1 GX %29n1133051319 4000 cm ' 1Az 400 cm ' daod19lun1siinsie i

dy a o as ar d % 1
T2 Un51241 1Aeds ATR (Wawu19) uag KBr (A1981989)

2.3.4 Ionic conductivity and impedance analyzer

M3 TWihisa lessuaznouauosaennudmumusznaaeulagly Solartron 2610

v
[ 1

@ ' ar d a g’/ g’/
Impedance Analyzer lagdiegaflauneunedavzgnaunalasernIetl ihaunuaaaesin

a

=<

AIMIvRITUIUeg 1UE23 0.03 - 0.08 TaaAT Faildumaniidnoruin luliuriumanly
m3tansaevduesden s umuiigangites  mataanudiumude fhinssuasdy
Tug29n2m@ 10 MHz 9 1 Hz wazmsiannudiumiuae ihnssuaaduasiinnzyi laeld
o103 Zview JU 2.8d (Scribner Associates, Inc) JUT 2.4 1a 2.5 uAAIBIEN INsAvDIFIOEN

A A a o B Hq Y = 2R o w
Llﬁglﬂiﬂ\‘]u@'J!ﬂ5’]31’7‘?’]'3’]1]@]’]u‘ﬂ?uﬂi%iuﬂ’]iﬂﬂﬂ']ﬂj\‘]u@nlla']ﬂll
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gﬂﬁ 2.4 stainless steel blocking electrodes

gﬂﬁ 2.5 Solartron 2610 Impedance Analyzer



a
unns3

Han1sNAaewazINIIzTiveya

3.1 112949 RIS Y94 Poly(Ethylene Oxide, PEO)

lalFuunsiaes RIS lumsdnwiantiasaInsegil TasdumayuiavosaroTsnll

[ o = o Y ) [ a 4 g}/ A g @
WAIUMY09 PEO B9 1@ TagmssunmmasanudInsegives laweineawiiudmmu
A o a g 901 v A aa 1 a [
Y04 PEO ¥50 Tagazdmlugduumsndaraimin®edda (U) vesgyuia ¢, waz ¢, aagil
#13.1 9N9A1 10 891 210 0 D3 360 BIA1 1AUA U d1%5U O-CH,— CH,-O- CH,, U ., d1%151
o [ [ A 9

CH,-CH,~-O--CH,-CH, 11a¢ U, d1% 51 H-O-- CH,~ CH,—OH a331% 3.1 TagldT1)sunsuy

o Y )
Hyperchem LagAUIUAIYNAUA AMI

®; D,

o) % gz (Hf % 0
\c/ \F‘CZ \o/ \O/ A\ WS24 \C/
i ! 2 + Ha Ha
D, q’)z

P1
e oy b
\C/ LN\ 59~ \C/
H, A H,
o

Y
a %

! o v s J o o o 7
517 3.1 Megelaweinnaasgyuianiamveauusiand PEO 15U (1) Witz O-C uaz

U

C-C (2) WUTZ C-C 1ag C-0 (3) Wuse C-0 tag 0-C
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o 9 @ a Jd 2 A 9y A
1UV108Y RIS a1 UNDALNDT 1B U PEO CRAGENERN poly(A-A-B) Tagh A= CH,
a2 ! ! ?_,' v a aa
1ag B=0 dMUIUNUTE A-A, A-B 110 B-A ﬁ?ll'liﬂﬁ]ﬂugﬂullwiﬂcﬁlsllE]\‘]ﬂWﬂ]\‘]'lﬂﬁUﬂL"]f\‘]ﬁﬂ@

Tana

=he

l1 o o l o o 1 p p
U,=|1 ¢ ow|U,=|1 ¢ 0|U,=|1 p po (3.1)
l ow o 1 0 o 1 po p

O = 0.99%xp (-Eo/RT)
O = 0.6lexp (-Ey/RT) (32)

@ = 0.88exp (-E4/RT)

T a Q‘{I Y o w o [ J o [
Tagnadulszansnouniinavenmaan lannmsmiuausunmwasnuauienguuoag
Y
YNLA TAIBIANAIOUANLUY semi-empirical AMI @IUANAINUUUIZHINNAWNUYATAT
@ o Y as = o b Y b
JUNEUMAIITIANAIOUANUDY ab initio 1A814 1,2-dimethoxylethane (CH,-O-CH,-CH,-O-
I ~ 9 A [ ° g’/ Ao A o
CH,; DME) #luTuananlsuny PEO Tnse31) DME NUNa31161013 9 NAa@enuazgniim
o 9 a [ 9 Y =KX o o
M lasaasrusnnaiauaznasanu laely HF/6-311+G* level 4AIMUIUNINAIU U
[ [ v JIda d ~Aq ¥ a = @ 1 [ 1
druvesanduiiusodnasoulas MP2  AlHuFa@siny  aimdsnuvemas 1nsagives
[ d' a J 1
DME Uaagadans1eil 3.1 9105 AATIEH Wun msls £,, = 0.1, E.. = 1.4, 1ag E, = -1.3
' o P o2 A gy ° A
kcal/mol 92 EMINTOUNUANAINUVDY DME 1404 8 Tasegiaadenlauuuiiaes RIS Nane

dmSu PEO m13199 3.2 ugasmsihwuudiass RIS 4 llswauamiameInsegives PEO

saznfSeuieunudoyamsnaaes 1wy <r>02/n12, <,u>02/n12, [d 1n<r>02/dT] way [d

In<££> 2/dT] 519azidoaveuidveiiannsainynldluenansd 198 [intarakamhang 2005]
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MINN 31 WA Iasegddmiuguudiaes RIS sy PEO  91nmsaiudauall

A0uUdAN 1875 ab initio Tasl¥ DME ifluTuanatians

WARUINMT WAMIUINMNT
waamIasest RIS Awaualineuan  lduuvudiass
Tnsag !

WYY ab initio RIS

(kcal/mol)>|< (kcal/mol)**
1t 0 0.00 0.0
1gt o 0.14 0.1
ttg Oy 1.43 1.4
1gg O,, + O, 1.51 1.5
1gg’ Oy + Oy + Wy, 0.23 0.2
gtg 20 3.13 2.8
gg’ 20, 3.08 2.8
ggg’ O, + 20, + (s 1.86 1.6
ggg’ o,,+20.. + 2w, 2.41 0.3
ggg O,, + 20, 1.64 2.9

*MIAMUIBANAIDUAN MP2/6-311+G*

©AATNAIUVYBUUUT A0 RIS N1% As E,, = 0.1, E,. = 1.4uaz E,, = -1.3 keal/mol.
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v 9

M35199 3.2 auiadeInsegiuesTuana PEO minmsaiuim Iaelduuusiass RIS nudoya

U

4
a

9 ] d' 1 4 d' [ a
MInaaed laun vuaved Tuanamas a1le TwaTuwuaves Tuanamae duilszdnsms

= a a 14 o w
nasumlassgungivesvina Tuanavas la Twa Tuwud awdau

<r>2/nl2 <pe2Inl2 [d In<r>,2/dT] [d In<ze>,2/dT]
(273 K) (273 K) (10'3K‘1) (10'3K‘1)
Observed™ 5.2 0.53 0.23 2.6
PM3 2.08 0.54 0.17 0.27
Ab initio
Parameter sets 1 5.2 0.27 0.26 1.46
Parameter sets 2 5.2 0.24 0.26 1.80
Parameter sets 3 5.2 0.24 0.26 1.98
Parameter sets 4 3.75 0.15 0.95 3.34
Parameter sets 5 3.57 0.51 1.27 3.45

Note : Observed*, D. R. Beech and C. Booth, J. Polym. Sci., Part A-2, 1969, 7, 575. Parameter set 1
are Eo=-200, E, =800 and E.» = -497 cal/mol. Parameter set 2 are E-=-200, E,= 1100 and E,=-660
cal/mol. Parameter set 3 are E-=-200, E, = 1400 and E. = -825 cal/mol. Parameter set 4 are Es= 230,
E,= 1750 and E» = -1680 cal/mol. Parameter set 5 are E-= 580, E,= 1340 and E.» = -1650 cal/mol.

a o a J 9 o Y Qv o Y
‘Ll’E]ﬂinﬂﬂ1§3!ﬂ51$ﬂ1ﬂ5\1§ﬂ7\|6€‘1m05Iﬂﬂ%ﬂlﬂﬂiﬂﬁ@\‘i RIS 1487 ﬂmgﬂﬂﬁlﬂﬂllﬂﬂlﬂﬁmﬁ
9 [ 9 a . a
Tumsanplasesadreseaveznoulasldimaiin X-Ray Absorption Spectroscopy HaINANANT
° . =2 & A A a Yo Ay YR
91099 Molecular Dynamics 5¢UU Tetragylme/KSCN Fatluszuundeunsslanuinlamnulu
dy o 9 Y o [ a Ja J
TasemsH 1/]151,??1/]f.iT]JIﬂfNf,’f‘iNﬁgﬂ‘Uﬂ%G]’EJ?J"U’EN’J’(?(E]‘Wﬁ)ﬁmﬁ]iﬂmﬂi@li"lﬁﬂellﬂﬂigﬂﬂ PEO/
A = U g Y a2 A o~
Nav §1EJE1$LE]EJW’U’ENQ1Hﬁ3ﬂﬂﬁ1ﬂ1§ﬂ@1ﬂ%1ﬂwaﬂ1uGI‘WSJ‘W ﬁzuhl’ﬂumﬂwum

[Chaodamrongsakul 2014]
3.2 X-ray diffraction (XRD)

a d a a
NoANDIHI I HABNWOANIZHINY PEO/ 5AUIHHED Montmorillonite (MMT)
MIAIIUAIDHDINITNUANAIOU 01992311 1HNUANVUANANVBIFDITNTEHAN
g‘/ a = a d' 1A =1 = o w a 14 é Y
yuvesnumted luunTuasunodaionsamie) UusIATLMNUNe A0S FalaTeas19uea
v Y Y
AumternuuuratesrumeluinTuaounedadny1dan Iz ¥9411958 MINIFUANATA

XRD TumsszyTnssadralaeldaunis Bragg

A =2dsin € (3.3)
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4 N [ I 4 o o
o A fle ANNENIAAUVDITITENT (L = 1.5405 A d115U CuKo)
Y
d A9 5LETHINTEHINFUVBTAUMIE) MMT

[ I 4
6 o yuaziouvesImond

NAMIANEINaYeINTNYUSuIa MMT adlu PEO Taeld XRD w11 PEO a11150
9 g}/ a = ] A A Yo A @ ~
unsoan T TugsuvesaumiisazeglugdvesunTunsunedain Idsunstudu Tasfiavoanis
A” d‘ 1 :, 1 1T @ ~ = é =S zﬂl
@enpunanaing 10° Tagegoa lanfinueandn PEO (19.5 az 23.7°) ¥39zlivuinanadiilo
] A [ a = a3 = A =1 [ a Q(
Hay MMT Tudagrsedagu luasunedaszianuiunananaalissuny PEO U3gn5 (31

13.2)

MIUNINGIVOINDAINDIIZTH T UAUIH L
' Y
310 3.2 naagduuuMI@ENUY XRD Y09 PEO, MMT tiag PEO/MMT W1 TuABuN®
A X a ~ A A A 0o a & ' o 1
fia 9 XRD vo3Aumiion MMT azinaiiniign 2 @ = 6.0° Aailluszozriie dool = 14.7 A dau
d'da =1 1 & 1 ] 1 g’/ a 1 ~ ld’
XRD 494 PEO/MMT #laumileinanogiluainieluyig 5-20% duazinanguiialyuin
= a I a = 1 gJ/ a = A ds! ° I
tananam ey Tuaeunean lngazUTLez iU s LA HeMNNIUIIN 147 A 1l
o [ d' 1 a Jd 9 1 gJ/ a = o 9 ] 1
176 A @3015190 3.3 uaaanmeawosn lilunsnszrniaruaumiieni iszosiiasz g

9
FUHUYIIN

d d
WoANe3dIANINT1aNn3zuu PEO/NaSCN (a2 5511 PEO/NaSCN/MMT 111 UAdNWDaA
4 . o o da
319 3.3 uaawwaves XRD Tuwayy 20 = 0-40° d1M3UI2UD PEO/NaSCN il
Y
das1au I luasondouas lossulany (O:M) 60:1, 20:1 uay 8:1 UBANNUGUIAAL
a ' A = Y < Y1
XRD 1949W0a105 PEO ttaztnas NaSCN lumsnFeumeudie azmiu'ldnluszuy 8:1 agw
=~ lé‘ A )=} v A A A A 1 A =3
WalmivuieMeunuiinved PEO uagnae NaSCN  Anugauedianunuaunilumanyes
A A A 2 @ A o ' ~
PEO 9zanauio@unioniniu aunsenavua 1JNoas1aau EO:Na = 8:1 317 3.4 aas XRD

Y9I(PEO)SNaSCN/MMT 11 Tuaunoda 1nde NaSCN azhwamldaiuniundnves PEO

]
a

anaauaze 1U1uszuu (PEO)SNaSCN ilenaudumiion MMT 1 lilazaatinariliaun

I =
Wunananag
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()

(d)

(c)

(b)

I I ‘ |
0 10 20 30 40
20

319 3.2 XRD 494 (a) MMT, (b) PEO/5%MMT, (c) PEO/10%MMT, (d) PEO/15%MMT L@ (e)

PEO/20%MMT

H Y H
M50 3.3 TTITHNVOITUAULET d,,, (A) §IMTU MMT tlag PEO/MMT NWeUAUIHIIE)

MMT f19199)

A0819 20 dooz1 (A)
Pure MMT 6.00 14.7
PEO/5%MMT 5.03 17.5
PEO/10%MMT 5.00 17.7
PEO/15%MMT 5.03 17.6

PEO/20%MMT 4.99 17.7
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v

e

: (6)
5 10 20 30

20

JUA 3.3 XRD v0952UD (a) Auitien MMT (b) 1o NaSCN (c) (PEO)60NaSCN, (d)

(PEO)20NaSCN (e) (PEO)SNaSCN 11a2 (f) Woato3 PEO

(e)| 4
(d)

b

e ®
(a)

5 10 20 30 40
20

317 3.4 XRD @151 (a) (PEO)8NaSCN, (b) (PEO)8NaSCN/5%MMT, (c)

(PEO)8NaSCN/10%MMT, (d)(PEO)8NaSCN/15%MMT 1ag (e) (PEO)8NaSCN/20%MMT.
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3.3 Differential Scanning Calorimeter (DSC)
o 1) a a 9 = ad o zgzl.l I ~ o [ 49! 1
dmSungAnssuFennuiouves PEO-nde otanlas laduu iuinsuiunived
v o 3 = o = A g X a N YY
vanvuzvonnuiunanuazdodugiuiysing luamsdidoudsauns inazi laae
a = ¢ A ad ¢ vy 4 o A
imAtia DSC FumMoF luunsuved PEOANAD Bianlns ladaz Iideyaneinugamnginaouia)
) .
(T,), toumatlvesmsvasumad (aH,) uaziesazvesnnuiluman (% X) Tavhievazues
= o v A dqu = a < a v
pand o lannnuildnimnguugivasumailasazilumn)dsuulawuugannuion

d' =1 [ 1 a = = o 9
u,axmesmﬂmﬂuquygmmwaﬂ 100% %mmm"lmmﬁumi (3.4)

% crystallinity = igm x100 (3.4)

Mo AH_ Ao pumallveimiviasuiani laa1nnaand DSC

m

AH® @B uMallueinsnaouran 100% PEO (45 cal g’ 130 188.17¢g")

520U PEO/MMT 11 UADNND AR

a Y a
f.iwazg%ﬂmlmwami‘i/lﬂamuamﬂﬂﬂﬂﬁmﬁmg]”lﬁnlumﬂﬁﬁmx‘lm [Intarakamhang

1]
A o W

ao dal I ) a a 2 =
2005] TunsanAdetaztumaiauodsayduazmsendewandidy Tasisuanmsany,
gungiinasumaazosazvelSuunane9a10819 PEO-INd0 uaaslumsens.a  9n
J A S a A
M3ANYY DSC mos luunsuues PEO lugii 3.5 1y aznuguuglviaeumiain 69 o
= 9 = Vo VA A 2 g
WaFd 1azTerazveTUNANIINY 91% Taswullelinia MMT INNAIY Fo8azv04
Y
Wsuawanizanas  MneamsanyvsdueIanan ldnilsnaveuaesdagiuanniulu
& sy v Y o 9 Sa ¢ v 9
sTUUFINATN laaeandeendoyai AT 121910 XRD ¥9953UU PEO/MMT luwide 3.1 910
M519A 3.4 WU T, Y99 PEO/MMT foesanadiiody MMT tnnu 5 10 15 uag 20 wi%
o w ] [ a 1 a <3 4 a
AUAIAY MNHARINANE NIRRT UI Id Nz limanaranuLIAENT¥ed PEO 1oty MMT
3 { I (Al o 1
il luszuuTageymaves MMT aziimihiadeiludaenan uenaniidawun AH, aedi
1 =S 9y A = A é’ A a =
ManasdnmeliolSuna MMT minmnduiiesnn MMT g lisuniumsifananues PEO

= 91 o Y Ad w1 R
LU MMT fazmwmmﬂumaawaﬂiumumﬂ
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J )
- _/\ (d)
H J\ ©
_J\ (b)
/\ @

45 50 55 60 65 70 75 80 8 90 95 100
Temperature, °C

A 4 o @
310 3.5 DSC mesTuunsudIMSY (a) PEO, (b) PEO/5%MMT, (c) PEO/10%MMT, (d)

PEO/15%MMT and (¢) PEO/20%MMT.

{ ¥ <
A15199 3.4 vavuval (Tm), wun1allunsvasuvan (AHm) uazsesazauilupan

(%X) W04 PEO ttaz PEO+MMT NSinamsnanainige

ITUU T An,, Sovazanuiluwan
(°) agh (%6X)
PEO 65.98 166.90 91.46
PEO/5%Clay 65.28 152.54 83.47
PEO/10%Clay 65.13 139.11 65.84
PEO/15%Clay 64.09 121.23 64.43
PEO/20%Clay 63.64 116.36 61.86
(PEO)gNaSCN 62.58 135.33 52.10
(PEO)gNaSCN/5%Clay 54.24 57.90 30.80
(PEO)gNaSCN/10%Clay 63.95 66.14 34.45
(PEO)gNaSCN/15%Clay 62.11 54.50 30.31
(PEO)gNaSCN/20%Clay 61.78 46.78 23.88

The reported value of AHm of 100% crystalline PEO is 45 cal g or 188.1 J g . (Preechatiwong)
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5201 PEQ/NaSCN/MMT unounaan
Y a a = 4 I =2 a 4
nngl 3.6 neaateyanaveIMsANALMilEIN03 osarANUTUNANINNITAATIZH
a 9 ad S A ' =
1F9AUFBUVY PEO tiay (PEO)SNaSCN dtan Ias laanisuiar MMT luaia 5 84 20 wt%
. ' ) . .
Fanundesazanutluranvod PEO tuu liluanasmuilsuia MMT Anauadlyl diedSunu
° ' ' Yy 3 = = v A '
MMT @101 10 wt% dzasnalidosazanuilunananadda 30% uaielFue MMT gand
9 I = =~ 9 3 =
10 wt% Fpgazanuilupananaaiied 10% msanadvedsssazanuilunanlussuy PEO aw
Ysumaues MMT 0311818 laomsvareamsannan Iag MMT (103910 MMT Juuiaaynin
< ' - { A a o an . . 1 a d v
AAUANNUNRININLAZINADUATNIONIUY Lewis acid—base 32HINNOANDINY MMT Usuas
= I A A a ) 1 o oA =
Wan PEO Ju5zU1 (PEO)SNaSCN/MMT niimsulasunilaaiiemy MMT drounune Usuna
=< =< ~ Z ' A 2 = ~
HAN PEO 92aAa3audafsuna MMT #i 5 wt% 9101UUIZA0 I NLALIuNAIgIgal MMT 10
[ g‘/ = 1 1 ] Y = Y ] YR d‘
wt% naamniulSunawnanszanasaoua livain g li'lddawimsalasuulasves
Aa { (X
gamgiimandasuaniuzadiondd (T) ¥895UY PEO/MMT uag (PEO)SNaSCN/MMT 1i@if
) ] Y " v v
malan T, szlimanaulonay MMT NN 1azIzanadigail swi% Ha1INIY T, AI593
A 2 ' s A A a !
INNAINEE1NIIAG NS INUYEI MMT Tagmsanadued T, iNAR1AN15H MMT 21015099

v an 1 1 4 = 4 = 2 1 @ an
aumﬂimismwwy%m’a‘mazMmﬂu”laaau Lﬁ@ﬂilﬂm MMT 3J1ﬂﬁuﬁ]3‘]f’)ﬂaﬂﬂuﬁiﬂiﬂ1

9 i 9 9
53W’JN“D"L!%QLﬂmm&ﬂﬁ@T%Lﬂﬂhlﬁ@\?%1ﬂlﬂﬂﬂ1§i’31lG]’Jﬂ‘L!LEN58514’)1\1"]514‘;]5mﬂmﬂﬁﬂﬁ Tuvae

= J

= = a T @ ~ R o ' A
T]WNE]W]’053JT'E]ﬂ’lﬁlﬂﬂﬂ’lii')llﬂquﬂ‘ﬂj“lﬂ,@ijJVl,@f]’E]uCHQu'l]lﬂ'gﬂ'ﬁLWN Tg Y93 PEO 910N19

u

Y
! (% v 1 [ an v Y an T 1 Y a
5’33JﬂQlIﬂ‘L!LENVI,lILﬁﬂ\‘llmaﬂ’ﬂuG]iﬂifﬂ§$W’JN‘HHGU’E]QG])'mﬂGILLazLlﬂﬁqﬂﬂﬂullﬁﬂﬂﬂﬂiﬂlﬂﬂﬂﬁi

4 A v a 4
fAvamsindeunvesane Iswoamoinie [Intarakamhang 2005]
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100

- \ —a— Undoped PEO
| |

. \ —c— PEO,(NaSCN)

_——l\
60 4 u

Percent of crystallinity

20 +

0 T T T T ] T T T
0 5 10 15 20
Clay concentration (wt %)

317 3.6 nalszniedesazvetfSunaman (%X) tazsua MMT (wi%) TUPEO/MMT wag

(PEO)8NaSCN/MMT nanocomposite.

1AMAYDY DSC THAU annsaesinenailsznouFdouszrinaneameiny
masuazusaumiied 18 3 nuy daaaslugali 3.7 #3 Complex I fio Na” Usingoglumdves
A + 1 ra = A +
PEO 1182 Complex III D Na" 1/51nged lulaveusaumiled ag Complex 11 Ao Na™ 15109
1 1 'é = o @ o =~ g}J o d‘
pgszrNnaladaliunumdaylumssasuadesnmvesnsasaraluszaululnswas e
Y Y
Usiwnusaumitiey 550U (PEO)8NaSCN  9ZiNAUUmmMIZilY Complex T 11110 tazd
s Tdunaznlasunlaslig complex 11 182 complex 1T 1H999INOUATNI8152 NI Na' 118
¥ aa 1a = A < 4
FuFANAVOITAU T M31JAs1IN Complex T 1114 Complex 1T 11az Complex I 11199910
= = 9 lgll 1A = =i o Y 1 = A 1 =
Tmaeu looougnauingruvewsaumitisazmilenihldas s PEO Ianugangugaazi
I a 1A < o 3|
anuilunang®nate  maduusauiiendr lldnides (<10 wive) hldanuilusdnves
E 1A = ° Y o A 2 ' =
PEO gauuiiieaninusaumtedmlvimaedugiunuunnvunazmsizaisls PEO Und
A ] = = Y ] < A S 1a = A é@' I
ganguuInIankan laa ee1elsimuileFnausAumileununniIu >10 wi%) vziiluna
ya d EP Y a =K Y
Tdinauilu complex T Hag complex I YuFIA@WNTOMUMIIAANANUDY PEO TA(Taomniz
Complex 1) 1Hoa91nHav0IMINAYIVBIDYMALTALHisazii lUgmyanasveffinm

wan PEO aauernalugil 3.6 [Intarakamhang 2005]



o CH; CH; ~n
CH,CH;__ __CH,CH,
/O. ;o\ C H 2
~~CH,CH, ™~ ;; CH, CH, ~~~~ (I)
g O
s CHZ CHZ - @ P /CH2 CHZ RS H > C . ‘“\\\\\
S L *Na
14 R H>C B>
..,\IL-CHZ CH2 CH2 CHZ AN N - 3
T
CH,
Complex I “UHIPIUA 1

¥

Na_
%,
%

Complex 111

517 3.7 naasInseadwvesmanamsdszneudedou Tag Tadon loou (Na') i (a) polyether
chains (complex I), (b) polyether and silicate layers (complex II), (c) silicate layers (complex III)

[Intarakamhang 2005].

3.4 aurlsusaadnlnsalnd (FT-IR)
5201 PEO/NaSCN dianlaslan

l ' _ H <O d,y (Y]
iesnin Tnuamsdunuudanaves  SCN uou leosuvziinnudmsdunauegnu

v

a Y

=2 o q Y 4 o o A ' YR =

Fanadenivh lddnylsnngmsaimsiunguiuveunae lunaazuuu laaeezinny
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1. Instrestuction

In recent years, extensive research efforts have been devored
to the development of amorphous polymenic materials with high
ionic condusctivity at room temperature a5 well as good mechanical,
optical and thermal properties. The main aim to use these palymer
solid electrolytes is in rechargeable solid polymer batteries which
have some advantages over conventional batteries for their light
weight, flexible media, thin Glm shape, nonstoxic components, eic.
The electrical and ies of polymer solid elecirolyies
can be suitably modified by an addition of dopamts depending on
their reactivity with the bost matric. These materals wsually consist
of alkali metal salt complexes with solid polar palymer, such as

pobetene anide) (PEO). poy (prpyene cude) (FRO). polfvin
deohel) (PVA), et Although PEO-hased electrolytes can form a
dimensionally stable film, their ionic corductivity at an ambient temper-
ature is only m the range of 10~ 710 10 § cm— . This is boo small foran
application in elkectrochemical devices, Besides PEO, PVA i one of the
passiblz host matenials used jor solid polymer slectrolytes. PVA is dso
one of the most impartant polymenc materials that has many applicas
tions in indusiries and is relatively low cost. Most of the commencial
A amples have been prepared by ydrolyzing the: pohy(viny| acetaie).
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Due to the presence of hydroxyl groups, there are extensive hydpos
gen bomds between FVA chains. This results ima high melting paint
and good mechanical stability. The ionic conductivity of FVA mixed
with imorganic acids was reparted by Vargas et al. [1]. The smiall
amount of water in the PYA based electrolyte could enhance the
ionic conductivity while preserving dimensional stability of this
solid elecirolyhe.

Warious methods have been employed o investigate the structure of
polymer=salt electrolytes. Ulomately the objective i to understand
how the struchares [both ic and molecular) of thess polys
mer=salt complexes are related to their bebhaviours partinslarty in
terms of their iomic comductivity. The jonic conductivity of polymer
electrolyte is due mainly to cation and anion charge carriers in polymer
matrix. lonic mobility can be enbanced by segmental motions of poly=
mer chains, mainly localized o their amonphous portion. For example,
in PYAKOH electrolyte [ 23] it possesses the ionic conductivity level
of 16— to 10~ Scm—" at room temperature, which highly depends
on the compasition of salt to polymer molar ratic in the electrobyte, X-
ray diffraction {¥ED) amabysis reveals that KOH can disrupt the crystal-
line matuwre of PVAsbased polymer elecirolytes and convert them to
amorphous phase, which enhances the sonic conductvity of these
complexes. For an initial step to better understand jonic conductivicy of
this polymer solid electrolyte maternial, 2 detailed msight for the structure
and property of the sahation stnacture of malenules surmunded by ions
shouild be ore of the importamt keys in material development for future
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