F1LIWIVRTUSNY IO

Tasen1s

Inawasi N aSanne19535uB1G 1A A I NAnaonan lae

u

Tag

A a
ﬂ‘i.')']?;m ﬂﬂ“lﬂﬂ

31 sw1aN 2551



a2l MRG4880064

59 ﬂdﬂ%ﬁ%’ﬂaﬁuaugmf

Tasen1s

3
o

Indwasi i uesaaangesssamdlusduanfnaidnanlaan

Tag
= ‘QI =) [ r=| Q/ I=|
A3.213th nanlna wIngagnalulagnsasaasyy’
SA.A3.18938 @118 NrINgIagnalnlagwinilons

a 6 @ % a a 6 a Qs a
A.A3.3ANAAAT ANATNANTIWDEY NHEIINYIVNLNHRAR

ﬁﬁumgufﬂ AENBNINBN amuﬁﬁumg%mﬁ%' )

Q

a & ¢ 1o & <
(ﬂ’}l'l&lﬂﬂL%%i%i']%l\‘i'l%ﬁtﬂw’llad :3%21 ﬁﬂ’).l&li]’lLﬂ%ﬁﬂdl%%ﬁ’)ﬂlﬂ&lalﬂ)



wnansunta Fumeunsnenldiuenon e

naanssudsznd

AnzdInvveTaUNIzAMATNUANIINGANAN® (Ana.) uazdUnwNaINY
FRLEYUNTINY  (FN) ﬁaﬁum&uﬁunuﬁ%’maa@ﬁgﬂmams uanmnftmamauqm
JIMFATST A% BT AN numIngasinaluladuimlany  war 589
Maasd assadaam ananAwniy fAeesliduine eAUTENAMINAREY TN
Funzn M I RN RN UARNNNIZA LU TG AasAmINTINMES VrdAnenasinalulad
TTHAATYLT uariaslfuan1sved srasiadaaan Anendwiis soduItsuszwamn
mMadnenmaasuazinalulad srinsnasufoa aanen ﬁaﬁum&uamumﬁﬂuﬁaomaaa

luﬂ’liL@%U NTWINBUAZN AT

MRG4880064 1 31 fu9NAN 2551



wnansunta Fumeunsnenldiuenon e

Q/

UNANED
TRRLATINT MRG4880064
Fola3ems ; T‘waLN@%ﬁﬂWWWL@%ﬂuﬁnﬂma'ﬁiiummﬂiau@‘iwﬁﬁ%gﬁwaﬂvlﬂjcﬁ
Feriniduuazaniin : 1136 nanlne avnAnedemalulsdnousaatnyys
E-mail address: warunee.a@en.rmutt.ac.th
spzmlawma: 1 Iquism 2548 — 31 SUNAN 2551

a 6 o = a = ol dld 1 6 1A ] Y
Indweih iieSosnnoessiumalusduiniingdwenlodlianmed 9 fu
v A a A A % a A =1 o a 6 1 o Y
wanfuinAefifioylawgealstinudalwiladuiia  iinmmeasauuaziemzidimai Wi
TaglfaIasBuRuand lauAnuaINUFUNBETERIIA NN NI WY adNF AL Agannil
t:ll (% [ a = (d‘d 1 1 o Y [ dl a
maasunamuzassuiuazdSinamydnenlodnldadnmsi WihesizefieTonan
PN9BITNTIAAINGD ’3’&@;ma'ﬁﬁummﬂiﬁm‘hﬁﬁﬁgﬁwaﬂvl,énﬁmmmm‘%mumﬂmimm
ma'ﬁﬁ?iu'*mauﬂﬁﬁﬁ'ﬂlﬂiauaaﬂimﬂ"ﬁmu%ﬁmxmmyj ANBWINN I FITNTA L6 UdN
o ' o A A o & e A 2 ' v = Aada i
amnanuhufnieniuniaeseanladiieiosiulndg  ladusesmsundnfingdnen
6 g: o p.l' 2 o aaa = a < 1 > p.l' U &
lod  nuwihewildurhdjitendlndwelasty  wammesaswuirizgldiduens
'ﬁﬁ?iummﬂiam‘hﬁﬁﬁgﬁwaﬂvl,eﬁﬁé'm@i 10- 57 luaiasidue ﬁﬁmﬁfﬂimaqm‘huazﬁm
gunninmIasuanuzadiouiae mmzﬁﬁ,ﬂﬂﬁﬁLﬂui‘a@;ﬁﬂwﬁﬂﬁ I@ﬂmsi’a@;ma
ﬁsmma‘[ﬂsﬁu@hﬁﬁﬁ%i‘éwaﬂvlsﬁﬁwawﬁ'umﬁa't?uﬁﬂml,a:maaumn’ﬁﬁﬂvl,w“ﬂw WUINAINNT
o U J 1 v U 1 a { v U 1 o
i Wihaziuegivanudutusenfouazdgmnginudfousniuzadiouiy - dmah
Y { _6 { =) { U s =) OI { 1
vLWWﬁgaq@ﬁ 2.0 x 10° S/em figunnil 323 K ﬁ]:wuLﬁa‘lfma@;maﬁﬁummiﬂiau@nﬁﬁmﬁ

wan'log 33 luawasidudusunuinfaduty 20 wWasidudlaaiinntn 1ihadsannduSum

P A

°naaﬁaammzm‘smﬁau"lmimaqagmam falaanaInuas Li/O = 0.178 ﬁ"lﬂ’]‘iﬁ"leW‘WT‘ﬂa\‘]

q
=

>3 :{I = a a ;: A:l'd 1 6 > v J

’sa@mLmsmanﬂmaﬁssmmiﬂsmumwwyawaﬂ"lm@mm‘mwwml%gwu"lé%zlm'mau

a =1 ==} [ % = 6 1 v

nulwalaNawlnanas miwamuma\na@gzmLLazIwaLuaswmwmmmwamm'muvl,éﬂu

AN UDd UCST WR. wudﬁa@;wam:m’mU’]dﬁsswmaiﬂiam‘hﬁﬁ%gﬁwan%ﬁﬁ‘u‘[wﬁm
gj | Q o U Y o U J

ﬁﬁu"l,ﬂaﬂaauuﬁmmLﬂuvlﬂvl,ﬁilumim%ﬂma@;m"lwm slmmﬂ']smvl,wmgwuﬂs:mm

'5 { =Y U U o U = 0' d
7.0 x 10" S/cm ‘ﬁqmﬁgw 323 K gemwmmsm‘lﬂ%hmnmammmm‘[ﬂsﬁumﬁﬁmﬁwaﬂ

U

lorer

Ay - ousTmalisdudniingdwenlad; infefifioy; dnsilni; Tndwe i

1W#in; s le

MRG4880064 2 31 fu9NAN 2551



wnansunta Fumeunsnenldiuenon e

Abstract
Project Code : MRG4880064

Project Title : Polymer Electrolyte Prepared From Deproteinized Natural Rubber

Having Epoxy Group

Investigator : Warunee Klinklai
E-mail Address : warunee.a@en.rmutt.ac.th
Project Period : 1 June 2005 — 31 December 2008

Polymer electrolyte prepared from deproteinized natural rubber having various
amount of epoxy group (LEDPNR) mixed with Lithium bis(trifluoromethane sulfonyl) imide
(LITFSI) salt was investigated through impedance analysis with respect to salt
concentration, glass transition temperature(T,) and epoxy group content. The LEDPNR was
prepared from depolymerization of epoxidized natural rubber (ENR) latex, which was
prepared by deproteinization of natural rubber latex with proteolytic enzyme and surfactant
followed by epoxidation with fresh peracetic acid. The resulting LEDPNR was found to have
10 - 57 mol% epoxy group, low M, and low T lonic conductivity of LEDPNR/LITFSI
mixture was dependent on LiTFSI salt concentration and T, The optimum epoxy group
content of LEDPNR was found to be 33 mol% at 20 wt% LiTFSI due to amount of effective
carrier ion and the highest mobility of segment of LEDPNR at a suitable LiTFSI

concentration. The highest ionic conductivity (o) was about 2.0 x 10_6 S/lem at 323 K,

corresponding to Li/O = 0.178. The ionic conductivity of LEDPNR was further improved by
incorporated with polyethylene glycol (PEG). Miscibility of LEDPNR/PEG blends was found
to be UCST Phase Behavior. LEDPNR/PEG based electrolytes incorporating lithium TFSI
salt are potential polymer electrolytes. It showed the o about 7.0 x 10'5 S/cm at 323K,

higher than LEDPNR.

Keywords: Epoxidized DPNR; LiTFSI; lonic conductivity; Polymer electrolyte; Miscibility
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Figure 1 1H-NMR spectra for LEDPNR, LEDPNR10, LEDPNR16, LEDPNR33, LEDPNR45 and
LEDPNRS57, respectively.
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Figure 2 SEC curves for DPNR and LEDPNR57, respectively.

A13199 1 Epoxy group content, X,.y, Glass transition temperature, T, Weight average
molecular weight, M,, Number average molecular weight, M., and Polydispersity, M, /M,, for

Deproteinized Natural Rubber (DPNR) and Liquid Epoxidized DPNR (LEDPNR).

Sample Xopory T, M, M, M, M,
(mole %) (K) (10°) (10
DPNR - 213 15.9 19.9 7.98
LEDPNR10 9.6 221 0.52 1.41 3.70
LEDPNR16 16 226 0.37 1.10 3.42
LEDPNR33 33 238 0.41 1.80 2.20
LEDPNR45 45 248 0.24 0.71 3.36
LEDPNR57 57 264 0.88 3.51 2.52
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Figure 3 Relationship between T  and epoxy group content for LEDPNR.
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Figure 4 Cole-Cole plot for the LEDPNR45/LITFSI 20wt% at 323K.
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Figure 5 Temperature dependence of the ionic conductivity of LEDPNR45 mixed with

LiTFSl at 3 (@), 5 (H), 10 (A), 15 ((J) and 20 (O) wt%, respectively.
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Figure 6 lonic conductivity for LEDPNR33 (O), LEDPNR45 ([]) and LEDPNR57 (A) as a

function of salt concentration at 323K.
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Figure 7 DSC thermograms for LEDPNRA45/LITFSI at various salt concentration.
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Figure 8 T, versus salt concentration for LEDPNR33/LITFSI (O), LEDPNR45/LITFSI (L) and
LEDPNRS7/LITFSI (A).
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Figure 9 VFT plot for LEDPNR45/LITFSI 20wt% at T,=189K.
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M1919N 2 VFT parameters and Estimated T, for LEDPNR/LITFSI rubbery electrolyte.

Sample  LiTFSI salt A0’ B /10° E, Estimated T, (K)
(Wt%) Scm” K" (K) (kJ mol ™)
LEDPNR16 20 1.18 9.42 7.84 202
LEDPNR33 3 0.09 10.62 8.78 207
LEDPNR33 5 1.08 12.60 10.48 203
LEDPNR33 10 2.37 13.40 11.16 199
LEDPNR33 15 3.43 14.60 12.14 195
LEDPNR33 20 6.28 12.40 10.28 197
LEDPNR33 30 9.92 13.50 11.25 204
LEDPNR33 50 5.48 13.70 11.36 208
LEDPNR45 3 0.05 10.70 8.93 218
LEDPNR45 5 6.49 17.60 14.65 194
LEDPNR45 10 8.30 17.70 14.75 200
LEDPNR45 15 5.10 15.70 13.09 205
LEDPNR45 20 144 19.30 16.04 189
LEDPNR57 3 0.09 9.56 7.95 234
LEDPNR57 5 1.96 13.90 11.54 223
LEDPNR57 10 0.24 23.80 19.77 203
LEDPNR57 15 0.09 26.50 22.04 197

° The RMS derivations of all VFT plots were lower than 0.005.
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Figure 10 lonic conductivity of LEDPNR/LITFSI at 323K versus epoxy group content in the

mixtures.
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Figure 12 Locus of UCST against the epoxy group content (miscibility valley), where [
are obtained from UCSTs.

A1519N 3 A 12 Parameters of LEDPNR/PEG Blend

Sample Xepoxy(Mol%) X1z
LEDPNR(10) 10 -0.01384 + 48.91/T
LEDPNR(16) 16 -0.01365 + 48.46/T
LEDPNR(23) 23 -0.01318 + 49.75/T
LEDPNR(27) 27 -0.01322 + 47.15/T
LEDPNR(29) 29 -0.01385 + 48.71/T
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