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Abstract
Project Code : MRG5180112

Project Title : Polymer Electrolyte Prepared From Deproteinized Natural Rubber

Having Epoxy Group (LEDPNRY)/ Polyethylene Glycol(PEG) Blend

Investigator : Warunee Ariyawiriayanan, Rajamangala University of Technology
Thanyaburi

E-mail Address : warunee.a@en.rmutt.ac.th

Project Period : 1 May 2008 — 31 August 2012

Phase behavior and miscibility between deproteinized natural rubber (DPNR) having
epoxy and polyethylene glycol (PEG) was investigated through binodal curve. Liquid DPNR
having epoxy group (LEDPNR) was prepared from depolymerization of epoxidized natural
rubber (ENR) latex, which was prepared by deproteinization of natural rubber latex with
urea and surfactant followed by epoxidation with fresh peracetic acid and depolymerization.
The LEDPNR with various amount of epoxy group, i.e. 10, 16, 23, 27 and 30 mol% was
mixed with PEG in chloroform at various compositions, i.e. 100/0, 90/10, 70/30, 50/50,
30/70, 10/90 and 0/100, respectively. Since LEDPNR/PEG blends contain polar groups, i.e.
epoxy group in LEDPNR and ethylene oxide units in PEG therefore a relationship between

miscibility or phase separation and intermolecular interactions between LEDPNR and PEG

was investigated through binodal curve. It was found that (;, parameter for LEDPNR/PEG
is nearly constant as epoxy group increased. This suggests that the epoxy group
distribution along the chain of LEDPNR is random distribution. Therefore the LEDPNR were
regards as a homopolymer. Miscibility of LEDPNR/PEG blends was found to be UCST
Phase Behavior. The ionic conductivity of LEDPNR was further improved by incorporated
with polyethylene glycol (PEG). LEDPNR/PEG based electrolytes incorporating lithium TFSI
salt are potential polymer electrolytes. It showed the ionic conductivity (o) about 7.0 x 10'5
S/ecm at 323 K, higher than LEDPNR in which the highest o was about 2.0 x 10'6 S/cm at
323 K.

Keywords: Epoxidized DPNR; Poly(ethylene glycol); lonic conductivity; Polymer electrolyte;
Miscibility
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. Sodium Dodecyl Sulfate (SDS) %38 Emulwin W 1% Surfactant

. Acetic acid 8z Hydrogen Peroxide

. NH,S,04 L8 Propanal

. Chloroform, Methanol LL8s Tetrahydrofuran

MG ERRIGEN
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Eﬂﬁ 1 1H-NMR spectra for DPNR and Liquid EDPNR30.

mﬂgﬂﬁ 1 ugadsUaasy 'H-NMR 289819 DPNR waz LEDPNR ﬁﬁ%y;‘é‘waﬂ"l,mﬁ 30
mol% naUnaTuvadsns DPNR wuﬂﬂﬁLﬂuIﬂmaumaomgLuﬁa witadw uaz winidily
Buen mammﬂvl,aieﬁﬂ%uﬂﬁﬂgﬁuﬁ 1.7, 2.1 U8z 5.1 ppm AUSIGU UazE1WIU LEDPNR
s=lAnlnuiAadud 1.28, 1,55, 2.2 Uas 2.7 ppm AUEGTY BIFaAAFaITLNUISHT RN
[6] Ao ANM 1.28 uaz 1.55 ppm ulsnauvany wiauazngiufian lu EDPNR uaz
ANT 2.2 uaz 2.7 ppm \dulneuvesngiuiian uazialnid lu NR I@Uﬁﬂ%mmm‘jﬁwaﬂ

logaunsadwimlaannaanaruanu Nt uuasNnIz®ing 2.7 uaz 5.1 ppm @983 (1)
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M13197 1 Epoxy group content, Xg.., Glass transition temperature, T, weight
average molecular weight, M,, number average molecular weight, M _, and polydispersity,

M,/M,, for liquid epoxidized DPNR (LEDPNR).

Sample X,y (MO1%) M 10" M, /10" MM, T,(K)
LEDPNR(10) 10 1.44 5.22 3.70 220
LEDPNR(16) 16 1.10 3.78 3.42 226
LEDPNR(23) 23 115 2.58 2.24 227
LEDPNR(27) 27 117 3.57 3.06 240
LEDPNR(30) 30 3.94 9.85 2.50 235
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LEDPNR23, LEDPNR27 uaz LEDPNR30 aziithwinluianaflszanm 10 g/mol Indidss

a
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2. Nawaamffﬁvﬁ'@Zﬂiﬁ%@”ﬂﬁ/gﬁyﬁﬁ@iaﬁyﬁﬁwaa Liquid Epoxidixed Deproteinized Natural
Rubber (LEDPNR)

Na‘ﬁvlﬁ’%’]ﬂaLﬂi’]tﬁﬂmﬁ@ﬂ’]ﬂﬂ’lUﬂﬁWLLﬂtﬂ’JﬁN%ﬁu %gawan"lénﬁ FIRNHEN
Liquid Epoxidixed Deproteinized Natural Rubber (LEDNR) L Liquid Epoxidized Urea
Deproteinized Natural Rubber (LEUDNR) ﬁﬁ%yj‘éwan%@‘ 33, U8z 34 mol% ANURIAL URAS

o =
AININN 2

Gl’li'w‘ﬁ. 2 Epoxy group content, Xy, % Nitrogen, 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.

Sample Xopoxy % Nitrogen T, M, M, M, M,
(mol%) (wt) K) (10°) (10Y

DPNR ; 0.017 213 15.9 19.9 7.98

LEDNR33 33 0.017 238 0.41 1.80 2.20

LEUDNR32 32 0.020 237 0.36 1.71 2.11

NNANTIIN 2 wudmsidaldsdudieainsudogiianianmsldiowlodden
Tusanluens lisgsnadosns LEDPNR  fHunszuawn1sniawadl sswavinlwanianas
MEMNLEZANNITOY NE1IAE 819 LEDPNR33 Wazend LEUDPNR32 flmﬁmﬁfﬂimaqauaz
mim:myé’amaaimﬁhimaqa%&ﬁmﬁ'u imﬁammimﬁﬂuLLﬂaaqm%Qﬁﬂ§WULLﬁaﬁa51

o & v av Ao ¥ & v A g’ a A ol o o % A v
@]x‘l%%‘%ﬂ’]"ﬂUﬂ@]ﬂdﬂ?il’ﬁﬁ’]ﬁ@]d@]uﬂLﬂ%%’]El’]{'l‘Eﬁi&l?ﬂ@Iﬂi@]%@nﬁ’]ll’]iﬂﬂ’]ﬂ’]iﬂ’]’ﬂﬂiﬂi@]%vl,(ﬂ

ad a v dl 1 o s = v A () ] aaa
YNRBIIDTNT I(ﬂEl"iﬂﬂﬂ']i’?"i]El‘Y]Nﬁuwﬂﬂﬁﬁﬂﬁﬁ]@liﬂﬁﬁuﬂ')Zl%JlLiﬂquﬁﬂwﬂﬂaﬂgﬂﬁﬂﬁﬂ’]iﬂi’lw

UfAsenmsawandiat wazlfAsenmsdlwdiwe oo Huen

3. ﬂ"l?ﬁﬂ?&f’?Nﬂﬂle‘l«Z’?‘ﬁuyﬂleLElQEIﬂwllﬂ’liL'ﬂ%ﬂvuIZ@W“I/ENZWﬁLJJE?{Nﬁ&/?:W?‘7\75'7\71@'55%"1]"75[1/5@7%

o Aa A & o A AdA Aa o o ;
dradingawan lodiuIwdiafiaulnanaandiininluanass g

1#N8195750T& LEDNR30 mwauﬁ'ﬂwﬁLaﬁ‘é‘uaaﬂvlsﬁﬁﬁﬁ%%ﬁfﬂimaqa
300, 1000, 2000 W&z 6000 g/mol mua1ey Mi3enuny PEG300, PEG1000, PEG2000 Waz
PEG6000 uaz¥msnsnmadniulandasaudo g fudsil LEDNR3O/PEG #a 100/0,
90/10, 70/30, 50/50, 30/70, 10/90 ez 0/100 Y9I INRLNOSHEN ﬁx‘lgﬂﬁ 2
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Eﬂﬁ 2 Cloud point Observation of LEDPNR/PEG Blends.

MImasaunIaLuia  (Cloud point) sramsialaglfianouanioud
muquqmﬁgﬁlmﬁuﬁunnq 5°C g@qmﬁgﬁ@%u@i 30-150°C lasluianauazlnisnyuiou
amanlu wazvnmianasevyatuiilasusaslujduaunalaazunin (Phase diagram)
vhdmanaassanle linumsiasuwulss naveanalaozunsuvaslndiasnaudng g ugn
é’agﬂﬁ 3-6

160
O O O O O
140 O O O O O
A O @] O O
120 o ® (4 O O
- L J ] [ ] A O
0lI0d ¢ e e e O
- L L ([ ] ([ ] A
o 80 [ (4 (4 ® °
5 L 4 L 4 [ ] [ ] ®
" 60 L 4 L 4 L J L J ®
= ° ° ° ° °

2 40

5

= 20

0 1 1 1 1 1 1 1 1 1

000102030405060708091.0
Blend Composition

;iﬂﬁ 3 Phase diagram of LEDPNR30/PEG300 system; (O) Transparent, (@) opaque and

(A) semitransparent.
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= ° ° ° ° A
2600 @ ° ° ° °
= ° ° ° ° °

240

£

= 20
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000102030405060708091.0
Blend Composition

Eﬂﬁ 4 Phase diagram of LEDPNR30/PEG1000 system; (O) Transparent, (@) opaque and

(A) semitransparent.
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N
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000102030405060708091.0
Blend Composition

gﬂﬁ 5 Phase diagram of LEDPNR30/PEG2000 system; (O) Transparent, (@) opaque and

(A) semitransparent.
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Eﬂﬁ 6 Phase diagram of LEDPNR30/PEG2000 system; (O) Transparent, (@) opaque and

(A) semitransparent.

nnjUialaszuninvasinfimainansznine LEDPNR/PEG v nnizuudadniu
NINFULUILLAN upper critical solution temperature (UCST) %dqm%{}fﬁﬂqa (critical
temperature) a;li‘ﬁ' 130-160°C waztSanmwvaslndiafidaulnanas o 9a3nnd@ (critical point)
a%i"?'i 10-70 Wt% T,@ﬂu‘qm:uwaﬂwamai{wauﬁa:nmmﬂuﬁmﬁaLﬁmmnwﬂma Tosdi
wsmvaanafidnniuldldues LEDPNR30/PEG6000 uuy UCST ﬁ]:ﬂ%amﬂﬁqwﬁalﬂﬂu
AUTTULEUY ﬁv’df:mmﬁaammﬂNammm{mﬁﬂimaqaﬁgdﬁq@ RINAADNIIUANA?
(dissociation) zniangdwanloduaznyiafidulnanan asuiuszuveiaIiada tackifier
ﬁ'umatﬁﬁmmaﬁmmaﬂugﬂ WULW89 lower critical solution temperature (LCST) #1uinwsin

o ‘g/ ! ana a
INL&Q&‘DE’N tackifier qwu mqmwgmﬂqmza@m [12]

= 1 6 o @ o [ a 6 g a I~
4. ﬂ’l?ﬂﬂ?ﬁ!’)ﬁdﬂ?f@d‘ﬁg}lﬂwaf]'Z‘lfﬂﬂilﬂ’lﬂ"ll’?ﬂ%IZ@?IEJJZWNL&IQ?N@&I??J%’37#8/701755&/?7’7@7[1/‘5@%

1
o

Ao i & 1 e o A AdA
mwwyawan'lszr@mm nunulwaianaulnanaa

lunsansanudinulaveslnfwesuaniduinnuawinngdn ssumsuoning
padlnfweidriianulianunastiieann Fufanandjiserszniluanazessnsses
ia MIltiFuldsuansvauiuanIazais (bimodal curve) unistsuaniisnsidnnwla lag

a & & = o & ' ' v A e o A
Tuwwindwefnsutuaziionudndusdannnlunmstgailansivnldiuiagmihaulauas
sutanems lnideg ldansenisanelunswidulds nsdnslagldnswuaas
PauIanIazaEwUaRInaIuguuazittlafiwnansinves Indwe snau Ididua ey
afunsaugnunmstayamunailulauiia
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luamanailulamBavaslnfiwasuauldgniauwianainaunszes Flory and
Huggins @vagldaiutlywasmaianisn (interaction parameter) 1w y dwasoudaszln
YINRUAD AG,;, AILRAIIUIFNNTN 2

NG = NRT{(¢,/mDInd; + (¢/m)Ing, + ¢y ¢y %12} 2)

losfi m Aevwavwinluana uaz ¢ AedasiulasdIanarvessnsudazaiia (volume
fraction) lunstvaslndwasnauduuuudnnuld a1 AG,, asazdailuauiane wazan
[ @, ' A AL v ad a & & @
sunIdang ldinnanvasdanlniazldiesslunsdinlnfimasizmaiwminlaiana
J dll = a A I =S 1 a a A s 1 ci 1
g9au hasninanvedeumatundaziidnduwin  AeldreuifadjnIsiugluanan’la
A > dﬁ A I Ig o Aa 6 % g; Aa
wilaunu  uszinanvesioulmddadanduavandumaiuquluszuuindued  asuulng
{ g, b a et 2 &/ Q'/ 36 >
wainSminluanasnazifanneuuuudiiuldointuiines  wenaniluaunsds
mmmﬂ’mL@nﬁowqaﬂﬁ&lmmﬁuﬂi:mﬂ upper critical solution behavior (UCST) e
WiNeITTUUNENIziian TuENIWLEAng D AR
A & o o ' A _ AA Aa
NnNaTadNE laazknINY B INRLWSHENT19GH  wu Indlefiauinanaani
iminluanadazinazaodinuldnuens  LEDPNR  @anuinidu39e9nsina
LEDPNR fifingjawanladensg suaunulnaiafidusanlad (PEG300) uaztinnsansinis
AR laNFaFIBA99 NwA9th LEDPNR/PEG300 @a 100/0, 90/10, 70/30, 50/50, 30/70,
10/90 uaz 0/100 Gauaaslugh 7

390 390
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gﬂ‘ﬁ 7 Binodal curve for LEDPNR10/PEG, LEDPNR16/PEG, LEDPNR23/PEG,
LEDPNR27/PEG and LEDPNR30/PEG.

NNTAT 7 1EaNEIWILazinNs Fit Curve 910 Binodal Curve bawen
2AINEININGH (Critical Composition) Waza MA@ (Critical Temperature) 289 lnAlues
NRY WazAGuLTUaINTTN Ak ldvaslnaluasnan Ao g lasldrunis 2 uas 3 uazin
afilalulaluanmsf 2

1/T,
12

-AR/B

A+ B/RT

d aa a 1 1 d a a ~a
T4 T, fia gunnHAnn@ 1 A uaz B Liludraanilunisifiadnim
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A13197 2 A 12 Parameters of LEDPNR/PEG Blend
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Sample Xepoxy(Mol%) ¥ 12
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

ANIINALIAGILLT A ez B 28960 Xlz 321319 LEDPNR/PEG uuﬂaumam‘ﬂ

ﬂd LLSJ’J’]‘.L]S@J'WM%@J@WE]T]VL‘IWH] LWSJ&G"IJ%T]@H&J Naumauame’nmimwa’mmm a\‘]‘ﬁﬁJE]‘Wﬂﬂ

VL‘IT@]‘]J‘%BT'WUI%I%JLE\]TJE\]ﬂﬂdﬁii&l%’]@]uulﬂ%ﬂ’]iﬂiﬁnEl@]’]LL‘]J‘]JQ'[?(?Z @1\‘1%%{]7\‘1 LEDPNR 341811

Wwlalulwdiwas

danniaguavainydwan lodniidanadnnule 3aten 12 329 LEDPNRIPEG

nldnwiaanunyananlodlusns LEDPNR Namngiidngg duaasluglh 8
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0.145

y = -7E-06x” + 0.0002x + 0.137 393K

0.142

0.139

0.136

Kblend

0.133

0.130

O. 127 1 1 1 1
0 10 20 30 40 5(C

X epoxy (MO1%)

gllﬁ 8 Ypviena Of LEDPNR/PEG against epoxy group content in LEPDNR at different

temperature.
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A1519N 3 Ane » A eoeand Y eon for LEDPNR/PEG blends.

Temperature (K) YANE Y EOE Y EON
353 -8E-06 0.150892 0.1507
363 -8E-06 0.147192 0.1470
373 -8E-06 0.143692 0.1435
383 -7TE-06 0.140293 0.1401
393 -7E-06 0.137193 0.1370
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U
v

wa'laazunsuuazd yblend wuinlwdwainssesriiaiianmadinulaiuy Upper Critical
Solution Temperature (UCST) Phase Diagram éﬁgﬂﬁ 9
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gﬂﬁ 9 Locus of UCST against the epoxy group content (miscibility valley), where @ are
obtained from UCSTs.
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c) d)
Eﬂﬁ. 10 Micrograph of LEDNR30/PEG300 at 70/30 at 100°C in various reaction time; a) 0

min, b) 10 mins, ¢) 30 mins and d) 60 mins

gﬂﬁ 11 URAINININABISNBIANTRENGIaVaINaw 1w LEDPNRIPEG AiZins
Lﬂﬁyuqmﬂgﬁ nnIUiduINan mumﬁ'mJu,a:’f«im’é‘ﬂu%uﬁmﬁoﬂgmaavlaisnﬂ%u wiawan
loduaznyiafifuaanlodauday ﬁqm%gﬁ@‘im alimibaduiuuuudans Tninanyd
wanlodlugng LEDPNR uazngiafidusanlodly PEG ssmaldniaifiansuoniva lums
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wananIananiuzasluana Tumnanasiinudng ﬁ@‘iﬁﬁqmﬁ@%u’lumo LEDPNR 4]
wyjawanlodirinny 23 mol% soinluszuunay LEDPNR 23/PEG300 asiitnsnauiidnri

"lﬁn’?nmnﬁqm
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;51]17; 11 Schematic representation of UCST behavior of LEDPNR/PEG blend.
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