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Abstract
Project Code: MRG5380157
Project Title: Chemical Modification of Natural Rubber via Graft Copolymerization of Fluorine
Monomers
Investigator: Assistant Prof. Dr. Napida Hinchiranan

Department of Chemical Technology, Faculty of Science, Chulalongkorn
University
E-mail Address: napida.h@chula.ac.th

Project Period: 15 June 2010 — 14 July 2012

Abstract:  The blending of two elastomers with different polarities and vulcanization systems such as
natural rubber (NR) and fluoroelastomers (FKM) leads the incompatibility and phase separation resulting
to poor mechanical properties of finishing products. The chemical modification via graft copolymerization
is the technique to increase the compatibility of the blends containing rubbers with dissimilar properties.
The fluorine containing monomers used for grafting onto NR backbone were 2,2,2-trifluoroethyl
methacrylate (TFEM) and 2,3,4,5,6-pentafluorostyrene (PFS) via free radical graft copolymerization
carried out by both of melt-mixing and solution-grafing processes initiated by benzoyl peroxide (BPO).
The grafting properties were investigated as functions of grafting process, initiator and monomer
concentration, reaction temperature and time. The results indicated that TFEM had higher efficiency for
grafting on NR by melt-mixing process than PFS. The obtained graft NR (GNR) after soxhlet extraction
reached the maximum level of grafting efficiency as 1.34 % with 0.26 phr of grafted poly(TFEM)
(PTFEM). The structure of graft copolymer was analyzed by using attenuated total reflectance-Fourier
transform infrared spectroscopy (ATR-FTIR) and nuclear magnetic resonance spectroscopy (NMR). The
glass transition temperature of samples was also characterized by differential scanning calorimetry
(DSC). The GNR was then applied as the compatibilizer for NR/fluoroelastomer (FKM) vulcanizates
(20/80 (w/w)). The addition of 15 phr of GNR yielded the maximum tensile strength of the vulcanizate as
9.93 MPa, which was 5.31 times higher than that of incompatibilized one (1.87 MPa). This implied that

GNR promoted the more compatibility between the rubberic constituent phases in the vulcanizates.

Keywords: graft copolymerization; natural rubber; fluorine-containing monomers; melt mixing

process
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WaeaTuiuasdtsznavluluans  Mldesfianmaiuaziafiosniwdannnuiougs  nunudanis
dll = dll Aaaa a o a =S
\wenanwanilasnInanweImea  Ujficneandiatu  uazaaiedl  Segnilddszendlsly

a s

NRAATWIEN99 BB UWIHANBlagam I Tua ke Uoua 103090 1w viorsiwdamas solase

[~3

UziAn Faony LIudw (Ameduri and Boutevin, 2000) st lafanussfiailinangianudiinm

WQaa%uﬁaﬂluImaaﬁa LN AN TN TILBTINTNG i’lﬂ’mﬂLLa GRENE RIS Nﬂ(?’lvl,@ﬂ’] UI%US”LVWIVLV]EI

v

)}
3

v A

aNNISINFULALAMALUIEANT A wm']mmmjugo NUABLIIAILAZNNIANTIA L@ (Robert, 1988)
=1 o v A a n‘ o a g 6 dl & U o [
wmlv\mmmﬂ@m:mmaﬁﬁum@mwaunumanaaBmsuamwaLﬂumm@@mnummumi
a & A i a o & A ' a a v o g ~ '
NamumummLmL@ulmmﬁJWQaaIiﬂWiuauLwnaasmmm LmﬂummzmmnumLﬂumnwugam
oo N = oAl A da & & A
TWnUg9 s3I @ laanaae ualiasnnmInasIaesTianlnIan LAz IzULNN AL
LL@m@mﬁ'miTwTaslﬁ'mzdaNﬂlﬁ’Lﬁ@ﬂﬁ&J"L;JLiTﬂﬁ'mLazmiLLsmi'gmﬂsl*u,maNau ANNILNINRNDL b3l
A o & o en A A o e 1 v = pg
mmmm@msmgﬂ%amaauyimmwal%aumLmﬂamama@nmmum@aﬂad 3T YnIAaIN1Im
wh bl lddamsiduansiinanudniwla  (compatibilizer) a9 lUlusnswgutNaRNwssdamne

U et 1 U, v et v £§/ a { 1
TAMNUINNATN 9 ‘lumaNawluﬁmmmwnu"l,mrmmuua:mmmm@n’m,%am*maﬂ'mawystﬁ

AINUINUIFLNI \‘]ﬁﬂ‘iﬂﬂﬂ’ﬁﬂiﬂﬂidiﬂix‘]ﬁi’]\‘i‘ﬂ’]\‘]Lﬂ&l?l ANUNTITNTIALN alﬂuﬁw‘ﬂdﬂﬂiuﬂlad

]
=4

‘V\Igaa%u%ammﬂwmmmmﬂﬁa ElLﬁNﬂ’)']Nﬁﬁuﬂ‘iﬂl%ﬂ’]‘iw"lﬂuvl,@i$%’j"ld 19T TINTNG LLE\]S‘,WE}QQ
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IsaanalawaslasltidusmsaSuanudnnule (compatibilizer) iNaldensnanf e autATInnuv e

N4 maﬁm‘maLL&&WgaaIiﬁmaimua%

2 Janilszaea

2.1

2.2

23

= o o a a A wal \ & o a
ﬂﬂj:ﬂﬂ’]il]illll?diﬂiﬁ RINNILANVUDILWNDITNTIALN al%w%%lﬁdﬂ“ﬁum QGWQ AIVHNIW

Ujissnadlenafiwe lnatudiananamainingasiv

v A

anwfaduvasnnuduiuasisuliten anaududunanaine’ gunni uaz

L1

szzm lwmail iz nlinadesuifnmnmwauessssssnmanane

= L% a 6 & n' v o 1
ﬂm:nn’mhzﬂqn@‘ﬂlmmaﬁﬁmmﬂmWWLﬂumnwummLmﬂuvl,é’lumawam:mwoma

FITNTNA LLQZH’NWQQBISQ’]%U al

3. 35n1INAaad

3.1 R1ANNITIIWIY

BN9BIINTI@ (solid natural rubber)ins@ STR-5L U311 Innovation 3116
UﬁdW@@ﬂIﬁﬂﬁuau (fluoroelastomer, FKM) tn3@ B70N DuPont

2,2,2-lavgealsiafiaiunaiiag (2,2,2-trifluoroethyl methacrylate, TFEM) Sigma-

Aldrich (USA)
2,3,4,56-tnuazWaaalialain (2,3,4,56-pentafluorostyrene,  PFS)  Sigma-Aldrich
(USA)

wilada waseanboa (benzoyl peroxide, BPO)Pareac (Spain)

mmzvlaimyjum (tetrahydrofuran, THF) J.T.Baker (USA)

PasiRsy Binas (petroleum ether) J.T.Baker (USA)

a=Glawu (acetone) J.T.Baker (USA)

LlaN1aa (ethanol) J.T.Baker (USA)

uAs llasian (nitrogen gas) mmu’%qw’%{ 99% US®N Thai industrial gas 311
lasoadalaloloaniiage (triallyl isocyanurate, TAIC) U31% Innovation $11@

lafa%a wWaseanled (dicumyl peroxide, DCP) USH# Innovation 311

wunfiion aan log (magnesium oxide, MgO) U319 Innovation 31N
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o uaaonlaasanlod (calcium hydroxide, Ca(OH),) 131 Innovation 311N

3.2 ATdniARIuIY
3.2.1 nmlalanafine loturassnisrinmadionasawa iningaein
® JTUURIIALANY (solution grafting process)

95330 0.04 luaazaoluaaszlalasyusu 170 Gadfas antuh

a a % ] & a & v £ % =
sIazansafiieiowlainlaadluaIasnisineanuuuuazaisiuanasgud 1
nnundlarhiaiestnsot imsiuudslulasaudn T/ Tuansszanssnsnsouns
mulddmuasaaiuim 30 wifl ineldaanFanluedosdjnantoansanisvinla

A a 6 & v & = a
uyspananielutesesunsahiduusssimazssuialulasian anunioaa

e a = v aa aaa \ ) a L 2 a =
vanamasningaainuardm Tl itmasldiutenduas anuuislainios
Ugnvalliaiin udrsuldanaieungmnnluszszoziaanaiudasnis aasy

= @ a a ¢ A o o °

szpzmIwnEIseasawlieIasdnsaiaslmemuasiiasunonens ey

71 40 asenratduailniag 24 Tlud

® UUNIBUNRU (melt mixing grafting process)
ﬂiﬂW@ﬂﬂwaama"l,il,éﬁ"ffumaauauama%ﬁﬁWgaa’%uéf’smzuumamauﬁﬂu
A a o Aaaa A o ' . v
LﬂiadNa&lLLuuﬂﬂlumSW}ﬂgmm (8%8 Thermo Haake M polydrive) Taglaeng

5330916 0.29 lwa laasldlniaSasuansunuutla innsuanauanaInasaasi

@ e A

2 a a . & Aa & & = L v A A
Lb "Jﬁ]\‘]la(ﬂllllauaLNQTHNWQ@aiuﬂﬂvlal]ﬁ]%ﬂ’]‘ﬂaiﬂﬂ\‘]‘ﬂaﬂﬂiﬁ ﬁ]’]ﬂu%ﬁ]@la@nilﬁw

]
=}

Uismnadly Dadeaudnas udrlianuioungmnnluazszozinaaudains

P &l [ ) [ ° aaa
;sﬂ‘n 1 q@qﬂﬂ‘smmammu LLﬂzﬁi’]\‘]ﬂ’]%iUI"lﬂ%ﬂﬁﬁﬂqﬂQﬂ‘iUW‘iZUﬁJﬁ’]'ﬁﬂ&‘a’T |
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a 6 A a (3
3.2.2 MIUATIEHRNUAYDIY N TITUTIANTING

o nsEnasIni kel 3ueananessssumananwe
nonasanmIindjiteinswdlanediwe lsiatn neaAmwin laas
Usznaudiey 3 §1u fa e19s3TuTan lifian1snWd lalunediwasvasnane
&l & a €2 o & v A o
WasNlElwmIn NG wazs9sTTNTIANIING 393 ndudasiinsananenianed
Aaa A 6 a [ A 6 1
sysuan ldifiansnang uazlalunafiwasoananerasssuadnndnas
il nzdlassashi lasldinafiansaiasan (soxhlet extraction) @387@
& A P n a = e A Y adl  a
aunsaldafiuaasluzdd 2 13tlasduadinesifeanaiensssysuman liianns
nndaan ldarlunisanauin 24 8. nunwinensinae ldaulduden
a = & < v K o s
aunnd 40 asenoaiBoalunnizgyyina iuia 24 las udReihladia

9 U

a 6 3 L% a & ) g: o d' A
wonlaluwafiuasaanalrani1vitasdlawiniig 24 Tal09 INnRIIL19NLRRS

a

lavliuisngmngdl 40 asenaifoalunizgyyimenduing 24 Mlug

U

L Iﬂi\?ﬁ%’]ﬁ?ﬁdLﬂﬁ"llaﬂﬂ']ﬂﬁiiu“ﬁ’]aﬂi']ﬂﬁ
Iﬂidﬁ%’mﬂ’mLﬂﬁ‘lladm\‘]'ﬁﬁ&lm’laﬂ?}w&n’lUﬁ§0ﬂ’]iﬂﬁ@§ﬂ%gﬂ3tﬂi’]xﬁﬁ’;Ll
m‘%aamﬂﬁﬂLLaﬂmuwawiwﬁa’iﬂan%’uﬁuﬂmmeﬂﬂimaiﬂ'ﬂ (attenuated total
reflectance-Fourier transform infrared spectroscopy, ATR-FTIR) (Perkin Elmer ju
spectrum one) Waaaiu-Haadssunnludnislowuudmdnlafinas ("*Fluorine
nuclear magnetic resonance spectroscopy, 19F-NMR) wazlisaauiiadosuaunlu
fnuslounudainlasiinas (Proton nuclear magnetic resonance spectroscopy, 'H-

NMR) (Varian 314 INNOVA)

flask

+—Heat source

31U 2 agdnIninliluinaiianisaiaiou (Luque de Castro and Priego-Capote, 2010)

® 1S3 mHlAA IUIITITNTIANIING
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AATEARUIN LA U TITHTIANIINANIENRIN TN ATDUAINNINITFIN
ASTM 3616-95 agUnInsidniunsiiaziiesaziaagneaanuuunazaing
Usznaudiu1auil wazgaiiuazunIauauaasda (Euiguinasniouan 50
fafway uazidurguanasniolu 9.53 aw.) fisznaudhiuriosuanasaRavIa
9 NaRLNAT éﬁgﬂﬁ 3lawens 0.4 n3u m:gné’mﬂu"ﬁgmﬁﬂe] N9 1 UaBLNas 811 5
Da5uaT ud111989 I URATUNTITUE 0.1 nTU TABINITInNG 4 T3 UdITITTH

A

AzunIIlEadluIaL L@NL@@IS:VLEIIG]SW“LLSuGGVLﬂ 100 F88867 UarualAvuaialun

ﬁ@ﬁqm%gﬁ 25 asanwaldos 1uaan 20 T lue Laasuandsthidaatazaiud

8ZANLAANNN 25 UARAAT LAIAIWIHIBURZLIRINNFNMT (1) — (2)

paFIniazay leNInNe = 4 (ananazans laluanIazany 25 Jafaas (1)

> S e a o LY oo o &
JDUNCLIN = WIARWBNUILINAT — m%uﬂmqmumzmﬂ@mvxm x 100 (2)

PRINLIIINA 1

ey / Bottle cap
—s T

/_ Borosilicate bottle
Screens rack ~ j

ELJ

\\___E__d_./

3U7 3 gagUninldmiviiensitianaiaslusnasrsumansng (ASTM 3616-95)
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° mim%smmawamzijmaﬁsmmaLLaxaﬁdeaaIsﬂﬂi‘uau

PIINRUTENING U’N'ﬁﬁi&l“ﬁ’]aLLﬂtEJ'N‘V\IQaaiiﬂqgﬂﬂ%ﬁé’@i"ld')u 20/80 I@]FJ
& @ = v P @ aw a
%’]‘ﬁ%ﬂL(?'I‘SEJMvL@ﬁJ’m@E@]ﬁ“ﬂﬂi$£‘lﬂ@ﬂ°ﬁﬁ]’m07u’lﬁlﬂl%ﬂ@(ﬂ"ﬂﬂd Guo Lazatwe (Guo et al.,
2010) @9LEA9lHA13197 1 ﬁnmwlgaaIsm‘?uaummmauﬁ'uLmﬂﬁw‘ﬁﬂuaaﬂ%ﬁ

= & v & a . . 2
LLﬂZLLﬂﬂLGIIEJNVL‘E’I@WE]TIVL“H@]@')ULﬂiadNﬁﬁJLLU‘U‘L}@ (internal mixer) 3£8£I81 3 WIN LA
° Aa [ { a & . A o
u’]i]']\'i‘ﬁ‘ﬁllﬂi']@lv[,ﬂ%'l@@?ULﬂ%BGNaNLL‘UUL‘U@LL']JfIJaﬂ\'ig}ﬂﬂa(i (two rolls mill) BID1RIN
a a a [ F3 a & tgl’ & °
&lﬂ’ﬁL(ﬂ&lEIWG’E??N%’]@Iﬂi’]W@]ﬂQZL@IEJENVIJJ‘]J@Nﬁlll%"ll%@]a%% mnuummaﬂgaais
ﬂ']gllﬂ%ﬁNﬁNLﬂﬁLL§3&HU@N&&JT’J&JﬁUﬂqdﬁiiwﬁqaﬁ%?@uﬁ?@hULQ%BGNN&JLLUUL%@

2 = = & a a A 6 6 v A

LLﬁJﬁJﬁaGQﬂﬂﬂdLﬂuizﬂzL’]aﬂ 8 N IMNUUIILAY "L@m&laLﬂasaaﬂvl,ﬁml,l,a:"[maaaa

v

lalalagfiisaadliusrfsuanausative lionendga st ilwialfsd antuiiei

A a o A A a o A [ a
naufiasowldldnadafigmngll - 155 aseoaifos danaTasnadauuylaasadn
(hydraulic compressor) LalAendnguLianMs@anea19 lagszazanlunsnasa be
MNNIUATIERNRFNAIDLATDIN RN TULIAA97UVBI8IMLL A BLAR DU

a o

(moving die rheometer, MDR) (8@ TECH PRO)

{ l}/ 1 ~a
A13199 1 gmﬂumsmugﬂsmNam:wmmaﬁi‘mmmLLa:mGWQaaBm%uau (Guo et al., 2010)

fawliznay USunaw (@1mluend 100 &u, phr)
HN9BITNTIA 20
p9Wgaalianiua 80
H9BTTNTANTING 0,3, 6,9, 12, 15, 20
wunfilTouean o 2.4
uaalToylaasenlod 4.8
lasondalelolooniige 15

lafqdatlasaan o 0.6




14

o muliRiTanaveNNENTERINDITTINIALAzoIWgaa s TuaUN B ULz
NMTUNLINAILAINITDU
"3Lﬂswzﬁawﬁ'ﬁL%aﬂaﬁammwﬁamiﬂuLiaﬁmmm%“auﬁaqmmgﬁ 100 DIAH
A < o ' =< A &
wwaBoaun 24 Talusluduananunudenssds swuzia m 90210 wazaNuds
VILNITINTNG pangealinnTuan LAz NINENTERINNTTINTUAzENIWgaals
6 g: dl 1 Aa a 6 & QI ¥ v di
asuewnanuaz lansidueesssumdnadiduasiiuanudinulasioiniad
NasaUIRgLaNLIERIA (universal testing machine, UTM) (%8 LLOYD ju LR5K) o
Au52lun1389 500 TaRUATABUN WALLATEIIAANNUTIVBILNY (durometer) A&

U1A337% ASTM D412 uaz D2240 aueaU

®  FUIIUINNVBILNNFNITTNINLNTTINTAUazIvgaalsaiuan
Fuwinenuasesuanvassunuilldanmmeseuanudunudaus i

Qﬂ’iLﬂi’]zﬁﬁ’;Uﬂé’fa\‘iﬁ;a“niiﬂﬁaLﬁﬂ@]iamwuda\‘mi’m (scanning electron

microscope,  SEM)  (8%a JOEL 3w JSM-6400) laglFaanusradngd

15 Alalaan ﬁ'uﬁwaa%mmgmﬂﬁauﬁ’amaaﬁauﬁﬂﬂ%mﬁ:ﬁ

L4 qm%gﬁﬂﬁ"lmﬁ’s (glass transition temperature,T)

PBITUTANTING 8195370TNG m&WgaaI‘im‘gﬁJau LRZENINRNITHINILN

a 6 g; dl 1 a a a a
‘.ﬁii&l“ﬁ’]@]LLﬂZU’NWQaE]Iiﬂ’liﬂE]WI’]G‘Y]VL&I&JLLE]:SJT]’]‘JL@]SJEl’]d‘ﬁii&l“ﬁ’]@]ﬂi’ml@ﬂuﬂiw’]m
1 Aa 6 Aa 7 7 [ A Aa a a AaaAa 6
139 QmLm’mﬁqnmzju&lﬂmEJLmeULmamWLWm%‘m‘ﬁﬂammumuﬂaamL@lai
(differential scanning calorimeter, DSC) (TA instruments ju DSC-Q2000) A28DAT

v % A a ' =3 o a [} a g: 1

nmildannuiaui 10 ssraadoadawi lasvimsiienzilugrsgunpiiasud -

100 119 50 B4FLTALTOE lumsmmml,ﬁ”avluIqu

®  AUNWINUAANNWLA lTEaE
AnvrNtanINUNUNIBG et wLARlTTaas E20 Lay ES5 UaIu1ITIINTG
& \ a & & A 9 .
EJ’]GWQEJBIE@]’]S‘UQ% LLazmwamzmnmwﬁmmLLazﬂNV\IQQaBﬂﬁuaum‘nvl,ula

wazlde9ssTuTdnindludsanumans g lasaaduensliiawa 20 x 20 x 2

=

FRRLNAT TIRTNg1IRawazin lurluinadwlSunas 60 Ia8aaY wqmwnﬂﬁﬁaa vl

< ! 0 & « o, X ' a '
e8I 70 "E’IIIMG Lﬁammw:nm%ommumamamwumﬁ;maalua:ﬂmuama
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v v '
v Aa A a 1 L

LSALAITUNVNNWRITWENIAIBENS TIVABNTHENNIAIDE1 AIUIWTDHURZNITLING

IINFNMT (3)

TOURZNITLINGD = (PNABNTUINWASILTINTY — BIRBNTUINBABUUTININW) X 100 (3)

PRBNT I AWLT 2%

4. Namsﬂﬂaaau,a:%mmfwamsﬂﬂa [l

4.1 ﬂiﬁ*/\l(ﬂﬂwaﬁL&Ja"LiLsn*’ffmaouauaL&lﬂ‘?ﬁﬁﬂgaa%uuumoﬁﬁwma
4.1.1 midentiavenaiwainiivgesiuuszszunlunisidjise
A o = DA & oA & e A a
mﬂmmaUlua@@wmmmmLﬂﬂﬂ@ﬂﬁ]xﬂﬁﬂ@mauamas‘ﬂquaamawu
% a ] [l A d' 6 (%
lassansvasensoians g 2,3,4,5,6-qumw§aakaﬂmmwgnmwﬂmwﬂmam‘wmaa
prewaddan ledusrsmaving jisenluszuusnsazans (Paz-pazos and Pugh, 2005) 2,2,2-

laswgealsiefiniumesiaangnnnudasuulasiaiiavatensdalandronisiu jiselu

3 1
a

o & a v 1 AR o A a
JTULMABNKAY (Guo et al., 2010) asnunuissluaiuiidunsinunmsnansansiaves
{d‘d a o aaa dl a aaa a
vanawasniingasinuarszuulumsvhljitefisansnified jissnnwdlanafiualss
TURILUIATIFINIVBINIBITNTNR b el sz anTaw
nnuamInaassnuimInWdlanafiwalaaduas 2,3,4,56-wuazvgaaliale
a a Gl g dl & >
FUAILUBNTTINTG UnngRadyguniduansuzianzues 2,3,4,5,6-inuazngaalsala
Julada Nzt IsIINTANTINAMIBINAfia ATR-FTIR 1A18811Aa% 1,501 e 1,270
dolpudiuarasuaasluzd 3n ugastsnifioguasnyWaridu C=C uaz F-aryl a1ud1aU
. 19 <3 g { o ] 1 a
(Colthup, Dary and Wiberley, 1964) iiaz F-NMR (Eﬂ 37) ﬂﬂiﬁﬂgatymﬂmﬁ@lﬁLLﬁudmLﬂu
ARTWGN -143 -154 uaz -161 ANLBNTIIvanivazaauvaIngaaiuluduniiengg vas
a . A A 6 v a 1
2,3,4,5,6-tnuazWgaalsalain (Riedel et al, 2011) udilladinmzidioinafia 'H-NMR (31
3a) linuaygranduansusanizues 2,3,4,56-wuazwgaalyalaiu uldldding
nWdnldldIanmuned(2,3,4,5, 6-wuazwgaalialeiu) uulasiairavessnssssumaann
awldaansndanzild nidwsuiuwnnzi 2,345 6-nuazwgaalsalaiudsznandang
Wasaluuuduniianunzn: 3udwhdjiseriulesseivessnissundninyginiianes

ﬂ'@mmaa%}"l@i”mﬂ
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(M

PPFS

GNR_PFS

(vy)

()

3UN 3 MIAATzAlasiaiireIsNITINTIA (NR) WaR(2,3,4,56-iwuazWpaalialaiu) (PPFS)
WAZENIBITNTIANTING (GNR_PFS) daatnafiantsmalasalail: () ATR-FTIR

@) "F-NMR uaz () 'H-NMR
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o e 6 v a a (% a A
fnTumInvdedne 2,2,2-laswgaalsefiawmaiiaauulasiainleresssssined la
ANz ATR-FTIR (U7 4n) wudygsdsnghdunibinnueinin 1,720 - 1600 1350 —
1 a A ] [ o
1,120 uaz 1350 dalrudiuaITItuasfangWarndu C=0 C-F uaz C-O (Colthup, Dary and
. a & v 19 A = o A o ' Av A | &a
Wiberley, 1964) uazm3iiaszhens  F-NMR (U4 49) Anusggraidunsisaiinadnen -73.7
A= \ = a & v 1 = Y a o . a
WNLAY U9UaNDd CF; (Zhang et al., 2011) WazN13LATEAAIY H-NMR AWUFTY QI eNdniLai

1
& XK

WNENGN 4.35 ANLENTIURAITI ~CH- fivasnadi(2,2,2-lasWgaaliiefia umeasian) Ansnduu

PNTITNTIA (gﬂﬁ 46) mﬂmﬂﬁﬂm‘ﬁLﬂﬁzﬁﬁwmmmsnﬁuﬁuvlﬁdnﬁwaﬁ(Z,Z,Z-ﬁngaaIi
Lofianaiian) nWdasunlasiasessIsTINTangluszuum Il jisonlussuussazans
£ X . y - o =
wazszuunaauNay Neiduinizinlassadnves 2,2,2-"1,@1574@aaBLa'ﬂamemmmumwmzﬂ:
v 1 =< a Aaaa a o o a 2= 1 d' = A =
#ouni1 Jswsaialfasenwalanefwa lsietunugnssssumd laaninlenFoufisuny
madenld 2,3,4,5,6-nunzWgaalialoTu (Ciardelii et al, 1997) Asnuiaian2,2,2-laswgaals
A a A & 6 o [ 6 a

iAawmasiaaiatlunanawasnsunndunenisTINTfide 1U

dl ) dl o aaa a ™ > dl 1 dl
WaRsonszuunlglumsidfizennnwdlanadiwe lsatuasusasluansei 2 wuiih

]
a A

a A [ o % a A A
qmﬂgﬂumimaadmuauﬂu TLUUNRDNNRNYIN A LA 819 TITNTANI WA N T UTeENTAINANT
nndgandinsidasonluszuumazaswiinelfuSan e nawei/uesumatesnia
LWi’]‘;ﬂi’]W@ﬂﬂwaﬁL;Javl,‘sl,sﬁ%'ulmzuumauwaugﬂmﬁmﬁﬂﬁlﬁ@@hUﬂ’smﬁ”amm:muﬁauﬁﬁ@

=3 o v a Aaaa 2= 1 L% v 1o & v U s o
nnmIanguvaIaniishlfiAad jiselddndn 1sastes wazlidndudesldarriazanlag
Tunsviy 381 (Long, Mcgrath and Turner, 2001) 39WansmtdanszuuMIU]ASeuuUnaay
nauluwnIdneIusa 14

A3 2 M UTuuAgURNTANMINTINGU I TITUTIANTINANLATININNITT UL TR A LAY

ITULRRBUNFY

U 2,2,2-Vl,mw§aahaﬁaLstﬂ%Lam 1380 Jowazderdntan  YSunmweRwes
Gelh) (@2 1w9) MINTING ﬁﬁWgaa’%u (8%)

avazann” 10 24 0 0.00

20 24 0.20 0.01

30 24 0.52 0.02

40 24 0.70 0.02

waauHay" 10 05 0.19 0.01

20 0.5 0.48 0.05

30 0.5 1.02 0.18

40 0.5 1.34 0.26

(1) 8953301 3.0 N3N wanaLuas 10-40 phr iwulwdaiaTaanlsd 2 phr iiaszlalasyusu 150 wa. 7l 90 aseirnIFoa
(2) 8N9FITNTA 20 NN NauBLNEIA 10-40 phr iwwlodaiasean’lss 2 phr fi 90 asrnwalGaa
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(n)
= (v)
m‘ LF @
HC, ¢ O—CH,
5 4
c—C
®| C;-I \\0
, fl -
(a) PTFEM
% crF; (1)
~ HC & 0—CH
o Ve
b HC/C C\\D
‘ “Henr
HC
@ \CH
(b)GNR_TFEM s
e | L
-60 -70 -80 -90
ppm
Q)

sun 4 MIAATNTALATIFTIVILITITNING  (NR) Waa(z,z,z-vlmwg}aaiﬂaﬁammﬂ%m@)
(PTFEM) Laz819533NT1ANTING (GNR_TFEM) aaainafiansaidalasalall:  (n) ATR-

FTIR () ""F-NMR uaz (A) H-NMR
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4.1.2 nalnlumstiadfnsen

nndlanadwaluatureisnsssnmadin 2,2,2-lasgealsefiawniaiiaaiu
Upisuniiiaiuenyadas: nalnmaiel jisniudsiuulodanledean loduandidas
o A o« a A & ¢ o A & & o o
anwiau iiaduayyadarzvasuuladalatoan’lad deaunisn r anduiadvia
Unsennuenssssumanesianaiawuseg (addition) wiadaanazaenvadlalasianly
@11Lmumﬁuauﬁlﬂé’ﬁ’uﬁuﬁz@;aaﬂ (abstraction of an allylic hydrogen) (r2) ¥inl#uu
lassassvasssssumdialusiunioshdanmsfiadlji3en (reactive sites) (Angnanon,
Prasassarakich and Hinchiranan, 2011) fisnansatiadfiseinawalawediwe lstssuny
2,2,2-lavgaalsefialmesiaadsluauni 3 lavauyadaszves 2,2,2-lasWgealiiafia
wmesiaasusaifad jisoiulaianadued 2,2,2-lawgaalsiefiawniaiiaaldealy
A & a Aaaa o A A g & o o A A :
Fyruaaunisiial fiTenasnusasluaunish r3 L uduaauirnyngandinade

UszEninmwmanmwaussdisenawalawediwe lsiot (Yang et al.,, 2012)

(0] (0]
0\7,) (0] O-
0 i —_  » 2 (Rl') (r1)
Addition
R1- + HsC \ —_— H3C§Rl 3 (r2)

> R,

H-abstraction
—_—

Héﬂ
A~ s S (r3)
H,C \ + —_— C\\
0 o)
Jd =

CF, HC

3
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41.3 HaUIauLIAe 9 danmudlanadina lsioTuaas 2,2,2-"lmsw§aaismﬁammﬂ%
LAALWENITITNTNG
®  ANUTNTUVBINIIINYREN
HATBIANNITNTUBIALIUiseNdasasaznalRouulasuanalues Sag
82UITANTAINNITNIING UazTo8azlaavaInI WA lawafiua lstoTuuas 2,2,2-103
WfﬁaaISLaﬁal,umﬂ'%l,a@uumaﬁimmamelugﬂﬁ 5 LAY NTUUDINITLTY
ﬂﬁﬁ‘%mﬁlﬁagluma 1-3phr uwazld 2,2,2-"meQaaiimﬁammﬂ%mm 20 phr 9
90 AIFALTALTUEWIW 30 WA IMNNANITNARDILFAI LA LARINLT AN ULTUT WY D IR
AA‘ aaa AI &/ o va a a ; & a a nl' AI J
RIS RHIRISTEGTIN wﬂmﬂﬁmma%aamzmﬂmu TatSunmanyadaszNAngdn
o v Aa I 1 dl 1 1 a aaa a o 3’
sz biialugiunioshdemaiadfisenamwalewadiwe lsesruanduluszuy
=3 ) Yy d' 6 =y a 6 a
AN IR TasarnTU B adnanatNasuaz It ANTNIWAIINIINEU I8 TITNT @
~ s v o o A Aa Aaaa '
ﬂﬂV\I@Tqugwu (Tan et al., 1999) I@ﬂm’mmmumaomsmuﬁgmmgaq@ (3 §)

&

ﬁ’llﬁ"[ﬁmaﬁsswﬁ’]?mi'mlﬂwﬁ%aﬂa:mﬂﬂ‘é‘ﬂmmawauama% R LHER

A [

UIeANTAIWAITNIINAGIRA Ao T80T 65.1 LA S88aT 0.77 ANNAIOL (gﬂﬁ 5n)

U 9

a v dlﬂl)'i/

agnd lsiausasazdssantamnmaniwdidvesuniaSsuifisununuissnls
#1987 ladu (Guo uazame, 2010) araduldlainnsnlassasvessnssssunia
Usznaudingfinaratarnimiadnidjisonzeswenawas vldifaninavd
lavtan (Arayaprenee, Presassarakich and Rempel, 2003) waztlanaNTINDiTaazLa
aU8I8 BTN ANTING U 53 wudndieanaududuvasdriiudjasen i

£ o o v a A a £ o = A Aa & X
gaudsuarilidlanmafaningensnaiugaiudis Simadensnsiiielini

suIndapInstial jizennawdlawadiwa lsiomu laaneag (Nakajima, 2000)
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200 1.0
B Grafted PTFEM (pumol) )
*%GE

~ 160 - - 08
i
S 120 | 0.6
= =
. &)
- X
T S0 - - 04
£
]
=

40 - - 0.2

() T T T T T T ()()
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
BPO (phr)
100
V)

80

60 -
2
&
X

40

20 -

() T T T T T T T

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

BPO (phr)

5N 5 wavesnudNTuseIsIBNUsuda (n) SewarmaiAouudasneuaiues uazSouas
UszNTAnmInI NG waz (1) YSnmaa (e lglunsneses: 2,2,2-1@51/\1@991‘5@%

LWMATLAA = 20 phr gnnil = 90 asenaaFus Lanltlumalfism = 30 wif)
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o aNuTNTUNARALNAT
L2 £ (d'd 1 2 d' 6 Y
NRYBIANNLTNT BN ULNDINVADIDUasNTURULURINOUALNDT TDURS
UagnTmuwnana v uaziasaziauaadluzlf 6 Ujisenmndlanefwalsiodu
P 2,2,2-"1,@131/\1;3aaI‘naﬁammﬂ%La@uumaﬁsswmﬁﬂs:ﬁﬁﬁmwwLﬁuﬁmaaﬁﬁﬁu

U3 2 phr goungdl 90 aseiraBoa szpziaan 30 w1l 3n3UR 6n usasliiin

100 - Lo
m %Monomer conversion (M)
0403 o 3
o SO - +%GE -
2 4 1.2
r/
S
g2 60 i/
g =l
& e 08 O
g 1o =
g -~
=
3‘?‘ m /” 0.4
//E/J
0 o | - - 0.0
0 10 20 30 40 50
TFEM“)hr
100
()
80 -
k3
360 -
O
X
40 -
x
=
20 A
(_) T T T T
0 10 20 30 40 50
TFEM (phr)

P v @ & o dl & o
3UN 6 WaTBIAMULTNTHIBINEKOLNDIGAE (N) 08N TIURDULURINELOLNDT LAZIBLAY
UsgENBTNWMINTING uae (1) U3anmas (nazildlumanasss: @235uljasen =2

phr gDl = 90 aseiaaifos LalElum Uit = 30 wifl)
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1 A A % % Fg; ] =3 1 v a A
FudlaiuaNuduTuraIuanaLNaIAILE 10 119 40 phr §9Ka lHLTzRNTAIWANS
¢ X « o A A s fa o X = o 9 oa A
nagalwiuiasas 1.34 nnzllafivinamenaiweiiTudugidu Avlwiilaniad
o v Aa J v 1
i itiamInTnduninenallaas (Cheng, Wen and Wu, 2009) agins bsiana
a o’d‘ PN J & o v Aa A A J 3 A
Unawenawainiugsuirmdiiamadensnefinnnaulides innzaansnd
A AANTIINGINULEY (recombination) vadanald (Kiilay and Okay, 2002) 5@ 314
matiauieniadulassinevesnisiBanys (Nakajima, 2000) laggsinalaain

- o -
USunamaafiviugsdn (3U1 61)

o amnpiilunmariy iz

a '

Ad‘ o aaa & > o > Qs & dlda v
qm%nuﬂ%’lumsmﬂgmmLﬂumLuhmmymLLﬂiﬁmmamwa@aiamaz

u

dl 6 a a 6 a 6 a o
MILYaswladnawatyaIazUIeaNTAINANINIINGVDILIITITNTIANTING 911338

R

wanwnavasgunpidanmndlanadwaliatulugag 70 - 110 aseaaidos lay
Ifuauaiuns 20 phr wazaa3130U§A3e0 2 phr lgiaanlunsvid §isen 30 wif aan
HanmInaasdlugd 7n ugaslitinindawugungiilunmsvid jisovildTesazns

a 6 v a a (4 v a &
Wasnidasuanatlas JauazUsizaNTAIWNIINTING LLﬂZi@UﬂZL%ﬂLWQJgGT% L‘WT]ZSI,%

a 1a a A a ' Aa aaa & =3
iz‘uuuﬂsmmmwaamwwmwmaﬂﬂummn@ﬂgmmmnmu FINTINIIN

a A A/ v J o aaa { o v a
el §asenlanindu lagnsvird §iTenn 90 ssanwaifoariildlasssssumd

=

e A & o a a &
NIWONHIoo RN ILURUULUAINaWDLNDTHAZIDURUIEINTAINNANININWNANRINT S

U 9

A 56.6 uaz 0.48 MudaU udillaugmngiilunvihdjasenldgonini wudrfes

azm IR nLlasuanaLy aﬁm:ﬂ‘s:%‘%mwmsmwxlﬁmm LTI NN TRANUAIVD

=}

BNITINTANTINATINAINMTIzIEYaY 2,2,2- lasWgealsefialuniaiiag (aidaa
102 24FLTALTER NANNAK 1 UTI81N1F) (Raihane and Ameduri, 2006) LHaxuane
6 v aa aaa A o A ' o Y Aa A &
weaimmoaanly d3Evdjisenndunieagluszunazildiiansisansinediuly

a 6 1 v a e 1A :3, t:ll
maﬁsm‘m@m’mmaaNalumammmmmwﬂmwﬂsmmwagwu (gﬂ“n 7%)
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100 Lo
m %oMonomer conversion (M)
+ %GE
S0 08
3
3
E o0 0.6
£l
5 8
£ ES
g o 04
5
5
= R 02
0 * Do
15 5 53 05 x) 3
o: : Tgﬁlperature'("(‘) 103 L
100
v
80 - *
60 -
=
C ¥ 3
=
40
20 ~
E
() T T T T
63 75 83 95 105 115
Temperature (°C)

d. a aaa 1 v dl 6 2 a =y
sun7 wamaoqmﬂgmaoﬂgmm@a (n) TosazmItdasuulasuanatuas LazIagasUIzaNTAIW
6 a dl a a
MInTNe waz (1) Sanowas (Mazflflunimanss: 2,2,2-lasngeslsiefiawniaiiaa =

20 phr §9315uUHA%N = 2 phr afilFlunaind A% = 30 wf)

o L lumahufizen

HaU8ITz 81 T8INNIYJRTedesesssnsilfuundssnanained Sanas

Uszdninmmanmnd waztTnmasgndnslasldtianalunisul jiseaue
=2 a o P A s 6 v aa aaa A

10 B9 120 winevgUh 8 N3N muanaLNe3 20 phr @311 N381 2 phr 11 90 8y

a A v = . A @ & = a
LR Nﬂﬂqiﬂ@ﬂﬂﬂﬂqﬂgﬂﬂ 8n LLa@]\ﬂﬂﬁL%uﬁl’]LN@SL"HSZUZLQQ"INWﬂTu‘ﬂuﬂﬂ 60 #IN
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v

MliFagazn1sidfunuiainanatias JauazlszANTAIWNIINT NG wazUSunmlaa

QI ‘3, v { ~a a ! o
Wndnianitas asan 2,22 lasvgealsiefiaiuniaiiaaiiannudashlunisi
aaa v = (g Y =3 a aaa va ' ¥ a
Unseniles 3edesldrzaziauiuisesiiadfisen ladan wawinldaswininly
o liifed jisondhadesdug 1w misaodvesmalsluanayessnisrsud
NN wazmaiialalunedwalsiosu (Tan et al., 1999) dinalhIauazdsednTnw

MINTINFURZLSTUHLINAAR (gﬂﬁ 8%)

100 1.4}
m %gNonomer conversion (n)
* %GE
g 80 - 0.8
=
b
b
E 60 - [ ] 0.6
S m =
: g : :
I PO s
g 0 { 0.4
S 3
%
= 0.2
0 T T T T 0.0
[H 20 40 60 S0 104 1242 140
Reaction time (min)
100
(v)
30
60
I I
T R * =
20
0

0 2 J0 60 S0 100 120 140
Reaction time (min

TEF e sEnEy surrEe § ewrew

P o aaa ' v dl 6 v
51N 8 Namaanmlumimﬂgmm@la (n) Tauazn TR uLUsINanaLNDY LRZTOYUAS

u

UrrEnsawmanawd uaz (1) Usnmias (nzhlilunimasss: 2,2,2-laswgaalsieiia

LWMASIAN = 20 phr 9233NU 381 = 2 phr gawnnil = 30 W)
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NNNIANBENINAVIAILLTAN 9 NadnadasasasdsednTnwnsndd wuin
mazlunsidjitennddlanefiwelsistures 2,22 laswgealsiefiatmaiiaaununis

@ A

sysu@lasltuonatuas 40 phr @231501JA%81 2 phr ﬁqmvxgﬁ 90 a4FALTALTFWIN 30

P &

ety V‘hlﬁwl,ﬁmaﬁmmaﬂﬂw@Tﬁﬁ%“afJa:ﬂs:%w%mwmsmwﬂﬁgwm A9 1.34 uan3lT

q

Aa

6 a ° v Aa dl' J (% 6 é’ ' >
VaWALNATUINLAK I I AN I T 9T W L LA TIR TV BIINTITNTIA N TINA U NV LT N
1 o vy QI 3 d ] 1 o YV & QI v Qs v
'f?imNamslmama:mmwwgwuﬁa 82.5 ag'lainunzdanivin Ul mdwssiAua v N e
o v Aa [ a (d‘d a 1
wazanainldiianisugnignielusiinaa stwzmaﬁﬁwmmnswﬂmﬂuﬂsmmwagﬁu
RIUIIONIZANLA LA G LI LWﬂ:ﬁm’]wﬁ@qa ANNIENILARLNIA LU ENANINNTZAN8E Ler
A [ Aa A L @ ] Iy AN oA wa A o .
@1mgmmumnmu@gwnuﬂu fonalipnInaNn ladantaidonanasad (Kim et al., 1999)
s g: =3 A a {d‘ % a e 2 dl' d'd a ol
MIBUINFANYWTIINTANTINGN LaannITWadlanadiua It iuaian1zann I i maadin
MUl dusnRuanudnwlauns lagfans9sysumannaneIsulagnivituawatuas
@ QI aAaa { =) é v a
40 phr d330UATHN 2 phr Nl 90 aseLTALTE W% 30 W7 TR YITITNTG
{nllnl a (% A v aa Aa 6 U & AI
nNdNHUSIaaTaas 50.8 uaziTasazUSANTAwnInT NG 0.48 Tl mduansiNuanw

1 16 LN IN RN TE I ma'ﬁsmmaLLa:mowQaaEﬂﬁuau@ia"Lﬂ

42 mna‘%umwLﬁﬁﬁ'uvl,ﬁmaamoﬁiiuma/manaaiiﬂw*fuauIewﬂ%mammm@meﬁﬁaﬂ
waR(2,2,2-lasWgaalsafiniumaiian)
4.21 ﬁﬁmmuﬁam:uumgﬂ
mwamzm’mma'ﬁiwmaLLa:deQaakm%‘uauﬂizﬂamﬁm"gmﬂmaamaam
a d’d d' 1 o ad % o 6 6
mu@'ﬂmwumsmgﬂ'ﬂLmnmqnu I@zJmaﬁswm@lm:uumimgﬂmﬂsnmwama:l,ﬂas
& & Aa o A A A & &
28N bui@ mumdeaaIimiuauﬂm:uumimgﬂmﬂmawu JaAuaa uazitlasaanlaa
=3 o I £ = a ni 6 o di Y Aa >3 (d‘
wml,ﬂu@moﬂnm%umaaizuumsmgﬂ'ﬂmmmuﬂs:ﬂqn@ﬂumawamwal%wammmw

o wa A Aa a a A . A
vL@NﬁNU@]LT\‘]ﬂﬂV]@I a’]il,‘ﬂllEl']\ﬁLLazlhlnmﬂlﬂ%LL@azizﬂUﬂqiﬂﬂgﬂLLﬁ@\‘]l%@ﬂi’Nﬂ 3
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A1319N 3 msmﬁmaLLa:ﬂ%mmﬁlﬂm:uumimgﬂ maﬁﬁuma/mawgaakmﬁlau (20/80 lag

wmein)

szuumIagl CRIGEIaN! a1 (phr)

Fanas 394 aanlae (ZnO) 5.0

NIANLADIA (steric acid) 15

a3 (sulfur) 2.5

waszwfia Ingusuladalnd (TMTD) 0.5

wanaa lrlaaanda-2-.unlalnailoa (CBS) 1.0

latadin waardonlaasanlos (Ca(OH),) 7.2

wunilFsuean bog (Mgo) 3.6

LINTLLNAAY lALa AT (DIAK#T) 5.0

wWaseanloa waardonlaasanlos (Ca(OH),) 4.8

wuniFauean bod (Mgo) 2.4

ad13a wWeseen'lwa (DCP) 1.5

lasaada lololoaniige (TAIC) 0.6

Lﬁﬂﬁﬂi&ﬂizﬂtm E‘ﬁfﬂiﬂx‘iﬁ‘lﬂ@ EIFL%LQ%QG%’I qmwgﬁ 3N mmgﬁm IEILLUTANY

'
o

a A 2 & A =< . & '
LANDUN Nﬂﬂ']?ﬂ@aa\'ﬁ’]Elﬂf]uﬂ\‘]@nqﬂﬂiﬂ@na@ﬂuﬁ@ﬂﬂﬂﬂ?’]wﬂqﬂﬁqﬂluﬂqimugﬂﬂqﬁ a1

9
& 2 1a A A a X = . =<
naiagIgaLaaItIlTImNIToNYNINLAaT% 1IAINIRADT (Scoch  time)  wandy
iw:nmﬂ'auﬁmaLﬁ@msmgﬂ u,a:i:mnmﬁmuﬁ@msmgﬂgaq@ S’fiawamiﬁﬂmgn
a;ﬂﬂumswﬁ 4 I@m:uumsmgﬂéﬁﬂ%’ﬂLWﬂﬁLﬂ%ixUUﬁﬁﬂﬂ%ﬁ‘ﬂmaﬁs‘mm@’l TING

1 a YV Aaa o é 1
ﬂ?i‘ﬂ(ﬂﬂa\‘l‘W‘U’J’]U?Gﬁiﬁ&l"ﬁ’]@]l%ﬂ’]ﬂagﬂiﬁdq@ 8.36 LATUIAULNUAT GﬁdLLﬁ@]dﬁ\‘i’J’]Uﬁx‘i

= T~ ] a
%‘EZQTG%’]L?J%@] anNIING

o

ﬁiiumf?lmm‘ml%%’mﬂaﬂumimgﬂvlﬁ IWINZUNITITNTIANN
mimgﬂ@%ﬂéﬁ'ﬂLWﬂ%gﬂ%ﬂ%MﬂLMﬂ ﬁammsmﬁ@mimgﬂﬁa @mﬁ'umwlgaaii
& AN A o o v & \ oo o & . & 2 A
miuauﬂ"lwwuﬁ:g}agmmlu‘[mam’mmvl,mmmmmgﬂvl,@mmmﬂm Anatagigadad
] (% d' U a ‘é g d'n U s 6 o @
das vauchszuunsasgUdlaefindaduszuuniioaliiuesgealinisuen vl
6 a 6 aa s (% =1
prwgaalinnfueulameingiga 14.4 dihau-was iwnzniasgUdlaefivazng
d o ' Aa . . . A a
danwsludunisvashilifungaalsd (vinylidene fluoride, VF2) Suillunauaiuaiziia
A A o & & 2 o o & A
ﬁ%dﬂlﬂ%ﬂﬂiaaLﬂﬁwmanaaIﬁmiu A 39719 mwlQaaI‘smsuaummsmnmmsm

Eﬁvl,@"fashaﬁ u,@imoﬁﬁw"mavl,&immmmgﬂ"lﬁ @ima%ﬂgaqmaa mammm&ﬁamgﬁﬁ’m

M3kt latafindsdeaniag
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A1319N 4 gﬂﬁmzﬂ’]iﬂdgﬂ‘ﬂa\'iﬂ’]\‘i‘ﬁiilﬂﬂa U’]GWE\}Q@I‘J@W%UQ% LAZUNNENIZTAINNENTITNTA

6
LL&ZUWGWQQQI‘EQ’YSUB%

SEATH TRAVBIENS @hm%ﬂ@‘iwq@ dnedagega  LIAMIEfeT  LIAIN1IAYIUEIEA
maasgul (ML) (MH) (T.) (Too0)
(L QTRIAW- (LOTRIAW- (W) (W)

La7) )

Talnas H9DITANG 0.20 8.36 2.43 3.35
pngaalianiuen 0.86 0.89 na"” 19.0
latafiun TaRpipriald 0.59 0.07 n/a 245
pngaalianiuan 1.43 14.4 1.60 12.3
wafeanlod HN9BITNNTNG 0.33 5.43 6.46 24.6
pngaaliniuen 1.12 2.12 0.53 8.32
panan” 0.70 4.40 8.02 215

) liswsodenzdle
@) DWHEN = BsTINI@/naWgaalintivan (20/80 laniwin)

éﬁﬁ%ﬂitﬂﬂﬂ?iﬂdgﬂ@hULﬂagaaﬂ‘léﬁ@( WU’j']ﬁ’]&l’liﬂﬂGEﬂvLﬁﬁ\‘iEl’lx‘]ﬁii&l"ﬁﬁal,l,f‘wﬂ’]\‘]

‘V\Igaaimﬁuau ‘i]']ﬂNE‘m'ﬁ‘Yl@aQGWUjWﬁWﬂagﬂgdﬁz@Tax‘liﬂx‘]ﬁ‘i‘iw"]ﬂa moWgaaTimﬁlau
' a ' A & v '
LLatUWGN&&]?Z%’J’NUWG'E??N"HW@]LLﬂzEI']\‘]WEEE]aIiﬂﬁgﬁJﬂuﬁﬂ'}LWNfﬁdmu LLﬁ@GI%L‘ﬁ%’J’]ﬂ’ﬁﬂG
v 14 6 v Aa v a A a &

E‘]_](ﬂ’)ULﬂaiaaﬂvL‘ﬁ(ﬂﬂ’ul’]iﬂlﬂmﬂ&IWG'ES‘S&I‘H’]@]LL&;‘,U’NNQN"L@ I@yaﬂmm:msmgﬂmﬂmu

& a A \ = =2 @ 4 da &
1%8’]\‘1“/]\‘1&'1&I“H%(ﬂL3JﬂL’]ﬂ’WN’]%vlﬂ"ﬂZQﬂLLﬁ@ﬂ%EU‘ﬂ 9 ﬂx‘]LL&l’J’Wﬂ’ﬁﬂdEﬂ‘ﬂLﬂ@]"ﬂ%’i}’miz‘ﬂ‘ﬂﬂ’ﬁ
ﬂdgﬂﬁ"ﬂﬂﬁﬂizaﬂ%ﬂ’lv\lﬁaElﬂ’j’]ﬂﬁil"ﬁizﬂﬂﬂﬁiﬂx‘igﬂLﬂW’lz‘IJENEJ’NLL@]'atﬁﬁG] LANFINITO

ﬁﬁTﬁﬂﬁdNauawuﬁinﬂagﬂTé'ﬁhﬁﬂﬁaLﬁ@ﬂlﬁ%sﬂﬂfﬂiﬂagﬂﬁdﬂLﬂa§aaﬂ1mé1uHWiﬁﬂhn
da'll
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6
— NR
5 4--- FKM
—- NR/FKM
—_ 4 -________.----""———.
-E -_-"'-‘--
53 1 -
3 Lz
= ST PR P
] 2=y
] P
K I
,;5’
I
1 117
of
0 . , | | .
0 5 10 15 20 25

Time (min)

31N 9 ANEUENIAIFLUV0I89TTINTE (NR) UW@WQaaBﬂws‘uau (FKM) Lazg1INaNIznINgsd

srumduazesngaalinniueu (NRFKM) lasldszuuilasaanad

eaAA o

4.2.2 HATAINIANDNITINTANMIWANdad NN IAIg eIt INEN
Aa a ea Ay Aa A 6 2
NATBINILANEITTTNTIANTINGNATa ez seANTA W TN TING 0.48 uaziauas
198 50.8 GlaANBMENNIAIIUVILINTNVDILTTINTG/B19WgRalInTUaY (20/80 lav
& o Y @ & &a a a A
imiin) dronsldidedeenlodnamnni 155 ssanimaiBos nan1Tnasadluansnei 5
ez 10 usealitAwimadulSanseasrsumanmnidaiud 3 19 20 phr adluens
o v & o a & @ P L A a a
Waw flddnesadigaddtaaasidndos inmzeanauiuuindwilainuyIunmens
a 6 o v 1 &/ dyv 1 P a a
NmdnInd dldiedensiugd  wenanBdawudimaindSinmenisTInma
fo o § o & A X ' a A |a
nnddiildinasagegaiintuuaasitsanauauniniianisasgduasiivianmns

ﬁl a v J
\Tananafia launan (Ismail and Hairunezam, 2001)
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A13199 5 NATAINILEULNTTINTIANTIN {ﬁﬁ@iaﬁﬂwmzmimgﬂmaam\mauﬁ 155 a4FLTRLTE

J9BITUTIANTING @i’]‘ﬂﬂﬁ%ﬂ(ﬁ’]g@ @hm‘i‘ﬂqaq@ LANIRN DY L’]ﬂ’]ﬂ’]iﬂdgﬂfﬁdiﬁ@

(8%) (ML) (MH) (Ts) (Teo0)
LOTHIGULNAT)  (LOTHIAU-LUAT) (W) (w1)
0 0.71 4.42 8.02 21.5
3 0.72 4.85 7.27 22.4
9 0.60 4.94 6.89 20.7
15 0.53 4.65 7.82 20.8
20 0.35 4.62 7.06 21.3
)

——GNRO

| ---- GNR3

"] =—-GNR9

—--—GNRIS5
4 GNR20

Torque(dN-m)
L

] ]
1] 13 20 25
Time (min}

i
3
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S

319 10 é’m:rm:mimgﬂmmmwauﬁﬁmitﬁumaﬁﬁu"mamwwﬁaﬂﬂuﬂ%mm@m6] 155

AIFLTRLTUR

4.3 Namaamnawmoﬁ‘ssw"m@nsww@Tl,umowamaam:jﬁssuma/mawgaakm%uau
DD AARIUM20987195TINTNR wa§(2,2,2-"lmw§aaBLaﬁameﬂ’%La@) CH N
ﬁisu"maﬂﬁWﬁﬁaalwa§(2,2,2-vl,mw§aaIiLaﬁaLumﬂ%La@) gﬂﬁmiﬂxﬁﬁwawmamm%ﬂa
sunuiisunaastiaes wamsmaama@ﬂugﬂﬁ 11 4AZANT197 6 WUIBITITNTIRUANE
8(2,2,2-lagealuafiniumaiiag) ﬁqmﬁgﬁﬂﬁmlﬁaag’ﬁ -62.7 uae 13.2 avfiTalfos
ANBGL dmmaﬁsmm@mwwﬁwuqmugﬁﬂﬁﬂml,ﬁmawmmmslwﬁaa -62.7 114 60 897"

a =* a = A a & Y ) A
LIRLTYR WRS 17 D14 20 2@ LDalTa R LEAIDINITNYNINTITNTIANIINGUIenaua1&IUN
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Aa '

I a =3 a ‘é 1

L U195 ITNTNG LLa:mu*‘uaowaa(z,z,z-imswgaaismmLumml,a@) TIVTWUINLNY

ﬁﬁ&l"ﬁﬂ@ﬂﬂﬂﬁﬁﬁ%ﬂﬁazwaLLa:ﬂ%mmwaa(z,z,z-"LmstaaIsLaﬁameﬂ%mm) NG
J 1 o v ) A a (3 J a ~ -

gwumwaml%mﬂﬁmﬂaau"l,mimaqamaamaﬁiium@mﬂmmnmuuazummum (rigid)

J o vV a v v 1 QI J . .
gwu m‘l‘mmqm‘m{]mmmLmﬁmeugwu (Ameduri and Boutevin, 2000)

(n)
(2)

(9)
(@)

(@)

v

11 gundiaanauiived (n) BFIINTG (°11)wa§(2,2,2-vl,mwgaainaﬁammﬂ%m@l) Uazed

.

s
u
FITNTANTINANNUI U na’ (2,2,2-VlmiW§aaIiLaﬁa WNASLEAM)NTINAAS 9: (A) 0.01

phr (3) 0.05 phr (3) 0.18 phr wag (&) 0.26 phr

d. a v v a A a A
MN1319N 6 qmgmmmmwaamaﬁiswmm WQR(Z,Z,Z-VL@WWQE]E]I?LEW]& LUNIAILAA) WRSYN

'ﬁsm‘maﬂsww@Tﬁﬁﬂ%mmwaa(z,z,z-VLmWQaaIsLaﬁa WMASLAM)NTINAGI 9 N

f28813 Panm Touaz ganIAAEU (BIFNLTALTER)
waR(2,2,2-lasvigaals .
lafalunmeasian)nawg pma Ipmawad (2,2,2-las
(phr) PNITITNTNG Wgaakl,aﬁal,umﬂ’%l,a@l)
WoR (2,2,2-”Lmv~lgaaTiLaﬁammﬂ%Lam) - - - 13.2
HNTITINTG - 36.6 -62.7 -
BNTIINTIANTING 0.01 38.4 -61.4 12.3
0.05 49.8 -60.5 18.4
0.18 74.3 -61.9 17.8

0.26 81.5 -62.2 19.4
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d' L% a 6 & t:\l (% s ]
L;Jaﬂi:qn@ﬂ*’ﬁm@mm%mmnﬂmLﬁJumiqummLmﬂulumwamzmwma
ﬁﬁimmﬁLLa:manaaBﬂﬁuau AMNTNW levaIINFNRINIIDANEN ladnatiaan
= a Aa A o ~ a
wWalsulBuaaunuiiinaaaiiad Han1IMeasdLgaIadzli 12 Laza1Ief - 7 3NHANS

a v v a

maadwudﬁqm%nuﬂmﬂLLmﬂJa\‘]m\‘]ﬁiiwmmm:m\wxlgaaimﬁuauﬁ@h -63.3 ua -22.6

U

=)

DIFLTAL TR I(?’IEJ‘YI HNNRUTERING Eﬁx‘i‘ﬁii&l"ﬁ’]aLLﬁZUWOWfﬁaﬂIiﬂﬁgﬂa%‘ﬂzwuqm‘ﬁQﬁﬂﬁﬂEl

W)

(?)
(f)
()

(*)

(7)

d' a v v a 6 Aa a
E‘.IJ‘YI 12 QMQ&J@&’]ULLT\’J“EQG (N) YWNFIINDTIG (V) movxlgaakmsuau LRSHNHATNNAUNIILAN T

FITNTANTINGGS 2 (A) O phr () 3 phr (3) 9 phr (@) 15 phr Wag (5) 20 phr

A1319N 7 QMQﬁﬂﬁ’iﬂLLﬁ?"llﬂGEl’“lG'ﬁii&l“ﬁ']a manaaBﬂﬁuau HNHEN LRZENNRNRNNANILRNEN

a {d‘ a 1
FYIUTIEANIIWANUIV A 9

#2883 U3 punnlaMoum (BILTaLToR)
YWTTINTIANTING —— — —
IPMAsWTTINTE  ipmemsWgealiniiuan
(phr)

HNBITNTA - -63.3 -
p9wgaalinniuan - - 22,6
pWSTINTA/aIWgealinTua 0 -63.6 -22.8

3 -60.0 -22.1

9 -63.0 -22.5

15 -62.7 -21.8

20 -61.8 -21.5
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LAIREIA A N 63.6 LAY -22.8 adaTalTys a9 luiniTlaswnladtlatfiguangig
ﬁi‘smﬂaLLa:mowgaaIsm%mau LEAININITNEIINIFaITha lat TN wetlat@ue
FIINTIANINENRTo a2 ENTAINNIINIINGN 0.48 LazTauazlaa 50.8 adlUadue 3
=3 1 o v a a v U QI J =3 v g: L & U
W09 20 mum‘lﬂmwawmqnmgmmuLLmwamaﬂuaﬂmaamgmﬂ 1wl e
H195ITNTNANTINANL AN b Tt In gt LU LN AN UL AW L LI N EU TN D97 LR e g

Aa Wd&l
NRURINTIND Lﬂ@]ﬂ’]iﬂ\‘igﬂvl,@]@ﬁ]%

RUUALTING AMNLENYINIIANNTIU URZFUZIUINGT
ANNAUNUADUTIA TTuzEAIFR LazANULTINaULATRAINITUNTIFIBAIY

2
[ = A

Sou aamamsmw@/maﬂgaaIsaw%uau (20/80 Tasinniin) NN b Nuazdnsduens
FITNTIANTIINANNT2 08z UTLRINTANWNITAIINGN 0.48 LazTouaztan 50.8 LHua LAY
mmvﬁﬁﬁuvl,ﬁgnﬁnmLLa:iwmuwamimaaaﬁaLLamlumi’mﬁ 8 NANTINARDILFAI LA
LARINNINRNN TN TLAN I TITNTIANTIN AR LA AI AU AN UNI WA DL TIRIVDI NI EN
AI &/ < v ]
WANAREIgaan 1.87 1u  9.33 unzihaana Jeaztia o 90119808991N3088z 747 LT

I Q' 3’ & é 1 1 dld a a 6
632 LAZANNLTILANDYUINN 55 L1 59 TILILANINEWRNFNNUNTLANN1ITITNTIGNIING

\ 2 A Y L a oL A =
E‘T']N']Tﬂ‘ﬂu@al»ﬁ\?@]\‘]ﬂ(ﬂvl;@u']ﬂ?]u Lﬂ@ﬂqiﬂﬂzﬂ‘l@@mu CHUSUA T 'ﬂq@"]ﬂ(ﬂ"ﬂﬂﬂ@ﬂ\‘] A PAWMEN

A1319N 8 FUUALTINALAZANNRLDLININANUTOUTILNITITUTG ﬂ?ﬂwaﬂaliﬂﬁ‘gﬂa% LRSHNY

ALY
8149 USNNmmens AMUIUNIULTIR szoziia o4 90174 AN LT
FITNTR (unzthana) (Fowaz)
NG fiow SoeazMs now SaeazMs naw Sooazms
(phr) 13439 AdLARE 13439 AdLARE SIEURR] AILARD
HN9ITIINTNG ; 252 (0.1) na"” 548 (5.3) n/a 32.7 (2.5) n/a
srangeslsmiuan ; 1.46 (0.1) 106 907 (89) 101 315 (6.4) 195
p19rTINTG/aWgeals 0 1.87 (0.2) 111 747 (1.8) 780 55.3 (0.6) 118
anTuan
3 349 (0.2) 842 606 (36) 108 59.3 (1.5) 113
9 712(06) 827  655(36) 992  57.3(2.0) 109
15 993 (0.2) 581 632 (28) 113 59.0 (2.7) 97.2
20 753 (04) 565 714 (66) 113 51.7 (5.0) 98.0

(1)

laisansadanezisle
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< n.,, L 1 =3 J ' a a 6 o v
WD DI TIINUADENITININD W LFAITINITLENL1ITTINTENTIN AR I lsensmanyinlweng

v Q v 1 > g; ; { =) ™ =Y £
wauﬁmwmmnﬂm:mwngmﬂmaaammu Lﬁmmmzﬁamg'}mﬂmmaamwaums
o A= ' A A o ' AN o 2R A
NABIIANTIARDANATAUULUFDINTIA (SEM) WUTNWRIA 887197 IdannIINagaunIIaai
a &/ dl' c\' a a 6 d' 1
ﬂ’J’lﬁJL‘iﬁl‘.U%J’m“lluLllaL‘WN]J‘Sw’lmﬂl’l\‘l‘ﬁiiu‘ﬁ’lﬁlﬂi’]‘v\l@l@l\‘lLL&@]OI‘HE‘L]‘H 132 WAz 130 L3120

a e & o A o o = A \ o

IuLaqmjaamaﬁﬁwﬁmmemwgﬂan"ﬁumaa CF, N lussBanensenineigmenay
a 6 A nl ‘;' 1 1 =3
maﬁﬁummm:mwxlg]aakmsuau‘lumowauummmu (Guo et al., 2010) udag9lsn
UM IANLINIHEITTININANTINA A 20 phr ¥ A et fiBinavasenInauaasad
AT LS N TITNT AN TINAN UL AR LA IR B9 53T anIIndnIzanaan la bid

Wansdudanu uisiliaaiwad ldaugadsdnldgnisuenignialusisnay

(Angnanon, Prasassarakich and Hinchiranan, 2011) ﬁmamlugﬂﬁ 134

53U 13 waraInsdnssTTamandddagmgiuingizesiuianldannimaseuainy
FUNULTIIaINITTINIA/ensWgaalianTuaud (n) 0 phr (2) 3 phr (A) 15 phr Az

(¥) 20 phr
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ﬁﬂmmmLaﬁmmammf{auﬁaUmsﬁﬂ%uaméffaasmvl,ﬂauﬁwqm%nﬁ 100 247N
~ & < a v & a
ALt aduniaan 24 Tlad lauNanIINAaaILaaI AN 8 LAAIIAANINL1ITITNTING
ARANUFDINIAINNTDUFITIFANLAITERININTZLINANTLNLIIA8ANTaY (Derouet et
al., 2009) lunifﬁmaamdwgaaIwﬁuauLﬁamumsaﬁauwuiwmmmé’mmmmﬁqLLaz
A A X & o a o & a & =
szuzlagegalNuduinias lumm:mmﬂumwmmuwugamumn 31.5 19 61.5 LNT12819
6 a (% J d' 1 1 1 (% U
Wgaaiimsuaummmm@msmgﬂvlmnﬂmumamum:mumsmiummmUmwmau
~ i AN A P’ a e 1 =2
waz NIt ILNINFUNLILINEUA TN T AU TI TN AN TINA R AAI NI IIAILAE
= a &£ & o all A A )
ANMULT LN NTWANTDY TuumeNIzuzta mh 9017198 ANRARI memgmﬂmaamowQaaB
a Ui J oed [l 1 v v a a
m%uaumm‘mm@msmgﬂvl,@?mumwaamiumiamﬂmﬂmau NILANLIITITNTNG
6 3; ] =3 1 o v =1 A A nid a 1 1 (%
NN IAILE 3 09 9 8% FINITDTN A IIINRU R RN ALTINANA N URAINITLNLTIAD L
% =3 a A U d'd 1 ‘ﬂ' n' a a %
AMNTOU LFAIDINITNANNRLDIININANNTOUNG LA ANNUTIN eI TITNT AN TING L3
goﬂdwﬁuwudﬂﬁﬂﬁauﬂ’aL%aﬂamadmdwauﬁmé’aUadLﬁamumsﬂmiaﬁaﬂmmﬁ”au
') Aada a o o A 1a ~ £ ° o '
T2 NNA8I8 s TINTIAN AN NRID s TN ANUTa U LTI AN FITw lwingsa

NMIFRLAINIANTDU (Radhakrishnan, Alex and Unnikrishnan, 2006)

4.5 guiaMNNIBIIBAaNNWLN lTaa s

anmanudunudatiiduunlozes  E20 uaz E85 1898195730 MG £19Wgaals
asuau wazpITTINT@E/aIngaalinfuan (20/80 lasviiwin) Nldfuazliniaduens

lﬁi&l?ﬂaﬂi’]wGTLﬂ%ﬁ’]‘iLﬁ&lﬂ’]’]&lLﬂlﬁﬁ%vLﬁ NANTNARBILEAIIUA1T19N 9

A1319N 9 JRUAZNILINAIVDILNTITUTNG UWGWQQBIS@W%‘UF)% LLﬂzEI’N‘EiiN“E’]a/EI"I\‘]WQaﬂIS

AuaH (20/80 lastinniin) NANTLANE9EITNTANTIWALULS N A o

_ - . FaparMILINAIN 25 avraLToal
U3 USNTIINTIANIING

fnating isuunloged
(phr)
E20 E85
YNBIINTG - 227 (2.6) 11.0 (0.8)
pngaalianiuan - 9.60 (2.0) 11.0 (2.4)
pWETINIG/NWgaalsafuan 0 43.4 (1.7) 7.53 (1.3)
3 53.7 (2.1) 6.57 (0.6)
9 73.7 (1.9) 6.90 (1.0)
15 95.0 (1.2) 7.17 (12)

20 116 (1.6) 8.35 (0.4)
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lunsdivasiduunlosesd E20 89530 T1R8N0NI0LING LRNN (F8aTNTLINGD
227) INT1ZFANNYIVBILNITITNTIA LNRLALINDINU® E20 daumwlgaaism%uauﬁﬁ
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WU NINNINNS TN EITNTI AR B98EN A7 (a8aTMTLINGD 43.4) uazilaRanTon
t:it:l a a 6 g; 1 = Y o
PINENAINSENITITNT AN TING e lUAde 3 9 20 phr wuinSesazMTLINGIVE
A nl &/ a a (d‘ 1 dl a
prInaNfidAngItuantTaessnsdnandnlaasld hasannindusis

a (3 £ o va A a & = o val
ﬁﬁill‘ﬁ’](ﬂﬂi’]w@]SJ']ﬂ“IJ‘Ha‘ﬂ']sL%SJ‘Lh&I’]m&nd‘ﬁiiw"ﬁ’](ﬂluﬂl’]dNﬁ&l mﬂmmamlﬁwmmﬂumu

v
o @

oUW E20 aaad
dl' a s :/ Lo 6 d‘ = g; o %
LHaNIITHINITUINAI VI s uwun laaas E85 TatlanIWIIF vinlweg
Aad ] :’ L% a n:l“"ll7 va >3 6 :3/ a
IR VANUNUNIUd o Tushalt laana ¢ ﬂiJf;l’NWQaaI‘iﬂ’]‘i‘]_lau #aNINNRATLAY
HNIFITNTIANTINAAIUGA 3 D9 15 phr  adbuenINgNr Iilanudunudeiindu  E85
AI J ] a A 6 =\ 1 = 1 a
meumrmmmaﬁﬁwmmmamanaaTsmsuamwmamomm WWI1ZINENITITNDNG
o o { ' [ . a & 2 o v A
ﬂiﬂW@TﬂﬂﬁLmﬁ@mﬁms:mwmgmﬂﬁmtwugwu (Guo et al, 2010) Ts¥ilAiAana
La%mﬁ'mzijmaﬁﬁumaLLaszWQaa‘[imﬁ’u A% AIBUININRNITZRINNLNTITNTIALAE

6 Aa a a 6 & a ¥ R P
El']dwgaaiiﬂﬁiﬂa%ﬂwﬂﬂﬂ(ﬂ&lEl']dﬁii&]‘]ﬁ@]ﬂ‘i’]ﬂ@]Lﬂ%a’WSLW&IﬂT}&JL"Il"lﬂ%vl@]ﬁ]dl,ﬂ&]’]$“fl"ﬂ$

i lulsidususulweIospudnlfihdiuremdnitiumueanasadgs
5. a3UHan1IMAaDg wazdalanaknrdmsUIwIdelnawian

5.1 ﬂiﬂW@ﬂﬂwaaLsJavliLSﬁ%'uma\mauaLuagﬁﬁWQaa%uuuﬂwaﬁiiu%ﬁa

51.1  mIRenviievasuanawasuarszuulunmsri §isen
2,2,2-lasgealsefinumeaiiaamansafiad jisonnndlanefwa laoduasuu
a ¥ [l A a a 1 dll A 1 a aaa a; 1
p195IN @ e ldszEnTawannniuiiasaniianudashlunmsifed jisefigini
2,345 6-tnuazdgaalialain uazwuiszuumsd jissuuunasunauaansaimlila
a eaa a A 6 a 6 = A 6
pFIINTIANINANDUszENDNIWNIINTINaLazdTuINaDLNEIWga U gNNIINGARY
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5.1.2 nNdlanadiua s aTuya 2,2,2-"1,61‘51/\1;3aaIiLaﬁaLumﬂ%l,a@mumaﬁssumalmwu
NROUNEW
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v
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NNz U I I waI TR LA VTN W LG IINEYN a9tuTILRan 1T 5ITNTIANTINGRN
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waR(2,2,2-laswgaalsiafiaiunaiiaa)gnnadaguulassaine 0.05 phr lunmsh lulsidu
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Abstract

Natural rubber (NR) was successfully grafted with 2.2.2-trifluoroethyl methacrylate (TFEM) by melt mixing
process initiated by using benzoyl peroxied at 90 °C. The chemical structure of grafted natural rubber (GNR) were
characterized by using fourier transform infrared spectroscopy (FTIR) and nuclear magnetic resonance spectroscopy
(NMR) The grafting properties were evaluated as a function of reaction time (30 — 150 min) and initiator concentration
(1.65-2.48 mmol). The result showed that the increase in the initiator concentration increased the level of monomer
conversion. higher grafting properties. gel content and fluorine content in GNR. The longer reaction time cause the
decreasing of gel content and fluorine content in GNR due to chain degradation and homopolymerization. The glass
transition temperature (T,) of GNR analyzed by differential scanning calorimetry (DSC) tended to be increased with

increasing the fluorine content and %ograft copolymerization.

Keywords: Fluorine monomer, Natural rubber, 2.2.2-Trifluoroethyl methacrylate, Graft copolymerization. Melt mixng

1. Introduction

Natural rubber (NR). one of sustainable natural
materials. has been widely applied as engineering parts in
various applications and industries due to its availability
and low cost with several attractive properties such as
high toughness, high elasticity, abrasion resistance and
good mechanical properties. However, the use of NR in
some application is limited since it has poor resistance to
thermal and oxidative degradation and it cannot be used
in the presence of oil and hydrocarbon solvents [1].

Since fluoroelastomers provide variously superior
performance such as chemical and oxidation resistance.
heat stability

and good weatherability, they are

extensively applied in automotive and chemical industries.

However, they have some disadvantages such as
difficulty for processing, poor solubility in common
organic solvents and high production cost [2]. To
enhance the resistance to heat, oxidation and solvent of

NR with cost reduction for using only fluoroelastomers.

Bcr:
[

the blending of NR with fluoroelastomers is expected to
produce the resulting product containing both unique
properties with reasonable price for applications.
However, NR cannot be directly blended with
fluoroelastomers because of their different polarity and
vulcanization system [3] resulting to phase separation
with undesired properties.

Several research works revealed that the addition
of graft copolymers consisting of chemically identical
segments or ones which are able to promote the specific
interaction and/or chemical reaction to the blend
components is the general technique to increase the
compatibility of the blended immiscible phases [4-6].

Many fluorine monomers were grafted onto some
polymers in various different techniques to obtained the
desired properties of final products. Louati et al. [7]
studied the graft copolymerization of perfluorooctyl-2

acrylic onto polyester fibers initiated by benzoyl peroxide

(BPO) to improve their chemical and thermal properties.
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Cheng et al. [8] reported that the fluorinated
polypropylene (PP) was successfully prepared by graft
copolymerization of  2.2.3.3.4.4.5.5.6,6.7.7.8.8.9.9-
hexadecafluorononyl ester onto PP by using reactive
extrusion technique. After grafting the FTIR confirmed
that there were many C-F groups at PP side chain. Tan et
al. [9] studied free radical graft copolymerization of 1-
heptadecafluorooctylethy! acrylate (FA) onto PP in the
molten state in a batch mixer as reactor. Paz-Pazos et al.
[10] prepared the graft copolymer of pentafluorostyrene
on polybutadiene initiated by BPO in the presence of
tetrahydrofuran.

Thus, the aim of this present article was to
functionalize NR via graft copolymerization of fluorine
containing monomers (2.2.2-trifluoroethyl methacrylate.
TFEM) conducted in the molten state using an internal
mixer. The chemical structure and effect of reaction

parameters on the grafting properties were investigated.

2. Experimental Methods

2.1 Materials

Solid NR (STR-5L) was supplied by Thai Hua
Rubber Public Co.LTD. (Thailand). 95% purity of
nitrogen gas was purchased by Thai Industrial Gas
(Thailand). 2.2.2-Trifluoroethyl methacrylate (TFEM)
and BPO were received from Sigma-Aldrich (USA) and
Panreac, (Spain). respectively. Petroleum ether was
produced by J.T.Baker (USA). Acetone was supplied by

Qrec (New Zealand).

2.2 Typical graft copolymerization

BPO was purified by recrystallization in the
solution mixture consisted of chloroform and methanol
(1:3 v/v) before use [10]. The graft copolymerization of
TFEM onto NR was carried out in the internal mixer
(Thermo Haake polydrive). The 0.29 mol of NR was
charged into the mixing chamber at 30°C with 70 rpm of
screw speed. When the torque was steady. TFEM (24
mmol) and BPO (1.65 — 2.48 mmol) were subsequently
added into the system. Then. the mixing temperature was

adjusted to 90°C.
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2.3 Purification and characterization of graft NR

The unreacted NR and.ungrafted monomer or
homopolymer in the gross graft NR (GNR) were
extracted by using soxhlet extraction with petroleum
ether for 24 h and acetone for 24 h. Each step was dried
at 40°C in vacuum oven for 24 h. The grafting properties

were then calculated from Equations 1-3:

%Grafting = (Extracted GNR/GNR) x 100 (1)
%Free NR = (Unreacted NR)/GNR) x 100 (2)
%Homopolymer = (PTFEM/GNR) x 100 (3)

2.4 Determination of %Gel of GNR
The gel content in GNR after soxhlet extraction

was evaluated following ASTM 3616-95.
2.5 Determination of fluorine content of GNR

2.5.1 Synthesis
methacrylate) (PTFEM)
TFEM (24 mmol). purified AIBN (0.24 mmol)

[11] and dried tetrahydrofuran (THF. 100 ml) were

of  Poly(2.2.2-trifluoroethyl

charged into a reactor under N, atmosphere at 75°C under
stirring for 48 h. The resulting PTFEM was precipitated
in hexane, which was subsequently removed by using a
rotary evaporator. PTFEM was then dried at 40°C for 48
h (%oyield = 68) [12].

2.5.2 Quantitative calibration curve

The amount of PTFEM grafted onto NR could be
determined by using the calibration curve [9] prepared by
adding synthesized PTFEM (0.013-0.130 mmol) into NR
dissolved in THF (2% (w/v)). The FT-IR spectrometer
was used to detect the relation of peak intensities of NR
(olefinic C-H stretching peak at 843 cm™”. Pgy3) and
PTFEM (C=0 stretching peak at 1,733 cm’l, Py 733) in the
sample. The quantitative calibration curve was expressed
as the mole ratio of PTFEM/NR (x) and the ratio of
absorbance intensity (y) obtained from P;733/Psys (V) as
presented in Equations 4:

y=13.809x + 0.0789 )

2.6 Thermal analysis

The glass transition temperatures (Tg) of NR.
GNR and PTFEM were examined by using the
calorimeter (DSC-Q2000, TA

differential scanning

rcT-E3
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It implied that the reactivity of TFEM was low for graft
copolymerization. Thus, it required long reaction time to
achieve high monomer conversion and grafting properties
[14]. However, the long reaction time led the higher shear
force and heat resulting to chain degradation or

homopolymerization.

3.3 Thermal analysis of grafted natural rubber

The glass transition temperatures (Ty) of NR,
PTFEM and GNR at various fluorine contents are shown
in Figure 3 and summarized in Table 2. It indicated that
GNR had two ranges of T, value at ca. -63 to -60°C and
17 to 20°C, which attributed to NR and PTFEM
segments, respectively. It was noticed that the increase in
the level of fluorine content enhanced the T, values in
both NR and PTFEM segments in GNR suggesting that
the GNR has higher rigidity possibly due to the higher

crosslink formation.

AH

-100 -50 0 50
Temperature (°C)

-100
Figure 3. DSC thermograms of (a) NR and GNR
containing various fluorine contents: (b) 7.68 mmol. (c)

9.29 mmol, (d) 18.7 mmol and (e) PTFEM.

Table 2 The glass transition temperatures of NR, PTFEM

and GNR at various fluorine contents

Fluorine T, (°C)
Sample content  %Gel
(mmol) NR segment PTFEM segment
NR - 36.6 -62.7 -
GNR 7.68 65.5 -62.2 17.2
9.29 66.2 -614 20.3
18.7 64.4 -60.5 18.4
PTFEM - - - 132
87
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4. Conclusion

The NR grafted with TFEM was successfully
prepared through free radical graft copolymerization
conducted in molten state. The higher BPO concentration
not only resulted in the higher %monomer conversion
and grafting properties but it also increased %ogel and
fluorine content due to the higher content of free radicals.
The longer reaction time yielded in the higher grafting
properties of GNR. The maximum fluorine content in
GNR was found as 18.7 mmol when the reaction time
was 30 min. GNR containing higher fluorine content also

had higher Tg due to the higher gel content.
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2 20 80 30 22.2 55.0 74.9 23.4 1.9 0.48 52.2 0.029

2 20 100 30 221 52.5 79.3 19.7 1.1 0.20 82.7 0.021

2 20 100 30 21.9 46.8 74.2 24.6 1.2 0.19 81.4 0.018

2 20 110 30 21.8 44.0 65.0 33.8 1.1 0.12 84.4 0.011

2 20 110 30 21.5 37.0 76.2 22.6 1.2 0.14 85.1 0.013

2 20 90 10 22.1 52.0 77.5 22.1 0.6 0.31 38.7 0.036

2 20 90 10 22.1 52.8 75.1 24.6 0.3 0.33 36.9 0.035

2 20 90 60 224 59.8 79.9 19.5 0.6 0.44 49.8 0.052

2 20 90 60 224 59.0 79.3 19.8 0.9 0.37 51.5 0.044

2 20 90 90 22.2 55.0 86.4 12.3 1.3 0.45 42 1 0.050

2 20 90 90 22.0 50.5 80.0 18.6 1.4 0.46 43.7 0.047

2 20 90 120 22.0 50.3 82.7 13.5 3.8 0.34 41.9 0.034

2 20 90 120 22.2 54.5 86.5 104 3.1 0.43 40.7 0.042
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