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Abstract

Silica is a basic filler for natural rubber products in order to enhance the
mechanical properties. The siloxane and silanol groups of silica deactivate the
vulcanization of natural rubber and make the mixing difficult because of the
incompatibility between the polar silica surface and the hydrophobic natural rubber
surface. To solve these problems, polyisoprene, which has a similar chemical property
to the main component of natural rubber (cis-polyisoprene), was coated on the silica
surface by microwave radiation induced admicellar polymerization. The modified silicas
were characterized by Hydrophobicity Test, Fourier Transform Infrared Spectroscopy
(FTIR), Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM),
Ultraviolet Spectroscopy (UV) and Extraction Analysis. In addition, the results confirm
that polyisoprene was successfully coated on silica surface by microwave radiation
induced admicellar polymerization. The results of silica modified by microwave radiation
induced admicellar polymerization were compared with those of silica modified by
conventional heating. The results showed that microwave was induced to initiate the
admicellar polymerization in order to shorten the reaction time and uniformly generate
heat in the system and silica surface modified by microwave radiation induced
admicellar polymerization was coated with polyisoprene approximately 35.3% using 0.8
ml isoprene at microwave radiation power 850 watt, 30 second. While the silica surface
modified by conventional heating was coated with polyisoprene approximately 17%
using 0.8 ml isoprene.

Moreover, the mechanical properties of natural rubber mixed with silica modified
by microwave radiation induced admicellar polymerization were examined and
compared with those of natural rubber mixed with silica modified by conventional

heating induced admicellar polymerization. The cure time, tear strength, tensile strength,



300% modulus, elongation at break and abrasion loss was determined. The properties
of the natural rubber mixed with silica modified by microwave radiation induced
admicellar polymerization were 3.01 min of cure time, 55.25 kg/cm of tear strength,
109.93 kglom® of tensile strength, 28.83 kgfom® of 300% modulus, 670.33% of
elongation at break and 155.63 mm® of abrasion loss. Silica surface modified by
microwave radiation induced admicellar polymerization of polyisoprene offers greater
overall improvements in rubber compound performance than that modified by
conventional heating.

(Total 111 pages)

Keywords : Admicellar Polymerization, Microwave Radiation, Modified Silica,

Natural Rubber
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1] ~ Y-V a ~ - 1] ) b “~y
donmnfaufisordsnalnnsidawsdwe Isadusmunsowiseanily 3 Juaau [9] fd

BUUALOTY (Initiation)

lsthindu (Propagation)
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IMo3HLWTH (Termination)

P +P — » P NOTUUTULLAITINE

n+m

P +4M — » P +M  mailufuluuuane

a1 @ é7350, R Aa WEushda, M fin wauawes, M Ao widifanauaas, P,

ol mquﬁTmaqaﬁﬁmaﬁaagﬁﬂmu
2421  dulivitaty (Initiation) (9)

Ruaatunseausdfadadudumisiinshdsmufinljion  Ussnaudan
2 4w @o 'J‘Jv'uusnTaJtaqamawT'J%L‘s'w () wandusadn (R) usziufigesusafa
iljsenuueusiuas

TuapumMILANTIIase T uInAatunalnsa Uil

mm@nﬁuﬁ:\?\u11u1u1aqamaooﬁ'ﬁf§u Fadedulasmsliamuaulugr 50-100
sarpados SnidetuaaiGudssanasUssnaviasann lad

msthudiiaasoulisaszninlosan  wislumana ity mafadfiAsoiaond

B 5

ﬁnﬁuw‘l.ﬂf]aﬁaqmﬂﬁwaﬁma'lswﬁ'mﬁmﬁqqum

Juaanusdaadvhufisotuseuaef

dunisiidashdomunfaljiion Aadewiusddarifizuduius: In
(T-Bond) BasNaUBINDST

2.4.2.2  lUsuuntu (Propagation) [9]
dordasiumaidulanlansfvawa  vesmlaluiananefuesainesiat
Tapuaua-waiusddsfiianntuaauduifiadudiufitoivsuowe’ ey
muhﬂnLaqaﬁﬁusaﬁaaﬂagﬁ'ﬂmn (Active Center) uazezifianisiRuduyasnanaines
fuswmolgathadaiiias
2.423  NATIUTU (Termination) [9)

Lﬂu'f?u‘e‘;uqmmnﬁmmwa'ﬁma? lagfinalnmaalfiisen 2 woy Aa nasiiuiu
LUUTINGD (Combination) WazinsHuTUILLLANG" (Disproportionation)

IR ShFuuus e adausddailmuuas 2 mulalumnaunsiuiu
i 2 solgluenamudu 1 Tuans ﬁﬁxfﬁmﬁfnfmaqago“{m wazmsmunuiuuuy
Head to Head

UiAieumasiiufunuuuane dadaiinsiwlalasiauazaausznine 2 auld

Luanafifiusiea fbilawadiuel 2 luanafidanuoiiriiga T@mﬂmwaﬂmaqa
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2.5 lalasiad (Microwave)

2.5.1 afuwuliman Wi

FISUTIAU0Y “URS” WRAIANULTIwORLTUNY ‘Pl LA “QuUMa’” Jansnsuss
'luqmﬁu%mﬂmﬂuﬂﬁu Fun pRuLEMENTWIT  (Electromagnetic Waves)
FIsENOUMILRWINLNED ua:aum‘lvmﬂﬁﬂguéﬂmn%omﬁauﬁ‘lﬂluadmﬁ
@WANULST 300,000,000  LNATAUIN ua:Li'iansmﬁmm'luqmauﬂ'ﬁ'ummfmﬂ
iTundn “IWaau” (Photon) Lﬁuaqmﬂﬁ'lﬁﬁmﬂLw‘nﬂuwé'qom

|-‘—— A gAY .-—p.'

—T )

d\.ll].lu;;n!gn W

4 R R
NN 2.7 qugufivasnduuaiinwi [10]
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-~ 4 » .
ARCALR R LIRBVE PRTRSRER LR T T\ M)

252 Usnmssauuaimannii

usofienuaaiu  (Visible Light) fwRmesrunitevasainimanInin  lugaa
%aﬂizmwm’uawguﬁmmmé’uﬁﬁi@? %oﬁmmunﬂé‘uagszmw 400-700 W luiues
wInlriauiIUSTy  (Prism)  vinmuReoiiad faziuiumdgninmeanidy
§i79 o510 0% W) WA uFe wa ﬂﬁmﬁuﬁmaﬁ:‘aﬁmfﬁ FaFoni “muaaiy”
(Spectrum)  LRILARLEIAMVENARUUANGNAY  dratwty  uasfainefiannusieiu
ﬁaﬂﬁqm 1uw10nﬁ'uﬁuum?x’umﬁmwmmﬁmnﬁqm UNATIFRATHINSANIUNA
d"ﬂQﬁaqﬂﬂmum‘sﬁnmﬂﬁutmmﬁn‘lwﬁﬂﬁﬁ'@Qun’s”oﬁaanm alnaiuTnInauLNLMED
IWiiliismsutsguaudaniimueniwaanan duldun gonpll uazwddnu

(ManNUudIaniy M19asdlsznaunIuAil)
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fEunun (Gamma Ray) (Iuafumimdntwiiiianusneiwiaoni 0.01
wluiyas Mﬂaumaﬁoﬁtmumﬁwa”aawgpmn AMUAAINUNEIWRINUIIARLS 15w
aniziiia wia sifiausunmn Huduaruundafelisia

Sotmdnd (x-Ray) farugnandu 0.01 - 1 wiluwes Sunasiuiialusssumau
nnanefiad lEREanglunenisuwns tadasiwsadiitads uad il
1@5udHiiun g fesdiuduans

fafgsemhilalie (Ultraviolet Radiation) fiemuunandn 1 - 400 wilwwas
hifgaanhladafagluumoiad  ulslunldotomes  udwinldsusnianl
faeyi i lng uszanayi iAnusiSatiawl

LEaRAIuaTiL (Visible Light) Daarmaaiu 400 - 700 wiluwiwas waleTuue
ponunIn@woiial  aruunifiussdlugioi urouaaduunsawdsufisdyvalan
LazdaT 0 IUN TROLATIERURIVDINT

$IFBUNTILIQ (Infrared Radiation) famupnain 700 wilwauas - 1 Safues
TanuaziBaunSddunsuseasnin Madaunszan iu avivaulasaniod waslatn
1uUTTU’)ﬂ1ﬁﬂ®‘ﬁ‘U§'ﬁﬂ’Y rbilandnnusygu manziumsdntia

adululasian (Microwave) Samuamaau 1 Sadiwes - 10 wwdwas 19uszlos
luaulnsauuwauszoslng uanmnt‘fuﬁammUs:qnﬁa%wowﬁ'oo'm’l,mmaumms

ﬂéu"‘mq (Radio Wave) tﬂuﬂﬁuuﬁmﬁnvlwfﬂ'nﬁﬁmmm?ﬂﬁumnﬁq@ ﬂﬁuﬁﬂq
FISOLAUNI N WERU TSI Mo 3\1gnﬂmﬂ’ﬁﬂsﬂumﬂuﬁmmsﬁams Insauuiay

253 aaululasion

adulilasaniaavlulasilumnureandsnuwinih  waswissnuuiiven
GHLRHIY FviaSunduutmdn Wi difiaaauriniuenaduaemsudSadmdauua
u@iwaanuaunin mgauﬁ‘luzﬂuum‘é’u Tasdeulalasianazdsznauidn
1. wunfiasou  (Magnetron) 2. @umuuuunilasau TaumlGundin

1 A . ) o ol
“Mulasaoulnsaras™) 3. viovnadu (Waveguide) URs 4. TaddniUausmMIT
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Mode Stirer Wave Gulde

Magoelson Tuba
" (source of radlation)

Over Cavity

Fitller

Step-ip Traasiormer
——@= Power Plug

nnd 210 mwaansmoluimavlulasian [(11]

nnmstisnranenaytulasiv (12] s mslannusouiuewislasmsutadu
. ) a ™ o n - P
truaudlulasinlenyndvslstrsnnun 2450 WwnndTed wis AUEINeRY 12.24
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Tmaqaﬂum‘lwﬂw fda fdsauin wanlssasunaniuwin dandululasiandain
' o , X o . & A &~ o~ ™
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p- 1 [ J o~ ® by - \'4 = o o
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A 1 F-9 - o A J = L >4
lutanadug GaawARLJUNAIUIRULATWAIIIRETILBIDznR RN INI T UWRINY

w ¢ o w J A 1 w w 3
anuFourhliiiaausautn Fsanmnmsivanuiouluwuuidy (Uarlw, as2a Wiy
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FFuan M AW UesRSIERE  nmsianuTauauadunlulasiavii
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Walwausauun Todw vhea uaz viuda

2.6 MUITuRA KM

“lumﬁi‘)’ua“mﬂuamoﬁ'oﬁazﬁaoﬁnmﬁuﬁamﬁagawawamu‘ié’umoq fitiuan
Lﬁatﬂumsswﬂu'ﬁagatﬁamms: NAMITNARDY  WIDUTULAD1BITINANTINARDS
Menamaandnaiu 49lunsisunioflesnununsnuiduas glasuiesnduuanuiss
AfpasiunSuyseBndan uanuisoiAprdasiul fiTeusalumaany
wadwalnadu  asasautonddoiifvidasivnmniniululasiavenlslunssuiuns
WaRLND LT TUAN ¢
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waam‘i'{fuﬁmumﬁﬁnmLﬁ'mﬁ'un'nﬂi’uﬂ;oﬁ‘:fﬁ‘én'\ ANTELIBNIITNTIWDRLLD-
Tsiptudne g awmiubh i dumsdunsalusnssssumd e

J@T uazame [13] ANDINAUEIUTIIUMTAUANIANENERNT URzLARLTH-
amfuaiwa luplWy (Cellular Rubber) lap®onsanfly sud@idang nonw uas
lasnsadigamea ﬂuﬁuﬁmmmsg\wﬁ'ﬂng‘é‘waomﬂwuﬁmumsé'mfugﬂ (Compression
Mounding) ﬁqmmn“ﬁmgﬂ 160 IFNUALFUE uaztmasgl 7 Wit wudn selvy
fRnndan 20 phr a:'lﬁﬂ%mmmsqwﬁumsa:muﬁ'ama:ﬁuqaamo FIUFUIA
AIUNUMUADUTIN ua:ﬂﬂunumudan'wﬁ’ﬂgﬁ-‘fu windufiuwa livsaaadaSuo
Fd@mMgainih 20 phr maililasan lﬁmanSQuna;uﬁ'umao‘i‘émv’h‘lﬁﬂs:‘f‘m%mw
MINsEBILaz N Esuusamoluiiansana wazilonguuAsdsua1SUBLLG
Tudsinmszndne 0 4 30 phr AUTINMERN 20 phr WUt wea@BNATUAMATIS N
20-30 WirudddanavsalassruliwRouudsain wazioRulSnnuasidouafuaiue
NN 30 phr wun aulTaiBenaanss  Litpsanssuufiaseaduannifinly
Tumsnguauwuin ﬂ‘%mmuﬂau‘ﬁuumfuammﬁNauna"u'l.;iﬁwasimﬁmmmsgﬂ‘ffu
mm:muﬁama:ﬁuqa

WOWDT uazAMe [14] Anwdssansnmwlumassuussnasdaninaluonsnas lswiu
unsluenansuszninenaalswiuuaz s ossumd lopRosandalSunaddnn ueslZom
mimzﬂtaﬂ%ﬁﬂﬂagﬁu (Ethylenethiourea : ETU) wum AN ENT0TI0R
anumvsomsesunsslueeldd  nosnsnaalswduiaztnanausznienaaliwiusy
PNDITNTNE  FInTusITUTAAuEmansalunMsasuusonau Snalui A ouwutaein
ﬁoi{u‘iaomnmwﬁumammm@nnﬁn‘loﬁﬁagnﬁﬂ BWITAAMANUGBUTIRIA B UT WA
TunmenduiudaliiBuinddnmdiedu wudit pnildenunudsussdsanss tiasen
r‘Bﬁnmﬁ@mﬁ')unﬂ"uﬁ'uv‘h'lﬁﬂs:‘éﬂ‘ﬁ'mwmsns:muéﬁ waznmsiezunsanoluiiontg
AORY LAZLE AR TONININFLIERI9AaD [ TWIUUAZENITITU TS WU Lan‘ﬁﬁu‘lﬂagﬁ‘u
N TNTI0YN IR IH A= IRE TTWI UURZENIBITUTNR 1ot ﬁé’m’u?ﬂumsmgﬁﬁqa
pewa Lyl prafanisuoning Lfi.aomnmoﬂaaTsw‘%u"laimmsnmgﬂ'lm”ﬁ'mﬁ'm:ﬁu
wiawasoanloe f‘fmLﬁ@mnmsﬁamaumamaa’%uﬁagj'luTuLaqaﬁdﬁtﬁnfmmma’)é
(Electronegativity : EN) &3 ﬁﬁ'lﬂﬂé‘hﬁtﬁnmauﬁag‘luu'%nmﬁuﬁ:gj Y liWuozd
ﬁﬁagxfuﬁmmiaﬂmamnﬁmﬂﬁﬁ‘%ma@m Wwnalilimansnagddioiuzdula

Song WAz Park [15] ﬁnmmiﬂ%‘uﬂgoﬁuﬁwao%‘émﬁanaanﬁa‘l@nanan-f‘&'lfﬂmu
TaouBoudouszwinmsinliddmluipmesaavsnasigmais  leanmsthnsm
Twipmafmaaslfiaiosualsmoaause f’ﬂoagmﬂ“ﬁ‘émwfmag"lumsa:mmamuaa 1%

lagihwmin  Tasluanavasasnfialanienandlowu  ecujisodunibudndullag
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Iuguvoslzasanlad ‘fia'la@]Tan‘lm@i‘i{ﬂ:‘lﬂﬁﬁﬂg‘jﬁ‘ﬁ'mﬁwyﬂaman%auuﬁuﬁd%ﬁn’l
lanazldgumndlumainfisen 100-350 asruaados uasanuduiurasaaniiales
w-nandlmauszning 1.6-13 ninaaddnm t niu alwmfw'i‘jﬁmﬁmum‘sﬂ%’uﬂ‘gaa:gn
n1sdpieiaanTas dFmiumahujitinluipmevesnsinzgniaisalasmuihdaim
TWusunveenfialasionendloauly  water Bath ﬁqmu{}ﬁ 80 avANTaLTuR
Hwen 1-16 ol amgmﬂ%ﬁmﬁmumm%ﬁﬂ;aﬁw:gnﬁﬂﬂé’w Wardmaan
fislasianendloauiiwiornminfizenean T(ﬂu%ﬁmﬁﬂ%’uﬂ‘gaﬁa%:gn?mﬁ:ﬁ
FATNGENTIUANaTNEUNTIIR  (FTIR) WU ﬁ'a‘nmgﬁ 80 aswuTadoR e
anutytuvasasnfialasionandloawiudy  asiligSnadalasansueufivime
LuAuEFEn RN LLﬁLﬁaqmﬁqﬁLﬁu'ﬁ’uﬁo 250 AIAITALTE ATMURWILUUDDING
CHy Stretching ndushas maihfinsnmessmonasesazauaanialasanandloan
Lf'iaomnaanﬁa‘lmmﬂan‘i"l.ﬂmauﬁqml.ﬁamﬁﬁniﬁ.qmuqﬁmaoﬂg‘jﬁ%‘m (85 adATALTR)
ﬁaﬁ?uﬁqﬁ'\'lﬁﬁﬂ"‘smmamﬁmﬂmaaaanﬁa'lml,aﬂan%vl'mauluﬂﬁﬁ"‘m'mﬂﬁauaa Tuvnusd
delfgunndlumainufiogeiu Bnmwaamy CHe sufagein ilassndan
nmsdalfizonlalesleda uazmsmuwinsaseeniialas-tanandlaosu Sudinouisdn
Jmlifidasmmafedifion  wwivleasenlodvessanfalosienandlowu  was
vayj"laman%auuﬁ’uﬁﬁﬁmmnﬁu wandahlhiensifmeitaunuilddnaenlules-
aln®) (SEM) wuin Waamnudutuvassanfiatasanandloawdiviu sxfamsinn:
nduvssseniialananendlmaulugtveslaavenled wanilotdsn A
anuaansalwmsazmeihdard® Ethanol Volume Ratio (EVR) Wi 67 EVR afad
L:TjaQmuqﬁ‘lunwﬁﬁﬂﬁﬁ‘%mﬁuﬁu wadafouifioudr  EVR - vasdaminom
malfuunlwigmafiauazigmaseanad wuin i EVR maosi‘émﬁ;immsﬂ%‘uﬂgo
Lwigmafeazinuiu 2 v vsedimfikunmiiulgluigmaveana

Sheng  WRIAIE  [16]  ANBAHAASTNUTAIEILAULGIRYMIAiNAN DB
(Multifunction Additive : MFA) Afnasomafoudesninmauiduassanmfaualy
pRTTINTE  lasfi MFA Humsaaussfafnlszavandwinindslauaufiuuas
nseaTLandan (RNH, (CHg)sNHs (RCOO),) waziioin B maiaeis
WiFsnudwaudunsisa  wuh nsiaudatunzninansahdiusndaanaile
aruduturas MFA Wiud (fiasan wapahdmzimiungy danaliluanasas
purTTuTalndanldanag (mmobilized) lumanduiu  wudr  MFA  asgamifia
MINIENLFIBFAN s IR U FuN RSB a M s diRedn asi
msiis MFA s fumstaodfinnnuiiuianesddin Jeld MFA g}@fﬁ’uuuﬁuﬁﬁﬁm

1a@ndmsivaingn
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Nah uazemz [17] #nwiiladofiinadanimisaisavasdanmianauting
Tupnesrrurd  wudn  mtlfuulalneloadaflulug  (N-Tertbutyl-2-Benzothiazole
Sulforamide) @INTOTIDRUMINTZ NI IRITAMUAE M TR B lo BT ITE
Teglussuufludmananloausuth lumandumn ssuufifimadaloaudut wuin
fmiduanwaoailasnanrumaanss  @wiuiinndudaminesssumafiam
myfaslriulesliimadnlmanduile  wuih swsrwmdddseununuda
msﬁaqaﬁu Waldiuwlelnie-ToadaflunludiRuiv

Kim wazams [18] @nmadfunlifaddnieie Methyl Methacrylate (MMA)
moldmsaiuedu Ultraviolet (UV) d&wm3unssuaums nmwy wadwolsiotu (Graft
Polymerization) Tmmﬁam:u:nmmsmuaﬁug’zﬁi 5 — 40 w1t wazaMuLI9ANf 200 -
500 W lnuas PINMPIeNERand sunuieddnasanlulasalall wudn Samiisiam
nszuumsn Iy weRwelirdu wxlvweeymefuiu Tasaymeacivwelngfige
ﬁanwnamnwmmﬁmﬁ 25 wif lauduwiariniy 456 wilwaas Sesuuadiudud
78 wadidud u.a:ti‘ia'lﬁ'naﬂum‘smﬂﬂﬁug"’imun'&w 25 Wil wui aumasziiiwe
amaa*‘ﬁuﬂu‘lﬂmnmﬁ'aa;ﬂmaa Kaczmarek et al. lanatuneliih moldveawadinaiile
fuweduas  uaananmsuanswasiunzaitauiuarivan  (C-C)  lusznin
m‘m'wﬂﬁlug%mﬁmn'ﬁﬁmuﬁqmaqwaﬁma{ KRZIINMTIATIERG 0T
N“ﬁ"ummﬂa?mwmumﬂn‘[maimﬂ (FT-Raman Spectroscopy) WU FAnfinn
NTInWIIRTINY  walwelnatuasifednsmsanizianuredn 1003 uax
1030 cm ' FILAITIARVOIOWIZIEINUTE SiO-C Manufla nmmEiuTEIaWuDE
AfUanad PMMA WasWuFRLMENSan fauandenndanmi lildrimnszuaums
TN wadtualrstu laosswudnsuesaswus: Si-0-H FalludnsmusiawizuSinuin
Fanurniiu

OHaver uszam: [19] @nwmsnawidivdnsuifuessnsrsumdlagna
faniulniadnlanefwafdng  lasudailv 2 szun legldlelowduuset,
3-Butadiene ﬂ’JUfjﬁ"l_l Vinyl Acetate, Acrylonitrile, 4-Methoxy-Styrene Rz Methyl
Mehacrylate (MMA) uazld CTAB uazAIBN Fuaaausamiauar s Guunzuy
aiay lasmasauiaand@ 1iainiInazUuasnng, Break Strength, Tear Energy uaz
Elongation to Break WU %ﬁnwﬁﬂ%’uﬂgqﬁ?@'f'm's:uu'[ﬂwa&ua'?maa'la‘[fﬁw'%mmm,
3-Butadiene ﬂ:"[ﬁ'nmmsmgﬂ'uaqmaﬁaﬂamﬁaLLI’%UULﬁuuﬁ'ﬂ%ﬁmﬁ‘lﬂﬁﬂ%‘uﬂ;oﬁd
Fosruudltlewadwatueslalawiuniuy 4-Methoxy-Styrene rbilnaimyaagiluas
maﬁﬁq@tmﬁu 1.7 wiRt dwszuufiltlawediwad,3-butadiene 1y MMA a:l¥iam

n'mﬂagﬂmn\memﬁu 3.1 W wANTINWBWUI mammm@ﬁmau%ﬁmﬂ%’uﬂ?a
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Aadnszuulawefweuealelawiuny  4-Methoxy-Styrene  wazlawafwai 1,
3-Butadiene i MMA azliauii# Break Strength, Tear Energy W Elongation to Break
PDIHIH DU UAN

Che uazamz [20] anmmavanineluwangdinoes Polybutylene Terephthalate
(PBT) e'humsﬂ%’uﬂjaﬁfz%mﬁm'&’um:mummﬂwﬁ wolwalsiotu  (Graft
Polymerization)  lagRarsanaud@vadddmeianiinagay  Transmission  Electron
Microscopy (TEM) Liar Atomic Force Microscope (AFM) LAZRUUANIINBATNLBY PBT
A1ONNTNAROU Tensile Strength, Impact Strength W8 Elongation at Break
daidoiemsd TEM wudh FEmidiunsnawy aq.mﬂ'uaq“ﬁﬁma:ﬁmmmﬁu'ﬁmm:
fmIntsnnduassadsaiiluiis PET wwuiiuunaduess wsniiahnnsiaan AFM
wWui  #mfdwnsnmvdesinanmedtldinn SanAlaldumsnmvd
Tosfnnnszasdussnudwia@eny  PeT 'lﬁﬁ"hiLﬁﬂn'mn"!:ﬂmﬂuna;uﬁau
UONIINUWINIINATEUENTANIINBNWYEY PBT waadudam A unsnTmy woi
PBT 9:38uUA Tensile Strength, Impact Strength Waz Elongation at Break #nd1 PBT
fdudamorsum lag Tensile Strength IAWMIAU  56.4 MPa, Impact Strength
fifLrinAy 50 Kdm® uaz Elongation at Break Hauwviniy 72.3 wafidud lumandunu
wWut dauSnodanilu PET i aniidvas Tensile Strength, Impact Strength
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Chinpan  uwazAmr  {23]  lddnsimmlSudnfaddmlasendonszuiuns
woalnaaatiwadwalsodu laoltlavenawsd 2 wfieds aladu-Daezledun us:
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Pongprayoon iz [24] TuaddnitarlduRdunaedauuu Cotton lapand
nyzvawmisuealuwaaid wedwelnotu laslfaleduiuwusnawaiuaclfinfovsiun
Cotton NNMA=ENWINENTENUTAIMTaAUTIENRT alaTu 3G uuazAnuITuTuYa
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AR amanas  uasiinfnastesswiemsudivedadanufiviiu
nannidasaunuiis-aianton  Wiatalal  wofsmsivdunssnisinisdiiuues
Wadim LLazuamnNﬁ'nﬂ‘smwaﬁ‘u surhusamilalasalad wudr fmnfevstaiain
LLa:‘lanﬁw"’muuﬁ’:%ﬁmﬁ”lﬁ%’nn’rsﬂ%’nﬂga miudaRarantiiunwouseiias
naAliUARsedansauumsuaalumaats welwelnatu wuit 5 nfuweuatue’
do 1 Alandu 8 uazemIUAE; 60 wift arliBinamadwefaefigauuin
FaAM

Sam  [26] ﬁnmm?ﬂ%'uﬂ;aLLazﬁLﬂswzﬁqmﬁnumzﬁuﬁwaaa‘l@ﬁuuw‘?ﬁm
aneznaulannizuaumuanlumaa’ welwalaadu : sGulfASmwaiwa sty
wnazanin (VA-044) uasunvliazanmit (ABN) laald CTAB fumiaaussfoin
wuh mIgeduras CTAB uuddmuiialufigwsuddszuan 130 TlulasTumide
niNgan 'lummz‘?'iu.aﬂhaﬂ'laﬁmaaa'lm'%'u‘lu cTAB ndwdetiuomaladuiain
Foafimunzanlumsifefiiodinnsinedwefuvvuealinoaanfda 2 f2lug
LLa:Lf]amaaaLﬂﬁuuﬁmﬂmuﬂ?mmuauatuaf&iamtﬁaﬂﬁﬁ?mﬁg\a 2 ohe dum 8
ATEMW WU miﬁaﬁf}ﬁ?mﬁﬁmazmuﬁﬂ (vVA-044) axtrulWiRawadnasisuiil
ﬁwﬁn‘[maqagan’h wadwaiNguildrnaralfftrialiaznmiac  (aBN)
Tﬂuﬂﬁuﬁtﬁﬂﬁuﬂm’zunuwa@luﬁaa 2 fi3 15 wluluas

Aurmsuvan  usAniz  [27)  @nweansznusmadudusesdinssdu,  $wau
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Zhu uazamz [29] dnwiadpfifnasomuial fisudiadunediwe inatuuas
wmBaiunmlasan (Methyl Methacrylate : MMA) mpldmsaisadulalason (Pulsed
Microwave Irradiation : PMI) laniaduddnidnmda narlumeshdfazen wudh
daldmmasnoadulalasiwgisdug é’@mn’rﬂ.ﬁmﬂf}ﬁ?uwzLﬁueﬂm‘i{uuazﬁwﬂfﬂmao
wolwasezuniu WaFsuisuiunszrumsdldanafoulumainu jiim
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(0.4% wt) 9 2 o uasfinmadutuea dTTunne myapaiwlylananaziden
Conversion ﬁzgam’nm:mun’nﬁlﬁmm'}'au Tosfiauduturasdasitus g
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Zhu wazems [30] mmasasiitenddatu welwelnetu waswlaiuduia
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AW AT TNVEIMIAY)  Addanszuiumawedwelietu  laswSoufiouny

NILYIUNIs CH wafilawuin danmuiaufisowefiwe e Sdwddniiviilvdan
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aradutuil 010 uaz 020 wi% wuibidanimsiialiAinmeldanszuiums m
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mranpaawlulastwfimsinmsann 200 a6 Wuteosaa 12 89 23 Wil wodn Aimd
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Liu WAz Su [33] ﬁnmﬁammLﬁﬁmmaﬂ'nu%’awaﬁﬁ@luﬂuﬂaﬂwﬁﬂﬁL@ﬁ“uu
MoUfite n-site weBwaluadu was aledu U Macromonomer mglanisane
adwlulasian (Microwave lrradiation) Wuin iwadidudmanmwy (PG%) vasan1:
ﬁﬁﬁq@ﬁmﬁe 33.14 Wasifus wazfidlafidud Conversion (C%) DaIRlaIUYINAL
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Analysis : TGA) wuil wdedmsidamirunmsiuiniolanefwelnodues e
anuaisimeanuioudniddmilaldinumsmufaten wiefninmsldwedaleiu
WWEIRE1@ 7
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32

?'i"le‘fmnmfﬁmﬁﬁ’ima:ﬁﬁmﬁnhmqaua:ﬁduﬂa?’v‘ﬁmf Conversion TWANAW uaz
ﬁm'm'.i:muG‘h-uamfwﬁn‘[maqaag'lwﬁwﬁuﬂu Tasnasaatad lea=idnwurade
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Correa unzamuz [35] AnwnilaUfidendliatu wodwaflaotunosalaiunmole
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WO NI AeruLand s asai A uYauunTzuy Taowuin feudesiue
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3111 e3eafle
) ey lulanad ju Mw102w fivta Samsung
) Lﬂ‘%:aﬁmﬂ:ﬁé'nummy;ﬁaﬁfu (Fourier Transform Infrared
Spectrometer) 3% Spectrum 2000 783038M Perkin Elmer
f) ndasanTIdBlinatauluuEaInTIa  (Scanning  Electron
Microscope) % JSM-5410LV
3) né’aaqam‘miﬁLﬁﬂmav.u.uummuﬁo(Transmission Electron
Microscope) 'éu AJEM-200CX
) Lﬂ%ﬂd%tﬂiﬂ:ﬁﬂﬂ?ﬂﬂﬂﬁuthﬁa {UV-Visible — Spectrophotometer}
';'u, UV-Vis 500 1841U51%Y Unicam Analtech Co,,Ltd.
2) Wiaetosnduanaiion 3 dumi iU PG 503-S 7a3UTHM
Mettler Toledo
5) idostamamnaiunie-ss (pH-Meter) in 1120 woIUTEm
Mettler Toledo
7) goutWi (Hot Air Oven) JUUL40 B89LTHM Memmert
W

125 2,

) QU (Upright Cooler) $4 PT203 983078 Every Digital
1) Yugame (Vacuum Pump)
3112 gunnl

n) AszeIunIaave’d 5 1a9uin Wahtman

1) PANIBIYA (Buchner Funnel)

a) aslufiead 0-100 avauwaiBas (Termometer)

3 dninasuuna 1000 ml, 250 ml waz 100 mi

) Tia (Pipet) 1u19 1 mi

2) auUnsalldanuiau (Hot Plate )

7) whaiInIuans
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3.1.1.3

Bromide; CTAB)

&1LA3

=P ® = e
Ny sanHi-Sil 255 (Silica) wasusun Siam Silica Co.,Ltd
2) wwislanwAauauluiionluslug (Cetyl Trimethyl Ammonium

) Talawiu {Isoprene)

3 Twunadoulastaine (Potassium Persulfate; K,S,0,)
9) mmﬂa‘[mﬂuﬁu (Tetrahydrofuran; THF)

@) 15’1 Deionized Water (D)

o) ludoulaasanlad

%) 1anuaa (Ethanol)

W) UNEITUTE (Natural Rubber; STR 5L}

3.1.2 1ea9ile qﬂnmﬁ LA AT UNTEUIUN IO T BULATNARA UNB AN WAL

3.1.21
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4 .
n) LATDINANENY  (External Mixer 6”) wa3u3¥n Lab Tech

Engineering Company LTD.

industrial Co., LTD.

151" EEKON

2BIVUIEN FRANK

3.1.2.2

P - & -
) Lﬂiaqa@mugﬂmo (Compression Mold) 193Ut DAH TYAN
) Lﬂ?amﬂﬁaummqgﬂmmmo (Rheometer) JUEK 100H 183

1) @INITANTINNY (Gauge) 183UTWN Teclock Corporation
2) wTaITuBUIM (Cutting Board and Machine) 1a3U31n CEAST

A) LATDIMAFOUAMANUSINITANWIAVAILI  (Abrasiion Tester)

1) LAEIINAROUIALTITIINUIA (Tensile Tester) TDILTHN Instron
Al

n) nyaridsdna (Stearic Acid)

2) Fadaeniod (Zinc Oxide)

A} Bh (Wax)

4) Polyethylene glycol (PEG 400)

) EINNAN22CP46

@4) Mercapto Benzothiazyl Disulfide (MBTS)

) TMTM

%) wanas (Sulphur)
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Microwave Method
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Abrasion Loss (mm

13.52

NR NR+Si  NR+Si (Heating) NR+Si (Microwave)
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“ 1] L") - = el J oy
@157 N1 Ansaaduvssmnsasasriialasumfananludsulusladuniuii

FEN1 (CTAB Adsorption Isotherm on Hi-Sit 255) Walddan 1 niv

Tuszvurasatasay 20 Dadnsy Afidanmbunsa-ane Ussam

8 (pH 8) [27]

A AMULTNTU AMITVTU CTAB ﬁgnq@‘ﬁ'n
CTAB 3u@u CTAB garhy (llaslua / n3w)
(lulasluand) (lulatluand)
1 30000 3550 529
2 27000 1785 504
3 24000 810 464
4 21000 165 417
5 15000 95 - 298
6 12000 a0 238
7 9000 80 178
8 25000 905 482
9 22500 425 442
10 17500 125 348
11 15000 100 298
12 12500 90 248
13 20000 330 393
14 18000 145 357
15 16000 100 318
16 14000 90 278
17 10000 80 198
18 8000 80 158 _
19 6000 70 e
) 20 59600 31400 564
21 46100 18300 556
22 59600 30800 576
23 47000 18500 570
24 24500 885 A472
25 53000 25250 555 _
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#1519 N1 (Aa)
Ry AMUTUTY AMULTUTU CTAB ﬁgn@m*ﬁu
CTAB (Gudiu CTAB gavny (lulaslua / 03w
(lulastuand) (lulasluand)
26 40500 12550 559
27 17800 123 354
28 3550 7050 569
29 31500 3950 551
30 27500 1650 517
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mMIdmmmlinamnn s B asia3aeu [8]

grwrawmBnuwnslt CTAB lasfienin Bulk Concentration Below CMC
(900LM-920tM) FaluFifliRenlsFianududu 25000 pm Taslhin 1 fassemrgadu
183 CTAB 482 LLmol/g. silica

CTABagsop = [([CTAB], - [CTAB]g) / 1000] X Vgq
WS'rIica

T0uf  CTABassor Adsorption of CTAB (llmot/g)

[CTAB], = initial Concentration of CTAB Solution (LLM)
[CTAB]c = Equilibrium Concentration of CTAB (LIM)
Vau = Volume of Solution {ml)
Waiica = Weight of Sitica {g)
Fin CTABpgsor, = 482 |lmollg. silica
[CTAB]e = 905 UM
Vg = 100 ml,
Wsilca = 89

0.04 M
wuwile § CTAB 1.456 g lwin 100 ml w3adtzanm 1.4 g

n

LWIED24 [CTAB),

Fwr B slFeaiGe (K,S,08)

MW uIas Jonh H.OHaver 1 &8m 160 g ¢ia CTAB 15 g @ W
2000 ml §ia AIBN 1.15 g @8 Ethanot 100 ml @a Monomer 6 g %38 b5 $8n1 8 g @
CTAB 0.75 g 98 W1 100 ml 6ia AIBN 0.06 g fi8 Ethanol 5 mi ¢éia Monomer 0.30 g
Ton#i CTAB ﬁifﬂﬂﬁnTuLaqa \infu 364 g/imol

K,S,04 ﬁﬁ'}ﬁﬁn'[utar]a WU 270 g/mol

isoprene flif’]%lrﬂIlJLﬂQﬂ iAY 68.12 g/mol UazliaunwILiL 0.681 g/ml

Ethanol ﬁﬁﬂﬁﬁnTuLaqa WAL 46.07 g/mol uazlanunwilii 0.791 g/mt

dgaiudiudamauwdiluavsle
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CTAB AIBN Ethanol Monomer

0.75/364 = 0.002  0.06/164 = 0.0004 (5X0.791)/46.07 = 0.086 0.3/68.12 = 0.004
gamEmia 1 : 0.2 : 43 : 2
Tou#t CTAB 1 mol az1F AIBN TulfjATen 0.2 mol

F9tlF CTAB 0.004 mol axéiasl AIBN luff3en 0.2 X 0.0004 = 0.0008 mo
wa IunIUfIRLE K.S,0, Fedaanou AIBN lutfin K;$,0,
Taud K,8,0, 1 mol wziviiY 270 g

1 K,S,05 0.0008 mol 2TMIAY 270X 0.0008 = 0.22 g

AuwrmFun sy Ethanos
Tag# CTAB 1 mol 314 Ethanol w31 43 mol

Fathld CTAB 0.004 mol azdiasld Ethanol TWUA3HA 43X 0.004 = 0.172 mol

wia (0.172 X 46.07)/ 0.791 = 10.02 ml

fuImnnSnmnash Isoprene

laoft CTAB 1 mot 2217 Isoprene 1uﬂ§jﬁ‘%m 2 mol
ﬂi L3 il el 4 -
Gathld CTAB 0.004 mol 9x6a3l% 1soprene TuljATen 2 X 0.004 = 0.008 mol

3D {0.008 X 68.12) / 0.681 = 0.80 ml
FrbuSnmmniuiudldlumyigisoen lweh 100 m Fewmndl 80

pyrnaardoa (Hwinat 3 Talus eadl

USunnk Silica = 8g

U3y CTAB = 14 g

S K;8,0, = 022 g

U314 Isoprene = 0.80 ml #3a 0.008 mol

11307t Ethanol = 10.02 ml #38 0.172 mol
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_ Monomer 0.027 M
\ Ja V4
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I
_ [y Monomer 0.240 M
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\
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nNINn a-3 FTIR Spectra ﬁﬂO‘ﬂ&ﬂWﬂ'ﬁJﬂ?dN']ﬂ’)Uﬂ?zU?HﬂﬂTLlﬂG\VLl}lTﬂﬂ’ﬁ:

wadwa lnamuluszuudisnitarsadululasaw 850 a6

Wual 30 Jun

@1599% A1 UEAIAINITAaNFuLasyINEN12a19 9 vasssuumslEannion

Nz AN TAANTULEY (cm)
Monomer : Initiator ; 0.027 M :0.003 M 0.1500
Monomer : Initiator ; 0.027 M : 0.008 M 0.3156
Monomer : Initiator ; 0.027 M : 0.024 M 0.3121
Monomer : Initiator ; 0.080 M : 0.003 M 0.3686
Monomer : Initiator ; 0.080 M : 0.008 M 0.6977
Monomer : Initiator ; 0.080 M : 0.024 M 0.6000
Monomer : Initiator ; 0.240 M : 0.003 M 0.3645
Monomer : Initiator ; 0.240 M : 0.008 M 0.5878
Monomer : Initiator ; 0.240 M : 0.024 M 0.5898
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{1 Arnsaaniung (em )
180W / 30s 0.4982
180W / 60s 0.5977
180W / 90s 0.6569
180W / 120s 0.7282
180W / 180s 0.9469
180W / 240s 1.0469
850W / 10s 0.6569
850W / 20s 1.0880
850W / 30s 1.6882
850W / 40s 1.4686
850W / 60s 1.2586
850W / 90s 0.9888

@179 A-3  WAAAINIReNRuLEIgIEAIzE19 9 veesruumlETindiniTanoaiu

1ulasian 850 Yaa 1uan 30 Ju

AN fiumIganauua (cm’)
Monomer ; Initiator ; 0.027 M : 0,008 M 1.4897
Monomer : Initiator ; 0.027 M : 0.004 M 1.3672
Monomer : Initiator ; 0.027 M : 0.000 M 0.5456
Monomer : Initiator ; 0.080 M : 0.008 M 1.6882
Monomer : Initiator ; 0.080 M : 0.004 M 1.6252
Monomer : Initiator ; 0.080 M : 0.000 M 0.6682
Monomer ; Initiator ; 0.240 M : 0.008 M 1.6820
Monomer : Initiator ; 0.240 M : 0.004 M 1.5623
Monomer : Initiator ; 0.240 M : 0.000 M 0.6891
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Monomer : Initiator ; 0.240 M : 0.003 M Monomer : Initiator ;:0.240 M : 0.008 M

-

LtoarMrm F1, Lol
XTGB' 165 m

Monomer : Initiator ; 0.240 M : 0.024 M
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(n) (%)

EI - e v el .y Y. 3 — o &
N1IWN A-7 TEM Photogram 283E8N" () 'luﬂsuﬂ'gqm, (v) F8nudgeiame
nszurunisias lrasriwadwa lnssuluszuunisitanudou us:

() BEnsulseidonsanumisuealissm iwedwaluarduluszuy
o A
mslFaaululasion

< wn 4, ‘
0117191 @-4 Llﬂ@dHﬂﬂ'ﬁﬂﬂﬁaUﬂanG]ﬂ’l‘iﬂxlzﬂ’llﬂdﬂ’ldﬂﬁ’)uﬂﬁnﬂ‘ld‘]

FUAVDILNN nm’lumsmgﬂ (Cure Time, w#)
ENIBTINTIR L HEndam 2.48
BN ITTSUTATIHAUFR AN ETIUA 4.01
mammmﬁﬁnau%ﬁm%gnmﬁauﬁmwa 3.18
alolawsuluszuuanuiou
mamsumé‘)ﬁNﬂw‘i‘ﬁmﬁgnmﬁauﬁwwa 3.01
dlolowduluszuumsanuadululasav

A A a e A 1 1
AN -5 uaﬂwammmaaum’mmumuo‘uammmgmaommmwauma %

TROUDILI fnmsgaduanmsdag
3
(Abrasion Loss, mm )
HNFITU TG LU NaNTRM 13.52
ﬂA -~ o
BN BITUTIRNNRUTRANNTITNA 359.55
pISTIUTIEAREUEINNgNIATaLdIIWe 165.97

lalawsuluszuuainniou

maﬁﬁummmﬂwan’mgmﬂaaumuwa 155.63

alalanduluszuunisanpedvlulasiow




91

A . +“ A ) 1
AN A-6 uamwammmauﬂuucﬂmwmummmawaammmunauma ‘)

THAVDIN 300%Modul | Elongation Tensile
us (kg/cmz) (%) Strength
(kglom’)
BIBIININGT LN EuEAm 13.85 773.33 149.2
TN BRURNFRNITIIAN 23.52 650.33 88.94
SNITITNTNG TR au%ﬁmﬁgnmﬁamﬁ HWD 26.76 661.67 98.54
alolowinluszuuanaiou
moﬁssu'maﬁuﬁw‘ﬁﬁmﬁQmﬂﬁamﬁuwa 28.83 670.33 109.93
Alolowinluszuunmsanpadululanav

P e Y ) ~ ,
ANTNIN @-7 LLEWI\Wa('l"l‘iﬂﬂﬁﬁ'lJﬂaJUﬂﬂTlllG’ﬂuﬂﬂuﬂaﬂ'ﬁaﬂ‘lﬂﬂ'ﬂa\‘lLI'I\]Y]ﬁ'J%Nﬂ&IGI’N‘j

TRAVOINN AN IUAUNIUS DN TAN NG
(Tear Strength , kg/cmz)
BN TN A LinFudRm 70.25
PNITTIUTN AR HEUSRNFITNA 39.56
mmswm@ﬁuau%ﬁmﬁgmﬂﬁauﬁmwa 44,56

§ Tolowiuluszuyainuiou

AIJ oo o < >
momwm@ﬂuau‘namngmﬂaaumuwa 55.25

3 lolawdnluszuumsarsadnlulasion
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(=4 <k A g
NINAADUIAUSTIAY T ABANNIMUA (Percentage Modulus)

’:‘aqﬁ'nﬂaau : g9, wanaén nia mafluwaadin
aunsni

1. 1A3aInaroULId

2. Micrometer (Guage)
3. fietiuBuan
4

GERM R RRRY

1. @TwnuauLUYitnessursILaaz ian
8 A ad 1 ar
mnpazidgauedaTasaIbnasayuausazisg

a A a o A A
YT UITULARANULIATIINARD UL TIF

> N

LTJ@Lﬂéaoﬁa'ﬁuamwﬁaqﬂﬁﬁmm U0 I Tiszzvinaea g 1y
YsATunuiacsannnldy 2 rudiaes 6ot

44 100 % Modulus Fafissuzdunuiald 4 (rudiuas

42 200 % Modulus Fafiszozfurufiald 6 (rudiwas

4.3 300 % Modulus Fafiszoziuauiinld 8 Lrudiuas

4.4 400 % Modulus Fafisspzsumudald 10 1oudilues

4.5 500 % Modulus FafisezEuaudald 12 1oudiuns

4.6 600 % Modulus YaRssu=Busmiale 14 1TuGLNaT

5 fMWIUAINMINGQRDL

A . c:' A o
% Modulus = WIINTMITUNUIBDITEBzNfMUA (kg)

Y 4 o X 2
WUNHUNGTAUDITUIIU (cm)

NSNAADLIANNTHAA191A@ (Elongation at Break)
i'aqﬁnﬂaau : Aaqnnuiie
aulnsol

1. 03panasauusId

2. Micrometer (Guage)

3. fievuguonu

4. piaaiuEuen
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L@ 3HATUNIUMULLLTTNaEaDYBILARZ IRG)
asTvaznduaraaiasnyitnaseuvadusaziae (wdoInumMmasewa
UIIRIIUVIA)

Av - = R A a
AN BUNUDARANULATRINATFOUUTIN
WaeFadesuwnusua srudrseuchanle
ATUIUAINTINO DU

- 4, -
% Elongation at Break = 728zm58a3uma — szozfirvuali(2 cm) X100

= "
ssusnvua 13

NMINATDUIRUTIAIAULIA (Tensile Strength)

(.51 A «“ e n
1aq°mnﬂaau D EHNY, /Y, YUY, WRIRAN, EVA LA nizan

qﬂnsnﬁ

=N

2
3.
4.
5

A =&
OIINATRDUUIING
Micrometer (Guage)
favuguau

WIasdutueu

mﬁ'un%m’numnuuu'i'ﬁvmaawauwia:i’aq

7 a o At . e

AMIURTLBIAVDIA TR TNITNARDUUVDIUARZIRG)
S P = ~ A =

A BUNIBEAFANULATOINORAULTIAY

a A £y A: A v 2 v o

AT TUIIMNIUDG EI']'LLQ’)[['SOGNYI'{G]

AU UAUTIA UMUI UV BIN INARD VLRI §9)

NSmPaII9, Haraan, Iva uas EVA

38015 (ASTM D 412)

1.
2.

m‘s’uw%uﬂﬂ@u'l‘ﬁﬁmﬁugﬂ Dumbbell §2MUMUT 4 mm.

¥LATa9WINY Bench Marks 3% AU 2 LURLLAT stninanaazy
Cumbbell

JaAMURINTBIT I

SIaMusaNeIaanaroy 300 DaRluesand (oﬁv'ﬁ:u:mwae Clamp 4 f‘f'l)
iEunuiadanuniasds Waniosdaanduuma Dufinduseds 35
NARBURAUITANATEUWIFT % Modulus URZAA Elongation at Break 11/

wiaygniule)
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5.

NTATUIURIAWTIIURE AT % Modulus

, a A va o
AMTIAY = UTINLTAIBUNUINIG (Kg)

-! AJ v & ‘IJ 2
WUNVUUIOADDITUIIU {(em )

NMINAIDUNITNUABNISANKIDLULUY @ 12 18W (DIN Abrasion : DIN 53516)

& ‘:1 o b 3
']ﬁﬂ‘ﬂﬂﬂﬁﬂu DUNITITUTIG URE U"I\’E'Nlﬂﬂ:\’f a9 9

aunsol
1.
2.
3.

OIDINAFOUNIRNMIBULUY & 18 18U
FAFNUATONTUITUURETUNAFY

TUWNUNAROUNA TN UL

'L‘Ilﬂf'hﬂ%@l?.lENQ]Jﬂ?ﬂILlQ:ﬂ’Wﬂ@ﬁQU

1.

WYin Abrasive UUL Roller awiaLfusiugudnats 150 + 0.2 Hafiwas uay
YUIANMNLT 500 NRRLUAT

NITANENTIUILET 60

AMULTITOUDEIUYIU Abrasive Ao 40 T 1 50U/

NUBIFMIINATOY Ao 3°0a6

WTINATUN WY REENAFDY 10 T+ 0.2 6

ITUENWUOINIINAFDOY 40 + 0.2 1 TUAINGT
'umﬂLc?udmg‘mﬁnma%a‘ﬁvumuua:'fumuﬂﬂaaummpuuﬁ'uuLﬁm.l 16 £
0.2 Ua8LNaY

mmnmmao‘Buuomua:‘Bvumuwmaummgmnﬂ?umﬁuu B NARLUAT

AMUENIVDITUNUA INE DU INLYIUIUTUIU 2 £ 0.2 Taduay

@3 uTUNULATUNUNaFaUINATIIUILUTIUTIBY doTariwaIouBunu
. & & doa : . S
atnaday 3 Tuanu Junuimdathlymdranunuiiiu @@uaunawirly

vb IJLJ a W ‘bl ‘ "-l A L l —4 AU
nasauliaalinauvnivaslidinit 16 Mlus wdndadughiaiodn
(Vulcanized))
TIMUNTUNUIRTUN UNaFa U@ IR To LB Y
mANUToLABUEIMIAINITIAVEY Abrasive RaUMINARDUTUMIU laLn15in
FuunasauyiasgiulisuiAsulyiadenvuvudususmuiiasllsunsy

NMINAROUVBILATDY
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nagaunTouvinaMugzanaua N IuuTiivin
ianuiedaiuaiamaray YHUaN1ssw@sInunmagaubuunasay
s uilSouiisy Uuduesy 3 fuau waausmuiaasnis lasite

A Wn AJ o [ -l P-1
Ujuadasnimayan as

HAA" - e o ¥ — V=S N
5.1 nsmnswuihmwinmeluwfadaasuizes 40 1wudwas yIinnii 400

~ 4 [

Dadniy udliifiv 600 Hadniu Tivgaeiaanasauidszuio % vas

»

szuznandivue Yimsusuasduaulny Wsunulnsannuriudy

v
a

fuom2 £ 02 Dedwas uadwudasimdsanuvnlitasni 5

Uadues ) Tt a9naRoUADIUATUSZ LN ATIMUA
5.2 n3fifFurudiminmelindodaasussos 40 udNGs 11031 600

HagNTY Wm\ﬂm‘%aqmaauﬁﬂszmm v 2033TuEnafiAIMue Us?
dwndimmesaunauiifiuszozmaiisuni 40 rudwas (po 2)

MANUTIVIABUEIUIIN1TTD Abrasive  FIsFUIUNATELNIATIIN

WIHUNBUNRY

msmaau"?}umuv‘mn% lapUfudiswdounuds 3 ua: 4

ManusmMImesauludiurainmiely 97n

Abrasion = 200 (m; — m,) X1000

dXg
m, fa Wwinvasfunuiounesay (n3w)
m, #0 minyasTuunAIasoL (N3)
d fp enunuininuesiununegay
g A9 AIANMUANTINTEATINTIY

AMINAFDLIALTIANYIG (Tear Strength)

o A
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Abstract: Silica is generally used as filler for natural rubber products in order to improve the
mechanical properties. Silica surface posses siloxane and silanol groups. The silanol groups are
acidic and interact with the basic accelerators, leading to deactivate vulcanization. Moreover, silica
surface is polar and hydrophilic, it has a strong fendency to adsorb moisture, which adversely
retards cure tima, These affect the compatibility between silica and natural rubber. As a solution to
this problem, polyisoprene was coated on silica surface by microwave radiation induced admicellar
polymerization. The modified silica was characlerized by FT-IR and hydrophobicity test. The results
confirm that polyisoprene was successfully coated on silica surface by microwave radiation induced

admicellar palymerization.

Introduction: The use of microwave radiation for the preparation and processing of polymers has
recelved increasing interest due to significant advantages over the conventional methods. Microwave
radiation can transfer energy uniformly and quickly, and complete the synthesis of palymer within a
shot time [(1,2]. The in-situ polymerization on substrate surface within the bilayer surfactant
aggregates, called “admicellar polymerization”, was successfully used in many application [3,4.5.6.7].

Fundamentally, the pocess of admicellar polymerization consists of ihree main steps, admicelle
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formation, monomer adsolubilization, and polymer formation as illustrated in Figure1. After the
polymerization is complete, the upper layers of surfactant on polymeric film are washed off to expose
the polymeric film coating on substrate surface. Modification of the silica surface by coating of
copolymer has been accomplished by admiceltar polymerization. Silica has been coated by reaction
with styrena-co-isoprene [8]. The results proved that modified silica can enhance the good
performance of rubber products. In this werk, polyisoprene film was coated on silica surface by
microwave radiation induced admicellar polymerization in order to enhanced the silica/natural rubber

compatibility and therefore can use for improving rubber product performance.

S'ur[:}{am Solution
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Figure1. Admicellar polymerization process.

Methodology: Cetyltrimethylammonium bromine (CTAB) 0.7 g was added to 50 ml of distilled water.
The solution was adjusted to pH 8 using 0.01 M sodium hydroxide (NaOH). 4 g of precipitated silica
was added to CTAB solution and stirred for 24 hr at room temperature. Then, isoprene was added
at a 1:2 mole ratio vs. adsorbed surfactant along with 4.93 ml ethanol. Then, 0.1 g of potassium
persulfate was added to ths reaction mixture and the reaction mixture was subjected to microwave
radiation at 850 watts for 30 seconds. After admicellar polymerization, the sample was filtered,
washed with distilled water to remove surfactant until the wash water no longer foamed on agitation.
The modified silica was then dried at 40°C in the oven for 2 days. The modified silica was
characterized by hydrophobicity test. The modified silica was soxhlet extracted with THF for 24 hr.

After the solution was evaporated off, the remaining polymer was characterized by FT-IR.

Rasults, Discussion and Conclusion: The hydrophobicity of the madified silica was determined by
dispering modified silica and unmodified silica on the water surface. The modified silica ficated on
the water surface while the unmodified silica sank immediately (Figure2). This supported that
polyisoprene was coated on silica surface by microwave radiation induced admicellar polymerization.
An FT-IR spectrum of the extract from modified silica was taken and compared to that of standard
polyisoprene and the extract from the unmodified silica. The extract from the admicellar-treated
sample shows characteristic peaks of an aliphatic carbon double bond (C=C) peak at 1600 cm", and
CH,, CH; stretching peaks at 2700-2900 cm’. These peaks are absent from the extract from
unmodified silica. The spectra provide evidence of the presence of polyisoprene on the silica
surface. It can be concluded that polyisoprene has been succesfully coated on silica surface vie

microwave radiation induced admicellar polymerization.
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(a) (b) (a) (b)

Side view Top view

Flgure2. Demonstration of hydrophobicity of modified silica and unmodified silica by floating test at

side and top views; {a) modified silica and (b) unmodified sitica
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Polyisoprene Coated Silica via
Microwave Induced

Admicellar Polymerization

"Thirawudh Pongprayoon and "Theerasak

Jaisuetong

Department of Chemica! Engineering, King Mongkut's
Institute of Technology North Bangkok,

Bangkok 10800, Thailand

ABSTRACT

Silica is a basic filler for natural rubber products
in order to enhance the mechanical properties. The
siloxane and silanol groups of silica deactivate the
vulcanization of natural rubber and make the mixing
difficult because of the incompatibility between the
polar silica surface and the hydrophobic natural
rubber surface. To solve these problems,
polyisoprene, which has a similar chemical property
to the main component of patural rubber (cis-
polyisoprene), was coated on the silica surface.
Admicellar polymerization is a technique to form a
nanometer-thick polymeric film on a substrate
surface. The technigue is based on the in-situ reaction
within bilayer adsorbed surfactant In this study
microwave was induced to initiate the admicellar
polymerization in order to shorten the reaction time
and uniformly generate heat in the system. The UV
Spectrophotorneter was an appliance to prove the
presence of polyisoprene film coated on silica, and
FTIR was also utilized to identify the polyisoprene
film. Moreover, SEM micrographs provided the
modified and

different morphologies of the

unmodified silica. All results obviously show that the
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silica surface was completely coated by microwave
induced admicellar polymerizatian. The optimum of
microwave power and retention time for film
formation, studied by UV absorbance at 236 nm, was
850 Watt for 30 min.
KEYWORDS:

Admicellar Polymerization,

Microwave Radiation, Modified Sifica

1 INTRODUCTION

Silica is generally used as the reinforcement in
order to the improvement of mechanical properties
with a neutral color for commercial rubber products.
However, silica facks the cornpatibility of silica-
rubber interface. This cause affects the poor
dispersion of silica inside the rubber compound. In
order 10 achieve the compatibility, several methods
have been considerable to improve the interaction
between hydrocarbon surface of rubber and inorganic
silica surface. The methods consisting of bifunctional
organosilanes, grafting, and in situ polymerization are
available for sitica surface modification. Within the
recent, admicetlar polymerization has also been
proposed to be a competition method and successfully
improved the mechanical properties of rubber
products by coating the copolymer of styrene-
butadiene and styrene-isoprene on silica surface using
batch (O'Haver et al, 1996; Thammathadanukul,
1996) and continuous (Nontasom et al, 2005) process.
The mechanism of admicellar polymerization was
first explained by Wu et al in 1987, and latec other
researchers have employed this technique to several
applications using different polymers coating on
different substrates (Wu et al,

1987A, 1988B;

Sakhatkar et al, 1995; Glady el 2], 2000; Yaun et al,
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2001; Pongprayoon et al, 2001). This process consists
of three main steps: the formation of bilayer adsorbed
surfactant on solid surface called “admicell”, the
solubilization of monomer into the inner core of
admicell, and the reaction for polymer formation
inside the admicell. After finishing 2}l steps, the outer
layer of surfactant must be removed to represent the
polymeric film on the surface.

Fig. | shows the admicellar polymerization steps to

modify the silica surface
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Figure |. Admicellar polymerization process.

[n this work polyisoprene, which has a similar
chemical property to the main component of natural
rubber (cis-polyisoprene), was selected to coat on the
silica surface panticularty for improvement of the
natural rubber product. The ulra-thick polyisoprene
film was synthesized on the silica surface o enhance
the interaction of the interface. The thickness of
polymeric film formed by admiceltar polymerization
determined by X-ray photoelectron spectroscopy
(XPS) (Wei et al, 2003; Pongprayoon et al, 2005) and
atomic force microscopy (AFM) (Yuarn et al, 2002)
was lower than 10 nm.

Microwave radiation was interested to apply for
admicellar polymerization system in this work. The
use of microwave for polymer synthesis has achieved
in many researches. They showed the significant
advanlages compared with the conventional thermal
heating method. Microwave radiation can provide

efficiency, selective and fast polymerization method

by heating the moiecular directly through the
interaction between the microwave energy and
molecular dipole moments of chemicals in the
system. The emulsion polymerization was also
successfully conducted under high power microwave
radiation (Klum et al, 2000; Zhu et al, 2003A,
2003B). Using microwave as an alternative method
reactions has been

for various polymerization

increased in the last decade.

2 EXPERIMENTAL

2.1 MATERIAL
- w0 ®
The amorphous precipitated silica, Hi-Sil 2
with the specific area of 170 £ 15 m'/g, was

purchased  from  Siam  Silica Co. Ltd.
Cetylirimethylammonium  Brominc (CTAB) 98%
purity and Isoprene 98% purity were purchased from
Fiuka. Potassium persulfate (K,S,0,) 98% purity and
tetrahydrofurap (THF) were purchased from Merck
and Fisher Scientific, respectively. Atl materials were
used without further purification
2.2 MICROWAVE INDUCE ADMICELLAR
POLYMERIZATION

Cetylirimethylammoniumn bromine (CTAB) 0.7 g
was added to 50 ml of distilled water, The solulion
was adjusted to pH 8 using 0.01 M sodium hydroxide
(NaOH). 4 g precipitated silica was added to CTAB
solution and stirred for 24 hr at room temperature.
Then, isoprene was added at the 1:2 mole ratio vs.
adsorbed surfactant along with 4.93 ml ethanol. Then,
0.11 g potassium persulfate was added to the mixture

for initiation and subjected to microwave radiation at

180 watt and 850 walt with varying the reaction time.



After admicellar polymerization step, the sample was
filtered, washed with distilled water to remove
surfactant until the wash water no longer foamed on
agitation. The modified silica was then dried at 40°C
in the oven for 2 days.
2.3 CHARACTERIZATION OF THE
MODIFIED SILICA

The modified silica was simply examined by
floating on the water surface for hydrophobicity test.
The polymeric film coated on the silica modified was
soxhlet extracted with THF for 24 hr. for UV
obserbant cxamination to characterize and study film
formation (UV-Vis500, Unicam Analtech Co, Ltd.).
Fourier Transform Infrared Spectrometer (spectrum
2000, Perkin Elmer) and Scanning Electron
Microscope (JSM-5410LV, JEDL) were utilized to
identify the polyisoprene film and investigate the

morphology of unmodified and modified silica.

3 RESULTS AND DISCUSSIONS

3.1 SURFACE CHARACTERIZATION

After modifying silica surface by admicellar
polymerization induced with microwave, the
modified silica was surface tested by flotation. [t was
found that modified silica floated on water surface
whereas the unmodified silica sank to the bottom
immediately. The UV absorption of extracted THF
solution of unmodified silica, modified silica and
synthetic polyisoprene were measured lo study the

polyisoprene film formation. The resulls are shown in

Figure2.
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Figure 2. UV Characteristic peaks of (a) unmodified

gilica, (b) Synthetic Polyisoprene, (¢) modified silica

The figure shows that the UV peaks of synthetic
polyisoprene (Figure2b) and the modifying sitica
(Figure2c) were represent at 236 nm wavelength
whereas the UV peaks of unmodified silica was
represent at the wavelength of 244 nm. In order to
confirm the success of polyisoprene film formed on
silica surface by microwave induced admicellar
polymerizatien, FTIR was also used for identification

of polyisoprene film show in the Figure 3
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Figure 3. FTIR spectrum of (a) modified silica

and (b) unmodified stlica

The FTIR Spectrums of the unmodified silica and
the modified silica are clearly different. The sample
of the modified silica shows the charactenstic peaks
of polyisoprene of an aliphatic carbon double bond
(C=C) peak at 1600 cm-1, and CH,, CH, stretching
peaks at 2700-2900 cm-l, whereas the peaks of
unmodified silica had no signal of polyisoprene peak.
These supported the success of polyisoprene film

formed on silica surface.

3.2 SEM MICROGRAPH

The SEM micrograph of the unmodified silica
and the modified silica are shown in Figured.
Comparisons between the unmodified and modified
silica images showed that the surface of most
modified silica samplc appeared rough as compared

to the surlace of the unmodified silica.

3.3 THE EFFECT OF MICROWAVE POWER

AND RADIATION TIME ON FILM
FORMATION

The results in Table 1 show the relative effect of
microwave power and radiation times on film
formation observed by UV absorbance at the

wavelength of A =236 nm.

and (b) modified silica

TABLE 1. The effect of microwave power and times

on UV absorbance at the wavelength of A =236 nm.

Power Time for Absorbance
radiation
(Warn) (Sec.) (%)
30 0.4982
60 0.5977
180 90 0.6569
120 0.7282
30 1.6882
850 60 1.2586
90 0.9889

The UV absorbance of using 180 w microwave
power increased with the longer reaction time. This
means that longer reaction time can produce higher
polyisoprene film formation. For the experiment at

850 w microwave, the UV absorbance reaction were



reverse from the fomer experiment UV absorbance

decreased when lhe reaction time increased.
However, UV absorbance are mostly higher than that
of using 180 w. The results meant the formed film
was depolymerized with high microwave power and
over reaction time. This behavior was similar to the
study by U. Klum and A. Krzan. The results showed
that the optimum condition of microwave induced

admicellar polymerization was 850 w for 30 sec.

4 CONCLUSION

Microwave radiation was successfully employed
to modify silica surface wusing admicellar
polymerization in the optimum condition of 850 w
microwave power and 30 s radiation time. Surface
characlerization by UV, FTIR and SEM were
confirmed that polyisoprene film coated on silica

surface.
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