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ABSTRACT

This thesis presents a technology of microwave power heating process that
is applied for preheating of foodstuff conveyer belts compound (FCBc). The FCBc
becomes dielectric with the content of natural rubber and fillers (silica and magnesium
carbonate) prior to being vulcanized in a hydraulic molding press machine in order to
minimize the processing time and energy during the vulcanization period and reduce
a problem of scars caused by the molding press process. The tested results show
that the FCBc obtained from ENR50 mixed with fillers of 100 phr and sulfur of 1.0 phr is
the suitable combination for preheating in microwave 340 watts, the frequency of
2.45 GHz for 1 minute prior to the hydraulic molding press at 150°C and 50% of
curing time. The compounding shows good density of molecule crosslink as well as
qualified physical and mechanical properties while having a low cost of the raw
material, heating time and cycle of production energy when compared with a non-
preheating system. The next step is to study a possibility in investing on FCBc for
energy saving on the development for manufacturing processes using microwave
power with the traditional heating method. This study is applied in the manufacture
of a foodstuff conveyer belt production where the content is 3 layers of polyester,
and 300 watts, 2.45 GHz, 2 minutes prior to the hydraulic molding press at 150°C and
5 minutes of a vulcanized and 30.00% reduction of heating time, 49.20% reduction
of production energy when compared with a non-preheating system and without
changing the physical and mechanical properties of the product. An investment
project is set for 5 years with the capital of 16,500,000 Baht and a production
capacity of 102,000 meter/year. Through an analysis, the Internal Rate of Return is
61.09%; Net Present Value is 34,798,398.69 Baht while the Payback Period is within
one year and 10 months. Therefore, it can be concluded that this FCBc for energy
saving product of the above capacity is appropriate for a commercial operation of

private sectors.
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wasuanvoaufoududisaufizer vinliAnmsdesanmuesenaldite uiileifsudu
gslolanFudunmgind swssrurAtianununusonsidenanmiinnnitgsloleniu
Huasght esnlusidlusssssumifianuasalunisdudsnindevaninld venaini
wdrenssssuvfdtlinuseloleudndae Mudulusewinsnisninndefudidsdosdinng i
asiafiunsile ieBaengnslduvesmandusions 2) Anumumuseaisiail (chemical



o
1 o

resistance) 819555um1R lildnunsanumusiessaiflliidale endhegraty dhulinsden
vieviaraefilifitarnag 1wy wudu (benzene) gdu (toluene) uazianLey (hexane)
Hudu ilesannlassaiiduansuszneulalasasueuveserssssumd vilignazanelély
fvhazaneitliits uienssssurRsuseiThazateiidts wu evdlau (acetone) uas
woaneges (alcohol) 3) audivesenssssuyitudeudsariininaldadinane eownan
ANULUSUTIYRIB s TIINATITa e urdnI1an anulilaihianelussdusznaumalaii
Usznaua@luﬁﬁmﬂ Fegnimunlaefulsmeaniwafieniauaznisanm 19y Snvnizued
Audldugniuens gama anewusvesiuens e1gvesiuens druvesiue1ignnin anuily
A3n3AdueT ainIaluiientazdug Snunuty Fedruudiuadenaliusunaves
pefUszneviililensiinnunususiu Fedmadsautivoeesssued venaniuga
Usngnsainnsudatuvesenssgrinamsifiu (storage hardening) fvilauifivesensdiannu
wsUsIuRuAetu 4) sresssunAtinaumin Wewnanduiililvens lnsanizensug
UszLnndesnianaumen 5) e1esssuyitandinudety \losainerniminufisentuens
sssuvddorinisfivenssssumdiduniaiuin wage) s1esssuwAsidnndng 1ilesain
ssdUsznauvasdudilailiends]

£19u9i4 (technically classified rubber) tfieda1nenaudunazetaasndinisen
Fugheanemslimailiuiueu femadanannssuersdninglutagtuiadudeusnld
geuissogsfeuduingivlunswdnlundndurionawny ﬁgﬁamwmﬁumﬁﬁﬂmmw
athianeninensusukaze AT chumﬁmaauLLaz%’m%guLﬁa%’mmammwmwé’ﬂﬁmmi
mﬁm%u’wuaﬂsmLwiaawﬁammmﬂﬂ'%mmsuaa?%aaﬂﬂsﬂﬁﬁagﬂusmLﬁuﬁwﬁ’zy WonNiIReN
fsansuusdug 9amme wu Ui wazdviausoush Wudu Yagtuussmneled
1AFFILEUYNISENTA Standard Thai Rubber (STR) dusugnauviaiugtsiinanduulae
andandnnnsie Suduthersiilindudewdng ieliiesenistsededsanusneenty
Fetuaziesdensvliuidutuneudaly ndwinniseuliuiidieeinaseu udafiazii
praussidutoudnguadludalmluursaunuinsgiu 330x670x170 fadiuns 7
thwiinyseana 3333 Alansu wavanansndaussinminsnuesenauvisninimgiulunsudels
Gh) ﬂizmumimﬁmzmLLﬁﬂﬁi%ﬁﬂaﬂaamLﬁui’mqﬁu 19U 01ABINITHANYIUYINLATA STR XL
w50 STR 5L Geiidanaunn (L geunann ligh waz XL gomnann extra light) sududosldunens
anduingiu warlinsemeosinlunsvilieymaeisduitunelianmzimueueA9]

2.1.2.2 gssnvRonendlad (epoxidized natural rubber: ENR) [6,10]

ENR 3in15uanluni9n19an 1u ENR-25 wag ENR-50 T ENR-25 #u1889 819
sssumRTTTAUlIE 25% Aan15BRenTindu uag ENR-50 wunefia 819555 Aisis Il
Tua 50% innsdRenTndu waz ENR Wuensfithenssssuminiusulaseadialagldansiad
Fmnnsalesennd (peroxy acid) fignslassadiamaniivanivnunind 2.5 35 ENR qedl
Svandudthmaduniesssunivnd Seunsawioldiiainieuavenaustc Tned
mandnduioUsuusautiusussmstesensTamRliATy wu vliesdimududanniy
ansanusetnukazfvharaneildidlas TudessdunisdRendnduiintu (meed
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2.1)[10] anansanusiololeu wagn13TuR1uveI91N1ALAR Ins1eiusealulaTasieens
sysurRfivTuadesas agslsAnufesaudRursUsznsfidesnine1esssued 1wy &
aruBaveusiag uazmniludeslednanadeiuzdu ENR aglinuaudou uenaini
Fanun ENR Tiadunsemedaniasiiauiindse19sssumatiasunsanewdimanse

HaC\ HSC\

C\—/CH /C:CH

N\N/ O HC——CH \/wv
2 2

awil 2.5 gaslassairoaniossssumnasfiondladls]

AN5197 2.1 N1SUINALLLNTN ASTM 989819555099 haze19655uTIRanandtadiilawly
udfudunan 70 $alus Ngamadll 100°C [10]

vnsiu nswasuulasl3unns (%)
NR ENR 25 ENR 50
ASTM No 1 95 10 -5
ASTM No 2 145 70 15
ASTM No 3 210 125 35

audfuarnisldon ENR  SandRdulngfduogiuusinamydfenleddily
lAseain dAnuiunIuselSAEuIuAEINUE NS TINYIF NaTARIzIiaNdnYuElATULSS
A1 wazflszfutTinavensumudfionladdmafiuayinailvgamginatansuddu (T,
uandnsfundmife WessuniafnuAtedfendnduiutugng 1 molo agviilsian T, fien

a X o [ 1 ' v o & ]
WLl 1°C anuduiusszwinedn T, Audwnuluaesidundienlasuanslunmi 2.6 [10]

Tg (*C}

" i

50
Mol % epoxide

a v o ¢ ' a a o v o ¢ & e 6y ¢
AR 2.6 AENTUSTENIEMUTina1aNsILTTY (T,) Audnnuluaesiduadiienlus
TugnesssuvRanendlag[10]
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audnid1Aywes ENR Ae 1) ENR Hoondiausglulassaialuana silvensd
arandudannfuamnsonunusoriuldiduieatuadulagg 2) asnsonumudeloluy
warn1sBuvesoMARlnalAgeiugedilng msziuseelulasiasnesssunadusuinan
ffovas uardinguuesdfiondladiintuunuiinusze ililuanaveseaedoudildentu was
3) wandusioniidenlosinanaseiuzdu farudunusonuieulsid s1eazlinnmuds
Famu Hesmnlasadsemseumisiifoonfiounsuiiudusnuiiliuius s
wiTneenuazfinmaldenloauuuiusyBmesiAntu (ether crosslink)

2.1.2.3 grsvigneassy (vulcanizing agents) [11]

ansivihlfensnsguifussddsenevddiidewanasiulugnadiesilsens
AnUfiomandiGoninjiterfanludledurioufitoinsgy mafaujiseidnanas
dsmavililuanavessraiansidenlsaiudulassaraning 3 ff deagyinlieradasy
anwansey wilwmilu wazlnalduvumeslunaradnluiusisnsguiifianuvdaveu 3
AUy wagdlandRafesiiasuulamuenmgiunnindmivasilesnsguitld
Tunuideidldun sutfur vie fusdulusmeilumssnfifidadnual “5” wasiavesnou 16
Juslansfifloginly Lifisandenau warilhaudldunnune duzdulusduuudniilu
voaudsdindesiiiiundn lusssuvniaansonulslugusinies viousdalnduazdainn
T,mEJﬁal‘dﬂ%mmaaﬁmzﬁuﬁiﬁumiwammamﬁmsﬁmadaﬂmﬁsagﬂusﬁaq 0.5- 3 phr (U3tnaudl
THastungfuriinuasuiinuuesanaisefiser saufvaudfvessensguiideans) uas
Auzduildlugraduduzduidouinoyniadn dsuuineyniadudnagsinliiuydu
nsgaglugndldvhiedity silferaianisasguliviads uasenaiinsgUudiasdandRgee
msldfuzfuadugnsaglandgelusuiuaseiiiomn WetosiuldliiAnnisnssuneu
Ry

2.1.2.4 @15f3aufisen (accelerators) [11]

asdidvadlulusdlutinadndesiiietisannaildlumsasgens uas
s iisenztoiulsrvianmuasdnsuivesmaiiaufizennsgudnduvesnsld
a3uz /a5 lnudAgy wszdushimunsiinvesiussinifiindu wu 119
Ysunaasiugduuinuwagldansdasedasg Sendn s8UUsIIUAIMT conventional
vulcanization (CV systern) Faasfiiuseiaiiuuy polysulphide crosslink waguuu cyclic u
dldusurmatsiingdutesuazrldarsissuinazlawusyiaiidiulug i unuy
monosulphide crosslink Bonszuniiinsyuulsyansainmde efficient vulcanization (EV
system)  weNaIn 2 SEUURINaiansyuunie i sruuRaUsEANEAIN (semi-EV
systemn) Baazagfananssaring 2 ssuudnedu dwsuansinseiflflunateildun

1) MBTS (2,2 ; dibenzothiazyl disulfide) v3olauulgerdaladala \Wuans
fusaufizen flounnlulssnugaamnssndesnnmgranisnsdumulunisudn sz
asdusstinaldumasdnilioafonanigiisadnds MBTS aveglunduatsiassives
Twa Fafuasinse§isonildldftuomnussian ldendsasisilunsasguuiunans
nazenansgUTilsasdantfidenaii wazdianuduniudenisidenanings Jedioaldiuens
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sssuvAlunsdindesnslvisrsiilafinnununusenisdenaniwiitiilesnslaiunisasgy
wnAuly

2) TBBS (N-tert-butyl-2-benzthiazyl sulphenamide) a1sssenaudaiiunlua
Huan51999id scorch time #19@edl delayed action wsnzdledafiunludlasumnudouas
wanfeenly MBT wazsnseenun sveznarfiunnfiesnunineliin delayed action 81
LANFIE19Re MBT Ausinsdafuuvuasyily delayed action 13y Wedaiunludunnsdas
T MBT GaduslunelmAnnstanluduazisasduinsziuluasswhauitu fa
SoduAnmsanlududs asfufizensauiunans Wesiilugdagenn faudinadana
A W flat cure aud@ndanis aging Aun ansmiseuisenlungudailunludmanedmiuld
lunismegUenemeszuuasguuuy BV v3e semi-EV lngldmueduuseunns 0.3-1.0 phr uaz
ansisaRselunduiazlivdesaaedunogioanulussnitsnsiinujizenenansy
Feduddlafianslulnsletediy (nitrosoamines) FafuansiineliAnuzdafntuluseminans
nufnsen

2.1.2.5 asnseAuUsen (activators) [11]

mimmuﬂgﬂse’maamﬂwLmuaﬂﬂiumuwamamwLiﬂumimmﬂgmm
asst inszanaiadlunguiand-lunssduansiassufisolstussansnmnshaugedu
miﬂsvmu‘dgﬂima Lmhlmﬂgﬂﬁmﬂumimlﬁwgﬂimmmﬂuaﬁﬂivﬂaumwauwlm
adis JeansUszneudsdouiiintuag il jAsenduine giuToglue s81359n157 ¥
TenaddnsusalumaiiaUfasenssugetu T,msthlmiﬂiuquuﬁﬁ'%mmmsml,maaﬂiﬂ
Ju 2 Ussimfie ansefiuvsduazansounsd

1) @15efiunid dwulvaifueenledveslany 1y Fedeonlas (ZnO)
wuniiduneenlad (MgO) wazoonlusvasmyin Fadoonleddaiduarsnsyduindenldtumn
faelulsanugramnssy uazusihnislidsieonladifissodraferazamnsaiindnsidilu
MstAnUFATeRsgUl Jagtudiinadlitunliuanasiedulngsifuasiulszan 2-4
phr Inevalunudn msligadeenled Weswa 3 phr f WesnedmivszuunsasgUdulng
nsanUTinunslidseenledasazdmanrognamnya esndseenled dsaumnauayil
m’lmu’umuqaéﬁ’qﬁu mnimsldfanasiastisantavmuafivilinannsidnvevendlddnde

2) asBUMd ansnszdumInBuniddryAensalusiu leun nsnaiedn Fai
nanliudrindedeenlasagimihilldiduuszavsamidedelismfunsaaidin winens
Auunsiinenadinsnluiuegianiies wulue19s3suia ogslansnlusiufliintunises sued
i aefivundliuiueu Tusgiuiladovatsedns dewmaidlunisesngnaiaiionsds
$ududondunsalusiuadluifinnes uenan nsnaidednazviminiiluansnszdul§Azen
wnsnmdinfdaimiiidumudodu (ubricant) YilFensfimnumiinanas way stearic acid
sxgnididusnandunisnszaediluens svdielunmsnssatedvesansdnfuuazidindluens
uennidavinntii iuamsudedu Haelilionslifnuifinn lurueiidniugy stearic acid
Ao nsmlusiu (fatty acid) Jaduusznnselotiudusa (saturated fatty acid) fansueu 18
QERH
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2.1.2.6 a1sdndu (fillers) [11]
o a A I3 A a v P I3 ' | 44'
a1sffufeeInUszneulAudnluugnuiagaUssasdnalead 1w e
@suusslvensflandflgenanaau evinlwerspendallautdanisMnuisaunu
NILUIUNITNER ieanaun elUAsuLUasaudainiinIenIneedes annIsneaeiivessns
Tuthidu wastiteinognisldau WWudu arsduiuildlugaainnssuauisauvalaidu 2
naulvaq auUsEANSNINUBINITIETULTY AB
1) ansmdusdaaiunnuudanss (reinforcing fillers) WWuasifunladnly
Tugnaudgelvenslantfin1enenInaau Ae AANAUNIUADLTIAY FON1TANNTD LazmD
msinuings Wusiu uddiiudinamesansiiivaniy agyibisnsdaudfinnuiuniuse
| 1 = < (e} 1 1 o aa I3 £y
nsnseaauanas dnlngasliouniavunadnussann 180-600 A Wy wwi1en 3801 tusu
Juwsu Fanuduansihudnaianiandeuldiuunlugaainnssuens Inemizlunisuda
a o & Ao A a o edy | ~ va a Aa o I3
naRn A NTEnTondndusinesn sanulsuaarlandiidenana uwaeg1slsnaiu
\Heannuuiuiivesdiniinylensenda (vy -OH) visenyleaueasgluuiunauin vinlvd
Aududags Fan13suandnazidniuensilifivalaenn venainiinyleatusadanaiady
anansagaduansnseduuisen vinlienufamsianmludladauasiseauresnisiaanlug
A1ae Atudsdesuitymmenisiiuaisiaiinaiunnsaiujiserladedungleaiuea wu
lowefidulnamea (DEG) Indleiaulnanea (PEG) Insteniluanilu (triethanolamine) w3etan
Fufaumnsziiu (hexamethylene tetramine, HEXA) $ufensifuansiatsaufnzend
guidilunng 1y DPG wie DOTG adlUluansiaiienssing wanantiudesesdnisiinasindi
13831 a1sgauleiau (silane coupling agent) asluiaLiudunsAzensenIneeaiudan
yliganuenfnaznszaneiluenslade gy nssviunsuandululaiededy wazensda
Aluglaudfdanawasnainfiu fegvesasgmulaaunldiuun loun nsievendly
Aalnsiawmnszdalng (bis-(3-triethoxysilylpropyl)-tetrasulfide; Si-69) twasuanlalnsialng
wvendlaau (mercaptopropyl-trimethoxysilane; A-189) Tnlelweulalnsialnsionendly
\au (3-thiocyanato-propy!-triethoxysilane; Si-264) 1Jusu
2) ansmdnviinfauasuaunduse (semi-reinforcing filler) 1HuansiLi
Uszinniiladnluluenawds deasuanundusaditvensdie asdufumaiiagiivunn
1 a o I3 = < o a = a A v <
aunal unasdy winfideumisuaiun (MgCO,) Fuduaisdufuiasunsinidnuuzidy
H9AZLDYN UONINVETIETULTILAITEBI TR UMATIAAINA1T9REI U8 TR
W INTY JaannisidegunsduseninanisevasgUluszuute
2.1.2.7 ensilveninlazansiiglunszuiunsu@n (plasticizer, softeners and
processing aids) [11]
o § v a = aa a Y o g v a N
asilrensiy mnetsesedinduadiulugnudwinlienafnnisiddsuudas
| Y a d%’ s | = ° o 14 a < U1 & a dy
sUselangsgunselinnuniadias vinlvinsyuiunisudadululaiteuaz saasidedu
UANINITPITANAUNTAYRIEABN YA @15 eTiuderisUSuleaudinaiy
willgnfia Miliansdudunszaeimlugslafuy wasyieuulsaudinisinsenaumgien
Yaag1alame a1slunguilistivansseziiaiuasndsnuildlunssuiunngs nsidenld
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yilnvesansviilvisnsindududesinsantadonaegiasznouiu wu anudiiuldiueis
Usgdnsnm msand wagsian 1Wusu dwmsSuansdaglunssuiuniswdn (processing aids)
Aeesrusznauiiiudldlusnadiorasldnssuiunsuanlutuneuiieg O ululgaeddy
arslunguiiistsanssornauasndsnuilldlunsudn  1dun arsilferandedaiy
(tackifiers) ansnauiuanainazshilfeseouundmienminiuuds Suiilviensdienumia
anas wansnauitsdianusiuranafigamafiasiainuihiiduansyilvenstude

1) thifufiweda (mineral oils) dsiufiwedadnfuansiliosiunguiida
dfguniigamsiziiagnuazanansanasniitverslivainvatssiin arunsoudoonls
Hu 3 nqudesmudnunrlassadiand Ao difumsifiudin (paraffinic oil) thifuumndn

(% 1%
o

(naphthenic oil) tazidiueylsun@n (aromatic oil) @usuiiunsAlullnAeasUszneu

a

lalasasuourianilsniegnourssarsususnaenuiuussdni@n (aliphatic) AelSesronu

I3 | & aa Yy o Y Y o A A o U & o o ada o
Lﬂuaqﬂi%miﬂﬂi'@ﬂﬂﬂﬁqeﬂqﬂﬂﬁlWUﬁngquu UNHUNITINUUN AU UL UNDUA

2) Mesidonsdu Wuasiloravdodeduitsnaliwmaudfivszansam
Tumshlienaniodliganntn Sedndudesfuaslulusluliinuigs (e19gefis 10 phr
viounminthy) 1sduriiadussnevsneansUszneudunisvaneslananty wu lelaamunyle
du (cyclopentadiene) lalalawungladu (dicyclopentadiene) @la3u (styrene) Wiiiaaln
JU (methylstyrene) ufu (indene) Lagluiiadumu (methylindene) é’aamqﬁw%mﬁmﬁﬁa
WiuldRfuewaInaneyiin

2.1.2.8 astestumsidauanin (antidegradants) [11]

ssdluaitiusydegluluanaszidonaninliie Tnonmzlunnisalld
nuitFesdudatuuatuan sandiau Telou anufeu vislanyMiduiissufizen (metal
catalysis) saumsnsldauiidesdinisnselinanasniian (mechanical flexing) sy a3
Buanstestunisidenanmindudiduiuienazlildonaiifiongnsldanuiennuiu e
grafansidenanin audineueenafezsesas n1sidenanmiintuenadanaiule
1nA5UT97 (embrittlement) N1s8aURA (softening ) SINTNNITANRINIDATVLILFAIVDS
soBumN (fatigue process) Inevily nMadonanmaxndnlfiidduiioamndamieluniied
fnmsvudousedissuffiseeendindu wu laveneuns (Cu) uasusenida (Mn) Hudu

1) madonanmduidennanesndiou  dsgamaidududedodfyiie
Ujjiseneendiatu madeuanmdudounaneendiauliiisaiatuiiioeaviduusds

¥ '
a = Y

Anduldvttatousns lneslunaidenaninaneendiauenavilierssoudias (s
Tuanavesensgniingnn) vieanavilienaudsdu (nesfanadeulosnni) Ald uaznns
Wasuulaneintuwuulatuftuegfusinvesensine duduastiosiuniadesaninly
nauildulnausyiusvesiiuea 1y BHT 39 BHT fuwialuianaidn (szmeldie) 3e
wangiagiluldiansluiiguugddisindy uasdadiussansamlunisdesiunisiia
crazing lamdneag

2) msidenanmsuosnanlolvy snnsguiithiussglulianadieldauly
anmziignBasannisldanmemeiluasifinsesunnJuegieiig lufiemsiidsaintu
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firmwesnnufuazsesuaniasveefaegedng aunseiainlienaianisdsede
Wudeasulunsdivesnisédia anveuaniiliinsesunnauiadng mardaelelsy
ImaﬁalﬂsaaLL@ﬂaglﬁLﬁm%uﬁﬂma"l,:,iagﬂuan’mﬁgﬂ%LLazU‘%mmmaﬁaameiamﬁwﬁw
Nufsfinduegnimndmussiunstnivesens s dyfifnansenudonisdeanin
Sudosnnlelsuresndlduigamgiuarauiuluenna esnlelsuasd iU ase,
fugnafisumisiusee dafugaiidussdammumuseniadevanmduiesnainteleu
gudufivay dviunalnmsidenanmiosannleleude WeleloudnifAserfueis
ftuszeAmdulelelus (ozonide) FeulaleludfiAntuayiiafiosuaziodlnoniafinjizen
lelaslada vinluAnnisuans (Aansdinuiavesaneldlauana) mnesegluaniiziignis
nalndanannagilierafnsesunnlufisssaintuussiuas sesunnfiintufiasdntudony
mnUfiserdanarnintuetereiiles dmsunansusiasounsfiuly (wax) adlufadu
madeniitlunisundesnsannlelau wnsylvazuguesnuuazinduiiduuisndoveyi
UinaiuivessssostuldlilelsudviugAtentuens egrdlsifmnuiuiiduiign
iate Uszansamlunislesiuensainlelauiavanas nisldluiiiesedianas 3alad
Usgansnmgaiissnelunistiesiundnfasiorsigninluldauludamain frogrevedlud
Heultlunistesiugrsanlelaudiulnaidulallnsdes (petroleum waxes) wulanisaiy
(paraffine waxes)

2.1.2.9 &fAun38 (inorganic pigment) [11]

deflunidaulnafishvasfundiifuiisunizroudiei sufudeiunid
Fe¥muansdufuliiasuuse egralsAnulunisndnndnsueifiiddiulvgssinisfuned
adlUlutGinanfendnioswiniy semninmaiudivadasuiviidmansenud eauifives
gensgtanniin osndedunidliavarsluens fedualideldiAndgmnnsugu wi
Aotunideliimnuainanlamnniddunie uiidussoniinumunusoaneinia
aransAdinngg aindnd@dunsdun

1) Tndlevlaeonlas (tanium dioxide, TiO,) Wudeiiuridiliavnaing &
Adviivnivgs lefies uazlifufiv Salenldfumnnlugnavinssuens uilnemluagifuasly
Tusndutsinaniissdntesfaglinuanusatumsiidvnainuasiile i fudvindu o
wldiug fauanainanndetu lmmdeylasenlefuveentaidu 2 vianudnuay
Inssa¥avesAnie evua (anatase) BsdimmmuuiuUszanm 3.9 g/cm’ uazsind (utile)
Faflanumuuiuuszann 3.9 o/cm’ Afillassadsuuuozunnassilienadidvnainann
Hufiay wiinlassaanuugindeglianllainaiuuuesuimansvinliersnsguiiands
Fanafirmiuasdaumuniusionsdesanmsuideunanuauanuazaniminadegeniy

2.1.2.10 aﬁ@:mul"mau (silane coupling agent) [11]

ganlaifing e duniunisidedadeufiteneguuiiuia @fieamslsauen
ogluuinannn Viliianfanudutags Fan3adrfueneiliidlfen daduisiotinng
Fuansiedliifizeniiansgaulsauasluiiiefiudunsiorssninsensfudan msiuansg
muloauiaihlidunsisensenineunIAreslanianas Fan13wanmikazns¥efalugnd
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d$1e899u denalvissnonnddamuninanauasiilinszuaunmandululdheddy
e iansdeulsauivimiifialiouagnuidouseninserstudani Vil Sunsizen
sinaatudandanasiu ussmasaduludiinaadisadniion (5-15% et wiinuesdan)
Feazdamarinlienanssuiandfdnanieg Adu Tnsnzgaanunumuronssia togda
ANNMIUMUFN3ENA LazALiUYUsiensTng Wusu fegiwesasgauluauild
Aunn loun nsienendledalnsiiamnsedalna (bis-(3-triethoxysilylpropyl)-tetrasulfide,
Si-69)

2.1.2.11 ansnseAuansiaudiu (filler activators) [11]

Mainanseiiianansayhuiiseldhetumlvauea viensinasiaiiign
Fuvuiiuiadanildte 1wy arsusznevlungulnanea Wy DEG wae PEG adlulugnsnen
Undfagtigandunsisenseninteyn1avedan minlassaiwpegiveddnigniinaisle
fetuluszrienssuiunnan $anTauandiuaznszaredalugnsldiiet u fufuniads
ansinddananivilvinnuviinvesensanas desalnssuiunsndndulldheddu mas
WANANLNILUTUU TN TR IUNTEUIUNTHEALED msmﬁmaﬁﬁé’amaammwm%mséﬁ’uéa
‘Ugﬂimmamiﬂi Auuiniensgulaeianisasuszneulledouresdingd (Zn complex)
UuLAeIEANBNdE SrvdmariliufiseaUiRalfsty Yinumsnssduasiauiy
funzailliduastusglaassduuinumesansiaiu iy lunsdifldasaiflunduiieuad
TnfuansiaseufAtougundfuusdilild PEG Useana 8-10% Tasvninudleifisuit
UTinauvesdanm witlugasersiuiiaseiilundudaiiulufifua st fisendgunds
anunsnanUiinamsnsgduiidudamaniadldtn 20-30% udegrdlsifnisilnarea uie
ansgulaauadlulunsdiiasdevinliensiinssuiunisndnile iy

2.1.2.12 mallAnnseangnsens [12]

Tuthytuinsuiudeaauiivessaielivanyauiunsldoudedionis
A TATIAeiY Fellmsiaungnsenaiieldnaau R GTQﬁ?umiaaﬂqmmﬁmﬂusz"?umu

9
A o

NdAYUINAIMTUNITNAANARNS B9 ”Lumiaaﬂammwa‘”ﬂmﬁﬁéfaqﬁmmivﬂaumi
‘wmmﬂmsmaqm‘vmuﬂmmamvmwammaamﬁaviﬁma Fainquszasddulngjie 1)
iiolilignsensifiantfiveanisnangndes 2) witolildnandusionsiiflau i mui
A9N1T 3) Lwaslﬁlmnwuﬂfmfuammﬂumsauq 16 uazd) iiton1smuauFunuLavdeudly
Jaymnanznin 1udu Jadeddadnusznsniliisnduegadeiidosiunfiansanlunis
poNgATENIAD FuNUNMIHARMTIEIEFodinsudeiuludwine dunuiadudntedenied
wLdudimungns Gee1aazsdosdimsiansandenldasiiiutionisandunuy malfdaau
ﬁuumaamsmumamLwaammumuavmqmqmLﬂumaﬂ%msmwmLmumqm Ferfunsuan
HARAUYIINENSTINTIRNToENdLATIzR I ldanTRaunununensidemuluaningiee
Tunmsufoavlulagianznsdlvesdadasivszinnldsnumadmnssuagldarsaiide
LAIULTIINANTAILAY %Lﬁulé”hmi@f’;Lamﬁgwizmma’%uLLNLLazﬂizmmamﬁunuﬁ
anwddnegnamnssuetadusgrsdslngiane ausuiangsy
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2.1.3 woAkasWaw [13]
2131 Ussnnvemediesnay Jsneduesnay (polymer blend) iunisuined
wes faud 2 vdatuluiwandndeiu Ussanvomeiuesauannsonanadug 1
el 3 Ussam
1) weRwesnavfiausadrfuidudoderfuluseduluana (miscible
blend) waaL@Ja%mamﬂszLﬂwﬁawu'ﬁauauﬁuLﬂui’gmmamﬁu Imaﬁimaqamaqwaama%ﬁa
2 wlinaednyilerduiiunndnatu sliiAnusafagaiy audivomedmeinaniosiidnvus
Adefiulanedwasiuudy (random copolymer)
2) nodwesuaniliarursadrfulfifudeidsaduluseduluiana
(immiscible blend) welesnaulsuinniiazusneenanduiy 2 Sgnieerafulédniau
Tusedugania lnewedmesniluiaiesazfuinaianszates wedmeiuTuaannas
Juignesieiiles
3) wodlesnanfausardrfuldursdiuluse m‘UImaﬂa (part|allym|SC|bLe
blend) neduesuasuanionnud uludlodouldidntes wedwesvlanieraunsn
dluegluspnirvesnediuesdnuiinnils FavilrigniaiussBamiennnniy feduauds
veswoAleNaNT IFazATy
2.1.3.2 Yadefifnasioausivomodineinay
NsSeumeAienaLdpsin1sau T AU ule (compatibility) vasnnsuan B9
nsuaunedweitdniulifavdmadeautivemediweinay il Annisuenavened
wesusiaviinegetaiau Inousasiaaziusadnmieassninatiusi faiunediwonandile
seflautRidenauazandidun deendmediedifuitunanlnededefifinasenisnaus
wanslunnd 2.7

an1zluniswey wu NSEREINYIVDIET LSEAUTETENING
YUN DNTINTSNEAN NuRluan11zva9
wghgi¥ e [TV ASY ANSVABUMAN
\ 4
ANSNULEDYTAIN
dn1azlunseay 1wu duguInevauns wI9EAMTYITTNIN
YN DNFINITNEL NuRluan1Izvas
waggaumga [ | T NSUAdUKAD
\ 4

AUUALTINAYVDIAITUAAZAINUININEL

AN 2.7 Yadeniinaneauiiveanediasnau[13]
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mawRontanedlvlg ielinuemgmdutiagiuiiuniuiaunaneauaud
Tasnsnans1suiianiieg fedu udrmuauliinguirawa suisveana nsBamier
sewinaavenediuesinuiaiifeans ilviaunsandntagwodosvialusifislauia
vannmane flanunsaaussnudiosnislunmsldendusuuuudineg 1§ dsldimaluladmsiaus
08134189 Liiflenududou nmsasuuazanuwersmiunnitersdunseiorsialnl
audAnlFFuMsUTuUsaosnnisuuaud wu mud1elunisuussy (processability) A3
NuyUReANTeULAYaNTLAT] NUMLRBNINTEUNNLALNSAY wazauTRTnadu Wudy
TunswIeuerauausaziansananandaiuld (compatibility) wesmsuamdundn fadu
nshfuldtadudshdnluniswSeueavaud nswaneidniulaildvdedifuldlifee
dnaideseauifvesentuaud iesniAnnsusnilaveanediue fudazainegsdalau de
uaziaziussdamienszrinium SohlieduesvaudildAnnisuaninldie audd
Fenauazautisug desnimedweifiviuuaud

2.1.4 wasnulalasan

2.1.4.1 prwibowuRetulilasiom

lulastvfunauusimanisihwlandaiaufoglugas 300 MHz - 300 GHz
Tuaanfuvesaduuwsimantin lulasindaadegszvinsasan wivesnduingiuisd
Junlssn FanrmddaluAeuasiinuoaiy Sufurnsnnuias deiululasnrdadudu
vikvosnsuiseduuulivilviesmenneluaaisunnd (non-ionizing radiations) FspauLUY
s dusunefuadimiosinn lilasndadueduiivasnde lifiastuifunddnnds
oguunIMIReRuTlisUAdu ursg1slsAimumnlssuadululasiuinnit 5 fadinsisde
MIUTUALAT (MW/em) foravhiiiAnsunseresioazaiey Ifidu auen wazetoazan
Tgnnslallel Jusul14]

dmsunlulasinduagldannud 2450 MHz widulaefieueneduly
pIMAy 4.8 §7 (12,192 cm) Hamnesmsinaruioudslilasihisdedlaensei
aunuslivdnlui nisnszaneivesgumgiuazanudusiuisantivestagladidnein
muummmiammamimLaﬂmﬂswmmimmmumLmeaﬂl‘WW’] Safuundsndsaui
ﬂaimﬂﬂmwmaumaiuaaﬂlmat,aﬂmﬂ Arusouilintuardsafaninudeundasgumgd
Aty wavauRledidnasn lunedlilasarundiiueina wisnudsiosanlf fauds
wilousynafilifitnaiFeninlinou (photon) Suagunskiuiiuiinafisnuduas (3x10°
m/s) aunaaziadeuiiluisnassanniuiiennisiedoufivesaunliifiuagauuusimgn
ﬁé}gqmﬂﬁ’ummaLLa3a§juu53um§qmﬂﬁuﬁﬁmiLﬂﬁauﬁmamé"u dwsuluemelulasiivag
unsnszanefomuiuasdadunuiigsganndanuamnsaiumals uddmiuiagile
lulasivriudilungluddefaniifauasalunsisundanuiigaduliluduai
Southumuavesaruenaiuazanasdony Suidlesnannisdsdiovomdsautuies Ty
AuvuLduvesau i Adsezanasuuuidnlviuiea Welflsuiuszezainintan
AnuannTaluMINEgVEalesAdU (penetration depth) AoszazaniiaTaniinludiniely
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doYandainlvauilaindsanadluifu 0.38 whainiatan lnefiedudinaunsnasaidy
Wididlemesudsdly nsundnszanevedlalasiiutaguiinme duazisnuusadne
nMsuwinszaeveLasiiutanviniie Wy fagidauaiunsalunisgady (absorber
material) drusnidutagiifautfiduauan Wy e1e agindiues Wudy Taauszianiidle
lulaswdsiuaziinuannsalunisgaduad uusdruuaziinnisgadeludundsau
anufeu Sseudniinduanansndadiluneludotasderiliiinnuseunsiueg iy
ANUEINOlUNMIEaNEaITeTTan

2.1.4.2 pmaniendosmsnugaavnssuvedilasion

msUsegndldnszurunstianufousaglulasim (Huiswilsidussansam
asanifudnmadenvisdmiunisfauinszsuinnisdaduguudn Susiasniugides
desnnszurumslianufeudslalasnidelfiviou @il 1) adu ssndaiud
uazissu Heanduaudueudedeingunsaivinenlfiaudouatiiane 2) Sn1veq
nrarsvomdsnuiia Tasadululasoransansgneaandilulianudeuiitunieluuas
nszaeaufausuainatestuny luvaeiinssuiumslfaufeunuuduaslfai
Sounnfasnuuen dsoreviliiAnanuidevnefiiadunenduiosnangumniiniguiuly
snvidilfnaununindesnniifesafalusunisiiarudou fuu nszuaunsliaudon
felslasian Fevilinuninesndnfusiing (@uuadadtaneviiadunu) 3) awiso
Genldtanfisuaufould 4) mimuauanuieustissiniiafeszuudidnvsedind 2
ssvululasananinsausuangiildesmnivneszuudinnsedndlasldiaarduinn 5)3
Usgdnsamniannufeugaazannsadnvinunmeandndnsilan Wesannidunisli
Aufeudsiuins Wavernanlunsieudoudu ollddeliinuang nszurunsly
anufouselilasian Wunszuiumsiazein iesnnndsuilidundanuazein 1l
wihlode lilinganne Swnannszunsldenudeudu Adeddidemaduniswnlg
uaz 7eunsaiildiivuiadnuasidiigesnue Wudu

Tagtunssuiumvhenuioumelulasivlagninluldedsunsvateluny
gnaNnNsses wendnissdinslilugramnssuens Fdddmstaailudselulasimiu
og1and v NIz agnan HUszdnaings wazAualuiomdsunaziiy 1iesann
n¥snulalasinilfiAnasfewdaiinnsuasnanlunsfuluresumgdduniissuy
vhlUlngeudeuitlvadwluginvesnaasndouiidninnn wdsnuanllasvannsolyi
ANUSBULNYNEATT 100 1917 159913858 UIUNITTINIAINTEULUUSTTUAT kazantIaily
nszvIuMIHAnasdaiaudduegsnndensUFuUTIANLEINTa U THER

2.1.4.3 SupsisenfifntussarinsauuliihfuTanlndidnesn

SolslasminnnsznuTanladidnain nasnuuisdinazgnasin visdiuas
avviounau wazundugnandulilaesiTa dsntuades Wasudundsnumiuou
auouiiintuinanmadeadsueduanadidtan slusifanfingre1udaiFeadll
punsaduinvesaulii sdsuiiietulutagdeuduiussuauivesundsiige

q
'
o w =

dielectric loss voe3aguazauiuveauulniindsaesianlasy wazaiunsassyyia
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a a

vestanuaznsruIumnaniiannsaldfunisliamiousslulasiinedwiuszansam
waziinlafianalnnisiAndunsiteivedlulaslld wdsanduiieinisliauieusie
lulasnanliussloviograduiluguuvuiidudnvazianedvedailasion[14] fanud
2.45 GHz awnlliihazsliluanavesimywiedaGewinlmi 107 adyAud shlian
arufounniudsansadfisduegnemindaldi 10°CAund dhdadusiilfiAnemufou
Iilpensedioginnluiandanm egulsinudinaiutiadosenananiadeiinandaian
Sotagiiduauniluiivie Yagladidnasn 1wy 187 nszanw nanadin gnuudn
Wlnaususimdnlaih Tuanavestanladidnadnasmyuiadeuiivaneduada (4,900 &1u
afaiotufidmivlulasnniiannud 2450 MHz) lagasiedoufinnuninisuudases
aunilwih deneluanledidneEnazil dipole vesusazluianaiFesiegoenslsiiduszideou
33 dipole uusiaslnanaazUssnauludet nnuastiay dollauwnlwiisiutanlndidnssn
vl dipole TuusiazluanaasiFesiiuosraiussdoviasadutinunisd suasmos
AAu Brannisadutaluinegnniies dipole liAnmadsndiy susufuluanas
uq iemdsnusenaluzuresaudeunisluliana uandesanluanaoglutan fedy
deidnanudeuaindaluanadnilu udresdinuieusenindiuuen Jsilvaiunsa
aaunglaihlululasiandafeuninaulusenundssimuuen

2.1.5 MyIATiuazyslinlasenas [15]

ﬁm%’umﬁmswﬁmsamu‘immwaﬁ?u Junisdieseiszansninnisinass
yinensvedlasensiiddsiionsanin slvinauselowdselasans eléiluteyausenounis
finsandndulalunisldmsneinsiflegiinlilssunausslonisodiusunnniian wans
AnneiaruingeenilusUveswausglevifiaainezlel ge viesnialdaeisedely
fwadslonifldgainiailddne  lassnstduiandulassmsin  uddmaysglovimng
altane asdulaseimsilid  nmsiessimeiuesugadaildmtislunisiadulaiias
pousu wiellvonsulasinis  Fafumsiinseidnduladenasulasnisneg uieads

P

ADIN139ENTIUNIWIURENENNazRE nAuua s luhlaielueie s lunisdaduls

& Q{'

1% - 25 1 [ ] o 3, X
AN (break-even analysis) Apgaisielanusednewiiu dupeilsiduaudiuies s
Baszigaduudunisiasisianuduiusvesiuny el wasnanilsiivsunanisuds
#1199 NMTIATIENYRANN UL UlATINISSEagdaY Wauludna ldldsuulatmasnlasenis
Y = a 2 o q v v a A 1%
wszaniimsiisuwdasnasiinariilvinisdndularaiamdouls
nsUszidiulasansamutuldnsediolivarsiniesileluudaziasosiloiivon
Josoaunndeiuly ag1slsinuiegiuisnfenldiuuinde yarlagiuans (net present
value method) LagdnsmanauwNUIINNITAYU (internal rate of return method) Fa.lu
nsIEumeUNTELaRUARSY (cash inflows) WiguiunsslaRuandteamu (cash outflows)
lusUrvosyarmdagiugns uazdevazvowmanauuny winld 2 esesiielllunisdndula
v oA v A a a = oA af A
AndentAsINIsNanseensunseliastasinisaslluiiamaiendu fe lneunilasinisid

NITUARUARTUANSHINATT 0 9UT08ATNANDULNUIINNTTAMUNINATITATIHANDULNUTY
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i1 Tunsdnauladaideniasenisdntuag fudlatefunndafuluaudnuazvodlasns
fupounsliiedesiiaifievinnisinidenlassnistaertilududsd (nmil 2.8)

2.1.5.1 fsandoyaidausuna Usenaumie

1) 3esilomansiuiiliddeiayarvesiu liun naneuunudaiede (the
average rate of return method: ARR) LLazismnmﬁunu (payback period method: PP)
TneL3suifisuiunaneuunulagszezinaAunuiiimunliarmiveslasensludnuas
AAEATAT

2) idosdienamsiuiiddsiaganveaiu A szevnanfunuimiles
AU (discounted payback period method: DPP) Han@ulnuaInANsasu (the internal
rate of return method: IRR) uagyar1dagdugns (the net present value method: NPV)
e aUSeudisuiusnsnanauuudusiisesnis

2.1.5.2 finsandeyaidsqanin Tnsfinrsandadosneg Mieadesdu 1y
Tassnsuissdauifnanouunuannsamutiesnimansuunud uifidesnts usnisamu
fududsidulussezem iemsamuiudalemalsfinsamulasimsduseides Wudy

2.1.5.3 sinaulafmidenlasams leeh TumndiGuamuiiivameazdadon
Tasamsiinansduaainieiesiionna Mimela lunsalfifiduamudite Srunulbuasmu
Tuwsaglasinsuanandu  wazdnludesdnidanlasinisiiiasunalasinisenanansan
HARBULNUABNITAMUIINATENTIIALS (profitability index method: PI) \ednansu
lAsaNsiaena U
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a L84
NNIATIZRAE
LATReaNUg Y
v 1y
1
1
ARR WAz PP e == M Ufjasiasenis
andunaeinasli wse ld |
1
1
i
i et '
1
a ¢y A A :
N5IATIZNAELATD D d
o = ' a 1
NANUINIYAAIVDINY H
1
1
! :
Tad i
I *
DPP NPV iae IRR _: > 1 I
: i g AR ™ .5 & Ufreaslasanig Ufreaslasanig
andunaueinngli wie L d J
i 4
1
1 1
_____ , : :
3 3 X |
v a o Qv 1
%Ha""”‘"’!‘““?w"'ﬂm"i YoyagenaunIninling ! !
: andulaasuudas STrmLt e
1 S i '
| %30 lai Mo i
1
1
I ‘ \
1 bLa\l 15
I —> gawusulasenig o
} 7
Ujslasans Ina1aulAsINIshae Pl
a =
aavguluiﬂianﬂs - Lauaegmwmwa F—-a]  aopilulassnisans
ANy : vso ll ! UIURUAWUNTINR
1 o
. ! AUFIAU
o Tad

AN 2.8 LHUEILAAITUNDUNITAALABNLASINTS[15]



23
2.2 MUIeMNEI999

2.2.1 @15AAYN E1IAHALRUNEYN WAZHIINANTNIS ENRSO/STREL Aidinasie
ANUANIEAINYBEI9ARUNUIRENENIUANALIINNS
aenudndese1ms fedndundnfusionsmdmnssy Adanudaveugs 3
audadeation uardasnuazifun Wessaumfduiaghundnlunswdeisline
uafiwseemsfiandes warlifinsnanasndfiidusuasmedesisnie Jesadulammdn
fimsszidaseds AusnnilonnUszdiuligmianande Feaduingiuuazasiafionsdilily
gnamnIsIeIALdafuunveIeIfnITe M TIaYeN UsemAanizening fauiagns
geneuUNAgnranegasnzanlasiliauazeialuvdn faenuidainaiooyld
yhauazonliinedadndudodingnAtmasiofaniiiiussansnm Ganiswioniagens
Tnilq dieldanuamzmslutiagiiu fuualdmfauainsauaudlaensnauessiaggeg
ihehefu wdmuuliAngusawa suinvessa msBawdeaszrinasiavesnededing
vilafdoens vilvianunsonanagwediesvislvaififlaudivainvats iannsaaussniiy
Aoanslunsidauluguuuusieg 1 Faldmaluladnisaudesieine lflanududeou
M3AINULazALNEIgNTiIINNIINITFuAT e e e dalnl anTRTLFSUnsUTUYTe
ilesannnisiuaust 19y AuelunsuUssu (processability) msnumusionnusouuas
asiadl numuReNINITUNNLAYAAY wazauTRBsnadu Wusu lumsasuenauaud
Azfiansanaud suls (compatibility) vesmswamdundnl1e] fudumsdniulasaduds
ddnlumswieueavaud nsnaneesiidrfuliliviodfuldlis srdmaidedeantives
g1avaud esnniinmsuenilavesnediuesurazaiaetnadniou Jsudazinasziunsedn
wilgaseninaius JwihlivedwesiuaudilsiAnnisuaninldie audfidnauazaut
Juq FoendmedwesiAuiiimuaud dmsumaluladensuas (rubber blend technology)
Huifesegnaunivarglutligtiuiesnn 1) ansonueraudfviuressnsusazyiadily
sefulilaglifodldi3idudou Faunnsreainnisdauusmaailulianavesesns dadl
Tunouiigesnuazdudioundt uay 2) anunsatasandunuanangn Wunsensiitsen
grndeauAusaiinnunenin egslsinnn msthmeluladenmwanludszgndldsidusios
MmeAUsEinse i LWiwamﬁ’amawNLuauﬁﬁuﬁanﬁuﬂaﬁawawsnhzmi RIS
dndiunskay (blend ratio) ussaRnsenineinnia (interfacial adhesion) N1NTENE67
ﬁuma'ﬁmﬁLLazmiL%amIaﬂuLwiazifgmﬂ (distribution of chemicals and crosslinks
between the rubber phases) waganwagN19FUgIUINGT (Morphology)[17] Tneriily
Snwagneduginenannsoliiuidintsesuamudiiuldvesenamay nafes e
Afnevesignnesiinszaredudnniy azuansdsediiulduesinaiaedidniy oile
Wsuifleuiidndiunisnauing) dsalilfenauausidaushniu18-20]
gesssunAduasUszneunedues Niluanavuelvajifaaniusylaniaud
yesmhegesiifunitloleniulasilomiedossnaruinnindoulonduluana azdniFe
UL cis-1,6 Configuration[21,22] Tassaialuianavadlelaniudenunsainnssuiunisne
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Awoslawduilildsiithiminluanags muBangud puuiandas mnzfunisuan
Wandagivainvategluuul22] vihlilandnduriiiaundawanaeiuluauingUseasdnisly
o i uanafeu sy drumunisilaih Budu Tnevhldensssuspenaiinisde
aniesninanudeu Telsw manudunsaluang Sduazannwindoudlivanzaul21-
23] pussanmidunedueiitiusyguialiita Ivliannsonudethiuviedhazansd
il uienssssumtiaudfeu Ao fenudavguasuasdandfiinaiia2a-26] Tudagii
finsndnenesssumAninisdauustassasdudnsilulsendlne fAoenssssunisen
L6t (epoxidized natural rubber : ENR) LHugnsildanmsiinsendiaudlululianavesens
nssudnasiuszaRniduamudnenles Tnarhuufisedwendindudsiiseduvesnisiing
wandindusundesas 10-50 éﬁ’aﬁ?umqﬁﬁmwaéwaﬂlﬁﬁﬁlé’ﬁaﬁmmlﬂu%”agmdwmq
s35umRTALY ﬁﬂ‘ﬁ%u(ﬂ'@ﬂ??ﬂ%@ﬂLLﬁ”ﬁ’]ﬁﬂlﬁa‘ﬁu T,Wamsmﬁﬁs“ﬁvﬁwaﬂ%m%’uaa5@%7@%”
50 Qg LLE"{WQWNEJLUWU’J?{\‘I Faay ummmummm&mmmusmlulma (acrylonitrile

butadiene rubber,NBR) ‘mmﬂimmam'ﬂalulmamuﬂma[27] NsWRELENe ENR Hanunse
LmamlwﬂugﬂmaqmmaLLazsmu,m fauden9sssuyfazgnanuUslilag19555u91A8
wonleaiidl 50 lwawesiiug urenssssumAsnenlessiauisaia strain crystallization 1¢f
Fyuderiliens ENR fmnumunssfivas waedlalévhnisfinuens ENR §ae Xray diffraction
WU1874 ENR @ns1seuiin strain crystallization léufasenanendinduiliu stereospecific 34
Flvmediuesailad cis-1,4 confisuration lagaendiaueznautatens ENR awnsaldadls
woRiu crystal lattice vete9sssuvnlaglivhldinanuaionty sgaslsimudiolua
Wesiduduinnin 50 luawesidudusunamnumiundnizanasl28]  Fana1iléinens
sysumAsnonladdusUuudll dnfunsuiuislasiairmaeivenienssssud
navilgesIsuYIRenenlealanuRnIsnIen A8 U 19dLATIZA [29] Lage1s ENR5O &
Aeuniinyfleglut 7590 e Fduissndudesuanoufiariilunauiuanaiadisngg
(pre-mastication)[30] uagnuiiAanuniayiivesenssssuvinswenledazanased1singa
JunsealiaiiugrssssumAdenunsumduna 3-5 wift dauanuaiunselunisnuse
Fvharanefiliids uarautRiBinanduihumsouisidiennuieuremediuesHauaziiaf
anas Lilodndruenssssurianenleaiinauanas[31] seioraiiewnanaauaieiinens
s3sumRlinuaudoutasiniy fuiunedwesnauiiiliasaddlndifostuensssumann
Fufionaziiaudfisenandosas wazduimsinwensssumianenlessnunnune dwlg
Junisfinwnieatu 33n15nan[32-34] audiveseanuludunisinal3s]  audfdena
laseasedauguine dnvuznisianilug[36-43] A5l Ueingul31,44,45] uaz
msldmfuansifuriadias] Wudu venaninisuiuussamudhiulduesesuaudis
aowiativansds 1wy nisliasagliidniu (compatibilizen[18,47,48] msUsuuzausada
AnsgnIeinnn (interfacial strength) iﬁqﬁu‘lmsjmsﬂ%’uLﬂﬁauszuumimgﬂLLamjﬁmaq
a15WL39[49]  nsufuiBsuanrlunisnau[19]  nsusuiUasudnsdiuaiiunia
(viscosity ratio) vesenwisEesriafoufiavinnnauiy Wewinmsuudsusnsnaau
AuntinveInedilasNalazdINaioa NN NdugIUINE1[50-52] wiinenesssuraiidy
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=

gsidauTRiBanaifdounazinnudangugs inszanunsoanadnldisloldsunisiedn us
desnnessssunadadueeiliitaiviiaunsonudedfundodrhagaedilifdald
Tumamssfutuiy srssssumadwonleddaudfidnaia LL&iL“T;Jusmﬁﬁﬂ’smﬁJu%u’uqa ey
FaflandRanunumusothifueglunusifia femni nsthesasswd atumauiuianas
dawarilienmanlédaudRidnaifiBsuwazanumunuinduia egnalsfing nnslaidi
fuvessasssumifuenssssuidnenled iesnesisaesdadanmdudadidatu 39
VTWWLLNﬁaﬂ’aivmwiamaﬁuaﬁgmﬂ (interfacial tension) fAngs viliensisanadsnaudu
Istesluuiiand uazifn1ANT¥a18da (dispersed phase) wlmﬂmm@iwmqmwamaamm
Fana nenanteududirfuandsfuresrsfiaesslindadumaliAnnisnszanesaill
avnavevesansfaniludluigninvesersisassiia slmAntussdouloannidululuty
meviswazernasdenifululudnignianil uenanifienniiansnsyarediiliviiuves
AL IlL TN NATRINIIE TN ALATE s TINIRBNEN e dnalraudRiTinaves
grauauAllAvTing waznuISnIIdIuTeInIsUaus (blending ratio) fidvSnasoaudh
Fana uenanidmuinenssssumaswenledfieiuussnenaiiudan e iauiad et
E195TTNVIATIET LTI e A[46]
dnsuasiiulugnetdudeifinoud fymuiumnszd idsinivaunse
Pglunisansuyu Madsuulasaudiniadidnduazidenavesens fagluruiunisudn an
nsvaumefiresesluthiy wiunsdilaih wandinengnisldeuvasens iWudu Vil
nsAnwinsthiandug ultifuasinfnlugiuegimainmans Lou msAnwandives
gnaiiunauiduansini iesniunauiiesdusznoundnaedan Seldiduasiudy
Tugnamnssuens msldidunauiduansiuinazilissoznarfionsSufinnisasguuay
sravnaluny e udduaal53-541 auudeuseiis svezdadlenn audiuniudentsin
118 wazaNduudensAnuseliAnanas uRtegdanazamusdiniindy Weuina
EunauiisTul54-56] waznisld oreano-montmorillonite Failuansiaiudvusunas wWes
10 phr  azilenserenlndndauTAdanalndipesiuenelndaiifmaiis 40 phrl57]
Jagtuansddnwazarsuundifounsvounmduaisiifurindundeuldiundnduiens
sysuvRdiiodumsinilunsudnndnduiiuisUssnniidesmsaudififuas auiiddu
Tuih Geansiufuuunieuniuandunasduniuszansnmduasiiasunsaiilien
fauTAduussis fununssdnan wagdunisdnuseldgalss] waglaeluud dn1az
fvuneynialdn Jevinlkannauds useds srevdaiilovadidlndlAssfuivtni udaans
fumunsanuseuasuegdamninnsdiildivaing mszdan i duansdunidunniilel
msBafuenslaifitin[58] Anvesdaniiiustlelasiou axinnsgaansiaissinives Fanle
%ﬁﬂﬁizaznmﬁmqL%'umimgﬂuaziwznmmﬁamlwﬁgum AR ANLD usIRs
sezdaiilonin AuFUNILREN1TENYIA WarAuFIUNIUsBNISANYTeRATAAAY LA
NN wazAnuudsdanfntudovinumsianuiintu wssnuimsldasianuduans
Fuvdiaaduuse annsaanAinisuasnestutdulF[59] nsiivansmvdloauluan s§anT
wdwlinmsdatussnhsasifudiuensitu vlvautfidnaitude 35ldamsnudloaay
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lpgnsuauasdufuivasmualonulisIsrsurauivuens vseoaenarsaudlsauld
WnlUluenswaenauivansdufunlaleo] uenaintinisifuansaiuglaauazdieyiliaing
< = o 4 1 = ISP a £ v ! v oA
W9 W9R9 1aRTa UazANAuMIUseNISANIAdA iYL [55,56,61] nsldansiaiy
adlUTuenaiieusuupsautAdanavesensliinaludnuae “additive effect” Fadunasiuain
Uadendn 4 Usgnishe 1) polymer network vveviusziweulesnielugnadetiuegivniy
1 (% = L3 (% A a dy . =
MLULYITUsTToUleY WagALaNyTalvasiusyIAATY 2) hydrodynamic  effect %38
Yuauansiaiia nisldeyniavesudsasivluenvinbiensinnuniiaiudu lneusunaues
sUSvesynAiinalignsliaumvitauanm1eiy 3) Inrubber structure %38 rubber-filler
interaction Fadudunsisenszninansifuivens waz 4) fillerfiller interaction #50dns
Asen9EriNinvesaynIAaIRANEITInabiAan iz nguAuesa iRl filler
network fnalvieenauyinial elastic modulus g4 [62-63]

2.2.2 wasululasiiifidesuiannufeunazauiiniennyssensnauu1d
AIENIUAITE9DI9NS
fnveadanimulunszuiunssdnvesenamnssume g Ldssemsae
nsfaanlud (n13an) vesensiilivifunaenanumuIresduaIy M3uARIYeIE Y LAy
N15LAANBI9INA ﬁfud%ﬂu{]ﬁumwé’ﬂs%ﬂ’uﬁuﬂ VOINAN U ?fqmmmsuaaﬁmmﬁ’mdndau
Tnajinandunsusazimadelunszuiunistugy amﬂiﬂmmamim%astVLiJm‘lﬂ,umLUu
nslfarnuseulngifsssun dudunstiounnudeudiianivesiuamu vsndenaiia
Pamiutusnuiiiarumung Wesndunuldfuanufeulivhfwisldaiiane T
Gummﬁmﬁ’uauﬁamaﬁwmm%@umaw’mé’aLﬂ?iaulﬂmmwmmLLazqmwQﬁﬁLﬂ'mﬁu GRAR
TsunsAsefiintutuideosuduluegrsldaiianeilvisrsnonundidanindoules
senneanelaluianas1elid wasinadeautmgadasainuavauimanunInvesenoy
Unddeuludel2] venandiumiiitandudannuieulasnsientazfanindeneld
mseliaauuauninudeussdfimeluiefanodaiaie Fewmadvilidends
n¥suuaziailunszuiunstususaiinismuauamniwinlden silduunAnlunisl
wasulilasinunliveasdvianuiounsensgus NAsNUIAGATEAIENUEUTEIRIMT
Aoutidinsrurunsdatugy Tasautiddvesssronunndegasudau esanndsny
Lulasian finnslalSeunansysenis nanife TUseaNsAIMNNANUTaULALANAINTBINTY
AnuFougunsizilunislinufeudliunns wazn1smeaneaitvaanasanusiilinig
nszanevesaLfeuatanaiaielng THnatlunisienuioudy wdsnuilddundany
azeralifiuinlelds LinelviAnuaniizdedeuwindon ta3esdnsfivuinadnuazAinis
thysdnwniilesanoadusznautiontu Wudul3]
nsliimdeusieadululasiinavenduaudfveanisgandundanuainady
Lilasmineludniost Sednsasivhii sunssuunsiifeaduianUssantanladidnesn
muedetanfsauiniiilaseadisiugrunisganiadidnuazsdudinidlnidadunsazen
sewhetnareduuimnliihdmavinlifinanufeunigluiu ffundefustazgnnszane
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arwouanmeluoanginuen Smdnnistagvilifnvemandusilidemeviesidluan
Winanntn Wewnnismstinavesszuuiariliinnissymevesnnuuniglundn s
Hulvegsmmiuasiinmsnszaneivesguvnliasiiane amisoannisiinsesinuagsos
Iniflundasue dennslindenuanedululasiavazaiunsniludszgndldluaung
gnavinssulsvaneusziamia] Flhilasian idunszviunshmaluladifuszavsamgalae
nsldmdululasnfidaiaiuivarsedundsnuiinuiraudenisiateiuszasueu-
A1SUDY (carbon-carbon bond) #uszA1SUBU-FaLNeS (carbon-sulfur bond) wazWusy
Fawled-daues (sulfur-sulfur bond) szfundanuvesedulilasnnzauiuazey
Tutaa 915 4 2450 wunniBsm (MHz) snaiiiunszuruntsanlueduiiiingfiddn gud
mumzaniumadalulasiavinniige L‘fiaqmﬂmgﬁLLamqmmﬁ%’ammsmauauama
adululasanlled erefidenldlunszuaunisi Ieud eredunsizinedofiau-nsefay
(Ethylene-propylene diene rubber, EPDM) &14{q%a (Butyl rubber, IIR) #398195350417D
wanlwe (epoxidized natural rubber : ENR) 1Uu@u[64,65] Lagnsanwinisianludens
NaUsTINeSesuivensssurRtae i duasasuuss nuinnnsldedulalasnnly
nstamludetuiidinansenudesiinvosiussdenyneiiatuluens Tnewussidouninad
Ana1nnisTanludeduduvualtuiosdu mono- waw disulfdic crosstink w1nn31ensly
gnaifgaruihunszuumsiamludisdufanufounuuund Wesannsyuaunsiivinli

FanSoutuveslulasivduiintuegisiniiiuaznisianuiousieisdesinliuiiin

'
=

Aananstunuuuinuitonmgiaianuazreudsdonmadlnd fostuieuiistuny 39
AaannszuIunsiimnufeuvesTagmuunAfiiunsdeitunuieuanduuenitilug
suluiiioYanl66-68] uananimeleluianavessnensasinmadosanm Iidesainns
isundasuanudeugs wieazilidnwasinestu Asumngmsalidiuuiusimesdud
Foulesluanavessanauilelisuanusougaduluniotanludiuuiuly wazdudy
anwmeiaudinsnennvetesianludanasiiel69,70]
o8nalsAnuudffadauidenriiunnlidnisAnviisadunsimdany
lulasvuldgdnuazvessnssssunanlduaglaldainaing [71] s1sdesnoudlagyinnisuen
ponudumuou[72] msusniusseiivesaveatanludsoaaulilasam[73] msdnw
RerfuiBnsuazgunsaidmiulianadouuniagiendanululasion Insmzogisdsly
nszuaun1sATanlud (De-vulcanization) wosduauffuavenslonslianuioudie
wdsaulalasin wudiasesiiunnsitanludiendsnulalasvaiunsaindunn’
Indaidusvielmild[74] vidonmheaululasovnldlunsinuanialadidnninueens
s3sumAneuLazndinsianfludl7s]  msdnwidnwuznisidenlesvesluanagidly
nszvIumsiatudmendsnulilasin[76] msfnwanvagnisiaaludens[77] wasfinw
aduussEninamadenledianasnsiundsaulilasnlaeislilasnuuuglusd[78]
wanandladinmsmdsnululasavinauiunseudeauiounuuiaiy - (conventional
heating) lumsTanludulosns (rubber hose) Tneldaesduneuiio lWn1sniTamlud (pre-
vulcanization) frendsnilslasimuazmstanludisdudeisfudulasnisimauson
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iuinansiifusalvirnufounuiinsianluddusisfonislinudeunnmndsnu
lulesnluazuvuaudoutiuazdisanssezinanaifes (cure time) vo9esld 1osann
nFrululasiraggaeilisrainanufonandunuiulugiuuennieluszezina
Suminda uazwariutunusegsdananlusfeudiauioussietaiiiosiu awvinlild
wAnSsianafiannsotugllfsns wedssvdandsnuiiofisutunszuiunmsaailud
LUUsaRal79] uaziimslindinulilasndmiuguensneundiuiinisldluuien Avon
tyre Ltd. findAnensiudmiusanosnan m‘msaamnawmsé’m%ugﬂmmawnﬁsumm 30
Alansuann 120 wiflasmdeiiies 70 wiil srenisguendiiseusenadsnululasiviiunan
10 witioun1sdatuzulso] daiinisfnunsamluderenauseninee1ssssusd (narturl
rubber) uazgsdangladu (butadiene rubber) AfwsAuduansiasunsalagldaiuas
dlarnsau (electron beam) waradulilpsinsmivduasdiannsou wuindifinslindu
lalesiansalunsaeludiwdudetu asiliannalunininansianludeduandu
981911N[81]

2.2.3 MUATIINTAMULATING

dmiun1susediulasensmizensusslivauAua lunIsamuasilving v
femnudululsveslasansluusazmaden d6slunsussidivlasimsasiiaseianueg
sonlaeiansanyamUagiuans (net present value: NPV) ms3iAs1evignAuyu( break-even
analysis) M3AATIERORTIMaRDULNY ( rate of return : ROR) hagn1satasizsinaulalunis
awu (sensitivity analysis) 1Jusiu wonaniumsilassnsddesilddedesugfidna
selnsinsity sns1iuwle waz Sms1nsuanivdeu Tumsiesizsiniwegsenvediasanis
IngTinsesiitensiieuifisumadentunisasmu i T (static) uaz
FBnslainsd (dynamio) muﬂsmmﬂmsmwmaLmﬂmmu fa nzualiuan (cash flow) 7
Wasuwlasmuan ieunandwsnends GeBmauuvlined  Huefesdioifionns
AnaulalulduAsugA1ansIAINTIn  A1SUTEIIUNITNINIUNISRLYBATINTALlE3BN1S
yarveaRuigumindagiuansis2] nmsleenidnsnanauuny ( rate of retum: ROR)
sarwansuunmudususeifiulasimsiiddgaddiumlluniagsiauas msasmuisasyh
TANTIUAEnI RN ULNUABYINIR M ANAINNSalU AT LsvedlATaNTT N1sUsEI
dnsmaneuunusAuludamalsisuyulasenis (capital cost) vedlasanisgs usziiiugsld
vdswaliduulasamsmusduyunsdidunuazgs MImssaneuLuaINTaN Y
Fyadtlgiugns  dedmanenidefiiliyaadagiuansiaiifuaud  Adodna
nanouwnunelulasINTg (nteral rate of return: IRR) nnnsUszdiulasesnisenag fildlu
nsUszidiunmsasuiaudnisindulanenisGuagld@nmaddymansegmans 1wy
yaAtagiugns yarindauasugmansuazdasnaneuunuainnisamu amnsaidonles
Wiunsiasieianulidenisamu lnsany nskanstanudfyvesnuwanidly
n5¥ana (differential importance measure: DIM) 1igafuauduiuslunsiinseiaiy
Baneunazmilvesnisawu Wuwedalunsuszdiumenmsfianainssuatuan uansdiwe
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Tnsmmeyamtagtuanduazdnsmansuumuainnsasmuuuanybhyssnsiasunlag
Tunszuaiuan wamnzgrltluguuuuvesmsussiduyadivesiasimsnieldmnuidssiiog
50A16I[83]

dinnsAnwanudululdvesmsdassnundagedosnmnanisunngildly
3957915 (examination gloves) lilensdseeniifaninaswan liinsanwlnenseunqu
4 Uszidu e Msfnwidumseane sumada fun1siiu wagfuasygia Jen15iese
sunsRulsvihmsinuiamsamululassns uvasdiinvesiunu aldaelunsdidum
ANLANNTININNTRLYeslATING  wazmsIlATzsinanouLuMIamY  Lilesannien
Tnssnsfia 11 U wielnsiuwaiuny uasnadsslovdluusasd fatlndidsstunndueie
mslneitsaranfululdveddasnsiadonlfinasinisdnaulawuuuiuaiaaisi 3 wuy
Ao Tyad1UagUuans (net present value: NPV) §nsnanauunusiasldang (benefit-cost
ratio: BCR) uardnmanauunutaslasens (intemal rate of return: IRR ) TAsen1siil#idu
AWUIAY 66.5 A1uumaInMsleTIzinudld NPV Wity 44.25 1uuim BCR it
1.04 uag IRR Wiy 16.8% seeznianAunu (payback period: PB) 6 U 9Inn153AsIen
wutilassnsfimnaundululingsialedl Anvierundullfuesnisdilssnunangdosis
yansudHan AU devgaamnssuaiunme sunoidos Sminszeasuiuii
wanzuAnstestlssusdngeiesnmanisumd iesniduiuiiffenamienlugiu
Yaduiiugiunmandn wagdteglndduvinterunine Auviideunatady Sminsreeding
Ugnenemaiusnn flssoundmizensdunansuis Sussoudisme dufunisiemed
159713 4 dnsIAnanTesar 12 Aiell 31NN1TIATIEINAIUMTIEN NuTgar1agduans
(NPV) Wiy 120.5813 duum snsdunadselegdsenleans (BCR) windu 1.135 8057
HARBULNUNNNITRUYRILATING (IRR) Winfiu 25.23% seestiatdunu (PB) Wiy 5.32 T
TnelassnsildTuamuitadu 1267430 ruuw Fsanduldilassnsssdionmdululaly
N3 @IUNITIATIBINUATEERAY WUl Tasanisiiaududtlun1sasmulss] Anw
arundululfvesnsdndilsanundeenstinanangededeluiaugnamnssumeald  Sld
vihmsnwaudullle 5 duldun funisnain fudanedes sumsians dumaie
wagdumaiu fansfnudunsaaintu §dlAsuRnvanmningiu nrdudiduuas
woAnssuguslnalaunteiiu desee Lazaunen1sveguslan wesnuuudiuUsTaunN1
n13na1n eanwuusatadinue warneInsainisie Ludu naseinimdinisninves
Tssruud ifefdufnudumeda wasdudanedoundoutuiieninlsmudegluiau
gnamnIsunald wneaziunsaidlseunieuiaduduadondojiRnuiteuluves
nsfiaugpanmnssunialddsliesnuuunagntueiosinslulssmu Taelssondufivue
3-2.93.7 13 wazdumstanmsdeasfinudumsassm msdnsumsnundeuiarnauuny
uazMINLRUIe9Ans Wiy wazaevhedunisfnudunsiu Sddinmegilasins1o
T‘Jéfmi%’ﬁuamuﬂgﬁu 18,427,950 UMUTENBUMERUAM ATV 10,377,950 UM
uazRuNIINEn1TUN9N15REY 8,050,000 UM (SRT1EIUNTAIU 56% : 44%) Snsmonide
Guf] 7.50% Huszesiian 10 Inelddoaunifideiu Iuan1smeuununisasmu (RR)
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32.62% eyardagiuans (NPV) 28,898,936.21 U wazsveziiallun1sAunulseanu 3
U 5 weulse] Anwimnudululdvesnsamundaudini@ananadin: nsdlAnwigaamnssy
wAwtudusoeus Iefinnsanarundululimsiuguasd wade uaziasugaand vasns
amulasans ieannadidufiniandisUssmaluszezen wansidenuin wifaids
Junguthmanemsiuglasdae nguwifanidmiundaiinalnnisviinu vuausdn 1-
100 fu Tnswifuignuuanudnuazianizidu 8 ngu iieltidunguitmanglunisdnw
wazlanensalaudeinisrelveswinulunsaznqunindaeisigisn1snensaluuulsy
138U exponential og19d1e Tunsdanwanudulilsmemuneialainasesnisneinsal
uldidutminslumssmussuinvedasanisdslassnstadassmsiauannsalunng
nAAuRLRINTidR 68 Yadtel uenanilldAnuduneulunsuiauaifiud wagtmuaiad
ddylunisvinlasanis loiud Tsunsuluniseaniuu Yag ussanu ie3esdnsluniswdn uay
fuilunsilasans TunsAnnarudullldmaasegmanslunisamulasenis ssogim
N15IATIEn 10 U yardagtuansvesnseualuangndlulasaniswindu 34,830,268 U
Snsmanouununeluiidosas 3024 el Felidnnnnitdasmanauununmsamutusi
Yovay 16 warsroznansauny 5 U 1 iweu lufumsiinszindlhvesmsasundas
dnTHanauknunIelulasIngg wudi dnsmanauununitelulasinisianulavesnis
Wasuwlas garnsindusfind wagdnsuaniuasuainnit msiasunlassanian
ogdlsAmuiloyaimsindusifinsianasisiosas 25 uar Snsuaniasuanasissesiv
0.225 vnsdeisu lassnisanusalidnamansuunuiigania Snsnansuunudusiniiesay
16 Fadulasensiiduainisamuls?] Anveiduldlfdanaialunsudaadaloanes
nloiidussuuiiinindelsanuatauidy fduduusnainnisinwaudululsl
Baunedasnunszuiunsnds Mendsannissuusinunmsdaleaneslaenisnaulad
gaumgdl 275-000° € (Huian 3 lus Anauiqrisvesuiiialeainesiviniu 98.694% Tasd
nsnlusiudase landiwelss uarlulundiwelsd andnaee 0.824%, uag 0.482% MUy T
fifnaenadaaiuAiialeanasuinsgiu DIN E 51606 vosUszmeigosui dusuilesidud
waldldu 96.44% lunszuaunsieamesihadu uavamaadu 80.67% Tunszurumsndula
Tutugargldvhmaleneiduasugmans lnedmunszoznalasinis 10 T fdsnisudn
1 fulvthifudesiotu Werhmslinssnanouununisanu Suanouununielulasenis
(IRR) i1y 21% yar1U3ydugns (NPV) vealasanisiviniu 14,635,377.35 U seegiian
Tumsuyunnelu 4.10 T Sandumalduasiunu  (B/Q) wihfu 203 [uasyuilsau
13,000,000 U1 MNNANITIATIZINUTT HARDULNUNITANU (IRR) 9NTITNTINARDULNY
fam (MARR) 18% feiudsasdle Tassmstmnzauiinaenvuasthlufinsanamulilss]



unit 3
ASAUUNITIVY

3.1 Jaeeuazasall

3.1.1 8195550%7% STR5L (Standard Thai Rubber, 5L) 919118lng USENaa0d
PAAMNTTUUIENTY 1719

3.1.2 919555uYRdNaNLYA 50 (Epoxidized Natural Rubber, 50: ENR50) 31wt
ToguSenllodlysl a3 9109 (Wrnww)

3.1.3 asAady lfiloandunuingiviasiuusenuant@nsnienm dmie
TneusEn 3 1od W WUsAnd 9119
3.1.3.1 3@ (ultrasil 233, silica, SIO,) WuAIITABAULATULSS
3.1.3.2 wunt@eumsusius (magnesium carbonate, MgCOs) Lﬁuaﬂiﬁ’slﬁnﬁ&
LETULLSY

e e 19—1 v

3.1.4 @snssquufinsen I duasnszduufisendanilug dmvinelagusendul
an wpilnea 911A
3.1.4.1 Freenlun (zinc oxide, ZnO) vt filuansnsziuiidnuaz Jund
aziden Wunsaildlugnainnssuens
3.1.8.2 n3nafiesn (stearic acid) vimhduansnszaudmiususduesd
@ % 2 = A 2 =i
anwazduindndvneundes Wunseildlugpavnssuens

3.1.5 dsanisufisen M duarsiuseufisendanlud - dnielaguiendu
Tundu nflaoa $1in
3.1.5.1 Gadlatvulglnoglgadaiurlun (N-tert-butyl-2-benzothiazly
sulfonamide, TBBS) siwithiduansiassidnuasfudiadvn Wunseildlugnamnssuens
3.1.5.2 lawuulwlnesdaladalna (dibenzothiazyl disuffide, MBTS)

3.1.6 asirligneasgy Smhelagusvnaulungy wnilnea 9110
3.1.6.1 Ageu (sulfur) vwdhfiduansTamlud (vulcanizing agent) fldnwads
Junsdindos

3.1.7 @stvasnumsidananinanlaleu 3uelngusevauluty wilnea 910
3.1.7.1 Taws i (paraffin wax) Sdnwugiluvewdadun

3.1.8 @15Ua9NUNISLEBNANINAINBINIA D 1UU18LALUSENDULLITY LATIADA 110
3.1.8.1 lnUa¥iam3lea (2,6-Di-tert. butyl-p-cresol, BHT)
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3.1.9 a@svinlvenstiy vsenduulees wilnea Usemelneg) 3170
3.1.9.1 Ungfumsiudia (parafinic oil 105) viwtinduansteney Sanueay
Wuvearaitudunn

[

3.1.10 arsvinlienaniieafiniu Usemiduiuees wilaea (Ussinealng) 3119
3.1.10.1 flalns®u (neoflow L-90 resins)

3.1.11 ssgaruletay (findunsisorasiudy) visndulundu wwilnea $1in
3.1.11.1 couplink 89: Bis-[3-(triethoxysilyl) propyl]-tetrasulfide silane

[

3.1.12 asnsziuasaain useniiuiuees wllnoa (Uszmelng) 9rin
3.1.12.1 PEG 4000: polyethylene glycol

3.1.13 #liunsd unuelngusnduiian wilnea 311
3.1.13.1 fimwdley (titanium dioxide: TiO,)

3.2 n3asliawazaunsallunszuiunisnén

3.2.1 1A38eUANFLELULTR
\A3esUANaNe UL (intermal  mixen) iutaTosdnsildlunisuananena
wagansiedingg lhieRuimgiveslsmesiviniu 60 seusieu? vnmsunanTigamgdl 70
IANIATYA LAZANVRIVBINEN 3 AnT HANlAY Brabender® GmbH&Co. KG, Duisbur,
Useinelgosiu (nwdl 3.1)

3.2.2 1A38IUANFLENIULUUITR
\A3DIUAL19AB3gNNAY (two roll mill) Huiedesinsilllunsusnansnauay
AT L R T Ftat! Qﬂﬂgx‘iﬁﬁum@uéﬂmﬂ 6 iy P 15 13 WM 8 x 20 13 Weu
faannsaUiuterinsssningnnd sisaedlinne 150-280 faRiuns annuiesnivau
annAavtidegnnAawds 18 : 20 sU/ul wasvhnsusnaufigangf 70-75 asrniwalTed
nanlae Yong Fong Machinery Co., Ltd. Uszinelng (Wil 3.2)

3.2.3 103098 usULULTUR 1081
HueFesflodmiusntusuuuuiuies nenadudiuilagldszuuleasedn
(compression molding hydraulic) vuiaususn 16x16 B Taudeusaeszuulnih 3 i
oumgiild 150 ssmwalBea udanunsnusugamaiilafs 399 ssmwaiea ausuldsn
a9 200 kg/cm” WAmlAY Tang-master Co., Ltd. Ussinaldniu (nwil 3.3)

3.2.4 gaululasian
geululasivldmiulinnuiou Tunadmiieiaslnda 220 V, 50 Hz, single
phase wagdnsnsldmaslain 12.8 A, 2780 W Uszneumsuuniinsoududuunasiiia
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maululasnfisesuaum 2.45 GHz waziasiaadildlunisvaassie defrost-300 W,
medium- 850 W uag high- 1700 W fififisuuen (W x D x H) : 422 x 580 x 337 mm s
Ty (W x D x H) : 330 x 310 x 175 mm 1w 30 Alanda uazldatlumsusunrmdeu  H,
MDE power = 15 min, DEF power = 30 min w@alag Panasonic Co., Ltd, Japan. (Wil 3.4)

AN 3.1 LATeeUANANENWUUTA [89]  ATwT 3.2 LATEIUAYNIARIRNNGY [90]

ait 3.3 edosdatusUuuutiuiegs AW 3.4 Microwave PanasonicHNE-1756
[91] [92]


http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwix8d3VsYPMAhXUBo4KHfxOAlgQjRwIBw&url=http://www.chingleung.com.hk/product/index.php?route=product/product&product_id=157&bvm=bv.119028448,d.c2E&psig=AFQjCNHf22ccDFg_xm6Zqn-PzWsclQYBng&ust=1460353935894025
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3.3 1A309dauazaUnIallunIzUIUNITNAFIULALNINTFIUNTNARDY

3.3.1 n1snAgauanuyn1sIan1lud (cure time, min)

nsnegeudnuuzniIsianluduasersneulnlaslduinsgiunismegau
ASTM D 5289-07a @dnwaignsiaaludiidnu laud 16un usedasan (M) ussdagean
(M, A1 torque difference (M, —M) szeznae95uTanlug (scorch time, t.,) uas
szpznatn1siantlud (cure time, two) Ineldia3as Moving Disc Rheometer (MDR) U
Monsanto MDR 2000, Japan (nwil 3.5) uenannilanansatwavesszeziatensanilug
szeznanenusutanlud wuineseisnsinisYanlus (cure rubber index, CIR) ‘&
naunsi 3.1[93]

CRI = 100 (3.1)
sruzhangiaalud - szezaienasuianilug

3.3.2 MNagaun1siuavesens (rubber process analyzer: RPA, KPa)
NsNAERUaNTRNTS  IMafueIg1dNaNsEIng ENRS0, STR5L AUansadLiy
warnndeulaeldiades rubber process analyzer: RPA 2000 (Alpha Technologies, Akron,
USA) uansanan il 3.6 Saduiaiesileinautinislnasivesmedmes lngannsassyuiu
Fepudlunsnaaay 1 Hz. Aussda strain lunsnaaey 0.56-500% IR HSIRRE
NAdoU 80°C ANULINTFIU ASTM D6204 D6048 et 1eussanad 30 N5y

AN 3.5  LASDINAEDUNIAINTIAANLUE AN 3.6 LASeTInauTRNSakuUNa TR
[94] [95]
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3.3.3 N15AATzRauUANIANSuvaslaadenawuulaundin (dynamic
mechanical analysis: DMA, Pa)

Junisnaaeunnudiiuldvesenanauszning ENRSO, STR5L Auansiafiu
Tnendenld33 dynamic mechanical analysis: DMA uasnageulagldip3as DMA 8000,
Perkin Elmer Inc., Waltham, USA ua@msanun1nd 3.7 saduesosiianesidenanuioulne
msiansiasuuasgumgiivesansiiedns wagAnwinisaanesmisaudouesiiegng
TnonawdeutunaaousUdwdeuiiufiiuuin 30x10x2 mm’ vhmsvaaeudisgumnd -100
fla 25°C Auaugamaiselulnsauman shsmslianuieu 5°C/min finrwd 1 Hz.

3.3.4 prsnagauaNURnuLTe (hardness, shore A)
m?vmﬁaUVﬁﬂ'Wﬂ'J’]ﬁJLL%Q‘UENEJ’NﬁB\i’luﬂ’]’iﬂ\ﬁ‘dLLﬁ?ﬁ’JSLﬂ%@Q shore Instrument,
U 716, USA. fauansniwd 3.8 MSVAROUABANATEIU ASTM D2240-05 (2010) Imﬁuu
wmaaw‘lﬁummmm‘wmamquaa 6 mm uazTuneaeufeifuRSsULAT UL UTLY
Adudaveanduitnaasuutunadeu Revlviid@avesnsnaaovie gounall 25°C  uazdl
AITUETING 50%

AN 3.7 LATDIASIZALURALTINALUY AN 3.8 1ASeIRANLLTe [97]
Taundin [96]

3.3.5 MmAgauaNUANIAY (tensile test)
miwmaauamﬁ’ﬁmiﬁqLﬂumimaaumummgm ASTM D412-06ae2 (Die C)
Tnetuneaoutsiisunsuuuiuad Tasflsusauasmunduandunmil 39 Sunsaouasgn
yaaeUaniAinIsRiIeLAIamA@UNIIRe (Universal  Testing Machine, UTM) 5 Instron
Model-5565, USA §ian i 3.10 14 load cell wunm 1000 N §m51n15AeAssi 500 mm/min
uonnidildveaeuantAunsisesesiiunmsasguissieanusou Taseutusaeg e
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gaumgil 100°C Wunan 22 Falus diewiedweenangeulidsnslidned elos 16 dalu
Aeuluneaeuaudd wagaulanyinmsAne loun
3.3.5.1 @uifAnISAIUNIULTIAY (tensile strength, MPa), AR AULALAS

A9ER YTOANUAUANUIRYNUIA ANUNTOAINAIANNTN 3.2 A3l
TS = F,/A (3.2)

3.3.5.2 auUfnunusonsgnauwn (elongation at break, %) wu1gfis AW
gLV Y30ANUEAFIEA @NLTAAUINAEUNITN 3.3 Al

EB = [(L,=Ly)/ Lo ]x 100 (3.3)

3.3.5.3 auufruAunadleiinstnseuaz300 (modulus at 300% elongation,
MPa) U859 DRTIEIUVDIAINUAUABAINULAIEANTEEZEAN 200% F1UITOAIUINAIANNITN
3.4 fail

M = (F/A/ E (3.9)
P & ¢ Tl 04/AY b Y N 2
B0 TS A9 AuLTasaRe (MPa) A A WUNVUIAAAN (mm)
EB  fp Syesdndlavn L, Ao mmemdnya (mm)

M fe uendaisvesBafidmun (MPa) L, A Aaigadial (mm)
F. P9 uspiegegn (N) B ANLATEA

F Ao w5y lvienstineenaulassasianimun (N)

L M

e L ——pi
; B
B L I
H {Rad) H ‘ T A

B

— ~—t .
\Glﬁad)

- C —
C+2Z
AN 3.9 TUNAADUALUR LIRS AN 3.10  LASBIIAEDULSIAG [98]

[98]
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3.3.6 nadauanUAbnBiannIn (dielectric properties)
d' = [ 1 Al a o a [ QIJ a 1 d' < af I
wsesdloTadaudiladidneinluianlaeniluisuninasendnisnewlawes
(net-work analyzer) (M 3.11) &4l 1) MNeauBungnaunsalusenaunie Hain LATeWTIATY
dyaalulasin aedioyanniinluduniomadudyain aunIalnrIInsgIu wae
FANLISITINUY 2) auTRVDINIIN USENaUmIe B9ANNDNISIEIR 1.5-2.6 GHz wagAIy
wiuglunsin (Wswnaannihdudaiagmeasunaznisagdsainalvdstoys) Ussanm
2% TuaIUTBITIUIUDTI WAL 5% FUAIUVDITIUIUIUANIN 3) AuuNAgIUYLIATEANAGRY
Usznauselvuadusiiud liflan wwiman Jaudfadnaneviaian fagsedianuluile
= o P ] g o ) a ¢ P o
Wearu alidudleweiiu namsieseiazgniadelaeanuduvesawuliiiuinagn o
Ushagudnansmeluwinin uwasivisdesmualiniuianignnageu uaz 4) vuaiamegeu
UsENaume  LHURIANENA1MRININATT 6.5 WUALAT AMUNUIRDININNTT 1 LURAINT
1 wa a a ~ Ao Uy &’, [ I Al a c a a
wazAaulaladiana3nunniaaiinlafe 100[99] Tuneunsinmaudaladiana3nisuain
Uieg19uuL e TedlAlnunuIUsEiNn 1 uRATLATIEURIAUENaNe 6.50
wuRlRS naINUUInNIa 5 gaseulidiununisuinhunatedenlifiefiazndudiuny
YasaURladlAnnS nvewnegeeReNUe ezt luAuIuAdLUSYANSARaL UL U [100]
A1ANANTUNIINEaNEaa[101] uasUSunaanuiaunisludenimiieysunn[102] a1y
dl o %
AUNTSN 3.5, 3.6 LAY 3.7 ANUAPU

e
tand = —+ (3.5)
Er
o tand Ao ArduUszAvcaoauNULUE
g, fe Aledidnasnasaunnimesduivg
g, fe Amsmiledidnesnduing
1
Dp = (3.6)
(] 2
£ 1+(tanéd)=—1
2nf r( e )
0 2
e D, Aa A1AUENTUNITNEANEAIIVDIAAY
f Ao Armudeaululasian (Hz)
= i = 8
0 Ao Arpnusardululasiavl (3x10° m/s)
r
Q = we e [E? = 21 - f+ g,¢' (tanS) E2 (3.7)
=~ = a Y ! = ! a 3
o Q Ao Usinaenuseuniluseninhed3uns (W/m))
E Ao ArANLEuNIHA (V/m)
) flo AnuFudauvesndululasan (rad/s)

& Ao AuauUAlndlanA3NYBITINg (F/M)
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3.3.7 NISNAFBUNGANTIUNIIAMNTDU (thermal behavior, “C)

Ut uiegslianudousengsmulalasim Tnonsusumdsind fussosna
mui’maﬂivmﬁsﬂaqmimaaqLLavﬁ']mﬁ@ammﬁm’m%fauiuufamﬂé’wLﬂ'%"aq testo 925
(Testo AG Germany,0560 9250,33762315/812) (m‘ww 3.12) 1n1590 5 wmwuwumamq
wdntuthumAedy warAneludiuvesaudimenudeusely

Software  Microwave Reflectometer

Female Calibration  Coaxial
Sam

Standards Cable  cpaial Cavity

Al 311 ipseulinidsreunlaiwes [103] awi 3.12 n3esingamgiluilesns [104]

3.3.8 MINAdaUdNETdugIUINe

VAFBUAINEDI9aNTIAIDIANATOURUUABINTIA (SEM: Scanning  Electron
Microscopy) FEI, Quanta 400, FEG. (a1wi 3.13) a¢ldlunsanwitufinvestusuresensia
aludisndumuindaduiuhluwlululpseuna fniddesraunelaglddesiinsiedou
Ruflesnuiilesndlinsguluanimidn udniludesguinuimihiinannisingusiosng
[ledaunnnisnizateiioynin msdafnaunia Shvariiuinvestufiogns Tnevdnnsves
ndosqanssatdifnaseunvdesniia fe nelursduivesiaiesasiiuvasiuindidnnsou
JevhmihituanUdosdidnnseusenin Tnsmuguinudinaseuliuiedndlniidegs
wazldiaududmanlnih ialvsidnnseudunnnssnuiunuiaziiodidnnseunnnszny
%mqusLﬁmﬁumiﬂ%ﬂwlﬁé’mmwmmum'N6] Sy é’ﬁyﬁgmmﬂaLﬁﬂm@ulu%umuﬁwqmaaﬂm

a

dlanaseuiinsznoundunIednusddyaruunazyinsgniuvlaefmaimesulanaluy

[

dyaamaliihuazuladunwluiign

3.3.9 nsvadsuantUAnMuIauaEN (heat build- up properties, °0)
AuFeuaraulugns Wunisazanveindsuauiou Fellnavinligamngl

Y
LY

a 2{ a Y ¢ a =) ds{ d' a (Y L4 o L= %’
WnAUlunanS e Lu@ﬂ‘mﬂLﬂ91ﬂ'ﬁLﬁﬂﬂ%’]u‘ﬂu.ﬂ’]EJIULEJEJN&ﬁﬂm%ﬂﬂﬂi%%ﬂ‘mﬁﬂiﬂ‘m"'] U

wva o

98139520157 miawLaaamummaw’mLuaqmﬂmﬂmauavam 138A77 AUAN (fatigue) auUAY

4
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SuHudmiundndasiuszan srsdosneus aewiu uazensiugnnas wieallefiléinaa
Youazaulue1a AoiA3ed Goodrich Flexometer %e techpro w&ma1n USA. (1wl 3.14)
Fewrhauludnuasliusaing usadou vdorusaosess nelduseiuuy static way
dynamic mManaaeuagldunnsgiu ASTM D623-07 Method A agvilasfunndeudifisusns
Wuuriamsansguen durigudnats 17.8 Sadwns. g9 25 Taduns uinawazaaieniele
An112ANUTIWUTITING - ANY VLTUMARDY 1,800 SOUABUNT SrEENIINA 4.45 Tadums
namadey 25 wittufingumnifiiutussnitnisaaey uasnismuImmas AN
3.8 fail

heat build-up =t -t (3.8)
et Mg Qmmﬁﬁawumaau °C
t; flo gamgiivduasdumsnadey, °C

AT 313 LATOIMADUAN WUEAMFININET MNA 3.14 ieFewmindeuAMLTeuavalug
[105] [106]

3.3.10 m'a'wﬂaauauwmmmumuuwu (swelling propertles %)
Ium3‘1/1maaummmwmaaummmmmu ASTM D471-12 &agunmaeuausi
auduutguivuineundg 1 4 Anuen 2 91 wasanunun 2 fadwns Tneviinns
FahuminTunaasuislueinia wazluti udaduiindmdnls 9nduirdunaaeuudiiy
IRM 903 ﬁ’qm‘mq:ﬁ 100 ssmiwaldua lagly Heating Oven, Memmert # UFE 800, Germany
(Mt 3.15) Wunan 24 $alus wazdduseluvinnstamindunaaeuiiiiunsugiisiusa
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Tuanie wagluti dnanlaldAiuiuminisiuasunyaddausuna wasN1SAIUIMNARIY
AUNSN 3.9 A9l

Av= (ms-mg-m;-m,)  x 100 (3.9)
(m1'm2)
il Av Ao NMsasuulandaUsnng, %
m; Ao dminvestunaaeunouLttnsudluenna, ndy
m, R 5mﬁfﬂﬁuaa%umaauﬁauuﬁﬁiﬂﬂusﬁ"ﬁuﬁw, N3y
ms R 5mﬁﬂsuaa%umﬁawa”ﬂLLsﬁﬁﬂﬂu%’q‘Lummm N3y
Mg Ao tuthvesdunaseungauginfuddud, ndu

33,11 N1SVAREUANUAAMUNLIRUBYEINUSE (cross-linked, mol/cm’ (x 10°)

Bsmenvesidudnisdenles % crosslinking) UWGUUQWUWQQHWQV]IWQWﬂ
nstunarldsurfoustoadululasndduinaundie 1 i e 2 97 uas
ANNUN 2 Hadlunas mhlsmLLawuwﬂImsﬂﬁmUuumuﬂﬂaummﬁaxmaiw@uau ntiuualy
ansaranelngdulIung 30 TaddnsUsvann 7 Ju ﬁwm%’qﬁmﬂ’ﬂLLavﬁiamﬂﬁwmauﬁammﬁ
80°C \uan 48 ﬁtjﬂmiﬂ‘&ﬂ% heatmg oven, Memmert # UFE 800, Germany (AN 3.15)
mmlaimmmwmu v¥insdeimidngnads LLavmmmmmLUasLszjumﬂmfuamismmmmﬂu
Aun"57 3.10[102,107]

—In(1-V;)—Vp—xV;-2

Nswell = Ty
Vm(Vr3—7r)

(3.10)

e ArdndIulagUTIInsveesluan usIaNUILmALAA

=

A9 W9TMEINITIINNUSIUAUSEIINE9NUaTITazane (0.406)
= 1 a = ’3

N\ Ao AUTHINTINGBU (106.8 cm ~ mol)
= 1 & @ I3 LY}

well A9 AWUDSIEUANITUINAIUDINY, (%)

S < X <

3.3.12 nsideuan ndlenisoussIiasaniaseu
MIVAREUNISLEBNAN NG IENITOULTIMIEINIASOUTBI819ABNUIRE NI
Sudssonnslduarlildmsifunaniuhnmeasuoniseussiegdeuiigungii 100°C
Tneld aceing oven ueshima # AG103, Japan. (nwil 3.16) Wurian 22 Fluauazaal ey
Budunan 24 Flusnenisthuivadeuandd muuds audunsiailedinisindeay
300 NSENULTIAG LAZANUNUABKLIIEAIUVIA kaziluAuiamsuIuSoyazvaInIsiAy
ShwpuaunIsh 3.11[108]
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% retention = AUUANINNAMAINITULLIINIBAINTOU  x 100 (3.11)

AUURNIINANBUNITUNLIINILAIINS DU

awil 315 gouansou [109] Al 3.6 Feuissanudeu [110]
3.4 MSATENINABNUIALALNITATENTUADDEN

3.4.1 ANW1BNBNAAITAUAY uaza1IARunaRTitideauTRnIEnIN YR IAB

U1Aa18WIUELEB9819T5

NGRS THANE1IABNUNIAANATISA 3.1 YImsuaRaNB1aTUasIATiANGY
mm‘?umawuaqmmgm ASTM D3184-89 LLagﬁlﬁﬂﬂamﬂnﬁﬁléﬁfuLG]%H&JIG]EJ?%UUW]ENEULL‘U‘U
AsUszAnsan (semi-efficient vulcanization: semi-EV) @ensuananenafiuansiadiangn
FeipdsualuUABIgNNAITUIN 8x20 i1 Aniivedlameiniivonds 18:20 seusiound
gaumgRlun1suaray 60-75°C musasSendl

3.4.1.1 11879 ENRS0 uallsiiia 1daan 5 wil

3.4.1.2 1813 STRL vl 14aan 4 undl

3.4.13 thesande 3.4.1.1 Wuansiadded 1) Sio,, couplink 89, PEG 4000
uag parafinic oil 105 161781 4 WA 2) WAy ZnO way stearic acid 1981 2 w1l 3) LFa
TiO, way neofow L90 141981 2 w1l uagd) \iu paraffin wax way BHT l9ian 1 w1l

3.4.1.4 theeinde 3.4.1.1 Wnaswdlied 1) MeCO, uaw parafinic oil 105
198 4 w¥ 2) Wi ZnO wag stearic acid Tgan 2 w9l 3) Wy TiO, way neofow L90 14
a1 2 W9 wazd) Wi paraffin wax waz BHT T4aan 1 w1

[

3.4.1.5 1199109 3.4.1.1 Wuansadiaed 1) Si0,, MgCOs, couplink 89,
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PEG 4000 uag parafinic oil 105 191981 8 U9l 2) 1iin ZnO wag stearic acid 14181 2 w1l
3) 1@ TiO, waw neofow L90 1dnan 2 Wil uazd) iin paraffin wax way BHT latian 1wl
3.4.1.6 11991018 3.4.1.2 warUURnuduneunude 3.4.1.3, 3.4.1.4 uaz

3.4.1.5 AUa19U

waziesmenUMIANENESA s BazansTamludldiign 2 Wil uagAndauens 6
AT ANLNINSEIUL ASTM D3184-89 war3neonuiluwiuSeuiianumunuszana 1 wufiuns
wagyinn1singsasuUMAaiiadl lUnageunia il lunisiamlugalsnias Moving  Die

Rheometer (Monsanto, Model MDR 2000, Japan) LLaz’mﬁqﬁﬁqmmﬁﬁaaLﬂunm 24

e M1uNInIgIu ASTM - D3182 Asutludusulaenislduivuumeiasesdauuuiy

fegnfigamall 150°C  munariildannageuniaafitdlunisiaailud wasusaiu 15
MPa ufrthlunaaeuaudAvesensiniunsaaludaeld

M19197 3.1 dndrunangnseneny1g 1

a

phr
SiO;, S0,  MgCO;  MgCO;  Si0,/MgCO;  SiO,/MgCO;4
Raw materials b c
/ENR /STR /ENR /STR /ENR /STR

ENR50 100 - 100 - 100 -
STR5L - 100 - 100 - 100
SiO, 40 40 - - 40 a0
MgCO; - - 40 40 40 40
TiO, 8 8 8 8 8 8
ZnO 3 3 8 3 3 3
Stearic acid 1 1 1 1 1 1
Parafinic oil 105 8 8 8 8 8 8
Neofow L90 5 5 5 5 5 5
Paraffin wax 1 1 1 1 1 1
BHT 2 2 2 2 2 2
“Couplink 89 4 4 : e 4 4
“PEG 4000 2.4 2.4 - - 2.4 2.4
MBTS 0.6 0.6 0.6 0.6 0.6 0.6
TBBS 1 1 1 1 1 1
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
Total 177.5 177.5 171.5 171.5 217.5 217.5

* Part per hundred parts by weight of rubber dry basis (phr)

> E; Epoxidized Natural Rubber,50 :ENR50

°S; Standard Thai Rubber,5L :STR 5L

“silane coupling agent

“filler activators
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3.4.2 Anw1dNEWaE1NANTENIN ENRSO/STREL  fidistasutAnieninwasens
ABNUNIAEIINIUANEYID1MS
mﬂqmmimauawﬂauﬂnﬁmmmmﬁ 3.2 INITUANENENAUAISLARA
PAUTUABUYDNIATEIL ASTM  D3184-89  wazensmenundiilddunieulagszuunisng
EULLUUﬁQﬂizawgﬂﬂw (semi-efficient vulcanization: semi-EV) %ﬂﬂ?iumwaumﬂﬁumsmﬁ
F19 FeLAaIUALUUABSINNAIILIA 8x20 47 AuiSvedlamosuiivienda 18:20 sausie
unit gaungilunisuanay 60-75°C amumeandoadsil
3.42.1 119 ENRSO usliiu T9nan 5, 4, 3 uay 2 il dm3ugns £100:S0,
F75:525, E50:550 wag £25:575 Auanay
3.04.2.2 e STRSL ualvidy 19han 4, 3, 2 uag 1 il dmuans £0:5100,
E25:575, E50:S50 way E75:525 RIGRIZEY
3.4.2.3 119199010 3.4.2.1 Uag 3.4.2.2 N waNi1aleiudn 1 ui dwmsuans
E75:525, E50:S50 way E25:575
3.4.2.4 1y SiO, MgCOs, couplink 89, PEG 4000 wag parafinic oil 105 14
a1 8 W
3.4.2.5 \fiu ZnO uag stearic acid ldtaan 2 wil
3.4.2.6 Hd TiO, kay neofow L90 1gian 2 w1
3.4.2.7 1@y paraffin wax tiaz BHT latan 1w
3.4.2.8 fiathuend 6 A%
3.4.2.9 @iy MBTS, TBBS wag Sulfur butaan 2 w1
dlevanaumuiuneuasasousosliinosnunduniudeuiianumnussana
1 @1, YnsdnerenUnsiieilunedeuniarildlunisianludsieiades Moving Die
Rheometer (MDR) uazsasliflgaungivionduna 24 d2lus pusnmsgu ASTM D3182
rowiluTuzulnsnislduiuuuieiniessanuuiusognsfigamgl 150°C amunaniildain
nageumnaildlunisTanilug wazusaiu 15 MPa udihluneaevansiivesensiiniu
nsiamlugsely



M13197 3.2 dRdIUNANEnTE1NARNUIA 2

a4

phr
Raw materials ° E100:°S0  E75:525 E50 : S50 E25:S75 EO : S100
ENR50 100 75 50 25 -
STR5L - 25 50 75 100
SiO, 40 40 40 40 40
MgCO, 40 40 40 40 40
TiO, 8 8 8 8 8
ZnO 3 3 3 3 3
Stearic acid 1 1 1 1 1
Parafinic oil 105 8 8 8 8 8
Neofow L90 5 5 5 3 5
Paraffin wax 1 1 1 1 1
BHT 2 2 2 2 2
“Couplink 89 4 4 4 4 a
“PEG 4000 2.4 2.4 2.4 2.4 2.4
MBTS 0.6 0.6 0.6 0.6 0.6
TBBS 1 1 1 1 1
Sulfur 1.5 b 1.5 1.5 1.5
Total 217.5 217.5 217.5 217.5 217.5

* Part per hundred parts by weight of rubber dry basis (phr)

¥ E; Epoxidized Natural Rubber,50 :ENR50
‘ S; Standard Thai Rubber,5L :STR 5L

d . 4
silane coupling agent

“filler activators

3.4.3 AnwBNSnaasAANNduNNinaaulRnMuTaUYaIEIIANUIIREIENIY
andssemsnguaenasululasian
3.4.3.1 N5A3ENE19ABNUIIA IINFATNITNANYNABNUTIAMINAITIN 3.3

Lafn15aTeudatl vi1n15uaNane1aiuaIsiAlinuTuABUAIELATOIRUUYS
(Brabender GmbH&Co KG, Duisburg, Germany) mmmmmaﬂimaimmu 60 TOUND
mwmmﬁmwawammu 70 C LAY memﬂumunmmmumaummmwm 3.17 waqmﬂ

msuanaustuaaialfeeiouuuyng asdoninnuanauiuiniesunsnadesgnni
FUTURBUYDININTEIUY ASTM D3184-89 uarensmendinilatumseulagssuunisaegliuy

AqUsEaNSAN (semi-efficient  vulcanization:

semi-EV)  @9N15UANANYNINUANSIATRA ¢
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ASDIUALLUABIGNNAITUIA 8x20 11 Aufavaslaimadnivionds 18:20 souseund
gamgiilunisuanan 40-45°C uazifin MBTS, TBBS uaz sulfur (1, 1.5 uaz 2.0 phr) Tdian 2
it wazsinshuens 6 Al ileunnaunutuneuasaSeuseslisnonunduuiuSeuiinny
vunUszana 1wy, vhnsdnensrenundiiedilunegeumnandldlunistanludderdes
Moving Die Rheometer (Model MDR 2000) wazanasalifigamaiivioadunan 24 Halus
P1UMSFIU ASTM  D3182 eutiluiugulnensldusnuudeiedosduuuiuinegied
gaumgil 150°C munaniilsnnnaasuninaildlumsiamlud uazussiu 15 MPa wd
ihluneaeuanifvesensiiiunisTanludael

M1319% 3.3 dndIunaugnsensnaNUn 3

a

phr
el i @- FCBc-  FCBc- °FCBCF- FCBcF-  FCBCF-
_S1.0 S1.5 S2.0 S1.0 S1.5 S2.0
ENR50 100 100 100 100 100 100
SiO, - - - 40 40 40
MgCO; ) 2 d 40 40 40
TiO, 8 8 8 8 8 8
Stearic acid 1 if 1 1 1 1
Zn0O 3 3 3 3 3 3
Neofow L90 5 5 5 5 5 5
Paraffin wax 1 1 1 1 1 1
BHT 2 2 2 2 2 2
Couplink89 - - - 2 2 2
PEG 4000 - - - 2.2 2.2 2.2
MBTS 0.6 0.6 0.6 0.6 0.6 0.6
TBBS 1 1 1 1 1 1
Sulfur 1 1.5 2 1 1.5 2
Total 122.6 123.1 123.6 206.80 207.3 207.8

* Part per hundred parts by weight of rubber dry basis (phr)
® Foodstuff conveyor belts compound without mixed fillers
“Sulfur content (past per hundred parts by dry basis weight)

? Foodstuff conveyor belts compound with mixed fillers
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FCBc
L5 ENR5SO |» Masticated Ly  SiO,, Coupling89 || MgCOs, PEG4000
for 2 min for 4,1 min for 3,1 min
v
Two roll mill ¢ Paraffin wax, BHT, || ZnO, stearic acid
machine Neofow L90, TiO, for 1 min
for 1 min
y
MBTS, TBBS N S, [1.0, 1.5, 2.0 phr] FCBc
for 1 min for 1 min with mixed fillers
L 3 ENR5S0 |[» Masticated Ly  ZnO, stearic acid || Paraffin wax, BHT,
for 2 min for 1 min Neofow L90, TiO,
for 1 min
\ 4
S, [1.0, 1.5, 2.0 phr] MBTS, TBBS Two roll mill
3 < . < .
for 1 min for 1 min machine
FCBc
without mixed fillers

o % a s o a
AN 3.17 LHUNINTETUIUNITATINSADUUNIAF YN IUANALIDINT

3.4.3.2 NISASENTUARENN 11 FCBe lduarlildansifunanlnawmssudu
LY} ] Y & 1 Qll Qll d‘d 1% 1 6
Mol luuiuavaeundouin Auvul 1, 2 wag 3 cm L@usERgnae 6.5 cm 319U
Funslumnlulasiam Feusznaumeswuninsaudsduwnasiidardululasiinfisesuainud
2.45 GHz waymavinafldlunisneassie defrost-340 W, medium- 850 W wag high- 1700
W ndantunliauieudendsnululasav lnensusussesnaasinnsinaamal
AuseulullosselATed testo 925 (Testo AG Germany, 0560.9250, 33762315/812)
NTin 5 Yasienilaguany

3.4.4 AnwdnswamsdufunaniifdesuiAnieniwvasenenauUindaeniu
fudesamnsiigudendenululasiav
3.4.4.1 MAATENENIABNUNIR 2INGRTNIHALENADLUNAAILANTIT 3.3
waznsuaRaLALA M 3.17 warUfdRnudunounude 3.4.3.1
3.4.4.2 m3Tamludenpsuindiiiunisgudlendsaululasian dmsu
mAtelundsilddanamisanszesnanluniseuanenadu 50% vessveznanensianilud
(teoo) mﬂmiﬁﬂmmﬁ%’wé’mmlmiﬂ5L'N\Iéi’m%'uajummauﬂnﬁﬂi’uﬁmﬂﬂuﬁﬁw Avon
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tyre Ltd. findnensiudmiusanosnan mmiaamnawmié’m%ugﬂmmaumaﬁsumm 30
Alansuann 120 wiflaswmderiies 70 wail senisguendiiseusmendnululasinidunan
10 wiiroun1sdntuguUlso] uaznisadiunuuiriesguiossiudeadulilasanwui
wiasunuuadstuiielilunisgudenisvuia 30 Alandy Fanuiianunsnguéenisild
puvgiiiuduiads 32 ssrneadoalidguuafiiutudugumgiieds 70 = 10 e
waldsanieluna 23 unit uazidlethdesnuneuassUsslulsfuiazsediinarluniseuns
5U 2 T 20 niideagiiliosgnuaznugaunnsestiosiign deanansnananlunsesuns
sulitlerasannnszuiunsudauuuiinyssana 40 wiiivsednu 22.22% 3nnseuiuns
wAnBu[111] uenandéefinisfinmnisduensieadululasndmiunudadiormun
wuinslfiedulilasniuuuedunaslunsguensdeunsdmdensmuntu aunsnaniia
Tun1soudnensad 31.20% wagndenuiildazanas 41.11% Tsnsnsmzanzaddinfuens
1 3.5 Alansu dnvansinssuengs 7 B2 waeiidurnaudnan 5 i Tumsmaaoul112]

3443 nswTBNtudaeEe Wlsuiufedsfidvue 150x150 cm’ uag
AWMLY 4 mm. $1uU 2 99 Seiaegnagadi 1 ldkundsnuaudoulalasan daduie
ﬁﬂmé’m%ugﬂﬁwLﬂ%ﬂé’@iamaaﬂﬁqmmﬁ 150°C  wagtIaeny seeeIaneaTanlud (too)
uayseg1ayed 2 11 FCBe Mauarhilldamsiifunaunguliainufousondsmilalasim
# 340, 850 wag 1,700 9% Aud 2.45 GHz (Juar 1wl ﬁaumaﬁwmé’w’ﬁ?ugﬂﬁw
m‘%lmé’mlama%ﬂﬁqmmﬁ 150°C waglian 50% 035¢8eiiaenaiantlud (tey) wanasa
AWl 3.18

€)] Specimen 1

FCBe

_’ . .
with mixad BESEE Hydraulic molding press

1. temperature at 150°C

FCBe P 2. cure time (tcgo)

without mixed fillers

(b) Specimen 2

FCBc N Preheating
with mixed fillers 1. frequency of 2.45 GHz Hydraulic molding press
2. ume of 1 minute ™ 1 temperature at 150°C
FCBc L »! 3. Microwave power at 2. cure time (teop) of 50%
without mixed fillers 340,850 and 1700 watts ' 0

A7 3,18 LHURINTEUIUNISIASEUTUAIDENG (2) TUFBEaUU N IUNIUAILSaU
Tulasan (b) FudiregakuuNIunasuAIusaulllasian
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3.5 nsuszend lilugaavnssunaanani aeianewiuabemng

3.5.1 MsvadauaultANsEatY (AussEafRnuu) (adhesion strength, Kgf)

Humamnaeulnemsusnsznitstusedldludety wasTanruiuldly dwdu
nsnaaevluaddlddaulainismaaeuantionuinsgIunIIvaaay wen.147-2530
desnidedriaduifvesfeululasmiflilunsneans Tnsasdowindusegisaony
idedlusumisiivisanveulaiiosndt 100 Safuns Surutufiodne 4 Gu wasdivung
AN 25:0.5 fladuing uazeiegnadesdign 300 fadlns (Lﬁaiﬁ%ummaaugﬂLLaﬂaaﬂ
16 100 fadiwns) uazthlvevlugeulilasvimmanieiiduun deldannmsmaass ndaan
fuhlusniuguseeiesdalensedn deulunnasuauifaziosnstuseddlmdud
sumpiivedagundliimsneaeuasnudndssainnisadnlidesnin 5 Ju dsvins
nAAUiIElASes Universal Testing Machine Gothech AI-7000 M, Japan (2l 3.19) uaw
naaouTlgamgiivies 30+2 esruaaifea Insfivasvostunaasuliiusntagiuanduusn
Tonmefiagldidnlulumuudifusnuneaeuuansienmil 3.20 eauidivesiadu
100  Tedumsreufiuaziunaaeuazdedliléiunismyu uagliumanaisnnnns
yadout 4 Susags

AN 3.19 LASBINARAUANUANISEMTEY AT 3.20 FUNAFBUANURANISEAMALYD
[113] LATLANIIORNY [114]
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3.6 LAIDINDIATIZUALUUEDA

NSNAFUANNAFIU

auuRgIUVNeEnf Ao n1sivuennIdimesueInIsuantIInI NI lue sy
doslyainvuly WenaaauAUwAnNAIvIawIiueirdll degrutulunmsnaasudvaiuy

d! A | v v vUooAa d‘ A ! IS Y v dy . .

wile Mdavihduiuivdinnaemseliavansaleulansdl Hy & 1y = o wae Hy * [y # 1o
Toeil w; \Dudvdinvesdesieganguivilsuas 1, JWulvdiuvesdwnedanguilass Usslen
1 Hy & Uy = Mo 38037 “auudgiundn (null hypothesis)”was H; & Uy # My 38031
“@UNAFIUTEY  (alternative hypothesis)” msnageulundidumsnageuuwuy 2 fu
esan ;< sy 30 pty > py Al lumsmeaeuanuigiundeisnislunisduiogng Hy
mimmzumaamwli’ﬂumsmaawmmyammwmmsaimwaﬂgmﬁmaaamu uaﬂmﬂu
mmaqumim‘wu@ﬂqmmmmvuﬂﬂqmiﬂgLaﬁ Hp 39 Naua3Asenidn “wumﬂqm”
150 “NUNU8INISUHLE” VaIN1snadau

N34 P-Value Tunsnagauasufgiu

WIHNUNATINTNAFBUANNAFIUITVIUL AD  NISUAAIIANNRFIUMANLYN
Ufjesvisolindn A vieszautisdndgiininun ey wiauseventa 1 Hy & (W = WU

a d‘ U o o U o ! o A " 1% YV a Y 1

gnutasiisedutudfy 0.05 Ananasuinaglidiieme wsgldlavenlvgindulaginen
nageunaiAnAnlianegiilavuiunings Bandntunismnaanslaeisiennagldidu
o = Y o Py Y w a A v &
nitanela s ngvinimeassunauetvlisenisldssauaudesin o = 0.05 Ay
ax % o Y - a A 1 1Y) ! =
FBmsves P-Value lagnihunldegrsnnivenaniaesninugeeindangty P-Value As A
Wnazdufidmegeunisada szdandusgreioenagyliipi danunmiiduadunalunig
adAlloauuAgIunandusse duly P-Value favzuansdaiuninvesmangiuniazlyluns
Ufuas Hy wae mm@auiaamﬁaaiﬂwaaiﬂ‘wizmuﬁaﬁmmau6] uenaindéanusadens

P-Value Tiilumiloutuariitosiianvesseduiodifnyd Wlugnmsuiasauuigiunan Hy
ama AUURFTIUNAN Hy 9NULLES

Y

Al Unfudnfloniiaruenindmadeunisadaditedfey

9 Q mﬂmamamuamﬂmmaim P-

i)

Sty 9199wfa1sanAn P-Value Fududn O fidee
it ae4ls Imlmaamﬂami’mmw

[

D S

Value w3 gsindulafanunsansivindeyaditedn
Toyadeiinsivunseauivddglineu

a ' J = 1w Ao & 1

3.6.1 MINARUANNAZIUYaNAAYasAtadsnAFunanIadug : Tusunsy

Minitab[115]
a 1 1 = 1w Ao I 1 . I

NIINAADUANNAFIUVDINAANVDIALAAEIINAIERNANIALUUA (Paired t test) LU
NSNAADUANNAFIUNABINITNIAIAILULANGIYBIUTEYINTADINFUNTAUUAN AN UL
dintiey laengusiegeiildlunisuaaeuasiesaiunsadugiuld (paired) uwdmiA1AN
LANFNIYINAUATIRE N TIazE oA UANNAFIN FIN1TUINLIIVBIANNUANAINITADUT Y
NSUINUIILUUUNG
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F9g19FINTUNITNAADY HIN1SNAARUANTRAIMULTIIRIs19PauU s Tan lud
NAUSZIN9 ENR50/STREL AUANSALANKNEL NOULALNEINITOULTIAILANNSDU 10AINY
wpnasiunsell TnevaaeuiseAutidAy 0.05

o '
(% ]

Jupauil 1: AvusauuRsMdn auufgiuses uazseiudeddyildlunsdadula
Ho = 8n91@UY89819maNUIAKENSY1I1e ENRSO/STREL laifinnuuansig
poauURANULIIN o ULATMAINITEULTIEANS DY
H, = 951811 009819A0uUIARANSEINe ENR50/STR5L SANNLANG19SE
auURANNLTIN UL N INITOULIIRIEAINNS DU
Ol = negeufiszdutudfay 0.05

b4
o

patis Ho: pg = O, Hy: pug # 0, = 0.05

Funoudl 2 : Fumeun1slns1Esivae Paired t

1. Stat -> Basic Statistics -> Paired t...

2. \&en Each sample is in a column imszdayaisesaglunaduilife iy uad
Fondeyaiidesnyiaszy Tneidenaedutivesydeyaifosmns

3. \d@n Options... 3UTINYUIEINY Paired t : options

4. Tldemanudesiuluges Confidence level  Fananmidesufidwwindu 1-o

Tngludrsefuamdesuiiaviniu 95%  wazidenUszinnvesanufgiusesdifosnis
NAFOU Laden OK

5. 480N Graphs... 3UTINOUUNFNN Paired t: Graphs

6. Fonvdaveinsniidesnisliiania udadon OK

7. @00 Ok Wialsun1susyaiana
Suneudl 3 - nanTIATIEA

P-Value #ilda1nnmsdiuan

'
o w a

feunndnseautedAni 0.05 : yeuuauudgiuman wasUfjiasauumgiuses

o o A

fimdeuninssautleddgi 0.05 : TUiasauufgiuvan wasyausuauuRgIuses

3.6.2 MINAFIUAMULANANVDIANRABVDWIINUANUATIazg Taeldi5vas
Avwye3 (Fisher’s Least Significant Difference: LSD) [115]

wiadan1siaszieuwlsusiudunismegeudn ssiinedeveauszens k ngu
wanensiuvseldl dunnAnsiuedelivuddenieadd (significant) Aaguonifissinfinade
sgntley 1 gnfiAuandaduudaglivenindugle  Fusiagdesyinismegeundinis
UATIER (post hoc test) Faluds Least-Significant Different (LSD) A®3snsiusauLiisu
NAALLUY LSD %39 Fisher’s Least-Significant Different Juwmaidla?l RA. Fisher 16
9 & = = ] A I i A4 & ad A =~ ]
WaundurIailTeuiiguanafeuseviniaseaenated  n3ellulSiuTeuiieunasieves
i I Y o ° =
ARfeNtaefan lnaldudn t-test Awinlalagaunisn 3.12
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— 1 1
LSD=t_ +MSE | —+—
%\ ’lJ n; 1, (3.12)

We  MSE uwnuaA1auidsusiuain one way ANOVA
n WnuIIUTeanNgun i
N, WiudwIuteyangun j

35 LSD fitumeudail

1. Au3IAT LSD

2. AunALUANANTEINARAY T, —%;

3,411 | % —X,| Wisuieuduan LSD
318 A |- >A1LSD wanen piz g
32,81 |%—%5

< A1LSD wamsdl W= W

3.7 psasdanldlunisimsiziinazuseiiiulasenig

naneiuaglsadiulasinsidunisusedfiunmsunsvuavedlasing e
Unawensiegikasyseliulasimsiesndulaamuiiunisiu  legldaseolunis
a ¢ a ax v ad v Y A ax =
WATzvinazUsziliulazenis 5 38 laua 1) Teensmanauuuiiady 2) FBszusiiaifuny
3) IHanaUWIUAINNTaMUA) ToyamUagtugns war 5) Isdvdinisvindils(15]

3.7.1 Adnsmanauunudaiade (the average rate of return method: ARR)
HudnuazveanisiUsuiisuilsandfivin 8t sufuiduamuans
fundvestassnstu dwiulesinsideinmanuissniafemasiuamsanaanouuny
fuadedddGuamuaiausnununsldfuamuiaiedsld sunnldlasaunsd 3.13

danwanauuwnunualy (%) = mlignfiadsded (3.13)

L'Euamwﬁ%ml,sn

3.7.2 355z8gIaNAUYY (payback period method: PP)
Hunsfinnsanlassnisasmuanyasiuamuiideluiuszosnaiiaylasu
Usglevidamnmsamuan  dmiunansuunuvsenseualiuansugvsvdiniswiiunnlUnaes
01glasans agAnalldlogaunisi 3.14

Nnanmaw @) = RUAINHATILTN (3.14)

Wusahgnid allnaini
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3.7.3 FBHANBULNURINNTAIMNU (the internal rate of return method: IRR)
Wunsdunamsninansuunuiiarldzuanmsamululasems  §na
nampuwnuiasdudnsivhldyadtiagduansuiiu 0 wienaneuunudilésuwifui
amuatausn aunsadnaldaunsi 3.15

& G
"[Z(m” - (5.15)

L T=1

! AD RUTIYAWUATILIN

C Ao NIzualuantasugnslulsazan
t Ao UM 1 0907 n
= o dy o |
n Ao uInInnanlY/auIul
r AD BRI 1RDNLUL/DNTINENDULNY

dlonsusnsHanauwnuaINnIsay agvinsdndulagensulasinisinede
SRTINANDURVUAINNITAM ULUGNNININTINANDUWNIUTNABINS (required rate of retumn) #38
WNNIAUNURUNY (cost of capital)

= J

3.7.4 F5yaA1U99Uugws (the net present value method: NPV)

WirAMuInmnad1esEniyan1lagduvemanauununaininaglasuly
BUIANMIUTATINANBULNUTUANABINIT VTOAUNURUVUAUFUURUNUSULSN 811150
AwailaaInaunsn 3.16 fall

R

NPV = [i ¢ [ y (3.16)

m(L+7)

NPV o yarniagdugu’

| Ao [u maaamuﬂmlﬁﬂ

C, Ao NIzwaRuantasugrslulsazn

t Ao U7 1 8499 n

n Ao S1uannAnonLDe/aunud

r Ao sasmenile/snsmanauuny

mimau%aamﬂmqmﬁsuuaaﬂUﬂﬁvLLanumamﬁmmLﬂumﬂmaim nil
mLUumﬂLLammmama‘uLmumﬂmiawuuuaqmwamwamauLmu‘mmmmi (required rate
of return) 303 INNIAUNURUNU (cost of capital)
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3.7.5 Asaviinsvinnnls (profitability index method: PI)
adilsiludndiseningandagiuvesnseuaiuandigvaiunssuaiiu
AnINAWUATILIN aunsaAINlAINaNN1TA 3.17 Al

(z < ] (3.17)
ol S (1+K)
7
Pl Ao yar1lagtugns
| R LQU‘{hEJa\WJW’]%QLLiﬂ
K Ao Sas1menile/snsmaneuunuiigosnis
Ct Ao NIEuaRUantAsUaVSluLsazIn
t Ao U 1 839 n
n Ao S1uannanenile/snunud

N15AnAUlaEaNTULATIN TR UL TU BT UALIAUNTAIIANNTEUAR UAR
g5 wnAdrtinasyiiilsuinndi 1 wanedndnssuaiuandnuInndIRuamuLELLIN

dwiunmsilanginisamulasinis derwagein 120152 wazausiugh
Tunrsduan {Adedaldilusunsudnsagunisiiaseinisamu (investment  analysis,
Version 2.0 Beta) m1taelunsiiasiesi dslusunsudniaguazdsenevmeaesdiundnie
input WaY output WARIFININT 3.21

Tsunsufisaminisnm

IINBUT

o THUALASETHATTRINL
"
N fsAuItuAT#RNEAN

-, UFZUTEUATFHERTIE 1'

o

; =1 L

iyl s10q mﬂﬂ&ﬁ'ﬂ'uﬂ n5En LETH LR TETIARL [{ BreaEen 1nt]

- — . Nnv— = 53
o srnnnes 2] () R L e
, Internai Rate Of Return: IRR & Net PresentValue © NPV

Ml 3.21 wansmtnvenanvedlsunsudniagunsinseinisayul116]
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3.8 YUABUNITANLEUNITIAY

dmdunuidtluadeiifunsfnunisdaidentngivensssaned uazansdafu
WiewanngnsenanenUNnda e udNEseIsIU T TERdandsny wagisnsimalulad
nszuaunsliaudousendnulilasvinyssndldlunsguensaeuung wieusns
Anrwinisasu Taed 4 Junounsdniiunsids vssnoudae 1) Anviduvedauay
annwlunsdaideningiv 2) Anwvimnuduiuszritmdanulilasoiusseznaildlu
n1sliANseu 3) NsUsEYNAltluaRaNTTUNEANANUTEENIUE1LEE0INT  uaz 4)
MTARTEinIsamulasINg uansianInd 3.22

ANSNAIUINTZUIUNISHANYI9ABNUIIAFIENIUAALIDTIUS VLA INURUUUTENTANS 97U

a

Aol 1 : Anvdanaliauazaanmnlunsdadaningu

J

L 1. DNBNAETFIAULATETFILALNE
2. DVIBNAYNNANTEIINS ENR50/STR5L

AU 2 AnwrAduauNussEndnanasulilasInusTegiaIniglunisiiausou

L 1. duURAINUSBUVRILIARLUNIAEIENILA AL I919NT
2. @UURNEAINUBIE9ABNUNINENEN LA LT B9RIYNS

= a a @ ¢ o a
— #9UN 3: msﬂssqn&ﬂiﬂuqmﬁmnsi&mamwamﬂmmmﬂwma'nama'mqﬁ

P a L3
L | faun 4. ﬂﬁi')tﬂi']zﬁﬂ'ﬁﬁﬂﬂ]uiﬂiﬂﬂ'ﬁ

AN 3.22 LEURLEAITUNBUNTALTUNITIVY
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NaLazn15anUsIgna

'
S

4.1 NAFISAAN Baza1TANANNFNNTfAaUURNIIATNYDIEIIABNU2A
AN8NIUALALIDINNS

4.1.1 anwazn1sianlug

M1597 4.1 wansranIsaaeuigIfudnvaen1sTanlug nudn SiO/ENR
ua SI0,/STR aglfimnszeranlunstanludfigend esnndunsunisuanausenineeis
fuasinillumsnnassnseillafidisutunounisuauie ene 3an1 loay PEG wagiifu wh
fhefudeuiivzihenanawesuundldlunaufuasindsindug Jsagiilinisanesudu
naufeuvesdanantiosas Tualiasiaiunsyatedilusldfty uennifednaliivylea
aenLwy (siloxane, -Si-O-Si) wagny@duea (silonol, -Si-OH) vulassasusnaiuiiveda
niAnuAATefuleau uay PEG TAtuiinarhlsiuiaganflanmiranas @nsuaneen
yosandonvislasanznndensiediiy polysulphide) nsolinudu hydrophobic
UNTU[59] Feaunsardiivenslaanituazandyminisgaduansiiswe@any Jeilid
sreziiae1svaaludfiviunii MgCOs/ENR,  MgCO3/STR,  SIO,/MgCO/ENR  LLay
5i0,/MeCOy/STR  Wiausadsralidunaunsaniludensneudndaieniuddoseims
WulUeensiivsz@nSamn

uazuONINTE MU SI0,/MeCOVENR aslvirszasiiaTluntsiaanludiige
way AfadsnsinisTanlud (CR)  Aidindn SI0/MgCO,/STR  Lilesannufanenledly
ENRSO umjidiarndudadviliAnnmsnssduiuszdiieglngy ThAnmstemdidnnsou
ugatuseglumbeveslelowiy viliAsmurieshlumsijiseinmadenlosdeinlien
satisnsmsTanludfidunin STRoLI117] deRensantemnuunnsiisveussdnimadn (MH-
ML) wu31 SO/ STR, SO,/ ENR uag SiOy/ MgCOy/ ENR #im1minnan MgCOy/ ENR ey
MgCO/ STR wandlsfifiudsszduanuidonleaiigaty

A5199 4.1 AnwurA1TIianluguad ENR50 kag STREL AUE1SHILANLALE1SHILAUNEL

M, My My-Mp ts2 teoo CRI

Sample 1
(Ib.in) (Ib.in) (Ib.in) (min) (min)  (min )

SiO,/ENR 0.7 94 8.7 2.6 7.6 20.0

SiO,/STR 1.8 10.0 8.2 3.2 1.7 22.2
MgCO4/ENR 0.4 6.7 6.3 2.7 3.6 111.1
MgCO5/STR 1.3 7.9 6.6 1.9 2.7 125.0

SiO,/MgCO4/ENR 1.5 11.3 9.8 2.0 6.2 23.8

Si0,/MgCO,/STR 3.2 14.6 11.4 1.6 4.3 37.0
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4.1.2 auUfLYena

A15199 4.2 WARINANISNAaBAEIAUANTRALTING WU1T SIO/ENR,
MeCOL/ENR , SIO,/MeCOL/ENR vzfimnautfidanadiniiosan e1as55uwf ENRSO tJuens
555U ATEA118] Fsazanunsatieriiunisnsyaneivesdanuasuuniifounsuoiunlia
11 rubber matrix uld wswarnauludavesesiliiAnusinsevinseninsensuazansin
Fustsaosdaunntul119] wazenasTIHTIR ENRSO LfJusmﬁsiwmaﬁﬁmmnmﬁ@gm’jw
g19555umAYTn STREL[118] Fsmunilngdlusnszyilidanuazuunii@onansueiununn
sldAdesndausadouiiedudiluvaelassaamiogilussnienssuiunsuana
grafuansialiy aznisanduaisiaivedanilan Lﬁaamﬂuuﬁuﬂwm%ﬁmﬁmﬂamaﬂ
Favdonyleatuea (-OH) oefluviunamnn Aufawesdandsfinududuesiienudadse
UfiSeuaiiingg ge feuddnmdsdunliifesgaduasieadingg funinzouialdd wieuts
Fananunsaaiunsslugdldfinaeiounveseyniausugiidnuaiiiuiifndingga 58]
LERIIINSUANELYIIT s F RN Us suay MsnsTaneiavesansiaiTluenslad datudai
TnnsdhfuldnTy daalirnuduuseaadetinisinfosas 300 (MPa) n13duLssia (MPa)
LAZATUTURONS TN (%) vesensTamluditunalufae

AN5199 4.2 auURTanavesweseneianilug ENR5O wag STREL AuaseiuLay

GUELTRIHIAGEY
| Tensile strength ~ Elongation 100% modulus ~ 300% modulus

Mix symbol

(MPa) at break (%) (MPa) (MPa)
SiO,/ENR 21.59+0.43 657.09+7.64 1.24+0.08 4.11+0.37
SiO,/STR 18.57+2.33 625.98+21.00 1.11+0.04 4.20+0.09
MgCO4/ENR 17.16+2.60 729.23+13.53 1.17+0.08 4.81+£0.25
MgCO4/STR 14.77+1.26 657.09+6.56 1.64+0.02 5.18+0.10
SiO, /MgCO5/ENR  15.85+3.17 534.36+52.34 1.36+0.11 5.20+0.44
SiO, /MgCO4/STR ~ 14.40+1.23 574.70+4.87 1.64+0.10 5.18+0.31

4.1.3 dUUATINAUUNAIN

A 4.1 uansranisneastisafvandfidanauuunata Fauans storage
modulus fifleiduves strain amplitude ﬁm%’uqmmmawnﬁawwmé"}Lﬁmmmiﬁﬁ
NSIANEIFILAN 2 ¥l A SIO, MgCO; Wag mixed filler (Si0,+MgCO5) adluy19sINYA
Fouvadu 2 viaduiy Juite s1es35umATildiith (STRSL) wavenssssuwAiass (ENR50)
Judu definnsanainnsasdiuldinnisiuansdufvasluenssssumnanuing % strain
fne wserew 1% strain T YNFATUNALUAAIAT storage modulus ‘ﬁgq waziile % strain
Ui storage modulus anas tiesnidlewiiu % strain ildlasseansiadiudinie
fudunguriou (agglomerate) 1Aansusndeen dudunsivdsuulamesalugdaazan
posidusimsfinguiduunngmsaifionin “Payne effect”[120] fatunisldansdaufu
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AsvilafunseUTunaansiuiuaaiuagyinlieiilugdaazauuazuans Payne  effect
$19AU @IUVDY strain  dependent storage modulus LAAIINAIUVDIDUATATENTLNIN
auN1AE1sHuAY (filler-filler interaction) Hnalviensmauunnien elastic modulus g[63]
Lﬁaﬁmqummmamﬂnﬁ WU storage modulus VBsgAS SI0,/MgCO5/ENR g4n21gn3
SI0,/MgCO,/STR Viiiilesangnssanarudugrsmananamsdinfuassiavhliasiii
imenguiunnninmsiufisssiafie Taeaadosfusnuusdugiuine vonniandiu
I§nsianansiufunanaslusnsiildiifanio STRSL Suwansd storage modulus #IN31
619 ENRSO umazarundudavesamindens ENRSO dwastanisnszansiavesanssifu
ThifeasiAunaLaznszedlafniiluens STRSL

800 —8— SiO /ENR
—e—SiO/STR

' 4 —a— MgCO /ENR

4o - —w—MgCO_/STR
—e— SiO,/MgCO /ENR

500 —<—Si0_/MgCO_/STR

Storage modulus, G' (kPa)
s
=
l

0.1 1 10 100
Strain (%)

= v v 6 ! ! (% ¥ ! a
A# 4.1 AnudTussEnINeANegaaayan (storage modulus, G) WAZAIAIINLATEN
(strain) 989 ENR50 Wwag STR5L AUESAUANLAZaNSANAUNAYN NAFDUTNRMMA
80°C, 1 Hz.

Ail 4.2 wansnan snaaetirfuantRlinawuunatn Seuang storage
modulus WAz tan delta fogamafiniuaBuLUAT 9900 WT 4.2(a) WU storage modulus
anate8193IAL57 o qmwgﬁuﬁa Tunanadanisdsudaiuzann glassy state Ui
rubbery state IﬂEJmﬂgmmmawnﬁmawmémﬁaqaflmiﬁgq 6 ans azuiulaInAnnIs
WasuwUaswuady 2 nay Ao @ms SIO/ENR, SIO,/STR wag SiO,/MgCO5/ENR 3gUandsn
storage modulus qu"] MgCOs/ENR, MgCO4/STR, ey SiO,/MgCO4/STR flosann Si0, ¥
wihfiduanseaiuasuusslifuens STRSL  uaz ENRSO l8#ndn MeCO, uenanniiniwi
4.2(b) Tan delta G99ngeanvasiin Tan delta Ustifvgampininudsuanuzasianain
uwinduena3endn Te (slass transitions temperatures) wWud1 Tg v89gns SIO/ENR,
SIO,/STR ey SiO,/MeCOs/ENR gqu"] MgCO3/ENR, MgCO,/STR, thag SiO,/MgCO4/STR
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desann S0, fuumeynadnnin MeCO; TedanaliAndunsAzenseninsansdaiiuiueng
(rubber-filler interaction) veensaewialdfinit Swuanea Tg g9nd1aAUAN MgCO;
Hosnansiadniidvunndn sxdifuiiiadunnggs hlvdiuifaninsunsiten sewing
maﬁ’umiéf’alﬁmLﬁmqaﬁu[lzl] wazuanniiievhmauisufieusinvesensiloifuans
WWUHEAL (SIO,+MgCO5) WUIMNITLANANTAURUNAL (SIO,+MgCO5) adlueng ENR50 Landp
To asnhimaiuluens STREL Matidosmnenudutavesunsndshliens ENRSO FafldaiAn
Supsnsefuansiuallannd tTuReiunsin ruober-filler interactions[122,123]

Storage modulus, G' (Pa)

(b)

Tan §

[y
=

~

-
=

6

—=— SiO_/ENR
—®—SiO /STR

—a&— MgCO_ /ENR
—w— MgCO_/STR
—— SiO_ +MgCO /ENR
—4— SiO,+MgCO_/STR

10°

T
-100 -80 -60 -40 -20 0 20

Temperature ("C)

2.0

1.5 -

1.0

—=— SiO_ /ENR
—e— Si0,/STR
—&— MgCO /ENR
—w— MgCO_/STR
—&— SiO,+MgCO /ENR
—=— Si0,+MgCO /STR

Temperature ("C)

AN 4.2 dUURT9NanadInued ENR50 way STR5L AUANSALANLALENSALANNAUNAADUN
QNN -100 - 25°C, 1 Hz. (a) Aenaaavas (storage modulus, G) wag (b)

ALNULAGAT (tan o)
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4.1.4 auiAladianasn

M597 4.3 uansransaaeufgfuanTRladianasn wuiimn g, & lay
A1 tan & Y99 SIO,/MgCOy/ENR, SIO/ENR uag MgCO,/ENR i A¥iANgINI1819 SI0,/MgCO;
/STR, Si0,/STR waz MgCO,/STR Feuansliffiuin STR5L Jueasssumndiilassadaluiana
wuuituszauinlaiidaze] uazliannsogandululasolffmiiousns ENRSO flesainens
STRSL flanavuialvgndeuiimsdndestvesamsleluanautazansledlidusndey
fefunsedeuiivienmandeusluanaiiotaiissmuaualnihIsildreutrduasen
Foiufumsldansiifuian windilouasueiun way msanwautuuniideuaivolun
diarfiuauamsolunisgadundanuliduntumsigasiiiudindnausagadu
n¥snulalasanldfnszinnududimisuih dmsvarsdniuda masingluaiuea (Si
OH) pgfifiuAalutiinmunn demjlsausamariagyinliiuiadanidanudunsauasd
amariadltenisiinuiisoiediuazfimudutaliideudragalse] Sedwmalidanduans
udufifirudutaganiasiifuuniifeuaivon

NNTNAABITINUIN SIO,/MgCO5/ENR azlsian €'y, €, uazAl tan Qﬂﬁéj@
19 2.555,0.0169 x 10 Waw 0.006617 x 10° Ay U Feanansaedunglddn ENRSO fllasaing
Twanauuuiits eldanstannanfuuunii@ouatsvoiun Failiansoganduniy
wdsnillasimuerFeudunnufeuldisdunandifiuiUinumsduduneniiias
udswasilal ENR5O TaeunRagdnindutanifidananennutandiddaiumntu Seeauds
lpdidnninfigsiuazdwmalianusaUszndandeslunssuaunisguensaonunidaneniu
adesemmenaenulilasin

A151991 4.3 audRladidnasnvasensiamilug ENR5O wag STR5L fuanssLfulas

GRETRICHIAGH
Relative dielectric Relative loss Loss tangent
Mix symbol constant factor coefficient
(€p) (€1 (x 107) (tan &)(x 10°)
SiO,/ENR 2.400 0.0149 0.006194
SiO,/STR 2.321 0.0119 0.005137
MgCO./ENR 2.490 0.0131 0.005276
MgCO5/STR 2.369 0.0097 0.004114
SiO0,/MgCO3/ENR 2.555 0.0169 0.006617

Si0,/MgCO,/STR 2427 0.0139 0.005717
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4.1.5 dnwaznsuruwasutsiy

ATl 43 wansmaniseaeieafudnuasnsuaimeduingy wudie
Snwaznsuramedduingiuees Si0,/MgCO4/ENR, SiO./ENR wag MgCOs/ENR fiannzneu
LAYV INITOULIFEAILSEUALTRINTT SI0,/MgCOL/STR, SIOL/STR Wag MgCO,/STR &4
93910 ENRS0 1Wuenssssundnlfannsiueendiaudnlululuananssudnaiuszgrh
TAndnawnudnenlsdlaeriuUfAzedwendiniudadszivvesnsindnendinduiiesay
50 Fwhlidanududagandt STRSL s STRSL HuweBiesiliiusyauialidds Sl
annsanusetsuvsesvhazaneiliitalal124] ust ENRSO fdnwaiduRenusonudou
wazanvRnui U umsnaesiluTlaR[125] SwhaudAndiniseuseienutous
auvidnvarmsunmedduisfusniniounsoulssdiennudon waziiieth ENRSO wnaw
fuansFuiunausenin@an fusinideuasveiundaduasiufuasusuasiaasuus
v lildeamnudumustenisuiaweslutdfuiian Suidewnainansiafunaudiia
duvRannsuamedlunisulgso]

o ENRSO FsfimnanfuthgaagvhuAseldRfuiuiavesansiaindidng
lafuiifidlnsangiuasiaiudanidngileidueismansenledveslangvidonsloan
uea (-0H) HussdUsznovaguuiiuia ueniniidefndunstensening ENRSO fuansi
Buway avdenalienspendiadiinnubudaiuturirldenuduniusenisiasuudas
sUsgety Losnlassadswesansldluanasundoutildenuiniu axdwmaliannsony
fovnfunazfiiazareflifida A [30] FedrauTRdnvaznisuinnesluiiiuees
Si0,/MgCO5/ENR idnasuniignazdenalioimsidndssuuameniudnaee1msosd
ANLUaEANBES

250.00 i Aged [ Unaged
s 200.00 _]:_ _]:_
X
()

150.00
E ™ I
= [~ E2
£ 100.00 [
=)
=
]
<
O  50.00

0.00 | | | | | | | | |
Si02/ Si02/ MgCO3/ MgCO3/  Si02/MgCO3/Si02/MgCO3/
ENR STR ENR STR ENR STR

ENRSO0 and STRSL of Filler and Mixed Fillers Type

AW 4.3 @uURNSNUETUNDULALNAINITAULTIAIEANLSaUYRIeNYaAlug ENR5O
war STR5L  Auaisdlduskazaisaiunay AntdudesazvasuSunui
WaguwUas ludlewddegndluidndu IRM 903 figaumnll 100°C 1wy 24 Falus
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4.1.6 anwazaMgIUING

awdl 4.4 (-0 uamsnindeuinaiuiiniivinuesenstanludiiilnly
lulasiaumanfmendedidnnseutuudesnia (SEM) frefdeens 2,000 wih lnenmil 4.4
@-f WJuensiamludues SIO/ENR, SIO/STR, MgCOyENR, MgCO/STR, SiO,/MgCO5/ENR
wag Si0,/MgCO4/STR MUY

il 4.4 (a) lesann ENR50 fmnuduthgedsanunsataeifiunisnsyaned
10983 AT Ul A Tgaiidhagi i Anusenseriisenitaenauasansiaufiu [118,119]
uaz ENR5O fieaamilngandt STRSL Gsenumilngslusnsazsiiliadniunandalamidesann
frusadouiifndudiluvhanslasiaiaponilussnitnssuiunisuasauenstuansiiiu
[118] dwwalviansdfudriugnauaznisnsgaedldd nwil 4.4 (b) syunpansiLiudan
finsinzgdwduiewdng Tdnwuen13nszarediuagsseziaeIn1snsyateilegly
sroglndiunarasinaue Jadudnwarnianszaomldd uazdnuuzuesoynieiinisiledialy
g19PBUUNA AT 4.4 (0 sumemsiRuInsinefudunguioudn Uunansuasing
aduiuly ddnwaznisnseniemuazszeeinweanisnsenemedlussezsiuuaglilu
suliou FadudnvaznsnssareilifidesnnasuuniiGeunsuoiun Wuaisduduis
unssiitivueluanalug Sanududadesninansdam dwaldnsuanansewinenuas
ansaiudfuldlafidesan ENRSO Siafias way nmdl 4.4 (d) Snuuvosoynaansii
Wufinsiefuuuiug Tusnereuung ieswin STREL lfidh wazeududaiiuansetu
HumaliiAnnsnsgareiiliadiaue dwalinnsdaniyfussninseuniavesasiaii
nanifuiilossegludnunedlid wasdnvugnisBanylflifes dmaliaufidanatianas
A 4.4 (a), (b), (©) wag (d) TRamihATdnwuzuaniuiun ATdnvaueadoiulansin
Amnusieldeszninaassiuansiuduiives villinnsdadousanniasnslganssiufu
anas dswalviaudRidanaanad

Al 4.4 (e) TdnwaENNINTEALRIYeIOYN A THIRLHANTENI1SEAN 1T
uniiBumiuaiuniisiniaueuaznszanemldn dnuazivinEoy svdmwaisniuseiilos
sgwhamasstuamsiiiunay wdarudeioafinty Ussnouduansgaulauiiivadly
TugnsensmonU il axtisUsuUssusEsEuIeuaransiiunay vilvidosrsdianna
sarlosnniu msdsdioussnnuassluganssuiunauAtuinlauRidnaitule1] way
gamuhuinaiuilifesnuusdusesrquitinannsgaveteynia uansiin1sBaine
ﬁ’uizmwaymmmmié’aLﬁmauﬁmﬁamqaghé’ﬂwmzﬁﬁlﬁduﬁ’u uanandmainedaiu
'iw'maﬁgmﬂsuaqmsﬁaLamamwﬁﬂﬁiwzmié’uﬁaﬁuﬁwfmamm%mﬁ’umﬂ%udqmaiﬁ
manznguiurateuniafinainznduiuiuasnszaiesldiutu uazanmsdafuseaing
pymadaaliiAanmanizdniuiaunwazinii fudaseninoynaldd Snvuzguias
dqwaﬁﬂﬁmamﬁ&%magﬁu[61] AWl 4.4 () Felldnwaznisnszaneiveseyniaansi
Aunan Liladuaue LLazé'J'QWU'jm’%nmﬁuﬁaLﬁﬂé’ﬂwmmﬁusawqmﬁLﬁmmﬂqumaa
sumAluszRudniunans wansihmsdaniefusswineynevesansiufunauiuiions
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! Y] A oA v oA oY a ° % )
agludnuaelif duiliesnainaulditivesendsssud STREL inlinsnsyatemives
asuedilif AzdsnalrauTRgnavesesiannludanas61]

A il 4.4 Fugnuinevesensianlud ENRSO uay STRSL Auasiuduuazansiufumas
(a) SIO,/ENR, (b) SiO,/STR, (c) MgCOs/ENR, (d) MgCO4/STR,
(e) SI0,/MgCO,/ENR, wae () Si0,/MeCO/STR,



63

4.2 NAYINENTENIN ENR50/STR5L NiNafaduufn18AInya9819aauu10
AN8NIUANRYIDINIG

4.2.1 anwaznisiannludg

1AYiNNSANWINAYDI819NENTENI1S ENRSO/STR5L Tudnsnadiu 100:0, 75:25,
50:50, 25:75 war 0:100 Auansifunaussninsassanfuwuniifounisueiuniiusuna
591 80 dau TifuanednwaznsTamluduosersreuUns 91nm5197 4.4 uARSHANTINARBS
Aerfuieatusnvaznisianilug suiuldndnvasnisiaaludersmeulnsuesns
ENR50 way STR5L luasaifiunaudan nuiuniifeaunisusiunniuensid@id 100:0 way
0:100 WU71 819 ENRSO fifn torque difference wazszezinatensiaailudfisnnii uas
sspznafienFuiamludiiganin STRSL uazidlefiansandnunznsianludvesnanesng
AUSHTIEIUTENIN ENRSO :STREL 7 75:25, 50:50 waz 25:75 Wuinan torque difference
wagszuzlIaesianlug ﬁLLU’JIﬁ&JQQ%HLLﬁ sszuzafionasutanludsinualduanamy
SnsdIufianasuesens ENRSO Wisaninenaudn ENRSO (Juenaiifidn Feazanunsadodia
NN5N5218FY8IT AN AL I AN SUBIUATENI NN NANSEWINsensRUan e AT W LE
wmsrzaneuluthvesensilfiAnusinseinseninsestuansiaiiunndy feiuswinldnis
e Aulddndn STR5LI30] waziinisldansmugletaulugnsensnesdnsdainasinls
HuiaFaniflanindranas @nsuanesnvesansiionvinslnganiynisidonainiiiu
polysulphide)  si3eiiaanandlu hydrophobic 1nTu[59] Seanunsadnifuendladnituazan
Hapmmsgaduansinisewesian Ssazsinlviens ENR50 Tszeziasrabuiamludiiuinniy
wazdiszaznatensianlugiidosninens STR5L axdwaliniyiamludensmoutnaduly
pUNUUTEANTAIN

ANS197 4.4 AnwaenTian g UasemNaNsEINg ENRSO/STREL AUanssRkas

ML MH MH_ML tSl tC90

Sample

(Ib.in) (Ib.in) (Ib.in) (min) (min)
E100: SO 2.44 11.92 9.48 3.20 7.48
E75: S25 2.45 11.98 9.53 3.22 7.48
E50: S50 2.88 12.59 9.71 32.04 8.00
E25: S75 2.44 12.20 9.76 2.36 8.26
EO: S100 2.02 12.18 10.16 2.52 8.48

4.2.2 auUladiana3n
A5 4.5 uanIranIsnas i fuaNURlABENASA WUIAT &), &, LaLAn
tan 5 ¥ose19¥aAlug ENRSO 91 100% lrngsdign ilesann ENR50 1uenssssumadilsan
nsineandiaudlvluluanavesemssuiaiuseainluunudienledlaeniu
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UFAseBRendintulasiiseiuvenisindfiendodusious 10-50 Faifuens ENRSO il¢Fad
arundutagandn STR5L[126] uay ENRSO Hlassadnshunanauuuddrdsilinmsuanauiy
asiufussaniiinfeasianuasuundidsumfvomadisuldiedumngananudy
HrvesenailiiAnusinssyhsewinensiuaaiaiundulzo] FeilFsunsisenfiinduse
vihenafuasiufunasiiiaoutnigs waziilefionsandi tan s vesensianludaziananas
dlednduuns ENRS0 anavilesanaundutaiuansnafuues ENRSO wag STRSL Saifiu
avgliiAansnszareiiliadiauevesanstanludluigniavesnsisaosia viliiAa
wuszideulsanniiululuigaavilwazersasesiiuldludnignianiafd6l  uazwuin
Sadrunisuan favsnadeand@ladidnasn vonandivoraiansnszanesiilivinu
vosnsiafunanluignintes ENRSO uaz STRSL Losnansiafuisaessiiadvumeyniad
RN

A15197 4.5 auvRlediannsnuaensianludnanseing ENR5S0/STREL fuansdifunay

Relative dielectric Relative loss Loss tangent
Mix symbol constant factor coefficient
(€)) (€)) (x 10”) (tan 6)(x 107)
E100: SO 2.555 0.0169 0.006617
E75: S25 2.548 0.0158 0.006187
E50: S50 2.417 0.0149 0.006177
E25: S75 2.436 0.0138 0.005677
EO0: S100 2.427 0.0139 0.005717

4.2.3 duURAULTY

AW 45 uansranisnaaeisfuantRcuuds 9inmmeasanuinens
ENRS50 axdinmnuudaganinens STRSL vareuuazmdsnsvuisafenuiou uay ENRS0
71 100% Tuanmzvdinisuamssieonmadeussiandiniuudeiigs uas ENR50/ STRSL
W 71 25-75% uualifuiianas iosieens ENRSO ifugnsildainnmsfnoondioululu
Tluanavesens assuinuussgiiadulumudfienled lnsriudfizediendindy
(epoxidation) InedflszAuresnaifindfiondnduiosas 50 Fedemududrgenienssssumni
vhlu vilimuseanueuldnitens STR5LI126] udluaniizreunsusnssseeinmaeu
89 ENR50/ STR5L sasl 71 ENR50 1 50-75% agiimanuudsnsiuaziuunliuananintos
7l 25%  feiuaniRnuudduannzieusendimsvmssisenadoutiuultufiuiy
Antosiileusinas ENRSO iindu agiiulddinisiiudhaadiuets ENRSO azihlugmsiiia
muuTsda (stiffness) 1unalinmsindouivesaelsneduesanaa31] dawaliAinuuds
g9y enaninnuanImasedUhaTAfAILT namsUuiseaiigandineunts
Uissshomnufeunndndi foradunaduilosnanmsvuissheanudouduanne
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Ao § v a A . aa & Iz s P Y a )
MlAAaN5@euYIN (crosslink) Avesdamesiuasuau Belau1ainniseendintiuves
Fala[32,125] wenanilnisveaedladenidssuunsidenledduanavsossuunisianilud
d! a a . . . . . . o ¥ ca
wuunsUsEaNSAIN (semi-efficient vulcanization : semi-EV) 2gvibig1snauy1IniaAI
Uaeaderanssuiun1snangandt Ianununiusenisideulannindelasunisasgiuiu
Aull mumusieaudeulddndi) sgielsinuensasguilanasinnudangusinin[58] A
yradwnalieslianiinnunds nTumdsnisumsaienusou
N1SNAADUANNAFIUVBIRIMUUNNADANUINAT P-Value Ty 0.001 &
WesnAnseaulad sy (Q) Jeaunseaguladnlivensvavufigiunen fie AlLadevesaudi
AnuudswatenaenUnffanludndnsdiunausening ENR50/STRSL Auansiaifunay
NPULAZUAINITOULTIIIIANUTDULAULANFNTTZAUTBEARY 0.05

80 -
OAged OUnaged
70 -
< 60 [T
2 i
g 40 - y
e 30 - 1
= = d
== {1 1 &
20 - =i
=, =
10 - =
0 1L
E100:S0 E75:S25 E50:S50 E25:S75 E0:S100
Volume fraction of ENR50/STRSL blends

AN 4.5 auTARNULTINDULAZNAINITEULTIMEANUSDUYBIEN AR lUSHALSZ N4
ENR50/STR5L AU1SFLANNAL

4.2.4 guddanudunssnadisinisindesas 300

AT 4.6 uansHansAaeiEtUaLTRAMULAULSSRailelinsEnseuay
300 Fawu31 ENR50 way ENR5O/STRSL waiw Tuanmendenisuussasdiausinnnuduiaie
fnsindesas 300 figenitannzrounsuuswneauoulunndnsidiudieradunady
Weswnannisuusesieaudeuil Wuannedivildianisidenvinsiinvesdames fu
AU Fslaunainniseendinduvesdalig[32,125] warluaniiznounasndanIsuLLss
FrunuSauesens ENRSO/STRSL waw Ine ENRSO 91 50-75% flaudianuduiadiofinng
fa¥ovaz 300 fineh wariluualtuanasit 25% duiuauUirnuudduannziounasudnis
Uasssheenedeuiiuualinfisdudndosdiousuna ENRSO Wndudsnisnnasandaiilals
asfday (coupling agent) AeansAmIuleLau (silane coupling agent) wagansnsyAUaNT
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Fuin (filler activators) Aeans PEG 4000 aslulusnsmesnddafiazdivandunsisensening
ounAvesdan vililasaimisgivestangnihaeldiedulusswinnssuiunsnaui
Joilianumniuasnszanelusdldietu dealfeneuundiammiinanauasyili
nszviunsranduluifietuarasafindiidmasannsgadvaisiass fisemieans
nszfuUiRseassUlnsomeasUssnoudsourasdengd (Zn complex) vuiuinvesdan,
FuhliuAATemssUAatulE aslmiAansRinunamaia doufivedeluanasns ey
ArwBavguresesiariionads8] fasviilienaiiauuiafufundsnsvusseeiniadon
wdwmavilfenstanluddauifonuduiadednisindenay 300 Wsdudnie
MIMAADUANNATIUYEIILUUYNSER AN P-Value flAvindy 0.001 Fatles

v o w

nAnsgRuteddny (@) Jeaunsoagdlainlisensuauuigiuvande Anadevesandiniy
AuusaRuiielinisdniesas 300 vesgenenUnTanludyndnsidiunausening
ENR50/STR5L fUa15 AL ANNAUNULAENAINITOULTIAIEAIIUTOULAIULANAII LU

Hedegy 0.05

8 -
- OAged OUnaged
a 7 4
p=
= | T
) A 28 T
< e —_—
90 51 T S |
= T
Q 4 -
X
= i
221 4
=
S 1
(=]
=\ o

E100:S0 E75:825 E50:S50 E25:S875 E0:S100
Volume fraction of ENE50/STR5L blends

AN 4.6 AUUHANUALAILBIN1SEASDEAL300 NAULALUAINITOULIINILAINNTOUVD
ga¥amludanszning ENR50/STREL AUaNseLRuNE

4.2.5 auUANITATUNIULIRS

A7 4.7 wanaRan1saaesgIfuandRnIsiunIuLsansluanIienaanis
ULTwigaMaAsew wudn ENRSO 91 100% aeilaufsnuniulsianas liewinidlaens ENRSO
lasuauseussyiiismudnenledilaoen Fausailminnisiteuvinsduanaves
819 ENR50 feiuszdmeiuarlendndnes ashliusunumsveulossenindluanageiu
[127] avdanaliauiinsiuunsraaadunuluaie wag ENR5O/SR5L Wauil 75-25% audi
% = = o 2 v A a = a
AUULTIRRziiLwIl duanaudntesidieusunas ENRS0 anad 1884910 ENR50 @111504fn
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strain crystallization 14[28] fsifuZaviiliens ENRSO fautfnnsdinuussisgeninens STRSL
dmsuluannenounsvaswieenniadou  ENRSO/SREL waufl 25-75% Suualiuifiudy
dntlenidleusuna ENRS0 anawe STRSL iisduiilesainluannefilifiiadonisumssig
aufeudnuniendosiu e1s STRSL flassadsluanafiasiiauerinlvanunsofaudnld
SloflusaBal31] dufuTeiilfens STREL Santfnisiuusssgenusnsdiuiiuiy
nsvndeUaNNATIUTEIRILULNNERANUTIAY P-Value Hauviniu 0.221 §s

v @ o

unnAsziuioddny (Q) Fsenansnaguliivensuaunigiundnde Aedsvosaulinig
FUNTULTIAG VB9 19ABNUIRTAA b UTHENSEYINS  ENRSO/STR5L Tudnsndlu 75:25,
50:50, 25:75 uway 0:100 AUEISAILANNANABULALUAINITOULTIAEANSauldiadw
wanenafiseiutaddny 0.05 dmSuNSnsdIn 100:0 wuddn P-Value Sawindu 0.047 B
tosninAseiutodrdny (Q) Feannsaaguliibivenfuauiguvdn anviiALadeves
AU NI UNIULS IR VO RABUUNIR A BULAENAINITOULT IR 8RS DUl A ILANAaT]

seaudedAgy 0.05

18.00 ~
OAged 0OUnaged
16.00 -
< 14.00
a ¢
= 10l %ﬁ 3
= i il
to  10.00 -
. J
- 8.00 -
w2
o) 1
= 6.00 1 | |
=
-5}
= 4.00 -
2.00 - q
0.00 -
E100:S0 E75:S25 E50:S50 E25:S75 E0:S100
Volume fraction of ENR50/STR5L blends

AN 4.7 auURANUAIUNIULTIAINBULAZNAINITOULIINILAINNSDUVBIENT AR LUt AL
¢34 ENR50/STR5L AUASALALNAL

4.2.6 HUUAAUNUABUIITAIUYIA
AmA 4.8 uanamanismaaeAgIuaLtRnuuseusidnauialuana
AouNsUI3snEaINATeY U3 ENRSO 71 100% dxilawtRmnumusieusidaauaiaiigenin
anmevdinsuinisieeiniaiou feaine1s ENRSO feendiausglulassaindliana 39
yilsensdarundudamn Sevdmaliiuszlulasaddluanaivinuantiosas uaziingy
vosdiendladiintuunuiused ililuanavosenaedoudldentul31] ENRSO ferar
nflngandn STREL Fsmrmmilngeagiiliansinfuunnialéfidesniusadoufiiaty
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ldhanelassasimAegiluserinnssuiumsuanauensiuasiaiiu[118] vilansdiy
Wiue1IaEN1INIENefvetasaiilu1alad wazaisdfuanusoasunsdluel
NI mmmaqaumﬂﬂ%mmaﬂLLavawanmmmﬂvaa Luamuaﬂﬂiu ENR50 2gvinlvidl
AT aLSEATUIGU way ENRSO/STRSL Wl 25- 75% auiifieuvusonsd
suvaunTiuiududousinu ENRSO anawde STRSL iindu losaan STRSL &
Tnssaidluanafiannsaiandnldidlediusedn dnfumnifimmusousiaauiniiaigemnu
Snsrduil STRSL 1y warluannendansuasadeendou ENRSO wa STRSL 1 100%
wileviniu waziile ENR5O/STRSL wamfu3unas ENRSO amas a1n 75 9 25% azsily
autRnnumusionsidnaurnanasiefesanluraznissheniuiou ilkAensaans
ftuszresitusuienloswessnauaudiiAntulunsidoledmivedaianass uaznisdals
Tuanaensenmazinuld msaatefuszvesiussidonladusnavans iosnanudouds
linudanguveteanananasdnmel128] WanaImaINIsUNSREANTou e19uaud
fauudegeiuiifuduiaindnfnannujaternindenlssszvivaisldluana
(intermolecular reaction) wagniaufizsinadeslsaneluaslelinana (intermolecular
reaction) fiifisnilugng STREL wawsewinmsumssluaniziifoondian s1ssfnuiizen
aenTuadu (oxidation reaction) Faneliinn sideyanin (desradation)[129]
MINAADUALNAFILYBILUUNEDANUIIAY P-Value flAviafu 0.001
tounindsgiuliudfey (Q) Fsamnsaasuldithivensvaufgundnde Aadevosaut
ANUNUABUTITAIUIN VB WABNUNIATAAT b NNENTIdIUNANSENI1S ENRSO/STRSL fiu
ansFRLNAL NULAzNaINNTaUITIEALSeuTinuLA A TisERUTTd Ry 0.05

yo0 1 OAged OUnaged
)\ 600 -
= F
~ 500 - =+
g [t
S 400 - |
=
g 300 - '\\9
Ry
gb 200 |
E -
=

100 -

0
E100:S0 E75:S25 E50:S50 E25:S75 E0:S100
Volum fraction of ENR50/STRS5L blends

AN 4.8 AUTRANUNURDLIIEAIUVIANDULALAINITOULTINILAIUS DUVDIENT AR b
NANTE1I19 ENR50/STR5L AUEISALANNAL
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4.2.7 dnwaznisuduwasiuingiuy

AT 4.9 uERINANNTARDLALIRUAN YA NNTUILNEluNgTY WUINFATY
AoNUNIARTIE9555U R STRSL WWesuiaien Wevinnsnaaeudnwaznsuiumesuiisiu
Tngldinitu IRV 903 figaumad 100°C Wunatuiu 24 $3lus wuidinisuaawedluthiiuan
HuderazmsidsuulanmesUumsiangaieiesas 205.80 Tuvaziignsensaeuundiiieons
ENR50 Wiessfiaiieniiandosay 31.60 umiiofinsnauszningsns ENR5SO :STR5L fisnsdnu
25:75, 50:50, wag 75:25 phr FansiasuutasUSuasiiiesannmsuiumesduisufanas
ANLERAIUYIE7 ENRBO Tt usisenudnaiuenssssuud STR5L fanauiudosas 165,
108.70 Way 66.10 AUAIFU WUINENUUELAUTDI8IS ENRSO AB ﬁmwmﬂu%’;qmiww
ss5uvATl ¥ldmurennutou wazautBrnudiununisnesilutiulas [125] 34
Araionnaners ENR50 fleenfiaueglulassadrsluana shlersdenuudanniu az
dsnalrannsanusotifunasinyhazanefliidalas W eiuseelulasasnees TNl
Uhinuentiosasuaziinguuasdfiondladiiintuunuiitusze vililuanavessnandeuiils
1nUNNTUL30] Usneufuansiaiunansewins@amfuaniideuasueiun aeiilauifan
nsurmestutingy ddunismeaesilaldansluaurimiiiu coupling agent Haelinns
Safuszuinsansfuduivenalday driuszdaslfnmaniinnudunusenisuaumesty

[ (%
o w a

UnfuAT
N1SNAFBUANLAFIUYIRILUUNETANUIAT P-Value Hevirfiu 0.001 &
WasninAseaulivdAny () Fearunsaagulainliseusvanufgiunanae Anadeveinis

vunadtuindy vaseneeuUnianlugyndnsidiunausynine ENR5S0/STREL fiuanssn
PUNELNDULAZNAINITOULTINIBAUTDUIMILLANNI S AUTBdAtY 0.05

260.00 4 OAged OUnaged
T
—_ 200.00 -+ 1
N
— T
g 150.00 - 3
E ' T
4
T T
£ 100.00 - e -
o0
=
< +
= =2
© 5000 - N
0.00 |
E100:S0 E75:S25 E50:S50 E25:S75 E0:S100
Volume fraction of ENR50/STR5L blends

AN 4.9 AUUTRNSNUENTUNBULAZNAINITBULTINIEAINNSDUVBIEN AR LN AL
581319 ENR50/STR5L fluanseiunas andusesazvosuSuiuiwaou
wiasludlowtdnognslutigu IRM 903 flgaungll 100°C utu 24 F3lag
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4.2.8 auvufnuFoudazaulueg

A 4.10 uansranmsvaasaieatuaueuazanluens 183819 ENRSO uaz
STR5L Tuansimiunausynine@annuiunii@eumsuaiun nuitensianluduesensssusin
STR5L SautRnnudouazausniiens ENRSO Gawadildainnisvaaaude 29 uaz 31 oee
wardea mudiey eldvinisudsusunasnsidiuensnay ENRSO ffu STR5L fismsdau
75:25, 50:50 way 25:75 audu wurnilouSunasnsidrunausns ENRSO anasuazens
S35 STRSL Liuduinlinauandfcanudeuas aulugnsduualiiufiazeosq anas fio
42, 39 uaz 38 paAwALTEA MINAIFU Lesa1ne1e ENR5O feangiauaglulassairaluiana
Jailiensdianududann Ssagdmalituszdlulassadluanaivimuaniiosas uasd
nauvasdendladiintuunuiiused silfluanaveserandeuildeniuial] Tedauals
audAdunsagauaufoulugn ENRSO geninenssssusni STRSL  lun1snaaosilldld
muzduluansianilud wazarsdssliisenqudaiunludiungulnenlea azdwaliens
ENR50 fideulosluanasefuziy fanudumuseanufoulid srsedianuudafiniu
Lﬁmmﬂimqa%ﬂﬂiuLaqasmmwﬁme‘ﬁ:ﬁaaﬂ%Lﬁmmsmﬁaﬁ’mﬁummaulajLtfﬁqLm AU
szneenuasiinnsiienloainau30]

N1INAFBUANURFINVDIFAIUUNIEDATS LSD  (Fisher’s Least-Significant
Different) vasanUAnInusauaradlugnenounIsauLsInleANsoueIgian ludnay
531319 ENRS0/STRSL - fuansiaifiusay SswuiansnsaiSeuiiieusnagiifinnuudssiu
Lﬁwﬁuﬁssﬁuﬁﬂﬁwﬁ@ 0.05 lgidnwau 3 nqude A (75:25 U 50:50), B (50:50 iU 25:75) ua
C (100:0 AU 0:100)

50.00 -
45.00 - T ] Unaged
~ 40,00 - 1 T T
&) 1 1
S 35.00 1
° T
2 30.00 - T T
2 1
& 2500 -
2,
£ 20.00 -
"]
= 15.00 -
10.00 -
5.00 -
0.00
E100:S0 E75:S25 E50:S50 E25:S75 E0:S100
Volume fraction of ENR5(0/STR5L blends

AT 4.10 FuURAIMUSEUALANNDUNITIULTINIEAIINSIUYDINTIaA lTHEAL Y I
ENR50/STR5L AUE1SAILAUNEL
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4.2.9 dnwazangIUINe

A 4.11 (a)e) wamanmdisuInniuiivindavesenstanluddiluvinly
lulnsiaumasendesdidnnsouluudesnang (SEM) fefdsens 2,000 wih Tasami 4.1
(@) uae (e) WuensYanluduosens ENR50 wag STRSL Weswilafion waznmd 4.11 (b), ©
way (d) WussTamludvesenanausyning ENRSO :STRSL 11 75:25, 50:50 wag 25:75 phr
puddu Aldansiifunaudanfuundidounsueiun 91nnsdnwmuin ami 4.11 ()
819 ENR50 1899819187 TaNWIEn1905218MIUe 1N IAaSRIFNHNANTENINTANIAY
uunilifeunfusiusiiaiianowaznizaedldd SnuvasianiiiFeu avdmatemnudelies
sgwhamasnstuasiufiunay wdenudeidonfiniy Usgnoufuasgauleauiiiivadly
TugmsesnouUfil awteuiulssiusssswinsesuazansiafunan vilfidossdany
sarlonnniu medssussnnuaeslugansiifunauituiliandRidnartule1] uazd
wuhudnaiuialifndnvasfusesrquitinanmangaueseunia wansiinmsiame iy
sginseyniavesasiinNanfuL oo segludnuasitivuiy uenaninisinizdaiy
seinseunavesasiRunaazi sz sduatuseninseynadafusntudanals
maimenauifureseynirdinnmenguiufuasnszaesldifiuiy waganmsdaiusening
sumadsmaliiAamanzdniuiuiasiairduiaseninseunaldd dnvmsiduiae
dwavilienauifidnagetul61]

AW 411 (b), (©) uag (d) dmFugnananszning ENR5O fu STR5L #1 75:25,
50:50 Wag 25:75 phr uddy Tdnwaznsnszateiaveseyninasiiunasiiaiaue
mManszeildd uidnvaimildisey fafuausadesidunnnnlumiesie awmi
4.11 (b), (©) e (d) mudvy kansdeanisuenanuyeseETTuIRgein uavdanuin
UinuiuRuAednunndusesvquilinannisugaveseynialussiuidntdos uwansiinisda
imefusswiseymavesaafafunaiuiiosveglusnuasilid wardnvuenisBanigld
lLifavulsiunsefuyiinasnidiuvesens ENRSO flanas Al 4.11 (e) 81953517
STRSL Llgsegafeniidnuagnisnszaeiiveseynaasifunay iadiaue axdawal
a:uﬁ’ﬁLS'?NﬂasuaﬂmﬁamlusﬁaﬂaaLLasﬁﬂwudﬂﬁnmﬁuﬁaLﬁ@é’ﬂwmzLﬂuiawqmﬁlﬁ@mﬂms
WaATeIeYNIAtUsEAUENUIUNAN KanTIINEMNIZAUTENINBYN1AYBE S RUNENTY
Hosegludnualldd Suidlesnanailiidavessnsssumi STRSL ldnisnszane
e saillifle1] dwalviauiRidenafiilngiomzaniuuds uavaudinuduiaie
gn3eeaz 300
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Al 4.11 FugnAvevesensianilus ENRSO uwaySTRSL Auansiufsmey uazensiamlud
WANTEWAN9 ENR50/STR5L Auansdaiiamas a) E100:50, d) E75:525, c) E50:550,
d) E25:575 wag e) E0:S100
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4.3 HAAISAAUNANNUADAUURAAIIUSIUVDIE19ADUUIINEIENIUALAL
a1msguaenassululasian

4.3.1 anwauznsIanlugenspaulrrniialiniunasululasiaw

AN597 4.6 wanmanIsVaaeuifusnuaizn1sTantludueseraneuUn
AU Aesevng (FCBO) Wialdsundsnululasiv azdiuldnaudinnsanailudues
FCBe Tdansiiumanaziirnganinilalldansiudunan Jauansinisifindadiuvesansin
dunanvhldauviaiutuludnvase fillerfiller interaction Wosandnswavosituiian
vieruineynauazINanmiafianasesansifunauilieyniaiRausinsevindotuuas
Wansinziududeudneg nszareialad eimaiﬁﬁﬂm%m%u[& 130] wazn1sldanssi
Wunanly FCBc L‘Uumil,wum’mLﬂummmﬂwmwwumsmLiﬂlmiwu o mmai‘m
svavnaneTanlud () WiinTwiieloutu FCBC mlﬂamimmmau uonanil FCBe 7
lylduasldansifumaniianszoznatsnasuianilug (ty,) seosnate1aiamlug (o) was
cure rate index (CR) anasdiousinaastanludiinty luvasiinisiudndiuwesansia
AlugYileiAn torque difference (M —M,) Wiy wansliidiuinunesiissdunisdenle
iuRupsUSanaensTaanludAiua

AN5197 4.6 anwaiznsianlugeas FCBe lawaslaldansadunay wisliriunasany

Talasian
M, My My-M_ ts2 teoo CRI

Formulas 1
(Ib.in) (Ib.in) (Ib.in) (min) (min)  (min )

FCBc-S1.0 0.32 4.60 4.28 3.53 5.73 45.45
FCBc-S1.5 0.35 5.61 5.26 3.02 5.42 41.67
FCBc-S2.0 0.41 6.60 6.19 2.67 5.20 39.53
FCBcF-S1.0 5.99 19.79 13.80 3.86 10.20 15.77
FCBcF-S1.5 5.81 22.39 16.58 3.20 10.15 14.39
FCBcF-52.0 5.24 26.93 21.69 2.56 10.12 13.23

4.3.2 guURladianasn
A1519% 4.7 wanNan1snaaanfeIfuautRladiannsn wuinan ¢, &, wazAl
tan § 84 FCBc ldansiiunaaziiaganinnlildansdufiuy deuwansdn FCBe luldanse
a a a ) Ao ) Y] a0 v
WunaudAnvasnsalunsuusiasundsnuiianaadundsnululasim (Q) frdey
dloldansifunayatiudmaly FCBe nanaiduanfianunsagadundsnululasinliuiniu
psnddnuduansiifuasussaassunibdouasuaiunuasiiunuasuwsaiining

Jutn Wethasdfunauidnnududaviniswandu ENRSO daduinghunfiaudutn
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wazidlorundundsenilulasoidluly FCBe Aiflansdfunszanedieg dadu FCBe g
annsogedundseulalasaviasuAsuduauiouldAstu uarsfiugedunulassadng
wagiufiinvesmsiifunaniiisdy uandifuinuasiiiuneiiduadludmarili
ENR50 Tnaunfazdaindutaniiddananeuidutanfifitaufiunniul131] Tsaenndoaiudis
Asldansiafuvtinsadiuluenesssund vldAnaudeutula[4,132] vaiiiiesann
FCBC dananazgedundsnlulasinuasiudsudundanuaudouldifiumniu vl
anudnlumamzanzastiesas ilesnidlendulslasivzariuianlndidnainazgngadu
wagidsudundsnumiudou  dudendimsiudeuiinanuiounegludenimie
V31195 (Q) Faazdufusivaunilnihuazauuusiménneluianladidnssn132,133] lag
AvosnsiflavTnannufouneludeniomiieuiing  deaundlilifinnsgade
aunuwivdn uanslddaunsi (1) uagainasnedl 4.7 leinmsuusdadiudTmnaimg i
581319 1.0, 1.5 wag 2.0 phr luudazgns FannsmnaesnuUSinafussuiiinTudma

o § v i wa a & a a 9] .24' & v
WWIM@WﬁNU@WWQI@@LﬁﬂW?ﬂ@JLLu'ﬂu@JLUaEJULLﬂaQLaﬂu@EJ

M15097 4.7 audfladiann3n wazainudntunisnzgnzaives FCBe lauazlyld
ansmaLiunay Weliniunasnululasim

Relative Relative loss Loss tangent Penetration
- dielectric ~ factor coefficient Depth (D)

Mix symbol " 3 3

constant (&, )(x10") (tan 6)(x10") (meter)

(€p)
FCBc-S1.0 1.978 0.0124 0.006269 0.444251
FCBc-S1.5 1.929 0.0123 0.006376 0.442490
FCBc-S2.0 1.990 0.0128 0.006432 0.426784
FCBcF-S1.0 2.160 0.0143 0.006620 0.400447
FCBcF-S1.5 2.002 0.0133 0.006643 0.414340
FCBcF-S2.0 2.631 0.0177 0.006727 0.357358

4.3.3 vswandenululasvifidesamgiinazinatves FCBe Tduaslaildans
ALAUNEN
1h FCBe lduazlylldansiiunauiivuinmumnunve siunagoud 2 wupuns
wazduIuumugdy 2.0 phr avinsAinwingfnssunisanuieunislandanululasm
ImamsmuQ:uﬁwé’ﬁmﬁ%mﬂ?{uwé’mﬂﬂmL’Jv\lﬁﬁmﬁ'}é’ai’mﬁmqG] Aufa 340, 850 way 1,700
o6 Awd 2.45 GHz wazAnwinuduiusszninseumgiiuaznanlunsifnawieuly
FCBe @1 Al 4.12. wansauduiusseninseamaiinasiia1ves FCBe ilofdsinaily
wanAeiy Wieman e idstnsimanzalunisinudeusiondsululasnun FCBc
Tduaglalldansipunay datudiolinnudeuiimdsindamatunuindemgeTndild inndu
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e FCBe Tasumnuseuazldtasad iasanmuuvasauiuuwsiwdnladr (E ) 4
Lﬁwﬁuﬁﬂﬂ}ﬂ,uLaQasuaasmﬂamﬂnﬁam%’uwé’qmﬂmiﬂmwLLazLLUaQn“]umm%aulﬁmm%u
Y a v QAI Q‘ dy d‘l d‘ [ QAI [ I~ v
puanulazduldNaginAwses e Wewwnonsinisivasunaseululasamidundsnu
AMUSAUTLNNIN UV NNITA1EMAINUS U8 TUTUL19PNUIIN IR RN[134] WAy
Fawudni1 FCBc ldanssdunanazlimnuseunuinninnluldasiidunauiianidsing

d‘ Y 1 W d" v a dl Y [ a & a d‘ dl' 1
waysyuzalguingy Wesmnsimunaunldduianladidansa Weadululasiakiiu FCBe
d'd 1 [ a a 1 ] d' [~4 [y % val 1 d'
idunauvesianladidansnuauey saaduiasilsudundanuanusouldfnit FCBe 7
Lififanladidnasnuaneg[135] faiuainnanisnaasdazuin lunistiaudouunn FCBe 1d
wazlildansifunaunlenasanululasnind 340-850 nAissesian 1 way 2 U Jaany
winzaunazin Ul uRan S ausiagnIud 1 a8991115 esannldanlunishiainudouilae
wardunulifinnsdesy

140
= FCBc-S2.0-Time | min ..
120 S
= «+sM++ FCBc-S2.0-Time 2 min
%) 100 ‘.... .o'.
- e=@== FCBcF-S2.0-Time 1 min ol X /.
o @ .’
580 MU
£ -+ @+ FCBCF-82.0-Time 2 min P - /
2 60 ’
£
D
B 40
20
0 . . . .
0 340 850 1700
Microwave power level (watts)

AN 4.12 AnuduiusTEninsaumgiuazianves FCBe Tduaglalldansifunay
Maaneiu Weldiiuuaziunasulilasnvniaeindsieiu

4.3.4 Svdwaanunununuiiinadogungiivazinarvas FCBe Tauaglildans
aaRuraunelanszuIumMIinauiaudglulasian
11 FCBc Tduazlildansiufunan uaziiusununiuzdu 2.0 phr anviniséing
woAnssuvannufeunelindunulilasom lngazemuauidsinduosadulilasomi 850
$ad Ansd 2.45 GHz wazgaIwdNussEwinagamadl uazatlunsiinaufeuly FCBe
Tawaglalldansinfumayiierumundunudeiud 1, 2 way 3 wufiuns auddu Sadunm
7l 4.13 wansanuduiudszninseamail uaznatwes FCBe lduaylaldansiufunay e
ALYt Uiy Savuiudeliautound FCB fimadsing 850 Yaduinfudi
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J2EEIa 1, 2, 3 WA 4 Wil IANUNUIVeTUNUNINNT WUdNseIa1i FCBe lasuaiy
o v % v o g v a v o = Ao
Fouagldunnitdie wasdanudnin FCBe Wldansiuiunaazlvinnueunininninnlild
ansiiunay Wesasdufnddanuazuunii@unsvansiliiduianladidinesn delulle
A v ! o n:l' & [ 2/ val !
paundanulalasiainy FCBe  azanunsagadusasiUdsuilundinuanuioulanni
wszantiledidnasniluaudfnuansdnuanunsalunsgedundsululasiviaznis
HARNEIUANTBUTIAn NN TaadunaIulalasan[135] sizaziunisivaiiuseu
memdundsnululasianity mnufeussundiiuguaua naelugnisuenuaziinalaensy
AOANUMUIYRLUAD ANUVWITETUNUTBeNTIEldTEEEIAININTY AslullAaumn
YDIWUNUTAHARBN1INTEAILRUN Tegedalan lunsaiiaumuivesiuuley (A
W 1, 2 uag 3 lwudiumg) nuitnisganaundsnululasianiaranumgiaviAnainsausion
AUEY LHDIIINYWEITUYIR - AAANUENVEaNEAIwIN TureNeNsIsusIAneuU1Ing
Anuvudesdamalindsudiulngidainuiiianlu wasiindanuuisdnsfianisislauuusii
Usnaiasesdefaguazeimausaiuadwalmianasnugduluguenuidanumungn
[136]

250

e FCBc-S2.0-W850-Thickness 1 cm

emmjem FCBc-S2.0-W850-Thickness 2 cm ™
200 e
e=@m— FCBc-S2.0-W850-Thickness 3 cm oo A

ool FCBCcF-S2.0-W850-Thickness 1 cm .-' Lood
150 e M- .
eeohee FCBCF-S2.0-W850-Thickness 2 cm . P T LLA°
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Funadinemannsalunsusvdsundsnlilasnnifangaduidundsnummdouls
tiow ileldansiufunanasludsnali FCBe nanendutanlndidnasnuazilenunaundsny
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nandaduiandidits viovsgadundsnulilananuassudundsnuanudoulduiniy
FoilileluanavesensrenUdduegnesunss sudumaliiAansidendfusenindy
TuanaviliAnenudeutuuardmalimiminluanassanasine fufuivilviensaouunngd
fimsnszarernudoustrsiiumelunasusingil111] Fuflethensnenunsiiseusdis
hie lWnaaevautinisianludmeniaslodmesiuunenioudl (MDR) dadusauden
usINI w%’amﬁgqﬁmidwmmm%@uﬁmmaajmmamh’m”lé’asmi’;@ﬁal,wmz%uwmaau
fluundn[137] Ssdwaliszoznaniamluduosenreuinsanas udnafienssutanilud
(scorch time) franas Fslddsmansznusonulasaselunszuiunsnanaisnugiass
01913 wasgradnUstiundsfeiiionsneinddsiidiunau vee s TIT ATt AL

'
1=

Wusee Jelanulilunsifiaujisen sulufeduiuzduluasianluduazliaiuiou

Y
v

mendalulasion Fufnnisuaniuszgesnnanaluiussifen@dinnudusiiuinnda vin



79
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yilvaudRnmsiuussisanas Wesnideifiudshilasiawyilvianuduwesauniluiinmn
JudswalimagadundanululasuasUdeudundsnuaiufounisluniules] way
uaﬂmﬂumiwmmamwmamvmmgﬂsmaaﬂ611mwmndmnmmaammwqums
dinanelglananaiintulu FCBe [128]

30.0
o 250 W~
T -
< 200 f—— S
=04 !;““ N2 @ A A A -@----- LT L
°n e e
5 150
=
w
= 100
)
=
5]
=50
0.0
0 200 400 600 800 1000 1200 1400 1600 1800
Microwave power level (watts)
—— FCBc-S1.0-unaged --4-- FCBc-S1.0-aged
—@— FCBCcF-S1.0-unaged --@--FCBcF-S1.0-aged

AN 4.18 AUURAINUAIUNIULIIPINDULAZNEINITOULSIAEANNSDUVDY FCBe Tauay
Talldansafunay wWslirunazitunasnululasninasinanieiy
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180 + D100 watts B200 watts B300 watts B400 watts E500 watts
160 -
A 140 -
O
2 120 A T
£ 0] = q
£ 80 N TR
= 3 SaE g Do
60 - Z-Z- R Y S
[0 N R N
40 1 ? ﬁiiii i%iii R \
o = ::%.
ﬁ g
0 . g . R .
0 1 2 3 4
Time (min)

[y

MW 4.22 ANUFNTUSTENIRUMATRUIa YR AR A uTEeN LA RS0 1MT WeNY

Y

nasululAsINANaTInAs1iUY
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4.5.2 mnesevsuTALsdaRauiuiatusunanimaass

mMsnaaeunsBamiloamsonsnaasuuseBadnuiy 1unsmaaeulaenis
uenszvistuestdlufetu wasTagiuiuldluresaneniududssemslunssuaunisude
wuusaLesnmsguinendsnulalasmiiigs 300 Yo Ainduenud 2.45 GHz T 2 uil
ndsniuiludatugieiniosdnlensoaniiussiu 200 kg/cm’ figumad 150°C an
syogamstamluddl 2, 5, 8 way 11 Wil 9 mdl 4.23 wuiannevesnansamludi
5 8 way 11wl vslviauaudfusdafinuuuves TCR/PEL, PEL/PE2, PE2/PE3 uas
PE3/BCR flAngeninunmsgiuveslssnuguando 12 N/mm osnnnnsléndsnululasim
Tumslianudeudadunsliinrmudoudasiimg agiliesdimiufouiinduognmeis
wargumginisluidesnszanesiedisiinglunadusnsuieminaiuansoly
mManzanzawesndululasiinles] denalnnrmanansalunsmzanzaiesaaulylasion
aunsnedutede aelutagladidnainaziilalnavesudasluanasesdiegodisliduy
sudou Felalnaluudazluanaazusenaulufednuinuastiau iedaualviisiwtan
laduinasnilvlalinaluisasluanasSosdirusrandussSovnazadudatununis
Wasuuamosnaudeninmsadutaluiegunadwedlalnarliinmadendiu sutu
fuluanadiduy andenuesninlusuresnnufosnisluluanauaziilesnnluanasg
meludandsnan deiamuseusndaluenasulu uddesdsmuieuseningnieuen [4]
uawlileN91san PE1/PE2 uay PE2/PE3 nuinAussBainuuuiiuunliiuanailoszozina
mstaaludgedu iesanduinluilassatduanafinefuogmaing nirensaoutnd
daldndanulalasnnlunmslianudou asilianuseuanaislufutuesasnfuey
nszaresenwiniimeluszazinatdusiniiing Wessesiaviifuvildian dema
Souoongfintanneuanlddinit Ussneufumsthandatusuiessoznams ianiludiuiy
JuduammyiliAansidouanimilesnarueu

20097 GTCRPEI  ®PEI/PE2  @PE2PE3  BPE3/BCR

18.00 -

16.00 -

14.00 -

[LITH-

12.00

10.00 -

8.00 -

6.00 -

Adhesion strength ( N/mm )

4.00 -

2.00 4

(LTI b

0.00

2 5 o8 11
Cure time (min)

AR 4.23  auduiussenisanTRusBafauuuues TCR/PEL, PE1/PE2,
PE2/PE3 way PE3/BCR fuszaetiaInisianlug



89

4.5.3 A130DNUVUNTTUIUNTTENTUTURARS sTanBnIud1FBI0 M Tagld
wislulasiansaniuisliaufounuurad
4.5.3.1 MIvONIUUNTFUIMTANLTBULUUSTUUsBITlDg
Aanszurunisusnaziiunisduianlaonisldndsaululasan dsudig

R

nvuaunsYanlud (vulcanization process) Tneldssuusatuguieusuminiou niousis
Ailafansuseniiandaa wazauanvesiagiithisunszuiumsdudidylal dmsu
seuulalesnildsunusuniasoufidwind uvaunates (multiple low power magnetron)
Tunslianudou asdeviliAnnsnssduniafslnualmig ngluaimdetu i
viouszAndainnislviannudoudiul142,143]  wazsruuwvuiagiiiuamuidosius
Wesnyeusninseuiisagn mszuninseuilidsuaslifigunsaluszneuvesszuy
Bu ﬁﬂﬁﬂﬁsqmmeiqﬁwLﬁmﬂéuﬁiWﬂwgﬂ Tneszuunuuiiazindeuaninseuliseuy wil
yosninuiouennalan s dedianudaseredy fhswuLLUU‘ﬁLﬁ'aLﬁmmiﬂ?ﬁmﬁammm
uinilnseusledamils szuudaianildsoly viienstadalasmiaitetensizeiliiene
i uduilasfemyaiiunioniisuutayszuuansniiagdontavialamumiuuninson
Tofld wiosisamnsauiuiadalasaildesagann e nluszuuienduiifunisseu
vanes uazmeluglisdinstouadululasnivaresiums shlddunuld Sundsnuniu
lalasiavegnevhiasiitnananiupduiniy arsissuumuauiiiusyansn gyl
N3EUIUNTINAINTOU MIBNTEUIUNISLTIUASEAN (chemical reaction acceleration)
Hulveehefivszavsam132] szuviildeenuuuiiunganfusuiuunisiauiidesnis
AnudteifiosaanszuIuns Ssannsafishiunsnihunssiunsuanldesismoiios

Al 4.24 wanInsEUINITSAtuTURERSustaenuddsseinisingld
wdsmlalasnnfuisliaufeunuuaaiy Aoisuanga (A) aen Ui msuuy
SouuuunEnesy (uiunuiiimsvssnavszninsesnenndiuntidnge 3 fu s
Soufesuda) avlvalaednluianiion 8) Aeolusdlulasiow warldszovnaniignil 5 und
Foawinsefigailldiam 3 wifl (allddrendsnulilasnm) wasvhnsgusiendanululasi
7l 300 406 PAUAILAT 245 GHz iuszzien 2 unil ndINTuANEIUAIABIEISLUY
Souiundsenbilasionaglnadealuifluian (©  Aewndesdatuzuuvulansodnasld
szezialunsougnueewn 5 undl figauvgll 150°C  loasumunaiiimunaglvaly
Fowfuiign (0) Aoidudufdniasy warannsndiassuuunsEUINNMIIUNWA .25 uay
AN 4.26 AL



1. glusélulasiavemuem 5 wes
2. véasululasa 0-500 Tad

1. isasdntugluuulalesin Huwneuseiu
200 Kg/cm® UGSANueIva4ueiuda 5 g
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B I c D
e
N
1
]
pEERP
FEvnuaNe9Ng =k alumsse 3 il 1. ssezmlumsaadugy 5 il Fevnuaded
wuurBniasy NETINUUTYENAMANIY ] 5 aqmnfl 150 asmieaidos amnsduiagy

lulastaviaziinauldoe 2
wndi # 300 Tnd aasutim
ffnuad o mE ey
lulasianazngamaiianunas
derolutiunaumssatugy

a Y Sl 1A o o geed v W
AR 4.24 URuAInTEUINNNIERTuUNGndnTiaen U e slagldnd s
TulasnsuA USRS D UL UUA AL

AN 4.25 wuudnaeansruuMIdaTusUNandusiaenuanaesemsiaglina iy
TulasnsuAUIS IrAMUS o UL UUR AL
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4.5.3.2 A108NWUIUNTTUIUNISIAINLURBANY
TUNTLUIUNTHANNARD UNANIUA LA LIDINITAIYNTTUIUNITINANUS DU
WUUSEUUREY agyitnseanwuusruuyinandung (batch systems) Aesyuvaziidnwaizidu

¥ o
a v o !

AR InefifuuninseuinfeUssnuiufiais seduunasiiasrilfiianisaffeusinn
Uszglauazlauesszuy dauinanlauarUnaziidatesiusesiuvouvesuszy Tnevily
U%Lam%aﬂizaﬁazaaﬂLLUUIﬁL?Jué’ﬂwmzﬁL‘%&Jﬂfh Arotmasniaslda (quarter wavelength
choke)[144] Tnsagrinisanaduiisisenlidninfdafisensuld Gen1ssalvadiszey 5
wuRng 1nfasesiesdinissilnavesaduliiin 5 mw/em’ uwarluvaeiissuulalagiam
auardisvuudumesdenifiefiavinisfnszuunisyhauvemasiiendy Guninseu)
Taesmlusi@ mnuszguesiglaluaiin wievniinnsdiinduiiesnunainszuuifufidad
Avuald szuuduneshennazdnssuUviud

4.5.3.3 HANTENUADRILINGDLLAYNTUTENERNE L

walulagnisiiaudousglulasian Wumaluladazenlinenisiiauadiv
naomeiesnnldndnulninvdsudundaueduuimaniiiviolalasin  aeld
winfinseuduiiifinndy drunsussndanduvosnaluladnisviasdeudelalasion
HosnnimsvheudoudeiBtdsyansnings InewsanuedufidsiiulugsTaquasiinig
dewanusoniatulutaglaenss viliseansamlaesalunmsoisymdmuanudouls
\NAMSgeyLde

MnanENsgu FCBe ldmsiufunauuaziiuunaiugiui 1.0 phr fe
w&sulalasin 300 ad Airduainud 2.45 GHz Wunan 2 witanansavildenspeuuiaed
pudosneluiunudl 7075 ssrmaiieadeunssatuzudesruulensedniionmgd
150°C e 5 ufuaganunsnananldlunisevansis (curing time) 16 30% slasaunis
wanidaiieutuszuuiildlsdnisgulvimnuiou wasdlevinaiuIeuiisusundanuluing
T¥dsnalsianmdsnuanunadilifingguseanuouls 49.20% sesounsnan (Swaziden
ANUAIANUIN U: ﬁunumzmumsﬁm%{ugﬂmamﬁmeﬁmawma"%ﬁmmms)

4.5.4 AAINITNEN UAZAUNUNITWER

1ASINISHAANARAUNAYNIUALELIDIMNT HANEINISHES 102,000 1unsHel
B9IA N9 x 812 x WU 1 0.5 WAT X 5 WAT x 7 TaAInT AnFUfUUNTHERIZLANS
Aldarelunisdniufanssumianisndnielildundmansusiia faanim auaiiy
FOINTYBIGNAT FILARIANNANITISN 4.8 (SN8AZIBENARUNIANLIN T: SIANIEHARI
d1593U AunuingAunITNas FunuNsTUINNITUANENENAUAISAT LaZAUUNTEUINNNT
SndugUnandusianeniudidesonms: ilemsussgndlilugnainnsay uazn1aad v-8
AUUMSNERRARSuatanenuaLd s svensruIunsHankuuvalulusn)



a = = v a ! a o |
M19190 4.8 LU?EJ‘ULVIUUiWﬂWWUV‘!UﬂqiﬂJamﬁg‘VijqﬂLLUULﬂﬂJﬂULL‘UUIW@J
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LRGN .
318N13 nsiUaguLUag
WU wuulnl
Lywmgrdndasidnsagy U/ 9n) 5,000.00 5,650.00 + 650
2.59PFunuIgAu (U gn) 4,673.50 4,548.00 - 125.50
3.N5UWMTUAREN (U171 YA) 16 12 -4
MAININER (8 V3L YA) 30 40 + 10
ALY 2 AU (8 U/ VD) 600 600 0
Anasulnd (un/ ya) 600 450 - 150
4.n58UIuMISnTUIY (Ui/ ) 20 5 - 15
szezatsuglulasiav (Wil 4n) 0 2 +2
MAININER (8 ¥4/ %YR) 24 68 + 44
ALTINU 2 AU (8 B8l./ UM) 600 600 0
AnAsUln (Un/ 9n) 7.50 3.75 -3.75
Arndsulnih (lasim) W/ ) 0 0.06 +0.06

4.5.5 AANULATUTIIUNITHENNYAANNY

lunsamuiiielildnanouununiundeinisiiugefifuinisezieunde
Tngamznisasyuiisveneianiskasn1samuiion1suiulss Weseinilunisasuiidesld
JUUTELIUINUINNIN FIAITNTTINBANUDE195UABY AnSULASINTISHAANAAN U AgNIU

8118899719175 F9LATN1TIATIHIIAANNULAUTUIUNITNENNIAANYUTDINTEUIUNTITHES

wuuhiy wuulng wazuuudssgnd Fadnduazdesdinissiusindeyasununisudnfidainy

NEITRINY MAINITHAR T1ANVIEADNUIY 185U AUNUAIT AUNURULUT wazAuUTIY

Judu daduazuansmainisuandeUlulusnuesnisamu auaniseazidenniunised
4.9 dmiunsmuuUTnaungeAuu (Breakeven Quantity : Que) = FC/ (P-V)

Qge
FC
VC
TC
P

\Y

USHaungaauyY

£
1%

5%

= AUIUTIM
= S1ARENUIY
= aunuiuLUsiamie

v N A v = 5y
AuuAL Aenununliduediu
AUNUALLUS AeAuUNTUeL

(%

U

TUIUNU

o 1

FYUAITHER

FNUIUNRUIUNITHER



o v a a o ¢ o a Ao o a 1 _ag «
M19190 4.9 WunUﬂqimaWNa@ﬂm‘Vlﬁ']EJW']uaqLaEN@'TVnTVIﬂqaﬂﬂqiwa@@@‘iﬂu‘uuiﬂ

318N13 g aaen1suansal (ludusn)
LWUULAN uuulud
NAINTIINER RS 36,000 102,000
IIAEHANTUIIEISAU WAS/UM 1,000 1,130
s185U UM 36,000,000 115,260,000
FC-funuaail
*Lﬂ‘%'aﬁﬂs_ﬁqml,miuimnw UM 0 3,099,999.80
Rulutianinau_ 3 hou UM 45,000 45,000
Useudolssau UM 60,000 60,000
Fau-fununsil UM 105000  3,204,999.80
dununsiideniag UM 2.92 31.42
VC-AUNUAULUS
mLLiNm_Whﬂﬁmsﬁu'gU U 180,000 180,000
ATIngAU_e19paNU1e U 25,365,600 71,869,200
ATgiu_dlndleaines um 5,940,000 16,830,000
Afmndu_e1eiin UM 1,440,000 4,080,000
AINEI9Y_ L um 55,080 76,500
ANy lulasian um 0 1,224
ANNISHANA U 35,294 100,000
AYanAudodssny UM 21,176 60,000
Algdnmantsasnu UM 17,647 50,000
AlEIegeuU3 um 31,765 90,000
Sau-Fusuiunys U 33,086,562 93,336,924
AuvuruLUsdaniag UM 919.07 915.07
é’uvgusfm U 33,191,562 96,541,923.80
AUNUTINABNLIY UM 921.99 946.49
EREIVT

1. 1139150880 300 Tusot AuIALUURLAI&INISHER 8 TaluedaTu
2. USUNaUNISIEINAUUSUNIUNISHER

A
Y
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3. * MwInAINALEINTIATeAs Ui NaNuRgunalife AnddeuLATeTnTT

5 Ulng3Bidunss uagli 5 iasesdnsilyariann 1 um
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A5197 4.10  LARSYAANYULALUTINUNTHERTIYAALYLYBINTEUIUNNTHER
A5UlATINITNAAREN AAANENIUANFEI0IMITILTNITATUIUANANUAFIU 3 LUUAD
wuusiy wuulng waswuuyssend ol

1) wuuLAy 1%%@34@60@@ﬂizmumswammw’%Lﬁu 0] éfunumﬁ 105,000 U
IAVIEHENUIY 1,000 UM wazAuuURuLUSAaVIY 919.07 UM FeaglaUsunanswand
ANNUYINAY 1,297.42 LIRS

Fuvuify vngdmivanulsznounsfildanunsoifiusennsndsligeduld
Hesndesiaduidniswanuensiosing Susdosnlensednuzdoddinalunisdndugy
wAnfuai 20 udidendnduei 1 ¥n dmnanuysznoumsfesnsiaLiinfidanisuan
MALNLILUTEEY rdoanTensuyszanaiiisiuiunn o1ty deafinansnisnanivil
Fefudunuilanfnduliud msadiseinslsany msdiaussn waznisteiniesdnsysln
Dusiu

2) wuulml Mfeyavesnszuaunssdauuulvafildanmnuifeluaded dadu
mstmdsnulalasamdiangiegussneuunddeunsiiludatusunandaife dunuasd
3,204,999.80 UM TIABREVLAY 1,130 UM azduyuiuLUsAeniae 915.07 Uin deaz
oSN HERNIIARNYUYINTY 14,911.83 13RS

FBuvulmi vangdmivanuuszneumsidosnsifingonnisnanlagaunsn
Hesesdnsifegidudinlvglunszuiunisadnuuuiiy uaglifind§enu Sadtoausii
fuperlunisguesessnndroudrgtunounissntugunanfasiddnamuiansguiuns
Hunen 7 wiidensudenEngug 1 9a frfuaunsafivsonnaudadetu 6 $alu) 2103
NEALUUIANAD 24 wn 1Tu 68 Wn (Ynaz 5 1WA wazamnsanAnNAnuenIANTIdoL
(A gy ¥ nieuisanunsosmheldlusiaiiganduuuiiude a1nen 1,000 v By
1,130 U LLazé’J’ﬂmmmLﬁugmqﬂé’ﬁwﬂwﬁé’é’w Farindansnannasaetyinldaniu
Usgnoumsanansadimls 69.37% WeiUSsuiisuiunszuiumssanuuuiiu

3) wuutszend ldauaTnvieseniisveswuuiiukaslitayaiununsi uay
AunuRuwlsenisvawuulng Ae Gﬁunumﬁ' 3,204,999.80 U S1A1NERDNUIY 1,000
Um wazfunuiuuysaeniae 91507 v deazlduunaunisnanfigaduyuivindy
37,7136.96 LUAT

BuvuUszynd mngdmivanulsznouildinisufuusinszuiunisnin
Mnuuuiinfunuulnsiiefinseaniswdn widllamisaaizgrugnAnlmailifedining
FnJudesvenanduanlusiaauds 1,000  Un Fefndanisuannaonmetyinlianiy
Usgnaumsananandifils 20.22% ileFeuifisufunszuaunisndauuuiiy ddudinn
anulsznaumsanansomgiugnébmildiiatannsaaafilslduingsty
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1%

ANNULALUIUIUNTHER
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AdINISHaRRaY
9805 Qg AMAINISHER Y $1ANU8 195U mls
(Lun3) (un3) (U ) (Um) () () %
LUULAY 1,297.42 36,000 33,191,562 1,000 36,000,000 2,808,438 10.41
wuulu 14,911.83 102,000 96,541,923.80 | 1,130 | 115,260,000 | 18,718,076.20 | 69.37
LL‘U‘UUSSQﬂ(ﬁ 37,736.96 102,000 96,541,923.80 1,000 102,000,000 5,458,076.20 20.22

v

AN 4.27  WARIRARNNUKATUTUINNTHERTIIAANI UVBINTEUIUNITHEN

9 9
[
v v 1

wuulu FeaglduunanisnangaAuuviiiy 14,911.83 was feduaiusananazdladn
nszvunsndnuuulnd Wunszuiunsdntugundadasiaemuaideemsingldndny
TulasnsuAUIT AN ULV UALAL Aza1unsavinlianudsenaunisiasunnlsannnig
Anfiunugege Walsuieuiunssuiunsnanwuuiiuuassuulssend Wasinusua

A Ao ' a a o v ~ o I v
N1IndndIuIULINNIIUTUINNISNER IR AN Felinnuminvausaza L Tululanay
ilUuszendldlugaaminssugwioly

40000000
41 ==-== Total cost
35000000 — Revenue
30000000 — CY, -]
A 25000000 — -
= AP
= g &
= -
F— GO00000 — e
A\ W 14911.83
15000000 — 4 : .
P ! Break event point
10000000 — - 5
5000000 - _.-" 2
i Q..
1 BE
1] T T T T T T T T . i . 1

0 5000 100040 15000 20000 25000 30000 35000

Unit (meter)

'
= ¥ a

MW 4.27 eAUYULaTUSIINNSHERTIIRANNUYaINTEUIUNM INEAKUUTY

9 9 9
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4.6 NANTIATIZANITAMNULATINAG

TAssnsnsiauInsEUIUNIsatusUnanduriasnudidese s inelindany
lalasmsmfuislieudounuusady Wumsamuioufugudlodamananiidor s
fnqusvasdifiolmduiieusuvasgnd viedesnsdiuutsmesmaianniu madndulaly
MsaamulagNsRNTINNNTFUIUNMIHEALUULAY Fsmsiasgiidunsiududiuddy
faneuvilsvesmsinsgianudululdnsamulasing mszdanudfyeanudisa
vadlazans wieuanisuimsmedumsiuiianunsodielvislsvesdaseninfiutu uae
inlilasan1sinisdanasniesunisiueg1alivsegansam anunsaussqdnunelaniy
fumeurasnsdudulasensld dldanmnsanvausedneld gsiafasuanu Jedanals
gsfafamganmsiiiuns viednianisly defugsiadsfesdimsdanismanisGuiioly
vssquilwanewiinisegsen waramydulavedasing ddunided §idesesarde
foya funisnata Mumeila Fudainden wazdunisdans Wudu lumsfiansand
Uszanaduyuiazkaneuunuveslasins meandesluaildaesisg uenandddinng
ATIENABATINARBULYIY TEzaIAunY kaznanunIsRuneldnuliitueuves
LATYINA

dmsunmsiesginisanulasans emuazain 1057 azaauiugiluns
AT sliilusunsnd1593UNsIRs12iN5839) (Investment Analysis, Version 2.0
Beta) 1ntelunisiased lnsuvasiiinvedlasenisi ﬁﬁuamuﬁgﬁu 16,500,000 U™ &
dngrunsacu (@ruveniwes . antunisiiu) Ae 3% ¢ 97% FaUszneusie diuves
W93 500,000 VM KaFINARTTUMNNTSEY 16,000,000 U asnsautaduniiausseren
15,000,000 VWA MHAUTTEYEY 1,000,000 UIM WaRITIEazBeanunTIeT 4.1

= ° 1%
M19199 4.11 mimwumimaaswmiamu

h Y a

—— - —_— = | |
dnnudndannar 3]l Gugszuzm (3] azualdiayatanazludea(izad) Aidudfia

finualAsEEIATaNUL

FIEATFRINU FRIVIUL LENF UL

1 |fEu

2 |eenslsaamudniran

= - '
3 [asTimasuaznnue

4 |wieadhs_gmanlulazinl 500,000.00 15,000,000.00 15,500,000.00 3% :97%

5 |gunsalirealidminau

6 [erumawus

7 |2u Gy Funindenng)

8 |Fuq (s=y Fumdninnag)

9 |Fuq (szy. Fumdninnag)

10 | @uds @Eduifwnude) 1,000,000.00 1,000,000.00 0% : 100%
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4.6.1 AATIERUTTUIUNITRUAUYDIIATING

AldaglunsamuisuavadassnsmafaunssuIunssntusUnandas
memusidstemsingldndsnlalasasuiuitiianuSeusuus iy avudadu 3 d
Feusznousemlddeneunsduiuns dunindans uazuumuiou dniuenlddne
Tunsasuianunveslssnuusazdniineandeon fil

4.6.1.1 elgaenounIsaiiunIg

dmsuarldieneunsdniunis Wud alddnslunsuims viiednldaned
Lﬁmﬁﬁumﬂmsamia‘wmmmsmS] Adatuluszninansieadns LLazmﬁamé?wmq AIUAIY
Fosnsvedlasinis  neufitsdnisdiiunusss Faaldieneunissniuanulaeyssunn
UTENOUMYIIENITAN il

ﬂ'ﬁﬁﬂ?ﬂmLLazﬂ'ﬂ%"«jwlumsl,m%‘wmiamu 50,000 UMW
A5 TENYDRUNY NN 5000 UM
AfnfefedIs 5,000 UMW
AlgTelun SNy 25,000 U
Alganglun1snaansnan 35,000 UM

SEagH) 120,000 U

4.6.1.2 Amlgiegluduningands

dsuaildareluaunsndons ldun alddefinatuiomsings uazdszney
yanlulasion feduasuludundndanslaouszann dssnouyanlulasianduiagy
U 1 g9 9ANgAaE 15,500,000 UM

4.6.1.3 JuyuvyuIgy

dwsuRunumauieuliun SuiuRuduidomslididelunisdamauning
viudgunsududmiunmsduiuau 1iua Jnghu 500,000 vm gunsainisedn 350,000
v uaziuanluiie 150,000 v GeunuviuisuvediassmviammalaeUssunauintu
1,000,000 un

4.6.2 ATILNUTTUIUNINTLUERUEAYDIIATINNG

éi’m%’umsﬂizmmmﬁﬂszLLaL'EuamImqmsmiﬁwmﬂizmumiﬁmﬁugﬂ
A Sueianenugassomsiagldndinulilasnnduiuisldanudoutvusaiy aui
37EJﬂ'1'ﬁ%’aamﬁmqm3ﬁuLﬁammauuﬁaimaﬂmqmi Fall

4.6.2.1 S¥U8I@INTAATIENATING 5 U

4.6.2.2 é’mmaﬂlﬁﬂL'Eufj’jszaszmﬁmamﬂumiﬁuwiﬁu 7.25% %Qlﬁﬁ’]ﬂ’ﬁﬁ
Runaamuinuiy 15,000,000 um seeenal)) 5 U Iﬂsﬂ,usﬁ:}\i‘dixﬂa‘uLLazaﬂﬁgﬂﬁqﬂLWﬂﬂﬂﬁL’JW
szdesinenendeliiuanTunensdu daumstsyAutuduaSutiseduddn 1 98anns
fufiugsiaauasy 57 FewazBoansiieiuiusaznondouaniniunsed 412 oy

M5797 4.13



a

M19197 4.12 niRu)sreren

99

HOME [E

> N r i
ngmilddaysiantzludaaiasd)Midudda

sl Nﬂ’sw'ﬁ'ﬂvﬁuﬁsm =u17 (Foxed Loan Structure Settings)

Fruauiud (Loan Amount)

2 a . . da
15,000,00000 uwm (I.I’11'1FI151.I'1FIWﬂlﬁiﬁﬂ"iﬁi\lﬂ?ﬁdﬂ'ﬁﬁdﬂu wasuludes (2) Taﬂ'ﬁ:‘lusﬁuvunu‘qu‘uquﬁﬂu]

Swsmands (Interest Rate) 7.25% E sl FzazaR (Pﬂrind]E bl

a4 . = = = = = c - da
FesuiATsRaTuATREY | FUTATEHRILTIR TR TUT AR UG STU AEaY | TuRilEuf (Start Date) I 1 - I A | I

2560 | |

siudutiauthss | ¥

0 0 1/01/2660 15,000,000.00
1 1 1/02/2560 20,625.00 208,165.42 258 780.42 14,791,834 58 258,780.42
2 1 1/03/2660 85 38732 205 423.08 208, 78042 14 582 411 48 EGT 520 .84
3 1 1/04/2560 88,102.07 210,688.35 28872042 14,371,723.14 896,371.26
4 1 1/06/2560 88,820.18 21186128 288,780.42 14 168 761 88 1,185,161.68
5 1 1/06/2560 85,548 56 21324186 288.790.42 13,848 520.02 1,493,852 10
[ 1 1/07/2560 84 260.23 214 53020 208 780.42 13,731,885 83 1,782 742 52
T . 1/08/2660 82984 11 215,826.32 288 780.42 13,616,163.51 2,0581,63284
a 1 1,08/ 2560 81,660.15 21713027 208, 730.42 13.299,033.25 2.390,323.36
k) 1 1/10/2660 80,348 33 218442058 288 780 42 13,080,681.16 268811378
10 1 11172560 T9,028.57 219,761.85 268, 730.42 12,860,825.30 2,987,904 20
1l 1 11212560 Tr.700.84 22108068 208.700.42 12638, 730.73 3,286,604 682

| 12 1 1/01/2561 76,365.09 222 425 33 288 720.42 12,417,314.40 3,585 486.04

JlL
A151497 4.13 i']ﬂmiaﬁm’suﬁwiawﬁﬁzﬁuﬁiwzmaé’mm%ﬁ 1-5
ik AMUIUNUHBUYITE (UN) AGERIGEGE
Houthszaenide Heuthszdudy  Tiudusoutisy WUAUAILYED (Um)

0 1/01/2560 15,000,000.00
1 76,3265.09 222,425.33 298,790.42 12,417,314.40 3,585,485.04
2 59,692.47 239,097.95 298,790.42 9,641,035.09 7,170,970.09
3 41,770.10 257,020.33 298,790.42 6,656,650.61 10,756,455.13
4 22,504.29 276,286.13 298,790.42 3,448 561.74 14,341,940.17
5 1,794.35 296,996.07 298,790.42 0.00 17,927,425.22

4.6.2.3 NNSATUIUANFDUITIANVDIAUNT NGNS UN1SANANLFDUTIALUU

HUnTe wardyarginawnie (madyd) adgavinewiiiu 1 umdmiuaudeusanyainn

lalasian Anszeziian 5 U 39518a8188AnN15AUIANLEDNIIATLEAIRINAITNT 4 14
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A15199 4.14 ALERUIIAN

AATnA N A taE NS [RELE AnndasAL B uazilyaArsnaawiamaiud) a daavie windu 1 )
nyanfansEnsiunindansiifeamnsiardeinm asifensaza-unsdls e e unindudazsnamns

™ ffu 20 E - _
T anpnslsssmwdninem, 20 E . _
I leffinaiiacsnusa 10 E = -
4 Ln‘?ﬂﬁﬂi_ﬂanq‘l.uTﬁ:Lﬂﬂ ] E 1550000000 | 309999980 | 3,099999.80 | 309999980 | 309939930 |  3099,999.80
I gilnsafiededtidntno 5 E - _
™ gz ] E / _
r E'u'| (.. Fumineics) 5 E : -
B Eluj(m...ﬁuﬂ’ma'm'li] 5 E - _
[y Elu'| (5. Fumineigs) 5 E - \

H 619909960 939999940  12,399,899.20

URANATEA 12,400,00020 | 9300,00040 |  6200,00060 | = 3,100,000.80 1.00

4.6.2.4 ﬁﬂﬁmmawﬁmﬁmﬂﬁ%%gﬂ 51A1 5,650 U/ 49 (5 1ums) d1msy
RULASAM 60 JU  BIORIINITRLVDISIANT1NeTUEIUN 23 wa 4-5 [Wudninsesas 2
LAY 3 MIUANU T95198LLNUTTUIUNISEBATIIAIUASIN 4.15

A15199 4.15 Uszanunseenag

HOME El @@ ﬂ_sm'u'i#iagam'dﬁ:'i'ueiaq(Lﬂﬁa’)'ﬁl.i'luﬁ'rf'u

']JE:I.I"Iﬂ.I.ﬂ"I TEIRATE

UFSHIURSERA

P |eewusfeeamns 115.260,000.00 117,565, 200.00 118.,816,504.00 123.513.958.12 127.219.419.09

P2 - - - -

P3 - - - -

P4 - - - -

P5 - - - -

P& - - - -

PT - - - -

P& - - - -

P9 - - - -

P10 - - - -

Growth 2.00% 2.00% 3.00% 3.00%
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4.6.2.5 aingivgseeuUndtlanitay 70.46 v flndloamesiiowiu
aundanssvamansusidniagy s1aiumsay 55 Ui wagenstinuiiansUszatuiia
FIANUATAE 20 UM %aé’mﬂmsl,ﬁmaqmﬂﬁmqﬁm’mﬁ%aawizmmiwdafﬂﬁ 2-3 ugy 4-5
Judnsnfevar 2 uas 3 auadisu

4.6.2.6 dwsunisgadelunsnaniegay 2.00

4.6.2.7 TudiRau 300 Jusiel

4.6.2.8 syzavhuiuay 8 FaluseTu (08.00-17.00 1)

1.6.2.9 Fuieuvesmiinaudienanludusn 180,000 U1n wiouHaA131e
Suieuntnnu wiutuynddesn 5% ded uagaifuluaninmu 3 Weu wasfinduyn
Ushedamasi 5% sod

06210 Tsnundndudmugeaey Sluuasdasdimdnisdafisdulugag
U 2-3 uarlutaed 4-5 1JusnsFevas 2 uaz 3 Muddiu

0.6.2.11 easrsnglag i allwih Watugnddesa 3% set

0.6.2.12 eldRremansnan indundsiesa 5% sed

4.6.2.13 e¥agfuFedssnu adunndedng 2% detl

0.6.2.14 eiduuseiude Wutundesanasi 2% ol

0.62.15 erilddedandn Wutunndsesngm 2% sed

1.6.2.16 aldTrelumsdontge isdunnddaesne 5% sel

Nnto 4.6.2.5 - 4.6.2.16 A310AzIBHAYTHINUNTHUNUIBA WA 4.16

M15797 4.16 USEAUNITAUYLUE

E ® ﬂ?mﬂﬁ’iagam'm:'l'u':ia\:[Lﬂﬁﬁr]’ﬁlt‘ﬂuﬁ'h
Usmnumsiunusy
FHMIALL Uszmiunu Uszueunnsiium
1 |ArimgRy Gumunlsiu 71.869.20000 | 7330658400 |  TAT7Z7I568 | 7701589715 [ 7832637406
2 |Avinghu_fnTfianmal Gumulsiu 16,830000.00 | 1716660000 | 1750893200 | 1803522996 | 1857628686
3 |dndmn 5u_s7einnn Bumuun s 4,080,000.00 4,161,600.00 4,244 832,00 4,372,176.96 450334227
4 |Fuwdew wminedi o= unuulaiu 180,000.00 185,000.00 158,450.00 208,372.50 21879113
5 |Arwdtau_ funuulaiu 76,500.00 78,795.00 B81,158.85 8358362 8610142
& |Amdeu_lulasod Gumunlsiu 1.224.00 1.260.72 128854 1,337.50 137762
T |Ameesa ﬁu'quuﬂen"u 10:0,000.00 105,000.00 110,250.00 115,762 50 12165063
3 Fiﬁﬂqﬁ:uﬂﬁiﬂwﬂu Bumunlsiu 60,000.00 61,200.00 £2,424.00 83672.48 6434593
3 |ArlEdwdaedaleu fumuulaiu 50,000.00 51,000.00 52,020.00 53,060.40 54,121.61
10 |ArlEdedantings funuulaiu 90,000.00 94,500.00 99,225.00 104,186.25 109,385.56
1 |ibasins_smenlulasad punch 309999980 | 309999980 | 309999980 | 309999980 |  3099.899.80
12 |Auluewine a'l.l.'!"l'l.l.ﬂxl"!"; 45,000.00 47, 250.00 4961250 5209313 54,.697.78
13 [dlszfusdalsnmu ﬁu‘qua\l'ﬁ 60,000.00 61,200.00 £2,424.00 83672.48 6434593
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4.6.2.17 AATERUILTUIUNIIATLUARUAAVDILATINT AIUANTNN 4.17 Wang

NIzhARUAnTUAVSAraNYRdlATINTT WBNTINTBLARUAN TUANSALAUNUIINNATINYDY
MlsavSudawinn® Andeusia Rudszezdu Wmiln13a waiingnuiln1sAnuinsening
U1 wasdn 2 veansisudulasansaglasunssualiuan suaTUAUTILILRUTITIEaIYY

PBULSUAUNINITWINAY 16,500,000 ‘Um%qLﬂugamﬁmmﬂwammaqnimaL'Euamfdw KL

ANAURUAY WAaTRUANAUADNLLY

A1319% 4.17 $18MINTERARUARTUASaYaNvaIlATINIg

1A59n13 nITLAluansUaNS (UM) nsguaRuanSugNdazal (Um)
Ui 0 0. ST -16,500,000.00
Ui 1 3,853,505.21 3,853,505.21
Ui 2 15,745,091.91 19,598,597.12
U 3 16,283,650.04 35,882,247.15
U a 16,920,251.89 52,802,499.04
U 5 17,702,455.14 70,504,954.19

dmsun1suszinamsmls @1anw) Useanamsauna kazlseunansnaumu

NIIYNIVBAUNAFIUNNNTRIUGAINA IV NAY J1U150931982188A1NAN519N 4.18, 4.19

Ay 4.20 MUAIAY

M19197 4.18 Uszaaunisils (v1anu)

s /7

ENF
1 |semwnn 115,260,00000| 117,565,200.00| 119,916504.00| 123513,999.12| 127,219.419.09
2 |dh sunuwlsiu 93,336,924 .00 95,215,539.72 97,132,306.07| 100,053289.31| 103,062,287.09
3 |Aleanemu) g (1-2) 21,923,076.00 22,349 660.28 22,784197.93 23,460,709.81 24,157,132.00
4 |#n s'iu-qum-ﬁ 3,204,899.80 3,208,449.80 3,212,036.30 3,215,765.41 3,219,643.51
5  |fnlai(amiu) Aannmnzea.(3-4) 18,718,076.20 19,141,210.48 19,572,161.63 20,244,944 40 20,937,488.49
6 |tn Andausen 3,099,899.80 3,089,899.80 3,099,899.80 3,089,899.80 3,099,899.80
7 |vn mendadne - Fuffszazann 1,002,799.45 809,205.73 601,100.56 377,396.18 136,923.30
8 |vnmendadne - Lﬁuﬁsza:ézu 82,500.00 82,500.00 82,500.00 82,500.00 82,500.00
9 |Als(aemu) 8vE Aeudnan (5-6-7-8) 14,532,776.95 15,149,504 95 15,788,561.27 16,685,048 42 17,618,065.39
10 |#0 AEdula 15% 2,179,916 54 2,272,42574 2,368,284.19 2,502,757.26 2,642,709.81
11 |Anlsi(anemu) 4viE (9-10) 12,352,860.41 12,877,079.21 13,420,277.08 14,182,291.16 14,875,355 58
| 12 |ﬁr|‘hf{mm;m) Azau enl | 12,352,860.41 25,229,939.62 38,650,216.70 52,832 507.85 67,207,863.44
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M1319% 4.19 USTIUNITIUN

r1n179U88 (Balance Sheet)

NuAruzauA1a8q (Owner)
20 [nu 500,000.00 500,000.00 500,000.00 500,000.00 500,000.00
21 [filarnany) gz tnin 0.00 12,352,860 41 25,229939.62 38,650,216.70 §2,832,507.85
22 |fls/ e g4 12,352,860.41 12,877,079.21 13,420,277 08 14,182,291.16 14,975,355 58
23 |sudumesdnes (20+21+22) 12,852,860 41 25,729,939.62 39,150,216.70 §3,332,507.85 68,307,863.44
=
24 sl uazdruamainies (19+23) 31,959,819.81 4217441261 52,726,373.95 63,878,161.45 75,587 ,868.05
» Ny 77 —
il & dupadness (1424) | \__-13- | e 0 000 000
(FradaugNnTNET g - o T umiﬂﬁ’: i tiydaaih

) ), i
\ i ! -1..-,:- 1 /

1 |Ham17E 115,260,000.00 117,565,200.001  119,916,504.00  123,513,999.12| = 127,219,419.09
Ll ARl er Ut €

2 ﬁu‘r]u ﬂsﬂ“ﬁ 3,204,999.80 3,208,449.80 3,212,036.30 3,215,765.41 3,219,643.91

3 ﬁm]u wilsfiu 93,336,924.00 95,215,539.72 97,132,306.07|  100,053,289.31|  103,062,287.09

4 ﬁm}um (FCHVC) 96,541,923.80 98,423989.52|  100,344,342.37|  103,269,054.72|  106,281,930.60

5 ﬁ'ﬂ?f(‘!ﬂﬂ“f]u) fuﬁu (1)-(3) 21,923,076.00 22,349,660.28 22,784,197.93 23,460,709.81 24,157,132.00

6 gﬂéjuﬂu 16,850,202.82 16,677,305.41 16,903,408.08 16,930,094.98 16,995,703.89

4.6.3 AATITiNaRaULNUAIUN1TAMU Lazn1sandulaidanlasenis
AUTraIRT0IN15ANYY ABKUTENBUNITABINTITNIIVINLATINITAIMUTAIY
WigausunTRveg1els IefinnsunanNanIIneuLnuAIUN1TAMU tnudIdeariiaTIEn
HANBUWILATUNITAWY 5 diufie Aeseavidunsialull
4.6.3.1 9NTIMANDULNIUGIRAY (Average Rate of Return: ARR)
) = = ° a o ad a X = = U A
JudnuwazvesmsiSeuiigumlsgnandnsniiaduuTouiisuiuiuamu

[y

qviziamdevedlasanis wull ARR AaealATINTSHAWINTY 82.19% wandnasialull



DNTINANDUBLNUNLRAY

° a a 1 a,a a
= Mlsgviziafedol/ BuamuiSuusn

(67,807,863.44 / 5)

16,500,000

13,561572.69

16,500,000

0.8219

82.19%

4.6.3.2 svzLIanAuyu (Payback Period: PP)

104

Juszornafinanauunugnsainnisasiufionisiianviiduaiiuasmuves

1A59N15 INNITIATIEINAABULNUAIUNITAMUNUTY IATINITNITHRIUINTEUIUNTEATY
sUnAnfuaenuandssemstasldndsnululasinsiunduisiiaueunuuausy &
srgznaTiumsAuuUszna 1 U 9 weu 19 Ju mevdsnnidasliuians Jaluszeziani

liunutin uimsfinnsanemgssesnalunmsiuyuazildedofelilldfasanyariveatud
ANAINILNGAT N ERruRsesinnsanasrazalun Py Usenaufuan NPV wazen
IRR Mniisuiusarmanauunumgaiitmela (The minimum attractive rate of return:
MARR) j#l 19.25% (ﬁﬂmﬂé’mmamﬁaﬁuﬁ 7.25% + 9n913uLle 2.00% + 8R51AIY
e 10%) WelSeudisundamuindr IR fdnnnindn MARR wansinfinameuunuiiti

1 U a A d'
WEﬂf\]L“U‘Uﬂ‘U 6;]51EJazLaszJizmzumaiszzLamﬁunumumiﬁw 4.21

A15199 4.21 USEUanNIIsEesiInAuY

AlrzanaunnsTzEEiIan ALY (Pay Back Period)

da a oo a
(?:ﬂ:mmﬁm;u = TEHZIIA WUAATL (RAU) ﬁml.mﬂuwu@mu 31 I.TJ.ITF]NﬂW?)

1 |ilaanei) avE wdaiang 12,352,860 41 12,877,079.21 13,420 277.08 14,182,291.16, 14,975,355 58
2 |uan endeuman 3,099,999.80 3,099,999 80 3,099,999 80 3,099,999 80 3,099,999 80
3 |un ﬁufjmzé;u iav(am) 0.00 0.00 0.00 0.00 0.00
4 |un Eminedn faam) 5,689,645.00 113,792.90 116,068.76 177,585.20 182,912.76,
5 [vn @nmfmm"w ai(ae) 17,289,000.00 345,780.00 352 695 60 539,624.27 555,813.00
6  |Buanfll (1+2+3+4-5) 3,853,505 21 15,745,091.91 16,283 ,650.04 16,920,251.89, 17,702 455.14,
7 |Ruaaf (azdy) 3,853,505.21 19,598597.12| 3588224715  52,802,499.04| 70,504,954 19
B |Fuaes i lesams 16,500,000.00 16,500,000.00 16,500,000.00 16,500,000.00 16,500,000.00
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4.6.3.3 yarUagUugnd (Net Present Value: NPV)

Huyaiuanssasiieszninayadtagiuvesnszuaiuanugrsveslasanis
FURLAMUITILIN A ST NaRULMLTFDINS WiedunuveaiunLYeslAsINNg Faimun
Snsrmnuassliiviadu 10% wudna NPV aaenlasenisaanyiniu 34,798,398.69 11w 9
eaziBoayartagiugrsamuned 4.22

4.6.3.0 DRTWANBULNUNTAMU (Internal Rate of Return: IRR)

HusnsraneuumuilanidnsAnan (discount rate) vadlasens AsTnasiily
yardagtiuvesiuaniildiulusman wirduGuamuiaelulutagdu wuiid IRR naen
TasamsiiAwifu 61.09% Ts510az180n8N51HARBULNLANSAMULANINLANTISA 4.22

' 4
njaunlddayaiawosiudedpaad) fidudda

o g . o=
BRTHARELLYIUIRAR ( Internal Rate Of Return : IRR ) LL@:Hﬂmﬁﬁuu@ﬂE ( Net PresentValue : NPV )

R

10.0000%

(w1t - 1)

0 o1 Fuludnfuanu -16,500,000.00 -16,500,000.00

1 3,853,505.21 3,853,505.21

2 15,745,091.91 15,745,091.91

3 16,283,650.04 16,283,650.04

4 16,920,251 89 16,920,251.89

5 17,702,455.14 1.00 17,702,456.14 61.0882% 51,298,396.69 34,798,398 69
6

3.6.4.5 aytin1svinmls (Profitability index method: PI)

sdilsiludnsdiuszninyanlagiuveanssuaiuandigvsiunssuaiu
andwasuatusn wui Pl aseslasamsiidvindy 4.19 madndulaseuiulasinsamu
gfsanduidnisidlsuinnit 1 wansirdinszuatuanidiinnnitfuamuisuusn
A1UNTkAAITNTAIN Aip ddnisviiinls = yardagiuvenszuatiuaniu/ yaen
Uagiureaduasu

(3,231,450.91) + (15,181845.44) + (16,168,316.14) + (16,896,596.65) +(17,697,145.99)
16,500,000

69,177,079.41 = 4.19
16,500,000



unii 5
dyuna

5.1 a@5Unan33e

5.1.1 3vSwavesasiuAuLazasiaRuNaNTsineautRsrsnauUfa WY
Aa89MT
$nQAuens ENRSO MRs a1 100 phr Tdansiaifusay @@nAuuuniides
asuaiun) wwliaudRledidnminuarausinamuihiuindy ENRs0 ldansiaufufivsia
Fen 1osae ENRSO 83 uasuunii@eunisvoun Slassadulmanauuudtadeil
annsagandusdundsenlilasiviuasuasudunudeuldd deusmnamsifunauiia
asludsnavilst ENRSO Taaundazdaindutaniidanmeundutagiifidufumnty fadur
TaudumusonisAsuuanuingurrdmalvaslsluanasaadeuiildonunn
Ju Feamrsonudeintunazivhazaiefliidaldd uasnuirdugiuine fifnvasnnsg
ns¥uiveteuMAmIFLANNAL g LaNe n13nszaemaldd dnuasRoviiiFeu avdama
fenrwdaiiosssninaastuasiaiunay axfinudeidonfintu fufussdanudils
nnnvddsannsadluliusslovilunsidenldinghivens uagansdifunas ianisuan

wandasiedlugnamnssusely

5.1.2 BN3WAVDIEIINENTTHING ENRSO/STREL  fisinasdeautRensnauuad
ANENIUANAYIDINTT

PNNsAENwANTREINaNUIT ENRSO fi8nsndu 100 phr ldansiuifunanszning
ganfuuunii@ounsuaunazliauUafiangt STREL 71dns1dau 100 phr imsiwiAnnis
Fouleaiuseinszninsansifiunauiu ENRSO d1vsusnsuay ENRSO/STREL  fi8msdan
75:25, 50:50 waz 25:75 phr wuiman sadeuiiwwilunswasunlasiianaadedn
duNELY8I819 ENRS0 anas 115881 STR5L tinduluauUiaAinnuuds wazauduuseia
dlefinnsintosay 300 uenanilnuimanismagsuiivualfunisiasunlasiiiintuile
SasnaunaNYeEs ENRS0 anaviienns STRSL induluauifinsiuuses mmmuseuss
fnaun waznuinduguinenidnuugnisnsranediveseynaasiLiunaniaiase
N353 18f bR widnuarvesRminliiSeudlesnsidiu ENRSO anasniesna STR5L
ity dmsuntsmeaaesinsléiusunsy minitab urglumsiaseivisedutedfay 910
MRzinuI audBnnuuds autienudunssiaiiefinstadesay 300 autirumu
seusidnaun wardnvaznisurmedluingy fie P-value HpsninA1szaulisdAgy 0.05
Feannsaaguliinbiveonuamdgiundnie Andsvesensrenundianilud nausening

v o

ENR50/STR5L NouLaziaInIsouLsanignusoullmuuanaessautisdany 0.05 @15y

o w

auUANIIAIUNIULTIAY TA1 Pvalue  1nndAseAutiadiAty 0.05 Feaunsaasuladn
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goUSUANLATIUNANAD ALRABYRIIABNUIRTaATIUDNANTENINT ENRSO/STREL naulas
naaNIseuLTeseAuTeuliinuuanasissRutedAty 0.05 fdaiuatAnuintaain
ATgannsadluldysylevdlunisidenldingAvenanauiuansdufunay wWenisuasty
gRamMnIsNe sy

5.1.3 BnswaasfdunauiiddeautininanudouvesensronUiidaneniy
fudesamsiigudendsnululasiov
USunauiusduiiiutuiiuunldudmalian Uil didnasnvesensnondnng
aemuadssomnsilduaslllaldansspunaniwdsuudaniiviugniies dmduiiady
nawarndanulilasriintuszdmaliosneuundaenuddssemnsildan sy
wanarligamgiaeninilildmsiufumay esanansiuiunandautiladidaniniigandi
e?fwzﬁmmmmiaiumi@m%’uLLazLﬂﬁauL?;Juwé’amumm%aulﬁﬁﬂ’i’l yonaninisliany
Souseadundsrnlulasionty  anufeunsunsiudunuanaglugnisusnuarina
TAEASIABAUNUBITUITY  ADAuvuve st uutesniiasldssosinantioonin faiu
ndaululasianaiuisadilulssendldguensasuUiinaieniudndeseimsldansiay
wan Tisudouneuingnszuiunstamludld lnedadevdniifinadonisivasuntasgamai
LR PRTE VR FUIR La Tl

5.1.4 3nswaansAuAnnauiddesutininienmusensauUfaswIY
fidesamsiigudendsnululasiav
1INENIENITIULNABUUIAA MU NA RIS Ida T NANNEY Uag
Usinaurtaedudl 1.0 phr fendssululasnn 300 a6 firduannad 2.45 GHz Wunan 1w
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1. ANYIBNTNAFITAAY LAZEITANAUNFUNNFADAUTANIBAINVDIE19ABUUIINEIBNIUY

AN8899I1S

1.1 wavesszuunmsianlug

ANS199 N-1 waneasuanwen1sIaAlugas ENR5O wag STR5L AUANTHLANLAS

P RIGHAGHY
ML MH MH_ML tSl tSZ tClO tCSO tC90
Formulas (Ib.in) | (b.in) | (b.in) | (min) | (min) | (min) | (min) (min)

SiO,/ENR 0.7 9.4 8.7 2.3 2.6 5.4 6.5 7.6
SiO,/STR 1.8 10.0 8.2 3.0 3.2 5.0 6.7 7.7
MgCO3/ENR 0.4 6.7 6.3 2.0 2.7 3.1 3.4 3.6
MgCO4/STR g3 7.9 6.6 1.6 1.9 2.1 2.5 2.7
SiO,/MgCOs/ENR i1m5 11.3 9.8 1.8 230 3.9 6.0 6.2
SiO,/MgCO4/STR o7 14.6 11.4 14> 1.6 %) 3.6 4.3

1.2 wan1svnaeuanltRladidnmsn

AN519% N-2 wanedauaNTRlaBIAnASNYete19TaAlug ENR5O way STR5L fuansdmu

LAZENTHUAUNES
PN utoe Resonant Quality | Dielectric Loss Loss
frequency factor constant factor tangent
(MHz) (£r) (gr) tan & =(g)/ (L)

SiO,/ENR 2407.26 81.13 2.39666 0.148561 0.061942
SiO,/STR 2411.36 90.46 2.32125 0.119188 0.051370
MgCO4/ENR 2402.17 85.88 2.49052 0.131059 0.052756
MgCO4/STR 2441.83 98.42 2.36931 0.097343 0.041139
SiO,/MgCO4/ENR 2398.43 75.42 2.55520 0.168930 0.066168
SiO,/MgCO4/STR 2405.56 83.82 2.42712 0.138728 0.057166
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ANS199 N-3  NANAADUALURNISNUUNTUNDUBAZNAINITIULTIAIEAMUSaUYDI8N9 AR LU

ENR50 way STR5L fuansifuazanssufunay anusasazvaasunud
WasuuUadludlauddegndluigdu IRM 903 figaung 100°C wru 24 Falas

Formulas Chang in volume (%)
Unaged Aged (100°C, 22 hours)
sample No. |4 2 3| Mean | 1 2 3| Mean
SiO,/ENR 35.11 | 35.88 | 36.72 35.90 2451 | 24.11 | 24.34 24.32
SiO,/STR 223.08 | 222.87 | 222.75 | 222.90 | 153.34 | 154.07 | 153.98 | 153.80
MgCOs/ENR 38.51 | 3897 | 38.63 38.70 27155 | 27.02 | 26.90 27.16
MgCO5/STR 190.80 | 191.00 | 189.41 | 190.40 | 120.65 | 122.00 | 121.00 | 121.22
SiOy/MgCOs/ENR | 31.93 | 31.20 | 31.67 31.60 19.58 | 19.44 | 21.19 20.07
Si0,/MgCO4/STR | 204.76 | 200.83 | 211.81 | 205.80 | 137.08 | 135.88 | 137.05 | 136.67
2. Anw1BnEnasINaNTTNI9 ENRSO/STREL  filisioaudfnieninussensnauuig

ABNIUAAYIDINIT

2.1 wavessyuunsianlud

A157197 N-4 NANAFDUANEYNITIAAIUDVUDIENIHENTLINe ENRSO/STR5L AUaNSALALINE

M, My My-M, tsy tso tco teso oo

Formulas
(Ib.in) (Ib.in) (Ib.in) | (min) (min) (min) (min) (min)
E100: SO 2.44 11.92 9.48 3.20 3.59 4.58 6.14 7.48
E75: S25 2.45 11.98 9.53 3.22 3.43 4.56 6.11 7.48
E50: S50 2.88 12.59 9.71 3.04 3.58 5.05 6.31 8.00
E25: S75 2.44 12.20 9.76 2.36 3.05 5.04 6.46 8.26
EO: S100 2.02 12.18 10.16 2.52 3.56 4.45 6.17 8.48
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A1519% N-5 waneaeuauTR ladianmnsnvase1sTan ludnansEnI1e ENR50/STR5L AU

ATALALNE

Formulas Resonant | Quality | Dielectric Loss Loss

frequency factor constant factor tangent
(MHz) (£r) (gr) tan & =(g )/ (£})

E100: SO 2398.43 75.42 2.55520 0.168930 0.066168

EF54525 2399.32 78.20 2.54838 0.157795 0.061866

E50: S50 2406.48 80.88 2.41708 0.149212 0.061774

E25: S75 2405.03 83.91 2.43564 0.138316 0.056775

EO: S100 2405.56 83.82 242712 0.138728 0.057166

<
2.3 NANINAFRUAINULLUS

A1519% N-6 NANAADUANTAAINULTINDULAENSINITOULTIAIEANLSDUYR I8N TaA lud
NALSLI1I19 ENR50/STR5L AUAISALALNAL

Formulas Hardness (Shore A)
Unaged Aged (100°C, 22 hours)
R T 2 3 | Mean | 1 2 3 | Mean
E100: SO 59 57 55 57 61 61 64 62
E75: 525 54 58 59 57 61 62 60 61
E50: S50 56 55 60 57 60 61 59 60
E25: S75 55 54 56 55 61 59 57 59
EO: S100 53 55 51 53 57 60 60 59
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= wa Y ~ A a A v | o v
A157199 N-7 WaNAARUANUAAINULAUAWLBINITEATBYaY 300 NOULALAAINITOULIINIY
ANMUSDUVDIENT TN L UTNALSEING ENRSO/STR5L fuanssiuka

Formulas Modulus at 300% elongation (MPa)
Unaged Aged (100°C, 22 hours)
sample No. |y 2 3 | Mean 1 2 3| Mean
E100: SO 4.8 6.1 4.4 5.1 6.8 7.3 6.0 6.7
E75: S25 5.0 5.6 5.0 52 6.5 7.1 59 6.5
E50: S50 6.0 4.7 49 5.2 6.7 6.7 6.1 6.5
E25: S75 5.1 5.7 4.2 5.0 6.1 57 6.2 6.0
EO: S100 4.2 4.3 5.0 4.5 6.3 4.8 5.4 55
2.5 NONISNAADUANURAAINATULIIAG
A1574971 N-8 HavadeuaLTRAMUFIUNILLSFInauLaT U INITa U IEALSouYed
g9damlugnaNsenIng ENRSO/STREL AUa1SAILALKEL
Formulas Tensile strength (MPa)
Unaged Aged (100°C, 22 hours)
>angp\ e No- "o 2 3| Mean 1 2 3 Mean
E100: SO 14.0 14.2 12.9 13.70 15.8 15.1 15.0 15.30
E75: S25 13.1 , %% 12.8 13.20 13.1 14.0 12.8 13.30
E50: S50 13.3 13.0 13.6 13.30 13.0 12.6 14.0 13.20
E25: S75 13.5 12.8 14.5 13.60 12.7 13.1 13.5 13.10
EO: S100 12.3 14.0 13.0 13.10 12.5 14.7 13.0 13.40
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A15199 N-9 KWANAABUANURAIUNUABLIITAIUIIANDULALAINITOULTIN LA DUV
g9vam ludnansEnIng ENR50/STREL AUaNSHLANNE

Formulas Elongation at break (%)
Unaged Aged (100°C, 22 hours)

sample No. | =y 2 3 | Mean | 1 2 3 | Mean
E100: SO 585 634 545 588 508 597 530 545
E75: 525 562 588 551 567 6l T 499 532 514
E50: S50 618 569 541 576 519 482 508 503
E25: S75 584 608 545 579 500 476 524 500
EO: S100 549 626 538 S 598 547 490 545

2.7 WANISNAABUANUANISNUUNLY

AN5199 N-10 NaNAABUALTANISNUUNLTUNDULAE AR INTITOULSIAEANLSaUYBIEN TaA bud
NANSZNIN ENR5O/STR5L fuansdfiunay Andusasazyoalsunad
wWaguwasludioudsegnsluingu IRM 903 figaunigi 100°C W 24 Falud

Formulas Chang in volume (%)
Unaged Aged (100°C, 22 hours)

PEo. | 2 3 | Mean | 1 2 3 | Mean
E100: SO 3193 | 31.20 | 31.67 31.60 19.58 19.44 | 21.19 20.07
E75: 525 70.00 | 67.20 | 61.10 66.10 44.22 | 43.04 | 44.80 44.02
E50: S50 100.23 | 120.11 | 105.76 | 108.70 | 72.14 | 74.07 | 71.20 72.47
E25: 575 162.12 | 160.45 | 172.43 | 165.00 | 110.43 | 108.26 | 111.31 | 110.00
EO: S100 204.76 | 200.83 | 211.81 | 205.80 | 137.08 | 135.88 | 137.05 | 136.67
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2.8 Wan1sadsuanUAnINusouarallugng

ANS199 N-11 NaNAARUALTRAINUSDUALANNDUNITAULTIPIEAINLS UYL TaA ludka
Y3379 ENR50/STR5L AUANSALANNAL

Formulas Temperature (°C)

Unaged Aged (100°C, 22 hours)

Sample No. | 4 2 3 Mean 1 2 3 Mean

E100: SO 30.00 | 31.00 | 32.00 | 31.00 - - - -

E75: 525 40.00 | 43.00 | 43.00 | 42.00 . - - -

E50: S50 36.00 | 41.00 | 40.00 | 39.00 - . - -

E25: S75 37.00 | 40.00 | 37.00 | 38.00 - . - -

EO0: 5100 29.00 | 28.00 | 30.00 | 29.00 - - - -

3. InSwassRNRaNNfeaNUARINToUYRI1IRBNUIINGATENENIUE LIRS

3
duatgnasululasiaw

3.1 NAYDISEUUNITIAAT bud

ANSI9N N-12 HaneasuanweNIanTluguas FCBe Tanazluldansiifuna
USunauansiambugnmnanu wWalufiundsnulalassn

M, My My-M, tsy ts2 tcio teso oo

Formulas
(Ib.in) (Ib.in) (Ib.in) | (min) (min) (min) (min) (min)

FCBc-S1.0 0.32 4.60 4.28 3.01 3.53 3.58 3.60 573

FCBc-S1.5 0.35 561 5.26 2.82 3.02 3.25 3.48 5.42

FCBc-52.0 0.41 6.60 6.19 231 2.67 3.04 3.11 5.20

FCBcF-51.0 5.99 19.79 13.80 3.18 3.86 4.15 543 10.20

FCBcF-S1.5 581 22.39 16.58 2.56 3.20 3.48 4.92 10.15

FCBcF-52.0 5.24 26.93 21.69 | 2.00 2.56 2.63 4.42 10.12




3.2 Wan1IvadavanuRladianasn

A1519% N-13 wanedevauTRauTRladiannsnuas FCBe Tawazluldaseifuma

Usunaansianbudiisnany wWislunundsnulalasmm
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Resonant Quality | Dielectric Loss Loss
Formulas frequency factor constant factor tangent
(MHz) (£r) (&) | tan & =())/ (€))
FCBc-S1.0 2438.26 92.86 1.978 0.1240 0.06269
FCBc-S1.5 2437.34 89.33 1.929 0.1230 0.06376
FCBc-52.0 2466.59 94.72 1.990 0.1280 0.06432
FCBcF-S1.0 2451.22 92.05 2.160 0.1430 0.06620
FCBcF-S1.5 2402.52 77.08 2.002 0.1330 0.06643
FCBcF-S2.0 2409.87 T.855%) 2.631 0.1770 0.06727

3.3 NANIINAFRUNOANTIUNNANTOU IR

M13199 n-14 wavedeuaumnives FCBe Tduaylldasimiiunan Naisneiu Wislinu

kAL UNE U lUTATINARIAIInARN9AY

Temperature ('C)

Level (watts)

Time 1 min

Without mixed fillers (FCBc-52.0) With mixed fillers (FCBcF-52.0)
ARE P v 1 2 3 Mean 1 2 3 Mean
0 30 30 30 30 30 30 30 30
340 46 43 43 44 45 44 46 45
850 50 a7 53 50 58 58 58 58
1700 96 95 94 95 109 113 108 110
Time 2 min
Without mixed fillers (FCBc-S2.0) With mixed fillers (FCBcF-S2.0)
0 30 30 30 30 30 30 30 30
340 46 49 49 48 51 54 51 52
850 68 72 67 69 83 86 89 86
1700 120 118 122 120 129 132 129 130




3.4 NANIIVAFBUNOANTTUNNAINTOULDAUNUITUFIDE 1R U

d' a 1 I 1 - a tdl
M13199 N-15 wavedeuaamgives FCBe Tduaylildansiifunan Nanumunves
FUMBDL19AN9TU wazia1eaiy Wonundsnululasind 850 1ns
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Temperature ("C)

Time (min) W850- Thickness 1 cm
Without mixed fillers (FCBc-52.0) With mixed fillers (FCBcF-S2.0)
sample No. |y 2 3 Mean 1 2 3 Mean
0 30 30 30 30 30 30 30 30
1 57 53 55 55 59 59 59 59
2 75 75 75 75 97 100 94 97
3 102 110 106 106 163 153 155 157
4 149 153 148 150 204 210 207 207
W850- Thickness 2 cm
Without mixed fillers (FCBc-52.0) With mixed fillers (FCBcF-52.0)
0 30 30 30 30 30 30 30 30
1 54 49 50 51 51 54 57 54
2 70 73 73 72 90 97 92 93
3 96 93 96 95 133 130 142 135
4 128 132 130 130 184 180 188 184

W850- Thickness 3 cm

Without mixed fillers (FCBc-S2.0)

With mixed fillers (FCBcF-S2.0)

0 30 30 30 30 30 30 30 30
1 a8 a3 50 ar 54 46 50 50
2 74 68 68 70 84 90 90 88
3 77 87 82 82 23 120 117 120
4 108 112 116 o 160 165 155 160




133

4. dnswaasiRuNaunideaudfnIanInvaseIsnaNUIIREIENIua IR TTITY
daenwasululasion

4.1 NANISYAABUAIURUILUUVDINUGY

ANS199 N-16 waneasvaALTRAMUNUILLURUSEYaY FCBe Tawazlildasiiunay

Usunaansiaelugnenaiu wieluiiutasinundsnululasinandain

AU

L2

#

Cross-linked, mol/cm3 (x 104)

Sulfur (phr)

0 watt

Without mixed fillers (FCBc-WO0)

With mixed fillers (FCBcF-WO0)

e Noam)1 2 3 Mean 1 2 3 Mean
1.0 0.57 0.55 0.56 0.56 0.87 0.85 0.89 0.87
1.5 0.73 0.66 0.68 0.69 0.88 0.95 0.90 0.91
2.0 0.84 0.88 0.89 0.87 0.94 1.02 1.01 0.99

340 watts

Without mixed fillers (FCBc-W340) With mixed fillers (FCBcF-W340)
1.0 0.66 0.70 0.68 0.68 0.85 0.77 0.81 0.81
1.5 0.60 0.64 0.65 0.63 0.82 0.77 0.75 0.78
2.0 0.51 0.54 0.54 0.53 0.62 0.65 0.68 0.65

850 watts

Without mixed fillers (FCBc-W840) With mixed fillers (FCBcF-W840)
1.0 0.46 0.50 0.48 0.48 0.55 0.62 0.60 0.59
A 5] 0.40 0.45 0.44 0.43 0.57 0.57 0.54 0.56
2.0 0.33 0.30 0.36 0.33 0.48 0.40 0.44 0.44

1700 watts

Without mixed fillers (FCBc-W1700) With mixed fillers (FCBcF-W1700)
1.0 0.15 0.13 0.11 0.13 0.23 0.17 0.2 0.20
1.5 0.09 0.11 0.10 0.10 0.18 0.17 0.19 0.18
2.0 0.08 0.08 0.08 0.08 0.11 0.10 0.12 0.11




4.2 dnwaznisianludensrauimdialiiiukasinunasnululasi
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AN5199 N-17 HaNeaUaNwEN1TIaAlugYee FCBe Taasiiunay wasUSunaunusay
1 1.0 phr Wethluaunslianudeumenasnululasind 0, 340 uag 850

e[
Formulas : FCBcF-S1.0 (W)
Properties

0 340 850
Min. torque (M) (Ib.in) 4.83 4.13 4.92
Max. torque (My) (Ib.in) 23.33 17.60 16.70
Delta torque (My-M,) (Ib.in) 18.50 16.47 11.78
Scorch time (ts;) (min) 3.54 1.27 0.40
Scorch time (ts,) (min) 5.02 1.41 0.48
Optimum cure time (tc1q) (Min) 4.56 1.37 0.42
Optimum cure time (tcso) (Min) 6.45 2.26 1.20
Optimum cure time (tcg) (Min) 10.00 4.38 3.01
Optimum cure time (tcgs) (min) 3 6.01 3.36
Cure rate index (min ") 16.53 32.15 38.31

I
4.3 NANIINAFDUAINULUN

AN519% N-18 HNANAADUANTAAIINLTINDULASNEINITAULTIAIEANLSaUVas FCBC lduay

[l 1 CY) a 4{' (B I 'y el' o0 W w 6 1 %
Tafldansafunay wWelienutazriundsnululasnnindindananiu

Hardness (Shore A)

Level (watts)

Without mixed fillers

FCBc-S1.0-unaged FCBc-S1.0-aged
>amPIENQNG 1 2 3 | Mean | 1 2 3 | Mean
0 36 35 37 36 39 38 40 39
340 38 a1 38 39 a3 40 40 41
850 38 38 38 38 39 39 42 40
1700 36 37 35 36 40 40 40 40
With mixed fillers
FCBcF-S1.0-unaged FCBcF-S1.0-aged
0 73 70 73 72 81 81 81 81
340 74 75 73 74 84 79 80 81
850 73 73 76 74 82 80 81 81
1700 68 71 71 70 78 84 78 80




4.4 NANSNAARUANURAINULALALIDTINNSEAS 8L 300
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a wa Y = A Ay ! Y] %
A1919N N-19 NANAFADUAUUNAINULAUAILUDUNITIATDYAL 300 NDULLALWAINITDULINAIY

AMUSoUVDd FCBe Tawaslaldansifunay walirnunazuiundssnu

TulasNAmasinasneiu

Modulus at 300% elongation (MPa)

Level (watts)

Sample No.

Without mixed fillers

FCBc-S1.0-unaged

FCBc-S1.0-aged

1 2 3 Mean | 2 3 Mean
0 2.1 1.9 2.3 2.1 25 2.1 2 2.2
340 2l Py 2.1 a4 22 2.3 2.1 2.2
850 2.2 1.9 1.9 2.0 2.6 2.3 2.3 2.4
1700 1.9 b 2.0 1.8 2.4 2.6 2.2 24
With mixed fillers
FCBcF-S1.0-unaged FCBcF-S1.0-aged
0 el 129 12.8 W 16.2 16.7 16.6 16.5
340 10.5 12.0 12.3 11.6 14.8 154 14.5 14.9
850 i, 11.3 11.4 11.4 ot 14.8 14.8 14.9
1700 10.7 12.0 10.6 dities] 14.7 14.9 14.8 14.8




4.5 NaNISNAABUANURAINATULIIAG
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A15199 N-20 HANAFBUANURAI LA TUNIULIININDULAL AR INITOULSIAEAINUS DUVDT FCBC
Tawazlaldansifunan WalitnukazaiundsnululasnimasTnaseiu

Tensile strength (MPa)

Level (watts)

Sample No.

Without mixed fillers

FCBc-S1.0-unaged

FCBc-S1.0-aged

1 2 3 Mean 1 2 3 Mean

0 20.2 19.4 20.1 19.9 26.3 26.1 24.1 255
340 20.0 | 20.7 22.3 21.0 23.7 23.0 20.5 22.4
850 il 2055 21.1 20.9 19.7 19.9 19.8 19.8
1700 18.8 | 20.3 20.0 19.7 17.5 16.9 16.3 16.9

With mixed fillers
FCBcF-S1.0-unaged FCBcF-S1.0-aged

0 17.6 19.0 19.2 18.6 19.4 19.4 17.9 18.9
340 53 19% 19.7 19.6 Rt 19.0 18.1 18.7
850 19:67 2005 18.7 19.6 18.6 18.3 18.0 18.3
1700 2 18.4 18.5 18.7 16.9 16.8 17.0 16.9
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4.6 NANISNAABUANURANNUABLIITAIUVIA

A15199 N-21 NANAFBUANURAIIUNUADLITIEAIUVIANDULAZNAINITOULSIAIB AU DU
294 FCBc Tawazlildasiiunay woluiukazaiundsnululasnng

MavinsRIeiu
Elongation at break (%)
Level (watts) Without mixed fillers

FCBc-S1.0-unaged FCBc-S1.0-aged
Sample No. | 2 3 | Mean | 1 2 3| Mean
0 633 664 677 658 687 671 664 674
340 628 666 653 649 641 640 633 638
850 685 675 650 670 638 629 647 638
1700 682 696 689 6389 614 622 618 618

With mixed fillers

FCBcF-S1.0-unaged FCBcF-S1.0-aged
0 430 413 423 422 362 364 360 362
340 ard a67 466 469 355 352 343 350
850 458 470 455 461 380 368 371 373
1700 454 463 442 453 375 371 370 372

4.7 NANISNAADUNISLEDUANINAIYNITBULIINILAINUS DU

A5199 N-22  HANTSLADUANINAIENNTOULTIPIEAINUSIUYDIEUUFLTINATDY FCBC Tdunay
Taildasidunay Waluiiumasttundsnululasnnidainasnaiy

Percentage retention
Microwave Hardness Modulus at 300% Tensile strength Elongation at

power elongation break
(watts) FCBc FCBcF FCBc FCBcF FCBc FCBcF FCBc FCBcF
0 108.33 | 11250 | 104.76 129.92 128.14 | 101.61 102.43 85.78
340 105.13 | 109.46 | 104.76 128.45 106.67 95.41 98.31 74.63
850 105.26 | 109.46 | 120.00 130.70 94.74 93.37 95.22 80.91
1700 111.11 | 114.29 | 133.33 133.33 85.79 90.37 89.70 82.12
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4.8 msmwalasidunnisieulas (crosslink density)

F9819N1INAFBUNITUIAILUBSLTUA N5 30U L89989819ADUNUNNAF1INIEE W
PRE o a A aa A A It A a ) &l
215N lda S AUNANABTAN WAL LUNTLTBUANSUBLUA JUSua1siamlugi 1.0, 1.5
wag 2.0 phr yinsgumenasnululasii 340, 850 way 1,700 (A msunisnadeu
AsANUasidusn1senleassnauUsasnisddsse s ilildaseiunay 19
UURmuTunaumlouiugmeNUIfa 1N g a8 TN LdaN SAILALNEL)

A15197 n-23 dmdnuavaaie Aldainnisnegeudesiduinisienlasves FCBe Tauazll
Tdansedunay NiUsuaansTanludiaey wWelunulasinunassnu
lalasanAmaeinanneiu

Formulas V, o Mo (g) | M, (g) | M2(g)
FCBc-WO_S1.0 0.157408 0.0779 0.2476 1.0763 0.2283
FCBc-WO_S1.5 0.172258 0.0816 | 0.2353 | 0.9322 0.2161
FCBc-WO_52.0 0.189151 0.0835 0.2371 0.8559 0.2173
FCBcF-WO0 S1.0 0.189140 0.0582 | 0.3368 | 0.7604 0.3172
FCBcF-W0_S1.5 0.192337 0.0589 0.2971 0.6410 0.2796
FCBcF-W0 _S2.0 0.198840 0.0632 0.3688 0.9163 0.3455
FCBc-W340 S1.0 0.171479 0.0801 0.2191 0.8770 0.2013
FCBc-W340 S1.5 0.166251 0.0830 0.2410 0.9853 0.2210
FCBc-W340 S2.0 0.155362 0.0887 | 0.2119 | 0.9128 0.1931
FCBcF-W340 S1.0 0.184014 0.0582 0.2783 0.6409 0.2621
FCBcF-W340 S1.5 0.180767 0.0612 0.307 0.7125 0.2882
FCBcF-W340 S2.0 0.168326 0.0621 0.2932 | 0.7150 0.2750

aun1silglunismuiumilesiduanisitioulss (crosslink density) fio

_ —In(1-Vp)=Vr—xVy

Nswell = 1, (n.1)
2 T

° v oA & o a ¢ o o
AMurualAdle V, A Adndiulneusunsuee1amedU1IndgnIua 1Ll a89819N5 b
anuglIauINfIaNna, X M3Twesn1svinnusNiusEniesiuasazaiy (0.406), Vi,
1 a2 ’3 1 U
AUSHRTINABU (106.8 cm ™ mol) Waw ng,q AMUBSEUANITUINAIVDIA (%)
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B sewan V. Ssferndndiulneusinasvetsnsnenunsaeniudideemis i

Tdansifunasluaniugaivaudauna Tnsannsafunld feil

1) Fabmineseesndamenugidssemsilaasifunau e 1
MTFURLUAT NOULYLINgEU (m,)

2) daimineseoutndaenudndssewnsildasiufunan ndauringudy
nan 1 dUnnsiflgaumndl 28°C (m,)

3) Farhmiinenenundmenudndssesildansiuiunan ndouiigumgl
80°C e 48 F3lus (m,)

P NeN9ARNUNAENENIUA WA 8901 S AN TP IR UNEL LA LA U A EEUNNS

moed(1—a)

= Pr
K97 mo@d(1-a)  (my-mp) (n.2)

Pr Ps

a 79 11aNmelUve9819AaNUNIREENIUSILE 8991 N LAE SHIALNANT LN
AsULFIM AN

&N8386/79 FCBCF-W340 S1.0 @11135afAIUIA"

_0.2783 - 0.2621

a = = 0.0582
0.2783

& £y 1 491} aa 6 Qy [
@ FedndrulagulavailosnesssuyAananbwn-50 TuduueIerauUIRaIg NI
AA901M5NdaSAANNUILNAEDU @11150AULARIN

@ = phry9w19s5501RBNENLYA-50
phr ¥83am3819ABNUNIATI
= 100
206.80
0.4835

P AB AIUMUILUUVDIEII5TINYIRD NN LYA-50 AoNUIA (819ABUUNIA
o a i 1 U a 3
AENIUaABI91MS) Nldansiufunas (= 0.71 keg/m’)
A 1 a 3
Ps F8 ANUMUILULYDINGEU (0.86 kg/m’)
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thanfilavtamunuesgns FCBCF-W340 S1.0

0.2783 * 0.4835 * (1 — 0.0582)

- 0.71

"~ 02783 04835+ (1~ 0.0582) , (0.6409 — 0.2621)
0.71 0.86

= 0.184014

B A Flory — Huggins interaction parameter
= Vin
X =034+21 (5= 5,) (n.3)

lng V, @@ Molar volume vadlngdu (106.8 ml./mol)
Ao AAsTiveafine (1.987 cal/mol-k)

Ao aaunqilduysal (301K)

A9 solubility parameter Gumimﬁu (8.91)

S >N

A9 solubility parameter Y09819555UA (8.30)

uNuAIRNGG asluaunisi n.3 azla

X =034+ 206.9 8.91 — 8.30
N\ < (1.987*301)(' G

= 0.448927

e X, V,, uaw V. 489 FCBCF-WA30 S1.0 unurtluaunisd n.1 agld

[—In(1 — 0.184014)] — 0.184014 — [0.448927 * (0.184014)?]
1
106.8 ((0.184014)§ _ W)

Nswell =

2

= 0.813606E — 05



dy I dl Y o L v d‘ = I gj 1 Y o ¥ c Y 14
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142

1. msUszendldlugnavnssundnduaiaeniuaiaesains

1.1 wwsgruaunuaidesemssianundudmsudanteionmsmiy

M19197 U-1 AIRSTINEUNIUE R eI S ududmSudLdese sy

, A"
18013 aVeld
UINTFIU

mLLsaﬁqﬁwqmﬁummﬂ (Tensile Strength) ~ (Min) MPa 15
mmmﬁm‘ﬁqmﬁmm (Elongation At Break) (Min) % 350
us9BnARALUY (Adhesion strength) (Min) N/mm 12
AIAULD9YD9819 (Hardness) Shore A 65-75
nsuameiieudtingu (Swelling) % >40
gumgiiildaugegn OC 80

s %

A a o = < fa [ 1 o
N UTWN QIJLUEJUL“UGVIEJUWE#GW 10H

1.2 Na%aqqmmﬁuaznm

M131991 V-2 NAVAFOUTENINOUNNAAUNIAIYEY FCBC TaansfAuNaul ol unea 1y
TalasnAmasinaseiu

\ aangf (°0)
STAUNG I
(I99) nan (ui)
0 1 2 3 4

100 30 44 58 70 85
200 30 57 70 85 98
300 30 68 75 105 120
400 30 90 115 134 150
500 30 107 130 145 160




1.3 ANSYAERUANUALSITARAWLIY

M15197 V-3 HanndeUaNUALSITRnLLUUTEIng TCR/PEL, PE1/PE2, PE2/PE3 Lay

PE3/BCR fiuszegianisiannlug

ussdaaLL (N/mm)
Fugh svaghansianlug (und)
2 5 8 11
TCR/PE1 10.34 16.28 16.67 15.77
PE1/PE2 11.12 14.88 15.07 14.40
PE2/PE3 10.39 15.52 15.20 14.80
PE3/BCR 9.89 15.53 16.41 14.95

A1319% -4 AIRsTIALTRLSSERRALULYBIEUN LA AL TN UNTINE MY

s18us0 sl
318AT nUY ANNIATFIU
ANLSIASTEIINaEnSRIUY FUTuing 1 (Min)
N/mm 12
Top Cover Rubber/ Polyester 1: TCR/PE1
ANLSIAITEIINTURNT AUTURN 2 (Min)
N/mm 12
Polyester 1/ Polyester 2 : PE1/PE2
ANLSIAITEIAINNTURN 2 AUTURN 3 (Min)
N/mm 12
Polyester 2/ Polyester 3 : PE2/PE3
ANLSIATEVINNTURNT 3 AULIIRIAN (Min)
N/mm 12

Polyester 3/ Bottom Cover Rubber : PE3/BCR

Pun: U3 gillewdardudansd dain

[
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A5199 V-5 VBNVUANISNAFDUANURLIIDARM LU

I8N3

YoAIVUA

1. wnlulasyn

Model : NE-1756

Power source : 220 V, 50 Hz, Single phase

Required power : 12.8 A, 2780 W

Output : HI = 1700 W, MED = 850 W, DEF = 340 W
Frequency : 2.45 GHz.

Outer dimensions (W x D x H) : 422 x 580 x 337 mm
Cavity dimensions (W x D x H) : 330 x 310 x 175 mm
Net Weight : 30 Kg

Timer : HI, MDE power = 15 min, DEF power = 30 min

2. Ussinveadingauuazinuziu

FCBcF-S1.0

3. YRAVDIHN

B lwALeawmas (EP 120)

4. @NYNIUANALIDINNSTYRANY
Prfudmsuadesenisnill

Snududi 3 du

L ANUAUIGIRIUL 2.5 mm.
. AMUAIYIIRIE 1.5 mm.
. AURUITIM 7 mm.

5. a8/ Maaing
WAELIAINITTO

L 13818U 2 W
. MAYInA 300 04

. i fifie 1PNy 6545 “C

6. 13 hargaunilun1sdnTugy

4387 5 U [50% g Cure time]
gyl 150-155°C

7. VUIAFUNAEBU

1
2
3
q
1
%
3. anissetugeulilasim 3 undl
4
1
2
1
2

. AMUNING 25+0.5 mm.
. A718773 (Min) 300 mm.

1.4 fMdsnsuansel uarsaviendndaridisagy

anfaeidISagUae UG0S UsEnousieduautuin 3 U AUnNENg
Ul 25 AR WagAumueead 15 Iadwns 89a2uvnsin wihiu 7 dadwns @a
NI X 817 X U7 2 0.5 11AT X 5 11AT X 7 33l.)

AMAINISHARN 102,000 ue15/%
APV ULAL 1,000.00 UIN/LURS
AUl 1,130.00 UM/AUAT

Punsmne: vsenellowdandudansd 91n o Uil 30/11/2558

ANUpNg = + 130 U9/ LGS,
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1.5 AunuingAunIsua

15.1 fuyuingAvensnouund (Auanssil -6 uag ¥-7)
TIeNANUe  70.46 U/ NN
nanSarianenuadesonsdnsagy 1 e ldenaeuung 50 nn. = 3,523 U
1.5.2 sunuingivdnlndieawnas
FIAHINEREMBT 55 U/ les
nanSarianenuandesensdniagl 1 ga M ndeanes 15 wes = 825 um
153 Funuensinm
seainm 20 U/ Lng
nAnSaeianenuEieermsdniogl 1 9 THenathnm 10 wms = 200 uw

M15199 V-6 AUNUIRGAU (FATLAN)

$1A Gadld | USunadld 37A7

o (Uw/nn.) (phr) (n3u) (U )
NBR 100 70 700 70.00
STR 5L 65 30 300 19.50
ENR50 85 0 0 0.00
Silica (233) 32 40 400 12.80
Magnesium carbonate 50 20 200 10.00
CaCOs 30 20 200 6.00
Titanium dioxide 85 8 80 6.80
Stearic acid 85 3 30 2.55
Zinc oxide 90 1 10 0.90
Paraffinic (oil 105) 50 8 80 4.00
Neoflow L-90 resins 120 5 50 6.00
Paraffin wax 80 1 10 0.80
BHT 180 2 20 3.60
Coplink 89 250 a4 40 10.00
PEG-4000 90 2.8 28 2.52
MBTS 110 0.6 6 0.66
TBBS 250 1 10 2.50
Sulphur 25 1.5 15 0.38
Total 2179 2179 159.01
v (U/ nn.) = 72.97 vw/nn. (159.01+2.179)

6 o w

fa: USEW 3 wo@ 71 WWSeng 1w (5981 o Jufi 16/07/2558)



M191990 ¥-7 Aunuingau (gasll)

USuneuila

USuneuinla

31A" 31A"
e (U w/nn.) (phr) (nFw) (U )
NBR 100 0 0 0.00
STR 5L 65 0 0 0.00
ENR50 85 100 1000 85.00
Silica (233) 32 40 400 12.80
Magnesium carbonate 50 40 400 20.00
CaCOs 30 0 0 0.00
Titanium dioxide 85 8 80 6.80
Stearic acid 85 3 30 2.55
Zinc oxide 90 1 10 0.90
Paraffinic (oil 105) 50 8 80 4.00
Neoflow L-90 resins 120 2 20 2.40
Paraffin wax 80 1 10 0.80
BHT 180 2 20 3.60
Coplink 89 250 2 20 5.00
PEG-4000 90 2 22 1.98
MBTS 110 0.6 6 0.66
TBBS 250 1 10 2.50
Sulphur 25 1 10 0.25
Total 211.8 2118 149.24

v (U/ nn.)

= 70.46 vn/nn. (149.24+2.118)

fin: U 3 wod 1 WUseng saiw (59mn o Tud 16/07/2558)

d2Umd = - 2.51 U/ nn.

146
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1.6 AUNUNTFUIUNTUARALENAUALAL]

1.6.1 AF8UIUNTUANEL

a

LUUY: Bantun1suaratensiuased 16 Wi/ 4n uazanngi 70°C

Y

wuulud: natlunisuaranediuansiad 12 wiil/ 40 uwazaamngll 70°C
dausing = - 4 Ui/ 9

1.6.2 MANINGR
gameuUTIA 1 90/ tniin 50 Alandy
AUINATN 480 w191/ 8 val/ 1 Tu
WUULAY: ¥eag 16 W¥ = 480 w11/ 16 ¥A = 30 Y9/ 8 vul.
wuulnl: geae 12 W9 = 480 W1/ 12 99 = 40 YA/ 8 .
dausnd = +10 Y9/ 8 v,

1.6.3 ALINIU
ALIIULRAY 1.25 UMseundl (600 UM = 480 wil)
WUULAN: FTUIUNENIU 2 AL = 600 U/ 8 . (2 AU x 300 UW)
AR LA 30 Y9/ 8 .
ATUSURAY 20 U/ U
wuulud: NN 2 AU = 600 U/ 8 . (2 AU x 300 UIW)
HaRle 40 Y9/ 8 .
AWSUAAY 15 U/ U
AR = -5 U/ YA

1.6.4 Aaserulni

LASRIUARANENWULTA (Internal mixer) VANBLABS 500 W34
=500 x 0.75 = 375 kw/ h.

siaANsealniilseny 3 wladmsugnannssuunanans
= 6 U/ giln

WUULAL:
JUENATUNSUANENEAUA AL = 16 W91/ YA
a1 60wl lgwasaudh = 375 Kw
wa1 16 Wil Twasaulniih = (375 x 16)/ 60 Kw
= 100 Kw
FIAAUNUNAIUlI/ g0 = 6 UM x 100 Kw

= 600 UW/Yn
FiAAununasuliin 30 49/ 8 wu.

600 UM x 30 YA
18,000 U/ 8 .



148

wuulvl:
srgglianlunIsuaNaNeRiuaTall = 12 Wi/ ¥
a1 60wt Tdwdanud = 375 Kw
a1 12 il Tdndanuliih = (375 x 12)/ 60
= 75 Kw
F1ARUNUNaIUlNY yn = 6 UM X 75 Kw
= 450 v/ 9
51APUNUNETUINA 40 99/ 8 vy = 450 UM x 40 YA

= 18,000 v/ 8 .
A2UMN9 = - 25 Kw/ 8 2.

1.7 sununIzuIunseavuunandusiaenudiiewe1ms : ioanuide

[
=

1.7.1 ASEUIUNISTINTUSU

Y
a L (3

nsrUINNIERTuUNGndasaenuanfssemsiagldnasululasiansinduis
TipnuSounuunuf vinmsgumendanululasiani 340 ad aduaudn 2.45 GHz 1Ju
AN 1w nasnnduihludatusumeintesdavusuuuulansednldiaatluniseu 5 wiil 9
a (¢]
gaumni 150 C

1.7.2 awndenuladn
1) M3FUINIZEzIaTUNSILFUL UVt U DY

SyezlIangneIanlugN 90% Ao tog =10 U9l
At 50% VDI Tegp =5 U

nisguausaumenasululasim e 1wl wasdaluvugumeiniasdn

[
=

Fugvuuulensedn Wunan 5 Wil (a15m 6 ui)

a1 10w Andu -100 %

a1 6 UM Andu = (6 x 100)/ 10 %
=60 %

Far auanansalunisaniaan - 100 - 60 %
= 40 %

2) sranAnaaaulndin
2.1) A30990lansednltUNaNvUInLeIADS 10 kI
=10x0.75 =7.5 kw/ h.
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22) 50% v933reEIaensTanlugil 909% fo tep = 5 Wl
na1 60 W Tnasui = 75 Kw
na1 5w Tawdeaulnii (7.5 x 5)/ 60 Kw
0.625 Kw
6 U x 0.625 Kw
3.75 U/ YA
23)  lunsgueerenUnaienuandeemis ndsululasion 340 nd

s1AdunuNanulni/ge

Wunan 1w
= (1/60) x (340/1,000) = 0.0057 Kw/ h.

s1PAUnUNanuliiy/ gn = 6 UM x 0.0057 Kw
= 0.0342 v/ Ym

2.4)  Faundsulwi i avun

= 0.625 + 0.0057 = 0.6307 Kw/ h.

2.5)  Faunslindsauliihg 100%

mshinasulnia 1.250 Kw/ h. Asdu 100 %

nsldndeauluiy 0.6307 kw/ h. Aalu (100 x 0.6307)/ 1.250 = 50.46 %

26)  Fuwandwliihilddesounisndn weaiunsaanndsnulnihseseu
NINER

= 100 - 50.46 %

= 49.54 %

1.8 funUNTEUIUNIEnTUIURARd g udndesens : Wen1sussyndldly
QNAMNTIX

1.8.1 nsguIunsdatugy
wuudy: Teudaululasi
Funousndusuldingn 20 uiil/ 90 uarguvnd 145-150°C
wuulod: rrugeulalasiani 300 Yadldinan 2 widl
Funousatuguldinm 5wt/ 4n wargumgii 150-155°C

dausing = - 13 Wi/ Ym

1.8.2 AAINITHER
HARAUNAENIUE NGRS 1 YARDANYTI 5 1UAT
AN 480 UTineTu
WUULAY: geag 20 Wil = 480 w1/ 24 a1 = 24 99/ 8 Y.
wuulval: ynae 7 Wil = 480 Wi/ 68 YR = 68 YA/ 8 Y.
dausine = +44 Ya/ 8 Y.
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1.8.3 ALINIU
WUULAN: FTUIUWLNGIU 2 AU = 600 UI/8 Fu. (2 AU x 300 UIM)
HARLA 24 Y9/ 8 .
AWSIURAY 25 U/ U
wuulv: UIUNENIU 2 AU = 600 U/8 T, (2 A X 300 UM
HARLA 68 Y9/ 8 .
AUSIULRAY 8.82 U/ U
fupe = -16.18 U1/ YA

1.8.4 Adaaulndin
1) 5383naﬂumﬁugﬂquaaa%’umau

5¥88LIa8197aA UGN 90% Dt =10 U
19U 50% V89 Teop =5 U9

nsguauioumendulilasion Aia1 2 wiil waztludugumensesdadu
sUuuulansedin Wunan 5 Wi (198159 7 W)

a1 10 U9 anndu = 100 %
na1 7 Ui Ansdu - (7 x100)/ 10 %
=70 %
far auanansalunisaniaan =100 - 70 %
= 30 %

Aus19 = -30.00%
2) iaAInNasulni
21) n3essnlonsednldiuanvuaemes 10 useh
=10x0.75 = 7.5 kw/ h.
2.2)  WhUULAY
szpzaeeaalugf 90% Ao tw, = 10 Wil

nan 60 il lgwasnuludh = 7.5 Kw

nan 10 il lowassuliih = (7.5 x10)/ 60 Kw
= 1.250 Kw

F1AdunuNaan Ui/ = 6 UMx1.250 Kw
= 7.50 v/ 99

FIAAUNUNAIUlITn 24 40/8 .

7.50 UM x 24
180 U/ 8 .
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2.3)  wuulud
50% 895888Ia18197aA UGN 90% AB teoo = 5 W

na1 60wl lwasnulnih = 7.5 Kw
na1 5wl lindenulnilh = (7.5 x5)/ 60 Kw
= 0.625 Kw
s1edununanulniy/ ¥ = 6 UMx0.625 Kw
= 3.75 U/ 9n

F1AAUYUNALUNAN 68 Y9/ 8 val.= 3.75 UM x 68 YA
= 255 U1/ 8 W
2.4) lunmsguereuUnnaienuandeseimis Mndeululasian 300
Juan 2 wiil
= (2/60) x (300/1,000) = 0.01 Kw/ h.
F1PFUNUNEIUIAY 40 6 UM x 0.01 Kw
0.06 U/ %n
0.06 UM x 68 YA
4.08 v/ 8 B

e
=
B

s1dununaanulii 68 40/ 8 .

25)  gaumdsulwi il Favan

=0.625 + 0.01 =0.635 Kw/ h.

26) Funanslandsnuliihg 100%

mstinasnulnia 1.250 Kw/ h. Aesdu 100 %

nstdndesuluiy 0.635 Kw/ h. Aalu (100 x 0.635)/ 1.250 = 50.80 %

27)  mwrnndsnulnihdldneseuniswdn visaunsoanndsulnideseu
NSHER

100 - 50.80 %
49.20 %
dausng = -49.20 %/ YA

2.8) AunuNIsHaALUUInY
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MM -8 AUNUNMIHEARGASueiEneuaEgIsURInsEUIUNSHARLUUIME W wsn

IEALIBYARUNUNITHER

318013
AoYyn siall
1.A189N190ER (LWA3T) - 5 102,000
2.i'lm°znawaﬂﬁ'm‘ﬁé’%'%a}gﬂ/qﬂ(mw) - 5,650 115,260,000
3.99A10UNUINgAY
gamauUIf (U1m) 70.46/ nn. 3,523 71,869,200
Hlwaleanas (uam) 55/ LA 825 16,830,000
191117 (Un) 20/ 1§13 200 4,080,000
334 4,548 92,779,200
4.nszUuNSnTugy
AL 2 AU (Um) 600/ Ju 8.82 180,000
Alutla (Um) 3 1hou 2.21 45,000
AAsUlN (U ) 255/ Ju 3.75 76,500
Aaanulnirlalasnn) (un) 4.08/ Tu 0.06 1,224
334 14.92 302,724
seozmSntuzU (L) - -
segznamuglulasan (uii) - -
MAINSHER (40) 68/ - 20,400
5.A7la1y
AMINTRAA (UN) 4.90 100,000
AYanAudedssn (Uin) 2.94 60,000
AnbeUseiude (wm) 2.94 60,000
AlIadnwman (Un) 2.45 50,000
Algnegont13e (Um) 4.41 90,000
373 17.64 360,000
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Abstract. This study presented the utilization of microwave power for heating of epoxidized natural
rubber-50 compounding (ENR50¢) with and without mixed filler in which the sulfur contents were
1.0, 1.5 and 2.0 parts per hundred parts of dried rubber by weight basis, respectively. The microwave
power used was varied in a range of 340-1,700 W with a constant frequency of 2.45 GHz. The mixed
filler significantly affected the relative dielectric constant, relative loss factor and loss tangent
coefficient. The microwave power and time strongly influenced the temperature of the specimen.
The longer time and higher microwave power resulted in higher temperature of the specimen. On
the contrary, the thickness of specimen inversely affected the temperature of the specimen. The
lower temperature was obtained from the thicker specimen.

Introduction

A foodstuff conveyor belt is considered as an engineering rubber product with high flexibility and
less twist. The belt is white. Natural rubber is the main raw material for making the belt as it does
not contaminate the food during the conveyance and at the same time there is no chemical mixture
that can harm a human’s body. The foodstuff conveyor belt standard determines that the product’s
colour must be in a shade of white. Thus, it is necessary to use SiOz as reinforcing agent. A
microwave method is a highly efficient heating technique to activate the reaction. The popular types
of rubber used in this process include ethylene-propylene diene rubber, (EPDM), butyl rubber (IIR),
and epoxidized natural rubber (ENR) [1,2]. The microwave method requires a suitable frequency
and power in order to affect the carbon-carbon bond, carbon-sulfur bond and the sulfur-sulfur bond.
There are some previous researches that investigated the effect of microwave power on the
properties of natural rubber, with or without carbon black [3] from automobile tire by dividing into
carbon [4] and the chemical bond breaking of the crumb rubber being vulcanized with a microwave
[5]- Some research groups studied the dielectric properties of the natural rubber at the stage of pre-
and post-vulcanization [6], the cross-linking of rubber in microwave curing processes [7]. the
vulcanization of clastomers [8], and the microwave-assisted cross-linking carried out in relation to
microwave tunnels [9].

This research presents the use of microwave for heating or pre-heating the compound with and
without mixed filler (silica and magnesium carbonate) by having sulfur as a vulcanized agent and
by using the microwave power. The knowledge obtained from this study is the primary element that
can be applied in a design of the microwave system used for improving the molding of a foodstuff
conveyor belt process in order to reduce waste, yet increase the producing ability as well as
enhancing the use of the domestic rubber.

Experiment

Materials and chemicals

Epoxidized natural rubber, 50 (ENR350) is manufactured by Muang Mai Guthric Co., [td., Phuket,
Thailand. The reinforcing filler was silica (SiO2:Ultrasil 233) and semi-reinforcing filler was
magnesium carbonate (MgCQOs) which were obtained from GSP Products Co.Ltd. Zinc oxide
(Zn0), stearic acid (CH3(CH2)sCOOH) and titanium dioxide (TiO;) were purchased from Sunny

Al rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www ttp.net. (ID: 27.565.175.46-13/056/16,11:18:58)
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World Chemical Co.,Itd. Sulfur used as a curing agent is manufactured by Utids Enterprise Co.,
Itd., Samutsakhon, Thailand. Paraffin wax and neoflow 1-90 resins were purchased from Behn
Meyer Chemical (T) Co.ltd. Mercaptobenzothiazole disulfide (MBTS) and N-tert-butyl-2-
benzathinazole sulfonamide (TBBS) used as an accelerator are manufactured by Flexsys, Termoli,
Italy. Other chemicals such as 2,6-di-tert. butyl-p-cresol (BHT), PEG 4000 used as a filler activator
and couplink 89 (silane coupling agent) used as coupling agent were kindly supplied by Chemical
Innovation Co., Ltd., Bangkok, Thailand.

Preparation of rubber compounds

The raw material was prepared by mixing in an internal mixer (Brabender®GmbH&Co. KG,
Duisburg, Germany), with a rotor speed of 60 rpm at a temperature of 70°C. The compounding
formulas are shown in Table 1. Before mixing, the rubber compounds were classified into two
groups, namely (a) ENR30 without fillers: [ENR] and (b) ENRS50 with fillers (using a mixture of
(Si107) and (MgCQ3) as fillers at 80 phr): [ENRF]. A two-stage mixing procedure was employed to
prepare all compounds. In the first step, ENR50 was first masticated for 3 min. The other
ingredients including ZnO, stearic acid, paraffin wax, BHT, neoflow 1-90 resins and TiO,, were
then sequentially added, each with a mixing step of 1 min, followed by the second step. The
following order, ENRS50 was first masticated for 3 min. Then, mix separately, SiO2, MgCQs,
couplink 89 and PEG 4000 with consecutive grinding times of 5, 3, 1 and 1 min, respectively.
Similarly, the other ingredients, ZnO, stearic acid, paraffines waxes, BHT, neoflow 1.-90 resins and
TiO», were sequentially added, each with a mixing step of 1 min followed by the second step
described below.

In the second step, after dumping the mixture from the mixing chamber, the accelerator (MBTS and
TBBS) and sulfur were added into the mixture on a conventional laboratory two-roll mill size (8x20
inch) at a roller speed of 18:20 round per min (side roller : after the roller), according to ASTM
designation D3184-80. The mixing temperature was 40-43°C for 6 min. The rubber compounds
were prepared using a conventional vulcanization (semi-EV). Significantly, the sulfur contents were
varied from 1.0, 1.5 and 2.0 parts per hundred parts of dried rubber by weight basis, respectively.
Then the mixtures were sheeted out and kept at the room temperature for 24 hours before testing.
The rubber compounds were then vulcanized using a compression molding machine, under a
pressure of 15 MPa at 150°C, using the optimum cure time (tcoo) determined by a curing test with a
moving die rheometer (Monsanto Rheometer, Model MDR 2000).

Dielectric properties measurement

The analyzer consists of a coaxial cavity, microwave reflectometer, 0.35 cm coaxial cable, 0.35cm
female calibration, and short and open-matched load and software. The coaxial cavity is
characterized in a range of 1.5-2.6 GHz with a precision of not more than 2% of the dielectric
constant and 3% of the dielectric loss factor. The measured specimen should be assumed to be of
infinite size, non-magnetic material with isotropic and homogeneous properties. In addition, the
coaxial cavity must be in close contact to the specimen during the test [10]. The testing procedures
started with testing the dielectric properties using a rubber compound specimen with a diameter of
6.50 cm and a thickness of 1.0 em, and then measuring the rubber compound by using portable
network analyzer. The five values obtained are averaged in order to represent the dielectric
properties of each rubber compounding mixture.

Microwave processes and thermal behavior

The ENRS30¢ with and without mixed fillers was cut as a flat sheet into a thickness of 1, 2 and 3 cm
and diameter of 6.50 cm. The specimen was put into a microwave and heated at given interval times
and the temperature of the rubber was measured by Testo 923 (Testo AG Germany, 0560.9230,
33762315/812). The temperature of each specimen was measured 3 points.
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Table 1 Mixed proportions of compounding formulas (unit in phr?)

Raw ENR®-S1.0° ENR-S1.5 ENR-$2.0 ENRFYS1.0 ENRF-S1.5 ENRF-S2.0
materials
ENRS50 100 100 100 100 100 100
Si02 - - - 40 40 40
MgCO; - - - 40 40 40
TiO2 8 8 8 8 8 8
Stearic acid 1 1 1 1 1 1
ZnO 3 3 3 3 3 3
Neofow 5 5 5 5 5 5
190
Paraffin 1 1 1 1 1 1
wax
BHT 2 2 2 2 2 2
Couplink89 - - - 2 2 2
PEG 4000 - - - 2.2 2.2 22
MBTS 0.6 0.6 0.6 0.6 0.6 0.6
TBBS 1 1 1 1 1 1
Sulfur 1 1.5 2 1 1.5 2

? part per hundred parts by weight of rubber dry basis (phr)

b epoxidized natural rubber 50- compounding without fillers

¢ sulfur content (past per hundred parts by dry basis weight)

d

Results and discussion

Dielectric properties
The influence of sulfur content and mixed fillers on dielectric properties was investigated and the
results obtained are presented in Table 2. It was found that the ENR50c¢ with mixed fillers of 80 phr
exhibited better dielectric properties when comparing with the ENR50c. This is because both mixed
fillers and ENR30c are polar when the mixed fillers were added into the ENR50c, resulting in an
increase of polarity of the ENRS50O¢ [11,12]. Therefore, the ENR50c could change the microwave power
to heat energy increasingly. Considering the influence of sulfur content as shown in Table 2, it was
found that sulfur did not significant affect the dielectric properties.

epoxidized natural rubber 50- compounding with mixed fillers (SiO> + MgCO3)

Table 2 Dielectric properties of compounding with and without fillers before pre-heating

Mix symbol Relative dielectric  Relative loss Loss tangent
constant factor coefficient
(ep) (gr) (x 1079 (tan 8)(x 10%)
ENR-S1.0 1.978 0.0124 0.006269
ENR-S1.5 1.929 0.0123 0.006376
ENR-82.0 1.990 0.0128 0.006432
ENRF-S1.0 2.160 0.0143 0.006620
ENRF-S1.5 2.002 0.0133 0.006643
ENRF-82.0 2.631 0.0177 0.006727

Effect of microwave power on temperature and time of ENRS0c with and without mixed filler

2.0 cm thick ENR350¢ with and without mixed filler that contained sulfur of 2.0 phr was chosen as a
representative to investigate the thermal behavior by using microwave power of 340, 850 and 1,700
W as well as microwave frequency of 2.45 GHz. As shown in Fig.1, it was observed that the
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ENR50c with mixed fillers showed higher temperature of specimen when specimen was heated at
the same interval time and microwave power. This was attributed to the mixed filler being dielectric
materials [11], therefore, the ENR50c¢ with mixed filler could adsorbed more microwave power
which then change to heat energy easily. This gave rise to a higher temperature of ENR50c with
mixed filler. On the other hand, the temperature of the ENR50c¢c with and without mixed filler
increase as a function of microwave power. This was due to the increase of electromagnetic field
strength that resulted in the increase in energy absorption of compound molecules [13]. Therefore,
the higher temperature was obtained for the ENR5Oc treated at higher microwave power. From this
point of view, it can be concluded that the ENR50c¢ with and without mixed filled that treated with
microwave power of 850 W for 1 and 2 min is appropriate for use as a foodstuft conveyor belt.

140 — R
| —m—ENR-S2.0-Time 1 min ..
120 - a1
«-:l-- ENR-S2.0-Time 2 min g
~ 100 L
o | =—@—ENRF-S2.0-Time 1 min
g 80 | . e-ENRF-S20Time2min
5 60 —RF - Bfyc. 1 AN RE - -
j= | o b
5] | A
g At == WS . AR .
|
20 4- _— — — —_— —
|
WARIIAE FAW LYWEA AW a WA RllWiML WF . W 1
0 340 850 1700
Microwave power level (watts)

Fig.1 The relation between microwave power and temperature and time of ENR50c with and
without mixed filler

Effect of the compound specimens thickness toward temperature and timing of ENRS50c, with
and without mixed filler under a microwave heating process

ENR50c with and without mixed filler that contained sulfur of 2.0 phr was chosen as a
representative to investigate the thermal behavior by using microwave power of 850 W and
microwave frequency of 2.45 GHz. The thickness of specimens was varied from 1 to 3 cm. As
shown in Fig.2, the dependence of thickness’ specimen on temperature can be clearly seen. It was
observed that the thicker specimen exhibited lower temperature for all experimental conditions
because the heat transferred slowly throughout the specimen whereas the heat transferred easily
within the inner specimen [14]. In the case of thin natural rubber specimen, it was found that the
absorption of microwave power and temperature was quite high at the bottom of the specimen when
comparing with the natural rubber compound [15]. Censidering the effect of mixed filler on the
temperature of ENR50¢ as shown in Fig.2, it was evident that the higher temperature was obtained
from the ENR50c with mixed filler when treating with the equivalent time and microwave power
because the mixed filler used are dielectric materials, therefore, the ENR50c¢ with mixed filler could
adsorbed more microwave power which then change to heat energy easily as mentioned previously.
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250
—&— ENR-S2.0-W850-Thickness 1 cm
e ENR -S2.0-W850-Thickness 2 cm -
200
—e—ENR-S2.0-W850-Thickness 3 cm A
5 Lso | ENRF-52.0-W850-Thickness 1 cm
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+=
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Fig.2 The relation between temperature and time of ENR50c, with and without mixedfiller, at
different thickness.

Conclusions

1) The sulfur content did not significantly affect the dielectric properties of both ENR50c and
ENRS50c with mixed filler.

2) The temperature of ENR50c¢ with mixed filler was higher than that of the temperature of ENR50¢
when they were treated at equivalent time and microwave power because the mixed filler are
dielectric materials that can support the change of microwave power to heat energy. Moreover, the
thicker specimen showed lower temperature because the specimen could retard the heat transfer in
the body.
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Abstract. Natural rubber blending with nitrile rubber is the important raw material employed for
the foodstuff conveyor belts formulation. This research involves the replacement of nitrile rubber
with epoxidised natural rubber (ENR) aiming for food safety precaution and cost saving on the
materials. This work included the investigation on the ratio of ENR with 50% epoxidation (ENRS50)
and natural rubber (Standard Thai Rubber SL,STRS5L). The ratios of ENR50:STR5L were 100:0,
75:25, 50:50, 25:75 and 0:100. The effect of fillers, i.e. silica (Si0,) and magnesium carbonate
(MgCQO3) on the properties of rubber blends was also investigated. The vulcanizing system was
semi-efficient vulcanization (Semi-EV). The study was further focused on the morphological
characterization and mechanical properties. It was found that increasing the proportion of ENR50
and STRS3L at 50% produced better mechanical property, however, the elongation at break
increased once the ENRS0 was down at 25%. Thus, this enhanced the property of the foodstuff
conveyor belts compound.

Introduction

A foodstuff conveyor belt is considered an engineering rubber product that contains high flexibility.
The belt is made by using a natural rubber as a raw material since the rubber is non-polluted
towards the conveyed food. It becomes necessary that the material has to be efficiently prepared and
the compound formula must be suitably mixed. New types of rubbers used for a special task have
been developed from rubber blends. The blending method requires a simple technology, non-
complication and it is more of an investment and effort than just a synthetic of a new type of the
rubber. The property obtained from the blends includes process ability, heat and chemical
resistance, tensile, rebound resistance, mechanical properties, etc. In preparing the rubber blends,
compatibility of the mixture is the main consideration [1]. However, applying the rubber blend
technology needs precaution because the rubber blend property depends on various factors of blend
ratio, interfacial adhesion, distribution of chemicals and crosslinks between the rubber phase, and
morphology [2]. A mixed filler in the rubber is also important because it can help in the cost saving,
while the changes in the properties of physics and mechanics in the rubber help in a producing
process, decreasing the swelling condition of the rubber in oil, increasing electric generating as well
as increasing the rubber longevity, etc.[3]. There are many ways to improve the compatibility of
these two mixed filler methods such as compatibilizer [4-6]. the development of interfacial strength
by adjusting the vulcanization system and the types of a reinforcing agent [7], and the changes of
mixing conditions [8]. The change of the viscosity ratio of both types of rubber prior to the mixing
is also considered as such ratio change of the mixed polymer can have an effect towards the
character of the morphology [9-11].

Thus, this research is focused on the blend between ENR350 with STRS5L in the formula of a
foodstuff conveyor belt compound in which silica and magnesium carbonate are the mixed filler
along with the use of silane coupling agent for the benefit of the compatibility. Moreover, a method of
changing the viscosity ratio of both rubbers is used when the mixing proportions of ENR50:STRS5L.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www ttp.net. (ID: 27.55.175.46-13/05/18,11:20:55)
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are 100:0, 75:25, 50:50, 25:75 and 0:100. The study is further focused on the mechanical properties
of the ENR50/STRSL blends.

Experimental

Materials and chemicals

STRS51. was manufactured by Chalong Latex Industry Co., Ltd., Songkhla, Thailand. ENR30 was
manufactured by Muang Mai Guthric Co., Ltd., Phuket, Thailand. Silica and magnesium carbonate
which were obtained from GSP Products Co., Itd. Zinc oxide, stearic acid and titanium dioxide
were purchased from Sunny World Chemical Co.,1td. Parafinic (oil 105), PEG 4000 and neoflow
L-90 resins were purchased from Behn Meyer Chemical (T) Co.,Ltd. Other chemicals such as
paraffin wax, BHT, MBTS, TBBS, couplink 89 and sulfur were all supplied by Chemical
Innovation Co., Ltd.

Preparation of rubber compounds

The rubber compound formulas, shown in Table 1, were prepared using a semi-efficient
vulcanization. The mixing was done on a conventional laboratory two roll mill size 8 x 20 inches,
according to ASTM designation D3184-80. ENR30 was first masticated on two roll mill for 4 min.
in E100 formulas, STR5L. was first masticated on two roll mill for 2 min. in S100 formulas and then
masticated ENR30 was mixed with STRS3L in the ratios of E75:825, E50:S50 and E25:873,
respectively. Required amount of filler (Si0Q,, MgCQ; and mixture of Si0O; and MgCQs3), couplink
89, PEG 4000, parafinic (oil 105), ZnO, stearic acid, TiOz, neoflow 1.-90 resins, paraffin wax and
BHT were added respectively on two roll mill at a roller speed of 18:20 round per min (side roller :
after the roller). The mixing temperature was 70-75°C. The accelerator (MBTS and TBBS) and
sulfur were added into the mixtures on two-roll mill for 6 min. Then the mixtures were sheeted out
and kept at the room temperature for 24 hours before testing.

Table 1 Mixed proportions of compounding formulas (unit in phr®)

Raw materials °E100-°S0 E75-825 E50-850 E25-875 EO0-S100

ENRS50 100 75 30 25 0
STRS5L 0 25 50 75 100
Si0; 40 40 40 40 40
MgCO; 40 40 40 40 40
TiO, 8 8 8 8 8
ZnOo 3 3 3 3 3
Stearic acid 1 1 1 1 1
Parafinic oil 8 8 8 8 8
Neofow 90 5 5 5 5 5
Paraffin wax 1 1 1 1 1
BHT 2 2 2 2 2
ICouplink89 4 4 4 4 4
‘PEG 4000 2.4 2.4 2.4 2.4 2.4
MBTS 0.6 0.6 0.6 0.6 0.6
TBBS 1 1 1 1 1
Sulfur 1.5 1.5 1.5 1.5 1.5

part per hundred parts by weight of rubber dry basis (phr), °E; epoxidized natural rubber, 50:
ENRS30, °S; standard thai rubber,5L :STR5L, dsilane coupling agent and ®filler activators
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Testing and characterization

Mechanical properties

Mechanical properties: tensile strength, elongation at break, modulus and hardness were
determined. A universal tensile testing machine (INSTRON,model-5565, USA.) was used to
determine tensile strength, elongation at break and modulus of the samples at room temperature,
with an extension speed of 500 mm/min, according to the procedure described in ASTM D412-
06aeZ (Die C). Hardness was tested according to ASTM D2240-05 (2010).

Morpholoegical Characterization

Scanning electron microscope (SEM,FELQuanta400) was used to study the surface of a vulcanized
specimen. The rubber vulcanizations were cryogenically fractured in order to observe the dispersion
of filler particles.

Results and discussion

Mechanical properties

The hardness of ENRS(/STRSL blends with the mixed filler

It was found, upon increasing the quantity of ENR30 from 50 to 100%, as shown in fig.1, that
the property of hardness was stable which was because of being polar of the ENR50 that enabled to
increase the dispersing of silica and magnesium carbonate. The polarity within the rubber created
stronger reaction between the rubber and the two mix fillers [12,13], however, when the STR5L
quantity reduced from 100 to 50%, the property of hardness tended to increase which was due to the
STRS3I. higher flexibility. Therefore, increasing the proportion of ENRS50 could lead to the
increasing of stiffness that further resulted in the movement reduction of the polymer chains, yet
increasing the hardness[14]. The test was conducted by adding a coupling agent, silane coupling
agent, and filler activators, PEG 4000, into the rubber compound to reduce the interaction among
the silica particles. The silica secondary structure became easier to destroy during the mixture
process and, at the same time, the silica could easily break and disperse in the rubber. The result
was the viscosity reduction while the producing process became easier. These chemicals also
reduced the absorption of the accelerator or the curing activator, especially Zn complex, on the
silica surface that caused rapid stable action while obstructed the movement of the rubber molecule
chains. Thus, the flexibility reduced which resulted in the increasing of the hardness property [3].

The modulus at 300% elongation of ENRS0/STRSL blends with the mixed filler

A property of 300% elongation is the one that indicates the strength of a product upon being
elongated within a specific length. The test result, as shown in fig.2, shows the highest score of the
property of 300% elongation at the mixing ratio of 50:50. The reason could be from the reaction of
a suitable proportion of the synergism between the polar ENRS50 and the non-polar STR5L. Tt was
also found that the value of 300% elongation increased when the quantity of ENR30 decreased from
100 to 30% and it decreased when the quantity of STR5L was higher from 30 to 100% which is
called the positive and negative deviation. Such deviation was a result of the polarity differences
between ENR50 and STRS5L. since STR3I. was the non-polar polymer of a double crosslink (C=C)
in the hydro carbon chains whereas ENR50 consisted of an oxirane oxygen ring which contained
the polarity in its structure [15]. The increasing proportion of ENRS30 led to additional stiffness
which further resulted in the reduction of the polymer chains movement that subsequently increased
the 300% elongation [14].
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The tensile strength of ENR50/STRSL blends with mixed filler

The test result, as shown in fig.3, revealed that the property of tensile strength was at the highest
at the mixture ratio of 50:50 which was due to the reaction of a suitable proportion in the synergism
between the polar ENR50 and the non-polar STRSL. It was additionally found that the tensile
strength increased upon the decreasing of ENR50 from 100 to 50% (though it tended to clearly
decrease at 75% indicating the quality of holes or breaks within the material), but it decreased when
the quantity of STRSL was higher from 50 to 100%. Moreover, ENR50 possessed higher tensile
strength than STRS5L since it was able to strain induced crystallization and with the epoxidation into
stereospecific making the obtained polymer become cis-1.4 configuration that the ENR50 oxygen
atoms could properly fit in the crystal lattice of the natural rubber without causing any tension [16].
On the contrary, it could be a result from the polarity differences of ENR50 and STR5L since the
STRS5L molecules contained more double crosslink of carbon (C=C) while ENR50 consisted of an
oxirane oxygen ring in its structure.

The elongation at break of ENR50/STR5L blends with mixed filler

Fig.4 showed the test result of using ENRS50 at 100% that its property of the elongation at break
was higher than the ones of ENR50/STRSL and STRSL. This was because the ENR50 had higher
viscosity than the STR5L and such a high viscosity made silica and magnesium carbonate break
better as there was an occurrence of cutting force destroying the secondary structure during the
pounding process with the mixed fillers [12]. Subsequently, the silica chemical absorbent became
better which was because the silica surface consisted of large quantity of hodroxil or xylanal (-OH)
to make its skin become polar and actively responsive to chemical reactions [3]. The silica,
therefore, tended to competently absorb chemicals around the surface making the fillers mix well
with the rubber while the chemicals also promptly dispersed in the rubber. Furthermore, silica was
able to reinforce better in the rubber because of its small primary particles and its specific surface
that once it was filled in the rubber. the vulcanized rubber contained high elongation at break.
Decreasing in the ENRS5O0 ratio could lead to the reduction of stiffness that accordingly resulted in
the increasing of the molecule chains movement [14].
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Morphological characterization

Fig.5 Morphology of ENR50/STRSL blends with mixed filler at (a)E100:S0,
(b)E75:825, (¢)E50:850, (d)E25:S75 and (e)E0:S100

Fig.5 (a) showed the morphology of ENRSO0, it was revealed that the mixed filler particles
homogeneously dispersed in the ENR50 and the smooth surface with a little crack was observed. In
this study, the couplink 89 was added into the compound so the bonding between the ENR50 and
the mixed filler particles could improve, resulting in a good compatibility of the compound obtained
and good mechanical properties [17]. In the case of ENRS0/STRS5L blends as shown in Fig.5 (b),
(c) and (d), it was found that the mixed filler particles were not well dispersed in the ENR50/STRSL
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blends and the surface roughness increased as a function of STR3L contents. This might be a
exfoliation of small amount of the mixed filler particles from the rubbers because of a weak
bonding between the mixed filler particles and rubbers when the ENR30 content decreased. Fig. 5
(e) showed the morphology of SRTSL, it was found that the surface was quite rough due to an
exfoliation of the mixed filler particles from the rubbers. As we know, STR5L is non-polar rubber,
therefore, the worse bonding between the mixed filler particles and STR5L occurred. This evident
resulted in a reduction of mechanical properties of the specimen in this study.

Conclusion

The ENRS50 showed the better mechanical properties when we compared with STRS5L. This was of
because the competent bonding between the mixed filler particles and ENR30, and the mixed filler
particles being well dispersed in the ENR50. Furthermore, the increasing of the proportion of
ENRS50 and STRS5L at 50% could improve the property of hardness, modulus at 300% clongation,
and tensile strength whereas the decreasing of STRS5L proportion at 75% disclosed better property
of the clongation at break. The small reduction of mechanical properties was due to its intense
surface roughness and worse bonding between the mixed filler particles and the rubber. The
findings can lead to the cost saving in terms of raw materials through using the ratio of 30:50,
without affecting the mechanical properties, since 100% ENRS50 is more costly whereas STR3L is
much cheaper. In addition, the knowledge gained from this study can be beneficial in a selection of
the raw rubber materials and mixed fillers for the future rubber industry.
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ABSTRACT

This research presents an effect of microwave power being utilized in preheating of a foodstuff conveyor belts
compound (FCB¢), with or without mixed fillers, and sulfur at different volumes of 1.0, 1.5 and 2.0 phr respectively. Prior
to hydraulic molding press at 150 °C, an FCBec is preheated for one minute through an industrial microwave system at a
frequency of 2.45 GHz along with microwave power of 340, 850 and 1,700 watts whereas the cure timeis a time 50%. The
result shows that the FCBc with mixed fillers and 1.0 phr sulfur with microwave power at 340 watts demonstrates an
effective crosslink between the rubber and the fillers which subsequently produces the FCBc that containg better
mechanical properties, not only at the lower cost on raw material but also the curing time reduces to 40.20 % per production

round.

Keywords: foodstuff conveyor belt compound, microwave power, mixed fillers, raw material, mechanical properties, energy saving.

INTRODUCTION

Many advantages of microwave power include its
intensive heating capability and quality in a form of
volumetric heating, its energy penetrating ability that leads
to constant spreading of heat within an entire object
whereas a heating duration is short, and more importantly,
its energy is unmixed and nonpolluting to the
environment. The device is small and maintenance is low
as its component parts are lesser than others (Ratanadecho
et al., 2006). Heating with microwave depends on a wave
absorbing property of an object and the object used in this
process must be a dielectric material which is the material
of semi-insulator with a basic sructure of dipoles, the
property that contains microwave absorption competency
that effectively transforms into thermal energy. Such heat
occurs from the force of friction during a new amrangement
of leading molecules while conducting the absorption
which further leads to an act of heat spreading throughout
an entire material (Metaxas ef «l, 1983). The new
foodstuff conveyor belt compound of energy saving is a
dielectric material consisting of epoxidized natural rubber-
50 (ENR.50) which is the rubber of higher dipoles than the
normal one for being better heat and oil resistance
(Yoksan., 2008). In addition, silica and magnesium
carbonate, the white polar fillers of both reinforcing and
semi reinforcing are popularly used with natural rubber as
mixed fillers when better quality and colors of a product
are required (Barlow., 1993, Sombatsompop et @l., 2004).
Furthermore, there are some previous researches aimed to
study various uses of microwave power to investigate
different features of natural rubber, with or without carbon
black (Laurence et @/, 2000} and chemical bond breaking
of crumb rubber being vulcanized by microwave (Wicks et
ai., 2000). The studies alzo include amethod and tool used
for heating amaterial with microwave power especially in
a de-vulcanization process of crumb rmbber through

heating with microwave power which could be recycled
into a new type of rubber {Anderson., 1978), using
microwave to study a dielectric property of natural rubber
at the pre and post vulcanization (Bovtun et «l., 2001),
cross-linking of rubber in microwave curing processes
(Bogdal ¢t al., 2003), relations between rubber molecules
crosslink and microwave energy using a method of
microwave tunnels (Khor etal, 2010). The conventional
heating iz additionally introduced by combining
microwave power with hot air in order to vulcanize the
mbber hose. Two steps of pre-vulcanization with
microwave and conventional vulcanization are conducted
enabling to rapidly mold the rubber while conducting
energy saving when being compared with an original
vulcanization process (Sejimo et 2/, 1987). Practically, a
method of microwave heating the compounds is used in
Avon Tyre Ltd., the company that produces solid tyres for
forklift trucks in which the process can reduce the duration
of 30 kg compound compression molding from 120
minutes to 70 minutes through 10 minutes microwave
heating prior to the compression molding (Sutton = af.,
1988).

This research presents the use of microwave
power at 340, 850 and 1,700 watts for one minute in
preheating FCBc, with or without mixed fillers, and sulfur
volumes of 1.0, 1.5, and 2.0 phr. FCBc specimens of both
with and without microwave power are studied The one
with microwave power is further compressed with
hydraulic molding press at 150 °C and the cure time (Tzon)
is atime 50% in order to study the property of hardness in
molecules crosslinking.

Materials and chemicals

The formulations are designed as shown in Table-
1
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Table-1.Compounding formulations.

phr?
Raw 'FCBc FCBc FCBc FCBcF FCBcF FCBcF
materials *81.0 -SL.5 -$2.0 -S1.0 -S1.5 -52.0
ENR30 100 100 100 100 100 100
310, - - - 40 40 40
MgCO; - - - 40 40 40
T, 8 8 8 8 8 8
Stearic acid 1 1 1 1 1 1
Zno 3 3 3 3 3 3
Neofow L90 5 3 5 3 5 5
Paraftin wax 1 1 1 1 1 1
BHT 2 2 4 2, 2 2
Couplink89 - - - 2 2 2
PEG 4000 - - - 2.2 22 2.2
MBTS 0.6 0.6 0.6 0.6 0.6 0.6
TBBS 1 1 1 1 1 1
Sultur 1 1.5 2 1 1.5 2
Total 122.6 123.1 123.6 206.80 207.3 207.8

* Part per hundred parts by weight of rubber dry basis (phr), ® Foodstuff conveyor belts compound without mixed fillers, ©
Sulfur content (past per hundred parts by dry basis weight) and * Foodstuff conveyor belts compound with mixed fillers

Preparation of rubber compounds

The raw material was prepared by mixing in an
internal mixer (Brabender®GmbH&Co. KG, Duisburg,
Germany), with a rotor speed of 60 rpm at a temperature
of 70 °C. The compounding formulas are shown in Table-
1. Before mixing, the rubber compounds were classified
into two groups, namely (a) ENRS50 without fillers:
[FCBc] and (b) ENRS50 with fillers {using a mixture of
{8107) and (MgCO5) as fillers at 80 phr): [FCBcF]. A two-
stage mixing procedure was employed to prepare all
compounds. In the first step, ENR30 was first masticated
for 3 min. The other ingredients including ZnQ, stearic
acid, Paraffin wax, BHT, Neoflow L-90 resing and TiCs,
were then sequentially added, each with a mixing step of 1
min, followed by the second step. The following order,
ENRS0 was first masticated for 3 min. Then, mix
separately, 810;, MgCOs, Couplink 89 and PEG 4000 with
consecutive grinding times of 5, 3, 1 and 1 min,
respectively. Similarly, the other ingredients, ZnO, Stearic
acid, Paraffines waxes, BHT, Neoflow L-90 resins and
TiO;, were sequentially added, each with a mixing step of
1 min followed by the second step described below.

In the second step, after dumping the mixture
from the mixing chamber, the accelerator (MBTS and
TBBS) and sulfur were added into the mixture on a
conventional laboratory two-roll mill size (8x20 inch) at a
roller speed of 18:20 round per min (side roller : after the
roller), according to ASTM designation D3184-80. The
mixing temperature was 40-45 °C for 6 min. The rubber
compounds were prepared using a conventional

vulcanization (semi-EV). Significantly, the sulfur contents
were varied from 1.0, 1.5 and 2.0 parts per hundred parts
of dried rubber by weight basis, respectively. Then the
mixtures were sheeted out and kept at the room
temperature for 24 hours before testing. The rubber
compounds were then wvulcanized using a compression
molding machine, under a pressure of 15 MPa at 150 °C,
using the optimum cure time {Trop) determined by a curing
test with a moving die rtheometer (Monsanto Rheometer,
Model MDR 2000).

Preparation of specimens

Two sets of specimens were prepared with a size
of 150x150 mm? and a thickness of 4 mm. The first set
was without microwave heating but molded with hydraulic
molding press at 150 °C, according to cure time {Tco) The
aim for the second set was to use microwave power to heat
the FCBc prior to the hydraulic molding press in order to
reduce the cure time. So, FCBc with or without mixed
fillers was preheated with microwave power (Panasonic
NE-1756 microwave oven) at 340, §50, and 1,700 watts, a
frequency of 2.45 GHz, for one minute before hydraulic
molding pressing at 150 °C and cure time (Trog) is a time
50%.

Testing and characterization
Curing characteristics

Curing characteristics of natural rubberfwhite
fillers compounds were tested according to ASTM D5289-

1106
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07a using a Moving Die Rheometer (MDR Type,
MONSANTO/ RHEOMETER MDR. 2000, Japan. ) with of
Arc 0.5° at 150 °C. The optimum cure time {Tcoof, scorch
time (Ts:(, minimum torque) ML), maximum torque (MH)
and torque difference or delta torque (AH=MH - ML) were
determined based on the curing curves. The cure rate
index (CRI), a parameter which indicates the speed of
curing reaction, was determined from rtheometric data
CRI was calculated using the following relation as shown
in equation (1) (Aprem et «i., 2003).

CRI = 100 n
Cure time — Scorch time

Crosslink density characteristics

The specimen was cut to a rectangular shape
dimension of 1x1 em’and weighted both before and after
soaking in 30 ml of toluene for 7 days. These weights
were used to calculate cross-linked content as shown in
equation (2) (Ratanadecho et o/, 2002, Allen et af., 2003).

Tewell= 'In(l'vr ) o Vr' X,Vr2 (2)
ViV, V.2

V, i the volume fraction of rubber in swollen gel,
¥ i the rubber-golvent interaction parameter (0.406), Vo, is
the molar volume of toluene (106.8 cm™ mol) and TMswdl  is
the swelling of rubber (%).

Mechanical properties

Mechanical properties in terms of tensile strength
{MPa), elongation at break (%o) and modulus at 300%
elongation (MPa) were determined. Standard test
procedures as prescribed by ASTM D412-06ae2 (Die C)
were used for the determimnation of compound and
vulcanization properties, using alnstron Model-3565,USA,
and hardness (Shore A) was tested according to ASTM
D2240-05(2010) wusing a Toyvo-Seiki Model A-
1/7301 Japan. For each testing parameter, an average
value was calculated from at least three tests. Most
stendard deviations of all testing parameters were less than
10%.

RESULTS AND DISCUSSIONS

Curing characterization

It is shown in Table-2 that a vulcanized property
of FCBc¢ with mixed fillers is higher than the one of non-
mixed fillers which reveals that adding a proportion of
mixed fillers enables to increase the viscosity in a form of
filler-filler interaction due to an influence of a surface area
or particle size as well as a polarity decreasing situation of
the mixed fillers that causes such interaction and further
forms a mass linking with effective spreading, resulting in
a higher modulus value (Frohlich &t /., 2005, Leblanc.,
2002). Moreover, adding mixed fillers in FCBec can

increase an acidic state that speeds up an accelerator and
accordingly increases cure time (Tcen), when being
compared with non mixed fillers FCBc. In addition, FCBc
with or without mixed fillers shows a reducing value of
scorch time (Tsz), cure time (Tcog) and cure rate index
{CRI) when an amount of wvulcenized substances are
higher. Nevertheless, increaging a vulcanized substences
proportion makes torque difference (Mu-M.) higher which
may mean that a linking level becomes high when a
volume of the vulcanized substance increases.

Crosslink density

It iz found as shown in Figure-1 that once a
fraction volume of sulfur increases, a crosslinking
percentage of non- microwave power FCBc also increases,
especially the FCBc with mixed fillers. This is because
high quantity sulfur causes high crosslink and an added
proportion of sulfur enables to increase the density of the
crosslink with mixed fillers (Makal =« </, 2010).
Moreover, it is also found that FCBc with mixed fillers
while being through microwave power shows a density
value of crosslinking higher than the one without mixed
fillers at every level of microwave power. This means that
FCBc without mixed fillers is able to conduct less energy
alteration at the microwave power absorption. Hence,
when fillers are added, the FCBc enables to absorb more
microwave power as S10;, reinforcing filler, and MgCOs,
semi-reinforcing filler, are polar. Once polar fillers are
mixed with FCBc, the mixed fillers enhance its polarity.
This corresponds with athermal occurrence by an effect of
carbon black in natural rubber (Metaxas et af., 1983, Peter
et al., 1999). Tt is further found when FCBc is heated by
microwave power at 340, 850 and1700 watts that a sample
with a sulfur quantity of 1.0 phr provides the highest
crosslinking percentage and such percentage becomes
slightly decreasing at 1.5 phr and 2.0 phr respectively.
This is because when a sulfur proportion in the FCBc
being heated with microwave power of the same watt and
same duration, an FCBc temperature becomes higher
leading to its additional energy absorbent capability and
thermal condition that the FCBc subsequently absorbs
microwave power and enables to change into better
condition of thermal energy while heating ventilation
within the FCBc¢ remains the same. This causes a
reduction in the crosslink density of the vulcanized rubber
thermal degradation during a vulcanization process and
further leads to some changes in a rubber intermolecular
reaction as well as chain scission. Nevertheless, this
degradation is in a physical property of the vulcanized
tubber (Hoover, 1999).

Therefore, FCBc with or without mixed fillers
and 1.0 phr sulfur, 340 waits microwave power at a wave
frequency of 2.45 GHz for one minute of previous to the
hydraulic molding press at 150 °C and the cure time 50%.
They are quantity is optimized for study on mechanical
properties.
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Table-2.Curing Characterization of FCBc¢ with and without fillers before pre-heating.

Formulas Mu Mnu Mu-ML Ts2 Teon CRI
(Ib.in) ({Ib.in) {Ib.in) {min) (min) {min™)
FCB¢-81.0 032 4.60 4.28 3.53 573 45.45
FCBc¢-51.5 0.35 5.61 5.26 3.02 542 41.67
FCB¢-82.0 041 6.60 6.19 267 5.20 39.33
FCBcF-81.0 5.99 19.79 13.80 3.86 10.20 15.77
FCBcF-S1.5 5.81 22.39 16.58 3.20 10.15 14.39
FCBcF-82.0 5.24 26.93 21.69 2.56 10.12 13.23
1.20
1.00 1 _f_
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Figure-1.The relation between the cross-linking percentage and the sulfur content in FCBc, with and without
mixed fillers; with and without microwave power.

Mechanical properties

It is described in Figures 2 (a) and (b}, that FCBc
with mixed fillers the with microwave power and non-
microwave power possesses are hardness and modulus at
300% elongation at both property better than the one
without mixed fillers of the same condition. The difference
is clearly exposed since fillers of silica and magnesium
carbonate are dielectric material that can reduce
microwave reflections around a surface and help the wave
to penetrate through the material better®. The dielectric
material iz able to absorb more waves and effectively
transform into heating energy. Moreover, the mixed fillers
can also obstruct a molecules chain movement making
lesser flexibility in a compound that subsequently
increases a hardness characteristic (Barlow, 1993).
However, Figure-3(a), that FCBc with mixed fillers at
increasing microwave power from 340 to 850 watts can
invariable the hardness property which iz due to the
microwave power absorption within the material in a form
of volumetric heat at a molecules level that once there is
internal heat, it spreads to the external (Makal et al.,
2010). The heat that follows iz in a form of constant
spreading while a double crosslink breaks and becomes a
single crosslink with higher polarity. The bond with sulfur
molecules is thoroughly occurred within an entire material
making better crosslinking. It is also found that figure
3(b), that FCBc with mixed fillers at increasing microwave

power from 340 to 850 watts can slightly decrease the
property of modulus at 300% elongation which is because
higher microwave power produces sironger electric field
that further increases wave absorption {Doo-ngam &f al.,
2007) and subsequently, the heat within a molecules level
becomes higher and causes a reduction of the molecules
crosslink in the FCBe (Makal 2 af, 2010). On the
contrary, Figure-2(a) and {b), that FCBc with mixed fillers
once microwave power iz increased to 1700 waits, the
hardness and modulus at 300% elongation are property
significantly reduced which are due to an oxidation
reaction in natural rubber, especially at a high temperature,
or it can be of sulfur bond releasing from linking among
molecules (Varghese et al., 1994). In another word, this is
a case of extensive microwave power that causes
degradation because of heat bonding from sulfur crosslink,
the effect of FCBc crosslink that reduces at a vulcanized
level (Hoover, 1999).

As shown in Figure-2 (¢} and (d), FCBc¢ without
mixed fillers a good property of tensile strength and
elongation at break in all microwave levels. Since there is
no mixed filler and it iz a low dielectric material that when
microwave penetrates into the material, the absorption and
the transformation toward thermal energy are accordingly
low (Doo-ngam et @/., 2007). Similarly, FCB¢ with mixed
fillers at becomes a high dielectric material or high
polarity that when microwave goes through, the absorbed
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wave power transforms into thermal energy. An
occutrence of the heating circulation is quick making both
actions of abgorption and transformations happen so fast
that subsequently increase a heat level in the molecules.
This causes some reductions of molecules bonding in the
vulcanized rubber (Metaxas ef @/, 1983). Furthermore,
adding the fillers can also reduce the continuation of
rubber phases that may cause an unpleasant or unstable
distribution. A volume of mixed fillers can obstruct the
rubber molecules movement that the rubber becomes more
stiffness and brittleness. The result iz a reduction of a
property of tensile strength and elongation at break (Da
costa et @f., 2002, Ismail et @/, 1999, Ismail et a/., 2002).
Increasing microwave power from 340 to 1,700 watts to
FCBc with fillers can also reduce the property of tensile
strength and elongation at break. This is because when
there is a rapid circulation of moisture while watt power
and heat are high, the crosslink density reduces and the
degradation occurs. Therefore, because of heat, the
crosslink bond releasing in FCBc with fillers can decrease
the FCBc elongation (Nadkar et a/., 2001).

Theretore, FCBc with mixed fillers at 340 watts
microwave power at a wave frequency of 2.45 GHz for one
minute of quantity is optimized.

60
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CONCLUSIONS

Prior to the hydraulic molding press at 150 °C
and the cure time 50%, preheating FCBc with mixed
fillers, 1.0 phr. sulfur, and 340 watts microwave power at
a wave frequency of 2.45 GHz for one minute making the
internal heating within the compound at increase is the
most suitable action. The outcome is foodstuff conveyor
belts compound that contains better the density of
molecule crosslinking and mechanical properties. Not only
the cost of raw material becomes low but the curing time
duration iz also reduced to 40.20% per production round
when being compared with a non-preheating situation.
Hopefully, thiz knowledge can be beneficial for an
industrial vulcanization process in the future.

ACKNOWLEDGEMENTS

The authors would like to thank the National
Research Council of Thailand and Prince of Songkla
University for the research financial support, the Rubber
Industry, Rubber Research Institution, and Agricultural
Academic Department, Ministry of Agriculture and Co-
operation for their support on providing rubber, chemical
agents, and testing site.

16.0
14.0

12,0 -

z
P £ { R S -
= 100
i 10,
3 80
s
£ 60
3
= 40
2 10
z
= 00
0 200 400 600 SO0 1000 1200 1400 1600 1500
Microwave power level (warts)
—=—FCBe-51.0 = FCBcF-S1.0
200
] N —a
PN Bt L e -

0 200 4100 600 800 1000 1200 1400 1600 1800
Microwave pawer level (watts)

—8—FCBe-S1.0 = FCBeF-51.0

(@

Figure-2.Mechanical propertiesof FCBc with and without mixed filler (a) hardness, (b) modulus
at 300% elongation, (c) tensile strength and (d) elongation at break

REFERENCES

Ratanadecho P., Duangduen A. and Vougpradubchai S.
2006. Drying of a slip casting for table ware product using

microwave- continuous belt furnace. Dry Technol Inter L.
26: 589-594.

Metaxas A.C. and Meredith R.J. 1983, Industrial
microwave heating. Peter Peregrinus, Ltd. London.

1109



WOL 12, MO, 4, FEBRUARY 2017

ARPN Journal of Engineering and Applied Sciences

B2006-2017 Asian Research Publishing Network (ARPM). &ll rights reserved.

173

ISSM 1219-6602

www. arpnjournals. com

Yoksan R. 2008. Epoxidized natural rubber for adhesive
applications.Kasetsart J.(Nat Sci). 42: 325-332.

Barlow F.W. 1993. Rubber compounding: principles,
materials and techniques. 2™ Edition, Marcel Dekker, Inc.,
New York.

Sombatsompop N., Thongsang S., Markpin T. and
Wimolmala E. 2004, Fly ash particles and precipitated
silica as fillers in rubber. I Untreated fillers in natural
mbber and styrene butadiene rubber compounds. J
ApplPolym Sci. 93: 2119-2130.

Laurence L., Christopher M.L., Norman S.A., Michele E.,
Thompson F. and Robert S.W. 2000. Use of microwave

dielectric loss spectroscopy for characterization of natural
rubber/carbon black composites. Polym Bull. 44: 187-194.

Wicks G.G., Schulz R.L., Clark D.E. and Folz D.C. 2000.
Microwave treatmeni of wulcanization rubber.United
States Patent No.6420457.

Anderson E.E. 1978 Method and apparatus for microwave
heating of flowable material. United States Patent
No.4129768.

Bovtun V., Statk W., Kelm J., Porokhonsky V. and
Yakimenko Y. 2001.Microwave dielectric properties of
rubber compounds undergoing
vulcanization. KautschGummiKunstst. 54(12): 673-678.

Bogdal D., Penczek P., Pielichowski J. and Prociak A
2003. Microwave assisted synthesis, crosslinking and
process of polymeric materials. AdvPolym Sci. 163: 193-
263.

Khor C.¥., Ariff Z.M. CheAni F., Mujeebu M.A.,
Abdullah MK., Abdullah M.Z. and Joseph M.A. 2010.
Three-dimensional ~ numerical  and  experimental
investigations on polymer rheology in meso-scale
injection molding.Int. Commun Heat and Mass Transfer.
37(2): 131-139.

Sejimo A. and Shigeo O. 1987. Method for continuously
vulcanizing hoses. United States Patent No.4702867.

Sutton W.H., Brook MH. and Chabinsky LJ. 1988,
Microwave processing of materials. Materials Research
Society symposium proceeding. April 5-8.

Aprem AS., Jose S., Thomas S., Barkoula N.M. and
Kocsislk. 2003. Influence of hygrothermally degraded
polyester-urethane on physical mechanical properties of
chloroprene rubber. EurPolym I. 399(1): 69-76.

Ratanadecho P., Acki K., Akahori M. 2002. A numerical
and experimental investigation of the modeling of microwave
heating for liquid layers using a rectangular wave guide
(effect of natural convention and dielectric properties). Appl
Math Model. 26(3): 449-472.

Allen T.C., Bryan B. end James L. 2003. Characterization of
polymer-filler interface i irradiated silica-reinforces
polysilozane composites. Mater Res Soci. 629: FF3.14.1-
FF5.14.5.

Frohlich I., Niedermeier W. and Luginsland H.D. 2005.
The effect of filler-filler and filler-elastomer interaction on
rubber reinforcement. Compos Part A: ApplSciManufact. 36:
449-460.

Leblanc JL. 2002, Rubberfiller interactions and
theological properties in filled compound.Prog. Polym Sci.
27 627-687.

Makal N. and Rattanadecho P. 2010. Microwave pre-
curing of natural rubber-compounding uging a rectangular
wave guide.IntCommun Heat and Mass Transfer. 37(7):
914-923.

Peter A.C. and Norman N. 1999. The rubber
formulary. Noyes publications, Norwich New York, USA.

Hoover F.I. 1999. Review of Vulcanization Chemistry,
Rubber World 220: 24.

Doo-ngam N., Ratanadecho P. and Klinklai W. 2007.
Microwave preheating of natural rubber using a
rectangular wave guide (MODE: TE10). Songklanakarin J
Sci Technol. 29(6): 1599-1608.

Varghese 8., Kuriakose B. and Thomas 8. 1994, Short
sisal fiber reinforced natural rubber composites: high

energy radiation, thermal and ozone degradation.
PolymDegrad Stab. 44: 55-61.
Da costa HLM., VisconteL. LY., Nunes R.CR. and

FurtadoC.R.G. 2002. Mechanical and dynamic mechanical
properties of rice husk ash filled natural rubber
compounds. J Appl. Polym Sci. 83(11): 2331-2346.

Ismail H. end Jaffri RM. 1999. Physico-mechanical
properties of oil palm wood flour filled natural rubber
compogites. Polym Test. 18(5): 381-388.

Ismail H., Shuhelmy 8. and Edyham MR. 2002. The effects
of a silane coupling agent on curing characteristics and
mechanical properties of bamboo fiber filled natural
rubber composites. EurPolym J. 38(1): 3947,

Nadkar N., Debnath 8.C. and Basu D.K. 2001. Novel
method for the preparation of carboxylated nitrile rubber-
natural rubber blends using Bis  (diisopropy)
thiophosphorylpolysulfides. J. Appl. Polym Sci. 80: 1725-
1736.

1110



International Journal of GEOMATE, Oct., 2018 Vol.135, Issue 50, pp. 189 - 196
ISSN: 2186-2982 (P), 2186-2990 (0), Japan, DO https: //doi.org/10.21660/2018.50. 37209

OPTIMIZING THE PROPERTIES OF VULCANIZED COMPOUNDS
FOR FOODSTUFF CONVEYOR BELTS IN INDUSTRIAL
MICROWAVE PER-HEATING

Suphatchakorn Limhengha and Wipoo Sriseubsai®

Department of Industrial Engineering, Faculty of Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Bangkolk, 10520 Thailand

*Corresponding Author, Received: 00 May. 2018, Revised: 00 Jun. 2018, Accepted: 00 Jul. 2018

ABSTRACT: This research finds a natural rubber-based material with good dielectric properties and low
cost for a foodstuff conveyor belt (FCB) that can be heated with microwaves. For this purpose, epoxidized
natural rubber-50 (ENRS50) and standard Thai rubber 5L (STR5L) were mixed with a filler mixture of silica
and magnesium carbonate. The FCB compound with filler (FCBcF) yielding the best vulcanization time, and
the best mechanical, dielectric and dynamic properties, was selected for further study. The optimal FCBcF,
ENR50:510, MgCO; (100:40:40) with microwave pre-heating at 2.45 GHz and 340 W for one minute before
vulcanization, was well cross-linked and strongly converted the microwaves to heat. FCBcF also showed
satisfactory mechanical properties with reduced cost of raw materials and reduced the curing time by 50%
per round. The results demonstrate that pre-heating of FCBcF prior to vulcanization reduces the time and cost

of fabricating FCBs, providing long-term economic and environmental benefits.

Keywords: Foodstuff conveyor belt; Dielectric material; Vulcanized compounds; Industrial micvowave

1. INTRODUCTION

A foodstuff conveyor belt (FCB) is an engineered
rubber product (typically white) with high
flexibility but low distortion. Natural rubber is the
main raw material because of its non-toxicity, a
requirement of foodstutff conveyance. The main
concern is that other raw materials and the
chemical rubber must comply with the laws and
regulations of the Food and Drug Administration
{United States). The compound formulation needs
to be appropriate while satisfying the cleanliness
and safety requisites. The conveyor belt must also
be brightly colored, easy to clean, and fabricated
by an efficient material preparation process. A
typical FCB compound (FCBc) 1s natural rubber
mixed with fillers. Natural rubber is a non-polar
double-cross-linked polymer with high flexibility
and other beneficial mechanical properties but is
non-resistant to oil and non-polar solvents [1].
Currently, mn  Thaland, natural rubber s
commercially modified to epoxidized natural
rubber (ENR), in which the oxygen in the cross-
linked regions forms epoxide rings by epoxidation
reactions. The epoxide contents of ENR range
from 10 to 50%. The ENR i1s more polar than
unmodified natural rubber and has better heat and
oil resistance. The polarity of 50% - epoxidized
ENR is similar to that of acrylonitrile butadiene
rubber (INBR) with medium acrylonitrile contents [2].

The filler in the rubber compound significantly
lowers the fabrication costs and changes the physical
properties of the material, especially the mechanical
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properties. The filler increases the electric
conductivity and improves the longevity of the
rubber. Two white fillers, silica and magnesium
carbonate, are popular for natural rubber products
because they provide good quality and aesthetically
pleasing color. In refined powder form, magnesium
carbonate 1s an efficient semi-reinforcing agent
that improves the tensile strength, tear resistance,
and degradation resistance [3]. Although the hardness
and tensile strength provided by comparatively
small silica particles (nano silica) are similar to
those of black carbon filler, the organic agents on
silica interfere with the silica—rubber bonding [3],
whereas nano silica reduces the creep and drying
shrinkage [4] Consequently, black carbon confers
stronger resistance to degradation and modulus than
silica. Grafting silane on silica improves the silica—
rubber bonding and improves the mechanical
properties (especially its tear resistance) of the
compound. The silane can be mixed with the fillers
before compounding with rubber or added while
mixing the rubber and fillers [ 5].

When vulcanizing mixed reclaimed rubber and
natural rubber with carbon black as the reinforcing
agent, microwave heating was found to affect the
type of cross-linking in the compound. Specifically,
more mono and di-sulfidic cross-links were
formed in microwave-heated vulcanization than in
conventional vulcanization. This result was
attributed to the quick heating from the center of
the sample, which gains the highest temperature.
In contrast, conventional heating delivers heat to
the compound from an outside source [6].
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Microwaving can also be combined with conventional
heating in a two-step rubber hose vulcanization: (1)
pre-vulcanization with microwave energy, and (2)
conventional vulcanization with heat conduction.

This approach consumes less energy than
conventional vulcanization [7].
Previous research has demonstrated that

microwave preheating of compounds conserves
energy in processing. In most of these studies, the
microwave energy preheated a black compound
containing carbon black reinforcing filler, and
synthetic rubber was the main raw material.
Microwaves are suitable for the manufacture of
very thick products such as solid tires for forklifts.
The present study investigates the physical
properties of a FCBc after pre- and post-heating by
industrial 2.45 GHz microwaves at various powers
(0-1,700 W). The raw materials are natural rubber,
standard Thai rubber (STRS5L) or epoxidized natural
rubber-50 (ENR50), with fillers of silica, magnesium
carbonate, or theirr mixture. Microwaving 1s an
alternative technique that quickly heats the
compound from the inside out, and which reduces
the time and energy of vulcanization (by reducing
the costs and increasing the rate of production),
thereby improving the competitiveness of the
manufacturing process.

2. MATERIALS AND METHODE
2.1 Materials and Methods

The chemical constituents of the FCBecs are
shown m Table 1. STR5L was manufactured by
Chalong Latex Industry Co., Ltd. (Songkhla,
Thailand), and ENRS50 was manufactured by Muang
Mai Guthrie Public Co., Ltd. (Phuket, Thailand).
The reinforcing filler was silica (Ultrasil 233:510;)
and the semi-reinforcing filler was magnesium
carbonate (MgCQj;) obtained from GSP Products
Co., Ltd. (Bangkok Thailand). Zinc oxide (ZnO)
and stearic acid (CH;(CH;)16COOH) were purchased
from Sunny World Chemical Co.,Ltd. (Bangkok
Thailand). Mercaptobenzothiazole disulfide (MBTS)
and N-tert-butyl-2-benzothiazole sulfenamide (TBBS)
used as accelerators were manufactured by Flexsys
{(Turmoil, Italy). The filler activator (polyethylene
glycol, PEG 4000) and Couplink 89 silane
coupling agent were kindly supplied by Chemical
Innovation Co, Ltd (Bangkok, Thailand). The
curing agent (sulfur) was manufactured by Ajax
Chemical Co., Ltd. (Samutprakarn, Thailand).

2.2 Preparation of rubber compounds

The compounding formulations used for the
composites, as shown in Taber 1 were prepared by
semi-efficient vulcanization. Compounds were
mixed on a conventional laboratory two-roll mill
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according to ASTM designation D3184-80. ENR50
was first masticated for 4 min n the SiO,/ENR,
MpCOy/ENR, and SiOyMgCO5/ENR - formulas;
STR 51 was masticated similarly for 2 min in the
SiOy/STR, MgCOy/STR and  SiOyMgCO4/STR
formulas. The masticated ENRS50 or STR5L. was
then mixed with the required amount of filler
(Si0,, MgCO; or a mixture of Si0O/MgCQOj3). Next,
Zinc oxide, Stearic acid, Couplink 89 and PEG 4000
were added to the ENR50-filler and STRSL—filler
mixtures, respectively, on the two roll mill. The
accelerators (MBTS and TBBYS) were added to the
mixtures on the two-roll mill for 1 min, then sulfur
similarly with 2 min mixing. Finally, the rubber
compound was sheeted out and left at room
temperature for 24 hours before testing and
vulcanizing.

2.3 Cure characterization

Moving die rheometer (IMDR type, Monsanto/
Rheometer MDR 2000, Japan) was used to
determine to cure characteristics of the rubber
composites at 150°C with 0.5° amplitude and 30
min. The cure characteristics of the dielectric
material compounds were tested according to
ASTM D5289-07a. The cure rate index (CRI),
which characterizes the vulcanization.

2.4 Mechanical properties

The stress-strain curves of dielectric material
compounds were measured on a universal tensile
testing machine (Instron, model-5565, USA). The
tensile strength, elongation at break, and modulus
were determined at room temperature at an
extension speed of 500 mm/min, according to
ASTM D412-06 ac2 (Die C). The dumb-bell shaped
specimens were cut from the vulcanized rubber
sheets using an ASTM die type C (Dumbbell,
model SDAP-100N, Japan). The hardness was
tested according to ASTM D2240-05 (2010) using
a Shore A durometer (Shore Instrument, model-
716, USA).

2.5 Rubber Process Analyzer (RPA)

The dynamic storage modulus (G') was
investigated in an RPA 2000 (Alpha Technologies,
Akron, USA). In the strain sweep test, the strain
was ranged from 0.56 to 500% at 80°C and 1 Hz.

2.6 Dynamic Mechanical Analysis (DMA)

The dynamic mechanical properties were
determined by a dynamic mechanical analyzer
(DMA. 8000, PerkinElmer Inec., Waltham, USA).
The samples were rectangular with dimensions of
(3010 > 2y mm®. The dynamic storage modulus
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Table 1 Chemical formulations of FCBc

phr*
Raw materials 510, S10, MgCOy, MgCO;  Si0,/MgCO;  Si0,/MgCO4
/ENR® /ISTR® /ENR /STR /ENR /STR

ENRS50O 100 - 100 - 100 -
STRSL - 100 - 100 - 100
S10; 40 40 - - 40 40
MgCOy - 40 40 40 40
Zinc oxide 3 3 3 3
Stearic acid 1 1 1 1 1 1
YCouplink 89 - - L 2 ) 2
PEG4000 - g - 2.2 2.2 2.2
MBTS 06 06 0.6 0.6 0.6 0.6
TBBS 1.0 1.0 1.0 1.0 1.0 1.0
Sulfur 1.5 15 1.5 1.5 1.5 15

Parts per hundred parts by weight of rubber dry basis (phr), "ENR: Epoxidized natural rubber,
50:ENR50, °STR. Standard Thai rubber, 5L:STRS5L, *silane coupling agent and “filler activators.

(G and loss tangent (fan &) were measured in
tension mode. The temperature was ranged from -
100 to 25°C, and the test frequency was fixed at 1 Hz

2.7 Dielectric property measurements

The analyzer consisted of a coaxial cavity, a
microwave reflectometer, a 0.35-¢m coaxial cable,
a 0.35-cm female calibration, and short and open-
matched loads and software. The coaxial cavity
was characterized in the 1.5-2.6 GHz range at a
precision of 2% for the dielectric constant and 5%
for the dielectric loss factor. The measured
specimen was assumed as an infinitely sized, non-
magnetic material with isotropic and homogeneous
properties. During the test, the coaxial cavity must
be closely contacted with the specimen [8]. The
measurements were made by a portable network
analyzer. After averaging five values for each
rubber compound, the loss tangent [9] and
penetration depth [10] were calculated by Eqs. (1)
and (2), respectively.

o
tand = =

T

(1

Here tand is the loss tangent, £, is the relative
dielectric loss factor, and &, is the relative
dielectric constant.

1

M‘ls;.(\l1+(tcmzi)z—l)
U

2

Dp = 2)

Here Dp 1s the penetration depth, f is the
microwave frequency (2.45 GHz), and U 1s the
microwave speed (3x10% m/s, the speed of light).
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Assuming a lossless magnetic field, the
volumetric internal heat generation (Q)[11] was
estimated by Eq. (3).
Q = we,e" E* =2r-[-g,£, (tand)E? 3

where @ is the density of the absorbed
microwave power (W/m>), E is the electromagnetic
field intensity, f is the microwave frequency (Hz),
w 1s the angular velocity of the microwaves (rad/s),

and &, is the permittivity of free space (8.8514x10™"
F/m).

3. Results and Discussion

3.1 Properties of FCBc vulcanized without
microwave pre-heating

3.1.1 Cure properties

The curing curves of FCBcF vulcanized
without heating are shown in Fig. 1 and their cure
characteristics are summarized in Table 2. To mix
the rubber, chemicals, and fillers, firstly, the silica,
silane, PEG, and o1l were mixed mnto a master
batch of rubber. Next, the other substances were
added to reduce the silica crystallization and
improve the filler dispersion. During this
procedure, the siloxane (-51-O-31) and silanol (-S1-
OH) on the silica surfaces easily react with silane
and PEG, reducing the surface polarity (by
breaking the cross-linking agents, especially
polysulfide), and hence increasing their
hydrophobicity [12]. This chemical change
improves the compatibility with rubber and
reduces the silica absorption that otherwise
prolongs vulcanization in the MgCO; /ENR,
MgCO,/STR, S10,/MgCO3/ENR and
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Table 2 Cure characteristics of the experimental formulations before pre-heating

Min . Max . Delta Scorch Cure Cure rate
Sample Torque torque torque time time index
MpdNm)  (Mg.dNm) (M -M.dNm)  (#55, min)  (fcop.min)  (CRLmin™")
S10,/ENR 0.7 9.4 8.6 2.6 716 202
Si0./STR 1.8 10.0 8.2 32 77 22.4
MgCO3/ENR 0.4 6.7 6.3 2.7 3.6 103.1
MeCOy/STR 1.3 7.9 6.6 1.9 27 125.0
S10,MgCOy/ENR 1.5 11.3 9.9 2.0 6.2 24.0
510,/ MgCOy/STR 32 14.6 11.5 1.6 43 37.0

510, MgCO5/STR cases. In addition, S10,/MgCO4
/STR was comparatively slowly vulcanized and its
vuleanization ratio index (CRI) was higher than for
S10,/MgCO3/ENR. ENRS50 is comparatively polar
and can stimulate double cross-linking of the
1soprene units, enabling more rapid vulcanization
than STRSL [13]. The lower torque differences
(Miz M) in SIO/STR, S10/ENR and Si0,/MgCOy
/ENR than in S10,/MgCQO,/STR also support lower
crosslinking levels in the former group.

—&—Si0/ENR
—&— MgCO /ENR
——Si0 MgCOENR

—e—Si0,STR
——MgCO,/STR
—— Si0,MuCO STR

Torque {dN.m)

T T T
o 5 1 15 20
lime (min)

Fig. 1. Cure curves of the experimental formulations.

3.1.2 Mechanical properties

Fig.2 shows the stress-strain curves of the SiOs,
MgCO; and Si0;+MgCOs-filled vulcamzates (1.e.,
SI0/ENR,  Si0,/STR,  Si0py/MgCO3/ENR  and
MgCO5/ENR, MgCO3/STR,  Si0,/MgCO53/STR).
The Young's modulus was higher in Si0,/ENR,
S10y/STR, and SiOy/MpgCOy/ENR than in the
MgCO,/ENR, MgCO,/STR and SiO,MegCO,/STR
vulcanizates. The Young's modulus (or modulus of
elasticity) measures the stiffness of an elastic
material and describes the elastic properties of
objects such as wires, rods or columns during
stretching or compression. Silica 1s a superior
reinforcing agent for rubber because of its small
primary particles and high specific surface;
therefore, silica-filled vulcanized rubber possesses
a comparatively high tensile strength. In addition,
the properties of natural rubber reinforced by silica
are similar to those of rubber reinforced with
carbon black [3] This finding agrees with the
increased delta torque of these composites (see
Table 2). As seen in Fig. 2 and Table 3, the
SiO,/ENR. SiOy/STR, and Si0,/MgCO,/ENR
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samples were mechanically strong because ENR50
is polar [14] and facilitates the dispersion of silica
and magnesium carbonate in the rubber matrix.
The polarity of rubber enhances the rubber—filler
interactions [15]; moreover, ENR50 is more
viscous than STRSL [14]. The high viscosity of
rubber also induces high shear forces that disperse
the filler and prevent its agglomeration. The high
specific surface of silica, with its many hydroxyl
or silanol (-OH) groups, is conducive to chemical
absorption. Especially, the polar surfaces enable
rapid chemical reactions that absorb various
chemical substances [3]. These properties justify
the used mixing sequence, which improves the
modulus at 300% eclongation (MPa), the tensile
strength (MPa), and the elongation at break (%) of
the vulcanized rubber

—&— Si0JENR
—e—Si0 /STR
30| —4—MeCO/ENR
——MgCO/STR
—+—Si0,/MgCO,ENR
—4— 5i0 _MgCO /STR

Stress (MPa)

T T T T
400 s00 600 Fo0

Strain (%)

T T
0 0o 200 B0

Fig. 2. Stress-strain curves of the experimental
formulations.

3.1.3 Dynamic mechanical properties

Fig.3 plots the storage moduli as functions of
strain amplitude for FCBes filled with S10,,
MgCOs or their mixture (1.e., SiO;+MgCO;5) in the
non-polar STRSL and polar ENRS50 natural rubber
matrixes. In each case, the storage modulus was
comparatively high and nearly constant at strains
below 1%. The modulus decreased at higher
strains because the filler agglomerates were
broken; this effect is known as the Payne effect
[16]. Thus, by varying the type and quantity of
filler, one can vary the modulus behavior and
Payne effect of the filled rubber.
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Table 3 Mechanical properties of the experimental formulations before pre-heating
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Mix symbol Tensile strength  Elongation at break 100 %modulus 300 26modulus
(MPa) (%) (MPa) (MPa)

Si0/ENR 21.59+043 657.09 + 7.64 1.24+0.08 411 +0.37
S10,/STR 18.57+2.33 62598 £21.00 1.11+ 004 4204+ 0.09
MgCO;/ENR 17.16 £ 2.60 729:23£13:53 1.17+£0.08 281025
MgCOy/STR 14.77+1.26 657.09 +6.56 1.64+0.02 518+0.10
S10,/MgCOy/ENR 1585+3.17 53436 +52.34 1.36+0.11 520+ 0.44
S10,/MgCO3/STR 14.404+1.23 574.70 + 4.87 1.64+0.10 518 +0.31
The strain dependence of the storage modulus w v

depends on the fillerfiller interactions, which

increase the elastic modulus [17]. Si0y/NMgCOy/ENR e

has a higher storage modulus than Si0,MgCOy/STR €

because a filler mixture agglomerates more readily 2

than a single filler, consistent with the observed 2 '

morphology. Moreover, adding fillers to non-polar g & ajum

STRSL rubber yields a lower storage modulus than &, o ngco e

adding fillers to the polar ENR50 matrix, because the —P—MCO,STR

filler dispersion is better in STR5L than in STRSL. ¥ e T o5
Fig.4 plots the storage moduli and fan(d) values o = W W A [ Al

of the samples as functions of temperature. At Tonmgbrarabe (C)

some critical temperature, the storage modulus ®)

decreases rapidly and the sample changes from a " ::f:’::

glassy to a rubbery state (Fig.4(a)). The observed 4 MgCO/ENR ") [\

behaviors fall into two groups: (1) SiIOENR, POl i i ANE |

S10,/STR and SIOZ/I\/.[gCO;J'ENK and (2) MgCOy q—iulimi,;(‘n;ml'n i \

/ENR, MgCOy/STR, and SiOyMgCO4/STR. The =

storage modulus is higher in the first group el

because Si0O; is a better reinforcing agent for

STRSL and ENRS0 than MgCO;. The tan(d) peaks 05

in Fig 4(b) also indicate a crifical temperature. This

temperature called the glass transition temperature & , ,

(T,). was higher in SIO/ENR, SiOy/STR, and
S10,/MpCO3/ENR than in MgCO3;/ENR, MgCOs;/

STR and S5i10/MgCOy/STR. This difterence 1s
explained by the smaller size of the SiO; particles
than of the MgCO; particles, enabling stronger
rubber-filler interactions m both rubbers.[18]
Moreover, comparing the rubber types with the
mixed filler SiO;+MgCO;, the T, was higher in
ENRS50 than in STRS5L because the polar ENR
better interacts with the mixed filler [19].

A —=—Si0 /ENR
—&—Si0/STR

—d— MgCO /F

T NR
—¥— MgCO,/STR

—&— Si0_/MgCO /ENR
—a— Si0_ MgCO /STR

H E 2 £
3 t 3 E 4
| 5 i L

Storage modulus, G' (kPa)
N

T T
LA} 1 1 100

Strain (%a)

Fig. 3. Storage modulus vs. strain amplitude
curves of the experimental formulations, tested
at 80°C and 1 Hz.
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T T
-4 =0 L] 0

Temperature ('C)

Fig. 4 (a) Storage modulus and (b) fan(d) as
functions of temperature for the experimental
formulations

3.1.4 Dielectric properties

The dielectric properties of FCBcF before pre-
heating are summarized in Table 4. The values of
and (tand) were higher in Si0O,/MgCO3/ENR, 810,
/ENR, and MgCO5/ENR than in SiO,/MgCO; /STR,
Si0,/STR and MgCO;5/STR, showing that although
STRSL natural rubber forms cross-links with non-
polar molecules [1], its microwave absorption
capability 1s lower than that of ENRS0. This can
be explained by the larger molecules with poorer
mobility in STRS5SL than in ENRS50 under the
alternating electric field. Therefore, the silica,
magnesium carbonate and mixed fillers increase
the energy absorption of rubber because they are
electrically polar and can absorb microwaves. The
silanol (Si-OH) groups on the silica surface confer
an acidic, chemically reactive property and a high
electric polarity at the surface [13]. Therefore,
silica filler is more polar than magnesium carbonate.
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Table 4 Dielectric properties of the experimental formulations before pre-heating

Relative dielectric  Relative loss factor Loss tangent Penetration
Mix symbol constant (e)(x 107) (tan §)(x 10°%) depth (Dp)
() (meter)

SiOy/ENR 2.400 0.0149 0.006194 0.406384
S10,/STR 2321 0.0119 0.005137 0.498197
MgCO,/ENR 2.490 0.0131 0.005276 0.468330
MgCO,/STR 2.369 0.0097 0.004114 0.615673
S10,/MgCOyENR 2.555 0.0169 0.006617 0.368711
SiOyMgCOySTR 2.427 0.0139 0.005717 0.437804

Fig.5 shows the diclectric test results. SiO,
/MgCO4/ENR exhibited the highest &, among the
tested cases. When filled with silica and
magnesium carbonate, the polar molecules of
ENRS50 absorb the microwave energy and convert
it to heat. The fillers apparently increase the
polarity of the already polar ENRS50, enabling
energy savings when pre-heating the FCBcs with
microwaves. The thermal transformation was also
affected. The volumetric internal heat generation
(@) Eq. (3) depends on both the electric and
magnetic fields in the dielectric medium [20].

3.0

. R
| ] enr

Dielectric constant (')

0.0 -

Gum MgCOy SIO, 8i0;/MgCO

Fig. 5. Relative dielectric constants of the
experimental formulations before pre-heating.

3.2 Properties of the selected vulcanized FCBc

According to the above test results, the best
FCBc candidate was FCBcE (S10, /MgCOy/ENRS0).
FCBcF 1s diclectric, appropriate for microwave
pre-heating prior to vulcanization, and conserves
the cost of raw materials. Therefore, this compound
was evaluated in the further study. The microwave
absorption of FCBcF was tested on samples of the
area (150%150) cm® and thickness 4 mm. The
specimens were subjected to 2.45 GHz industrial
microwave radiation. The microwave power was
varied as 340, 850 and 1,700 W, and the pre-
heating duration was 1 minute prior to hydraulic
molding at 150°C with a vulcanization duration of
50% T'rgp. This test was aimed to assess effects of
the microwave conditions on the mechanical
properties of FCBcF (hardness, modulus at 300%
clongation, tensile strength, and eclongation at
break), both with and without heat aging. The heat-
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accelerated aging was performed in a hot air oven
at 100°C for 22 hours.

3.2.1 Mechanical Properties

Pancls (a) and (b) of Fig. 6 shows the hardness
and modulus at 300% clongation, respectively, in
the non-aged and heat-aged FCBcF samples.
FCBcF 1s highly dielectric and well absorbed the
microwave energy, thereby providing strong
heating [6]. The silica and magnesium carbonate
fillers are appropriate diclectric agents that tend to
absorb rather than reflect the waves [21]. Thus,
microwave-treated FCBcF should demonstrate
superior mechanical properties. However, the
fillers can obstruct the¢ mobility of the rubber
molecules and accordingly reduce the flexibility,
thereby increasing the hardness after the heat-
accelerated aging [3]. This effect of aging on the
mechanical properties of FCBcF was preserved
under all conditions of microwave preheating.
However, increasing the microwave energy from
340 to 850 Watts tended to reduce the mechanical
properties, because the stronger heating [6]
mcreased the quantitative heat (QQ) generated at the
molecular level. Excessive heating reduces the
cross-linking of vulcanized rubber [8]. When the
microwave power was increased to 1700 Watts,
the vulcanization degree was further degraded [22],
with obvious loss of mechanical properties.

Panels (¢) and (d) of Fig. 6 shows the tensile
strength and clongation at break, respectively, in
the non-aged and heat-aged FCBcF samples. Both
properties declined with accelerated aging and
with increasing microwave power, reflecting the
stronger internal heating [6]. Both the non-aged
and heat-aged FCBcF samples were highly
dielectric and strongly absorbed the microwave
energy. The cross-linking in FCBcF was reduced
by the excessive heat [21], and the molecular
chains can also be degraded by heat and oxidation
during the aging process [23]. Increasing the
microwave energy from 850 to 1,700 Watts
worsened the mechanical properties of the heat-
aged FCBcF. This can be explained by rapid
moisture transfer under intense heating, called
reversion. Reversion, which describes the loss of
sulfur crosslinks in rubber under intense heat or
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excessive vulcamization duration, degrades the
properties of vulcanized rubber [24]. Meanwhile, the
heat-aging process reduced the flexibility of the
vulcanized rubber [23]. The filler can bond poorly
with the rubber phase and be poorly distributed. It
can also obstruct the movements of the rubber
molecules, increasing the hardness and brittleness.
These phenomena also degrade the mechanical
properties [25].

{a)

70
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2
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Fig. 6. (a) Hardness of the selected food conveyor
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belt compound with filler (FCBcF) in the non-aged
{black) and age-accelerated (red) cases. (b)
Modulus at 300% elongation of non-aged (black)
and age-accelerated (red) FCBcF. (¢) Tensile
strength of non-aged (black) and age-accelerated
(red) FCBcF and (d) Elongation at break of non-
aged (black) and age-accelerated (red) FCBcF.

4. CONCLUSION

FCBcF was prepared by mixing ENR50 with
silica and magnesium carbonate fillers at a mass
ratio of 100:40:40. Among the tested candidates,
this formulation exhibited the highest dielectric,
and dynamic mechanical properties, while also
lowering the production cost. To mix the rubber,
chemicals, and fillers, began by mixing the silica,
silane, PEG, and oil to a master batch of rubber,
then added the magnesium carbonate to reduce the
effective adhesion between the rubber and fine
chemicals. The main raw material of FCBcF was
ENR50, which conferred stronger material
properties than STRL. The ENRSO0, silica, and
magnesium carbonate components are polar and
tend to absorb microwaves, converting the energy
to heat. The fillers can intensify the polarity of the
already polar ENRS0, but tend to reduce the
mobility of the rubber molecules. The vulcanized
compound was strongly resistant to oil (a non-
polar solvent). The FCBcF was pre-heated for 1
minute with 2.45-GHz microwaves of varying
power (340, 850, or 1,700 W), then vulcanized by
hydraulic molding at 150°C for a duration of 50%
Teeo. The mechanical properties were tested
without aging and after accelerated aging at 100°C
for 22 hours. Microwave pre-heating at 340 W for
1 minute achieved the best hardness and modulus
at 300% elongation after aging and the best tensile
strength and elongation at break in the non-aged
specimen. Heating at higher microwave powers
degraded the mechanical properties of the FCBcF.

These proof-of-concept results indicate the
feasibility of pre-heating FCBcF by microwaves
prior to vuleanization in the industrial manufacture
of FCB.
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