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Sopit Chuypun 2010: Effect of Plasticized Poly(vinyl chloride) on Properties of Natural Rubber
and Nitrile Rubber. Master of Engineering (Materials Engineering), Major Field: Materials
Engineering, Department of Materials Engineering. Thesis Advisor: Mr. Somjate

Patcharaphun, Dr.-Ing. 127 pages.

In this study, the discarded plasticized poly(vinyl chloride) (pPVC) from extrusion of weather-seal
was powderised and used as a filler for Natural Rubber (NR) and Nitrile Rubber (NBR). The effects of pPVC
content on the rheological, mechanical and physical properties of rubber were studied in details. The rubber
compounds and vulcanizates were characterized with respect to mooney viscosity, cure characteristic, tensile
strength, hardness, compression set, abrasion, oil, and flame resistance, respectively. The effects of adding
compatibilizer and coupling agent were also investigated. The results obtained from rheological tests
indicated that the mooney viscosity of NR and NBR increased with the increasing amount of pPVC added. It
was also found that the cure characteristic of NBR increased while the cure time of NR decreased as the
increasing pPVC content. Considering the mechanical and physical properties of NR and NBR containing
various pPVC contents, it was observed that the adding of pPVC improved the hardness and oil resistance of
NR and NBR, including the tensile strength of NBR and flame resistance of NR, respectively. In addition to
the thermal and ultraviolet resistance, it was found that the mechanical properties of unfilled NR and NBR
decreased due to the desulphurization of the sulphur crosslinks and chain scission during heat and ultraviolet
aging. It should be noted that the mechanical properties of the NR and NBR containing varying amount of
pPVC were higher than that of unfilled NR and NBR. This was probably associated with the escape and/or
degradation of plasticizer and the PVC gelation phenomenon during aging tests. Furthermore, the
experimental results obtained from NR+pPVC30 filled with various content of ENR, CR, and MAH showed
that the adding of ENR, CR, and MAH could improve the compatibility between NR and pPVC which led to

an increase of abrasion, oil, flame, thermal, and ultraviolet resistances.

Student’s signature Thesis Advisor’s signature
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NR = Natural rubber

NBR = Acrylonitrile butadiene rubber, Nitrile rubber
pPVC = Plasticized poly(vinyl chloride)

ENR = Epoxidized natural rubber

CR = Chloroprene rubber

MAH = Maleic anhydride

MBTS = Dibenzothiazyl disulphide

TMTD = Tetramethyl thiuramdisulphide

DPG = Diphenyl guanidine

ZnO = Zinc oxide

CTP = N-cyclohexylthiophthalimide

PBBs = Polybrominated biphenyls

CvV = Conventional vulcanization

EV S Efficient vulcanization

Semi-EV = Semi-efficient vulcanization

ASTM = The American society for testing and materials
ISO = International organization for standardization
ODR = Oscillating disk rheometer

uv = Ultraviolet

phr = Parts per hundred rubber

T = Temperature

T = Glass transition temperature

°C = Degree celsius
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A¥oU (Heat resistance) L1AZAIUAIINIUADNITTAR (Compression set) lfin dmsuenadirkunis va

I( A o A v aa = = 1 Y T Y Y
a'ludluszun BV Iwuszden Toanny Ty Tudalan Fuadesaonnudou dawaldanudiuniums

Ed
v AR

LﬁﬂllﬁﬂTWLﬁEN°’1]Tﬂﬂ’J11J%Jﬂulm$ﬂ’ﬂll€?l}'lu‘1/l"m€°’iﬂﬂﬁ5@]@1’3@]‘1]‘1! lLdﬂ?WNﬁ?uﬂTu@i@uiﬁﬁﬁ lm%ﬁﬂﬁﬂi%téjﬁ

° A =57 ( . = wa 1 J A @ o
NITADUA °lummzmnmam“lum1u3wu Semi-EV nanumgizmnmwNmmmam"lucﬂuizuu

. v { o I '
CV Uagieuy EV A9 2 uermﬁmumawnﬁmuma’mm”lu«ﬂunuumm

1 wAa 1 { o J ' A
M5199 2 auiian1ee) ¥eeeanrmumsIant lud lussuua1ee (Toki, 2003)

Properties CVv Semi-EV EV
Poly- and disulfidic crosslink, (%) 95 50 20
Monosulfidic crosslink, (%) 5 50 80
Cyeclic sulfidic concentration N 1thuna &5%1
Heat-aging resistance R 1thunan N
Reversion resistance 151;1 1thunan a9
Compression set, 22 h. at 70 OC, (%) 30 20 10

o o Aq Y Y I o v Aa I A o sldd? 1 v
fuzdunldluesdeuiufmzdunivuaeyninan ilomsnszaiedl lueslaaiu dewald
oanalgnsemsnsgiIdedranane Taem ldudmsausweduas il luensdouaundsgalusznig

AILUIUMTUAREN (Compounding) tiatesiu lilvinamsasgineutvua nseimae1eaio (Scorch) s

a 1 o @ @ % S o a o (% Y :/I Ay
YNUNFUA (BU NBR ﬂ13J$ﬂu3dJﬂ']§ﬂ§$ﬁ]']fJ@]'JlliJauﬂ fﬁ\?’ﬂ']slﬁﬂﬂﬁmllfﬂll$ﬂulﬂl']llﬂ@]\illﬁ!iﬂﬁu"ll@ﬁﬂ'ﬁﬂﬂ

@

A Y ) dg‘ Yo v a9 A o = @ Y
NN LWfJGlﬁL’.]aﬂuﬂ'liﬂﬁ%ii]']ﬂ@]’.]!,WiJ"Uu msl¥Muzduiiton Ao NMUSDUNIINGD ﬂi%ﬁﬂﬂ(ﬂ’)ulﬂxﬂﬂiu



a A

1 g Y ~ ' 1R g Y @ a o J ==
o1 hiilluduase naziinaTavasedearsss Juiludnugudasmanaian lud uaniiderds Ao
o [ a = d? Aa A Ao 1 o A . Yo A
fuzdueranamsFuIUNNRIVEN HieNiEend Usngniseiyaila (Blooming) dmsaldiveaii
v v Y v
Taseaden isudunniu uazensfimunszuiumsasgludtendiautiannudumuaeanudonld lua

o

Un

2. s s ugdu (Sulfur donor)

Aq Yo o AA o v & s v q Yo o A A
asnlddweduiuasnliswzduiveswsznou nazaaei Wi wedungumgives
o o 1 Aa o 4
msdam lud laun nasziumsalngusulada’lia (Tertramethyl thiuram disulfide; TMTD) laTuTvlala
@ 4 . . B\ an [ 4 ), .
#a'lWa (Dimorpholine disulfide; DTDM) leunuaziunsan Ingusuaaszaa lvs (Dipentamethylene thiuram

tetrasulphide; DPTT)

A Ay g 1o o
3. ﬁwaaum"l:u“lwmmnu

ansoud I lgs e uiuasi s uesitinnudud 1y 01ada Ty (Silicone: Q) 113105AU
wsonau (Ethylene propylene; EPM) EJNQ“:‘ iU (Polyurethane; AU) gnetauliaszian (Ethylene Vinyl
Acetate; EVA) 1P udu msﬁ%auTﬂwmamﬁmﬁmﬁuﬁzizw'jwﬂﬁuauuazﬂﬁuaumﬂimaqaﬂmww
Wity Sefiedesamann e f i lss e suiionldsuena1gun Tanzoon lus (Metal oxide) 1103

pon lwa (Peroxide) 1ludu
3.2 ﬁﬁ!ﬁfﬁﬂf}ﬁ?ﬂﬂﬁ}ﬂﬁzﬂ (Accelerators)

@ J 9 { o Y [ o 19 1 Aaaa
TumsFaa lugens winldmsiildensasgl wu Sweduiiswediuden Ugnsensgilnuie
o o o A Vv & ) Yo o A ~ ] ] A
narlumsTam lugereszduiulilodresdmn dsondedldiwedululsmaniun uazdoddguugin

8 A 2

a o o @ 1 Aaaa [ A a ° A 1
N nuanuIuiu fﬂi15]'313\1‘]_]3;]ﬂiEﬂﬁ_]‘L!Z’ﬂ'ilﬂ11‘]51!@14u@ﬂmllaﬂblﬂ11!5]1\35Ui1‘l31/nﬂ1511ﬂWﬁ11 IWBFIYAN
4

nauazgumgiilumsian Tudveses ﬁ’afﬁuagﬁ’uﬂ?mmuawﬁmmmsﬁi%’mimﬂﬁﬁ%ﬂﬁmgﬂ
annsonie Idiu 3 sz

1. szuumslFensdusuiiesyfia@e) (Primary accelerator) Wuszuufitiansdus
UfRsenfissfadeiitlseansamifioane lunsTaa lud

2. szuums Wans@ssdand 2 it (Secondary accelerator) i3 14ensdnsa
silausnludSinann uazdnaiialulSinates itesreesunazdsulgalsz@namlums Sam g

3. szuums WasisFATensh (Delay action accelerator) a3UszinniiFe

Hostuilymennsgdaounm
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33 ﬁﬁﬂiz%u (Activator)

v 4
msnszdu Aemsnmeaiuliass wgnsensglinuiilszaninmaiu Taedild
a aaa Y3 d? 9 < a N . A a ~ o . a A d
elAsen a1 a1snsequernilua1sdunid (Organic) N30a1501UN5 8 (Inorganic) Tasa1setiunid
Ao o a YA a o J . . J . a A J
ndnny wazton1d Aegeneenlad (Zinc oxide) laneonla@ (Lead oxide) tazuunilFoween luq
N o o A

1 { o a g 1 a a
(Magnesium oxide) vz Nensnszduiniluaissunidndinn Aewannsaluiiu (Fatty acid) 15u ninaiAesn

(Stearic acid ) ﬂﬁﬂﬂ?éﬂﬁaﬂ (Palmitic acid) 1NADDLIU (Amine salt) L‘ﬂucs’fu
4. 150 1AN (Fillers)

v A a =5 ¢ A a ¥ A v

Msa AN Avensnnauasluelaeliinglszasnioandunumsnan d1sduaugnldnuensn
g 1 d'q' 1 =) v A 1 dy ] 14 a 1 @ d' o
daaszozusnisuldasaiinn U lues asdudumaril wu ¥edn Au uAMAIINNRAEINNTTUTOBUR
~ o A 2 9 a oA ~ S ] v a A A
TMINAUBNLIINTY ANVABINTMINAANTOUANNUMUTINNTY  Taems Fa1sauauns oW

Aa A 1 1o % § ] 4

Uszaninnldersdosn il 1904 wuIuvsidh (Carbon black ) 4 Tdvn Taemswn ludii luauyseives
[ a A wva a [ = ' ' o c!'
Mas35UNA Predinauiasanalisuens]d 13l a.a. 1912 Tow 1ag Oonslager WuI s nanlues
1 9 = wa 9 1 = c!'dd? 1 = A o () Y v A
dana ldeeliguiannuaiumuaensantsenavy lunaiwewidedeuintviidnlsduaisauaw
Uszinnasulsz@nsnm (Reinforcing filler) Tugnunounnilszinn

Fan (Silica; SiO

an I v A § § v A a Aa A §
) danuuasduaunangaluvssaasdudulszmnasnlszansami

I '
A v

19 18 0 aa = S 2 A AHa A o 1 Y a Y
"lllcl‘]fﬁﬂ'l HANINUYUIALANIINWUNNITUNTUIN Iﬂﬂcluﬁllmg‘VWI'lﬂ'li‘]JﬂNﬁ’fllqlufJN’fJ']i]ﬂﬂi“l’TLﬂﬂﬂ’J']iﬁﬂHfj\i
1 Y a N a aa I a - I = & a o
ﬁ\?NﬁiﬁLﬂﬂﬂ'ﬁﬁIﬂ"U’fNEl'l\ﬂﬂ\ﬂﬂ N’J"ll’E]Wfaﬂ'llﬂ’Llﬁ"]ﬁf]uiﬁ/'lilelE]‘V'I‘ﬁlﬂl!ﬂﬁﬂlmzfﬂll1imﬂﬂwufﬁ$"l§]1ﬂili]u
@ A Y ' a o @ &£ g a = A 1 Y A an = @
ﬂﬂﬁ'limu’f]u"lﬂ Lmﬂ"lil,ﬂﬂ“wu‘ﬁ&’ﬂ1JEJ'N“INL‘]JHﬁ'liﬂuﬂifﬂllm‘vnﬂﬂ’ﬁ mwa“lwmwwanmamma@aﬁ

HazANUMUMUABMI AN TOMA NN 1

s aa . . . y

UABFINATUOIUA (Calcium carbonate; CaCO,) HazLAAFINT AN (Calcium silicate; CaSiO,) f
v v P o ¢ o S o '
1911819919 1811919555 0@ HTemMIFUATIEH T@am'lﬂmgmﬂmmmmamnﬂszmmumumiwm

9
LY

a a a = = CY nﬁ' = v T o an
ﬂ\iuu‘ﬂ3$ﬁ‘l/]‘ﬁﬂW\lGluﬂﬁ!,ﬁiNLLiQ%QlINﬂMWﬂuﬂ LUDINIUNUVNUINULASEAN

'Jasriunnd (China clay) WM (Kaolin) fifidanilszneuved ALO, 25i0,2H,0 wonvNiie10]
anstlszneudu vy man Tnnudien unadey wuniiFen TiluaemGon Tmden nazenTuwamilalueg
& IninnadsiinazBoativinaoymadiulnagind 2 Tuasou ifernanasluena dewaliuegda anm
AMUNUADUSIAS uazmm?ﬁuwmcsiamiﬁﬂmammamﬁluqqsﬁ?u liunadriavendaiivuaeynai
Tngin 2 luasen Ieniituegdd anmdumudensads anwdumudensdnnseaindienaiild lai

J a a ' Aq ¥ ' s a Yo = 3 '
YV UADTLIDYA LL?]EINT]GlGBN],"]fHHﬂﬂEJGKuﬂWfJ"I‘U 1W@ﬁ51ﬂ15ﬂ\1§ﬂ‘ﬂi')ﬂﬁ?ﬂ31
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Tuilpfuuennnasdaduinanudedunds falimsl¥asdudnlszinnoun ondredrasy
av o [ 4 3’ % 4 1< v A a
MNNUITBUBIIGNS Uag 031 (2549) Tahimsdaudsmmhauiniuie Iduasdudnluoesssumna
Vv
o o 1 . I
Taadausnathduihdiuludruvean)donna (Palm oil slude; POS) 1z waaly (Palm kernel meal; PKM)
J A I wva 1 ~ 1
naramsnaassnueymavesssthduitivuaan Waniaaudunmusdenssasiginieyniavig
v A : A4 A s ¢ - '
Tngj ualdnarlumsasginviund lusazilomulSuarathdunniu diwalinnudumudensa
Avanag UoNING gNTIA LAy Ay (2547) ladnyiosaon TndanneesssumaasuLsidiodiaoy
a 4 @ vAa A a av 1 a
an'lud Tasfnudnyaznmsasguazauifidainavesenen Tnda 9nnansitenyi Usinandiase
a LRED 1 ~ 9 ~ 9 1 = A Y [
anlud hilimasenanin1dlumsnsgl Tuvazianudiumuasnsids szeztarua tazauAIuMuAD
a A a P R Y a s Y aa ¢ = v
M3AnuIAanad Welsuandiasuiiuiu Fuenvndiasean lud ud Asuns uae wsRgns (2551) 14
[ ° I a a
Anpianudu ) 1dveamsindaesluilseme e lsduansaSuussluenssssuna vaznlSeuion
fuganunsansm Taetiudiaseuazdanuniamsfamniimsliulgesridae sieo (Bis(-
a 4 o 2’ o ns/l a |a
triethoxysilylpropyl)-tetrasulfide) Usua 2 Wesiyud lastiwmiin vindunauasluenessssumnalsue 30-75
' ) I a a aa
phr 1IAMINAae nuiudaesansarihunlfiuanasuussluessssunald tazanmnsanaunugam
Y Y Y a Aaa £ ] wa A Y 9 1 = Y] ' a
n5AMIA 18 ludsunadsan 30 phr e liautifmana Taun ANuAIuMUAsLT AT ANUATUMUABNTAN
1 <3 Y Y Ad A o % wvAa a
9 HazAANNUAAREUMINY YBNNTENFITUMANRNHasediaTasnauTanNuTuBaadn
VYBIBNANNFANUNTANTAIA Y
d«yw = v a Adw I Y @ YR
wonnntdalimsanauniianyuziiudule (Fibrous filler) Taslszaly tazaae (2550) Tdanyn
< ° 1Y) 3 v a ad o
anudu 18 lumssindulednavusnnlddluamsduanluenasssuna Fai Tasmsvanauena
FITUWA (STR 20 ) uazdulednausnadarnumsuandeuiuasaiiange Tasdnyoninavedl/sua
MIAAN (5 4az10 phr) tazvinavesaulednaus (azdea 1unais o) MnadeauiiaFina 1n
' 1 < o A L= Y A d? A a Y
HANINABBIND I AIANNUTIEzIBgAaANNEANgUNNL THuINgUY Welsuaazvinaveudule
' 4 v Fa
Aaau iy Tuvagnanudiumudesusidatazanudumuaemsanrseiuu Iuanad fau
=2 A Y & . A A a A =2 ' Y @
aims I¥as¥euszaiu (Coupling agent) tioinyseanimumssaimesennadulodnauyiuaz o

a d! ] [ wva a 9 1 Blddgj
BITUFIN Gﬁﬂﬁuﬂiﬂﬂﬂﬂﬂiﬂﬂéﬂﬁﬂﬂﬂlﬂfﬂﬂﬁiﬂﬂ?ﬂﬁﬁﬂ Thavu

waadnuriaaunsathuwayluesld sinsqs nazaae (2549) ladnmaniavesnedwes

' A A o a Yo o Yt wa A Y a o o A a
HEusZHAINNRANSONAUAUEIsTTNNALa: IanimsUSuljeldlautianlndifeatumes lunanadnd
analames (Thermoplastic elastomer) Ado1iudINA9152Ima Tagshmsnaunoansofiawnga
PP2500H 1atnN3A PP3200H NU&N95ITUHA 1h5A STR 20 LazdAntauianeamenniaz auiiadanaves

a @ 1 1 Y 1 I
WD SHAY 8NFIDENAUR ARSI 1A (Melt flow index) ANUAUNIUABLTIAG ANUTL VIAHAMS
1 d' a a a o A d?) o Y wa a o a0 Y 2

naavINUIURTINAIENEIINMA lunedmesHaulia gy M lnauinvesweawe swaniia Indine

o P A a ¢ v A 4
ﬂﬂlfﬂE]ﬁIllwa']ﬁg]ﬂ@a']ﬁiﬁlllﬂilﬂiﬂﬂ'ﬁﬂ']ll']ﬂﬂ\imu
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5. wedalatianaa 5@ (Poly(vinyl chloride); PVC)

" a 1 a o a o J
PVC famas lunanadn 7 ldannmsneawe laaduvediianas'lsd luTuwes (Vinyl chloride
monomer) Tuilagiiuiimsth Pvc inldnueduumsnane iiesnniisinign awnsash laugl 1ddedae
Ed 3 Ed
matamsvugdwaraaning i sy nszuIumsdasa (Extrusion) 1aznszuiumsdavugll (Injection

molding) 1Judu Tagilluda Pve ennsautiseamilu 2 Uszian As

a & Ay 1 a a ¢ = wa o
1. PVC %1iauds (Rigid PVC) fim PVC i lilidnwaned lmiwos (Plasticizer) Hermiiauia anu
4
wuwiulsgana 1.38 kg/dm’ nuanufenldne 80 °c pve wiadignii I 1dlunswaandasuaiilszion
vio nseuilszg uazTagnoadia iludu

a 1 . A o Y a a o d! ~ 1
2. PVC %100 (Flexible PVC) Hanyaizaaisens lasmsmunaad lansesas lyaseni

s a

Plasticized PVC (pPVC) wanad lasiases nilonl4iunniga fe winuaaoames (Phthalate ester) Tngnay

=

Tusasdmlszmnaiosas 40-60 danaliguvgilumsnlasuanzadonds (T) vo1 PVC aand T4l

a

% o o 1< T ¥ 2 kg g @
auiiandioen annsarinnldiuiuness idenudu Yasniuee i nsziiesenau nazmiuiion

Hudu

i8]
I I
H CI
— —n

MWN 5 gasInseddeues PVC

pve Wumes Tuwara@niszinnneaToaily (Polyolefin) Taeva llawiiaves pve A Tida 'l

4
(=Y

4 = = I 1 1 = ] @ o A
iioannilezneunassuiuesdlsznoy nudensa A uazasiall liazaeludiiazanen liid an
wa 1 A o < s a = o YL E .
autiinnag fna1u sasieanuiumes lunanadn pve Jsansarinduin1¥Ing'la Tae smail uay
{ o o
Ay (2004) ladnidFMiuveuds PVCw (Waste poly(vinyl chloride)) Tagmsweruiy NBR tagiiing
a a 7 i . A o Y o v
wunnadnuoulalasa (Maleic anhydride; MAH) tivo15u1lsnudiuldues PVCw tiag NBR 91nma
MINATOUANLAVDI PVCw 1az NBR fIWaa MAH WU Aus90a Wad911¥9na (Mechanical energy) AN
ANuAUgIgaLazANUIAUNTZezEA 100% HA1gINI1 PVCy, PVCw 1aze1a NBR 1 lunay MAH naszey
dangaAuazaYTin13 LN (Swelling index) AnIwaziiioti linaaoudie SEM (Scanning electron
microscopy) HNOQANH UL MIUANKNNANTD91NNTIAIUDI PVCw Liaz819 NBR fiWay MAH W91 MAH
aunsaiunseganAlaves PVCw tag NBR 1iufio MAH dunsasivilSuilgsnnudhiu lduvesnis

Her PVCw 11azNBR Tuaaizifeni Wang uazame (2005) 14imsfiny PVC silaudi (Rigid PVC) &4
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v

152nPUA8 PVC tiag Ultrafine full-vulcanized powdered rubber (UFPR) @15 UFPR ﬁsl“fflﬁluﬁﬁ fio
Butadiene nitrile UFPR-1 (NBR-UFPR-1) Tagdju1aayna 150 U1 Tutua tagButadiene nitrile UFPR-2
(NBR-UFPR-2) Tagiuu1aoyn1n 90 U1 lumuas HAMINATEUAIANUE NI UADISINTZUNARNALIN
3.1 kUm0 5.2 1z 5.5 kiim® Ad sy sutianiiua Lo man manszaefafiiuinaey uas

1]
~

nalgnTen

F

WUNAININTY 5247919 NBR-UFPRs 1182 PVC Tagn1sins1ziaiein3od TEM (Transmission

electron microscopy) #aAd 11711431 NBR-UFPRs a13130n52 91083 18@ 14 PVC

]
Aa a

fladuniianinanedszanimnlumsasunse 1aun ¥iia YSuna uazvunavesansduay
4 '
sameanuaniuldsznienaagmsdudn Tasm ldudamsdSulsennudhnuld annsai1dlae
msaauasivesansdnan Iaelsansiail (Coupling agent) H3 091 Iasmsiauansyislumsdame

(Compatibilizer) L‘ﬂus?f U

6. 8195554 IAONONT 1A% (Epoxidized natural rubber; ENR)

< ad o aaa a a @ . b o o a a
810 ENR 1iluensssumnansiunmsinlgnsendnendiadu (Epoxidation) tiuaenisiliinanyo
= i<} 2 4 Ao - ' asy o aaa A a = A a
WONG (Epoxy) 13009NH15U (Oxirane) NAMHUMTUTY lagdTnsinlgasentownniga Ao msaw
o Aaa o aaa Y] o 1 9 a a 3 a 4
nsanfesezdanaslUingnsonuiuszgmelulasaiveswesssuna madluiwmiuswen lod
. . o =~ a & A o wa aq ya
(Epoxide ring) Aauaaalunini 6 819 ENR ganaavumosuljeautiaualsemsvessnasssumnalya
d? 1 o 9 s < :/I dgl 1 g} @ v o A -d;’f ydd? '
Yu sy i lkerdanuiudnnniu ansonuaoiiutazdiazaen Wid 1aaau annsonude
T = 4 o 1 e ) [} <
To Tau uazmsguruvesma1aa iiesnimiuseg lulassadeonsssunaidsnaiosas edilsaw
19 ENR 0190 au1ian191/52msnAsen1e1955509a 191 AnuA1uniuaensias wagauliannuavgu

o o a 1< a
Taial1leo1e ENR dnl¥lugaavnssuni uSeasdeda soum a uazernssaoud iludu a5aan, 2546)

. o _
CH3\ /H CHg\ / \ /H
C c—=¢C

—cC
——C{ \:HQ —C{ \Hi_

MW 6 ga31nsea319v09819 ENR

o Y o v o A Y ' = A A
ﬂﬁﬂiﬂﬂqﬁﬂﬂm"lﬂﬂuqﬂ"u@QEJN Lmzﬁﬁ@]’)m&liﬂﬂi“]fﬁﬁ"]f’.]ﬂsluﬂﬁﬂmﬂwEJN ENR IWOLWY
< =®R Aa v Aa [l Y A v a a a a dgl
ﬂ’ﬂll!,l,"lN!,l,i\ﬂ‘ufﬂiﬂﬂ@]ﬂﬂjﬂﬂﬂiﬂllazﬁﬁ@nmu ?NNaiﬂﬂﬁlﬁimﬁﬁlﬁ]\iﬁ'?iﬁ’)lﬁm\lﬂizﬁﬂ‘ﬁﬂ1wu1ﬂﬂlu

1@ George AZAMY (2002) WUIMIHENE ENR Tue1 NBR Fauasunssdarosan annsnlliuilgs
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AUTAIBING 1HU VOYAT ATWAIUNIUABITIAT AR IUNTUABMIANIIA ANUAUMUABNMTTNHTD
< wa A &4 A £ ¥ d v . P Ao

HaEANULAL MNaNTAFINa NNV taad1MHYI 813 ENR amnse lniuanssielumsganezng

5£M319919 NBR AUFaN (5UA8IAUNUITEUD Teh azane (2004) 1 ladnyidninaves/suaans

$281UN159AN12819 ENR ABN151@3 01159870 Organoclay 14e195550@ Tasms ldszuumsasgiuuuy

' a A s 7 ' 3 '
CV 9INHAaNINAdaY NU1MIANEN ENR §1 50 ifosiaud Tua dawalimsaagivesenausondt 25
¢ 2 o . ' o
osiaud lua 5o nuruiuIa39e31951904 (Crosslink density) M3N3218AIVD9 Organoclay

ANUMUIMUABUITIAY LAZANUMIUMUADMIANVIANAN T

7. 819A@8)5N3H (Chloroprene rubber; CR)

A Y =1 ~ I A o 4 4 ~
879 CR T%N19n15A1710193 Tonsu (Neoprene) 1Hue19N duns 1IN0 UOINDTV0IAAD 1SN U
v A o Y 1 g ~ v A o
(Chloroprene monomer) Tutanavade13 CR ansniaiesdi ldedraiuszifiounmeldannzimanzan as
A A A= = Y 1A o A o q YA 1 Y ' =
uaaslunmi 7 enriiativeannsaansan lAuRednuesssuna Mlidannudunmudeonsifags
#14 CR Tauiianauan Ao aAnumierdaiu (Tack) 1a i ldansaldlunszuiumsnaanandumia
9 @ Q;/ 1 a dyw Y A [ YA KR [} Y a
AvsoromsiznouninrateFudiu ensiatideaunsa lvadungounu1da 39 line 1vinailam
Y v
1 a (Y=} 1 1 L4
TRUABVDITUIIN UBNINHTITANUMUMUADMIANUIA HAZATIWATUMIUABMTANHITOFIDNAIY (WY

59, 2541)

(.l'II

CH—C —CH— CH;

MW 7 gaslnseaiawessns CR

vAa o U Y o [ 1 4 o o
ninauiananani 391dlimsihens cr nlddumsyrelumstane elSulisnnumdiiuld
Yoz AT AN A8 INUITBVDI Choi (2002) 1dUSDITedITAvEIEITTTUMANHENFAN TAY

1 ' 9
NINTNYNN CR i]1ﬂNﬁﬂﬁ‘ﬂﬂ’dﬁNWU’ﬂLﬁﬂﬂiiﬂﬁ!"lJ?NEJN CR waﬁu MINTLAIVOITANT IHea

i3

aas '

F55umaauY damalianiinFena 9y voada ANNAIUMUABMIANHID LAZANNAIUNMIUABMITINA

u

v F v Y v
FOUUANANAY HazdanUNTZozta NYAVIATAIZINT HONIINTNINIUITEVE Das HAZAME (2004) H9
1@fny1onTnavoamsnanes CR NaeMInszaedIvessaniluens EPDM wuiuilenanea CR Tuens

v 9 ¥ '
EPDM damiimsnszatedrnaan danaliamiamana e ldun veqdd uazanudumiuaeussaaiu

2
AT
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uoA1NM3 19819 ENR wazena CR Wuensselunmssamiz luenauazansduauundd daeninse
Wl T umsaelumssameseueeawan Tasanaudsevesianad uazame (2550) 7 18AnE1
ansnavesmstelumstameaeauiianis lva (Rheological properties) ANUHULLUU TATIA 193 19uM
HazaNiAITINAYBIENINANTTH I8N NR f1Ue1a NBR Tagldassielumssanizens CR uaze1s ENR
9195518199819 NR t1ag NBR 9 20:80 naz 1905 inavesassrelumsdamzsening o e 7 phr
HAMINAABINYT MIANITI6TMIBAINZ o1 CR 1Azend ENR i liinnumiiavesnanaiiuiy
TaommizlunsdivesansdlumsBameens ENR uonainidemuihmsduanssietumssame lidana
apnarluminegl uazannuuanaiassba uadewa ldanuruniuTasead ez auiagna

A d? a [l = < a A A
Tagsamnuiu Tasmsanaissielumstamie 5 phr lﬂuﬂﬁlﬂmﬂlﬁiﬂgﬁuﬂfﬁﬂ

8. wuadnuenlalasa (Maleic anhydride; MAH)

A a A 4 = Y IS = Y
MAH flo@15152neUdUN5d (Organic compound) Tasiigas Inssadumaniinaaslunmi 8 14
NAMIFUATIZH 1ABNTLUINAITODAFIAYY (Oxidation) VOUUUTY W30 5zneve: 15ANDUY 19U
< - AL N ).\ Q Dy X 4 ~
1©OU-D2NU (n-butane) Tagna liien1d n-butane 1Huingavulunswanuniige iesninisinign
o & < Ta A o ¢
Tae 1Judy MAH Huveaudale 1ulid azare1d i o2d Inu ueaneaes uaz lasonwu a1uso
1 o 3| @
azaneldudiulunae Tswesu lyanasumanlszinm 52.8 °'¢ awnsoi lllsdudananalums
@ t4 a P a & : '
duns1ZH n3AYWIEN (Fumaric acid) H82NIANISNI3N (Tartaric acid) taz i umsiFoulsea Falag
= ' 9 o A 2 a s o a o S A a s
MIANHIBENNINUIN HUABMTNTINA IANDaINDs Y83 MAH NUNOAINDSFUATIZH HIONDANDTIIN
a A o a ~ = o I @ . S|
55507 Taonaasust lawedawesn 14 nmah llfdudinsedulunisnay (Reactive blends) iiluans
A A & o o 2 a aw v
wonlsza niolutaguanluiaqmes lunaraan Taea1nauitouss George tazame (1995) 14
o =2 o a a o 1 = Y= 2K o 1
MmsAnpumes luwaradndaia Tames 521319 NBR 1ag PP &4 1aAnH1D90aI 18 4ueamsHay iazais
A ' A aa A4 A wa a a 1] A A
Wouilseau mnanisnaassnyNANNHLala NNy TuvasiauiaFanatinu Tduanas edSuw
v v 9 1 1
NBR NHAMHNINNUY (Ho7i915010NTNaveaa3%e11/52 a1 WU Phenolic-modified PP 1182 Maleic-
o A d ] 4 a a I ] =3
modified PP swthiiiluas s lumsenlseaulumes Tunaraandaralames 1diiued1ad
4 ]
WBNINH Pichaiyut azame (2008) &1 lavimsAnyaninavesans¥entseauaeauiianmalauin
(Dynamic properties) Haz@uUAIFING Y09 MNR/HDPE TPVs (Maleated natural rubber/High-density
polyethylene thermoplastic vulcanizates) Tagensiyeudsea1unly Ao Phenolic modified PE 11az HDPE-g-
MA (Graft copolymer of HDPE and maleic anhydride) wam3inaaeanun autimFana 1aun autiaany
1 o A (Y < wva a
AMUMUABLIIAY ANUTAAINYIAIA ANUBABEHD (Tension set) AT tazaulian1e lawriinues TPV

d' a d' Y O/Qd'd 1 d‘ Ta d'
mavanswondszau Iauianani Tev A'ldmuesivenilsz ey



16

M 8 gaslnsedine MAH

9. NIZTUVIUNMINANLS (Rubber processing)

[ A

4 a a o J na/’ { o a
(91939, 2541) NTSUVIUMTHAANAANUNEY ﬂigﬂ@‘]_lﬁ}ﬁﬂ"lluﬁ@‘Hﬁ?ﬂ f Av ﬂTﬂJﬂEJNGLﬁ}L!ll
Ed
(Mastication) M3WaNeAUATIAT (Mixing) 1azn3zUIUM5IU1 (Forming) 590005z 0IUMIANg1)

(Vulcanization)

o 1 4 < 1
i uiludosiunszurumsua ioaannudaazANuriiavesens win lilinszuiumsua
a 1<} o Y a A = :’ @
o1 Mmanauasalias 1) lusfaunsai lden Taomwzoasssuna weanniiminTuanags
ya g o Y 1 = 1 9 :’ @ A A
wn - mavaen litiuiumsilveelsTuanavesesdnnadawaliimin Juananiennumnia
as ya A v Y ' . A o 9 )
aAa1 IBMIVALINININ ABUABNAIU 9 aze1 1Fa13808813 (Peptizer) tWOB I THMTUANTNIIBILAIY
A 2 Yy = o aq9 9 & A A o I a ~
egatuwerinzuahMsnavasai g ihaiefediu Tuaeumadvasniian q lumsoe
Y '
naufustiudestadwumsian ledegndes eswaunviaeymalvgrauivens ldsnazgnianas
1 = ' Y a @ Yo o 9 [ 3 Y J a
Aoy mamininansddnanamaasgilezgnia idaugaie Tumuiuegs snaouiig (erwina
[y U A d' ~ 1 :é = d' a 9 3 d'o./ nm 9 o 4? q'
Tagrinegneunar wiefizoni1 e19m1e Ganuedesiifamsaagiudd nendalulasi laugl e
< , & ] o 3 4 A o :
Tdvananasiaiisouiesuds aasinuBed1rios 24 $2Tus neumsth lugihilundaduainng o

A A Ay o = ] 4 A
Lﬂi’fNiJE]‘VIGl“D"]JﬂNﬁiJfJ'Nﬂ‘]JﬁﬁmllG]N“] ﬁ"lll']ﬁﬂlﬂj\?f]’é]ﬂ"lﬂ 2 Us5z10n Ao

3 A o A da o A 2
1. IA309UANANITZUVIA (Open mill mixer) H3ONITEAT IATOIVANANIUVL 2 gNNAY
£ Y £
(Two-roll mill) Y5zneudiegnnaa 2 gn Nelunmueuliunuvesgnnasuuiuny $09919531I19gNNAS
Y 9 <3 Qy =} o o I ¥ % =}
awnsnilSuszez 14 aunanazanuisivesgnnasinnudinglunmsaruguld ldmsnszaedrvesasad
Aa & v Y o Y (a wa
1@ dedealdnnusnnglumsvanauvegiginanu
4 a d 4 d' a =)
2. 1n3esUANENIz VTR (Internal mixer) (unTosuan I szaninmgalumsvaoa
Y, a & A g ya Y} < ' A o
ansavaedlalulsunamnn Funsesuatiansavasaliiy ldsrasniuaesuauuuszuuila uay
] Yo v Aa [} 1 o Y 1 = Ty Y o 1
Hroudilymmsniznovesarsduan wu i laifued1ed uag lideldanuduglunmsuanan ua
Y a = ay 9 A ) ~ v A =} I ]
foadenanns surueailoutunT ol aasaaumMstheanuandInennnI0an3 Ay 11 Two-roll

mill
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10. n32UIUMITa 1BTY ( Vulcanization)

(Hofmann, 1989) nszuaumsdan luadu wienszuiumsasgl Aonszuiumsnenasninms

1 % @ a’d’ld 5
WEUT1TANN Tuens cdmnizmummam"lwu U4 vUndU ﬁﬂ

1. EJNL?M’NEI] (Onset of vulcanization)
Q’,‘ ay A I ] 1 5 :/‘ dy a
Tudufienasuudana (Stiffen) waz lannga lvasae 111d Faluduasuiiannsanadn use
2 2 o Hq Yo ' 1y (Baa o P '\ (aaa
iSrvuegiuszuuvesashldiliensasgyl nande mnldmsis wlgnseriam Tudaiiaieahaeljnse
g;’ dy a 4%’ T < a wa a A a 3 dyd' 3 a o
Juapuiionnainedesiaisd lumal§ia mswervmman@esmsinaduasuiing uiull msizersii

a o

ThiRailamnasunsglvazuanan vaglumsuanauiidesdgumgige Sulludesesnuuugns
msdsznevenliinaljnseimsasgdedisdng
g A . .

2. 190931 liiAui (Under vulcanization)

5 H = ' 4 o I SR ST & o

ihduaeuiiegsznineasungliveeagliduiug) Sulluduaeuivegdavetsn
A &, 3 yyy A 0 qy = A T 2 v s q o &%
idvedaiu lada wenamsiieasglmuiu uaszavveanmswen ToaluTuanadam lududl 4
o Y CZN o 1= 1 o A wva Y ! = o =} v =
M ldauiauialsgmsdalidne wu endaliauiaanudiumudensaded annsade lagann liling

Il o A Y
Asgedns wazedudondninlaie
3 A
3. 8197931101 (Optimum vulcanization)
[l 1 o [ 4 v A @ A 1 9 A
dauIngjaziinmsdaa ludersaunsznaliszauvesmsison Tesluananeudnega oo

< { 1 a wva :/l 1 ' a o
pnneglaud ualumadianu litewgegegaveadunssznaussdanuna (,,,) ¥lslu

100%

@ J 1 Y Ao ' 3 9 A A @
mﬂam"lucmm Lm%ﬂ%nammmﬁmqﬁqﬂmmmﬂuaa (t,., 30t )lW’E]l‘]JuﬂﬁﬁﬂWﬁQﬂu!W§1$

90% 95%

R SR of Ty o a A v ) = v A 9
‘]Jaﬂiﬂqﬂlﬂﬂﬂluiuﬂjﬂquqﬂﬁuqﬂﬁﬂﬂu‘ﬂluﬂﬁqﬂqﬂﬂ'nﬂﬁﬂu Llﬂziuﬂimmﬂ\iﬂ'\]']llﬁﬂuluﬂﬂﬂ']ﬂﬂ'ﬁcl%ﬂ']u
o q ¥ a aaa 2 2
ﬁ']llWiﬂﬂqiﬁlﬂﬂﬂgﬂiﬂ']ﬂ'ﬁﬂﬂzﬂlwuﬁu

4. EJNﬂQg‘]JLﬁu (Over vulcanization)

4
= [

o A A o w & A o o
anvaznsensasgiinudl 3 dnvazawaadlunwi 12 Failuldawanvuzlaiugun
FiAv0E N onAred 1 Tuns tlve e 195 TuNA Fellanbuzmsaegiinuianwsiiaanad (Reversion)

. Y aaa o y a 1q v v
danaldauiamanavesevanas Tasdunumsidenldszun wazilSunamsnldlumsnsgilensdae

aaa 4 a & 4 a o o &
Unsenerunavuiiosnanaginuil 2 unu @ail
1. UgnsendenTeeszrdneluana viseron TeaneluTuanaderiu
(Cyclizing reaction)

aaa Ao q9 A . .
2. T limayen Tealuanauaneen (Breakdown of crosslink reaction)



Modulus

Guaal Azt hida aqldiad  anmsaagddaiingd

ry

L2 it *
! 1

1 1

1

]

Torque

Time

H k4
MNN 11 Fuaouaeg Tunszuiumsaagl)

Marching modulus

Plateau cure

Reversion cure

Incluction uring Overcure

Time

M 12 dnvazenasglinugaimingay
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¢ ad
gUnsamazizms

ginsal

o o
1. Jaquaznsininldlumnaaes

1.1 995554%1A 1n5@ STR 5L
1.2 979 NBR
1.3 ¥NUDUNITEIN pPVC
1.4 719 ENR 50
1.5 9719 CR
1.6 MAH
1.7 A5l
1.7.1 Ganoon loa (Zine oxide; ZnO)
1.7.2 NSATAYITA (Stearic acid)
1.7.3 Muzau (Sulphur)
1.7.4 L‘]J‘I«!T%blﬂi]z%av],ﬂcffﬁNMﬁ (Benzothiazole disulphide; MBTS)
1.7.5 ladliianaau (N,N’ — diphenyl guanidine; DPG)
1.7.6 nasziiia Ingusu lada 1Wd (Tetramethyl thiuram disulphide; TMTD)
1.7.7 Jamduoa (Wingstay L)
1.7.8 woa lusiiwa luiliia (Polybrominated biphenyls; PBBs)

1.7.9 T Taaenda lnTowema lua (N-cyclohexylthiophthalimide; CTP)



2. gunsailFluaniise

y o ao
5190 3 uaasginsainlluanide
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ainsal Bo/qu
A o ¥ a . '
n509aneanouLLL lalasan Daina 314 HD-30
d‘ a
INTRIUANANE1NTZVVA
KNEADER MACHIAERY

(Internal mixer)

' 9
Lﬂ?@\?‘ﬂﬂWﬁllEl'Nﬁgﬂﬂlﬂﬂllfﬂ‘ﬂﬁﬂﬁgﬂﬂﬁﬁ
(Two-roll mill)

A o
Lﬂﬁ@\?@ﬂﬂ?\?ﬂﬂzﬂ
(Compression molding machine)
insesdadlagauyleideay
(Compress air sample cutting)
doudmSutuses
(Rubber aging oven)

A A ~
Lﬂﬁ@\ﬁflﬂﬁ@ﬂﬂ?1ﬂﬁuﬂuﬁuuﬂ]ﬂﬂﬂ?ﬂ
(Mooney viscometer)
inFeanaaouauiams lvaveasa
(Oscilating disk rheometer)
IAT0INAADUANUMUNIUADLTIA
(Tensile test)

A Y ' = '
ATINATDUANUANIUNIUNDNITANNTD
(Abrasion test)
IATINATDUANNAIUNIUNTOAR)
(Compression test)

A v '
Lﬂiﬁﬂﬂﬂﬁ@ﬂﬂ?"lﬂﬂ?uﬂ?uﬁ@ﬂWiﬂnJmlw
(Flammability tester)
m?m‘nﬂﬁaummé}}mmumnﬁanﬁmw
(Accelerated weathering tester (Q-UV))
IATRINATOUANWIA
(Shore lever loader)

IATD91AEDY (Crusher)

Kodair seisakusho q'u R11-3FF

WABASH 34 V75H-18-BPX

FRU1106GL1 %::‘LJ SDAP-100-N

UESHIMA a;:u 900626

TECHPRO- visTECH 34 123103

TECHPRO-rtheoTECH ‘3: U 121105

Instron q'u 1011

Hampden 31 APH-40

ATS g1 S/N94308004

CEAST 3 6151/000

A-PANEL Lab Product 5: U LU-0819

Shore LEVERLOADER 34 716

v Inedensdina Ju IYSC-300
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ad
IHNI

v
U

= : 1 d' = a A U A d‘d
1. YHADUMIATINYUNIHNIUNATIVINIANHIDNTNAVDITITIAUAN pPVC N

wasloaNDANIINIZUUB 953 IR
1.1 Yupsumsmsenansduay ppve nldluanuide
1. theveunszan ppPvC Mhnduinldlmininmsaavinadansesuatos

@ ~ Y " a 0’: 2 o o Y A
(Crusher) ganaasluning 13 Tagldnaimsuagealseun 15 YN ANUHUNNINTAALLYINVUIAAIYLATDI

AALINVUIA (Sieve analyzer) AIUAAI UMW 14

v v v Y
MW 13 1AT99VAY0UNDAAYUIATUIIY
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(n) (v)

MNA 15 (N) ANHULYDIENVOUNTLIN pPVC ag (V) 819u8UNIEIN pPVC WeruMsvatos

2. Inszduaveoyna pPVC At Idmendwninmsuadesiioisuivunaveseyniads
v a AqYo Y "o = ¢ o
mmuw%muiuqmmwmm 1@un twaid (Carbon black) LaguAdIEENAITUBIUA (CaCO,) aaaasluan
#i 16 MIAWaMIAsIVIANDIIVIABYMA TemAsupRAFoLATSUBILA (CaCO,) 1Y 1YNIA (Carbon
black) W14 lugamunssuiiaeglugiszning 213-300 lulaswas naz 301-425 lulaswas awdiau
TuvazlvinaeymnTaamasued pPvVC AMumsuadosog luga3z1319 213-300 luTaswas uaziing

N320AIVBIVUINBYMANNIIINT Taennil 17 uaaadnyuz DI YNIA pPVC NHIUMIUAGDY



Weight fraction (%)

80

(%]
o
1

S
o
1

N
o
1
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[] Carbon black
[ caco,
M pPVC

._T-.J}.Jir, Il N N

€S-0

[8)] ~ = [ N w N [e2] Vv
N (o] o (6)] = o N o 0]
Y 0 ~ = w = [} = al
~ = ) ] d \ : : )

[8)] o [ N w N (2] (o]

o [6)] = o N o al

o N o [§)] o o

Size
(um)

/i 16 MInfFeuneuvIARYNIAYEY pPVC il CaCO, HaZIvlIf

MNAN 17 GNYAIZOUNIAVEY pPVC NMEREININAIUMITVATDY
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3. Fahmiinens wazensaiin195udadsuna ppve fnauludasiaiuaieg fu daaasly

A1519N 4, 5182 6

NIMIANBIBINTHAVEY pPVC NiinoauiiAvedsnd NR uazena NBR Taeldwanlulsunu ppve
0, 10, 20, 30, 40, 50 LLALAXINAN 50 phr NSV NUNNUTINe pPVC AlndiRBIRUMTNUTY vi5oM3
va a va a 1< a = v A
anasvesauAFInauaz auATINeNINU9813 NR tazend NBR (Hu 1 luiiamafeadudumsii
USual pPVC NWay HBNINHINNTNARBITINYI WK imska pPVC TuilSuaiuinnii 50 phr
o o3 9 Y A o Y @ dy 2o w :/‘
suiludeldnalumsvanauiiuiu nagihlinmsnszaedveseynia pPve meluiions lidin duiu

~

v
Tuaddei 3 1dshmsanyimanan ppPve TutlSana o, 30 a2 50 phr aud Ay

1 v

M3190 4 gRIoRdIMTUMIANYIBNTNAVOITIAUAY pPVC NiiAoduITAve819 NR

duilszneu /5119 (phr)
NR 100
Sulfur 1.5
ZnO 3
Steric acid 1
MBTS 1
DPG 0.2
TMTD 0.3
Wingstay L 1
pPVC 0, 30 1ags0

' a o J o v Aaw @ a o < {
HUYHA FATINNNNRUYATINNTTUAAANAUNYN F1INIVeLaTHAINIINGINMIHAINSINUNeazLl s

Jinaanainyag



M3190 5 gAIoNdIMTUMIANEIBNTNAVEIIAUAY pPVC NilAoauIiAved819 NBR
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duilsznou /5113 (phr)
NBR 100
Sulfur 10
ZnO 3.4
PBBs 1.7
CTP 0.2
pPVC 0, 30 1Az 50

HIneve  gaseInInuIEn Inagaunsa $1na

319 6 gATENAMSUMIANBIONENAVDIL1I ENR 819 CR 119z MAH fifidoauiiaveea NR #if
pPVC Wumsdudu
/5113 (phr)
dlsznon
gas 1l gas2 gas3 gas4  gass  gas6  gas7  gass  gaso
NR 100 100 100 100 100 100 100 100 100
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
ZnO 3 3 3 3 3 3 3 3 3
Steric acid 1 1 1 1 1 1 1 1 1
MBTS 1 1 1 1 1 1 1 1 1
DPG 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
TMTD 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Wingstay L 1 1 1 1 1 1 1 1 1
pPVC * * % * * % * * %
ENR 5 10 15
CR 5 10 15
MAH 0.5 1.5 2.5

wanewe * 1J31e pPVC Mg auiigalasia1sananeanIsnaaes
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o’/’ G J
1.2 FunouMsmIeneenouiig

1. hensuedlensesuanauszuula Nguugiilszanm 70°C eannuriauee
d' 1 Y s Y o aan v ) d? q’/‘ a a 1 ) [
uazore i asnliane ihilgisedvesldietu Tasvuaeulumsuas@uuasdmsven uaz
szozalumsvanan Taglssuna aaadansen 7 tazansnen 8 819 1danmsvanay Fendnenanew
P o o P 4 2 A, ~ 79 YN o
1@ mniuihenneutan 18 liliduasesuanaunuudesgnnas eiinssasenoul e liianyue
Wunruierir Tdatiugl 1 lununaasude la)
2. thennewnd luuaazgas T vamsiaamarlunisasgi TasldinTeq Oscilating
disk rheometer (ODR) on13zaza lumsnagiimanz au

Ed

o o £ 2 Yy A o & o = )
3. mmﬁaWuu‘g‘ﬂﬂfuqm‘ﬂﬂﬁaﬂﬂfflﬁmﬂimamuiﬂmuﬁﬂﬂumwm 18 LW@HWM],‘]J‘Vlﬂﬁ’E)U

L1}

aufaludiuanan

v k4
519N 7 Juaoutaza luMsuaARENE1 NR ﬂﬂlllh?ﬁ

JUNDU 17271 (min)
v A A
UAYI NR A281A509UA52 VA 2
T13AUAN pPVC 2
ZnO, Steric acid 2
MBTS, DPG, TMTD 2
Wingstay L 2
Sulfur 3

v 9
o 4
M3an 8 JunouLaza luMsuANENe1e NBR aaud1a

JUADU 13871 (min)
Y A A
1A819 NBR A281A304UA55UV1A 2
Sulfur 3
MIAAAN pPVC 2
CTP 2
PBBs 2

Zn0O 2
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4

a A o =
MNN 18 Lﬂﬁﬂﬁ@ﬂﬂluzﬂﬂ’lﬁ

2. MSNATDVANVAVDIENS

2.1 Mmanaaevanans maveds19aeu1 1@ (Rheological properties)

=

wva J 4 [
ﬂﬁ‘l’lﬂﬁ’t‘)ﬂﬁllllC‘Iﬂ”lihh’ia“’ll’t‘)\iﬂ”lﬁﬂ’t‘)ﬂﬂ'l’m ﬁﬂﬂiﬂ‘ﬂﬂﬁ@ﬂﬁ?ﬂlﬂ?@ﬂ’lﬂﬂ’ﬂuﬂﬁﬂﬂu

U

(Mooney viscometer) Aautaad1unIni 19 $imsnagouaImmIAsgIU ISO 289-1 manuniiania laisend

A ~ . . o o A o A A ' v ~
ANMNUUAYUY (Mooney VISCOSIty) UanNNIINMIUUBUATINIAANTNHUAYUUAD ﬂTQ@gﬂTﬂiuﬂﬂﬁﬂﬂﬁﬂﬂﬂ

a o 9 < o ' a v
AIUANgUNIMNRAIMUA 91U Tane (Rotor) HIUAIIANIFIAININY 2+0.02 TOUABUIN BUHYNN %

u

1o

Y A 0 Aa "9 Y a a 2L A
meluieanaaeuae 100 °C waz MyvyuueInu lanenionsverued i liinaus iia (Torque) Ha3

a S v o A Ao ' I ' A a ' Aa A a
luTasiimes udiavinavesmsnaouiainareenuuiumioe iFen11 yuilidneadaa (Mooney
viscosity; MV) Taerimiualdus siauuna 8.30+0.02 du-was ifeummnuan e 100 yuil

TAgN15318URANSNATD ULLAAIAIA 1081

50 ML 1+4 (100°C)

50M = f Mooney Viscosity U83819
] < @
L = vuryuvwa g @ ldnumyuvnaan i lgenys s)
& y '
1 = nantlumnin 1 lumsguen
I AAq Y YA A n’/’
4 = nartunnlFlumsnageunaz Jaannuniiaiv

A Y
100°C = gaunginldlunmamen
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M 19 nseayuiinlimadevaniianis Inavesss
@ J
2.2 MsnadeudnyuMInggueIw13aon119@ (Cure characteristic)

niesiionlFlumsAnymanlslumsasgluesens TauninTes Oscilating disk rheometer
(ODR) A13NATFIU 1SO 3417 franaaaluawi 20 TasinTea ODR HuaTesiionendemsinisvesau
{ ' oA 4 7 o a2 o { '
Tang Alenviedueg Suduipenentng lasuanuieusszisusouda Tasusanldlumsinisves
v A1 AY A A a Aaa ~ A a 2 3 A A
nulanzdatiantes uaeeasunalgnie Tuanavesensiiniayen Tounadu ANUUIVOIITUT

, B 2 v Aq v ' p oS We 2 >
ANy YY danaliusanlslumsunliulanz Iaun vl uauaIa



MW 20 19509 ODR N lFmadeudnyuzmsngluees

Time to 90 or 95 % cure
1

\/

= LY
S |
£ :
Nt 1
- |
> 1
o 1
5 |

= ' My
i
v M v

Time (min)

mwn 21 anvazmsngivesensilasumlasldamna

vnns Wi 14 aansomussavazd ldnswnalumsasgl 1dnnaumsi 1

YM, -M,)+M
Torque = _m vt (1)

100

30
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A s < Ay
1o Yy = ulesiguminigivessnsinaesms

o = Musliadige (UAWma)

M, = Auslagaga (HIAUWAg)

4 o aaa 19 < 4 4 ™ A o aaa @ 4
Weasniihl§nsenuen erezndliuiGes sunszneasaiinnlnsenuesauysel
nnedagunans an luesdu 100% vaznainlelllumsi 5831 100% vulcanization time ¥39 100%
1 A va A 1 I ~ a o z:’ @ 4
cure time 11 UM 1TADT 9 WD 100% Cure time (Hunariunniu ) dlddunlaoandenu ieann
v
sneusananinglaeluszniumsiheneenonuiiul e luvaz ldnu dufumsilfersnsgy
% 9 A A . @ 1 A1 & A ) Y
1n14 1083 90% 95% 130 98% cure time 3¥azIAIRINAIDR MMMz aN Tunmsmlvenasgll
A v P e s Adq Y o q ¥ o q ¥
mataenlslesisudmsnagdaniuvuegivganginlylumsildengl ssuumsildensnsgy

b a CY

2 a0 ody < o A
LAZVUIAUDIFUNAANUNNADINIT Lﬂuﬂ%ﬂﬂGLUﬂWjWﬂ'ﬁm']

23 MInadoUaNtAIFINavIUoHIUNTZUIUMIAIF)

1. Nago UaNARNUAUNIUADLTIA (Tensile strength)
MINAdeUANTANINATUMUABLT IR0 HAIUNTYDIUMIALF duNsaNadeL

Y ] ) Y
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MIWUINT V1 WamsnaaeuszezalunInggluesens NR 15 pPve aeg fin

pPVC content Max Min Max-min
TS1(min) TS2(min)  TC50(min) TC90(min)
(phr) torque torque torque
0 57.7 7.3 50.4 2.58 3.11 3.17 5.01
30 50.1 7.7 424 3.1 3.27 3.29 4.48
50 47.6 7.8 39.8 2.55 3.15 3.19 4.44

M3WUINT V2 WanInadeUIzezalunInagiuesets NBR Ml5ua pPve aee du

pPVC content Max Min Max-min
TS1(min) TS2(min) TC50(min) TC90(min)
(phr) torque torque torque
0 70.9 6.02 64.88 3.5 3.75 5.75 7.58
30 51.73 6.24 45.49 3.58 4 6.42 9.75
50 47.49 6.39 41.1 3.92 4.42 7 10.67

M3WUINN V3 HaN1INAdaUITezI 1uNIAgIUeI1a NR+pPVC30 N1lT1naiene ENR @139 A

ENR content Max Min Max-min
TS1(min)  TS2(min) TC50(min) TC90 (min)
(phr) torque torque torque
5 49 7.4 41.6 3.12 3.28 33 4.5
10 48 5.5 42.5 2.36 2.51 2.53 4.18
15 483 7.2 41.1 2.36 2.51 2.52 3.52

MIWUINT V4 HaMINAToUTZa TUNIAL31UeI819 NR+pPVC30 N/511a1813 CR 619 i

CR content Max Min Max-min
TS1(min)  TS2(min) TC50(min) TC90 (min)
(phr) torque torque torque
0 48.6 7 41.6 3.14 3.32 3.33 4.53
30 46 4.5 41.5 3.54 4.18 4.19 5.53

50 45.1 5.4 39.7 445 5.15 6.21 7.22
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MINWUINT U5 HaMsNAToUTEa TuNIAL31UUeI819 NR+pPVC30 N1/50188 MAH @199 iy

MAH conten Max Min Max-min
TSI(min) TS2(min) TC50(min) TC90(min)
(phr) torque torque torque
0.5 32.21 6.86 25.35 4.46 4.79 6 7.58
1.5 28.28 7.9 20.38 7.92 8.42 10.08 13.67
2.5 28.33 8.59 19.74 6.25 6.75 8.67 13
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MINHUINA AL HANTNATOUANUATUNMUABLTIAIUDIE1 NR NNANENTAUAN pPVC 1T 1a

A9 DU
pPVC Tensile 300% Gauge length
Load at Elongation at
content  Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
0 1 211.15 16.29 2.19 577.68 25.47
2 268.04 21.07 1.72 7234 22.34
3 167.99 13.21 1.82 628.03 24.97
mean 215.73 16.86 1.91 643.03 24.26
30 1 153.13 12.39 1.57 687.57 23.86
2 139.74 11.76 1.43 729.76 23.65
3 156.76 12.04 1.5 686.2 23.45
mean 149.88 12.06 1.5 701.18 23.65
50 1 96.91 8.92 1.51 649.74 26.2
2 83.68 7.71 1.29 727.33 24.26
3 95.81 8.32 1.35 692.45 25.76
mean 92.13 8.32 1.39 689.84 25.4




MINHUINT A2 HANTNATOUANUATUMULTIAIDI81E NR AHaNEIIAUAY pPVC UTinm

@199 A1 eI LT IRI8A N oY

pPVC Tensile 300% Gauge length
Load at Elongation at
Content Sample strength Modulus (Strain source)
break (N) break (%)

(phr) (Mpa) (Mpa) (mm)
0 1 212.1 18.41 1.97 664.02 23.31
2 163.02 12.94 2.33 662.86 24.37
mean 187.56 15.67 2.15 663.44 23.84
30 1 116.78 9.73 1.87 577.13 25.63
2 13.39 12.27 1.86 626.3 22.11
3 128.82 10.9 1.84 609.44 25.36
mean 128 10.97 1.86 604.29 24.37
50 1 104.12 8.19 1.42 662.54 24.39
2 92.76 7.16 1.29 679.46 22.97
mean 98.44 7.67 1.35 671 23.68




MINHUINA A3 HANITNATOUANUATUMUABLTIAIVDIE1 NR NHANENTAUAN pPVC

USaanee fulomumstusadiesdsaniillean

pPVC Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
0 1 141.49 12.22 2.07 603.74 25.6
2 115.05 9.59 232 522.47 24.98
3 110.79 9.1 2.34 502.12 24.92
mean 122.44 10.03 2.24 542.77 25.17
30 1 87.26 7.03 2.19 480.98 24.66
2 86.43 6.76 1.89 529.94 25.66
3 82.73 6.38 2.09 484.21 24.6
mean 85.47 6.72 2.06 498.38 24.97
50 1 73.24 5.7 1.53 570.42 25.19
2 63.24 5.24 1.65 523.27 25.98
3 80.01 6.26 1.64 566.29 25.95
mean 72.16 5.74 1.61 553.33 25.71




MINHUING A4 HANTNATOUANUATUMUABLLTIAIVDIE1 NBR N1/531a pPVC dn9e) A

pPVC Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
0 1 27.27 2.55 1.88 407.88 25.65
2 23.94 2.25 1.77 415.68 26.71
3 29.07 2.62 1.98 394.36 24.89
mean 26.76 2.47 1.88 405.97 25.75
30 1 35.43 3.43 0 155.03 252
2 35.23 3.37 3.26 307.82 243
3 33.31 3.43 3.21 315.11 23.95
mean 34.66 3.41 3.23 259.32 24.48
50 1 49.25 4.41 3.22 386.45 22.91
2 54.27 4.37 3.73 343.04 25.74
3 51.04 4.36 3.86 331.35 24.66
mean 51.52 4.38 3.60 353.61 24.44




MINHUINA A5 HANTNATOUANUATUMUABLTIAIUBIE1 NBR N1/51nas pPVC dnge) A

WeMIUMTUNITIA8ANNT O

pPVC Load at Tensile 300% Gauge length
Elongation at break

content Sample break strength Modulus - (Strain source)
(phr) N Mp)  (Mpa) ~ (mm)
0 1 22.04 2.28 2.07 340.04 25.71
2 23.31 2.37 1.97 371.41 25.72
3 25.21 2.41 2.13 346.91 26.3
mean 23.52 2.35 2.06 352.79 25.91
30 1 47.86 3.69 33 329.52 25.81
2 41.75 3.44 3.13 323.48 22.73
3 38.14 3.36 0 155.85 23.48
mean 42.58 3.50 2.14 269.62 24.01
30 1 49.57 4.54 4.17 321.36 27.36
2 47.42 4.39 0 298.37 24.49
3 48.26 4.49 4.41 305.62 24.48
mean 48.42 4.47 2.86 308.45 25.44




MINHUING A6 HANTNATOUANUATUMUABLTIAIUBI81 NBR N1/531a pPVC dnee) A

A 1 Y o Ao Y]
!lll”JPﬂuﬂﬁ‘]JllLiQﬂ?ﬂi\iﬁﬂﬂ@]iﬂ’ﬂmaﬁ

pPVC Tensile 100% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
0 1 20.23 1.71 1.27 223.53 25.28
2 20.22 1.81 1.27 251.55 24.84
3 22.17 1.75 1.24 254.16 24.06
mean 20.87 1.76 1.26 243.08 24.73
30 1 31.52 3.04 1.5 290.34 24.39
2 36.46 3.23 1.47 300.27 25.17
3 34.78 3.17 1.53 269.38 24.87
mean 34.25 3.15 1.50 286.66 24.81
50 1 49.36 3.81 1.7 291.2 24.98
2 48.17 3.82 1.75 274.61 25.05
3 52.08 3.95 1.72 297 24.25
mean 49.87 3.86 1.72 287.60 24.76




MINHUINA A7 HANMTNATDUANUATUNIUABLTIAIUBIE1 NR+pPVC30 NUT1Na1e19 ENR

A9 DU
ENR Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
5 1 156.50 12.91 2.13 651.01 26.60
2 125.12 10.31 2.13 626.6 27.70
3 162.12 12.57 2.08 643.70 27.62
mean 147.91 11.93 2.11 640.44 27.30
10 1 116.55 10.33 2.09 622.95 24.42
2 107.44 9.14 1.93 647.38 25.86
3 116.13 10.35 2.09 623.68 24.20
mean 113.38 9.94 2.04 631.34 24.83
15 1 108.63 9.33 1.94 649.89 25.32
2 118.35 9.35 1.96 654.75 24.30
3 137.46 11.75 1.95 711.15 22.62
mean 121.48 10.14 1.95 671.93 24.08




MINHUING A8 HANTNATDUANUATUNIUABLTIAIUBIE1 NR+pPVC30 NUT1Na1e19 ENR

@199 A1 e ILATUNIT R8N oY

ENR Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
5 1 116.06 9.87 2.55 570.67 24.43
2 105.73 9.47 2.61 535.22 25.38
3 122.84 10.50 2.54 578.58 26.34
mean 114.88 9.95 2.57 561.49 25.36
10 1 109.50 9.41 2.20 617.49 24.62
2 119.17 10.19 2.55 576.39 25.70
3 96.87 8.24 2.23 591.16 24.71
mean 108.51 9.28 2.32 595.01 25.01
15 1 114.31 10.08 2.60 556.95 26.76
2 117.79 10.22 2.37 610.01 26.22
3 125.79 10.54 2.58 567.35 28.53
mean 119.93 10.28 2.52 578.10 27.17
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MINHUING A9 HANTNATDUANUATUNUABLTIAIUBIE1 NR+pPVC30 NUT1Na1e19 ENR

@199 A oMU ddans1 i Toan

ENR Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)

(phr) (Mpa) (Mpa) (mm)
5 1 96.82 8.28 2.37 557.78 24.71
2 101.04 8.64 2.49 544.66 26.04
3 103.93 9.02 2.49 545.15 23.76
mean 100.6 8.64 2.45 549.2 24.84
10 1 87.52 7.05 2.36 536.13 26.44
2 86.69 7.33 2.32 554.86 25.81
3 101.65 8.47 2.34 597.29 26.93
mean 91.95 7.62 2.34 562.76 26.39
15 1 93.41 7.67 2.46 533.62 25.94
2 56.69 4.63 2.30 467.81 26.71
3 78.28 6.46 2.41 521.23 2491
mean 77.12 6.25 2.39 507.55 25.85
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MINHUING AL0 HANMTNATOUANUATUNUABLTIAIVDIE1d NR+pPVC30 71Taaens CR

A9 DU
CR Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
5 1 122.40 10.52 1.55 676.47 24.67
2 12791 10.15 1.61 657.98 25.04
3 140.20 11.54 1.58 678.29 25.21
mean 130.17 10.71 1.58 670.91 24.97
10 1 113.18 9.93 1.53 673.73 26.09
2 113.28 10.32 1.54 672.94 25.10
3 129.51 11.60 1.50 719.23 24.26
mean 118.66 10.62 1.52 688.63 25.15
15 1 101.48 9.14 1.50 722.43 24.62
2 111.63 10.22 1.56 795.46 21.79
3 93.91 8.79 1.40 733.52 23.18
mean 102.34 9.39 1.49 750.47 23.20
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MINHUINA AL HANTNATOUANUATUNUABLLTIAIVDIE1d NR+pPVC30 H1Taaens CR

@199 A1 e IUMTUNIT R8N B Y

CR Tensile 300% Gauge length
Load at Elongation at
content  Sample strength Modulus (Strain source)
break (N) break (%)

(phr) (Mpa) (Mpa) (mm)
5 1 121.39 9.63 1.92 598.71 25.44
2 124.88 9.33 1.92 569.28 25.03
3 125.23 9.66 2.04 565.43 25.23
mean 123.83 9.54 1.96 577.81 25.23
10 1 103.14 8.68 1.81 5744.46 25.32
2 113.05 9.06 1.76 605.64 25.18
3 111.27 9.14 1.71 612.76 25.62
mean 109.15 8.96 1.76 597.62 25.38
15 1 99.09 8.74 1.71 622.16 25.26
2 103.86 9.02 1.73 635.49 25.84
3 102.63 8.68 1.69 625.49 25.35
mean 101.86 8.81 1.71 627.71 25.48
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MINHUINA AL2 HANMTNATOUANUATUNUABLLTIAIVDI81d NR+pPVC30 71Taaens CR

1 @ = ] 1 "9 v Ao Y
AN NU !,llfJPﬂuﬂﬁ‘]JllLiQﬂﬁﬂﬁ\iﬁ@aﬁﬁ‘lﬁﬂﬂmﬁ

CR Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
5 1 89.98 8.57 1.97 567.6 25.61
2 80.76 7.65 2.02 539.49 26.34
3 77.23 6.63 1.9 534.77 27.46
mean 82.65 7.62 1.96 547.29 26.47
10 1 77.25 6.89 1.78 560.93 25.68
2 78.6 7.24 1.76 570.89 25.82
mean 77.93 7.06 1.77 565.91 25.75
15 1 76.51 6.38 1.82 564.9 25.15
2 78.18 6.3 1.61 598.35 25.6
3 79.58 6.57 1.84 564.73 24.37
mean 78.09 6.41 1.72 575.99 25.04
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MINHUINA AL3 HANMINATOUANUATUNMUABLTIAIVDIE1 NR+pPVC30 1Tl MAH

A9 DU
MAH Tensile 300% Gauge length
Load at Elongation at
content  Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
0.5 1 106.71 9.94 1.3 713.51 27.99
2 108.42 9.82 1.31 697.06 26.72
3 104.15 9.7 1.26 711.7 29.45
mean 106.43 9.82 1.29 707.42 28.05
1.5 1 91.93 7.09 1.06 692.79 24.6
2 88.91 7.06 1.01 707.59 28.09
3 69.05 543 0.97 716.22 26.37
mean 83.3 6.53 1.01 705.53 26.35
2.5 1 76.15 7.34 1.1 667.12 24.02
2 65.67 6.33 0.99 715.3 2441
3 71.37 7.17 0.99 748.05 24.66
mean 71.06 6.94 1.03 710.16 24.37
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MINHUINA AL4 HANMTNATOUANUATUNMUABLTIAIVUDIE1 NR+pPVC30 NUT1nal MAH

@199 A1 e INATUNIT R8N oY

MAH Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)

(phr) (Mpa) (Mpa) (mm)
0.5 1 103.02 9.65 1.79 590.82 24.9
2 94.13 8.76 1.62 629.55 25.66
3 93.55 9.17 1.8 577.66 26.04
mean 96.90 9.19 1.74 599.34 25.53
1.5 1 97.73 7.68 1.87 535.27 25.94
2 127.7 10.75 1.43 681.76 25.73
3 86.77 7.34 1.58 593.12 27.18
mean 104.07 8.59 1.63 603.38 26.28
2.5 1 78.07 7.27 1.19 692.42 24.25
2 61.56 5.73 1.25 599.22 27.01
3 54.93 5.09 1.24 562.15 25.96
mean 64.86 6.03 1.23 617.92 25.74
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MINHUINA ALS HANMTNATOUANUATUNUABLTIAIVDIE1 NR+pPVC30 NUT1nal MAH

A19e A e umMItusadiesedsani lalean

MAH Tensile 300% Gauge length
Load at Elongation at
content Sample strength Modulus (Strain source)
break (N) break (%)
(phr) (Mpa) (Mpa) (mm)
0.5 1 88.48 7.64 1.56 598.43 26.24
2 76.09 6.6 1.48 596.56 26.51
3 87.66 7.38 1.5 609.24 25.58
mean 84.04 7.21 1.51 601.41 26.11
1.5 1 77.65 5.75 1.26 608.84 25.29
2 83.51 6.27 1.26 667.01 26.57
3 76.7 6.21 1.22 662.3 26.13
mean 79.29 6.08 1.24 646.05 26
2.5 1 61.72 5.68 1.17 648.83 25.34
2 58.27 5.61 1.24 641.33 26.10
3 59.1 5.66 1.28 614.61 26.41
mean 59.7 5.65 1.23 634.92 25.95
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M31NUINT 91 HAMINATOUANTAANUAIUNIUABNTYUANTDIINITIOAVDI01I NR T

151 pPVC A9 NU

pPVC content Sample Thickness (mm) Cs={t-t}/{t-t}
(phr) No. Original,t_ Final, t, Spacer bar, t_ x 100%

0 1 12.44 11.1 9.5 45.58
2 12.45 11.11 9.5 45.42

3 12.48 11.1 9.5 46.31

mean 45.58

30 1 12.44 11.02 9.5 48.5
2 12.45 10.94 9.5 51.19

3 12.43 10.07 9.5 49.83

mean 49.83

50 1 12.47 10.77 9.5 57.24
2 12.44 10.94 9.5 51.02

3 12.46 10.84 9.5 54.73

mean 54.33
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MWUINT 2 HANMINATOUANTAANUATUNIUABMTGUATDI91N1TIOAVD I NBR 9

151 pPVC A9 NU

pPVC content Sample Thickness (mm) Cs= {t-t}/{t-t}
(phr) no. Original, t_ Final, t, Spacer bar, t_ x 100%

0 1 12.51 11.65 9.5 28.57
2 12.48 11.92 9.5 18.79

3 12.54 11.62 9.5 30.26

mean 29.42

30 1 12.58 11.71 9.5 28.25
2 12.57 11.76 9.5 26.38

3 12.47 11.69 9.5 26.26

mean 26.38

50 1 12.51 11.59 9.5 30.56
2 12.53 11.62 9.5 30.03

3 12.46 11.61 9.5 28.72

mean 30.03
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MINHINN 21 wamsma@umﬂﬂﬁﬂuuﬂmz%qﬂ?uWlnﬁaw'mmamﬁaumamuwaﬂu

WiUUe9e19 NR 15119 pPVC @199 iy

pPVC Sample Initial mass (g) Mass after immersion (g) Change in
content (phr) no. In air In water In air In water volume

0 1 1.16 -0.05 2.1 -0.21 90.91

2 1.12 -0.05 2.02 -0.19 88.87

3 1.23 -0.08 2.19 -0.22 83.97

mean 87.92

30 1 1.16 0.02 1.92 -0.15 81.58
2 1.2 0.01 1.99 -0.13 78.15

3 1.22 0.03 2.01 -0.15 81.51

mean 80.41

50 1 1.27 0.04 1.99 -0.11 70.73
2 1.32 0.04 2.02 -0.11 66.41

3 1.32 0.04 2.02 -0.11 66.41

mean 67.85
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M319NUINT 22 Nafﬂﬁ‘ﬂﬂE‘TE)’Uﬂﬁlﬂaﬂuuﬂaﬂﬁﬁﬂ§uW]i!,ﬁf]WlTL!ﬂWi“Vlﬂﬁ@‘iJﬂTi“U’Jll‘Wﬂ\iclu

1113 Uv99819 NBR 1151188 pPVC 199 AU

pPVC Sample Initial mass (g) Mass after immersion (g) Change in
content (phr) no. In air In water In air In water volume

0 1 1.14 0.01 1.14 0 0.88

2 1.13 0.01 1.13 0 0.89

3 1.2 0.01 1.2 0 0.84

mean 0.87

30 1 1.43 0.19 1.39 0.19 -3.22

2 1.62 0.2 1.56 0.24 -7.04

3 1.53 0.21 1.48 0.21 -3.79

mean -4.68

50 1 1.23 0.11 1.16 0.09 -4.46

2 1.29 0.12 1.21 0.1 -5.13

3 1.29 0.1 1.2 0.09 -6.72

mean -5.44
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v v 1 v
M319NHINT 23 wamsma@ummJEﬂuuﬂmmﬁﬂimm!,ﬁamumimﬁaumimuwmﬂluﬁwﬁu

VY09819 NR+pPVC30 NUTue19 ENR @149 1

ENR Sample Initial mass (g) Mass after immersion (g) Change in
content (phr) no. In air In water In air In water volume

5 1 1.19 0.02 1.04 -0.11 75.21
2) 1.28 0.01 2.07 -0.13 73.23

3 1.22 0.01 2.00 -0.13 76.03

mean 74.82

10 1 1.20 0.02 1.98 -0.12 77.97
2 1.27 0.02 2.06 -0.12 74.40

3 1.16 0.03 1.91 -0.12 79.65

mean 77.34

15 1 1.15 0.00 1.87 -0.11 72.13
2 1.21 0.00 1.97 -0.11 71.90

3 1.19 0.00 1.96 -0.11 73.95

mean 72.66




v v 1 Y
M319NUINT 24 wamsma@ummJEﬂuuﬂmmﬁﬂimm!,ﬁamumimﬁaumimuwaﬂumﬁu

V09819 NR+pPVC30 NUTuaue19 CR @199

CR Sample Initial mass (g) Mass after immersion (g) Change in
content (phr) no. In air In water In air In water volume

5 1 1.18 0.01 1.94 -0.12 76.07
2 1.27 0.03 2.09 -0.13 79.03
3 1.29 0.01 2.12 -0.13 75.78
mean 76.96
10 1 1.24 0.01 2.09 -0.12 79.67
2 1.24 0.01 2.09 -0.15 82.11
3 1.19 0.01 2.02 -0.11 80.51
mean 80.76
15 1 1.23 0.03 2.02 -0.11 76.67
2 1.17 0.03 1.97 -0.11 82.46
3 1.19 0.03 2.00 -0.10 81.03
mean 80.05




v v 1 v
M319NHINT ?5 wamsma@ummJEﬂuuﬂmmﬁﬂimm!,ﬁamumimﬁaumimuwmﬂluﬁwﬁu

V09819 NR+pPVC30 NUTuas MAH @199 iy

MAH Sample Initial mass (g) Mass after immersion (g) Change in
content (phr) no. In air In water In air In water volume
0.5 1 1.37 0.02 2.44 -0.19 94.81
2 1.35 0.01 2.36 -0.21 91.79
3 1.33 0.01 2.34 -0.2 92.42
mean 93
1.5 1 1.28 0.02 2.21 -0.17 88.89
2 1.2 0.02 2.16 -0.18 98.31
3 1.2 0.01 2.15 -0.17 94.96
mean 94.05
2.5 1 1.27 0.01 2.27 -0.2 96.03
2 1.22 0.01 2.19 -0.21 98.35
3 1.21 0.01 2.21 -0.21 101.67
mean 98.68
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pPVC content (phr) Burning time (Sec) Average
0 92 110 100 101
30 108 118 114 113
50 132 134 136 134

MIWUINA 92 wamsnaaeuaNnuAIUMUAsmIan livese1s NBR AUTum pPVC A1ee fu

pPVC content (phr) Burning time (Sec) Average
0 154 152 144 150
30 144 146 144 145
50 122 120 122 121

MIWUINA A3 wamsnaaeuaNuAIuMUasnIan llvesens NR+pPVC30 #HFunaiens ENR

@199 DU
ENR content (phr) Burning time (Sec) Average
5 120 124 126 123
10 114 118 120 117
15 116 118 122 119

MIWUINA 24 wamsnaaeuaNuAIuMUaenIan e NR+pPVC30 #HUFunaens CR

A9 NU
CR content (phr) Burning time (Sec) Average
5 124 132 130 129
10 106 106 110 107

15 138 126 138 134
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A9 DU
MAH content (phr) Burning time ("SUWﬁ) Average
0.5 108 110 108 109
1.5 116 112 110 113

2.5 108 110 104 107
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In this investigation, the discarded plasticized-polyvinyl chloride (pPVC) from the extrusion of
weather-seal was added into acrylonitrile butadiene rubber (NBR). Subsequently, the effects of pPVC
contents on the mechanical properties, thermal, ultraviolet and swelling resistances of NBR were studied.
The results indicated that scorch and cure time, tensile strength, hardness and swelling resistance increased
with the increasing amount of pPVC added. Considering the thermal and ultraviolet resistances, it was
observed that the mechanical properties of unfilled NBR decreased due to the desulphurization of the
sulphur crosslinks and chain scission during heat and ultraviolet aging. However, the mechanical properties
of the NBR containing varying amounts of pPVC were higher than that of unfilled NBR. This was probably
associated with the escape and/or degradation of plasticizer and the PVC gelation phenomenon during heat

and ultraviolet testing.

Key words : Acrylonitrile butadiene rubber, Plasticized polyvinyl chloride, Thermal and ultraviolet resistance.

Introduction

Acrylonitrile butadiene rubber (NBR) or
nitrile rubber is commonly considered the workhorse
of the industrial and automotive rubber products
industries. In the automotive area, NBR is used in
fuel and oil handling hose, seals and grommets, and
water handling applications. With a temperature range
of — 40°C to + 125°C, NBR can withstand all the
most severe automotive applications. On the industrial
side NBR finds uses in roll covers, hydraulic hoses,
conveyor belting, and seals for all kinds of plumbing
and appliance applications."*?

Acrylonitrile (ACN) and butadiene (BD)
ratios are varied for specific oil and fuel resistance
and low temperature requirements. The ACN
content is one of two primary criteria defining each
specific NBR grade. The ACN level, by reason of
polarity, determines several basic properties, such
as oil and solvent resistance, low-temperature
flexibility/glass transition temperature, and abrasion
resistance. Higher ACN content provides improved
solvent, oil and abrasion resistance, along with
higher glass transition temperature. However,
having the unsaturated backbone or the remaining
double bond of the BD part can affect the property
of NBR in terms of the aging resistance. In this

work, plasticized polyvinyl chloride was chosen as
the strengthening and protective filler for NBR
since PVC has a generally high resistance to the
environment and ignition. Also, its mechanical
strength is higher than that of NBR.® This
investigation used the discarded pPVC from the
extrusion of weather-seal. In general, the defective
part of pPVC usually occurs at the beginning of the
process. In case that the size of product does not
conform to the specifications of the customers,
these defective parts will be buried or burnt. The
disposal process can cause pollution to the
environment, especially the burning of PVC, which
can produce the toxic HCI gas due to the thermal
disintegration of PVC.” With the reasons
mentioned earlier, the recycle or the reprocessing
of the defective parts is very important. In addition
to the possibility to improve the mechanical
properties and aging resistance, the results of this
work can also be used as guidelines to reduce
production cost and environmental problems.

Materials and Experimental Procedures
Materials

The materials employed in this investigation
were acrylonitrile butadiene rubber (NBR) and

*Corresponding author E-mail: fengsjpc@ku.ac.th
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plasticized-polyvinyl chloride (pPVC) supplied by
Polyseal Track Co., Ltd. and Thai Profile Interplas Co., Ltd.,
respectively. The discarded pPVC extruded weather-seal
was pulverized by crushing machine (supported by
Thai Mangkorn Plastic Industry Co., Ltd.). The
rotor speed and crushing time were controlled with
respect to the particle size of pPVC as compared to
the particle size of commercial fillers (125-375 um).

Experimental Procedures

NBR was masticated using the internal
mixer at a temperature of 70°C for 3 minutes. The
NBR was then mixed with the addition of the
quantities of sulfur, pPVC, ZnO, and MBTS. Six
compounds were produced according to the
formulations in Table 1. Each compound was then
rolled to produce a sheet approximately 3 mm thick
by using a two-roll mill, and left at room temperature
for 24 hours. The scorch and cure time were
determined using the Oscillating Disk Rheometer
(ODR) in accordance with a rubber standard test
method (ASTM D 2084). The test specimens were
prepared by the use of compression molding at a
temperature of 160°C. Tensile and hardness tests
were performed using an Instron tensile testing
machine (ASTM D 412) and Shore hardness
durometer (ASTM D 2240). The swelling, thermal
and ultraviolet resistances were determined
according to standard methods. The test procedures
were specified in ASTM D 471-79, ASTM D 572,
and ASTM D 4329, respectively.

Table 1. Formulations in part per hundred rubber (phr)

Ingreduebts | M | M o "f“" MS"‘ e
NBR 100 | 100 | 100 | 100 | 100 | 100
Zn0 34 | 34 | 34 | 34 | 34024
m.‘rcs“;‘“ w7l ar Vel 17| 17
Sulphur 100 | 100 | 100 | 100 | 100 | 10.0
Retarder 02 | 02|02 |02 02|02
pPVC 00 | 100 | 200 | 300 | 40.0 | 500

Results and Discussion

Table 2 shows the influence of pPVC
contents on the scorch and 90% cure time of NBR
compounds at 160°C. It can be seen that as the
pPVC content increased, the scorch time and cure
time tended to increase. The increase in the scorch

and cure time possibly due to the pPVC fillers retarded
the reaction between sulphur and accelerator.
Figures 1 and 2 show the changes in maximum
tensile strength and hardness of the NBR filled with
various pPVC contents. It can be observed that both
properties gradually increased with increasing
pPVC content. This was due to the fact that pPVC
had a higher tensile strength and hardness
compared to the NBR."® Therefore, adding pPVC
into the NBR would lead to an increase in the
tensile strength and hardness of the NBR.

Table 2. Scorch and cure time of NBR compounds at
various pPVC contents

Formula Scorch time Cure time
Mix 1 3.75 7.58
Mix 2 3.50 10.33
Mix 3 3.67 8.50
Mix 4 4.00 9.75
Mix 5 433 10.42
Mix 6 442 10.67

Maximum Tensile strength (MPa)

° 10 20 0 40 50
pPPVC contents (phr)

Figure 1. Effect of pPVC contents on maximum tensile
strength of NBR

Average Hardness (Shore A)

pPVC contents (phr)

Figure 2. Effect of pPVC contents on hardness of NBR
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This study was further supplemented by
scanning electron microscopic studies of the selected
fracture surfaces. Figure 3 shows the selected fracture
surface of the NBR sample filled with the highest
pPVC content. It can be seen that the fracture
surface of the sample shows the interfacial bonding
between the pPVC particle and NBR matrix (as
circled in Figure 3). Because the pPVC and NBR
molecules were both polar, this made them compatible.
As a result, the pPVC particles could effectively
function as a reinforcing filler. The swelling behavior
of NBR filled with various pPVC contents was
measured by the sorption method as illustrated
in Figure 4. It was found that NBR provided an
excellent swelling resistance, with change in
volume of NBR approximately was 14%. This was
due to the polarity of NBR. As the pPVC content
increased, the change in volume of NBR gradually
decreased up to the pPVC content of 30 phr. An
improvement of swelling resistance of NBR was
thought to be caused by the high polarity of pPVC
and the compatibility between pPVC and NBR, as
mentioned earlier.

Figure 3. SEM micrograph of fracture surface for NBR
filled with pPVC (50 phr)

3

b Change in volume

E ]

| |

=

= h

B B |

0 e ey e N e R o RS
o 10 20 30 40 S50

pPVC contents (phr)

Figure 4. Change in_volume after swelling test of NBR
filled with various pPVC contents

The changes in the maximum tensile strength
after thermal and ultraviolet aging tests for NBR
filled with various pPVC contents are shown in
Figures 5 and 6. It can be observed in Figure 5 that
the maximum tensile strength of the unfilled NBR
was slightly lower (in the case of heat aging) and
much lower (in the case of UV aging, see Figure 6)
than the values obtained for non-aging NBR. This was due
to the remaining double bond and polysulphide crosslinks
occurred in the conventional vulcanization, which can
be attacked by heat and UV radiation, resulting in
the chain scission of rubber molecules. However, it
should be noted that the maximum tensile strength
of NBR filled with pPVC was higher than that of
unfilled NBR. Higher tensile strength was probably
associated with the escape and/or degradation of
plasticizer™ and the PVC gelation phenomenon'
which occurred during the processing of pPVC
weather-seal, and subsequent compound preparation
procedures (e.g. grinding, mixing and compounding).
This could be related to the fact that the pPVC had
a greater processing time and a more compact
structure compared to the NBR matrix. Therefore,
adding pPVC into the NBR would lead to an
increase in the thermal and UV resistance of NBR.

Maximum Tensile strength (MPa)

= :
o 10 40 50

20 30
pPVC contents (phr)
Figure 5. Comparison of maximum tensile strength for

heat aging and non-aging NBR filled with
various pPVC contents

Maximum Tensile strength (MPa)

pPVC contents (phr)
Figure 6. Comparison of maximum tensile strength for

UV aging and non-aging NBR filled with
various pPVC contents
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Conclusion

Plasticized PVC has been employed to
enhance the properties of NBR with respect to
mechanical and aging properties. It was found that
scorch and cure time, tensile strength, as well as
hardness and swelling resistance increased with
increasing amount of pPVC added. Considering the
effect of adding pPVC on the thermal and
ultraviolet resistances, it was observed that the
maximum tensile strength of the unfilled NBR
tended to decrease due to the desulphurization of
the sulphur crosslinks and chain scission during
heat and ultraviolet aging. However, the maximum
tensile strength of the NBR containing various
contents of pPVC was higher than that of unfilled
NBR. This was probably associated with the
escape and/or degradation of plasticizer and the
PVC gelation phenomenon during heat and
ultraviolet exposure.
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Abstract

In this study, the effects of plasticized Poly(vinyl
chloride), pPVC, contents on the rheological, mechanical
and physical properties of Acrylonitrile Butadiene Rubber
(NBR) were investigated. The NBR compounds and
vulcanizates were characterized with respect to scorch and
cure time, tensile strength, hardness, and swelling
behavior. The effect of adding pPVC on the thermal and
ultraviolet resistances was also investigated. The results
indicated that scorch and cure time, tensile strength,
hardness and swelling resistance increased with the
increasing amount pPVC added. Considering the thermal
and ultraviolet resistances, it was observed that the
mechanical properties of unfilled NBR decreased due to
the desulphurization of the sulphur crosslinks and chain
scission during heat and ultraviolet aging. However, the
mechanical properties of the NBR containing varying
amounts of pPVC were higher than that of unfilled NBR.
This was probably associated with the escape and/or
degradation of plasticizer and
phenomenon during heat and ultraviolet testing.

Introduction

Acrylonitrile Butadiene Rubber (NBR) or nitrile
rubber is commonly considered the workhorse of the
industrial and automotive rubber products industries. In
the automotive area, NBR is used in fuel and oil handling
hose, seals and grommets, and water handling
applications. With a temperature range of — 40 °C to + 125
°C, NBR can withstand all the most severe automotive
applications. On the industrial side NBR finds uses in roll
covers, hydraulic hoses, conveyor belting, and seals for all
kinds of plumbing and appliance applications 2.

Acrylonitrile (ACN) and butadiene (BD) ratios are
varied for specific oil and fuel resistance and low
temperature requirements. The ACN content is one of two
primary criteria defining each specific NBR grade. The
ACN level, by reason of polarity, determines several basic
properties, such as oil and solvent resistance, low-
temperature flexibility/glass transition temperature, and
abrasion resistance. Higher ACN content provides
improved solvent, oil and abrasion resistance, along with
higher glass transition temperature. However, having the
unsaturated backbone or the remaining double bond of the
BD part can affect the property of NBR in terms of the
aging resistance. In this work, Plasticized Poly(vinyl
chloride) was chosen as the strengthening and protective

the PVC gelation -

filler for NBR. Since PVC has a generally high resistance
to the environment and ignition. Also its mechanical
strength is higher than that of NBR ©!. This investigation
used the discarded pPVC from the extrusion of weather-
seal. In general, the defective part of pPVC usually occurs
at the beginning of the process. In case that the size of
product does not conform to the specifications of the
customers, these defective parts will be buried or burnt.
The disposal process can cause pollution to the
environment especially the buming of PVC, which can
produce the toxic HCl gas due to the thermal
disintegration. of PVC ¥ With the reasons mentioned
earlier, the recycle or the reprocessing of the defective
parts is very important. In addition to the possibility to
improve the mechanical properties and aging resistance,
the results of this work can also be used as the guidelines
to - reduce the production cost and the environmental
problems.

Experimental procedures and methods

NBR was masticated using the internal mixer at the
temperature of 70 °C for 3 minutes. The NBR was then
mixed with the addition of the quantities of sulfur, pPVC,
ZnO, and MBTS. Six compounds were produced
according to the formulations in Table 1. Each compound
was then rolled to produce a sheet approximately 3 mm
thick by using a two-roll mill and left at room temperature
for 24 hours.

The scorch and cure time were determined using the
Oscillating Disk Rheometer (ODR) in accordance with a
rubber standard test method (ASTM D 2084). The test
specimens were prepared by the use of compression
molding at a temperature of 160 °C. Tensile and hardness
tests were preformed using an Instron tensile testing
machine (ASTM D 412) and Shore hardness durometer
(ASTM D 2240). The swelling, thermal and ultraviolet
resistances were determined according to standard
methods. The test procedures were specified in ASTM D
471-79, ASTM D 572, and ASTM D 4329 respectively.

Table 1 Formulations in part per hundred rubber (phr)

Ingredients | Mix 1 | Mix2 | Mix3 | Mix4 | Mix5 | Mix 6
NBR 100 100 100 100 100 100
ZnO 34 34 34 34 34 34
Accelerator | 1.7 1.7 1.7 1.7 1.7 1.7
(MBTS)
Sulphur 10.0 100 | 100 10.0 10.0 10.0
Retarder 0.2 0.2 0.2 0.2 0.2 0.2
PVC 0.0 100 | 200 | 300 | 400 [ 50.0




Results and Discussion

Table 2 shows the influence of pPVC contents on the
scorch and 90% cure time of NBR compounds at 160 °C.
It can be seen that as the pPVC content increased, the
scorch time and cure time tended to increase. The increase
in the scorch and cure time possibly due to the pPVC
fillers retarded the reaction between sulphur and
accelerator.

Table 2 Scorch and cure time of NBR compounds at
various pPVC contents

Formula | Scorch time Cure time
Mix 1 3.75 7.58
Mix2 3.50 10.33
Mix3 3.67 8.50
Mix4 4.00 9.75
Mix5 433 10.42
Mix6 442 10.67

Figures 1 and 2 show the changes in maximum tensile
strength and hardness of the NBR filled with various
pPVC contents. It can be observed that both properties
gradually increased with increasing pPVC content. This
was due to pPVC had a higher tensile strength and
hardness as compared to the NBR Bl Therefore, adding
pPVC into the NBR would lead to an increase in the
tensile strength and hardness of the NBR.

Maximum Tensile strength (MPa)

pPVC contents (phr)

Figure 1 Effect of pPVC contents on maximum tensile
strength of NBR

55 4 .

Average Hardness (Shore A)

pPVC contents (phr)

Figure 2 Effect of pPVC contents on hardness of NBR
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This study was further supplemented by scanning
electron microscopic studies of the selected fracture
surfaces. Figure 3 shows the selected fracture surface of
NBR sample filled with the highest pPVC content. It can
be seen that the fracture surface of the sample shows the
interfacial bonding between the pPVC particle and NBR
matrix (as circled in the Figure 3). Because the pPVC and
NBR molecules were both polar, this made them
compatible. As a result, the pPVC particles could
effectively function as a reinforcing filler.

Figure 3 SEM micrograph of fracture surface for NBR
filled with pPVC (50 phr)

The swelling behavior of NBR filled with various
pPVC contents was measured by the sorption method as
illustrated in Figure 4. It was found that NBR provided the
excellent of swelling resistance, with the change in
volume of NBR approximately was 14%. This was due to
the polarity of NBR. As the pPVC content increased, the
change in volume of NBR gradually decreased up to the
pPVC content of 30 phr. An improvement of swelling
resistance of NBR was thought to be caused by the high
polarity of pPVC and the compatibility between pPVC
and NBR, as mentioned earlier.

% Change in volume

40
PPVC contents {phr)

Figure 4 Change in volume after swelling test of NBR
filled with various pPVC contents

The changes in the maximum tensile strength after
thermal and ultraviolet aging tests for NBR filled with
various pPVC contents are shown in Figures 5 and 6. It
can be observed from Figure 5 that the maximum tensile
strength of the unfilled NBR was slightly lower (in the
case of heat aging) and much lower (in the case of UV
aging, see Figure 6) than the values obtained for non-
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aging NBR. This was due to the remaining double bond
and polysulphide crosslinks occurred in the conventional
vulcanization, which can be attacked by heat and UV
radiation, resulting in the chain scission of rubber
molecules. However, it should be noted that the
maximum tensile strength of NBR filled with pPVC was
higher than that of unfilled NBR. Higher tensile strength
was probably associated with the escape and/or
degradation of plasticizer ) and the PVC gelation
-phenomenon ¥ which occurred during the processing of
pPVC  weather-seal, and subsequent compound
preparation procedures (e.g. grinding, mixing and
compounding). This could be related to the fact that the
pPVC had a greater processing time and a more compact
structure comparing to the NBR matrix. Therefore, adding
pPVC into the NBR would lead to an increase in the
thermal and UV resistance of NBR.

B non-aging
7] aging

Maximum Tensile strength (MPa)

10 2 © 0
pPVC contents (phr)

Figure 5 Comparison of maximum tensile strength for
heat aging and non aging NBR filled with various pPVC
contents

Maximum Tensile strength (MPa)

pPVC contents (phr)

Figure 6 Comparison of maximum tensile strength for
UV aging and non aging NBR filled with various pPVC
contents

Conclusion

The plasticized PVC has been employed to enhance
the properties of NBR with respect to the mechanical and
aging properties. It was found that scorch and cure time,
tensile strength, hardness and swelling resistance
increased with the increasing amount pPVC added.
Considering the effect of adding pPVC on the thermal and
ultraviolet resistances, it was observed that the maximum
tensile strength of the unfilled NBR tended to decrease

N
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due to the desulphurization of the sulphur crosslinks and
chain scission during heatand ultraviolet aging. However,
the maximum tensile strength of the NBR containing
various contents of pPVC was higher than that of unfilled
NBR. This was probably associated with the escape and/or
degradation of plasticizer and the PVC gelation
phenomenon during heat and ultraviolet exposure.
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