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Abstract

This work studied property development of natural rubber (NR) and styrene-butadiene
rubber (SBR) blends, focused on cure characteristics, mechanical and elasticity properties. The
NR/SBR blending ratio used was 1:1. The fillers used in this work were fly ash particles and
commercial precipitated silica at loadings of 0-40 parts per hundred rubber (phr) and carbon black
at contents of 0-100 phr. The fly ash and silica particles were chemically silane-treated. The rubber
blends used in this work were studied in forms of solid and cellular rubbers. The chemical blowing
agents that used in this work were Oxybis (benzene sulfonyl) hydrazide (OBSH) and
Azodicarbonamide (ADC). The dosages of blowing agent varying from 0 to 10 phr at fixed filler

content of 40 phr.

For solid vulcanizates, the Moony viscosity of NR/SBR rubber blend increased with
increasing additive content. All fillers hardly affected the cure time properties. The optimum
concentrations of fly ash, precipitated silica and carbon black were, 30-40, 30-40 and 40-60 phr,
respectively. The tensile modulus at 200% elongation, compression set, resilience and hardness for
fly ash filled NR/SBR vulcanizates were better than those for silica and carbon black filled NR/SBR
vulcanizates. Carbon black was found to give the maximum tensile strength, tear strength and
abrasive resistance. The thermal aging was found to improve the overall mechanical properties,

except for the elongation at break.

For cellular NR/SBR wvulcanizates, the results suggested that the overall cure time
decreased with increasing OBSH and ADC contents. The OBSH appeared to be more effective in
cure-acceleration of the NR/SBR blend than the ADC. The NR/SBR vulcanized foams produced by
OBSH and ADC agents in this work had closed-cell structures. The relative density and mechanical
properties of the NR/SBR blend tended to decrease with increasing blowing agent contents. The
carbon black gave NR/SBR foams with smaller cell size, better cell dispersion and higher
mechanical properties as compared with the precipitated silica and fly ash particles. The heat ageing
and weathering resulted in an increase in tensile modulus at 200% elongation and hardness, but

lowered the tensile strength, ultimate elongation and tear strength. The elastic recovery for cellular
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NR/SBR vulcanizates with fly ash filler was superior to that with carbon black and silica fillers, the
elastic recovery of the blends decreasing with blowing agent content. Resilience property was
improved by the presence of gas phases. The optimum concentration of OBSH and ADC to be used
for NR/SBR vulcanizates was 4 phr. The cellular NR/SBR vulcanizates containing 40 phr of fly ash
particles or precipitated silica or carbon black with 4 phr of OBSH blowing agent were used for
production of a gasket having two different thicknesses (2 and 10 mm). The mechanical properties
of the cellular NR/SBR vulcanizates were compared with commercial gaskets with the same
thickness. It was found that the mechanical properties of the cellular NR/SBR vulcanizates with all

fillers were greater than those of the commercial gaskets.
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(ADC) ez Oxybis(benzene sulphonyl hydrazide) (OBSH) cdﬁaﬁmmmﬁaﬁqmwgﬁ 150-190°C
wag 150-170°C muday Taaduansi liinarewaazyiananududuaeg iy Tasazims
FUNAANUR LU LY TNNLAZNOANTTUMTUINAD  HAINWOANTTUMTTAIAIVDIETITN

Y a 1 a = 9 a v d' 1 1 v Q' tg d’ a
Tinaveauaaz sz ina 1MNgANTTUMTUVINAINLANAE WUIMTUINAUNMIUIL 01T
0 4 v
s linanesriia OBSH windu us liidwaneasiliminares ADC Taghansiliing
Woexiia OBSH iiveaialuesldmaniniion/ssuiisudu ADC Faiuimldmsuindlanm
OBSH 1111nn118a51M3uwa191nms1d ADC o1 Tl lngligniamsnumusensda

4 2
N
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R
4 Q( A o = =) = vAa Qd‘ 9 " o a
wsagNns autiaadunw [31] imsanuulSeuneuaniinvesw19ssIuman lsuiaas nod
~ a A oA Y Y I a 1 ) = S I 4 A
gamu Iusiagangunlguanduasiauuas iimsnaaevusida esisuamsauglves
I [ 9
FUU MINATOUABUTIAADINADLTUDY LALNITUINAIVDIFUIIUGI WU NS IFoUNIA
Aa A I a a Aa A
voanoagsmuTdumidumsiasunsslueesssua Tasanududuveanedgimu Ty
[ 1 o [ 1 o & a 1 {
IMNZAN 08581319 20-30 phr @ wmSums Idaduiuaisiasunss won anududuin
AAY 9}@91 ‘]d_l = a a 1 a a
IMZAY 50-60 phr TUATANABINT IRFUOUAIANUITUBI@AN MaauuaIneagTny Ty
Tlszansam18anims Idvind lusaanud uduue e saNIAIRg 8IuTEAUMIUIY
[ . . ay A~ a 1 g J d? Y A ll a’l
@1 (Swelling ratio) ¥OIFUNUINATANTIANUAUTUOIAUTENOD YUAUANVIAKUVOIFUIIU

19UAL TEAVVOINTATUUIITEHIN TUANAVOI WAL TANUA

Findik wazamy [32] Anrautddana wasauian1an1ennuee19Hansz1319 NR/SBR 7
gasanaeg Taslmsasuusaiunavindiaeansa Ao ISAF 1agHAF WUI1 A1 Hardness
VD4UNIA ISAF TAI11ANINTA HAF 91798071870 NR/SBR 40 : 60 1M &ansasidiufiaz
AIANRUAIANIT 1Y NTA HAF Tifiuannanusas ey SBR fiftuiu daufn Elastic
modulus VU NHANTIALNTA HAF 920A 11003 1Rounnsns 1891 uaem Tensile strength Y04
1130 ISAF 92UAIINNINUNTA HAF Tunndnilaiu dIunane Scorch time 1ag Cure time Y
in3a ISAF lisarfulunngnsdau uafidunsa HAF #1Scorch time 119 Cure time 3

A 4 o 44 4
NUYUMNUTATIU SBR WUV

Y 9 J @ @ a a
Chand [33] ﬁﬂ‘]ﬂ’liﬂi\?ﬁi’l\?ﬂﬁﬂ’lﬂiﬂﬂi%ﬂ’l?‘lﬂ’lﬂ SEM ﬁ"E')EJWﬂ"ll'é)\i')ﬁﬂﬁﬁﬂiZﬂﬂUﬂl@\iW@a!@ﬁ

k4 E4
=

do Y 9 9 v Aa 2 v
MNDINUIDIDY GI,‘L!ﬂTi‘VIﬂﬁ@ﬂui%m1ﬁﬂﬂﬂhﬂlu1ﬂ 15-75 ]lllﬂi’f')u uazmugﬂ%mmmaanma
1 =1 a Y a o 1Y 1 1 1 1 Y =
N1IN00 I@’IEJllﬂTimiJLﬂ1ﬁ’é)€laQGI,‘L!‘W’EJQL’E]’dmf]iiu@ﬁfﬂﬁ’)uﬁN“] WU ATAITUATULLIION LS

a9 A A a 9y dgl A Y
ﬂ’JHJ‘I/]‘L!LLiQﬂi%mﬂﬂiJﬂTL!E]ﬂﬁﬁliJf]iJ‘]JﬂﬂmmWﬁ@ﬂiﬂﬂ"Uu Llaglhﬂﬂili}ﬁﬂﬂiﬂiﬂﬁi1\‘1@?1511?]
a 1 Qy < o 1 1 1 (% a
?S’I}’Jﬁlmﬂuﬂ SEM  WUMN GIfuﬂuﬁgWiqu"llu1maﬂﬁﬂu’)thﬂﬁi@ﬂﬁ@ﬁ%ﬁ’JNLfiﬁﬁ’ﬂﬁlﬂﬂ‘l"l@ﬁl@ﬁ

%
o3

Stieber 1Az Hannon [34] dmansiasnlszmaansgowsn luide Azodicarbonamide

treatment for carbon black and rubber compounds TaenuI1 Azodicarbonamide §1M1TDFIONT

v Y Y '
A A o

=< 1 1 o g & a =< =< Y = waddd?
ganz3z1I19 waiidmazee 1d sawannmsimansdamegnavuin lveslauianayn
g . . ' . 1 v Aa < -4
Gluﬁ’mwmm (dynamic properties) t¥UNITAA Hysteresis LATNUNNIT Scorch %mﬂulﬁ}ﬁ?leﬁu
4 @ 4 @ a
Taglszgnaldiugadinnisnelssooua uaze9n1ud1ly Tagdasinisiandns

Azodicarbonamide 3214151101 0.1 — 20 phr naziimMIkauNguuYINNINNI 160 °C
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Omura [35] i]ﬂ?f‘ﬂ%‘]j/@iﬁﬂizmﬂﬁﬁiﬁﬂmﬁam 1137299 Material for a gasket coated with foam
9 ] v

rubber  TagldenaTvundouiag Tanzniaesduunnazaruiomuauiadumssangu uaz
a @ = 9 =\ 1 = 9 IR AW

AANSINANMIUINAINTAINS 1o I uNesed 1@ e TﬂEJfﬂ\‘lﬂlGIfﬂTQUluhlﬁﬁﬁeﬁﬂiJﬂﬁﬁqﬂWﬁU'JN

[ d‘ 9) [ 2’ o 1 vAa a’d' 9 A [ = 1

mqumaclmmﬂuumu Llﬁgv‘l‘ﬂ'ﬂﬁi\l‘ﬂﬁﬂlﬂﬁEJ']\Tlluvl@]ﬁaﬂi%tﬂﬁ@ﬂ'}ﬁﬂﬂﬁﬁﬂﬁﬂﬁﬂumﬂﬂ
.. o A (a 9 ' 1 A ~ A 1 '

Acrylonitrile Tueedansmndsuatissni 30% HAaZMANUHUAYUAITUAININNIT 60 LA

A a A d 1 { o '
S REVRERS TN TP UL AT FURTO RAYINUAT inorganic fillers 1aun clay W30 calcium carbonate NOATIAIU

0 — 80 phr

Nord tagaag [36] anansinsNuszmeanigomsn 1uiade Cushioned rubber floor mat and
[ a o 4 dil @ . =) Y v o
process WAL INAAN UNY5LNNGTOINUAUNTZUNN (Cushion) TaeTiithwueldaunsadniy

' o [ 3 { 1 Y Qaj < Y Qa: 1
Auld Tasmssiriaqiluaessunataiulassuduumiluersdu (Solid rubber) Hazduaiua

=

I 9 09.: { g o 09.:’ 4 A i o o 1 o a
Wuea Wy (Foam rubber) Feumiluenduiuiidiunsusonuuioaniuu 143aavilaes

= 1 3 1 o Y Ao 9 = wva d J
SBR EPDM %39 NBR uazmumﬂﬂwuawaumTULmﬂiummmmamammﬂumaa

a 4 A ] [ [ @ ) [
Yoo ldiimsnszaound uaz higydeanuuiwsionendanaimsiinnuazein 19ag
¥11A819 NBR SBR carboxylate-NBR carboxylate-SBR H30819W a3 NBR/SBR L1azAuHU1

:JI =\ 1 9
"U’ENG]fuIV\IiJﬂ’JiiJﬂ’JHJﬁHWJEINH’EJEJ 25 mm

Guriya 8¢ Tripathy [37] ‘v‘i1mimaﬂﬁaﬂmqa?wﬂ@amﬂmmmq Ethylene-Propylene-Diene
Terpolymer (EPDM) Manasilinaesyiia Dinitroso pentamethylene tetramine (DNPT) (18

1o & a 1 a 1 o 1 1 4 { { 1 4 a
N\?LﬂlﬂJ’l@’lLﬂHﬁ1iLﬁiNlLi\i W‘]J'J’lﬂ’lil@l3JW\?L"Ull’lﬂ1ﬁ\1Wﬁ@]f)ﬂlu’lﬂﬁﬁﬁalﬂaﬂﬁiﬁmﬁu Lﬁ@\iﬂ’lﬂ W7

va

o A o a I o A A 4 o 1 1 ]
GU'ENW\THIN’I@’]ﬁﬁﬁiJ‘U@ ﬂumﬁ L!a$ﬂ1§'l,§5]llN\‘l!ﬂlll’lﬂ’lﬁ!,WilﬁuENﬁﬂWﬁ@l@ﬂ’)’lNWHuLuumﬂﬁﬂ?i

a A a I I A o Y S o A 42’ A =2 A

nanoinanag Lmﬁﬂilﬂ@!ﬂul%ﬁﬁﬂﬂhﬂﬁ‘ﬂ11ﬂEJN?J?]HJ’EJQ@?WI@:\WJHT]ﬂ1iﬂ\18ﬂq\1¢] Uag
v v
= J @ A v A

Ngunlgelu Muogad ANATUNMUMIRANIA NMTBARINYAIATIAIAAAT NOANTTY Stress

U

4
A = %

. ~ a o Y a & o @ v [ %))
relaxation ¥MNVUAVUTaa T InaossduRUEAUANUH UL UYDININ 1Y

Kim  uazame [38]  Anwidniwavesguugdlumsinavesvesaisiiliinanesria
N,N’-dinitroso pentamethylene tetramine (DPT) 4a25uaimMsAunIuig NUAONgANTIUMS

gnan uaz aulaFenavesInueesssumna  wuguugiimnzaylumsildinalgnse

U

ad

o ) ] o o Y a A o '
'Jaﬂ']uluLW%UWﬁ@NﬂQW'ﬂﬁlﬂﬂTwNﬂﬂ 155C Llagﬂa']llﬁu']lluuﬂl@QIV\liJfl']\jﬁﬁﬁiJsﬁ']ﬂiJﬂ']aﬂaq
LﬁﬂlﬁmqmﬁQﬁiuﬂ’]ﬁﬁ’ﬂﬁﬂ’lﬂi’Iﬂﬁ'} Llagﬁwﬁaﬂj’lmgfﬁltlfllﬂ']u’ﬂ'ﬁaﬂsll']ﬂ ﬂ'JHJﬁHu!lﬁQﬁq Nﬂﬂéjﬁ

=S =S 1 Q' dg’ a 1 o tﬂ' Q‘ d? 1 =} U tzl =S 1
NN R RN T IRTATT R b TR S TR T AN TR TE U R T R VAN TR RN HANITUAAINYAVIANUAIAADN
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U/ U

UNT 3 IngavsazTHAUMIAUHUIY

U

3.1 ngausazansninlylunside

3.1.1 £19555N%1A 1057 STR20

v Y I

819555 UHIANTA STR20 (Standard Thai Rubber 20) Naon 4 1ua1nIdetl Wiosaniing 141y
Y [ 1

T599UgAEIMNITURENLNIHA1Y 11150 1410 51A1ABUT1NAINIUNTADUY 11 Mooney

viscosity [ML (1+4)100°C] 91111 72 910UTHN 82833 31nA
(Y] d d
3.1.2 gFunsIziteales n5a SBR1712

191011015 1nA SBR1712 (Styrene Butadiene Rubber, SBR) i uenadansiziin lasuunlu
QAAIMNTINENPEIUNI A1 Ddusznouves dlasu 24.5% Wniu 28.8% uaznia
dUN3H 5.7% A1 Mooney viscosity [ML (1+4)100°C] 1i1fiu 46 9'lasumsaivayuan

A o = a o o w
P3EN Ueah oaa Iawasa 310a

3.1.3 Baneanlwe (ZnO)

= 9

a J 7 . . <3| o Y aaa @ o a
G]Nﬂ@@ﬂllc]fﬂ (Zinc Oxide, ZnO) HJL!ﬁ']ﬁﬂ’lﬁl!”l‘ﬂﬂi$5‘5]Uﬂaﬂifﬂ')ﬁﬂ']llu‘;]fﬂluﬂﬁz‘l]'JUﬂ'ﬁwaﬁ

Q

A v

aov A J o w
YN NNUTHN ¥OOU AN (‘]Jizmﬁll‘ﬂﬂ) A1NA

3.1.4 NIAAAY3N (Stearic acid)

aaa [

A a . L 0 9y Y o a
NIAFINYIA (Stearic acid) L‘]JL!ET”IS‘VH‘I’TL!W]ﬂi$@!uﬂ;]ﬂ§81ﬁﬂﬂ11u%1Uﬂ§$U3uﬂ1iNa9]EJN

AUTHN DN oA DUAAIATEA 910 A

3.1.5 wedtenaulnanea (Polyethylene glycol, PEG)

4
v A A

a a o a 4 o w
luauadeiiifon]Hnia PEG # 4000 910U HY dndian $1ia
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3.1.6 wiesuavlaniulalne1lud (Mercaptobenzthiazol, MBT)

wosuanTamiulsnen Tad Wuaiss sl fasoriaa ludlunszuaumsnanes Tasildlu

AIveilunsA ZAP ACCEL M-R 91AU3EMN Zeon Advanced Polymix 31119

3.1.7 Daiitan loasenaIngdu (Butylated hydroxy toluene ,BHT)

A

astlesdumsideuannvessnaninesngioutazandzinadey luanuidudonldyiia
BHT (Butylated hydroxytoluene) Henunsal¥ lanuensuazwaradn'ld 910550 Behn Meyer

1NN

3.1.8 MNZOU (Sulfur)

9
Aav A

° o [ ' Aa
sz (Sulfur) iuassrelumsnsglerclunszuaumseaass luamideiildmsnegl
#1932V CV (Conventional Vulcanization system) fugdun1divuia 325 mesh 1AUTHN

A o W
FYIWLNY 1NA (WHI1YU)

3.1.9 191aes (Fly ash)

| @ { J a a
id1a08 (Fly Ash) iWuSaqiiunanaseld By product) mnmswnaiuiululssnunia

q

aa

T Faliesddsznoumuniniiauls Ao HFamUseum 40% wazdtilavizoon lag
Y

[

& 3 { o <3| 9 aaa FY :
Uszana 60% Fuiaziluaisdszneuntmihnduasnszquigaso 1ddnnanile uag

2

] v a A o o A vy a Ay A A
mmm%mmmumimmuluwammmma Lwaiﬁ@uwumiwamﬂm luQWH’Ji]EJHmE]ﬂ

q

9 1 a A 4 [} LY @ o o [ " Aa
Li‘l'lﬁ@ﬂiﬂﬂﬂTLquaﬂhluﬁ (L) 1 Iaanhg 1/I1ﬂ1iﬂﬂellu1ﬂﬂ'1§ﬂ1ﬂhlulﬂu 125 llllﬂif]u

9 ] [ a o o w
Lmaaﬂﬁmmwumuu 2.65 NIN/AV.HY. NUITEN K.N.R. Group 310

3.1.10 Fanunsamsm (Commerecial silica)

Aaa Y I a Aq ¥ o a 2 o Y
Fanunsamsanduarsdsaanansiasunsa ﬂi‘viﬂﬂﬂﬁllﬂﬁluf}‘ﬁﬁ'lﬁﬂiﬁuﬂﬁﬁﬂ’lﬂ %\11!’]1“1"]5

= = [ vAa Aana ~ 9 9 = a o dy Jyan =
L‘]JiﬂULﬂﬂUﬂUﬁNUﬁm@ﬁ“ﬁﬁﬂWﬂqﬂiﬂﬂlﬂTﬁfJEJ FaluaruitenlgFanuuanwan
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L'
(Precipitated) tN5@ TOKUSIL 233 Hauiaoynin limu 125 luasou a1pH 6.8 uaziian

Bulk density 0.232 g/cm3 NUTHN Tokuyama Siam Silica N9
' o
3.1.11 @ uNIa (Carbon black)

1" o I a 1 a ~ 9 9 1 = v Aaa 1
PNLGUZJ”Iﬂ”l!ﬂuf‘ﬁﬁmll!,W]\‘]°1J53Lﬂ1/lﬁ15LﬁiNlliﬂﬂsl‘lflliﬂ‘iﬂ”lﬂﬂ"liﬂn"]fulﬂElflﬂ‘l_l“]fﬁﬂ”l e
a o sy Y Ao £ o Y A ~ @ va Y £ o Y A & a 1
Nammmwulmzu’dm iN‘L!'liJ'lSl,“]flﬂJ'iUULTIEJ'IJﬂﬂﬁuﬂﬁﬂlﬂﬂlﬂ1aﬂﬂcﬁﬂﬂ1ﬁu1ﬂlﬂuﬁ"limﬂlmx‘i

a o ~ ] awv dy 9y 1 o =
Gluﬂ'NNﬁiJfJ'N‘ﬁiiiJ“]ﬂﬁﬂ‘]JfJ'l\“IL’E'JﬁTJE]'Iﬁ C]N‘luxi'lu’lﬂﬂuiﬂfﬂﬂﬁllﬂﬂ'ﬂﬂiﬂ HAF N330 Wauua

Aa o J < o w
BUNIA 26-30 nm 1NUTEN Vh/]fl ATUBDULUAA 31NA (UHIBU)

3.1.12 a3gnIvlwiau Couplink 89C

ﬁﬁfgjﬂ’m (Coupling agents) Uszianlaau (Bis-[3-(triethoxysilyl)-propyl]-tetrasulfide),
. . =2 g [ A 9 ]
[(C,H,0),-Si-(CH,),-S,~(CH,),-Si-(C,H,0),] mgﬂuﬂizmﬂmiﬂmﬂmau numslyanuny
1 [l aw dy 9 I ~Aq Y [ a 9 an 9 A
agnunsnale Tuauadei lgdumsnldlumsdsuleiudiaos uazdanunsanian e
Fromivamesznnudavesssfuaauna 3185ua1ue AT 121910 VTN Behn

Meyer 3190 ¥0114A15M1 fD Couplink 89C

3.1.13 msilvitnanesriia Oxybis(benzenesulfonylhydrazide), OBSH

NanvazitlumiaziBeadu1d aungiimiaaiesd 160-170°C 1suasweame 122-136 ml/g

U

a o

Aa o W a d o w
INUITEN 1D L@V‘I Qﬂﬁ“]f AT 31NA
3.1.14 msnlvinaneartia Azodicabonamide (ADC)

(% < a @ o a
Nanvuzilunsaz®eadiniod 1na Supercell-522 gaHANMIAAIBAI 150-160°C UTu1AT

[

Woamas 188-192 ml/g 11nVUTEM 10 tovl gpilesiaad d1ra
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¥H¥
3.2 gasenanliluanidy
gaseai 1 lunuise Hdlsznoumadauansluased 3.1
msafi 3.1 dautdsznevvesaiilluanisy
a1l wihi 31 (phr)*
1. 5T IUIA STR20 LAY . 100
L. NI NeE
819101913 SBR1712
2. $3nvon 4@ (Zine Oxide, ZnO) aMsnszqulfnsen 5.0
3. NIAAALIN aMsnszquRnsen 3.0
- thiianlaasond Tngou astlesiumsing 1.0
(Butylated hydroxytoluene, BHT) ONHFIAKY
AT
- wudaoy AATUUT 0, 10, 20, 30, 40
- HIFANUNTANTAT 0, 10, 20, 30, 40
- HAUUHIAN 0, 20, 40, 60, 80, 100
. wodeniau Inanoa o mmn 5% e miingam
MInszaulgnIe )
(NTANITA
-wesuanTadiulylnlyd A1315IMINTZAU 1.0
(Mercaptobenzothiazole, MBT) ‘ﬂf]ﬁ?fﬂ
s ldinanes
- eondlauusudavialans:lud
[Oxybis(benzene sulfonyl hydrazide),0BSH] | a5 l#iiAanes 0,2,4,6,8,10
- 10 1a'lams Tuun lud
(Azo dicarbonamide, ADC) 0,2,4,6,8,10
9. MuLAU asnagilens 1.5

* phr: parts per hundred of rubber by weight
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aw @ P e
FIENIUIVYRUVUTNY TN RDG5050094 L
71 ,_,..-/

¥H¥

au A a (YA £y & Y I a ' o a
NuITetnITsudadrumauvounIaosme I iluaisauuaaluTagnane1a NR/SBR 133
YSmaarsdandunazFalsuagamniludiass mudumdiacsacluidanansis

a o d a a v A o v 1

53sumANUNealens FSinamsananldasidiu 25, 50, 75 1az 100 phr dUN13
a 9 [ a o ~ ) a an A 9 09.1}
wdiaesaluidgrauesssunanueseaienFalsnaganniludiassiulag
) a aa A A 9 a 3 9 = a an 9 A dgj
Awalsunagannylumeesaailusesas 40 Falsuagannmdiasainiuly

Aoy aauaaalunisnan 3.2

d‘ = = a an Y v aa F)
M1319N 3.2 ﬂ’lilfﬂiEJ‘]JW]UUﬂiﬂJ’lmﬁU'fNG]fafﬂlﬂiﬂﬂ’lﬁﬂ'lﬂllclfaﬂ'm'lﬂl,ﬂ'lﬁf]ﬂ

A aa y Bunawadiaesn¥luauive (phr)
PSnadanunsamsm
%1913 (phr) . i} o
an = a
Famaniaey itavenl¥asa
10 10 25
20 20 50
30 30 75
40 40 100

3.3 UHUMSANHUNIUIVEY

[

o a aov Y= [ d' (% A
L!,Nu\1']‘11!GlUﬂ'liﬂ'lluuﬂ'li'J%ﬂUl@ﬁﬂ‘H'l“ﬂi]i]flﬂﬁ'l o Mo

1. AnpmavestSuamsaNLaIrian1e) Nauasluenanay NR/SBR
2. mdadmvesa s liinanesnmunzaylueanay NR/SBR

3. dnvulSesusuriavosasi liinanealuenaway NR/SBR

Tuauusnveanudseladnulsnavesmsduuas laun Famandiase Meufuasay
HAIFANUNTANITAT LAZHIUVLUIR mmfuﬁwﬁ’ﬂdauﬂummilﬁnmiLﬁmwiﬂuﬁ’a@wﬁmn
sesunafuoaeatoialandenanudu g i fenauiadunaleaide']
U fimsanansiliinanleswiia [Oxy bis(benzene sulfonyl hydrazide)l, OBSH tiaz¥iin

Azodicarbonamide (ADC) HazsimsifTeuifisunu nageuauiaanianis lva nsgnaa
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AVTAFINA AVTANIINEMNN NTUNTIFNNE R1AUMITAUTUINUIV 1A8TIN aauaad]y

ATNAOUAUANHULUYDUAIADE FANUNTANTAT LAZHIUVLIAT

n =

dnwranuduldldvesmsindracsun i uasdunas

1Y a o ~ o g}
Gl‘Ll’Jﬁ’ﬂNﬁ’llEJNTJ3iN%W]ﬂUEJNL’E)ﬁ‘LI’E)”IiGlug‘ﬂLL‘]JUEJNWE’N‘L!"I

. B

= wvAa Y] av SN AA
nSeuionauiavesiaanane s TNIAN e L1 NLFaN1INA1008
FANUNTANITAT LAZHAVNIA NTATIUAINE

Y '
Tugduuvvesenaiioan (e19i i ldaumsildinane)

5 =

dondadiumauaanuuasianeg luiaquanoesssumatuaaeaiions iz au

d’ a o Y a a A Ad? g’
mamuasi lnanesyila OBSH 1159 ADC “lumimugﬂuuumwimm

n =

EZ { a a 1 9y an 9 1 o
L‘lr%EI‘UlﬁUUﬁﬂJ'iJGI"U’fNEﬂ\‘]WﬁiJﬁmm’f'limntm@ ALDTABDY SFANUNTANTITAT HASHILVUIAN

Tugtnenseniy Taeldesilviinanesriia OBSH n5e ADC

n =

ihgasdrunauimunzan linaaowwaaluszauTsenu

sUN 3.1 ueuAImMsAavaIuIve Ingsy

U
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4.5 M3lFauMeuaniAnIHA19] YOI INTNIZHINYIEITNTIANDENS

d Aa a v a v
Al NANMIANIAITHAN Y

A a a ' d' =
4.5.1 msmanﬂimmmmmsmuumalmmw’mu ﬂ“l“fflumsﬂﬂmmawaugﬂgmume

osin

MIADNTATIUVIENHEN NR/SBR Tagiiinslsesumesuisunavesaisaunauaazsiia

eyl I lumsiai 4.6 - 4.8

=y =} wa A F) A a 9 a ! [ 4 d' Y A
mslSeufivuauian ldnagevvesensnauiduiiass lulsuanieg demsien 4.6 laaen
BSunaradiassifinasluensnan NR/SBR A3 40 phr Tagninsanmsiivautiagna
Mg audenlTeumeunumsaunlsunanie

wad‘lli/ A

msnfSeufevauian lanaaeuvessnanaui@udanunsamsm ludTnaaieg Ty mseh
4.7 ldaendSinadanunsamsmndnasluenanan NR/SBR 111330 40 phr Tagfinnsan
Q‘ wva A d‘ zﬂl =l = 3 a d‘ a 1
mMIuaNtasInafiueaulaSsueunumsaunysuaae
1 =% [ = = wad‘ Y d‘ a 1 o a 1
wueanumsseuneuanian lanagevveseanaundunaviig ludsumaieg Tu

maai 4.8 ldaendSinamavaidifuasluenawan NR/SBR fi3ana 40 phr Tagifinisan

Q‘ vAa A d' d’ = = % Q) d' a 1
ﬂﬁLWllf’fiJ‘]Jm"]f\‘]ﬂﬁ‘ﬂmumﬁmumﬂifJ‘].IL‘V]EJ‘]Jﬂ‘]JﬂﬁLG]iJ‘V]‘]Jﬁﬂm@%‘IG]

A d‘ a a 1 a a [ 1 ) = A g’
TagaenganauNanaIsaNLaIrHatazUsuaanan Lﬂ]l'ﬂ?fﬂiel”IE‘T?J']J@]GIM?JTJLL‘]JTJEJNWBQH1

ool
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FH¥

4 va { o { m y a ) Y a
M54 4.6 ﬁnmiﬂﬂﬁqﬂmmmwm NR/SBR gﬂuummﬁa@u (3 luldmuansi iina

o) NANATIANIAIHId a8 1T aa199

USanaeadraos (phr)

auLAVDIENINAN

0 10 20 30 40
nanlumsgnan
4 - o . 9:3 11:0 10:1 10:0 10:3
NYUNHN 160 "C (min : sec)
ANUMTIAYT [ML(1+4)100°C] 19 19 21 30 29

aulinpena
uaﬂé’ﬁﬁmsﬁﬂﬁa 200% (MPa) | 0.8t 0 1.0xo | 13%X0 | 14X0 | 16%0
ANNAIUNTIAY (MPa) 8 10 60 611 7t0 610
mi%ﬁa‘ﬁﬂmﬂﬂ (%) 1099 23 | 878 34 | 766 37 | 816 L 16 | 686X 18
ANNAMUUTIRNVIA (KN/m) 1511 | w1 | sk | o151 | 15E1
AMA (Shore A) 30t0 3310 | 40%0 4510 4910
msguinilelduuseda ) | ast1 | ast1 | aot1 | s2E3 | st
MINTzADU (%) 6110 7211 7110 7010 6511
nsgadeiio a9 (mm’) 136 116 112 91 92
ﬂ]5!ﬂéﬂ‘H!!‘IJaQ‘Viaﬂﬂ1§ﬁﬂ!ﬁ'ﬁﬁﬂ13$ﬁlﬁﬂﬂ?13~l%’®‘l—! (%)

m@ﬁﬁﬁmi%ﬁa 200% (MPa) +25 +20 +8 +29 +25
ANVATULTIAY (MPa) 25 +50 +16 -14 -16
m3tadfignia (%) 24 5 4 -23 27
ﬂ’JﬁJéﬁHLleaﬂﬂﬂﬂ (KN/m) +13 +29 +27 +33 +33
AU (Shore A) +3 +12 +5 +7 +4

[ [ J
WeHa (+) : MARNTUTAIMILUTIaN 1Y

(-): MNAAAINAINTUNTITANE
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v

FH¥

{ A § o { m y a ) Y a
M319N 4.7 ﬁnmiﬂﬂﬁqﬂﬂlmmwau NR/SBR gﬂxmuamﬁamu (3 luldmuansi iina

Wo9) NANANTIANUANITANUATANTAT HAA19

PSunadanunsamsm (phr)

AULAUDENINAN

0 10 20 30 40
nanlumsgnda
4 - o ' 9:3 9:2 7:6 8:3 11 : 2
NYUNNN 160 C (min : sec)
ANUMTIAYT [ML(1+4)100°C] 19 18 24 39 -

auUMTINg
mﬂﬁﬁﬁmiﬁﬂﬁa 200% (MPa) | o8t0 | 10to | 13X0 | 1.8F0 | 23%0
ANUATLTIAL (MPa) ) ot1 | nx1 | w41 | 17t
miﬁﬂﬁ’aﬁ@,ﬂmﬂ (%) 1099 =23 | 968 =30 | 921 =38 | 866 £ 35 | 880 k28
ANUAULTIANUIA (KN/m) 15%1 14t1 19%1 261 3910
AN (Shore A) 300 34t0 | 42%0 5910 5710
msguiniielduseda ) | ast1 | sit1 | et1 | e9to | est2
MINTEAdU (%) 61L0 6710 6411 51t 1 50E2
nsgadeiio T (mm’) 136 29 29 16 10
mmJ?;tluaulamé’ennﬁwémmazﬁwmm%u (%)

m@;ﬁaﬁmi%ﬁa 200% (MPa) +25 +60 +38 +21 +35
ANVAIULTIAY (MPa) 25 +22 +27 +7 0
mﬁﬁﬂé’hﬁqﬂmm (%) 24 -25 -11 -11 -20
ANVATULTIANUIA (KN/m) +13 192 +57 +15 0
ANULUA (Shore A) +3 +15 +7 +8 7

] ] F
WA (+) : MARNTUTAINILUTIAN1IY

(-): MNAAAINAINTUNITITNIL
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FH¥

v Y 1
M3190 4.8 autia laeagilueserswan NR/SBR guunusaioau (o199 hildduasiilding

Wo9) MAvEITANLAINIVNIAYTUIUA199

U3anamavinal (phr)

AUUAVO NN

0 20 40 60 80 100
nanlumsgnan
4 - o . 9:3 12 : 0 11 : 2 10 : 1 9:3 9:5
NYUNNU 160 C (min : sec)
ANUNTIAYTl [ML(1+4)100°C] 19 19 27 40 63 84

aulinrena
m@ﬁaﬁmsﬁﬂﬁa 200% (MPa) | 08%o0 | 15%0 | 28%+1 | 50x1 | 88F1 |[11.8 L0
AMVATUILTIAG (MPa) 810 17%2 19t 1 18% 1 171 | 13%0
ms’éﬂﬁaﬁgmm (%) 1099123 | 98419 | 760 £ 12 | 55014 | 36213 | 220%9
ANMUAULTINNUIA (KN/m) 15%0 280 | 48%0 | 90fo | 35%t0 | 31%o0
A71U439 (Shore A) 3010 41%0 5510 66 0 7810 | 8410
mstudile 185 uuse8a (%) 451 | s2x1 | s4x1 | ssE2 | s9t2 | 53t
MINTEADU (%) 6110 5411 4511 382 301 | 28%1
ﬂwsqmgﬁmﬁaiﬁﬂ (mm’) 136 58 40 29 37 36
nmﬂéﬂuuﬂmﬁﬁamsﬁms'aamaze’fmmm%’w (%)

uoAAafimITadl 200% (MPa) | +25 +29 +58 +105 +158 N/A
ANUMUUTIAG (MPa) -25 -6 +5 0 -12 -8
ma%‘ﬂﬁaﬁ@mm (%) -24 21 -15 -19 -28 -30
ﬂ’J"IﬂJéIITHLL'Naf]SU"Iﬂ (kKN/m) +13 +25 -6 -31 +3 -6
ANV (Shore A) +3 +5 +4 +5 +4 +4

HH8LYIA

I = o
(+): MNANVURAINTUNLIITNIY

(-): MNAAAINAINTUMTITNIZ

' v 1Y A Z ~ A o =
N/A : luenunsadaa ldiiosnnsuaniinmsgada 1399 200%
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Faasoagliaengasglaway NR/SBR fidadiu 1:1 ifiuyiavesansauuaandadiuaign

NFa 40 phr M ldAnpidedanavessianazdTinavesasi lfinanealueamay

A Y = A 9 LZ A a a a
LW’EﬂWDiiQﬂQ!‘ﬂTWNTﬂVI’JNUl’J ﬁ'ﬂﬂiﬂﬁiﬁﬂﬁuﬂ@ﬂlﬂﬁﬂﬂﬂﬁm NR/SBR NIANBUAUDIT1T AN

uaa aanaadlumsian 4.9

M9 4.9  auiAvessnaway NR/SBR NansHaesauuaani/sue 40 phr fldiaeniiily

Y
Anlugiunueeeani

siamaRuun ez B inaaaduimnzay
(phr)
anlAveIENINaN . " L
WAt 1a08 HIgaAM WU
auiiAmMs lvanazMsgnea
A A 0

ANMUTITAY [ML(1+4)100°C] 29 - 27
na1lumsgnalNgungil 160°C (min) 10 11 11
aNvAINg

WOAAANMITAA 200% (MPa) 1.6 2.3 2.8

y =2
AUAIUITIAL (MPa) 6 17 19
MITAAINYANIA (%) 686 880 769
AUATULIIANVIA (KN/m) 15 39 48
AW (Shore A) 49 57 55
o A 2 @
MIguaniie AT 99 (%) 52 65 54
MINIzAOU (%) 65 50 45
Mygaudoiio Tag (mm’) 92 10 40
mslasvuaivdimsvisanizaennuseu (%)
WoAAATINITIARD 200% (MPa) +25 +35 +58
Y =

AMUAIUITIAL (MPa) -16 0 +5
MITARINYANIA (%) 27 -20 -15
AMUATUUSIANUIA (KN/m) +33 0 -6
AW (Shore A) +4 +7 +4

A4 F o o
(+) : MNAWNUYURAINTUNLIIANIY

(-): ANAAAINAINTUNITITAANIZ
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dashed line: after aging

24 4

18 1

12 1

Tensile strength (MPa)

Carbon black content (phr)

sUf 4.21 mmﬁmﬁuﬁmmmmﬁwmmﬁqﬁauuawé’qms‘u'ms'qﬁmazéfaﬂmm%’amm

Y

g1INEN NR/SBR MANHUUNANYTnadaaiuaige

AnuduiutveInsiadiigauianeutazaInIstusa@n1Izdrenudouvesoanay

]
S A %

A a 1 o ] v d’ 5 Y A a
NR/SBR fiinssuingnisinadadiuaien uaaslugli 422 vingiin1dan diodsunmme

]
v A =

1 o A dgl 1 A 9 d' a dy A J
WA UANTY AMTEAAINIAVIAVEIHaNTLY) THNanas 1esndSuauilegtananinily

Q

wnInglaanas Tedanari I eenanlnsgadlianas dauraImMItmsIanedlenusou

YDIBWHAY AINTIAAINYANIAvEIoNRENTILUl TTuanal 1oanneeRaunal)nso1ns

Pd

A [ A =2
1F¥ou ToanUSSNUNINYY

1800

solid line: before aging

1500 T

dashed line: after aging

1200 +

900 T

600 T

Elongation at break (%0)

300 +

Carbon black content (phr)

'
v A

Y v o J 1 @ ] 1
gﬂ‘ﬁ 4.22 ﬂ'ﬂllfﬂJ‘WH‘ﬁﬂJENfﬂiﬁﬂ@]’)‘ﬂi]ﬂ"l]'lﬂﬂ'i]uLLﬁ$WﬁQﬂ1ﬁﬂﬂl5\1ﬁﬂ13$${'§8ﬂ'ﬂh%}@u

Q

VDIUNHAN NR/SBR MiaumavisnlTunadadiunieg
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$H¥
a v | z o A m ey a o Y
4.5.2 vnagladdeaiuvesenawan NR/SBR lugdnuuenaiiedu @ hildduaisili

inane)

1. maaunudiasslugrawdy NR/SBR lidsnanoninnunilayil uaziiliaini

nilayidn e awauNTKFANUNTANITA LAZHUVIIRT

2. MIAURNIDIA08 MITANUNTANIA taznaiia Tudawademsnasuudaanarlu

MIYNAIVOIEN

1 Y 1
3. auiadeana Taes U819 ey NR/SBR 1t1 Ty io@uens@una a6
o aa Y, ) a o A
A1 WIFANUNTANTAT LazNad1aDe Tasazioen Aall
a 9 a Y va 9
3.1 msausaoassluduin 30-40 phr luenawey NR/SBR - Ivdutianiu

v
v A

weRdain1sdafa 200% Augua e 1ASUITIdR N1INTZABN LAZAIIY

Q
g A

A ~ @ a 9 A (|a A Y o A

udsmgauiaiiounumsiaurud1aenUsuaoue uaz lavinmsiaen
a 9 d‘ d‘ o = A oy 1
YSinavesnad1ane 40 phr e indAnyauiavessnsneaiipe 1

32 ms@nganunsansa1ludTuin 30-40 phr luensway NR/SBR  1¥iauiia
Y o A A o 9 = 3 A A
AMUNBAAANNITIAAT 200% ANWATULTIAL HAZANUUIITRIIZAN 110
= [ a Aaa Y cs' a d' 9Y o A a a
Meunumsiauganunsamsanydsuasus uagldimsiaendsunavess
a 9 &' ) = A 091 1
AnNsANISA1 40 phr e ARy IaNTAYese e tine 1)

33 madusaving luysuie 40-60  phr luensman NR/SBR - Ivauiia

]
v A

Y A v 9 = Y = <
ATUNDAATNNITYAAI 200% AITUATULITIAT AATUATULIIRNVIA ANV

q

9 ' o A A A ) Aa 1 o A (a A
Lla3ﬂ13@1u¢]@ﬂ15mﬂgﬂ!ﬁﬂ1$ﬁm lllf’]W]lelﬂllfnil@]uﬂﬂlmuWﬂTﬂﬂiN’lm@u"]

waz ldimsdentSuavesnaviingl 40 phr ierhunAneauAvesna

Wosiheeld

A a 9 ~ =) v o o A Yo o Aa 1 1
4. NNWTU NR/SBR ‘V]mllN\HiﬂﬁﬂEJiJﬂ15ﬂuﬂa“lJﬁﬁﬂﬂluﬂqﬂiﬂlli\iﬂﬂﬂﬂﬂﬁl”l HagnInNIg

A3ZADUNINNN I NN A NNAUHITANUNTANTAUAZHAVLIAN

v Y
5. ﬂ"li‘]Jll!iQf’fﬂ”lf]zﬂyflflﬂ’ﬂﬂ%}’ﬂu"ll@\ifﬂﬂﬂﬁll NR/SBR ﬁﬂﬁ’auﬁmmﬂahaiamwﬁu

9 A o oA
YNIUNITYANINIAVIADALN
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4.6 MIATIVAVVANTVAM IFNAIATANUANIINILNIN 819N NR/SBR

fanasmrnanesriia OBSH taz ADC

LHNDATEIULALATLANLATAG q MLAN IUENIHENTENIN NR/SBR
I Y o
tianazihanduguiduenavaii agil

*

N9LON@BEN 40 phr NIZAMLNTANSAIN 40 phr

NAINIGIN 40 phr

Ll

1eNaNaN NR/SBR NiNastnuasnandunlotdan ndnwnagasasiviianag
(Blowing agent) #flauazuSanaen piudasdiudasns 100 dw aall

*

Oxy Bis-benzene Sulfonyl Hydrazide (OBSH)

Azodicabonamide (ADC)

&NKHEN NR/SBR NHNESHNUANTAT AN 9 waztiudsi litianasdadiuea s 9
lanniaIauanangnnag nadauandfaq aail

T e — —

WIBNBUNUENREN FUFUEATaE02UTUToY

Tugvuvuenanaani

N
NOFDUFNUANNALNIW

duUAMIFNG?

u nanhi lvenegnen

ANIRINULUIRAETaNE NN [

4.6.2

asadaulaseaigamalagmaiin SEM

———7 4.6.1

4.6.3

Y

g1y NR/SBR Manasiliinavoayiia OBSH tag ADC

i 427 unumsdutinanuludrumsasnaeuautinnisgnad tasaulian1anen e
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aw o e
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¥
MIINT BUENEY NR/SBR NUANTIAUUAIHAII008 HITAN Laznaviid uazmsauasinld
a a 9 [ d'
inaneariin OBSH taz ADC Taalsgnsens asudadluasiam 4.10

= : < ~ s
M9 4.10 drvilsznevvessnauinaassvugllugluuveavesii

=
GARIGEY
1. 8795554%1A STR 20 1182 81910a 1013 SBR 1712 100
a J J . .
2. $9A00n %A (Zinc Oxide, ZnO) 5.0
3. NIAAAYITN 3.0
4. Butylated hydroxytoluene (BHT) 1.0
5. @15IAULAY
Y A
- WAID1A08 Y30 40

- IBANUNTANIIA W30

- NIIAN
6. woatenau lnanea (PEG) 5% YDIHINUNFAN
7. Mercaptobenzothiazole (MBT) 1.0

8. mamlminanos

- Oxybis(benzene sulfonyl hydrazide) (OBSH) 0,2,4,6,8,10
- Azo dicarbonamide ( ADC) 0,2,4,6,8,10
9. MUY 1.5

4.6.1 MA@ UANTANMIFNAIVRILENINBIN

[ o 4 a o a a H ] o
anuduiusveslsummsildinanesriia OBSH ez ADC Nfiaeranlumsgnaivesens
NEr NR/SBR  NlaNnstanuaanadiane (FA-Si) HAFan1UnsAn1IAI (Commercial ~ Silica, P-Si)
1AZHAUVIIRT (Carbon black, CB) taaalugii 4.28 wamsnaaosnu iwedulsmmasi
Tinaneawiia OBSH tiay ADC adlugnawan NR/SBR NUENTANUAINUNI008 HIFANT Ha

[ ) [ =1 9 a o Y a d‘ Q' dgl d'
w1 nalumsgadivesenaniuul livasasmwlTnamsmldnanesiimuau Taghn
maauasildinanesria OBSH shlerswaniinaignaindinit iiesnn miaaiodives

o Y a 1 o Y a 9 dy £ [ o Y a Qs:
a5 nales awwaim linanesmasluiessginsaaisalvesarsim lviinanesisaos
a g ) . Y, o R
FHAYULVUNITAIIA1NTOU (Exothermic) [16, 47] anwuioulunesiuanuseuiiiliye

[ 9 < d? dy @ J _ . . S
seldesgmsaiu wenaniiluna lnvesnmsaaiedaues ADC awsnld Zine  oxide 111w
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anszquldinamsaatsds [13] seansildinadesatia ADC 91914 Zinc oxide voaszVNM
9 ~ YR~ o ) o ) 9 o Y o o Y
wihimanidludanszdulunszurumstam lussunnszqumsi ldaasds dldna lugn

GU’ENEJNGL‘IQ;L’JQWHTHWJ'T OBSH

sazietmaSeuiiousiavesmsiauuasaona lumsgnaa WUNENHTUNANKAUVIIR
{ 4 vAa [ ) { I 1
Tdnarlumsgniiesige o1vilounanautiavesnuwidinaeudeinnudue dia pH

A a N o 1 Aaaa o o a d 4
Uszunm 7-8) nazlismaveseangound vls alfaserian lussulinas1u [48-49]

12

‘-‘l—--.

Cure time (min)

31 AAce
| M psi sSolidlines : OBSH
@ O Fasi Dashedlines: ADC
0 2 4 6 8 10
Blowing agent content (phr)

d' [ @ 4 a o Y a a A
g‘ﬂ‘i’l 428 anudunusveslsunaasmlvinanessiia OBSH itag ADC VI?JG]EJL’mﬂL!ﬂﬁEIﬂ
Y

@ { a 1 Y an 1" o
AIVDIYWHNTN NR/SBR ﬁﬁmimmgmmgmaaa WSEANUNTANTITAT HASHIVUIAN

4.6.2 ﬂTiﬂ‘i"J%ﬁﬂllﬂ?ﬁﬁfiH1!!ﬁﬂﬁﬂﬁﬂﬁ%ﬂﬂﬂﬁﬂﬂﬂﬁ1

Y
MIATINABVANUHU U UV 1IN0 NR/SBR NAADUATNNIATIIU ASTM D792-08 328
3% Archimedes water replacement technique ANA13199 4.11 taadnavesl/suaasiliing
a 1 [ 1 ] Y 1Y J 4 a 1
W039%1ia OBSH tag ADC NUADAIANUHUIMUUTUNNTUDIGINAY NR/SBR NUATIANAY
Y
ana [ [ 1 [ Y] 4 o
WAH1898 HITANT LAZHAVNIAT HANITNABDINDI ANUHU UL FURNTvo3819W0 91T
9 A a a o Y a dgl A a [ A A
wur Invanaudewulsuiaasi vmanesawniu ied9n Usuiaesnisninaainns
v o Y a Yy =& o (] o Y = @ |d2’
aagdrvesansi vinanes waz Inmesdamndiedgnielugrai lneraumsversdalvaan

A g’ o [ 1 A 1 1 v o d 1
"llmzﬂuTl’iuﬂ"lJfNEJNENL‘VHLﬂllﬁﬁWﬁiﬁﬂﬂ?ﬂ‘l’iunluuﬁllW‘Vl‘ﬁGU@QEINWﬁiJfIﬂWﬁﬂﬁ\i (AR NEY

88



—
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¥

] [ v ¢ A A A S Y U A A a 2
nUMUUFURIN SR asvee1Inay sz uuNAY OBSH 1A19en s UUNANFsA ADC $9919
I @ o Y a =< [ (5 09)1 A A
Wuwaan msaagarvesasmldmareaazanuanso lumsFusiuveam s 2 siiahn

V@ ~ o Yo A A o o
uana1anY [14] Tasians ADC aanedd1vinma 3 wila Ao luTlaswu msusuvouesn lud tay

o s A o Yo ~ A A £
asuoulaoonled vaziars OBSH aatgarlvinis luTasnuieariiame) $99ua1u130
] [ 4 4 4 4 ]

TumsFurivesmasasueuneuesn lyauazmiveu laven ledganan lulaswulszunm 12

11 [14]

M990 4.11  wavedlsnamsi liinaweariia OBSH 1ag ADC Niasanunu
FUinSueae1anal NR/SBR NUaTIANUARIA1a08 HITAN LAZHUINIA

9
(FUNUNATDUYIUI 2 mm)

ANURNMUUTUNNS

USanans
Caue OBSH ADC
mlvitnanea (phr) ” — — ” — —
NA91008 | HIBAM | MUV | HU91808 | HITAM | WU
0 1.33 1.15 1.11 1.33 1.15 1.11
2 1.33 1.12 1.08 1.34 1.11 1.11
4 1.25 1.03 1.03 1.28 1.10 1.08
6 1.09 1.00 1.03 1.20 1.02 1.04
8 1.07 0.89 0.93 1.12 0.93 0.98
10 1.03 0.90 0.86 1.10 1.00 0.94

4 a [ 1 Y] Y] 4 i A a [ a 1 [~ [

oNnsa/Ssuisumanuruu NN veeanauNAN N TANLAIrTiaa19e) iu1an
A A 9 a1 ] v o A QBJJ dy A k) =

SNHANNAVHUDIA08UAIANUHUMUUTUNNTUINN A N8990 DUNARAN QDN bulk

. d‘ d’ = = 1 a [ g// a =1 4

density MnNgaaTaUMeUIEHINATANUAINIAINFIA [50] nazlioenlsznouvodlany
¢ & s v £ A ' =< o D} - Vv o o

pon lvailussnilsznounandalinnunumiugs e ldeswanlianuruuiuduinsin

AUSNHTUNAURITANUNTANTAT DANUHUMUUAT 0125109910 TisadWoalueanann

nga
Y Y v +'4 a
4.6.3 ﬂ]‘iﬂi?i]ﬁ?]‘iﬂﬂiﬁﬁiN“gﬁﬂ1ﬂ“r‘iquﬂéllE)QSINNﬁﬁJiﬂﬂﬂ’mmﬂuﬂ SEM

Y
a @ Ja
ﬂ13ﬁ33ﬂﬁ@ﬂﬁuﬂ’)ﬁﬁ1ﬁﬂ (Razor cut surface) "UfNEJNWﬁiJé]j'Jﬂﬂgﬂﬂﬂaﬂiiﬁualﬁﬂﬁi@ullﬂﬂ

q99N31A (Scanning Electron Microscope, SEM) q'u JEOL-JSM-5800LV %1 15 kV Accelerating
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aw o e
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FH¥

L4 E4
4.6.3.1 ﬂ159]5’J‘i]%T't’l‘lJ511ﬂ“r‘iﬁ"léfﬂﬁllf’)ﬁ%‘I«l\ﬂu?’lﬂﬁﬁﬂllﬁﬂaxﬁli’)ﬂﬂﬁwﬁu (ANUHUIFUIIU 2 mm)

v 9
1 Ia ]
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Abstract

This article studied the effect of type and content of
chemical blowing agents in cellular rubber blend of natural rubber
(NR) and styrene-butadiene rubber (SBR) at a fixed blending ratio
of 1:1 on cure characteristics, and mechanical and morphological
properties. The blowing agents used were Oxybis (benzene
sulfonyl) hydrazide (OBSH) and Azo dicarbonamide (ADC), the
dosages varying from 0 to 10 phr. The fillers used in this work
were fly ash particles, precipitated silica, carbon black at a fixed
content of 40 phr, the fly ash and silica particles being silane-
treated. The results suggested that the cure time, density and
mechanical properties of the NR/SBR blend decreased with
increasing blowing agent content. The OBSH was more effective
than the ADC. The NR/SBR blends with carbon black gave
rubber foams with smaller cell size and better cell dispersion
when comparing with those with silica and fly ash particles. The
thermal aging hardly affected the tensile and tear strength while
the UV ageing worsened the tensile and tear properties of the
NR/SER blends.
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Figure 1 Effect of blowing agent content on cure time for NR/ISBR
rubber: Open-dashed lines for ADC, Close-solid lines for
OBSH, C@-FA_Si, BO-P_Si, A A-CB.
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Figure 2 Effect of blowing agent content on density for NR/SBR
rubber: Open-dashed lines for ADC, Close-golid lines for

OBSH, O@-FA_Si, B-P_Si, A A-CB.
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Figure 3 SEM micrographs at 100X of NR/SBR rubber of unfilled blowing agent and filled with OBSH or ADC blowing agent at 6 phr,
(a - ¢): Silica from fly ash 40 phr, (d - f): Precipitated silica 40 phr, (g - i): Carbon black 40 phr
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Figure 4 SEM micrographs at 550X of NR/SBR/FA with OBSH
blowing agent at 6 phr displaying bubble coalescence

around fly ash particle
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Figure 5 Effect of blowing agent content and aging conditions on tensile modulus at 200% elongation for NR/SER rubber:
Open-dashed lines for ADC, Close-solid lines for OBSH, O @-FA_Si, BO-P_Si, A A-CB
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Figure & Effect of blowing agent content and aging conditions on tensile strength for NR/SBR rubber:
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Figure 7 Effect of blowing agent content and aging conditions on elongation at brake for NR/SBR rubber:

Open-dashed lines for ADC, Close-solid lines for OBSH, O @-FA_Si, B]-P_Si, /A A-CB
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Figure B Effect of blowing agent content and aging conditions on tear strength for NR/SBR rubber:
Open-dashed lines for ADC, Close-solid lines for OBSH, O @-FA_Si, BCI-P_Si, A A-CB
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ABSTRACT: The effects of addition of two chemical
blowing agents in cellular rubber blend of natural rubber
(NR) and styrene-butadiene rubber (SBR) at a fixed blend
ratio of 1 : 1 on cure characteristics, and mechanical and
morphological properties were invesigated. The chemical
blowing agents used in this work were Oxybis (benzene
sulfonyl) hydrazide (OBSH) and Azo dicarbonamide
(ADC). Three different fillers, fly ash (FA) particles, pre-
cipitated silica, carbon black (CB) at their optimum con-
centrations of 40 phr were used, the FA and silica particles
being chemically treated by bis-(3-triethoxysilylpropyl) tet-
rasulphide. The results suggested that the overall cure
time decreased with OBSH and ADC contents. The OBSH
was more effective in cure-acceleration of the NR/SBR
blend than the ADC. The NR/SBR vulcanized foams pro-
duced by OBSH and ADC agents had closed—cell struc-
tures. The specific density and mechanical properties of

the blend tended to decrease with increasing blowing
agent content. The CB gave NR/SBR foams with smaller
cell size, better cell dispersion, and higher mechanical
properties than the precipitated silica and FA particles.
The heat ageing and weathering resulted in an increase in
tensile modulus and hardness, but lowered the tensile
strength, ultimate elongation and tear strength. The elastic
recovery for cellular NR/SBR vulcanizates with FA was
superior to that with CB and silica, the elastic recovery of
the blends decreasing with blowing agent content. Resil-
ience property was improved by the presence of gas
phases. The optimum concentration of OBSH and ADC to
be used for NR/SBR vulcanizates was 4 phr. © 2009 Wiley
Periodicals, Inc. ] Appl Polym Sci 114: 2816-2827, 2009

Key words: cellular rubber; blowing agent; natural rubber;
mechanical properties; foam

INTRODUCTION

Cellular rubbers or expanded rubbers are composite
materials made up of a rubber matrix and a gas
phase. Such materials have been used commercially
in a wide range of applications including thermal
insulations, gaskets, buoyancy, and impact sound
deadening products. The mechanical properties of
cellular rubbers are related to both the foam cells
and the properties of the rubbers used. Structural
variables include rubber crosslink density, foam cell
density, cell structure, average cell size, and the cell
geometry (open or closed cell). The processing of
rubber foams involves curing a unvulcanized rubber
compound that contains a blowing agent in a mould
under high temperature and pressure until the blow-
ing agent has decomposed on opening the mould,
allowing expansion of the rubber compound.]

Correspondence to: E. Wimolmala (ekachai.wim@kmutt.ac.
th).

Contract grant sponsor: Thailand Research Fund
(Medium Projects on Rubber; MPR-2550); contract grant
number: RDG5050094.
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The morphological and mechanical properties of
cellular rubbers are known to be affected by the type
and content of blowing agents used.>™® Sombatsom-
pop and Lertkamolsin® investigated the effects of
additions of Oxybis (benzene sulfonyl) hydrazide
(OBSH) and Azo dicarbonamide (ADC) blowing
agents on density, degree of crosslinking, and swel-
ling behaviour in cellular natural rubber (NR) vulcan-
izates. They showed that apparent foam density and
crosslink density for NR vulcanizates decreased with
increasing blowing agent content. The rubber swel-
ling greatly changed with OBSH, but unaffected by
ADC content. Similar behavior was also observed for
synthetic rubbers.>* The mechanical properties of
cellular ethylene-propylene rubber (EPDM) usually
decreased with increasing blowing agent content and
this could be explained by a decrease in crosslink den-
sity during foam expansion.® In rubber composites,
the mechanical properties of the foam vulcanizates
are dependent on the type, concentration, filler, fiber
orientation, and adhesion between the fiber (or filler)
and the rubber matrix.>® Lin et al® studied micro-
structure and mechanical properties of nylon 6,6-
fiber/NR foam composites with and without surface
treatment of the fiber. The results suggested that the
addition of nylon-fibers improved the overall
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mechanical properties of the rubber foams. The
mechanical properties of the rubber composite foams
were strongly dependent on the density of the micro-
cellular foam, fiber orientation. The relationship
between the foam density and mechanical properties
was also studied by Kim et al,* who examined the
influences of foaming temperature and carbon black
(CB) content on cure behavior and mechanical proper-
ties for the NR foams. They found that the densities
and tensile strength of the NR foam decreased with
increasing curing temperature. Increasing CB content
increased the tensile modulus, tensile strength and
tear strength, but decreased the elongation at break.
Recent literatures show that published articles on the
structure-property relationships of expanded single-
rubbers are extensively evidenced, but there has been
very little attention given to expanded rubber blend
and rubber composite systems.

Fly ash (FA) particles obtained from thermal power
plant stations has been reported as a natural silica
that gave good dynamic properties and compression
set when used with appropriate silane coupling
agents.7'8 According to a previous work,® FA particles
contained silica approximately 40-46 wt % with simi-
lar silanol groups on its surfaces. Comparing with
precipitated silica, FA particles yield superior elastic-
ity. As a result, FA could become alternative reinforc-
ing filler for cellular rubbers, both natural and
synthetic rubbers,”'? and rubber blends'""'* vulcani-
zates for gasket and cushion applications.

This article was aimed to extend our works” > on
use of silica-based FA particles in rubber materials.
This present work reported cure characteristics, and
(mechanical and morphological properties of cellular
rubber vulcanizates of natural rubber (NR)) and sty-
rene-butadiene rubber (SBR) blend varying types
and contents of chemical blowing agents (OBSH and
ADC) and fillers (CB, precipitated silica, silica-based
FA particles). The changes in mechanical properties
of the foamed NR/SBR vulcanizates were also moni-
tored before and after thermal and weathering age-
ing. It should be noted that the filler type, ageing
conditions, and the mechanical properties tested,
which were performed in this work, were designed
and selected based on potential applications in ther-
mal insulation, cushions, gaskets, buoyancy and
impact sound deadening products.

EXPERIMENTAL

Raw materials
Rubber

NR (NR, STR20) used was supplied by Huay Chuan
Co., Ltd,, (Bangkok, Thailand). SBR (SBR1712) was sup-
plied by BST Elastomers (Bangkok, Thailand) with a sty-
rene content of 24.5%, 28.8% oil, and 5.7% organic acid.
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Fillers

CB (HAF-N330 by Thai Carbon Black Public Co.,
Ltd., Bangkok, Thailand). The CB had an average
particle size of 32 pm. Commercial precipitated silica
(Tokusil 233) was designated as PSi and supplied by
Tokuyama Siam Silica (Bangkok, Thailand) having
an average particle size of 50 pm, pH of 6.8, a bulk
densitz' of 0.232 g/cm3, and a BET surface area of
128 m’g . Silica from FA particles (FASi) was also
used as alternative filler in this work. The FA par-
ticles were supplied by Mae Moh Power Station of
KNR Group Co., Ltd. (Lampang, Thailand) having
an average particle size of 125 pm. The characteris-
tics (dimensions, average particle size, shape, and
surface area, density, and pH) of the FA particles
can be found in elsewhere.”!! According to our pre-
vious results™®'! on chemical compositions of the
FA particles, the major component of FA was Si0O,
(46.0%). The FA used had the same functional
groups (e.g., silanol and siloxane groups at wave-
numbers of around 3400 and 1100 cm ', respec-
tively) as the commercial silica. The required silica
(FASi) content in the FA particles added to the NR/
SBR compound was calculated based on the fact that
there was 46.0 wt % silica in FA.

Silica-surface treatment

Bis-(3-triethoxysilylpropyl) tetrasulphide (trade name
designated as Couplink 89C), [(C:H50);—Si—
(CH2)5—5,—(CH2)3—Si—(C,Hs50)3], was used as a
chemical coupling agent for surface treatment of pre-
cipitated silica and FA particles. The Couplink 89C
was supplied by Behn Meyer Chemical Co. (Bangkok,
Thailand). The experimental procedure for surface
treatment by Couplink 89C was the same as used for
bis-(3-triethoxysilylpropyl) tetrasulfane (5i69) which
can be found in previous studies.*'! In this work, the
Couplink 89C content used was 2.0 %wt of silica.

Chemical blowing agents

Oxybis (benzene sulfony) hydrazide (OBSH) and
modified ADC (Grade Supercell-522), supplied by
AF. Goodrich Chemical Co., Ltd., (Bangkok, Thai-
land) were used as the chemical blowing agents.
According to the suppliers, both blowing agents had
the decomposition temperature of around 160°C.

Rubber blending and sample preparation

Compounding and vulcanization of cellular
NR/SBR rubber

In this work, the formulations of NR/SBR blend com-
pounds reinforced with CB, precipitated silica and
silica-based FA particles in parts per hundred rubber

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE I
Vulcanizing Recipes for NR/SBR Vulcanizates
Ingredients Function Content (phr)
1.NR:SBR(1:1) Matrix 100
2. Zinc oxide Activator 53
3. Stearic acid Activator 3.0
4. Mercaptobenzothaizole Accelerator 1.0
(MBT)
5. BHT Antioxidant 1.0
6. Polyethylene glycol Activator 5 wt % of silica
7. Filler (silica from FA, Reinforcing 40
silica or CB) filler
8. OBSH or ADC Blowing Varied; 0, 2, 4,
agent 6, 8, and 10
9. Sulfur Cross-linker 1.5

(phr), are given in Table 1. The blend ratio of NR : SBR
used was fixed at 1 : 1."' The compounding process
was commenced by masticating the NR/SBR on a lab-
oratory two-roll mill (Yong Fong Machinery Co., Ltd.,
Samutsakon, Thailand) for 5 min, followed by adding
the required vulcanizing agents and blowing agents
on the two-roll mill for a further 35 min, the com-
pound being then kept at 25°C with 50% relative
humidity prior to further use. The resultant rubber
compounds were then compression-molded to a 90%
cure with a hydraulic press (LAB TECH Co., Ltd.,
Bangkok, Thailand) at 170 kg/cmz, using a 160°C cure
temperature to produce vulcanized NR/SBR blend. It
should be noted that the sample configurations (shape
and size) were dependent on the type of testing stand-
ard used. The cure time used for any individual com-
pound was pre-determined by an Oscillating Disk
Rheometer (Model ODR GT 7070-S2, GOTECH Test-
ing Machine, Taiwan) followed ASTM D2084-01
(2001) at a test temperature of 160°C before the vul-
canization process proceeded.

Characterizations
Cure characteristics

Cure time values of the NR/SBR compounds were
measured using an Oscillating Disk Rheometer
(Model ODR GT 7070-52, GOTECH Testing Machine,
Taiwan) at a test temperature of 160°C.

Specific density

Specific density of the cellular NR/SBR vulcanizate
was determined according to ASTM D792-68 (1968)
using Archimedes water replacement technique.

Mechanical properties

Tensile properties of NR/SBR vulcanizates were
monitored in terms of modulus at 200% elongation,

Journal of Applied Polymer Science DOI 10.1002 /app
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tensile strength, and elongation at break using
ASTM D412-03 (2003) with dumbbell-shaped sam-
ples, the tests being carried out using the universal
testing machine Model Autograph AG-I, Shimadzu
(Tokyo, Japan). Tear strength was determined
according to ASTM D624-00 (2000) using angle-
specimens (die C) and a Shimadzu tear strength test-
ing machine. Both tensile and tear properties used a
testing speed of 500 mm/min A hardness durometer
(Shore A) Model 475, PTC instruments, (MA) was
used for hardness tests in accordance with ASTM D
2240-03 (2003).

Compression set

The test conditions and procedure of compression
set testing followed ASTM D395 Method B (under a
constant deflection in air). The NR/SBR sample was
in a cylindrical disk form, having a diameter of
29 mm and a thickness of 12.5 mm. A space bar of
9.5 mm thick was used to maintain the compression
deflection. The original thickness (f,) of test samples
was measured by micrometer. The testing time was
conditioned in an oven at 100°C for 22 h before
cooled down at room temperature for 30 min and
then the final thickness (f;) of the sample was mea-
sured. The percentage compression set can be
expressed using eq. (1).

tu o f{

x 100 i
lEﬂ'_rn ( }

%Compression set =
where f, is the original thickness of the test speci-
men (mm); f; is the final thickness of the test speci-
men (mm); £, is distance of space bars (mm).

Resilience property

The resilience test was conducted using ASTM
D2632-01 (2001), performed on a Wallance Dunlop
Tripsometer (H.W. Wallance & Co., Ltd., Kingston,
UK).

Heat ageing properties

The effect of heating ageing on the mechanical prop-
erties of the NR/SBR filled with CB, FASi, or PSi fil-
ler was studied through ASTM D573-04 (2004) at an
oven temperature of 70°C for 96 h. The changes in
mechanical properties before and after the heat
ageing conditions were then evaluated.

Accelerated weathering test

UV and water condensation for the NR/SBR filled
with CB, PSi, or FASi fillers were studied using
ASTM G154-06 (2006) using a Q-UV apparatus with

138



3\

~
,—.
W

e ITERvvanysal RDG5050094

¥H¥
PROPERTIES OF CELLULAR NR/SBR VULCANIZATES 2819
TABLE II
Cure Time, Mooney Viscosity and Mechanical Properties of Solid NR/SBR Vulcanizates for
Different Concentrations of CB
CB content (phr)
Properties 0 20 40 60 80 100
Cure time (min : sec) 9:3 12:0 112 10:1 9:3 9:5
Mooney viscosity, ML (1 + 4)100°C 19 19 27 40 63 84
Property, original
Tensile Modulus at 200% (><1C|5 Pa) §+0 17+ 0 19+1 18+1 i i | 13+0
Tensile strength (MPa) 8§x0 37.+32 941 18+1 741 13+ 0
Elongation at break (%) 1099 + 23 984 + 19 769 + 12 550 + 14 362 +£13 220+ 9
Tear strength (KN /m) 15+1 2840 48+ 0 900 3B +0 31+0
Hardness (Shore A) 30+0 41 +0 5 4+0 66 +0 78+0 84+0
Compression set (%) 45+1 52+1 54 +1 55+2 59 +2 8341
Resilience (%) 610 544+1 45+1 382 30D+1 28+1
Abrasion (mm®) 136 58 40 29 37 36
Property change, after thermal aged 70°C at 96 h
Tensile Modulus at 200% (x10° Pa) +2 +5 +11 +19 +27 N/A
Tensile strength (MPa) -2 -1 +1 0 -2 -1
Elongation at break (%) 271 -206 —118 -105 -103 —66
Tear strength (kN/m) +2 +7 -3 —-28 +1 -2
Hardness (Shore A) +2 +2 +2 +3 +3 +3

N/ A indicates not obtainable due to pre-mature fracture, and positive (+) and negative (—) values mean increase and
decrease as compared with non-aged samples, respectively.

UV-B Neon Fluorescence Lamps emitting spectrum  apparatus at the same time, the samples being taken

at a wavelength of 313 nm with Cycle 3 at 2 steps.
The first step was UV exposure at 70°C for 8 h, and
the second step was water condensation at 50°C for 4
h for the total time of 96 h. It should be noted that all
the samples were kept and UV-degraded in the UV

out periodically at required UV exposure times for
further characterizations. The changes in mechanical
properties were monitored before and after the UV
and water condensation, the reported results being
averaged by at least five determinations.

TABLE Il
Cure Time, Mooney Viscosity and Mechanical Properties of Solid NR/SBR Vulcanizates for
Different Concentrations of Precipitated Silica

Silica content (phr)

Properties 0 10 20 30 40
Cure time (min : sec) 9:3 b B8 7:6 §:3 1122
Mooney viscosity, ML (1 + 4) 100°C 19 18 24 39 94
Property, original
Tensile modulus at 200% (xi(]r’ Pa) 80 1040 Eaiic=0) 284+ 0 23+ 0
Tensile strength (MPa) 8+0 941 11+1 14+1 1741
Elongation at break (%) 1099 + 23 968 + 30 921 + 38 866 + 35 880 + 28
Tear strength (kN /m) b R o | 4+1 19+1 26+1 39+0
Hardness (shore A) 30+0 M+0 4240 59+ 0 DtEl
Compression set (%) 45 +1 5141 62+1 69+ 0 65+2
Resilience (%) 61 +0 67 £ 0 64+0 69 L0 65+ 2
Abrasion (mm?) 136 29 29 116 86
Property change, after thermal aged 70°C at 96 h
Tensile modulus at 200% (=107 Pa) +2 +6 +5 +6 +8
Tensile strength (MPa) -2 +2 +3 +1 0
Elongation at break (%) -271 —-243 -101 -101 -180
Tear strength (kN /m) +2 +13 +11 +4 0
Hardness (shore A) +2 +5 +3 +5 +4

Positive (+) and negative (—) values mean increase and decrease as compared with non-aged samples, respectively.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE IV
Cure Time, Mooney Viscosity and Mechanical Properties of Solid NR/SBR Vulcanizates for
Different Concentrations of Silica in FA
Silica in FA content (phr)
Properties 0 10 20 30 40
Cure time (min : sec) 9:3 0 101 10:0 =3
Mooney viscosity, ML (1 + 4) 100°C 19 19 21 30 29
Property, original
Tensile modulus at 200% (x10° Pa) 8+0 10 +0 1340 14+ 0 160
Tensile strength (MPa) 8+0 6.0 611 Yt 81 650
Elongation at break (%) 1099 + 23 B78 + 34 766 + 37 816 + 16 686 = 18
Tear strength (kKN /m) 151 4+1 1o 15+1 15+1
Hardness (shore A) 30+0 3340 40+0 45+ 0 49+0
Compression set (%) 45+1 48 +1 49+1 P i | 5241
Resilience (%) 610 F2E 71+0 70+0 6541
Abrasion (mm?¥) 136 116 112 91 92
Property change, after thermal aged 70°C at 96 h
Tensile modulus at 200% (x10° Pa) +2 +2 +1 +4 +4
Tensile strength (MPa) -2 +3 +1 -1 -1
Elongation at break (%) —271 —46 —28 —184 —-186
Tear strength (kN /m) +2 +4 +4 +5 +9
Hardness (shore A) +2 +4 +2 +3 +2

Positive (+) and negative (—) values mean increase and decrease as compared with non-aged samples, respectively.

SEM studies

The foam structures and distributions of NR/SBR
samples prepared by razor cut surfaces were viewed
using a JEOL (JSM-5800LV) Scanning Electron
Microscope (SEM) at 10 kV accelerating voltage.

RESULTS AND DISCUSSION
Solid NR/SBR blend vulcanizates

This part was studied to seek the optimum concen-
trations for CB, precipitated silica (PSi), and silica
from FA (FASi) using solid NR/SBR blend ratio of
1: 1. These optimum concentrations of the three fill-
ers will then be used when examining the properties
of cellular NR/SBR blend vulcanizates. Tables [I-IV
show the effect of filler content on the cure and me-
chanical properties of solid NR/SBR vulcanizates for
CB (0-100 phr), PSi (040 phr), and FASi (040 phr)
fillers, respectively. For all fillers, the Mooney viscos-
ities appeared to increase with increasing filler con-
tents, the effect being less pronounced for FASi
filler. This was expected because the FASi particles
were larger in size and had smaller surface area and
a weaker filler-filler interaction as compared with
the PSi particles. Cure times in all cases slightly
changed within 1-2 minutes. In terms of mechanical
properties (especially the tensile and tear strengths)
and their changes after thermal ageing, it was found
that the optimum filler content to be added in the
NR/SBR vulcanizates for CB were 40-60 phr

Journal of Applied Polymer Science DOI 10.1002/app

whereas that for PSi and FASi were 40 and 3040
phr, respectively. At the optimum concentrations of
the three fillers, CB yielded the best reinforcing
performance, especially for the tensile and tear
strengths as expected. However, the compression set
for the FASi filled NR/SBR vulcanizates was better
than that for CB- and PSifilled vulcanizates. This
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Blowing agent content (phr)

Figure 1 Effect of blowing agent content on cure time for
NR/SBR vulcanizates filled with CB, PSi, or FASi (Solid
line: OBSH and Dashed line: ADC).
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Figure 2 Specific density for NR/SBR vulcanizates filled

with CB, PSi, or FASi as a function of blowing agent load-
ing (Solid line: OBSH and Dashed line: ADC).

finding was in line with our previous work!? stating
the improved elastic properties of the NR/SBR
blend through use of FA particles as extending filler.

Fillers Non blowing agent
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FASI
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It should be noted that the results in Tables II-IV
were given in order to select the optimum contents
of the three fillers used in solid NR/SBR wvulcani-
zates, and therefore, the discussion to the results
were not fully given due to that this work focused
on the properties of the cellular NR/SBR blend
vulcanizates.

Cellular NR/SBR vulcanizates
Cure time properties

In this section, fixed filler loading at 40 phr for CB,
PSi, and FASi fillers was used for property compari-
son purposes in cellular NR/SBR vulcanizates,
which were added with different concentrations of
two chemical blowing agents (OBSH and ADC). Fig-
ure 1 shows the effect of blowing agent contents on
cure time of NR/SBR blend vulcanizates for OBSH
and ADC. It was found that the cure time decreased
with increasing blowing agent content. This was
because the blowing agents used exhibited exother-
mic phenomenon when decomposed within the rub-
ber blend structure.!*'* This suggested that there
was an additional heat occurring in the rubber com-
pound during the vulcanization process, and this
would probably accelerate the crosslinking reaction,

ADC blowing agent

Figure 3 SEM micrographs for NR/SBR vulcanizates with CB, PSi, or FASi using with and without OBSH or ADC blow-

ing agent at 6 phr (x100).
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Figure 4 Effects of OBSH and ADC contents and ageing on tensile modulus at 200% elongation for NR /SBR vulcanizates

filled with CB, PSi, or FASi.

and thus reduced the cure time. It was also observed
that the ADC agent showed a lesser drop in the cure
time than the OBSH; ie., the vulcanizates with
OBSH had a faster curing than those with ADC. It
was evident'” that ADC agent could consume the
zinc oxide acting as the activator in the rubber for-
mulations to achieve a complete decomposition. If
this was the case, the amount of zinc oxide for the
crosslinking reaction of the vulcanizates with ADC
agent would reduce as compared with OBSH agent
and this caused the slower curing. When considering
the effect of filler type, it was found that the cure
time for CB filled NR/SBR vulcanizates had the low-
est cure time as compared to that for PSi and FASi
filled vulcanizates, this being very obvious for ADC
case. This was because the CB itself is slightly alka-
line (pH of around 7-8) with low oxygen content,
and this may have an acceleration effect on the vul-
canization reaction.'®”

Specific density and morphology

Specific density is one of the important characteris-
tics and is related to cell structure and the overall
weight of the foamed products. Figure 2 shows the
specific density of the cellular NR/SBR vulcanizates
with ADC and OBSH agents. It was noticeable that
the specific density gradually decreased with
increasing OBSH and ADC contents as expected due
to production of gas phases in the rubber blend
structure. The vulcanizates with FASi filler had the
highest specific density. This can be explained by
bulk densities of the three fillers used. The densi

of FASi has been reported to be around 2.2 g/cm
whereas those of CB and silica are approximately 1.8
and 19 g/cm’, respectively.'® The NR/SBR vulcani-
zates with OBSH agent had slightly lower density
than those with ADC, this being the case for all fill-
ers used. This could be explained using the scanning

4 4
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Figure 5 Effects of OBSH and ADC contents and ageing on tensile strength for NR/SBR vulcanizates filled with CB, PSi,

or FASi.
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Figure 6 SEM micrographs for FASi filled NR/SBR vul-
canizates with OBSH blowing agent at 6 phr, displaying
bubble coalescence around FA particle (x300).

electron micrographs shown in Figure 3. It was
found that the NR/SBR vulcanized foams produced
by OBSH and ADC agents in this work had closed-
cell structures. The vulcanizates with OBSH agent
has greater size of foam cells as compared to those
with ADC agent. The greater cell size by OBSH
resulted from better dispersion and faster decompo-
sition to produce gas phases of the OBSH as com-
pared to ADC in the rubber matrix. This view was
supported by Annicelli and Dick.'”” Figure 3 also
shows that the cell sizes of the vulcanizates by the
OBSH were relatively smaller than those by ADC,
this being in good agreement with previous work by
Sombatsompop and Lertkamolsin.”

Mechanical properties and heat-weathering ageing

Figure 4 shows tensile modulus at 200% elongation

e ITERvvanysal RDG5050094 :&_—_{/
=¥

CB, PSi, and FASi before and after heat and weath-
ering ageing. In non-aged samples, the tensile modu-
lus of the foamed wulcanizates increased with
increasing blowing agent contents up to 6 phr and
started to drop at higher loadings, except for the PSi
filler. The increases in tensile modulus by the pres-
ence of the blowing agents were associated with
closed-cell structures of the vulcanizates!” whereas
the decreases in the modulus at higher blowjn%
agent loadings were due to gas containment limit.”
For a given blowing agent content, the foamed vul-
canizates with OBSH had lower tensile modulus
than those with ADC due to greater number of foam
cells in the NR/SBR structures as mentioned earlier.
When considering the effect of filler type, CB gave
the vulcanizates with highest tensile modulus due to
the reinforcement effect and rigidity of CB® After
heat and weathering conditions, the tensile moduli
for the foamed vulcanizates with all three fillers
tended to increase due to increases in crosslink den-
sities in the vulcanizates as a result of a post-curing
effect.'’ The effect of thermal and weathering condi-
tions seemed to be more pronounced in the NR/SBR
vulcanizates with CB. This may be due to that the
chemical interaction between CB and the rubber
molecules were more sensitive to the crosslinking
prc«:es.s.1

Figure 5 shows the effect of blowing agent content
of OBSH and ADC on tensile strength of filled NR/
SBR vulcanizates before and after heat and weather-
ing ageing. It can be seen that the tensile strengths
of CB and PSi filled NR/SBR vulcanizates for all
blowing agent contents were much higher than those
of FASi filled NR/SBR vulcanizates. This could be
explained by the particle size and adhesion effects.
As already stated in Experimental section, the parti-
cle size of the FASi was the largest and this would

for the cellular NR/SBR vulcanizates reinforced by attribute to lower surface area for molecular
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Figure 7 Effects of OBSH and ADC contents and ageing on elongation at break for NR/SBR vulcanizates filled with CB,

PSi, or FASI.
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Figure 8 Tear strength for NR/SBR vulcanizates filled with CB, PSi, or FASi as a function of blowing agent loading.

interaction with the rubber although the FASi were
chemically treated. In addition, it was evident in our
previous work® that the FASi had broken into
smaller pieces during the compounding process and
these smaller pieces of the FASi filler were untreated
during the filler surface treatment, and therefore
resulted in particle aggregation and an increased fil-
ler-filler interaction. Another possible reason in the
low tensile strength of the foamed vulcanizates with
FASi was a coalescence of the gas phase around the
ash particles shown in Figure 6. For the effect of
blowing agent content, it was observed that the ten-
sile strengths of CB and PSi filled NR/SBR vulcani-
zates decreased progressively with increasing
blowing agent contents as expected because the rub-
ber matrix phase to resist the tensile force had been
reduced or replaced by the presence of gas phases.
The higher the blowing agent content the greater the
gas phases, and thus decreased tensile strength. Af-
ter heat and weathering ageing, the tensile strength

slightly decreased. This may be due to two concur-
rent reactions of molecular degradation and cross-
linking desulphuration, the latter reaction being
referred to as a crosslink transformation from poly-
sulphidic to mono or di-sulphidic crosslinks.! How-
ever, it was interesting to note that the effect of heat
and weathering ageing was more sensitive and pro-
nounced to the decrease in tensile strength for CB
reinforced NR/SBR wvulcanizates for ADC blowing
agent system. This was postulated to be associated
with the incomplete decomposition of the ADC dur-
ing the initial crosslinking process, as compared to
OBSH as mentioned earlier. Therefore, un-reacted
(non-decomposed) ADC radicals may have resulted
in further degradation of rubber molecules, and thus
decreased tensile strength. The explanations for the
changes in tensile strength in Figure 5 could also be
used to describe the changes in elongation at
break and tear strength in Figures 7 and 8,

respectively.
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Figure 9 Effects of OBSH and ADC contents and ageing on hardness for NR/SBR vulcanizates filled with CB, PSi, or

FASi.
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TABLEV
Effects of OBSH and ADC Contents on Compression Set for NR/SBR Vulcanizates Filled with CB, PSi, or FASi
(N/A: Could Not Be Molded)

b
A\
T

:

Compression set (%)

Blowing agent content (phr)

Chemical blowing
agent type Fillers 0 2 4 6 8 10

OBSH FA 523 50.2 56.4 66.0 N/A N/A

Silica 584 76.0 727 744 N/A N/A

B 53.5 56.4 69.0 69.8 N/A N/A

ADC FA 523 52,6 59.9 63.9 N/A N/A

Silica 58.4 725 75.1 80.8 80.9 78.3

CB 53.5 52,0 551 56.1 56.2 58.0

Figure 9 shows hardness results of the cellular
NR/SBR vulcanizates as a function of blowing agent
content. The trend and the explanations to the hard-
ness results were very similar to those of the tensile
modulus for both non-aged and aged rubber foams.

Fillers Compression set properties
After

Type Before

PSi

vt

A slight difference in the modulus and hardness
results was caused by the fact that the hardness
measured the rigidity at the surface (solid) whereas
the modulus had taken account the stiffness of the
whole sample (solid and gas phases).”

Figure 10 SEM micrograph of the foamed NR/SBR samples with 6phr OBSH before and after compression set testing.
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TABLE VI
Effects of OBSH and ADC Contents on Resilience for NR/SBR Vulcanizates Filled with CB, PSi, or FASi

Resilience (%)

Blowing agent content (phr)

Chemical blowing agent type Fillers 0 z 4 6 8 10
OBSH FA 65.2 62.8 641 633 63.4 63.2

Silica 55.5 565 61.3 61.7 o) 64.0

CB 45.0 60.5 621 64.3 64.7 63.3

ADC FA 65.2 724 747 68.8 65.9 63.6

Silica 5.5 58.9 619 62.6 60.3 60.8

CB 45.0 63.8 66.3 65.1 63.9 63.2

Elastic response of cellular NR/SBR

Table V shows effects of OBSH and ADC loadings
on compression set for NR/SBR foamed vulcanizates
loaded with CB, PSi, or FASi filler. As mentioned in
the Experimental section that the vulcanizate sample
used for assessing the compression set was cylindri-
cal and had a diameter of 29 mm with 12.5 mm
thick. With this sample configuration, there was a
limit for OBSH loadings at 6 phr in all fillers and for
ADC loadings at 6 phr only for FASi filler to obtain
the foamed vulcanzates. Above these loadings, the
foam samples could not be moulded. Considering
the effect of filler type in OBSH system, it was found
that the lowest compression, which corresponded to
the best elastic recovery, was obtained by FASi filler
whereas the poorest elastic recovery was given by
PSi filler, especially at low blowing agent contents.
For the ADC system, the FASi and CB exhibited
similar compression set properties. Increasing the
OBSH and ADC loadings reduced the elastic recov-
ery. The decreases in elastic recovery of the NR/SBR
vulcanizates could be explained using selected SEM
micrographs (at 6 phr OBSH) as shown in Figure 10
which suggested that, after compression set testing
there was a bubble-collapse or a breaking of the cell
structures. This resulted in gas diffusion through the
cell walls and lost the abilities to recover. Figure 10
also indicates more severe bubble-collapses occur-
ring in the case of PSi. Effects of OBSH and ADC
loadings on resilience for NR/SBR vulcanizates with
CB, PSi, or FASi filler are given in Table VI. It was
interesting to note that the elastic properties of solid
NR/SBR vulcanizates with FASi were much better
than those with CB and PSi fillers, but when
foamed, the resilience properties for all fillers were
indifferent. It suggested that the magnitudes of resil-
ience changes for the vulcanizates with CB and PSi
were greater than those with FASi by the presence
of closed-cell foam structures. This was the case
because the number of gas phases (foam structures)
in the vulcanizates with CB and PSi were relatively
greater. Taking the compression set and resilience
results, it was suggested that the optimum concen-

Journal of Applied Polymer Science DOI 10.1002/app

tration of OBSH and ADC to be used for NR/SBR
vulcanizates for cushion and gasket applications
were 4 phr.

CONCLUSIONS

The cure characteristics, mechanical, and morpholog-
ical properties of filled NR/SBR vulcanizates were
studied through the effects of additions of OBSH
and ADC blowing agents at various concentrations.
Closed-cell structures of NR/SBR blend were
obtained in all cases. The OBSH was more effective
in reducing the cure time of the NR/SBR wvulcani-
zates than the ADC. The mechanical properties for
NR/SBR vulcanizates with CB were higher than
those with precipitated silica and silica-based FA
particles. The specific density of the NR/SBR blend
progressively decreased with increasing OBSH and
ADC contents. Tensile modulus and hardness
increased after experiencing thermal ageing and
weathering whereas the tensile strength, ultimate
elongation, and tear strength reduced slightly after
experiencing the heat and weathering ageing. The
optimum concentration of OBSH and ADC to be
used for NR/SBR vulcanizates was 4 phr. The elastic
recovery for cellular NR/SBR vulcanizates decreased
with increasing OBSH and ADC contents. For a
given blowing agent content, the elastic recovery
with silica-based FA particles was better that with
CB and precipitated silica. The resilience properties
for cellular NR/SBR wvulcanizates increased with
increasing blowing agent content.
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