


AT A

W T8 ouiags

P oI Bol g Jbd S o g (S Cugll § owyy
Olsolbg b Sy

ok SIS 5 psle puikigs wdy Ad ) ki) wbOLL
e g

oz Lo o3 g57a
SIP Sg0) Mo J5 S

)}Lf;.» sl

S Guge g5

17AQ



L SECE R o)
Sl codiidn Lo ade 1S BT Sl p e il Sl 35 Slo,08 5 S5 Sl oy cpt

Sl a5 ) G Sle T SKL e S5 BT Ol 5 68 Sy deme S5 BT
.pb@r}ul.,\S.L.iJ.‘.a:»ulsQLiL;Oi\thgsldjbPS@L‘#)@LJ}BQC\@;\}QU;)}{
oy &7 Gl g alad S e 5 Lilos g ok Gsda 5 0Ll o)l sen 457 5 plesl sl lias! oles
) Sl cpl 3l gle)d @l 650 palsel 5 ols 1) S5 JlaS™ s sad 5k 053 ol plawil (b 53 1,



ealadllan :_H_L-’ 2t e ibe s ad
£ G S 2 a5 5 S
. ‘i'-, 3}; “ J,L..;_. (qJ'L.u)) asl ‘-’LlL-'- ;"11

L5l g O ) oty 4 3 ey



t

Olgis

doddo 1 Jol b
........................................................................................... b St o5, S Jolse 5 b oS, -V
................................................................................................................. b ¢Saw¥ Jsliis gls oS, — Y-
.................................................................................................................................................. o395 —V-Y-)
................................................................................................................................ sy gl oS, —Y-Y-)
.................................................................................................................... O I B N e T
................................................................................................................................... Jla (gla oS, — VY-
..................................................................................................................................... $U sla odiS, —Y-¥-)
.......................................................................................................... ) S ek gla Cuj5elST 5L -F-)
............................................................................................................................................ a5 eoplin —\-F-
........................................................................... o0 S e sla o slS gL Cle gla 5, —Y-F-)
................................................................................................. o0 S/ S (gl Cu ) gealST L -Y-F-)
......................................................................... (BR) 0ls3b 5 b eSawl¥ ol 5 sktle ol 5 g ,-0-)

ol plmil Oldllae (55950 :P90 b
....................................................................................... oo G oiS Lo 5 BR (ls o oeT oy 55 -\
.......................................................................................... Jled (gls 0uiS 5 Lo 5 BR (gla o 5T oy 525 —Y-Y

........................................................................... w)dil}ybéhawﬁbjBRLthaJ:.ATC,.ZJE—“—V

& S pgw b
........................................................................................................................................ oslatul )80 >|}A -\-y
.......................................................................................................... oslatal S48 <l ali:.w.s K C)\}:@e& -y-y

................................................................................................................................. ol plsil gla O o0 =YY

........................................................................................................................................ S5 S35 Yy



¥V
1
¥4
¥4

oF
oF
o7
oV
09
09
04

44
ZA
74
74

\A

\A

\Al

Vo

YA

=

.......................................................................................................................................... I s —VYY
........................................................................................ (DMTA) Salus— Sl oo & 56T -A-Y-¥
.................................................................................. (SAXS) ¢S S sblg; Cowd oSSl 55 5 il —4-T-¥

................................................................................................ (SEM) i g 55, 0Ky S =) o —F-Y

................................................................................................................................... )K (‘Bu\ le.ﬁ 9;1‘5) -f-y

............................................................................................ CwﬂTQ)&;L&;Q}M;T%JJJ—\—\C—V

................................................................................................................................. s o}:e"i g ui_g) -Y-¥-¥

S g @l ipsler b
......................................................................................................................... S0 535 05T V=¥

.................................................................................................................................. G 053l s -Y-F
........................................................................ (sl glo 0 50T ) sl dm o (s 0 50T by Sliaieie —V-Y-F

............................................ (s o 50395 9l sla o) p3 A s (6la 05T ey Sliadeiia —Y-Y-F

................................... (Sulfur/CBS &, o L sla o 5eT) £ 3 A o (6la 0 5ue T ey Sladeiia —Y-Y-F

.............................................. (G 50333 Gol> L;ua},aT)p>u>f S ol iiS ol —Y-Y-F
..................................... (Sulfur/CBS Zvy ot b sla ojmal) pow Ao o gl ojl 2iS ol g YY-f

.............................................................................................................. SO (S gle 0 05T gl —F-F
.................................................................................................................. old Cdu (sla 0 jueT J&o —V-F-F

................................................................................................................... ol Cdey (gl ojunl  ew —Y-F-F

.......................................................................................................... ol ey (6o o 5aT iyl e —F—F—F

................................................................................ Soalys = ST ol S LT 05057 0057 gl -0-F
........................................................................ il gl el (Salis - (G e 8 5IUT s -1 -0-¥
............................................ St 30333 ol (sla 05T (Salys = (ST b § LT ol -Y-0-F
................................................................... (SAXS) &S 5" sblss ot oSSl 50 Al Og03T s ¥

............................................... (sh - 0) 0355 Ok (Sla o j 5elS 56 40 b s 0 SAXS 05031 gl -V -F-F

..................................................................... G ap Sl o) 5elS 5 4 b g e SAXS 040 5T G:l:; -Y-$-¥

................................................................................... (SEM) oy 3 (55 58I o sSn s Sen 09031 uols -V-F
....................................................................... J)SB}U)GJ}J&)‘:-&U&Q}»JQLﬁfﬁ)w—\—v—‘:

............................................................... CM}STQW;T _9o:;:&gbdhdp‘u’bﬁfﬁjw—Y—V—?

S5 4 iaomy e






VY
VY
\Y

Y

A%

A
AR

4

Yy

Yy

Yy
rr
rr
iz

A4

Y4

)

JICH w468

Olge

dovkio 1 _Jgl b
............................... ok Sy anb S 55 S - 55 gty Calibes la oSy Sl anlie -V S
...... SBRIMWOCNT s j 5,68 56 5 SBR (glae sunT (6l s Lod cmm 5 Co1 5 256 50,503 Jpube =YV S
......................................................................................................................... o R P N A A &
........................................................................................ o S5l ol ol s T 5l sl -F-) S
................................................................................................................ @l aY Ol bt le 51 sles-0-Y K
.................... 2 S (sla Y Ols 4l (sla 055187 5 paiseT Glo O Ol (G558 b5 T 5 -9-) IS
................................................. oS Mol i s b Rl 3L ey ST (gla Y a3V IS

ud)if\:-(b) oLl C)Lﬂ‘uxjifb- (a)Lauﬂ) 5‘:—4;19};}»

C)La‘uu)df\ﬁ-Qe@ﬁl(a)auwduﬁ,ﬂj}?&\sjugbﬁﬁ

SR o Sl sl e A S

PSSl ansl il gl gt —4-Y S

o.-\f»cw‘w)éful{oﬂﬁl(b)ow

........................................................................... LAw)JGMLyﬁA{)ﬁJ{JJJA}}:)uﬁL—\'—\Jg.'i:

......................................... ducwljéjw‘}u)gglﬁ-i:.bﬁf

e 03 S gl Y S

.......................................... V#4°C JoNR (gls 05l Lol o g niwls § 05057 sla gomia -1 Y=Y S5
...................................................................................... SBR/Clay (Y- phr) 4 b 5 » TEM .Se-\¥-) S

.................................................................................... SBR/Clay (¥f-

........................................................................................... BR/Cloisi
.......................................................................................... BR/Cloisi

phr) & L s » TEM .Se —VF-) i
ol plmil Oldllae p (53950 :£90 b

te 20A & by o TEM .Se-)-Y S

te 10A 4 by » TEM .S -Y-Y S

....................... 0°C/min a3 Syl o ot e b s o5 5nlS 50 S o g i Lo Sl ged —¥Y S8
............................................................ BR (sl CujsnelS sl 4 by o oSl 5 A gla ooete -F-Y S
......................................................................................... BR/Cloisite 15A 4 b 5 » TEM .Se -0-Y S

........................................................................................... BR/Cloisite 20A 4 L 5 ,« TEM .Se -#-Y i

& S ipgm b

.................................................................................................... W ga5 s 53 o3zl 55 50 oShale -1 -¥ s
.................................................................................................... Haake =15 oS b glows 51 oled -Y-F i

)

gy B g oS I gl —¥Y S



fY
fr
¥F
f0
¥5
12

fA

¥

o8
Al
5¥
5¥
50
50
55
24
sV
sV
FA
A
£
5

\Al
\A
\Al
\AN

\AN

........................................................................................................... S Gl Jaes slal V- IS

.......................................................................................... S g g1 oS 5l oled AT S
......................................................................................................... il o 31 ol -4y S

(€ gl 4ot aw Lt (b 13,8 1w 53 (@ 1l gla > 53 DMTA o&iws gls 0,8 Vet S

..................................................................................................................... o e es,lis (d ass
.......................................................................... 83-Micro Focus Je SWAXS o&aws —1\-¥ s
................................................................................................. Vega Il o SEM o&aus -1 Y- s

S g @l ipoler Jeb
............................. NR ¢S2a¥ (©) sBR eSaa¥ () 4 by o S0 53,515 s —\-F JS
................... o0 S 5l Calises palie 50355 Yo Phr b pus (g5l 05l 22ST ol —Y-F S
......................................................................................................... ol sla ol J&s —¥-F IS
..................................... Caliden (Lo 0dS s —0395 L ot 0395 Sol>= o oj‘:ﬁTdilig —F-F S
....................................................................... S lid] pr by ot L (sl 50T S —0-F S
.......................................................................................................... gl gl o5l e —$-F S
...................................... Calides (6o oS 5y —03 95 L et 50393 Gol (Sb 0 5ueT  Bews —V—\‘J&.ﬁ
........................................................................ Goealid] g ey s b (6o 0T e -A-F S
...................................................................................................... ol gla ol S —4-F IS
................................ g_:d-l:-&nﬂ&lﬁowﬁ:—cbjbdiﬁh)cbjbéjbLQLAO}:ATL;VCR —\~—\°J.§.‘~
.................................................................. (Seerlid] gon Sy L (sl 05T (Sl -1V S
............................................................................................... sl (b o sl ol jldie —VY-F JSCa
........................... Caliben (Gla 0lisS  —0355 s b 50355 (Ssl> (5l 05T iulu Hldie —VP-F S
............................................................. Sl g Sy s b sl 0 50T ol e —VF-F S
...................................... s o 0lilS 5 Jliom (gl (o 05T oMW1 Ol an smie —VO-F S
...................................................... s o 0393 (S5l (o 05T oMW Ol o smie —VF-F S
.......................................................... L o (6 ot (5o 0 5T M1 3l oo simie —VV-F S
............... los oy Ctlinn (6o vy s b (6 ot (s 0 5nT 9B1 Ol imie —VA-F IS5
................................ ol s Gla L5 5l U 5 oy ST 5L WSSl 5 5l s —VA-F S
................. okl 4gd (G et GUa 55l U 5 oy ST 5L WSSl 5y Bl e Yo -F S

03530 PRI (ol (o ud (o 5 5lS 5L 5 oy ST 56 WSSl 55 51 ooeie —YV-F S

33l



V¥
V¥
A2
A2
\4
\24

yv

v

................................................................. 23530 phr (55> BR 4 05 Ceu&s elaw SEM , gus -YY-F ST
............................ 3 &S L Fphr 5 o355 phr (5 5l= BR 4 a3 S ebaw SEM.  gos —YY-F IS
............................. o) éfu};'l}?phr)up\“phrd,bBR Mwwch»SEMﬁ)@'—Vf—fp

................................................... o0 S 5 # phr 50555 Y+ phr (g5l BR &40 EDX 525 —YO-F i
.................... (}:J:AJSTQ)L”;TMphr}e:j;%phrs;l:—BRs\}j.quchEMﬂfaj—Y9—?J§.’z
................... psiee ST D STV phr 50353 V2 phr (sl BR 4 goi Sl pebans SEM.  yos ~YV-F IS5
......................................... (a}:;:»}STQ)Q;TMphrjosy\“phrLg;bBRAJ}QEDXﬁ).aJ—YA—\‘J.Q
(e b p st JT <3 ST # phr 5 o355 ¥ phr (o5l BR au'f..;mcdeEM e YA-F S

cé‘}bz

CBS/Sulfur &



i

\\%

Y
Y

Y¥

YA
YA
Y4
Y4

Y’.

A

Al

Yy

Y¥

Y¥

Yo

Yo

o)

oY

oY

oy

Jolue s yed

Ulge

oo 1 Jol fad

.................................................................................................... (phl') NR&\A OJ:.AT Q):.ijAJB—\—\ J).&:—
........................................................ NR (sls 050 Cm T 5 i ,e Vlasl J&r jyslie Y- Jgo
........................................................... NR ol 055805 (gl om0 T (SG S$ 50 ol polas —¥-) sl
.................................................................................................. (phl') SBR LSLA OJ',.:.ﬁT Qﬂyjﬁjs -f-\ d}b
......................................................... SBR o 05305 (s 05T SGIKe (K58 ol s olie —0-Y Jdm
.............................................................................. calies gla 2ol T Ao ys 5 0 RN T S NPRE

ol plmil Ol (53950 P9 b

........................................................................... (phr) Sl 50355 (g5l (5o 0 5meT & gew¥ g0 3 —V=Y gl
................................... Sl 50335 G3l= b 05T SGKe K5 ol 5 Cin Sladein —Y-Y s>
.............................................................. (phr) Jé (gls oS, (55 BR (gla 0 50T & gus¥ g0 3 Y=Y Jsulm
...................................... Jlad gla oS 5 (55l BR (6la 0 e T L2iST ol 5 Sy Soliadein -F-Y Jpul

Jlxéc&f;;)a.))) LS}\’ BRéuaﬁﬁTuxMyjﬁjs—a—Y d}b

......................................... Jled 0S5 0395 (S5l (b ojue ] LEES ol 5 vy Sladeie —7-Y g
................................................................................................. by o5l glo oS FDlol ke V=Y gt
.................................................. (phr) e -l sl b - BR (gls 05T 0 5e¥ g0 3 —A-Y Jsut
.............. BR/Organoclay gls &5 gualS sb 5 b ) sl by jo oSSl 550 il 05057 mls —4-Y sl
.............. Caliies s oyl 65 BR (b ol  SGIKe S5d ol 9 Cdmy Sliasein —V0-Y i
.............................................. BR/Organoclay (sls <o 5uslS 56 i 035 Lo S 05057 BB - Jsur
............................................................... (phr) o535 5wy $U 3= BR (gla o jaT O g 50 5 =V Y=Y Jsut
.............. 0395 5 oy S 5L (65 BR (gl 05T SGKe Sj ol st 5 Ciu Sladeinn -1V sl

@ S P g b
....................................................................................................... BR aJsl (sbs 0 50T &3 gy g0 3 =V gl
.................................. S g S ol —p gt JT S 55 (5l BR (5o 05007 0 g ¥ g0 5 —Y-F g
............................................................................................ 0393 5 3l> BR (gla 0 uaT O ¥ g0 5 —¥-F J g

r.;.«lfﬁ;t.'v;—ebjbL;)\:-BRLQLaa}:ATO}yHY‘,A}—\C—VJJJ?:

S



oY
of
of

fala)

o0

ov
OA

04

4
14

......... Jwawﬁ—asj:L;)BBRsua)ﬁToﬂ‘yjﬁ}_a_rJ}b’
....... ) 5‘5-‘55\3—0:}3L;)\:-BRLQLaa}:ATO}yHY‘,A}—;—VJ}v‘?'

...................................... BR oSS (g8 00T O gV 30 3 —V-Y U sl

...................................................... Lg-\:ﬁlﬁdygagwboM%BRéuaﬁTgﬂyjﬁjs—/\—Y’djb

........................................................................................................... BR (sla o jueT LMt S —4-F Jgulm

o g b ipoler Jd

................................................................................................ BR 4J,l sla aJ:.ATgL:q Sladeive —V-F J g

............................ ukmého&fﬁ

—0393 L B 9039 L;}BBR L;\A cJ:ATg;or.i Olasein Y- J).X>
Sulfur/CBS i, - LBR (sl o5l Ciey Sleaseiin —Y-F J g

......... d)\d:-f).ﬁ okl ATGJBR Lgl.h aﬁATJuSup‘?—?—? J).&:—

.............................. ﬁuéhewﬁ—ca‘gsv\{ﬁjeaja ssl>=BR s c}yTqupbﬁ-—a—\c Jsd

SUIUr/CBS iy s UBR (5o 0300 (2287 ol 5 —9-F Jpor

o3,ler



5O S 5 Ay 53 Caglie Y St e sl o Lol hils oS Sl ple 3 e b oSanY oSS BR) O (36 b
Calien (sla oSy (S8 g S g ol pliy 3003 (ko (2187 oISl 5 A8l or ol slos 3 Jlo (6 iy ollanl
Sl ol 55 3 & (5 Sl KoY i 93 0 Sy e 0393 Lol Smal (5Dl 0l pen $SaY ol ol
Gl i puiioes (O 4 0393 Cand 5 M55 Kawly L3 43,13 Cungons Sl 5 5555 ( Sip Y guamus 53 03l
Llos S SET 0T 6l el ol 8L 6l 1,

Olge 4 oy ST 5 Jlab (sla oS Ol 0 oy JT S0 ST 5 S0 ST St & 55 1 alin 5 (o 03 02l 03
Lol Lol ok plonil BR (St (6l 05T 55 3 zn 3590 0333 51 (i (3 e s LBR &Sz ol il oS,
Aok s (SO (S5 ol (i ol e g S el 425310 Soke 4 Fr £ 09C (Lo 55 5 &Shals (555 5 b o sl
S b T 5 b (S o (JEs (23S (5085 b 0sa5T 5 (S sls wged 5 b 0T 501
b o 53008 56 3 Ly @Sl U Sl gy 5 (6l &S 58T (SL1s5 ot oSG 55 s 5l O 905T Sl Cioman i enliul (Kol
3 eslial s oSy (5SS 5 U 4 ged S e gy (T EDX 5 s 55 S Sy Sn 05057 S 5

L (S (sl o 5oaT 08 (s 580l Jlot 5 3,03 BR &Sz Sty T3 (Sins Ol 1 oy S 5 s oo 0L ol
Sde 9 Sy T3ty om0k o3zl Jlab (gl oSy (S5 das on 11 s 4 1) fge 53,8 o s
d Sy Ll diile oy STl U 5 e gla oSy FiS g5 T Sl 0 T (6l oo 65 Lil5 o0 457 L105 imn| Ol
93 8 e 35500383 3l hdu o S0l Olgie 4 Jlab (la oSy Sl eslial 5,05 (S SV o5l 55 6T Conlie 2S5, 4 b
CGolidd yr (S game g Sy s o5 b 5 5 IS 215 3 s o ge e 535 S Suy e 651 BR (gla 0T
:L::j\,‘brﬁ.,:fv&..u\ ol 30 BR 05T 55 039300 phr (gl 4 0355 ¥ phr}w:;._.»}STc))L_;T?phr.u_ﬁj oslzul
‘_;)l_’-o}:.aTJ}b:libj‘}Mr&&u‘g;y%w\iaﬁwdua}ijé.u\iJJfM)b\V')Y')|.Lia4eg7,t5;4id‘}b
23 kel Cawds 039300 Phr (gl &5 g0d 4 b g o p3lan 51 2is Aoy Vet 910 i 5 40353 YO Phr 5 s &Sl 5L A phr oy ,es
0Pl s5 95 ialS gy OT I ey 5 sl 31 L5y 0353 Y Phr (gl 0 5ueT 53 Vephr jlude by ¢Sl 60 e il 31 L e
\‘~phr,w)¢§b‘-}sl;\°phr.\im.aL_;}b-o}:.«TLg&.::Supl}s-‘Lgywyk;,wbgwl{‘;he}fTﬁ.&e.\.aL&,aJ':...’:S
el 0355035300 Phr b o s o5ueT 228 ol 5 Jslas 0395
,w,;sfu,;t;hphrjw;wzafummDMTAng@u);..%@ﬁ\fgw,lmngu_@ﬁ\p\p
L o oy 55 0 jenT D1 pldin 5 g Sy s b (5lo 50T )3 rimas w ol 2 0353 Ve phr 5l psin JT <3 ST« phr L
et U ol S 55 0 jae T oMW Hldia S g adl 2alS 035300 Phr (gsl- ojasl & Connd 0333 Yo phr 5y &Sl 40 F phr o e
= AU 1y 228 05T s o o) 87 4Bl ol 31 0393 0% PhI (g5l 05T 4 v 0393 ¥4 i 5 p gitee JT 5 ST 7 phr
u}.a\‘“phr,r)::.:ﬁ}.\TQ)\;_Jfo‘phru\iﬁ\{aﬁcﬁ)B‘_g,\._.nl:.é)}..,‘_;)w@W‘_;}Ba}:ﬂTJWU\.GJWJ:..\S
St (SIS i o dims DL 45T ol e Sy e b Ulne 00T 301 1 28T (sl g (2,0 SVt 3 g5 L
Ll pame S (S5 (Sla 0 jaT 55 Jlob (sla oS

e I L 5 ol o3l Bt (Sae¥ gla SunlS 6 sl 6l 4Y Ol Slle S das o 0L SAXS 00T il
SRl L a8 3 5h o odalin SEM i glaas cwy o b bl oo 28l Sl ol 5liie 0395 Yo phr (sl 0T 53 vy oSl 4k
S o 5 (St 35 0 O 45 ol 0 a8 s 0 g 5 S b oy STl 6 e 0355 5l s
T 51 i (Jpens Cdm i b 4 g0 Sl el b Sy (65l (s 0T )3 e AL (oo SanY b s oS,
A b e s 4 Jib oSy ST S oS das (e O EDX sl ) (o0 5 4 Spe S o (3l 4e0 S8
S g 2871 05 8 ool ity (SuS Cy5 63p5 w5 e S ol Sl 0 5 b (o IS 05T 3 0T e

el 03 5 5155 65 1 (6 i Curdy



Iran Polymer and Petrochemical Institute

Faculty of Polymer Processing

Evaluation of Reinforcing Effect of Active Fillers and Nanoclay on
BR Matrix

Supervisors:

Dr. Gholamreza Bakhshandeh

Dr. Mohammad Razavi-Nouri

Adviser:
Dr. Mehdi Barikani

By:

Mansour Tamaskani

M.Sc. February 2011



Evaluation of Reinforcing Effect of Active Fillers and
Nanoclay on BR Matrix

Mansour Tamaskani

A thesis submitted in partial fulfillment of the requirement of
Iran Polymer and Petrochemical Institute
for the degree of Master of Science

February 2011



Abstract

Butadiene rubber (BR) is a general purpose rubber with superior properties such as high rebound
resilience, good flex crack resistance and excellent elasticity at low temperature but poor tensile
strength. Thus, it is always interesting to study the effect of various fillers on BR properties.
Carbon black is effective reinforcing filler for BR, however, dark appearance of the compound
containing carbon black is one of its drawbacks, which limits its applications in medical, sports and
domestic products. Carbon black is produced from petroleum and this caused researchers to
develop other satisfying reinforcing agents, instead.

In this project, reinforcing effects of aluminum acrylate and aluminum metacrylate (as active
fillers) and Cloisite 15A (nanoclay) on the BR properties have been studied in order to replace all
or a part of commonly used carbon black in the compounds. The rubber mixtures were prepared by
mixing on a laboratory two-roll mill for 15 minutes at 4045 °C. In order to investigate the curing
characteristics and physical and mechanical properties of the compounds prepared, the results
obtained from rheometer, tensile, resilience and abrasion testers as well as dynamic mechanical
thermal analyzer (DMTA) were analyzed. In addition, the dispersion of the organoclay particles in
BR was qualitatively studied by small angle X-ray scattering technique (SAXS) and the fractured
surfaces of the vulcanized samples were also examined by scanning election microscope (SEM).
The results showed that the organoclay decreased the induction time of vulcanization by increasing
the risk of scorching of the compounds, however, the active fillers had no significant effects on BR
vulcanization in this regard. The reinforcing effect of active and nano-sized fillers depends on their
dispersions in the rubber matrix. Replacement of carbon black with active fillers in part, showed no
improvement on BR compounds using efficient vulcanization system. However, by changing to
conventional curing system, they both improved the tensile properties. For example, using 6 phr of
aluminum acrylate with 30 phr N330 (instead of 50 phr N330) improved the tensile strength and
elongation at break of the compounds by 20 and 170 percent, respectively. However, using 8 phr of
nanoclay with 25 phr N330 (instead of 50 phr N330) improved the tensile strength and elongation
at break by 15 and 100 percent, respectively, for the compounds which were cured by efficient
curing system. Moreover, the compounds using conventional curing system such as BR/4 phr
nanoclay/30 phr N330 and BR/50 phr N330 revealed similar tensile properties.

DMTA results showed that reinforcing effect of 10 phr organoclay or 10 phr aluminum acrylate is
superior to that of 10 phr N330. In compounds with efficient curing system, tand of BR/4 phr
nanoclay/30 phr N330 is less than that of BR/50 phr N330 but tand of BR/6 phr aluminum acrylate
/30 phr N330 is higher than that of BR/50 phr N330. These were in agreement with the results
obtained from tensile properties. tand of BR/6 phr aluminum acrylate/30 phr N330 with
conventional curing system is less than that of the same compound but using efficient curing
system. This was consistent with more reinforcing effect of active fillers in the compounds using
CBS/sulfur as a conventional curing system.

The results obtained from SAXS revealed that an intercalated morphology was obtained in the
matrix. However, in the compound containing 20 phr N330, increasing of the amount of organoclay
decreased the possibility of formation of an intercalated structure. SEM micrographs of the fracture
surfaces of the nanocomposites showed that by substituting a part of N330 with organoclay the
surface become rougher and the number of holes were decreased. This was in agreement with
improving of the interaction between filler and the matrix. Moreover, in BR/aluminum acrylate
compounds, the fracture surface of BR/sulfur/CZ compound seemed to be tougher than the fracture
surface of BR/sulfur/TMTD compound. EDX photographs showed that the quality of active filler
dispersion decreased by increasing of filler content. This might prevent the improving effect of
active filler used.
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! Mullins effect
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! Ethylene Propylene Diene Monomer
? Styrene-Butadiene Rubber



