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Abstract

In this study, the effect of adding nanoclay and carbon black to SBR on Received: 23 February 2022
curing behavior, oil absorption and mechanical properties such as tensile Accepted: 9 May 2022
strength and strain at break, hardness and abrasion resistance were Page Number: 66-81

investigated. At the end, we investigated the effect of carbon black (CB)
and replacement a portion of CB with modified clay on tensile strength,
elongation at break, hardness and abrasion resistance of SBR. Tensile
strength and elongation at break were significantly improved upon
addition of nanoclay and the optimum amount of nanoclay was 10 phr.
The rheometric test indicated that as the nanoparticles loading increases,
the scorch time and optimum cure time decrease and the cure rate
increases. Adding nanoparticles to the polymer matrix improved
the abrasion resistance and the abrasive volume of the samples decreased
significantly with addition of nanoclay content. Adding 10 phr nanoclay Keywords:
to SBR containing 20 phr carbon black elongation at break and tensile SBR,
strength exhibited a siginificant increase of 300% and 3 MPa respectively
indicationg synergisty of carbon black and nanoclay in improving
mechanical properties of SBR. Upon replacement of 10 phr CB with clay
tensile strength, elongation at break and hardness improved 30%, 24%
and 5% respectively and oil absorption and abrasive volume decreases
23% and 11% respectively.
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Table 1. Formulation of under study samples in phr.

100/0 100 0 0
100/5 100 5 0
100/10 100 10 0
100/15 100 15 0
100/20 100 20 0
100/0/20 100 0 20
100/5/20 100 5 20
100/10/20 100 10 20
100/15/20 100 15 20
100/20/20 100 20 20
100/10/10 100 10 10

Acid stearic Sulfur
5 2 15 1.25 0.25
5 2 1.5 1.25 0.25
5 2 15 1.25 0.25
5 2 1.5 1.25 0.25
5 2 15 1.25 0.25
5 2 1.5 1.25 0.25
5 2 15 1.25 0.25
5 2 1.5 1.25 0.25
5 2 15 1.25 0.25
5 2 15 1.25 0.25
5 2 15 1.25 0.25

Iranian Chemical Engineering Journal - Vol. 22 - No. 126 (2023)



095° Loatigad G 0 s 5 Sosll 38 allaglesl (55l
2 Ok ol et o500 el sl Ol s 59,
9y Baiges cielis Y o 5l am .ol esls 18 VY - °C leo
L&bu] 0)5 QSQL'@ Jz<ls 5d O ué)_fu_L.M} )| o9 cd)ﬁi

39800 Slax 5 Jse b Beb 89) Qi w0 a6 1S o5l

A= (5 7)x100% ™
9 (55 55 =58 5 Jd) Sas Aigad (39 Mo o] )5 48

el 5895 50 615,18 5w Biged (35 My

Sl AY
L llae b o5 15 SAT-500 olfiws hawgds ol cyg05]
YoM oysS 51+ N g5y Jlac! b DIN 53516 (glas luilid
Boel Cwoas py > 1ol S bl o sl ol .o alxl
@ 25 J9ed b g Sl gl JBs loolitul b poginl

Dy so b ez

V= (Mo— My)/p )

S5z p g sl 5l o dssed (59 My aJgl deas (59 Mo

el yogiusV!

SLad Lo Ve

ASTM D 395-86 method o st ulul 5 badiges [Lzd ol
L gLl cos £ MM cuwbes b laaiges a5l 5l ow ob ob;,I B
50 Gl VY Gaedy e, FIO0 MM Cwlbes 4 olo il SS
Loasiged ay cedl (0,5 5 5lam wiad (5,leS5 V- °C oo
aS Iy e, 25 51 0T sl ey b o ools cesyd el )
ble 25 Jge® jlesliinl L G s p Laoe slod 41
s ol o] g Led

ti—t

£-)x100 ()

ti—tp

Compression set = (

Sy (ygel O-F
Pl &8, 5 MDR  jieg 5, olKiiws 5l oolaiwl b (550, yg05]
Olwgs dals g 35,0 V/FF Lwg wils 8 L SMD-200B  Juwe
sy gl S8 i Do a0 VAL Glos jo g a0 )
Ll S5t ol 5 4ty iy ol STL (CRI) e

298 o0 Sl 25 Jge b L g 9)lo S

CR |:100/(t90't52) o)

CBy ey Sy Hoged 0 S Cawl dig o lej tg alaly (pl o
odpmy S Tas gliiS ATl e a4y jgliis a4 el gloy Jobes
A4S Cul sloy ey loges ,o a8 ol T (Kt o) b g can

el odsy PBlas jgliid 5l i axle ¥ o5l 4 ,oliis

(FE-SEM) (w3 595 98wy 5o #-¥
L g (9 oSy S Sl Laasiged gsban (o) 2 512
Sy o ool il ;og S B0 -0 oLad S50 5 VoKV 5L
S s (55, b 51 S5 ALY K, badigel zsbas Aalllas
O 5o Sliwlg mSUN ol oL 51 asle ol ools il adiges

g mlesl

(XRD) sl 85 31 ol ys Y-Y
OoBisladyg L aislany ol (ol jolaieds (a3l ol
@l s ol codiangs clac5melS sl yo SuLas (slaary
(d=21 $i00) 5 s 355 51 oyl olomior ey ALl s
ol sl 0 5 amio 30 o ALoli d g e Jb AaS b oslil
L A= 0.154 1M gys Jobo Uy oygmasl sl ol oSl 555

Wl pll e glos 0 YemA L > 5 Tekv

‘52.55) &.oju.o A-Y

(ASTM-DAT1) s ,luibil 3ok 485, i sl 45 Conglio (905

5o JSeadlasie (Ldaie Glakad &g 0d baiged .28 S sl
SO sleolawl b LagT ()59 9 anes yo oo (VXY - XF4) slal

1. Cure Rate Index
2. Scorch Time

(1E-Y) imbbgamnns 9 390 0 )losds — 9 39amminy JUw = Oyl (ot (0 dieo &3 ais

5 dallbas

w9 S gole> 10393 L Ol S )5 9 ) SIBL LS

<

FE-MN) 1o — Al 0oljpols g (Gamgo

—~



<

& foe aﬂJLho

w9 S0 ol 20395 L Ol S 5 9 ) SIBb il

FE-MN) o — Al 00ljpols g (Gamgo

—

saaolid i d 50 Leej el Cody ol b )0 a S g o
whaws 55, OH sloog 5 51 2l Wi s o] e .ol o0ds jalls
33 2M2HT' T sauS ol Jole i e 5 (ool (sUkens
Ly oo PH 055 o el a5 cousls Cloisitel5A )5l plaws
Dol (l Bl edy Cep 5 05 (Kb p oy 5 092 5 LS
hwog, S SaTar (Gganlind ;95 slo pSLoS oSt (&ly 50
SlaY G ol Sl ot T slogssls 5 il e
Sty Rl 8l A yzeie 0508 A STy Jagad L o) S5
b oSLeaS ool (6,05 IS8 s oo bbSein Sy STy
anp i Wlsi oo il Jub lale slaog 55 9,555 3525 L s
GBLS (s 09d (o8 e VLAl ()18 0 (sla STy S
S Sy S Gl g ae Sy oley 5 (S Gle o
Vo phryg_as )0 a5 g sbas .casl ools &, @346 Vo phr lase
e Sy ey g (S pley pAllE SBR arns &340

G381 00 iy Sy kg 5 20T LEY g LOA ey

Cualses Ty digesd &y9il Caaliess B cdigos Adgl Culbus i o] o aS

ol £/ mm uLa.m L oq..i}ao)i..é

Coy g mbs Y

SBR (plgs y1 oy Sl il a0 1-¥

iy sy 1) ¥

S Sy 8, ) S S3gb lyee il s al
S Gy oses (V) JSB o el 0ad (o) » SBR
BN +0 5 Y- phr gsL> SBR  all_5 SBR ol 4_gas
cdedy Holial lade ol Ho .ol o ools isles w, Sl
S5 Ly S oy i L g 1 o ol i
53 @b oMl ebl lidl jglias b JsSUse (o slosion
0y S Ll L sl 45 iz sl o 00l L (¥) o
g alS (t) (Kb b g (ton) amioge oy (Lo &l 363

5500 ol i |y (6,L8,) iz .8l (li8l (CRI) oy e

SOl lgiea e ey Sl adly o ) F5) ]wles S sunlive 5
Seim¥ slojal (SilSo (olss Sge 4 i 0uiiS Ly s
16 - At
14 -
12+ ﬂ-f" e e e s e e e N N N = A= =g N = N= =R =g =y =p= =il
]
B
Z 10*
c
S 8-
S
o
'_
6 —e—SBR
—8—100/5
4 —=—100/10 ]
] —=—100/15
2 ——100/20 1
0 r r r r
0 2 4 6 8 10
Time (min)

gy b Alide palle jgda o SBR il iegh, slayla gl N S

Figure 1. Cure rheographs of SBR in presence of different amounts of nanoclay.

1. Dimethyl, Dehydrogenated Tallow, Quaterary, Ammonium
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Table 2. Rheometric characteristics of SBR in presence of different amounts of nanoclay.

4.52

CRI (%/min) Max torque (dNm)
7.3

100/0 2.43 47.84 0.85
100/5 1.57 3.21 49.01 12.18 0.93
100/10 1.01 2.36 74.07 13.83 1.22
100/15 1.29 3.02 75.18 15.26 1.30
100/20 1.39 3.10 77.51 16.37 1.38
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Figure 2. FE-SEM images for samples: a-100/0, b- 100/5, c- 100/10, and d- 100/20.
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Figure 3. XRD pattern of nanoclay and SBR in presence of different amounts of nanoclay.
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Figure 4. (a) Tensile Strength and (b) Elongation at break of SBR in presence of different amounts of nanoclay.
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Figure 7. Effect of nanoclay on average volume loss of SBR.
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