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Abstract: In this research, the Mooney viscosity, crosslink density and cure characteristics of the treated
Silane-Carbon Black/Nanocalcium Carbonate (S1-CB/NCC) reinforced Natural Rubber/Styrene Butadiene Rubber
(NR/SBR) composites were mvestigated. The results showed that the addition of treated CB/PCC at different
concentration of silane coupling agent increases the crosslink density where the superior crosslink density of
composites was achieved at 4 wt.% of silane treatment (NR-SBR/CB-NCC4-5169). At this composition an
mcrement of crosslink density 1s about 11% as compared to the untreated filler-BR/SBR composites. A positive
correlation between crosslink density and Mooney viscosity behaviours has been shown that by increasing
the 3D-network structure, it increases the viscosity and compactness of the rubber composites structures. The
formation of optimum active sites on the CB and PCC filler surfaces led to accelerate the vulcammsation process
about 17% as compared to untreated filler-NR/SBR composites where these active sites of fillers surface led to
an merease of the adhesion at the mterface between treated fillers and NR/SBR matrix. It 1s noted that sufficient
amount of silane 1s required to improve the overall properties because excessive silane content gave the
plasticising effect to the composites structure, thus, resulting in the reduction of other properties.

Key words: Treated silane-carbon black/manocalcium carbonate, NR/SBR matrix, silane coupling agent,
crosslink density, Mooney viscosity, cure characteristics

INTRODUCTION

Polymer blends 1s one of the significant areas of
research activity in recent years. New formulations based
on blends have been widely formulated to meet the
several industrial requirements such as the need of easier
processing and broadening of the properties range, either
by varying the type or by relative amounts or morphology
of each component (Khalf et al.,, 2010; Sionkowska, 2011,
Cao et al., 2019). In addition, blends of polymer 1s an
efficient way to improve the mechanical properties
compared to those with the single components
(Sionkowska, 2011). Several research has been conducted
by blending two or more rubbers m order to achieve
specific properties based on the application required
(Manshaie et al, 2011, Mamauod et al, 2018,
Pongtanayut et al., 2013, Noruman et al, 2010) for

instance, blending of Natural Rubber (NR) and Styrene
Butadiene Rubber (SBR). Polymers can be blended
directly by simply mixing the rubber under specific
conditions or by using an appropriate coupling agent.
NR/SBR blends was carried out for many reasons such as
to lower the compound costs, to ease fabrication and to
improve the performance of the properties of the rubber
blends.

Blends of polymer alone without filler have limit its
applications due to its poor performance for critical
applications. Hybrid filler 13 well-known in the rubber
industry now a days. An ideal hybrid filler can give best
feature rather than the single filler used (Tangudom ef af.,
2014; Oo1 et al., 2013; Roy et al., 2016). The optimum
formulation of hybrid filler achieved the enhancement of
strength and strength-related properties, abrasion
resistance, hardness and modulus. Hence, hybrid fillers

Corresponding Author: Siti Nur Livana Mamauod, Polymer Composites Research and Technology Center (PoCResT),
Institute of Science, Universiti Teknologi MARA (UiTM), 40450 Shah Alam, Selangor Darul Ehsan,
Malaysia mulivana?219(@salam.uitm.edu.my
6208



J. Eng. Applied Sci., 14 (17): 6208-6212, 2019

are used in this project to improve the strength properties
of the NR/SBR blends. Hybrid filler used was Carbon
Black (CB) and Nano-Calcium Carbonate (NCC). The
spherical in shape of NCC was chosen due to its large
surface area which can mteract well with the polymer
matrix. Nano-Calcium Carbonate (NCC) provides a good
dispersion in morphological properties even a little
amount of NCC 1s added to the blends. Compared to the
conventional composites, polymer nano-composites have
drawn important interest from industry due to the
umprovements in matenial properties at very fine level with
very low nano-filler loading. The outstanding of
mechanical, electrical and thermal properties of Carbon
Black (CB) making it as an ideal filler to be used in polymer
composites. In general, CB is low polarity filler compared
to NCC filler which influences and limits its interaction
with polar and non-polar surfaces. Additionally, it causes
optimisation in terms of dispersion which was difficult to
achieve. Therefore, surface treatment was carried out first,
on the filler surfaces in order to improve the mteraction
between polar and non-polar phases of fillers and NR/SBR
matrix. The utilization of hybrid filler or blend NCC and CB
in rubber should give the benefits from each filler, since,
they have their own advantages.

In this research, the hybrid filler was treated by silane
coupling agent (bis (3- triethoxysilylpropyl) tetrasulphide
(S169) before incorporated into the NR/SBR blends. The
effect of treated hybrid CB/NCC filler towards the
crosslink concertation, Mooney viscosity and crosslink
density was studied.

MATERIALS AND METHODS

The raw rubbers used were Natural Rubber (NR) with
grade SMR 10 and Styrene-Butadiene Rubber (SBR) with
grade SBR 1502 and Epoxidized Natural Rubber (ENR)
provided by Lembaga Getah Malaysia (LGM). Besides,
the commercial fillers used i this study are hybrid fillers
of Nano-size Calcium Carbonate (NCC) and carbon black
(N330). The other compounding ingredients used to
develop rubber compounds were Zinc Oxide (ZnO),
Stearic Acid (HST), sulphur (curatives), accelerator (CBS)
and silane coupling agent (Silane 69) which purchased
from the local suppliers with analytical grades.

Surface treatment of CB and NCC by silane bis
(3-Triethoxysilylpropyl) tetrasulfide solutions: The silane
coupling agent used was Si-69. The silane content varied
from 0-10% by weight (wt.%) of the Carbon Black (CB)
and Nano-Calcium Carbonate (NCC) hybrid filler. The
silane solution was prepared by mixing with ethanol. For
silane solution with content of 2 wt.% of Si-69 was mixed
with 500 mlL of ethanol and then stired for 30 min.
Next, 4 pphr of NCC is then added into the silane

2,4, 6,8 and 10 wt.% of the Si-69 will be
mixed with 500 mL of ethanol and stirred
for 30 min

V.

4 phr of NCC then be added into the
solutions with a further 15 min stirring

50 phr of CB then added into the mixture
of NCC and Si 69 with further stirring for
15 min

{}

The treated filler will then dried
at 70°C for 24 h in an oven

Fig. 1: Flowchart of surface treatment of CB/NCC by 51-69

solution with a further 7 min stirring. The 50 phr of CB was
then added mto the mixture of NCC and $1-69 with further
stirring for 7 min in order to ensure a uniform distribution
of the coupling agent on the fillers surface. The treated
fillers were then dried at 70°C for 12 h in an oven until a
constant weight was achieved. Similarly, 4, 6, 8 and 10
wt.% of silane coupling agents on both CB and NCC
fillers surface were prepared by varying the mitial S51-69
contents for the same amount of CB and NCC filler using
the same procedure. Figure 1 shows the steps of
preparing the treated CB/PCC filler.

Preparation of treated CB/PCC-NR/SBR composites:
The formulation of the rubber compounds 1s as
follows: 60 phr of Natural Rubber (NR), 40 phr of
Styrene-Butadiene Rubber (SBR), 2 phr of Epoxidized
Natural Rubber (ENR), 5.0 phr Zine Oxide (ZnO), 2.0
phr stearic acid, 1.2 phr N-Cyclohexyl-2-benzothiazole
Sulfonamide (CBS) and 1.8 phr sulphur (Table 1). In the
mastication step, the NR, SBR and ENR was masticated on
a laboratory two-roll mill for 5 min and was then mixed
with a zine oxide and stearic acid for another 5 min. Zinc
oxide and stearic acid are important ingredients in rubber
compounding in which zinc oxide acts as activator and
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Table 1: Formulation of treated NR/SBR composites

Ingredients Fl F2 F3 F4 ES5 Fo
NR 60 60 60 60 60 60
ENR 2 2 2 2 2 2
SBR 40 40 40 40 40 40
NCC 4 4 4 4 4 4
Silane 0 2 4 6 8 10
N330 50 50 50 50 50 50
CBS 1.2 1.2 1.2 1.2 1.2 1.2
ZnO 5 5 5 5 5 5
HST 2 2 2 2 2 2
Sulphur 1.8 1.8 1.8 1.8 1.8 1.8

stearic acid acts as co-activator. Both of them need to be
added together to mcrease speed of vulcamsation. Hence,
zinc oxide acts as universal activator used in almost all
rubber compounds. It does not dissolve m rubber and
cannot be used alone as an activator. However, with the
combination of stearic acid, the oxide particles of HST are
covered with zinc stearate that dissolves m rubber
making, it is possible to be used as an activator. After
that, a specified content of treated hybrid filler is added
for ancther 10 min. Next, CBS was added and followed by
the addition of sulphur into the compounding to ensure
that the vulcamzation process occurs. After it ended, the
compounding will be sheeted out and kept overmght
before further use. This compounding process took about
25 min.

Determination of cure characteristics: Cure
characteristics of rubber composites were determined by
using an Oscillating Disc Rheometer (ODR). The
temperature of upper and lower dies was set to 180°C and
100 bar into 2 mm thick sheet. The data of cure
characteristics such as scorch time (ts2), optimum cure
time (t90), Minimum torque (ML), Maximum torque (MH)
and delta torque were obtained from cure curve.

Determination of Mooney viscosity: Mooney viscosity
(ML (1+4), 100°C) was tested using a Mooney viscometer.
The testing was conducted in accordance to ASTM D
1646, Some data obtained from the testing are Mooney
pealk, Mooney viscosity and stress relaxation.

Determination of crosslink density: Degree of swelling
was measured using Flory-Rehner Eq. 1 where the cured
rubber composite samples were cut into 2x2x0.2 ¢m and
immersed into toluene for a few days until saturation level
was achieved. The amount of solvent penetrates in the
cured samples was recorded and be used to calculate the
crosslink density:

-In(1-V,)-V,-yV} = 2pV, [X], V! (M
Where:
V., = The Volume fraction of rubber
¥ = The rubber-solvent interaction parameter
p = The density of the polymer
V, = The molar Volume of solvent
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Fig. 2: Mooney viscosity of NR/SBR. composites treated
by both CB/NCC fillers at different silane loading

RESULTS AND DISCUSSION

Mooney viscosity: Mooney Viscosity (MV) test was
conducted to measure the viscosity of raw rubbers. Its
properties are dependent on the molecular weight,
molecular weight distribution interaction between
filler-matrix phase, molecular structure such as
stereochemistry and polymer branching and non-rubber
constituents (Sapkota et af., 2013). The result of MV
of S1-CB/NCC-NR/SBR composites was shown mn Fig. 2.
As it can be seen that there are 4 phases of MV curves of
composites. At phase 1, it was indicated that the Mooney
peak reflects on the green strength of rubber composites.
Mooney peak showed the highest value of wviscosity
compared to other phases. NR-SBR/CB-NCC4-5i69
composites showed the highest value of MV and it is
contributed to the strong interaction between treated
CB/PCC filler surface at 4 wt.% of silane and NR/SBR
matrix. The sufficient surface activity of fillers would
enhance and strengthen the filler-matrix adhesion. Hence,
in increasing the resistivity of rubber chains to deform
and fracture upon shearing effect of rotor and rubber
composite phases (Tavakoli et al., 2012). High amount of
silane coupling agent led to decrease the viscosity due to
the plasticizing effect. However, the MV decreases slowly
with increasing the heating period where the rubber
composites samples started to soften due to the transition
of strong to weak intermolecular force between polymer
structures, thus, resulting in lowering the entropy of
polymer chains. The sufficient heating period would
generate energy to overcome interfacial interaction
between treated CB/NCC filler and NR/SBR phases. By
lowering these interactions would enhance the flexibility
and mobility of polymer chains. At phase 3, it showed
drastic decrease in torque when the rotor was stopped
and no more shearing occurred. In phase 4, the polymer
chains in rubber blends start to relax and cause the
entropy of the sample to slowly mcrease due to the
entanglement of short polymer chains.
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Table 2: Cure characteristics of NR/SBR composites treated by both
CB/NCC fillers at different 8i-69 loading

Minimum Maximum Delta  Optimum

torque torque torque  cure time
Designation (ML) (MH)  (MH-ML) _ (t90)
NR-SBR/CB-NCC 12.0 25.0 13.0 1.50
NR-SBR/CB-NCC2-5i69 18.8 49.5 30.7 0.90
NR-SBR/CB-NCC4-8i69 20.5 627 422 1.25
NR-SBR/CB-NCC6-3i69 19.0 59.0 40.0 1.38
NR-SBR/CB-NCC 8- Si69 26.5 64.0 37.5 1.33
NR-SBR/CB-NCC10-8i69 19.0 522 332 1.30

Cure characteristics: Cure characteristics of treated
Si-CBNCC-NR/SBR composites were summarised in
Table 2. It can be seen that the delta torque of
NR/SBR-CB/NCC blends by treating both CB/NCC fillers
at different silane loading increase as the silane content
increase. Delta torque is the difference between the
maximum and mimmum torques which mdicates the filler
matrix mteraction of treated CB/NCC fillers and NR/SBR
matrix. The greater the value of torque difference, the
higher is the crosslink concentration. Delta torque of
rubber blends drastically increases ranging from 0-4% of
silane loading. It can be observed that the delta torque of
NR-SBR/CB-NCC4-5i69 is the highest linkage between
CB/NCC fillers and NR/SBR phases. A sufficient of
surface activation of treated CB and NCC filler mfluenced
the interaction with rubber phases and form a rigid
composites material and hence increase the MH and ML..
Meanwhile, the optimum cure time of rubber blends
decreases as the silane concentration decreases. The
reduction of optimum cure time attributed to the good
interaction and interfacial adhesion between the rubber
and fillers.

Crosslink concentration: The effect of different silane
content on CB/NCC filler surface remforced NR/SBR
composites towards the crosslink conctration was
presented in Fig. 3. [t can be seen that the NR/SBR matrix
reinforced with 4 wt.% of silane treated CB/NCC filler
possesses the highest crosslink density among other
formulations. The existence of sufficient surface activity
on both surfaces of CB and NCC filler i the rubber blends
provides stable microstructures for the fillers to be well
dispersed in the rubber blends leading to the
enhancement of interfacial contact between rubber and
filler phases. Increase in crosslink density might be due to
the C-3 linkages formed by the chemical reaction between
the rubber and silane-fillers surface which silane could
actas a crosslinker in the vulcanizates (Fang et al., 2014).
However, the crosslink density of the rubber blends starts
to decrease up to 4% of silane loading. This might be due
to the self-condensation reaction of Si-69 resulting in the
formation of polysiloxane molecules on the filler surface
and acts as a plasticizer between rubber and filler phases.
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Fig. 3: Crosslink density of NR/SBR composites treated
by both CB/MNCC fillers at different silane
loading

Thus, this reduced the crosslinking sites between rubber
and filler in the rubber blends. This condition is also
known as plasticization effect (Kapgate ef af., 2014). The
drastic drop of the crosslink density i the rubber blends
at 8% of 51-69 loading might be due to the poor filler matrix
interfacial adhesion. Thus, this reduced the crosslinking
sites between rubber and filler phases in the rubber
blends. It can be concluded that an optimum content of
Si-69 required to enhance the interaction between rubber
and filler phases is 4wt.%.

CONCLUSION

From the observation and results obtained, the
following conclusion can be drawn as below: by
conducting the surface treatment using silane coupling
agent on the CB and NCC fillers surface enhanced the
surface activity of fillers and improved the interaction
between polar-filler and non pelar-rubber matrix and also
strengthen the reinforcing effect towards the rubber
blends properties. The optimisation of silane content
required to treat hybrid CB/NCC filler swrface was
identified at 4 wt.% of silane where it can be contributed
the maximum crosslink interaction between filler and matrix
phases, thus, resulting in increasing the viscosity value.
The formation of excessive of active sites on the filler
surface by silamzation process would cause the
plasticizing effect.

The optimum cure time of treated filler-NR/SBR
composites does not signmificantly effect to the silane
content use to treat filler surface. As a whole, this project
has contributed to knowledge of understanding on the
rubber matrix reinforced by hybrid treat filler through an
industrial feasible processing technique that enhanced
the Mooney viscosity, crosslink density and cure
characteristics.
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