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Abstract- The paper investigates the effect of carbon black (CB)
types and loading on curing and physico-mechanical properties
of solid tire tread compounds comprised of Natural Rubber (NR)
and Butadiene Rubber (BR) blend. N326, N330, and N375 were
the CB types loaded in the rubber compounds at 53-60 parts per
hundred parts of rubber (phr), which was a predetermined
loading level. Tensile strength, tear strength, hardness, abrasion
resistance, and cure characteristics were tested, keeping the N330
CB type at 60 phr loading as the control compound. The cure
characteristics of all the compounds showed good processability,
processing safety, and curing efficiency. The CB type N375 at 55
phr loading showed better tear strength, tensile properties,
hardness, and abrasion resistance than the other compounds. Of
the three types of CBs used in tire tread compounds, the N375
CB type was the ideal type for solid tire treads, according to this
study. However, there is a choice of CB type and loading level as
the requirement of mechanical properties.

Index Terms- Butadiene Rubber, Carbon Black, Natural Rubber,
Blends, Solid Tire Tread

I. INTRODUCTION

n terms of tremendous development throughout the last

decade, the tire business has always come out on top, owing to
the amount of research on rubber. These studies have been
devoted to tire tread because this is the section of the tire that has
the most impact during use. Natural Rubber is commonly used in
all types of tires, particularly in heavy truck tires and aircraft
tires, to achieve a lower heat build-up and mechanical strength.
Furthermore, various components of passenger car tires, such as
the bead filler, sidewall, and tread compounds, are made of NR
because of NR’s lower heat built-up, flexing, fatigue, and
mechanical properties (Sattayanurak et al, 2020). Tires are made
up of various components, each containing about 30% particulate
fillers like carbon black and silica (Brinke et al., 2003). Hence,
they are considered important additives in rubber compounding
(Wijesinghe et al., 2016). Carbon black was the first reinforcing
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filler used in tire compounds to improve modulus, tensile, and
tear strength, and skid resistance (Kim and Jeong, 2005:
Poikelispéa et al., 2013: Wijesinghe et al., 2022: Wijesinghe et
al., 2021) (Chauhan & Chawla, 2016). Robertson et al. (2019)
have mentioned that the strength of rubber depends on its
chemical structure and viscoelastic behavior. Numerous studies
have been done on the mechanical and dynamic properties of
CB-filled tire compounds. The particle size and surface area of
CB have been identified as essential parameters for increasing
tire performance (Zafarmehrabian et al., 2012). It has been
mentioned that carbon black with small particle sizes is used in
the tire tread, where wear resistance is an important parameter
(Ishikawa, 2011). Atashi & Shiva, (2010) investigated the
optimization of failures of passenger tire tread compounds made
up of Styrene Butadiene Rubber (SBR), Natural Rubber, and
Butadiene Rubber by varying curing conditions and modeling the
rubber compound’s performance. According to the studies
conducted by Pal et al., (2010) on NR/BR/high styrene rubber
(HSR) compound, varying carbon black contents showed an
increased abrasion resistance and additionally, observed an
increase in the strength of the compound when particle size
reduced to the nanoscale. Farida et al., (2019) have mentioned
that the addition of carbon black to natural rubber/polypropylene
compounds can increase the tensile properties while decreasing
the elongation at break.

The specific surface area and structure of carbon black influence
the level of entanglement with polymer molecules, affecting the
reinforcement (Salaeh & Nakason, 2012). The high specific
surface area (60-90 m?g?) of CB primary particles can
spontaneously form nanostructured aggregates and agglomerated
to result in distinct porous architectures based on nanometric
spherical particles (Li et al., 2008). Studies have been conducted
using different types of carbon black to understand the effect of
CB structure on the properties of composites. Therefore, different
CB types can show different structural arrangements in the
polymer composite due to intrinsic particle properties, such as
size, shape, etc. A study conducted using different carbon black-
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filled ethylene propylene diene monomers (EPDM) rubber
showed higher mechanical and electric properties for N472 than
the other black types used [others being N330, N550, N770, and
SCB (Spraying Carbon Black)] (Li et al., 2008). According to
the literature, the capacity of CB to aggregate into particles with
precise nano-size geometries determines the polymer-filler
interactions of polymer composites (Hjelm et al., 1994). Several
agglomerated 3D structures of different CB types in polymers
have been investigated before. Kwon et al., (2014) have reported
the agglomeration of N326 CB type in polyimide composites.
Quan et al., (2018) have reported the formation of grape-like
aggregated structures of microscopically spherical particles of
N330 CB type in elastometic matrices that affect the
reinforcement. Also, they have observed countless pores within
these cluster aggregates with no obvious boundaries. The N375
CB type has shown spontaneous aggregates due to high surface
area (Mazzaracchio et al., 2019). To our knowledge, apart from a
few studies, there has not been much research on the influence of
carbon black type and loading level on the mechanical properties
of solid tire tread compounds made of natural rubber and
butadiene rubber blends (NR/BR blends) (Chung et al., 2002:
Wang et al., 2001). Therefore, to understand the effect of CB
type and loading level on the curing and physico-mechanical
properties of NR/BR blends for solid tire tread compounds, three
different CB types (N326, N330, and N375) with average
particle sizes of 28-36 nm at different loading levels were
incorporated into such blends in this study followed by
evaluating the curing and physico-mechanical properties.

Il. MATERIALS AND METHODS

Preparation of compounds

A basic compounding formulation was developed using an
industrial formulation for the solid tire tread compounds. The
compound was prepared by blending natural rubber and
butadiene rubber with other compounding ingredients, as
mentioned in Table 1.

Table 1: The formulation for tire tread compounds

Ingredients Amount in parts per hundred parts of
rubber (phr)
Natural Rubber 60
Butadiene Rubber 40
Carbon black (N329, N330, N375) 53, 55, 57, 60
Zn0O 45
Stearic acid 25
IPPD 2
T™Q 1
Sulfur 1.2
TBBS 1
PVI 0.25

Note: Zinc oxide-(ZnO), N-lsopropyl-N'-phenyl-1,4-phenylenediamine (IPPD),
2,2 4-trimethyl-1,2-dihydroquinoline-(TMQ),N-tetrabutyl-2-
benzothiazylsulfinamide-(TBBS), Pre-Vulcanizing Inhibitor-(PVI)
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The sulfur, N-tetrabutyl-2-benzothiazylsulfinamide (TBBS)
levels in the compounding formulation were fine-tuned by pilot
studies. Later, the CB level of each type of CB (N326, N330, and
N375) in the compounds was varied at 53, 55, 57, and 60 phr.
The N330 CB type at 60 phr loading level was the control sample
(N330@60) of the study as it is widely used in the tire industry.
The mixing method of compounds is demonstrated in Table 2.
The first stage of mixing the compounds was carried out using a
Laboratory Banbury (Techno Lab BR1600) at 70 °C. In this
stage, the viscosity of rubbers was reduced via mastication, and
CBs were incorporated into rubber blends, achieving a good
dispersion. After mixing these materials with rubber, the initial
compounds were dumped and matured at room temperature (25
°C) for 16 hours. In the second mixing stage, sulfur and
accelerators were mixed with the matured compounds of the first
stage using a two-roll mill at below 100 °C.

Evaluation of cure characteristics

Rheographs of compounds were obtained using an Oscillating
Disk Rheometer (2000 M/S Alpha technologies, USA) at 150°C
following the 1SO 3417:2008 procedure. The scorch time (Tsy),
optimum cure time (Tcg), cure rate index (CRI), maximum
torque (My), minimum torque (M), and delta cure (Mn. M) of
compounds were derived from the rheographs.

Table 2: Mixing cycle of the compounds

Mixing Ingredient Time Mixing
stage (seconds +20) temperature (°C)
Firststage ~ NR o 70+5

BR 60"

ZnO, stearic acid, 120t

IPPD

T™MQ 300"

Carbon black 360"

Dump 540"
Second NR/BR blend on <100
stage

TBBS 60"

Sulfur 120t

Dump 180%

Evaluation of physico-mechanical properties

The test samples were prepared using the hydraulic press
machine (Yeji Corporation, Taiwan), keeping the temperature
and pressure at 150 °C and 20 MPa, respectively. The optimum
cure times (Tceo) of each compound obtained from the
rheographs were used to cure the samples during molding. After
curing the test samples, they were cooled with water to prevent
further vulcanization. Then, the samples were conditioned at
room temperature for 16 hours before performing the physico-
mechanical tests. The tensile properties were determined by the
tensile testing machine (Gotech Testing Machines Inc) at a
crosshead speed of 500 millimeters per minute (mmmin?)
according to ISO 37:2017 standard using dumb-bell shaped
specimens.
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The tear strength of vulcanizates was determined by the same
tensile testing machine at a crosshead speed of 500 mmmin
using angular test pieces following the 1SO 34-1:2015 procedure.
A manual thickness gauge was used to determine the thickness of
the test pieces. The hardness of the samples was measured using
a mechanical hardness tester according to ISO 48-2:2018
procedure. The abrasion volume loss was determined using a
DIN abrasion tester (Rotary Drum Abrader) following the ASTM
D5963 test method. Finally, statistical analysis was done using
Minitab 18 statistical software.

I1l. RESULTS AND DISCUSSION

Cure characteristics

The cure characteristics of compounds are shown in Table 3.
The lowest torque (M.) indicates the stock viscosity of rubber
compounds, and that of our compounds has varied between 14
and 19 dNm. A slight increment of M. can be observed when the
CB content was increased from 53 to 60 phr. The maximum
torque (Mu) values depend on the crosslinking density and chain
entanglements; thus, it is related to the fact that CB alters the
crosslink density by reacting with other chemical ingredients,
which leads to a higher torque (Yasir et al., 2015). In our
compounds, the My values have decreased with the type of CB,
which may be due to the variation in particle size. Delta cure
(Mu-My) is the parameter that indicates the degree of chemical
crosslinking (Rattanasom & Prasertsri, 2009). It is reported that
the reaction between rubber and the curing system can affect the
crosslinking process (Poschl et al., 2020), whilst Rattanasom &
Prasertsri, (2009) state that smaller particle size can be a reason
for having higher crosslinking density. The delta cure values of
N330 are comparatively higher than other compounds. This can
be related to the structure of the N330 CB type. The scorch time
(Ts2) provides information regarding processing safety, and
compounds with N375 CB type have shown a higher value
compared to other CB types. The optimum cure time (Tcgo) of
the compounds has shown a slight variation compared to the
control. Further, Ts, and Tcgo values have decreased with the
increase in CB loading.

Table 3: Cure characteristics of the compounds

cB M, My Delta cure Ts Teoo CR.L
composition  (dNm)  (dNm)  (dNm) (min)  (min) (min?)
N326@53 16.7 87.4 70.7 6.08 14.0 12.5
N326@55 18.1 85.9 67.3 6.15 145 11.9
N326@57 18.2 88.7 705 5.49 131 12.9
N326 @60  18.3 89.0 70.7 6.2 135 13.6
N330@53 154 85.4 70.0 6.54 145 125
N330@55 14.3 83.0 68.7 6.45 14.2 12.8
N330@57 15.7 834 67.6 6.28 135 13.7
*N330@60 16.8 84.3 67.5 6.22 14.1 12.5
N375@53 15.8 77.8 62.0 8.05 17.3 10.7
N375@55 16.6 79.1 62.5 7.48 16.4 11.2
N375@57 17.1 80.1 62.9 7.26 16.1 11.2
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The cure rate index (CRI) of compounds has varied between 10-
13 mint where a slight reduction can be observed in compounds
with N375 CB type. This may be attributed to the effect of CB
types on the curing process (Saad et al., 2009).

Physico-mechanical properties

The variation of the tear strength of NR/BR blends with CB
composition is shown in Figure 1. According to the theory, tear
strength measures the resistance of a rubber compound to initiate
and propagate a crack (Ciesielski, 1999). The tear strength of
NR/BR blend compounds with each CB type has increased with
the filler CB loading. The highest tear strength (130-145 Nmm)
was recorded by the compound containing the N375 CB type,
except for the N375@53 compound with a tear strength of ca.
110 Nmm™. The CB composition of N326@57, N326@60,
N330@55 are not statistically significant compared to the control
(ca. 120 Nmm'Y), while that of other N326 and N330 CB types
containing NR/BR blends are significantly lower (ca.100-115
Nmm) to the control. The good dispersion of CB in rubber may
be responsible for the formation of a physical barrier against
crack propagation, resulting in increased tear strength
(Abdelsalam et al., 2019; Mazzaracchio et al., 2019).
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Figure 1: Tear strength of NR/BR blend compounds with the CB
composition

Figure 2 shows the variation of tensile strength of NR/BR blends
with CB composition. The control (N330@60) has shown about
220 kPa of tensile strength. The tensile strength of the N326 CB
type containing blend compounds has varied from 210-230 kPa,
which is similar to the N330 CB type containing blend
compounds. However, NR/BR blends with N375 CB type have
shown the highest tensile strength (ca. 235-255 kPa). Also, the
tensile strength of all the types of CBs has increased up to the
loading level of 55 phr and has reported a marked decline
thereafter. According to the literature, the rubber-filler
interactions can be attributed to the improvement of tensile
strength (Pornprasit et al., 2016). Also, the agglomeration of CB
particles at high loading levels could be attributed to the decline
of strength at higher loading levels (Farida et al., 2019;
Abdelsalam et al., 2019). Here, we have observed that there is a
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possibility of increasing the tensile strength with lower loading
than the use of a 60 phr loading level.
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Figure 2: Tensile strength of NR/BR blend compounds with the
CB composition

The variation of modulus of NR/BR blends with CB composition
is shown in Figure 3. Accordingly, an increase in modulus can
be observed when the CB type varies from N326 to N375. The
CB type N375 has shown a higher modulus (ca. 130-150 kPa) in
NR/BR blend compounds, which is greater than that of the
control compound (ca. 110 kPa). Further, the modulus increases
when the CB loading level varies from 53 to 60 phr. The lower
modulus and tensile strength given by the N326 CB types can be
attributed to the poor agglomerated structure of N326 in rubber
compounds (Martinez et al., 2013). However, the improved
modulus by other types of CBs can be assigned to the
interactions between rubber and filler (Saad et al., 2009).
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Figure 3: Modulus at 300% of NR/BR blend compounds with the
CB composition
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The variation of elongation at break NR/BR blends with CB
composition is shown in Figure 4. The elongation at break of
control is about 460%. Also, elongation at break of N326 and
N330 CB types has varied between ca. 517-460%, while that of
N375 CB type has varied between 470 and 417% with respect to
the CB loading. The observed reduction of elongation at break of
these compounds can be attributed to the reduction of the
elasticity due to increased CB loading (Ismail et al., 2018).
Compared to other CB types, N375 CB types in NR/BR blend
compounds have shown a reduced elongation at break, which
might be due to the improved rubber-filler interactions and
aggregated structures formed in the blends that reinforce the
compound (Mazzaracchio et al., 2019).
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Figure 4: Elongation at break of NR/BR blend compounds with
the CB composition

Figure 5 shows the variation in the hardness of NR/BR blends
with CB composition. The hardness of rubber compounds is a
measure of resistance to the deformation of rubber for indentation
(Bijarimi et al., 2010). The results show that all the compounds
have a hardness between 60-70 IRHD. The control has shown a
hardness of 67 IRHD. The hardness of NR/BR blends with N326
CB types has varied between 62 and 67 IRHD, while a similar
variation has been shown by N330 CB type containing blends
when the loading level is varied from 53-60 phr. However, the
blends with CB type N375 have shown the highest hardness
values, which varied from 67-69 IRHD with the CB loading level.
The improved aggregated structure and good dispersion of N375
in these blends can be attributed to the improved hardness
(Mazzaracchio et al., 2019). Also, the increment of hardness with
CB loading is similar to a previous study done with CB-filled
acrylonitrile butadiene rubber (NBR) and recycled NBR blends.
According to that study, the increased rigidity of rubber
vulcanizates due to increased CB content can be attributed to the
hardness increment (Husnan et al., 2018).

Figure 6 shows the variation of abrasion of NR/BR blends with
CB composition. Abrasion resistance measures the ability of a
material to withstand mechanical action, such as rubbing or
scraping, which are critical in tire treads. The abrasion volume loss
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was used in this study to predict the resistance to wear of these
NR/BR blend compounds. According to the figure, the abrasion
volume loss of N326 and N330 CB type-containing blends has
shown statistically non-significant values varied between 100-115
mm?3. Although these values satisfy the industrial requirement of
abrasion volume loss, N375 CB type-containing blends have
shown a remarkable reduction in abrasion volume loss (71-75

75

Hardness (IRHD)

CB composition

Figure 5: Hardness of NR/BR blend compounds with the CB
composition

IV. CONCLUSION

Three types of CBs (N326, N330, and N375) were incorporated
into NR/BR blends for solid tire tread compounds varying the
CB loading level at 53, 55, 57, and 60 phr. The cure
characteristics of the blend compounds showed good processing
safety and curing efficiency. The highest tear strength, tensile
properties, hardness, and abrasion resistance were demonstrated
by the N375 CB type containing NR/BR blends compared to the
N326 and N330 CB types containing NR/BR blends. Overall, the
properties of the N375 CB type have shown better improvement
in physico-mechanical properties compared to other CB types at
the loading levels of 53-60 phr. Based on the results, it can be
concluded that there is a choice of CB type and loading level
based on the required physico-mechanical properties of solid tire
tread compounds.

ACKNOWLEDGMENT

The authors would like to acknowledge Uva Wellassa University
of Sri Lanka and the tire company that facilitated the resources
for this project.

REFERENCES

[1] A. A. Abdelsalam, S. Araby, S. H. El-sabbagh, A. Abdelmoneim, & M. A.
Hassan, "Effect of carbon black loading on mechanical and rheological
properties of natural rubber / styrene- butadiene rubber / nitrile butadiene
rubber blends", Journal of Thermoplastic Composite Materials, 34(4),
2019, 1-18. https://doi.org/10.1177/0892705719844556

This publication is licensed under Creative Commons Attribution CC BY.
https://dx.doi.org/10.29322/1JSRP.14.03.2024.p14718

171

mm?3), indicating an improvement in abrasion resistance. In
literature, it has been mentioned that when the structure of carbon
black increases, the abrasion resistance also increases (Hong et al.,
2007). Thus, it can be reported that the N375 CB type has a better
structure that can improve mechanical properties and abrasion
resistance of NR/NBR blend compounds for solid tire treads than
the other CB types considered in this study.

Control

Abrasion volume loss (mm?®)

Pl e & & P Pie) &\ & Pl & Pl *
P - ~ R ) {H\\‘ _‘:@ : . . .
% ¥ 3 3
e T = =
CB composition

D7 ~D ~
> o &
Sl Sl D

Figure 6: Abrasion volume loss of NR/BR blend compounds
with the CB composition

[2] H. Atashi, & M. Shiva, "Formulation for passenger tread tire compound
based on styrene butadiene rubber/cis-butadiene rubber/natural rubber blend
and semi-dispersible silica/carbon black filler system", Asian Journal of
Chemistry, 22(10), 2010, 7519-7530.

[3] A. P.S. Chauhan, & K. Chawla, "Comparative studies on Graphite and
Carbon Black powders, and their dispersions”, Journal of Molecular
Liquids, 221, 2016, 292-297. https://doi.org/10.1016/j.molliq.2016.05.043

[4] B. Chung, H.R. Tomlinson, G. Mouzon, T. Miller, H.Y. Lin, C.F. Ho, W.
Chen, "Cure system and carbon black effects on NR compound
performance in truck tires”, Rubber World, 227, 2002, 36-42.

[5] A. Ciesielski, An introdution to rubber tecnology. Rapra Technology Ltd,
London, UK, 1999.

[6] E. Farida, N. Bukit, E.M. Ginting, & B.F. Bukit, "The effect of carbon black
composition in natural rubber compound”, Case Studies in Thermal
Engineering, 2019, 100566. https://doi.org/10.1016/j.csite.2019.100566

[71 R.P. Hjelm, W.A. Wampler, P.A. Seeger, "The microstructure and
morphology of carbon black:A study using small angle neutron scattering
and contrast variation", Journal of Materials Research, 9(12), 1994, 3210-
3222.

[8] C.K. Hong, H. Kim, C. Ryu, C. Nah, Y. Il. Huh, & S. Kaang, "Effects of
particle size and structure of carbon blacks on the abrasion of filled
elastomer compounds”, Journal of Materials Science, 42(20), 2007, 8391
8399. https://doi.org/10.1007/s10853-007-1795-3

[9] M.A. Husnan, H. Ismail, & R.K. Shuib, "The effect of carbon black (CB)
loading on curing characteristics and mechanical properties of virgin
acrylonitrile butadiene rubber (Nbrv)/recycled acrylonitrile butadiene
rubber (Nbrr) blends”, IOP Conference Series: Materials Science and

Engineering, 2018, 309(1). https://doi.org/10.1088/1757-
899X/309/1/012028

[10] Y. Ishikawa, "Systematic Review of Tyre Technology", National Museum of
Nature and Science, 16, 2011, 137.

http://sts.kahaku.go.jp/diversity/document/system/pdf/066_e.pdf

WWWw.ijsrp.org


https://dx.doi.org/10.29322/IJSRP.14.03.2024.p14718
http://ijsrp.org/

International Journal of Scientific and Research Publications, Volume 14, Issue 3, March 2024 172

ISSN 2250-3153

[11] R. Ismail, R., Z.A. Mahadi, & I.S. Ishak, "The effect of carbon black filler
to the mechanical properties of natural rubber as base isolation system" IOP
Conference Series: Earth and Environmental Science, 140(1), 2018.
https://doi.org/10.1088/1755-1315/140/1/012133

[12] J.H. Kim, & H.Y. Jeong, "A study on the material properties and fatigue life
of natural rubber with different carbon blacks", International Journal of
Fatigue, 27(3), 2005, 263-272.
https://doi.org/10.1016/j.ijfatigue.2004.07.002

[13] J. Kwon, J. Kim, J. Lee, P. Han, D. Park, & H. Han, "Fabrication of
Polyamide Composite Films Based on Carbon Black for High-Temperature
Resistance" Polymer Composites, 2014, 1-7.

[14] Z.H. Li, J. Zhang, & S.J. Chen, "Effects of carbon blacks with various
structures on vulcanization and reinforcement of filled ethylene-propylene-
diene rubber", Express Polymer Letters, 2(10), 2008, 695-704.
https://doi.org/10.3144/expresspolymlett.2008.83

[15] J.D. Martinez, R. Murillo, T. Garcia, "Production of carbon black from the
waste tires pyrolysis" Bol. Grupo Espafol Carbon, 2013, 10-14.

16] V. Mazzaracchio, M.R. Tomei, l.Cacciotti, A. Chiodoni, C. Novara, M.
Castellino, G. Scordo, A. Amine, D. Moscone, & F. Arduini, "Inside the
different types of carbon black as nanomodifiers for screen-printed
electrodes”,  Electrochimica  Acta, 317, 2019, 673-683.
https://doi.org/10.1016/j.electacta.2019.05.117

[17] M. Bijarimi, Z. Hassan, M.D. Beg, & Z. Abidin, "The Effect of Carbon
Black Grades in Tyre Tread Compound", Journal of Engineering and
Technology, 1(1), 2010, 73-82. http://myais.fsktm.um.edu.my/11339/

[18] K. Pal, R. Rajasekar, D.J. Kang, Z.X. Zhang, S.K. Pal, C.K. Das, & J.K.
Kim, "Influence of carbon blacks on butadiene rubber/high styrene
rubber/natural rubber with nanosilica: Morphology and wear"”, Materials
and Design, 31(3), 2010, 1156-1164.
https://doi.org/10.1016/j.matdes.2009.09.037

[19] KTPC Pathirana, "Study of the Effect of Different Carbon Black
Combinations on Physico-Mechanical Properties of Natural Rubber Based
Solid Tyre Tread Compound”, MSc. Dissertation, University of Moratuwa,
Sri Lanka, 2020.

[20] M. Poikelispéa, A. Das, W. Dierkes, & J. Vuorinen, "The effect of partial
replacement of carbon black by carbon nanotubes on the properties of
natural rubber/butadiene rubber compound”, Journal of Applied Polymer
Science, 130(5), 2013, 3153-3160. https://doi.org/10.1002/app.39543

[21] R. Pornprasit, P. Pornprasit, P. Boonma, & J. Natwichai, "Determination of
the mechanical properties of rubber by FT-NIR", Journal of Spectroscopy,
2016, 1-7. https://doi.org/10.1155/2016/4024783

[22] M. Péschl, M. Vasina, P. Zadrapa, D. M&finska, & M. Zaludek, "Study of
carbon black types in SBR rubber: Mechanical and vibration damping
properties”, Materials, 2020, 13(10). https://doi.org/10.3390/ma13102394

[23] Y. Quan, Q. Liu, S. Zhang, & S. Zhang, "Comparison of the morphology,
chemical composition and microstructure of cryptocrystalline graphite and
carbon black", Applied Surface Science, 445, 2018, 335-341.
https://doi.org/10.1016/j.apsusc.2018.03.182

[24] N. Rattanasom, & S. Prasertsri, “Relationship among mechanical properties,
heat ageing resistance, cut growth behaviour and morphology in natural
rubber: Partial replacement of clay with various types of carbon black at
similar hardness level", Polymer Testing, 28(3), 2009, 270-276.
https://doi.org/10.1016/j.polymertesting.2008.12.010

[25] C.G. Robertson, R. Stocek, C. Kipscholl, & W.V. Mars, "Characterizing the
Intrinsic Strength (Fatigue Threshold) of Natural Rubber/Butadiene Rubber
Blends", Tire Science and Technology, 47(4), 2019, 292-307.
https://doi.org/10.2346/tire.19.170168

[26] I. Saad, M. Fayed, & E. Abdel-Bary, "Effects of Carbon Black Content on
Cure Characteristics, Mechanical Properties and Swelling Behaviour of
80/20 NBR/CIIR Blend", International Conference on Aerospace Sciences
and Aviation Technology, 13(AEROSPACE SCIENCES), 2009, 1-9.
https://doi.org/10.21608/asat.2009.23488

[27] S. Salaeh, & C. Nakason, "Influence of Modified Natural Rubber and
Structure of Carbon Black on Properties of Natural Rubber Compounds”,
Polymer Composites, 33(4), 2012, 489-500.
https://doi.org/10.1002/pc.22169,

[28] S. Sattayanurak, K. Sahakaro, W. Kaewsakul, W.K. Dierkes, L.A.E.M.
Reuvekamp, A. Blume, & J.W.M. Noordermeer, "Synergistic effect by high
specific surface area carbon black as secondary filler in silica reinforced
natural rubber tire tread compounds”, Polymer Testing, 81, 2020, 106173.
https://doi.org/10.1016/j.polymertesting.2019.106173

This publication is licensed under Creative Commons Attribution CC BY.
https://dx.doi.org/10.29322/1JSRP.14.03.2024.p14718

[29] JW. ten Brinke, S.C. Debnath, L.A.E.M. Reuvekamp, & JW.M.
Noordermeer, "Mechanistic aspects of the role of coupling agents in silica-
rubber composites”, Composites Science and Technology, 63(8), 2003,
1165-1174. https://doi.org/10.1016/S0266-3538(03)00077-0

[30] M.J. Wang, P. Zhang, & K. Mahmud, "Carbon-silica dual phase filler, a new
generation reinforcing agent for rubber. Part IX. Application to truck tire
tread compound”, Rubber Chemistry and Technology, 74 (1), 2001, 124—
137. https://doi.org/10.5254/1.3547633

[31] H.G.I.LM. Wijesinghe T.N.B. Etampawala, D.G. Edirisinghe, G.R.V.S.
Gamlath, R.RW.M.U.G.K. Wadugodapitiya, & T.ARW.M.M.C.G.
Bandara., "Properties of Rice Husk Ash Silica Filled Natural Rubber and
Acrylonitrile- butadiene Rubber Blends." The Journal of Agricultural

Sciences, 17(2), 2022, 1-18.
https://doi.org/http://doi.org/10.4038/jas.v17i1.9608
[32] H.G..LM. Wijesinghe W.G.T.W. Gamage, P. Ariyananda, H.A.S.L.

Jayasinghe, A.N.R. & Weerawansa, "Optimization of calcium carbonate
(CaCO3) loading in Natural rubber latex based disposable gloves".
International Journal of Scientific and Research Publications, 6(3), 2016,
266-269.

[33] H.G.LM. Wijesinghe, G.R.V.S. Gamlath, A.M.W.K. Senevirathna, D.G.
Edirisinghe, R.RW.M.U.G.K. Wadugodapitiya, T.A.RW.M.M.C.G.
Bandara,. B. N. S. Bandara., "Effect of Pre-Blending and Phase-Mixing
Methods on Properties of Natural Rubber and Acrylonitrile Butadiene
Rubber Blends Filled with Nano Silica Extracted from Rice Husk Ash".
Journal of Nanoscience and Technology, 7(1), 2021, 928-932.
https://doi.org/https://doi.org/10.30799/jnst.319.21070101

[34] L.A. Wisojodharmo, R. Fidyaningsih, D.A. Fitriani, D.K. Arti, Indriasari, &
H. Susanto, "The influence of natural rubber - Butadiene rubber and carbon
black type on the mechanical properties of tread compound”, IOP
Conference Series: Materials Science and Engineering, 223(1), 2017.
https://doi.org/10.1088/1757-899X/223/1/012013

[35] H.A. Yasir, M.H.Al. Maamori, & H.M. Ali, "Effect of Carbon Black Types
on Curing Behavior of Natural Rubber", Journal of Advances in
Engineering and Technology, 2(90), 2015, 77-80.

[36] R. Zafarmehrabian, S.T. Gangali, M.H.R. Ghoreishy, & M. Davallu, "The
effects of silica/carbon black ratio on the dynamic properties of the tread
compounds in truck tires", E-Journal of Chemistry, 9(3), 2012, 1102-1112.
https://doi.org/10.1155/2012/571957

AUTHORS

First Author — G.R.V.S. Gamlath, BScHons, Uva Wellassa
University of Sri Lanka, Institute: Department of Export
Agriculture, Faculty of Animal Science and Export Agriculture,
Uva Wellassa University of Sri Lanka, vinuri@uwu.ac.lk

Second Author — J.A.A.K. Jayasinghe, BScHons, Uva Wellassa
University of Sri Lanka, Institute: Department of Export
Agriculture, Faculty of Animal Science and Export Agriculture,

Uva Wellassa University of Sri Lanka,
amakaushi9443@gmail.com
Third Author - S.D. Wimalachandra, BSc. Wayamba

University of Sri Lanka, MSc. in Computer Science, University
of Peradeniya, Sri Lanka, Institute: Faculty of Applied Sciences,
Wayamba University of Sri Lanka, sajid.w1989@gmail.com
Fourth Author — T.A.R.W.M.M.C.G. Bandara, BScHons, Uva
Wellassa University of Sri Lanka, Institute: Department of
Export Agriculture, Faculty of Animal Science and Export
Agriculture, Uva Wellassa University of Sri Lanka,
chathura.g@uwu.ac.lk

Fifth Author — R.R.W.M.U.G.K. Wadugodapitiya, BScHons,
Uva Wellassa University of Sri Lanka, Institute: Department of
Export Agriculture, Faculty of Animal Science and Export
Agriculture, Uva Wellassa University of Sri Lanka,
udarawadugodapitiya@gmail.com

WWWw.ijsrp.org


https://dx.doi.org/10.29322/IJSRP.14.03.2024.p14718
http://ijsrp.org/

International Journal of Scientific and Research Publications, Volume 14, Issue 3, March 2024 173

ISSN 2250-3153

Sixth Author — G.S. Kanchana, BScHons, Uva Wellassa
University of Sri Lanka, Institute: Department of Export
Agriculture, Faculty of Animal Science and Export Agriculture,
Uva Wellassa University of Sri Lanka,
sewwandikanchana.g@gmail.com

Corresponding Author — H.G.1.M. Wijesinghe, BScHons, Uva
Wellassa University of Sri Lanka, MSc.in Polymer Science and

This publication is licensed under Creative Commons Attribution CC BY.
https://dx.doi.org/10.29322/1JSRP.14.03.2024.p14718

Technology, University of Sri Jayewardenepura, Sri Lanka,
Institute: Department of Export Agriculture, Faculty of Animal
Science and Export Agriculture, Uva Wellassa University of Sri
Lanka

Correspondence: ishara@uwu.ac.lk, +61 420 443 409

WWWw.ijsrp.org


https://dx.doi.org/10.29322/IJSRP.14.03.2024.p14718
http://ijsrp.org/

