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Abstract: This research aims to study the mechanical properties of natural rubber
composites with nitrile butadiene rubber and ethylene propylene diene monomer rubber.
Composite fillers consisted of kaolin, and softener using used cooking oil. The study was
carried out by the method of mastication, vulcanization, and maturation of the
compound into rubber vulcanizates. The vulcanization and mastication process is carried
out in the open mill. The maturation of the compound into rubber vulcanizates from the
results of mastication and vulcanization was carried out using semi-automatic heat press
and press at a temperature of 130 °C £ 2 °C for 17 min. Based on data from testing the
mechanical properties of five samples from five formulas, the mechanical properties of
composite rubber are affected by the ratio of natural rubber, synthetic rubber, kaolin, and
used cooking oil as a softener. The difference in the results of vulcanizates rubber testing
of natural rubber composites with synthetic rubber is not only influenced by the ratio of

the composite, but also by the degree of cross-linking between the material molecules.

Keywords: properties; natural rubber; synthetic rubber; used cooking oil

m INTRODUCTION

The composite material consists of two or more
mixtures, each of which has different mechanical
characteristics and properties. Composite materials with
different mechanical properties have the advantage of
being used as technical goods. Differences in the
mechanical properties of materials in a mixture can
complement each other to form a mixture that is better
than the original material. Polymer matrix composites in
the last decade have been widely used for various
engineering goods applications in order to improve the
mechanical properties of the products produced [1-4].

Natural rubber with the general formula cis-1,4-
polyisoprene has high double bond and elasticity but is
not resistant to heat, and ozone attack [5-6]. According to
Linos et al. [7], oxygen attacks can reduce the number of
double bonds by cutting the polymer chain on cis-1,4,
which causes a biodegradation process that produces
carbonyl groups with one-sided aldehydes and ketones.
Composite natural rubber with various materials for
technical goods needs has various advantages, including

its mechanical properties. Composite natural rubber
with carbon fill material from several studies can
improve the mechanical properties of rubber
vulcanization better [8-9].

Natural rubber composites are examples that
produce mechanical properties that are better than the
original material [10]. Composite natural rubber with
various materials for technical goods needs has various
advantages, including its mechanical properties.
Composite natural rubber with carbon fill material from
several studies can improve the mechanical properties of
rubber vulcanization better [11-12]. Natural rubber
(NR) composites with nitrile butadiene rubber (NBR),
and ethylene propylene diene monomer rubber (EPDM)
from several studies that have been done can improve
ozone resistance [13-14]. Reclaimed rubber composites
with styrene butadiene rubber can improve the
properties of styrene-butadiene [15-16]. NBR in silica
composites, as reinforcement fillers, can improve the
dynamic properties of rubber vulcanizates [17-18].

According to Wu and Tian [19], composites of natural
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rubber, synthetic rubber (SBR, BR, NBR, EPDM, and CR)
with kaolin fillers as a substitute for silica can improve
properties of rubber vulcanizates better. Composites of
SBR, carbon black, and nano clay modified with organo
(MMT Closite-20A) can increase the properties of rubber
vulcanizates produced [20-21].

Natural rubber composites carried out on this study
by adding NBR and EPDM. The added ingredients
include silica and kaolin. The added filler aims to improve
the tensile strength, modulus, tear strength, abrasion
resistance [22-25]. EPDM, as a composite material, has
the advantages of heat resistance, ozone resistance, and
moisture resistance [26]. Besides, the addition of silica as
an active filler can improve the mechanical properties of
a rubber vulcanizate. According to Ahmad et al. [27],
natural rubber with silica fillers can increase tensile
strength, modulus, tear strength, hardness, and cross
bond density, and elongation at break. According to
Wang and Chen [28], silica is a reinforcing filler that is
widely used to improve the mechanical properties of
rubber composites. According to Da Costa et al. [29], the
addition of silica from rice husk ash on composite rubber
can increase the tensile strength and abrasion resistance.

The filler added to the polymer matrix will need to
be added to the softener so that it can be evenly
distributed. The development of softening materials for
vegetable oil-based rubber compounds has been carried
out [30]. Vegetable oils have the advantage of being
environmentally friendly and renewable. Jatropha oil [31-
32], and palm oil [33-34] have been used as a softener.
Castor oil as a softener to improve the mechanical
properties of rubber compounds has been developed [35-
36]. According to Song [37], palm oil can be used as a
softener in the manufacture of rubber compounds.

In this study, natural rubber composites used
cooking oil softener from palm oil. Used cooking oil from
palm oil in natural rubber composites with synthetic
rubber aims to increase the distribution of additives and
fillers into natural rubber composite molecules with
synthetic rubber. Used cooking oil softener from palm oil
contains saturated fatty acids [38]. The addition of used
cooking oil as a softener is intended to stretch polymer
matrix molecules so that the added ingredients can be
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distributed evenly. During vulcanization, complex
chemical reactions occur between molecular matrix
polymers with process materials such as sulfur and other
materials [39-40]. This research studies the mechanical
properties of rubber vulcanizates from natural rubber
composites, synthetic rubber, with filler (silica and
kaolin), with softeners from used cooking oil.

m EXPERIMENTAL SECTION
Materials

The material used for this study consisted of
natural rubber (NR) type SIR-20, and nitrile butadiene
(NBR-N.2205), propylene diene
monomer rubber (EPDM), zinc oxide purity 95% for
rubber tire application, stearic acid CAS No: 57-114-4
purity 99% min, 2,2,4-trimethyl-1,2-dihydroquinoline
(TMQ-RD) TMQ 26780-96-1, pigment yellow 83 (PL-
PY 83 product code HRO,, chemical class dis azo
pigment color Index No: 21108 CAS No: 5567-15-7),
silicon dioxide (SiO,) CAS No: 112945-52-5 purity
99.8%, kaolin 400 mesh from Tanjung Pandan Belitung
Indonesia, 2-mercaptobenzothiazole (MBTS-CAS: 120-
78-5), titanium dioxide CAS No: 13463-67-7 with purity
98%, polyethylene glycol (PEG-4000) CAS No: 25322-
68-3 purity 99%, diphenylguanidine (DPG) CAS No:
102-06-7 purity 99%, used cooking oil (UCO) derived
from palm oil as a softener, sulfur CAS No: 7704-34-9
purity 99%, and paraffin wax with a melting point of
37 °C (99 °F; 310 K).

rubber ethylene

Instrumentation

The tools used for this study consisted of rubber
mixing mill Model No. XK 160-450 origin China
(Mainland), analytical balance capacity of 3.200 g
(Mettler Toledo ME30020), platen rubber vulcanizing
press rubber machine Model Number: SKZ401, infrared
(Brand KRISBOW-KW08-280), and
molding (equipment for making test samples).

thermometer

Experimental Design

Studies on the effects of natural rubber composites
and synthetic rubbers were carried out by varying
natural rubber (NR) type SIR-20, and nitrile butadiene
rubber (NBR-N.2205), ethylene propylene diene rubber
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monomer (EPDM). The ratio of additional ingredients
used, such as accelerators, color pigments, activators,
fillers, anti-oxidants, anti-ozone, softeners, and conditioned
This
treatments with three replications. Discussion is taken

vulcanization. experiment consisted of five
from the average of experiments. The ratio of ingredients

used in this study for each formula is shown in Table 1.
Procedure

Compound preparation

The natural rubber is ground with an open mill until
it becomes soft (15 min). While continuing grinding,
nitrile butadiene rubber is added, and at the same time,
EPDM is added as well (3 min), then followed by the
addition of titanium oxide until the rubber composite
color turns white when pounded for 2 min. The next
yellow pigment is added until the rubber composite color
turns yellow within 2 min while continuing to add ZnO
and stearic acid for 2 min. Next, silica, paraffin wax,
kaolin, PEG, TMQ, and UCO were added together in
grinding for 4 min. MBTS and DPG were added together
to the rubber mixture with a grinding time of 2 min.
Sulfur is added when all the mixture is homogeneous, and

Table 1. Rubber composite formula

. Formula
Ingredients e B C D B
NR-SIR 20 100 80 75 75 80
NBR 0 10 10 15 20
EPDM 0 10 15 10 0
TiO, 4.15 4.15 4.15 4.15 4.15
Pigment Yellow 5 5 5 5 5
ZnO 4.75 4.75 4.75 4.75 4.75
Stearic Acid 2.25 2.25 2.25 2.25 2.25
Silica 50.25 50.25 50.25 50.25 50.25
Paraffin Wax 1.25 1.25 1.25 1.25 1.25
Kaolin 4 4 4 4 4
UCoO 6.55 6.55 6.55 6.55 6.55
MBTS 1.85 1.85 1.85 1.85 1.85
PEG 2.75 2.75 2.75 2.75 2.75
T™Q 1.25 1.25 1.25 1.25 1.25
DPG 0.95 0.95 0.95 0.95 0.95
Sulfur 2.75 2.75 2.75 2.75 2.75

annotation: *phr

it took 2 min of grinding. The total grinding time was
32 min. The ratio of each ingredient added is shown in
Table 1.

Making vulcanizate rubber

The resulting rubber compound is then placed in a
molding tool, then vulcanized at a temperature of 130 +
2 °C for 17 min using a hot press.

Test method

The five formulas of vulcanizate rubber were tested
for parameters as follows the hardness testing before and
after aging (ASTM D.2240-15), tensile strength before
and after aging (ASTM D.412-16), modulus 300%
(ASTM 412.16), elongation at break (ASTM D.412-16),
tear strength (ASTM D.624-00, ra2012), the specific
gravity (ASTM D.297-15), abrasion resistance (ASTM
D.5963-04, ra2015), compression set, 25% defl, 70 °C,
22 h (ASTM D.395-16¢l), and abrasion resistance (to
ASTM D.5963-04, ra20150).

m RESULTS AND DISCUSSION
Hardness

The hardness test of natural rubber composites
with synthetic rubber from five formulas (Table 1)
shows different results, as shown in Fig. 1. Formula A
has the lowest hardness value (73 Shore A) compared to
the other formulas (B, C, D, and E). Meanwhile, the
highest hardness test result (78 Shore A) is seen in
formula D (Fig. 1).

The hardness value of rubber vulcanizates is
influenced by the ratio of filler, additives, softeners
(Table 1), and the density of bonds between molecules
of the material. Other than that fillers material kaolin,
and silica, according to their respective, its characteristics
hardness. The
distribution of additives and fillers to rubber composites

influence the rubber wvulcanizates

(natural rubber and synthetic rubber) is influenced by
the softener and bond density between composite
molecules. Softener material serves to stretch the bond
between the composite rubber molecules so that the
added material can be distributed evenly into the
composite matrix molecule. The hardness value of rubber
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Fig 1. Hardness of the composites

vulcanizates indirectly illustrates the strength of the bond
between a material molecule against pressure by another
object [41]. Rubber vulcanizates (Formula A) with kaolin
fillers and silica (Table 1) without composition with
synthetic rubber (NR and EPDM) hardness value is lower
than the value of the hardness of other formulas (Fig. 1).
According to Johns and Rao [42], natural rubber that is
not mixed with synthetic rubber has a lower hardness
value than natural rubber mixed with synthetic rubber.

This shows that the hardness of rubber vulcanizates
is influenced by the interaction between natural rubber
molecules and synthetic rubber molecules. Additives and
fillers with the help of softener to stretch the molecular
structure of matrix composites have contributed to the
hardness value. In addition, the bonding between
molecules of materials and the formation of cross-link
reactions by sulfur affect the value of hardness.

Tensile Strength

The tensile strength describes the strength of a bond
between material molecules when pulled in the opposite
direction. When a material is pulled, there is a shift
between molecules following the direction of withdrawal.
The tensile strength of a material is influenced by the type
of material used, the ratio of the material, and the process
of its formation.

The test data in Fig. 2 shows that the lowest tensile
strength value is 15.6 MPa in the formula E. The tensile
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Fig 2. Tensile strength of the composites

strength value is influenced by the density of cross bonds
between the material molecules. In addition, the tensile
strength that is influenced by the ratio of the mixture of
natural rubber and synthetic rubber is also influenced by
additives, softeners, and fillers (Table 1). The results of
the tensile strength test are inversely proportional to the
value of the hardness test (Fig. 2). This shows that there
is an inverse relationship between the tensile strength
with hardness. Tensile strength is related to the degree
of elasticity, while hardness is related to the degree of
density of the broad unity of the material. Rubber
elasticity affects the value of hardness, where the
elasticity value of natural rubber is a synthetic rubber.
Natural rubber naturally has high elasticity, but its
hardness value is low.

The addition of additives to the composite rubber
causes interactions between molecules that form strong
bonds, which results in increased tensile strength [43].
The addition of additives to natural rubber composites
with synthetic rubber, in addition, to increase the
density of cross-linking between molecules, also reduces
elasticity [44]. Besides, cross-linking density is also
influenced by the ratio of material and temperature
during the vulcanization process. Natural rubber
without composite with synthetic rubber has a higher
elasticity (Formula A) compared to composite rubber
formulas B, C, D, and E. The differences in elasticity of
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natural rubber and rubber composites cause differences in
tensile strength (Fig. 2).

Modulus 300%

The modulus test results of 300% natural rubber and
synthetic rubber composites (Fig. 3) show that the
modulus values of formulas B and C are lower (4.9 MPa)
than other formulas (Table 1). Modulus describes the
strength needed to stretch the sample to a certain state.
According to Dahham et al. [45], the increase in modulus
occurs due to an increase in bonds between rubber
molecules with additive molecules and filler molecules.
According to Chaturvedi et al. [46], differences in
modulus values indicate differences in cross-linking
density and differences in material ratios.

The combination of several molecules of filler and
softener in natural rubber composites with synthetic rubber
can improve thermal performance. Improved thermal
performance causes a synergistic effect between material
molecules [47]. Bonds between material molecules affect
the modulus value. The difference in strain strength in
products from rubber composite materials, as shown in
Fig. 3, is influenced by the strength of the cross-linking
between the molecules and the difference in the ratio of
natural rubber and synthetic rubber (Table 1).

The difference in the ratio of ingredients causes
differences in reactions between molecules and affects the
nature of the product formed. Formula A, as a
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Fig 3. Modulus of the composites
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comparison formula without addition synthetic rubber,
has lower modulus value than formula D, and E.
However, the value is higher than formula B and
Formula C. This is caused by differences in the degree of
cross-linking formed from each ratio of the formula. The
difference in the formation of the degree of cross-linking
is influenced by the interaction between the rubber
molecule and the filler [48-50].

In addition, fillers (kaolin, and silica) and softeners
added to this study had a significant effect on the
vulcanization process. Silica, as a reinforcing filler added
to rubber composites, aims to improve modulus and
other properties [51]. According to Setyowati et al. [52],
the addition of active fillers to rubber compounds can
improve the properties of rubber vulcanizates better.
The difference in modulus values is caused by
differences in the cross-linking that is formed from each
formula. Silica can gradually increase interactions
between fillers and rubber matrices [53]. The speed
cross-linking interaction that is formed is influenced by
sulfur, additives, fillers, softeners, the ratio of natural
rubber, and synthetic rubber used. The difference in the
ratio of natural rubber and synthetic rubber (Table 1)
determines the difference in modulus values (Fig. 3).

Elongation at Break

The elongation at break test results of the five
formulas (Table 1) shows that there are differences (Fig. 4).
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Fig 4. Elongation at break of the composites
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The difference in the value of elongation at break is due to
the difference in the ratio of natural rubber with synthetic
rubber used. The difference in the ratio of natural rubber
and synthetic rubber causes differences in the speed of
interaction between the additive, sulfur, and filler
molecules. In addition, with the difference in the ratio of
natural rubber and synthetic rubber, the softener's
performance to stretch the molecules of the composite
material follows the ratio of the material used. The
elongation at break is directly related to the bond between
the molecules, the density of the cross-linking formed,
and the degree of elasticity of natural rubber with
synthetic rubber composites.

Elongation at break occurs because energy is used to
stretch the bond between the vulcanizates molecules to
break. Elongation at break is influenced not only by the
ratio of natural rubber and synthetic rubber (Table 1) but
also by the interaction of fillers and softening that form
bonds between the molecular. Additives are added to
natural rubber composites with synthetic rubber with the
help of sulfur forming a cross-linked network. According
to Delchev et al. [54], the addition of active fillers and
softeners to rubber composites can increase elongation at
break, modulus, hardness, tensile strength.

The interaction between the materials used (Table
1), which forms natural rubber and synthetic rubber
composites, greatly determines the value of elongation at
break. In addition, the value of elongation at break is also
influenced by softening material used to stretch composite
molecules. The test results show that, for natural rubber
formula A without synthetic rubber, the elongation at
break value is the same as formula B and formula C, but
higher than formula D and formula E (Fig. 4). For formula
A, interactions occur between natural rubber molecules
and molecules of additives. For formulas B, C, D, and E,
the interactions occur between molecules of natural
rubber, synthetic rubber, and additives.

The elongation at break test results for formula D
(590%) is lower than formulas A, B, C (600%), but their
values are higher than formula E (520%). The ratio of
EPDM and NBR in natural rubber molecules affects the
rubber
compounds. EPDM and NBR at optimal ratios can

bond between molecules of composite
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produce strong bonds because of their interactions with
rubber fillers [55]. Increasing the NBR ratio and
decreasing the EPDM ratio in rubber composites (Table
1) affects the cross-link density and the elongation at
break value. According to Kim et al. [56], the difference
in the EPDM ratio of rubber composites can affect
breakout extension values. In formulas B and C, NBR
and EPDM produce an elongation at break value that is
equal to the value of the elongation at break formula A
(Fig. 4). This illustrates, in formulas B and C, the density
of bonds between molecules is the same as formula A.
For formulas B, C, D, and E, the interaction that occurs
is influenced by the speed of the reaction between
molecules of natural rubber composites and synthetic
rubber. In addition, additives, fillers, softeners, and
sulfur are added to accelerate the vulcanization process
to form vulcanizate rubber. When viewed from the ratio
of natural rubber and synthetic rubber, it affects the
value of elongation at break.

Tear Strength

The tear strength value, as shown in Fig. 5, showed
that formula E is higher (63.6 kN/m) than other
formulas, and formula D has the lowest tear strength
value (54.8 kN/m). The added softener material (Table
1) affects the bond between the rubber composite
molecules. At the same time, the movement of the filler
and the additive occupy the rubber composite chamber.
The amount of additives and fillers that occupy the space
between the rubber composite molecules influences the
difference in tear strength values.

Formula A, as a comparison formula without
synthetic rubber, has a tear strength value equal to
formula B but is lower than formula E (Fig. 5). The
difference in the value of tear strength from each
formula was caused by the ratio of natural rubber and
synthetic rubber, while for the addition of softener
material and filler material affected the mechanical
properties of rubber, especially against the value of tear
strength. Tear strength is directly related to the bonds
between molecules, cross-linking, and the level of
density of molecules that form rubber vulcanizates. In
addition, the ratio of natural rubber and synthetic rubber

Nasruddin and Tri Susanto



Indones. I. Chem., 2020, 20 (5), 967 - 978

g B 2 8

Tear Strength (kMNim)
&

"

32 1

50
A B C D E
Formula

Fig 5. Tear strength of the composites

and fillers greatly determines the binding capacity
between molecules, which ultimately determines the
nature of the rubber vulcanizates. The ratio of the
ingredients added (Table 1) influences the intensity of the
polymer chain in the form of bonds. It increases the
functional groups associated with the Van der Waals style
to the polymer chain in a composite of natural rubber
with synthetic rubber.

Specific Gravity

The results of testing the specific gravity of the five
samples before and after aging, as shown in Fig. 6, have a
significant difference. The specific gravity value of
formula B before aging and after aging is 1.160 g/cm’,
lower than formulas A, C, D, and E. The specific gravity
values for formula E before aging and after aging of 1.18
g/cm’ are higher than formulas A, B, Cand D (Fig. 6). The
aging process causes damage to the elastomeric tissue
[55]. Elastomeric tissue damage due to an increase in
temperature during the aging process. During the aging
process, there is a movement of bonds between the
material molecules. The movement of bonds between
molecules can damage the molecular structure of the
material. The occurrence of molecular expansion or
constriction due to the aging process depends on the
mechanical properties of the ingredients and the ratio of
the constituent materials.

The difference in the value of specific gravity is not
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Fig 6. Specific gravity of the composites

only influenced by the level of density between the
molecules of the material. However, it is also affected by
the compound milling process. The distribution of
material into the rubber vulcanizate molecule, the time
of vulcanization, and the change in temperature at the
time of compound maturation also affect specific gravity.
The ability of softener to stretch the molecular
structure of the rubber composite during grinding also
influences the speed of the additive and filler to enter the
molecular structure of the rubber composite. The speed
of distribution of the material into the rubber composite
molecule at the time of compound milling and the speed
of the vulcanization reaction that forms a three-
dimensional network have an effect on the density of
cross bonds and the level of density of the rubber
composite. In addition, differences in material ratios and
material types also affect differences in specific gravity
values. According to Hashim et al. [57], changes in the
value of specific gravity are influenced by the ingredients
used. Increasing the specific gravity of rubber can be
caused by an increase in cross-link between rubber and
filler material, where cross-linking density causes
reduced pores formed [15]. The number of pores formed
affects molecular density and specific gravity values.

Abrasion Resistance

Rubber vulcanizates test results for abrasion
resistance before and after aging in Fig. 7 show a
significant difference.
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Testing after aging is carried out at 70 °C for 24 h
and aimed to determine the loss of the surface after
abrasion. Loss of surface part of rubber vulcanizates
occurs due to friction/touch with the object in its path or
can be expressed by losing the volume of rubber
vulcanizates during friction. The lowest abrasion test
results are 169.0 mm’ and 175 mm’ for after aging and
before aging in formula C, respectively. Meanwhile, the
highest abrasion resistance after aging of 188.2 mm”® was
obtained from treatment A. The lowest abrasion resistance
before aging is 208.7 mm® in the formula E (Fig. 7).

The surface loss of rubber vulcanizates is affected by
the cross-linking formed during vulcanization, where the
strength of the cross-linking is influenced by the ratio of
the material used (Table 1). Abrasion resistance is related
to the strength of bonds between molecules characterized
by the formation of mono-sulfide and disulfide structures.
Sulfur, which forms cross-linking with densities between
molecules, determines abrasion resistance [58].

Compression Set

The results of the compression set test of the five
formulas (Table 1) for vulcanizates show significant
differences. The lowest compression set test result of
45.3% was found in formula A, and for the highest test
result of 54.91% was obtained from sample D (Fig. 7).
Tests of compression set of rubber vulcanizates were
carried out at 25% defl, the temperature of 70 °C, for 22 h.
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Fig 7. Abrasion resistance of the composites
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Fig 8. Compression set of the composites

The difference in the value of compression sets is
influenced by the interaction between materials and
material ratios (Table 1). Based on the test data, Fig. 8
illustrates the bond strength between composite rubber
molecules influenced by the strength of the cross-linking
formed from the reaction of sulfur with rubber
molecules and additives. The strength of cross-linking is
influenced by the vulcanization process and the ratio of
the material used. The mechanical properties of
vulcanization composites are influenced by composite
distribution, and material
homogeneity [59]. Homogeneity and the specific gravity
of materials affect the resistance of rubber vulcanizates

compounds, material

when under pressure. In addition, the value of the
compression set is related to the mass specific gravity,
which is illustrated by the values of specific gravity,
elongation at break, and other properties.

m CONCLUSION

The study of natural rubber composites with
synthetic rubber (NBR, and EPDM) using used cooking
oil softeners has an effect on differences in the
mechanical properties of the resulting rubber vulcanizate.
The difference in the ratio of natural rubber and
synthetic rubber affects the performance of the softener
to stretch the molecular structure of the composite
material (natural rubber with synthetic rubber) and
affects the bond between the molecular, as well as the
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formation of the cross-link reaction by the sulfur. The test
results of mechanical properties such as A formula, as a
comparative formula without composites with synthetic
rubber, have a value of 73 Shore A hardness, which is
lower than B, C, D, and E formulas. The tensile strength
value of 20.3 MPa is higher than the B, C, D, and E
formulas. Modulus 300% with a value of 5.7 MPa is higher
than B, and C formulas but lower than D, and E formulas.
The Elongation at break with a value of 600% is the same
as B and C formulas. However, the value is higher than D,
and E formulas. Tear strength of 59.2 kN/m is higher than
B, C, and D formulas but lower than E formula. The
specific gravity value before aging of 1.173 g/cm’, and
after aging of 1.171 g/cm’, is higher than B, and C
formulas, but lower than D, and E formulas. The abrasion
resistance before the aging of 202.2 mm® is higher than B,
C, and D formulas but lower than E formula. The abrasion
resistance after aging of 188.2 mm? is higher than B, C, D,
and E formulas. The compression set with a value of
45.3% is lower than B, C, D, and E formulas.
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