International Journal of Engineering & Technology, 7 (4.14) (2018) 322-325

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC

Research paper

Effects of Epoxidised Natural Rubber on the Oil Resistance
Property of NBR/ENR Blends used for Safety Footwear
Application

H. Mohd Hanif, K.C. Yong”

Department of Engineering and Technology, Malaysian Rubber Board, Rubber Research Institute of Malaysia, 47000 Sungai Buloh,
Selangor, Malaysia
*Corresponding author E-mail: kcyong@Ilgm.gov.my

Abstract

Epoxidised natural rubber, ENR has emerged as a sustainable material for many applications due to its unique properties. This study sets
out to investigate the effects of ENR on the oil resistance property of nitrile rubber, NBR composites used for safety footwear application.
Blends of NBR/ENR i.e. 100/0, 90/10, 80/20, 70/30, 60/40 and 50/50 were prepared and tested for their oil resistance property and other
physical properties such as hardness, tensile properties and abrasion loss. Results showed that varying the amount of ENR did not signif-
icantly affect the hardness and tensile properties of the composites. Nonetheless, it was found that ENR content highly influences the
abrasion loss of the composites in which the abrasion resistance decreased with further addition of ENR contents. Despite the increase in
oil swelling of the composites with increasing ENR content, the oil swelling values are considered low (< 5% volume change), indicating
superior oil resistance property of the composites. These results confirm the possibility of ENR as a sustainable material for the produc-
tion of eco-friendly composites with high oil resistance property for the footwear industry.
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1. Introduction

Safety footwear is a type of personal protective equipment (PPE)
that is very important as it protects employees, usually those
working in the heavy industry from impact, compression, danger-
ous chemicals, hot or slippery surfaces and other work-related
hazards [1]. There are many types of safety footwear available in
the market to cater to different types of occupational risks. Safety
shoes are classified according to their features, which are labelled
with relevant industrial symbols.

The sole of a safety shoe is usually made of synthetic polymers
such as nitrile rubber (NBR), polyurethane (PU) and polyvinyl
chloride (PVC). Besides of their good resistance to chemicals or
oils and high storage longevity, synthetic polymers were also
claimed to be light-weight and non-marking (non-streaking) on
floors, compared to natural rubber (NR) based sole [2]. These
properties make synthetic polymers desirable for shoe application.
Nonetheless, there are some issues relating to these synthetic pol-
ymers. For instance, the use of PU as a base material for sole pro-
duction may cause inhomogeneous filler distribution [2] which
leads to poor physical properties. Polyester based PU has poor
aging resistance due to hydrolysis which leads to embrittlement
and cracking surfaces [3]. PVC and NBR have high hardness [2,
4] that may result in wearing discomfort and low slip resistance. In
a survey, 35 % of the respondents rated their safety shoes as un-
comfortable, which could result in injuries [5]. Other than that, the
use of synthetic polymers such as PVVC possesses dangers to the
environment mainly attributed to the vinyl chloride monomer and
the use of phthalates in the formulation [6]. Some European coun-

tries are even considering banning of PVC shoes as well as prod-
ucts containing phthalates to provide safer living environment [6].
Epoxidised natural rubber (ENR) is a modified form of cis-1,4-
polyisoprene rubber in which epoxide groups are being introduced
randomly to the unsaturated portion of the NR backbone. Two
types of ENR that are commercially available are ENR 25 and
ENR 50 which correspond to 25 % and 50 % epoxidation, respec-
tively. The presence of epoxide groups enhances the properties of
NR such as higher damping i.e. better wearing comfort, increase
oil and oxidation resistance and higher abrasion resistance i.e.
wearing resistance [2], [7]. These properties made ENR, an envi-
ronmentally friendly and sustainable alternative to synthetic pol-
ymers that is suitable for sole production. Previously, ENR was
used as a soling material to produce antistatic shoes and showed
better properties in terms of conductivity, wearing comfort, and
wearing resistance compared to conventional antistatic shoes [2].

In this study, the effects of ENR content on the properties of NBR
based composites for safety footwear application were investigat-
ed. NBR is used as a soling material to produce soles that are oil
resistant. The oil resistance property of nitrile rubber depends on
its acrylonitrile content [8]. Blends of NR with NBR are common-
ly used to achieve a material that has high oil resistance while
having good mechanical properties [9, 10]. However, the highly
polar NBR may have poor compatibility with the non-polar NR
due to their differences in polarity. Hence, the use of polar ENR
instead of NR could improve the compatibility of the blends thus,
enhancing their physical and chemical properties. The effects of
ENR on NBR composites were studied on the oil resistance prop-
erty and other important properties related to the soling material
application such as tensile strength, hardness and abrasion. The
findings of the study could suggest the potential use of ENR as an
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environmentally friendly and sustainable material for the produc-
tion of composites with high oil resistance property for the safety
footwear industry.

2. Experimental

2.1. Materials

Table 1: Formulation of NBR/ENR blends.

Ingredient (phr)/

Compound . 2 . “ g .

NBR 100 90 80 70 60 50

ENR 50 0 10 20 30 40 50

Carbon black N330 20 20 20 20 20 20

Zinc oxide 5 5 5 5 5 5

Stearic acid 4 4 4 4 4 4

Antilux 1 1 1 1 1 1
Benzothiazole Disulfide (MBTS) 0.6 0.6 0.6 0.6 0.6 0.6
2-Mercaptobenzothiazole (MBT) 0.5 0.5 0.5 0.5 0.5 0.5
Tetramethylthiuram monosulfide (TMTM) 0.2 0.2 0.2 0.2 0.2 0.2
Sulfur 2 2 2 2 2 2

Epoxidised natural rubber, ENR of 50 % epoxidation level was
obtained from Felda Rubber Industries Sdn Bhd. The nitrile rub-
ber used was Nipol DN3350 produced by Zeon Chemicals. Car-
bon black of grade N330 was supplied by Cabot (M) Sdn. Bhd.
Accelerators such as Benzothiazole Disulfide (MBTS), 2-
Mercaptobenzothiazole (MBT), Tetramethylthiuram monosulfide
(TMTM) were purchased from Galin Enterprise. Stearic acid and
sulfur were obtained from Centre West Sdn. Bhd. whereas zinc
oxide (transparent) was purchased from Bayer (M) Sdn. Bhd.

2.2. Sample preparation

Table 1 shows the formulation used in which the ENR content was
varied from 0 to 50 phr. All compounding ingredients excluding
the vulcanising agents were mixed in a Banbury 1600 internal
mixer at a starting temperature of 70 °C with a rotor speed of 70
rpm. The resulting masterbatches were mixed with vulcanising
agents with a two-roll mill at room temperature. Each compound
was put under rheometer test to determine the curing time and
later cured at 150 °C using a hot press.

2.3. Tensile test

Tensile test was carried out in accordance to ISO 37 method using
an Instron universal testing machine. Results obtained include the
tensile strength, tensile modulus and elongation at break of each
composite.

2.4, Hardness test

The hardness of the composites was measured in triplicates by
using a Shore A hardness durometer at room temperature.

2.5. DIN abrasion test

DIN abrasion test was conducted following the ISO 4649. The

results obtained were expressed in the abrasion volume loss (mm?).

2.6. Oil immersion test

The oil resistance of the composites were tested based on the 1ISO
1817 by immersing the composite in a fuel oil at room tempera-
ture for 22 hours. The percentage of volume changes of the com-
posites after swelling in oil were recorded.

3. Results and discussion

3.1. Physical properties

The effects of ENR content on the tensile properties and hardness
of NBR based composites are depicted in Table 2. Tensile proper-
ties signify the durability of a sole [11]. It was believed that mate-
rials with low tensile strength and elongation may crack or break
due to flexing [3].

The tensile strength of pure NBR composite was 14 MPa. The
tensile strength exhibited an increasing trend with further addition
of ENR content. The maximum tensile strength recorded was 17
MPa at 30 -50 phr of ENR. A similar observation can be seen with
the elongation at break in which the elongation at break was
higher with composites containing ENR. The elongation at break
of pure NBR composite (381 %) was increased up to 436 % with
the addition of 50 phr ENR content. These results are in agreement
with a previous study on ENR/NBR blends whereby blends with
higher ENR content showed higher tensile strength and elongation
at break [12]. One possible reason is due to the strain-induced
crystallization effect of ENR [12]. Nonetheless, the changes in
tensile strength and elongation at break were marginal and may
not have practical significance. Tensile modulus at 100% elonga-
tion, M100 corresponds to the stiffness of the material. It can be
seen that the tensile modulus of the composites were also not sig-
nificantly different from each other.

Hardness measures the resistance to deformation produced by
composite. It essentially indicates the impact absorption properties
[13] hence, the wearing comfort [11] and the slip resistance of the
shoes soles [14]. Sole with lower hardness has higher wearing
comfort and higher slip resistance [14]. This is because softer
soles have higher coefficient of friction that results in better grip
or slip resistance [14]. As shown in Table 2, composite without
ENR has the highest hardness (60 Shore A). Further addition of
ENR resulted in a minimal but decreasing trend in the hardness of
the composites. At the highest ENR content i.e. 50 phr, the hard-
ness of the NBR/ENR blend was decreased to 57 Shore A. Other
study had reported that further addition of ENR up to 60 phr
caused a significant reduction in the hardness of PP/ENR blends
[15]. The reduction in hardness could be attributed to the elastic
property of ENR in the blend [15].

These findings suggest that varying the ENR content up to 50 phr
has minimally improved the tensile properties and the hardness of
the composites. Changing the concentration and the type of the
reinforcing fillers such as the carbon black could result in a more
prominent effect on these properties.
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Table 2: Tensile properties and hardness of NBR/ENR blends.

Properties/ NBR/ENR NBR/ENR NBR/ENR NBR/ENR NBR/ENR NBR/ENR
Compounds (100/0) (90/10) (80/20) (70/30) (60/40) (50/50)
Tensile strength (MPa) 14+1 16+1 15+2 17+4 1742 17+£3
Elongation at break (%) 381+13 417 +42 407 +23 428 +55 384+25 436 +34
Tensile modulus (MPa) 22+0.1 22+0.1 21+0.1 21+0.2 24+03 2.0+0.1
Hardness (Shore A) 60+1 59+1 58 +1 59+1 58 +1 B & dl

3.2.  Abrasion resistance

As footwear soles come in direct contact with the walking surface,
some weight or volume of the material will be lost due to abrasion.
This will affect the shape of the sole i.e. sole is worn out hence,
making it uncomfortable for walking [3]. The DIN abrasion test
was conducted to predict the wearing resistance of the composite
which also corresponds to the life expectancy of the sole.
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Fig. 1: Abrasion volume loss as a function of ENR content.

Results of the volume loss by abrasion are displayed in Figure 1.
Pure NBR composite has a volume loss of 97 mm?. The plot in
Figure 1 shows that the volume loss was markedly increased from
97 mm®to 130 mm?® with further addition of ENR content up to 30
phr. As the ENR composition increased beyond 30 phr, the vol-
ume loss was minimally increased, exhibiting an almost stagnant
trend. The increase in abrasion loss with the addition of ENR sug-
gests that the wearing resistance of the composites was decreased
hence, shortened the life expectancy of the sole.

It was postulated that the abrasion loss in NR and styrene butadi-
ene rubber (SBR) is mainly caused by mechanochemical attack
rather than tearing failures due to the addition of carbon black
which increases the strength and the stiffness of the polymers [16].
During abrasion, the main-chain rupture of NR and SBR produce
radicals that react with oxygen causing the decomposition [16].
This could be the reason of the reduction in abrasion resistance of
the NBR/ENR blends. However, different types of rubber such as
the butadiene rubber (BR) shows better abrasion resistance be-
cause the radical forms due to the main-chain rupture reacts with
the polymer itself. As a consequence, further crosslinking reaction
happens rather than decomposition of the polymer [16]. This may
be the reason of the incorporation of BR in some sole formulations,
which is mainly to improve the abrasion loss [17] hence, the wear-
ing resistance of the composite. Nonetheless, the addition of BR in
shoe sole formulation is limited since it will significantly reduce
the oil resistance property of the soling material due to the non-
polar nature of the rubber.

Despite the increasing trend, at the highest ENR content of 50 phr,
the volume loss of NBR/ENR composite was only 137 mm®. This

value is still within the acceptable range as required by the safety
footwear industry in which the abrasion loss need to be less than
150 mm?®. Furthermore, according to a study, the abrasion resis-
tance can also be improved by reducing the size of fillers from
1>pm to nm [18]. Therefore, the use of ENR up to 50 phr is suit-
able for the production of composites for safety shoe application.

3.3. Oil resistance property

NBR is chosen as a soling material for safety footwear production
due to its superior oil resistance property. Resistance to oil is cru-
cial as the physical properties of a swollen rubber are reduced by
the presence of oil [19]. It was found that a 20 % change in vol-
ume due to oil swelling could cause up to 60 % reduction in prop-
erties such as hardness, stiffness and strength [20]. It was stated
that the oil swelling values of ENR 50 fall between polychloro-
prene (CR) and a medium grade NBR, indicating good oil resis-
tance property of ENR [7].
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Fig. 2: Volume change of NBR/ENR composites after immersion in oil

Figure 2 displays the effect of ENR content on the oil resistance of
the NBR/ENR blends. In this study, pure NBR composite has high
oil resistance with less than 1% of volume change after being
immersed in oil. It was reported that the increase in volume
change of commercial NBR based soles after swelling in oil is
range between 0.4 to 8.0 % [21]. As portrayed in Figure 2, the
percentage of volume change increased with increasing composi-
tion of ENR which means that the oil resistance of the composites
had decreased. This could be due to the introduction of the non-
polar isoprene groups of ENR to the highly polar NBR which
increase the compatibility of hydrocarbons with the blend hence,
exacerbate its resistance to oil.

Nonetheless, the deterioration of oil resistance property by ENR is
not severe since the difference in volume change between the
NBR/ENR blend of 50:50 ratio with pure NBR composite was
only 4%. The maximum percentage of increase in volume of the
NBR/ENR blend by oil was only 4.9 %, which shows better oil
resistance property compared to some commercial NBR based
soles as reported by a previous study [21].
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The results of the volume change also proved that the use of ENR
significantly improve the oil resistance property of NR. NR is a
non-oil resistant material. NR based soles recorded 60 — 87 %
increase in volume change after being immersed in oil [21]. Previ-
ously, a research has shown that the NR/NBR blend (50:50) had a
swelling percentage of 22.6% [22] which is almost five times
higher than the one reported in this study. In other study, blends of
ENR with recycled NBR (NBRr) also showed better oil resistance
compared to NR/NBRr blends [23]. This is attributed to the pres-
ence of oxirane group which increases the polarity of ENR thus,
its oil resistance property [23]. Another possible reason is due to
the increase in solubility parameter of ENR as the level of epoxi-
dation increases [24]. The smaller the difference in the solubility
parameters between oils and rubbers, the better the solubility of
the oil in the rubber i.e. higher oil uptake or swelling by rubber
[25]. It was found that ENR 50 has the lowest swelling compared
to ENR 10 -40 after being immersed in n-pentane which could be
due to its higher solubility parameter [24]. According to Gelling et
al. [26], the NR, ENR 26 and ENR 48 have a solubility parameter
of 16.9, 17.4 and 18.2 MPaY?, respectively. Therefore, ENR 48
has higher difference in solubility with n-pentane (14.4 MPaY?)
[26] compared to NR, which leads to lower n-pentane uptake [24].
As per the ISO 20345 standard, the change in volume swell by oil
should not exceed the 12 % limit for safety footwear application.
Since the maximum increase in volume by oil is less than 5%, it is
evident that the NBR/ENR blends (up to 50 phr ENR) are ideal for
the manufacturing of safety footwear that is highly oil-resistant
and has better oil resistance property compared to some commer-
cial NBR soles [21] and other NR/NBR blends [22].

4. Conclusion

The tensile properties, hardness, abrasion loss and most impor-
tantly, the oil resistance of NBR/ENR blends as a function of ENR
content for safety footwear application have been established.
Composites with ENR showed minimal but, improved tensile
properties and softness. On the other hand, the abrasion loss ex-
hibits an increasing trend with the increasing composition of ENR,
suggesting the adverse effect of ENR on the wearing resistance of
the composites. However, at the highest concentration of ENR (50
phr), the value of abrasion loss (137 mm?®) was still within the
acceptable range for safety footwear application. The percentage
of volume change by oil was found to be directly proportional to
the concentration of ENR, implying a decrease in oil resistance of
the composites. Nonetheless, the NBR/ENR blends (up to 50 phr
ENR) are still considered highly oil-resistant as the maximum
percentage of volume change by oil was only 5%, which is much
lower than the 12 % limit as per the ISO 20345 standard. The
findings of this study successfully confirm the potential of ENR as
an environmentally friendly and sustainable material for the pro-
duction of composites with high oil resistance property for safety
footwear application.
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