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ABSTRACT

Dimethyl ether (DME) is a type of renewable energy that could replace the use of fossil fuel in
Indonesia. Nevertheless, DME can cause degradation of rubber-based materials. Therefore, the
performance of rubber that has been degraded by DME must be improved. This research study
aims are to determine the degradation characteristics of modified vulcanized natural rubber in a
DME environment. The effect of the filler (carbon black) and plasticizer (minarex-B)
components of vulcanized natural rubber was examined. The vulcanized rubber samples were
comprised of 10, 30, and 60 parts per hundred rubbers (phr) of filler and 0, 10 and 20 phr of
plasticizer. The degradation of the mass and mechanical properties of the rubber were
investigated. Degradation testing was conducted by immersing the samples inside a pressure
vessel that was filled with the liquid phase of DME. The results indicate that the increasing of
the filler composition reduces the impact of degradation, while the increasing of the plasticizer
composition has the opposite effect. The plasticizer is needed to distribute the filler to all parts
of the rubber. Consequently, a filler composition of 30 phr and a plasticizer composition of 10
phr provide a vulcanized natural rubber with optional protection against the degradation caused
by DME. The characteristics of natural rubber, as measured by Fourier Transform Infra-Red
Spectroscopy (FTIR) proved that DME does not damage the structure of the polymer chains,
although DME may react with some ingredients in the rubber that have a similar polarity.
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1. INTRODUCTION

The fossil fuel reserves have been depleted in Indonesia. One type of alternative energy that is
being developed is dimethyl ether (DME), which is being considered for the use as direct or
mixed fuel in motor vehicles and also as a substitute for household liquefied petroleum gas
(LPG) (PerMen-ESDM, 2013; Anggarani et al., 2014). As an alternative fuel, DME can be used
to address energy security, energy conservation, and environmental concerns about the need for
low carbon emissions (Thomas et al., Feng, 2014; Semelsberger et al., 2006). On the other
hand, the value of the vapor pressure of DME is almost same with LPG, and DME can be
handled as a liquid phase fuel when lightly pressurized (Park & Lee, 2014). The application of
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DME will be an important national energy security strategy due to the fact that Indonesia is rich
in coal, natural gas and biomass, which can be used as raw materials to produce DME
(Anggarani et al., 2014).

Rubber materials are often used in motor vehicles or gas canisters as a sealant to prevent fuel
leakage (Chandrasekaran, 2009). However, rubber materials will be degraded in a DME
environment. Rubber material degradation will decrease the performance of sealants, creating
unsafe conditions (Wu et al., 2008; Haseeb et al., 2011). The state in which similar polarities
exist between a solvent and a rubber material is known as “like dissolves like”. This mechanism
governs rubber degradation. Furthermore, few studies have investigated rubber degradation
caused by DME, so further research is needed.

Degradation of the mechanical properties of rubber after immersion in oil or solvent is caused
by the permeation of the oil or solvent into the rubber. The permeation causes swelling or
enlargement of the rubber’s volume and mass. Swelling occurs because the liquid’s molecules
are diffused into the rubber (Wood-Adams, 2006) affecting the rubber’s solubility (Ebewele,
2000). In addition to the swelling, fluid permeation into the rubber can also cause shrinking or a
decrease in volume and mass. This is caused by the fluids reacting to the components of the
vulcanized rubber. Swelling or shrinking of volume and mass may cause a decrease in the
rubber’s properties, including hardness, tensile strength, and tear strength.

During the natural rubber vulcanization process, the ingredients used to vulcanize rubber alter
the mechanical properties of natural rubber. Filler is one of the ingredients used to vulcanize
rubber that has an impact on the mechanical properties of natural rubber. Filler is
reinforcement, which is used to strengthen the natural rubber that is vulcanized. Filler closes the
space in the rubber’s macromolecules that is capable of reducing the diffusivity of liquids or
gases that get into the network crosslink in the rubber (Mark et al., 2013). Plasticizer is one of
the ingredients in vulcanized rubber that reinforces the rubber. Plasticizers are used in the
rubber industry to meet two basic processing and compound requirements: to act as a
processing additive or to act as a rubber extender and softener (Simpson, 2002).

This present study aimed to determine the characteristics of degradation caused by DME that
occur in rubber materials, especially vulcanized natural rubber with different filler and
plasticizer compositions. The degradation effect was observed by examining variations in the
composition of the vulcanized natural rubber. In this experiment, mechanical characterizations,
such mass change, tensile strength, elongation at break, and hardness, were observed as well.

2. EXPERIMENT

2.1. Materials

Standard Indonesia Rubber type 10 (SIR10) was the raw material used in this study. All of the
compound components consisted of natural rubber (SIR10), vulcanizer (sulfur), activator
(stearic acid), activator (zinc oxide), accelerator (2-mercapto-benzothiazole/MBT), filler
(carbon black N330), and plasticizer (minarex-B). All of the components were mixed in an
open Berstorff roll mill with rotor speeds of 20 rpm and 28 rpm. After that, the rubber
compound from each sample was vulcanized in a press molding machine at 150°C. The
formulations of the vulcanized natural rubber are presented in Table 1.

2.2.  Mechanical Property Measurements

Compression molded sheets from the press molding were used to measure tensile strength,
elongation at break (fracture strain), and hardness. Each sample was cut into a dumbbell shape
for the tensile test. The value of the tensile strength (MPa) and elongation at break (%) were
measured using a LLOYD 2000R tensometer according to the ASTM D.412-06ae2 standard.
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Hardness (Shore A) was measured using a durometer, according to the ASTM D.2240-
O5standard.

Table 1 Formulation used in the preparation of the vulcanized natural rubber samples

Ingredients Formulation (phr*)

Natural rubber (SIR10) 100

Zinc oxide (ZnO) 5

Stearic acid 2

Carbon black 0;30;60
Minarex-B 0;10;20
2-mercaptobenzothiazole/MBT 1.8

Sulfur 2.4

“phr : part per hundred rubber

2.3. Mass Change Measurement

The vulcanized rubber samples were soaked in liquid phase DME in a pressurized vessel
(volume: 1.3 L).The mass change of these samples was investigated after the samples had been
soaked in DME for 7 days and then exposed to room temperature for 24 hours (Wu et al.,
2008). The mass change is specified as a percentage (%), as shown in Equation 1 (Li & Zhou,
2008; Wu et al., 2008; Trakarnpruk & Porntangjitlikit, 2008; Abu-Abdeen & Elamer, 2010).

_ me—my (1)
The mass change (%) = % 100%
m

(

where m¢ (final mass) is the mass of the sample after it is soaked and m; (initial mass) is the
mass of the sample before it is soaked. The wet samples are the samples after they are soaked in
DME and the dry samples are the samples after they are exposed to room temperature for 24
hours. The tensile strength, elongation at break, and hardness of the samples were tested after
the change in the mass was measured.

2.4. Characterization of Spectrum and Morphology

Fourier Transform Infrared Spectroscopy (FTIR) was used to characterize the spectrum of the
vulcanized natural rubber. Toward that end, this study used a Nicolet iS5 FTIR spectrometer
(Thermo Scientific) in the range of 500-4000 cm™. The samples were prepared using pyrolysis
and the Soxhlet-extraction method. A scanning electron microscope (SEM) (model type ZEISS
EVO 50) was used to observe the morphology of the vulcanized natural rubber before and after
immersion in DME.

3. RESULTS AND DISCUSSION

3.1. Mechanical Properties and Mechanical Properties Changes

The mechanical properties are presented in Table 2. Figures 1-5 show the changes in the
mechanical properties after the samples were soaked in liquid phase DME.
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Table 2 Mechanical properties of the vulcanized natural rubber before immersion in liquid
phase DME

Plasticizer/Filler (phr)
0/0 0/10 0/30 0/60 10/10 10/30 10/60 20/10 20/30 20/60

1223 15.70 2231 18.69 9.66 16.46 15.09 521 9.09 6.53

Test

Tensile strength
(MPa)

(Eof)”ga“on atbreak oo ey 670 460 680 670 510 660 500 480

Hardness, Shore A 31 37 50 68 33 45 63 28 37 55

Table 2 shows the tensile strength value of the samples with plasticizer and filler variations.
The addition of plasticizer decreases the tensile strength. Moreover, the hardness increase with
the addition of filler and decrease with the addition of plasticizer (Table 2). The addition of
filler and plasticizer decreases the elongation at break.
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Figure 1 Mass changes for the wet samples (%)

Figure 1 shows the mass changes (%) after 7 days for the wet samples. The samples were
measured using an analytical balance after they were taken directly from the vessel. Figure 1(a)
shows that the value of the mass change was positive when the plasticizer loading was 0 phr.
This result indicates that DME was absorbed into the rubber. However, when the plasticizer
loading was increased to 10 phr, the value of the mass change was negative. The negative value
of the mass change indicates that DME caused the rubber to shrink. This figure shows that
increasing the plasticizer loading will cause an increase in the shrinking in the rubber. However,
the absorption of DME in the rubber and the shrinking of rubber can be reduced in the presence
of carbon black filler. When the carbon black filler loading increase, the absorption of DME
and the shrinking of rubber decrease.
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Figure 2 Mass changes for the dry samples (after 24 hours)
Figure 2 shows the mass changes (%) for the dry samples. The samples were measured using an
analytical balance after the samples were aired for 24 hours at room temperature. As shown, the
value of the mass change for all of the dry samples is negative. The results shown in Figure 2
(@) and (b) indicate that an increase of the plasticizer loading will increase the shrinking of the
rubber. A similar outcome occurred for the wet samples (Figure 1).

The phenomenon, “like dissolves like”, caused DME to be absorbed into the network of the
vulcanized natural rubber samples during immersion (Li & Zhou, 2008). The network in the
samples was formed by cross-linking during the vulcanization process (Mark et al., 2013).This
induces the increase in the percentage change in the mass of the vulcanized rubber. When liquid
phase DME is absorbed in the network of rubber, a reaction occurs between the DME and some
of the compounds in the vulcanized rubber. This causes a decrease in the mass.

Previous researchers, such as Mikhailova et al. (2009), investigated the increase of filler
composition and found that it inhibited absorption and reaction in vulcanized rubber. Likewise,
Muniandy et al. (2012) also found that carbon black filler loading resulted in a greater
interaction between the rubber and the filler. The higher the extent of the interaction between
the filler and the rubber matrix, the lower the swelling value (Muniandy et al., 2012; Ismail &
Abdul Khalil, 2000).
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Figure 3 Tensile strength changes after the samples are soaked in DME

Figure 3 shows the tensile strength changes after the samples were soaked in DME. All of the
samples have a negative value. This shows that the tensile strength of the sample decreases after
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the rubber is soaked in DME. Figure 3 shows that plasticizer and filler loading will also result
in the reduction of tensile strength.

The negative values of the tensile strength changes prove the existence of both degradations.
According to Haseeb et al. (2011), the absorption of solvent in polymer followed by the
extraction of ingredients out of rubber will weaken its polymer chain structures. Therefore, the
tensile strength will decrease after the rubber is soaked.
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Figure 4 Changes in the elongation at break after the samples are soaked in DME

Figure 4 shows the changes in the elongation at break after the samples were soaked in liquid
phase DME. This figure also shows that immersion in DME decrease the elongation at break.
As seen in Figure 4(a), the elongation at break decrease with the addition of plasticizer. Based
on Figure 4(a), Figure 4(b) indicates that the decrease of elongation at break also to decrease
with the addition of filler.

Similar to the changes in tensile strength, the absorption of DME in rubber and the shrinking of
rubber could weaken its structure. A weakness in the structure of rubber reduces its elasticity.
The addition of filler decreases the elongation at break. Meanwhile, the addition of plasticizer
decreases the magnitude of the elongation at break.
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Figure 5 Changes in hardness: (a) variations in the plasticizer composition; (b) variations in the filler
composition
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Figure 5 shows that the hardness of the rubber changes after immersion in liquid phase DME.
This result is different from the tensile strength and the elongation at break change results. The
hardness value of the samples is greater after they are immersed in DME. Almost all of the
samples have a positive hardness change value. When the plasticizer composition value stays
the same, increasing the filler composition tends to increase the value of the hardness change.
When the filler composition value stays the same, in general, the value of the hardness change
increases. This outcome was also observed when the plasticizer composition was increased.

The hardness increase was caused by the presence of filler. During the immersion, plasticizer
(minarex-B) maybe dissolved in DME due to the polarity interactions between these two
components. However, filler (carbon black) may be inserted into the cavities in the rubber,
thereby reducing the rubber’s absorption capability. On the other hand, this condition will also
improve the dominance of carbon black on the rubber’s surface. Carbon black is used to
improve the hardness of materials. Consequently, the hardness of almost all of the vulcanized
natural rubber samples increased after immersion in liquid phase DME. Thus, the addition of
filler increases the hardness change.

3.2.  Spectrum of Vulcanized Natural Rubber

An analysis of the spectrum of vulcanized natural rubber that was not filled was performed
using FTIR. As shown in Figure6, there was no alteration in the polymer chain structure of the
natural rubber after immersion in DME. This result indicates that DME did not react to the
polymer chain, C-bond (C-C), double bond (C=C), or hydrogen bond (C-H) of the natural
rubber.

This observation is different from the results shown in Figures 1-5. As demonstrated by the
information presented in those figures, the degradation of the mechanical properties of
vulcanized natural rubber was caused by DME. The results shown in Figure 6 prove that DME
could not attack the polymer chain of natural rubber. This is consistent with the fact that natural
rubber is non-polar and DME is a sufficient polar solvent. When natural rubber is immersed in
DME, a reaction between DME and some of the ingredients in the vulcanized natural rubber
can possibly occur.
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Figure 6 Spectrum of vulcanized natural rubber before and after immersion in DME

3.3.  Surface Morphology

Figure 7 shows the Scanning Electron Micrograph (SEM) images of vulcanized natural rubber
before and after immersion in DME. Figure 7a shows the SEM images of the vulcanized natural
rubber without filler before immersion in DME. Figure 7b shows the vulcanized natural rubber
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without filler after immersion in DME. Figure 7c shows the natural rubber with carbon black
filler and plasticizer before immersion. Figure 7d shows the natural rubber with carbon black
filler and plasticizer after immersion.

As seen in Figure 7d, the morphology shows that the addition of carbon black filler and
plasticizer had a large shrinking effect on the structure of the vulcanized rubber. However, the
structure of the vulcanized natural rubber without filler slightly shrunk. These results show that
a significant level of interaction occurs between DME and the filler and plasticizer.
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Figure 7 SEM images of the vulcanized natural rubber before and after immersion in DME

4. CONCLUSION

The following conclusions can be made for this study: (i) Absorption and reaction are the types
of degradation that occur in vulcanized natural rubber in the presence of DME; (ii)The
degradation of vulcanized natural rubber affects the mass change, the tensile strength, the
elongation at break, as well as the hardness; (iii) The addition of filler composition decrease the
degradation level, while the addition of plasticizer will make an severe degradation;(iv)The
filler and plasticizer composition values that will best protect vulcanized natural rubber from
degradation are 30 phr and 10 phr, respectively, and (v) The characteristics of natural rubber, as
measured by FTIR, prove that DME does not damage the structure of its polymer chains.
However, from the morphology, as observed by SEM, shows that the surface of the vulcanized
natural rubber shrinks after immersion in DME.
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