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ABSTRACT

Bitumen, one of the main components in manufacturing asphalt, is essential for the
growing development of infrastructure in Indonesia. Improving the quality of bitumen
and the utilization of multilayer plastic waste is the background of this research.
Modified bitumen by adding multilayer plastic waste is called Polymer Modified
Bitumen (PMB). This study aimed to determine the effect of adding multilayer plastic
waste as a bitumen mixture filler. The method used to mix this material is hot melt
mixing. The independent variables used were stirring temperatures of 170, 180, and
190 °C, and the composition of plastic waste is 3, 4, and 5 wt%. The characterizations
were FTIR, TGA, contact angle test, and SEM. The results showed that the higher the
composition level of multilayer plastic waste, the higher the dispersion properties of
the mixture and the lower the thermal stability of the mixture.
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INTRODUCTION

The problem of plastic waste in Indonesia has entered an alarming stage. According to data from
the World Bank Group, plastic waste covers 15% of the total solid waste in Indonesia. This
problem is getting worse with the total disposal of plastic waste into the oceans of 3.32 million
tons and the high percentage of unprocessed plastic waste of 83% in Indonesia [1-2]. A number
of studies have been conducted on the utilization and recycling of plastic waste. One of them is
the use of plastic waste as a bitumen modifier [3-6].

Bitumen is an asphalt binder made from petroleum and has the following properties:
viscoelastic and tends to be hydrophilic or polar. The viscoelastic properties of bitumen cause the
mechanical properties of bitumen to be strongly affected by temperature, where bitumen is brittle
at low temperatures and easy to creep at high temperatures. Having hydrophilic properties,
bitumen will adhere to air, which makes it more prone to deformation. In order to address this
shortcoming, polymers are added to bitumen to form Polymer Modified Bitumen (PMB) [7-11].

PMB has been studied mainly through the use of single-layer plastics rather than multilayer
plastics since multilayer plastics are more harmful to the environment [12]. The multilayer plastic
used in this research is a multilayer plastic made from polypropylene [13]. The PMB mixture
showed low compatibility between bitumen and polypropylene-based on previous studies. This is
due to the difference in polarity between bitumen and plastic, which causes high interfacial tension
between the two components of the mixture. The low compatibility of these two also causes a
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decrease in the mechanical values of the PMB, such as the ductility value and the penetration
value [14]. According to Yuanita et al., the effect of polypropylene addition on the final properties
of PMB depends on the composition of the multilayer plastic and the mixing parameters of the
bitumen [15].

RESEARCH METHODS

The material used in this research is bitumen pen 60/70 and multilayer plastic in the form of
instant noodle wrappers. The instant noodle plastic waste consists of 3 layers, namely: oriented
polypropylene (OPP) film plus OPP ink, MB Haimaster (PP with organic compound), and OPP
layer [10]. Preliminary characterization of the base materials, such as Fourier Transform Infrared
(FTIR) and sessile drop tests, were conducted in order to determine the compatibility between
these materials. Multilayer plastics are then cut into small pieces and weighed according to the
different compositions of PMB - for example, 3%, 4%, and 5% by weight. The multilayer plastic
pieces are mixed with 500 grams of bitumen by hot melt mixing. The PMB mixture was stirred
at temperature variations of 170, 180, and 190 °C for 30 minutes with 109 rotations per minute.
The PMB mixtures were characterized by FTIR, Thermogravimetric Analysis (TGA), and Field
Emission Scanning Electron Microscopy (FE-SEM).

FINDINGS AND DISCUSSIONS

Base Materials Characteristics

Figure 1 shows a graph of the FTIR results from bitumen, where the peaks displayed on the graph
show the groups or chemical bonds possessed by bitumen. The peaks of 2921 and 2851 cm™
indicate the C-H bond of the alkane group. The peak of 1595 cm™ indicates the C=C bond of
benzene. The peaks at 1450 and 1375 cm™ indicate the -CH3 group. The peak of 1021 cm™
indicates the C-O bond of the carboxylate group. Peaks 874, 809, and 745 cm™ indicate para,
meta, and ortho aromatic functional groups [16-17].
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Figure 1. FTIR spectra of bitumen

The result of TGA bitumen in Figure 2 shows the initial decomposition temperature (IDT) of
bitumen at 410 °C and maximum decomposition temperature (MDT) at 445 °C.
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Figure 2. TGA chart of Bitumen

The FTIR spectra in Figure 3 show peaks indicating the types of chemical bonds found in
multilayer plastic waste. The peaks of 2953 cm™, 2917cm™, and 2874 cm™ indicate the C-H bonds
of the alkane chain. The peak of 1457 cm™ and peak of 1374 cm™ indicate the functional group —
CHs. The peak of 1162 cm™ indicates the bending of the C-H bond. The peaks of 972 and 842
cm™? indicate the functional groups of aromatic compounds. Aromatic compounds commonly
found in plastic packaging waste are derived from anti-radiation additives to protect plastic
surfaces from ultraviolet radiation from sunlight [18].
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Figure 3. FTIR spectra of Multilayer Plastic

The TGA results for multilayer plastic waste are presented in Figure 4, with IDT for multilayer
plastic waste at 365 °C and MDT for multilayer plastic waste at 412.5 °C. These results suggest
that PMB has a lower degradation temperature than pure bitumen because multilayer plastic
components degrade earlier than bitumen components [19].
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Figure 4. TGA chart of multilayer plastic

Base Materials Compatibility

The sessile drop test was used in order to determine the material compatibility. A sessile drop
test was employed to examine the wettability of bitumen as a matrix for wetting PP filler during
the mixing of hot melt. The wettability of the compound can be seen from the value of each
surface tension possessed by bitumen and water. The surface tension can be calculated using the
Zissmann method to analyze the angle results obtained from the sessile drop test [20-21]. The
liquid compounds used in this sessile drop test are water and diethylene glycol with a water
surface tension of 72 mN/m and diethylene glycol of 48.5 mN/m. The results of the sessile drop
test were obtained from the analysis of the contact angle between the liquid droplets and the
bitumen and plastic surfaces using ImageJ software. The results of the sessile drop test can be
seen in table 1.

Table 1. Base Materials Contact Angle

Base Materials Liquid Angle 1 Angle 2 Angle 3 Average
Bitumen Water 69° 77,1° 75,4° 73,33°
Diethylene Glycol 49,2° 49,1° 44 2° 47,5°
Plastic Water 67,7° 64,6° 58,4° 63,56°
Diethylene Glycol 44,3° 48° 39,7° 44°

Using the contact angle data from table 1, the value of the critical surface tension (surface tension
when the surface is entirely wetted) can be determined. The bitumen surface tension value is
31.811 mN/m, and the plastic waste surface tension value is 24.427 mN/m. From the significant
difference in surface tension between PP and bitumen, which is 7.384 mN/m, it can be concluded
that the compatibility between PP and bitumen is quite poor.

In addition to the sessile drop test, the compatibility of base materials can also be seen by
comparing the peaks in the FTIR spectra between bitumen, plastic, and PMB. The FTIR graph in
Figure 5 shows that the PMB FTIR graph shows peaks which are also present in the bitumen and
plastic waste FTIR graph. The peaks of 2921 and 2851 cm indicate the C-H bond of the alkane
group. The peak of 1595 cm™ indicates the C=C bond of benzene. The peaks at 1450 and 1375
cm indicate the -CHs group. The peak of 1021 cm indicates the C-O bond of the carboxylate
group. Peaks 874, 809, and 745 cm™ indicate para, meta, and ortho aromatic functional groups.

The interaction between bitumen and plastic waste was only shown in the change in %
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transmittance at 2921 and 2851 cm-1 (alkane groups addition) and at the peaks of 1450 and 1375
cm® (-CHs groups addition). There was no addition or reduction of peaks, which indicated no
chemical reaction between bitumen and multilayer plastic waste.

——— Bitumen
— Plastic
—— PMB 4%, 150 °C

1375 ‘U’é‘g‘édl N

1457 8og 745
842

=X 2851
~ 2018
o -
Q
% 1162 072 842
8
c 2874 1457
g 2053
c 2017 1374
@
S
T A
1505
1021 EML A
T 1457 808 745
1 2851
2918
1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000

Wave number (cm™)
Figure 5. FTIR spectra of Bitumen, Plastic, and PMB

The Effect of Mixing Temperatures and Plastic Composition

The FE-SEM test was performed to determine the effect of mixing temperature on the
compatibility of PMB components. The morphological results of the PMB surface are shown in
Figures 6 and 7. The dispersion and distribution analysis results are shown in Tables 2 and 3. By
temperature variation, the best dispersion (smallest particle size) was at < 170 °C, and the best
distribution (highest closest distance) was at 180 °C. The higher the stirring temperature, the lower
the viscosity of the bitumen and plastic so that the plastic particles will spread easier in the
bitumen mixture. However, at high temperatures, the tendency of plastics to agglomerate is also
higher. Therefore, it is necessary to experiment to determine the optimal stirring temperature. By
plastic composition variation, the best dispersion (smallest particle size) is 5 wt%, and the best
distribution (highest closest distance) is 3 wt%. The higher the polymer composition in the PMB
mixture, the more difficult it is for particles to be evenly dispersed [22]. This is due to the poor
compatibility between bitumen and multilayer plastics, which causes polymer particles to tend to
agglomerate. Considering that too small a particle size can cause a decrease in mechanical
strength, it can be concluded that the optimum mixing temperature is 180 °C, and the optimum
plastic composition is 3 wt% [13].

Table 2. Table of SEM analysis of PMB with temperature variation

Average closest distance between

Temperature (°C)

Average size of particles (um?)

particles (um)

170 6.88 x 102 5.12 x 101
180 1.16 x 101 9.52 x 101
190 1.41x10? 7.13x10?
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Figure 6. FE-SEM image of PMB at (a) 170 °C, (b) 180 °C, and (c) 190 °C

Table 3. Table of SEM analysis of PMB with temperature variation

Composition (wt%)

Average size of particles (um?)

Average closest distance between
particles (um)

3 4.47 x 107 7.19 x 101
4 1.16 x 10°* 9.52 x 10
5 1.73x 10 1.61

Figure 7. FE-SEM image of PMB at (a) 3 wt%, (b) 4 wt%, and (c) 5 wt%
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CONCLUSION

Multilayer plastic has the potential to be a modifier in PMB mixtures. In creating a PMB mixture
of the highest quality, various process variables must be considered, such as the stirring
temperature and the composition of the mixture. The test results show that the optimum mixing
temperature for PMB with multilayer plastic is 180°C and the ideal multilayer plastic
composition is 3 wt% of bitumen. A further improvement in this quality can be achieved by
increasing the compatibility between bitumen and multilayer plastic through either adding
compatibilizers or modifying the plastic in some way.
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