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Abstract. This research aims to analyze the effect of composition on used tire powder
asphalt composites and recycled plastic (rHDPE) on tensile strength and impact
strength. There are two types of composition in this research; the first is 500 grams of
used tire powder, 100 grams of asphalt with rHDPE variations of 20, 30, 40, 50, 60,
70, 80, 90, 100, 120 grams, and the second composition is 500 grams of used tire
powder, 200 grams of asphalt with rHDPE variations of 40, 60, 80, 100, 120 grams.
The results of the tensile and impact tests for a mixture of 500 grams of used tires and
100 grams of asphalt, the highest tensile stress and impact strength values were
obtained by the 120 grams rHDPE variation with a tensile stress value of 0.1332
N/mm?2 and an impact strength of 1.493 N/mm?2. For a mixture of 500 grams of used
tire powder and 200 grams of asphalt, the highest tensile stress and impact strength
values were the 120 grams rHDPE variation with a tensile stress value of 0.045
N/mm2 and an impact strength of 1.436 J/mm?2.
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Effect of Mixture Composition Composite of Used Tire
Powder, Asphalt and rHDPE on Tensile Test Value and
Impact Strength as a Material Asbestos Replacement

Waste accumulation continues to increase to dangerous levels. Waste tires are one of the
causes of severe environmental problems due to the rapid growth and many types of modern
waste worldwide [1]. Therefore, recycling rubber waste needs to be done. Rubber tire waste
management (WTR) is an increasingly developing severe problem [2]. Every year, it is
estimated that one billion tires reach the end of their useful life, of which around 50% are
currently recycled, and the rest just become trash [3].

Waste tire processing is a worldwide problem requiring more attention to recycling and
reusing materials — said material [4]. The main factors in utilizing waste tires
comprehensively include renewable fuels, renovation of waste tires, recycled rubber
production, thermal decomposition, and vulcanized crumb rubber (CR) production [5].
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Using recycled tires in asphalt mixtures using a dry process can improve the properties of
the asphalt mixture and affect the performance of resistance to permanent deformation and
cracking at high temperatures. One way to prevent environmental pollution is recycling.
Rubber-polyethylene terephthalate (PET) high-density polyethylene (HDPE) waste can be
used as a composite mixture [6]. To minimize used tire waste and improve the properties of
the asphalt mixture, used tire rubber can be recycled by mixing it with asphalt using a dry
process [7].

The addition of used recycled rubber tires in asphalt mixtures using a dry process can
improve the properties of rubber asphalt mixtures and have a significant effect on the
performance of resistance to deformation. Some people have researched the high impact,
and modified WCR asphalt has good low-temperature resistance [8] [9].

In the research, used tire powder and recycled plastic (tHDPE) will be processed into
composites. On the future, this composite can be used to replace the role of asbestos as
interior material (house ceilings). Asbestos is a dangerous material because it can cause
dust which will interfere with breathing. A substitute for asbestos was discovered so its use
is still maintained. It is hoped that this composite from recycled raw materials will be able
to replace the role of asbestos.

2. Methods

2.1. Research Methods

Research methods are research plans that provide direction for conducting research so that
the necessary data can be collected. In this research, an experimental method was used to
determine the effect of the composite composition of used tire powder, asphalt and rtHDPE,
which will be subjected to a tensile test to determine the tensile stress and then compared
with the tensile stress of asbestos. Apart from the tensile test to determine the mechanical
properties of the composite, this research also carried out an impact test.

2.2. Tensile Test Method

To find out the mechanical properties of a material, we have to test the material. In this
research, tensile testing was carried out to determine the tensile stress of the composite. The
tensile test was carried out in accordance with the ASTM D638 Type I standard with object
dimensions as [in figure 1 and table 1 below [10].
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Fig 1. Tensile Test Specimen

Table 1. Tensile Test Workpiece Sizes
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Dimension (see drawing) Type I (mm) Type Il (mm)  Type I (mm)
W — Width of narrow section®F 13 6 19
L — Length of narrow section 57 57 57
WO — Width overall, min® 19 19 29
LO - Length overall, min®! 165 183 246
G — Gage length® 50 50 50
D — Distance between grips 115 135 115
R — Radius of fillet 76 76 76

2.3. Impact Charpy Test Method

The Charpy impact test method is commonly used in America Pressing Tool Union, and is
a testing method where the workpiece is installed horizontally with both ends placed on a
support, while the notch on the workpiece is placed in the middle with the direction of

loading directly above the notch[11]
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Fig 3. Research Flow Diagram

2.5. Research Material

The research materials used in this research are:

Recycled HDPE (High Density Polyethilene)

HDPE is High Density Polyethylene —a resin tough, strong and stiff which comes from
petroleum which is often formed by blowing it. Recycled HDPE is obtained from seed
producing factories plastic in the solo area [12]. HDPE plastic used in this research it is a
type of recycled HDPE engine oil bottle in the shape of a small tube with length 2 mm and
diameter 1 mm. Seed form rHDPE plastic as shown in Figure 4.
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Fig 4. tHDPE Plastic Seeds

Bundle Tire Powder

Used tire powder used in this research obtained from the process of cutting the car tires
vulcanized to determine the size of tire powder used, first carry out sieving so that the
powder size can be determined as 6 — 7 mesh. Form from used tire powder is shown in
Figure 5.

Fig 5. Used Tire Powder

Asphalt

The type of asphalt used in this research is solid asphalt from the DPU (Public Works
Department) which is used for highways. This form of asphalt can be seen as figure 6.
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Fig 6. Solid Asphalt

2.6. Composite Composition

The initial step in making specimens begins with weighing 15 pieces of used tire powder
weighing 500 grams. Weighing 15 pieces of asphalt weighing 100 grams, and rHDPE
plastic pellets weighing 20, 30, 40, 50, 60, 70, 80,90, 100, 120 grams respectively as shown
in Table 2.

Table 2. The Composite Composition

No Used Tire (gram) Asphalt (gram) rHDPE (gram)
1 500 100 20
2 500 100 30
3 500 100 40
4 500 100 50
5 500 100 60
6 500 100 70
7 500 100 80
8 500 100 90
9 500 100 100
10 500 100 120
11 500 200 40
12 500 200 60
13 500 200 80
14 500 200 100
15 500 200 120

3. Results and Discussion

3.1. Tensile Test
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Chart Stress and Strain
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Fig 7. Stress and strain Specimen with a composition of 500 grams of used tire powder, 100 grams of
asphalt.

From the results of the tensile tests that have been carried out, tensile stress value data will
be obtained and the mechanical properties of the composite or specimen being tested will
be known. The tensile test results of the first specimen, namely with a composition of 500

grams of used tire powder and 100 grams of asphalt, will produce a graph of the stress and
strain relationship shown in Figure 7.

Data from tensile testing results for the second specimen with a composition of 500 grams
of used tire powder will produce a graph of the relationship between stress and strain in
Figure 8.
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Fig 8. Stress and strain Specimen with a composition of 500 grams of used tire powder, 200 grams of
asphalt.
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Figure 8 is a stress and strain relationship curve from tensile test results. From the curve we
can see the relationship between the load applied is directly proportional to the change in
length of the material. The curve shows that the higher the tensile stress value of the
specimen, the higher the strain value shows the specimen with the composition of 500
grams of used tire powder, 100 grams of asphalt has the highest stress value for the
specimen with a variation of 120 grams of rHDPE of 0.1332 N/mm2. The lowest stress
value was owned by the specimen with the 40 grams rHDPE variation of 0.2333 N/mm?2.
The stress and strain values show that variations in rHDPE influence the tensile stress of
the specimen, the greater the rtHDPE content, the higher the tensile stress. This proves that
rHDPE is useful as a reinforcement in a composite.

Figure 8 shows the stress and strain curve of the tensile test results of specimens with a
composition of 500 grams of used tire powder, 200 grams of asphalt with rHDPE variations
of 60 grams, 80 grams, 100 grams, 120 grams. The curve shows that the higher the tensile
stress of the specimen, the higher the strain value for the composition of 500 grams of used
tire powder and 100 grams of asphalt, the highest tensile stress value had the specimen with
the 120 grams rHDPE variation of 0.045, while the lowest tensile stress value had the 60
grams rHDPE variation. In this composition the tensile stress value is lower than the
previous composition. This is because the asphalt composition is greater, making the
specimen tend to be softer.

3.2. Impact Testing

For impact testing results, the difference in impact value of the work piece is caused by
several things. Among other things, this is because the strength of the work piece is not
evenly distributed so that the energy absorbed in the composite is different. From the impact
test results data, it can be seen that the specimen with a composite composition of 120 grams
has the highest impact strength value of 1.493 J/mm?

The lowest value in this variation is found in the composition of 20 grams with an impact
value of 0.992 J/mm?. The results of the impact test can be seen in Figure 8. The rHDPE
content influences the impact strength of the work piece, the greater the rHDPE content of
the work piece, the higher the impact strength.

From Figure 9, it can be seen that the more rHDPE content inthe specimen, the greater the
impact strength value it will get higher. In this variation, the highest impact value of 1.246
J/mm? was obtained by the specimen with an rHDPE content of 120 grams. However, the
highest impact value in this variation is still less than the impact value of the first variation.
This is because the asphalt composition is greater. The asphalt content in the specimen does
not affect the tensile stress or impact strength. Asphalt only functions as an adhesive, and
as a reinforcement it is influenced by the rHDPE composition.
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Chart Of The effect of rHDPE Variations On Impact Strength
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Fig 9. Effect of tHDPE composition on Impact strength value for variations of 500 grams of powder
old tires, 100 grams of asphalt.

The energy absorbed by specimens with rHDPE composition will affect the impact value.
It is proven that the rHDPE composition contained in the specimen will play an important
role as reinforcement.

In Figure 10 you can see a graph of the effect of rHDPE composition on impact strength for
variations of 500 grams of used tire powder, 200 grams of asphalt, variations of 500 grams
of used tire powder, 200 grams of asphalt. Impact test results data can be obtained.
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Fig 10. Chart of the influence of rHDPE composition on impact strength on variations of 500 grams
of used tire powder, 200 grams of asphalt.

3.3. Micro Photo Result

From the results of the micro photos in Figure 10 below, you can see the micro structure of
the composite with different variations.
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Fig 11. (a) Micro composite photo of 500 grams of used tire powder, 100 grams of asphalt, and 20
grams of rHDPE.(b) Micro composite photo of 500 grams of used tire powder, 100 grams of asphalt,
and 120 grams of rHDPE. (¢) Micro composite photo of 500 grams of used tire powder, 200 grams
of asphalt, and 40 grams of rHDPE. (d) Micro composite photo of 500 grams of used tire powder, 200
grams of asphalt, and 120 grams of rHDPE.

From the results of micro-photographs of specimens of all variations, it can be seen that
specimens with a small amount of rHDPE composition, the structure is dominated by
asphalt in most parts. This can cause specimens containing rHDPE to have quite small
tensile stress and impact strength. The cause is that the specimen is soft due to the influence
of asphalt.

In contrast to specimens that have a high rHDPE content, from the results of micro photos
of these specimens, asphalt no longer dominates. It can be seen that the three compositions
are starting to spread evenly to all parts of the workpiece. From this we can know that
rHDPE acts as a reinforcement for the specimen

3.4. Comparison of the Mechanical Properties of Used Tire

It is hoped that the composite from the results of this research will produce a composite that
can be used as a substitute for asbestos used for plasterboard (house ceilings). From tensile
testing and asbestos impact testing, the tensile stress value was 2.822 N/mm? and impact
strength of 0.40 J/mm?. It is known that the highest composite tensile stress value is 0.1332
N/mm?, so it is still inferior when compared to the tensile stress value of asbestos. The
highest impact value of the composite in this study was 1.493 J/mm?, which is greater than
the impact strength of asbestos. The higher the impact value of the workpiece indicates the
higher its ductility, while the low impact value indicates the workpiece is brittle. From the
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comparison of these strength values, with a high impact value, the composite of used tire
powder, rtHDPE, and asphalt can still be used for house ceilings as a replacement for
asbestos to beautify the appearance. We just need to add color to this composite to create a
shape according to its use.

4. Conclusion

From the results of the research and data analysis that has been carried out, conclusions can
be drawn, including the following:

1. Composites with the highest tHDPE composition have high tensile stress and impact
strength values.

2. In a mixture of 500 grams of used tire powder and 100 grams of asphalt, the highest
tensile stress and impact strength values were obtained in the 120 grams rHDPE
variation.

In a mixture of 500 grams of used tire powder and 200 grams of asphalt, the highest tensile
stress and impact strength values were obtained for the 120 grams rHDPE variat.

References

1. R. Roychand, R. J. Gravina, Y. Zhuge, X. Ma, O. Youssf, and J. E. Mills, “A
comprehensive review on the mechanical properties of waste tire rubber concrete,”
Constr. Build. Mater., vol. 237, p- 117651, 2020, doi:
10.1016/j.conbuildmat.2019.117651.

2. Q. Z. Wang, N. N. Wang, M. L. Tseng, Y. M. Huang, and N. L. Li, “Waste tire
recycling assessment: Road application potential and carbon emissions reduction
analysis of crumb rubber modified asphalt in China,” J. Clean. Prod., vol. 249, 2020,
doi: 10.1016/j.jclepro.2019.119411.

3. A.Siddika, M. A. Al Mamun, R. Alyousef, Y. H. M. Amran, F. Aslani, and H.
Alabduljabbar, ‘“Properties and utilizations of waste tire rubber in concrete: A
review,” Constr. Build. Mater., vol. 224, pp. 711-731, 2019, doi:
10.1016/j.conbuildmat.2019.07.108.

4. K. Singh, R. Bedi, and B. S. Kaith, “Mechanical properties of composite materials
based on waste plastic - a review,” Mater. Today Proc., vol. 26, no. xxxx, pp. 1293—
1301, 2019, doi: 10.1016/j.matpr.2020.02.258.

5. Hejna, J. Korol, M. Przybysz-Romatowska, L. Zedler, B. Chmielnicki, and K.
Formela, “Waste tire rubber as low-cost and environmentally-friendly modifier in
thermoset polymers — A review,” Waste Manag., vol. 108, pp. 106-118, 2020, doi:
10.1016/j.wasman.2020.04.032.



78

10.

11.

12.

O. A. Saputra and A. Nurharyanto

J. Zhang, V. Hirschberg, and D. Rodrigue, “Blending Recycled High-Density
Polyethylene HDPE (rtHDPE) with Virgin (vHDPE) as an Effective Approach to
Improve the Mechanical Properties,” Recycling, vol. 8, no. 1, 2023, doi:
10.3390/recycling8010002.

J. Shao et al., “Effect of waste rubber particles on the mechanical performance and
deformation properties of epoxy concrete for repair,” Constr. Build. Mater., vol. 241,
p. 118008, 2020, doi: 10.1016/j.conbuildmat.2020.118008.

A.Petsiuk, B. Lavu, R. Dick, and J. M. Pearce, “Waste Plastic Direct Extrusion
Hangprinter,” Inventions, vol. 7, no. 3, 2022, doi: 10.3390/inventions7030070.

N. Scarpitti, N. Gavio, A. Pol, and S. H. R. Sanei, “Recycling Unrecycled Plastic
and Composite Wastes as Concrete Reinforcement,” J. Compos. Sci., vol. 7, no. 1,
2023, doi: 10.3390/jcs7010011.

P. Materials, E. 1. Materials, P. Matrix, C. Materials, and P. Specimens, “Standard
Test Method for Tensile Properties of Plastics 1,” no. January 2004, pp. 1-15, 2006,
doi: 10.1520/D0638-14.1.

T. Krausz, I. I. Ailinei, S. V. Galatanu, and L. Marsavina, “Charpy impact properties
and numerical modeling of polycarbonate composites,” Mater. Des. Process.
Commun., vol. 3, no. 4, pp. 1-10, 2021, doi: 10.1002/mdp2.260.

Y. Lei, Q. Wu, F. Yao, and Y. Xu, “Preparation and properties of recycled
HDPE/natural fiber composites,” Compos. Part A Appl. Sci. Manuf., vol. 38, no. 7,
pp. 1664-1674, 2007, doi: 10.1016/j.compositesa.2007.02.001.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Effect of Mixture Composition Composite of Used Tire Powder, Asphalt and rHDPE on Tensile Test Value and Impact Strength as a Material Asbestos Replacement



