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Abstract. Rapid growth of plastics industries in Asia's emerging markets particularly in
Malaysia, in one way, it raised expectations for everyday comforts, in the other way it also
causes environmental issues. Plastic bottle for recycling can be found from the household
waste stream, and most of them are made from Polyethylene Terephthalate (PET).Recycling
this plastic into another form might be one of the cheapest and rapid solutions. However,
turning this plastic into some other usable form uses energy and this may not become a green
waste management solution. In this research, PET is utilized to explore its potential prospects
to upgrade asphalt mixture properties. This study investigates the use of waste plastic as
modifier for aggregates (plastic coating aggregate). The type of plastic used in this study was
waste PET plastic bottle. The shredded waste PET plastic (size 0.075mm to 1.18mm) was
mixed with hot aggregate to form a thin layer on the surface of the aggregates. The properties
of modified aggregate and unmodified aggregate was tested and compared. 1% and 2% of
plastic by weight of aggregate were used to coat the aggregate. The plastic-coated aggregates
are tested for impact value and crushing value. The test results had demonstrated that there was
an improvement in the properties of plastic coated aggregates.

1. Introduction
The quality of aggregate is very important because it can influence the performance of road
construction. Gravel, crushed rock, dust, sand or slag are the example of aggregate. Hot modified
asphalt or known by the HMA can be formed by mixing the asphalt binder with the selected and
graded aggregate. The main support of the HMA pavement components is based on the weight of the
aggregates. This is because approximately 95% of the weight of dense-graded HMA is made up of
aggregates. HMA pavement performance is greatly influenced by the characteristics of the aggregates.

Utilization of waste material as secondary material is being researched worldwide. Plastic bottles
are one of the waste materials produced in large amounts. Polyethylene terephthalate (PET) plastic
bottles are mostly used in the food industry and are known to be durable, safe and good for packing,
making it so popular since the last decade [1]. PET is a semi-crystalline, thermoplastic polyester [2]
and its glass transition temperature is in the range of 69-155°C [3]. The material starts to alter and
have more crystal properties after heating, which makes its mixture become stronger with higher
stability [4].

PET is a good modifier because it allows soft blend at low temperatures and stiffer blends are
obtained at high temperatures [5]. PET also acts as a good modifier because it does not produce any
gas when heated in a temperature range of 130-180°C; the material becomes easily softened at a
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temperature of around 130°C. PET has good binding property [6]; hence, it is used as a binder which
can also be mixed with another binder like bitumen to enhance the binding property. In the tropical
temperatures of around 22°C to 32°C [7], PET shows the sign of stability without being decomposed
or degraded at these temperatures [8] which makes PET mainly suitable for use in the tropical climate
like Malaysia.

Previous research studies showed that the strength of plastic-coated aggregate was found increased
compared to the natural aggregate. The main objective of this study is to evaluate the properties of
aggregate by coating PET plastic over it and by blending the plastic in different percentage and
comparing the mechanical strength with unmodified aggregate.

2. Materials

2.1Aggregate

There are three types of aggregate in HMA: coarse aggregates, fine aggregates, and mineral filler.
Course aggregates are aggregates which are 2.36 mm in size or larger while fine aggregates are those
which are sized between 2.36 and 0.075mm. Mineral fillers are the aggregates which are smaller in
size, that are, smaller than 0.075mm][9]. Mineral dust or rock dust are always used as mineral fillers
which can enhance the strength and density of the mixture. They are incorporated as part of the
combined aggregates gradation [9,10]. The aggregate size used for this research was 10mm.

2.2 Polyethylene Terephthalate (PET)

PET is an acronym for polyethylene terephthalate, which is a long-chain polymer belonging to the
generic group of polyesters. Polyethylene Terephthalate (PET) is a semi-crystalline, thermoplastic
polyester[2]. PET is one of the polyesters which formed by a polymerization reaction between an acid
and alcohol [11]. PET is a polymer which easy to handle and also durable and sturdy, has low gas
permeability, thermally stable and chemically [3]. For this research, plastic bottle which made by PET
was used. The bottles were collected and shredded into small pieces about 0.075mm to 1.18mm in
average size. Table 1 shows mechanical properties of PET.

Table 1. Mechanical Properties of PET [3]

Properties Values
Average molecular weight 30000 - 80000 gmol!
Density 1.41 gem?
Melting temperature 255-265°C
Glass transition temperature 69 - 155 °C
Young's modulus 1700 MPa
Water absorption (24 h) 0.5%

3. Methodology

The performed laboratory tests were the Aggregate Impact Value (AIV), and Aggregate Crushed
Value (ACV). The results were shown in the Table 2. Standard Specification of Road Work (SSRW)
in Malaysia [12] were used to define the mix gradation limits as shown in Table 3.

Table 2. Limitations of aggregate in terms ofpercentage loss for several tests

Test Average % Loss
Aggregate crushed value <30%
Aggregate impact value <25%
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Table 3. Proposed mix gradation

% Passing 20 14 10 5 3.35 1.18 0.425 0.15  0.075
mm mm mm mm mm mm mm mm mm

Proposed 100 95 81 56 47 26 18 10 6

Mix

Minimum 100 90 76 50 40 18 12 6 4

Limit

Maximum 100 100 86 62 54 34 24 14 8

Limit

3.1 Aggregate crushing value test

The aggregate crushing value is a value that indicates the crushing-resistance capability of an
aggregate. The specifications need to be considered in this test were: (1) length of the three layers
whether they were approximately equal; (2) the condition of the aggregate, that is, whether it was
perfectly dry and clean; and, (3) sieving, whether it was carefully done. The crushing value of good
quality aggregate to be used in surface course must not more than 30% aggregate loss. The objective
of the test was to determine the mechanical strength of the aggregate together with the aggregate
crushing value. This experiment was based on the SSRW in Malaysia [12], on par with the British
Standard (BS 812 Part: III) [13].

The test started with heating the aggregate at temperature of 160°C and PET plastic was added
according to designated percent to coat the aggregate. Figure 1 shows the PET plastic used for the
aggregate coating. After the aggregate was left to room temperature, it was weighed as M1and then
placed into a cylinder in three layers. Each layer needed to be tamped 25 times using the tamping rod.
The plunger was inserted after the aggregate surface was levelled. The sample was placed between the
platens of the testing machine and loaded in a uniform rate so that the required 400kN would be
achieved in 10 minutes. The load was discharged and then the crushed aggregate in the cylinder was
placed into a tray. The sample was transferred from the tray and sieved through 2.36mm sieve. The
sample which could pass through the 2.36mm sieve was weighed and marked as M2. Loss of
aggregate weight (M3) can be seen through the difference of coated aggregate weight before crushing
M1 and coated aggregate weight after crushing M2. The experiment was repeated for a new sample to
get average value. Figure 2 shows the process of aggregate coating.

Figure 1. Plasticsize 0.075mm to 1.18mm used to coat the aggregate
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Figure 2.Process of aggregate coating

3.2 Aggregate impact value test
The aggregate impact value is a measure of resistance to gradually applied compressive load. In this
study, the objective of the test was to determine the aggregate impact value of road stones in the
laboratory and to assess their suitability in road construction based on the impact value. This
experiment was aligned with the specifications in SSRW in Malaysia [12], and on par with the British
Standard (BS 812 Part: III) [13].

The test began with the aggregates being sieved and the particles which passed through the 14 mm
sieve were collected and retained on 10 mm sieve. The aggregates were washed and dried at a constant
temperature range of 105°C to 110°C and then the sample was left to cool down at room temperature.
The aggregate was heated at temperature of 160°C and then PET plastic was added according to
designated percent to coat the aggregate. After the aggregate cold at room temperature, it was weighed
as M1 then placed into the cylinder in three layers. Each layer tamped 25 times with the tamping rod.
The aggregate was weighed for measurement. The weight of this aggregate was used for the
duplicated test on the same material. The aggregate from the cylindrical measure was transferred to the
cup in 3 layers, each layer was compacted by tamping in 25 strokes with the tamping rod. The hammer
was released to fall freely on the aggregate. The test sample was subjected to a total of 15 blows. The
aggregate sample was removed from the cup and sieved through a 2.36 mm sieve. The particles which
passed through the 2.36 mm sieve were weighed as M3 (Weight Loss). The experiment was repeated
with the new aggregate samples. Figure 3 shows the aggregate coated by PET.

Figure 3. aggregate coated by PET
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4. Results and Discussion

The experiment results of aggregate test produced aggregate quality value to classify the stones in
respect of their toughness property. This experiment was conducted in accordance with the SSRW in
Malaysia [12]. Percent of aggregate loss was calculated by using equation 1. Table 4 shows the result
of aggregate impact value tests while Table 5 shows the result of aggregate crushing value test. A
comparison between unmodified aggregate (No PET) and PET coated aggregate is presented below.

%Loss = @(100)
M1 (1)
Where
M1 is weight of coated aggregate before test
M3 is weight of coated aggregate on pan after test

Table 4.Result of the aggregate impact value tests

% of Aggregate  Weight of Crushed Agg. (g) o Ave %
plastic Sample size (mm) Ml M2 M3 /o Loss loss
0 10-14 315.33 259.93 55.24 17.52 16.99

1

2 309.95 259.06 50.99 16.45

1 10-14 299.68 256.41 46.56 15.54 15.57
2 301.00 254.85 46.96 15.60
1
2

1

2 10-14 333.90 305.43 34.54 10.34 11.50

307.80 275.81 38.95 12.65

Table 5.Result of the aggregate crushing value

% of Sample Aggregate Weight of Crushed Agg. (g) % Loss  Ave %
plastic size (mm) Ml M2 M3 loss

0 1 10-14 2660.43  1970.00  680.00 25.56 25.46
2 2660.32  1982.00  674.67 25.36

1 1 10-14 2739.84  2263.30  505.78 18.46 18.68
2 2747.82  2250.66  519.40 18.90

2 1 10-14 2479.75  2098.65  422.81 17.05 17.33
2 2501.08  2103.19  440.43 17.61

4.1. Aggregate impact value tests - PET content relationships

The percent of aggregate loss of the unmodified aggregate is higher than the PET coatedaggregate.
The trend shows that as the content of PET increased, the percent loss of aggregatewould be
decreased. Figure 4 shows the percent loss of aggregate of PET coated aggregate. Table 6 shows the
categories of aggregate impactvalues.
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Figure 4. Aggregate impact value test
Table 6. Category of impact value [12]
Aggregate Impact Values Category
<10% Exceptionally strong
10-20% Strong
20-30% Satisfactorily for road surfacing
>35% Weak for road surfacing

The percentage loss of aggregate impact indicated that the experiment results could be accepted as
they were in the range of strong for road surfacing. According to the SSRW in Malaysia, percentage of
aggregate loss for impact value for wearing course should be below 25% [12]. The aggregate impact
test would be an important test to access the suitability of aggregate with regards to the toughness for
the usage in a pavement construction. Aggregate impact value test would help to determine the ability
of road stones to sustain pounding action or impact due to traffic load would indicate any possibility
for the stones to break into smaller pieces. It would also be a test to indicate the resistance of the stone
to fracture under repeated impact in order to produce a quality pavement.

4.2. Aggregatecrushing value tests - PET content relationships

The percent of aggregate loss of the PET coated aggregate is lower than unmodified aggregate. With
2% of PET plastic coating, it was observed that aggregates loss was found to be at 17.33%. Figure 5
shows the percent of aggregate loss of modified aggregate decreases continuously by the increasing of
the modifier content.
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Figure 5. Aggregate crushing value test

The aggregate crushing value is a value which indicates the ability of an aggregate to resist
crushing. Based on the test results, 17.33%, 18.68% and 25.46% of aggregate loss was recorded,
which complied with the SSRW in Malaysia. Therefore, it can be concluded that aggregate crushing
value has provided a relative measure of resistance to crushing under a gradually applied compressive
load. To achieve high quality of pavement aggregate possessing low aggregate crushing value would
be preferred. Good quality aggregate for surface course layer pavement would be aggregate which
would have an aggregate crushing value lower than 30%. As this study aimed to apply the mixture to
surface course layer, therefore such aggregate quality would be accepted and was good enough for this
study.

It was founded that there is significant improvement in the strength properties of the aggregates
coated with molten PET plastics. This is due to the fact that when the plastic was coated over the
aggregate, the aggregate surface is covered with a thin layer of plastic polymer. The layer of polymer
also fills the pores at the surface and there is no water absorption. Therefore, there is significant
improvement in the basic properties of theaggregate like impact and crushing values.

The brittleness of the aggregate is measured as Impact value. Coating of waste polymers over the
aggregate reduces the voidsand air cavities present in the aggregates (Table4). The layer formed helps
in preventing cracking. Strength of aggregate was increased when it was coated. This was proved by
decreasing of impact and crushing value of the aggregate compared to the plain aggregate. To
compared with the study by Rajasekaranet. al. [14], they used waste plastics namely films, cups and
foamsas their modifier. Their result also showed the same trend of this study which percent of
aggregate loss was decreased when amount of plastic increased. The comparison of their result and
this study is shown as in Table 7. Impact value test in this present study show lower percent of
aggregate loss compared to the research by Rajasekaranet. al. [14]. This might be because of different
type of plastic used. Rajasekaranet. al. used more than one type of plastic to mix in the aggregate to
coat the aggregates. Different type of aggregatehas different softening point. Therefore, mixing of
more than one plastic in the aggregate would render coating issue since the plasticscannot melt
properly at the same temperature. This led to the plastic cannot coat the aggregate very well.
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Table 7. Comparison result

% of plastic Study by Rajasekaran et. al. This study
ALV (%) ACV (%) ALV (%) ACV (%)
0 25.4 25 16.99 25.46
1 21.20 21 15.57 18.68
2 18.50 20 11.50 17.33

5. Conclusion

In dry process, the aggregate is modified by coating with PET plastic polymers and produced a new
modified raw material for flexible pavement. Coating of polymers on the surface of the aggregate has
resulted in many advantages and ultimately helps to improve the quality of flexible pavement. The
coating of plastics over aggregate also improves the quality of the aggregate.In term of economic
value, utilization of recycled PET could reduce road construction cost because this material is not
expensive and it also easy to be found. It can be concluded that the performance of the aggregates is
improved with the addition of waste plastic into them.

Acknowledgments

I would like to convey my gratefulness to my supervisor Ir Dr Akhtar Razul Razali and my co-
supervisor Dr Intan Suhana Razelan for their advice, encouragement,help and care in successfully
completing this experimental work. I greatly appreciate the patience shown by Ir Dr Akhtar Razul
Razali who has been willing to share information andexpertise with me, and who has always been
quick in his actions during supervisionsessions throughout this experiment. In particular, my sincere
thankful is also extends to all my colleagues who showed theirconcern and support all the way. My
special thanks must be extended to technical staffmembers at the Highway and Transportation
Engineering Laboratory of the Faculty of Civil Engineering and Earth Resources for theircollaboration
and assistance while carrying out my experimental work. My gratefulness also goes to the
Kementerian Pendidikan Malaysia (KPM) and Universiti Malaysia Pahang for the funding of this
project through the FRGS grant RDU180312. Above all, I am forever indebted to my beloved family,
the most precious persons in my life who havenever failed to give me the moral support.

References

[1]  Subramani, T., Rahman, A. F., (2017). An Experimental Study on The Properties of PET Fibre
Reinforced Concrete. International journal of Application or Innovation in Engineering &
Management (IJAIEM), 6(3).

[2] Webb, H., Arnott, J., Crawford, R., & Ivanova, E. (2013). Plastic Degradation and Its

Environmental Implications with Special Reference to Poly (ethylene terephthalate).
Polymers, 5(1), 1-18.

[3] Awaja, F., & Pavel, D. (2005). Recycling of PET. European Polymer Journal, 41(7), 1453-
1477. doi: 10.1016/j.eurpolym;.2005.02.005

[4] Ahmadinia, E., Zargar, M., Karim, M. R., Abdelaziz, M., &Shafigh, P. (2011). Using waste
plastic bottles as additive for stone mastic asphalt. Materials & Design, 32(10), 4844-4849.
doi: 10.1016/j.matdes.2011.06.016

[5]  Sulyman, M., Haponiuk, J. T., & Formela, K. (2016). Utilization of Recycled Polyethylene
Terephthalate in Engineering Materials: A Review. International Journal of Environmental
Science and Development, 7(2) .



1st International Postgraduate Conference on Mechanical Engineering (IPCME2018) 10P Publishing

IOP Conf. Series: Materials Science and Engineering 469 (2019) 012056 do0i:10.1088/1757-899X/469/1/012056

(6]

[7]

[8]

[9]

[10]

[11]

[12]

Chavan, M. A. J. (2013). Use Of Plastic Waste In Flexible Pavements. International journal of
Application or Innovation in Engineering & Management (IJAIEM), 2(4).

Lei, J., Yang, J., & Yang, E., (2016). Energy performance of building envelopes integrated with
phase change materials for cooling load reduction in tropical Singapore. Applied energy,
(162): 207-217.

Dankwah, J. R., Koshy, P., &Sahajwall, V. (2014). Reduction of FeO in EAF steelmaking slag
by blends of metallurgical coke and end-of-life polyethylene terephthalate. High
Temperature Materials and Processes. 33(2): 107-114.

Sutradhar, D., Mintu, M., Chowdhury G. J., &Sobhan, M. A.(2015). Effect of Using Waste
Material as Filler in Bituminous Mix Design. American Journal of Civil Engineering. 3(3):
88-94. doi:0.11648/j.ajce.20150303.16

Vavrik, W., Pine, W., & Carpenter, S. (2002). Aggregate Blending for Asphalt Mix Design:
Bailey Method. Transportation Research Record: Journal of the Transportation Research
Board, 1789(2), 146-153. doi: 10.3141/1789-16

Hirsch, M. (2016). Understanding Polyesters [Web log post]. Retrieved from
https://knowledge.ulprospector.com/5546/pe-understanding-polyesters/. Accessed 03
September 2018

Standard Specification For Road Work [SSRW]. (2008). Jabatan Kerja Raya Malaysia

(JKR/SPJ/2008-S4). Retrieved from https:// www.scribd.com/document/94957039/JKR -
2008. Accessed 03 September 2018.

British Standard Institution. (1975). BS 812 Part: Il Methods for Determination of Mechanical
Properties. Retrieved from https://www.scribd.com/document/ 233058948/BS-812-Part-3-
75-Mechanical-Properties. Accessed 21 May 2017.

Rajasekaran, S., Vasudevan, R. and Paulraj, S. (2013) Reuse of Waste Plastics Coated
Aggregates-Bitumen Mix Composite for Road Application—Green Method. American
Journal of Engineering and Research, 2, 1-13.



https://www.scribd.com/document/94957039/JKR-

