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Abstract: In order to study the effect of recycled plastic particles on the physical
and mechanical properties of concrete, recycled plastic concrete with 0, 3%, 5%
and 7% content (by weight) was designed. The compressive strength, splitting
tensile strength and the change of mass caused by water absorption during curing
were measured. The results show that the strength of concrete is increased by add-
ing recycled plastic into concrete. Among them, the compressive strength and the
splitting tensile strength of concrete is the best when the plastic content is 5%.
With the increase of plastic content, the development speed of early strength
slows down. Silane coupling agent plays a positive role in the strength of recycled
plastic concrete. The water absorption saturation of concrete has been basically
completed in the early stage. The addition of silane coupling agent makes the por-
osity of concrete reduce and the water absorption of concrete become poor. By
summing up the physical and mechanical properties of recycled plastic concrete,
it could be found that the addition of recycled plastic was effective for the mod-
ification of concrete materials. Under the control of the amount of recycled plas-
tic, the strength of concrete with recycled plastic aggregates can meet the
engineering requirements.

Keywords: Compressive strength; recycled plastic concrete; splitting tensile
strength; water absorption; mechanical properties

1 Introduction

In recent years, people pay more and more attention to plastic pollution. At the same time, people’s
understanding of environmental hazards is gradually deepened. Polytetrafluoroethylene plastics are widely
used in the industries of atomic energy, national defense, aerospace, electronics, electrical, chemical,
machinery, instrument, architecture, textile, metal surface treatment, pharmacy, medical treatment, textile,
food, metallurgy and smelting, etc., as high and low temperature resistant, corrosion-resistant materials,
insulation materials, anti-sticking coating, etc., making it an irreplaceable product [1–3]. As
polytetrafluoroethylene (PTFE) was widely used in these industries, it would inevitably lead to the
increase of waste PTFE. The waste of PTFE would be produced in the process of synthesis, processing,
secondary processing and application of PTFE. PTFE has excellent performance [1,3], high price and
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great recycling value, and its recycling has been highly valued. Scholars all over the world have carried out
active research on this problem, and put forward various suggestions and methods for the treatment and
utilization of waste plastics [4–6]. As a civil engineer, it is a very good choice to apply waste plastics to
ordinary concrete after a certain degree of treatment. It can not only solve environmental pollution and
achieve sustainable development, but also improve the performance of concrete.

In the past, many scholars introduced recycled aggregate into concrete to study its basic properties
[7–15]. Some scholars introduced fiber into concrete to increase the tensile strength and other properties
of concrete [16–18]. Some scholars introduced some lightweight aggregate into concrete to study the
performance of lightweight concrete [19–22]. At the same time, some experts introduced solid waste
plastic particles into concrete [23–26]. Marzouk et al. [27] introduced waste plastic bottles into concrete,
studied the volume density and mechanical properties of the material, and studied the relationship
between the mechanical properties and microstructure of the material by means of SEM. The compressive
strength and flexural strength of the composite were not affected by the replacement of sand with
volume fraction less than 50% by PET with particle size upper limit of 5 mm. Panyakapo et al. [28]
introduced the application of thermosetting plastics as admixtures in the mix proportion of lightweight
concrete. The plastic not only led to a low dry density concrete, but also a low strength. Foti [29] simply
cut waste plastic bottles into fibers and introduced them into concrete to study the possibility of
improving the ductility of concrete. Saikia et al. [30] studied the influence of the size and shape of
recycled polyethylene terephthalate (PET) aggregate on the mixing and hardening properties of concrete.
With the addition of PET aggregate, the compressive strength, splitting tensile strength, elastic modulus
and flexural strength of concrete decreased, and with the increase of the content of PET aggregate, the
decrease of these properties increased. de Oliveira et al. [31] studied the basic mechanical properties of
this fiber-reinforced mortar by adding PET bottle fiber cut by simple machine into the mortar. The
addition of PET fiber could improve the flexural strength and toughness of mortar. Iucolano et al. [32]
Studied the effect of recycled plastic aggregate on the physical and mechanical properties of mortar. The
replacement of recycled plastics increased the porosity, reduced the bending and compression strength,
and increased the water vapor permeability. Arulrajah et al. [33] evaluated three kinds of recycled waste
plastic particles with linear low-density polyethylene filled with calcium carbonate, high-density
polyethylene (HDPE) and low-density polyethylene (LDPE) as raw materials, and with crushed brick
(CB) and recycled asphalt pavement (RAP) as mixtures. The strength, rigidity and elastic modulus of the
blends were evaluated. Coppola et al. [34] used a new polymer aggregate with special properties to
replace natural sand to prepare light mortar. This mortar has many advantages, such as reducing
consumption of natural sand, reducing structural self-weight and improving aggregate and cement slurry.
When increasing the amount of sand replacement, it was observed that the consistency of mortar
decreased, as expected, the mechanical properties also decreased. Thorneycroft et al. [35] found that it
was feasible to replace 10% sand with recycled plastic, which could save 820 million tons of sand every
year. Through proper mix design, the structural performance of waste plastic concrete could be maintained.

Through previous studies, it could be found that the research on other recycled aggregate concrete has
been very mature, the polytetrafluoroethylene (PTFE) type of plastic was not used in production of concrete
frequently in the previous studies. Due to the different selection of materials, there were some differences in
the conclusions of each scholar. In this work, waste polytetrafluoroethylene recycled plastic was introduced
into concrete. Through mechanical tests, the compressive and splitting tensile properties of recycled
polytetrafluoroethylene plastic concrete were studied. The water absorption property of this kind of
concrete was studied by the weight change test in water. Finally, it was found that the properties of
recycled plastic concrete were improved to some extent. Therefore, it is of great potential to introduce
recycled polytetrafluoroethylene plastic into concrete.
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2 Materials and Methods

2.1 Materials
In this test, P.C 32.5R composite Portland cement was used as cement, with specific parameters as

shown in Tab. 1. Fine aggregate was river sand, with specific parameters as shown in Tab. 2. Coarse
aggregate was crushed stone, with specific parameters as shown in Tab. 3. Sieves curves of the fine and
coarse aggregate were shown in Fig. 1. Plastic particles were polytetrafluoroethylene (see Fig. 2), with
particle diameter of 1–2 mm, with specific parameters as shown in Tab. 4. Silane coupling agent was
KH560, with specific parameters as shown in Tab. 5.

2.2 Methods
The mix proportion of recycled plastic concrete was water: cement = 0.40, sand ratio was 0.3, plastic

particles were added into the concrete, and the admixture did not replace any component of the concrete.
The amount of admixture took sand as a reference, accounting for 0, 3%, 5% and 7% of the mass
proportion of cement, and the amount of silane coupling agent was 0.5% of the mass proportion of
plastic particles. The concrete mix was shown in Tab. 6. HJW-30 concrete horizontal mixer was used for

Table 1: Cement parameters

Factory
standard

Strength
grade

Compressive
strength
(MPa)

Initial
setting
time (h)

Final
setting
time (h)

Cement
fineness
(%)

Hydration
heat

Sulfate
resistance

MgO
(%)

SO3

(%)
Stability

P.C
32.5R

32.5R 40.4 3 3.88 3 Qualified moderate
heat

high 2.85 2.57

Table 2: Fine aggregate parameters

Apparent density
(g/cm3)

Bulk density
(g/cm3)

Void fraction (%) Fineness modulus Water absorption rate (%)

2.540 1.469 42.17 2.47 1.3

Table 3: Coarse aggregate parameters

Apparent density
(g/cm3)

Bulk density
(g/cm3)

Void fraction (%) Particle size range (mm) Water absorption rate (%)

2.550 1.574 38.27 5–10 0.4

Figure 1: Sieves curves of the fine and coarse aggregate
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concrete mixing. Firstly, stone and cement were added into the mixer for 120 s, then sand was added into the
mixer for 120 s, and then plastic particles and water were added into the mixer for 120 s. Finally, the mixed
concrete was put into a group of plastic molds with three samples of 100 × 100 × 100. the sample was placed
on the vibration table and vibrated until the surface slurry flows out, then the surface of the sample was
ground flat, and finally the sample was separated from the mold after standing in the air for 24 hours. The
specimens were cured in tap water at 20 ± 2°C, and the compressive strength, splitting tensile strength
and mass of concrete were measured at 7 and 28 days of curing age. The strength testing machine was a
200 t uniaxial pressure testing machine. The load control rate was 4000 N/s for compressive strength test
and 400 N/s for splitting tensile strength test. Electronic platform scale instrument was used for mass test.

In the process of strength test, the surface of the specimen and the upper and lower pressure plates of the
instrument should be wiped clean first. Then the specimen needed to be placed on the lower pressing plate or
base plate of the testing machine. The bearing surface of the test piece should be perpendicular to the top
surface at the time of forming. The center of the specimen should be aligned with the center of the lower
pressing plate of the testing machine. Then the test machine was started. When the upper pressing plate
was close to the specimen or steel base plate, adjust the ball socket to make the contact even. The load
should be applied continuously and evenly during the test. When the specimen was close to failure and
starts to deform rapidly, the accelerator of the testing machine should be stopped until failure. The final
failure load was recorded. In the process of mass test, the mass of the sample was measured at the
beginning of curing, the 7th day of curing and the 28th day of curing respectively.

3 Results and Discussion

3.1 Compressive Strength
The recycled plastic concrete specimens were divided into four groups according to the quantity of

admixture. The compressive strength test results are shown in Tab. 7.

Figure 2: Polytetrafluoroethylene plastic particles

Table 4: Polytetrafluoroethylene plastic parameters

Density
(g/cm3)

Friction
coefficient

Heat
resistance
(°C)

Corrosion
resistance

Tensile
strength
(MPa)

Bending
strength
(MPa)

Modulus of
elasticity in
bending
(MPa)

Compressive
strength
(MPa)

Modulus of
elasticity in
compression
(MPa)

Elongation
(%)

Tensile
modulus of
elasticity
(MPa)

Water
absorption
rate

Poisson’s
ratio

2.1–2.3 ≤0.1 240~260 strong ≥30 20.7 700 12.9 280 250~350 ≥3.92 <0.01 0.4
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Fig. 3 shows the compressive strength of recycled plastic concrete at 7 and 28 days. When the proportion
of plastic particles was 0, 3% and 5%, the compressive strength of concrete was rising, while when the
proportion of plastic particles was 7%, the compressive strength of concrete dropped sharply, and the
compressive strength of concrete with 5% plastic particles reached the peak. In addition, the compressive
strength of the concrete with 3% and 5% admixtures for 7 and 28 days was higher than that of the
ordinary concrete. However, the compressive strength of 7 days curing concrete with 7% plastic particles
was less than that of ordinary concrete, while the compressive strength of 28 day curing concrete was
greater than that of ordinary concrete. At the same time, it could be seen that the compressive strength of
ordinary concrete in 7 days curing period is 95% of that in 28 days, that in 7 days curing period with 3%
recycled plastic concrete was 96% of that in 28 days, that in 7 days curing period with 5% recycled
plastic concrete was 91% of that in 28 days, and that in 7 days curing period with 7% recycled plastic
concrete was 75% of that in 28 days. It could be seen that with the increase of plastic content, the
development speed of early strength slowed down. In the previous studies, the compressive strength
would decrease with the increase of plastic content [28,32,26]. But in this work, because plastic did not
replace the material in concrete, it was only the pure use of plastic waste, so it was equivalent to adding
more materials to concrete, which eventually led to the increase of strength compared with ordinary concrete.

Fig. 4 shows the compressive strength of recycled plastic concrete with or without silane coupling agent.
From the overall trend, the compressive strength of recycled plastic concrete with silane coupling agent was
generally higher than that of concrete without silane coupling agent. When the content of recycled plastic was
3%, the compressive strength of concrete with silane coupling agent was 1.09 times of that without silane

Table 5: Parameters of silane coupling agent KH560

Appearance Density
(g/cm3)

Molecular
weight

Flash
point
(°C)

Boiling
point
(°C)

Solubility Refractive
index
(ND25)

Transparent
liquid

1.068~1.075 236 110 290 Soluble in water
with pH = 3.4~4

1.4275~1.4300

Table 6: Material consumption per cubic meter of concrete (unit: kg)

Cement Water Fine aggregate Coarse aggregate Recycled plastic Silane coupling agent

466.7 186.68 520.58 1214.68 0 0

466.7 186.68 520.58 1214.68 14 0.07

466.7 186.68 520.58 1214.68 23.34 0.12

466.7 186.68 520.58 1214.68 32.69 0.16

Table 7: Compressive strength of concrete (MPa)

Plastic content (%) 7 d (coupling agent) 28 d (coupling agent) 28 d (normal)

0 36.57 38.13 38.13

3 42.4 43.76 39.90

5 42.96 47.00 40.78

7 34.18 45.39 43.38
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coupling agent. When the content of recycled plastic was 5%, the compressive strength of concrete with
silane coupling agent was 1.15 times of that without silane coupling agent. When the content of recycled
plastic was 7%, the compressive strength of concrete with silane coupling agent was 1.05 times of that
without silane coupling agent. The compressive strength of concrete mixed with silane coupling agent
reached the maximum value when the amount of plastic was 5%, and the compressive strength curve of
concrete without silane coupling agent showed a gradual increasing trend. It can be seen that silane
coupling agent plays a positive role in the compressive strength of recycled plastic concrete. According to
previous studies [36,37], silane coupling agent could improve the interfacial adhesion between materials,
so adding silane coupling agent could improve the compressive strength of concrete.

3.2 Splitting Tensile Strength
The splitting tensile strength test results are shown in Tab. 8.

Fig. 5 shows the comparison of splitting tensile strength of recycled plastic concrete with curing age of
7 days and 28 days. It could be seen from the overall trend of the strength curve that the splitting tensile
strength of recycled plastic concrete at 28 days was generally higher than that of ordinary concrete, while
the splitting tensile strength of concrete at 7 days was lower than that of ordinary concrete when the
plastic content was 5% and 7%. It could be seen that with the increase of plastic content, the
development of early splitting tensile strength of concrete was not perfect. The splitting tensile strength of
concrete with 7 days curing age reached the maximum value when the recycled plastic content was 3%,
and the splitting tensile strength of concrete with 5% and 7% recycled plastic content gradually
decreased. The splitting tensile strength of concrete with recycled plastic content of 5% reached the
maximum value in the curing period of 28 days, and the splitting tensile strength of concrete with
recycled plastic content of 7% began to decrease. When the content of recycled plastic was 0, 3%, 5%

Figure 3: Comparison of compressive strength of recycled plastic concrete at 7 and 28 days

Figure 4: Comparison of compressive strength of recycled plastic concrete with or without silane coupling
agent
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and 7%, the cleavage tensile strength of concrete can reach 97%, 80%, 66% and 77% of the 28 days strength
when the curing age is 7 days. It could be seen that the early cleavage tensile strength of concrete mixed with
plastic was generally reduced. In previous studies, most people found that with the increase of plastic content,
the splitting tensile strength decreased [38,39]. However, in this study, the splitting tensile strength of
concrete is stronger than that of ordinary concrete. There are two main reasons: on the one hand, silane
coupling agent increases the cohesion of plastic and concrete materials [36]; on the other hand, the tensile
property of plastic itself is more excellent [1].

Fig. 6 shows the contrast of splitting tensile strength of recycled plastic concrete with or without silane
coupling agent. From the overall trend of the strength curve, it could be seen that the splitting tensile strength
of concrete with silane coupling agent was generally higher than that without silane coupling agent, and the
splitting tensile strength of concrete reached the peak value when the plastic content was 5%. When the
content of recycled plastic was 3%, the splitting tensile strength of concrete with silane coupling agent
was 1.61 times of that of concrete without silane coupling agent. When the content of recycled plastic

Table 8: Splitting tensile strength of concrete (MPa)

Plastic content (%) 7 d (coupling agent) 28 d (coupling agent) 28 d (normal)

0 3.735 3.826 3.826

3 4.098 5.078 3.136

5 3.542 5.370 3.759

7 3.494 4.492 3.706

Figure 5: Comparison of splitting tensile strength of recycled plastic concrete with curing age of 7 days and
28 days

Figure 6: Comparison of splitting tensile strength of recycled plastic concrete with or without silane
coupling agent
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was 5%, the splitting tensile strength of concrete with silane coupling agent was 1.42 times of that of concrete
without silane coupling agent. When the content of recycled plastic was 7%, the splitting tensile strength of
concrete with silane coupling agent was 1.21 times of that of concrete without silane coupling agent. It could
be seen that silane coupling agent played a positive role in the splitting tensile strength of recycled plastic
concrete. As the silane coupling agent can improve the compressive strength of concrete, it is the same
principle that silane coupling agent can improve the splitting tensile strength of concrete.

The relationship between compressive strength and splitting tensile strength of recycled plastic concrete
was analyzed. It could be seen that the compressive strength of recycled plastic concrete with silane coupling
agent was 9.79 times, 10.34 times, 12.12 times and 9.78 times of splitting tensile strength respectively when
the curing age was 7 days, the plastic content was 0, 3%, 5% and 7%. The compressive strength of recycled
plastic concrete with silane coupling agent at 28 days was 9.96 times, 8.62 times, 8.75 times and 10.10 times
of splitting tensile strength respectively. When the content of plastics was 3%, 5% and 7%. The compressive
strength of recycled plastic concrete without silane coupling agent was 12.72 times, 10.85 times and 11.71
times of splitting tensile strength at the curing age of 28 days. In the previous studies, the compressive
strength of concrete was about 10 times of the splitting tensile strength [40,41]. In this study, it was
found that the law of recycled plastic concrete was basically consistent with previous studies.

3.3 Mass Change
The mass change results are shown in Tab. 9.

Fig. 7 shows the mass change of recycled plastic concrete in 7 and 28 days. According to the overall
trend of the histogram, when the content of plastic particles was 3%, the water absorption quality of the
concrete will change the most when it leaves the mold, that was to say, the water absorption was the
most. With the increase of the content of plastic particles, the change of water absorption gradually
decreases, and when the content of plastic particles was 7%, the water absorption was less than that of
ordinary concrete. According to the comparison of 7 days and 28 days water absorption of concrete, the
water absorption of 7 days concrete was generally less than 28 days, in which the water absorption of
7 days concrete with 0,3%, 5% and 7% plastic particles was 8 g, 6 g, 7 g and 9 g lower than that of
28 days respectively. It could be seen that the water absorption saturation of concrete was basically
completed in the early stage, with little change in the later stage.

Table 9: Concrete mass change (g)

Plastic content (%) 7 d (coupling agent) 28 d (coupling agent) 28 d (normal)

0 32 40 40

3 37 43 37

5 33 40 38

7 28 37 43

Figure 7: Comparison of 7 days and 28 days mass change of recycled plastic concrete
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Fig. 8 shows the mass change of recycled plastic concrete with or without silane coupling agent. From
the overall trend, the water absorption of concrete with silane coupling agent decreased with the increase of
plastic content, while that of concrete without silane coupling agent increased with the increase of plastic
content. It could be seen that with the increase of silane coupling agent, the porosity of recycled plastic
concrete decreased and the water absorption became poor. According to previous studies [36,37], silane
coupling agent could improve the interfacial adhesion between materials. With the increase of silane
coupling agent, the compactness of concrete becomes better and the mass changes less.

4 Conclusions

Through the analysis and discussion of the test data of recycled plastic concrete, the following
conclusions can be drawn:

1. The addition of recycled plastics to concrete increases the strength of concrete, and the compressive
strength reaches the best when the recycled plastics content is 5% in the 7-day and 28-day curing age
of concrete; the splitting tensile strength reaches the best when the recycled plastics content is 3% in
the 7-day curing age of concrete, and reaches the best when the recycled plastics content is 5% in the
28-day curing age of concrete.

2. When the recycled plastic content is 0, 3%, 5% and 7%, the 7-day compressive strength of concrete can
reach 95%, 96%, 91% and 75% of the 28 days strength respectively, and the 7-day splitting tensile
strength of concrete can reach 97%, 80%, 66% and 77% of the 28-day strength. It can be seen that
with the increase of plastic content, the hydration heat of concrete slows down, and the development
speed of early strength slows down.

3. When the content of recycled plastic is 3%, 5% and 7%, the compressive strength of concrete with silane
coupling agent is 1.09 times, 1.15 times and 1.05 times of that without silane coupling agent, and the
splitting tensile strength of concrete with silane coupling agent is 1.61 times, 1.42 times and
1.21 times of that without silane coupling agent, respectively. It can be seen that silane coupling agent
plays a positive role in the strength of recycled plastic concrete.

4. When adding silane coupling agent, the compressive strength of concrete is 9.79 times, 10.34 times,
12.12 times and 9.78 times of splitting tensile strength when the curing age is 7 days, the amount of
plastic is 0, 3%, 5% and 7%, respectively. When the curing age is 28 days, the compressive strength
of concrete is 9.96 times, 8.62 times, 8.75 times and 10.10 times of splitting tensile strength
respectively when the plastic content is 0, 3%, 5% and 7%. When no silane coupling agent is added,
the compressive strength of concrete is 12.72 times, 10.85 times and 11.71 times of splitting tensile
strength when the curing age is 28 days, the plastic content is 3%, 5% and 7%, respectively.

5. The water absorption of concrete in 7 days is generally less than 28 days. The water absorption of concrete
in 7 days with 0, 3%, 5% and 7% plastic particles are 8 g, 6 g, 7 g and 9 g lower than that in 28 days

Figure 8: Comparison of mass change of recycled plastic concrete with or without silane coupling agent
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respectively. It can be seen that the water absorption saturation of concrete is basically completed in the
early stage, with little change in the later stage. With the increase of silane coupling agent, the porosity of
concrete decreases and the water absorption becomes poor.
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