Reinforcement of asphalt concrete mixes using recycled plastic
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Analysis of the condition of the road surface showed that at present, due to the increase in the carrying capacity of vehicles, high traffic activity and weather conditions (temperature drops, humidity, etc.), the road surface is designed and laid in accordance with the requirements of regulatory documents, wears out, not maintaining the specified service life. Thus, the problem of strength, as well as the quality and service life of road surfaces is significant [1, 2].

Solving the problem of ensuring the durability of asphalt concrete pavements requires significant material costs and significant labor resources. Due to the high cost of road building materials, an important direction is the use of new technologies, efficient and unconventional materials, waste and industrial by–products in road construction. First of all, this is the introduction of recycled plastic waste into the asphalt concrete road. The issue of using plastic waste will solve the problem of the ecological plan – to free up huge territories occupied by plastic waste, to prevent environmental pollution [3].

The aim of the work is to develop methods for the composition of asphalt mixtures with secondary polymer asphalt concrete (PAB) with a low cost, improved road characteristics and increasing its service life.

This goal is achieved by adding 20–60% of the total mass of shredded plastic household waste (PET and PP) – 5–10 mm, depending on the size of mineral grains (sand, crushed stone, gravel) and 40–80%. from ground old asphalt concrete (FAB) or hot asphalt concrete mixture (GABS), as part of a PAB mixture for asphalting roads.

To obtain samples of a discrete structure based on polymers, we used:

– recycled shredded plastic – polymers: polyethylene terephthalate and polypropylene;

– old milled asphalt concrete – removed from the top of the road surface;

– hot asphalt mix.

Manufacturing of polymer–asphalt concrete samples:

the asphalt concrete mixture is heated in a muffle furnace to a temperature of T = 160–180°C and removed from the muffle furnace;

finely crushed plastic is added to the heated mixture with rapid stirring;

for uniform distribution of plastic, the PAB mixture is re–placed into the muffle furnace and heated (T = 160 ° C);

the process is repeated 2–3 times for homogeneous, even mixing of all components;

A mixture of PAB (T = 120–160 ° C) is placed in a mold and, using a hydraulic press (pressure ~ 15 MPa), is pressed into a tablet sample with a diameter of at least 4 cm.

To analyze the physical and mathematical properties of the PAB sample, a study of the breaking load of the samples under compression (Fig. 1) was carried out using a P–50 hydraulic press and a pumping unit with a force–measuring device and a control panel.

It was found that all samples into which crushed plastic (PET, PP) was embedded are stronger than samples made from 100% FAB and GABS. This is due to the fact that with an increase in the viscosity of bitumen, with an increase in temperature and mixing it with PET and PP plastic, the strength of the PAB increases.

The Stemi–2000 stereomicroscope was used to study the structure of surfaces of different compositions. It can be seen from the obtained images that the samples with the addition of crushed polyethylene terephthalate have a "coarser" structure in comparison with the use of polypropylene. This is due to the fact that PET plastic has a higher density than PP and does not completely fill the sample when pressing polyethylene terephthalate, but only tightly binds all components.
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fig. 1. A graph of the dependence of the breaking load on time for some PAB samples.

PABs are characterized by high rates of water resistance. The size of porosity in samples with a high plasticity content is minimal and there is practically no moisture absorption, that is, water impermeability in the absence of moisture migrating through the layer thickness. Due to the very low porosity, PAB compositions with a polymer content of 20% or more will resist cracking in autumn and spring, since water will not penetrate the coating, remaining on the surface or rolling.

Thus, this method of producing a mixture from old asphalt concrete using recycled plastic is effective in the production of a coating with improved physical and mechanical properties, namely: the developed method made it possible to obtain polymer–asphalt concrete with an increased density (the destructive load on samples compacted with polymers increased by 2 –4 times), an increase in the density of asphalt concrete with the addition of secondary polymer and, as a consequence, a decrease in porosity (moisture absorption of the PAB composition with autumn and spring, the polymer content of 20% and higher will be resistant to cracking, since water will not penetrate into the coating, remaining on the surface or roll off).
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