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In this study we examined the properties of bitumen 
compounds prepared with secondary polyethylene (SPE), 
polyamide fi ber waster (PFW), and CR as fi llers. The CR 
was taken both as reclaim and in the modifi ed form.

To determine the optimal formula of polymer–bitumen 
compounds, we primarily examined the effect of CR, 
SPE, and PFW on their properties.

We found that introduction of CR into bitumen 
enhances the elasticity of the compounds but decreases 
the ring-and-ball softening point. Addition of CR also 
decreases the strain and enhances the crack resistance 
of the pavement. Introduction of 5.0–20.0% SPE leads 
to an increase in the ultimate strength to 0.82 MPa and 
in the ring-and-ball softening point from 35 to 67°C 
(Table 1).

In so doing, the needle penetration and the extensibility 
decrease, i.e., the strength properties of bitumen 

Petroleum bitumens have a fairly complex composition, 
being disperse systems. The bitumen binder used in 
road building should meet the modern requirements. 
As a rule, to obtain a high-quality bitumen binder, the 
bitumen is subjected to modifi cation. Both individual 
compounds and oligomeric and polymeric products 
are used as modifi ers [1]. In the development of new 
polymeric composite materials, utilization of secondary 
raw materials is promising from both economical and 
environmental viewpoints [2, 3]. In particular, one of 
modifying additives used is crumb rubber (CR) produced 
from worn automobile tires after appropriate processing. 
Crumb rubber is a cheap and readily available fi ller. Its 
performance is due to good elasticity, resistance to frost 
and light, and other useful properties. In addition, such 
fi ller contains a large amount of antioxidants, which 
enhances its resistance to thermal oxidative degradation 
[4, 5].

Table 1. Properties of a bitumen compound modifi ed by SPE
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compounds are improved. This is due to the fact that 
SPE macromolecules contain a certain amount of 
functional groups enhancing the interaction between the 
bitumen and polymeric matrix and hence making the 
composite material more resistant to deformations. We 
also examined how the physicomechanical properties of 
a polymeric compound prepared from 85% bitumen and 
15% SPE depend on the temperature and time of mixing 
of SPE with petroleum bitumen (Table 2).

Table 2 shows that, as the mixing temperature is 
increased from 140 to 170°C, signifi cant changes are 
observed in the properties of the composites (mixing 
time 5 h). The ultimate strength, relative elongation, 
ring-and-ball softening point, and adhesion to the 
mineral fi ller increase. At the same time, the needle 
penetration depth, Fraas brittle point, and extensibility 
of the polymer–bitumen compound decrease. Similar 
changes in properties of the composite occur when the 
time of mixing of SPE with bitumen is increased to 5 h 
(at 160°C). The results of these studies indicate that the 
best mixing, leading to more uniform distribution of SPE 
macromolecules in the polymer–bitumen compound, is 
attained at 160–170°C and mixing time of 5 h. As a result, 
a colloidal solution of SPE in bitumen with smaller size 
of polymer particles is formed, which ensures good 
physicochemical interaction of the components.

On introducing PFW into bitumen, the rigidity and 
strength of the resulting materials increase, which is 
very important for practice. The most important factors 
determining the properties of the composite material 
are the fi ber size, shape, and length-to-diameter ratio 
(L/D), the extent of preservation of these parameters 

in the course of mixing and processing, the extent of 
dispersion, the adhesion, and the fi ber content in the 
polymer matrix.

Introduction of polyamide fiber into a bitumen 
compound apparently favors uniform distribution of 
an applied load over separate fi bers and inhibits crack 
propagation. Realization of such a mechanism obviously 
requires high adhesion between the fi ber and bitumen 
surfaces. The adhesion between the matrix and PFW 
is usually enhanced when the fi ber surface contains 
functional groups capable of interaction with bitumen.

To enhance the adhesion, PFW was treated with a solu-
tion of a dressing agent (epoxy oligomer containing Si or 
without it) in methyl ethyl ketone, after which the dressed 
PFW was heat-treated. The dressing followed by heat 
treatment involves the reaction of the amide group of the 
fi ber with the oxirane ring of the epoxy olgiomer, with 
the formation of hydroxy groups. As a result, oligomer 
macromolecules become grafted to PFW:

Thus, PFW undergoes modifi cation, and the surface 
energy of the modifi ed PFW decreases compared to that 
of the initial PFW. The occurrence of such a chemical 

Table 2. Infl uence of temperature and time of mixing of SPE with bitumen on the properties of the polymer–bitumen 
compound
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reaction between SPW and epoxy oligomers was 
confi rmed by comparative analysis of the IR spectra of 
the initial and dressed PFW samples. The results of fi ber 
dressing are given in Table 3.

As seen from Table 3, as the dressing agent concentration 
in fi ber treatment is increased, the ultimate tensile strength 
fi rst appreciably increases and then decreases, which is 
due to improvement of the conditions for formation of 
chemical bonds on the fi ber–bitumen phase boundary.

We also examined the infl uence of the fi ber length 
on the physicomechanical properties of compounds 
based on PFW and bitumen binder. For this purpose, 
after appropriate dressing, we prepared PFW samples of 
length ~2.0, 4.0, 6.0, and 8.0 mm and determined some 
characteristics of the compounds obtained (Table 4). As 
can be seen, the best service characteristics are exhibited 
by compounds prepared with 4–6-mm-long fi bers.

To examine the effect of CR on the physicomechanical 
properties of a polymer–bitumen compound, we prepared 
mixtures from bitumen and SPE with the addition of 

CR whose fi ne fractions are uniformly distributed in the 
bitumen matrix within 15–20 min and coarse fractions 
partially swell, additionally reinforcing the system. 
After that, PFW was introduced. Because in preparation 
of polymer–bitumen compounds crushed tire wastes 
consisting of CR and SPE in ~1 : 1 ratio were used, in 
preparation of asphalt concrete samples we used the 
same mixture.

To prepare asphalt compounds with improved 
properties, it would be advisable to introduce all the 
components (SPE, CR, PFW) into bitumen simultaneously. 
As the compatibility of PFW with bitumen and SPE is 
very low, it was appropriate first to mix petroleum 
bitumen with SPE to obtain modifi ed bitumen.

EXPERIMENTAL

To prepare crumb rubber, worn tires were cut in small 
pieces and then ground by an abrasive procedure. CR 
fractions of size 50–100 μm were obtained (the crumb size 
was determined by a sieve method). The crumb rubber 
was dried for 2 h at 60°C. To prepare reclaim, the fi nely 
divided CR was heat-treated at 300°C for 30 min.

Hydroxylation of crumb rubber was performed in 
the presence of a 0.3 M aqueous solution of potassium 
permanganate in a reactor with continuous stirring at 
approximately 60°C. After the reaction completion (pH 
reaches 9–10), the product was fi ltered off and thoroughly 
washed with water to remove MnO2. The washed crumb 
was vacuum-dried at 80°C.

For dressing of polyamide fi bers we prepared 5, 10, 
20, 30, 40, and 50% solutions of a dressing agent in 
MEK. The fi ber (10 g) was immersed in a solution of a 
dressing agent in MEK, after which it was removed and 
excess solution was allowed to drain. After drying the 
treatment was repeated two times more. The dressed fi ber 
placed on aluminum foil was dried in an air thermostat 
at 70–80°C for 60 min. 

Mixtures based on bitumen and SPE were prepared on 
rollers at 140–160°C for 15–20 min. Then vulcanized CR 
was added in an amount of 2–5 wt %, and the mixing was 
continued for an additional 15–20 min. To the resulting 
mixture, PFW was added in an amount of 10, 25, 50, and 
75 wt %. Mixing of the dressed and cut fi ber with the 
polymer–bitumen binder was performed in the pouring 
gate of a casting machine at 50–80°C. Samples of the 
compounds were tested on an RMI-60 tensile-testing 
machine.

Table 3. Infl uence of the content of dressed PFW on the 
properties of bitumen compounds

a AGE stands for allyl glycidyl ether, and T s, for softening point.
b Product of AGE oligomerization in the presence of vinyltriethoxy-

silane.
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To prepare an asphalt concrete mix, PFW without 
treatment to remove rubber crumb was processed on 
rollers (fraction 1–2 mm) at 70–80°C for 10–15 min. Then 
mineral powder was added to the mixer, and the mixing 
was continued for 10–12 min. Then the temperature was 
raised to 100–110°C, bitumen modifi ed with secondary 
polyethylene (polymer–bitumen compound) was added, 
and the mixing was continued until a uniform mass was 
obtained. After that, the calculated amount of sand was 
added in portions, and the charge was vigorously mixed. 
The temperature was elevated to 140–150°C, mixing was 
continued for an additional 20–30 min, and the mixture 
was pressed for 15 min at 180°C and a pressure of 
200–250 atm. After cooling, the samples were subjected 
to physicomechanical and physicochemical tests.

CONCLUSIONS

(1) Addition of crumb rubber to the composite 
increases the adhesion of the binder both to components 
of the compound and to the mineral fi ller. The fi brous 
additive, reinforcing the binder, prevents its drainage, 

makes the system resistant to segregation in storage, and 
facilitates its transportation.

(2) Addition of secondary polyethylene to the 
composite enhances its strength and water resistance.

(3) The developed and prepared compounds with 
secondary products exhibit high service characteristics, 
are cheap, and can be used in building industry.
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Table 4. Infl uence of dressed PFW length on physicomechanical properties of compounds based on polymer–bitumen binder

a Parameters for asphalt concrete of the following composition, wt proportion: bitumen 100, SPE 20, PFW 30, bentonite 50, and sand 400.
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