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The problem of recycling worn-out tires and recycling of solid carbon-containing residue from the
pyrolysis of tires is considered. The possibility of processing carbon black from the pyrolysis of tires
into a high-quality concentrate, which can serve as a raw material for modifying petroleum bitumen,
has been shown. The nature of the interactions occurring between the components of carbon black
and the matrix of petroleum road bitumens has been studied. The chemical interaction of carbon
black with the bitumen matrix through unsaturated C=C bonds has been proven. The introduction of
carbon black as a modifying additive leads to a significant change in the physical, mechanical and
rheological properties of the resulting bitumen binder systems. Based on spectrometric studies, an
assessment is made of the structural changes occurring in the original and modified bitumen during
the production of modified bitumen binders. It has been established that with such modification,
diffusion of aromatic hydrocarbons occurs from the bitumen component into the modifier particles.
During the modification process, six-membered cyclic aromatic compounds are formed in the bitumen
part, the composition of paraffin-naphthenic hydrocarbons changes, and sulfur compounds are
formed that “transfer” from the modifier particles to the bitumen. Thus, in this study, the phenomenon
of mutual diffusion between bitumen and CBWT modifier was confirmed using IR spectroscopy.

KEY WORDS: bitumen, carbon black from worn tires (CBWT), IR spectroscopy, modifier,
bitumen binder, pyrolysis.
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Makanada asmopnap mo3araH wuHanapObiH Kalima eHoeryi xoHe de onapObiH NUPOAU3IHEH
anblHFaH Kammbl kKemipmeai 6ap KkandbikmapObiH ymunusayusinaHy MacernenepiH KapacmblpblfaH.
LluHanapdbIH NUPONU3iHEH anbiHFaH MeXHUKarnbIK KeMipmekmi MyHal bumyMbiH MoOuguKayu-
Anay ywiH wukizam 6ona anambsiHOal emin xofapbl canarbl KOHUeHmpamea eHoey MyMKiHOiei
KepcemineeH. TexHuKanbiK KemipmeKkmiH Kypamdac benikmepi MeH MyHaul xon 6umymoapbiHbIH
Mampuuachbi apacbiHOarbl 63apa spekemmecynepdiH maburambi 3epmmendi. TexHuKarnbiK KoMip-
mekmiH 6umym mampuuacbkiMeH KaHbiknaraH C=C 6alnaHbicmapbl apKbliibl XUMUSTIbIK 9peKem-
mecyi 0anendeHodi. Modugukayusnbik Kocra pemiHde KorndaHbliFaH mexHUKarbIKk KeMipmekmi
KockaHOa natida 6ornambiH 6umymOb! balinaHbicmbipsbii Xyltenepdid chudukarbik, MexaHUKasbIK
JKOHe peorio2usinbIK Kacuemmepi alimapribikmad e32epicke yuwbipaliosl. CriekmpomempusinbIK
3epmmeyrnep HezidiH0e ModughukayusinaHraH 6umym balnaHbiICMbIpFbiWMapbiH 6HOIpY Ke3iHoe
6acmarikbl )xoHe MooOuukayusinaHFaH bumymda 6onameiH KypbiribiMObIK ©632epicmepee bara
6epindi. MyHOal modugpukayus kediHde bumym KOMIoHeHmiHeH Modugukamop benuwekmepiHe
apomammbabl KemipcymexkmepdiH Ougy3usicbl XypemiHi aHbiKmanodbl. Modugukayus npoueci
bapsbicbiHOa bumym 6enieiH0e anmsl Mywerni Yukoi apoMammal KOCblbICmapOblH my3inyi opbIH
anaosl, an napaguHOik-HachmeHOi kemipcymekmepOiH Kypambi e32epedi, COHbIMEH Kamap, MoOu-
ukamop 6enwekmepiHeH bumymra «bepinemin» Kykipm Kocbiribicmapbl my3inedi. Ocbinatiwa,
byn 3epmmeyde 6umym meH TATK modugbukamopbl apacbkiHOarbl 63apa Ougy3usi KybbinbiCbl
UK-cnekmpockonus kemezimeH pacmarnoebil.

TYWIH CO3LEP: 6umym, mosraH asmouiuHanapdaH mexHukansik kemipmek (TATK), MK-criex-
mpockonusi, Mmoougukamop, 6umymObl 6alinaHbICMbIPFbILW, MUPOIU3.
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Paccmompera npobriema nnepepabomku USHOWEHHbIX a8MOWUH, ymuiu3ayuu meepdoao
yanepodcodepxxauwe2o ocmamka nuposnu3a asmowuH. [lokazaHa 803MOXHOCMb repepabomku
MexXHUYeCcKoeo yanepoda nuposnu3a asmowuH 8 8bICOKOKa4eCmeeHHbIU KOHUEeHmpam, KomopbIl
MOXem Criy>Kumb cbipbeM 07151 MoOugbukayuu HeghmsiHoeo bumyma. ccriedosaHa npupoda 83a-
umodelicmeuli, MPoUcxo0saWux Mex0oy KOMIOHeHmMaMu mexHU4ecKkozo yenepoda u Mmampuuyel
bumymos HegbmsiHbIx OOPOXHbIX. [JokazaHO Xumuyeckoe 83aumodelicmaue mexHU4YeCcKo2o yare-
poda ¢ mampuueli 6umyma o HenpedernbHbiM C=C cesa3am. BeedeHue mexHu4yeckozo yanepoda
8 Kayecmee Moouuyupyroujux 00b6agok MpueodUM K 3Ha4UMenbHOMY U3MEHEeHUK (hU3UKO-Mexa-
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HUYECKUX U peorioeuyeckux ceolicme nomyYeHHbIX 6umyMHbIX 8sKywux cucmemM. Ha ocHosaHuu
criekmpomMempuYeckux uccriedosaHuli daHa OUeHKa CmpyKMypHbIM USMEHEHUSIM, MPOUCX00suUM
8 UCXOOHOM U MOOUhbULUPOBaHHOM bumyme 8 rnpoyecce nosy4yeHus MoOuguUUpPOBaHHbIX bumym-
HbIX 8SKyUUX. YemaHoeneHo, Ymo rpu makol modughukayuu rpoucxodum oucghgpy3usi apomamu-
yeckux yenesodopodos uz 6umymHol cocmaensouell 8 yacmuuybl Modughukamopos. B npouecce
Modughukayuu 8 6umymHoU Yyacmu ¢hopMUPYOMCS LWECMUYNIEHHbIE YUKTUYECKUe apoMamuye-
CKUe coeOUHEHUsT, UBMeHsiemcsi cocmae rnapaghuHoHaghmeHosbIX y2rneeodopodos, obpasyomcsi
CoeOUHeHUSI cepbl, «repexodswues» u3 yacmuy Modugukamopoes 8 bumym. Takum obpa3om, 8
daHHoOM uccrnedosaHuu ¢ nomouwibto MIK-cnekmpockonuu 66110 nodmeepx0eHo sierieHue 83auMHOU
Ougpgby3uu mexdy bumymom u modughukamopom TYUA.

KITIOYEBBbIE CJIOBA: 6umym, mexHu4yeckuli yarnepol u3 U3HOWeHHbIX asmowuH (TYUA),
UK-cnekmpockonusi, Modughukamop, 6UmyMHoe esxkyujee, nupou3

and many other countries. The quality of their construction is largely determined

not only by convenience and comfort in operation, but also by the durability of
the entire highway. The most important component of asphalt concrete, which determines
many of its indicators, is the binding material — bitumen [1].

The properties of bitumen determine the resistance of the coating to weather
conditions, strength, durability, etc. By specifically regulating the properties of bitumen,
a significant improvement in the service life of coatings can be achieved.

In Kazakhstan, various grades of bitumen are used depending on the specific
requirements and conditions of the project. Some of the popular grades of bitumen that
can be used in Kazakhstan include BND 50/70, BND 70/100, BND 90/130, BND 40/60,
etc. The specific choice of bitumen grade depends on the quality requirements of road
construction or other infrastructure projects.

The main reason for the destruction of coatings, provided that construction technology
is followed, is the disruption of the structural bonds between the components of asphalt
concrete as a result of changes in the properties of bitumen during operation. Under the
influence of loads, oxidation, polymerization and other processes on the surface of bitumen,
its aging and structure destruction occur.

During the aging process, the chemical and group composition of bitumen changes,
and its ability to relax stress decreases. The adhesion forces between the mineral filler
and the binder weaken, and under the influence of loads, various defects begin to appear
in the asphalt concrete pavement — cracks, peeling, chipping of crushed stone, etc. Thus,
we can say that of all the components of asphalt concrete, it is bitumen that determines
the durability of the pavement.

Observations of the condition of asphalt concrete pavements show that in recent
decades their service life has been significantly reduced [2]. It is possible to restore the
balance between the increased load on roads and the quality of bitumen produced by
modifying bitumen. To do this, it is necessary to create a structure of the binder material
that will be more resistant to external loads and more durable (less prone to aging).

The properties of bitumen are improved in two main directions: compounding at the
production stage and modification at the stage of production of commercial products [3, 4].

Compounding is a secondary process for processing bitumen, most often carried out
in oil refineries.

ntroduction. Asphalt concrete pavements are widely used in Kazakhstan, Russia
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Modified bitumens are those improved by the addition of certain substances (polymers,
crumb rubber, sulfur, adhesive additives, etc.). The purpose of the modification is not only
to ensure that bitumen meets the requirements of GOST, but also to improve its properties
by reducing the temperature sensitivity of the binder, i.e. increasing its hardness in summer
and decreasing in winter, as well as imparting elasticity to the binder i.e. the ability to
undergo reversible deformations over the entire range of operating temperatures. As a
result of binder modification, asphalt concrete acquires increased shear resistance, low-
temperature crack resistance and fatigue life.

To modify bitumen, a variety of additives are used: thinning, plasticizing, structuring-
plasticizing, adhesive, adhesive-structuring, structuring, emulsifiers, etc.

An urgent problem in developed countries of the world can be considered the re-
involvement of waste rubber products into industrial production [5,6]. The volume of generation
and accumulation of used tires in the world reaches enormous proportions. Tires thrown into
landfills or buried decompose under natural conditions for at least 100 years. Contact of tires
with rainfall and groundwater is accompanied by the leaching of a number of toxic organic
compounds: diphenylamine, dibutyl phthalate, phenanthrene, etc., which enter the soil. In
addition, even if rubber is not used, it releases a certain amount of chemicals (up to 100) [7].

At the same time, worn out car tires are a valuable source of secondary raw materials:
rubber, carbon black, etc. Worn out tires are valuable secondary raw materials containing
around 50% rubber, circa 20% carbon black, etc. [8]. The economic importance of using
waste tires is determined by the fact that the extraction of natural resources is becoming
increasingly expensive and, in some cases, limited. Recycling used tires will significantly
reduce the consumption of some scarce natural resources. Therefore, the use of waste
tires is becoming increasingly important. The work of a number of authors is devoted to
the method of tire recycling [9-11].

The most environmentally friendly way of disposal is pyrolysis of used tires. Pyrolysis
is promising due to the possibility of processing whole tires. In the reactor, the raw material
undergoes decomposition at a temperature of approximately 450°C, during which the
product carbon black is obtained.

Many works have recently been devoted to the issues of pyrolysis of tires and the
study of pyrolysis products [5, 12-15].

Of the pyrolysis products suitable for further use, carbon black is of greatest interest.
The use of carbon black is promising in various industries.

Our research has identified the possibility of processing carbon black, a powdery
residue from the pyrolysis of tires, as a modifying additive for petroleum bitumen.

The purpose of this work was to establish the nature of interactions occurring between
the components of carbon black from worn tires and petroleum road bitumen (PRB).

Materials and methods. Petroleum bitumen BND 70/100 of “Kazakhbitum” LLP,
Shymkent and BND 50/70 of “Pavlodar Petrochemical Plant” LLP were selected as
objects of study.

Carbon black was used as a modifying additive in the work (recycling of old tires by
pyrolysis) of “Eco-Shina” LLP, Shymkent.

Identification of the resulting reaction products was carried out using IR spectroscopy
on a Shimadzu IR Prestige-21 Fourier transform infrared spectrometer in the wavenumber
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range 4000-500 cm™, with a Miracle attenuated total internal reflection (ATR) attachment
from Pike Technologies.

Bitumen modification was carried out as follows. A certain volume of bitumen was
loaded into a metal glass (1) and heated to a temperature of 140—160°C. When the bitumen
melted, the required volume of carbon black from worn tires was added to it, and mixed
with a mixer (4) for 40 minutes. The content of the modifying additive (CBWT) in the
compositions was 1.0-5.0% by weight (Figure 7).

To prepare the bitumen modification, an installation was assembled, the diagram of
which is shown in Figure 1.

=

] I

1- metal glass; 2- electric heater; 3- thermometer; 4- mixer; 5- temperature controller

Figure 1 - Installation diagram for preparing bitumen modification

IR spectral analysis of the original bitumen and bitumen modified with carbon black
was carried out on a Shimadzu IR Prestige-21 IR-Fourier spectrometer with a Miracle
attenuated total internal reflection (ATR) attachment from Pike Technologie (Fig. 2-5).

After this, the main characteristics were determined according to GOST 33133-2014.
The results of the experiments are presented in tables 2 and 3.

The main characteristics of the prepared samples of bitumen binder were determined
in the work: the heat resistance of bitumen was assessed by the “Ring and Ball” method,
the low-temperature properties of bitumen — by the method of determining the brittleness
temperature according to Fraas, the hardness index — by the method of determining the
depth of penetration of a needle, plasticity was assessed by the method of determining
ductility, elastic restoration — by the method of determining elasticity.

Results and discussion. The introduction of carbon black (CBWT) as a modifying
additive (Figure 6) leads to a significant change in the physical and mechanical properties
of bitumen binders (BB). To further study the effect of modification, modified bitumen was
obtained by authors. During the research, authors modified bitumen of different grades
(BND 70/100 and BND 50/70) with 1-5% carbon black in different contents (7able 1):

99%(BND70/100)+1% CBWT

98%(BND70/100)+2% CBWT

97%(BND70/100)+3% CBWT
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96%(BND70/100)+4% CBWT
95%(BND70/100)+5% CBWT
99%(BND50/70)+1% CBWT
98%(BND50/70)+2% CBWT
97%(BND50/70)+3% CBWT
96%(BND50/70)+2% CBWT
95%(BND50/70)+1% CBWT

Table 1 — Composition of modified bitumen (BND 70/100, BND 50/70) with carbon black from worn tires

o, Bitumen composition, wt% Composition of carbon black from
BND 70/100 BND 50/70 LT TS, 2
1 100 100 =
2 929 99 1
3 98 98 2
4 97 97 3
5 96 96 4
6 95 95 5

For a comparative analysis of the changes occurring in the group and chemical
composition of bitumen during its modification with CBWT, the method of IR spectroscopy
was used in this work.

The results of IR spectroscopy of the original (BND 70/100; BND 50/70) and
modified with 1-5% CBWT bitumens are presented in Figures 2-5. At the same time,
in accordance with the methodology for conducting a comparative analysis of the
chemical composition of compounds using IR spectroscopy, the obtained spectra were
superimposed with scaling by CH, groups, the content of which does not depend on
the experimental conditions.

It is known that bitumen is a complex organo-mineral system consisting of a large
number of saturated aliphatic and aromatic hydrocarbons. Figure I shows the IR spectrum
of the original BND 70/100 bitumen without modifying additives. The spectrum is
characterized by the presence of bands corresponding to stretching (2916, 2850 cm™)
and bending (1454, 1377 and 721 cm™!) vibrations of CH, and CHj; groups.

Aromatic structures correspond to a band at 1454 cm™ and peaks in the low-frequency
region at 867, 810 and 721 cm’!

Figure 3 shows the IR spectrum of the original BND 50/70 bitumen without modifying
additives. The spectrum is characterized by the presence of bands corresponding to
stretching (2920, 2850 cm™) and bending (1458, 1377 and 721 cm™) vibrations of CH,
and CH; groups.

Aromatic structures correspond to a band at 1600, 1458 cm™ and peaks in the low-
frequency region at 871, 813 and 721 cm!

Figure 4 shows the IR spectra of the original and modified with CBWT bitumens:
Initial bitumen BND70/100 (curve 1) and 99% (BND70/100) + 1% TUIA (curve 2); 98%
(BND70/100) + 2% CBWT (curve 3); 97% (BND70/100) +3% CBWT (curve 4); 96%
(BND70/100) + 4% CBWT (curve 5) 95% (BND70/100) + 5% CBWT.
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Figure 2 — IR spectra of the original bitumen BND 70/100
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Figure 3 - IR spectra of the original bitumen BND 50/70

In the bitumen component of modified binders, both in the case of BND 70/100-
CBWT and BND 50/70+CBWT of different contents, a band of 1029 cm™ is distinguished,
which corresponds to compounds containing the S=O group (compounds of the R—SO3—
type).

2850, 2920 cm' is the region of stretching vibrations of the CH group. The highest
frequency of stretching vibrations vC-H 3300 cm™! belongs to -C=C-H. Aliphatic
hydrocarbons are absorbed in the range of 2800-3000 cm™, aromatic and unsaturated —
about 3100 cm'. 1458, 1597 cm™! is the region of vibrations of double bonds. The most
common and characteristic are vibrations of the carbonyl group. Below 900 cm™, the region
is especially useful for identifying aromatic compounds; it contains bands of C-H bending
vibrations in alkenes and benzene derivatives, as well as C-Cl stretching vibrations [16].

Qualitative analysis of the spectra given in Fig. 4 and 5 demonstrates that the
structure of the bitumen component changes during the formation of binders. We can
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note a significant change in the group composition of aromatic compounds in bitumen.
After modifying bitumen grade BND 70/100 with CBWT (Fig. 4), peaks appear in the
low-frequency region corresponding to an aromatic compound (864, 806, 721, 667) [17].

In the spectrum of the bitumen component, obtained by subtracting the CBWT
spectrum from the RBW spectrum, absorption bands related to the paraffin-naphthenic
fraction are not observed (for example, at an intensity of 1029 cm™) [18]).
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Figure 4 — IR spectra of the original and modified with CBWT bitumens: Initial bitumen BND
70/100 (curve 1) and 99%(BND70/100)+1% CBWT (curve 2); 98%(BND70/100)+2%CBWT (curve 3);
97%(BND70/100)+3%CBWT (curve 4); 96% (BND70/100) + 4% CBWT (curve 5) 95% (BND70/100) + 5%
CBWT (curve 6)

Figure 5 shows the IR spectra of the original and modified with CBWT bitumen:
Initial bitumen BND 50/70 (curve 1) and 99%(BND50/70) + 1%CBWT (curve 2);
98%(BND50/70) + 2%CBWT (curve 3); 97%(BND50/70) + 3% CBWT (curve 4);
96%(BND50/70) + 4%CBWT (curve 5); 95%(BND50/70) + 5%CBWT (curve 6).
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Figure 5 — IR spectra of the original and modified with CBWT bitumen: Original bitumen
BND500/70 (curve 1) and 99%(BND50/70)+1%CBWT (curve 2); 98%(BND50/70)+2%CBWT
(curve 3); 97%(BND50/70)+3%CBWT (curve 4); 96%(BND50/70)+4%CBWT (curve 5);
95%(BND50/70)+5%CBWT (curve 6)
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The nature of changes in the structure of BND 50/70 bitumen with CBWT (Fig. 5)
is similar to the changes caused by the introduction of CBWT. The group composition of
paraffin-naphthenic hydrocarbons changes in the region of 1030 cm™', when this absorption
band, present in the spectrum of the original bitumen, degenerates in the spectrum of the
bitumen component after modification [18].

When using CBWT, changes are observed in the region of 900-600 cm™!, which
relates to aromatic compounds. There is degeneration of the bands of individual aromatic
compounds (721, 744, 810 cm™!), as well as bands at intensities of 1604 and 1701 cm™!,
characterizing five- and six-membered rings of aromatic compounds [18]. Modification
with CBWT leads to the appearance of an absorption band in the region of 1373 cm™
(acetates, phenols).

Studies of the physical and mechanical properties of the original bitumen and
the resulting modified with CBWT bitumen were carried out in the laboratory of
the Department of Technology of Inorganic and Petrochemical Productions of the
M. Auezov SKRU, as well as in the laboratories of the St. Petersburg State Marine
Technical University, St. Petersburg, Russian Federation.

The main properties of samples of petroleum bitumen modified with carbon black
from worn tires are given in 7ables 2 and 3.

Here are samples that modified petroleum bitumen BND70/100 with carbon black
from worn tires (Figure 6): 1-1% CBWT; 2-2%CBWT; 3-3%CBWT; 4-4%CBWT;
5%CBWT, as well as a sample of petroleum bitumen BND 50/70 modified with carbon
black from worn tires: 1/-1% CBWT; 2/-2% CBWT; 3/-3% CBWT; 4/-4% CBWT; 5/%
CBWT.

Penetration studies were carried out at 25 and 0°C.

Figure 7 — Modified bitumen with carbon black from worn tires
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Table 2 — Main properties of bitumen binder samples obtained from BND 70/100 bitumen
with the addition of carbon black from the crushed mass of worn tires

Example No.

No. Property BND 70/100
1 2 3 4 5

Softening temperature
1 . . not lower than 48 49 50 51 50 59
according to KiSh, °C

2 Brittleness temperature, °C | not higherthan-20 | -21,3 | -22 | -23,1 | -23,2 | -24,1

3 Penetration at 25 °C 70/100 65 63 59 55 53
4 Penetration at 0 °C not lower than 22 21 20 20,1 | 20,2 20,3
5 Ductility at 25 °C, cm not less than 75 68 67 65 58 53
6 Ductility at 0 °C, cm not less than 3,8 38 3,6 3,5 35 34
7 Flash point, °C not lower than 240 | 250 240 | 250 | 255 256

Table 3 — Main properties of bitumen binder samples obtained from BND 50/70 bitumen
with the addition of carbon black from worn tires

No. Property BND 50/70 7 > Exam?p:/Ie No. 7 5
Softening temperature not lower than
1 ) ) 48 49 50 51 50
according to KiSh, °C 50

2 Brittleness temperature, °C | not higherthan-18 | -19,3 | -20,7 | -21,1 | -21,6 | -224

3 Penetration at 25 °C 51-70 66 67 65,8 | 659 66
4 Penetration at 0 °C not lower than 18 21 21 22 22,1 21,3
5 Ductility at 25 °C, cm not less than 65 46 47 47 38 26
6 Ductility at 0 °C, cm not less than 3,5 3,4 3,2 3,0 2,9 2,1
7 Flash point, °C not lower than 230 | 243 244 | 240 241 243

In accordance with the data given in Tables 2 and 3, for all samples of bitumen
compositions, the softening temperature according to KiSh is higher than that of the
original bitumens. Only samples No.1/, 2/ in the amount of additives 1% and 2% CBWT
reduces the softening point according to KiSh. One of the most important indicators of
low-temperature properties of bitumen is the brittleness temperature. All samples No.1-
No.5 are not higher than -20°C, samples No.1/-No.5/ are not higher than -18°C. An
increase in the brittleness temperature is observed compared to the original bitumen.
Another important indicator of bitumen quality is the level of penetration. The penetration
rate at 25°C and 0°C for samples No.1-No.5 decreases, and for samples No.1/-No.5/
increases. Similar dynamics are observed in relation to the ductility indicator. All samples
of bitumen binder show a decrease in the elasticity index at 25°C and 0°C compared to
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the original bitumen, and sample No.l with the modifying additive CBWT 1% remains
stable compared to the original bitumen.

Thus, according to the analysis of the data in tables 2 and 3, when carbon black from
worn tires is added to the composition of bitumen, the decrease in penetration is observed
to a greater extent for bitumen (BND 70/100). The softening temperature increases for
bitumen (BND 70/100) and for bitumen (BND 50/70) samples No.3/-5/.

A study of the properties of bitumen has shown that bitumen with high ductility
values may not maintain it during operation. Conversely, bitumens that had a ductility
value lower than that required by GOST maintained it during the service life of the asphalt
concrete pavement; it was also shown that the maximum possible introduction of carbon
black from worn tires into BND 50/70 bitumen is less (4% wt.), whereas in the grade
BND 70/100 has the ability to introduce carbon black from worn tires up to 5% by weight.

Conclusions. The use of carbon black from worn tires as a modifier of petroleum
bitumen reduces the softening point, improves the elasticity of the bitumen binder, and
reduces penetration based on BND 70/100 bitumen. In addition, it increases these indicators
based on BND 70/100 bitumen, which leads to a change in the grade of the original
bitumen, and also improves an important indicator of low-temperature properties i.e. the
brittleness temperature.

The introduction of carbon black from worn tires has different effects on different bitumens.

A reasonable amount of additive should be considered to be 4% carbon black from
worn tires for BND 50/70, for BND 70/100 up to 5% CBWT.

Thus, it can be stated that it is possible to use carbon black from worn tires as a
modifier of petroleum bitumen, which can be very effective in producing asphalt concrete
for road surfaces with the best operational and technical characteristics. @
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