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Paboma noceauiena noucky Hoevlx IhexmusHvix MoOOuUpuuuUpyrouUx 0006a60K, n0360-
JAIOUWUX UETICeHANPABGIEHHO PeZyIuPOo6anb MexXHo102U4ecKue C60ICHea Oumyma u u3uKo-mexanu-
yeckue noxazamenu achanmodemona Ha OCHOBE KOMOUHAYUL MOOUDUKAmMOPos u dbumyma, 00HO-
6DEMEHHO AGNAIOUWUXCA CHIYKMYypooOpa3oeamenem MHOZOKOMNOHEHIMHO20 aAc@anbmodemona.
Ilpeonoosiceno ucnonvzoeams 6 KaA4ecmee 8blCOKOMOIEKYAAPHBIX MOOUDUUUPYIOUWUX 000aBOK 6 00~
POMCHBIX Oumymax 010K-conoaumep cmupona u o6ymaouena — SBS u cononumep ymunena-eununa-
yemama — EVA. H3yueno énuanue mooupuxamopoe Europrene SOL T 6302 na ocnose 6ymaouen-
cmupona u smuneneununrayemamusiit mepmonnacm mapku LG EVA EA 28400 na ocnoge ymunen-
GUHUNAUEMAMA HA OCHOGHbBIE NAPAMEMPL NOIUMEPHO-OUMYMHO20 ANHCYUWLE20 U IKCHIIYAMAYUOH-
Hble xapakmepucmuku achpanomoodemona. Ilo mepe ysenuuenue cooeprcanus moouguxkamopa 6 ou-
myme yeeuuueaemcs 2iyOuna ROZpyHceHus Uil U ROGbIUIAEMCA MEMNEPAMYPa PAIMASUEHUS 00
58 °C, cnusrcaemca memnepamypa xpynkocmu 00 -32-35 °C, snauumensno pacuiupaemcs OUanazon
padouux memnepamyp 00poricrnoz2o nokpvimus. Hccnedosanus nokazviearom, umo cononumep SBS
AGNACHCA MEPMOITACMONIAACHOM U 0aem CPAGHUMENbHO ayuuiue pesyaovmamul, yem EVA. B pe-
3ypmame Uccied06aHus A02e3U0OHHBIX CEOUCHE YCIAHOGAEH0, YMO 000a61eHUe ROAUIMUIEHNOIU-
amuna, cooepycawezo 1,5% MasterLife PVA 100, 3nauumenvro yayuuaem coemecmumocms u aoze-
3u0 dumyma K munepaabHoim mamepuanam. Oonako npu yeenuuenuu cooepycanun MasterLife PVA 100
svtute 2% npoucxooam cmpyKmypHovle UIMEHEHUA U YXYOUIAemca Kayecmeo achaibmodemonnbix
nokpuimuit. Hccnedosanus nokazanu, 4mo npumMeHeHue noauMepHozo MooupuKkamopa yayuuiaem
MHOZUe ceolicmea acanemodbemona. Tak, 6 wacmuocmu, yay4uiaemcsa menio- u Mopo3ocmoi-
KOCMb, U3HOCOCMOUKOCMb Achanvmodemona 6 cO60KyRHOCMU, 6IUAIOU{UE HA NOGbIUIEHUE IKCHITY-
amayuorno20 cpoka ux cayxucool. Ilo peynomamam uccnedoeanus 6via6,1€Hbl ONMUMAILHBIE COOM-
Houtenusa noaumepoumymnoix esxcyuwjux (oumym 95,5%+ChbC 4%+ MasterLife PVA 100 1,5%) ¢ co-
cmasee achanbmodemonHo20 NOKpvImMUA, 0decnevusarouiie ux 6bICOKUe IKCHIYamayuoHHble C60IiCHEd.
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The work is devoted to the search for new effective modifying additives that allow to purpose-
fully regulate the technological properties of bitumen and the physicomechanical parameters of as-
phalt concrete based on combinations of modifiers and bitumen, which are at the same time a struc-
ture-forming agent of multicomponent asphalt concrete. It is proposed to use a block-copolymer of
styrene and butadiene - SBS and a copolymer of ethylene-vinyl acetate - EVA as high-molecular
modifying additives in road bitumen. The influence of modifiers Europrene SOL T 6302 based on
styrene-butadiene and ethylene vinyl acetate thermoplastic brand LG EVA EA 28400 based on eth-
ylene vinyl acetate on the main parameters of polymer-bitumen binder and performance character-
istics of asphalt concrete has been studied. As the content of the modifier in the bitumen increases,
the immersion depth of the needle increases and the softening temperature rises to 58 °C, the brittle-
ness temperature decreases to -32-35 °C, and the range of operating temperatures of the road surface
expands significantly. Research shows that SBS copolymer is thermoplastic elastomer and it gives
comparatively better results than EVA. As a result of the study of adhesion properties, it was found
that the addition of polyethylene polyamine containing 1.5% MasterLife PVA 100 significantly im-
proves the compatibility and adhesion of bitumen to mineral materials. However, an increase in the
content of MasterLife PVA 100 above 2% leads to a structural change and deteriorates the quality
of asphalt concrete pavements. Studies have shown that the use of a polymer modifier improves many
properties of asphalt concrete. So, in particular, the heat and frost resistance, wear resistance of
asphalt concrete in the aggregate improves, affecting the increase in their operational life. According
to the results of the study, the optimal ratios of polymer-bitumen binders (bitumen 95.5% + SBS 4%+
+ MasterLife PVA 100 1.5%) in the composition of the asphalt concrete pavement, ensuring their

high operational properties, have been revealed.
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INTRODUCTION

One of the promising directions in the modern-
ization of bitumen-based pavements is the application
of modifiers [1-5]. The use of polymeric substances
such as EVA, Elvaloy, DST-30, butyl rubber and triple
copolymer as a modifying additive, first of all, signifi-
cantly improves their properties and strength [6-10].
However, the use of some high-molecular-weight
modifiers causes the following technological prob-
lems: first, the uneven distribution of the polymer in
the bitumen, and second, the insufficient adhesion of
gravel to the bitumen coating, resulting in the collapse
of the surface layer [11-16].

Analysis of the literature allows us to select the
most widely accepted class of high-molecular com-
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pounds for the production of polymer bitumen adhe-
sive (PBA) [17-20]. For example, as a modifying addi-
tive, it is convenient to use easily copolymers of olefin
and diene in a concentration that ensures that the main
parameters of the polymerbitum adhesive are main-
tained at a technically reasonable level. In connection
with the above, the current research is devoted to the
possibility of using styrene-butadiene-styrene copoly-
mer as a modifying additive in road bitumen to im-
prove its performance properties.

MATERIALS AND METHODS

In this case, TN AZ 3536601.242-2015 (pro-
duction of Baku Oil Refinery named after H.Aliyev)
from BNB 50/70 oil bitumen; Europrene SOL T 6302

99



A.A. T'yBanos, A.Jl. Mamenos, H.T. Kaxpamanos

styrene-butadiene block copolymer — from SBS (man-
ufactured in Ravenna, ltaly); LG EVA EA 28400 brand
ethylene-vinyl-acetate thermoplastic (made in South
Korea); MasterLife PVA 100 (manufactured by BASF)
was used. Europrene SOL T 6302 styrene-butadiene
block copolymer has a specific gravity of 0.94 g/cm?,
tensile strength of 20 MPa, viscosity of 4.0 Pas ac-
cording to Brookfield. LG EVA EA 28400 brand eth-
ylene-vinyl-acetate copolymer has a density 0.945 g/sm?,
tensile strength of 3 MPa, elongation at break of 900%.
The density of MasterLife PVA 100 is 0.93 kg/l, pH = 8,
boiling point is 350 °C, ignition temperature is above
160 °C. Forms of polymeric substances for bitumen are
given in Fig. 1.

Fig. 1. Polymeric substances for bitumen: of a- Europrene SOL T
6302 brand SBS, b- LG EVA EA 28400 of brand EVA

Puc. 1. IlonumepHble BemecTBa st outyma: a- Europrene SOL T
6302 mapxu SBS, b- LG EVA EA 28400 mapku EVA

In the laboratory, the modifier was mixed with
bitumen at a temperature of 160 °C in a heating device
shown in Fig. 2.

PBA softening temperature is determined by
the method of KVS (GOST 11506-73). The brittleness
temperature is measured in Fraas (GOST 11507-78).
The depth of immersion of the needle at 25 °C is deter-
mined in accordance with GOST 11501-78. Adhesion
with mineral aggregates is determined in accordance
with GOST 11508-74. The stability of bitumen, as-
sessed for changes in quality during long-term storage
at high temperatures (163 °C, 5 h) is carried out in ac-
cordance with GOST 18180-72.
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Fig. 2. Mixer with heating
Puc. 2. Cmecurens ¢ mogorpeBomM

RESULTS AND DISCUSSION

The main physical and mechanical parameters
of PBA were studied in the study to determine the role
of the polymer in the composition of PBA, as well as
in the asphalt concrete mix. First of all, the effect of
SBS and EVA content on bitumen performance was
considered. As can be seen from Fig. 3, the depth of
sinking of the needle, which determines its brand, in-
creases with the amount of modifier in bitumen. In
PBA obtained with the application of EVA in the
amount of 2% of polymers, the depth of needle immer-
sion is slightly higher than the results of SBS, but SBS
shows better results in the range of 3-6%.
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Fig. 3. Dependence of needle sinking on the density of polymers
in polymer-bitumen adhesive: 1-SBS, 2-EVA
Puc. 3. 3aBuCHMOCTB TITyOMHBI IPOHUKAHMS HTIIBI OT KOHIICHTPAITHI
TOJTMMEpPa B TIOJIMMEPHO-OUTYMHOM Bspkymiem: 1-SBS, 2-EVA

Although the main indicator of heat resistance
is the softening temperature, which reflects the transi-
tion from the elastoplastic state to the viscous state, the
effect of the amount of high-molecular compounds
added to it has been studied. It was found that when the
amount of EVA is 2-6%, the PBA softening tempera-
ture is 48-56 °C, while the SBS-based PBA softening
temperature is 50-58 °C (Fig. 4).
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Fig. 4. Softening temperature dependence of the amount of poly-

mers in the polymer-bitumen adhesive: 1-SBS, 2-EVA
Puc. 4. 3aBucumocTb TeMepaTypbl pa3MArdeHUst OT KOHLIEHTPALMH
MoJIMMepa B MONMUMEPHO-OUTYMHOM Bspkyiem: 1-SBS, 2-EVA

The observed dependence is probably ex-
plained by the formation of a spatial polymer lattice in
PBA. Then there is a slight stabilization and decrease.
It seems that at first the polymers act as a fine filler,
while the softening temperature and viscosity increase.
Then, as the mixture reaches a critical concentration in
the formation, the peak of the softening temperature
due to the saturation of the mixture with the polymer is
recorded. Subsequent increase in viscosity leads to ex-
cessive saturation of bitumen with high molecular
weight compounds, which leads to a decrease in the
softening temperature of bitumen. As can be seen from
Fig. 5, when using 4-6% of polymers, EVA lowers the
brittleness temperature of bitumen to -29-33 °C, while
better results (-31-35 °C) are obtained when applying SBS.
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Fig. 5. Dependence of brittleness temperature on polymer viscos-
ity in polymer-bitumen adhesive: 1-SBS, 2-EVA
Puc. 5. 3aBucuMocTb TeMIepaTyphl pa3MArdeHus OT KOHIEHTPaLUK
HOJIMMeEpa B MOJIMMEpHO-ONTYMHOM BsDkymeM: 1-SBS, 2-EVA

As can be seen from Fig. 3-5, further studies
have been performed with SBS because the main prop-
erties of the bitumen needle, such as sinking skin, sof-
tening and brittleness temperature, are higher than
those of EVA when applying SBS.

Table 1 shows the test results of polymer-bitu-
men prepared with different amounts of SBS. As can
be seen, the properties of polymer-bitumen fully meet
the requirements of GOST R 52056-2003 for all exper-
imental samples. Given that nitrogen-containing sub-
stances are used as additives to enhance adhesion prop-
erties [21, 22], BASF's MasterLife PAV-100 surfactant
(polyethylene polyamine — PEPA) has also been stud-
ied. The "passive adhesion" method was chosen to
study the adhesion properties.

Table 1
Physical and mechanical properties of polymer-bitumen adhesive
Tabnuya 1. Pu3nKo-MexaHNYeCKHE CBOHCTBA NOJUMEPHO-OMTYMHBIX BSKYIIHMX
Quantlty of PBA €oMPO~ | penetration Softening | Brittleness | Elongation |Plasticity| Adhesion of
nents, in % by weight o o . . :
No _ MasterLife at 25 °C, tempsrature, tempgrature, at 25 °C, mtirval, ml_nera!s with
Bitumen| SBS PAV-100 0.1 mm C C cm C fine fillers
1| 100 0 0 85 45.1 -14 >100 59.1 Ne3
2 98 2 0 92 54.4 -32.9 >150 97.3 No2
3 96 4 0 112 58.8 -34.7 >150 103.5 Nel
4 94 6 0 114 49.8 -30.7 >150 80.5 No2
5 95 4 1 112 49.8 -30.9 103 80.7 No2
6 | 945 4 1.5 116 64.8 -37.8 >150 106.6 Nel
7 94 4 2 111 54.1 -34.5 >150 92.6 Nel
8 93 4 3 110 50.7 -30.4 >150 84.1 No2
GOST R 52056-2003 91-130 50 -30 >30 - No2

The results given in Table 1 show that the ad-
dition of the SBS modifier to bitumen improves its key
performance. First of all, there is a significant increase
in the plasticity range, which characterizes the operat-
ing temperature range. Bitumens with a wide plasticity
range have a higher deformation ability, which in-
creases the resistance to cracking at low temperatures
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and the shear strength of the coating at high tempera-
tures. When polymer is added to bitumen, its basic per-
formance improves and, accordingly, the problem of
cracking on the road surface is eliminated.

The results show that the adhesion strength of
polymer bitumen with fillers is significantly improved,
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and the results obtained with the use of 1.5% of Mas-
terLife PAV-100 correspond to the control sample 1 Ne
given in GOST 11508 (Table 1). In this case, other pa-
rameters of the adhesive are within the requirements of
the standard.

One of the reasons for the premature collapse
of the road surface is the wear and tear that occurs dur-
ing its long-term operation. In this case, complex phys-
ical and chemical transformations occur in the struc-
ture of the material, which lead to the deterioration of
its mechanical properties and a decrease in the service-
ability of the coating. As can be seen from Table 2, the
softening temperature of 4% SBS and 1.5% MasterL.ife
PAV-100 mixed bitumen increases both before and af-
ter heating and is 58 °C and 64 °C, respectively. It is
possible that this is due to oxidative dehydration reac-
tions of naphthenoromatic compounds of bitumen with
the formation of multi-ring aromatic molecules, which
occur under the conditions of aging, and then their as-
sociation with asphaltenes.

Table 2
The effect of the composition of the polymer-bitumen
adhesive on abrasion resistance
Tabnuya 2. Biusinue cocTaBa NoJUMePHO-O0MTYMHOI0
BSIZKYLIETo HA yCTOﬁqHBOCTb K CTaAapeHHUuI0

Quantrl]tg/n?sf;: MPO" " Isottening tem-|  Softening
No : Master perature _be- temperatyre
Bitumen| SBS Life fore Plecatlng, after Déatmg,
PAV-100
1| 100 0 0 47 48
2 98 0 2 39 48
3| 945 4 1.5 58 64
4] 94 4 2 48 54
5 93 4 3 43 49

In order to determine the deformation re-
sistance of the road surface, asphalt concrete mixtures
with the same granular composition with different
amounts of modifier additive on the basis of 50/70 bi-
tumen were prepared. The test results obtained during
the determination of the compressive strength of as-
phalt concrete samples are given in Table 3. Experi-
mental results show that the strength characteristics of

JIUTEPATYPA
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ditives effect on use properties of asphalt concrete. Mater. Sci.
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tific.net/MSF.931.
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PBA asphalt concrete are much higher than 50/70 bi-
tumen-based asphalt concrete. When the amount of
Master Life PAV-100 rises above 2%, there is a pro-
cess of structural failure, which manifests itself as
stratification and wear, which leads to a decrease in the
guality of asphalt concrete pavement.

Table 3
Compressive strength limit for polymer asphalt con-
crete
Taénuya 3. llpenes NpOYHOCTH MPHU CKATHH LIS MOJIH-
MepachajbT00eTOHOB
Quantity of components,% Compresi;l\;eastrength,
No - -
Bitu- Master Life o o
men SBS PAV-100 0°C >0°C
ngSST i i i Not more | Not less
than 12 than 1.2
97
1 100 | O 0 8.5 1.2
2 96 4 0 10 3
3 99 0 1 5 2.5
4 945 | 4 15 10 4
5 94 4 2 12 2.7
6 93 4 3 11 1.4

As can be seen, polymer asphalt concrete with
high performance properties is obtained on the basis of
polymer bitumen adhesive made of optimal composi-
tion (bitumen 95.5% + SBS 4% + Master Life PAV-
100 + 1.5%).

CONCLUSIONS

Thus, polymers used as modifiers in road bitu-
men give better results than Europrene SOL T 6302
styrene-butadiene-styrene (SBS) block copolymer LG
EVA EA 28400 ethylene-vinyl-acetate (EVA) thermo-
plastic. The application of modifiers allows to obtain
high-quality polymer-bitumen adhesive that meets the
requirements of GOST R 52056-2003. Studies have se-
lected the optimal composition of polymer-bitumen
adhesive, which helps to improve the performance of
asphalt concrete. In addition to the polymer-bitumen
adhesive, the adhesion properties of the composition
were increased by the inclusion of polyethylene poly-
amine, which increases adhesion.
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