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Abstract. Highways are extremely important for the development of the national economy and
the renovation of infrastructure under wartime conditions. The main material for road pavement
construction is asphalt concrete, which includes petroleum bitumen. In Ukraine, the only producer of
this material is the Kremenchuk Oil Refinery (PJSC "Ukrtatnafta™), which necessitates the import of
bitumen.

The research paper investigates the effect of various modifiers (polymeric, energy-saving,
adhesive and wax additives), as well as their complex modification, on the bitumen performance of
Kremenchuk Oil Refinery. The experimental evaluation of bitumen physical and mechanical
properties after its modification was carried out, namely: needle penetration depth (penetration) at
25°C, ring and ball softening temperature, and tensile strength. For polymer additives, their effect on
bitumen elasticity was also determined. In addition, the effect of modifiers on the quality of the
asphalt mixture was investigated: average density, water saturation, tensile strength at 20° C and 50°
C, and water resistance coefficient using the rapid method.

The research results demonstrated that the modifiers have a similar effect on bitumen
performance, namely, they reduce the penetration and increase the softening point, but with a different
degree. All the modifiers, except for the energy-saving Veleton additive, also had a positive effect on
the quality of asphalt concrete. This effect of the Veleton additive is probably due to the unusual
temperature regime for bitumen modification and asphalt mix preparation, which requires additional
research. Polymer additives (in particular, Elvaloy) demonstrated the greatest efficiency, significantly
improving the performance of asphalt concrete.

The findings can be used to optimize asphalt mixtures, which will help to increase the durability
of the road surface and effectively restore Ukraine’s transport infrastructure.

Keywords: petroleum road bitumen, polymer, synthetic wax, compressive strength, water
saturation, asphalt mix.

Introduction. The great stretch and fork of highways is the key to the development of the
national economy. Unfortunately, the road sector of Ukraine is in a long-term crisis situation,
characterized by the insufficient transport and operational condition of a significant part of the road
stretch and critical deterioration of the road infrastructure. However, wartime road construction is an
integral part of both defensive and humanitarian strategies.

The most common road surface is asphalt concrete. The main binder for the production of
asphalt concrete mixtures is petroleum road bitumen. The content of this binder in the mixture is
usually 4.5-7.0 % weight. Today, there is only one manufacturer of petroleum road bitumen in
Ukraine — the Kremenchuk Oil Refinery (PJSC Ukrtatnafta). It is not able to meet all the country’s
demand for this component, so most road construction companies import bitumen. The use of
domestic bitumen is a priority for Ukrainian manufacturers, both in terms of cost and delivery time.
In order to improve the bitumen characteristics and, as a result, asphalt mixtures, there are
modification techniques with various additives. Improving the asphalt quality results in better work
performance and pavement durability. Complex additives are widely used, which can significantly
improve the heat-resistant, rheological properties of modified bitumen and their adhesion to the
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surface of mineral materials [1]. Therefore, the task of improving the bitumen properties of
Kremenchuk Oil Refinery due to the use of modern modifiers available on the domestic market is
relevant.

Analysis of researches and publications. Today, about 80 % of paved roads in the world have
a top layer of bitumen-based materials, mainly asphalt concrete, which provides maximum comfort
and efficiency of vehicle and passenger traffic [2].

The use of road bitumen and the operation of pavements based on it causes a number of
problems, the most urgent of which are insufficiently high heat resistance and adhesion characteristics
of bitumen (even if they meet the requirements of regulatory documents) [3]. Since the bitumen used
in Ukraine is produced from light, highly paraffinic oil, such bitumen should be considered as
modified [4].

Asphalt pavements must provide maximum standardized strength and shear resistance, resist
fatigue failure, and be resistant to daily and seasonal temperature cycles throughout their service life.
Today, one of the most effective technological methods to improve the quality of asphalt mixtures
during their production and to provide for the preservation of the physical and mechanical
characteristics of asphalt concrete unchanged during its service life is the use of polymer-modified
bitumen [5].

According to the research of many scientists, polymer additives, adhesive, synthetic and natural
waxes are used to modify bitumen [5-10].

Modification with polymers can achieve a positive effect on the high and low temperature
characteristics and viscoelastic qualities of asphalt concrete [6]. Polymers also improve mechanical
properties, increase resistance to permanent deformation, and resistance to low-temperature cracking.
The most commonly used additives are copolymers, such as styrene-butadiene-styrene (SBS),
ethylene vinyl acetate (EVA), styrene-ethylene-butylene-styrene (SEBS), and others. The widespread
use of these types of polymers for modification is due to their thermoplastic behavior at higher
temperatures and the ability to form a polymer network during cooling [7].

To obtain polymer-modified bitumen (PMB), a number of imported additives are used, such as
"Elvaloy 4170" manufactured by "DuPont™ Chemical Corporation, which is a copolymer of ethylene
with butyl acrylate and glycidyl methacrylate, thermoplastic elastomers such as styrene-butadiene-
styrene SBS "Kraton D" by "Kraton Polimers"”, synthetic latexes of the "Butonal NS" series by
"BASF", etc.

Bitumen has insufficient cohesion (adhesion) with most stone materials used in road
construction. This causes a sharp drop in the water resistance of asphalt concrete and the formation
of damage on the pavement. Therefore, to improve the bitumen adhesion to stone materials and
increase the water resistance of asphalt concrete, adhesive additives are added to the binder [9].

Waxes are used to modify bitumen. For example, Asphaltan A and Asphaltan B (Romonta),
Licomont® (Clariant) and Sasobit® (Sasol), as well as various Biomer waxes produced by Deurex®
AG (Elsteraue, Germany). Biomer waxes consist of various proportions of natural paraffin waxes,
sugar cane wax and their fatty acids. Waxes are usually used as additives that change the viscosity
and increase the softening point of bitumen [10].

Most often in Ukraine, adhesive and polymer additives are used separately or in combination
[3, 5, 6]. The main disadvantage that slows down the increase in the production of bitumen modified
with thermoplastic elastomers is their high cost (1.5-2.5 times higher than the cost of non-modified
bitumen). Therefore, it is important to search for inexpensive substances that would improve the
performance characteristics of bitumen, primarily adhesion [3]. In addition, an option to reduce the
cost of modified bitumen is a combined modification by reducing the amount of polymer and adding
either wax or adhesive additives, which cost less than the polymer.

The literature review made it possible to conclude that today there is a wide range of modifiers
of petroleum road bitumen designed to improve its characteristics, and, accordingly, the
characteristics of the finished asphalt mix and asphalt concrete. Determining the optimal combination
of additives to provide advanced asphalt concrete performance is an urgent task that is important for
the post-war reconstruction of the country, considering the destruction of the roads throughout
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Ukraine.

The purpose of the study is to determine the effect of various modifiers and their complex on
the bitumen and asphalt mixtures quality indicators.

Materials and methods of research. The basis was bitumen of BND 70/100 grade, supplied

to the contractor in Odesa region from the Kremenchuk Oil Refinery. Its main characteristics are
shown in Table 1.

Table 1 — Key indicators of BND 70/100 bitumen from Kremenchuk Refinery

Indicator Value
Penetration depth of the needle (penetration) at 25° C, 0.1 mm 73
Softening point, °C 46.7
Tensile strength (ductility) at temperature 25°C, cm 77

The following modifiers were used:

— AVE 18 complex additive is a special additive based on a polymer mixture [11]. It is added
to bitumen and requires thorough mixing at the temperature 165-175° C for 2—4 hours;

— Veleton energy-saving additive [11] has high adhesive properties, is very quickly mixed in
bitumen;

— synthetic wax with the energy-saving effect [11] — a mixture of granules with a size 3 to 5
mm, mass fraction of the dust fraction up to 1 %, with a fusion point of 110° C;

— polymer ELVALOY [12] — a copolymer of ethylene-butyl acrylate-glycidyl methacrylate,
with a fusion point 72° C.

Despite the manufacturers’ recommendations, the same modifier amount was added to the
bitumen, namely 1.5 % of the bitumen weight, to observe how the same modifier amount changes the
characteristics of the original bitumen.

Each modified bitumen was used to produce a fine-grained dense asphalt mix, type A, grade I,
in accordance with State Standard of Ukraine BB.2.7-319:2016 [13].

Research results. After the modification with 4 different additives in the same amount (1.5 %),
the tests were carried out (according to [14-17]) and the results are given in Table 2.

Table 2 — Characteristics of the original non-modified bitumen
and bitumen when modified with the additives in the quantity of 1.5 %

BND 70/100 + modifying additive, % wt Requirements
olymeric | """ | complex | synthetic| . St
2 IOEly saving P y Standard | SOE 42.1 -
£ o | EValoy | oqgiive | VEleton | WaX 0169001 37641018
Name of the indicators | g & Vv AVE 18 | Veleton ' ;
g5 eleton forthe | 068:2017
<5 BMW  |for the BMW
> 1.5% brand brand 40/60
50/70-60
Homogeneity No clots or additive particles No clots or additive
particles
Needle penetration
depth (penetration), 73 64 57 48 53 51-70 40-60
m-10* (0.1 mm) at 25°C
The softening point of not less | not less than
the ring and ball, °c 46.7 54.9 49.6 51.6 53.5 than 60 62
Tensile strength not less | not less than
(ductility) m-10 at 25°C " >4 >4 45 80 than 6 20
s i i i not less i
Elasticity, % 40 20 than 55
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The test results show that for the modified bitumen, the penetration and tensile strength
decreased (Fig. 1), and the softening point increased (Fig. 2). In the studies of Juraj Sramek, Matus
Kozel, Lubo§ Remek, and Jan Mikolaj, the same trend was observed when adding the SBS polymer
[18]. The researchers L. Talakh, O. Koreva, O. Shymchuk, O. Andriychuk, O. Uzhegova, S.
Drobyshynets, when considering the Kraton D and Calpren polymers, as well as the synthetic wax
Sasobit, also found that the penetration decreased [19], and the softening temperature behind the ring
and ball increased [20].
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BND 70/100 Elvaloy, 1.5 % energy-saving Veleton AVE 18, synthetic wax
additive Veleton, 1.5% Veleton, 1.5%
1.5%

TiNeedle penetration depth (penetration), m-104-4 (0.1 mm) at 25 °C

% The softening point of the ring and ball, °C
Fig. 1. Effect of the modifiers on the needle penetration depth (penetration) and softening
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BND 70/100 Elvaloy, 1.5 % energy-saving Veleton AVE 18, synthetic wax
additive Veleton, 1.5% Veleton, 1.5%

15%

D Tensile strength (ductility) m-10-2 at 25 °C
Fig. 2. Effect of modifiers on the tensile strength (ductility) at 25° C

After conducting the modification with all four additives separately, the effect of the complex
modification [21] on the bitumen properties was determined. Thus, synthetic wax in the amount of
0.5 % and polymer in the amount of 1.5 % from the bitumen weight were added to the bitumen. The
modification with the polymer lasted 80 minutes at the temperature 170-180° C, and with the wax 30
minutes at the temperature 150-160° C. The effect of the order of modifiers addition was also
considered (Table 3).
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Table 3 — Test results of the original bitumen and its modification with the combination of additives

BND 70/100 + modifying additive, % wt Requirements
S | polymeric | complex complexes N § K
e & g o ©
3 [ R - S
£ . s | wg | 3| 2% |824
Name of the indicators E B :>EJ %% > s | £ :'>(J % g |5 g ;
5 E < £> | S5 [ S| 22 |ewg
L 2 o ox 22 2 S=2 |89
S o L ‘;5 o X ho |S5v
5 S % | 53| g2 |73
Z N = o0
15 1.5 1.5+0.5 | 1.5+0.5 [0.5+1.5 2
Homogeneity No clots or additive particles
Needle penetration
depth (penetration), 73 64 48 54 46 52 51-70 | 51-70
m-10* (0.1 mm) at 25°C
The softening point of not less | Not less
the ring and ball, °C 46.7 54.9 51.6 55.4 54.2 547 | tan 6o | than 60
Tensile strength not less | not less
(ductility) m-1072 77 54 45 31 48 34
0 than6 | than 6
at25°C
o ] not less i
Elasticity, % 40 20 31 20 16 than 55

Analyzing the test results, we can say that the addition of synthetic wax increases the softening
point of bitumen, while reducing the penetration and tensile strength. Changing the order of adding
modifying additives showed that it also has a certain effect on the penetration rate, while the softening
point remains almost unchanged. As for the elasticity, it can be concluded that none of the conducted
studies showed the compliance with the regulatory documentation, but this is explained by the
percentage of polymer addition, since the polymer was added less than the manufacturer’s
recommendations. The results are summarized in Table 3 and illustrated in Figs. 3-4.
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BND 70/100  Veleton AVE 18, Veleton AVE 18, synthetic wax Elvaloy, 1.5 %  Elvaloy 1.5% +
1.5% 1.5%tsynthetic  Veleton, 0.5% + synthetic wax
wax Veleton Veleton AVE 18, Veleton, 0.5%
0.5% 1.5%

T1Needle penetration depth (penetration), m-10*-4 (0.1 mm) at 25 °C
S The softening point of the ring and ball, °C

Fig. 3. Effect of modifiers on the needle penetration depth (penetration) and softening temperature
by ring and ball
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Fig. 4. Effect of modifiers on elasticity and ductility at 25°C
Hot dense fine-grained asphalt mix type A grade I, the composition of which is shown in Table
4, was made from modified bitumen samples, and the following indicators were determined: average

density, water saturation, compressive strength at 20° C and 50° C; short-term water resistance
coefficient [22, 23].

Table 4 — Composition of the asphalt mixture for the research

Asphalt concrete component Mgterlal content in the
mixture at 100%, % w

Crushed stone fraction 10-20 mm 22.8

Crushed stone fraction 5-10 mm 20.9

Screening fraction 0-5 mm 41.9

Aggregates made of secondary rock 9.5

BND 70/100 bitumen (without additives or modified) 4.9

The temperature conditions for the production and compaction of asphalt mixtures without and
with various modifiers are shown in Table 5.

Table 5 — Main temperature conditions of manufacturing and compaction of ASG.DR.SH.A.NP.I

Temperature, °C
Components of
Binder Modifier ASG.DR.SH.A.N.I ASG.DSANPI
bitumen |crushed stone - .
binder material mixing compaction
- 155 170 165 155
BND 70/100, Elvaloy 180 180 175 165
PJSC Veleton. AVE 18 180 180 175 165
“Ukrtatnafta” | Energy-saving Veleton 160 180 170 160
Wax Veleton 155 170 165 155
Wax + Veleton. AVE 18 165 180 170 160
Wax + Elvaloy 165 180 170 160

Modern construction and architecture, 2025, no. 12, page 102-113

107



108

BUILDING MATERIALS AND TECHNIQUES

The testing results of the physical and mechanical characteristics of asphalt concrete are shown
in Table 6 and Figures 5-9.

Table 6 — Testing results of the physical and mechanical characteristics of asphalt concrete made
from the original bitumen and its modification with additives in the amount of 1.5 %.

BND 70/100 + modifying additive, % wt

Requirements

3 . energy-
= polymeric saving complex wax STATE STATE
Name of indicators 3 Veleton STANDA |STANDAR

€| Elvaloy | Veleton AVE 18. Veleton |RD B.2.7- D

< . .

S 15 % 119:201 | 8959:2019
Average density, t/m® 2.40 2.42 241 241 2.40 not standardized

i 0

Water saturation, % by | 5 ¢ 23 2.7 1.9 2.7 not more than 4.0
volume
Compressive strength, not more | not more
MPa, at 20° C 51 5.9 5.0 5.3 55 than 2.8 than 3.7
Compressive strength, not less not less
MPa, at temperature 50° C 16 26 13 18 1.9 than 1.3 | than 1.8
Water resistance coefficient) g5 | ¢ o4 0.93 098 | 092 not standardized
by the express method
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Fig. 5. Effect of modifiers on the average density of asphalt concrete
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According to the test results, it can be concluded that, except for the energy-saving additive
VELETON, all the additives have a positive effect on the characteristics of asphalt concrete, namely,
decreasing of the water saturation percentage in terms of volume, increasing of the compressive
strength at the temperature 20° C and at the temperature 50° C. V. Zhdaniuk, O. Volovyk, O.
Makarchev in their study of the effect of synthetic waxes Licomont BS 100 and CCBit 113 AD [24],
as well as S. Chuguenko in his study of the polymer Kraton D1101, synthetic wax Licomont BS 100,
and cationic surfactant Wetfix BE [25] on the properties of road asphalt concrete, obtained a similar
effect on both the properties of bitumen and the characteristics of the asphalt mixture. Such an effect
of bitumen with the energy-saving additive VELETON is probably explained by the suboptimal
temperature conditions for the preparation and compaction of the asphalt mixture. In fact, the
temperature of the mixture was 160-180° C, and the compaction was 150-160° C. Moreover, the
bitumen was heated to the temperature 155-165° C, and the stone material 170-180° C. The results
of the studies of characteristics changes of asphalt concrete on bitumen with a combined modification
are shown in Table 7.

Thus, there was the effect that in most cases, synthetic wax in the combination with a polymer
showed worse results than the modification with a polymer additive only: decreasing of the
compressive strength, increasing of the water saturation. This may also be due to the temperature of
the asphalt mixture components, which is higher than usual for polymer-modified bitumen, namely
modified bitumen 170-180° C, stone material 180-190° C, mixture temperature 160-170° C, and
when compacted 150-160° C.

Table 7 — Test results of asphalt mixtures on bitumen with the complex modification

BND 70/100 + modifying additive, % wt Requirement
o polymeric | complex cornplex g A
= g 5| =g | £
= ) et 1 < —
2 £l |23 | sf| a8 23
Name of indicator 2 Elvaloy Elvaloy+ BW|>wWw| 8o Z o <&
= BICK s> | 4+ = S 4 < g = &
Q . w
e o) < w N = *®
< = > <
3 0.5%+ = 5
15% |1.5%+0.5%| 1.5% 1 506 1.5% n »
Average density, t/m* | 2.40 2.42 241 241 | 2.40 2.39 not standardized
i 0,
Water sauration, %by| 34 | 534 2.4 19 | 38 | 32 | notmorethan 4.0
volume
Compressive strength, not less not less
MPa, at 20 ° 51 59 5.2 53 4.4 51 than 2.8 | than 3.7
Compressive strength, not less not less
MPa, at 50 °C 1.6 2.6 2.4 18 2.3 16 than 1.3 | than 1.8
Water resistance
coefficient by the 0.95 0.94 0.98 098 | 0.95 0.97 not standardized
express method

Conclusions and prospects for further research.

1. The use of the analyzed modifying additives for bitumen (complex additive AVE 18 [11],
energy-saving additive Veleton [11], synthetic wax with energy-saving effect [11], polymer
ELVALOY [12]) has the same type of the effects, but in varied ways, namely, decreasing of the
penetration and tensile strength and increasing of the softening point.

2. The most effective among the analyzed additives, both in terms of simplifying of the
modification process (72° C fusion temperature) and in terms of the modified bitumen, was the
ELVALOY polymer. Also, the use of this additive increases the compressive strength of asphalt
concrete at the temperature 20° C by 15 % and at the temperature 50° C by 58 %. However, the
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market cost of the additives varies, which should be considered when making technical decisions in
real practice.

3. The use of only the energy-saving additive VELETON leads to the reduction of the
compressive strength at both 50° C and 20° C, so further research is needed to determine the cause of
such results.

4. In the future, it is planned to continue investigating the effect of modifying additives on the
properties of bitumen and asphalt concrete, both not considered in this work and considered under
other conditions, both proportional and temperature.
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BIIJIMB PI3HUX TUIIIB MOJIU®IKATOPIB HA BJIACTUBOCTI BITYMIB
TA AC®AJBTOBETOHIB HA IX OCHOBI
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Y0o0ecvra oepacasna axademis 6ydisnuymea ma apximexmypu
By. [inpixcona, 4, M. Oneca, 65029, Ykpaina

AHoOTalifg. ABTOMOOUIBHI JOPOI'M MarOTh KPUTUYHO BaXJIMBE 3HAYEHHS OIS PO3BUTKY
HAI[IOHAIBHOI €KOHOMIKHM Ta BiJHOBJIEHHS 1H(PPACTPYKTYpPH B yMOBaX BOEHHOTO 4acy. OCHOBHMM
MaTepiasiom AJs OyJIBHHUILITBA JIOPOKHBOI'O MOKPUTTS € achalbTOOETOH, 10 CKJIaay SIKOr0 BXOAUTH
6itym HadTOBUI NOpokHINA. B Ykpaini eauHuM BHPOOHMKOM IIbOT0 Martepiaiy € KpemeHuynbkuii
HII3 (ITAT «YxkptatHadTay), 1110 3yMOBIIIOE HEOOX1THICTh IMIIOPTY OITYMY.

Y pobOTi JOCHi/HKEHO BIUIMB Pi3HUX MOAUGIKaTOpiB (MOMIMEPHHUX, E€HEpPro30epirarouux,
aAre3iiHUX Ta BOCKOBUX J00ABOK), a TAKOXK 1X KOMIUIEKCHA MOAU(DIKAIlsI HA XapaKTEPUCTUKU OITyMy
Kpemenuynpkoro HII3. TlpoBeseHO eKCliepUMEHTalbHY OLIHKY 3MiH  (Pi3MKO-MEXaHIYHHX
BJIACTUBOCTEH OiTyMy Ticiis Horo Moaudikaliii, a came: TMONHU POHUKHEHHS TOJIKH (TIEHETpaIlii) 3a
temnepatypu 25 °C, TemnepaTypy po3m’ SKIIEHHS 3a KiJIbLIEM Ta KyJIEl0, PO3TSHKHOCTI. J{1 monmiMepHux
N00aBOK TaKOX BH3HAYaBCH iX BIUIMB Ha €JACTHYHICTh OiTymMy. KpiM TOro mOCHiPKEHO BILIMB
Mo (iKaTOpiB Ha SKICTh ac(arbTOOETOHHOI CyMillli: CEPEeHIO TYCTHHY, BOJOHACUYEHHS, TPAHUILIIO
mingocTi ipu Temmepatypi 20 °C ta 50 °C, xoedimieHT BOTOCTIHKOCTI 3a €KCIIPEC-METOIOM.

PegynpraTi MOCHIDKEHHS TOKa3ai, IO MOMU(IKATOPH MAlOTh CXOKHH BIUIUB Ha
XapaKTEepUCTUKU OITyMy, a caMme JI03BOJIAIOTH JIOCATHYTH 3HIDKEHHS IEHEeTpaulii Ta MiJABUILEHHS
TeMIlepaTypy PO3M SIKIIEHHs, MpoTe B pi3HiM Mipi. Bei MogudikaTtopu okpim eHepro3depirarodoi
nob6aBku Veleton Takok MO3UTUBHO BILIMBAIN Ha MOKA3HUKY SKOCTI acanbTo0eToHy. Takuii eexT Bif
3acTocyBaHHS 00aBkM Veleton BiporiiHO MOB'S3aHM 3 HENPUTAMaHHUM IS HEl TeMIepaTypHUM
pexxumoM Moauikariii 61TyMy Ta MPUTOTyBaHHs ac(haaTbTOOETOHHOI CyMillIi, IO IOTPEOY€ TOJATKOBUX
nociipkens. Haloibiny eekTHBHICTh MPOAEMOHCTPYBAIH MoJIiMepHi Jo0aBkamu (30kpeMa Elvaloy),
K1 3HAYHO MOKPAIIyIOTh €KCIUTyaTalliiiHi TOKa3HUKU ac(haabTOOETOHY.

Otpumani  pe3yibTaTH  MOXYTh OyTH  BHKOpPUCTaHI JUIsl  ONTUMI3allii  CKJajiB
ac(hambTOOETOHHUX CyMIIIEH, IO CIPHUATHUME ITiIBUIICHHIO JOBTOBIYHOCTI IOPOYKHBOTO TIOKPHUTTS Ta
e(eKTUBHOMY BiJTHOBJICHHIO TPAHCIIOPTHOI IHYPACTPYKTypH YKpaiHH.

KurouoBi cioBa: 0iTym HapTOBMII TOpPOXKHIM, MOJIMEP, CUHTETUYHUN BICK, MIIHICTh MpHU
CTHCKY, BOJIOHACUUYEHHS, ac(PaTbTOOETOHHA CYMIIIL.
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