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Physical and mechanical properties of bitumen modified with energy-saving
additives based on surface-active substances

Abstract. The article examines the influence of modern energy-saving additives based on surface-active agents available on the
Ukrainian market on the physico-mechanical and performance properties of BND 70/100 paving-grade road bitumen. The relevance
of the study is 06ycnoeneHa the need to reduce the production and laying temperatures of asphalt concrete mixtures, which allows
for lower energy consumption, reduced harmful emissions into the atmosphere, and improved technological efficiency of road
construction without deterioration of pavement quality.

The study analyzes the effect of various contents of energy-saving additives on the main quality indicators of bitumen. The
relationships between changes in bitumen properties and additive concentration are presented, enabling the determination of
optimal dosages from the perspective of ensuring the required performance characteristics of the bituminous binder.

Special attention is paid to the investigation of adhesion properties of bitumen, in particular its adhesion to the surface of mineral
aggregates and to glass, which serve as indicators of binder-aggregate interaction. The obtained results demonstrate a significant
effect of surface-active additives on improving adhesion and enhancing bitumen resistance to stripping.

Based on a comparative analysis of experimental data, it was established that, considering the overall set of investigated
properties, the EN3 additive is the most effective energy-saving additive. Its application provides an optimal combination of
improved bitumen properties and enhanced adhesion characteristics, confirming the feasibility of its use in warm mix asphalt
production technologies.

Keywords: petroleum road bitumen, modification, energy-saving additive, adhesion to surface

*Corresponding author E-mail: chuguenko@gmail.com

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
( https://creativecommons.org/licenses/by-nc-sa/4.0/ )

23.09.2025 Published:

Received:  15.08.2025 Accepted: 26.12.2025

Introduction. At present, three of the most widely
used technologies for producing so-called warm mix
asphalt and asphalt concrete can be identified. These
include the use of additives based on waxes or surface-
active agents (surfactants), foaming of bitumen by
injecting water into hot bitumen, and foaming of
bitumen through the use of additives containing water.

In Ukraine, energy-saving additives have become the
most widely applied approach for the production of
asphalt concrete mixtures.

Energy-saving additives are materials produced on
the basis of waxes, surface-active agents, and/or other
components that enable a reduction in the technological
temperatures of production, laying, and compaction of
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hot asphalt concrete mixtures, as well as the execution
of works at low ambient temperatures. To be classified
as an energy-saving additive, the reduction in these
temperatures should be at least 15 °C. The use of such
additives allows energy savings while simultaneously
reducing emissions of harmful substances into the
environment. The extent of temperature reduction
during production and paving of asphalt concrete
mixtures with energy-saving additives depends on the
type of additive, bitumen viscosity, mixture
composition, and ambient temperature conditions.

Energy-saving additives act as inhibitors of both
technological thermal aging and long-term service
aging of bitumen, since exposure to high temperatures
during asphalt mixture production and to solar radiation
during extended pavement service leads to changes in
the group-chemical composition of the binder. The use
of energy-saving additives makes it possible to produce
so-called warm mix asphalt. In recent years, new warm
mix asphalt technologies have been developed in
Europe and the United States, allowing a reduction in
asphalt mixture production temperatures without
deterioration of pavement strength characteristics
compared to conventional hot mix asphalt. This effect
is achieved through physico-chemical mechanisms that
reduce the shear resistance of the asphalt mixture
during production, laying, and compaction.

The typical production temperature range for such
mixtures is approximately 105 °C to 125 °C. Their
application enables reduced energy consumption, lower
atmospheric pollutant emissions, decreased binder
aging intensity, increased hauling distances of the
finished mixture, and an extended construction season.
In addition, they provide the required deformability at

low temperatures and resistance to permanent
deformation caused by heavy vehicle loads at high
summer temperatures.

Surface-active energy-saving additives
simultaneously act as effective adhesion agents for
bitumens and asphalt concretes. Under current market
conditions, manufacturers offer surfactant-based
additives that combine both energy-saving and
adhesive properties. The dosage of these additives
depends on the type of asphalt concrete used and its
production and laying temperatures, transportation
time, required degree of compaction, binder grade in
the asphalt mixture, and the use of reclaimed asphalt
pavement (RAP) within the mixture
composition [1-15].

Problem statement. The aim of the study is to
determine the changes in the physico-mechanical
properties of bitumen when modified with energy-
saving additives based on surfactants. The main
objectives of the study are to carry out bitumen
modification using energy-saving surfactant-based
additives and to evaluate the quality indicators of the
bitumen.

Main material and results. "For the purpose of
testing new modifying additives and studying their
effect on the properties of the binder, a domestic
oxidized road petroleum bitumen of grade BND
70/100, produced by PJSC 'Ukrtatnafta’ (Kremenchuk,
Ukraine), was selected as the model bitumen. The main
physico-mechanical properties of BND 70/100
bitumen, produced by PJSC 'Ukrtatnafta’, according to
DSTU 4044:2019 [16], are presented in Table 1.

Table 1 — Properties of BND 70/100 Bitumen, produced by PJSC 'Ukrtatnafta

Property Actual Value Requirements for BND 70/100 Bitumen
according to DSTU 4044:2019 [16]

Needle penetration at 25 °C, 0.1 mm 75 71-100
Softening point, °C 48,8 45-51

Fraass brittleness temperature, °C -13 <-13
Ductility at 25 °C, cm >150 >60
Adhesion to glass surface, % 31,2 >18
Flash point in open cup, °C 295 >230
Solubility in organic solvent, % 99,96 >99,0

Penetration index -0,50 Bix -2,0 mo 1,0

Based on the main property indicators, the selected
bitumen as the model material meets the requirements
of DSTU 4044:2019 [16]. To determine the adhesion of
bitumen to mineral material, dense granite crushed
stone from natural igneous rocks, fraction 20—40 mm,
sampled at LLC «Mokryansky Quarry No. 3», was
used. For the study, surfactant-based additives,
presented in Table 2, were employed.

For the modification of BND 70/100 bitumen
(produced by PJSC 'Ukrtatnafta') with energy-saving
surfactant-based additives, the following modification
parameters were selected:

- additive content 0f 0.1, 0.2, 0.3, 0.4, and 0.5 wt.%;

- temperature for combining and mixing bitumen
with additives: 150 °C (mixing was carried out using a
mechanical four-blade paddle mixer at 400 rpm);

- modification time: 1.0 hour.

Bitumens modified with energy-saving surfactant-
based additives were compared with the requirements
of DSTU 4044 [16] and SOU 45.2-00018112-067:2011
[17]. The energy-saving effect of the used additives is
planned to be studied during the design of asphalt
concrete mixtures in future research.

The changes in the physico-mechanical properties of
bitumen after modification are presented in Table 3 and
illustrated in Figure 1.
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Table 2 — Energy-saving additives selected for the study

Sample No Source Characteristics Designation and Comparative Cost
1 Ukraine Viscous brown liquid EN1 (lowest)
2 Lo EN2 2 (medium)
3 Sweden Amber-colored liquid ENG (highest)

Table 3 — Changes in the properties of the base bitumen after modification with energy-saving additives based on
surface-active agents

Additive content, wt.% of bitumen" Requirements
No. Indicator BND 70/100 EN1 EN2 EN3 for BND-A
0,1]0,3]05/01]0305]01]03]05| 70/100
1 Needlepe‘aefﬁl;“ at25°C, 75 7063|6479 79|77 |80 |79 | 75| 71-100
2 Softening point, °C 48,8  |49,4/50,2|50,4|48,8|49,2|49,4|49,6(50,0(50,2|  45-51
Fraass brittleness
3 temperature, °C 13 |-13|-13|-13|-13|-13|-13|-13|-13|-13| <13
4 Ductility at 25 °C, cm >150 >60
5 Adhesmntocrushedstone 25 35(35(4040|45(50(40(45|50 not less than
surface, points 5,0
6 Penetration index -0,5 -0,5|/-0,6/-0,5|-0,4|-0,3|-0,3/-0,1| 0,0 |-0,1| -2.0t0 1.0
7 Plasticity index 61,8 62,4/63,2|63,4/61,8|62,2|62,4|62,6| 63 |63,2 -

== EN3

0= EN1

85
== EN1
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60

35
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Figure 1 — Changes in bitumen properties at different dosages of energy-saving surfactant-based additives: (a)
penetration at 25 °C; (b) softening point

Analysis of Table 3 indicates that the surfactants used
only slightly affect the main physico-mechanical
properties of the base bitumen (all modified bitumens
retain their grade according to penetration compared to
the original bitumen), except for adhesion to the
crushed stone surface. The requirements for BND-A
70/100 bitumen according to SOU 45.2-00018112-
067:2011 [17] for adhesion to the crushed stone surface
are not less than 5.0 points, and according to DSTU
9187 [18], not less than 4.5 points.

Bitumens modified with surfactants do not
demonstrate the required adhesion to Mokryansky
crushed stone at a dosage of 0.3 wt.% of bitumen
according to SOU 45.2-00018112-067:2011 [17]. Only

foreign additives at a dosage of 0.3 wt.% meet the
adhesion requirements according to DSTU 9187 [18],
and at a content of 0.5 wt.% of bitumen, they provide
the necessary adhesion to the crushed stone surface
according to SOU 45.2-00018112-067:2011 [17].

For better comparison of results, it was decided to
determine adhesion to a glass surface for energy-saving
additives at a dosage of 0.5 wt.%. These surfactant
dosages in bitumen for the study of adhesion to the
glass surface were selected based on the adhesion
results with Mokryansky crushed stone. Comparative
tests using the adhesion to glass surface indicator are
presented in Table 4.
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Table 4 — Comparative tests of surfactants using the adhesion to glass surface indicator

BND 70/100, produced by .
Surfactant dosage | Adhesion to glass .
PJSC «Ukrtatnaftan+ in bitumen, Wt.% surface, % Requirements
surfactants
>18 for BND 70/100 according
BND 707100 i 3.9 to DSTU 4044 [16]
EN 1 30,6 not less than 75 for BND-A
EN 2 0,5 72,9 70/100 according to SOU 45.2-
EN 3 95,3 00018112-067:2011 [17]

Interpretation of results and their approval.
Analysis of Table 4 indicates that, in this case, the
adhesion values to the surface of Mokryansky crushed
stone do not always correlate with the adhesion values
to the glass surface. This is particularly evident for
surfactants ES 1 and ES 2. Among the energy-saving
surfactants, ES 3 provides the best adhesion
performance to both glass and crushed stone.

Conclusions. The use of energy-saving surfactant-
based additives for bitumen modification does not
change the grade of the binder but leads to an increase
in adhesion to the surface of mineral fillers. For the
crushed stone selected in this study, the standardized
adhesion value was achieved only with additives of
foreign origin, with adhesion values of 4.5 and 5 points
for additive contents of 0.3 and 0.5 wt.%, respectively.

However, the same binders, when tested for adhesion
to glass plates, showed results that did not correlate
with the adhesion values to crushed stone.

Thus, when evaluating the adhesive efficiency of
different energy-saving additives, it is first necessary to
conduct tests on adhesion to the filler that will be used
in production. Following positive results and selection
of the technically optimal additive, adhesion tests
should be conducted with Mokryansky quarry crushed
stone, which is intended specifically for comparative
testing. If necessary, and as part of the final additive
selection, adhesion to a glass surface should also be
determined.

In the future, extended studies are planned using
additional indicators of binder properties and properties
of asphalt concretes prepared with the binders
mentioned above.
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di3nko-MexaHiuHi BnacTmBocTi 6iTyMiB MogmdiKoBaHUX eHepro3bepiraounmm
pobaBkamu Ha ocHosi [TAP

AnHoTauis. Y cTaTTi po3rnsHyTO BIIMB Cy4acHUX eHeprosbepiratoumx [o6aBoK, nMpeAcTaBneHUX Ha PUHKY YKpaiHW, Ha OCHOBI
MOBEPXHEBO-aKTUBHUX PEYOBMH Ha (hi3uKO-MeXaHiuHi Ta eKcriyaTaujiHi BnacTMBOCTi nopoxHboro Gitymy mMapku BHLL 70/100.
AKTyanbHiCTb [OCII)KEHHS 3yMOBIeHa HEObXiJHICTIO 3HWKEHHS TeMrepaTyp NPUroTyBaHHS Ta YKSIaJaHHA acthanbTobeTOHHUX
CyMilLiei4, LD A03BONIIE 3MEHLLUTU EHEProCTIoKWUBaHHS, WKILJIMBI BUKMOM B aTMOCepy Ta MigBULUMTM TEXHOJOMYHICTb JOPOXKHIX
pobiT 6e3 noripLUeHHs SKOCTi MOKPUTTS.

Y poboTi npoaHanisoBaHO BrMB Pi3HOr0 BMICTY eHepro3bepiraoumx [06aBOK Ha OCHOBHI MOKA3HWKW SIKOCTI BiTyMy, 3oKkpema
neHeTpaLjlo, TeMnepaTypy PO3MSKLIEHOCTI 33 METOAOM «KifibLe i Kyns», TeMnepaTypy KpuxkocTi 32 ®paacoM, posTSXKHICTb,
34erIOBaHICTb i3 MOBEPXHE0 MiHepasbHOro 3aroBHIOBAYa, @ TaKOX iHTepBan MniacTUYHocTi. HaBepeHo 3aneXHoOCTi 3MiHW
333HaYEHUX MOKA3HWUKIB Bif, KOHLKEHTpaLil A06aBKu, Lo [A03BOSISE OLiHUTUA ONTUMaNbHi [03yBaHHA 3 MO3uLil 3abesmneyveHHs
HeoBXigHUX eKCrTyaTaLiMHUX XapaKTepUCTUK BITYMHOro B'sky4oro.

OkpeMy yBary MpuaineHo AOCMIMKEHHIO afresiiHUX BRacTMBOCTeW 6GiTyMy, 30KpeMa MOKasHUKY 3YeryieHHs 3 TMOBEpXHelo
MiHEpanbHUX 3aMOBHIOBAYiB Ta 3i CKIIOM, §iKi € iHAMKATOPOM B3AEMOji B'SHKy4yoro 3 MiHeparbHUMM MaTtepianamu. OTpuMaHi
pesynbTaTy CBigYaTh NPO CYTTEBUIA BIUIME NMOBEPXHEBO-aKTMBHUX [06ABOK Ha MOKPALLEHHS aaresii Ta NigBULLEHHS CTIMKOCTI BiTyMy
[0 BiAWapyBaHHS.

Ha ocHOBI NOpiBHSANBHOrO aHanisy ekcnepUMeHTanbHUX AaHUX BCTAHOBMEHO, LD 3@ CYKYMHICTHO AOCTIKEHUX MOKa3HUKIB HaGiNbL
etheKTUBHOIO eHeprosbepiratovoto pobaBkoto € EH3, 3actocyBaHHs qkoi 3abesneuye onTMManbHe MOEQHAHHSA MOKPALLEHWUX
BNlacTMBOCTel GiTyMy Ta MiBULLEHUX afresiMHWUX XapakTepucTuk. Lle nigTeepmkye AOLMBHICTb i BAKOPUCTAHHS Y TEXHOSOTIAX
BUPOBHULITBA TEMNMX achanbTOBETOHHUX CyMiLLeit.

KntouoBi crioa: 6iTyM HadTOBUI LOPOXKHIM, MoaudiKaLlis, eHepros6epiratova [o6aBKa, 3UEr/IOBaHICTb 3 NMOBEPXHEHO.
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