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Abstract

This article presents the results of laboratory studies on the
modification of road petroleum bitumen grade 70/100 produced
by Kazakhstan using a styrene-butadiene-styrene (SBS) polymer
of USA manufacture. The aim of the study is to assess the
influence of different polymer concentrations on the standard
quality indicators of the binder, which determine its operational
reliability in road pavements. The testing program included the
determination of needle penetration depth (penetration), softening
point by Ring and Ball method, extensibility (ductility), and
Fraass breaking point. Attention is paid to the analysis of the
modified binder’s resistance to technological aging (RTFOT),
stimulating the process of asphalt concrete mixture preparation
and paving. It has been established that the introduction of the
SBS polymer significantly expands the plasticity range of the
bitumen, increasing heat resistance and lowering the breaking
point. The results of the elastic recovery test confirm the
information of an elastic polymer network within the binder
structure, contributing to increased durability of the road
pavement. The obtained data allow for the determination of the
optimal modified dosage based on regulatory requirements and
the climatic conditions of Kazakhstan.
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Tyiinaeme
byn xymbicta Kazakcran enaipren 70/100 mapkaibl xojd MyHail OUTYMBIH
Makasa xenni: | @MEPUKATIBIK OHIIPICTET1 cTUpON-OyTaaueH-ctupon (SBS) tunti monumepmer

Axmnan 02, 2026 MoauduKanuaiaay OOWBIHIIA 3epTXaHAIBIK 3epTTEYJIEpHAiH HOTHXeJepi
g:ﬁa“g:;;ﬁ: 05. | YCHIHBUIFAH. 3epTTeydiH MakcaThl — JKOJI >KaObIHIAPLIHAAFbl I1aiifanaHy
2026 " | ceHIMAININiH aHBIKTAMTBIH OaMIaHBICTHIPFBIIITLIE  CTAHAAPTTHL  CallalbIK
Ea&mzlvamlbgr KOPCETKIIITEpiHEe MOJUMEPAIH dPTYPJi KOHIEHTPALMICHIHBIH dCepiH Oarainay.
BIpKYHeK 15,

CeiHak OarmapiiaMachl MHE CYFy TEPEHIITiH (meHeTpanusHbl), «CakiuHa KoHe
Hlap» omici OoMbIHIIA KyMcapy TEeMIIEpPaTypachlH, CO3BUIMAIbUIBIKTHI
(myxTunbaikti) koHe @Dpaac  OoiBIHIIA MOPTTBIK  TEMIIEPaTypachlH
aHBIKTayAbl KaMTbIAbl. Ac]aibTOETOH KOCHAchlH JalblHAAY >KOHE Tecey
MPOIECTepIH  UMHUTANMSIANTBIH  TexHONOTUsIBIK ~ eckipyre  (RTFOT)
MoauUKaIUATIaHFaH  OalJIaHBICTBIPFBIIITEIH ~ TYPAKTBUIBIFBIH  TallayFa
epeKie Hazap ayaapbuiael. SBS monmMepiH eHrizy OMTYMHBIH HUTIMALTIK
apaJIbIFbIH aTapibIKTall KEHENTIN, KbUTyFa TO3IMIIIIKTI apTThIPAThIHbI KOHE
MOPTTBIK ~TEMIIEpaTypachlH TOMEHIETETiHI aHBIKTAIIbl.  DIACTHUKAJbBIK
KalTapbIM CBHIHAFBIHBIH HOTHXKEJepi OalaHBICTBIPFBIINI  KYPBUIBIMBIH/IA
CepmiMIi TOJUMEPIIK TOPAbIH KalbIITACKAHBIH pacTailibl, Oy KO
aOBIHBIHBIH Y3aK MEp3IMIAUIITIH apTThIpyFa CENTIriH THUTi3edl. AJIBIHFaH
JepeKTep HOPMATUBTIK TamanTap HeriziHae KazakcTaHHBIH KIUMaTTBIK
KarjaillapplHa CyileHe OTBIpbIN, MOJUM(UKATOPJbIH OHTAWJIbl MeJIIEPiH
aHBIKTayFa MyMKIHIIK Oepei.

Tyiiin ce3nep Outrymasl wmoaudukanumsuiay, SBS momumepi, ¢usuka-
MEXaHMKAJIBIK KaCUeTTep, MeHeTpalus, xxymcapy temmneparypacsl (CxkIL)
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AHHOTaNuA
B nanHoil cTathe mpeacTaBieHbl pe3ybTaThl 1a00PATOPHBIX HCCIEIOBAHUM,
BBITIOJTHEHHBIX TI0 10 MOAU(HKAINN OMTyMa HE(TSIHOTO JOPOKHOTO, MapKH

Iocrymmra: 70/100 (mpomsBoacTBo KazaxcraH), moJMMepoM THIIA CTUPOJI-OyTaJHUeH-
®espans 02, 2026 CEC CIIIA

Pettensuposane: ctupon ( , TIPOM3BOZICTBO ). I_[enburo UCCIICJIOBAHUS - SIBIISIETCS
Mapr 05, 2026 OIICHKA OMNBITHBIM ITyTEM BIIHSIHHS PA3TUYHON KOHIICHTpAIMH TOJHMepa Ha

[lpundTa B nedars: CTaHIAPTHBIC KAa4YSCTBECHHBIE MOKA3aTeId BSDKYLIETO, ONPEACISIONIETO €ro
Centabpe 15, 2026 9KCIUTYyaTallMOHHYI0 HaAE&KHOCTh B JIOPOKHBIX MOKphITHSIX. [Iporpamma
7a00paTOPHBIX MCIBITAHUHM BKJIIOYAlla MCHBITaHUS, periamentupyemsie CT
PK, T'OCT, Takue, Kak: ompeaencHue TIyOWHBI TPOHUKAHUS HIJIBI
(menetparnusi), TeMmieparypa pasmsardeHus mo konpiy u mmapy (Kulll),
pacTsHKUMOCTH (IyKTUIBHOCTB), Temreparypa Xpynkoctu no ®paacy. [pu
OpOBEICHUH paboThl 0co00€ BHMMAaHHE OBLJIO  YAEICHO  aHAIU3Y
YCTOMYMBOCTH MOIU(GUIIMPOBAHHOTO BsDKymero kK crapenunio (RTFOT),
UMHUTHPYIOLIEMY IpPOIECC CTapeHHUs NpU MPOU3BOACTBE ac(halbTOOSCTOHHON
cMecH Ha achaabToOETOHHOM 3aBO/JIe, M YKIIaJIKy ToTOBOM cMmecu. [lo
pe3ynbTaTaMm J1abopaTOPHBIX HCHBITAHUN YCTaHOBIEHO, 4TO BBeaeHHe SBS
MoJiuMepa CYILIECTBEHHO pAacCHIMpSeT HWHTEpPBaJl IUIACTMYHOCTH OHTyMa,
MOBBIIIAsT TEIUIOCTOMKOCTh M CHIDKAs TEMIepaTypy XpynKocTd. Pe3ymbraTs
TECTa Ha DJIACTUYHBIN BO3BpAaT MOJATBEPKIAIOT (OPMUPOBAHHME YIPYTOi
MOJIUMEPHON CETKH B CTPYKTYpE BSDKYILETO, YTO CIOCOOCTBYET MOBBILICHUIO
JIOJTOBEYHOCTH JIOPOKHOTO TOKPHITHA. [loydeHHBIE NaHHBIE ITTO3BOJISIOT
ONpEACTUTh ONTUMAIBHYIO JIO3UPOBKY MojaudukaTopa, ONHUpasCh Ha
KJIMMaTH4eckue ycnoBus Kazaxcrana Ha 0CHOBE HOPMAaTUBHBIX TpeOOBaHUH.
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1. Introduction

The durability and long-term performance of asphalt pavements are strongly influenced by
the temperature susceptibility and mechanical behavior of bituminous binders [1,2]. This issue is
particularly important in regions characterized by pronounced seasonal temperature variations,
such as Kazakhstan, where pavement materials are exposed to both high summer temperatures and
severe winter conditions. Conventional paving-grade bitumens may exhibit excessive softening at
elevated temperatures, increasing susceptibility to permanent deformation, while at low
temperatures they may become brittle and more prone to thermal cracking [3,4]. Therefore,
improving the temperature stability and deformation resistance of bituminous binders remains an
important task in modern road engineering.

Polymer modification is widely used to enhance the performance characteristics of paving
bitumen. Among the available modifiers, styrene—butadiene—styrene (SBS) block copolymers
have received considerable attention because of their ability to improve the elastic response and
temperature stability of bituminous binders. When appropriately dispersed within the bitumen,
SBS can alter the binder structure and contribute to improved resistance to deformation at elevated
temperatures while maintaining favorable behavior under low-temperature conditions [5,6]. The
effectiveness of SBS modification, however, depends on several factors, including the properties
of the base bitumen, polymer characteristics, polymer concentration, and preparation conditions.

The selection of an appropriate SBS dosage is therefore of practical importance.
Insufficient polymer content may not provide the required improvement in binder properties,
whereas excessive polymer addition may substantially increase binder stiffness and complicate
processing and handling. Consequently, the influence of polymer concentration should be
evaluated for the specific base bitumen being modified rather than assumed solely from previously
published data or general recommendations.

In the present study, paving-grade bitumen 70/100 produced in Kazakhstan was modified
with a linear SBS block copolymer containing approximately 31% styrene by mass. Polymer
concentrations of 4%, 5%, and 6% were investigated, with 4% corresponding to the dosage
recommended by the polymer manufacturer. The modified binders were evaluated using standard
physical and mechanical tests, including penetration at 25°C, softening point by the Ring-and-Ball
method, ductility, Fraass breaking point, and elastic recovery. Resistance to short-term thermal
oxidative aging was additionally assessed using the Rolling Thin Film Oven Test (RTFOT).

The aim of this study was to evaluate the effect of SBS polymer concentration on the
standard physical and mechanical properties of 70/100 grade bitumen and to compare the
performance of the investigated polymer dosages before and after short-term aging. Particular
attention was given to changes in high-temperature resistance, low-temperature behavior,
consistency, and elastic recovery in order to identify a rational SBS concentration range for the
investigated binder under the climatic and regulatory conditions relevant to Kazakhstan.

2. Materials and methods

The durability and long-term performance of asphalt pavements are strongly influenced by
the temperature susceptibility and mechanical behavior of bituminous binders. This issue is
particularly important in regions characterized by pronounced seasonal temperature variations,
such as Kazakhstan, where pavement materials are exposed to both high summer temperatures and
severe winter conditions. Conventional paving-grade bitumens may exhibit excessive softening at
elevated temperatures, increasing susceptibility to permanent deformation, while at low
temperatures they may become brittle and more prone to thermal cracking [3,7,8]. Therefore,
improving the temperature stability and deformation resistance of bituminous binders remains an
important task in modern road engineering.

Polymer modification is widely used to enhance the performance characteristics of paving
bitumen. Among the available modifiers, styrene—butadiene—styrene (SBS) block copolymers
have received considerable attention because of their ability to improve the elastic response and
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temperature stability of bituminous binders. When appropriately dispersed within the bitumen,
SBS can alter the binder structure and contribute to improved resistance to deformation at elevated
temperatures while maintaining favorable behavior under low-temperature conditions [5,9,10].
The effectiveness of SBS modification, however, depends on several factors, including the
properties of the base bitumen, polymer characteristics, polymer concentration, and preparation
conditions.

The selection of an appropriate SBS dosage is therefore of practical importance.
Insufficient polymer content may not provide the required improvement in binder properties,
whereas excessive polymer addition may substantially increase binder stiffness and complicate
processing and handling. Consequently, the influence of polymer concentration should be
evaluated for the specific base bitumen being modified rather than assumed solely from previously
published data or general recommendations.

In the present study, paving-grade bitumen 70/100 produced in Kazakhstan was modified
with a linear SBS block copolymer containing approximately 31% styrene by mass. Polymer
concentrations of 4%, 5%, and 6% were investigated, with 4% corresponding to the dosage
recommended by the polymer manufacturer. The modified binders were evaluated using standard
physical and mechanical tests, including penetration at 25°C, softening point by the Ring-and-Ball
method, ductility, Fraass breaking point, and elastic recovery. Resistance to short-term thermal
oxidative aging was additionally assessed using the Rolling Thin Film Oven Test (RTFOT) [5,11].

The aim of this study was to evaluate the effect of SBS polymer concentration on the
standard physical and mechanical properties of 70/100 grade bitumen and to compare the
performance of the investigated polymer dosages before and after short-term aging. Particular
attention was given to changes in high-temperature resistance, low-temperature behavior,
consistency, and elastic recovery in order to identify a rational SBS concentration range for the
investigated binder under the climatic and regulatory conditions relevant to Kazakhstan.

3. Results

The data analysis reveals significant changes in the binder characteristics within the high-
temperature range. The results of the heat resistance evaluation for the base and modified bitumen,
both before and after aging, are presented in Figure 1.

The softening point, determined by the Ring and Ball (R&B) method, serves as an
indicator of heat resistance and demonstrated a direct correlation with polymer concentration [12].
While the base bitumen recorded a value of 48°C, the introduction of 4% SBS polymer shifted the
phase transition point to 69.6°C. Further increasing the polymer content to 5% and 6% raised this
indicator to 73.7°C and 76.6°C, respectively. Following short-term aging via the RTFOT method,
the softening point increased to 74.5°C for the 4% polymer content and to 80.3°C for the 6%
polymer content.

% Softening Point (R&B) Before and After Aging

s Before Aging
. After Aging (RTFOT)

Softening Point, °C

Initial 4% SBS 5% SBS 6% SBS
Figure 1. Comparative histogram of softening points for base and polymer-modified
bitumen before and after aging [author’s material]
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Further evaluation of physical and mechanical properties included the determination of the
needle penetration depth at 25°C. The dynamics of this parameter are illustrated in Figure 2.

Needle Penetration Depth (25°C)
85+

754

801 77.0

70 A

65

0.1 mm

60

55 -

59.2
52.6
50 48.7
-
- s N -
4% 5% 6%

Initial

Figure 2. Comparative histogram of penetration depth for base and polymer-modified bitumen
[author’s material]

Regarding the penetration depth at 25°C, a consistent densification of the structure was
observed: penetration values decreased from 77.0 (0.1 mm) for the base bitumen to 59.2 (0.1 mm)
at 4% polymer content, and further to 48.7 (0.1 mm) at the maximum dosage of 6%. This
reduction in permeability is attributed not to the oxidation of oils, but to the physical interaction
between the polymer chains and the maltene fraction of the bitumen. The binder becomes denser,
which enhances its cohesive strength—the ability to resist internal rupture [13].

The influence of polymer concentration on the visco-plastic properties of the binder is
shown in Figure 3.

Ductility at 25°C
140 135
120 4
100 +

80 -+
70

cm

65

59
60 -

404
20+

0- T T T T
Initial 4% 5% 6%

Figure 3. Comparative histogram of bitumen ductility [author’s material]

Based on the presented data, the ductility of the base bitumen was 135 cm, which is
characteristic of viscous liquid media. However, a slight decrease in ductility was noted, ranging
from 70 cm at 4% polymer content to 59 cm at 6%.

The most critical result is the assessment of the modified binder at low temperatures.
Generally, modifying bitumen to make it stiffer can impair its frost resistance. However, SBS
polymer, as a thermoplastic elastomer, demonstrated a different trend in laboratory tests, as shown
in Figure 4.
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Fraass Breaking Point

Temperature, °C

Initial 4% 5% %
Figure 4. Comparative histogram of Fraass breaking points for base and polymer-modified
bitumen [author’s material]

The test data show an inverse correlation: as the binder stiffness increases, the Fraass
breaking point does not rise but instead decreases. At a 4% polymer concentration, the
temperature is -23.1°C, and at 6%, it reaches -28.9°C. This difference of nearly 6°C demonstrates
a substantial safety margin for the winter operation of highways [13].

The ability of the binder to recover after deformation was evaluated using the elastic
recovery index, the results of which are shown in Figure 5. This laboratory test is conducted
exclusively for polymer-modified bitumen (PMB).

Elastic Recovery (25°C)

100 1

981 97.7
"\i 96
£
2
3 94.2
8 94
7
92.0
921
90 -
4% 5% 6%
Figure 5. Comparative histogram of elastic recovery for polymer-modified bitumen [author’s
material]

According to the experimental results, values exceeding 90% elastic recovery (92%,
94.2%, and 97.7% for 4%, 5%, and 6% polymer content, respectively) classify the resulting
material as a high-performance polymer-modified binder (PMB). An elastic recovery rate close to
100% indicates that the deformations within the material are reversible.

4. Discussion

The experimental results demonstrate a systematic influence of SBS concentration on the
conventional physical and mechanical properties of 70/100 grade bitumen. Increasing the SBS
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content from 4% to 6% resulted in a progressive increase in softening point, a reduction in
penetration, a decrease in ductility, an improvement in low-temperature resistance according to the
Fraass test, and an increase in elastic recovery. Taken together, these changes indicate that SBS
modification alters the balance between stiffness and elasticity of the binder rather than simply
increasing its hardness. The observed trends are consistent with the general behavior of SBS-
modified bituminous binders reported in previous studies [1-4,14,15].

The softening point increased markedly from 48.0°C for the unmodified binder to 69.6°C,
73.7°C, and 76.6°C for the binders containing 4%, 5%, and 6% SBS, respectively. This trend
indicates a substantial improvement in the resistance of the binder to softening at elevated
temperatures. The greatest absolute increase occurred after the initial addition of 4% SBS, whereas
further increases from 4% to 5% and from 5% to 6% produced progressively smaller increments
in softening point. This suggests that the relationship between SBS concentration and the
conventional high-temperature indicator is not proportional over the investigated range. Similar
improvements in high-temperature behavior after SBS modification have been attributed in the
literature to the development of a polymer-rich structure within the bituminous matrix and to the
elastic contribution of the SBS ph ase [5,16]. However, the present study did not include
microscopic or spectroscopic characterization; therefore, the formation and morphology of such a
polymer network cannot be directly confirmed from the current data.

A corresponding change was observed in penetration at 25°C, which decreased from 77.0
x 0.1 mm for the base bitumen to 59.2, 52.6, and 48.7 x 0.1 mm as the SBS content increased
from 4% to 6%. The decrease in penetration reflects an increase in binder consistency and reduced
susceptibility to deformation under the conditions of the penetration test. This result is consistent
with the simultaneous increase in softening point and confirms that higher SBS concentrations
lead to a stiffer binder response at intermediate and elevated temperatures. Nevertheless,
penetration is an empirical consistency parameter and does not by itself provide a direct measure
of shear resistance, rutting resistance, or the molecular interaction between SBS and the bitumen
fractions. Such mechanisms would require additional rheological or physicochemical
characterization.

The ductility results show a different trend. The base bitumen exhibited a ductility of 135
cm, whereas the values decreased to 70 cm, 65 cm, and 59 cm at SBS concentrations of 4%, 5%,
and 6%, respectively. This represents a substantial reduction in conventional elongation capacity
as measured by the ductility test. For polymer-modified binders, however, lower conventional
ductility should not necessarily be interpreted as deterioration in deformation performance,
because SBS introduces an elastic response that is not adequately characterized by elongation to
rupture alone. In this respect, elastic recovery provides a more relevant complementary indicator
of the response of the modified binder after deformation. The results obtained in this study
therefore illustrate the limitation of relying on ductility as a single indicator when evaluating
polymer-modified bitumen.

The low-temperature results are particularly important because increasing binder stiffness
can potentially reduce resistance to thermal cracking. In the present study, however, the Fraass
breaking point decreased from —21.0°C for the unmodified bitumen to —23.1°C, —25.3°C, and
—28.9°C for the 4%, 5%, and 6% SBS-modified binders, respectively. Thus, the increase in
conventional high-temperature stiffness was accompanied by an improvement rather than a
deterioration in the Fraass low-temperature indicator. This behavior is consistent with the
thermoplastic elastomeric nature of SBS and with previous studies reporting that SBS
modification may improve the balance between high-temperature resistance and low-temperature
flexibility [2,117]. At the same time, the Fraass test remains an empirical method; therefore, the
present results should not be interpreted as a complete assessment of low-temperature cracking
resistance. Further investigation using rheological low-temperature methods, such as the Bending
Beam Rheometer, would provide a more comprehensive evaluation.
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Elastic recovery increased consistently with polymer concentration, reaching 92.0%,
94.2%, and 97.7% for binders containing 4%, 5%, and 6% SBS, respectively. This is one of the
clearest indications of the effect of polymer modification observed in the study. The high recovery
values show that the modified binders were able to recover a substantial portion of the imposed
deformation, and the trend indicates that this elastic response became more pronounced as SBS
content increased. These results are consistent with published studies describing the transition of
SBS-modified binders toward more pronounced viscoelastic behavior due to the contribution of
the polymer phase [13—15]. Nevertheless, elastic recovery should be considered together with
other rheological indicators rather than used as an independent measure of overall pavement
performance.

Short-term aging also affected the binders, as indicated by the increase in softening point
after RTFOT. For example, the softening point of the 4% SBS binder increased from 69.6°C to
74.5°C, while that of the 6% SBS binder increased from 76.6°C to 80.3°C. The increase in
softening point after aging is consistent with the hardening typically associated with thermal
oxidative exposure during asphalt production and placement. Previous studies have shown that
SBS-modified binders may undergo complex changes during aging, including both oxidation of
the bituminous phase and degradation or restructuring of the polymer phase [18-20]. The present
results confirm that the binders undergo measurable hardening after RTFOT, but the available data
are insufficient to characterize the aging mechanism in detail. A more complete assessment would
require additional parameters such as penetration retention, mass change, rheological indices
before and after aging, or chemical analysis.

From a practical perspective, the results indicate that even the lowest investigated SBS
dosage of 4% produced a pronounced improvement in softening point, Fraass breaking point, and
elastic recovery compared with the unmodified binder. Increasing the SBS content to 5% and 6%
provided further improvements in these indicators, but the magnitude of the additional benefit was
smaller for some properties, particularly the softening point. At the same time, penetration and
ductility continued to decrease as polymer concentration increased. Therefore, the selection of an
appropriate SBS dosage should be based on a balance between high-temperature resistance, low-
temperature behavior, elastic response, and technological requirements rather than on maximizing
a single property.

The present study is limited to conventional physical and mechanical indicators and short-
term aging assessment. It does not include direct measurements of viscosity, storage stability,
dynamic shear rheology, MSCR response, BBR behavior, mixture-level rutting or cracking
performance, or field compaction. Consequently, conclusions regarding production temperature,
workability, compaction behavior, long-term pavement performance, or economic efficiency
cannot be established solely from the current experimental results. Future research should combine
the standard tests used in this study with rheological characterization and asphalt-mixture
performance testing to determine more precisely the SBS concentration that provides the most
appropriate balance of properties for the climatic and operating conditions of Kazakhstan.

5. Conclusion

Summarizing the comprehensive physical and mechanical characteristics obtained, it can
be stated that the introduction of the SBS polymer (produced in the USA) allows for the expansion
of the binder's operational temperature range (plasticity interval) to impressive values exceeding
100°C (from -28.9°C to +76.6°C).

From the perspective of technical and economic feasibility, and based on the laboratory
research results, the following conclusions can be drawn:

4% Polymer Content: This concentration provides an optimal balance between
performance properties and processability. The recorded indicators (Softening Point, ductility,
elastic recovery) fully comply with the regulatory requirements of the ST RK (Standards of the
Republic of Kazakhstan) and are suitable for use on high-category highways. Furthermore, the
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laying and compaction of the asphalt mix remain standard, with no significant risk of under-
compaction, provided that temperature regimes and technological protocols are followed. This is
recommended as the baseline solution for enhancing the performance of high-traffic roads.

5% Polymer Content: A binder with 5% polymer content demonstrates maximum physical
and mechanical performance in terms of heat and crack resistance. However, its application
requires enhanced quality control during the production and transportation of the mix. Due to the
higher polymer percentage, the bitumen viscosity increases, which leads to a rapid loss of
workability as the material cools. The use of this composition is justified only with strict
adherence to temperature regimes, short transport distances, and the availability of high-efficiency
compaction equipment.

6% Polymer Content: At a 6% dosage, the formation of a continuous polymer network is
observed, leading to the maximization of elastic properties. The viscosity of the binder becomes
even higher compared to the 5% concentration, creating critical risks during construction: the mix
becomes overly stiff, requiring a significant increase in production temperature at the asphalt plant
(which leads to premature bitumen aging), and field compaction becomes difficult. The use of this
polymer concentration in road construction is considered inexpedient for both technological and
€conomic reasons.
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