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Annotation. This research paper is devoted to the problem of modification of petroleum
bitumen by rubber-polymer composites. The purpose of the study is to improve the rheological and
physico-mechanical properties of bitumen of domestic brands PBR 70/100 and PBR 100/130 for the
development of new generation road binders adapted to the climatic conditions of Kazakhstan.

The paper considered the effectiveness of composites based on used automobile tires and
rubber-polymer composites based on polymer waste such as polyethylene and polypropylene. The
literature review analyzes domestic and foreign studies of the composition and properties of bitumen,
its improvement by polymers, rubber crumb and composite modifiers.

In the experimental part, the softening temperature, penetration, extensibility, Fraas brittleness
temperature, viscosity, and elastic recovery parameters of primary and modified bitumen were
determined. The results showed that devulcanized rubber crumb and composite modifiers such as
ELTC significantly improve the performance properties of bitumen.

In the conclusion of the study, optimal compositions were proposed to increase the strength
of road surfaces in the sharply continental climate of Kazakhstan. In addition, the environmental and
economic efficiency of recycling used tires and polymer waste was demonstrated.

Keywords: bitumen, rubber-polymer composite, devulcanized rubber, ELTC modifier,
rheological properties, road construction.

Introduction

This research is devoted to the modification of petroleum road bitumen with rubber—polymer
composites and is aimed at improving the performance properties of road construction bitumen using
modern approaches. Bitumen is a complex mixture of high-molecular-weight hydrocarbons obtained
from petroleum refining, and its rheological as well as physicomechanical properties are governed by
the SARA fractions (Saturates, Aromatics, Resins, and Asphaltenes) [1-3].

The sharply continental climatic conditions of Kazakhstan—characterized by summer
temperatures reaching up to +40 °C and winter temperatures dropping to —30...—40 °C—impose
additional stresses on road pavements and require bituminous binders to maintain stable performance
over a wide temperature range. Conventional petroleum bitumens are unable to fully meet these
requirements; therefore, their effective modification represents an urgent scientific and technological
challenge [4-5].

Currently, the main directions in bitumen modification include enhancement with polymer
additives, crumb rubber, and rubber—polymer composites. Polymers improve the high-temperature
strength of bitumen, while rubber enhances its low-temperature elasticity. The combined use of these
components makes it possible to obtain binders with stable performance over a broader temperature
range [6—8].

In this study, the effectiveness of rubber—polymer composites based on waste vehicle tires and
polymer wastes such as polyethylene and polypropylene was investigated. Devulcanized rubber
particles (DRP) and ELTC-type modifiers were employed in comprehensive studies aimed at
improving the performance characteristics of domestic road bitumens of grades 70/100 and 100/130
[9-11].
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The objective of this research is to enhance the rheological and physicomechanical properties
of bitumen through modification with rubber—polymer composites in order to develop a new
generation of road binders adapted to the climatic and environmental conditions of Kazakhstan.

Materials and Methods

Waste vehicle tires and household polymer wastes (plastic bottles and other plastic residues
based on polyethylene and polypropylene) were used as the research objects. The polymer wastes
were prepared using a mechanical recycling method. This method involves mechanical grinding of
plastic waste to reduce particle size, enabling subsequent thermal treatment and the production of
high-quality modification raw materials.

For bitumen modification, two grades of petroleum road bitumen produced by CASPIBITUM
LLP (Kazakhstan) were used in this study:

e 70/100 grade bitumen — a road bitumen with medium viscosity. This grade is adapted to
the climatic conditions of Kazakhstan and was selected as a suitable base binder for modification with
rubber—polymer composites. It is characterized by high stability at elevated temperatures.

e 100/130 grade bitumen — a relatively soft road bitumen with a high penetration value. Due
to this property, it is suitable for investigating elasticity and crack resistance at low temperatures.
Devulcanized rubber particles and conventional crumb rubber were incorporated into this grade, and
the resulting changes in physicomechanical properties were analyzed.

The use of these two bitumen grades made it possible to compare their properties in the base
and modified states, to evaluate the effects of various rubber—polymer additives, and to determine
optimal compositions adapted to the climatic conditions of Kazakhstan. The characteristics of the
70/100 and 100/130 grade petroleum road bitumens are presented in Tables 1 and 2.

Table 1 — Characteristics of viscous bitumen for oil roads of the B 70/100 brand

e Name of the indicator Road bitumen | Actual | Test method
} 70/100 value
1 | 25 °C penetration, not less, mm 87£5 87.2 | STRK 1226
2 | Softening temperature for the ring and ball, 45.8+1.6 4585 ST RK 1227
°C, not less

3 | Fraas brittleness temperature, °C, not more —21+3 -21 ST RK 1229
4 | Solubility %, not less 99.75 £0.1 99.75 | ST RK 1228
5 | Ignition temperature °C, not less 334 +4 335 ST RK 1804

Table 2-characteristics of viscous bitumen of oil track grade 100/130 of the state enterprise

Ne Name of the indicator Road Actual Test method
bitumen | value
70/100
1 | 25 °C penetration, not less, mm 101-130 113
2 | 0 °C penetration, not less, mm 30 32 STRK 1226
3 | Softening temperature for the ring and ball, °C, 43 44 ST RK 1227
not less
4 | Elongation at 25 °C, cm, not less 90 >150
5 | Elongation at 0 °C, cm, not less 4.0 6.9 STRK 1374
6 | Dynamic viscosity at 60 °C, Pa*s, not less 120 138 ST RK 1211
7 | Kinematic viscosity at 135 °C, mm2/s, not less 180 352 STRK 1210
8 | Ignition temperature °C, not less 230 282 ST RK 1804
9 | Fraas brittleness temperature, °C, not more —22 —24 ST RK 1229
10 | Penetration index from —0.1 0.7
to +1.0 '
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11 | Solubility %, not less 99.0 99.9 ST RK 1228
12 | Paraffin content %, not more 2.5 0.4 ST RK 1230

The research results confirmed that the actual properties of the viscous petroleum road
bitumens of grades 70/100 and 100/130 comply with the requirements of ST RK 1373-2013.

Bitumen modification was carried out using a laboratory bitumen modification unit. The setup
consisted of a cylindrical reactor with a length of 20 cm and an inner diameter of 15 cm. The reactor
was heated by an electric furnace. Temperature measurement and control inside the reactor were
ensured by a thermometer connected to a temperature controller. The mixing rate of bitumen with
polymer additives was regulated using a mixer, with a rotational speed of 6000 rpm. Heating was
controlled by increasing the furnace voltage via a temperature controller.

The average mass of the modified bitumen sample was approximately 200 g. Prior to the
modification process, the bitumen sample was heated to a fluid state (at a temperature not exceeding
105 °C), after which plastic waste was gradually added. The polymer was then incorporated into the
mixture of molten bitumen and waste materials, and the mixture was continuously stirred and heated
until a homogeneous composition was obtained. The temperature was maintained in the range of 175—
180 °C, and depending on the type of modifier, the mixing duration was up to 180 minutes.

To assess the conformity of the prepared polymer—bitumen binders, the following key
physicomechanical properties were determined: softening point, needle penetration depth
(penetration), ductility (elasticity), and Fraass breaking point temperature. The softening point was
determined by the ring-and-ball method in accordance with ST RK 1227. Penetration was measured
using a penetrometer in accordance with ST RK 1226. Ductility, which indirectly characterizes
bitumen adhesion and is related to the nature of its components, was determined using a CKB-974N
ductilometer in accordance with ST RK 1374. The Fraass breaking point temperature was determined
using an ATX-04 apparatus designed to evaluate the low-temperature brittleness of bitumen.

Results and Discussion

Conventional crumb rubber (CCR) and mechanochemically devulcanized rubber particles
(DRP) were introduced into BND 100/130 grade bitumen in the range of 5-25 wt.%. The results are
presented in Table 3.

Table 3 - Results of modification of B100/130 grade with the addition of CCR and DRP

temsp(:ef::?lil:eg for Needle Elongation Brittleness
Composition the ring and ball penetration at 25 °C, temperature on
not lower. °C 2 5’ depth at 25 °C| not lower, Fraas, not
o C, not lower, mm cm higher, °C
BND 100/130 44 113 150 -24
BND 100/130 -
95%
CCR - 5% 45,8 69 139,7 -17,7
BND 100/130 -
95%
DRP - 5% 55,7 117 63,2 -18,8
BND 100/130 -
90%
CCR - 10% 54,5 65 115,8 -18,6
BND 100/130 -
90%
DRP - 10% 64,5 105 48.4 -19,5
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BND 100/130 -
85%
CCR - 15% 56,8 63 53 -19,1
BND 100/130 -
85%
DRP - 15% 61 94 37 26,5
BND 100/130 -
80%
CCR - 20% 61,9 60 21,9 20,3
BND 100/130 -
80%
DRP - 20% 63,5 83 33 34
BND 100/130 -
75%
CCR - 25% 65,6 56,3 15,6 -30,6
BND 100/130 -
75%
DRP - 25% 67,1 72 25 27,7

Compositions containing 5-25 wt.% of both CCR and mechanochemically devulcanized
rubber particles (DRP) demonstrated a significant increase in high-temperature strength, with the
softening point rising from the initial 44 °C to 60-67 °C.

As the content of CCR increased, the bitumen became progressively stiffer and the penetration
value decreased rapidly. In contrast, although the softening point increased markedly in the presence
of DRP, penetration values remained relatively higher. This indicates that the use of DRP provides a
more effective balance between workability and mechanical strength. The Fraass breaking point
temperature was observed to improve with increasing rubber content. In particular, compositions
containing 15-20 wt.% DRP exhibited a significant reduction in brittleness temperature to the range
of —26.5 to —34 °C, indicating enhanced resistance to low-temperature cracking under cold climatic
conditions. Compared with compositions containing conventional crumb rubber, DRP-modified
samples retained superior low-temperature flexibility.

For the modification of BND 70/100 grade bitumen, a hybrid ELTC modifier containing
devulcanized rubber, polyethylene (PE), polypropylene (PP), and additives was employed. The
modified compositions were compared with bitumen modified with styrene—butadiene—styrene
(SBS). The results are presented in Table 4.

Table 4 - Results of modification of B70/100 grade with SBS and ELTC+PE systems

Softening temperature for Needle.: Elastic
iti : penetration
Composition the ring and ball, not lower, ° recovery,
o ° depth at 25 °C, o
C25°C e
not lower, mm

B 70/100 483 90.8 0
4% SBS
t = 160°C, 60 min 764 67,3 60
ELTC 20%+PE 10%
£ = 180°C, 30-90 min 65,9-67.7 56,2-57,0 37-39
ELTC 20%+PE 20%
t = 180°C, 30-90 min >80 35,6 33
ELTC 20%+PE 40%
t = 180°C, 30-90 min >80 26,6 30
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The incorporation of an ELTC-type modifier based on waste tire rubber and polyethylene (PE)
and polypropylene (PP) significantly improved the high-temperature properties of bitumen. In
ELTC+HPE systems, the softening point increased to 65—-80 °C and higher; however, when the PE
content reached 2040 wt.%, excessive stiffening of the binder was observed, accompanied by a
reduction in elastic recovery.

In ELTC+PP systems, both the softening point and penetration values were maintained at
relatively high levels, while elastic recovery reached approximately 50-55%, indicating enhanced
resistance to long-term fatigue cracking. For comparison, BND 70/100 bitumen modified with 4 wt.%
SBS polymer exhibited an increase in softening point to 76.4 °C and an elastic recovery of about
60%. Certain ELTC+PP-based compositions (e.g., with 10-20 wt.% PP) achieved softening point,
penetration, and elasticity values comparable to or approaching those of SBS-modified bitumen. This
demonstrates the potential of rubber—polymer composite modifiers to partially or fully replace
expensive SBS polymers.

Conclusions

The present study focused on improving the rheological and physicomechanical properties of
BND 70/100 and BND 100/130 grade bitumens through modification with rubber—polymer
composites derived from waste tire rubber and polymer wastes.

o The initial properties of the base bitumens were found to comply with national standards,
confirming their suitability as reliable base binders.

o The incorporation of conventional and devulcanized rubber particles into BND 100/130
bitumen increased the softening point to 60—67 °C and improved low-temperature flexibility. In
particular, the use of devulcanized rubber provided a more effective balance between strength and
workability.

e Modification of BND 70/100 bitumen with the ELTC modifier significantly enhanced
high-temperature performance. ELTC+PP systems were distinguished by higher elastic recovery,
contributing to improved long-term durability.

e Certain ELTC+PP compositions demonstrated performance comparable to SBS-modified
bitumen, indicating the feasibility of partially replacing costly SBS polymers.

o From an environmental perspective, rubber—polymer modifiers enable the recycling of
waste tires and plastic wastes, thereby reducing environmental burden.

o The optimal compositions were identified as 15-20 wt.% devulcanized rubber particles for
BND 100/130 and 10-20 wt.% ELTC+PP-based modifier for BND 70/100.

Overall, the results indicate that the use of rubber—polymer composites, particularly ELTC+PP
systems, represents a promising approach for producing high-temperature-resistant and elastic road
bitumens adapted to the sharply continental climatic conditions of Kazakhstan.
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MYHAM BUTYMBIH PE3EHKE-IIOJIMMEPJII KOMIIO3UTTEPMEH
MOJUPUKAIUAJTIAY

Buxropc XapuToHosc
Pura Texnukanelk yHuBepcuteti,Pura kanacel, JlaTBus
e-mail: viktors.haritonovs@rtu.lv

AngaTrna. bysl FbUIBIMU-3€pTTEY JKYMBICBI MYHail 0J OWUTYMBIH pe3eHKe-TOoJUMepIIl
KOMIIO3UTTEpMEH MOAM(DUKaLUsIay MaceleciHe apHallFaH. 3epTTeyliH MakcaTbl — Ka3akcTaHHBIH
KJIMMATTBIK JKaFJaiiapsiHa OefiiMaenret skaHa OybIH bl K0J OaiIaHBICTHIPFBIIITAPBIH 931pJiey YILIH
otauabiKk MXKB 70/100 >xone M2KB 100/130 mapkansl OUTYMAAPABIH PEOJIOTUSIIBIK JKOHE (PU3HKa-
MEXaHMUKAJIBIK KACUETTEPIH KaKcapTy.

KymbicTa mnalijjaNaHblIFAaH aBTOKOJIIK ILIMHAJApPbhl HETI3TI3JIENIeH JKOHE IMOJMATUJIEH,
MIOJIMIIPOIINJIEH CUAKTBI OJIMMED KaJIAbIKTapbIHA HET13/IEJINeH pe3eHKe-TOIUMEPIIl KOMIIO3UTTEPAIH
THIMIUTITT  KapacThIPBUIABL. ©OAeOu IModyJa OWTYMHBIH KypaMbl MEH KAacHeTTepi, OHBI
MOJINMEPIIEPMEH, PE3EHKE YTIHAICI KOHE KOMIIO3UTTIK MOAU(UKATOPIapMEH KETUIAIPY KOHIHAET1
OTaH/IbIK JKOHE IIETENIIK 3epTTeyJIep TaJlJaH Ibl.

OKCcrepuMeHTTIK Oemimze OacTamnkpl jkoHE MojaudUKalUsuIaHFaH OUTYyMIapAblH >KyMmcapy
TEMIEPATypachl, TMEHETPALUACHl, CO3BUIFBIIUTBIFBI, dpaac CBHIHFBIIITBHIK TEMIIEPATypachl,
TYTKBIPJBIFBl JKOHE CEpHIMIl KaJlblHA Kely KepceTKiuTepi aHbIKTanabl. HoTmxkenep OoiibiHIIa
JeByJKaHu3auusIanFal pe3eHke yringici MeH ELTC TUNTI KOMIO3UTTIK MOAM(UKATOPIIAP.IBIH
OUTYMHBIH SKCIUTyaTalMsUIBIK KACUETTEPIH alTapiIbIKTal KaKcapTaThIHbI JJIEICH/I.

3epTTey KOpPBITHIHABICBIHAA Ka3zakcTaHHBIH KYpT KOHTHHEHTTIK KJIMMATBIHIA KOJ
X&aObIHAAPBIHBIH OEpIKTITH apTThIpyFa MYMKIHIIK O€peTiH OHTaisbl KypamJap YCBHIHBUIIBL.
CoHbIMEH KaTap, MaiifajJaHbUIFaH IIHHAIAD MEH MOJUMep KaJJBIKTapblH KailTa OHJICYIiH
9KOJIOTHSITBIK KOHE IKOHOMHKAJIBIK THIMITITT KOPCETLIII.

Tyiiin ce3nep: OuUTyM, pe3eHKE-TNOJMMEPIl KOMIO3WT, JEBYJIKaHU3AIMIAaHFAaH pPE3EHKE,
ELTC moaudukatopsl, peojorusiiblK KaCHETTEP, KO KYPbUIBICHI.
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MOIUPUKALNMNA HEPTAHOI'O BUTYMA PE3MHOBO-ITIOJIMMEPHBIMU
KOMIIO3UTAMU

Buxropc XapuToHoBc
Pwxckuii TexHudeckui yaHuBepcuter,r.Pura, JlaTBus
e-mail: viktors.haritonovs@rtu.lv

AHHoTauus. JlanHas Hay4yHO-HMCCIEOOBaTeNbcKas paboTa MOCBsIIeHa mpolieMe
Moau(UKay HEPTSIHOrO JOPOKHOTO OWUTyMa pEe3UHO-MOJIMMEPHBIMH Kommo3utamu. llenb
UCCIICIOBAHMUSI — YJIYYIICHHE PEOJOrMYeCKMX U (PU3HKO-MEXaHMYECKUX CBOUCTB OHMTYMOB
oteuectBeHHBIX Mapok bBHJI 70/100 u BHJI 100/130 my1s pa3paboTKH TOPOKHBIX CBA3YIOIIMX HOBOTO
IIOKOJIEHU S, alallTUPOBAHHBIX K KJIIMMaTH4YeCKUM yciioBusaM Ka3zaxcrana.

B pabote paccmarpuBanach 3(G(HEKTHBHOCTh KOMIO3UTOB HA OCHOBE HCIOJIB30BAHHBIX
aBTOMOOMJIBHBIX IIMH U PE3UHO-IIOJUMEPHBIX KOMIIO3UTOB Ha OCHOBE MOJMMEPHBIX OTX0JI0B, TAKHX
KaK MOJMATHUIICH U oJunponuwieH. B nuteparypHom o030pe mpoaHanu3upOBaHbl OTE€YECTBEHHbBIE U
3apyOeKHbIE MCCIIEIOBAaHMS COCTaBa M CBOMCTB OMTyMa, €r0 COBEPIICHCTBOBAHUS IOJIMMEPAMH,
PE3MHOBBIMU KPOIIIKAMH U KOMITO3UTHBIMU MOJIU(HUKATOPAMH.

B »skcnepumeHTanbHOM dYacTW oONpezAesieHbl TeMIeparypa pasMsardeHus, IEeHeTpalus,
PacTsKUMOCTB, TeMIepatypa xpynkoctu dpaac, BA3KOCTh U MOKa3aTeNu YIPYToro BOCCTAHOBJICHHUS
MEPBUYHBIX U MOAU(PUIMPOBAHHBIX OUTYMOB. Pe3ynbTaThl Moka3anu, 4To JEBYJIKAHU3UPOBAHHAS
pe3uHOBasi Kpoluka U Kommo3uTHble Moaudukatopsl Tuma ELTC 3HauuTenpbHO yiydllaroT
9KCILTyaTallMOHHbIE CBOMCTBA OUTyMa.

B 3aximouenun ucciaenoBaHusi ObUTM MPEJIOKEHbI ONTHMAlbHBIE COCTaBbI, MO3BOJISIONINE
MOBBICUTh MPOYHOCTh JOPOKHBIX MOKPHITHI B pE3KO KOHTHHEHTalIbHOM Kiaumare KazaxcraHa.
Kpome Toro, Oblia HpOAEMOHCTPUPOBAHA HKOJIOTHYECKas M HSKOHOMHUYecKas 3((eKTHBHOCTH
nepepaboTKU UCIOJIb30BaHHBIX IIMH U OJUMEPHBIX OTXOJI0B.

KiroueBble ci1oBa: OUTYyM, pe3MHO-TTOJIMMEPHBINA KOMITO3UT, 1€BYJIKAHU3UPOBAaHHAs PE3HHA,
moaupuxatop ELTC, peonornueckue cBOMCTBA, JOPOKHOE CTPOUTEINHCTBO
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