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Abstract. Introduction. The practice of the motor roads operation in the Republic of Kazakhstan
shows that the durability of asphalt concrete pavements on them is much lower than the standard terms.
Therefore, maintaining roads in a condition, which meets the requirements of traffic flows is impossible
without the use of new, progressive materials and technologies. The main factor influencing a sharp
decrease in the service life of the road surfaces is the use of low-quality bitumen as a binder in asphalt
concrete mixtures, since microcracks develop mainly in its film. The goal of the work. In this paper, the
physical and mechanical properties of bitumen of the grade ORB(0oil road bitumen) 70/110 of the Aktau
bitumen plant have been studied. Methods.To improve the operational characteristics of bitumen,
modification with polyethylene and polystyrene waste has been carried out. Results and discussion. It has
been shown that after the addition of the modifying additives, the main indicators of bitumen have
improved. For polyethylene: the depth of needle penetration has decreased from 70 down to 61 mm, the
extensibility of bitumen has decreased by 52 ¢cm, which indicates an improvement in the plasticity and
elasticity, the softening temperature along the ring and ball has increased from 49 up to 59 °C, which
leads to reducing the tendency of bitumen deformation, and the brittleness temperature has been within
the normal range - not less than -20 °C. In case of using polystyrene, the penetration characterizing the
bitumen hardness decreases from 70 mm down to 61 mm,; the extensibility of bitumen increases by 10 cm,
which indicates an improvement in the elasticity and strength, due to the presence of the resulting
structural network. Conclusion. The softening temperature of bitumen increases, which leads to an
improvement in the heat resistance and viscosity.
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1. Introduction

One of the topical issues in the oil refining industry is the problem of
improving the quality of petroleum products, which include petroleum bitumen.
Despite the fact that the performance properties of bitumen meet the necessary
requirements, the road surfaces based on them do not always meet the climatic
conditions of operation in our country.

Road oil bitumen is sensitive to the temperature changes, i.e. become brittle
in the cold, and soften at elevated temperatures, leading to punching and
deformation of road surface [1].

The performance properties of bitumen under the influence of the aggressive
environment also deteriorate, and may not always meet the desired performance
requirements.

Thus, petroleum bitumen is the cheapest and most versatile material for using
as a binder for the construction of the road surfaces [2].

Often, up to 30% of various products are added to tars and heavy residues of
oil refining, which is necessary to improve the quality of the binder produced. If
the additives are not added, the resulting binders become brittle and lose their
elasticity.

The main physical and chemical indicators of bitumen, which affect its
performance properties include: penetration, brittleness temperature, softening
temperature, extensibility. Improvement of these indicators can be achieved by
introducing waste polymers into the composition of the bituminous compositions
[3-7].

The addition of polymer waste to oil road bitumen increases its elasticity and
strength, making the road surface more durable and resistant to the thermal and
mechanical stress. Also, the addition of a polymeric material improves the spatial
structure of a binder [8-11].

The construction industry occupies one of the first places among the largest
consumers of polymeric materials. The widespread use of polymeric materials in
construction is facilitated not only by the high chemical resistance, good
decorative properties of many of them, but also by the comparative ease of use,
manufacturability, etc.

Therefore, at present, the problem of processing the waste polymer materials
is becoming relevant not only from the standpoint of environmental protection,
but also due to the fact that in the conditions of a shortage of polymer raw
materials, the plastic wastes often become a raw material and energy resource
[12].

The involvement of a number of wastes from the petrochemical industries
will significantly improve the technogenic situation at the enterprises and make it
possible to more efficiently use the useful potential of the secondary wastes.

However, the use of the waste polymeric materials as additives in the
Republic of Kazakhstan has been little studied. Therefore, the research in the field
of improving the physical and mechanical properties of road bitumen by
introducing the polymer waste remains relevant to this day.
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2. Experimental part

The study object is the oil road bitumen ORB 70/100 of the Aktau bitumen
plant. Bitumen of this grade is a large-tonnage product of oil refining, has a
complex of valuable technical properties and is widely used in the manufacture of
asphalt concrete mixtures in the road construction. The raw material for the
production of bitumen is tar (heavy oil residue of vacuum distillation). The
physical and chemical properties of ORB 70/100 bitumen are presented in Table
1.

Table 1 - Physical and chemical properties of ORB 70/100

Indicator Value
Needle penetration depth, 0.1 mm:
-at25°C 70
-at0°C 22
Softening temperature for ring and ball, °C 49
Extensibility at 25 °C, cm 71
Brittleness temperature, °C -21

To improve the performance properties of bitumen, various modifying
additives are used, in particular the polymer waste. The use of the waste polymers
can significantly save the primary raw materials and electricity. For example, the
production wastes of polystyrene and polyethylene do not differ from primary raw
materials in their physical, mechanical and technological properties. They are
returnable and are mainly used at the enterprises where they are formed. They can
also be used as independent raw materials in the production of various products.
And in order to improve ecological and economic situation in our country,
polymer waste can be effectively used as modifying additives.

Secondary polyethylene and polystyrene are taken as the road bitumen
modifiers. Before the modification process, polystyrene and polyethylene are
processed, washed with distilled water, dried and turned into a homogeneous
material. Secondary polyethylene is added together with the used industrial oil
grade 1-40, which is a plasticizer. The plasticizer reduces the mixing time of
bitumen with the polymer, increases the viscosity and improves the properties of
the resulting polymer-bitumen binder.

Polystyrene is introduced into bitumen without a plasticizer, because it
simultaneously serves as a modifier and plasticizer, due to its cyclic structure,
which in turn leads to the rapid adhesion of bitumen and polystyrene
molecules.The experiments have been carried out as part of the laboratory studies,
S0 yogurt waste has been taken as polystyrene.

3. Results and discussion

To improve the performance characteristics of bitumen, a modification of
polyethylene and polystyrene with waste has been carried out.

Method for the preparation of polymer bitumen binder. The required amount
of bitumen is heated in a metal container, a plasticizer is added in an amount of
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3% by weight of bitumen, and then heating is turned on. At a temperature of 150-
160 °C, secondary polyethylene is introduced into the molten bitumen in the form
of flakes, in the amount of 1, 2, 3% by weight of bitumen, then the heating
temperature is brought to 180-200 °C. Mixing is carried out for 30-40 minutes.
Bitumen is modified with polystyrene without a plasticizer by a similar method.
Table 2 shows the component composition of a polymer bitumen binder based on
polyethylene and polystyrene.

Table 2 - Component composition of bitumen, modified with polyethylene and polystyrene

Bitumen + polyethylene Bitumen + polystyrene
Materials SampleNo. SampleNo.
1 2 3 1 2 3
ORB 70/100, g 300 300 300 300 300 300
Secondary polyethylene, g 3 6 9 - - -
Secondary polystyrene, g - - - 3 6 9
1-40, ¢ 9 9 9 - - -

Physical and mechanical properties of bitumen have been evaluated by the
penetration, ductility, softening points, viscosity and brittleness, which give an
almost complete picture of it.

The parameters of polymer-bitumen binder modified polyethylene have been
studied: the needle penetration depth, ring and ball softening temperature,
extensibility at 25 °C, brittleness temperature. The experiment results are
presented in Table 3.

Table 3 - Characteristics of bitumen modified with polyethylene

Indicator Value

Modifier amount, % 0 1 2 3
Needle penetration depth, 0.1 mm:

at 25°C 70 67 64 61
at 0°C 22 24 23 23
Extensibility at 25 °C, cm 71 47 27 19
Softening temperature according to ring and ball, °C 49 51 55 59
Brittleness temperature, °C -21 -21 -21 -20

As can be seen from Table 3, the required performance properties of bitumen
can be achieved by varying the modifier content i.e. recycled secondary
polyethylene. From the data obtained, it can be seen that in case of introducing
polyethylene into bitumen at 25 °C: penetration decreases down to 61 mm,
extensibility decreases from 71 down to 19 cm, which indicates an improvement
in the plasticity and elasticity of bitumen. The softening temperature along the
ring and ball has increased from 49 up to 59°C, which leads to a decrease in the
tendency for bitumen deformation. The brittleness temperature is within the
normal range - not less than -20°C. As an example, Figure 1 shows the graphical
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dependence of the needle penetration depth on the quantitative content of
polyethylene.
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Figure 1 - Dependence of the needle penetration on the percentage
of polyethylene

Table 4 shows the results of modifying the ORB 70/100 bitumen, using the
secondary polystyrene.

Table 4 - Characteristics of bitumen, modified with polystyrene

Indicator Value

Modifier amount, % 0 1 2 3
Needle penetration depth, 0.1 mm:

at 25°C 70 65 63 61
at 0°C 22 24 23 23
Extensibility at 25°C, cm 71 74 75 81
Softening temperature according to ring and ball, °C 49 50 54 57
Brittleness temperature, °C -21 -21 -21 -20

Table 4 shows a decrease in the penetration depth of the needle at 25°C from
70 mm down to 61 mm, which characterizes bitumen hardness. The extensibility
increases by 10 cm, which indicates an improvement in the elasticity and strength
of bitumen, due to the presence of the resulting structural network. The softening
temperature increases, which leads to an improvement in the heat resistance and
viscosity of bitumen. Figure 2 shows a graphical dependence of the softening
point on the % content of polystyrene.
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Figure 2 - Dependence of the softening temperature on the percentage
of polystyrene

Thus, according to the study results, it can be concluded that the use of
polymer waste as a modifier significantly improves the performance of the road
bitumen of the grade ORB 70/100. The best results are obtained with the addition
of 3% polymers, in the both cases. With an increase in the percentage of polymer
waste in bitumen, the softening point increases and thereby increases the heat
resistance.With a decrease in the bitumen penetration, its rigidity increases and
resistance to the thermal and mechanical tiredness increases, wear resistance
increases. The temperature resistance, hardness and elasticity of the obtained
polymer-bitumen binder allow the road structure to have high resistance to
deformation and an ability to operate in the regions with the elevated temperature
climate.

4. Conclusion

In this paper, bitumen of the grade ORB 70/110 from the Aktau oil refinery
has been studied. To improve the physical and mechanical properties of bitumen,
a modification with polyethylene and polystyrene waste has been carried out. It
should be noted that by choosing the right mixing conditions, the type and ratio of
the polymer components, it is much easier to obtain materials with the required
properties than to synthesize new ones. The resulting composite materials have
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improved the physical, mechanical and thermal properties as compared with the
materials from the traditional raw materials [13].

Polymer waste polyethylene and polystyrene in the form of flakes are mixed
with hot oil bitumen, while bitumen penetrates into the polymer particles, causing
them to swell and melt.

The efficiency of the modification process of the bitumen depends on a
number of factors: the smaller the particle size of the polymer, the greater their
surface area and the faster its penetration. The higher the process temperature, the
faster the polymer particles penetrate into the bitumen; the better the mixing, the
faster the uniform distribution of the polymer and its complete fusion with
bitumen is ensured.

In the process of modifying bitumen, an intermolecular force of adhesion of
structural elements in a dispersion medium is created. The combination
mechanism takes place at the elevated temperatures and constant stirring,
followed by the formation of a homogeneous system. An important factor in this
case is the structural stability of the polymer bitumen binder, which prevents the
further separation of bitumen and polymer.

Thus, the use of recycled polyethylene and polystyrene waste can save
primary raw materials, and also has a positive impact on the country's ecology,
making it possible to process the stocks of the secondary polymer raw materials
and waste oils, while improving the performance of the organic binders.

BHJ 70/100 MAPKAJIBI KOJI BUTYMbIHBIH ®U3UKAJBIK-XUMUSJIBIK
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Tyiiinaeme. Kipicne. Kazakcran PecryOnuKachblHBIH aBTOMOOWIIB JKOJIApbIH MaiinanaHy TaxipuOeci
acdanpTOeTOH B! XKAOBIHAAPABIH TO3IMALIINT CTAaHAAPTTHI MEP3IMHEH AJIIeKaiiila TOMEH SKeHiH KOpCeTe/Ii.
CoOH/IBIKTaH jKaHa, MPOrPECCHBTI MaTepHaliap MEH TEXHOJOTHsIApAbl KonaaHOai >KOJIaapIbl KeIlik
arbIHBIHBIH TaJIaNTapblHA JKayan OepeTiH jkarjaina ycray MyMKiH eMec. JKoin TeceMiHiH KbI3MET ery
Mep3iMiHIH KYPT TeMEHAeyiHe ocep eTeTiH Herisri ¢akrop achanbTOETOH KocHalapblHIa
0aliIaHBICTBIPFBILI PETIHIE carnackl3 OUTYMIbI Haiiianany OOMNbIN TaObuIaIbl, OHTKEHI MHKPOXKApPBIKTAP
HeTi3IHEeH OHBIH KaOBIFbIHIA maina Oonaipl. JKymbvlc makcamvl - TOIMMEp KalIBIKTApbIH NaiganaHa
OTBIPBII, IKCIUTyaTalMsIIBIK KACUETTepl JKaKCapThUIFaH ac(aibTOeTOH aiy. Odicmep. ANBIHFAaH OHIMHIH
KYpaMbl MEH KAaCHETTepiH 3epTTey YIIIH XHMISUIBIK JKOHE (HM3MKA-XUMUSUIBIK Talgay oficTepi:
PEHTTeH(IIIOOPECIICHTI CIIEKTPOCKOIUS JKOHE PACTPJIl ANEKTPOHIBI MUKPOCKOMNUSI KOJLAAHBLIIbI. Amanzan
a0icmepmen Axtay outym eHuey 3aybIThiHbIH BH/I 70/110 mMapkaibl OUTYMBIHBIH (DH3HKA-MEXaHHKAIBIK
KacueTTepi 3epTTenii. BUTYMHBIH SKCIUTyaTalMsUIBIK KAaCHETTEepiH jkakcapTy yiuiH nommdtwien (I19)
xoHe noauctupon (I1C) kanaplkrapbiMer Moauduimpiey sxyprisinai. Exinmi pertik I19 M-40 mapkaist
(mnactudukaTop) eHepKocinTik MaiiMeH Oipre Kocbugbl. I[lnactudukarop OWUTYMIbl MOTUMEPMEH
apayiacThIpy YaKbITBIH a3aliTajbl, TYTKBIPJIBIKTHl apTThipaipl jkoHe anbiHFan [IBB  kacuertepin
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wakcapTazsl. IIC 6uTymra miacTHGHUKATOPCHI3 CHIi3ineni, oiTKeHi o1 Oip yaKbITTa MOAU(UKATOP XKOHE
acTUGUKaToOp peTiHae KpI3MeT eteli. Homuoicenep ocane manksiiay. Momuduuupieymn Kocrnanapasl
KOCKaHHAH KeWiH OUTYMHBIH HETI3rl KOpCeTKIITepi jKakcapraHbl KepceTiireH. [IoMu3THIeH KOCachl
YLIiH HHEeHIH eHy Tepeniri (nexerpamus) 70-TeH 61 MM-Te JeiiH, CO3BUIFBILITHIFBI 52 CM-Te a3aiibl, OyI1
OWTYMHBIH IUIACTUKAIBIK JKOHE CEpHIMIUTK KacHeTTepi >kakcapraHbslH kepceremi, Kulll GoiibHina
KyMmcapTy Temneparypacsl 49-nan 59 °C-ka meiiin octi, Oyn GuTymHBIH gegopmanusra OediMaimiriniy
TOMEH/ICYiHE aJbIll KeJel, al ChIHFBIIITHIK TEeMIIePaTypachl KAIBINThI Adana3oHa, srau -20 °C TeMeH
emec. [lonucTuposasl naiaanaHFad xaraaitia OMTYMHbBIH KATTBUIBIFBIH CHNATTANTHIH neHerpamus 70
MM-7ieH 61 MM-Te neitin TeMenzeiini; co3puIFbIITHIK 10 cM-re apTabl, Oy naiaa 60JaThiH KYPhUIBIMABIK
XKeJNHIH OoIyblHa OaillaHBICTBI OMTYMHBIH CEpHIMIINIri MeH OepiKTIriHIH >aKcapraHBIH KepPCETel.
XKymcapTy Temmeparypachl KOFapbUlaiipl, OyJ1 OUTYMHBIH BICTBIKKA TO3IMILIITI MEH TYTKBIPJIBIFBIHBIH
JKakcapyblHa anbin Kenemdi. Tyorcvipoim. 11D sxone TIC KangplkTapblH NaiganaHy 0acTamKbl IIUKI3aTThI
yHemzaeyre MyMkiHmik Oepeni. CoHnaif-ak OpraHMKaJbIK TYTKbIp MaTepHAIApIbIH SKCILTyaTallHsIIBIK
CHIIaTTaMaJlapblH XKaKcapTa OTHIPHIN, KaiTanama IOJTUMEpII MIMKi3aT IeH HaiifalaHbUIFaH MaillapIblH
KaJIIBIKTAPBIH KaliTa OHCYre MYMKIH/IIK O€pe/Ii KoHe IKOJIOTHsIFa/Ia OH dCep €TEeTiHI aHBIKTAIIbL.

Tyiiinai ce3nep: myHaii sxon 6utymsl, BH/I 70/110, nonumep KaiAbIKTapbl, MOMUITUIICH, MOTUCTHPOL,
€HY, CO3bUTY, )KYMCapTy YKOHE CHIHFBIIITHIK TEMIIEpaTypatapbl
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Pe3tome. Bgeoenue. IlpakThka »SKCIUTyaTalun aBTOMOOWIBHBIX jopor PK  mokaseiBaer, uto
JIOJITOBEYHOCTh  ac(halbTOOCTOHHBIX TIOKPBITUH HAa HHUX 3HAYUTENBHO HMXKE HOPMATHUBHBIX CPOKOB.
IMosToMy mnoanepkaHue aBTOMOOWJIBHBIX JOPOT B COCTOSIHUM, COOTBETCTBYIOIIEM TPeOOBAHHAM
TPaHCIIOPTHBIX IOTOKOB HEBO3MOXHO 0€3 NPHMEHEHHS HOBBIX, IPOTPECCUBHBIX MATEPHAIOB U
TexHONOTHH. OCHOBHBIM (DAKTOpOM, BIHSAIONIMM Ha PE3KOEe CHIDKEHHE CPOKOB CIIYKOBI JOPOXKHBIX
TIOKPBITHH, SIBISETCS IPUMEHEHHE B ac(halIbTOOETOHHBIX CMECSX B KaUeCTBE BSKYIIEro, OMTyMa HU3KOrO
KayecTBa, TaK KaK MMKPOTPEIIMHBI Pa3BUBAIOTCS MPEUMYILIECTBEHHO B €ro IuleHke. [fens - IlonmydyeHue
acdanpTo0eTOHA ¢ YITy4IIEHHBIMH SKCIUTyaTAlMIOHHBIMU XapaKTEePUCTUKAMU C HCIIOJIb30BAHHEM OTXOJ0B
HOIUMEPOB. Memodonoeusa paboThl BKIIOUATa HCCIENOBAHHE (HU3MKO-MEXaHHYECKHIX CBOMCTB OHTyMa
mapku BHJI 70/110 Axrayckoro 6utyMHOro 3aBoza. /Iisi MOBBIICHHUS YKCILUTYaTAIIMOHHBIX XapKTEPUCTUK
OuTyma npoBeieHO MoaudupoBanue orxonamu noiudTwieHa (I13) u momuctupona (I1C). Bropuynsrii
I13 nobaBnsian BMecTe ¢ OTpaOOTAaHHBIM HHIYCTPUAJbHBIM MacioM mapku M-40, KoTopwld sBiseTCS
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iactudukaropom. Ilnactudukarop ymeHblIaeT BpeMs CMeIIeHUS OMTyMa C IOJIMMEPOM, IMOBBIMIAET
BSI3KOCTh W ynydmiaer cBoiictBa moay4daemoro I16B. TIC BBousT B Outym Oe3 miactudukatopa, T.K. OH
OJTHOBPEMEHHO CIY)KHT Kak MOAU(HUKATOp U IUIacTudukarop. Pesyrbmamul u obcysucoenue:
[Nony4eHHbIe TaHHBIC aHAIN3a [TOKA3aJIH, YTO MOCIIE JOOABICHUsSI MOAU(DHIUPYIOIINX J00aBOK OCHOBHBIC
nokasarenu Outyma yaydumanuck. s [19: rimyOuHa npoHUKaHMs Ukl (MIEHETPALKs) YMEHBIIHIACH C
70-tu 1o 61 MM, pPacTHKHUMOCTh CHHU3WIAch Ha 52 CM, YTO CBUJAETEIBCTBYET 00 yIydlICHHH
IUIACTHYHOCTH U DJIACTUYHOCTH OUTYMa, Temieparypa pa3msrdenus outyma no Kulll moBeicuiacek ot 49
10 59°C, 4TO NPUBOIUT K CHM)KCHUIO CKJIOHHOCTH OMTyMa K JedopMaluy, a TeMIeparypa XpyrnKoCTd
HaxoAWUTCS B mpenenax HopMbl, T.e. He MeHee -20 °C. B caydae ucnonb3oBanus IIC menerpanus,
XapakTepu3ymlias TBepAocTh Outyma yMmenbliaercs ¢ 70 MM 10 61 MM; pacTs)KUMOCTb YBEIUYHUBACTCS
Ha 10 cM, 4TO CBHIETENLCTBYET 00 YIYYIICHHUH 3IaCTHYHOCTH M NPOYHOCTH OWMTYyMa, 3a CUET HAJIMYUS
oOpa3oBaBmIelicst CTPYKTypHOH ceTku. lloBbImmaercss TemrepaTypa pa3MsIdeHHs, KOTopas BeIeT K
YIAYYIICHUIO TEIUIOCTOMKOCTH M BSI3KOCTH OuTyMma. 3axiouenue. YCTaHOBICHO, YTO INPUMEHEHHE
BTOpu4HbIX OTX0M0B I1D m IIC mO3BONAIOT COKOHOMHUTH NEPBUYHOE CHIPbE, a TAKXKE OKa3bIBAeT
MOJIOXKUTEIBHOE BIIMSIHUE HA HKOJIOTHIO, TO3BOJSS IepepaboTaTh OTXOIbl BTOPUYHOIO MOIMMEPHOTrO
CBIpbS W OTpaOOTaHHBIX Macell, INpPH OTOM YIYy4INAIOTCS OJKCIUTyaTallMOHHBIC XapaKTEPUCTHUKU
OpPraHMYECKUX BSOKYIIMX MAaTEPHAJIOB.

KawueBblie ciaoBa: HedTsHoN nopoxkbiii 6utym, BHJ[ 70/110, moiaumepHbie OTXObI, MOIMITHICH,
[OJIMCTUPOJI, [ICHETPALIMS, PACTSHKUMOCTD, TEMIIEpaTypa pa3MArdeHust U XPYIKOCTH
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Hasaposa laypua Cazunovikosna Mazucmp mexHuKu u MmexHoI02ul, Cm. npenooasamens
Aoopaxmanoea Aitoapwa I'yoaeena Ma2ucmp mexHu4eckux HaykK, cm. npenooasameid
Epowcanosa Kaovipa Totizanueena cm. npenooasameinb

Kasrcumosa Aitoana Kackaiipamosna mazucmp obpazoeanus, cm. npenooagamens
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