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Abstract

In this work the BND 70/100 oil asphalt from the Aktau Bitumen Factory LLP «CaspiBitum»
was considered. An asphalt was modified with polymer waste to upgrade operating properties. The U-
40industrial oil was used as a softener. Indicators like penetration, ductility, brittleness temperature
and softening temperature of bitumen were explored in this study. It was shown, that physical-
mechanical properties of bitumen increased after modification: needle penetration depth decreased,
extensibility decreased, softening temperature increased. Also, the influence of polymers on the
structure of bitumen and the effect of their action in the composition were examined. Structure of
polymer waste in Republic of Kazakhstan was analyzed. It was proved, that the usage of the recycled
polyethylene as a modifier is a rational approach, and it lets to recycle stocks of secondary polymeric
materials. Also problems of improving the properties of polymer-bitumen binder and ecology solved.

Keywords: asphalt, polymer waste, modification, penetration, brittleness temperature,
softening temperature, extensibility.

The problems of improving the quality of petroleum products tend to be the most topical in the
oil refining industry, along with the deepening of oil refining, the most massive of which are heavy oil
residues, such as bitumen.

Despite the widespread use of petroleum bitumen in road construction the demand for bitumen
is not fully satisfied, since the quality of many bituminous materials does not fully satisfy the modern
requirements of the construction industry. The performance properties of bitumen is deteriorating
under the influence of an aggressive environment. Thus it may not always meet the desired quality
requirements. Can be improved by the addition of fillers, surfactants and various modifiers, such as
polymer waste [1].

There are many ways of modifying bitumen using various polymers and obtaining a polymer-
bitumen binder with improved performance properties.

Bitumen, modified by polymers and polymer waste, is highly resistant to plastic deformation
in hot weather and tangible resistance to cracking at low temperatures. The degree of improvement of
these properties depends on the amount and composition of the polymer added into the composition of
the bitumen. Modification of bitumen with polymers allows improving heat, frost resistance, chemical
resistance, plasticity and elasticity of composite coatings [2].

A number of studies by Russian scientists, such as Rudenskoy [.M., Rosenthal D.A., Gokhman
L.M., and others were used to deeply study the influence of polymers of different molecular weight on
the structure of bitumen.

So in this work [3] it was shown that polymer additives do not chemically interact with
bitumen. They contribute to the hardening of its structure by dissolving in bitumen in the process of
turbulent mixing. A small amount of polymer like 0,5-1,5 can be dissolved in the low molecular
weight of bitumen. With the addition of 3-5% polymer in bitumen, a coagulation structure is created,
due to intermolecular cohesive forces of structural elements. The effect of their action in the
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composition is similar to the influence of the filler. When the quantitative content of the polymer is
about 10-15 %, the viscosity of the systems increases significantly, which is explained by the
qualitative changes in the nature of the bonds between bitumen and polymer.

The use of recycled materials as a new resource base is one of the most developing areas for
the processing of polymeric materials in the world. The use of polymer waste can solve the problem of
energy and resource saving in the national economy and significantly save the primary raw materials
(oil).

It should be noticed that the disposal of polymer waste materials is an important
environmental issue. In the world trend of road construction, polymer modifiers that improve the
properties of road bitumen have been used for many years. As mentioned before, when bitumen is
modified with polymers, a polymer-bitumen binder (PBB) with improved performance properties is
obtained. When using secondary polymeric materials as additives for bitumen, several problems can
be solved at once: the ecological situation, the improvement of the quality and the increase in the
service life of the PBB [4]. The structure of polymeric waste in the republic is presented. As can be
seen structure chart of polymer waste is shown in figure 1.

Structure of polymer waste

B Polythelene
mPET

Laminated paper
mPVC

B Polystvrene

= B Polypropylene
Figure 1 - Structure Chart of polymer waste

Polyethylene is a high molecular thermoplastic polymer of ethylene.Chemical formula of PE
is (CoHy). PE is widely used in the form of a film. Good elasticity and relatively low cost make it
possible to produce from it a wide range of products [5].

Analysis of the literature shows that the use of recycled polyethylene as a modifier can
improve the physical and mechanical properties of bitumen, improve adhesion with mineral
components, increase strength, deformation resistance, frost resistance, water resistance of road
construction [6].

However, questions about the use of polymeric materials as additives in the Republic of
Kazakhstan have not been studied a lot. While asphalt mixes with the addition of polymers improve
the physic-mechanical properties of road bitumen, increase crack resistance at low temperatures and
shear resistance at elevated temperatures. Therefore, research in the field of improving the physic-
mechanical properties of road asphalt concrete by introducing waste from polymers is still relevant.

In addition, the aim of this work is to improve the performance of oil bitumen BND 70/100 by
modifying it with polyethylene waste.

In this paper, the object of study is the oil road bitumen BND 70/100. This is a large-tonnage
product of oil refining, which has a complex of valuable technical properties and is widely used in
road construction. In this research, the road bitumen of the Aktau bitumen factory was chosen
(CaspiBitum LLP). The raw material for the production of bitumen is tar (heavy oil residue vacuum
distillation). Table 1 shows the physic-chemical properties of this bitumen.
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Table 1 - Physical and chemical properties of BND 70/100

Ne Indicator Value
The depth of penetration of the needle, 0.1 mm:
1 -25C—at25C 70
-0°C—-at0°C 22
2 | The softening temperature of the ring and the ball, °© C 49
3 Extensibility at 25 ° C, cm 71
4 | Brittleness temperature, © C -21

As a modifier of road bitumen, secondary polyethylene is used, which subjected to
preliminary preparation: washing with water, drying and processing into a same material in the form
of flakes. Table 2 shows the properties of PE.

Table 2 - Physical and chemical properties of secondary PE

Ne Indicator Value
1 Durability at stretching, MPa 10
2 | Relative elongation at break, % 220
3 Frost, ° C -40
4 | Melting point, ° C 110
5 Dextruction temperature, ° C 320

Industrial plastic [-40 was used as a plasticizer. The plasticizer reduces the time of mixing
bitumen with the polymer, increases the viscosity and improves the properties of the resulting PBB.

In the process of modifying bitumen creates an intermolecular cohesive force of structural
elements in a dispersion medium. The combination mechanism takes place at elevated temperatures
with constant stirring, followed by the formation of a same system. An important factor is the
structural stability of the PBV, which prevents further separation of bitumen and polymer [7, §].

Method: The required amount of bitumen is loaded into a metal container, next, add plasticizer
in the amount of 3 % by weight of bitumen, then turn on the heating. At a temperature of 150-160 ° C
in molten bitumen is added with the secondary PE, in the form of flakes, in different concentrations: 1,
by weight of bitumen (table 3). Then the heating temperature is adjusted 190-200 °C. Mixing is carried
out within 30-40 minutes.

Table 3 - Components of a mixture of modified bitumen based on PE

No Materials Sample number
1 2 3 4
1 | BND 70/100, g 300 300 300 300
Secondary PE, g 3 6 9 12
3 | I40,¢g 9 9 9 9

In this study the depth of needle penetration, the softening temperature around the ring and the
ball, tensile properties at 25 ° C, and the brittleness temperature were investigated. Table 4 presents
the results of studies of the physic-chemical parameters of road bitumen and PBV.

Table 4 - Physic-chemical properties of bitumen, modified PE

Ne Indicator Value

1 | The amount of modifier,% 0 1 2 3 4
The depth of penetration of the needle, 0.1 mm:

2 |at25°C 70 67 64 61 65
at0°C 22 24 23 23 23

3 | Extensibility at 25 ° C, cm 71 47 27 19 49

4 | Softening temperature Kish, ° C 49 51 55 59 57
Brittleness temperature, ° C -21 -21 -21 -20 -22
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As can be seen from the table , the use of the polymer composition leads to an improvement in
resistance to constant loads at elevated temperatures, which is explained by the presence of the
polymer mesh. It increased resistance to cracking with a significant decrease in temperature, increased
stability to aging, temperature resistance, hardness and elasticity.

These studies show, that required performance properties of bitumen can be achieved by
varying the content of the recycled polymer. And the use of a plasticizer in addition to the above
indicators improves the plastic and strength properties of bitumen.

From the analysis of the properties of bitumen and WSP it can be seen that the use of the
polymer composition leads to a significant improvement in most indicators. In particular, the depth of
penetration of the needle, at 25 °C decreases by 10 mm. Stretchiness significantly decreases at 25 ° C -
from 71 to 19 cm, although then it increases again. The softening temperature around the ring and the
ball has increased from 49 to 59 ° C, thereby reducing the tendency of bitumen to deform. The
temperature of fragility is in the normal range.

In terms of hardness, bituminous binders with a polymer content of 3 have the best
characteristics. Penetration, or the depth of penetration of the needle, indirectly characterizes the
degree of hardness of the bitumen.

According to the softening temperature of the bitumen binder, the optimal samples are also
containing up to 3 of the polymer, since it further increases observed on lowering the softening
temperatures.

Extensibility at 25 ° C decreases when added 3 polymer additives, then there is an increase.

On the basis of physic-chemical and operational characteristics, we conclude that for
bituminous binders with a polymeric content of 2.5-3 achieved the most optimal ratio of all indicators.

Thus, on the basis of the obtained results, it can be concluded that the improvement of the
operational properties of bitumen occurs when adding 1 polymer modifiers from recycled PE. But the
maximum result for polymer-bitumen binders is achieved at a content of 3 % recycled polyethylene
and 3 % plasticizer.

In the work physic-chemical properties road bitumen before and after modification with
polymer waste were studied. The effect of polymer additives on its performance properties is shown. It
was established that the use of a secondary polyethylene as a modifier is the most rational approach,
which allows recycling stocks of secondary polymeric raw materials, while solving problems of
improving the properties of PBB and ecology.
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TYUIH

Kymeicra XKIIC «Caspi Bitum» Axray 3ayesiteineH BHJl 70/100 mapkaisl MyHail oo
outymsl 3eprreni. Kon GUTYMBIHBIH SKCILTYyaTalUMAIbIK KACHETTEPIH JKAKCApTy YIUIH MOJMMEPIIK
KaJabIKTapMeH Moauduuupiey xkyprizingi. Ilnactudukarop peringe 1 -40 Mapkaibl HHAYCTPUAIIBIK,
Mal KommaHbLIABL.  JKonm  OMTYMBIHBIH KeJleci KOpPCETKIITepl 3epTTeNii: IeHETPAIHsICHI,
CO3BUFBIIITHIFBI (JIYKTHIBIIT1), MOPT CHIHFBIIITHIK TEMIICPATyPACHl JKOHE KYMCApTy TEMIIepaTypackl.
MopudunupneyieH KeliH OUTYyMHBIH (U3UKANBIK -MexaHUKanpK ~KACUETTEP]  JKAKCAPFAHIBEEI
OaifKanapl; WHEHIH €HY TEpPeH Jiri KbICKApajbl, CO3BURBIIITHERI a3asJbl, )KYMcapy TEMIIEPaTypachl
apragel. Conjaii-ak MoIMMepiepaiH OUTyM KYpbUIbIMBIHA KOHE OJApJbIH KOMIIO3UTTEpre aCep eTy
s dexrici 3eprrenmi. Kazakcran PecnyOnukachiHIarel MOJUMEPITIK KaJIbIKTap TamaaH bl EXiHITTK
MOJMMEPIIIK IIHKi3aT KOPBIH KaiiTa eHgeyre MyMKIHOIK OepeTiH eKIHIIUNK —I[OJM3THIICHI
Moau(pUKAaTOp peTiHae KONJaHy THIMAI €KeHl JIeNnaeHi, Oyl peTTe MOJMMEp -OMTYM TYTKBIPFBIII
KACHETTEPI MEH DKOJIOrUsl MOCEIENEP] MIETILIE .

PE3IOME

B pabore wuccnemoBan He(TsAHOH nopoxueid Outym mapku BHJ[ 70/100 Axtayckoro
outymuoro 3aBoga TOO «Caspi Bitumy. Jlis ymydieHus: SKCIUTyaTaIlHOHHBIX CBOWCTB IPOBEICHO
MOAN(HUINPOBAHUE TOPOKHOTO OWMTyMa IOJMMEPHBIMH OTXoAaMH. B kadecTBe miacTuukaropa
HCIIOIb30BaHO MHAYyCTpUanbHOe Macio Mapku M-40. M3ydeHs! ciemyromme MoKa3aTelu JOPOKHOTO
OWTyMa: TeHeTpalMs, pacTsHKUMOCTh (AYKTHIBHOCTB), TEMIIepaTypa XpYIKOCTH, TeMIeparypa
pasmsrdyenus. [lokazano, yto mocie mMoauduuupoBaHus (HU3NKO-MEXaHHMUYECKHE CBOICTBAa OMTyMma
YIAYYIIAlOTCS: COKpAIlaeTcss TIIyOMHAa TPOHWKHOBEHHS WIVIBI, YMEHBINACTCS PacTSHKUMOCTD,
HOBBIIIACTCS TEMIlepaTypa pasMsArdeHus. Takke H3y4eHO BIMSHHE IOJMMEPOB HA CTPYKTYPY
outymoB, >(dexkt ux peificTBHS B KOMMO3MIMUH. [IpoaHann3MpoBaHBI IOJMMEpHBIE OTXOIBI B
PecnyOnuke Kaszaxcran. JlokazaHo, 4TO NpUMEHEHHE B KauecTBe MoAH(UKaTopa BTOPHYHOTO
MOJMATHIICHA SBISIETCS PAlOHATBHBIM ITOAX00M, TO3BOJISIOIINM IepepadoTaTh 3amackl BTOPHYHOTO
HOJIMMEPHOTO CHIPBS, TIPH ATOM DEIIAIOTCA HPOOJIEMBl yIydlIeHHs CBOWCTBA IOJMMEP-OUTYMHOTO
BSDKYIIIETO M SKOJIOTHH.
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OPAJI KAJIACBIHBIH, BUOJOTUSJIBIK CY KOMMAJIAPBIHBIH, XUMMSJIBIK
KOPCETKIIITEPIH 3EPTTEY

AHHOTAIUSA

3amMaHayd IeM[e TYTBIHBIIATHIH TYIIBI Cy MEH OHBIH KOJDKETIMII KOPBIHBIH apachlHIa
JucHponopuus TyslHAaiabl. JKep OeTiHOe TYIIBI Cy TANIIBUIBIFBI JKBUI CaHAIl ©cyAe. 3aMaHayd
KaHaJM3aIMsl xoHe Cy Tazajay >KyHeciHIH MaHpI3Abl TalChIpMaJapbIHBIH Oipi TYPMBICTBIK aFbIHIIBI
CyJIbI Ta3ajay.

Byriari kyHi koprraraH opTara UIBIFAPBUIATBIH aF BIHJABI Cy carnachblHa KaTaH TalianTap
koibuTyna. Epexere colikec arbIHIBI Cy KYpaMblH Taijayla CyJarbl JIACTarblIITApFa KEIICHI
Tekcepic KYPrisineni. XuMHsUIBIK Talgayaa CyIbl 9pi Kapai KOJIJaHy >Kapam[IbUIbEbIHA HEMece
KOpIIaFaH oOpTara >XiOepyre >KoHe THIMAI Ta3ajay OICTEpiH TaHA ayma oCep €TeTiH XHUMHSIIBIK
KOPCETKIIITEpiHEe KO KOHLT OeIiHe .

Maxkanaga ocbFaH OalIaHBICTHl KATaMbI3ABIH OWONOTHANBIK Cy KOWManaphl CYBIHBIH
XUMHSIIBIK KOPCETKIMITEPIH 3ePTTEil, OHBIH KOPILIAFaH OpTaFa 3USIHBI aHBIKTAJIJIbI.
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