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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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BITUMENS AND POLYMER BITUMENS - NANODISPERSE SYSTEMS

Abstract. This work shows the data regarding the elemental and chemical group compositions of the road
bitumens. The short characteristic has been shown for the components of the bitumens - the asphaltenes, the resins
and the oils. The properties have been described for the bitumens on which they have the direct impact. The
description is given for the micellar model of the bitumens from the point of view of the colloid chemistry.

The analysis has been performed for the results of the study by other authors for the asphaltenes of a bitumen
and an oil. The group chemical compositions are given for the bitumen of the grades BND 50/70, BND 70/100 and
BND 100/130 produced by the plants of Kazakhstan. It has been shown that the content of the asphaltenes in them is
from 15.8% to 24.3%; in most cases, the content of the asphaltenes is within the range of 20-25%, i.e. the asphaltenes
nanoclusters are almost a fourth of the bitumen by weight.

The brief description is given for the best known polymers used for the modification of the road bitumen: 1) the
reactive polymers Elvaloy 4170 and Elvaloy AM; 2) the polymers of the group SBS - Kraton D 1192A, Calprene
501, SBS L 30-01 A, KUMHO KTR and Butonal NS 198.

It is proposed to consider the bitumen and the polymer bitumen as the peculiar nanodisperse systems. The
structures are described for the polymer bitumen nanodisperse systems occurring during the modification of the road
bitumen with the polymers of the above two groups.

Key words: Bitumens, polymers, polymer bitumens, asphaltenes, oils, resins, nanodisperse systems.

Introduction. The bitumen is one of the main road materials. The need for it is growing due to the
increase in the volume of the road construction and the repair works. For example, over 1 million tons of
the road bitumen were used in Kazakhstan in 2020.

Despite the fact that the bitumen content in an asphalt concrete is only 5-6% (by weight), many
physical and mechanical, almost all the rheological properties of the asphalt concrete depend on the
bitumen.

Currently, there are both practical methods for assessing quality and calculation models for predicting
the properties of the road bitumen. But many of them are based on the ideas about the bitumen as viscous
liquids and colloidal systems with dispersed particles of macro dimensions.

This paper proposes to consider the bitumen and the polymer bitumen as the peculiar nanodisperse
systems.

Bitumen nanodisperse systems. The bitumen is a complex mixture of the residual high molecular
weight hydrocarbon compounds also comprising different chemical structures in a relatively small
amount. An estimated elemental composition of the bitumen (by weight): carbon is 80-85%; hydrogen is
8-11.5%; oxygen is 0.2-4%; sulfur is 0.5-7%; nitrogen is 0.2-0.5%. The metals - iron, nickel and vanadium
- are in a small amount in the composition of the bitumen [1-3].

At present, it is common to characterize the bitumen by the group of chemical compounds included in
their composition. Meanwhile, all chemical compounds in the bitumen are divided into the following
3 groups:

1) Asphaltenes are the highest molecular weight part of the bitumen which is dissolved in carbon
disulfide and chloroform and it is not dissolved in light alkanes (n-pentane, n-hexane, n-heptane,
petroleum ether, etc.);
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2) Resins are red-brown solids consisting of cyclic and heterocyclic structures interconnected by
aliphatic chains;

3) Oils are the mixture of cyclic hydrocarbons of light yellow color.

The synthesis of the results for the numerous studies [4] made it possible to determine that the
asphaltenes are a structural framework of the bitumen, they give hardness and heat resistance to the
bitumen; resins characterize plasticity, ductility and cementing properties of the bitumen; oils cause
plasticization of the bitumen, they reduce viscosity and heat resistance, increase fluidity and frost
resistance.

Many properties of the bitumen, including rheological ones, can be explained using the so-called
micellar model. It considers the bitumen as a colloidal system. Colloidal systems are known to be the
dispersion of one body (disperse phase) in another body (disperse medium). The dispersed particles are
not individual molecules, but aggregates of molecules in colloidal systems.

Back in 1940, it was proposed to consider the bitumen as a colloidal system [5]. In such a colloidal
system, the micelles are formed that play the role of a dispersed phase. Micelles consist of asphaltenes.
The disperse medium is maltenes (mixture of oils and resins).

The results for the analysis of the known works [4, 6-15] show that at present the following ideas are
the most common among the specialists about the structure of the asphaltenes and their structural
parameters: asphaltenes are the ordered polycyclic condensed aromatic structures (with the inclusion of
heterocycles and lateral substituents) in the form of a packet of flat sheets with the radius of 0.85-1.5 nm
and the thickness of 1.6-2.0 nm; the distance between the layers in the packet is 0.355-0.370 nm; the
number of layers in the packet is 5-6; the distance between the elements in the saturated structures is
0.55-0.60 nm.

The more detailed studies have shown that the size of the asphaltene molecule is varied between
1.2-2.4 nm [7-9,14]. The sizes of nanoaggregates are increased to 10 nm with the increase in the
concentration of the asphaltenes (up to 200 mg/l) in petroleum media [16]. Separate nanoaggregates,
combining, create nanoclusters consisting of 8-10 nanoaggregates. The sizes of the nanoclusters reach
100 nm. The average size of the nanoaggregates is about 40-50 nm [17].

Thus, according to the concepts of the colloidal chemistry, the bitumen is a nanodispersed system
where the maltenes (a mixture of oils and resins) are dispersed medium, and the asphaltene nanoclusters
are dispersed phase.

Table shows group chemical compositions of bitumens of grades of BND 50/70, BND 70/100 and
BND 100/130 produced by Kazakhstan plants. As it is seen from this Table, the content of the asphaltenes
in them is within the range of 15.8% and 24.3%. In most cases, the content of the asphaltenes is within the
range of 20-25%, i.e. the asphaltenes nanoclusters are almost a fourth of the bitumen by weight.

Group chemical composition of the bitumens produced by the plants of Kazakhstan

Plant-producer, bitumen grade
Group of chemical Pavlodar petrochemical plant Caspiy Bitum Gazpromneft
compounds

BND 70/100 BND 100/130 BND 50/70 BND 70/100 BND 70/100
Paraffin-naphtenes 19.6 20.3 21.3 15.2 21.6
Light aromatics 6.2 5.5 4.2 5.0 5.4
Medium aromatics 2.1 43 4.6 3.9 3.6
Heavy aromatics 10.8 21.6 17.5 20.6 19.6
Petroleum-benzene 6.7 7.1 8.0 9.9 10.7
Alcohol-benzene 30.3 20.4 23.5 22.4 233
Asphaltenes 243 20.8 20.9 23.0 15.8

Group chemical composition

Oils 38.7 51.7 47.6 44.7 50.2
Resins 37.0 27.5 31.5 323 34.0
Asphaltenes 243 20.8 20.9 23.0 15.8
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Polymers. The best known polymers used for the modification of the road bitumen are Elvaloy 4170,
Elvaloy AM, Kraton D 1192A, Calprene 501, SBS L 30-01 A, KUMHO KTR and Butonal NS 198.

Elvaloy 4170 and Elvaloy AM are chemically active elastomeric copolymers of ethylene with butyl
acrylate and glycidyl methacrylate.

The modifiers Kraton D 1192A, Calprene 501, SBS L 30-01 A, KUMHO KTR and Butonal NS 198
belong to the same group of the polymer compositions; they are linear block copolymers of styrene and
butadiene. The ratio of styrene and butadiene blocks is almost the same in them. For example, the content
of styrene (% by weight): in Kraton - 30; Calprene - 31; SBS - 30+1,5; KUMHO - 30. However, Butonal
NS 198 is a cationic aqueous dispersion of a styrene-butadiene copolymer. It contains 64% by weight of
the solids.

Bitumen polymer nanodisperse systems. After mixing with the bitumen, the polymers of the SBS
group (styrene-butadiene-styrene) swell in the maltene part (mixture of resins and oils) of the bitumen;
their volume becomes 5-10 times higher compared to the initial one. Meanwhile, the polystyrene blocks
are assembled into rigid domains, which are connected by rubbery (rubber-like) chains of the
polybutadiene. Polystyrene domains have dimensions of the order of 10-40 nm [3]. Thus, when the
bitumen is modified by the SBS group polymers, an additional spatial amorphous nanostructured mesh is
created in bitumen in the initial nanodomain system, at the nodes of which there are rigid polystyrene
nanodomains connected to each other by elastic chains of the polybutadiene. Rigid polystyrene
nanodomains increase the viscosity of bitumen, thereby improving its high temperature characteristics,
and polybutadiene chains give elastic properties to the bitumen, which increases their low temperature
stability.

The butyl acrylate ethylene base of the polymers Elvaloy 4170 and ElvaloyAM imparts elasticity to
the bitumen polymer system. The presence of an epoxy group in glycidyl methacrylate creates the
possibility for its chemical effect with functional groups (-OH, -COOH, -NH,, -SH, etc.) contained in the
asphaltenes of the bitumen. Thus, rather than the polymers of SBS group, the asphaltene bitumen
nanoclusters when modified with Elvaloy polymers will be rigidly (chemically) interconnected by a
spatial elastic polymer network. In other words, a peculiar nanodisperse system is created where the
dispersed phase - the nanoclusters of asphaltenes are located in the nodes of the spatial amorphous elastic
nanostructured mesh. It is expected that the obtained nanodisperse system should have the improved high
and low temperature characteristics.

Conclusion. 1. The asphaltenes of bitumens are the ordered polycyclic condensed aromatic structures
(with the inclusion of heterocycles and lateral substituents) in the form of a packet of flat sheets with the
radius of 0.85-1.5 nm and the thickness of 1.6-2.0 nm; the distance between the layers in the packet is
0.355-0.370 nm; the number of layers in the packet is 5-6; the distance between the elements in the
saturated structures is 0.55-0.60 nm.

2. The sizes of the asphaltene molecule are varied between 1.2-2.4 nm. The sizes of nanoaggregates
of the asphaltenes are increased to 10 nm with the increase in the concentration of the asphaltenes (up to
200 mg/l). Separate asphaltene nanoaggregates, combining, create nanoclusters consisting of
8-10 nanoaggregates. The sizes of the asphaltene nanoclusters reach 100 nm. The average sizes of the
nanoaggregates are about 40-50 nm

3. The content of the asphaltene nanoclusters in the road bitumens produced by the plants of
Kazakhstan is within the range of 15.8% and 24.3% by weight; in most cases, their content is within the
range of 20-25%, i.e. the asphaltene nanoclusters are almost a fourth of the road bitumens by weight.

4. It is proposed to consider the road bitumens and the polymer bitumens as the peculiar nanodisperse
systems.
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BUTYMJIAP MEH IIOJIUMEPEUTYMJAP - HAHOJIUCIIEPCTIK )KYWEJIEP

Annotanusi. OCBbl )KYMBICTa OJI OWTYMJApPBIHBIH 3JEMEHTTIK >KOHE XUMMSUIBIK TOITHIK KYPaMbl TYpaJIbl
nepekTep Kenripineai. burymmapneie Kypamnac GeriktepiHe, acambTeHAEpre, MaibIpIap MEH Mailapra KpICKaIla
cunarrama oepinreH. Oxap Tikened ocep eTeTiH ONTyMIOapAbIH KacHeTTepi KopceTinreH. KOoMIOuATE XUMUS TYPFBI-
CBIHAH OUTYMAAPABIH MUIIECIULIPIIBIK MOJCTIHIH CHITATTAMACH KeTipPLITeH.

butym xoHe MyHaill acanbreHnepi OoifbiHIIA Oacka aBTOPIAPIBIH 3€PTTEY HOTIDKEIEpiHe Taljay jKacajibl.
Kazakcran 3aybirtapsl mbirapran MXXb 50/70, MXKbB 70/100 >xone MXKB 100/130 mapkaiibl OUTYMIapAblH TONTHIK
XMMUSUTBIK  Kypamuapsl kenripiared. Onapaarsl acdanbrengepain memmiepi 15,8 %-pan 24,3%-ra geiliH; ken
xarmanaa achansTeHaepaid memiepi 20-25 % apanbirbiHaa 00abl, SFHA OUTYMHBIH Maccachl OOWBIHIIIA TOPTTECH
6ip Geuiri acanbTTHl HAHOKIIACTEPIIEP OOJIBIT TaObLIA b

JKon Outymmapsin MoauUKaIUsiay YIIH KOJJAHBUIATHIH €H TaHbIMaJl MOJMMEPIIEP/IiH KbICKAIlla CHUIATTa-
machl Oepinren: 1) Elvaloy 4170 sxone Elvaloy AM pekrtustik nomumepiep; 2) CBC ToOBIHBIH moauMepiepi -
Kraton D 1192A, Calprene 501, SBS L 30-01 A, KUMHO KTR »xone Butonal NS 198.

Butymaap MeH noimMepOuTyMIapapl HAHOAUCIIPCTI XKyilenep peTiHae KapacThlpy YChHbUIansl. JKoa OuTyMm-
JAPBIH aTalFaH €Ki TONTHIH MOJUMEpIepiMeH MonudHUKanusIay Ke3iHae maliaa OOJaThH MOJIMMEpOUTYMIBI HAaHO-
JHCIIEPCTIK XKYHenepaiH KYpbUIbIMBI CHIIATTAIFaH

Tyiiin ce3nep: butympap, nonumepiep, noauMepouTyMaap, achanbrenaep, Maitnap, manbipiap, HaHOAUC-
MEPCTIK XKyHenep.

M. K. Kypunos', B. b. Tearaen?

“HNuctutyT Tommmsa, katanusa u snekrpoxumun uM. J. B. Cokonbekoro”, AnMarsl, Kasaxcran;
2“KasaxcTaHCKHMH JIOPOKHBIH HAYYHO-MCCIIEN0BATENBCKUH MHCTUTYT , Anmarsl, Kasaxcran

BUTYMBbI U TOJIMMEPBUTYMbI - HAHOJAUCITEPCHBIE CUCTEMbI

AnHoTtanus. B Hacrosmeit pabote nmpuBoOAsATCA HaHHBIE 00 3JIEMEHTHOM M XHMHYECKOM TPYIIIOBOM COCTaBax
JIOPOXKHBIX OMTYMOB. IlprBeneHa kpaTkas XapaKTepHUCTHKA COCTaBISIOIINX OMTYMOB-ac(paJbTEHOB, CMOJ M Macell.
YkazaHbl cBO#icTBa OMTYMOB, Ha KOTOPBIE OHM OKa3bIBAIOT MpsiMOe BiIMsiHUE. [[aHO OonMcaHue MULEIUISIPHON MOJENN
OUTYMOB C TTO3UINX KOJUIOUTHOW XHMUH.

BrinosiHeH aHanu3 pe3yiabTaToB M3Y4eHHs APYTMMH aBTOpamu ac(aibTeHoB OMTymMoB M Hedreil. [IpuBeneHs
IpYIIOBBIE XUMHUYECKHe cocTaBbl OutymoB Mapok BHJ] 50/70, BHA 70/100 u BH/I 100/130, npou3BeneHHBIX
3aBogamu Kaszaxcrana. [lokazaHo, 4To conmepxkaHme acaiabTeHOB B HHX cocTaBisieT oT 15,8 % mo 24,3 %; B
OOJIBIIMHCTBE CITydacB CojaepikaHue ac(hanbTeHOB HaxoauTcs B mpenenax 20-25 %, T.e. OYTH YeTBEPTas 4acTh
Ooutyma mo Macce — 3To ac(haJbTeHOBBIC HAHOKIIACTEPHI.

JaHo KpaTkoe omnmcaHWe HanOojee H3BECTHBIX ITOJIMMEPOB, MPUMEHSIEMBIX IS MOTU(MUKAINH JTOPOKHBIX
outymoB: 1) pextuBnbie monumepsl Elvaloy 4170 u Elvaloy AM; 2) mommmepst rpymmsl CBC - Kraton D 1192A,
Calprene 501, SBS L 30-01 A, KUMHO KTR u Butonal NS 198.

[IpennoxxeHo paccMaTpuBaTh OWTYMBI M IOJMMEPOUTYMBI KaK CBOEOOpa3Hble HAHOAWCIEPCHBIE CHCTEMBI.
Onucanbl CTPYKTYPbI HOJIUMEPOUTYMHBIX HAHOAUCIIEPCHBIX CHCTEM, BO3HUKAIOIIUX MMPU MOAU(DHUKALUH JTOPOKHBIX
OUTYMOB NOJMMEPaMHU YKa3aHHBIX IBYX TPYIII.

KaroueBble ciioBa: OMTYMbI, MOJIMMEPHI, HOJIUMEPOUTYMBI, acalbTeHbl, Macia, CMOJIbI, HAHOJUCIIEPCHbIE
CHUCTEMBI.
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