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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 chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
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Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
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HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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POLYMER ADDITIVE EFFECT ON THE STRUCTURAL
AND MECHANICAL PROPERTIES OF THE ORGANIC PART
OF OIL BITUMINOUS ROCK

Abstract. The article presents the results of gas chromatographic analysis method of the organic part of oil
bituminous rock and the results from the analysis of the molecular weight distribution of atactic polypropylene
carried out using reverse gel-permeation chromatography. The research results of the structural and mechanical
properties of the bitumen part of oil bituminous rock (OBR) of the Iman-Kara deposit, atactic polypropylene (APP)
and compositions based on them, carried out on the instrument Reotest 2.1, are also presented herein.

It has been determined that the organic part of OBR of the Iman-Kara deposit mainly consists of oxygen-
containing organic compounds with additions of heteroatomic structures (sulfur, haloids and nitrogen) with a weight
fraction of 53.97%.

According to the chromatogram of the molecularly-mass distributed atactic polypropylene, it is found that the
average time of fraction maximum yield is 11.4 minutes, the corresponding value of logarithm of the average
molecular weight Lg(M) equals to 5.5. Accordingly, the average molecular weight of fraction M is 400.

The change patterns of the rheological properties of the organic part of OBR, atactic polypropylene and
compositions based on them are described. It has been established that the addition of APP to the organic part of
OBR creates a disperse system in which the particles of a polymer additive that are swollen due to oily components
are dispersed in the bitumen medium. At the same time, mechanical properties such as elasticity and heat resistance
of the organic part of oil bituminous rock are improved. These properties can be shown only with the optimum
quantity of APP, when their concentration is such that they form an uninterrupted net structure. The influence
patterns of APP on the structure of the organic part of OBR defined in the process of experiments can also be used in
further experiments during development of various types of waterproofing materials and coatings.

Key words: oily bituminous rocks, asphaltenes, atactic polypropylene, rheology, structure formation, heat
resistance, composition.

Introduction. It is known that oil bitumen is a material widely used in all countries of the world in
various building technologies.

In the context of limited crude oil production and price volatility in world markets, the issues of
processing not only the main mineral raw materials, but also the search for the use of secondary resources,
production wastes for the real sector of economy is most relevant. From this perspective, resource saving
is one of the priority tasks of the economy for many countries.

The papers of authors[1-12]are dedicated to the issue of processing oil-containing raw materials,
methods for evaluation and calculation of the economic effect of investment on the processing of unused,
cheaper and affordable types of raw materials, secondary material resources, including production wastes,
and to determine the profitability and search for the break-even production capacity of various
technologies.

Given that in the foreseeable future, the need for resources of oil products, namely, oil bitumen will
undoubtedly grow, the importance of oil bituminous rocks (OBR) will perhapsrise steadily. Considerable
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reserves of OBR are concentrated in Kazakhstan and it can be considered as a multi-purpose raw material,
as a complex raw material of the third millennium [13].

In this regard, of continuing interest is the study of curing processes of OBR with various modifying
additives and production wastesand their physical and mechanical properties research, for the purpose of
further use as components in the composition of waterproofing construction materials.

The study object in this paperareOBRs of the Iman-Kara deposit (Atyrau Oblast) and atactic
polypropylene (APP).

It is known from literary sources [13] that the organic part of oil bituminous rock of the Iman Kara
deposit is heavy and viscous. Gasoline and light kerosene fractions are practically absent inOBR. Perhaps
it depends on the oxidation of OBRs themselves, since they embed shallow. The saturation with bitumen
of OBRof the Iman-Kara deposit is on average 18.9 wt%. The organic part of OBR of the Iman-Kara
contains asphaltenes 12.5 wt %, resin — 36.4%, and the oil content is 51.1 wt %.

Atactic polypropylene is a material obtained when producingpolypropylene as a co-product.
According to its characteristics, this type of polypropylene belongs to thermoplastics. The ring-and-ball
softening point is 112°C, the depth of needle penetration at 25°C,0.1 mm — 40.0, the density is 850 kg/m?.

Atactic polypropylene has a number of useful properties and can be used in various production
spheres. Although atactic polypropylene is considered waste material, it has many useful properties that
can be used in various industrial fields. It is a soft, plastic and elastic material similar to rubber. It has high
flow state — it can take different forms: from liquid buttery to thicker waxy. According to the authors
[14-16], polypropylene is well combined with bitumen in almost all proportions, has high impact
resistance and gives these properties to bitumen-polymer compositions, therefore, to the obtained
construction materials. Bitumen-polymer compositions obtain the best properties, when atactic
polypropylene forms a continuous networkin the composition, which is achievedwith its optimal content.

Based on the above, it follows that the use of APP as components in the compositions of various
waterproofing construction materials wouldavoid disposal and convert it from wastes into useful raw
material.

Materials and methods. The organic composition of oil bituminous rock has been analyzed on an
Agilent 7890A/5975C chromatograph/mass spectrometer (USA). Before analysis, the organic part of the
rock has been extracted using hexane.

Chromatographic conditions: gas chromatograph 7890A with mass-selective detector 5975C of
Agilent company; mobile phase (carrier gas) — helium; evaporator temperature is 3500°C, flow discharge
(Split) is 500:1; column thermostat temperature, beginning 70°C, temperature rise is 4°C per minute, final
temperature is 290°C, kept at this temperature for 30 minutes, total analysis time is 80 minutes; ion mode
of the mass detector is by electron impact method. A capillary chromatographic column HP-5MS has been
used, the column length is 30 m, the internal diameter is 0.25 mm, the stationary phase —
dimethylpolysiloxane (95%) and phenyl polysiloxane (5%).

According to the results of chromatographic analysis, it can be judged that the main part of oil
bituminous rock mainly consists of oxygen-containing organic compounds with additions of heteroatomic
structures (sulfur, haloids and nitrogen) with a weight fraction of 53.97% (table 1, figure 1).

Table 1 - Results of gas chromatographic analysis of the organic part of oil bituminous rock

Alkanes, wt % Naphthenes, wt % Arenes, wt % Other compounds, wt %
16.50 10.85 18.68 53.97

The molecular weight distribution of atactic polypropylene has been studied using reverse gel-
permeation chromatography on a Shimadzu HPLC Prominence-20 (Japan).

A sample of atactic polypropylene was dissolved in tetrahydrofuran at a concentration of 1 wt %. The
obtained solution was filtered off on a syringe filter.

Chromatographic conditions: stationary phase — Shim-pack GPC-80M Shimadzu, column size —
300x8 mm, mobile phase - tetrahydrofuran, elution rate 1.0 ml/min, detection — refraction, thermostat
temperature — 30°C, injection volume — 20 pl. The chromatogram is shown in figure 2.
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Figure 1 - Chromatogram of the organic part of oil bituminous rock
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Figure 2 - Chromatography of molecularly-mass distributed atactic polypropylene

The average molecular weight has been determined by defining the corresponding value at an average
time of fraction maximum yield. According to the chromatogram, the average time of fraction maximum
yieldis 11.4 minutes, the corresponding value of logarithm of the average molecular weight Lg (M) was
5.5 (figure 3). Accordingly, theaveragemolecularweightoffractionMis 400.
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Figure 3 - Defining the corresponding value at an average time
of fraction maximum yield

Thus, taking into account that the materials studied belong to rheologically complex, elastoplastic
systems, which are characterized both by strength and viscosity properties, further studies were
directed to:

- justification of the structuring role of atactic polypropylene, significantly expanding the range of
physico-chemical and physico-technical properties of the organic part of OBR;

- change patterns of the rheological properties of the organic part of oil bituminous rock when they
are combined with polymer additives.

On the instrument Reotest 2.1, the structural and mechanical characteristics for the organic part of
OBR of the Iman-Kara deposit, APP, have been determined according to the pure shear scheme at
temperatures of 20°C, 60°C, 90°C.

Results and discussion. As a result of experimental work, complete rheological flow curves were

obtained) IgD= ﬁp) , lgn = /(p),which made it possible to determine the rheological characteristics for
describing the structural and mechanical properties of primary components (Table 1).

The organic part of OBR of the Iman-Kara deposit at 20°C has Mo - 590.1, Mm— 14.5 Pa-s.

It is known that an increase in the amount of oils reduces the bitumen viscosity, and with an increase
in the amount of asphaltenes in bitumen, its viscosity and heat resistance increase.

At a temperature of 90°C, the organic part of OBR of the Iman-Kara deposit has a viscosity equal to

No=3.1 P-s and it is a Newtonian liquid, which is apparently caused by the maximum dissolution of
individual particles and the almost complete destruction of the structural network due to the kinetic energy
of thermal motion. The high sensitivity of OBRbitumen to elevated temperature is due to the high content
of oils and resins. In contrast to the organic part of oil bituminous rock, atactic polypropylene has a higher

degree of structuredness and its viscosity at a temperature of 90°C isT)o =114.6 Pa-s, Mn=1.35 Pa-s,, which
allows using it as a structure forming additive, strengthening the structure of the organic component of
OBR and the obtaining composition.
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Selection of the optimal ratio between the components of the “organic part of OBR:APP” has been
carried out using the second-order rotabledesign for two variables: X; — consumption of the organic part
of OBR and X — consumption of APP. The variation levels of technological factors under study are given

in table

2.

Table 2 — Variation levels of technological factors

Name of factors under study Code Variation levels
-1.41 -1 0 +1 +1,41
Consumption of the organic part of X1 83.3 62.8 55.5 48.1 45.4
OBR, %
Consumption of APP, % X2 16.7 37.2 45.5 51.9 54.6

The softening point, viscosity and depth of needle penetration are taken as the optimization
parameters. Theexperimentation plan and the results obtained during its implementation are presented in
Table 3. As a result of statistical processing of experimental data obtained during the implementation of
the plan, the quantitative dependence of the studied properties of the “organic part of OBR:APP” system is

derivedfrom the variable factors under examination.

Table 3 — Rheological characteristics of the organic part of OBR and atactic polypropylene

: =
z g . Mo,
s g t,°C | Pxi, Pa | Pk, Pa NmPass | 1/Me:10? 1/Mm No/Mm | Nonm | K102
2 g Pas
a S
Organic
1 part of 20 399 70309 590.1 14.50 0.200 0.609 49.7 575.6 8.35
OBR, 60 576 - 18.7 3.20 5.360 0.309 5.8 154
Iman- 90 16 - 3.1 0.40 32.700 2.281 7.3 2.6
Kara
2 APP 60 1683 | 13441 671.0 1.50 0.649 435710 | 669.5 | 113.3
90 269 471 114.6 1.30 0.872 0.740 84.9 9.15

Table 4 — Plan and results of experimentation the results of mathematical planning were verified by experimental studies.

) “ .9 & L g
Item o & ; Ei g " %L |BE
= = o ©n v = O

No. Variation level £8 :_? & & 2 £ £ - | £ 8
23 = 2% g | | I 2%

S e <| S& ‘g = = < |€5

5 20 k3 2 |58

< & 5]
a, o0 5] A &
wnn
Incodedvariables | Innaturalvariables
X1 X2 X1 X2

1 +1 +1 48.1 51.9 48.1 | 51.9 1:1.1 126 1010 | 2.57 9.48 21
2 -1 +1 62.8 51.9 62.8 51.9 1:0.83 122 898 1.94 9.49 23
3 +1 -1 48.1 37.2 48.1 | 37.1 1:0.77 120 791 1.70 9.35 23
4 -1 -1 62.8 37.2 62.8 | 37.2 1:0.6 110 751 1.35 9.06 27
5 +1.41 0 454 45.5 454 | 455 1:1 126 1009 | 2.30 9.48 20
6 -1.41 0 83.3 45.5 83.3 | 455 1:0.55 90 730 1.2 9.08 29
7 0 +1.41 55.5 54.6 55.5 | 54.6 1:1 126 1003 | 2.25 9.48 20
8 0 -1.41 55.5 16.7 555 | 16.7 1:04 45 724 | 1.35 9.10 39
9 0 0 55.5 45.5 55.5 | 45.5 1:08 121 993 | 1.94 9.49 23
10 -1.41 -1.41 83.3 16.7 83.3 16.7 1:02 24 147 2.09 7.04 51
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The study of APPeffect on the bitumen structure of OBR was carried out on compositions prepared
according to the ratios given in Table 3, where the content of APP varied from 0.2 to 1.1 wtftr. %.

The study of the physical and mechanical properties of the composition show that adding APP to the
organic part of OBR from 0.2 to 1.1wtfr. %increases the softening point of the asphalt-binder from 24 to
121°C, the depth of needle penetration decreases from 51 to 21 mm (Figure 4, Figure 5).

A further increase in the content of APP in the system changes the abovementioned figures slightly.
To identify the advantages of the structure of the two-component “bitumen OBR:APP” system,
rheological studies have been conducted at temperatures of 60°C.The rheological characteristics presented
in Table 3 show that with the addition of APP into OBR bitumen, the strength of the system structure
increases.

160 a)
140 B
120 P 60 0)
100 / 50
80 / 40 L
60 30 AN
40 20 A B
20 10
12345678 12345678

Figure 4 — The effect of the amount of atactic polypropylene additives on
standard properties of the organic part of OBR (Iman-Kara):
Abscissa axis — the content of APP,% (x10); ordinate axis: on a — softening point, °C,
on b — depth of needle penetration, mm

The viscosity of the undestroyed structure “no” for all systems under study changes more sharply than
the viscosity of the destroyed structure “nm” in the same temperature range. The strongest structure is
formed at the ratios of “OBRbitumen:APP” system — 1:0.8 and 1:1. At the same time, the obtained
composition has the best structure compared to the structure of OBR bitumen and its viscosity approaches
the viscosity of oil bitumen BN 90/10, as indicated by the following data. For the composition of
OBRbitumen:APP"no = 993 Pa-s for OBR bitumen (Iman-Kara) no =18.66 Pa s, while for bitumenBN
90/10 it equals no = 1073 Pas.
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Figure 5 — The change in viscosity (a) and heat resistance (b) of the organic part of OBR depending on the content of APP:
Abscissa axis — the content of APP, wtfr.%; ordinate axis: on a — viscosity, Pa-s, on b — coefficient of heat stability(x10-2), °C

The almost constant value of theheat sensitivity coefficient (9.1x107 - 9.49x10?) in the temperature
range 60-90°C indicates the thermal stability of the obtained system. The rise of the elastic limit Pk; and
the yield limit Pk, with an increase in APP concentration indicates the existence of stronger links in the
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system that form the spatial structure, that is, about the stability of the systemstructure. With the increase
of APP concentration, the structurednessdegree of the system increases, that is characterized by the ratio
No/Mm and the difference no/Mm.

The formation of strong structure in the compositions is associated with the development in the
volume of OBR bitumen of the structural network, the nodes or centers of origin of which are the APP
particles.

At the same time, it is believed that with an increase in the degree of volumetric filling of the bitumen
disperse medium with a polymer additive,the formation of the structure takes place in two stages:

- the first — an intensive change in the properties of the system and, as a rule, its hardening;

- the second — stabilization of the hardened structure and the elastoplastic properties of the system.

Conclusions. Thus, the conducted studies allowed to characterize the structural and mechanical
properties of the organic part of oil bituminous rock of the Iman-Kara deposit and atactic polypropylene,
which could become components of the predicted compositions of waterproofing materials. The patterns
of effect of APP on the structure of the organic part of OBR defined during the experiments can also be
used in further experiments during development of various types of waterproofing materials and coatings.

P.A. Hapmanosa', B.K. Bumum6aes?, A.C. Tanaiosa!, H.O. Anma3zos’

lKOpKBIT Ara arerHnarsr Ke3soiopna yausepcurerti, Keizpumopaa, Kazakcras;
2Ty3 TeXHOJOTUACHIHBIH FEUILIMA-3€pTTey opTanbirbl, Hyp-Cyiran, Kasakcran

MOJUMEPJI KOCHAHBIH MYHAM-BAUTYM/IbI ’KbIHBICTAP/IbIH
K¥PbUIBIM/JIBIK-MEXAHHUKAJIBIK KACUETIHE 9CEPI

AnHoTtanusi. Makanazna MyHail-outymabl xbiHbicTapabie (MBXX) oprannkanblk KypambIH Ta3[bl-XpoMaTorpa-
(USUTBIK 9JTICTIEH 3€PTTEY/AiH HOTHIKENIEpPl )KOHE aTaKTHKAaJbIK MPOIMICHHIH MOJIEKYJISIPIIbI-MaccallblK 06JiHyiH Kepi
renb-eTKI3y Xpomartorpadusi apKbplibl aHBIKTAy HOTHIKeJepl KenTipinreH. Xpomarorpowusiiay skarmaiel: Agilent
¢upmaceiabiH 5975C macc-cenekTuBTI getekTopisl 7890A raznmel xpomartorpadpbl; Ko3ranManbl (aza — Telni;
Oynanapipreinn Temneparypackl 350°C, arbiHubH Goinyi (Split) 500:1; GaraHa TePMOCTaHBIHBIH TEMIIEPATYPACHI,
Gactamysr 70°C, Temmeparypa munyThiHa 4°C-re KoTepimemi, comrel Temmeparypa 290°C, Gy Temmeparypama
30 MuH ycranmajael, aHUIM3AIH KBl yakeIThl 80 MHUH.; MacC-IETEKTOPABIH MOHHU3ALUS PEKUMI — HIIEKTPOHABIK
COKKbI omici. HP-5SMS kammmisipiel XpoMaTorpadusuislk OaraHachl KOJNIAHBUIABI, OaraHa Y3BIHABIFEI 30 M, imki
quametpi 0,25 MM, Ko3raiMailTeiH (asza — aumerwinonucuinokcat (95%), dennnmnonucuiokcat (5%).

Nwman-Kapa keHimingeri MyHal-OUTYMIBI KBIHBICTAPBIHBIH OPTraHUKAJBIK KYpaMbl, HETi31HEH, TeTepOoaTOMIbI
KYPBUIBIM/IBI KOCHIAJIAPhI 0ap OTTEKTI KOCBLIBICTHI OPraHMKAJBIK KOCHalapaaH Typansl (KYKIipT, TaJouaTap, as3or).
by xocnianblH MaccanbIk yieci — 53,97%.

Shimadzu HPLC Prominence-20 (JKaroHust) KOHABIPFBICBIHAA KaWTBIMJABI Te€Ib-OTKI3rill Xpomarorpadus
KOMETIMEH JKYPri3UIreH aTakTUKaiblk mnonunponuieHHiH (AIIIl) Monekymanbl-MaccalblK Tapaltyabl 3epTTey
HOTWOKENEPl KEeNTIpUIreH. ATAaKTUKAJIBIK IOJMIPONMICHHIH MOJIEKYJSpIIbl-MacCallblK, OeJiHYyiHIH XpoMmaTorpam-
MacblHa COMKEC TOMEHJIET1 KOPCETKIIITEP aHBIKTAIIBL: (QpaKIMsIIapIblH MaKCUMAaJ/Ibl IIBIFYBIHBIH OpTalla YaKbIThl
11,4 mun. By kepceTkimke coiikec GppakusmapaIsIH OpTalia MOJIEKyIalbIK MaccachiHBIH Lg(M) morapudmi 5,5 Teq
6omamer. Coiikecinme, «M» QpakIIsICEIHBIH OpTallla MOJIEKYISPIbIK Maccachl 400-1i Kypaibl.

ATaKTHKAIBIK TOJHIIPONIICH KOCHACHIHBIH MYHAH-OMTYMIBI JKBIHBICTBIH OpPTaHUKANBIK OONIriHiH (u3nka-
MEXaHUKaJIbIK KacHeTiHe ocepiH 3epTrey HoTwmkenepi kentipiuireH. 0,2 men 1,1 Maccanblk yiec apaibiFbiHIA
HOJIMMEPJIK KOCHAaHBl KOCKAaHa MYHaH-OMTYMIBI JKBIHBIC OWUTYMIbl KYPaMBIHBIH JKYMCapy TeMIepaTypachlH,
TYTKBIPJIBIFBIH, TEMIEpaTypara TYPaKThIIBIFBIH apTThIPa/ibl, HHEHIH eHy TepeHIIr1 TOMEeHIeH .

ConbiMen Katap, «Peotect 2.1» KOHABIPFBICH apKbuibl MMan-Kapa keHiliHiH MYHaiH-OMTYM/IBI JKbIHBICTAPbI
OpTraHMKaJIbIK KYPaMbIHBIH, aTaKTHKAJBIK MPOMWIECHHIH KYPBUIBIMJIBIK-MEXaHUKAIIBIK KACUETIH 3epTTey HOTIKeNIepi
KOHE MYHal-OMTYM J>KBIHBICTApPBIHBIH OMTYMZBIK O6JITiHIH IOJIMMEpP KOCHAachIMEH apajacThlpFaHHaH KeWiHTi
PEOJIOTHSIIBIK KAaCHETTEPiHIH 03repy 3aH/AbLIBIKTAPBIH aHBIKTAy HOTHXKENIEpl KenTipiireH. bacrankel KOMIIOHEHTTEp

MeH OJNIapbIH HETi3iHIe aNbIHFAaH KOMITO3UIIIIAD VIIiH TOJBIK PEONIOTHSUIBIK KHCHIKTaphl KENTipiiareH /g/[= /[(p),

len= /).

M¥Hal71—6HTyMZ[LI )KI)IHI)ICTapI[BIH OpFaHI/IKaJ'H)IK K¥paMLIHI)IH, aTaKTHUKAJIbIK HOJ'II/IHI)OHI/IJ'ICHHiH JKQHEC OCBhI
MaTepHallIapAbIH HeTi3iHAe JaibIHIAIFaH KOMIIO3HIUSIIAPABIH PEOTIOTHSIBIK KACHETTEPIHIH 03repy 3aHIbLUIBIKTaPhI
CHUIIaTTaJIraH.
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Peomorusinelk  cunarTamaiapra Kapad OTBIPBIN, MYHaW-OMTYMIBI JKBIHBICTBIH OpraHHKAaNBIK —OeJiriHe
ATaKTHKAJBIK TOJUIPONWICHA] €HAIPY KYiHe KYpBUIBIMBIHBIH OCpiKTiriH apTTHIpaTBIHBIH Oalikayra Oomampl. Ex
MBIKTBl KypbUibiM MBXCATIIIT - 1:0,8 xone 1:1 kaTbiHacTarbl Kyiecige Ty3inemi. bys skarnmaiina anbiHFaH
KOMITO3HLIMSI MYHai-OUTYM/IbI )KBIHBIC OUTYMBIHA KaparaH/a »KOFapbl KYPbUIBIMFa M€ JKOHE OHBIH TYTKbIPJIbIFbl BH
90/10 MyHait OUTYMBIHBIH TYTKBIPJIBIFBIHA KAKBIH AW IBI.

MyHai-OuTYM/IBI KBIHBICTBIH OpPTraHHKaJbIK OeJriHe aTaKTUKAIBIK ITOJHMITPOIMIEHAI KOCKaHAa IOJIMMEpI
KOCTIaHBIH OeJIIeKkTepi Mailibl KOMIOHEHTTEPIiH ece0OiHeH iCiHIm OMTYMABI JKyHere AMCIEpCHSUIAaHbIN JNUCIIEPCTI
Kyie Ty3eni. by skarnaiina MyHai-OUTYMIBI JKBIHBICTBIH OPTaHUKAIBIK OOJITiHIH CepIiMILUTIK, TePMOTYPAKTHUIBIK
TOpI3Al MEXaHMKANbIK KAacHETTepi »Xakcapaabl. Byla KacHeTTep TEK AaTaKTUKAIBIK MOJIWIPONWICHHIH OHTAMIIBI
KypaMbIHJa OaifKaiaabl, OTKeHi OYJI KOHIIEHTPAIIHSIA OJIap Y3IIKCi3 TOPIIBI KYPBUIBIM TY3€i.

60-90°C TemMnepaTypa apalbIFbIHIa TEPMOTYPAKTBUIBLIK KO3((QUIEHTIHIH TypaKTh! mamackl (9.1x102-9,49x10%)
AJIBIHFaH KOMITIO3HIMSIHBIH TEPMUSIIBIK TYPAKTBUIBIFBIH KOPCETE 1. ATAKTUKAIIBIK MTOJUIIPOIHIICH KOHLECHTPALMACHIH
KOFapblIaTkanna Pk; cepmiMaunik »oHe Pk, aKKbIIITBHIK IIETIHIH JKOFapbUIaybl JKyHele KEHICTIKTIK KYPbUIBIM
TY3eTiH Oepik OallaHBICTAPABIH TY3UITGHAINIH, SFHHM JKYHe KYPBUIBIMBIHBIH TYPAKTBUIBIFBIH KOPCETEesi.
ATaKTUKAJIBIK MOJIMITPOIMIEH KOHIIEHTPALUSICH OCKEH CallblH JKYHEeHIH KYPBUIBIMAAIYBI J1a JKOFapbUlail Tyceli, o
M0/Mm KaTbIHACBIMEH YHE 1o - M|m AHBIPMAIIBUIBIFBIMEH CHUITATTAIAIbI.

ATaKTUKQJIBIK TOJMIIPONMICHII MYHaH-OMTYMIbl SKBIHBICTAPIbIH OpPraHUKAaJbIK KYPaMBIMEH apallaCThIpy
HOTH)KECIHJE TOJIMMEpP TYHIPIIIKTEpl OpPraHMKalbIK 3aTThlH KYPaMBIHAAFbl Mail KOMIIOHEHTIMEH KaHBIKTBIPHLIA
OTBIPBIN, JHUCHEPCTIK JXKYHe KypaWIpl >KOHE OCBl apKblIbl OWTYMJBl MaTEpPHANJbIH BICTBIKKA TO3IMJIUIITIH,
KaTTBUIBIFBIH JKaKcapTaabl. bys1 KacueTrepre aTakTHKaJIBIK HOJIWIPONWIICHHIH YTHIMJIBI KATBIHACBIH/IA, STFHU YTHIMJIbI
KYPBUIBIM TY3€TiH KOHLEHTPALMACHIHAA FaHa KOJI JKeTKi3yre Ooyiaibl. DKCIIEPUMEHT HOTHIKECIH/E aHBIKTAIFaH
3aH/IBIIBIKTAP/Ibl, SIFHM ATaKTUKAJIBIK MOJUIIPONMICHHIH MYHal-ONTYM >KBIHBICTAPBIHBIH OPTaHUKAIBIK OeiriMeH
KYPBUIBIMTY3TIIITIK POIIH alfaFrbl YaKbITTa dPTYPIi THAPOU3OIAIMIIBEIK MaTepHalgap MeH JKaObIH ally TEXHOJO-
THSICBIHAA KOJIaHyFa 00Iapl.

Tyilin ce3mep: MyHaW-OMTYM XXBIHBICTaphl, acQaibTeHIEp, Maiaap, aTaKTUKAIBIK HOJIMIIPONMIEH, XpoMa-
Torpadus, TYTKBIPJIBIK, )KYMcapy TeMIIepaTypachl, PeoIors, KYPbUIBIMTY3TIIITIK, KbUTYFa TO3IMALTIK, KOMIIO3UIIHS.

P.A. Hapmanosa'!, B.K. Bummm6aes?, A.C. Tananosa', H.O. Annasos!

"Keisputopauackuii yausepeutet nmenn Kopksit Ata, Keiseutopaa, Kasaxcran;
2HayuHO-HCCIIEN0BATENLCKUH HEHTP CONEBbIX TexHONorni, Hyp-Cynran, Kazaxcran

BJUSHUE MOJJMMEPHOI AOBABKH HA CTPYKTYPHO-MEXAHUYECKHUE CBOMCTBA
OPTAHUYECKOU YACTH HEOTEBUTYMUHO3HOU ITOPO/IbI

AHHoTanms. B craTthe npuBeneHBI Pe3yNbTaThl Ia30-XpOMATOrpaUIecKoro MeToa aHainu3a OPraHUYecKOH
qacTH He(TEOMTYMHHO3HOI MOpPOABI M PE3yIbTaThl aHAIN3a MOJIEKYJSIPHO-MAacCOBOTO pacIpelelICHUs] aTaKTH-
YECKOro TOJIMIPOIIIeHa, MMPOBEJCHHONW C IOMOIIBI0 OOpaTHOM relb-NPOHUKAIOIIEH Xpomarorpaduu. YcioBus
XxpomarorpadupoBaHusi: ra3oBblii xpomarorpad 7890A ¢ macc-cenekTuBHbIM JieTektopoM 5975C ¢dupmbr Agilent;
noasuwkHas (asa (raz HocuTenb) — Trenmii; Temmneparypa ucnaputens 350°C, cbpoc mortoka (Split) 500:1;
TeMrepaTypa TepmocTara Kononku, Hadano 70°C, mogbem Temneparypsl 4°C B MUHYTY, KOHEYHas TeMIeparypa
290°C, npu 3T0¥ Temmeparype yaepxuaercss 30 MuH, 00ulee BpeMms aHanm3a 80 MHUH; PEXUM HOHM3ALMM Macc-
JIETEKTOpa METOAOM 3JIEKTPOHHOTrO yzaapa. Vcrmons3oBany KanmmuIIpHY0 XpoMmarorpagudeckyro KojaoHKy HP-5MS,
umHa KosoHkH 30 M, BHyTpeHHMH auamerp 0,25 MM, HemoipmwxkHas ¢(aza — JuUMeTHINoiaucwiIokcan (95%),
(hermmmonmcuiokcad (5%).

ITo pesynbpraTaM XpoMaTorpad)uyecKoro aHajlM3a MOXKHO CYAWTb, YTO OCHOBHAs 4acTh HE(hTEOMTYMHHOZHOH
nopoasl (HBII) B OCHOBHOM COCTOMT M3 KHCIOPOACOIAEPKAIIMX OPTaHWYECKUX COEAWHEHUH C TPUMECSIMHU
reTepoaTOMHBIX CTPYKTYp (cepa, raJlonsl M a30T) C MaccoBOil momeit 53,97.

[IpuBeneHs! pe3ysbTaThl MCCIECIOBAHMH MOJIEKYIIPHO-MAcCOBOTO PAaCIpPENEICHUs] aTaKTHUECKOTO IOJIUIPO-
nwieHa (AIIIT), koTopslii MpPOBEAEH C IOMOIIBIO OOPAaTHOW Teib-MPOHUKAIOIIeH XpoMaTtorpaduu Ha mpudope
Shimadzu HPLC Prominence-20 (Slnonus). CoriacHo XpomarorpaMMme MOJICKYJIIPHO-MAacCOBO PacCIpeeICHHOTO
ATAKTUYECKOTO IOJMITPOIIMIICHA YCTAHOBJICHO, YTO CpEIHee BpeMsi BbIXOZa MakcuMyMma (pakuuu sBisiercst 11,4 muH,
COOTBETCTBYIOIIEE 3HaUeHUE Jorapupma cperaneil MonekyisapHoil maccel Lg(M), cocraBuia 5,5. COOTBETCTBEHHO,
cpemHsisl MOJIeKyJIsIpHast Macca ppakiun M cocrasset 400.

[IpuBeneHs! pe3yabTaThl HCCIEIOBAHMS BIMSAHUS JOOABKH aTaKTHUECKOTO MOJUIIPONHIICHA Ha (PH3UKO-MEXaHH-
YEeCKHe CBOWCTBA OPTaHUYECKOW YacTH HehTeOUTYMUHO3HOH opoasl. OTMEUYEHO, 4TO C JOOABICHHEM MOITUMEPHON
no6asku ot 0,2 mo 1,1 mac. moneilt % TOBBIIIAETCS TeMIlepaTypa pa3MsTYeHHs, BSI3KOCTh, TEIIOYCTOMYMBOCTH
OuTyMHOH cocTaBisomed HeTeOUTYMUHO3HOM HOPOIbI, CHIKAETCS INIyOHHA TPOHUKAHUS UIJIBL
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Tarxoke mNpUBENEHBl pe3yabTaThl HCCIEIOBAHUN CTPYKTYPHO-MEXaHWYECKHX CBOMCTB OWTYMHOW dYacTu
HeTeONTYMHHO3HOM nopoasl MecTopoxxaeHust Miman Kapa, aTakTH4ecKoro moJMNponuieHa 1 KOMIO3UIMNA Ha UX
OCHOBE, MPOBeJCHHOW Ha mpubope «Peorect 2.1». i UCXOMHBIX KOMIIOHCHTOB M KOMITO3HIIMKA HAa MX OCHOBE

MIOJTy4€HBI ITOJIHbIE PEOJOTHYECKHE KPHUBbIE TeueHus [g/]{= ﬁp), lgn= /(p).

Peonornyeckue XapakTEpUCTHUKHM MOKA3bIBAIOT, YTO C BBEACHHEM aTaKTHYECKOTO IIOJIMIPOIIIICHA B OpPTaHH-
YECKYI0 COCTaBISIONLYI0 He(pTEOMTYMHHO3HONW MOPOJBI TMOBBIIACTCS IPOYHOCTh CTPYKTYpHI cucTeMbl. Hambomee
MpOYHasi CTPYKTypa obpasyeTrcs pu cooTHolneHusx cucremsl "outym HBIT:AITIT" — 1:0,8 u 1:1. Ilpu 3ToM mouy-
YeHHAs] KOMIIO3MIMS MMeeT HaWIy4IIylo CTPYKTypy IO CPaBHEHHIO CO CTPYKTypod OuTyma HedTeOMTYMHHO3HOM
MOPOJIBI U BSI3KOCTb €ro NpUOIMKaeTcs K Bs3kocTH HedrsiHoro Outyma BH 90/10.

YcTaHOBIIEHO, YTO J100aBJICHHE aTAaKTUYECKOTO TOJIMIPOIIIEHA B OPraHUYECKYI0 4acTh HehTeOUTyMUHO3HON
MOPO/BI CO3aeT JIMCHEPCHYI0 CHCTEMY, B KOTOPO YacTHIIbI IIOJIMMEPHON 100aBKH, HAOyXIIIKE 3a CYET MACISTHBIX
KOMITOHEHTOB, IHCIIEPIUpYIOT B OWTyMHOHW cpene. Ilpu 3TOM yiydmmaroTcsi MeXaHHMYECKHE CBOWCTBA, Kak
YIPYTrocTh, TEPMOCTOMKOCTh OPraHMYECKOH 4acTH He(PTEeOMTYMHO3HON MOPOABL. DTH CBOWCTBA MOTYT IPOSIBIISITHCS
TOJIBKO TIPH ONTHMAIBHOM KOJMYECTBE aTaKTHYECKOTO IMOJIMIIPONMIEHa, KOT/Ia UX KOHIEHTPALMs TaKoBa, YTO OHU
00pa3yroT HEMPEPHIBHYIO CETYATYIO CTPYKTYDY.

IpakTUYECKH IOCTOSHHAS BEIMIHMHA KOd(Q(HUIMEHTa TepMOTyBCTBUTENRHOCTH (9.1x102 - 9,49x10%) B uHTEp-
Basie Temmepatyp 60-90°C cBHAETENBCTBYET O TEPMUIECKON YCTONUMBOCTH IIOTYIECHHON KOMITO3HIMHA. [1oBbIIIeHIE
npezena ynpyroctu Px; u mpeaena Tekydectu Pk, ¢ yBenndyeHHEM KOHIIEHTPAIWMHU aTAKTUYECKOTO MOJUIPONHIICHA
YKa3bIBacT Ha CYIIECTBOBAHUE B CUCTEME OOJiee MPOUHBIX CBSI3€H, 00pa3yomnX HPOCTPAHCTBEHHYIO CTPYKTYPY, TO
ecTb 00 YCTOMYMBOCTH CTPYKTYpBI ccTeMbl. C yBEeNN4YE€HHEM KOHIIEHTPAUU aTaKTHYECKOTO MOJIUIPONIIEHA MOBBI-
IaeTCsl ¥ CTENIeHb CTPYKTYPUPOBAHHOCTH CHCTEMBI, XapaKTepU3yeMasi COOTHOIIEHUEM M¢/Mm U PA3HOCTBIO Mo - Nm.

[IpoBeneHHBIE HCCIEAOBAHUS TO3BOJHMIM OXapaKTepPH30BaTh CTPYKTYPHO-MEXaHWYECKHE CBOWCTBA OpTaHH-
4yeckol 4YacTh HedTeOMTyMHHO3HOW mopoasl MecTopokaeHus Mman-Kapa u arakTHdeckoro mHOJNMIPOIUIICHA,
KOTOPbIC MOIJIN OBl CTaTh COCTaBJIAIONIUMU KOMIIOHCHTAMU MNPOTrHO3UPYEMBIX COCTABOB THUAPOU3OJIALMOHHBIX
MaTepHalioB. YCTAHOBJEHHBIE B IPOIECCE IKCIIEPUMEHTOB 3aKOHOMEPHOCTH BIHMSHHS aTaKTHUECKOTO MHOJMIPO-
IUJICHA Ha CTPYKTYpY OpPraHMYeCKOW 4acTH He(pTeOMTYMHHO3HOH IOPOJBI TaKKE MOTYT OBITH HCIIOIb30BaHBI B
JIANTbHEHIINX 3KCIIEpUMEHTaX IPH pa3paboTKe pa3InuHbIX BUIOB T'HAPON3OJSIIMOHHBIX MaTEepHaIOB U IIOKPHITHI.

KiroueBble cioBa: HehTeONTYyMHHO3HAs IOpoJa, acGaibTEHbl, aTaKTHYECCKUH MOJMIPOIMICH, PEOJIOTHS,
CTPYKTYpOOOpa3oBaHKe, TEINIOCTONKOCTD, KOMITO3UIIHS.

Information about authors:

Narmanova Roza Abdibekovna, Candidate of Technical sciences, Professor, Leading research of the laboratory of
engineering profile of the Korkyt Ata Kyzylorda University, Kyzylorda, Republic of Kazakhstan; roza an@mail.ru;
https://orcid.org/0000-0001-5672-7418

Bishimbayev Valikhan Kozykeevich, Doctor of Technical sciences, Professor, Research Centre of Salt technology,
Nur-Sultan, Republic of Kazakhstan; bishimbaev@gmail.com; https://orcid.org/0000-0001-6149-5279.

Tapalova Anipa Seidalievna, Candidate of Technical sciences, Professor of Department Biology, geography and chemistry
of the Korkyt Ata Kyzylorda University, Kyzylorda, Republic of Kazakhstan; anipa52@mail.ru; https://orcid.org/0000-0001-
7556-2380.

Appazov Nurbol Orynbassaruly, Candidate of Chemical sciences, Professor, Director of Institute of Chemical research and
technology of the Korkyt Ata Kyzylorda University, Kyzylorda, Republic of Kazakhstan; nurasar.82@mail.ru;
https://orcid.org/0000-0001-8765-3386.

REFERENCES

[1] Nadirov N.K. (2001) High viscosity oils and natural bitumens. In 5 vol. Non-traditional processing methods. V.3.
Gylym: Almaty, Kazakhstan. ISBN 9965-00-042-5 (in Russian)

[2] Kiyamova A.M., Kayukova, G.P., Romanov G.V. (2011) Composition of the high-molecular-mass components of oil-
and bitumen-bearing rocks and their hydrothermal transformation products // Petroleum Chemistry. 51: 231-242. ISSN: 1555-
6239 (Online), ISSN: 0965-5441 (Print). doi: 10.1134/S0965544111030078.

[3] Bishimbayev V.K., Narmanova R.A., Shalbolova U.Zh. (2017) Breakeven efficient production of cold hydraulic
insulating mastic // Oil and gas. 1(97): 59-66. ISSN: 2708-0080 (Online), ISSN: 1562-2932 (Print). (in Russian)

[4] Egorov O.L, Chigarkina O.A. (2015) Development of the oil and gas complex of Kazakhstan in the conditions of
industrial and innovative transformations. Journal “Industry of Kazakhstan”. 4: 19-23. ISSN 1608-8425. (in Russian)

[5] Abdibattayeva M., Bisenov K., Rysmagambetova A., Itzhanova K. (2016) Sgem in Integrated oil waste processing with
using solar energy. 16th International Multidisciplinary Scientific Geoconference (SGEM 2016). Albena, Bulgaria. P.443-450.

[6] Bissenov K.A., Uderbayev S.S., Saktaganova N.A. (2016) Physicochemical Analysis of Structure of Foamed Concrete
with Addition of Oil Sludges // Research Journal of Pharmaceutical Biological and Chemical Sciences. 7(4): 1701-1708.

— 149 ——



News of the Academy of sciences of the Republic of Kazakhstan

[7] Montayev S.A., Zharylgapov S.M., Bisenov K.A., Shakeshev B.T., Almagambetova M.Z. (2016) Investigating Oil
Sludges and Their Application as Energy Efficient and Modifying Component in Ceramic Pastes / Research Journal of
Pharmaceutical Biological and Chemical Sciences. 7(3): 2407-2415. ISSN: 0975-8585.

[8] Shalbolova U., Narmanova R., Elpanova M. (2012) Methodical peculiarities of tariff setting at oil transportation via
main pipelines // Actual problems of economics. 138: 540-555. ISSN: 1993-6788

[9] Suerbaev K.A., Chepaikin E.G., Appazov N.O., Dzhiembaev B.Z. (2012) Hydroalkoxycarbonylation of isobutylene
with polyhydric alcohols in the presence of catalytic systems based on palladium compounds and tertiary phosphines // Petroleum
Chemistry. 52(3): 189-193. ISSN: 1555-6239 (Online), ISSN: 0965-5441. doi: 10.1134/S0965544112030127

[10]Appazov N.O., Seitzhanov S.S., Zhunissov A.T., Narmanova, R.A. (2017) Synthesis of Cyclohexyl Isovalerate by
Carbonylation of Isobutylene with Carbon Monoxide and Cyclohexanol in the Presence of Pd(PPh3)(4)-PPh3-TsOH and Its
Antimicrobial Activity // Russian Journal of Organic Chemistry. 53(10): 1596-1597. ISSN: 1608-3393 (Online), ISSN: 1070-
4280. doi: 10.1134/S1070428017100189.

[11]Yespanova 1.D., Zhusupova L.A., Tapalova A.S., Appazov N.O. (2018) Microwave activation of addition of 1-hexene
and butanoic acid reaction / News of the National Academy of Sciences of the Republic of Kazakhstan-Series Chemistry and
Technology. 1: 63-69. ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

[12]Nadirov N.K. (2001) High viscosity oils and natural bitumens. In 5 vol. Characteristics of deposits. Principles for
resource assessment. V.5. Gylym: Almaty, Kazakhstan. ISBN 9965-00-042-5 (in Russian)

[13]Hossain Z., Bairgi B. (2017) Viability of the Use of Nanoclay-Modified Asphalt Binders in Roofing Shingles. //
Construction Research Congress 2018: Infrastructure and Facility Management: 750-759. ISBN:978-0-7844-8129-5.

[14]Kunic R., Orel B., Krainer A. (2011) Assessment of the Impact of Accelerated Aging on the Service Life of Bituminous
Waterproofing Sheets // Journal of Materials in Civil Engineering. 23(12): 1746-1754. ISSN 1943-5533 (Online), ISSN 0899-
1561 (Print). doi: 10.1061/(ASCE)MT.1943-5533.0000326.

[15]Lopes J.G., Correia J.R., Machado M.X.B. (2011) Dimensional stability of waterproofing bituminous sheets used in low
slope roofs. Construction and Building Materials. 25(8): 3229-3235. ISSN 1879-0526 (Online), ISSN 0950-0618. (Print).
doi: 10.1016/j.conbuildmat.2011.03.009

[l6]Wang X.F., Yuan Y.Q. (2011) Asphalt Overlaying Cement Pavement Structure with APP Modified Asphalt Felt
Controlling Reflective Crack / Advances in Building Materials Research. ISSN:1022-6680.
doi: 10.4028/www.scientific.net/ AMR.168-170.1218.

— 150 ——



News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBuna opopmiieHHs CTaTbU AJIs Ty OJUKALIIH
B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penaxropsl: M. C. Axmemosa, /]. C. Anenos, A. Axmemosa
Bepcrka Ha kommnbiotepe A.M. Kyiveunbaesotl

IMoamucano B mevats 08.10. 2020.
®dopmat 60x881/8. bymara ocetnas. [leuars — puzorpad.
9,6 .. Tupax 300. 3aka3 5.

Hayuonanvhas akademus nayk PK
050010, Anmamut, ya. Llesuenxo, 28, m. 272-13-18, 272-13-19



