ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university

texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (437)

SEPTEMBER - OCTOBER 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

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 Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CHARACTERISTICS OF ROAD BITUMEN MODIFIED
WITH CARBON NANOPOWDER

Abstract. In the paper the improvement of low temperature properties of blown road bitumens by means of
modification with a carbon nanopoweder is shown. The bitumens of grade BND 70/100 and BND 100/130 have been
produced by the Pavlodar petrochemical plant. The nanopowder has been obtained from a coal in the “Saryadyr”
deposit (“ON-Olzha” corporation). Stiffness of the bitumens has been measured by a bending beam rheometer.
Group chemical composition of the bitumens has been determined by the “Gradient” chromatograph. It was found
that the Fraas point of the modified bitumens after short term aging on the RTFO method is not less than of the
bitumen in non-modified and non-aged condition. Stiffness of the modified bitumen is considerably decreased at low
temperatures (44%, 38% and 28% at the temperatures of -24 °C, -30 °C and -36 °C respectively). It has been stated
that modification of the bitumens with the crbon nanopowder transforms the resins into compacted asphaltenes and
decompacted oils consuming little energy for the process.

Key words: bitumen, carbon nanopowder, Fraas point, bending beam rheometer, stiffness, group chemical
composition.

Introduction. The results of numerous investigations [1-10] show that conventional bitumens
produced in plants do not practically always satisfy the requirements of operational conditions (including
climatic ones) in many countries of the world, especially in the regions with sharp continental climate. As
a rule to improve bitumens quality they are modified with polymers. Addition of polymers varies consi-
derably the characteristics (physical and mechanical, rheological, etc.) of bitumens [11-13].

Due to what the abovementioned variations occur for bitumens characteristics at their modification
with polymers? The answer should be searched, first of all, in variation of chemical composition of bin-
ders. Usually the researchers confine themselves only to physical and mechanical and rheological
characteristics at the analysis of polymer type and content effect on bituminous binders properties, i.e.
their chemical composition is not considered.

Table 1 represents the results for determination of group chemical composition of the neat bitumen of
grade BND 100/130 and polymer bitumen binders manufactured by addition of various polymers into the
bitumen. The neat bitumen has been produced by Pavlodar petrochemical plant (PPCP) from crude oil of
Western Siberia by method of direct oxidation. The group chemical compositions of the basic neat
bitumen and the polymer modified bitumens were determined in the laboratory of the Kazakhstan
Highway Research Institute (KazdorNII) by method of adsorptive chromatography on Gradient M
chromatograph [14, 15].

As the data of the table 1 show, without dependence on type and content of polymers, the bitumen
modification is followed by the decrease of light components content (oils) and the increase of heavier
components content (resins and asphaltenes). The increase of asphaltenes content due to the decrease of
oils in the composition of the bitumen of grade BNS 70/100 (PPCP) at short-term and long-term aging has
been determined in the work [14].

— 223 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Table 1 — Group chemical composition of the neat bitumen of grade BND 100/130 and the polymer bituminous binders

Name and content of polymers

Name of chemical | Bitumen Bitumen BND Bitumen BND | Bitumen BND | Bitumen BND | Bitumen BND

compounds X (])3(511)3 o | 100130+ KUMHO | 100130+ | 100/130+SBS | 100130+ 100/130 +

KTP (SBS) (Korea) — | Interchi-mica (L 30-01 A)— | Elvaloy AM — | Butonal NS
6.0% SBS —4% 3% 2% 198 — 3%
Parafinonaftenes 21.9 16.7 16.35 15.6 16.1 14.45
Aromatics light 8.0 8.2 9.1 6.95 7.55 8.35
Aromatics middle 3.51 8.1 7.6 55 6.0 5.75
Aromatics heavy 22.1 21.3 18.5 21,8 23.7 25.15
Resins 1 6.6 7.5 6.7 8.45 9.05 8.35
Resins 2 24.1 24.0 27.4 21.7 22.3 21.35
Asphaltenes 13.8 15.2 15.4 20.0 15.3 16.65
Group chemical composition

Oils 55.51 54.3 51.5 49.85 53.35 53.7
Resins 30.7 31.5 34.1 30.15 31.35 29.7
Asphaltenes 13.8 15.2 154 20.0 15.3 16.65

Thus, one can conclude that as at thermal aging as well as at polymer modification the following
variation for group chemical composition of bitumen occurs: content of more light components (oils) is
decreased and the content of heavier components (asphaltenes) is increased, and the content of
intermediate components (resins) remains constant or it is also increased.

At present the possibility has been shown for application of nanoparticles of different structure as
functional additives for bitumens [16]. Meanwhile, carbon nanoparticles are the closest to bitumen, as a
component of petrol. It is considered that in this case the effect of modification will be a maximal one
[17-19].

Materials and methods. Bitumens of grades BND 70/100 and BND 100/130 produced by PPCP
have been taken for investigation of the impact of carbon nanopowder content on a group chemical
composition. Nanopowder has been manufactured from a coal of ‘Saryadyr” deposit belonging to “Corpo-
ration “ON-Olzha” LLP (Akmola region, Kazakhstan), and it has dimensions of 150-200 nm.

For the purpose of provision of the uniform distribution of the nanopowder particles in bitumen the
nanopowder has been first dispersed in kerosene through the action of ultrasound with the frequency of
20 kHz for 5 minutes at a room temperature. Then the dispersed solution (kerosene+nanopowder) has been
added to the bitumen at the temperature of 160 °C and constant stirring for 30 minutes. In such a way the
samples of the nanocarbon bituminous binder (NCBB) have been prepared with the content of the carbon
nanopowder from 0.1 to 2.0 % by weight.

Rational quantity of the nanopowder was determined according to the indicators of the bitumen
resistance to aging. Bitumen “is aged” in the process of preparation of a hot asphalt concrete mix, light
fractions are volatilized, bitumen becomes more brittle, less frost resistant.

The following main standard indicators for NCBB have been determined by appropriate methods of
laboratory tests: needle penetration depth at the temperature of 25 °C under the standard ST RK 1226 [20],
softening point on ring and ball under the standard ST RK 1227 [21], ductility at the temperature of 25 °C
under the standard ST RK 1374 [22], Fraas point under the standard ST RK 1229 [23].

Aging of a binder at stirring of an asphalt concrete mix in a mixing device and during its laying
occurs in conditions of a high temperature and air inflow. To model this form of aging the method of
rolling of a thin film in the oven (RTFO) is used under the standard ST RK 1224 [24] and AASHTO T
240 [25].

To model the aging in the process of operation the accelerated method of aging is used in the device
PAYV under high pressure and at a high temperature for 20 hours under standard ASTM D 6521 [26]. The
samples of a binder aged in PAV have already been subjected to aging under method RTFO. Binder
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residue after aging under method PAYV represents the binder subjected to the action of all the factors of the
environment which it has during production of an asphalt concrete mix and operation of an asphalt
concrete pavement.

In accordance with the Technical system Superpave the low temperature stability of bituminous
binders is evaluated under the stiffness modulus value, determined at load duration of 60 seconds under
the standard ASTM D 6648 [27] on a bending beam rheometer (BBR). In this work the stiffness modulus
of the neat bitumen and NCBB was determined at the temperatures of -24 °C, -30 °C and -36 °C.

Group chemical compositions of the original and the nanomodified bitumens were determined on the
chromatograph “Gradient”.

Results and discussion.

Standard indicators. Main standard indicators of the bitumen and NCBB, determined under the
abovementioned standards, are represented in table 2.

Table 2 — Main standard indicators of the neat bitumen and NCBB

Content of nanopowder, %
Indicators .
Neat Neat bitumen

bitumen | after aging (RTFO) 0.1 0.2 0.3 0.5 0.7 1.0 2.0
Depth of needle penetration at 25°C, 75 55 47 61 62 59 59 64 61
0.1 mm
Softening point, °C 47.5 51 55 53.5 53 53 52 51 51
Ductility at 25°C, cm 118 69 41 535 | 45 32 54 31 51
Fraas point, °C -28.5 -24.5 -27.1 | -27.2 | -26.9 | -28.5 | -28.0 | -24.3 | -27.6

The results of table 2 data analysis have shown that adding of the nanocarbon powder decreases
ductility to 26 %; softening point is practically not changed, and depth of the needle penetration is
increased for 16 %.

It should be specially noted that bitumen aging under the method RTFO increases Fraas point for 4°C
from -28.5°C to -24.5°C, and adding of the nanocarbon powder reduces Fraas point and already with the
nanopowder content of 0.5 % the Fraas point of the neat bitumen is recovered, i.e. becomes equal to -
28.5°C.

Stiffness. Table 3 gives stiffness modulus values for the neat bitumen and NCBB at lower tempe-
ratures, obtained by testing at BBR.

Table 3 — Stiffness modulus of the neat bitumen and NCBB at low temperatures

Temperature, Content of nanopowder, %
°C 0 0.5 2.0
-24 104.21 -24 104.21
-30 220.11 -30 220.11
-36 322.50 -36 322.50

As it is seen the nanopowder decreases considerably the stiffness modulus of the bitumen, i.e.
increases low temperature stability. Modification effect is especially clearly shown with the content of the
nanopowder of 0.5 %. So, the stiffness modulus of the bitumen with such concentration of the nanopow-
der at the temperatures of -24 °C, -30 °C and -36°C is 46 MPa (44.1 %), 83 MPa (37.7 %) and 91 MPa
(28.2 %) respectively.

Thus, one can conclude that modification of the bitumen of grade BND 70/100 by the nanocarbon
powder increases considerably its low temperature stability.

Group chemical composition. The obtained data on group chemical composition of the original
bitumen and its modified samples have been tabulated into table 4.
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Table 4 — Group chemical composition of the neat bitumen and NCBB

3 o, M o,
Asphal- Resins, % Oils, %
Bitumen teges, Petrol- | Spiritus- [ Sum of | Paraffin- Light Middle Heavy Sum
% benzol | benzol resins | naphthene | aromatic | aromatic | aromatic | of oils
BND 100/130 RTFO 11.8 24.5 20.4 44.9 20.6 3.6 43 14.9 43.4
BND 100/130 RTFO +
0.5% NANO 17.0 15.2 19.2 34.4 233 5.1 4.5 15.7 48.6
BND 100/130 RTFO +
0.7% NANO 17.8 17.0 16.6 33.6 23.6 43 4.6 16.1 48.6
BND 100/130 RTFO +
2.0% NANO 20.8 10.7 18.0 28.7 23.1 5.5 53 16.7 50.6

Progressing decrease of resins content with aggregate portion increase from 0.5% to 2.0% is seen
from Table 4. At 2.0% of the added nanopowder portion the resins content is decreased for 16.2% by
weight and the content of the asphaltenes and oils is increased for 9.0% and 7.2% by weight respectively.

Conclusion.

1. The possibility has been shown for considerable improvement of low temperature characteristics
for road bitumens by their modification with a nanopowder from a coal: Fraas point of the modified
bitumen after short-term aging under the RTFO method is not lower than for the original (non-aged)
bitumen,; stiffness is considerably decreased (at the temperatures of -24°C, -30°C and -36°C for 44%, 38%
and 28% respectively).

2. Phenomenon previously unknown has been determined for differently directed weak energetic
transformation of bitumen resins into compacted asphaltenes and non-compacted oils cumulatively
forming a nanostructured bitumen with increased low temperature resistance during heating up to +160°C
with addition of a nanopowder from a coal into a original bitumen.

M.K. )Kypeinos', B.B. Tearaes’ A.A. Kanbi6aii’,

'«J1. B.Coxonbckuit aThiHaars! JKaHapMaii, KaTaius sKoHe dMeKTPOXUMUS HHCTUTYTED AK,
Anmartsl, Kazakcran,
*«Ka3aKcTaH 50 FBUIBIMU-3epTTey HHCTHTYTh» AK, Anmatsl, Kasakcran

KOMIP HAHOYHTAFTBI KOCBLJIFAH
ZKOJ BUTYMbBIHBIH CHUITATTAMAJIAPBI

AHHoTanus. Makanaga TOTBIKKAH >KOJI OMTyMBIHA KOMip HAHOYHTAFBIH KOCY apKbUIBI OHBIH TOMEHT1 TeMIIe-
parypaiblK cHIaTTamaiapblH jkakcapTy MyMkinairi kepceriiren. MXXB 70/100 >xone MJXXB 100/130 mapxaisl
ourymaapsl IlaBnogap MyHali-xumusi 3aybIThiHOa eHAipinreH, an emmemi 150-200 um HanoyHTak «OH-Omxa»
KOpHOPalMAChIHBIH KOMIpiHeH ajbIHbl. butymaapasiy Temenri temmneparypanaarst (-24 °C, -30 °C, -36 °C) kaTThI-
JBIFBI MU OUTIKTI PEOMETPMEH OJIIIEeHl, TONTHIK XUMHUSUIBIK Kypambl «I'pagueHT» XpomaTorpo¢biHaa aHbIK-
tanapl. HanoyHrak koceuiran outymHbiH RTFO omiciMen Kbicka Mep3iMIli €CKipreH KyHiHAEri MOPTTBIK TeMIle-
parypachl 6acTarKsl (ecKipMereH) OUTYMIIIKIHEH KEM €MECTIr1 KopCeTiireH.

HanoyHTak KoChUTFaH OMTYMHBIH KaTTBUIBIFHI eneyii (-24 °C, -30 °C xone -36 °C TeMmiepaTypaiapa THiCIHIIE
44%, 38%, 28 %) TeMeHAEHTIHAIr1 aHBIKTaNAbl. bypsIH Oenrici3, OuTyMFa KeMip HaHOYHTaFrblH KOCKAH/A IIalbIp-
JapIbIH THIFBI3NAIFAH achanbTeHIEpre »OHE KOIICHIFAaH Maijapra a3 DHEprus IIbIFBIHBIMEH aifHay KYOBUIBICHI
QHBIKTaJI/IBL.

Tyilin ce3mep: OMTyM, KeMip HAaHOYHTaFrbl, MOPTTHIK TEeMIEpaTypachl, MUITIII OiTIKTI peoMeTp, KaTTBUIBIK,
TOITHIK XUMHUSUIBIK KYpaM.
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