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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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ASPHALT CONCRETE WITH NANOCARBON BITUMEN

Abstract. This paper shows the possibility for producing a road asphalt concrete with the improved
characteristics with the use of the bitumen with nanocarbon powder we manufactured before compared with the
conventionally used asphalt concrete. The paper determines and compares the standard indicators of two types for
road asphalt concrete: 1) a hot fine-grained asphalt concrete of Type B, prepared with the use of bitumen with
nanocarbon powder; 2) a conventional hot fine-grained asphalt concrete of type B prepared with the use of a neat
bitumen of grade BND 70/100. The neat bitumen was produced by the Pavlodar petrochemical plant, a nanopowder
(150-200 nm) was manufactured from the coal rock of “Saryadyr” deposit (“Corporation “ON’Olzha” LLP, Akmola
region) by three-stage grinding in a mechanical dispergator (up to 2-3 mm), an aerodynamic mill (up to 20 mcm) and
a reactor with rotating electromagnetic field (150-200 nm). Modifying of the neat bitumen with nanocarbon powder
in the amount of 0.5 % and 2 % has been performed in Kazakhstan Highway Research Institute by continuous
mixing of the neat bitumen and the nanocarbon powder for 30 minutes at the temperature of 160 °C.

The asphalt concretes were prepared under standard ST RK 1225-2013, their volumetric characteristics and
standard indicators were determined under standard ST RK 1218-2003. To prepare the asphalt concretes a crushed
stone was used from the Novo-Alekseyevsk quarry (Almaty region), a sand from the plant “Asphalt concrete-1”
(Almaty city) and an activated mineral powder from “Zhartas” LLP (Kordai village, Zhambyl region). It is
established that the use of the nanocarbon bitumen improves essentially the standard indicators of the road asphalt
concrete. For example, with the content of the nanopowder in bitumen of 2 % the water saturation is decreased for
18 %, shear resistance is increased for 43 %, the strength at the temperature of 20 °C in dry and water-saturated
conditions is increased for 9 % and 17 % respectively, the strength at the temperature of 50 °C is increased for 29 %,
the strength at the temperature of 0 °C is decreased for 44 % (nearly 2 times).

Key words: bitumen, nanopowder from coal, bitumen with nanocarbon powder, asphalt concrete with
nanocarbon bitumen, standard indicators.

1. Introduction. In Kazakhstan, as well as in other countries, it is accepted to evaluate standard
indicators of bitumens and asphalt concretes with their use separately. Meanwhile, for optimum mix
design it is accepted to use only those bitumens which satisfy the requirements of the current standard. At
present in Kazakhstan the standard requirements to road bitumens and asphalt concretes are specified in
standards ST RK 1373-2013 [1] and ST RK 1225-2013 [2] respectively.

In our works [3-6] the possibility has been shown for improvement of characteristics for road
bitumens by modification with a nanocarbon powder, and their standard and non-standard characteristics
have been investigated. This paper is the continuation of our above works, and it shows the possibility for
producing of a road asphalt concrete with the improved characteristics at the use of the bitumen with
nanocarbon powder we manufactured before.
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2. Materials and methods.

2.1. Bitumens and nanopowder. To prepare a conventional road asphalt concrete of type B
satisfying the requirements of the standard ST RK 1225-2013 [2] the road bitumen of grade BND 70/100
has been accepted, which satisfies the requirements of the standard ST RK 1373-2013 [1]. The bitumen
has been produced by the Pavlodar petrochemical plant from a crude oil of the Western Siberia (Russia) by
direct oxidation.

A nanopowder (150-200 nm) was manufactured from the coal rock of “Saryadyr” deposit
(“Corporation “ON’Olzha” LLP, Akmola region) by three-stage grinding. A mechanical dispergator (up to
2-3 mm), an aerodynamic mill (up to 20 mcm) and a reactor with rotating electromagnetic field
(150-200 nm) were used on grinding stages respectively.

The nanocarbon bitumen with the content of the carbon nanopowder in the amount of 0.5 % and
2.0 % by weight of the neat bitumen was prepared by constant mixing of the neat bitumen and the
nanopowder at the temperature of 160 °C for 30 minutes.

The detailed information about the neat bitumen, the nanopowder and the nanocarbon bitumen and
their standard and non-standard characteristics is included in our previous works [3-6].

2.2. Asphalt concretes. Conventionally used in the road construction the hot fine-grained asphalt
concrete of type B with the use of the neat bitumen of grade BND 70/100 and the similar hot fine-grained
asphalt concrete of type B with the use of the nanocarbon bitumen have been prepared under standard ST
RK 1225-2003 [2]. To prepare the asphalt concretes a crushed stone (20%) was used from the Novo-
Alekseyevsk quarry (Almaty region), a sand of fraction 0-5 mm (49%) from the plant “Asphalt
concrete-1” (Almaty city) and an activated mineral powder (7%) from “Zhartas” LLP (Kordai village,
Zhambyl region). The content of the neat bitumen and the nanocarbon bitumen in the asphalt concretes
was 4.8 % by weight of the dry mineral materials.

The granulometric curve of the mineral part of the asphalt concretes is shown in figure. The standard
indicators of the crushed stone, the sand and the mineral powder determined under the standards ST RK
1213-2003 [7], ST RK 1217-2003 [8] and ST RK 1221-2003 [9] respectively are given in tables 1-3.

Volumetric characteristics determined under standard ST RK 1218-2003 [10] are given in table 4. As
it is seen, the average and the real densities of the conventional and the nanobitumen asphalt concretes are
practically similar. Residual air voids is decreased with the increase of the amount of the nanopowder:
with the content of nanopowder 2.0 % by decreasing of residual air voids of the asphalt concrete it reaches
15%. It is possible to improve the standard indicators of the asphalt concrete by decreasing of residual air
voids.
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Table 1 — Standard indicators of the crushed stone

Actual results
Description of indicator Norm - X
Fraction 10-20 mm Fraction 5-10 mm
Content of grains of thin flake
and needle-shaped form, % up to 15 incl. 6.8 12.9
Class 1 1 1
Strength according to crushability
- weight loss, % up to 10 incl. 6.4 8.9
- grade 1000 1000 1000
Wearing quality,
- weight loss, % up to 25 incl. 14.1 17.3
- grade Wi Wi W1
Content of grains of soft rocks, %, not more than 10 50 61
Frost resistance
(saturation in solution of sodium sulphate):
- number of cycles 10 10 10
- weight loss, % not more than 5 2.7 33
- grade F100 F100 F100
Content of dust and clay particles, % not more than 1.0 0.11 0.2
Content of clay in lumps, % not more than 0.25 0 0
Content of granulated grains, % not less than 80 90.0 87.5

Table 2 — Standard indicators of the sand

Description of indicator Norm Actual results

. above 2.5 up to 3.0 2.6
Size modulus large large
General sieve residual with mesh No. 063 above 14 > up 10 65 >4.1

arge large

Content of grains with size, II class:
- above 10 mm 5 3.0
- above 5 mm 15 10.6
- less than 0.16 mm 15 12.0
Content of dust and clay particles, % not more than 10 6.4
Content of clay in lumps, % not more than 0.25 0
Content of clay particles by swelling method, %, not more than 0.5 0.21

Table 3 — Standard indicators of the mineral powder

Description of indicator

Norm

Actual results

Grain size, % under mass:

- less than 1.25 mm not less than 100 100
- less than 0.315 mm not less than 90 98.5
- less than 0.071 mm not less than 80 80.1
Air voids, % not more than 28 21
Swelllpg of specimens from the mix of filler not more than 1,5 05
with bitumen, %

Bitumen content value, g, not more than 50 38.0
Water content, % not more than 0.5 0.16

Table 4 — Volumetric characteristics of the asphalt concretes with the neat bitumen and the nanocarbon bitumen

Amount of nanopowder, % Average density, g/cm® Real density, g/cm’ Residual air voids, %
0 2.39 2.49 4.0
0.5 2.39 2.48 3.6
2.0 2.40 2.49 3.4
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3. Results and discussion. The standard indicators of the asphalt concretes with the neat bitumen
and the nanocarbon bitumen determined under the standard ST RK 1218-2003 [10] are represented in
eable 5. As it is seen, the use of the nanocarbon bitumen improves all the considered standard indicators of
the asphalt concrete. With the content of the nanopowder in bitumen 2 % water saturation is decreased for
18 %, shear resistance is increased for 43 %, strength at the temperature of 20 °C in dry and water-
saturated conditions is increased for 9 % and 17 % respectively, strength at the temperature of 50 °C is
increased for 29 %, strength at the temperature of 0 °C is decreased for 44 % (nearly 2 times).

Table 5 — Standard indicators of the asphalt concretes with the neat bitumen and the nanocarbon bitumen

) Amount of nanopowder, %
Indicator Norm
0 0.5 2.0

Water saturation, % 34 3.1 2.8 1.5-4.0

Compression strength (MPa) at the
temperature (°C):

-20°C 3.2 33 35 not less 2.5

- 20 °C (in water-saturated condition) 3.0 2.9 3.5 -

-50°C 1.4 1.6 1.8 not less than 1.3
-0°C 6.8 4.5 3.8 not more than 13.0
Shear resistance 0.42 0.44 0.60 not less than 0.38

The considerable increase in the strength at the temperature of 50 °C (29 %) and shear resistance
(43 %) shows the increased shear resistance of the asphalt concrete with the nanocarbon bitumen
compared with the conventional asphalt concrete. The essential decrease of the strength at the temperature
of 0 °C (44 %) informs about the increased resistance of this asphalt concrete to the fatigue and low
temperature cracking. Water saturation decrease characterizes its comparatively better frost resistance.

Conclusion. 1. A new road asphalt concrete has been manufactured with the improved standard
indicators. It was prepared with the use of a nanocarbon bitumen.

2. With the content of the nanopowder in the bitumen 2 % water saturation is decreased for 18 %,
shear resistance is increased for 43 %, the strength at the temperature of 20 °C in dry and water-saturated
conditions is increased for 9 % and 17 % respectively, the strength at the temperature of 50 °C is increased
for 29 %, the strength at the temperature of 0 °C is decreased for 44 % (nearly 2 times).

M. XK. Kypbinos', B. B. Texiraes’, A. A. Kanbi6aii’, E. JI. Omip6aes’
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HAHOKOMIPTEK BUTYM/Ibl AC®AJBTBETOH

AnHoTtanmsi. Makanana JgocTypiai acdaibTOETOHMEH calbICThIpraHaa OypblH ©3iMi3 KON JKETKI3reH
HAHOKapOOH YHTarbl 0ap OUTYMIIbI KOJIIaHa OTBIPHII, KaKCAPThIIFAH CHIAaTTaMajiapbl 0ap >xkoi1 ac(aabTOSTOHBIH aly
MYMKiHIOiri kepceriired. Onpma oa acdanbTOCTOHHBIH €Ki TYPIHIH CTaHOAPT KOPCETKIIITEPl AaHBIKTAJIBII,
CaIIBICTBIPBUTFAH: 1) HAHOKOMIPTEK YHTAKThl OWTYMIbl MaiilaNaHbll AaiiblHIAIFaH BICTBIK Maija TyWipurkri b
tunTik acdamerOeron; 2) MXXB 70/100 mapkamsl Taza OWTyMIOBl TaiialdaHBIl MaibIHAATFAH BICTHIK Maiina
Tydipmikti b tunTik acdansréeron. Taza Outym IlaBnomap MyHal-XuMusi 3aybITbIHAA, HaHOYHTAK (150-200 HM)
«Capslansip» keH opHBIHBIH («OH-Omxa» xopmnopanusicer» JKILIC, Axmona oONbICEI) KeMip >KbIHBICHIHAH
MEXaHMKaNIBIK Jucnepraropaa (2-3 mMm-re jaeiiH), a’spoauHamMUKanblK auipmenzae (90 MkM JIieifiH) xoHe aiiHanMa
ANIEKTP-MAarHuTTiK epicti peakropaa (150-200 HM AeiiH) ylI caThUIbl YHTAKTay apKbUIbl ajblHIBL. Ta3a GUTYMIIbI
0,5 % sxoHe 2 % nHaHOyHTakneH Mmoaupukanusnay KaszakcTaH ol FBUIBIMH-3€pTTEY HHCTHTYThIHAA 160 °C
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TemnepaTtypaga 30 MUHYT OOHBI Ta3a OMTYM MEH HAaHOKOMIpTEK YHTAKTHI Y3[IKCi3 apanacThIpy HETi3iHHIe XKy3ere
ACBIPBIJIJIBL.

Acoanproeronmap KP CT 1225-2003 cranmapthl OOWBIHINA JaWbIHIAIBI, OJIAPIBIH KOJEM CHIAaTTaMaliaphbl
MeH cranaapt kepcetkimrepi KP CT 1218-2003 crangapTsl OoiibIHIIA aHBIKTAIABL. AchalbTOCTOHIAPIbI Aaspiiayra
HoBo-AmnekceeBck (AaMarhl OOJBICHI) KapbepiHiH arbll Tackl, «Acdansroeron-1» JXIIC (Aamarbl 0OJBICHD)
3ayBITBIHBIH KYMBI jkoHe «OKapracy KIIC-uig (Kopaait aypurer, JKaMOBLT OOJBICH) aKTUBTEHIIPIITEH MUHEPAIIBIK,
YHTarpl maiiganaHsuiael. HaHokeMipTek YHTakThl OMTYyMABI NaiiaiaHy oyl ac(hanbTOCTOHBIHBIH CTaHAAPT
KOPCETKILITEPiH €Ioyip JKaKCapTaTHIHIBIFBI aHBIKTANABL. ATan aiWTKaHaa, OWUTyMIarbl KeMip HaHOYHTaFrbIHBIH
medmepi 2 % Oosnranna achaibTOCTOHHBIH CyMeH KaHbIFybl 18 %-Fa a3asjpl, BIFBICYFa TYpakThUIBIFBI 43 %-Fa
aprazpl, 20 °C Temneparypajara KYprak jKoHE CyFa KaHbIKKaH Kyhzeri OepikTiri tuicinie 9 % sxone 17 %-ra eceni,
50 °C remmneparypanarbl 6epikriri 29 %-ra aprajpl, 0 °C Temneparypanarbl 6epikriri 44 % (2 ecere KybIK) KEMUII.

Tyiiin ce3mep: OUTYM, KOMipAeH aJbIHFAaH HAHOYHTAK, HAHOKOMIPTEKTI YHTarel Oap OUTYM, HAHOKOMIPTEKTi
Ooutymbl Oap acarbTOETOH, CTAHAAPTTH KOPCETKIIITED.

M. K. Kypunos', B. B. Texraes’, A. A. Kanwi6aii’, E. JI. AMup6aes’

l“I/IHCTHTyT TOIUTHBA, KaTann3a u anekTpoxumuu uM. J{. B. Cokombckoro”, Anmmatel, Kazaxcran;
2“KasaxCTaHCKMI JJOPOXKHbII HaydHO-HCCIIeI0BATEIbCKII HHCTHTYT , AnMathl, Kasaxcran

AC®AJIBTOBETOH C HAHOYTJIEPOJHBIM BUTYMOM

AnHoTammsl. B Hacrosmell craThe IOKa3aHa BO3MOXKHOCTH IIONYYEHHS IOPOXHOTO ac(aabTOOeTOHa C
YIIyYIICHHBIMH XapaKTEPUCTHKAMHU C HCIIOJIb30BAHHEM paHee MOJIy4YEeHHOT0 HaMH OWTyMa C HaHOYIJIEPOIHBIM
MOPOIIKOM TI0 CPaBHEHHIO C TPAAWIMOHHO NpHMEHsIEeMbIM achanproOeToHOM. B Hell ompeneneHsl M CpaBHEHBI
CTaHAApTHBIC IIOKA3aTeNM JBYX BHIOB JIOPOXKHOTrO acgainbTodeToHa: 1) Topsiuero MenKO3epHHUCTOro acdaib-
ToOEeTOHa THIa b, MPUTrOTOBIIEHHOTO C KCIIOIb30BaHHEM OUTYyMa C HAHOYTJIEPOIHBIM ITOPOLIKOM; 2) TPaAUIIOHHOTO
ropsTYero MeJIKO3epHUCTOro ac(aabTo0eToHa THIIAa b, IPUTOTOBIEHHOTO C UCIIOJIb30BAHUEM YHCTOr0 OUTyMa MapKu
BHJT 70/100. Yucteiii 6utym npoussenex [laBnogapckum HehTeXMMHUYECKHM 3aBOJIOM, HaHOTOpOooK (150-200 HM)
MOJyYeH W3 YTONBbHOM mopoabl mectopoxaeHus «Capwiagpip» (TOO «Kopmopammst «OH-Omxkay, AKMOIHHCKAs
00JacTh) MyTeM TPEXCTaJAWHHOTO M3MENhUCHHS B MEXaHHUECKOM aucmeprarope (mo 2-3 M), a3poauHAMHUYECKOi
MenbHHIE (10 20 MKM) M peakTope ¢ BpaIAIOLIMMCS 3JIeKTpOoMarHuTHEIM nojeM (150-200 am). MoaudurmpoBanne
YUCTOro OMTyMa HaHOYIJIEpOAHBIM mopoinkoM B koimdectBe 0,5 % u 2 % ocymectBieno B KazaxcraHckom
JIOPO)KHOM Hay4HO-HMCCJIEIOBATEILCKOM HHCTHTYTE ITyT€M HEIPEphIBHOTO IEpeMELIMBaHUA YHCTOro OWUTyMa U
HaHOYTJIEPOIHOTO mopoirka B Tedenre 30 MuHyT npu tTemnepatype 160 °C.

AcdanbrobeTons! Obumi mpuroToBieHs! mo ctaHgapty CT PK 1225-2013, ux o0beMHBIE XapaKTEPUCTHKH U
CTaHNApTHBIE TOKa3arenu ObUH ompexeneHsl mo cragapry CT PK  1218-2003. [Ins mnpurotoBieHUs
acdanapTo0eTOHOB OBUIN MCIOJIB30BaHkI ebeHs n3 HoBo-AlekceeBckoro kapbepa (ArmaTnHcKas 00J1acTh), HECOK —
u3 3aBoja «AcdanbrodeToH-1» (r. AJMaThl) U aKTUBHUPOBAHHBIA MHHepalibHbIH nopomok — u3 TOO «Kapracy
(. Kopnaii, )KamObuIcKast 00J1acTh). Y CTAaHOBJICHO, YTO HCIOJIb30BAaHHE HAHOYTJICPOJHOTO OMTyMa CYIIIECTBEHHO
yIy4dlIaeT CTaHAApTHBIE MTOKa3aTesu JOpoxkHOro achansroberoHa. Tak, IpH collepskaHUM HAHOIIOPOIIKA B OUTyMe
2% BOJOHACHIIIEHHE yMeHbIIaeTcst Ha 18 %, cIBHUroycToW4MBOCTh yBenmmuuBaeTcs Ha 43 %, MPOYHOCTH IpU
temmneparype — 20 °C B cyXOM M BOJOHACBHIIIEHHOM COCTOSIHUSIX ITOBBIIIAETCSI COOTBETCTBEHHO HA 9 % u 17 %,
npouHocTs npu Temmneparype 50 °C nossimaercs Ha 29 %, npounocts npu temmneparype 0 °C ymensiiaercs Ha 44 %
(moutH B 2 paza).

KoueBsbie ciioBa: OUTyM, HAHONIOPOILOK M3 YIJIs, OUTYM C HAHOYIJIEPOIHBIM MOPOIIKOM, ac(haibTOOETOH ¢
HaHOYTJIEPOAHBIM OUTYMOM, CTaHIAPTHBIC OKA3aTEIH.
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