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COMPARATIVE ANALYSIS OF STANDARD INDICATORS
FOR NANOCARBON ASPHALT CONCRETE
AND OTHER ASPHALT CONCRETES

Abstract. A comparative analysis of the standard indicators for a nanoasphalt concrete of the type B prepared
with the use of a nanocarbon powder and the asphalt concretes of the type B and stone mastic asphalt concretes
(SMA20) with modifiers and without them has been performed in the work. The bitumens of the grades BND
70/100, BND 100/130 and BND 130/200 have been used for preparing of the asphalt concretes. The bitumens of the
grades BND 70/100 and BND 100/130 have been produced by the Pavlodar petrochemical plant, and the bitumen of
the grade BND 130/200 has been manufactured by compounding of the bitumen of the grade BND 100/130 and the
petroleum tar of the same plant in Kazakhstan Highway Research Institute. A nanopowder (150-200 nm) has been
manufactured from a coal rock of the deposit “Saryadyr” of the “Corpoation “ON-Olzha” LLP (Akmola region) by
three-stage size reduction sequentially in a mechanical dispergator (up to 2-3 mm), an aerodynamic mill (up to
20 mcm) and a reactor with a rotating electromagnetic field (150-200 nm).

To compare the standard indicators of 13 types of asphalt concretes have been prepared. The standard indicators
of the asphalt concretes have been determined in a laboratory under the standard ST RK 1218-2003. The comparative
analysis has been performed under the following 6 main standard indicators: a compression strength at the
temperature of 50 °C;a compression strength at the temperature of 20 °C;a compression strength at the temperature of
0 °C;the shear resistance (atfriction at the temperature of50 °C);the crack resistance at the temperature of0 °C; the
water saturation.

It is found out that thenanoasphalt concrete under the considered standard indicators can substitute practically
all the main types of the asphalt concretes used in a road construction in many countries of the world and in
Kazakhstan. It has essentially high resistance to the shear, low temperature and fatigue failures, cyclic freezing and
thawing.

Keywords:bitumens, carbon nanopowder, polymers, crumb rubber, asphalt concretes, stone mastic asphalt
concretes, standard indicators.

1. Introduction. An asphalt concrete is one of the main road materials in the world. It is used,
rule, for construction ofthe upper road surfacing layers - a pavement of highways. Therefore, it is exactly
the pavement from the asphalt concrete which sustains the strongest weather-climatic and mechanical
impacts during its full service life. The road asphalt concrete should have a complex of the required
properties to become sufficiently resistant to the above impacts. As the multiyear experience shows the
composition, the technology of preparing and construction of the asphalt concretes are constantly
improved to have all the required properties. At present all over the world it is considered that it is possible
to achieve the considerable increase of the operational characteristics of the road asphalt concretes by the
modification ofthe bitumens with different polymers.

The works [1-4] show the possibility of the essential increase for the low temperature characteristics
of the road bitumens by their modification with a nanocarbon powder. Based on the electromagnetic
theory [5,6] and the quantum physics [7] a physic-chemical phenomenon has been explained for a group
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chemical composition variation of the bitumen which stipulated the essential variation of the low
temperature characteristics of the bitumen. The work [8] demonstrates the increased characteristics of
ananoasphaltconcrete of the type B prepared with the use of the bitumen with the nanocarbon powder we
obtained before.This article is a continuation of our above works, and it gives the results of the
comparative analysis for the standard indicators of the nanoasphalt concrete of the type B and 12 other
main types of asphalt concrete: 2 asphalt concretes of the type B, 5 asphalt concretes of the type B with
the polymers and a crumb rubber, 5 types of stone mastic asphalt concretes (SMA 20) with polymers and
without them.

2. Materials and methods.

2.1. Bitumens. In this work the road bitumens ofthree grades (BND 70/100, BND 100/130 and BND
130/200) satisfying the requirements of the standard ST RK 1373-2013 have been used for preparing of
the asphalt concretes of 13 different types including thenanoasphalt concrete of the type B. In this work
the polymers Elvaloy 4170, Calprene 501, Butonal NS 198, SBS L30-01 A and a crumb rubber have been
used as the modifiers. The bitumens modified with the polymers satisfy the requirements of the standard
ST RK 2534-2014. The detailed information about preparing of the bitumens modified with the polymers
one can obtain in the work [9].

The nanopowder (150-200 nm) has been manufactured from a coal rock of the deposit “Saryadyr”
(“Corpoation “ON-Olzha” LLP, Akmola region). First for the purpose of provision a homogeneous
distribution of the nanopowder particles in the bitumen the nanocarbon powder has been dispersed in a
kerosene under the impact of an 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 °Cand constant mixing for 30 minutes.

2.2. Asphalt concretes. For the purpose of the determination of the standard indicators the next
13 types of asphalt concretes have been prepared and tested: a nanoasphalt concrete of the type B,
2 asphalt concretes of the type B, 5 asphalt concretes of the type B with polymers and a crumb rubber,
5 type of the stone mastic asphalt concretes (SMA 20) with the polymers and without them. The data
about the prepared and tested asphalt concretes are given in the Table 1. The asphalt concrete mixes have
been prepared in accordance with the requirements of the following relevant standards:

Data about the tested types of asphalt concretes
Content of

Serial Grade of

number Type of asphalt concrete bitumen Modifier modifier, % Contracted notation
1 Dense fine-grained, type B BND 70/100 - - B-70-100
2 Dense fine-grained, type B BND 70/100 nanocarbon 2.0 B-70-100+nano
3 Dense fine-grained, type B BND 100/130 - - B-100-130
4 Dense fine-grained, type B BND 100130  polymer Elvaloy 4170 14 B-100-130+Elvaloy
5 Dense fine-grained, type B BND 100/130  polymer Calprene 501 40 B-100-130+Calprene
6 Dense fine-grained, type B BND 100/130  polymer Butonal NS 193 30 B-100-130+Butonal
7 Dense fine-grained, type B BND 100/130 Crumb rubber 10 B-100-130+CR10
8 Dense fine-grained, type B BND 100/130 Crumb rubber 15 B-100-130+CR15
9 Stone mastic asphalt concrete-20  BND 100/130 - - SMA-100-130
10 Stone mastic asphalt concrete-20  BND 130/200  polymer Elvaloy 4170 17 28(';1@]\1,2%3,
1 Stone mastic asphalt concrete-20  BND 130/200  polymer Calprene 501 6.0 2()80'\féall|:?rgn o
12 Stone mastic asphalt concrete-20  BND 130/200  polymer Butonal NS 198 35 28(';1%&3(;?@
13 Stone mastic asphalt concrete-20  BND 130/200  polymer SBSL30-01 A 50 SMA-130-200+SBS

The asphalt concretes and thenanoasphalt concrete of the type B-ST RK 1225-2019; the polymer
asphalt concretes of the type B - ST RK 1223-2019; the asphalt concretes of the type B with the crumb
rubber - ST RK 2028-2010; the stone mastic asphalt concrete (SMA 20) - under GOST 31015-2002; the
stone mastic asphalt concretes (SMA 20) with the polymers - ST RK 2373-2019.
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3. Results and discussion

3.1. Compression strength at the temperature of 50 °C. It is found out in our work [8] that the
strength of the asphalt concrete of the type B with nanocarbon bitumen (content of the carbon nanopowder
is 2%) at compression at the temperature of 50 °C is higher for 29% than the strength of the conventional
asphalt concrete of the type B. Now we can see (figure 1) that the strength of the nanoasphalt concrete of
the type B at 50 °C is higher than the average strength ofthe stone mastic asphalt concretes nearly for 60%
and not lower than the minimum allowed strength ofthe polymer asphalt concretes ofthe type B.

Figure 1- Compression strength of the asphalt concretes at the temperature of 50°C

3.2. Compression strength at the temperature of 20°C. It is clearly seen (figure 2) that the values
ofthis indicator for the compared asphalt concretes are varied within narrow limits (3.2-4.1 MPa), i.e. they
havethe similar values. Meanwhile, thenanoasphalt concrete of the type B has the strength (3.5 MPa)
essentially higher than the minimum allowed values for all the compared asphalt concretes. The minimum
allowed value of the compression strength at the temperature of 20°C for the asphalt concretes of the type
B and the stone mastic asphalt concrete without a polymer is equal to 2.5 MPa, and it is equal to 2.8 MPa
for the stone mastic asphalt concretes with the polymers. For example, the nanoasphalt concrete has the
strength at the temperature of 20°C higher than the minimum allowed value for the asphalt concretes of
type B without polymers and for the stone mastic polymer asphalt concretes for 40% and 25%
respectively.

Figure 2 - Compression strength of the asphalt concretes at the temperature of 20°C
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3.3. Compression strength at the temperature of 0 °C. It is found out in our work [8] that the
strength at 0°Cfor the nanoasphalt concrete of the type B is nearly 2 times (44%) lower than for the
conventional asphalt concrete of the type B. Now we can see (figure 3) that the nanoasphalt concrete
reigns supreme under this indicator - its strength at 0°C is nearly 2 times (more exactly 1.91 times) lower
than the average strength of other compared asphalt concretes.

Figure 3 - Compression strength of the asphalt concretes at the temperature of 0°C

3.4. Shear resistance. It is found out in our work [8] that the nanoasphalt concrete of the type B has
the shear resistance for 43% higher than for the conventional asphalt concrete of the type B. And now it is
clearly seen (figure 4) that under this indicator the nanoasphalt concrete is one of the best among the
compared ones: its shear resistance is more for 48%, 25% and 2.04 times compared with the conventional
asphalt concretes ofthe type B, the asphalt concretes of the type B with the polymers and the stone mastic
asphalt concretes with the polymers and without them.

Figure 4 - Shear resistance of the asphalt concretes (at friction at the temperature of 50°C)

3.5. Crack resistance at the temperature of 0°C. It is seen from the figure 5 that the nanoasphalt
concrete of the type B has the crack resistance considerably lower than the maximum allowed values for
all the considered types of the asphalt concretes. This fact indicates that the nanoasphalt concrete
according to the considered standard indicator can substitute practically all the main types of the asphalt
concretes used in a road construction in many countries ofthe world including Kazakhstan.
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Figure 5. Crack resistance of the asphalt concretes at the temperature of 0°C

3.6. W ater saturation. It has been found out in our work [8] that the water saturation for the
nanoasphalt concrete of the type B is for18% less than for the conventional asphalt concrete of the type B.
And now it is seen (figure 6) that except for the asphalt concrete of the type B with the polymerCalprene
the nanoasphalt concrete of the type Bis among those types of the asphalt concrete which have the least
values of the water saturation (2.5-2.8%). It is also should be mentioned that the water saturation of the
nanoasphalt concrete is lower than the maximum allowed values for all the considered types of the asphalt
concrete.

Figure 6 - Water saturation of the asphalt concretes

Conclusion. 1. The nanoasphalt concrete according to the considered standard indicators can
substitute practically all the main types of the asphalt concretes used in a road construction in many
countries ofthe world and in Kazakhstan.
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2. The nanoasphalt concrete has the compression strength at the temperature of 0° Con average nearly
2 times higher than other types of the asphalt concretes, i.e. it has essentially high low temperature and
fatigue strengths.

3. The nanoasphalt concrete proved to be the most shear resistant among the considered types of the
asphalt concretes: its shear resistance is more for 25-204 % than for other asphalt concretes.

4. The nanoasphalt concrete is among the group of the asphalt concretes with the least water
saturation values, i.e. after appropriate additional tests it may prove to be one of the most frost resistant
types ofthe asphalt concretes.
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/1. B. COKOMbCKMIA aTbliHAArbl XXaHapmaii, Katanms
X3He 3NeKTPOXUMUNSA UHCTUTYTbI» AK, AnmMartsl, KasakcTaH;
2Z<KasakcTaH >0/ rbiNbIMU-3epTTey MHCTUTYTLI» AK, AniMatbl, KasakcTaH;
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HAHOKOMI1PTEK AC®AJIbTBETOH MEH BACLA ACPANIbTEETOHAAPAbLLL
CTAHOAPTTbL, KOPCETKIWTEP1IH CAJIBICTbIPMAJIbI TANOAY

AHHOTauua. XXyMbiCTa HAHOKEMIPTEK yHTarbl Henswae favibiHganraH b Tmnn HaHoacthanbT6eToH, Moantu-
KaTOpMeH >K3He OHCbI3 b TUMN achanbTOeTOH X3He LWarbin Tac-MacTUKaNbIK acthansTOeTOHAapAbIH CTaH4APTThIK
KepCEeTLULLTEPLU Ca/ibICTbipMasbl Tangay »acanraH. ActhanbToeToHapab! falibiHgayra MXKB 70/100, MXKB 100/130
»3aHe MXKB 130/200 mapkanbl 6utymgap nainganansingsl. MXXB 70/100 »xaHe MXXB 100/130 mapkanbl 6utymgap
MaBnogap MyHali-xumusi 3aybiTbiHAa, an MXXB 130/200 mapkanbl 6uTyMbl KasakCTaH KON rbibIMU-3epTTeY
MHCTUTYTbIHAA MXKB 100/130 mapkanbl 6UTYM MeH COM 3ayblTTbiH TYAPOHbIH apanacTblpy HerisiHge arbiHAbl.
HaHoyHTak (150-200 HM) «OH-Omka» YXLUC-HW, (Akmona 06/bicbl) «Capagblp» KEHOPHbIHbIH KEMIP >XbIHbICHIH
MexaHUKanblK gucnepratopfa (2-3 Mm-re fellH), aspoAvHaMUKanbiK AuipMeHge (20 MKM-re feiiiH) >3He
aliHa/IMa/bl 3N1EKTP-MarHUTTIK ePION PeakTopAa yLcaTbli~ Ti36eKTell YHTaKTay >KO/bIMEH a/blHAbI.

CTaHfapTThIK KEPCETKILITEPIH CaNbICTLIPY YW acanbTOeTOHHbIH 13 TYpi AalibiHAabIN, CbIHAKTaH eTKi3ifai.
3eptxaHaga KP CT 1218-2003 ctaHgapTbl 6oibIHWA acanbT6eTOHAapAbIH CTaHAAPTThIK KEPCEeTKILTepi aHbIKTas-
Obl. CanbICTbipMasTbl TaNfay Kenea 6 Herisri cTaHAapTThiK KepceTliiuTep 6oibiHWa xacangpl: 50°C Temnepatypa-
Jarbl cbiry 6epikTiri; 20°C Temnepatypagars! cbiry 6epwiti; 0°C Temnepartypagars! CbITy 6epiKTiri; birbicyra Typak-
ToiTbIK (50°C TemnepaTypagarb! Wwncy 60iibiHWa); 0°C TeMnepaTypagarb! Xapbliyra TypakTbibIK; Cyra KaHbiry.

KapacTblpbliraH CTaHAAPTTbIK KepceTLuwiTep 60MbIHIIA HaHoACthabTOETOHHbIH 3/1EMHIH KenTereH engepLuge
X3He KasakcTaHga »on KypblnbICbiHAA KOAaHbINaTbiH acthaibT6eToHAapAbIH 6apnbIK Herisri TYpnepiH anMacTbipa
anatbiHAbITbl aHbIKTaNgbl. OHbIH bIrbICYra, TEMEHN TeMMepaTypasblK XaHe LwapLiay Oy3biIbICbIHA, LUK/AW TOHY
MEH epyre TypaKTbI/bIlbl aiiTap/ibIKTal Xorapbl.

TYViiH cesmep: 6UTymaap, KeMipTek HaHOyHTarbl, MOMMMEp/ep, Pe3eHKe YHTarbl, acthanbT6eToHAap, Larbis
Tac-MacTUKa/bIK acanbTOeTOHAap, CTaHAAPTTLIK KePCeTLLLITEp.
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MUHCTUTYT TOMKBA, Katanunsa u anektpoxumum um. [, B. Cokonbckoro”, Anmartsl, KasaxcTaH;
2‘KazaxCTaHCKWi1 [OPOXKHbIA Hay4YHO-NCCNeA0BaTENbCKUIA MHCTUTYT”, AnMarsl, KasaxcTaH;
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CPABHUTE/IbHbIA AHANTN3 CTAHOAPTHbBIX MOKA3ATE/EN
HAHOYTJIEPOAHOIO AC®A/IbTOBETOHA N APYTUX ACO®PA/IbTOBETOHOB

AHHOTaumsa. B HacToswei paboTe BbIMOMHEH CPaBHWUTE/bHbLIA aHaIM3 CTaHAAPTHbLIX MOKasaTesneil HaHoac-
(hanbTo6eTOHA TMNA b, NPUrOTOBMIEHHOIO C UCMOABL30BAHMEM HAHOYTNIEPOAHOIO NOPOLLKA M acdhasbTO6eTOHOB TWMa
B u WwebeHouHO-MacTUYHLIX acthansTo6eToHoB (LLLIMAC-20) ¢ mogudukaTopamMu 1 6e3 HuX. [ns npurotoBneHus
acthanbTo6eTOHOB UCMONb30Ba/IMCL GUTYMbI Mapok BHJ, 70/100, BH/A, 100/130 n BHA, 130/200. BUTyMblI Mapok
BHA, 70/100 1 BH/, 100/130 6b1n1 npounsBefeHbl NaBnogapckuM HepTeEXMMUYECKMM 3aBOL0B, a bUTym mapku BH/,
130/200 6bIn nonyyeH nNyTem KOMNayHAMpoBaHWA 6utyma mMapkm bHJ, 100/130 v ryapoHa n3 TOro e 3aBsoja B
Ka3axcTaHCKOM [0pPOXXHOM Hay4HO-WCCMefoBaTeNlbCKOM MHCTUTYTe. HaHonopowok (150-200 HM) nonyyeH u3
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Yro/ibHO nopogsl MecTopoxaeHust «Capblagsip» TOO «Kopnopauus «OH-Omka» (AKMOIMHCKas 06/1acTb) NyTem
TPEXCTaAUIAHOrO M3MeNbYeHNs NOcefoBaTe/lbHO B MeXaHW4eCcKoM aucnepratope (40 2-3 MM), aspoavHamMnUyecKon
MefbHULE (80 20 MKM) 1 peakTope C BPaLLarLWMMCS 3/1eKTpoMarHUTHbIM nosem (150-200 Hw).

[nsa cpaBHeHWs CTaHAAPTHbIX NoKasaTesneil 6bliv NPUroTOBAEHbI 1 UCMbITaHbl 13 BUAOB acdansTobeToHOB. B
nabopatopun no craHgapty CT PK 1218-2003 6binv onpegeneHbl CTaH4apTHble MokasaTenn acaibTO6eTOHOB.
CpaBHUTENbHbIN aHanM3 6bln BbINOIHEH MO CEAYHOLWMM 6 OCHOBHbIM CTAHAAPTHbLIM NOKa3aTensm: NPOYHOCTb Mpu
coxkatum npu Temnepatype 50 °C; NpoYHOCTL Mpy cxXatum npu Temnepatype 20 °C; NpOYHOCTb NPU CXaTUm npu
TemnepaType 0 °C; cABUroycToiumMBoCTb (MO cuenneHnto npu Temnepatype 50 °C); TPELWMHOCTOMKOCTb Npy TeMMe-
patype 0 °C; BOLOHACbILLEHVE.

YCTaHOB/IEHO, YTO HAHOACKabTOBETOH MO PAaCCMOTPEHHLIM CTaHAAPTHLIM MOKa3aTensM MOXET 3aMeHUTb
MPaKTUYeCKM BCe OCHOBHbIE BUAbI acasbTOOETOHOB, NMPUMEHSEMbIX B JOPOXKHOM CTPOUTENLCTBE BO MHOTMX CTpa-
Hax Mvpa v B KasaxcTaHe. OH MMEeT CYLLECTBEHHO BbICOKYHO YCTOMUMBOCTb K CABWrY, HU3KOTEMMEPATYpPHOMY U
YCTa/IoOCTHOMY Pa3pyLLEHWIO, LUKINYECKOMY 3aMOPaXKMBAHUIO U OTTauBaHUIO.

KntoueBble cnoBa: GUTYMbI, YriepoHbli HAHOMOPOLUOK, MOUMEPDI, PE3MHOBAA KPOLLKA, achanbTOBETOHbI,
Le6eHOYHO-MaCTUYHbIe acthaibTOOETOHbI, CTaHAAPTHbIE MOKa3aTeNu.
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