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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 ofthe 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 . .
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. 141 17.3
- grade W1 W1 W1
Content of grains of soft rocks, %4 not more than 10 50 6.1
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 90.0 875
Table 2 - Standard indicators of the sand
Description of indicator Norm Actual results
Size modulus above 2.5 upto 3.0 2.6
large large
. . . above 45 up to 65 54.1
General sieve residual with mesh No. 063 large large
Content of grains with size, 11 class:
- above 10 mm 5 3.0
- above 5mm 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, %ounder 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

S\_Nelll_ng of specimens from the mix of filler not more than 15 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/cm3 Real density, g/cm3 Residual air voids, %

0 2.39 2.49 4.0
0.5 2.39 2.48 3.6
2.0 2.40 2.49 34
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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 9%, 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 31 2.8 1.5-4.0

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

-20 °C 32 33 35 not less 2.5

- 20 °C (in water-saturated condition) 30 2.9 35 -

-50°C 14 16 18 not less than 1.3
-0°C 6.8 45 38 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 9%,
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. X. XX”pbiHoB], B. B. TentaeB2, A. A. Kanbi6aii2, E. . Omip6aes2

/1. B. CokonbCKnii aTbiHAaFbl )XaHapMaii, KaTanms
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HAHOKOMIPTEK BUTYMAblI AC®AJ/IbTBETOH

AHHOTauusa. Makanaga factYpni acganbTO0eTOHMeH canbicTblpFaHia O6ypblH  e3iMi3 KON XKeTLU3reH
HaHOKap6oH yHTara 6ap 6MTymAbl KongaHa oTbIpbIM, XakcapTbllFaH cunaTTamanapbl 6ap >Kon acanbTOeTOHbIH aty
MyMKWAW ~pcemTe”™ OHAa >Xo0n acasibTOETOHHbIH e TYPiHIH CcTaHJapT KepceTKilTepi aHbIKTasbIM,
canbiCThipbinFaH: 1) HaHOKeMIpTEK YHTaKTbl 6UTYMAbl MaliganaHbin AalibiHAanraH bicTeIK Maliga TYWipwikTi B
TMNNK acthanbtbetoH; 2) MXKB 70/100 mapkanbl Tasa 6MTymMAbl MaiifanaHbin faiiblHAaNraH bICTbIK Maija
TYWipwikti B TMANK achanbT6eToH. Tasa 6MTyM MaBnogap MyHali-XMMWsi 3ayblTblHAA, HaHOYHTaK; (150-200 HMm)
«Capblafiblp» KeH OpHbIHbIH («OH-Omka» kKopnopauuscbl» >XLUC, Akmona 06/bICbl) KeMip >KbIHbICbIHaH
MexaHVKa/bIK gucnepratopga (2-3 MM-re feliH), aspofMHamunKasibiK guipmeHfge (90 MKM [eLlH) XaHe aiHanma
3NeKTP-MarHMTNK epicTi peakTopga (150-200 HM fgellH) Y caTbiibl YHTaKTay apKblibl anbiHAbl. Tasa 6uTymabl
0,5 % >k3He 2 % HaHOYHTaKneH mogudukauusnay KasakcTaH X0/ TblbIMU-3epTTey UMHCTUTYTbIHAA 160 °C
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Temnepatypaga 30 MUHYT 6oiibl Taza 6uTym MeH HaHOKeMipTeK yHTakTbl Y3AIKCI3 apanacTblpy Hensuife Xysere
acbIpblngbl.

ActanbtbeToHgap KP CT 1225-2003 cTaHaapThl 60MbIHIWIA faiibiHAaNAbl, 0napAblH KefeM cunaTTaManiapbl
MeH cTaHAapT KepceTKiwTepi KP CT 1218-2003 cTaHaapThbl 60MbIHLLIA aHbIKTaNabl. AchanbToeToHAapAbl jaspnayra
HoBo-AnekceeBcK (AnMaTbl 006/1bICbl) KapbepiHiH Lwwarbin Tackl, «ActanbT6eToH-1» XXLWIC (Anmatbl 06/bICbl)
3aybITbIHbIH KyMbl X3He «>XapTac» XLLC-HiH (Kopgali aybiibl, XXaMb6bin 06/1bICbl) aKTUBTEHAIPI/ITEH MUHepangbiK
yHTarbl naviganaHblngbl. HaHOkemipTeK yHTakTbl 6UTymfbl naiganaHy >on acganbTOeTOHbIHbIH CTaHAapT
KepCeTKILWTepiH eA3yip >kakcapTaTblHAbITbl aHbIKTangbl. ATan aiTkaHfa, 6uTymaarbl Kemip HaHOYyHTarbiHbL,
Menepi 2 % 6onraHga acanbT6eTOHHbIH CyMeH KaHbIrybl 18 %-ra asasfbl, birbicyra TypakTblibirbl 43 %-ra
apTagbl, 20 °C TemMnepaTypajara Kyprak )aHe cyra KaHbIKkaH KYWgeri 6epluri TuiciHwe 9 % xaHe 17 %-ra ecegi,
50 °C TemnepaTypagarbl 6epikTiri 29 %-ra aptagpl, 0 °C Temnepatypagarbl 6epikTiri 44 % (2 ecere XyblK) KeMUAi.

TywH ce3fep: 6UTYM, KeMipAeH a/blHraH HaHOYHTaK, HaHOKEeMIpTeKTi yHTarbl 6ap 6MTYM, HaHOKEMIPTEKTI
6MTymMbl 6ap acdanbT6eTOH, CTaHAAPTTbl KEPCeTKILLTEp.
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ACOPANIBTOBETOH C HAHOYTNEPOAHBLIM BUTYMOM

AHHOTauma. B HacToswen cTaTbe MoKa3aHa BO3MOXHOCTb MOJyYeHWS [OPOXHOro acanbTobeToHa C
YNYYLIEHHbIMU XapaKTepucTUKaMu C WCMOJSIb30BaHUEM paHee MOJSIYYEHHOro HamMu OUTyMa C HaHOYr/1epoAHbIM
MOPOLLUKOM MO CPaBHEHWUIO C TPaAULMOHHO NpuUMeHseMbiM acthasibTo6eTOHOM. B Heil onpegeneHbl U CPaBHeHbI
CTaHAapTHble MNoKasaTenu ABYX BWAOB AOPOXHOro acganbTobeToHa: 1) ropsyero MenKo3epHUCTOro ackasib-
To6eToHa TUNa b, NPUroTOB/IEHHOIO C UCNO/Ib30BaHNEM OUTYMa C HaHOYT/1EPOAHBIM MOPOLLKOM; 2) TPafULMOHHOTO
ropsivyero Mesko3epHUCTOro acanbTobeToHa TMNa b, NPUroTOBAEHHONO C MCMO/Ib30BAHMEM YUCTOr0 6UTyMa Mapkum
BH/ 70/100. YucTblii 6uTYM nponsBefeH MNaBnofapcKMM HepTEXMMUYECKMM 3aBOA0M, HAHOMOPOLLOK (150-200 Hm)
nonyyeH M3 yrosabHOW nopofbl MecTopoxaeHua «Capblagblp» (TOO «Kopnopaumsa «OH-Omka», AKMOMMHCKasA
06/1aCTb) NyTem TPeXCTaAuiAHOr0 U3MeSbYeHUS B MeXaHWYeCKOM fucnepratope (40 2-3 MM), aspoavHaMU4YecKoWn
MesibHULE (40 20 MKM) U peakTope C BpallaloLMes 31eKTpoMarHUTHbIM nosiem (150-200 HM). MoguduumposaHme
4ynucToro 6MTymMa HaHOYyrfepoAHbIM MOpPOWKOM B KonudectBe 0,5 % M 2 % ocywecTBnieHo B KasaxCTaHCKOM
[OPOXHOM Hay4HO-UCCMef0BaTENIbCKOM WHCTUTYTE MYTEM HENpepbIBHOTO MepeMelBaHns YnucToro 6utyma wu
HaHOYrnepoAHOro nopoLlKa B TeyeHne 30 MUHYT nNpu Temnepatype 160 °C.

ActhanbTo6eTOHbI 6bIM NpUroToBseHbl No ctaHgapTy CT PK 1225-2013, ux o6beMHble XapaKTepUCTUKU U
CTaHAapTHble MoKasaTenn O6blM onpegeneHbl Mo cTaHgapty CT PK  1218-2003. [OnA npuroToB/ieHUsA
acanbTo6eToOHOB ObIIM UCNO/Mb30BaHbI WebeHb U3 HoBO-AnekceeBCKOro Kapbepa (AsiMaTuHCKas 06/1acTb), Necok -
13 3aBoga «AchanbTo6eToH-1» (r. AAMaTtbl) U aKTVBUPOBaHHbIA MUHepanbHbIA MOPOWOK - n3 TOO «KapTtac»
(n. Kopgaii, »Xambblinckass 06nacTb). YCTaHOB/IEHO, YTO UCMO/Ib30BaHUe HaHOYr/1epofHOr0 6GMTyMa CyLLEeCTBEHHO
YyNyyLlaeT cTaHAapTHbIe NOKasaTeNn [OPOXHOro acthasnbTobeToHa. Tak, Npu CoAep>kaHWM HaHOMOPOLLKa B bUTyme
2% BOAOHAaCbILLEHNEe yMeHblUaeTcsa Ha 18 %, CABMIOYCTOMYMBOCTb YBeNMuMBaeTcAa Ha 43 %, MPOYHOCTb Mpwu
Temnepartype - 20 °C B CyXOM W BOAOHACbILLEHHOM COCTOAHMAX MOBbLILLAETCA COOTBETCTBEHHO Ha 9 % u 17 %,
npo4YHocTb Npu Temnepatype 50 °C nosbiwaetca Ha 29 %, npoyHoCcTb Npu Temnepatype 0 °C ymeHbLlaeTcsa Ha 44 %
(nouTtwn B 2 pasa).

KnioueBble cnoBa: 6UTYM, HAHONOPOLIOK U3 YINsi, 6BUTYM C HAHOYr/1epofHbIM MOPOLUKOM, actanbTobeToH ¢
HaHOYrNepofHbIM 6UTYMOM, CTaHAAPTHbLIE MOoKa3aTenu.
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