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EFFECT OF ROAD BITUMEN MODIFICATION
WITH NANOCARBON POWDER

Abstract. Low temperature characteristics (stiffness and m-value) have been determined on a bending beam
rheometer in the paper for a road bitumen of grade BND 70/100 and the same bitumen with adding of a nanocarbon
powder in the quantity of 2% by weight. The bitumen has been produced by Pavlodar petrochemical plant
(Kazakhstan) from a crude oil of Western Siberia (Russia) by direct oxidation. The bitumen has the following
standard characteristics: penetration depth of the needle (penetration) at 25°C: 75 dmm; ductility at 25°C: 118 cm;
softening point: 47.5°C; Fraas point: -28.5°C. The nanocarbon powder with sizes of 150-200 nm has been obtained
from a coal of the “Saryadyr” deposit (Akmola region, Kazakhstan). A mechanical dispergator has been used for
dispersing of the coal with sizes up to 50 mm (till 2-3 mm), an aerodynamic mill (till 20 pm) and a reactor with
rotating electromagnetic field. Content of carbon and ash in the nanopowder is 92.74% and 2.16% respectively.
Average moisture of the nanopowder is 2%. Before testing on the bending beam rheometer the neat bitumen and the
nanocarbon bitumen have passed double artificial aging: short-term aging under standard AASHTO T 240-13 and
long-term aging under standard ASTM D 6521-08 [14]. It is found out that addition of the nanocarbon powder
improves low temperature resistance of the bitumen. The effect of the bitumen modification with the nanocarbon
powder is the highest one at very low temperatures. The possibility has been shown for the use of the bitumen of
grade BND 70/100 (of more viscous consistence) at its modification with the nanopowder both in the southern
regions of the republic and in the northern ones.

Keywords: Bitumen, nanocarbon powder, bending beam rheometer, stiffness, m-value.

Introduction. Multi-year investigations of Kazakhstan Highway Research Institute [1-5] have shown
that climatic conditions of Kazakhstan require the improvement of operational characteristics for
bitumens. One of the ways for the increase of bitumen resistance to sharp continental climatic conditions
is their modification with different polymers [6-7]. Our works [8-10] have shown the possibility for the
increase of road bitumen characteristics at low temperatures by their modification with nanocarbon
powder. This paper is continuation of our above works and contains additional results for improvement of
low temperature resistance for road bitumen modified with nanocarbon powder.

Materials and Methods
Bitumen. A bitumen of grade 70/100 produced by Pavlodar petrochemical plant which is traditionally

used in road construction in Kazakhstan has been accepted for investigation. Characteristics of the
bitumen comply with the requirements of the standard of Kazakhstan ST RK 1373-2003 [11] (Table 1).

Table 1- Main standard indicators for the bitumen of grade BND 70/100

Penetration depth of the Ductility at 25° C, cm Softening point, © C Fraas point, © C
needle at 25° C, 0.1 mm
75 118 47.5 -28.5
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Nanocarbon powder. A nanopowder with sizes of 150-200 nanometers (nm) has been produced from
a coal of the “Saryadyr” deposit belonging to “Corporation “On-Olzha” LLP (Akmola region,
Kazakhstan). Indicators of the nanopowder quality after purification are shown in Table 2.

Table 2 - Indicators of the nanopowder quality

Indicator Value
Sizes, nm 150-200
Content of carbon, % 92.74
Ash content, % 2.16
Volatile substances, % 3.10
Moisture, % 2.00

Production of the nanocarbon powder. The nanocarbon powder has been produced by three-staged
dispersion of the coal rock. On the first stage the grains of the coal rock with sizes up to 50 mm have been
dispersed on a mechanical dispergator till sizes of 2-3 mm (coal dust). On the second stage the coal dust
has been dispersed till size of 20 pm in an aerodynamic mill. On the third stage a special reactor is used to
obtain the carbon powder up to sizes 200 nm where an electromagnetic field is rotated with the speed of
50-3000 rotations per second.

Preparation of the nanocarbon bitumen. First the carbon nanopowder was dispersed in kerosene
with the purpose of uniform distribution provision of the nanopowder particles in the bitumen through the
impact on ultrasound with the frequency of 90 kHz for 5 min at a room temperature. Then the dispersion
(kerosene + nanopowder) was added into the bitumen at the temperature of 160° C and continuous mixing
for 30 min.

Low temperature characteristics of the nanocarbon bitumen. At present in many countries of the
world in accordance with the Technical System Superpave the low temperature resistance of bitumens and
bituminous binders is evaluated under the results of their testing on a bending beam rheometer (BBR)
according to the standard ASTM D 6648 [12]. Before testing bitumens and bituminous binders pass
double artificial aging: short-term aging under standard AASHTO T 240-13 [13] and long-term aging
under standard ASTM D 6521-08 [14].

Results and Discussion. Figures 1 and 2 show the graphs for variation of stiffness (S) and m-value of
the bitumen and the nanocarbon bitumen in time at the temperatures of -24.2° C, -30.3° C and -35.9° C
constructed according to the results of their testing in BBR. As it is seen from Figure 1 the nanocarbon
powder reduces considerably the bitumen stiffness at all the considered temperatures and the time
intervals, i.e. it increases essentially its low temperature resistance.

e | I
i 3 —5-END 70/100, T= -24.2 °C ]
600 \ = BND 70/100+ nanocarbon (2%), T= 242°C |
330 —4BND 70/100, T= -30.3 °C ]
= 300 \& —+—BND 70/100+ nanocarben (2%), T=-30.3°C
g 450 —o-BND 70/100, T=-33.9°C 7
w400 9'\ \( —a—BND 70/'100+ nanocarbon (2%:). T=-33.9°C —
= 350 =
= 300 b\}\
E 250 A‘\‘\ “a.\_ e ————
200 N e —d |
150 1H —— — —
= 1 oo |
100 g ——— =
50 1\_77 —H]
I:I T T T
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Timet, s
Figure 1 - Graphs for stiffness variation of the bituminous binders in time at low temperatures
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Figure 2 - Graphs for m-value variation
of the bituminous binders in time at low temperatures

As it is known [15], in the Technical System Superpave the load duration equal to 60 s is a
characteristic one, and the values of stiffness and m-value for bituminous binders at duration of t=60 s are
accepted as the standard ones.

Table 3 presents the stiffness values of the bitumen and the nanocarbon bitumen at t=60 s.

Table 3 - Stiffness values of the bitumen and the nanocarbon bitumen at t=60 s

Temperature, © C Stiffness S, MPa Difference AS, MPa
Bitumen Nanocarbon bitumen
-24.2 105.65 55.49 50.16
-30.3 187.52 152.89 34.63
-35.9 359.23 221.99 137.24

As it is seen from Table 3, the effect of modification with the nanocarbon powder is high at very low
temperatures (-36° C).

In the Technical System Superpave it is accepted to consider bituminous binders as the resistant ones
at low temperatures, which have m-value higher than 0.3 at t=60 s. The nanocarbon bitumen complies
with this requirement at all the considered temperatures.

The bitumen of grade 70/100 is recommended to use in road construction in southern regions of
Kazakhstan, and for northern regions - to use the bitumens of grade 100/130. Figure 3 shows the stiffness
values at t=60 s for the bitumens of grades 70/100 and 100/130 and the nanocarbon bitumen (BND 70/100
+ nanocarbon powder — 2%). It is seen that at the temperature of -36° C the nanocarbon bitumen has the
stiffness of (232 MPa) considerably lower (lower for 85 MPa) than the bitumen of grade BND 100/130
(307 MPa). This established fact shows the possibility for the use of the bitumen of grade BND 70/100 by
modification with the nanopowder in the northern regions of the republic as well. Meanwhile, low
temperature resistance of this nanocarbon bitumen remains considerably high compared with the bitumen
of grade 100/130.
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Figure 3 - Stiffness values of the bituminous binders at low temperatures t=60 s
Conclusion.

1. A nanopowder with sizes of 150-200 nm has been obtained from Kazakhstan coal by a mechanical
dispergator, an aerodynamic mill and a reactor with a rotating electromagnetic field.

2. Addition of the nanocarbon powder in the quantity of 2% into a road bitumen improves
considerably its low temperature resistance. The effect of the bitumen modification with the nanocarbon
powder is the highest one at very low temperatures (-36° C).

3. The possibility has been shown for the use of the bitumen of grade BND 70/100 at its
modification with the nanopowder both in the southern regions of the republic and in the northern ones.

M.K. XKypbinos!, B.B. Tearaes?, A.A. Kanbi6aii’

! «J1.B.Cokonbckuii aTbIHAAFBI 5KaHAPMAii, KAaTaIu3 KoHE SIEeKTpoXuMus MHCTUTYTh» AK, Anmarsl, Kasakcran;
2 «Ka3akCcTaH K01 FhUIBIMU-3epTTey MHCTHTYTh» AK, Anmarsl, Kazakcran,

7KOJI BUTYMBIH HAHOKOMIPTEK YHTATBIMEH
MOJUPUKALIUASIAY ABIH OCEPI

Annoranmus. byn makamaga MXXB 70/100 mapkaisl oyl OUTYMBI MEH OCHl OMTYMHBIH cajMarbl OoibIHIIA 2%
MeJIIep/e HAaHOKOMIPTEK YHTAarblH KOCKAHIAFbl TOMEHI1 TEMIEpaTypalblK CHUMaTTamMaiaapbl (KaTITBUIBIK XOHE m-
KOpCeTKill) uinrim OimiKTi peoMerpre aHbIKTaigsl. butym [laBnomap myHaii-xumus 3aybiTbiHAa (Kasakcran) bateic
Cibipain (Peceit) muKki MyHalbIHaH Tike TOTBIKTBIPY 9[iCiMEH oHIipinAl. BUTYMHBIH CTaHIApTTHIK cumaTTamanapsl: 25°C-
JIaFbl MHEHIH eHy TepeHmiri (meHerpanus): 75 mmm; 25 °C-nmarbl co3butybl: 118 cm; xymcapy Temmnepatypacsl: 47,5°C;
MOPTTHIK Temnepatypacsl: - 28,5°C. Ommemzaepi 150-200 HM HaHOKeMipTeK yHTarbl «Capblaiblp» KEH OPHBIHBIH (AKMOIa
00MBICBI) KeMipiHeH anblHIbl. Ommemi 50 MM-Te [eiiH KeMip/i YHTaKTayFa MeXaHHKalblK aucreprarop (2-3 MM-re
NIeiiH), a’ponuHaMuKkanblK auipmer (20 MKM-re JeifiH) JXKoHE aifHalIMa MarHUT OpICTI PeakTop MaiaaaaHbUIIbL.
HaHoyHTakTarbl KOMepTeK IeH KYIIiH Menmiepi taiciHme 92,74% sxone 2,16%. HaHOYHTAaKTBIH OpTamia bLIFaIAbLIBIFBI
2%. Winrim OimikTi peoMeTpie ChIHAKTaH OTKI3yIiH algblHAa Ta3a OUTYM >KOHE HAHOKOMIPTEKTI OMTYM €Ki CaTbUIBI
skacanbl eckipryaeH o1Ti: AASHTO T 240-13 cranpapTsl OoliblHIIA KbICKAa Mep3iMAi ecKipTyaeH sxoHe ASTM D 6521-08
CTaHJapThl OOMBIHIIA y3aK Mep3iMal ecKipTyneH. HaHOKeMipTeK YHTaFblH KOCY OMTYMHBIH TOMEHTI TEMIEpaTypabIK
TYPaKTBUIBIFBIH €I9Yip JKaKCapTaThIHABIFGI AHBIKTANbI. BUTYMIBI HAHOKOMIPTEK YHTAFbIMEH MOAM(HKALIVSIAYIBIH dcepi
eTe TeMeHTi Temrepatypanapaa 6apsiniia yikeH. MXXB 70/100 mapkanbl (TYTKBIPIBIFBI )KOFapbl) OUTYM/IbI HAHOKOMIPTEK
YHTarpIMeH Monudukanmsuiay apkbUibl KazakCTaHHBIH OHTYCTIK aiiMakTapbIMEH Karap CONTYCTIK aliMakTapblHAa Ja
naianany MyMKIHAITT KOPCETUITeH.

Tyiiinai ce3gep: buTyM, HaHOKOMIPTEK YHTAFbI, Ui O1LMIKTI pEOMETP, KaTThLIBIK, M-KOPCETKIII.

M.K. Kypunos!, B.B. Tearaes?, A.A. Kaabi6aii’

'AO «MHCTUTYT TONNKBa, KaTanusa u snexkrpoxumun uM. J1.B. Cokonbekoro», Anmarsl, Kazaxcran;
2A0 «KazaxcTaHCKHil JOPOKHBINA Hay4YHO-HUCCIEN0BATENLCKUM HHCTUTYT», AnMaThl, Kazaxcran

IDPPEKT MOJUPUKAIIUU TOPOKHOI'O BUTYMA HAHOYTJVIEPOJAHBIM IOPOLIIKOM

AHHOTanmusl. B Hacrosimeil cratbe Ha peoMeTpe ¢ U3rubaeMoil Oankoil OmpeneNeHbl HU3KOTEMIICpaTypHbIC
XapaKTepUCTUKU (KecTKocTh M m-value) mopoxkHoro Outyma mapku BHJ] 70/100 m storo Outyma mpu mobOaBke
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HAHOYTJIEPOJHOTO IMOPOIIKa B KonmuecTBe 2% mo Macce. butym Obut mpousBeneH IlaBiomapckuM HepTeXUMHUYECKHM
3aBogoM (Kasaxcran) u3 ceipoii Hedpru 3anmamHoit Cubupu (Poccus) cnocobom mpsimoro okucieHusi. burym umeer
CJIETyOLINe CTAaHJAPTHBIE XapaKTePUCTHKH: TITyONHa IPOHUKAHUS UIIIBI (TIeHeTpauus) npu 25°C: 75 qMM; pacTsHKUMOCTh
npu 25°C: 118 cm; Temnepatypa pasmsrdyenus: 47,5°C; remneparypa xpynkoctu: -28,5°C. HaHoyrnepoIHblii MOPOIIOK ¢
pasmepoM 150-200 HM monydeH u3 yrias MectopoxkaeHus «Capwlaabipy (AkMoiuHCKas obnacth, Kaszaxcran). [ns
M3MENIBYCHUS YIUI ¢ pa3MepoM 10 50 MM HCIOJIb30BaHbl MEXaHWYECKUH aucnepratop (10 2-3 MM), adpoanHaMUYecKas
MenbHUIA (70 20 MKM) M PEaKkTop ¢ BpaulaloMIMMCs MarHUTHBIM noseM. CozepikaHue yriepoaa M 30J16I B HAHOIIOPOIIKE
COCTaBIIAET COOTBETCTBEHHO 92,74% u 2,16%. Cpeanss BIaKHOCTh HAHOIOpOLIKa cocTaBiuseT 2%. Ilepen ucnsiTanueM Ha
peoMeTpe ¢ u3rubdaeMoi 6aKol YUCTHI OUTYM M HaHOYTJIEPOIHBINA OMTYM MPOIUIH IBOWHOE CTapeHHe: KpaTKOBPEMEHHOE
no crangaptry AASHTO T 240-13 u pnourensHoe nmo crangapry ASTM D 6521-08. VYcranosieHo, 4To no0aBka
HAHOYTJIEPOJHOTO IIOPOIIKa CYIIECTBEHHO YIy4IaeT HH3KOTEMIIEpaTypHYI0 YCTOHYMBOCTH OWTyMma. Jddexr
MoaupuKanuy OUTYyMa HAHOYIJIEPOJHBIM IOPOLIKOM Hauboiee BBICOK IIPU OYeHb HU3KHX Temmeparypax. IToxazaHa
BO3MOXHOCTh HCIIOJIb30BaHusl Outyma mapku BHJI 70/100 (Oosiee BS3KOH KOHCHCTEHIIMH) TPH €ro MOIU(PHKALNU
HAHOYTJIEPOIHBIM IIOPOLIKOM, KaK B I0XKHBIX, TaK U B CEBEPHBIX PETHOHAX PECITyOIUKY.
KaioueBblie ciioBa: butyMm, HaHOYTIIEpOAHBII MOPOILIOK, PEOMETP C U3rudaeMoil OAIKOMH, KECTKOCTh, m-value.
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