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COMPARATIVE ANALYSIS OF LOW TEMPERATURE RESISTANCE
FOR NANOCARBON AND OTHER BITUMENS

Abstract. A comparative analysis of the low temperature resistance for a nanocarbon bitumen and other 30 neat
and modified bitumens has been performed in the work. The stiffness at the temperatures of -24°C, -30°C and -36°C
under technical system Superpave has been accepted as an indicator of low temperature resistance of the bitumens.
The stiffness of the bitumens has been determined on a bending beam rheometer (standard ASTM D 6648-08).
Before testing the bitumens have been subjected to the double artificial aging: short-term aging — under standard
AASHTO T 240-13 and long-term aging — under standard ASTM D 6521-08.

The nanocarbon bitumen has been prepared in the laboratory of the Kazakhstan Highway Research Institute
(KazdorNII) with the use of a road bitumen of the grade BND 70/100 produced by the Pavlodar petrochemical plant
(PNHZ) and a nanocarbon powder (2% by weight) manufactured from a coal rock of the deposit “Saryadyr”
“Corporation “ON-Olzha” LLP, Akmola region, Kazakhstan). The nanocarbon powder (150-200 nm) has been
mamufactured by three-stage size reduction of the coal rock: I — a mechanical dispergator (up to 2-3 mm), I — an
acrodynamic mill (up to 20 mcm), III — a reactor with a rotating electromagnetic field.

The neat bitumens of the grades BND 50/70, BND 70/100, BND 100/130 have been produced by the plants of
Kazakhstan and Russia; they satisfy the requirements of the standard ST RK 1373-2013. The modified bitumens
have been prepared in the laboratory of KazdorNII with the use of the neat bitumens, 7 types of the polymers, crumb
rubber and polyphosphoric acid and they satisfy the requirements of the standard ST RK 2534-2014.

It has been determined that the nanocarbon bitumen is one of the most resistant at the low temperatures: -24°C,
-30°C and -36°C.
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1. Introduction. It is known that the climate of Kazakhstan is a sharp continental one, and to provide
a reliable operation of highways with the asphalt concrete pavements in such climatic conditions it is
required to improve both high temperature and low temperature characteristics of the road bitumens [1-5].
One of the widely used methods for the increase of operational characteristics of the road bitumens is their
modification with the polymer additives [1-3, 6-8]. The works [9-12] show an efficient alternative method
for the essential increase of the low temperature characteristics of the road bitumens — their modification
with nanocarbon powder manufactured from the local coal rock. The increase of the low temperature
resistance of the nanocarbon bitumen has been explained on the basis of electromagnetic theory [13,14]
and quantum physics [15]. The works [16,17] demonstrate the increased standard characteristics of a
nanoasphalt concrete of the type B prepared with the use of the nanocarbon bitumen in comparison with
the main types of the road asphalt concretes used in the world.

This article is a continuation of our works mentioned above and it contains the results of the
comparative analysis for the low temperature resistance of the nanocarbon bitumen and other 30 neat and
modified bitumens.
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2. Materials and methods

2.1. Bitumens. 11 neat and 10 modified bitumens which satisfy the requirements of the standards ST
RK 1373-2013 and ST RK 2534-2014 have been accepted for the research. Data regarding the tested
bitumens and their abbreviations are represented in table 1. More detailed information about bitumens and
their modification one can obtain in the works [7,18].

Data regarding the tests of the neat and the modified bitumens

Serial Name Gr_ade Name_ ofa Amopnt ofa Abbreviation

Ne of a plant of a bitumen modifier modifier, %

1 BND 70/100 - - PNHZ,_70-100

2 BND 70/100 nanocarbon 2.0 PNHZ_70-100+ nano

3 BND 100/130 - - PNHZ,_100-130

4 BND 100/130 Elvaloy 4170 1.4 PNHZ_100-130+ Elvaloyl

5 BND 100/130 Elvaloy AM 2.0 PNHZ_100-130+ Elvaloy2

6| pavlodar petrochemical BND 100/130 Kraton 40 PNHZ,_100-130+ Kraton

7 plant (Pavlodar city, BND 100/130 Calprene 501 4.0 PNHZ_100-130+ Calprene

g | Kazakhstan) BND 100/130 | Butonal NS 198 3.0 PNHZ,_100-130+ Butonal

9 BND 100/130 | SBS (L 30-01 A) 3.0 PNHZ_100-130 + SBS

10 BND 100/130 | KUMHO KTP 3.0 PNHZ_100-130+ KUMHO3
11 BND 100/130 | KUMHO KTP 6.0 PNHZ,_100-130+ KUMHO6
12 BND 100/130 | Crumb rubber 10 PNHZ_100-130+ PK10

13 BHJT 100/130 | Crumb rubber 15 PNHZ_100-130+ PK15

14 BND 50/70 - - CB_50-70

15 (C:;It’aifci%?Kazakhstan) BND 70/100 - - CB_70-100

16 BND 100/130 - - CB_100-130

17 | Asfaliobeton-1 BND 70/100 - - ABI_70-100

18 | (Almaty city, Kazakhstan) | BND 100/130 - - ABI_100-130

19 ;ﬁk(gﬁ:fg@’p}gﬁ;ng BND 70/100 - - ONPZ,_70-100
20 |G lcal)ty » Bashkortostan, | g\ 5070 - - SU_50-70
21 BND 70/100 - - GPN_70-100
22 BND 100/130 - - GPN_100-130
23 BND 100/130 | Elvaloy 4170 1.4 GPN_100-130+ Elvaloy
24 Eiiﬁﬁ?tﬁﬁﬁ'mm BND 100/130 Kraton 45 GPN_100-130+ Kraton
25 | (Shymkent city, BND 100/130 Calprene 501 45 GPN_100-130+ Calprene
26 | Kazakhstan) BND 100/130 | Butonal NS 198 35 GPN_100-130+ Butonal
27 BND 100/130 | SBS (L 30-01 A) 3.0 GPN_100-130+ SBS
28 BND 100/130 ElvallD‘;yA‘mo 01_ 632 GPN_100-130+ Elvaloy+PPA
29 BND 1007130 | Catprene 501 4.0 GPN_100-130+ Calprene+PPA

Gazpromneft-Bitum PPA 0.02

30 éfyaihkﬁ?city’ BND 100/130 B“t"n;llf:s 198 03_ 602 GPN_100-130+ Butonal+PPA
31 Kavakhstan) BND 100/130 K;;tA"“ é 602 GPN_100-130+ Kraton+PPA
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PaTypaBIK OPHBIKTBLIBIFBIHBIH KOPCCTKIMI PeTIHAC Superpave TeXHUKAIBIK xKyHeci 0ofibrama -24 °C, -30 °C sxoHe
-36 °C TteMmepaTypamarbl KaTTBUIBIK KaObLImaHael. butymmapasiH KarTeuieirbl ASTM D 6648-08 craHmapTe
OolterHIma mimirimm 6imikri peomerpae (BBR) anbrkrammsl. CrrHAKTAH OYPBIH OUTYMAAP €Ki CATBLIBI JKACAH/IBI CCKIPY -
geH (AASHTO T240-13 cranmaprs! OoifbIHIma KbICKa Mep3imae eckipyleH xkdHe ASTM D 6521-08 craHmaprsl
OolibIHIIA Y3aKMEP3iIMIL ECKIPY) OTTI.

Hanokemiprek OmtymM Kazakcran »kox ¥FeUIBIMH-3¢pTTeY HHCTHTYTHIHBIH (Kazwxomt3W) seprxanaceiHzma
[MaBromap myHait-xumus 3aysiTel (IIMX3) enaiprer MJKB 70/100 mapkans! sk01 OHTYMBIH skoHE «CapsianpIp» KeH
opubiHbIH («OH-Omxa» xoprnopamusicer» JKIIC, Axvona oOxbickr, KazakcTan) keMip Tay >KbIHBICHIHAH ATBIHFAH
HAHOKOMIPTEK YHTAFbIH TMaWmalaHy HeETi3iHAe AadbiHAanael. Hanokemiprek yHrarbl (150-200 mm) kemip Tay
JKBIHBICHIH VII CATBUTHI YHTAKTAY OMICIMCH aibIHABL | MCXaHWKANBIK aucmeprarop (2-3 mM-re aciin); 11 aspoxn-
HAMHUKAJIBIK qaipMeH (2-3 mm-re aehin); 111 aifHaaMa MarHuT epicTi peakTop.

MXB 50/70, MXKB 70/100, M)KB 100/130 mapkansr Taza ourymaap Kazakcran meH Peced zaywpITTaphHza
enmipingi sxoHe KP CT 1373-2013 craHmapThIHBIH TAaJaNTAPbIH KAaHAFATTAHABIPAAsL. Moaudukanmsananrad OuTyMm-
map KamxornF3U 3eprxanacsiHza taza OMTYMZIApAbl, 7 TYPIl MOJMMEPAL, PE3€HKE YHTAKTHIH koHE mosmdocdop
KBIMIKBLTBIH Talmanany Herizinae gausmHaanast sxoae KP CT 2534-2014 cTraHZapTHIHBIH TANTANTAPBIH KAHAFATTAH-
JIBIPATIBL.

Makanama OpBIHIAFAH CATBICTHIPMAIBI TATAAY HOTIDKCCIHAC TOMCHACTIIC) AHBIKTABL.

1) -24 °C temmeparypana GapIibIK CBIHAKTAH 6TKEH OMTYMAAPABIH KaTThUIbIFS! 300 MIla-man oxaekaiina xora-
psL. butymmapnaes ken OemiriaiH KaTTeuibirbl 100 MITa-man remen. Hanokemiprek Outym (MOKB 70/100 mapkais
OUTYM+HAHOYHTAK) ITPAKTUKAIBIK TYPFHIIAH a4CA TYPAKTHI CKCH/IIT] AaHBIKTAJIIBI.

2) -30 °C Temmeparypaza ym 1aza ourym (MOXKB 50/700 mapkanst Ya >xone akray Omtymumapsl xxoHe MJKb
100/130 mapkaxer [TaBromap O6mrymer) Typakrsl emec. IlIemvrentTiH MJKB 70/100 mapkamel Taza OHTYMBI MEH
[MaBromapaem Elvaloy 4170 mommmepi xockumran MOKB 100/130 mapkansl OmTyMbIHAH Oacka OUTYMIAapIbIH
KarTeubiEbl 200 MIla-man temen. Hanokemiprek OmTyMm (S=152,8 MIlIa) aca Typakrsl OHTYMIAPABIH KATapbIHA
SKaTaapl.

3) -36 °C temmeparypana CBIHAKTAH 6TKCH ONTYMAapAbIH 2 1-1 KOMBLIATHIH TATANTAPIsI KAHAFATTAHIBIPMAHIbL
OmapapIH KaTapblHIA TeK Taza OMTYyMzaap FaHa eMec, Moau(uKanusuianFas outymzaap na 6ap. OnapaeiH 5-eyi (Ak-
TayaprH, OMOBIHBIH >koHE [LIbmvrenTTiH MXKB 70/100 Mapkamst 6urymaapsl, [lemvkertTin MXXB 100/130 mapkairst
OutymsI skoHe Butonal mommmepiveH Momudukanuananran ockl outym) 400 MITa-gaH sKOFapel KATTBLIBIK KOPCETTI
skoHE Tarbl 2-iHiH (Ya sxone Axkray 3aysrrrapsiabiH MOKB 50/70 mapkanst Ourymzaapsr) KaTTeuibirsl 550 MIla-nan
skorapel. OChl TOMEHTI TEMIICpPaTypaja /1a HAHOKOMIPTEK OHTYMbBI aca TYPAaKThl OMTYMaapAblH Oipi eKeHIIri
AUKBIHIATIBL.

CoHbpIMEH, HAHOKOMIPTEK OUTYMBI MCH dJIEMJIC KO KYPBUIBICHIHAA MMaHaNaHbIIAaTIH Oacka 1a 30 Taza »oHe
Mouukampsianrad outymaapasy -24 °C, -30 °C xoHe -36 °C TeMmepaTypaiaparbl KaTTBUIBIFBIH CaJIbICTBIP-
MaJbl TanAay HAHOKOMIPTEK OWTYMBIHBIH OapiblK KapacThIPBUIFAH TEMIIEPATyPataFbl aca TYPAKThl OMTYMAAPIbIH
6ipi EKEHAITIH KOPCETTI.
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CPABHUTEJBLHBIN AHAJINU3 HU3KOTEMIEPATYPHOM YCTOMUNBOCTH
HAHOYTIJIEPOJAHOTO U JPYTUX BUTYMOB

Amnnotamus. B HacToamel paboTe BHIIOJHCH CPABHUTCIBHBIN AHATH3 HH3KOTCMIICPATYPHOH YCTOHYHBOCTH
HAHOYTTICPOAHOTO OWTYMAa M APYTUX 30 YHUCTHIX W MOIU()MIHUPOBBIHHBIX OMTYMOB. B KadecTBe mOKazaTenst HU3KO-
TEMIIEPATYPHOH YCTOHYIMBOCTH OWTYMOB HPHHSITA KECTKOCTh mpH Temmeparypax -24 °C, -30 °C u -36 °C mo
TeXHHICCKOH cucteMe Superpave. KeCcTkocTh ONTYMOB ONPEACIICHA HA PSOMETPE ¢ H3rHOAacMOH OaikoH (CTaHZapT
ASTM D 6648-08). Tlepen mcubITaHHeM OHMTYMBI OBLTH MOABEP)KCHBI JBOWHOMY HCKYCCTBCHHOMY CTApCHUIO:
KpaTrkoBpeMeHHOMY - 10 cTanaapty AASHTO T 240-13 u qymrensHOMY - o cranaapty ASTM D 6521-08.

Hanoyrnepogupiii Outym ObII HPUTOTOBICH B Jaboparopmu Ka3axCTaHCKOTO JOPOKHOTO HAYYHO-HCCIC-
nJosarenbckoro uHeTuTyTa (KaznopHWH) ¢ uconbs3oeanueM noposxHoTro duryma mapku BH /L 70/100, mpown3-BeneH-
Horo ITaBnogapckuM HerexmmuaecknM 3aBoaoM (ITHX3), n HaroyTIepoaHOTO mopomka (2% 1mo Macce), MoJTyuCH-
HOH M3 yTOIbHOI mapoas! MecToposkacHus «Capoiagsip» (TOO «Koprnoparmms «OH-Omka», AKMOIHHCKAS 001aCTb,
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Kasaxcran). Hanoyrnepoassni nopomox (150-200 HM) mOIy4eH MyTeM TPEXCTAAUHHOTO M3MEIbUCHHSA YTOIbHON
nmapoasr: I - Mexarmdeckuii aucneprarop (mo 2-3 mm), II - aspogunamudeckad MeasHHNA (10 20 MxM), III - peakTop
C BPAIIAFOIIMMCS MATHUTHBIM TTOJICM.

Umucreie OutyMer mapox BH/I 50/70, BH/I 70/100, BH 100/130 Oputn mpow3BeACHH 3aBogamMu KazaxcraHa u
Poccun, ynosnersopsror TpeOoBaHmsaM crangapra CT PK 1373-2013. MoaupuumposanHsle OUTYMBI OBIIH
TpUroToBJICHHI B HabopaTopun KaznopHWUM ¢ ncnons3oBaHHEM YHCTHIX OMTYMOB, 7 BHIOB IIOJIMMEPOB, PE3HHOBOH
Kpomikd 1 o (pochopHO KHCTIOTH B YAOBICTBOPsIOT TpeboBanmsM cranaapra CT PK 2534-2014.

B pesyibTate BHINMOIHEHHOTO CPABHUTEIHHOTO AHAIN3A OBLIO YCTAHOBIICHO, UTO:

1) IIpu temmeparype -24 °C Bce HCHBITAHHBIE OMTYMBI MMEIOT KECTKOCTH, 3HAUMTENbHO HIbke 300 MIla.
[Tpeobmanaromas yacTh OUTYMOB MMeEeT skecTkocTh HIpke 100 MITa. Hanoyrmepoausiid Outym (Outym mapku BHJI
70/100+HaHOYTIEPOT) SBIIETCSA MPAKTHICCKU CAMBIM YCTOHYHBBIM.

2) Ilpu Temneparype -30 °C tpu umcteix OmtyMma (Y umckuii 1 Axrayckuid Outymsl mMapku BHJL 50/70 u
IMaBnogapckuti Outym Mapku BH/I 100/130) He ycroituussl. OcTaabHbIC OUTYMBI, 32 HCKITIOUCHHEM [IIBIMKCHTCKOTO
yucroro Omryma mapku BHJI 70/100 w Ilasmomapckoro 6mryma mapkm BH/I 100/130+Elvaloy 4170, umetor
sKecTKOCTh HInke 200 MITa. Haroyrmepoarsnit OutyM (S=152,8 MI1a) OTHOCHTCA K YHCIY HAHOOJICE YCTOWIMBHIX.

3) I1pu Temnepatype -36 °C 21 OuTyM W3 HCIBITAHHBIX HE VIOBICTBOPSIOT IPESABABILIEMBIM TPeOOBaHMIM. B nx
YHCIIC HE TOJBKO YHCTHIC, HO W HEKOTOPBIC MOAU(PHIMPOBAHHBIE OUTYMBL 5 W3 HUX (AkTtayckuit, OMckuii u [1IbMKeHT-
ckuii omtymsr mapku BHJL 70/100, Illemvrentckmit Omrym mapku BHJI 100/130 m sror sxe Omrym, Momudm-
OUPOBAHHBLT mMoamMepoM Butonal) mokazamm xectkocth Bbime 400 MIla u eme 2 (umctbic OuTyMbel Mapku BH/T
50/70 Ypumcroro u AKTayCKOTO 3aBOAOB) HMCKOT *KECTKOCTH Bhme 550 MIla. M mpu 3T0# HU3KOH TeMmepaType
HAHOYTTICPOAHBIH OUTYM SIBISICTCS OJJHUM M3 CAMBIX YCTOHYIHBBIX.

Takum 00pa30M, CPABHUTEIBLHBIN aHATH3 KECTKOCTH HAHOYTJICPOIHOTO OuTyMa M APYTUX 30 YHCTBHIX M MOIH-
(pMIPOBAHHBIX OMTYMOB, IIPHMEHACMBIX B JOPOKHOM CTPOUTEIBCTBE BO MHOTHX CTPaHAX MHPA, TIPH TEMIIEPATy Pax
-24 °C, -30 °C u -36 °C mokazaiam, 4TO HAHOYTJICPOJHBII OUTYM SIBISICTCS OJHHM W3 HAaMOOJEE YCTOHUYMBBIX IPH
BCEX PACCMOTPEHHBIX HU3KUX TEMIICPATYPaXx.

KmoueBnie caoBa: OHUTYMBI, HAHOVTJICPOAHBIH IOPOMIOK, IMOJHMCPBL, PCOMETP C H3rHOAcMOM OajIKoH,
JKECTKOCTb.
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