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Possibilities of preparation asphalt concrete by oil sands of Kazakhstan

Abstract. In the paper physicochemical properties of oil sands of Munayli-Mola deposits and efficient ways to
use them for preparing asphalt concrete were represented. For determination of organic part of oil sands the ex-
traction methods were used in Soxhlet apparatus by variety of solvents. It has been established 16 wt.% content
of natural bitumen in oil sands, which compared with results of ash content determination. According to results
of experiment, the natural bitumen is heavy oil and its characteristics close to characteristics of paving bitumen.
The optimum content of oil sands in asphalt mix are 28 and 47 mass %, the mixes prepared under these conditions
satisfy standard requirements of the Republic of Kazakhstan on the asphalt mixture ST RK 1225-2003.
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Introduction

Petroleum products play an important role in
economic development of any nation. At present
oil producing sector takes a leading position in the
structure of national economy of Kazakhstan. How-
ever, the energy demand of the world is increasing
while conventional oil reserves are declining. The
shortage of oil of known petroleum serves will make
less attended energy resources more attractive[1, 2].

Many countries in the world have large deposits
of bituminous sands, commonly referred to as oil
sands, including America and Russia. However, the
largest deposits of theworld oil sandsare located in
Canada and Venezuela. Over 50 fields of oil sands
(oil-bituminous sands, tar sands, extra heavy oil)
have been discovered in Kazakhstan. Most deposits
of oil sands contain mixtures of bitumen, sand, wa-
ter, small amounts of heavy metals and other con-
taminants. In its natural state, bitumen is suitable
only for paving roads. Compared to conventional
crude oil, bitumen contains too much carbon and too
little hydrogen. In making synthetic crude oil, spe-
cial refining processes are used to remove impurities
and correct the carbon-hydrogen imbalance [3-4].

Bitumen becomes gradually more important as
a refinery feedstock. In recent years, technological
advancements in bitumen and heavy oil process-
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ing and the stabilization of crude oil prices have
made production of synthetic crude oil from these
resources attractive and economical. With the goal
of processing heavy oil, bitumen, and residue to
obtain gasoline and other liquid fuels, an in-depth
knowledge of the constituents of these heavy feeds
tocks is an essential first step for any technological
advancement. Synthetic crude oil produced from bi-
tumen accounts for about 28% of Canada’s total oil
production. Compared to conventional oil (obtained
from traditional, easily accessible sources), howev-
er, synthetic crude from bitumen is expensive and
complicated to produce [5].

Oil bitumen are widely used in many industries.
Therefore their production is the important econom-
ic problem and requires constant perfection. The
main problem with road building is the poor qual-
ity of bitumen used in asphalt-concrete pavements.
Characteristic of bitumen completely mismatch cli-
matic conditions of our State, i.e. do not maintain
sharp differences of temperatures from -40 up to 40
°C. In our country the satisfaction of need for a bitu-
men material occurs due to its import from Russia
and Iran. So the problem upgrading of domestic raw
materials is actuality [6].

The main purpose of this investigation is to
use the extracted and upgraded bitumen as a raw
material for road construction.
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Materials and methods

The object of research in the article was oil sands
of deposits Munayli-Mola (at figure 1). For extrac-
tion of organic part from oil sands the extraction

method was used. The hexane, toluene, ethanol and
benzene mixture (the ratio of ethanol: benzene was
equal to 1:4) was used as a solvent. Extraction was
carried out in Soxhlet apparatus till termination of
solvent coloring.

Dil sands

— —

Figure 1 — Oil sands of deposits Munayli-Mola

Physicochemical characteristics of natural bitu-
men are established by standard methods: density
was determinated by pycnometer, heating value
determinated by “Calorimeter”, ash content deter-
minated by “Nabertherm” apparatus. Content of C,
H, N, O in bitumen from oil sands defined at the
analyzer «Vario EL III». These analyses were deter-
mined in Berlin Technical University.

Physical and mechanical characteristics of the sam-
ples were determined in the testing laboratory of LLP
«Asphaltbeton-1” according to the standard require-
ments of the Republic of Kazakhstan on the asphalt
mixture ST RK 1225-2003, “Mixtures of road asphalt-

Table 1 — Boiling point of solvents

concrete, airport, asphalt mix, technical conditions
(specifications)”. Analyses were carried out under the
following conditions: temperature at 22°C, humidity
(water content) 69%, the pressure of 93.3 kPa.

Results and discussion

Physicochemical characteristics and potential of the
organic content in the oil sands were studied by stan-
dard methods of analysis. Extraction of organic species
from oil sand was carried out by extraction method.
For the extraction process variety of solvent was used,
which boiling points are showing in Table 1.

Solvents Hexane Toluene The ethanol and
characteristics benzene mixture
boiling point of solvents, °C 111 80.1 and 78.37

As showing table, hexane has lower boiling point
(69 °C) and toluene has higher boiling point (69 °C).
The equal of ethanol and benzene mixture was 1:4

and their boiling points closest each other (80.1 and
78.37 °C). Extraction and some analyses’ results are
presented in table 2.

Table 2 — Physical and chemical properties of natural bitumen deposits Munayli-Mola

Solvents Hexane Toluene The ethanol and benzene mixture
content of organic part, wt. % 15.5 16.5 15.9
heating value, j/g - 42464 41857
density, g/cm’ 0.997 - 0.987
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Including three kind of samples, natural bitumen
extracted by toluene has higher content. The medium
content of organic part in oil sands are 16 wt.%. Other
parts are consists solid and sand mixture, which
presented at figure 2. Heating value of natural bitumen

produced by toluene was 42464 j/g and produced by
ethanol/benzene 41857 j/g. Results of density presented
the object of research is heavy oil. Because of density
of heavy oil produced by hexane 0.997 g/cm’ and by
the ethanol and benzene mixture is 0.987 g/cm’.

1 — extracted by Hexane; 2 — extracted by Toluene; 3 — extracted by ethanol/benzene

Figure 2 — Image of after extracted sands of oil sands

The results of extraction were compared with
results of ash content determination (in table 3). As
the table, ash content of oil sands was 83.3 wt.%, so

its organic part is 16.7 wt.%. and extraction results
close to it. In general, same organic content in oil
sands by determined two methods.

Table 3 — Comparison results of determination ash content and extraction

Research object

Munayli-Mola oil sands

Determined method Contents
extraction method extracted oil, wt. % after extracted sands, wt. %
16 84
determination of ash content ash content, wt. % organic part, wt. %
83.3 16.7

The elemental composition of natural bitumen
from the oil sands in comparison with the elemental

Table 4 — Elemental composition of bitumen

composition of petroleum bitumen BND 60/90 is
shown in Table 4.

Type of bitumen Ash content. wt. Content, wt. %
% C H S N 0)
natural bitumen extracted by hexane 0.082 84.36 12.16 1.294 0.29 1.814
natural bitumen extracted by toluene 1.3 85.00 12.34 1.010 0.30 0.15
natural bitumen extracted by ethanol/ 0.13 84.69 11.39 1.292 0.38 2.118
benzene
standard paving bitumen BND 60/90 0.167 84.91 11.01 3.050 0.52 0.343
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A distinctive feature of the natural bitumen is
almost the same content of carbon (between the
84 and 85), hydrogen (11-12) and lower content of
sulfur, nitrogen.

Samples were prepared by hot asphalt mixes

Table 5 — The physicochemical characteristics of samples.

with the addition of oil sands deposits Munayli-
Mola and studied their properties. All of the samples
prepared without adding petroleum bitumen.
The physicochemical characteristics of samples
tabulated in table 5.

Name of indicators Asphalt mix with oil sands Basic requirements for the ST
28 % 47 % 60 % RK 1225-2003
medium density, g/cm? 2,29 2,30 2,22 not rated
water saturation, % 6,1 2,4 2,6 for the dense type of B, V, G
from 1,5 to 4,0
for the porous type from 5to 10
compression strength, MPa, at 20 °C not less than 2,5 for M1
not less than 2,2 for M2
8,7 4,6 4,2 not less than 2,0 for M3
compression strength, MPa, at 20 °C 6,5 4.7 4.8 not rated
water-saturated
compression strength, MPa, at50 °C 2,1 1,1 0,6 not less than 1,3 for B M1
not less than 1,2 for B M2
not less than 1,1 for B M3
not less than 0,7 For the porous M1
not less than 0,5 For the porous M2
compression strength, MPa, at 0 °C 14,9 13,0 5,1 no more than 13,0
fortheporousnot rated
water resistance 1,0 0,75 0,64 not less than 0,85 For the dense M1
not less than 0,80 For the dense M2
not less than 0,7 For the dense M1
not less than 0,6 For the dense M2
water resistance with prolonged water 0,55 0,78 0,43 not less than 0,75 For the dense M1
saturation not less than 0,7 For the dense M2
not less than 0,6 For the porous M1
not less than 0,5 For the porous M2
adhesion of binder to the mineral por- braves braves braves |braves (at least % surface of the mixture
tion of the mixture covered with foil binder)

Sample number 1 - a mixture containing 4 wt.%
of bitumen. Mineral part of asphalt mix consists
2.45 kg of sands, 0.49 kg of mineral powder, 2.3
kg of screening. 2 kg of oil sands are used, in the
composition of them 0.3 kg of natural bitumen and
1.7 kg of mineral parts. The content of oil sands in
the initial mixture was 28wt.%.

Sample number 2- a mixture containing 7 wt.%
of bitumen. For the preparation of the samples
were mixed in 2.45 kg of sands, 0.49 kg of mineral
powder and 1 kg of screening. 3.5 kg of oil sands are
added. In this material consists of 0.5 kg of natural
bitumen and 3 kg of mineral parts. The content of
the oil sands in the initial mixture was 47wt.%.

Sample number 3- a mixture containing 10
wt.% of bitumen. This sample prepared by 2.45 kg

of sands, 0.49 kg of mineral powder and without
screening. In the asphalt mix 4.7 kg of oil sands
were used. As parts of the organic species are 0.7
kg, the amounts of the mineral part are 4 kg. The
content of the oil sands were — 60wt.%.

Conclusion

For the extraction of natural bitumen (organic
part) from oil sands the extraction method was
used. It was carried out in Soxhlet apparatus and
discovered 16 wt. % of organic part in oil sands.
It was determined natural bitumen is heavy oil and
its elemental composition close to standard paving
bitumen BND 60/90. The composition of oil sands of
the Munaily-Mola deposit and opportunity of its use
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in composition of asphalt concrete mixes are shown
in work. The optimum content of the oil sands are
28 and 47 mass %, the mixes prepared under these
conditions satisfy requirements of the standard.
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E. Tiney6epmi, E.K. Ourap6aes, ®. bexpennar, U. llInatinep, E.J1. Iman6aes, b.K. Teneytacs,
E.O. locxxanoB, 3.A. MaHcypoB
Ka3zakcTaHHBIH MYHAHOMTYM/bI KbIHBICTAPbIHAH ac(aabT0eTOH KOCHAChIH JaiibIHAay MYMKIHITi

Bbyn sxymbicta MyHaiinbp-Mosia KeH OpHBIHBIH MYHaHOUTYMIbI JKbIHBICTAPBIHBIH (DM3HKa-XUMHUSUIIBIK KaCHETTEPIiH
aHBIKTAaIl, OHBI ac(hanbTOETOH KOCIAChIH aylyFa NaiajaHy MYMKIHIIKTEepl KapacThIpbulFaH. MyHabl IIUKI3aTTHIH
opraHukaiblK Oeuirinig Memmepi COKcieT amnmaparblHIa opTYpIi epiTKITepAl MaijanaHy apKbUIbl aHBIKTaJIbI.
Hotmxene, on 16 mac.%-apl KypalTBIHIBIFEI OenTini Ooiasl oHe Oy KOpPCeTKIll KYJAUIriH aHbIKTay 9JIiCi apKbLIbI
AJIBIHFaH HOTM)KEMEH CAJIBICTBIPBUIBIN KopceTinni. Taxipude HoTHxKenepi OolbIHIIA TAOMFH OUTYMHBIH CHIIATTaMaapbl
JKOJI OMTYMBIHBIH KAacHETTEepiHe OTe JKaKbIH KEeJICTIHIIrl aHbIKTajIbl. MyHaHOUTYM/bI JKbIHBICTap/aH achanbrOeToH
KOCIIAChIH JaibIHIayna eH Tuimai menmepi 28 sxoHe 47 mac % Oommel skoHe onap Kaszakctan PecryOnmukachIHBIH
ac¢anpTOeToH KocnachiHa KoibutateiH CT 1225-2003 TuicTi cCTaHIapT TananTapblHA Cail KEICTIHAIr aHBIKTAIIbL.

Tyitin ce30ep: MyHall, MyHaHOMTYM/IBI JKBIHBICTAP, TAOUFW OWUTYM, HIaiimMaiay, epiTKimTep, ayblp MyHaH, acgaibt
JKaOBIH/IBIIAP, DJIEMEHTTIK KYPaMBbl.

E. Tuney6epan, E.K. Onrap6aes, ®. bexpennr, U. naiinep, E.J. Imanbaes, b.K. Tyneyraes,
E.O. JocxkanoB, 3.A. MaHcypoB.
Bo3moxkHocTH NOATOTOBKH achaibT00eTOHHOM cMecu U3 HepreOuTyMHHO3HBIX Hopox Kazaxcrana

B pabore Obun mccienoBaHbl (U3MKO-XMMHUYECKHE CBOWCTBA HE(TSHBIX MOPOA MECTOpOXIeHUs MyHaitnbs-Mora
1 d()(GeKTHUBHBIC IyTH HCIONB30BAHUS HMX JUI NMPUTOTOBICHMS acdansroOeToHa. M3BiedeHHe OpraHWYecKOW YacTh
HeQTeOUTYMUHO3HBIX IOPOJ OCYIIECTBIBIIOCH SKCTPAKLIHOHHBIM cr1ocoboM. ColiepikaHue OpraHMYecKOi 4YacTH B IIOPOJIax
MectopoxaeHust MyHaitnel-Moina cocrasisier 16 Mac. %. Pe3ynbraTsl SKCIiepuMeHTa [oKa3aiu, 4To OpPraHuYecKast 4acTh
MIPUPOIHBIX OMTYMOB TO (DM3UKO-XMMHYECKAM CBOWCTBAM OJIM3Ka K OMTyMaM. ONTHMAIBHBIM COIEpPKaHUEM
Mopozs! I momydeHust acganprodetoHa siBisercs 28 u 47 mac.%, Ipu 9THX YCIOBHAX ac(aabTOOCTOHHBIE CMECH
COOTBETCTBYIOT TpeOOBaHUSAM TrocyaapcTBeHHOT0 cTanaapra Pecryommku Kazaxcran CT 1225-2003.

Knrouesvie cnosa: nedrb, HehTEONTYMHUHO3HAS 1IOPOJA, NPUPOIHBIA OUTYM, DCTPAKLUs, PACTBOPUTEIH, TSDKEIbIE
HepTH, acHaIbTOOCTOH, TEMEHTHBINA COCTaB.
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