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The results of hydrogenation of Western Kazakhstan Beke and Munai-
ly Mola natural bitumens in the presence of MoO./C nanocatalyst are pre-
sented. The changes of the fractional composition of natural bitumens are
established. The characteristic differences of the composition of the liquid
products of hydrogenation are determined. The temperature and pressure
profiles of hydrogenation process on time are registered. It is shown that
the natural bitumen of Munaily Mola deposit is more susceptible to hydro-
genation than the bitumen of Beke deposit. Hydrogenation can increase
the yield of liquid products of processing of natural bitumen. A significant
reduction in the initial boiling point of liquid products is observed during
the hydrogenation process. The presence of the catalyst resulted in higher
yields of light fractions and improvement of liquid hydrogenation prod-
ucts. Hydrogenation of the Beke natural bitumen passed at short time than
the hydrogenation of the Munaily Mola natural bitumen.

Key words: natural bitumen; hydrogenation; nanocatalyst; oil sand.

batbic KasakcraHHbIH beke >koHe MyHarnAbl MoAa KeH OpbiHAAPbIHbIH
Taburn GutymaapbiHbii MoO,/C HaHOKATaAM3aTOPbl KATbICbIHAA FMADPO-
reHvsaums HoTvxkeAepi b6epiaren. Taburm GUTYMAAPAbIH (DPAKLMSAABIK KY-
PaMbIHbIH, ©3repicTepi aHbIKTaAAbl. [MApPOreHM3aums Cymblk, OHIMAEPIHIH
KYPaMbIHbIH, ePeKLLEAIKTEPI aHbIKTaAAbl. TabuFn OUTYMAAPAbIH, TMAPOTe-
HU3auus NPOLECiHIH TemrepaTtypa MeH KbICbIM MPOMUAbAEPI yaKbITKa
6GanAaHbICTbI TYCIPIAAL. MyHalAbl MOAQ K€H OpHbIHbIH, TabuFn OUTYMbI
beke KeH OpHbIHbIH TabuF OUTYMbIHA KaparaHAa TMAPOreHM3anmns oTki-
3yre KOAQWAbl eKeHAIr aHbIKTaAAbl. [MApOreHusalmsa npoueciH oTkisy
Taburn GUTYMAAPADBI BHAEYAIH CYIMbIK, OHIMAEPIHIH WbIFbIMbIH KOOeiTyre
MYMKIHAIK 6epeai. [MAporeHmsatms npoueciH OTKi3reHAe CyMblK, OHIM-
AEPAIH KaHayAblH 6acTaAy TEMepaTypachbiHbiH AUTAPAbIKTAA TOMEHARYI
bankanaabl. Kataam3aTopAbiH KaTbICbIHAQ XKEHIA (hpakumsiAapAbIH, Libl-
FbIMbl @pPTAAbl YKOHE IMAPOreHM3alMs MPOLECIHIH CYMbIK, OHIMAEPIHIH
Kypambl >KakcapaAbl. beke KeH OpHbIHbIH TabuFu OUTYMbIHbBIH, TMAPO-
reHmsaumsicbl MyHainAabl Moaa Tabuimn GUTYMbIMEH CaAbICTbIPFaHAQA KbICKaA
yaKbITTa OTETIHAII AHbIKTAAADI.

Tynin ce3zaep: Taburn GUTYM; r’MAPOreHU3alms; HaHOKATAAM3aTop;
MYHaMOUTYMADI KbIHbIC.

[peacTaBAeHbl pe3yAbTaTbl TMAPOreHM3alm NpUpOAHbIX GUTYMOB
MecTopokaeHuii bexke n MyHaiiabl Moaa 3anaaHoro KasaxcraHa B
MPUCYTCTBMM HaHokaTaAam3aTopa MoO,/C. YCTaHOBAEHbI M3MEeHeHHs!
(hbPaKLIMOHHOIO COCTaBa NMPUPOAHbIX OUTYMOB. BbIsiBA€HbI XapakTepHble
OTAMUMS COCTABA XXMAKUX MPOAYKTOB rmaporeHmdaumnmn. CHaTbl npoguam
TemrepaTypbl U AABAEHMS NPOLLECca M’MAPOreHM3aLmMn NMPUPOAHbIX OUTY-
MOB B 3aBMCMMOCTM OT BpemMeHW. [1oKas3aHo, UTO NPUPOAHbIA OUTYM
MeCTopoXKAeHUs MyHanAbl MoAa HoAee NpruemMAem AAs IPOBEAEHNS TUA-
poreHumsaumu, yem GUTYM mMectopoxaeHus Beke. INpoBeaeHue rmapo-
reHM3almMn MO3BOASET YBEAUUUTb BbIXOA >XXMAKMX TPOAYKTOB Mepe-
paboTKM NMPUPOAHBIX OUTYMOB. HabAOAQEeTCS CyLLIeCTBEHHOE CHUXKEHUE
TeMreparypbl HauaAa KUIMEHUs XXUMAKMX TMPOAYKTOB MpPU MPOBEAEHWUM
ruaporeHunsaumn. IprucyTcTBMEe KaTaAM3aTopa MPUBEAO K MOBbILLEHMIO
BbIXOAQ AErkuMx (PpakuMili M YAYULLIEHMIO COCTaBa >XUAKMX MPOAYKTOB
rMAPOreHn3aLmm. YCTaHOBAEHO, UTO M’MAPOreHU3aLMs PUPOAHOTO OUTY-
Ma MECTOPOXKAEHMST beke NpoXoANT 3a KOPOTKOE BPeMs Mo CPABHEHMIO C
NPUPOAHbBIM 6UTYMOM MyHarnAbl Moaa.

KAtoueBble CAOBaA: MPUPOAHBIN OUTYM; TMAPOreHmn3aLmsi; HaHoKaTa-
Am3aTop; HehTEOUTYMUHO3HAs MOPOAQ.
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Introduction

Today a complex conversion and rational use of hydrocarbon
raw materials for the production of the valuable chemical materials
and high quality petroleum products are one of the primary ways
of representing the Republic of Kazakhstan within the market
economies. Petroleum products play an important role in economic
development of any nation. At present Kazakhstan is one of the large
world oil exporters and oil producing sector takes a leading position
in the structure of national economy of Kazakhstan. As time passes,
reserves of fossilized carbon are being depleted for the use as energy
and more attention is being focussed on alternate energy sources.
One such energy source is oil sand. This valuable resource can be
found in several locations in the world such as Canada, Venezucla
and other. In the Western part of Kazakhstan there are more reserves
of oil sand, currently over 50 fields of oil sands have been discovered.

Main industrial technologies of the extraction of oil from oil sand
use a hydrodynamic, thermal and chemical influence. Well known,
hot water extraction is used for the commercial bitumen recovery from
oil sand. The effects of several factors on the bitumen recovery have
been investigated, including solid-liquid ratio, NaOH concentration,
stirring time. The solvent extraction is only used in the experimental
work. Not every solvent extraction process is commercialized in the
world at present because of the difficulty of solvent recovery and
solvent loss. Retorting is a process in which oil sand is heated to
around 500 °C under the condition of oxygen to produce oil. After
retorting, oil sand bitumen is thermally cracking process. Alberta
Taciuk Process was invented for oil sand retorting, but it is now
used for oil shale retorting. 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 feedstocks is
an essential first step for any technological advancement. Compared
to conventional oil (obtained from traditional, casily accessible
sources), however, synthetic crude from bitumen is expensive and
complicated to produce [1-5].

The goal of the work was to study the process of conversion of
hydrocarbons in the hydrogenation of natural bitumen and determine
the optimal conditions of the process.
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Experiment

The object of investigation was selected samples
of bitumen Munaily Mola and Beke deposits.
Extraction of natural bitumen was carried out in the
Soxhlet apparatus by chloroform solvent. Content
of natural bitumen in the rock was 12 wt. % from
Beke deposit. And it is as follows: p = 1.112 g/
cm3; congelation point is 18°C; coking — 30%;
ash content — 0.35 wt. %; sulfur content — 1.5%;
clemental composition was N — 0.58%; C — 84.79%;
H — 11.68%; O — 2.02-4.04%. Organic content of
the rocks from Munaily Mola deposit was 16 wt.%,
it is characterized by high densities (992.0 kg/m3),
viscosity (26.0 ¢St at 80°C) and coking (35%).

For the purpose of adding to hydrogenation
process, the active coal supported catalyst was
prepared. At first, 10 ml of distilled water was
added in flask and 3 g of molybdenum oxide
(MoO,) was added to water and was stirred for 2-3

minutes by magnetic mixer. Then 25% of ammonia
solution was added slowly (drop by drop) till all
catalyst was dissolved. At last, 10 g of active coal
were added to mixture and heated until water
evaporation. Finally, prepared catalyst dried under
vacuum and oven.

The hydrogenation experiments of natural
bitumen extracted from oil sands were carried out
in an «Autoclave» (Figure 1). Around 200-300 g of
natural bitumen was loaded into the reactor together
with active coal supported catalyst. The process
was carried out under 350 mbar of H, pressure
and a temperature of 430-460°C. After loading the
sample, the reactor was sealed and flushed 3 times
with hydrogen followed by tuning the system to the
desired initial pressure of H,. The reactor agitated
at 120 rpm, which had been heated to the desired
temperature and maintained for 40-160 min. After
the processes the hydrogenated products in the
reactor were removed.

Figure 1 - Installation for hydrogenation of natural bitumen

Results and discussion

For obtaining light petroleum fractions it is
necessary to process the hydrogenation of natural
bitumen, which leads to improved characteristics
and simplification of the obtained product. The
processing of heavy crude in the presence of
hydrogen is a major step in the upgrading of heavy

oil or bitumen. Because bitumen is highly deficient
in hydrogen and contains high concentrations of
heteroatoms and metals, it is imperative to improve
the quality of the upgraded product by removing the
impurities, this is done by means of adding hydrogen
[6].

Munayli-Mola oil sands processed by hydrogen
at a temperature 460°C, hydrogen pressure of
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350 bar and the process time of 2 h 40 min. At
the experiment, 2 g of activated carbon supported
catalyst — molybdenum oxide (MoO,) was used.
It has 699.807 m?%g of surface area, 0.0635 nm of

medium pore size. Microscopic structure of catalyst
is presented in Figure 2. SEM image of catalyst
showed that the catalyst consists of different sizes
agglomerates of plate-like structure.
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Figure 3 shows the profiles of temperature and
pressure over the time of the hydrogenation pro-
cess of natural bitumen. We can see from the figure,
the temperature of reactor was raised gradually to

ISSN 1563-0331

Figure 3 — Profiles of temperature and pressure over time hydrogenation process of Munayli-Mola natural bitumen

450°C, then stabilized at this temperature and after 2
hours and 40 minutes begins to decline. The hydro-
gen pressure in the reactor (lower line) increases un-
til the end of the process, and reaches 375 bar. Thus
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during the hydrogenation the pressure of hydrogen
ranges from 250 to 375 bar.

To separate out synthetic oil from heavy resi-
due with catalyst, the products of hydrogenation
underwent vacuum distillation. Results of fractional
composition of hydrogenated natural bitumen (hy-
drogenated oil) of vacuum distillation are presented
in table 1. As can be seen from table 1, the yield

fraction of hydrogenated oil from Munayli-Mola bi-
tumen, which boiled out from the start of boiling to
215 °C is 40,8 wt.%. Fraction of hydrogenated oil
at the temperature range from 216 to 316 °C formed
in an amount of 36,9 wt.%. These data confirm the
positive effect on the hydrogenation process of the
natural bitumen, resulting in an increased yield of
volatile petroleum products.

Table 1 — Fractional composition of hydrogenated oil from Munayli-Mola, while vacuum distillation

Characteristics 1% fraction 2" fraction vacuum residue
Temperature interval, °C I.B.-215°C 216 —316°C 316°C - E.B.
Pressure, mbar 808 805 — 60 60 —
Mass of fraction, g 80,4 T2 439
Yield of fraction,% 40,8 36,9 22,3

Table 2 shows the comparative characteristics
of natural bitumen extracted from oil sand before
and after the hydrogenation process. As seen from
the tabulated data, after hydrogenation process
there decreases the density and ash content of
natural“bitumen, which also confirms the change
in the fractional composition of the bitumen. The

yield of light fractions of hydrogenated natural
bitumen is significantly increased compared to the
original natural bitumen. This shows the need in
hydrogenation process for expanding the range of
products derived from oil sands. The only limiting
factor may be the high cost of the process in
connection with the use of hydrogen.

Table 2 — Comparative characteristics of natural bitumen extracted from oil sand before and after the hydrogenation process

Characteristics

Natural bitumen

Hydrogenated natural bitumen

Density, g/cm? 0,992 0,883
Ash content, wt.% 0,5 0,07
Yield of fraction,%

[.B. - 180°C - 50,0
180 — 240°C 1,39 20,0
240 - 300°C 0,96 12,6
300°C — E.B. 97,68 17,4

Hydrogenation process was examined on natu-
ral bitumen of Beke oil sand as Munayli-Mola feed-
stock. The process was carried out using the same
installation method on the apparatus «Autoclaven.
There is some change of experimental condition in
comparison with hydrogenation of Munayli-Mola
bitumen: has lower process temperature (460°C)
and short time, only 40 minutes (not 2 h 40 min). For
the experiment, 1.5 g of activated carbon supported
catalyst — molybdenum oxide (MoO,) was used. The
H, pressure didn’t change, process occurred under
350 bar as before. The yield of hydrogenated natural
bitumen was 91%.

The profiles of temperaturé and pressure over
the time of the hydrogenation process of natural
bitumen show that the temperaturc of reactor was
raised gradually to 430 °C, and then stabilized at this
temperature. The hydrogen pressure in the reactor
increases until the end of the process, and reaches
350 bar and the hydrogen pressure didn’t decrease.
It means in the process there is no more consump-
tion of hydrogen for saturating the hydrocarbons.
In this reason, process time prolonged only for 40
minutes. Upon the end of vacuum distillation to hy-
drogenation products of Beke bitumen, the fractions
were obtained.
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As shown in table 3, the yield of first fraction
of hydrogenated product of Beke bitumen is 13,1
wt.%. It is lower than sample of Munayli-Mola.

Yield of 2nd fraction was increased such that at the
temperature range from 216 to 316°C it was formed
in amount of 45,7 wt.%.

Table 3 — Fractional composition of hydrogenated oil from Beke, while vacuum distillation

Characteristics 1** fraction 2™ fraction vacuum residue
Temperature interval, °C I.B. - 215°C 216 - 316°C 316°C — E.B.
Pressure, mbar 808 805 - 60 60
Mass of fraction, g 24.6 85,8 77,4
Yield of fraction,% 13,1 45,7 41,2

The fact that thermal hydroprocessing of bitumen
and heavy oils can be accomplished at a much
lower temperature and a relatively high conversion
indicates that the cleavage of C-C bonds is not a rate
determining step. The initiation step may involve
cleavage of the C-S bond, or the breakage of the
C-C bonds must be accomplished by a mechanism
other than homolytic cleavage. There are a number
of mechanisms proposed for the initiation step of
the cleavage of strong C-C bonds. It is also difficult,
because several reactions occur simultancously

-

(e.g., the removal of S, N, O, and metals, along with
the saturation of aromatics and olefins).

Above 400 °C, the coking reaction competes
with the hydrogenation reaction, and the availability
of hydrogen and the reaction pressure defines the
dominance of a particular reaction [6].

Thus, results indicate the possibility of using
oil sands not only as a raw material for road-
construction materials (bitumen, asphalt mixture),
but also useful for producing synthetic oil or light
petroleum products.
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