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The growing demand for oil is encouraging the development of heavy oil and bitumen, the
world's huge energy reserves. However, their high viscosity is a big problem in their use, because
they cannot be transported without a proper method. A number of methods have been developed to
transport heavy oil, including diluents, heated pipelines, emulsions, and crude oil upgrades.

It is known that the common characteristics of heavy oil are high viscosity, high specific gra-
vity, high molecular content and low hydrogen-to-carbon ratio, high carbon residues, and high
content of asphaltenes, heavy metals, sulfur, and nitrogen. Heavy oils are a strategic source of
hydrocarbons because their reserves are on the same scale as those of conventional oils. The pro-
duction of these raw materials remains low, especially due to their very high viscosities.

Heavy oil rheology problems caused by the hydrodynamic interaction of heavy particles in oil
(asphaltenes, paraffin, resins, and solid phase particles) were considered in the research work.
Transporting heavy crude oil requires the viscosity to be low enough so that pipeline size and pum-
ping requirements are economically optimal. There are several methods to achieve these properties,
some of which have been validated in the field and are currently in use, while others are under de-
velopment.

In our current research work, we have analyzed some of these methods and given our recom-
mendations for improving the rheology of heavy oils for the future.

Keywords: rheology, heavy crude oil, oil emulsions, viscosity, oil-in-water emulsions, water-
in-oil emulsions.
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INTRODUCTION

There are more than 150 different types of crude oil in the world. Heavy crude oils are less
expensive for a refinery to purchase but more expensive to refine since they have greater costs from
higher energy inputs and additional processing to meet environmental requirements.

Refineries process crude oil into a wide variety of refined products. The refining process sepa-
rates, breaks down, reformates, and recombines the molecules of crude oil into refined products [1].

Each type of crude oil yields different types of refined products. Light crude oil is primarily
used to create fuels such as gasoline, diesel, and jet fuel. Heavy crude oil provides feedstock for pet-
rochemicals, other fuels, and road surfaces. Heavy oil can also be converted into transportation fuel.

Crude oil plays a very important role in countries that are in dire need of fuel, be it for indust-
rial consumption, electricity, or transportation mobilization. Economic development and spectacular
population growth in recent decades have led to increased demand for fossil fuels, which has resul-
ted in the gradual depletion of conventional oil reserves, including light and medium crude oil reser-
ves, which have become scarce and insufficient to meet ever-increasing oil reserves. Unconventio-
nal oil resources, including heavy oil, extra-heavy oil, shale, oil sands, tar sands, and bitumen, are
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alternative resources to fossil fuels [2]. However, unlike conventional oil, which is characterized by
low production costs, unconventional oil cannot be recovered and then transported in its natural sta-
te by conventional production and transportation methods, generally requiring additional require-
ments to ensure its flow at acceptable flow rates. In the future, heavy and extra-heavy oils are expec-
ted to be an excellent alternative to conventional oil, but the complexity of their composition makes
their flow extremely difficult under natural conditions without the problem of flow assurance.

Crude oil with API specific gravity below 20° is called heavy oil, and those below 10° are cal-
led extra heavy oil. Heavy oil cannot flow due to its high viscosity. Some researchers have explai-
ned the possible reason for the high viscosity of heavy oil. According to them, oil has evolved from
natural source materials and has become heavier as a result of the elimination of lighter fractions
through natural processes. A high proportion of asphaltene molecules that replace hetero-atoms in
the carbon network, such as nitrogen, sulfur, and oxygen, also plays an important role in oil harde-
ning. Therefore, heavy oil, regardless of its source, always contains heavy fractions of asphaltenes,
heavy metals, sulfur, and nitrogen. Large asphaltene molecules determine the increase or decrease
in density and viscosity of the oil. Removal or reduction of asphaltene dramatically affects the rheo-
logical properties of a particular oil [3].

Heavy oil/bitumen is characterized in terms of SARA fractions and divided into four different
pseudo-components such as saturates, aromatics, resins and asphaltenes. A four-parameter equation
of state developed by Adachi et al is used to calculate the values of solubility parameters, molar vo-
lume, and density of each SARA fraction [4-8].

Asphaltenes are defined as the heaviest compounds in crude oil that are completely soluble in aro-
matic solvents such as toluene and precipitate when paraffinic solvents such as n-alkanes are added.

Asphaltenes constitute the most refractory, polar, and heaviest component in crude oil [9]. Be-
cause of these distinctive characteristics, asphaltene is considered a prime factor that causes diffi-
culties in many petroleum operations such as production, transportation, refining, even wax crystal-
lization, crude oil emulsification, and de-emulsification. Any thermodynamic changes in pressure,
temperature, or oil composition can cause asphaltene deposits, which result in many problems in
transmission, production, and processing facilities in the oil industry.

The problems caused by the presence of asphaltene do not depend only on the amount of asp-
haltene in the oil. What is important is the stability of those asphaltenes, and stability depends on
how well the rest of the oil is a solvent for the asphaltenes [10].

Many experimental methods are available to detect asphaltene precipitation, such as gravimet-
ric, acoustic resonance IFT measurement, dynamic method, high-pressure microscopy, and infrared
spectroscopy. In addition to experimental measurements, a large number of thermodynamic models
have been used to model asphaltene precipitation and predict its onset point, including the solid mo-
del, micellization model, colloid model, solubility model, and equation of state models [11-13]. The
solid model is the simplest model for predicting asphaltene precipitation, which treats asphaltenes
as a single solid component and evaluates the behavior of other phases with an equation of state.
However, the problem with this model is that it requires a lot of empirical parameters and experi-
mental data. The colloidal model presented by Leontaritis [14] uses VLE calculation and EOS to es-
timate fluid composition. In this model, asphaltenes are treated with solid colloidal particles surro-
unded by large resin molecules and suspended in crude oil. On the other hand, in the dissolution
model, asphaltenes are dissolved in the solvent liquid state and form a uniform solution [15].
Among the many thermodynamic approaches used to predict asphaltene precipitation, regular solu-
tion theory along with the equation of state models are the most common methods [16, 17].

METHODS FOR RECOVERING HEAVY CRUDE OILS
Oil is kept in the reservoir mainly due to capillary, gravity and viscous forces. It was determi-
ned in the research that the interaction between these forces during oil flow in a porous medium can
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be measured by capillary number and mobility ratio [18]. Capillary number (Ca) is defined as fol-
lows:

Ca= % (1)

Here, n - is the viscosity of the liquid, v - is the flow rate through the pores, and vy - is the interfacial
tension between the liquids.

Fluid mobility in porous media is determined based on the Darcy equation.

u= 22 (2)

wodx

u - Darcy surface velocity of liquid, k - conductivity, p - viscosity, P - pressure, x - length.

For 1 phase, k represents the absolute conductivity, and for multiphase flow, the effective
conductivity. The mobility of the liquid phase is defined as follows:

-k
1=-(3)
Then the mobility speed
—_— "jl':
M= ()

M-is an important parameter in displacement processes, it expresses the dimensionless
viscosity ratio given by parameters A1 and A2 [19].

Transportation of heavy crude oil and natural bitumen requires viscosity to be low enough for
pipeline size and pumping requirements to be economically optimal.
There are several methods to achieve these properties, some of which have been validated in
the field and are currently in use, while others are under development. These methods are:
Effect of heat
Effects of diluents
With O/W emulsions
Core annular flow
Partial field upgrading

RHEOLOGICAL BEHAVIOR OF HEAVY CRUDE OIL BY HEAT TREATMENT

The thermal impact is a widely used method to reduce the high viscosity of heavy crude oil
and improve flow in pipelines. Pipeline heating (ie, raising the temperature) results in a rapid
reduction in viscosity to reduce the oil's resistance to flow. Figure 1 shows the viscosity response in
the heat treatment temperature range of 30—60° for heavy crude oil at different shear rates. The fan-
shaped rheogram shows the effectiveness of the method in improving flow characteristics, since the
viscosity between the flowing feedstock and the pipe wall, and therefore the shear stress, decreases
by several orders of magnitude with increasing temperature. When the raw material is heated to a
temperature above 40°C, the rheological properties remain practically unchanged at higher shear
rates and the slopes of the plots begin to decrease, indicating good flow behavior. The unique
behavior of crude oil can be explained by the high paraffin content and the average paraffin-to-resin
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ratio, which indicates the change in structural properties and destruction of the chemical structure of
heavy components of crude oil [20].
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Fig. 1. Viscosity response of heavy oil in the heat treatment temperature

range of 30—60° [21]

Figure 2 shows the effect of temperature on the typical flow behavior of heavy crude oil in
terms of viscosity-shear rate. The figure clearly demonstrates the non-Newtonian shear thinning be-
havior in the range of shear rates where the apparent viscosity decreases significantly with tempera-
ture. This also shows that the differences in viscosity are greater at low shear rates than at high she-
ar rates. This can be attributed to the strong effect of temperature on the viscosity and chemical
structure of heavy crude oil components such as wax and asphaltene [12]. In addition, the viscosity
of heavy crude oil is shear rate dependent, meaning that flow encounters less resistance at higher
shear rates. As the shear rate increases, the chain-like molecule unwinds and reorients parallel to the
driving force, reducing the viscosity of heavy crude oil. Therefore, the apparent viscosity depends
on the shear rate at constant temperature and decreases with increasing temperature [23].
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Fig. 2. Apparent viscosity as a function of shear rate of heavy crude
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In research studies [24-32], heating to raise the temperature of crude oil requires a considerab-
le amount of energy and cost. Other problems include higher temperatures, greater internal corrosi-
on due to the large number of heating stations required, and heat losses along the pipeline due to the
low flow of heavy oil. However, in most cases, the pipeline is insulated to maintain high temperatu-
res and reduce heat loss to the environment. In addition, sudden expansion and contraction along
the pipeline can cause difficult problems. As a result, the cost of operating heating and pumping
systems over long distances between the oil field and the final storage or processing plant is high
[33]. This may not be a viable method for transporting crude oil through subsea pipelines. Finally,
the cooling effect of the surrounding water, as well as the soil, reduces the efficiency of the method.

RHEOLOGICAL BEHAVIOR OF HEAVY CRUDE OIL IN WATER EMULSION

One of the effective ways to reduce the viscosity of heavy oil is the formation of oil-in-water
emulsions with the help of surfactants.

Emulsions consist of a dispersion of an immiscible liquid (dispersed phase) in another liquid
(continuous phase), usually with a drop size in the micrometer range. They generally fall into three
categories (Figure 3): oil-in-water (O/W), water-in-oil (W/O), and complex or multiple emulsions.
Many emulsions have continuous-phase droplets within dispersed phase droplets such as oil in wa-
ter (W/O/W). In the emulsification method, droplets from the oil phase are dispersed into the water
phase using suitable surfactants to form a stable oil-water emulsion. Thus, the formation of an
emulsion significantly reduces the pour point as well as the viscosity of crude oil. Since water is a
stable phase, the risks of wax deposits on the pipe surface, clogging of pipelines and corrosion are
avoided. Optimizing the economics of the transportation process is always a priority for the oil in-
dustry. For maximum efficiency and economy, it is important to keep the oil content as high as pos-
sible while minimizing the viscosity of the crude oil. For efficient transportation of heavy crude oil,
a stable oil-water emulsion must be prepared so that the water does not separate until it reaches the
desired destination. Techniques used to create oil droplets to form emulsions include the use of de-
vices such as dispersers, rotor-stator mixing, colloid mills, high-pressure homogenizers that apply
high shear stresses, membrane emulsification, and ultrasonic waves.

C] Water phase - Oil phase

Oo/W W/0

Fig. 3. Classification of oil emulsions [32]

CORE ANNULAR FLOW METHOD

The core annular mode flow is another method used to increase the transport of viscous crude
oil. This method is based on the development of a core annular flow (CAF) to reduce pressure loss
caused by friction in the pipeline. In this method, a less viscous fluid, such as water, is introduced
into the flow to act as a lubricant that absorbs the shear stress that exists between the pipe walls and
the fluid, thus reducing the resistance to flow and creating an overall pressure drop [33].

This method can be problematic because the crude oil tends to stick to the walls of the pipeli-
ne, thereby restricting and eventually clogging the flow system. Such problems are exacerbated
where the flow has to be stopped for a period of time, allowing oil and water phases to stratify and
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increase oil adhesion. Restarting flow in such a stopped system may require a large pressure, pos-
sibly exceeding the pressure rating of some or all components of the flow system. In such a prob-
lem, it is also mandatory to flush the flow system to remove the adhering oil, which leads to addi-
tional costs and the failure of the flow system. A lot of work has been done in this direction to solve
the problem.

PARTIAL UPGRADING METHOD

Another method of transporting heavy oil is to change it before it is transported. Partial upgra-
ding is the process of changing the composition of crude oil by making it less viscous, without sig-
nificantly changing its processing characteristics. Full upgrading completely changes the crude
composition, turning it into a light synthetic crude oil that is more convenient to transport and more
valuable [34].

The main advantage of this technique is that crude oil can be transported without any changes
in the pipeline system.

Another advantage of this process is that it does not accumulate large volumes of coke by-
product that must be stored or transported offsite. The produced coke is consumed by the process it-
self and converted into energy on the spot.

CONCLUSION

Despite the recent discoveries of huge oil fields consisting of conventional oils, heavy oil and
bitumen still constitute a large part of the world's oil reserves. If the price of oil is favorable and sui-
table technology is available to produce and transport these oils, heavy oil reserves can be essential
to meet the global energy demand for fuels and oil derivatives. The transportation strategy of these
oils depends on the oil properties such as viscosity, APl weight and asphaltene content and the po-
tential to obtain high value products after the distillation process.

In this research work, several factors influencing the rheology of heavy oil raw materials were
analyzed and various models were considered. At the same time, transportation of viscous oils, vari-
ous methods of reducing their viscosity were considered. Many methods have been proposed to
transport heavy oils; however, many of them fail in terms of commercial application either as a re-
covery method or as a pipeline flow improvement method.

An increase in temperature significantly reduces the viscosity of the raw material, which indi-
cates a change in the rheological behavior. As the temperature increases, the viscosity of the heavy
crude oil decreases, reducing the shear stress between the circulating crude oil and the pipe wall,
thereby reducing the pressure drop and ultimately improving transportability. However, it has disad-
vantages such as high capital cost and fuel consumption, as well as difficulty in restarting after shut-
down. In addition, special design, insulation, and welding technology degrees are required to mana-
ge the transportation of this type of pipeline.
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AGIR XAM NEFTIN REOLOGIYASI
F.R. Sixayeva, V.I. Korimli, M.R. Manafov

Artan neft tolobati diinyanin nohong enerji ehtiyatlart olan agir neft vo bitumun inkisafini tog-
viq edir. Lakin onlarin yiiksok 6zliiliiyii onlarin istifadesinde bdyiik problemdir, ¢iinki lazimi tisul
olmadan noql edilo bilmoz. Agir neftin daginmasi iigiin bir sira tisullar islonib hazirlanmisdir ki,
bunlara durulducularin, qizdirilan boru komarlerinin, emulsiyalarin vo xam neftin tokmillogdirilmosi
daxildir.

Molumdur ki, agir neftin imumi xarakterik xiisusiyyatlori yliksok ozliiliik, yiiksok xtisusi ¢o-
kisi, yliksok molekulyar torkibi vo asag1 hidrogenin karbona nisbati, yiliksok karbon galiglar1 vo as-
faltenlorin, agir metallarin, kiikiirdiin vo azotun yiiksok torkibidir. Agir neftlor karbohidrogenlorin
strateji monboyidir, ¢linki onlarin ehtiyatlar1 adi neftlorin ehtiyatlari ilo eyni miqyasdadir. Bu xam-
mallarin istehsali, xiisuson onlarin ¢ox yiiksok ozliiliiklorino goro asagi olaraq qalir.

Todqiqgat isindo neftin torkibindoki agir hissociklorin (asfaltenlor, parafinlor, qatranlar vo bark
faza hissociklori) hidrodinamik garsiligl tosiri naticasindo amala golon agir neft reologiyasi prob-

JOURNAL OF YOUNG RESEARCHER, 2023, Ne 3, ISSN 2409-4838 27



PHYSICS-MATHEMATICS AND TECHNICAL SCIENCES

3B

lemlarine baxilmisdir. Agir xam neftin daginmasi 6zliiliiyiin kifayst qodar asagi olmasin tolob edir
ki, boru komarinin 6lgiisii vo nasos taloblori iqtisadi cohatdon optimal olsun. Bu xiisusiyyatlors nail
olmagq ti¢lin bir ne¢a iisul var ki, onlardan bazilori sahads tosdiglonib vo hazirda istifads olunur, di-
gorlori isa inkisaf moarhalosindadir.

Hazirki todqigat isimizdo biz bu iisullardan bazilorinin analizini aparmis va golocok perspektiv
liclin agir neftlorin reologiyasinin yaxsilasdirilmasina dair 6z tovsiyslorimizi vermisik.

Agar sozlar: reologiya, agur xam neft, neft emulsiyalari, ézliliik, suda neft emulsiyasi, neftdo
suda emulsiyasi

PEOJIOT S TSKEJOM HE®TH
®@.P. llluxuena, B.U. Kepumiau, M.P. Manados

Pactymuii cipoc Ha HEQTh CTUMYIUPYET pa3pabOTKy TsKENIOM HeTH U OUTyMa, OTPOMHBIX
MUPOBBIX 3a11acoB sHepruu. OJHAKO UX BBICOKAsl BA3KOCTb SBJISAETCS OOJIBLION MpoOIeMoi mpu ux
UCII0JIb30BAHUH, TIOCKOJIbKY MX HEJIb3s1 TPAaHCIOPTHPOBATh 0€3 Haasexaulero Meroaa. bout pazpaboran
PSA METOJIOB TPAHCIIOPTHPOBKHU TsDKENOH HedTH, BKIIOUash pa3baBuTenu, oborpeBaeMbie TpyOoO-
IPOBO/IbI, SMYJIbCUU U 00OTalleHHE ChIpoi HeTH.

W3BecTHO, YTO OOIMMMHU XapaKTEPUCTHUKAMH TSHKEIONW He(TH SIBIAIOTCS BBICOKAs BS3KOCTH,
BBICOKUI YyIeNbHBIA BEC, BBICOKOE MOJEKYJISIPHOE COJEp’KaHHE U HU3KOE OTHOLIEHHME BOAOpPOJA K
YIJIEPOy, BBICOKOE COJEpKAHUE YTIEPOTUCTHIX OCTATKOB M BBICOKOE COJEpKaHHe ac(haIbTeHOB,
TSDKEJIBIX METAIJIOB, Cephl U a30Ta. TshKelnble He(TH ABJIAIOTCS CTPATETHYeCKUM HCTOYHUKOM YIJIEBO-
JIOPOJIOB, IMTOCKOJIbKY HX 3aIlachl HE YCTYMAIOT 3arnacaM oObIYHbIX Hedrell. [Ipon3BoicTBO 3TOTO ChIphs
ocTaeTcs HU3KUM, OCOOCHHO M3-3a €r0 OUYeHb BBICOKOM BSI3KOCTH.

B pabGorte paccmorpeHbl mpoOJieMbl PEOJIOTUH TsDKEIOW He(pTH, OOYCIOBIEHHBIE THJIPO-
JUHAMUYECKUM B3aMMOJICHCTBHEM TSDKENbIX yacTHll B HedTu (achanbreHsl, mapaduHbl, CMOJBI,
yacTULbI TBEpAOH (a3bl). TpaHcOpTHPOBKa TSKENO0M chipoil HedTH TpebdyeT, UTOObI BI3KOCTh ObliIa
JIOCTaTOYHO HM3KOH, 4TOOBI pazmep TpyOompoBoja M TpeOOBaHMS K MepeKaunBaHUIO ObUIN OINTH-
MaJIbHBIMU C SKOHOMUYECKOW TOUYKHM 3peHusi. CyliecTByeT HECKOJIbKO METOJ0B JOCTHKEHUS 3TUX
CBOWCTB, HEKOTOpBIE M3 KOTOPBHIX OBUIM MPOBEPEHBI B IOJIEBBIX YCIOBUAX M HCHOJIB3YIOTCS B
HACTOSIIEE BpeMsl, a APYTrue HaX0AATCs B CTaANM pa3pabOTKH.

B Hameii Texyuieil nccnenoBaresnbckoil paboTe Mbl IPOaHAIU3UPOBATIN HEKOTOPBIE U3 3THX
METOJIOB M A1 CBOM PEKOMEHIALIMH 110 YITYUILIEHUIO PEOJIOTUH TsDKENbIX HedTel Ha Oyayiee.

KiioueBble c10Ba: peonozus, maxcenas negpmos, Hepmanvle SMYIbCUU, 6A3KOCMb, IMYTbCUU
Macno-6-600e, IMYIbCUU 800A-6-MACTIe
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