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EXPERIMENTAL STUDY OF STRUCTURAL-MECHANICAL
PROPERTIES OF HEAVY OIL
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ABSTRACT. Structural-mechanical properties of heavy oil from Kazakhstan
deposits under the heat treatment were studied in this work. The most important
and the least studied issues in the technology for the preparation and collection
of oil products is the evaluation of the structural and mechanical properties of
heavy oils and emulsions and ways to regulate formation them. A feature of the
wells operation of fields with high viscosity oils is a sharp increase in water cut at
the initial stage of development, which is associated with an excessively large
difference in the rheological characteristics of reservoir oil and water. The
formation of stable emulsions does not allow for the effective separation of oil from
water and leads to a deterioration in product quality. In this regard, in modern
conditions of intensification of hydrocarbon production, consideration of the
options for the formation and destruction of complex emulsions is a prerequisite
for the effective operation of oilfield treatment facilities. Therefore, the research
relevance is of reducing the irretrievable losses of hydrocarbons in production
systems and study the physical-chemical, structural-mechanical properties
of heavy oils emulsions and to develop methods for their regulation, as well
as improving oil treatment devices.

Keywords: heavy oil, asphaltene, tar, water-oil emulsions, structural-mechanical
properties

INTRODUCTION

Increasing of viscosity and yield strength of heavy crude oil makes
the preparation process for transporting much more complicated, starting
pressure of pumps gets higher [1-4].
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Thermal treatment is the most commonly used way of preparing high-
viscous oils for transportation by pipelines [5-8]. Thermal treatment of oils
improves rheological properties of oils. Heating the oil to the certain temperature,
and then cooling it with constant speed till the temperature of pumping it carried
out in static conditions.

Structural-mechanical properties of the paraffin base oil and emulsions
thermal treatment study conducted in the laboratory of “Giprovostokneft” [6].
It has been shown that the thermal treatment (50 °C) strongly improves
rheological properties of oil in some deposits in Perm Region. For example,
Kozubaev’s oils viscosity declined from 122.2 cSt to 16.6 cSt before and after
thermal treatment.

Authors of work [8, 9] shows only the oils with abnormal viscosity and
plastic properties can be thermally treated. Thermal treatment of Newton oils
doesn't give such an effect. Fast cooling paraffin petroleum oils leads to forming
of numerous centers of paraffin crystallization, fine-crystalline system, which
increases viscosity and yield point.

Experiments of determining dependence of yield point from thermal
treated oil of Mangyshlak deposits with the temperature of 50 °C, 70 °C and
90 °C have shown that Mangyshlak’s oil, treated with 90 °C has the least
yield point than the untreated one. Moreover, the higher the yield point, the
higher the effect of thermal treatment on the oil [25]. With the speed of cooling
10 °C per 1 hour (after thermal treatment 90 °C) non-Newton properties of
Mangyshlak oil begin to show up while being at lower temperatures (lower
than 20-15 °C). Changing of viscosity with all temperatures of thermal treatment
shows that the oil heated up to 50, 80 and 110 °C cooled down afterwards, has a
higher viscosity, than the one that was treated with 90 °C. The lowest viscosity is
seen at the cooling speed of 10 °C per hour [10]. Thermal treatment till 150 °C
leads decreasing of effective viscosity in all the interval of temperatures for almost
3 times, and absence of yield point at a temperature higher than 65 °C.

Thermal treatment of Ozen'’s oil showed, that thermal treated petroleum,
cooled down after thermal treatment till 30 °C with the speed of cooling 20 °C per
hour, with all temperatures of treatment (50 °C, 80 °C, 90 °C, 100 °C) are
Newton liquids. With all other temperatures (lower than 30 °C) thermal treated
Mangyshlak’s oil is viscous-plastic liquid, according to the law of Shvedov-
Bingham.

Mechanism of decreasing of viscosity during the thermal treatment of
paraffin base oils is demonstrated in the following ways: During the heating
of oil higher than the temperature of melting point of paraffin, oil becomes a
homogenous Newton liquid. Cooling process of oil in static condition crystals
of paraffin covered with asphaltene-resin substances. The protective layer of
asphaltene-tar substances that forms on the crystals during this process,
hinder the forming of other layers of paraffin on the surface of crystals.
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It should be mentioned, that current works on thermal treatment of
the oil are related to the paraffin based oils. Thermal treatment researches of
highly resinous oils are almost absent.

In modern conditions of intensification of the production of hydrocarbon,
considering the options for developing the structural-mechanical properties
of heavy oils are an essential condition for an effective exploitation of the oil
preparing structures. Therefore, the experiments regarding the impact of thermal
treatment on the structural-mechanical properties of the highly resinous oils from
the West Kazakhstan are interesting not only because of an understanding
of their behavior, but also for comparative analysis with the thermal treatment
of the paraffin oils.

RESULTS AND DISCUSSION

It is known that the changing of viscosity of the paraffin based oils after
thermal treatment is explained by the ability of paraffin to crystallize in different
forms after the heating. During the thermal treatment of highly resinous oils,
irreversible processes leading to decreasing of the yield point and partly the
structural viscosity take place.

Table 1. Rheological parameters of the oil of the North Buzachi
before and after the thermal treatment.

Without thermal | Heating temperature at 70 °C, Heating temperature at 85 °C,

treatment at final cooling temperature is final cooling temperature is 70 °C,
30°C 60 °C, cooling speed — cooling temperature until 60 °C
12 °C/hour is 50 °C/hour, until 22 °C is
10 °C/hour

P,Pa | V,s P, Pa Vv, s P, Pa Vv, s
79.7 3.4 80.0 4.4 78.9 4.8
147.9 6.9 150.3 7.6 148.8 9.2
219.3 | 11.0 233.3 13.2 218.6 13.8
248.9 | 13.1 288.7 18.2 288.4 18.8
2922 | 16.3 323.6 20.6 323.3 21.3
355.2 | 21.1 358.5 235 358.2 24.9
389.7 | 23.9 393.4 26.0 393.2 26.9
4354 | 274 432.8 28.7 428.1 29.4
463.7 | 30.1 468.1 315 463.0 32.2
502.1 | 32.2 504.8 34.7 500.4 35.2
532.8 | 35.7 527.4 37.7 532.8 38.2
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In table 2 the results of the experiments on the thermal treatment of
some heavy oils from the West Kazakhstan are demonstrated. The thermal
treatment of the highly resinous oils does not effect on viscosity so much, but
it does strongly effect on the yield point.

Table 2. Results of the experimental data of the thermal treatment
of the heavy oils of some deposits of the West Kazakhstan.

. o Thermal treatment | Cooling speed, | Yield point at
Deposit Condition temperature, [°C] [°C/n] 30 °C, [Pa]
Before thermal
North treatment - N 725
Buzachi After thermal 70 12 6.3
treatment 85 12 3.9
Before thermal B _ 66.8
Karazhanbas treatment
z After thermal 70 12 4.9
treatment 85 12 2.8
Before thermal B _ 69.8
Karaturisk treatment
After thermal 70 12 4.9
treatment 85 12 2.8
Before thermal B _ 69.7
Kalamk treatment
alamkas  “after thermal 70 12 6.9
treatment 85 12 5.5

In the oil industry the traditional method is deconstruction of emulsions
by thermochemical way, which is continuously developing and is used together
electrical fields and hydrodynamic characteristics of the flow [11-23, 33]. Heavy
hydro-petroleum emulsions water drops of which are surrounded by strong
protective shells, consisting of asphaltene-resin substances and mechanical
admixtures are stable emulsions. Destruction of these emulsions by simple
ways is way more complicated.

An important factor in the process of destruction of the emulsion is a
hydrodynamic impact. Intensity of the destruction of emulsions is not affected
much by the settling time as a factor of unmixable substances always taken
into consideration during an elaboration of the projects of oil treatment plants, but
manifesting hydrodynamic demolishing of the water globules at an intensive flow
turbulence. Some experimental results showed hydrodynamic demolishing is a
more effective way of destruction of the emulsions. Thus hydrodynamic method
of destruction of the emulsion can be used as the most effective in the technology
of oil treatment and in construction of a heavy-duty continuous emulsion breakers.
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The movement of the gases, going into the receptacle with the oil
product is usually followed by a formation of bubbles and it pushes the liquid.
The layers of the liquid surrounding the stream are moved according to the
movement of the stream. Therefore, part of the movement of the liquid is
transferred to the surrounding liquid. At the same moment the speed of the
liquid captured by the moving stream is less than the speed of the stream
which was captured by the liquid.

Each of the layers of the liquid come into motion makes other calm
layers in its vicinity which did not before to the movement. The stream has a
bigger cut the further it is from the beginning and the less its speed is. When
the surrounding liquid is captured by the stream and come to the motion, it
creates a rarefaction for some time in the space it covered before. Lowering
of the pressure makes surrounding and calm liquids get sucked into that part
of the space. Kinetic energy of the stream, which appears in the process of
liquid suction from the external environment is dependent to the starting
speed of the leaking from nozzle.

The liquids located very close to the surface comes to motion and
proceeds towards the surface by the impact of a tangential stress during the
rising of bubbles. The rarefaction appears after the rising bubbles which can
explain the suction of the liquid from the surrounding volume. The size of the
bubbles is defined by the pressure of the gas inside of the bubble and by the
outer hydrostatic pressure, which responds to the height of the pillar of the
liquid above the bubble. Hydrostatic pressure inside of the liquid is continuously
changing towards the surface, so, the size of the bubbles increases. The
shape of bubbles is deviated from being a ball, and the way of movement by
vertical line, collisions between the bubbles will take place, simultaneously
with the bubbles growing of the volume of the them. An increasing of size of
the bubble creates an enormous interfacial area between the bubble and the
surface, in other words, a free bubbling takes place. The liquid pushed out
by the gas leaks towards the periphery of reservoir and goes down to the
trough after the gas went to the surface.

If we consider a condition in which the bubble appears inside of the
liquid. The pressure of the liquid hampers the creation of the bubble when
the gas under pressure goes to the liquid. The pressure of the liquid can be
overcome by the pressure of the gas, and also by the surface stress. As soon
as the bubble appears. It gets affected by the buoyancy power. The bubble
gets of the estuary and rises up at the moment when the buoyancy power
overcomes the surface tension.

For the ball shaped bubble with the diameter of d the buoyancy power
can be defined by the following formula:
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Gy = 13 (y1 — vg) (1)

In which y, — specific weight of the liquid; yg — specific weight of the gas.

If the specific weight of the liquid is noticeably more than specific
weight of the gas, we can neglect the y4 = 0.

The speed of the rising of bubbles during its way through the layer of
the liquid mainly depends on its viscosity, specific weights of gas and liquid,
yield point and the size of the bubble. Temperature effects on viscosity, yield
point and specific weigh, and therefore on the speed of rising of bubbles.
That is why different formulas related to different hydrodynamic conditions
are used for defining the speed of the rising bubble.

The speed of the rising bubble can be approximately found according
to the balance with the resistance against the motion of the bubble:

v=2\/% 2)

Where v is a coefficient of resistance, which depends on the motion
regime and the Reynold’s number:

— vde
Re = — (3)

At Re < 2 laminar-flow conditions take place, and the coefficient of
resistance has a value of:

24
V= 4)
If we put this value in the equation (2) we get the Stokes formula:

2(yy —
18

Furthermore, for the speed of rising the coefficient of resistance at the
Re <2 (laminar flow), and also for the bubble flow will be equal to y=24/Re,
so, the Stokes formula can be used for defining the speed of the motion.

The coefficient of resistance for the turbulent region can be written as
y=8/3 [24]. If it is put in the formula (2), we can get the speed of the rising of
the bubble, in cases when we can neglect the specific weight of the gas
compared to the specific weight of the liquid.
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Imagine that during the motion of the bubble inside resistant powers
which are conditioned by the viscous and plastic properties are added to each
other. Then the formula for the power of resistance can be demonstrated as
[26]:

w, = md?ty + 3mndv (6)

Equalizing (10) to the resultant power:

V= % [(pl_p6g)gdg _ TO] (7)

For the power law fluid in work, we can use the following formula:

1

y=t [—dg("l“’g)g - ro]“ d, (8)

3 6K
Where n and k — indicators of non-newton behavior (consistency);

2N 2—nd2
C, = > Re=9Y% % (9)

Re’ K

At n=1 formulas (8) and (9) transit to the formula for the viscous liquid.

It should be mentioned that if the system of nozzles is used for the
gas supply the ratio below is not lost in case, that the distance between two
centers of the neighbor estuaries is equal to the diameter of bubbles.

The difference between velocities of the gas flow and petroleum product
provides the creation of tangential strains lead to deformation of drops,
because of the tangential strain, interfacial tension, which makes droplets
decrease their surface. Even though the existence of emulsion breakers makes
the process of decreasing the toughness of heavy emulsion and destruction
of the background shell of the water-oil emulsion much easier.

Singled bubbles do not appear at the high enough speed of the gas
in the estuary of the opening, but a gas flow which divides in bubbles leaks.

Liquid droplets deform after getting into the warm air flow and the
internal motion appears inside of them. Development of this processes leads to
deformation and deconstruction of an armor-plate shell of the emulsion droplets.
A type of process of their splitting process according to the speed of the flow
and physical parameters of gas and droplets of emulsions can be different.
In the work [28] deformations of bubbles and splitting of droplets in gas flows
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were discussed. It is shown that the process of deconstruction depends on the
speed of the gas flow, density and viscosity of liquid and gas environment, surface
stress, time of the impact, diameter of globules and acceleration. Splitting of
droplets is mainly represented by the Webber number We and Laplace Lp:

2
We = 2apggv ’ Lp _ 2ap2216 (10)
(o Y5}

where a — radius of the droplet; v — speed of the gas flow; w — dynamic
viscosity of the liquid.

The maximal splitting of the droplet comes to reality in some diapason
of Weber numbers, limited by some critical numbers, depending on the Laplace
liquid.

As itis known in oil industry, the traditional way of destruction of emulsions
is by thermochemical way, which is continuously developing and is used with
electrochemical fields and hydrodynamic properties of the flow [29-32].

Conditions of the oil preparation process strongly depend on the
condensation of natural emulsifiers (asphaltene, paraffin, resin and etc.)
which create entrained highly viscous emulsion. Destruction of this emulsion
in traditional preparing apparatuses is followed by an enormous wasting of
emulsion breakers, heat, electric energy and long settling period. That is why
right complex impact on emulsions makes emulsion breaks easier.

A hydro mixing receptacle with the pipes with openings was constructed
in the laboratory for researches of the impact of hydrodynamic effect on
emulsion breaks. The amount and the diameter of the openings provides the
speed of the flow of 1-3.5 m/s, experiments were done on the emulsions of
the oil from the deposit of Karazhanbas. Researches were made with 20 %
emulsion at the temperature of 20 °C and 40 °C. The preparation of the emulsion
carried out on the emulsifier.

Results of the laboratory works have shown that hydrodynamic
demulsification is more effective than simple thermochemical settling and
emulsion breaking. For example, at the thermochemical method during the usage
of dissolvan 4411 — 100 g/t, the amount of emitted water at the temperature
40 °C is 40 %, and the usage of the energy of the flow is 90 %.

CONCLUSION
The way of heating by using the energy of the flow is one of the effective
ways of intensification of destruction of stable oil-water emulsions. To conclude

everything that was written in this work, it can be said, that the research of the
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thermal method of developing of structural-mechanical properties of heavy
oils shows that the thermal treatment of oils from the deposits of North Buzachi
negligibly effects on their viscosity, but hugely on lowering the yield point. By
experimental results can be shown the rheological parameters of the North
Buzachi oil before and after the thermal treatment at temperature 70 °C with
final cooling temperature 60 °C viscosity of oils from 4.4 to 37.7 s™'. In other
case, at temperature 85 °C with final cooling temperature 70 °C viscosity of
oils increased from 4.8 to 38.2 s™'.

According to results of experimental study can be offered an improved
oil preparation set for heating heavy oils and oil-water emulsions. This oil
preparation set provides a high level of heating and dehydration of heavy oils
and emulsions with integrated effect on the process of temperature and
hydrodynamic factors.

EXPERIMENTAL SECTION

Experiments considering the research of the impact of the thermal
treatment on the structural-mechanical properties of the oils from North Buzachi,
Karazhanbas and Kalamkas were conducted in the laboratory. The structural-
mechanical properties of thermal treated oil were scrutinized with using capillary
viscometer. The starting temperature of heating and the speed of cooling affect
the effectiveness of thermal treatment, that is experiment oil was heated up to
70 °C and cooled down to 30 °C with the speed of 12 °C per hour (Table 1).
The effectiveness of the thermal treatment was defined by comparing of the
rheological parameters of the oil before and after heat treatment.

Proposed installation is shown in the Figure 1 [24]. The installation
consists of reservoir 1, filled with viscous petroleum product 2, also the air
duct 3 with hoses 4, connected to a pipe 5 for a high-pressure heated air on
the heating unit by a concentrator or an electric heater. Air extracting from
the reservoir 1 is done by the pressure reducing valve 7 adjusted to 1.5-2 atm.,
through which the exhausted air goes to the heating. There is a pipe 9 in the
lowest part of the conical shaped cap of the reservoir for collecting and pulling
out condensed water.

Compressed air goes from the compressor to the heating unit 6, heated
by the sun concentrator or by the electric heater till 90-100 °C. The electrical
heater is used at the low intensity of the sun flow and an insufficient air heating.
Then, the hot pressed air goes through the pipe 5 goes to the air duct 3 of the
reservoir 1 to the hoses 4, where the stream of the hot air flows to the petroleum
product 2 through the openings in the hoses, and then goes up as a vapor-air
foam.
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The high intensity is existing due to the transitional behavior of the
gas-dynamic impact of the hot compressed air to the changing viscosity of oil
products, resisting by the vapor-air foams followed by a breakup. As a result,
it condenses on the conical shaped cap of the reservoir 1 from the vapor-air
foams, and leaks by an oblique surface to the pipe 9 by the bottom of the cap
and disappears. An air withdrawal goes by the reduction valve 7, adjusted to
the pressure of 1.5-2 atm. and supplied through the channel 8, to the heating
unit 6.

The given construction allows heat the oil product in the reservoir more
intensively, dehydrate and save the energy resources during the preparation
and transporting.

/ﬁ
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water bubbles
\ 9
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—> . ——>
air from the compressor \i hot air

1 — reservoir; 2 — oil product; 3 — air duct; 4 — hoses; 5 — pipeline; 6 — heating unit;
7 — valve; 8 — withdrawing; 9 — channel

Figure 1. Scheme of the installation for the heating of the water-oil emulsions
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