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Abstract

In this study, several samples of crude oil containing nanoparticles have been studied. However, light crude oil has been evaluated
more than other samples. Also, the density of three samples of light, medium and heavy crude oil has been measured in the labora-
tory. Nano ferric oxide with a range of 75 - 89 nm in diameter is added in crude oil and changes in viscosity, recovery value percentage,
precipitation of heavy hydrocarbons, molecular weight are surveyed with various temperature and pressure. Also, the data obtained
in these experiments show that with increasing operating temperature, the percentage of deposition of heavy hydrocarbons in oil de-
creases. The results show the relationship between oils with different molecular weights and the percentage of precipitation of heavy
hydrocarbons. Experiments in this section show that the higher the molecular mass of the oil, the higher the percentage of heavy
hydrocarbons separated from the oil. The reason for this is that the higher the molecular mass of the oil, the more carbon-containing
hydrocarbons there are. The longer carbon chain means a higher percentage of the heavy compounds in the oil, so it can be expected
that the higher the molecular mass of the oil, the higher the percentage of heavy matter in it. In addition, the results of this chart also
show that as the operating temperature of the oil passing through the sand bed decreases, the amount of heavy hydrocarbon deposits
in the oil also increases. The reason for this is that as the operating temperature decreases, the amount of thermal flux and, of course,
the amount of heat distribution in the oil decreases, and eventually the percentage of heavy hydrocarbon deposition from oil will also

increase.
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Introduction cessing [5]. For example, you would not put crude oil in the gas

Crude oil is a dark, viscous liquid comprising mainly branched tank of your car because it has to be refined into gasoline first [6].

and unbranched alkanes and cycloalkanes [1]. It also contains a Hundreds of different crude oils (usually identified by geographic

small fraction of aromatic hydrocarbons and other compound con-
taining sulphur, oxygen and nitrogen [2]. Nearly every aspect of
our modern lifestyle is impacted by crude oil [3]. Crude Oil is used
to power our vehicles, to create medicines that keep us healthy,
and to make the plastics, cosmetics, and other personal products
that enhance our daily lives [4]. However, none of these products

would exist without the refining process known as crude oil pro-

origin) are processed, in greater or lesser volumes, in the world’s
refineries [7]. Each crude oil is unique and is a complex mixture of
thousands of compounds. Most of the compounds in crude oil are
hydrocarbons (organic compounds composed of carbon and hy-
drogen atoms) [8]. Other compounds in crude oil contain not only
carbon and hydrogen, but also small (but important) amounts of

other (“hetero”-) elements-most notably sulfur, as well as nitrogen
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and certain metals (e.g. nickel, vanadium, etc.) [9]. The compounds
that make up crude oil range from the smallest and simplest hy-
drocarbon molecule-CH, (methane)-to large, complex molecules
containing up to 50 or more carbon atoms (as well hydrogen and
hetero-elements) [10]. The physical and chemical properties of any
given hydrocarbon species, or molecule, depends not only on the
number of carbon atoms in the molecule but also the nature of the
chemical bonds between them [11]. Carbon atoms readily bond
with one another (and with hydrogen and hetero-atoms) in vari-
ous ways - single bonds, double bonds, and triple bonds-to form
different classes of hydrocarbons [12]. Paraffin’s, aromatics, and
naphthenic are natural constituents of crude oil, and are produced
in various refining operations as well. Olefins usually are not pres-
ent in crude oil; they are produced in certain refining operations
that are dedicated mainly to gasoline production [13]. As Exhibit
1 indicates, aromatic compounds have higher carbon-to-hydrogen
(C/H) ratios than naphthenic, which in turn have higher C/H ratios
than paraffin’s [14]. The heavier (denser) the crude oil, the higher
its C/H ratio. Due to the chemistry of oil refining, the higher the
C/H ratio of a crude oil, the more intense and costly the refinery
processing required to produce given volumes of gasoline and dis-
tillate fuels [15]. Thus, the chemical composition of a crude oil and
its various boiling range fractions influence refinery investment
requirements and refinery energy use, the two largest components
of total refining cost [16]. The proportions of the various hydrocar-
bon classes, their carbon number distribution, and the concentra-
tion of hetero-elements in a given crude oil determine the yields
and qualities of the refined products that a refinery can produce
from that crude, and hence the economic value of the crude. Differ-
ent crude oils require different refinery facilities and operations to

maximize the value of the product slates that they yield [17].

In this study, several samples of crude oil containing nanoparti-
cles have been studied. However, light crude oil has been evaluated

more than other samples.

Materials and Methods

In this study, three samples of light, medium and heavy crude oil
have been used. The procedure is that all three crude oil samples
are first homogenized in a tank containing a mixer, then combined
in an ultrasonic device with metal oxide nanoparticles, and finally
passed through a heat exchanger into a sandy bed. The sand bed

is designed for a certain length and size and the precision instru-
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ments installed on the bed are capable of measuring temperature,
pressure and flow rate variables. In this study, very important vari-
ables such as density, percentage of precipitation of heavy com-
pounds and coefficient of oil recovery from the bed have been mea-
sured in the laboratory. In this study, the focus is more on crude oil
sample and the behavior of this sample of crude oil during the sand

bed crossing has been investigated.
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Figure 1: Recovery value percentage of light oil versus input

energy.

Results and Discussion

The results presented in figure 1 show that light crude oil con-
taining nanoparticles can pass through the sandy bed more easily
than light heat exchanger after taking heat from nanoparticles. As
a result, its recycling rate is higher than oil without nanoparticles.
About 11.8% increase in the amount of recovery in heavy oil and
about 5.8% for medium and 3.1% for light oil is seen. The figure
1 shows this relation. The operating conditions such as tempera-
ture and pressure are effective on the percentage of precipitation
of heavy hydrocarbons. The figure 2 shows the amount of heavy
hydrocarbons precipitation versus operating conditions. Further-
more, the effect of nano particles is investigated in the figure 2. The
temperatures are 80°C, 100°C and 120°C and pressure changes
from 30 atm to 150 atm. The increase in temperature decreases
the amount of heavy hydrocarbons precipitation percentage in the
oil sample even when contain nano particle. Figure 2 indicates the
decrease in the amount of heavy hydrocarbons precipitation by the
addition of nano particles. Sample B, light oil, shows smaller pre-
cipitation in comparison with heavy and mid oil at the same oper-

ating conditions and equal amounts of nano particle.
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Figure 2: Heavy hydrocarbons precipitation in light oil, versus
temperature, pressure with and without nano particles.

The laboratory results presented in figure 2 show that the per-
centage of precipitation of heavy hydrocarbons separated from
crude oil increases with increasing pump outlet pressure. Also, the
data obtained in these experiments show that with increasing op-
erating temperature, the percentage of deposition of heavy hydro-
carbons in oil decreases. According to figure 2, it can be concluded
that the nanoparticles distributed in crude oil have a significant
effect on reducing the hydrocarbons deposited by the oil. The rea-
son for this could be the distribution and cohesion of the thermal
flux in the oil molecular tissue in which the nanoparticles are dis-
solved. The lowest amount of heavy hydrocarbons precipitation is

obtained at 110 g/gmole and 120°C for oil contains nano particle.
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Figure 3: Heavy hydrocarbons precipitation versus molecular
weight of light oil.

Figure 3 shows the relationship between oils with different
molecular weights and the percentage of precipitation of heavy hy-
drocarbons. Experiments in this section show that the higher the
molecular mass of the oil, the higher the percentage of heavy hy-

drocarbons separated from the oil. The reason for this is that the

15
higher the molecular mass of the oil, the more carbon-containing
hydrocarbons there are. The longer carbon chain means a higher
percentage of the heavy compounds in the oil, so it can be expected
that the higher the molecular mass of the oil, the higher the per-
centage of heavy matter in it. The results of this chart also show
that as the operating temperature of the oil passing through the
sand bed decreases, the amount of heavy hydrocarbon deposits in
the oil also increases. The reason for this is that as the operating
temperature decreases, the amount of thermal flux and, of course,
the amount of heat distribution in the oil decreases, and eventually
the percentage of heavy hydrocarbon deposition from oil will also
increase. The experimental results show the amount of heavy hy-
drocarbon precipitation in nano oil is 8% to 13.6% less than simple

oil.

The figure 4 shows the relationship between operating tem-
perature and crude oil density. In principle, in this section, the ef-
fect of temperature on the density of all three crude oil samples
has been investigated. What emerges from this chart is that with
increasing operating temperature, the density of all three crude
oil samples decreases. The reason for this could be to increase the
inter-molecular distance of oil and thus increase the volume of
oil. As we know, density is inversely proportional to volume, and
density increases with increasing volume. Therefore, as the oper-
ating temperature increases, the inter-molecular distance and, of
course, the inter-molecular volume increase, and as a result, the oil
density decreases. The results of practical studies show that light
crude oil has the lowest density, then medium crude oil, and finally
heavy crude oil with maximum density. The amount of density is
decreased with 50°C to 90°C. the range of densities for heavy, me-
dium and light oil is 0.904 to 0.856, 0.887 to 0.843 and 0.872 to
0.831 gr/cm?, respectively.

0.91
0.9 X,

0.89
!1\ \g\
.
0.88 ~
AN
RN
r:a\\

0.86 m

[H]

0.87

Density (gr/cm?)

0.85 ‘L

0.83 § —s—sample A —=—sample C sample B =

0.82 T 7 T T
0 20 40 60 80 100

temperature (°C)

Figure 4: Density values versus operating temperature, sample A,
B and C.
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Conclusion

In this study, several samples of crude oil containing nanopar-
ticles have been studied. However, light crude oil has been evalu-
ated more than other samples. Also, the density of three samples of
light, medium and heavy crude oil has been measured in the labora-
tory. The results presented in figure 1 show that light crude oil con-
taining nanoparticles can pass through the sandy bed more easily
than light heat exchanger after taking heat from nanoparticles. As
a result, its recycling rate is higher than oil without nanoparticles.
The laboratory results presented in figure 2 show that the percent-
age of precipitation of heavy hydrocarbons separated from crude
oil increases with increasing pump outlet pressure. Also, the data
obtained in these experiments show that with increasing operating
temperature, the percentage of deposition of heavy hydrocarbons
in oil decreases. According to figure 2, it can be concluded that the
nanoparticles distributed in crude oil have a significant effect on
reducing the hydrocarbons deposited by the oil. The reason for this
could be the distribution and cohesion of the thermal flux in the
oil molecular tissue in which the nanoparticles are dissolved. Fig-
ure 3 shows the relationship between oils with different molecular
weights and the percentage of precipitation of heavy hydrocarbons.
Experiments in this section show that the higher the molecular
mass of the oil, the higher the percentage of heavy hydrocarbons
separated from the oil. The reason for this is that the higher the
molecular mass of the oil, the more carbon-containing hydrocar-
bons there are. The longer carbon chain means a higher percentage
of the heavy compounds in the oil, so it can be expected that the
higher the molecular mass of the oil, the higher the percentage of
heavy matter in it. In addition, the results of this chart also show
that as the operating temperature of the oil passing through the
sand bed decreases, the amount of heavy hydrocarbon deposits in
the oil also increases. The reason for this is that as the operating
temperature decreases, the amount of thermal flux and, of course,
the amount of heat distribution in the oil decreases, and eventually
the percentage of heavy hydrocarbon deposition from oil will also
increase. The experimental results show the relationship between
operating temperature and crude oil density. In principle, in this
section, the effect of temperature on the density of all three crude
oil samples has been investigated. What emerges from this chart
is that with increasing operating temperature, the density of all
three crude oil samples decreases. The reason for this could be to
increase the inter-molecular distance of oil and thus increase the

volume of oil. As we know, density is inversely proportional to vol-
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ume, and density increases with increasing volume. Therefore, as
the operating temperature increases, the inter-molecular distance
and, of course, the inter-molecular volume increase, and as a result,
the oil density decreases. The results of practical studies show that
light crude oil has the lowest density, then medium crude oil and

finally heavy crude oil with maximum density.
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