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Abstract

The measurement and prediction of density is required for accurate assessment of the
production rate of oil. In the present study, the impact of synergetic parameters (pressure,
temperature, and fluid composition) on the density of asphaltenic synthetic oils and
crude oil is investigated. Furthermore, within the range of operating condition for 546
experimental data of asphaltenic synthetic oils, a correlation is proposed for synthetic oil
including toluene, normal heptane and asphaltene extracted from various crude oils. The
comparison between the experimental data and the predicted densities showed that the
proposed model accurately predicted the experimental data with correlation coefficients
(R?) of more than 0.97. The results also confirmed that the propensity of densities by
changing various parameters are as follows. At a given temperature as pressure increases,
density increased for crude and synthetic oils. Furthermore, for both types of attempted
oils, at different pressures, an increase in temperature caused the reduction of the density.
The impact of temperature was dominant in the range of 50 to 80 °C. In addition, for
asphaltenic synthetic oils, an increase in the concentration of asphaltene in the synthetic
oils, especially from 5 to 10 wt. %, resulted in a significant increase in the oil density.
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Introduction

Density is one of the main properties of oil from
reservoir conditions to downstream processes
[1]. For instance, interfacial tension (IFT) be-
tween fluids depends on different factors such
as fluids composition and so does the oil density
[2]. So far, many studies have been conducted to
predict the density of oil and its derivatives with
different methods [3-7]. In this study, the density
of different synthetic and crude oils are predicted
under different operating conditions. In addition,
a comprehensive empirical correlation is pro-

posed for measuring the synthetic oils density.

Methodology

The investigated asphaltene was extracted from
one of the oil fields in southern Iran (with a
molecular weight of 174.8) and its compositions
are provided in Table 1.
The extraction of asphaltene from the
investigated crude oil was closely followed by
the ASTM (D80-2007) procedure. In doing so,
n-heptane was firstly added to the crude oil by
a ratio of 40 to 1 before shaking the mixture for
two days and every day for 4 hours by magnetic
stirrer. After making the mixture of crude oil and
n-heptane homogeneous, then the precipitated
asphaltene was separated from the mixture

using a filter paper. To obtain a purer sample,
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asphaltene was again dissolved in toluene, then
was precipitated again by n-heptane with reflux
action in a Soxhlet extractor. This process was
repeated to the point that the solution in the
Soxhelt tank became clear.

Synthetic oil solutions used in this study were
prepared in two steps. In the first step, the
synthetic solution containing 60% toluene and
40% n-heptane. Next synthetic oil compositions
with 10 vol% increase to toluene concentration
(10 vol% reduction of heptane normal) prepared
and this process continues to 100 volumes of
toluene (0% volume of toluene). In the second
step, 5,2.5,1 and 10 wt% asphaltene was added
to the first solution (containing toluene and
n-heptane). Asphaltene dissolution in the oil
solution was accomplished by using a magnet
stirrer (at rotation per minute (rpm) of 600 for
5 hour) and shaker (at a speed of 150 rpm for
24 hours). The density of synthetic solutions and
crude oil at desired temperature and pressure
was measured by using a density meter (DMA
HPM Anton-Paar).

Results and Discussion

Figure 1 shows the trend of crude and
synthetic oils density at different pressures and

temperatures.

Table 1. Composition of crude oil from which asphaltene was extracted.

Compo-
nent 2 2 1 2 3

nC C C C C C C C.t

Mole

0.293 | 0.902 | 18.46 | 5.707 | 4.159 | 0.74 | 2.326
Percent

1.402 | 1.811 | 3.189 | 3.393 | 4.027 | 4.196 | 3.701 | 2.453 | 43.241
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Figure 1: Density of the crude oil and synthetic oil solution (T60- As. 5 wt%) at the different pressures and temperatures

1. At a constant pressure, the crude oil density is
more than the synthetic oil. This trend was visible
for all attempted pressures. It referred to the
difference in components of the both types of
oil. The synthetic oil contains toluene, n-heptane
and some asphaltene, while crude oil contains
various components that cause to be heavier. In
addition, increase in temperature at a constant
pressure, caused density reduction for both the
oil types. These changes are related to increasing
the fluid volume by increase in temperature. The
reason can be attributed to the phase change of
the volatile compounds from the liquid phase to
the gas by increasing the temperature. Therefore,
the volume and the density of the fluid increases
and decreases respectively.

Within the range of operating condition for 546
experimental data of asphaltenic synthetic oils, a
correlation is proposed for synthetic oil including
toluene, normal heptane and asphaltene
extracted from various crude oils by Design
Export (V.7) software. The correlation showed in
Equation 1.

Density (Synthetic oil) g/cc = 0.0017) + 0.7069x
X toluene) + (0.0031 x W asphaltene) + (0.0001x
Pressure (Bar)) — (0.0009 x Temperature (°C)) (1)

The comparison between the experimental data

and the predicted densities showed that the
proposed correlation accurately predicted the
experimental data with correlation coefficients
(R?) of more than 0.97.

Figure 2 shows the effect of increasing the
pressure on the density of asphaltenic synthetic
oil (for solutions with 60% vol. toluene as a
model) with 5 wt% of asphaltene in a constant
temperature. Furthermore, the comparison
between these two dates in the figure has been
observed.

An increase in pressure caused the trend of
measured density of synthetic oil for both of
experimental and predicted ones to increase. In
addition, due to that for the synthetic oil solution,
the density and the concentration of toluene is
more than n-heptane, Therefore, more toluene
concentration cause increase in synthetic oil
density.

Based on Figure 3, the synthetic oil density
reduces by increasing the temperature. It
is necessary to emphasize that the trend of
these changes is completely similar for the
synthetic oil compositions and a constant
pressure range which it indicated the overall
effect of increasing the temperature on

density.
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Figure 2: Density difference between experimental and correlation dates for various synthetic oil solutions
with 5wt% asphaltene at different pressures and temperature of 50°C
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Figure 3: Effect of temperature on density measured of experimental and correlation methods for the synthetic
oil solutions (T-60As. 5 wt%) at different pressures

2. In Figure 4, the effect of asphaltene  synthetic oil containing 60 vol% of toluene
concentration on the density is evaluated and n-heptane 40 vol% with different weight
for the chosen pressures (10,70,130 bar) for  fraction 5,1 ,0 and %10 asphaltene.
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Figure 4: Effect of asphaltene concentration on density measured of experimental and correlation
methods for the synthetic oil solutions containing 60 vol% toluene at different pressures and tem-
perature of 50°C
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Based on Figure 3, the synthetic oil density re-
duces by increasing the temperature. It is nec-
essary to emphasize that the trend of these
changes is completely similar for the synthetic
oil compositions and a constant pressure range
which it indicated the overall effect of increasing
the temperature on density.

2. In Figure 4, the effect of asphaltene concen-
tration on the density is evaluated for the cho-
sen pressures (10,70,130 bar) for synthetic oil
containing 60 vol% of toluene and n-heptane 40
vol% with different weight fraction 0, 1, 5 and 10
% asphaltene.

Density changes are more pronounced for as-
phaltenic synthetic oils by increasing asphaltene
concentration. By the way, the changes in density
of synthetic oil is more important compared to
those without asphaltene to 5 wt% asphaltene.
Nevertheless, by increasing the asphaltene con-
centration from 5 to 10 wt%, a decreasing trend

observed in correlation data.

Conclusions

The comparison between the experimental and
predicted densities indicated that the proposed
model successfully predicted the experimental
data with correlation coefficients (R?) of more
than 0.97. In addition, for both types of oils, at
different pressures, the increase in temperature
caused density to reduce. The reduction was
more pronounced by changing the temperature
from 50 to °80C. In addition, for asphaltenic
synthetic oil, the increase in the concentration of
asphaltene, especially from 5 to 10 wt%, resulted
in a significant increase in the density of oil. The
results also confirmed that the trend densities by
changing the various parameters are as follows:

at a constant temperature as pressure increases,

the densities would increase substantially for

both types of crude and synthetic oils.

References

[1]. Zick A. A., “A combined condensing/vaporizing
mechanism in the displacement of oil by enriched
gases,” Paper SPE 15493 presented atthe 1986 SPE
61st Annual Technical Conference and Exhibition,
NewOrleans, LA, October 5-8, 1986.

[2]. Density Measuring Cell for High Pressure and
High Temperatures (DMA HPM operating manual)
Anton Paar, Austria, 2005.

[3]. MaCcain W. D., “The properties of petroleum
fluids,” 2™ ed., Penn Well Publishing Company,
TN870.5.M386, 1989.

[4]. Akbarzadeh K., Ayatollahi Sh., Nasrifar Kh.,
Yarranton H. W. and Moshfeghian M., “Prediction
of the densities of western Canadian heavy oils and
their SARA fractions from the cubic equation of state,”
Iranian J. of Science & Technology, Vol. 28, pp. 695-
699, 2004.

[5]. Nasrifar Kh., Ayatollahi Sh. and Moshfeghian
M., “A compressed liquid density correlation,” Fluid
Phase Equilibria, Vol. 168, pp.149-163, 2000.

[6]. Salgado C. M., Brandéo L. E. B., Conti C. C. and
Salgado W. L., “Density prediction for petroleum and
derivatives by gamma-ray attenuation and artificial
neural networks,” Applied Radiation and Isotopes,
Vol. 116, pp.143-149, 2016.

[7]. Alomair O., Jumaa M., Alkoriem A. and Hamed
M., “Heavy oil viscosity and density prediction at
normal and elevated Temperatures,” Petrol. Explor.

Prod. Technol., Vol. 6, pp. 253-263, 2016.



