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Introduction

High viscosity and asphaltene content of heavy crude
oils can affect the transportation and refining process.
Past studies have shown that the viscosity of the
crude oil depends on the concentration and chemical
structure of the asphaltene which is the most polar and
heaviest component [1]. High viscosity and low API
index of heavy oils resulted in high asphaltene content
and low relative contribution of components with
low molecular weight [2]. Many studies have been
conducted to improve the quality of heavy crude oil
and bitumen using ultrasonic waves [3-5]. The results
of these studies show that the ultrasonic irradiation
causes the structure of asphaltene to be crushed and
destroyed, and the important point is that over time, this
structural change is irreversible and the phenomenon
of asphaltene aggregation does not occur [6]. One
of the applications of nanomaterials that has been
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studied by researchers is to upgrade heavy crude oil by
reducing the asphaltene content and viscosity. Studies
have shown that nanoparticles (due to the asphaltene
content of crude oil) prevent the asphaltene deposition
at the same time by preventing asphaltene flocculation
and precipitation. These particles can suspend the
asphaltene in the oil and prevent it from precipitating,
and they can also remove asphaltene deposits due to
their thermal catalytic role [7, 8]. The main goal of this
study is to combine the ultrasonic waves at different
frequencies with magnetic nanoparticles in a constant
magnetic field to reduce the asphaltene content and
viscosity of heavy crude oil. In addition, determining
the optimum conditions is also investigated.

Materials and Methods

Experimental set up used in this study is shown in
Figure 1.
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Fig. 1 Schematic veiw of experimental set up.
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The ultrasonic device with a constant frequency of 25
kHz and a variable power of 0-1200 W was employed
in the laboratory. Five piezoelectric transducers with
a power of 19 W was used to generate ultrasonic
waves with a constant frequency of 1.7 MHz. A fixed
magnetic field with a magnetic flux density of 0.05 T
was used to hold magnetic nanoparticles suspended
in the set up. Normal heptane, toluene, methanol and
trichloroethylene were provided from Merck Co. all in
analytical grade. The oil studied in this study is heavy
crude oil of one of the southwest fields in Iran with API
index of 13.11. Commercial magnetic nanoparticley-
Fe O, (meghemite) and Co,0, was utilized in the
experiments at average particle size of 20-40 and 50 nm,
specific surface area of 40-60 and 75/8 m?/g and a purity
of + 98% respectively. Four groups of experiments
were performed. In general, these experiments included
irradiation of ultrasonic waves at single-frequency
mode, dual-frequency mode, temperature optimization,
and the combined effects of the ultrasonic waves and
magnetic nanoparticles in a constant magnetic field on
the asphaltene content and viscosity of heavy oil.

Results and Discussion
Influence of Ultrasonic Wave's Irradiation with
Different Frequency and Temperature

The results demonstrated that, the ultrasonic
irradiation at an optimum time of 10 min and a constant
temperature of 20 °C with a frequency of 25 kHz and
a power of 840 W decreased the asphaltene content
and kinematic viscosity of the heavy oil from 13.52%
and 87.2 ¢St to 7.6% and 65.7cSt. In addition, in the
dual-frequency mode of 25 kHz and 1.7 MHz and the
optimum layout of piezoelectric transducers, these
two parameters reduced to 7.337 and 62.9 cSt. The
effect of the bottom piezoelectric transducers placed
under the ultrasonic probe at a frequency of 25 kHz
was neutralized. The optimum irradiation time of the
ultrasonic waves and temperature were determined at
10 min and 50 °C, respectively.

Influence of Nanoparticles

The results are shown in Figs. 2 and 3. It can be found
that with the addition of 0.4 wt.% of y-Fe,O, magnetic
nanoparticles, the greatest reduction in the kinematic
viscosity and the crude oil asphaltene content was
observed, so that the kinematic viscosity reduced from
13.1 to 7.1 ¢St and the asphaltene content reduced
from 7.02 to 5.01 wt.%. It should be noted that in
the absence of magnetic field, both nanoparticles
had almost same performance in the reduction of the
kinematic viscosity an asphaltene content of the heavy
crude oil. The optimum concentration for nanoparticles
was set at 0.4 wt% for both nanoparticles.
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Fig. 3 Effect of Different concentration nanoparticles on
the asphaltene content of the heavy crude oil at optimum
condition (10 min of irradiation, 50 °C).

Conclusions

In this paper, the effects of ultrasonic waves at
different frequencies and different nanoparticles on the
kinematic viscosity and crude oil’s asphaltene content
were studied. The result indicated that, combination
of ultrasonic radiation in dual-frequency mode (low
and high) with y-Fe,O, magnetic nanoparticle at
optimum conditions could significantly reduce the
viscosity and asphaltene content. As an important
result, the ultrasonic waves not only decreased the
kinematic viscosity and asphaltene content but acted
as a stabilizer and prevented the deposition of the
nanoparticles.
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