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Abstract

An ultrasonic treatment was applied to the vacuum gas oil at intervals of 5 to 30 minutes, at 70°C. In this work, the improvement of
the important properties of Iragi vacuum gas oil, such as carbon residue, was studied with several parameter conditions that affect
vacuum efficiency, such as sonication time (5, 10, 15, 20, 25, and 30) min, power amplitude (10-50%). After ultrasonic treatment,
the carbon residue of vacuum gas oil was evaluated using a Conradson carbon residue meter (ASTM D189). The experiment revealed
that the oil's carbon residue had decreased by 16%. As a consequence of the experiment It was discovered that ultrasonic treatment
might reduce the carbon residual and density of oil samples being studied. It also noticed that the carbon residue reduced with
increased ultrasonic treatment duration and power. The mechanical mixing and cavitation brought about by ultrasonic processing led
to a number of modifications in the gas oil molecules. The properties of a typical molecular structure were altered on a microscale.
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1- Introduction

The oil industry is currently facing huge challenges as a
result of increased demand for gasoline and diesel fuel, as
well as stronger environmental regulations and the
commitment to achieve the related SDGs. Refiners are
now compelled to treat leftover oil as traditional
petroleum resources gradually diminish [1]. The usage of
leftover oil, however, results in additional severe issues,
such as catalyst deactivation caused by coke production.
The structural properties of vacuum gas oil must be
clarified in order to give the best processing conditions
for their efficient conversion. The blend of different
chemicals that make up gas oil is exceedingly complex
[2].

Therefore, ultrasonic treatment is seen to be a successful
method of transforming leftover oil to assist secondary
processing in oil refineries [3]. Additionally, it uses less
energy to amplify the effects of physicochemical
processing Ultrasonic treatment results in the thermal
scission of heavy oil bonds and the formation of hydrogen
atoms, which are used to upgrade heavy molecules [4].
Furthermore, the relationship between carbon residue and
volatile hydrocarbons, condensed aromatic hydrocarbons,
non-hydrocarbons in oils, and notably asphaltenes and
resins, reveals the proclivity for coke generation during
residual oil processing. Carbon residue, an important
control indicator for feedstock, can have an influence on
product distribution in catalytic cracking: the greater the
carbon residue, the higher the coke deposition and the
lower the liquid yields[5].

However , ultrasonic treatment can reduce asphaltene
and resin concentrations, lowering carbon residue [6].
This action has the potential to change the resin and
asphaltene content, structure, and performance of oil
processing, which are mostly composed of compounds
with condensed rings and heterocyclic structures in resins
and asphaltenes [7] . Resins and asphaltene include these
chemicals. To some extent, ultrasonic treatment can
increase the stability of the colloidal system of
asphaltenes [8]. Ultrasonic therapy's effects on vacuum
gas oil are being studied.

Ultrasound is a developing technology that can be
employed in oil production. At this point in the oil chain,
achieving a considerable reduction in viscosity is critical
since it will minimize costs and operational challenges in
pipeline transportation and refineries [9]. There are
encouraging laboratory results, but no industrial
application thus far, due in part to scaling issues and since
all research is exploratory, none hints to the systematic
development of the technology [10]. Among developing
technologies, ultrasound is utilized to induce the acoustic
cavitation phenomena. Acoustic cavitations allow for the
release of high energy within a liquid, which causes
catalytic chemical processes and changes in fluid
characteristics [11].

Ultrasound is a mechanical wave with pressure
oscillation, may flow through solid, liquid, and gaseous
media. Power ultrasound in particular may cause serious
sonic cavitation and transport large specific energy
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density into the medium, leading to high temperatures and
pressures as well as mechanical impacts (shock waves,
micro-jets, and shear force) [12]. The improvement of
cavitation bubbles is shown to be fundamental to these
effects. When the medium is subjected to ultrasonic
irradiation, a cycle of pressure expansion and
compression occurs. When negative pressure overcomes
the cohesive force between fluid particles, cavitation
bubbles appear as medium nuclei. Three different ways
for cavitation bubbles to form include: (1) a single bubble,
(2) a chain of bubbles, and (3) small bubbles that separate
from bigger bubbles [13].

When the acoustic intensity approaches the cavitation
threshold, which has a certain value, a phenomenon
known as acoustic cavitation can occur. As acoustic
cavitation often happens at low frequencies, raising the
frequency might result in a higher acoustic cavitation
threshold [14]. Viscosity, interfacial tension, and vapor
pressure are moderately active factors that have a
significant impact on the cavitation threshold. The
quantity of dissolved gas in the medium also has an
impact on the -cavitation threshold. The cavitation
threshold is significantly lowered as a result of fluid
microbubbles’ assistance in cavitation bubble generation
[15].

The carbon residues of petroleum and petroleum
products indicate the sample's proclivity to develop
carbonaceous deposits (thermal coke) under the effect of
heat. The carbon residue is typically proportional to the
crude's asphalt concentration and the amount of
recoverable lubricating oil  fraction. In  most
circumstances, the lower the carbon residual, the more
valuable the oil. The Ramsbottom (RCR) or Conradson
(CCR) ASTM test techniques represent this in terms of
weight percent carbon residue (D-524 and D-189) [16].

The aim of the research is to improve the quality of
vacuum gas oil achieved by ultrasound technology.
Improvement in the physical and chemical characteristics
of vacuum gas oil such as density and carbon residue by
using ultrasound technology by evaluate the optimum
parameters such as power, ultrasonic time, and
temperature in order to improve the properties of vacuum
gas oil.

2- Experimental work
2.1. Feedstock

Vacuum gas oil used in this study was obtained from
Al-Dora refinery. Some important properties of the
vacuum oil are shown in Table 1.

2.2. Experimental procedure by ultrasound device

In this series of studies, vacuum gas oil was treated with
an ultrasonic horn reactor at 70 °C and directly subjected
to ultrasonic waves for varied time intervals (5-30)
minutes at a frequency of (20) kHz and a total given
power input of (10-50) %. Following ultrasonic radiation,
the oil samples were cooled to a temperature of 25 °C.
The carbon residue of vacuum oil was tested using a the

Conradson carbon residue (ASTM D189) after all
programs were completed. And the equipment devices
used are as follows:

A. Sonicator

As indicated in Fig. 1, the first major instrument used in
these studies is a sonicator. It is a powerful ultrasonic
wave processor with configurable action and a numerical
display of operating parameters. The sonicator has a
frequency of more than 20 kHz and a maximum
amplitude of power ultrasound of (100-1200) watts;
temperature range: 30~90 °C. Table 2 show that Sonicator
specifications. Materials and Sonics, Inc. created and
manufactured the gadget (VX 1200, Newton, United
States).

Table 1. Properties of Vacuum Gas Oil

Properties Gas Oil
Density (g/cm3) 0.896
Viscosity at (40) °C 8.4 c.st
Sulfur (wt.%) 4.1
Carbon residue (wt.%) 125
Aromatic content (%) 42.0
API, specific gravity at (60/60 °F) 30.0
Pour point °C 425
Boiling range °C 299-538
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Fig. 1. Experimental Setup of the Ultrasound Reactor
System

Table 2. Sonicator Specifications
Technical specifications
1-power rating :

100-1200 watts

2- frequency : 20-80 kHz
3- programmable timer : 10 hours
4- adjustable pulse on/off : 1 second to 1 minute
5- voltage : 110v,50/60Hz

Adaptable off and On pulse times can be set up from 1
second to 60 seconds. Total program has a greatest setting
up to 10 hours. Different types of probes are available to
treat any application.

B. Magnetic stirrer

Hot plate magnetics stirrer with sensor for temperature
degree measurements and of maximum 1100rpm,
manufactured by PCE Americas Inc., USA.
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3- Results and Discussions

3.1. The effect of ultrasonic radiation temperature on
carbon residue content

The effect of ultrasonic radiation temperature on the
amount of carbon residue in a vacuum gas oil sample was
investigated by using 30% of ultrasonic power and a 20-
minute treatment time. The carbon residue content in the
vacuum residue decreased as the radiation temperature
climbed from 30 °C to 70 °C. When the temperature was
elevated to 70 °C, the carbon residue tended to level out.
The results showed that a radiation temperature of 70 °C
was adequate for ultrasonic radiation of vacuum gas oil.
Increasing the temperature can enhance carbon residue
while decreasing the cavitation threshold of vacuum gas
oil. A certain temperature is required to obtain the highest
cavitation effect. However, if the temperature is
excessively high, the steam pressure rises, reducing the
cavitation action. As a result, the optimum temperature is
70°C. Fig. 2 depicts the percentage variation of carbon
residue concentration in vacuum residue with increasing
ultrasonic radiation temperature at (30%) of power
amplitude.
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Fig. 2. Effect of Ultrasonic Radiation Temperature on
Carbon Residue at 20 min and 30% Power

3.2. The effect of ultrasonic radiation time on carbon
residue

Carbon residue is an important indicator of carbon
deposits from petroleum processing, which is mostly
obtained from chemicals found in resins, condensed ring
asphalt, and heterogeneous ring structures. The
experiment showed that, after ultrasonic processing and
increasing time, the changes in resin and asphaltene
content, as well as oil structure, will affect the carbon
residue content and oil processing performance. As seen
in Fig. 3 the carbon residue concentration decreased with
increasing radiation time. The decrease occurred
significantly at the beginning of ultrasound and became
stable after 20 min. Under experimental conditions, the
optimal time for carbon residue reduction was set at 20
min.
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Fig. 3. Effect of Ultrasonic Radiation Time on Carbon
Residue Content

3.3. The effect of ultrasonic radiation power on carbon
residue content

The carbon residue reduction effect of ultrasonic waves
on oil samples increases gradually and tends to be stable
with the increase in ultrasonic power. This is because of
the fact that the higher the ultrasonic power, the more
energy is transferred to the sample, and the cavitation
phenomenon is more intense, which makes the carbon
residue reduction effect of vacuum oil more significant.
When the ultrasonic power reaches a certain value, the
cavitation phenomenon tends to be saturated, making the
effect of the ultrasonic wave on reducing the carbon
residue of vacuum gas oil stable.

Fig. 4 depicts the change in carbon residue content after
increasing the ultrasonic radiation power to 30% for 20
minutes. The results indicated that as ultrasonic power
increased, the amount of carbon residue in the sample
decreased significantly. The best power for maximum
carbon residue reduction under experimental conditions
was determined to be 30% and remained stable after 30
minutes. Therefore, 20 minutes of radiation time and 30%
of power were determined to be the optimal ultrasonic
radiation processing parameters.
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Fig. 4. Effect of Ultrasonic Radiation Power on Carbon
Residue Content at 20 min
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3.4. The Influence of ultrasonic on the Properties of
vacuum gas oil

The influence of ultrasonography on vacuum oil
properties The experiment was carried out across a range
of time intervals (5-30 minutes) at 20 kHz and power (10-
50) to assess the effects of ultrasonic radiation on the
characteristics of vacuum gas oil such as (density, carbon
residue). The result showed when increase in time and
power the carbon residue value of the vacuum gas oil
reduces by 16 %, from 12.5% to 10.5%. and the radiation
temperature of 70 °C was adequate for ultrasonic
radiation of vacuum gas oil and the density of the vacuum
gas oil also decreased from 0.8984 to 0.8919 g/cm3. This
finding demonstrated the effectiveness of ultrasound in
reducing density and carbon residue levels. The properties
of vacuum gas oil before and after ultrasound radiation is
seenin Table 3.

Table 3. Properties of Vacuum Gas oil before and after
Ultrasound Radiation

Before the After the ultrasonic
Item X i o
ultrasonic radiation radiation
Density (40°C). g/cm® 0.8984 0.8919
Carbon residue, % 12.5 10.5

4- Conclusions

Ultrasound treatment can be used to improve the
properties of lIragi vacuum gas oil to reduce carbon
residue as a crucial step in decarbonizing local oil
industries to contribute in achieving SDG 13, knowing
that it has been proven through tests that there is a drop in
carbon residue percentage of 16%.

Through experiments, the results have proven that
carbon residue decreases from 12.5 to 10.5 % with an
increase in time, and the optimal time has been 20
minutes. Therefore, carbon residue also decreased with an
increase in power, and the optimal power for greatest
carbon residue reduction was estimated to be 50%. The
process satisfies the carbon residue reduction of vacuum
gas oil at ambient pressure without the use of a costly or
toxic catalyst. It is considered a useful method for oil
refineries as it's a safe, inexpensive, economical, and
successful method that can be used directly without the
use of equipment.
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