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Introduction

Heavy oil sections have several hydrocarbon chains
and rings, which due to the high resin and asphaltene
compositions, they have two main differences with
light sections: a) high viscosity and density b) high
sulfur and nitrogen. The high percentage of sulfur
causes corrosion in transmission lines and deactivation
of conventional catalysts in upgrading processes. The
purpose of upgrading of heavy oil cuts is to reduce
the viscosity and sulfur content of these cuts, which
it is ultimately done by increasing the H/C ratio.
The industrial methods in upgrading of heavy oil
cuts are (1) cracking, (2) catalytic conversion and
(3) hydrogen treatment. These methods require high
operating conditions (high temperature and pressure)
and due to the presence of nitrogen and sulfur in the
feed, the catalysts of the upgrade process are quickly
deactivated [1,2]. Ionic liquids, due to their catalytic
properties, break down asphaltene and resin molecules,
and thereby, the quality of heavy oil cuts is improved.
The advantages of this method over other methods of
upgrading are as follows: (1) low operating conditions
and (2) no negative effect of sulfur compounds and
heavy metals on the catalytic role of ionic liquids
[3,4]. In this study, the capability of conversion of the
heavy oil cuts into light oil cuts via an IL(JOMIM]
[CI]) and two modified ILs, which have been modified
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with iron and aluminum salts, has been investigated.
Moreover, the viscosity, asphaltic percentage and
sulfur content were analyzed for characterization of
the physicochemical properties of the heavy oil cuts.
Furthermore, the influences of several parameters such
as (1) the type of heavy oil cuts, (2) the temperature of
reaction, (3) the residence time and (4) the percentage
of utilization of modified ILs on upgrading of heavy
oil cuts were evaluated by Minitab software.

Materials and Methods

In this study, the ability to convert heavy oil cuts to light
oil cuts using one type of ionic liquid (imidazolium)
purchased ([OMIM] [CI]) and two types of modified
ionic liquids by salts of iron metals and aluminum has
been investigated. Moreover, viscosity, asphaltene
and sulfur content were analyzed to investigate the
physical and chemical properties of heavy oil sections.
Also, in this study, the effects of four parameters of
(1) temperature, (2) retention time, (3) percentage of
ionic liquid and (4) the type of sample on the quality
of heavy oil cuts were evaluated by Minitab software.
Among the parameters that affecting the reaction,
three main parameters of (1) temperature, (2) retention
time and (3) percentage of ionic liquid were selected.
Furthermore, the two heavy oil cuts were used in the



experiments, and they were also considered as
qualitative variables. As shown in Table 1, experiments
were designed for selected variables in two levels, by
Minitab software using full factorial method.

Tablel List of parameters and limits.

Parameter Unit | Amount Number
Temperature °C [60,80and 100 |3
Time remained h 24,48 2
The amount of IL wt.% | 2,5 2
Sample of oil cutting Samples land 2 |2

Using [OMIM] [C]]
The first series of experiments was performed on
sample 1 with ionic liquid [OMIM] [CI]] at a constant

temperature of 80 °C. The results are shown in Table 2.
Table 2 Effect of ionic liquid [OMIM] [CI] on sample 1.
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Use of modified ionic liquid [OMIM] [FeCl,]

This series of experiments was performed on two
samples 1 and 2, and according to the design of the
experiment performed by Minitab software, the results
were analyzed by the same software. These results are
presented in Figure 1.

Modified ionic fluid [OMIM] [FeCl,] could have a
desirable effect on upgrading of heavy cuts, depending
on the values of other wvariables (temperature,
percentage of IL, retention time and type of oil cut).
The absolute value of the slope of the lines drawn in the
four parts indicates the effectiveness of that parameter
in the upgrade process. The effect of the percentage
of ionic substance added to the reaction was evaluated
more than other variables.

Sample | Time (h) | Added IL (%) | Temperature {C) | Asphalt reduction (%)

Reduction of sulfur

Viscosity reduction' (%)
content (%)

Fuel oil | 24 2 80 10.4 2.88 0.7
Fuel oil |24 5 80 10.36 2.77 0.2
Fuel oil | 48 2 80 10.43 2.86 -0.9
Fuel oil | 48 5 80 10.38 2.76 -2.1

1. Viscosity Reduction Ratio = *100
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Fig. 1 Results from the [OMIM] [FeCl,] reaction and heavy
oil cuts (Also, the unit of temperature in this figure is °C).
Use of modified ionic liquid [OMIM] [AICL,]
The process of the results obtained in this section is
similar to the process of the results obtained from the
experiments when [OMIM] [FeCl,] is used, the results
are presented in Figure 2. The percentage of modified
IL is the most effective parameter, and the residence
time has the least effect on the quality improvement of
heavy oil cuts in the studied intervals.
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Fig. 2 Results of the [OMIM] [AICL] reaction and heavy
oil cuts.

Based on the results, the presence of Fe and Al metals
in the structure of modified ILs [OMIM] [FeCl,] and
[OMIM] [AICL,] significantly increased the ability
of these liquids for upgrading heavy oil cuts, which
led to reduced viscosity, and thereby, the amount of
pollutants containing sulfur and nitrogen in heavy oil
fields was reduced. Among the studied parameters,
only the percentage of IL used, was identified as the
most effective parameter. Furthermore, under the same
operating conditions, modified IL with aluminum
metal salt [AICL] showed better performance than
[FeCl,] in upgrading of heavy oil cuts. The reasons for
this relative superiority in better performance can be
attributed to the high acidity of AICI, in comparison
with FeCl, as well as the proximity of the bonded
energy level of Al to the sulfur atom.

Conclusions

According to this study which has been carried out, it is
concluded that the modified ILs [OMIM] [FeCl,] and
[OMIM] [AICL,] were able to reduce at best 74.44 and
80.41% of the heavy oil shear viscosity, respectively.
The sulfur content of heavy oil cut decreased from
2.9% to 1.43% and 0.95%, respectively, and the
asphaltene of the sample decreased by 57.01% and
68.46%, respectively. In conclusion, in this study, it
is illustrated that the modified ILs can be considered
to be a suitable approach for upgrading the quality of
heavy oil cuts at moderate condition.
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