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Introduction

These days, oil-based fuels have remarkable roles in
providing energy, economic and industrial activities.
Increasing consumption of petroleum products
and their importance attract many of researchers
and cause them study on different aspects of oil
productions such as drilling process, extractions,
enhanced oil recovery (EOR) and reduction of any
operational barriers in oil industries. One of the
common problems in oil industries is coagulation and
precipitation of asphaltenes in different sections of oil
processing such as extraction, pipe lines, separation
units etc. Precipitating asphaltene content and then
eliminating the precipitates from the oil phase is one
of the methods to overcome the problems raised by
asphaltene. Normal alkanes are a group of additives
that asphaltenes are insoluble in, so they can be used
as precipitating agents for asphaltene. Fan et al in
2010 investigated the effect of oil aromaticity, time,
asphaltene concentration and non-ionic surface active
additives on stability of water in oil emulsions and
their interfacial layer properties [1]. Rogel et al in
2017 studied on asphaltene precipitates in Venezuelan
and Canadian heavy crude oils in presence of benzoyl
peroxide (BP), Fe O, and NiO nanoparticles [2]. They
claimed that BP is the most effective additives among
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these. Campen et al in 2018 worked on the influence of
the mixture oftoluene and normal heptane on asphaltene
precipitation [3]. They declared that by increasing
heptane/toluene ratio, asphaltene coagulation gets
faster and the produced flocs are bigger in size.
Kuang et al in2018 designed a packed bed column
to study on different factors that can influence the
asphaltene precipitation such as temperature, pressure,
precipitating agent, etc. [4]. The results showed that
by increasing the concentration of the precipitant, the
onset of asphaltene deposition delays, but the amount
of precipitations increases linearly. Casas et al in 2019
studied the rate of asphaltene flocculation in presence
of normal heptane and normal pentane. They stated
that by increasing normal alkanes concentrations up to
75%, the asphaltene settling rate increases remarkably

[5].

Materials and Methods

In order to study the effect of normal heptane on the
two oil types that previously mentioned, different
samples based on oil types 23 and 71 with different
concentrations of normal heptane have been prepared
as presented in Tables | and 2.
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Table 1 Samples based on oil type 23.

Oil Samples 23-00 23-25 23-50 23-75

Vol% of oil type 23 100 75 50 25

Vol% of n-heptane 0 25 50 75
Table 2 Samples based on oil type 71.

Oil Samples 71-00 71-25 71-50 71-75

Vol% of oil type 71 100 75 50 25

Vol% of n-heptane 0 25 50 75

For investigating the rheological behavior of the samples,
viscosity and frequency tests have been carried out by
Anton Paar MCR 302 Rheometer in central laboratory
of Shiraz University for all 8 samples, and the results are
discussed in the following section.

Results and Discussion

The results of viscosity tests for samples based on
oil type 23 and 71 are presented in Figures | and 2,
respectively. Ignoring the fluctuations of the beginning
of the curves, the viscosity decreases significantly in
presence of n-heptane. This decreasing owes to the oil
phase asphaltene content.
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Fig. 1 The effect of different concentrations of n-heptane on

oil type 23.
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Fig. 2 The effect of different concentrations of n-heptane on
oil type 71.
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Since, asphaltene is insoluble in n-alkanes, existence of
n-heptane in the system causes asphaltene particles to
get together and coagulate. Afterwards, the asphaltene
coagulations precipitate due to gravity as solid phase,
and this way, asphaltene particles leave the liquid phase.

As a result, the residual oil has lower viscosity and
better performance.

As previously mentioned, asphaltene causes serious
problems in oil industries, thus, elimination of
asphaltene, on one hand reduces the operational
problems and on the other hand, by lowering the
viscosity, the oil movement and its transportations
gets ecasier. Comparing the viscosity in different
concentrations of n-heptane indicated that higher
concentration of n-heptane results in more viscosity
reduction. It can be concluded that adding n-heptane to
oil types 23 and 71 of Mansouri Oil Reservoir causes
significant reduction of viscosity and shows desirable
effect on oil samples performance.

For more investigation on viscoelastic behavior of oil
type 23 and 71, the frequency tests have been applied.
The loss factors vs. angular frequency at different
concentrations of n-heptane for the both types of oils
are presented in Figures 3 and 4. The loss factor is a
way of evaluating the viscoelastic behavior. At low loss
factors, the larger portion of the viscoelastic behavior
belongs to the clastic one, and the fluid is therefore
solid-like. On the other hand, high loss factors show
that the viscous behavior has greater portion, and the
fluid has liquid-like behavior. It is obvious that viscous
fluids that show more liquid-like behavior would be
more favorable in oil industries. Sudden changes in
Figures 3 and 4 are the results of phase transition. By
transferring from low loss factors to high ones, the
phase behavior changes from solid-like to liquid-like
and vice versa.
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Fig. 3 The loss factor vs. angular frequency at different con-
centrations of n-heptane for oil type 23.
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Fig. 4 The loss factor vs. angular frequency at different
concentrations of n-heptane for oil type 71.

As mentioned earlier, the suitable condition is the
one in which the loss factor is high and the fluid
has liquid-like behavior. Comparing the results of
viscosity and frequency tests show that although
higher concentration of n-heptane results in higher
elimination of asphaltene, it doesn’t show exact
result on loss factor, so finding the optimum criteria
for frequency and n-heptane concentration would
be necessary. According to the viscosity results, it is
obvious that the best samples are 23-75 and 71-75
which have 75 vol% n-heptane and show maximum
viscosity reduction. On the other hand, the frequency
results show that samples 23-75 and 71-75 have their
best performance at frequencies above 33.6 rad.s-1
and 23.4 rad.s-1, respectively, and only in this range
they have liquid-like behavior. Therefore, the optimum
condition for both oil samples is to have 75 vol%
n-heptane and be operated at high frequencies.

Conclusions

Asphaltene not only increases viscosity of oil samples
of Mansouri oil reservoir and its transportation cost,
but it also leads to several problems in oil industry.
Therefore, in the present study the effect of frequency
and addition of different amounts of n-heptane on
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rheology behavior of two oil samples is investigated
and optimum operation conditions are determined.
The results of these experiments show that the best
condition for oil sample of 23 is frequency of higher
than 33.6 rad.s-1 and 75% volume concentration of
n-heptane. In this condition, the oil sample shows
liquid-like behavior and its viscosity decreases more
than 97% respect to the base case. Furthermore, the
best condition for the oil sample of 71 is frequency of
higher than 23.4 rad.s-1 and addition of 75% volume
concentration of n-heptane. In this condition, the oil
sample of 71 shows a liquid-like behavior, and its
viscosity decreases more than 96% in comparison with
the base case.
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