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A B S T R A C T

This study examined the effects of microwave on Sarvak heavy crude oil sample from a reservoir in southwest
Iran in a Fischer assay and heated by microwave for 2 min time steps until 14min total heating time had elapsed.
Unlike conventional heating, which caused light carbonic components to escape and raised C20+ components in
oil samples, the value of light carbonic components increased under microwave heating. These materials cannot
escape the oil sample in microwave heating because the cracked components approach a superheated state, and
in this study a large portion of them remained. The sulfur content of heavy oil in microwave heating tends to
decrease over time, approaching 16% at 14min; in contrast, in conventional heating it remains constant. Sulfur
is removed from the oil sample as H2S and SO2, predominantly in a gas state, but also as condensate, in in-
creasing amounts over time. Sulfur removal from the heavy crude oil sample is highly important in the up-
grading process because of having its high coefficient of microwave absorption. Saturation, Aromatic, Resin and
Asphaltene (SARA) components analysis shows changes in the resin and asphaltene components. The amount of
asphaltene components begins to decline starting early in the heating process, and approaches its lowest amount
at 8min (26% reduction). Reduction of resin components in microwave heating begins at 10min and reaches
61% at 14min. According to Fourier transform infrared (FTIR) spectra results, microwave irradiation caused
cracking of large-chain molecules and drove light components from heavy crude sample. These two phenomena
are a function of radiation time. The rate of cracking of heavy components was continuously greater than the
rate of light components leaving the sample at early time intervals; ultimately, this resulted in an upgraded
heavy oil.

1. Introduction

In principle, viscosity lowering is possible by using natural gas, CO2,
and agents either soluble in or miscible with the oil [1]. While none of
these methods is particularly effective, heat application is the most
effective of them for lowering viscosity in most heavy-oil reservoirs.
Hot-fluid injection, in-situ combustion, steam and thermal stimulation
are well known conventional methods of enhanced oil recovery [2,3].
In these techniques, heat or steam is injected into the hydrocarbon
reservoirs, which decreases oil viscosity that will lead to increase pro-
duction rate. These techniques usually do not have considerable impact
on ultra-heavy-oil reservoirs and deep wells producing from very thick
and thin pay zones, due to excessive heat loss to the overburden. For
such conditions, heat loss can be minimized by microwave heating [4],
which is a novel and progressing method for production from heavy-oil

reservoirs. Microwaves are electromagnetic waves with a frequency
range of 300MHz–300 GHz, corresponding to wavelengths of
1mm–1m. Current estimates indicate that microwave technology in
various industries can result in considerable savings in energy con-
sumption and processing time. Moreover, microwaves create a uniform
and homogeneous heating in substances. Microwaves effect some ma-
terials profoundly and others weakly [5,6]. Energy absorption varies
depending on microwave frequency and power, sample composition
and dielectric properties, and temperature. The dielectric properties of
a substance and the result of applying electromagnetic waves on that
substance can be studied. To optimize electromagnetic heating, these
properties should be examined, as they have different values at dif-
ferent frequencies of electromagnetic waves. This interaction can be
used to selectively heat specific sites in a sample [7,8]. In selective
heating, only a selected volume of the target material is exposed to
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microwave radiation.
One of the advantages of the microwave radiation process is to re-

duce the fluid’s viscosity and increase its mobility. Another advantage
of the microwave method, compared with other thermal methods, is the
possibility of direct application in the formation to increase the tem-
perature and reduce the viscosity of heavy oil (Fig. 1). Moreover, an-
other benefit of the electromagnetic method is that the loss of tem-
perature in this method is much lower than the rest of the conventional
methods, including steam injection and in-situ combustion. In the
electromagnetic radiation method, the heavy oil in the reservoir starts
to warm up and increase in temperature and will not receive heat from

any source, thus the possibility of temperature loss to other layers will
be reduced. Carrizales et al., sought to increase production from a
heavy oil reservoir by applying an antenna near an oil formation [9].
According to the results, the temperature increase during microwave
radiation when the reservoir flow is radial is less than when the flow is
linear. Whatever the amount of oil produced increases, the higher
amount of heat leaves the system which is generated by the electro-
magnetic waves, and consequently, the temperature of the reservoir
decreases. The temperature distribution in the reservoir is carried out
by microwaves in two ways: 1. creation of temperature as a point in
each part. 2. transfer of temperature to other points due to thermal

Fig. 1. Schematic of microwave device placement in the well to produce from reservoir [11].
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