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1. X-Ray Diffraction (XRD)

2. Raman Spectroscopy

3. Nuclear Magnetic Resonance (NMR)

4. Fourier-Transform Infrared Spectroscopy (FTIR)

5. Energy-Dispersive X-Ray Spectroscopy (EDX)

6. X-ray Fluorescence Spectrometry (XRF)

7. Atomic Absorption Spectroscopy (AAS)

8. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
9. Laser-induced Breakdown Spectroscopy (LIBS)
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1. X-ray Absorption Fine Structure (XAFS)
2. Synchrotron Radiation X-Ray Fluorescence Spectrometry
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Introduction

The deposition of heavy hydrocarbon materials such as
asphaltene and waxes presents a significant challenge
in the oil industry during oil well exploitation. The
term "asphaltene" was first coined by Jean Baptiste
Boussigault in 1837 in eastern France, where he
referred to constituents like bitumen (asphalt) as
"asphaltene" [1]. Asphaltenes are the solid particles
with the largest and most aromatic molecules in the
oil structure. They are dispersed and possess negative
electrical properties due to resins and other aromatic
groups in oil [2]. Asphaltenes in crude oil are complex
hydrocarbons known as NSO, characterized by their
high molecular weight polyaromatic structure. They
are soluble in aromatic compounds, such as toluene
and benzene, but insoluble in linear alkanes, such as
normal pentane and normal heptane [3, 4].
Asphaltene deposits in oil wells settle owing to
variations in temperature, pressure, and other reservoir
conditions in production wells. This can result in the
complete obstruction of the production zone. Various
techniques have been employed to determine the
elemental and molecular composition of asphaltene
and analyze its structure. These methods include
X-ray diffraction patterns [5], Raman spectroscopy
[6], nuclear magnetic resonance spectroscopy |[7],
infrared spectroscopy [8], energy dispersive X-ray
spectroscopy [9], X-ray fluorescence spectroscopy
[10], atomic absorption spectroscopy [ 1 1], inductively
coupled plasma mass spectrometry [12], and laser-
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induced breakdown spectroscopy [13].

The purpose of this article is to identify the elements
and detect the presence of metals and rare elements in
asphaltene samples from oil fields in southwestern Iran.
This can be achieved using laser-induced breakdown
and energy-dispersive X-ray spectroscopy.

Experimental and Methods
Samples Preparation

Four asphaltene deposit samples (D, E, F, and K) were
collected from distinct oil wells in southwestern Iran:
Ahvaz, Ramshir, Regsefid, and Kopal. Subsequently,
these samples were transformed into consistent and
purified powder or tablet forms with dimensions of 1
cm in diameter and 1 mm in thickness, using a tablet
maker. This conversion was performed to facilitate
energy dispersive spectroscopy (EDX) and laser-
induced scattering spectroscopy (LIBS) experiments
in the laboratory.

Energy Dispersive X-ray Spectroscopy (EDX) Analysis
Method

Energy-dispersive spectroscopy (EDX) is an analytical
technique used to investigate the structure and chemical
properties of a given sample. By integrating the EDX
system with an electron microscope, it is feasible
to identify and detect various elements and phases
present within the sample. In this method, the primary
electron beam interacts with the specimen, resulting



in the ejection of bound electrons from the innermost
atomic layer. Consequently, the outer-layer electrons
undergo a shift towards the inner layers, leading to
the emission of radiation. The emitted X-rays were
then detected by the EDX system and manifested as
peaks on the detector, correlating with an increase
in the atomic number. In the present investigation,
energy-dispersive X-ray spectroscopy was employed
in conjunction with the FESEM device, specifically
the MIRA III model and SAMX detector, to analyze
the elemental composition of the asphaltene samples.
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Fig. 1 SEM images and EDX energy dispersive X-ray analy-
sis of asphaltene samples A) Sample D, B) Sample E, C)
Sample F, D) Sample K.

Laser-induced Breakdown Spectroscopy Method

Induced Breakdown Spectroscopy (LIBs) is a laser
spectroscopy technique commonly employed for
elemental analysis of materials. This approach
involves the investigation of emission lines produced
by inductive plasma, which are generated when laser
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beams interact with samples in laboratory settings. This
methodology not only facilitates the identification of
constituent elements but also allows for the estimation
of their density. By directing the laser pulses toward
the unknown sample material, a minute volume was
converted into a highly unstable radiated plasma. As
the plasma cools, different elements within it emit their
characteristic atomic, ionic, and molecular spectra.
Both the quantitative and qualitative identification
of elements in the sample can be achieved through
the capture of emission lines using precise detectors
and subsequent spectral analysis. For the purposes of
this research, the LIBSSCAN100 system developed
by Applied Photonics was utilized to conduct laser-
induced breakdown spectroscopy.

Results and Discussion

The SEM images and spectra obtained using
Energy Dispersive X-ray (EDX) analysis of the four
asphaltene samples (D, E, F, and K) are presented in
(Fig. 1). Aluminum (Al), calcium (Ca), titanium (Ti),
manganese (Mn), iron (Fe), chromium (Cr), cobalt
(Co), copper (Cu), and lead (Pb) were detected in
lower quantities in asphaltene samples. Examination of
these elements using energy-dispersive X-ray analysis
revealed the presence of rare and heavy metals.
Laser-induced breakdown spectroscopy was chosen
because of its precision, speed, and minimal sample
requirement, with ten laser irradiation steps performed
for each sample. The average of the ten spectra obtained
for each sample is shown in (Fig. 2). A comparison
of the spectra of the examined samples indicated that
most peaks in the spectra of the asphaltene samples
had the same wavelength (at 0.01 nm), suggesting
consistency in the majority of constituent elements,
with differences in peak intensities possibly attributed
to variations in element concentrations. Analysis of
the laser-induced breakdown spectroscopy spectra
using the NIST atomic line database revealed the
presence of iron (Fe), hydrogen (H), sodium (Na),
copper (Cu), calcium (Ca), aluminum (Al), cadmium
(Cd), molybdenum (Mo), vanadium (V), potassium
(K), lead (Pb), magnesium (Mg), and strontium (Sr)
in the asphaltene samples. The presence of heavy and
rare metal elements, such as vanadium, strontium, and
molybdenum, in asphaltene, is of great significance.
Vanadium, a relatively scarce and valuable metal, is
widely used in various industries owing to its strength
and durability. They have extensive applications in
steel manufacturing, ceramics, and the production
of surgical metal tools. Sr and its compounds are
employed in medicine, metallurgical industries,
military applications, metal melting, grease production,
pigments, optics, etc. Moreover, in the oil industry, Sr
is used as a substitute for barite in drilling muds for
oil wells. Molybdenum, which is naturally present in
molybdenite minerals, is essential for plant nutrition.
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Fig. 2 LIBs Spectrum of asphaltene samples A) Sample D,

B) Sample E, C) Sample F, D) Sample K.

Molybdenum is utilized as a red, bright red, orange,
and yellow pigment in the ink, coloring, rubber, and
plastic industries. In the oil industry, it serves as a
catalyst, particularly for the removal of organic sulfur
from petroleum products.

Conclusion
This research compared two methods of elemental

analysis: laser-induced breakdown spectroscopy
(LIBS) and energy-dispersive X-ray spectroscopy
(EDX). These results indicate that LIBS has a great
advantage over EDX in terms of measurement accuracy.
The superiority of the method results from the better
ability to detect a larger quantity of elements with LIBS.
It should be noted that certain spectral lines associated
with sulfur were not detected in the recorded spectra
due to their invisibility. To overcome this limitation,
complementary spectroscopic techniques capable of
detecting spectral lines beyond the visible range can
be employed. Additionally, during LIBS analysis
conducted in ambient air, the spectral lines from
plasma emission are often obscured by air elements,
such as oxygen and nitrogen, resulting in the absence
of spectral lines in the recorded spectra. In conclusion,
the use of laser-induced breakdown spectroscopy as
a non-destructive complementary method is highly
significant compared to other methods. This technique,
owing to its fingerprinting properties, can be utilized
as a valuable tool for identifying a wide range of
organic compounds and rare elements. Therefore, the
characterization of complex structures and elemental
identification of asphaltene samples from southwest
oil wells in Iran using laser-induced breakdown
spectroscopy are of considerable importance.
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