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Abstract

Heavy metals are recognized for their toxic properties, and their discharge into water
resources poses significant harm to human health and the environment. This study aims to
produce activated carbon from natural bitumen and evaluate its effectiveness in removing
lead, chromium, cadmium, and copper ions from synthetic solutions. In this research,
natural bitumen, found abundantly in the Kermanshah province and composed of
inexpensive, accessible materials, was used as the raw material. Activated carbon was
produced through chemical activation with phosphoric acid on these materials. Its specific
surface area was determined using iodine number test, bulk hardness analysis, and BET
analysis. The structural characteristics of the activated carbon were examined using
Scanning Electron Microscopy equipped with EDS, FTIR, and XRD techniques. The
effects of varying concentrations of lead (I1), copper (II), cadmium (I1), and chromium
(1) ions (10 to 100 mg/L), pH (3 to 11), contact time (10 to 60 minutes), adsorbent
dosage (0.1 to 0.5 gr), and temperature (25 to 60 °C) on the adsorption process were
investigated in a batch system. Metal concentrations were measured using Flame Atomic
Absorption Spectroscopy. Results showed activated carbon samples with a specific
surface area exceeding 303.55 m?/g and an iodine adsorption capacity of 707 mg/g were
produced. The maximum metal ion removal efficiency was achieved under optimal
conditions with a dosage of 0.4 g/L of adsorbent, a pH of 9, initial metal concentrations at
50 mg/L, and a contact time of 60 minutes. The order of adsorption capacity of activated
carbon for the four heavy metal ions is Pb(ll) > Cr(lIl) ~ Cu(ll) > Cd(Il). Additionally,
desorption studies reveal that a 0.1 mol/L hydrochloric acid solution is the best washing
solution for removing metal ions from activated carbon. Activated carbon can be reused
multiple times in the adsorption-desorption process, demonstrating its potential as an
efficient and economical adsorbent for heavy metal removal. Moreover, bitumen is a
natural material that transforms activated carbon into a renewable source with excellent
adsorption properties, thus making it highly effective in various applications.
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Adsorptive removal of heavy metals by ...

1. Introduction

Activated carbon is a general term for a group of porous
carbons. It is an amorphous solid with high a specific
surface area and a large volume of pores. These unique
characteristics contribute to its excellent adsorption
properties (Fadaei et al., 2023; Karnib et al., 2014).
Gilsonite (natural asphalt) is one of the natural materials
found in many regions around the world. This material is
highly valued in industries such as pharmaceuticals,
cosmetics and personal care, food, and mining due to its
antibacterial properties and high adsorption capacity.
One of the key applications of gilsonite is the production
of activated carbon, which serves as a strong adsorbent
for gases, chemicals, and heavy metals (Mishra et al.
2022; Saffarian Delkhosh et al., 2021).

Activated carbon produced from natural bitumen is
considered one of the important products across various
industries. This material, with its high density and
spherical ~ volume, finds applications in the
manufacturing of products in industries such as
pharmaceuticals, military, water and wastewater
treatment, oil and gas, and petrochemicals. In industrial
contexts, activated carbon plays a crucial role in
processes that necessitate the purification of air and
water. Its ability to adsorb organic contaminants, metals,
and odors is leveraged in applications ranging from
environmental cleanup to the production of high-quality
beverages and pharmaceuticals.

2. Methodology

In this study, the introduction of activated carbon, its
preparation methods, and its ability to remove heavy
metals and pollutants from aquatic environments have
been discussed. Initially, activated carbon was produced
from natural bitumen using chemical activation method.
The characteristics of the synthesized activated carbon
were then identified using analyses such as XRD, FTIR,
BET, and SEM. Laboratory adsorption experiments were
conducted using the synthesized activated carbon as an
adsorbent to evaluate its effectiveness in removing lead,
copper, cadmium, and chromium ions at specified
concentrations, contact times and conditions.

The project to produce activated carbon from natural
bitumen began in 2015 in the Chemistry research group
at the Jahad Daneshgahi of Kermanshah. After eight
years, they achieved technical knowledge for producing
activated carbon from natural asphalt and reached
industrial production.

In various experiments, raw materials were mixed
with phosphoric acid at weight concentrations of 30%,
50%, and 70% with a mass ratio of 0.4 to 1.4 for 30
minutes at room temperature, ensuring that the raw
materials were completely coated with the acid. The
resulting paste was formed into granules sized between
0.2 mm and 0.3 mm using an extruder.
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Following this stage, 800 grams of the produced
granules were loaded into a fixed-bed furnace equipped
with a temperature controller. The furnace has a
maximum temperature capacity of 1200 °C and is
extremely accurate, controlling the temperature with a
high degree of precision (x1°C). Provisions have been
made for the inflow and outflow of N, gas within it.
Based on studies and laboratory experiences, it has been
established that using N, gas alongside heat has a better
effect on production yield.

Once the sample is placed inside the furnace, the
temperature is increased to reach the desired activation
temperature of 600 to 900 °C. The sample is maintained
at this temperature for 1.5 to 3 hours, after which it is
cooled to room temperature (Danmaliki and Saleh,
2017). After the activation stage, the obtained product is
washed several times with deionized water to release any
impurities trapped in the pores.

Additionally, the calculation of the removal
percentage of metal ions from the solution (R) is
performed for the data based on the following formula
(Fadaei et al., 2023; Scheibe et al., 2010)

CO_Ct

%R =
% Co

Where

X 100 (1)

R (%) is the percentage of metal ion adsorption by the
adsorbent.

Co (mg/L) is the initial concentration of the metal ion.

C; (mg/L) is the concentration of metal ions in the
solution at any given time.

3. Results and discussion

Activated carbon can be produced using two methods:
physical activation and chemical activation. The goal of
activation is to create a carbonaceous structure with a
high surface area and porosity in the raw material.
Physical activation typically involves carbonization
followed by activation with an oxidizing agent, such as
steam or carbon dioxide, at high temperatures. In
contrast, chemical activation involves treating the raw
material with chemical agents (such as phosphoric acid
or potassium hydroxide) before carbonization, which can
enhance the development of porosity and surface area.
Both methods aim to optimize the adsorptive properties
of the activated carbon, making it effective for various
applications, including environmental remediation, water
purification, and air treatment.

In this study, the chemical activation method was
chosen due to its one-step process, high efficiency, and
lower ash production. Natural asphalt has been used as a
carbonaceous raw material because of its high carbon
content compared to cellulosic sources, as well as its
abundance and easy availability.
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Phosphoric acid was selected as the activating agent
due to its significant ability to lower the required
activation temperature and accelerate reaction rates. As a
strong dehydratant, phosphoric acid facilitates the
breakdown of the carbon structure, followed by cyclic
reactions through an ionic mechanism. Additionally,
phosphoric acid is one of the most commonly used
substances in the production of activated carbon. Its use
contributes to the formation of a porous structure with a
high surface area, which is essential for effective
adsorption. The proposed mechanism for metal ion
removal by activated carbon is based on Pearson's theory
(1963), which classifies Lewis acids and bases into hard
and soft acids and bases. Hard acids tend to bond with
hard bases, while soft acids prefer to bond with soft
bases. This hard and soft acid-base’ theory is considered
a fundamental principle of modern chemistry (Pearson,
1963).

Consequently, metal ions from Group A are inclined
to adsorb onto the functional groups of activated carbon,
which act as hard bases, while ions from Group B tend to
adsorb on the graphite surface, which acts as a soft base.
The intermediate group ions behave as both hard and
soft ions, depending on the pH of the solution. Pb?* ions
are considered Group B ions, thus they tend to adsorb on
the m electrons of the graphite basal planes, which
consist of numerous micro-pores on the surface of

OH 0, 0 0
C OH 0 C C

— Soft Site === Hard Site

Fig. 1. Hard and soft sites in a graphite layer

! Hard and Soft Acid-Base (HSAB)
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activated carbon. The other metal ions studied in this
research are classified as boundary ions, exhibiting a
tendency to adsorb to the functional groups on the
activated carbon surface (Fig. 1).

The concentration of functional groups in activated
carbon is much smaller compared to the adsorption sites
on the basal planes. Consequently, the removal of Pb**
metal ions by activated carbon is highly efficient (Kuroki
et al., 2019).

4. Conclusion

In this study, the production of activated carbon from
gilsonite (natural Bitumen) is one of the important and
effective methods for generating activated carbon. In
these methods, activated carbon with diverse properties
and applications is obtained through chemical processes.
The utilization of carbon in various industries aims to
improve quality and efficiency while also protecting the
environment.

As contact time increases, the adsorption rate rises
until equilibrium is reached. In this experiment, the
equilibrium time was found to be 60 minutes. The pH
level plays a significant role in the adsorption of heavy
metals; based on the experimental results, the optimal
pH for this system is 9. As the amount of adsorbent
increases to 0.4 grams, the adsorption capacity increases
due to the rise in active sites. However, further increases
in the adsorbent amount over time, have minimal impact
on the adsorption process. Additionally, the effect of
temperature on adsorption was examined, revealing that
the percentage of adsorption decreases with rising
temperature. This is because surface adsorption of metal
ions onto activated carbon is an exothermic process,
similar to most surface adsorption processes.

Today, the surface adsorption process is regarded as
the most suitable technique for removing such pollutants
due to its low cost, easy design, operational convenience,
and insensitivity. Therefore, the use of activated carbon
for the removal of such pollutants from industrial
wastewater warrants further attention. Considering the
environmental and economic aspects of the scheme,
additional research is necessary for its development and
greater focus.
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Fig. 1. Natural bitumen and activated carbon images
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