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ARTICLE DETAILS ABSTRACT

Article History: Adsorption is a simple, inexpensive, and common practice in water purification and recycling technologies.
Therefore, researchers investigated various approaches and materials to develop low-cost adsorbents.
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capable of removing contaminants from water. This study aims to evaluate the preliminary use of olive pit
(OP) derived activated carbon for water treatment from Methylene Blue MB. The effectiveness of olive pits
as a pollutant’s adsorbent was investigated under various activation conditions (i.e., particle size, pH,
temperature, natural water, distilled water) and using two activating agents: HsPOs and H2SO4. In total, two
samples were investigated; the adsorption process attained equilibrium between 60 min and 120 min, while
the results indicated the best performance achieved (i.e., highest absorption) at a size of 0.6 mm, a
temperature of 30 °C, and a base medium (i.e., a pH equal to 8.06). Furthermore, it was found that the natural
matter present in natural spring water is responsible for competitive adsorption effects; thus, distilled water
had better results. This sample was prepared with olive pits prepared with HzPO4.
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1. INTRODUCTION

Water is an essential resource for all forms of life, and access to clean and
safe water is crucial for human health, environmental sustainability, and
economic development (Shahedi et al, 2020; Hamaideh et al, 2024).
However, due to various natural and human activities, water sources can
become contaminated with a wide range of pollutants, including organic
and inorganic substances, pathogens, heavy metals, and chemicals. These
contaminants pose significant risks to public health and the environment
(Al-Hmoud et al., 2020; Al-Zghoul et al.,, 2023). The treatment of water and
wastewater plays a vital role in ensuring the availability of clean water for
various uses, such as drinking, agriculture, industrial processes, and
recreational activities. It involves a series of processes and technologies
aimed at removing or reducing contaminants and improving water quality
to meet specific standards and regulations (Jamrah et al., 2023).

The treatment of water and wastewater typically involves physical,
chemical, and biological processes tailored to the specific characteristics
of the water source and the targeted contaminants (Al-Hmoud et al.,
2020). These processes may include coagulation/flocculation, membrane
filtration, advanced oxidation, and aerobic and anaerobic processes (Rifi
et al,, 2022; El Moussaoui, 2022; Domingues et al,, 2021; Yahiaoui et al,,
2011; da Silva et al,, 2021). However, due to their shortcomings, such as
complexity, inefficiency, limited biodegradability, and the uneconomic
nature of the process, none of these methods met the required standards
(Al-Zghoul et al., 2023; Chandra et al., 2020). This has led to an increased
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interest in improving low-cost adsorbents. Thus, there is an imperative
need to find cost-effective and simple dye treatment methods for water
treatment (Sakoor and Nasar, 2016).

The adsorption process has been widely used for the treatment of water
and wastewater from organic and inorganic contaminants and is well-
considered by researchers (Rajab et al,, 2022; Zhou et al,, 2018). It has
advantages over other methods due to its simplicity, nature, and low
investment requirements in terms of both the initial cost and the land
required. Compared to other treatment methods, adsorption requires a
significantly smaller land area for implementation, making it a more
space-efficient option for water and wastewater treatment (Castafieda-
Diaz et al,, 2017; Ali et al,, 2012). As well as the fact that it can remove
soluble and suspended contaminants with a 99.9% removal efficiency
(Castafieda-Diaz et al, 2017). In recent years, the search for low-cost
adsorbents that have pollutant-binding capacities has increased (Zhou et
al,, 2018). The availability of local materials such as natural materials,
agricultural wastes, and industrial wastes can be utilized as low-cost
adsorbents to facilitate treating wastewaters (Rashed, 2013).

The use of activated carbon as an adsorbent for water and wastewater
treatments has gained significant attention in recent years due to its
tremendous ability to remove and capture pollutants, yet it is limited due
to the high cost of preparing activated carbon filters (Ziati et al,, 2017;
Surkatti et al, 2021). Therefore, preparing activated carbon from locally
cheap and available materials such as date pits (DP) and olive pits (OP)
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was investigated in various research studies to find an alternative to
commercial activated carbon (CAC) (Eder et al,, 2021; Jamrah et al., 2024;
Jamrah et al,, 2024). Activated carbon materials showed higher porosity
compared to raw materials. This was because most volatile matter was lost
and created a system with advanced pore structure during the
carbonization process at high temperatures (Ziati et al, 2017).
Furthermore, it dehydrates the cellulose material, which weakens the
precursor structure and creates pores. In addition, during the chemical
activation process, the decomposition of organic material to release
volatile matter takes place, and the development of microporous
structures increases the adsorption capacity (Surkatti et al., 2021).

InJordan, there are a large number of locally available olive trees, and they
are economically feasible materials to produce activated carbon (AC) from
their pits (El-Sheikh et al., 2004). Olive pits activated carbon is used as an
adsorbent for toxic organic and inorganic compounds, such as spill
cleaning, groundwater treatment, and drinking water purification (Jamrah
et al, 2024; El-Sheikh et al, 2004). Furthermore, recycling local
agricultural waste and by-products will reduce waste disposal costs, and
most importantly, provide a cheap alternative to CAC (Surkatti et al.,
2021). Various studies investigated using olive pits’ efficiency in removing
and purifying wastewater, especially removing the byproducts of
industrial processes such as Methylene Blue (CisHisCIN3S) (MB) from
aqueous solutions (Al-Balushi et al., 2017; Akl et al,, 2013).

MB is commonly used as a cationic dye in chemical marker dyes and
biological dyes, besides adding color to wool, cotton, and silk (Khan et al.,
2022). A significant amount of organic dye wastewater is produced in the
printing and dyeing processes (Donkadokula et al., 2020). Dye wastewater
has characteristics such as high chromaticity, high discharge, a high
concentration of organic matter, and low biodegradability (Donkadokula
etal, 2020). However, this pigment has a variety of harmful consequences
for humans and animals, such as inflammation of the lips, throat,
esophagus, and stomach with signs of nausea, gastrointestinal pain,
vomiting, and diarrhea (Donkadokula et al, 2020; Kuang et al., 2020).
Furthermore, skin contact may cause mechanical discomfort, resulting in
redness and itching (Kuang et al., 2020).

The aim of this research is to evaluate the effectiveness of using olive pits-
derived activated carbon (OP-AC) as an MB adsorbent in aqueous
solutions under different activating conditions. To illustrate, particle size,
temperature, pH, and the effect of the water source on the adsorption
amount were investigated in this research. This research is the first to
discuss the potential of locally sourced OP as a viable alternative to the
more mainstream CAC for treating water. The findings of this research
could contribute to the development of a sustainable and efficient
adsorbent for water treatment applications, addressing the growing need
for effective and environmentally friendly solutions in the field of water
purification.

2. METHODOLOGY

In this research, we adopted a 3-stages approach to activate olive pits and
assess the effect of various factors on their adsorption process. In line with
(Hilal, 2012), the activation process focuses on improving the adsorption
capacity by creating a more porous material.

The first stage involves investigating the possibility of activating OP as an
adsorbent. Thereafter, the generation and analysis of adsorption data
relied on adsorption isotherms. Finally, the adsorption processes were
assessed under various conditions (i.e., particle size, pH, temperature, and
water source). The activation process followed the approach and used two
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different activating agents, HsPOsand H2SO4 (Al-Balushi et al,, 2017). The
process consists of washing the seeds (i.e., a quantity of locally available
OP) with deionized water to remove foreign materials. Afterwards, the
seeds were dried in an oven at 500 °C for 24 h, then transferred to the
muffle furnace, where the material was heated at a temperature between
500 °C and 1000 °C. Finally, the seeds were crushed and sieved using a
standard sieve for the required size.

Thereafter, in the second stage, isotherms were generated using a
standard "bottle point" batch procedure. The adsorbent samples of
determined weight were placed in tubes, and then the surface water
solutions were added in sufficient volumes. The reaction (equilibrium
reaction time) was started by weighing the quantities as follows: 0.3 g, 0.5
g, 0.7 g, 09 g 1.1 g and 1.3 g for each of the activating agents. After
evaluating the adsorption performance at different weights, it was found
that a sample weight of 0.7 g yielded the best results in terms of adsorption
capacity. Different concentrations of the pollutant were added as follows:
60 ppm, 70 ppm, 90 ppm, 100 ppm, 120 ppm, 130 ppm, 150 ppm, 200 ppm,
250 ppm, and 300 ppm. The reaction time for each of the aforementioned
samples was found at a temperature of 20 °C, and a particle size of 0.6 mm
was used for all experiments. Samples were shaken at 100 rpm.

Finally, the adsorption process was assessed under various conditions. pH,
temperature, particle size, and water source effects on the adsorption
amount were investigated. A sample weight of 0.7 g was chosen as the best
weight and then stabilized for the rest of the experiments. Experiments
were repeated at temperatures of 25 °C and 30 °C to study the effect of
temperature on the adsorption process.

Therefore, different grain sizes (1.18 mm and 2 mm) were investigated to
study their effect on the adsorption rate. Moreover, the pH effect on the
process was studied by controlling the contaminant concentration at pH
values of 4.65, 6.4, and 8.06. Finally, the water source affected the process,
where distilled water and surface water samples were used. The effect of
natural water on the process was studied for the samples at a temperature
of 20 °C and a particle size of 0.6 mm.

3. RESULTS
3.1 Analysis Of MB

The concentration of MB in the supernatant solution was measured before
and after the adsorption using a double-beam UV spectrophotometer at
665 nm. The activated carbon supernatant did not show any absorbance
at this wavelength, and the calibration curve was very reproducible.
Furthermore, the calibration curve was linear over the concentration
spectrum that is used in this study.

3.2 Olive Pits
3.2.1 Effect of Particle Size

Assessing the particle size, the results in Figure 1 indicate that samples
activated with the Hs3POs4 agent have a higher adsorption capacity
compared to samples activated with the H.SO4 agent at any equilibrium
concentration. Furthermore, the H3POs-activated sample achieved almost
twice the adsorption rate, where samples activated with H2SOs4 and
particle sizes of 0.6 mm and 1.18 mm achieved up to 1.5 mg/l and 1.0 mg/1
adsorption rates, respectively, while samples activated with HsPO4
achieved up to 3.0 mg/l and 2.0 mg/l for the same particle sizes,
respectively. Moreover, it is evident that the relation between equilibrium
concentration and adsorption when using the H3P0O4 agent is almost linear.
Finally, the 0.6 mm particle size achieved noticeably higher adsorption
rates compared to 1.18 mm in both activating agents.

— — — H3PO4 (Size 1.18)
—o—H2504 (Size 1.18)

e0 80 100 120
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Figure 1: Effect of OP size investigated using 0.6mm and 1.18 mm particles on amount of pollutant adsorption in mg/g using two different activating
agents: H3PO4 and H2S04.
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3.2.2 Effect of Temperature compared to the same sample adsorption rate that is activated using the
H2SO4 agent at the same temperatures and equilibrium concentration.
Furthermore, the results indicate that increasing the temperature when
using the H3PO4 activating agent would increase the adsorbed amount
noticeably. Contrary to this, samples activated using H2SOs indicated
comparable adsorption amounts at 20 °C and 25 °C, while a noticeable
increase occurred at 30 °C.

Furthermore, assessing the temperature effect indicated that using an
HsPOsactivating agent increased the adsorption rate noticeably compared
to an H2SO. activating agent, especially at high temperatures (i.e., 25 °C and
30 °C), as illustrated in Figure 2. For example, activating olive pits using
the H3POsagent at 30 °C achieves up to 5 mg/g, which is a 500% increase
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Figure 2: Effect of temperature investigated at 3 different temperatures (20 °C, 25 °C, and 30 °C) on amount of pollutant adsorption in mg/g using two
different activating agents: H3PO4 and H2SO4.

3.2.3 Effect of pH Moreover, in both samples, the absorption amount increases with
increasing pH values. However, the adsorption amount showed a slight

Moreover, the results indicated that samples activated with HsPO4agent increase when increasing pH from 4.65 to 6.4, while a noticeable increase

achieved a higher adsorption amount at any of the investigated pH values occurred at pH equal to 8.06.

compared to samples activated with H2SO4+agent, as illustrated in Figure 3.
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Figure 3: Effect of pH investigated at 3 different concentrations (pH = 8.06), (pH = 6.4), and (pH=4.65) on the amount of pollutant adsorption in mg/g,
using two different activating agents: H3PO4 and H2S0Oa.

3.2.4 Competition Effect at 20 °C For 0.6 Mm Particle Size. amounts when used with distilled water, as illustrated in Figure 4. Using
distilled water increased the adsorption amount up to 100% and 50% for

Finally, the results clearly indicated the importance of using distilled H3PO.and HzS04, respectively.

water, where both samples achieved noticeably higher adsorption
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Figure 4: Effect of water source investigated using distilled water (arrow ended) and natural water on amount of pollutant adsorption in mg/g using two
different activating agents: H3PO4 and H2SO4.
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4. CONCLUSION AND DISCUSSIONS

The research investigated the use of locally available carbon-activated
materials (i.e., OP) in water treatment with MB. The OP was prepared with
two different materials: HsPOs and H2SOs Various researchers
investigated the use of carbon-activated materials in treating water
pollutants to find a more economical and eco-friendly approach using
locally available materials (Ahmad et al,, 2012; Hassan et al,, 2020). The
results were in line with those of researchers, where the adsorption
improved noticeably. This result is attributed to the increase in porosity
surface due to the loss of volatile matter. The results indicated clearly that
using H3PO4 achieved better results than using H2SOa.

The findings of this research confirmed the importance of particle size,
which reflects the porous surface area. The results confirmed that for both
activating agents, using a larger size would enhance the adsorption rate.
Besides, the results showed that using Hs3POs would enhance the
adsorption rate, regardless of the activating agent used. In addition, the
results demonstrated clearly that increasing temperature would enhance
the adsorption rate for both activating agents, especially when using the
H3PO4 activating agent.

Furthermore, the pH results indicated a similar pattern, where the
adsorption rate was higher when using the HsPOs agent. However,
increasing the pH value would enhance the adsorption noticeably for both
agents, especially at pH 8.06.

Finally, the results emphasized the importance of water purity, where
distilled water achieved a higher adsorption rate in both agents, which is
attributed to the dissolved minerals in spring water (e.g., Na, K, Li, Ca, and
Ba), which compete with the pollutant on the surface of the adsorbent,
leading to a decreased adsorption capacity of the selected pollutant.
Regardless, the results confirmed the benefit of using HsPOs over H2S04,
where higher adsorption rates were achieved when using H3PO4.

The findings of this research contribute valuable insights into the potential
of locally sourced OP as an alternative to CAC for water treatment. The
notable adsorption capacities observed under specific conditions indicate
the efficacy of this low-cost adsorbent in addressing water pollution,
particularly in the removal of MB. The linear relationship between
equilibrium concentration and adsorption for H3POs-activated samples
suggests a predictable and controllable adsorption process.

This research represents a pioneering effort in exploring the potential of
OP as an activated carbon source for water treatment, adding to the
growing body of knowledge on low-cost adsorbents. The identified
optimal conditions provide practical insights for the application of OP-AC
in water purification technologies. However, further research is warranted
to scale up the production process and assess the material's long-term
performance under real-world conditions. Overall, this study lays the
foundation for the development of sustainable and cost-effective solutions
for water treatment using locally available resources.
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