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INTRODUCTION

Water pollution and the discharge of oil and 
diesel contaminants into wastewater pose signifi-
cant environmental challenges worldwide (Sočo 
et al., 2021). Adsorption has emerged as an effec-
tive method for removing pollutants from waste-
water. This study investigates the adsorption ca-
pacities of zeolites and carbon nanotubes (CNTs) 
for the removal of wastewater contaminants, with 
a focus on their application in environmental pro-
tection. The adsorption of petroleum products is 
critical in environmental remediation and waste-
water treatment (Biswal et al., 2023). Adsorption 
is a fundamental phenomenon that is crucial in 
various industrial applications, environmental re-
mediation, and pollution control. Factors such as 
temperature, pressure, contact time, surface area, 

and pore size are examined for their impact on 
adsorption efficiency (Nahursky et al., 2022). The 
authors aimed to shed light on the significance 
of adsorption, its mechanisms, and the specific 
interactions between petroleum products and ad-
sorbents. The petroleum industry is one of the 
largest global industries, and properly handling 
petroleum products is paramount. Adsorption is 
a versatile process that removes impurities from 
petroleum products, such as crude oil, gasoline, 
and diesel (Prabhu et al., 2021). 

Fly ash is a by-product of coal combustion 
and is widely used in various applications due to 
its unique chemical and physical properties. Un-
derstanding the empirical formula as well as the 
predominant and vital elements in fly ash is es-
sential for assessing its potential applications and 
environmental impacts (Sabadash et al., 2020). 
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The empirical formula of fly ash represents the 
chemical composition of a material based on the 
relative abundance of its constituent elements. 
It provides a simplified representation of the es-
sential elements present in fly ash. The empirical 
formula is typically derived from the elemental 
analysis of the fly ash sample (Sabadash et al., 
2017). The fly ash obtained from the Dobrotvir 
heat power plant comprises several elements, 
some more prevalent than others. These predomi-
nant elements may include silicon (Si), alumin-
ium (Al), iron (Fe), calcium (Ca), magnesium 
(Mg), potassium (K), and sodium (Na) (Ge et al., 
2023). The specific elements and their relative 
abundance can vary depending on the coal com-
position and combustion conditions.

In addition to the predominant elements, oth-
er vital elements in fly ash may have particular 
significance due to their environmental or indus-
trial implications (Sydorchuk et al., 2014). These 
elements might include trace elements such as 
arsenic (As), mercury (Hg), lead (Pb), chromium 
(Cr), and others. The presence of these critical 
elements requires careful monitoring and consid-
eration in terms of potential environmental im-
pacts and the suitability of fly ash for specific ap-
plications. The characteristics of fly ash from the 
Dobrotvir heat power plant, including its empiri-
cal formula of fly ash and understanding of any 
environmental implications associated with its 
use, were presented. By understanding the com-
position of fly ash, researchers, engineers, and 
environmentalists can make informed decisions 
regarding its proper utilization and potential treat-
ment methods to ensure minimal environmental 
impact (Sabadash et al., 2018). 

The synthesis of zeolites from fly ashes rep-
resents a promising approach to transforming 
an industrial waste product into a valuable re-
source. Zeolites synthesized from fly ashes pos-
sess unique properties that make them suitable for 
various applications (Hyvlud et al., 2016). This 
innovative and sustainable utilization of fly ash 
reduces environmental burdens and opens up new 
opportunities for the beneficial reuse of waste 
materials. Numerous studies have established the 
promising potential of ash as an effective adsor-
bent for removing various contaminants (Zheng 
et al., 2023). By undergoing chemical and physi-
cal activation, the adsorption capacity of fly ash 
can be significantly enhanced.

Moreover, fly ash has demonstrated consid-
erable prospects in the construction industry. A 

notable application involves converting fly ash 
into zeolites, which offers numerous benefits, 
such as ion exchange, molecular sieves, and ad-
sorbents (Zhang et al., 2019). This conversion 
addresses the issue of disposal and transforms 
waste into a valuable commodity. Furthermore, 
investigations have revealed the significant role 
of the unburned carbon component in ash, en-
hancing its adsorption capacity (Paliulis, 2021). 
The discussion also encompasses future research 
opportunities in these domains. Cation exchange 
resins derived from hydrogels synthesized from 
ash or other silicon-containing materials also find 
practical applications (Mohammed et al., 2020).

MATERIALS AND METHODS 

Synthetic Sorbent Zeolite was synthesized 
from ash using hydrothermal synthesis and a com-
bined two-stage approach that incorporates the 
“fusing” method and hydrothermal techniques.

Hydrothermal Method: In this method, the 
ash was mixed with 10% NaOH in a 1:4 ratio. 
The mixture was then crystallized at tempera-
tures of 363K and 380K. After crystallization, the 
reaction mixture underwent filtration, followed 
by washing with distilled water to achieve a pH 
of 10. Subsequently, it was dried at a constant 
weight of 378K for 12 hours. The synthesis con-
ditions are outlined in Table 1.

Two-Stage Method for Synthetic Zeolite Pro-
duction. For this method, crystalline NaOH and 
fly ash were combined in a weight ratio 1.2:1. The 
mixture was ground and heated in a platinum cru-
cible at 823K for one hour. After cooling to 293K, 
the resulting melt was ground and diluted with 
distilled water at a ratio of 1:4. The mixture was 
then subjected to crystallization at 293K in a ther-
mostatic bath equipped with a shaker for either 
12 or 24 hours. Subsequently, the reaction mix-
ture was incubated in a thermostat for 12 hours 
at 373K. The crystalline phase was separated by 
filtration, washed multiple times with distilled 
water, and dried at 378K for 12 hours.

The obtained surface morphology and chemi-
cal composition of samples were studied by elec-
tron microscopic analysis according to the meth-
od presented by (Mohammed et al., 2020). The 
diameter of the electron beam was 1 μm, and the 
acceleration potential was 15 kV. Elemental anal-
ysis of the zeolite surface was performed for dif-
ferent areas of samples with an area of 100 μm 2 
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by scanning with an electronic probe. Data on the 
chemical composition of the synthesised samples 
were derived from the average results. The adsor-
bents obtained by sintering (removal) of sodium 
TPP ash from sodium by PEM hydroxide and 
hydrothermal method according to the procedure 
presented in Section 2 contained zeolites X, Na-
P1 and fayalite in the crystal structure.

Morphological Analysis Techniques: The 
techniques were used to analyze the morphol-
ogy of fly ash and zeolites. Scanning Electron 
Microscopy (SEM) and Transmission Electron 
Microscopy (TEM) are commonly employed for 
this purpose. SEM provides high-resolution im-
ages of the surface morphology, while TEM al-
lows researchers to examine the internal structure 
and nanoscale features of particles.

Fly Ash Morphology: The morphology of fly 
ash particles was determined through SEM analy-
sis. The SEM images reveal the size, shape, and 
surface texture of fly ash particles. Fly ash par-
ticles can vary in size and shape depending on the 
coal type, combustion conditions, and post-com-
bustion treatments. The morphology of fly ash in-
fluences its reactivity, surface area, and suitability 
for different applications.

Zeolite Morphology: Similarly, the slide 
highlights the morphological analysis of syn-
thesized zeolites using SEM and TEM. Zeolite 
crystals can exhibit various morphologies, such 
as cubical, spherical, needle-like, or irregu-
lar shapes. The crystal size and shape influence 
zeolites’ porosity and surface area, which are 
crucial factors determining their adsorption and 
catalytic properties. Morphological analysis also 
aids in evaluating the porosity of both fly ash and 

zeolites. Pore structure plays a vital role in deter-
mining the adsorption and ion exchange capaci-
ties of these materials. Porosity is assessed using 
specialized techniques, such as nitrogen adsorp-
tion-desorption isotherms (BET analysis), which 
provide information on the surface area and pore 
size distribution.

For instance, fly ash with a high surface area 
and fine particle size may exhibit enhanced reac-
tivity in cementitious applications. On the other 
hand, the zeolites with well-defined morphology 
and uniform crystal size are often preferred for 
advanced catalytic and adsorption processes. 

Methodology for investigating the 
adsorption of diesel from wastewater

Preparation of Synthetic Zeolite: a. obtain the 
synthetic zeolite material and ensure it is suitable 
for adsorption experiments, such as powdered or 
granular form. b. If necessary, pretreat the syn-
thetic zeolite according to manufacturer recom-
mendations, such as activation or drying, to opti-
mize its adsorption properties.

Preparation of a Diesel-Wastewater Solution: 
a. Prepare a stock solution of diesel by dissolving 
the desired amount of diesel in a suitable solvent 
(n-hexane) to achieve concentrations within the 
range of 0 to 2 g/L. b. Dilute the diesel stock so-
lution with distilled water or wastewater to obtain 
the desired diesel concentrations for the adsorp-
tion experiments.

Adsorption Experiment Setup: a. Measure 
specific volumes of the prepared diesel-wastewa-
ter solutions into individual glass vials or contain-
ers. b. Add a predetermined amount of synthetic 

Table 1. Conditions for modification of fly ash by hydrothermal method

Samples No. NaOH : ash ratio Content of NaOH, % Crystallisation time τ , hour Crystallisation temperature T 
Crist., K

1 4 : 1 10 12 380

2 4 : 1 10 12 380

3 4 : 1 10 6 363

4 4 : 1 13 6 363

Table 2. Conditions for modification of removal ash by two-stage fusing method

Sample 
No. NaOH : ash ratio Fusing temperature, K Crystallisation time, h

Hydrothermal method

Temperature, K Time, h

5 1.2 : 1 823 12 373 12

6 1.2 : 1 823 24 373 12
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zeolite to each vial, ensuring a proper adsorbent-
to-solution ratio (e.g., 1 g of zeolite per 100 mL of 
solution). c. Seal the vials or containers to main-
tain a static condition and prevent evaporation or 
contamination during the experiment.

Equilibration and Contact Time: a. Place the 
vials or containers in a controlled environment, 
such as a laboratory incubator or temperature-
controlled room, at a predetermined temperature 
(e.g., 25°C). b. Allow the samples to equilibrate 
for a specific contact time, typically several hours 
to a few days, to ensure sufficient interaction be-
tween the diesel and synthetic zeolite.

Sample Analysis: a. After the desired contact 
time has elapsed, carefully remove the synthetic 
zeolite from the vials or containers. b. Separate 
the zeolite from the liquid phase by filtration or 
centrifugation. c. Analyze the residual diesel con-
centration in the liquid phase using appropriate 
analytical techniques, such as gas chromatogra-
phy (GC) or spectrophotometry. d. Calculate the 
adsorbed diesel quantity per unit mass of syn-
thetic zeolite based on the difference between the 
initial and residual concentrations.

Replicates and Controls: a. Conduct the ad-
sorption experiments in replicates to ensure the 
reliability and reproducibility of the results. b. 
Include appropriate controls, such as adsorption 
experiments without synthetic zeolite, to account 
for any background adsorption or other factors 
that may influence the observed results.

Data Analysis: a. Analyze the adsorption data 
by plotting the adsorbed diesel quantity versus the 
initial diesel concentration. b. Fit the experimen-
tal data to relevant adsorption isotherm models, 
such as the Langmuir or Freundlich isotherms, to 
determine the adsorption capacity and other pa-
rameters. c. Perform statistical analysis, if appli-
cable, to evaluate the significance of the observed 
differences between experimental conditions.

RESULTS AND DISCUSSION 

The spectra of the zeolite surface are given 
in Figures 1 and 2. The images were obtained 
using a scanning electron microscope in the 
mode of secondary electrons, which provides 

Fig. 1. Diffractogram of zeolite synthesized by hydrothermal method NaOH 3M crystallization time 12 hours
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proper resolution and informative results. By 
understanding the morphology of fly ash and 
zeolites, researchers can optimize the synthesis 
process to control the particle size, shape, and po-
rosity, tailoring the materials for targeted applica-
tions. This knowledge also facilitates the devel-
opment of novel composites or hybrid materials 
with improved performance characteristics. Syn-
thetic zeolites based on TPP removal ash contain 
carbon. This approach allows them to be used for 

the adsorption of organic compounds, particu-
larly petroleum products. The isotherm of sorp-
tion of diesel fuel by ash modified by the sintering 
method is typical for microporous sorbents, and 
the isotherm of sorption for ash modified by the 
hydrothermal method is typical for mesoporous 
sorbents. According to Hills’ classification, these 
isotherms belong to the L-type. As an example, 
isotherms of adsorption of diesel fuel on syn-
thesised sorbents based on removal ash (Fig. 3), 

Fig. 2. Diffractogram of zeolite synthesized by fusing method NaOHcr, activation time 12 hours

Fig. 3. Isotherms of sorption of diesel fuel by modified sorbents
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which the Langmuir isotherm and the Freundlich 
isotherm can describe. The linearized isotherms 
provide valuable insights into the adsorption ca-
pacity, surface properties, and adsorption mecha-
nisms of zeolite material. This information is cru-
cial for designing effective adsorbents for diesel 
fuel removal and remediation in environmental 
applications. Additionally, the data obtained from 
the linearized isotherms can be used to optimize 
the synthesis process of zeolites for enhanced die-
sel fuel adsorption performance.

Sorption isotherms for removal of ash, ash 
modified by the sintering method and hydrother-
mal method, processed in accordance with the 
Langmuir model, are presented in Figure 4. 
Langmuir isotherm for ash:
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Langmuir isotherm for ash modified by the 
hydrothermal method:
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Langmuir isotherm for ash modified by 
sintering:
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Freundlich isotherm for ash:

 a* = 5.67s 1/0.98 (5)

Freundlich isotherm for ash modified by hy-
drothermal method:

 a * = 4.68s 1/0.99 (6)

Freundlich isotherm for ash modified by 
sintering:

 a * = 1.53s 1/0.91 (7)

The value of the correlation coefficients in-
dicates that in this range of concentrations, both 
isotherms well describe the statics of adsorption.
The use of zeolites for adsorption has shown that 
there is not only physical adsorption but also ion 
exchange because in the structure of the zeolite are 
ions Na +, K +, Ca 2+, Mg 2+, which are able to ex-
change cations in solution (e.g., heavy metal ions).

CONCLUSIONS

The scientific studies on the adsorption of 
petroleum products provide valuable insights 
into this critical field’s processes, mechanisms, 
and applications. The adsorption processes have 
been investigated for the removal and recovery of 
petroleum products under static conditions. The 
adsorption mechanisms of petroleum products in-
volve complex interactions between the adsorbent 
material and the adsorbate molecules. Physical 
and chemical adsorptions play crucial roles in the 
overall adsorption process. Physical adsorption 
involves weak van der Waals forces, while chemi-
cal adsorption involves stronger chemical bonds 
between the adsorbate and adsorbent surface. Ad-
sorbent materials based on fly ashes have been in-
vestigated for the adsorption of petroleum prod-
ucts. The selection of the appropriate adsorbent 
material depends on factors such as adsorption 

Fig. 4. Langmuir linearized isotherm for 
adsorption of diesel fuel by synthesized 

zeolites based on removal ash

Fig. 5. Freundrich’s linearized isotherm 
for adsorption of diesel fuel by synthesized 

zeolites based on removal ash
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capacity, selectivity, cost-effectiveness, and ease 
of regeneration. The adsorption of petroleum 
products finds applications in various industries 
and environmental remediation processes. These 
applications include oil spill cleanup, wastewater 
treatment, groundwater remediation, gas separa-
tion, and recovering valuable hydrocarbons from 
industrial waste streams. Despite significant prog-
ress in the field of adsorption of petroleum prod-
ucts, several challenges remain. These challenges 
include developing efficient adsorbent materials 
with high adsorption capacity, selectivity, and sta-
bility, as well as optimizing adsorption processes 
for large-scale applications. Future research ef-
forts should address these challenges and explore 
novel techniques and materials for enhanced 
adsorption performance. In summary, the stud-
ies on the adsorption of petroleum products pro-
vide a comprehensive overview of the processes, 
mechanisms, and applications involved. This 
knowledge contributes to developing efficient and 
sustainable solutions for removing and recover-
ing petroleum products, with the ultimate goal of 
mitigating environmental pollution and achieving 
energy and resource efficiency.
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