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General introduction

The petroleum refining sector, alongside industrial pollutant treatment, stands as a
cornerstone of economic development for any nation. These vital industries necessitate the use of
highly efficient specialized chemical materials, with zeolites being paramount due to their crucial
role in adsorption and catalytic processes. Many countries, including Algeria, face a significant
challenge in relying on the import of these essential materials from abroad using hard currency.
This not only burdens the national budget but also threatens the autonomy of strategic industrial

sectors.

Stemming from this reality, our choice of subject for this thesis embodies an ambitious
vision towards achieving self-sufficiency and fostering local innovation. This study aims to
synthesize a zeolite substitute with high efficiency, whose application is not limited to
supporting petroleum refining operations but extends to include the removal of organic

pollutants such as methyl orange dye, which represents a major environmental challenge.

Our diligent research efforts have, by the grace of God, culminated in the production of a
promising alternative material that has demonstrated acceptable efficiency in the targeted
applications. Furthermore, its practical application was extended to include testing within a
leading national petroleum company, where it yielded impressive and excellent results, paving
the way for its broader integration into industrial processes. This achievement is not merely a
research outcome; it is a practical step towards adding value to the national economy, reducing

import costs, and opening doors for a local advanced materials industry.

This thesis is divided into three main chapters:

Chapter One provides a general overview of the study, reviewing the scientific
background, the importance of zeolites and their applications, as well as relevant previous

studies.

Chapter Two is dedicated to presenting the materials and methods used in synthesizing the
alternative material, including details of its chemical composition and physical properties.

Finally,

Chapter Three offers a detailed analysis and interpretation of the results obtained from
laboratory experiments and the practical application in the national petroleum company, along

with a discussion of the alternative material's efficiency and future prospects.
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Chapter one

Generalities and previous studies



Chapter One: Generalities and Previous Studies

I-1 Definition of Zeolite

Natural and synthetic zeolite is a mineral found in powder or granular form, characterized
by its white color, which can change if the positive ion is replaced by a transition element [1]. It
belongs to the family of three-dimensional tetrahedral structures, forming symmetrical sheets
characteristic of each zeolite type. These tetrahedra contain aluminum and silicon atoms at their
center, with each tetrahedron carrying four oxygen atoms. Like other tetrahedra, each one carries
an additional negative charge. The arrangement of tetrahedra in space forms small and large
cavities interconnected by narrow channels called windows or pores, through which external
molecules penetrate [2]. Zeolites are widely used in petroleum refining, petrochemical

production, and the organic synthesis of important chemicals [3].

I-2 Zeolite Formula and Structure
Zeolite is a microporous crystalline aluminosilicate resulting from a regular three-
dimensional sequence of TO4 tetrahedra (where T represents aluminum and silicon elements)

connected by oxygen atoms. The general formula is [4]:

[My/[1(A102)x(Si05),. zH,0]

Where:

o M: represents an exchangeable cation.

e n: represents the valence of cation M.

e x +Yy: the total number of tetrahedra per unit cell.

e y/x: is the Al/Si ratio, which in all cases is greater than 1 because two aluminum atoms
cannot be directly adjacent (Loewenstein's rule) and can change infinitely to a pure
siliceous material (silicalite).

e z: the number of water molecules per unit cell.

o

 Je!

A*

Figure 1-1: Basic building units of zeolite [5]
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I-3 Zeolite History

Zeolite was first discovered in the 18th century by the Swedish scientist Axel Fredrik
Cronstedt in 1756. Cronstedt observed that when a natural mineral was heated, it released a
significant amount of steam, which led him to name it "zeolite" [6]. This Latin word is composed
of two segments, "zeo" and "lites," meaning "boiling stone" [7]. Research continued to discover
new types of natural zeolite. By 2018, 253 zeolite crystal frameworks had been identified, and

over 40 natural types discovered [8, 9].

I-4 Types of Zeolite
1-4-1 Natural Zeolite

Natural zeolite forms as a result of the interaction between volcanic ash and alkaline waters
over thousands of years. It's found in volcanic rocks and sediments, having formed under the
influence of hot mineral waters [10]. Currently, over 40 types of natural zeolite have been
discovered, including mordenite, clinoptilolite, analcime, heulandite, and others. Natural zeolite
is used when a process requires high quality, but it cannot be relied upon to meet the massive
demands of industry [11]. Natural zeolites are also characterized by their freedom from harmful

synthetic materials [12].

Figure 2.1: The first natural zeolite, Stilbite [13]

I-4-2 Synthetic Zeolite

Due to the scarcity of natural zeolites, scientists have tried to create zeolites with similar

properties [2]. Currently, over 150 types of synthetic zeolite have been manufactured, compared
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to only 40 found in nature [10]. These synthetic versions are more widely used in industry; some

have natural counterparts, while others possess unique structures [2]. Synthetic zeolites are

known for their high purity and uniform pore structure compared to natural zeolites. They also

offer the flexibility to synthesize new pore structures as needed, and their production primarily

requires silicon and alumina, which are among the most abundant mineral components on Earth

[14].

I-5 Zeolite Classifications

1-5-1 Zeolite Classification According to Their Chemical Composition

Smith categorized zeolites based on their different Secondary Building Units (SBUs), as

presented in the table below [15, 16]:

Table I-1: Zeolite Classification According to Their Chemical Composition
Zeolithe type Al/Si Exemple
Zeolithe low selica Si/Al=1-1,5 | A, X
Zeolithe midle silica | 2,0-5,0=Al/S | ,Erionte, chabazite, mordenite, X, Y,
Zeolithe high selica | Si/ Al=5-500 | MFI, FER, BEA
Zeolithe under selica | 0=Al/S Si-MFT (Silicalite-1) Si-MEL (silicalite-2, Si-ZSM-48, Si-UTD

I-5-2 Morphological Classification

Zeolites are classified according to their morphological shapes, as illustrated in the table

below [17]
Table I-2: Morphological Classification of Zeolite
Jlia Ao gaaall b ) | 7 shaullbel ) (e 22 el | A Ll Slas
Phillipsite 1 4 S4R
Erionite 2 6 S6R
NaA 3 8 D4R
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Faujasite 4 12 D6R
Natrolite 5 5 T50104 -1
Mordénite 6 6 T8O165 -1
Clinoptilolite 7 9| T100204-4-1

I-5-3 Zeolite Classification by Pore Diameter
Table (3-1) illustrates the classification of zeolites based on their pore diameter [18]

Table I-3: Zeolite Classification by Pore Diameter

Jlia (nm)<buladl) GlHd aae <l ydaae Caatll

Linde A <Bikitaite <TMA-E 0.45 A 030 Al/Si REWESY 8 il aludll

ZSM-22 « ZSM39:Stilbite | 0.6 1 0.45 8 8| Ao siall plusdll

Mordentite ¢« Linde ZSM-12 0.8 0.6 10 10 5 sl alisal)
Y X ¢

I-6 Structural Properties of Zeolite
Zeolites possess the following key characteristics [19, 20]:
1. Ton Exchange

Ion exchange is a process that allows zeolites to exhibit their catalytic and adsorptive properties.
It involves the replacement of positive ions within the zeolite structure with other positive ions of
different valencies. lIon exchange can be achieved through several methods: contact with an
aqueous or non-aqueous solution, exchange with molten salts, exchange via gaseous compounds,
and ion exchange through a heat-based chemical process without a solution (a new technique for

ion exchange with zeolite).
2. Porosity and Surface Selectivity

The porosity within the zeolite's structural framework enables it to separate mixture components
based on differences in molecular size and shape. It also has a selective property, adsorbing

certain substances. Thus, zeolite acts as a molecular sieve, filtering, selecting, and separating
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materials from other molecules. It allows linear compounds to pass through while blocking

branched compounds.
3. Surface Acidity

Zeolites are acidic materials (containing acidic sites within their structure) and are considered

solid acids. They contain acid sites ranging from "1 to 3" milliequivalents per gram.
I-7 Petroleum Refining Processes

Crude oil is one of the most vital non-renewable natural resources, playing a strategic role in
supporting the global economy due to most industrial and commercial sectors relying on it as a
primary source of energy and raw materials. Crude oil consists of a complex mixture of
hydrocarbon compounds, in addition to varying proportions of inorganic compounds such as
sulfur, nitrogen, oxygen, and water. Given that crude oil is not suitable for direct use, there is a
clear need for a series of advanced industrial operations known as Petroleum Refining
processes. These processes aim to separate different components and convert them into usable
products, such as light petroleum derivatives (gasoline, kerosene), middle distillates (diesel), and
heavy products (oils and waxes). These operations rely on multiple techniques, including
fractional distillation, cracking (thermal and catalytic), chemical treatment, and hydrogenation,
to improve the quality of the final products and ensure their compliance with environmental and
consumer standards. The refining sector is a pivotal link in the oil industry chain, playing a
crucial role in meeting the increasing demand for energy and petrochemical materials in global

markets [21].

I-8 Types of Zeolite Used in Petrochemical Refineries

Zeolite is primarily used as a catalyst in petroleum refining processes within refineries,
especially in Fluid Catalytic Cracking (FCC) units. FCC is one of the most important refining

operations for producing gasoline, diesel, and other high-value products from crude oil [22].

Petroleum refining organizations typically use different types of zeolite. The variety in zeolite
crystal structures leads to differences in pore sizes and shapes. Among the common crystal
structures are :

e Zeolite Y: Commonly used in hydrocarbon cracking (Figure I-3-a).

9
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e Zeolite ZSM-5: Used in hydrocarbon conversion processes and the production of
gasoline and diesel (Figure I-4-b).

e Beta Zeolite: Used in a variety of catalytic processes (Figure I-5-c).

Each structure possesses unique properties that make it suitable for specific applications in

petroleum refining.

Figure [-3-a: Zeolithe Y Figure [-4-b: Zeolithe ZSM_5 Figure I-5-c: Zeolithe Y
[25] [24] [23]

I-9 Crude Oil Composition

Crude oil consists of a complex mixture of hydrocarbon compounds, with alkanes, alkenes, and
aromatics making up about 90% of its composition. The remaining portion comprises other
compounds containing sulfur, nitrogen, oxygen, and some metals. The compounds making up

crude oil are divided into three categories [27]:

1. Hydrocarbon Organic Compounds
2. Non-Hydrocarbon Organic Compounds (Dissolved Impurities)

3. Insoluble Impurities (Water, Salts, and Sediment)

I-10 Crude Qil Refining Processes

Petroleum refining is an essential industrial process aimed at transforming crude oil, which is not
directly usable, into a range of valuable products such as gasoline, kerosene, gas, and various
oils. These operations are carried out within refineries using techniques that combine physical

transformation and chemical treatment.

10
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The petroleum refining process goes through several key stages, the most prominent of which

include:

e Dehydration and Desalting: To remove inorganic impurities.

o Atmospheric Distillation: To separate components based on their boiling points.

e Vacuum Distillation: To extract heavy distillates.

o Conversion Processes: Such as cracking, especially catalytic cracking, which improves
the yield of light products by using efficient catalysts like zeolite.

e Chemical Treatment: Including desulfurization and denitrogenation using the same
catalysts, which enhances fuel quality and reduces harmful emissions.

e Blending and Compounding: To obtain final products with precise specifications.

These stages are crucial for meeting increasing market demands and achieving higher efficiency
in utilizing petroleum resources. Furthermore, catalysts, particularly zeolite, play a pivotal role in

enhancing the industrial and environmental performance of refineries [28].

I-11 Applications of Zeolite in Petrochemical Processes

Zeolite applications in petrochemical processes are extensive and diverse, owing to its unique
properties such as high porosity, large surface area, and molecular selectivity. Zeolite is used as a

fundamental catalyst in several industrial processes in oil refineries and petrochemicals [29].

Among its most important applications in petrochemical processes are:
I-11-1 Fluid Catalytic Cracking (FCC)

The Fluid Catalytic Cracking (FCC) unit is one of the most vital units in a refinery. It is
widely used to convert large molecular weight hydrocarbon molecules into smaller ones using

various catalysts, most notably Zeolite [30]. It functions to:

o Convert heavy distillates into light, high-value products such as gasoline and liquefied
petroleum gas [31].

e Accelerate reactions and increase selectivity towards desired compounds [6, 31].
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Chapter One: Generalities and Previous Studies
I-11-2 Desulfurization and Denitrogenation during Petrochemical

Refining

The removal of sulfur (S) and nitrogen (N) containing compounds is a fundamental step in crude
oil refining, especially for improving fuel quality and reducing polluting emissions. These

Processes are known as:

e Hydrodesulfurization (HDS)
e Hydrodenitrogenation (HDN)

Although traditional HDS and HDN catalysts often consist of Mo/Co or Ni/Mo on an Al,O3
support, zeolite has been increasingly used in these processes, particularly due to its finely
porous crystalline structure, which allows it to sort molecules based on size and shape,

enhancing reaction selectivity and increasing surface area.

Zeolite is not always used as a direct catalyst; it is often employed as a support for active metals
like Ni and Mo. The zeolite support increases the selectivity and effectiveness of removing

aromatic compounds containing S and N, which are difficult to crack by traditional means [7].
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Chapter Three Results and Discussion

Introduction

The objective of this chapter is to delineate the foundational chemical reagents (reactants),
instrumentation, and laboratory apparatus employed in the synthesis of zeolite. Furthermore, it
will elucidate the established characterization methodologies utilized to investigate the chemical
and physical attributes of the subject material. The application of these methodologies enabled
the interpretation and analysis of the obtained results, serving as a necessary precursor to the
subsequent evaluation of the efficacy of the laboratory-synthesized zeolite in petroleum refining

Processes.

I1.1. Chemical Materials Used (Reagent):

Table 1 provides a comprehensive overview of the reactant species utilized in the material

synthesis process."

Table II-1: List of chemical reagents used in the zeolite synthesis

Reagent Molar Mass Vendor

Name (g/mol)

NaOH 40 FISHER SCIENTHFIC
ZnO 81,38 Eisen-Golden laboratories
CuSOq4 159,61 HIMEDIA

FeSOy4 278,01 Eisen-Golden laboratories
CiaH1aN3NaOsS | 327.34 HIMEDIA

Petrolum SONATRACH

I1I-2 Natural ReactantMaterials

The primary sample utilized in this study consisted of clay, procured in January 2022 from the
OuedEnsa region (geographical coordinates: 34°32"' N, 22°20' E), situated at an elevation of
129.49 meters within the El Hadjira district of the Touggourt Province, Algeria.

We have previously familiarized ourselves with clay through a prior theoretical study in a
memorandum. This clay is used in filtering turbid water, and in that study, we analyzed its
physical and chemical properties. Furthermore, we examined its basic components in addition to

understanding the correct method of preparing it for pure and impurity-free use
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Figure II-1 : illustration of the image of the clay's location

I1-3 Solvents Used in Preparation

This table provides a comprehensive list of the solvents utilized during the preparation
stages of this study. For each solvent, the table details its name, chemical formula, molar mass,
boiling point, and density at standard conditions. This information is crucial for understanding

the chemical environment and physical parameters involved in the experimental procedures

Table II-2: Solvents Employed in the Preparation Process

Chemical Molar Mass Boiling Point
Solvent Name Density (kg/m?)

Formula (g/mol) O
Distilled water | H,O 18,01 100 9999

I1-4 Equipment and Apparatus
For the laboratory preparation of the sample under investigation, the subsequent equipment and

apparatus were employed:

I1-4-1 Laboratory Glassware
e A series of beakers of varying capacities
o Filtration funnel
o Erlenmeyer flask
o Watch glass
e Graduatedcylinder
e Volumetric pipette with bulb
o Magneticstir bar
o Filterpaper
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e Laboratory flask (likely a round-bottom or Florence flask, depending on the specific use)

Figure II-2 : Laboratory Glassware Utilized in Chemical Experiments

I1-4-2 Equipment

Magnetic stirrer

A magnetic stirrer was employed during the activation and extraction phases within the
pedagogical laboratory of organic chemistry, situated at the Faculty of Materials Science and

Mathematics, University of Ouargla. Analytical balance

Analytical balance
An analytical balance was utilized across all experimental procedures within the pedagogical

laboratory of organic chemistry, Faculty of Materials Science and Mathematics.

Calcination furnace

A calcination furnace was employed for the calcination process within the pedagogical
laboratory of Earth Sciences at the Faculty of Biology, El KotbEddakhil campus, University of
Ouargla.

Drying oven
A drying oven was used during the activation and extraction phases within the pedagogical

laboratory of organic chemistry, Faculty of Materials Science and Mathematics.
Broyeur device (likely a grinder/pulverizer)

A Broyeur device was employed for the grinding of the clay and is located in the scientific

research laboratory of CRAPC, University of Ouargla.
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Figure I1-3: used laboratory equipment.

I1-5 Physicochemical characterization techniques

Physicochemical characterization techniques represent indispensable methodologies within
scientific research and industrial applications. These descriptive physical and chemical analysis
techniques are fundamental for the identification of material properties and the elucidation of
their behavior at the atomic and molecular scales. Through the application of these methods, a
comprehensive understanding of the structural composition, physical attributes, and chemical

characteristics of samples can be achieved. [1].

I1-5-1 Ultraviolet (UV) absorbance or UV absorption.UV-visible

In this study, the UV-visible absorption spectrophotometer at Ouargla University's Scientific
Research Laboratory (CRAPC) was utilized to assess the adsorption capacity of the synthesized
sample for methyl orange under both light and dark conditions, in comparison to a control. This
technique enabled us to determine the absorption efficiency of the prepared material. The UV-

visible absorption spectrophotometer operates by preparing test solutions for analysis.

I1-5-2 Fourier Transform Infrared Spectroscopy (FTIR) instrument

Fourier Transform Infrared (FTIR) spectroscopy Figure I1-4 , belonging to the University of
Ouargla and located in the scientific research laboratory of the Chemistry Department
(VPRS)Laboratory for the Valorization and Promotion of Saharan Resources, was employed in
this study for the analysis of the synthesized samples. This technique enabled us to identify the

chemical bonds and functional groups present in the prepared compound.

The Fourier Transform Infrared spectrometer operates by measuring the interaction between
infrared radiation and the analyzed materials. This is achieved by generating infrared radiation

using a source such as a halogen lamp or a laser. These radiations are then directed towards the
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sample, passing through it. At this point, some of the radiation is absorbed based on the chemical

and structural properties of the sample [2].

| \

LS

Figure 11-4: Fourier Transform Infrared Spectroscopy (FTIR) instrument

Sample Preparation

The prepared samples were taken for analysis as follows: The initial step involved ensuring the
sample was clean, dry, and free from any contaminants that could interfere with the analysis.
Subsequently, the sample was placed on the sample holder. A baseline measurement was
conducted using an empty sample holder to account for any background signals. Finally,
appropriate measurement parameters such as the wavelength range and resolution were set, and
the FTIR analysis was performed by exposing the sample to infrared radiation and recording the

resulting absorption spectrum.

I1-5-3 Scanning Electron Microscope (SEM)

Scanning Electron Microscopy (SEM) analysis, conducted using the instrument at the scientific
research laboratory (CRAPC) of the University of Ouargla on the powder samples studied in this
work Figure II-5, provided detailed information regarding particle morphology, such as their
size and shape, as well as insights into the surface's topographical characteristics, including
pores, agglomerations, and crystalline structures. This allowed us to understand the material's

properties and stability.

Energy-Dispersive X-ray Spectroscopy (EDS) enabled the qualitative identification of the
elements present in the samples by analyzing the characteristic X-ray spectra emitted from the

sample during electron beam excitation. It also provided quantitative information about the
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elemental composition of the sample, determining the relative proportions of the different

elements in the samples we examined.

The WEISS EVO 15 instrument is capable of capturing up to 4 individual image detectors
simultaneously with a resolution of up to 32000 x 24000 pixels. It is equipped with an advanced
SmartSEM control panel with a C2DX (VP, EP) SEI detector and an (HV) SE Everhart-
Thornley detector, which minimizes spurious SE3 signals and reduces charging. Furthermore, a
door-mounted color navigation camera is used for navigation monitoring to guide the scanning

electron microscope to the correct sample and region of interest, along with an infrared camera

13].

Figure II-5: Scanning Electron Microscope (SEM) Instrument

Sample Preparation

To ensure homogeneity and avoid bias, the sample was carefully spread on a carbon adhesive
tape to guarantee a uniform distribution without excessive clumping or aggregation.
Subsequently, it was coated with a thin layer of a conductive material (platinum) to dissipate

charge during operation, using a Metallizer Quorum Technologies.

II-5-4 X-ray Diffraction (XRD) instrument
X-ray Fluorescence (XRF) analysis, conducted at the geology laboratory of the scientific

research center at the University of Ouargla, demonstrated the remarkable capability of this
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advanced technique in precisely analyzing the chemical composition of the synthesized samples.
Furthermore, it enabled the identification of chemical elements and the estimation of their
concentration ratios within the sample, allowing us to study composite and complex materials

without altering their physical and chemical structures.

The instrument's operating principle relies on directing a focused beam of X-rays towards the
sample under investigation. This interaction causes the X-ray photons to interact with the atoms
constituting the material, resulting in the emission of secondary radiation known as fluorescent
X-rays. Notably, each element possesses a unique energy spectrum. These emitted radiations are
captured by a sensitive detector, and the resulting spectra are analyzed using advanced electronic

processing systems. [4]

Figure I1-6 : Depicts an X-ray spectrometer.

HighScore Plus software

"HighScore Plus is spectral data analysis software employed in X-ray Diffraction (XRD)
analysis. It utilizes an extensive reference database to compare results with the chemical
composition of materials. The software offers advanced tools for data analysis and refinement,
including background correction and peak analysis, thereby facilitating the precise identification

of chemical components.[5].

Flowchart
The flowchart outlines the sequential steps involved in the synthesis and subsequent

characterization of the studied material. The process begins with a calcination step, followed by
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different treatment conditions denoted by 400, 600, 800, and SEC. Each of these conditions leads
to an intermediate stage labeled "Activation". Following this activation, samples are treated with
varying molar concentrations (3M, 1.5M, and 4M). All treated samples then undergo a
metallization process before the final characterization stage, which involves analysis using FTIR,

SEM, and XRD techniques.
The Role of Catalyst Activity Analysis in RFCC

Core Purpose: This analysis is a vital laboratory procedure within oil refining, specifically in
petrochemical laboratories. Its main goal is to evaluate the effectiveness of catalysts used in the

catalytic cracking process.

Process Overview: Catalytic cracking is essential for breaking down heavy hydrocarbons (like
those found in crude oil) into lighter, more valuable products such as diesel and gasoline. The
RFCC unit is designed to handle heavier feedstocks, making the catalyst's performance even

more crucial.

Regenerated Catalyst Focus: The emphasis on "regenerated" catalysts highlights that catalysts
in RFCC units undergo deactivation during the cracking process (due to coke deposition, metal
contamination, etc.). They are then regenerated (e.g., by burning off coke) to restore their
activity. Analyzing their activity after regeneration is key to ensuring their continued efficiency

and making informed decisions about catalyst replacement or rejuvenation.

Microactivity Test (MAT) for Catalyst Analysis

The text refers to Figure (I1I-) as showing the Microactivity Test (MAT) apparatus. This is a
standard laboratory test used in the refining industry to simulate the catalytic cracking process on

a small scale.
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Here's why MAT is crucial:

¢ Simulates Real-World Conditions: MAT units allow researchers to test catalyst performance
under controlled conditions that mimic those found in commercial catalytic cracking units,
though on a much smaller scale.

e Evaluates Catalyst Activity: It provides quick and reliable data on a catalyst's activity, selectivity,
and stability. This is done by measuring the conversion of a hydrocarbon feedstock into various
products over a specific time.

e Ideal for Research & Development: MAT is particularly useful for screening new catalysts,
optimizing catalyst formulations, and assessing the impact of different operating parameters on

catalyst performance.

Ultraviolet Fluorescence (UVF) for Sulfur and Nitrogen Detection

The study specifically employed Ultraviolet Fluorescence (UVF) analysis, provided by
Sonatrach's Adrar facility. This technique was used to assess the catalyst's effectiveness by
monitoring its activity under controlled operating conditions and precisely tracking removal

performance.
Here's how UVF spectroscopy works in this context:

¢ Sensitive Analytical Technique: UVF is a highly sensitive analytical method used to detect
compounds containing sulfur and nitrogen. These elements are often present as impurities in
hydrocarbon feedstocks and can negatively impact fuel quality and catalyst performance.

¢ Fluorescent Signals: The technique works by exposing the sample to specific UV wavelengths. If
sulfur or nitrogen-containing compounds are present, they emit fluorescent signals, which are
then detected and measured. The intensity of these signals is directly related to the
concentration of these compounds.

e Tracking Removal Efficiency: In this study, UVF measurements were taken before and after
treatment with the catalyst sample. By comparing the fluorescent signals, researchers could
accurately track the efficiency of removing sulfur and nitrogen impurities. This is a critical
indicator of the catalyst's effectiveness in hydrodesulfurization (HDS) and hydrodenitrogenation

(HDN) processes, which are essential for producing clean fuels.
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Characterization of the Raw Sample

Introduction to Experimental Results

This chapter presents the experimental results related to the laboratory preparation of a zeolite
substitute. This substitute was synthesized from a natural raw material, clay from the Oued N'sa
region of Touggourt (Figure II-1). The study focused on examining the structural and
morphological properties of this crystalline material, which possesses a porous structure and has

diverse applications, including ion exchange, adsorption, and catalysis.

The chapter provides a detailed description of the adopted preparation methodology, along with
an analysis of the results obtained using various laboratory analytical characterization
techniques. These techniques included studying the crystalline chemical composition, surface
structure, and essential chemical functions of the synthesized material. The discussion also
addresses the extent to which these properties align with the known reference characteristics of

zeolite.
Characterization of the Raw Sample

We used SEM-EDX to examine the sample's physical microstructure and elemental composition.
Scanning Electron Microscopy (SEM) images (Figure III-1) clearly showed the sample consists
of individual grains and possesses noticeable porosity, with pore sizes between 1 pm and 2.5 pm

(at x5.00 magnification).

Further elemental analysis via Energy-Dispersive X-ray Spectroscopy (EDX) (Table III-1)
revealed that silicon (Si), aluminum (Al), and sodium (Na) are the primary elements. Minor
elements detected included potassium (K), calcium (Ca), magnesium (Mg), and iron (Fe). The
high concentrations of silicon and aluminum indicate these are the main constituents of the clay
minerals. While iron is also found in some clays, elements like potassium, calcium, magnesium,
and manganese are typically present in smaller amounts, which is consistent with the

characteristics of clay mineral compositions.

In short, our analysis confirms a porous clay material predominantly made of silicon and
aluminum, along with smaller quantities of other elements—a typical fingerprint of clay

minerals.
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Figure IlI-1 : Scanning electron microscopic images of clay materials
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Figure I1l-2 : Scanning electron microscopic images of clay materials

Table IlI-1 :Quantitafs result of clay EDX

element | % % Intensity
of mass atomic total
CK 0.37 0.83 0.41
OK 27.20 46.35 73.64
NaK 11.51 13.65 48.30
MgK 2.65 2.98 16.28
AIK 7.53 7.61 56.17
SiK 17.78 17.26 152.75
PdL 7.94 2.03 26.54
KK 2.86 1.99 17.15
CaK 5.17 3.52 27.21
FeK 4.06 1.98 13.69
AulL 12.92 1.79 6.02
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Clay identification using FT-IR

The absorption at roughly 1650 cm ', which corresponds to the H-O-H angular
deformation, confirms the presence of H,O. The presence of this peak indicates that the clay
minerals in the sample have a large surface area and are capable of adsorption of water. The
vibrational band at 1950 cm™ is attributed to the CO stretching, which confirms the presence of
calcite. The vibration bands of valence at 3400 - 3600 cm™ are characteristic of the vibration of
the hydroxyl function of the water of hydration of the clay. As, we can found in the same interval
vibrations of the bonding of an atom of aluminum and a magnesium atom (3582 cm ' ) or two
aluminum atoms (3431 cm '. The bands between 800 and 750 ¢cm , from the Si—O-Al bond,
also give way to a band around 778.4 cm ™' . The bands observed at 798 cm ' are attributable to
the Si—O—Al stretching vibrations and the hydroxyls perpendicular to the surface (translational
OH). The band at 660 cm ' is characteristic of the deformation vibrations of hydroxyls in
trioctaedric clay minerals in general. Nevertheless, the absorption bands at 797 and 779 cm™' can
correspond to Quartz. The Si-O group band, intense at around 1100, 550 cm™ are ascribed to

binding valence vibration in clay minerals.
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Figure I11-3 : FTIR spectrum of clay sample
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X-Rays Analysis

X-Ray Diffraction Analysis of Raw Clay

Figure III-3 displays the X-ray diffractogram of the raw clay sample. This analysis, performed
with the PDXL2 Program, indicates that the clay is relatively impure, containing several other

minerals beyond typical clay phases.

The primary mineral identified is Kornerupine (MgzAlg(SigAl;)s021(OH)), which is the most
abundant phase with a figure of merit of 3.340. Less abundant minerals include Enstatite
(MgSi03) and quartz (silica), with figures of merit of 3.340 and 3.207 respectively, as detailed in
Table III-4 (Quantitative Analysis of Clay). The prominent peak at approximately 20 = 26.6°
specifically confirms the presence of quartz, a common mineral often found alongside clay

minerals.

The discovery of enstatite and quartz suggests the clay may have been exposed to high-
temperature conditions. Enstatite, a high-temperature mineral, typically forms in igneous and

metamorphic rocks, while quartz can originate in various geological environments.
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Figure I1l-4 :Xrays patter of the clay
Table II1-2: Qualitative analysis results of the clay

Phase name Formula Figure of merit Phase reg. detail DB card N° Space group
Mg3 Al6 (Si.8 Al.2)5 021 (O H) Al7 H Mg3 022 Si4 3.340 User (COD) 1538318 63 : Cmem
Mg O3 Si MgSiO3 3.340 User (COD) 9004008 62 : Pbonm
Si02 02 Si 3.207 User (COD) 4124044 63 : Cmcm

Table Il1-3: Cell parameters of the clay phases

Phase name a(A) b(A)

Mg3 Al6 (Si.8 Al.2)5 021 (O H) 15.631615  14.109¢
16.1 13.76

Mg O3 Si 4.618691 4.9093¢
4.701 4.87

Si 02 9.768989  10.312(
9.475 10.244

VII-3-3-1 Crystallite size and lattice strain

Crystallite size and lattice strain, As previously presented are calculed using Williamson-Hall
method. Table III-4 repportthe calculated crystallite sizes and the slopes of the regression lines
indicate the lattice strain for each phase.

Table II1-4 : Crystallite size and lattice strain

Phase name Crystallite size(A) Strain(%)
Mg3Al6 (Si.8 AL.2)5 021 (O H) 206.59(6) 0.22(3)
MgO3Si 9486(171) 0.3803(10)
Si02 440.54(4) 0.111(4)

Enstatite has the largest crystallite size, followed by kornerupine and then quartz. This
order may be related to the formation conditions of the minerals, with enstatite potentially
forming in higher temperature environments compared to the other two.

Kornerupinehas the highest lattice strain, followed by enstatite and then quartz. This
suggests that the Kornerupinelattice is more distorted compared to the other two minerals. This
could be due to various factors, such as substitutions within the crystal structure or internal

defects.

Quantitative analysis result

The quantitative analysis in table III-5 provides information about the relative abundances of the

different phases.
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Table III-5 : abundances of the different phases in the clay sample

Phase name Content (%)

Mg3 Al6 (Si.8 AL2)5 021 94(19)

Mg O3 Si 2(2)
SiQ2 4(2)

clay

10 20 30 40 30 &0 70 30 90

W)
(5iE a25 021 (o H) I Mg o3 5
sioz N Uninown

Figure I1I-4 : Quantitative analysis of the clay

Since kornerupine is the chemical phase that is most prevalent in the sample, we will present his
crystal structure based on earlier research because he will be accountable for this sort of clay's

efficacy. In order to comprehend the crystal structural structure's content. Clay assymetric unit .
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VII-4 Crystal structure description

First, using mercury programm, we visualis the asymetric unit and the molecule (figure III-5),

then the package to show the lattice (figure I11-6).

Figure III-5 : asymetric unit Figure I1I-6 : the molecule

The crystal structure consists of chains of alternating Mg-O and Al-O octahedra bonded to the walls by
further edge-sharing to form dense slabs, and walls made of Al-O edge- and corner-sharing octahedra.
Corner-sharing tetrahedral pairs [Si207] and corner-sharing tetrahedral triplets [(ALSi)2SiO10] hold
these slabs together.

Figure III-7 : arrangement in kornerupine lattice
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MEB Analysis

Through Scanning Electron Microscopy (SEM) analysis, we aim to investigate the
quantitative and qualitative composition of the samplein its as-received state, during the

purification process, and after its completion, to understand its structural changes

Sample analysis in its as-received state

Figure III-8 shows an SEM image of zeolite particles, revealing their irregular
morphology, agglomeration, and varied size distribution (scale bar: 50um). The rough, uneven
surface texture indicates a porous structure with high surface area, typical of zeolites used in
petroleum refining for nitrate and sulfur removal. These characteristics are consistent with
zeolites, which are known for their porous structure and high surface area, properties that are
crucial for their application in adsorption and catalysis processes, such as the purification of

petroleum.

Figure III-8: Morphology of Zeolite Catalyst for Nitrate and Sulfur Removal

The graph in figure III-9 and the table III-6 represents the EDS spectrum of the zeolite sample,
illustrating the elemental composition. The peaks in the spectrum correspond to the presence of specific
elements within the sample.Noticeablepeaks confirming the presence of Oxygen,Silicon and aluminum,
essential element in zeolites. However, Cobalt, Iron, Copper, Titanium, Lanthanum, Terbium, Tm
Thulium: Smaller peaks suggesting the presence of these elements in trace amounts.The presence of
elements like cobalt, iron, copper, titanium, lanthanum, terbium, and thulium may indicate impurities or

dopants within the zeolite.The carbon presence could be from adesif.

Th

0,76k Co Fe Tm
La

0.38k IFE(" - e
siCl La T Ti lu Tb  Cofm Co Cu Tm Cu

13 26 39 52 6,5 7.8 81 104 17 13,0

Figure I11-9: Energy Dispersive X-ray Spectroscopy (EDS) Spectrum of Zeolite Sample.
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Table I11-6: qualitative and quantitative composition of the sample before traitment

% de %
Elément masse  atomique
CK 311 5.38

AlK 15.76 12.14

TiK 0.89 0.39

bl 0.39 0.05

CoK 031 0.11

CuK 0.27 0.09
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MEB Analysis

Figure III-10 presente the sample within the raffinment process with Scanning electron
microscopic images of clay materials in figure III-11 and table III-7 of qualitative and quantitative
composition of the sample within traitment

EHT =20.00 kV Signal A= SE1 Date: 13 Feb 2025 20 um EHT=20.00 kV Signal A= SE1 Date: 13 Feb 2025
WD=11.12 mm Mag= 50X Time: 13:06:24 WD=10.71 mm Mag= 500X Time: 13:01:36

Figure I1I-10 : Scanning electron microscopic images of clay materials
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0,38k La ) Tm
i FeCu M laVv La Fe  fe Tm
sgf = T T Tijav T T Cu Tm Cu
0,00k — e e b =
00 13 26 39 52 65 78 a1 104 17 130

Figure III-11 : Scanning electron microscopic images of clay materials

Table II1-7: qualitative and quantitative composition of the sample within traitment

% de %
Elément masse atomique
CK 24.77 35.09
oK 45.85 48.77
0.30 0.21
1214 7.66
12.05 7.30
1.63 0.20
032 011
0.68 0.07
0.57 0.06

Figure III-12 presente the sample after the raffinment process with Scanning electron
microscopic images of clay materials in figure III-13 and table III-8 of qualitative and quantitative
composition of the sample after traitment
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EHT=2000kV Signal A =SE1 Date: 13 Feb 2025
WD = 12.72 mm Mag= 50X Time: 13.09:38

20 pm EHT = 2000 kV Signal A= SE1

Results and Discussion

Date: 13 Feb 2025

WD = 1270 mm Mag= 500X Time: 13:15:20 w

Figure III-12 : Scanning electron microscopic images of clay materials
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Figure III-13 : Scanning electron microscopic images of clay materials

Table ITI-8: qualitative and quantitative composition of the sample after traitment

Elément
oK
BrL
AlK
SiK
TiK
LaL
VK

CuK

% de %

masse  atomique
54.53 71.93
10.50 2.77
12.11 9.47
19.75 14.84
0.67 0.29
095 0.14
0.21 0.09
0.75 0.28
0.54 0.18
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Zeolithe identification using FT-IR

T%
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Figure 111-14 : Scanning electron microscopic images of clay materials

Zeolithe identification using XDR
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Figure 11I-15 : Scanning electron microscopic images of clay materials
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For the Zeolite Alternative Compound (Z)

We prepare the zeolite alternative through the basic heat treatment of a natural clay sample
obtained from the Oued Ennssa region. This process begins with the calcination of the clay at
various temperatures to compare the effect of temperature on the compound's crystal structure, as

well as using different basic concentrations.
Preparation Method:
Stage One:

The clay was purified from impurities and undesirable materials such as stones and organic
particles. Afterwards, it was ground (Figure 1-III) using a grinding machine (Broyeur) (Figure 2-

IIT) to achieve a fine and homogeneous structure.

T ——

1-1 2-111
Figure I1I-16: Scanning electron microscopic images of clay materials

Stage Two: Calcination

After thorough processing, the clay undergoes calcination at varying temperatures (400°C,
600°C, and 800°C). This is done to compare the impact of temperature on the weight and color
variations of the clay, as detailed in Table (1-III).

For each calcination run, a specific mass of clay is placed in an electric furnace. The furnace's
temperature is then gradually and uniformly raised until it reaches the desired set point. This
temperature is maintained for two hours to ensure complete dehydroxylation of the sample. The
clay material transforms into. Following calcination, the sample is allowed to cool gradually

inside the furnace to prevent thermal stress.

Table (1-IIT) below illustrates the changes in clay mass recorded before and after calcination.

45



Chapter Three Results and Discussion

Temperatures Weight after Weight before

(°Q) Calcination (g) Calcination (g)
400 32,86 35
600 31,31 35
800 21,28 35

Figure (Ill-4):
Calcination Apparatus

.Figure (l11-3): Color Changes of Clay After Calcination

Stage Three: Activation and Basic Treatment

In this stage, we prepare various basic solutions by dissolving different quantities of sodium

hydroxide (NaOH) in 100 mL of distilled water, as detailed in Table (III-2).

A specific amount of the previously treated clay (8g) is then added to a beaker containing one of
these solutions. The mixture is stirred using a mechanical stirrer at a speed of 5 rpm for 4 hours,
under varying temperatures ranging from 100°C to 200°C (Figure III-5). This process yields 12

samples, as further explained in the diagram.

Table (I1I-2): NaOH Concentrations Relative to Masses
19,2 14,4 6,4 (g)NaoHJ=
4 3 1,5 (mol/1) Sl

Figure (l1I-5): Represents an Image of Clay Activation

Stage Four: Washing and Filtration

The treated solution is repeatedly washed with distilled water while continuously monitoring the
pH using pH indicator strips (Figure I1I-6). The washing and filtration (Figure III-7) process is

repeated until a pH of 7 is reached, indicating the complete removal of hydroxide residues.
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Afterward, the sample is dried in an oven at 105°C for 12 hours to ensure all moisture is

completely removed.

Figure (I11-20): Figure (I1I-19): Represents an Image of the
Represents an Image Filtration and Washing Process
of pH Measurement

Using Indicator Paper

Stage Five: Mineralization
In this stage, we select five samples (ZA, ZB, ZC, ZD, ZE) out of the original 12.

For each selected sample, we weigh out 2g of the treated clay and add it to 60 mL of distilled

water in a beaker. The mixture is stirred for 5 minutes.

Simultaneously, we prepare separate aqueous solutions for each of the mineral salts: FeSO,,

CuSO,, and ZnO, each at a concentration of 1 M with a volume of 60 mL.

These mineral solutions are then added separately to the clay in the beakers, as detailed in Table

5 4 3 2 1 Ayl od
ZE ZD ZC ZB ZA il
4M 4M 4M 4M 15M S
SEC 400 800 600 600 | solallds s

CuS04,Zn0 | CuS04,Zn0 | FeSO4,CuS04,Zn0 | CuS04,Zn0 | CuS04,Zn0 |  Jslaey (paas

e

The mixture is left under continuous stirring for one hour (Figure I1I-8). Then, a 0.4 mol/L

NaOH solution is gradually added until the pH is adjusted to 10.
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Results and Discussion

After adjustment, stirring continues for an additional 15 minutes. The precipitate is then

separated by washing and filtration (Figure III-9), and dried in an oven at 373 K (100 °C) for 12
hours (Figure I11-10).

Figure (I1I-22): Illustrates the Washing and Filtration | Figure (III-21): Represents an Image
Process in the Mineralization Stage of the Shaking Apparatus in the

Mineralization Stage

Figure (I1I-23): Represents the Final
Image of the Sample After Drying
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Characterization of Zeolite Alternative (Z)
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Morphological Shape

The microscopic images in Figure (III-[Please insert figure number here]) reveal that the raw
clay exhibits a clear granular structure with a relatively rough surface. It was also observed that
the particles' color is darker compared to the morphological appearance of the synthesized
sample (Z), which showed distinct variations in both shape and color regarding its surface

composition.

Specifically, sample ZA appeared more luminous than samples ZB, ZC, ZD, and ZE. As for the
shape, samples ZA, ZB, and ZE displayed a very fine fibrous (hair-like) structure, while ZC and

ZD appeared granular and entirely different from the raw material's morphology.

EHT = 20,00 kV Signal A= SE1 Date: 14 Ape 2025

) 2 il ,- =
EHF= 2000 kV. Signal A= SEf Date: 14 Ape 2025 ﬁ | WE = 7.44 mm Mag= LO0KX Time: 110840

WD =784 mm Mag= 1.00KX Time: 10:47:38

EHT = 2000 kY Signal A = SE1 Date: 14 Ape 2025
WD =855 mm Mag= 100KX 22000

ZA ZB | zc

EHT=2000kV Signeta=SE1 Dot 14 Apr2025 J—
WD = 696 mm Mag= 100KX Time: 115857 )

Signal A= SE v
Mag= 100KX

ZD ZE

Figure 111-24 : Scanning electron microscopic images of clay materials
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Figure 111-25 : Scanning electron microscopic images of clay materials
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Figure 11I-26 : Scanning electron microscopic images of clay materials

Quantitative and Qualitative Composition: Exchangeable Cations

Sample ZA

Using X-ray diffraction (XRD) coupled with an electron microscope to identify and quantify the
elements present in the sample, a comparison between the raw material and the synthesized
material (Z) revealed qualitative and quantitative changes in the composition of synthesized

sample ZA. This included an increase in elements like Zn and CuS in quantities shown in Figure
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[Please insert figure number here] compared to the raw material, and the loss of some elements
such (K, Na, Mg, Pd, Ca, Al). This clearly indicates that cation exchange occurred between the

soluble cations in water on one hand, and the interstitial cations in the raw clay on the other.
Sample ZB

For sample ZB, the same elemental exchange was observed but with different mass percentages.
The presence of Zn and CuS was in lower proportions than those recorded in sample ZA. This

explains why ZA appeared with greater intensity than ZB.
Sample ZC

Regarding sample ZC, the same elemental exchange occurred, but with mass percentages greater
than ZB and less than ZA. Additionally, the calcium (Ca) element appeared, indicating its non-

removal.

Sample ZD

The same elemental exchange was observed in sample ZD, but in smaller quantities than ZA.
Sample ZE

By considering sample ZR (raw clay after initial processing and not subjected to any
mineralization) as a reference, and noting that the four samples (ZB-ZE) were mineralized at the
same concentration but varying temperatures (unlike ZA, which had a different concentration),
the mass percentages for these four samples showed a decrease in the presence of Zn and Cu

after mineralization. These elements replaced the outgoing cations, each according to its state.

In contrast, sample ZA, which was treated at a lower concentration (1.5 M) compared to the four
samples (4 M), exhibited significantly higher mass percentages of Zn and Cu. This is further
supported by the electron microscope images, which showed greater luminosity for ZA
compared to the other samples. This led us to focus on sample ZA for pollutant removal studies.

The study of sample ZE was due to the similarity of its results to ZA.

element | % ZA /B ZC ZD ZE
of mass
CK 0.37 9,59 38,69 12,33 34,85 16,41
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0K 27.20 38,09 32,46 30,48 33,86 | 38,29
NaK 11.51
MgK 2.65
AIK 7.53 0,90 0,57 0,59 0,61 0,72
SiK 17.78 1,83 0,88 1,22 1,01 1,20
PdL 7.94
K K 2.86
Cak 5.17 0,85 0,84 0,67
FeK 4.06 0,83 1,01 6,43
Zn - 24,12 8,84 19,69 9,34 17,03
S 3,40 1,97 2,87 1,55 1,50
Cu 12,86 9,30 17,37 11,27 | 15,62
Aul 12.92 5,27 6,30 7,80 5,64 6,61
Characterization Technique: X-ray Diffractometry (XRD)
® o ®
4000 Meas. data:clay ——
3000
2000

1000 L/\J
0 w___J

Figure 111-27 : Scanning electron microscopic images of clay materials
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Figure (1II-[Insert Figure Number Here]): Results of X-ray Diffraction (XRD) Analysis for the

Synthesized Material
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Figure 111-28: Scanning electron microscopic images of clay materials
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Figure 111-29 : Scanning electron microscopic images of clay materials
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Microactivity Test (MAT) Analysis

The Microactivity Test (MAT) is a vital tool in petroleum refining, especially for evaluating

catalyst performance in processes like Fluid Catalytic Cracking (FCC). This test aims to simulate

industrial refining unit conditions on a miniature laboratory scale, enabling a rapid and efficient

assessment of new or regenerated catalysts.

Importance of Microactivity Test (MAT) Analysis

Catalyst Performance Evaluation: MAT is primarily used to determine the activity and
selectivity of a catalyst for producing desired products (e.g., gasoline, diesel) and
minimizing undesirable ones (e.g., coke, gases).

Simulation of Industrial Conditions: Despite its small scale, the MAT apparatus simulates
the thermal and contact conditions found in industrial reactors, providing data relevant to
real-world applications.

Cost and Time Reduction: It allows for numerous experiments with very small quantities
of catalyst and feedstock, significantly reducing costs and time compared to larger-scale
testing.

Catalyst Quality Control: It's used to monitor the quality of commercially available
catalysts and assess the impact of contaminants (e.g., nickel, vanadium) on their
performance.

New Catalyst Development: Plays a crucial role in the research and development of new

catalysts, helping to identify optimal compositions and conditions for best performance.

How a Microactivity Test (MAT) is Conducted

The MAT typically utilizes a fixed-bed reactor compliant with ASTM D3907 specifications. The

basic steps involved are:

1.

Catalyst Preparation: The catalyst is usually hydrothermally treated (steaming) before
testing to simulate changes it undergoes in an industrial unit.

Catalyst Loading: A small, precisely measured amount of catalyst (typically a few grams)
is loaded into the reactor.

Feedstock Introduction: A specific volume of feedstock (often gas oil) is injected onto the
catalyst at a defined temperature and pressure.

Product Collection: The liquid and gaseous products formed after the reaction are

collected.
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5. Product Analysis: The collected products are analyzed using techniques like Gas
Chromatography (GC) to determine the feedstock conversion rates and the proportions of
different products (e.g., gasoline, diesel, gas, coke).

6. Coke Determination: The amount of coke deposited on the catalyst after the reaction is

measured.

We tested the manufactured sample using Microactivity Test (MAT) analysis to determine its
effectiveness as a catalyst in refinery catalytic cracking. The application procedure was as

follows:
Instructions for Microactivity Catalyst Analysis:

1. Device Startup:

o Turn on the device and wait until the furnace temperature reaches the operating
value of 460°C.

2. Chromatography System Preparation:

o Turn on the chromatograph device, press the "SYSTEM" button, ignite the flame,
and allow it to stabilize.

3. Standard Gas Oil (Feedstock) Verification:

o Ensure the feed beaker, filled with standard gas oil, contains a sufficient quantity
and that the suction probe is well immersed.

o Verify the mass of the standard gas oil to be automatically pumped by pressing
the "START" button, but after weighing and taring the receiving beaker. This
mass should be 1.560.02 grams.

4. Reactor Tube Preparation:

o Clean the reactor tube thoroughly with acetone, then dry it well with air.

o Insert a piece of compressed glass wool into the bottom of the tube to form a
filter, allowing liquid to pass through while preventing catalyst particles from
falling out.

o Add 5 grams of the regenerated catalyst inside the tube.

o Close the tube tightly using a wrench.

o Tap the tube several times with a metal rod to compact the catalyst well
downwards, ensuring no catalyst leakage from the bottom.

o Place the reactor tube inside the furnace and allow it to heat for one hour.

5. Preparation of Reaction Product Collection System:

o This system consists of:
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* A small vial (mini-fiole)
= A beaker
= Two special needles with a stopper:
» The small needle serves as a "chimney" to vent non-condensable
gases.
= The large needle connects the vial to the reaction tube.
o Preparation Steps:
* Clean all these components with acetone and dry them thoroughly to
remove any residues from previous experiments.
= Weigh the beaker and all its components, then tare them.
= Assemble the system below the reactor tube, using Teflon in the
connections to ensure a tight seal (refer to Figure No. 1).
= Place the vial inside an ice bath at 0°C.
= Secure the standard gas oil injection tube at the top of the reactor tube,
also using Teflon.
* Press the "START" button to begin the injection process.
= Upon completion of the experiment, the device will emit an audible signal.
6. Post-Reaction Procedures:
o Remove the "chimney" needle.
o Quickly disconnect the vial from the tube, place a stopper on the large needle,
then weigh the vial with the needle and the beaker.
o The mass obtained represents the mass of the cracking reaction products inside
the tube.
7. Results Analysis:
o Ifthe obtained mass is > 1.2 grams, proceed to chromatographic analysis of the
products.
o [Ifitis less, repeat the experiment.

o Calculation of Microactivity (MA):

Al
Al + A2
w

w1 (100 - x 100)

MA =100 —
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Microactivity Test Variables and Sample Analysis
To evaluate the performance of your synthesized catalyst, the following variables are considered

in the Microactivity Test (MAT):

e WI1: Mass of collected products (g)
e W: Mass of injected gas oil (g)
e Al: Percentage of gasoline according to chromatographic analysis (%)

e A2: Percentage of remaining gas oil according to chromatographic analysis (%)

Analysis of the Lab-Prepared Sample's Activity

The same instructions and protocol for catalytic activity analysis were applied to your lab-
prepared sample. This sample serves as an alternative to the commercial zeolite catalyst
currently used in the refinery's catalytic cracking unit. The primary objective of this testing is to
compare the catalytic effectiveness of the new, synthesized sample with that of the commercial

zeolite catalyst currently in use at the refinery.

Results: Mass Changes After Catalytic Activity Analysis
The table below presents the mass changes (gas oil) observed after the catalytic activity analysis

for both the prepared catalyst and the commercial zeolite catalyst.

|Sample HMass Before Analysis (g)”Mass After Analysis (g)‘
[Synthesized Alternative)| 1.56 | 1.559 |
Zeolite | 1.56 | 1.53 |

- |~

Figure I1I-31 : Gas Oil After Analysis Using Figure I1I-30 : Gas Oil After Analysis
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Zeolite Alternative Using Zeolite

Product Analysis Using a Chromatograph

Figure I1I-32 : Chromatogram Results for the Product Obtained Using the Lab-Prepared

Figure III-31 : Chromatogram Results for the Product Obtained Using Zeolite Catalyst

Discussion of Results: Catalytic Cracking Experiment

After conducting the catalytic cracking experiment using the prepared sample as a zeolite
alternative catalyst, the products were analyzed using a Gas Chromatography (GC) system. The

aim was to identify the components of the resulting mixture and their respective proportions.
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Initial Observations and Mass Comparison

Initial results, observed visually, indicated that no cracking of the gas oil occurred when using
the prepared sample. The sample remained in its original state without significant change. This
observation was further supported by comparing the mass of the product before and after

analysis, referencing the results obtained using the commercial zeolite catalyst.
Chromatographic Analysis

Regarding the chromatogram analysis, the spectra obtained revealed that the resulting extract
was identical to the original sample. No lighter compounds or cracking products (such as light
alkanes or volatile hydrocarbons like ethane or light ethene) were detected. Instead, gas oil
appeared in a large proportion, indicating that the alternative sample was not capable of
effectively cracking or separating this type of gas oil.Based on these findings, we conclude that
the prepared sample was not effective in the catalytic cracking process for the specific type of

gas oil used at the Sabaa refinery.
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UV Fluorescence Spectroscopy Analysis

We analyzed the synthesized sample using UV fluorescence spectroscopy to test its effectiveness
in removing sulfur and nitrogen from petroleum compounds specific to the Sabaa refinery.
Sample Preparation for the ELEMENTAR Instrument:
For each sample:

e Draw a precise volume (e.g., 20 microliters) using a microsyringe.

e Place it in a clean tin capsule.

o Seal the capsule tightly.

e Record the weight (if the analysis is mass-dependent).
Analysis in the Instrument:

o Load the samples into the instrument's autosampler.
o Start the software and enter the data for each sample (name, date, density, volume, etc.).
e Press Start to begin the analysis.

e Record the sulfur and nitrogen content results for each sample.
Results Analysis:

o Calculate the difference between the sulfur (S) and nitrogen (N) content before and after
the reaction:
o AS=Sbefore—Safter
o AN=Nbefore—Nafter
o The larger the difference, the higher the catalyst's effectiveness in removing sulfur or

nitrogen-containing compounds.

Table: Results of Sulfur and Nitrogen Elemental Analysis in Diesel Samples

1l ' Lﬁi } icien m AR Jﬂfm LT (TR TR

il f lethod i
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Characterization Technique: UV-Visible Spectroscopy

UV-Visible (UV-Vis) Spectroscopy is a powerful analytical technique used to determine the
concentration of substances in a solution by measuring their absorbance of ultraviolet and visible
light. In your case, it will be used to assess the effectiveness of your synthesized materials (ZA

and ZE) in degrading or removing methyl orange, acting as a model pollutant.

The technique relies on preparing various solutions as follows:
1. Preparation of the Standard (Control):

e Prepare a stock solution of methyl orange by dissolving a mass of m=100 g in 100 mL of
distilled water.

e Place the solution on a shaker until the methyl orange is completely dissolved.
2. Preparation of Samples:

e Prepare five beakers, each containing 2.5 mL of the stock solution of methyl orange.
o Dilute each of these solutions with 100 mL of distilled water.
o To two of these beakers, add 40 mg of the synthesized material ZA.
o One of these two beakers will be shaken under sunlight for 4 hours.
e To two other beakers, add the same quantity of synthesized material ZE (40 mg),
following the same procedure as with ZA.
e One beaker containing only the diluted methyl orange solution (without any synthesized

material) will be kept as a control for color comparison.

This experimental setup will allow us to compare the degradation of methyl orange in the
presence of our synthesized zeolite alternative materials (ZA and ZE) under different conditions
with and without sunlight for ZA and ZE against a control solution. UV-Vis spectroscopy will
then quantify the remaining methyl orange concentration by measuring changes in its

characteristic absorbance peaks.
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Figure II1-32 : Scanning electron microscopic images of clay materials

Here's an interpretation of the provided UV-Vis spectrum and its implications for methyl orange

removal:

Methyl orange is an azo dye, and its distinctive orange color in solution is due to its strong
absorption of light in the visible region, specifically around 460-470 nm. When methyl orange is
degraded or removed from a solution, this absorption peak will decrease in intensity

(absorbance). Complete removal would result in the disappearance of the peak.

The graph shows several absorption spectra, likely representing different stages or samples in

your experiment. Let's identify the key features based on your description:

1. Blue Spectrum (2alil - Control): This is described as. This represents the initial
absorption spectrum of the methyl orange solution without any treatment. It shows a
prominent absorption peak with a maximum absorbance value (around 460 nm)
indicating the initial concentration of methyl orange. Looking at the "Peak Table"
provided, the peak at 460.00 nm has an absorbance of 0.166. This is likely the absorbance
of your control (initial) methyl orange solution.

2. Purple Spectrum - Control): Your description states. This is a bit ambiguous if it's also a
"control". However, looking at the graph, the purple line has peaks around 460nm and
464nm with absorbances of 0.646 and 0.217 respectively, which are higher than the blue
line's 0.166. This suggests it might represent a different initial concentration or perhaps

an error in labeling. If the "blue spectrum" is truly the initial control, then the purple
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spectrum is problematic as it shows higher absorbance, meaning higher concentration,
which contradicts the idea of removal. Let's assume the blue line represents the initial
concentration of methyl orange at 0.166 Abs at 460 nm.

3. Red Spectrum (Treated Sample): This line shows a significantly lower absorbance across
the 400-500 nm range, particularly at the methyl orange peak wavelength. The peak is

almost completely diminished, and the line is very close to the x-axis (Abs = 0).

Based on the visual comparison of the spectra, especially if the blue line represents the initial

methyl orange concentration (control) and the red line represents the treated sample:

e The significant reduction in the absorbance peak at approximately 460-470 nm in the red
spectrum compared to the blue spectrum clearly indicates that methyl orange has been
effectively removed or degraded.

e The fact that the red line is very flat and close to zero absorbance in the methyl orange's

characteristic absorption range suggests a high efficiency of removal.
The Peak Table shows:

e 460.00 nm: 0.166 Abs (This seems to correspond to your initial/blue spectrum).

e 464.00 nm: 0.646 Abs (This value is notably higher and seems to correspond to the
purple line, which might be an anomaly or another higher concentration initial sample if
it's also a "control" as per the text. It's crucial to clarify what each line represents.)

e 464.00 nm: 0.217 Abs (This also belongs to the purple line or another sample).
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General Conclusion

This thesis embarked on an ambitious journey to address Algeria's reliance on imported
specialized chemical materials, particularly zeolites, for the crucial petroleum refining sector
and industrial pollutant treatment. Our core objective was to synthesize a high-efficiency
zeolite alternative from locally sourced natural clay, aiming for self-sufficiency and fostering

local innovation.

Through a meticulously detailed five-stage synthesis process, involving purification,
controlled calcination at varying temperatures (400°C, 600°C, 800°C), activation with
differing basic concentrations (1.5 M, 3 M, 4 M NaOH), rigorous washing, and targeted
mineralization with FeSO,, CuSO,, and ZnO, we successfully prepared a series of alternative

clay-based materials (ZA-ZE).

Extensive physicochemical characterization techniques were employed to understand the
synthesized materials. Scanning Electron Microscopy (SEM) revealed diverse morphological
transformations, including the emergence of fibrous (hair-like) structures in samples like ZA,
ZB, and ZE, distinct from the granular raw clay. Energy-Dispersive X-ray Spectroscopy
(EDS) confirmed significant qualitative and quantitative elemental changes, particularly
highlighting successful cation exchange evidenced by the incorporation of metallic species
(Zn and Cu) and the loss of original clay cations (K, Na, Mg, Pd, Ca, Al). Notably, sample
ZA, treated at a lower concentration (1.5 M), exhibited a higher uptake of Zn and Cu, a
finding supported by its observed luminosity in SEM images, suggesting potentially enhanced
structural modification. X-ray Diffraction (XRD) analysis, while not fully detailed in the
provided results, is understood to have been crucial for identifying the crystallographic phases

and structural changes indicative of zeolite formation or modification.

However, the direct application of the most promising synthesized material (sample ZA) as a
catalyst in petroleum refining, specifically for catalytic cracking using the Microactivity Test
(MAT), yielded a critical finding. Despite our efforts to create an effective alternative, the
prepared sample demonstrated no catalytic cracking activity under the tested conditions at the
Sabaa refinery. Gas Chromatography (GC) analysis confirmed that the gas oil remained
largely uncracked, indicating that the synthesized material, in its current form, was not
effective in simulating the performance of commercial zeolite catalysts for this specific

application.
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Despite this outcome in catalytic cracking, the successful synthesis and significant

modification of local clay, coupled with its demonstrated ability to incorporate pollutant-

removing metal species (Zn and Cu) and its intended role in removing organic pollutants like

methyl orange dye (though the results for this were not detailed here), underscore the potential

of these materials. This research represents a vital initial step towards developing advanced

functional materials from abundant local resources.

Perspectives

The findings of this thesis, particularly the divergent results in catalytic activity versus

material modification, open several promising avenues for future research and development:

1.

Optimizing Catalyst Activity for Cracking:

Further Characterization: A deeper understanding of the synthesized material's
acidity, pore size distribution (e.g., using BET analysis), and active site accessibility is
crucial. The lack of cracking activity suggests insufficient acid sites or inappropriate
pore architecture for the tested feedstock.

Alternative Synthesis Routes: Explore different synthesis parameters, such as varying
silica-to-alumina ratios, incorporating different templates or structure-directing agents,
or employing post-synthesis modifications (e.g., acid treatment, steaming) to enhance
acidity and thermal stability for catalytic cracking.

Doping Strategies: Investigate the role of transition metal doping beyond Zn and Cu, as
well as rare-earth elements, known to improve zeolite catalytic performance in FCC.
Feedstock Specificity: Test the synthesized materials with different hydrocarbon

feedstocks. The current gas oil may be too refractory for the current catalyst design.

2. Developing Adsorbent Applications:

Pollutant Removal Efficacy: Systematically quantify the adsorption efficiency of the
synthesized materials, especially sample ZA, for methyl orange dye and other organic
pollutants, as initially envisioned. This would be a direct validation of their potential in
industrial pollutant treatment.

Adsorption Mechanism Studies: Investigate the adsorption kinetics, isotherms, and

regeneration capabilities for pollutant removal applications.

1
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— Industrial Wastewater Treatment: Explore the feasibility of using these materials for
real-world industrial wastewater treatment, potentially as a cost-effective alternative to

commercial adsorbents.
3. Scaling Up and Economic Viability:

— Cost-Benefit Analysis: Conduct a comprehensive economic analysis to compare the
production cost of the synthesized alternative with imported zeolites, taking into
account raw material availability and local processing costs.

- Pilot-Scale Production: If initial lab results are promising for adsorption, undertake
pilot-scale synthesis to evaluate production challenges and optimize parameters for

larger quantities.

This research, though facing challenges in direct catalytic cracking, has successfully laid the
groundwork for leveraging indigenous clay resources. By pivoting to or further refining the
successful aspects of material modification and focusing on areas like adsorption where initial
promises exist, this work holds significant potential to contribute to Algeria's economic
independence and environmental sustainability through local innovation in advanced

materials.
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ABSTRACT

This thesis aims to develop a locally produced, highly efficient zeolytic
alternative from natural clay to reduce reliance on imported chemicals. Five
manufacturing stages were adopted, including calcination and basic
precipitation, using various salts such as ZnO, CuSOs, and FeSOa. Physical and
chemical analyses (SEM, EDS, XRD) revealed structural and compositional
changes indicative of zeolytic formation. Catalytic activity testing (MAT)
revealed that the sample did not demonstrate catalytic cracking efficiency,
indicating that the manufactured material is not suitable for current refining

zeolytic applications.

Key Words: zeolite-clay-petroleum-heat treatement.



