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Abstract—Thermogravimetric Analysis (TGA) is essential for understanding how kaolinite decomposes thermally, especially when it
turns into metakaolin. This analytical method makes it easier to evaluate variables that have a big impact on kaolinite's thermal
stability, like crystallinity, particle size, and chemical makeup. These metrics offer information on the material's structural evolution
following heating and are closely linked to differences in the dehydroxylation temperature and weight loss patterns seen after thermal
treatment. This review also emphasizes the effects of several treatment approaches meant to improve kaolinite's functional qualities.
It has been claimed that methods such as organosilane functionalization, beneficiation, and the addition of additives like alumina
significantly increase structural and thermal stability. These changes increase the material's resilience to heat and broaden its use in
industrial settings.

The results provide important information for kaolinite optimization in cutting-edge applications, especially in the creation of
environmentally friendly geopolymers and fire-resistant coatings. All things considered, the review advances a thorough
comprehension of the thermal behavior and transformation mechanisms of kaolinite, facilitating its efficient application in high-
performance, environmentally friendly material systems.
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1. INTRODUCTION

Kaolinite belongs to the 1:1 clay mineral group and is a soft, layered silicate clay mineral that occurs naturally. It is made up of
alternating layers of alumina octahedra and silica tetrahedra, and its idealized chemical formula is Al>Si-2Os(OH)s [1]. Kaolinite is
used extensively in many different sectors, including ceramics, paints, paper, rubber, plastics, medicines, and more recently, as a
precursor in geopolymer and eco-concrete applications, because of its exceptional chemical stability, high whiteness, low
abrasiveness, and abundant availability[2]. Because of its conversion into metakaolin, a highly reactive amorphous aluminosilicate
phase that is essential to the development of sustainable binder and advanced ceramics, the behavior of kaolinite during heat
treatment has been the focus of extensive research[3].

When heated, kaolinite goes through a well-defined dehydroxylation reaction that produces metakaolin, usually at temperatures
between 450°C and 650°C. The octahedral layer's structural hydroxyl groups are lost during this process, which significantly alters
the material's crystallinity and reactivity[4].

In geopolymerization and refractory applications, where phase purity and thermal history affect performance, the change is
especially intriguing. One essential tool for describing this change is thermogravimetric analysis, or TGA [5]. Mass loss events
including moisture release, dehydroxylation, and even higher-temperature phase transitions like mullite formation which are usually
identified at temperatures close to 950°C and higher can be quantified with its assistance[4].

Additionally, the thermal behavior of kaolinite can be greatly impacted by elements like surface modifications, impurities, particle
size, and crystallinity. Comparative investigations utilizing TGA and controlled rate thermal analysis, for instance, have shown that
higher crystallinity is generally linked to higher dehydroxylation temperatures [6].

Similarly, the development of a pure metakaolin phase may be impeded by the presence of iron oxides and quartz, which are
frequently found in kaolin that comes from natural sources [7]. Accordingly, calcination, magnetic separation, and acid leaching are
often used beneficiation processes to improve the thermal and structural characteristics of raw kaolin[8] .

Furthermore, recent studies have concentrated on altering the kaolinite surface by the application of organosilane and further
chemical treatments in order to increase its compatibility in polymer matrices[9]. These changes affect TGA's thermal degradation
profile, which makes it a trustworthy indicator of composite system performance. Therefore, knowing how kaolinite behaves under
heat stress via TGA helps with both industrial optimization of kaolin-based systems and scholarly research[10].
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2. LITERATURE REVIEW

Thermogravimetric analysis (TGA) has emerged as an indispensable technique for evaluating the thermal decomposition and phase
transformation of kaolinite, particularly during its conversion to metakaolin[4]. This transformation, driven by the dehydroxylation
of structural hydroxyl groups, has been widely studied due to its implications in producing high-reactivity aluminosilicate materials for
geopolymers, ceramics, and fire-resistant composites[11].

2.1. Thermal Behavior and Dehydroxylation

The average temperature range for kaolinite dehydroxylation is 450-650°C the exact temperature depends on crystallinity, particle shape,
and impurity concentrations. The energy needed to break well-ordered hydroxyl bonds causes more crystalline kaolinite samples to
show higher dehydroxylation temperatures[4]. Their controlled rate thermal analysis and TGA study revealed clear mass loss
patterns, including a moisture loss phase below 200°C that was followed by the main dehydroxylation peak[12]. Similarly the
significance of surface flaws and mineralogical purity, pointing out that kaolin with fewer imperfections typically shows stronger
dehydroxylation peaks[13]. In accordance with the theoretical structural water content of kaolinite, the mass loss resulting from the
removal of the hydroxyl group was measured at 11.86%][14].

2.2. Modeling and Kinetic Analysis

Kinetic models have been used by a number of investigations to comprehend the mechanism of kaolinite's heat degradation. By using is
oconversional techniques the dehydroxylation has an activation energy that ranges from 246.6 to 281 kJ/mol and follows a third-order reaction
model. 95% conversion happens at about 635°C, according to their TGA research, which emphasizes the importance of this temperature range
for industrial calcination[15].

2.3. Beneficiation and Chemical Treatment's Effects

Impurities like iron oxides and quartz are frequently present in raw kaolin, which impair phase change and weaken metakaolin's
qualities[13]. Beneficiation processes like calcination, magnetic separation, and acid leaching are commonly used to improve the
thermal and structural properties of kaolinite[16]. The beneficiated Ethiopian kaolin was more pure, and TGA verified that the
elimination of mineral impurities induced a shift in the dehydroxylation temperature. Chemical processes like organosilane
functionalization have also drawn interest[17]. In their study of kaolinite treated with organosilanes discovered changed thermal
degradation profiles, suggesting that surface modification can change thermal behavior. This directly affects kaolin-polymer
composites, where heat stability and compatibility are crucial[18].

2.4. Composite Formation and Additives

The thermal breakdown of kaolinite-based systems has been discovered to be impacted by the addition of additives like
alumina[19].The demonstrated that kaolin and alumina mixes enhanced the fire-retardant coatings' char shape and heat
resistance[20]. TGA played a key role in determining the ideal compositions for thermal protection and measuring the weight
loss[21].

Additionally, in a NETZSCH application pointed out that TGA detects higher temperature changes including mullite production
above 950°C in addition to tracking moisture and hydroxyl loss. For ceramic applications that demand thermal resilience, these
insights are essential[22].

2.5. Implications for Industry and the Environment

Understanding metakaolin's production through TGA is essential given its use in environmentally friendly applications
and sustainable building[23]. Further highlighting the wide range of applications for materials derived from kaolin,
research has connected the thermal properties of natural and modified clays to their effectiveness in adsorbing organic
contaminants[24].

In conclusion, TGA is frequently mentioned in the literature as a key instrument for evaluating the thermal behavior of kaolinite.
Metakaolin quality is determined by dehydroxylation kinetics, which are impacted by structural characteristics and chemical
treatments. The application of TGA in kaolin optimization for high-performance and sustainable materials is still being refined by
ongoing research[25].

3. OVERVIEW OF KAOLINITE (KAOLIN)

3.1. Availability and Production

Kaolinite is a clay mineral that occurs naturally and is widely distributed throughout the world. Countries including the United
States (especially Georgia), Brazil, China, India, and Ethiopia are home to significant kaolinite resources[26]. It often forms when
feldspar-rich rocks, like granite, deteriorate and eventually decompose chemically to produce clay that is rich in kaolin. Open-pit
techniques are typically used in kaolinite mining[27]. It frequently goes through a number of beneficiation procedures after
extraction to enhance its quality and appropriateness for industrial uses.
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These procedures include acid leaching to improve purity, magnetic separation to get rid of iron-bearing minerals, washing to get
rid of impurities, and screening to manage particle size[28]. High-grade kaolinite needed for specialist applications such as ceramics,
medicines, and geopolymers is produced with the aid of such procedures [29].

3.2. Cost

A number of variables, including the material's purity, particle size, processing technique, and intended use, affect how much
kaolinite-based materials cost. The price of minimally processed crude kaolin ranges from $30 to $80 per metric ton. However, the
cost might increase to between $200 and $500 per ton when kaolin is processed and calcined further to create metakaolin, a highly
reactive pozzolanic substance utilized in geopolymer and advanced building applications[30]. Furthermore, the cost of production
rises when kaolinite undergoes chemical treatment or modification, such as organcsilane functionalization, to improve its performance in
coatings or composite materials [31] .

3.3. Physical Characteristics

Kaolinite has a smooth, chalky texture and is often white or off-white in color. Because of its tiny particle size typically less than 2
micrometers it appears smooth and powdery. It is light due to its comparatively low specific gravity of around 2.6 [32]. When
combined with water, kaolinite's moderate fluidity makes it easy to form, which is a useful quality for molding and ceramic
applications.

The mineral's layered crystal structure, which limits its shrink-swell behavior and adds to its structural stability, is defined by a 1:1
arrangement of silica and alumina sheets. It has a specific surface area of 10-20 m2/g, which influences its adsorption and chemical
reactivity[33].

3.4. Composition of Chemicals

The ideal chemical formula for kaolinite is Al.Si-Os(OH)s, which indicates that its main constituents are silica and alumina with
hydroxyl groups. About 45-47% silicon dioxide (SiOz) and 37-39% aluminum oxide (AlOs) are typically present. Tiny amounts of
titanium dioxide (TiO:), usually less than 2%, and iron oxide (FeOs), usually less than 1%, are present as impurities. The oxide of
magnesium (MgO), calcium oxide (CaO), sodium oxide (NaO), and potassium oxide (K-O) may also be present in trace amounts.
These trace elements and impuirities, including feldspar and quartz, might affect how well kaolinite performs and behaves during
thermal transformation in industrial settings, especially where exact chemical stability is needed[34] .

3.5. Thermal Properties

When exposed to rising temperatures, kaolinite changes in a number of ways. Dehydroxylation, or the removal of structural water
(OH) groups, is the first notable alteration that takes place between 450 and 650°C. This results in a mass loss of roughly 12 to 15%.
Metakaolin, a highly reactive amorphous substance that begins to develop at about 550°C, is the result of this process. After being
heated above 900°C, metakaolin changes into phases resembling spinel. At 950°C, mullite (AlsSi2O13), a stable crystalline phase,
finally forms. Products made from kaolinite are appropriate for high-temperature and fire-resistant applications because of these
thermal changes, which greatly increase the material's strength and heat resistance. Chemical surface changes like organosilane
coatings or the addition of stabilizing chemicals like alumina might further increase thermal stability[35].

3.6. Mechanical Characteristics

Because of its layered structure and tiny particle size, kaolinite has a relatively low mechanical strength when it is in its raw state.
In its natural state, it is rarely employed for construction purposes. But when it is thermally processed into metakaolin and added to
cutting-edge materials like high-performance cement or geopolymers, the resulting composites show noticeably better mechanical
qualities. For example, metakaolin-based geopolymer concrete can have compressive strength values of 70-90 MPa, which is on
par with or even higher than conventional Portland cement-based concrete. Although the mineral is not very hard, calcination makes
it more rigid. Although the modulus of elasticity of raw kaolinite is poorly understood, calcined kaolinite materials show remarkable
mechanical resilience and are appropriate for load-bearing construction structures[29].

3.6. Applications

Kaolinite distinct chemical and physical traits give it a broad range of industrial and commercial uses. Because of its great plasticity
and firing properties, it is used as a basic raw material in ceramics to make porcelain, tiles, and sanitaryware. It enhances the
brightness, opacity, and smoothness of paper by serving as a coating pigment and filler in the paper industry[36].

Kaolinite is used as an extender and white pigment in paints and coatings to save costs and improve durability. It serves as a filler
material in the creation of plastics and rubber products, enhancing their tensile strength and rigidity[37]. Because of its fine, non-
reactive, and absorbent qualities, it can be used as a mild abrasive and a carrier for active substances in cosmetics and
pharmaceuticals. Kaolin-alumina compositions improve fire retardancy in intumescent and fire-resistant coatings. Metakaolin is a
highly reactive pozzolan that enhances sustainability and performance in the manufacturing of geopolymer concrete and eco-cement
Furthermore, surface-modified kaolinite is used for the adsorption of contaminants in membrane technologies and water purification
systems[38] .
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3.7. Research Performed Thus Far

Numerous investigations into the characteristics, thermal behavior, and uses of kaolinite have been carried out. In order to evaluate
Ethiopian kaolin's industrial viability, looked into its beneficiation process, focusing on purifying methods[39]. In order to
comprehend the transformation behavior of kaolinite under heat performed thermal analyses, such as thermogravimetric analysis
(TGA) and controlled-rate thermal analysis (CRTA). The mechanical and structural characteristics of geopolymers made with
metakaolin were investigated and demonstrating its use in eco-construction and examined the thermal resistance of fire-retardant
coatings made from kaolin and alumina. To increase kaolinite's mechanical and thermal performance in composite material[40].

4. METHODLOGY

This review study uses a qualitative methodology to analyze and contrast results from previous research on the thermal behavior of
kaolinite using thermogravimetric analysis (TGA). TGA is a method that, in a controlled environment, calculates a material's mass
loss as a function of temperature or time. It is especially helpful for determining the phases of phase changes and thermal breakdown
in minerals like kaolinite.

TGA analysis of kaolinite samples usually reveals a three-step mass loss pattern. The loss of physically adsorbed water is associated
with the first stage, which takes place between 25°C and 150°C. In the second stage, known as dehydroxylation, which takes place
between 400°C and 700°C, the structural hydroxyl groups are eliminated, resulting in the creation of amorphous metakaolin. Beyond
900°C, the third stage is linked to the transition into thermally stable crystalline forms called spinel and mullite [41].

In the examined research, kaolinite samples were heated in nitrogen or air atmospheres at rates usually between 5°C/min and
20°C/min. Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), and Differential Thermal Analysis (DTA)
were frequently used in conjunction with TGA data to validate phase identification and structural alterations [4].

Additionally, the impact of beneficiation techniques (such as calcination, magnetic separation, and acid leaching) on the thermal
stability and purity of kaolinite was investigated. These procedures affect the dehydroxylation's beginning and peak temperatures,
suggesting changes in the crystal structure or the elimination of impurities. Some investigations used model-free techniques, such
as the Kissinger-Akahira-Sunose (KAS) and Flynn-Wall-Ozawa (FWO) methods, to compute the activation energy for the
dehydroxylation process. Through an analysis of these results, this paper seeks to provide an overview of the value of TGA as a
diagnostic tool in maximizing the conversion of kaolinite into metakaolin for a range of industrial uses[42].

5. RESULTS

The most influential study among the evaluated works based on a thorough analysis of thermogravimetric analysis (TGA)
investigations on kaolinite because of its comprehensive approach that integrates thermal characterisation, chemical treatment, and
beneficiation. By using TGA in conjunction with XRD and FTIR investigations to validate phase change, this study provides a
multifaceted understanding that demonstrates a direct relationship between thermal behavior and purification level. Their findings
confirmed the appropriateness of post-beneficiation Ethiopian kaolin for sophisticated applications like the creation of ceramic
membranes by demonstrating consistent dehydroxylation behavior with reduced impurity interference[8].

On the other hand, the study offered crucial kinetic modeling data; nevertheless, its industrial relevance is limited due to its lack of a
strong focus on the impacts of contaminants or surface treatments[25]. In a similar offered a perceptive analysis of natural kaolin
deposits and their TGA profile; nonetheless, it was devoid of comprehensive modeling of kinetic or structural transformation[17].
Although there was little comparison between untreated and treated samples emphasized the impact of organosilane
functionalization on the structural stability and TGA pattern of kaolinite, indicating potential directions for polymer composites in
the future.

Combining structural validation, material beneficiation, and application mapping produced encouraging results that showed the new
material system's improved performance and usefulness [8].

6. CONCLUSION

This paper demonstrates that Thermogravimetric Analysis (TGA) is a vital tool for examining the thermal behavior of kaolinite,
specifically its dehydroxylation, which turns it into metakaolin and usually takes place between 450°C and 800°C. Crystallinity,
particle size, impurities, and surface treatments such as organosilane functionalization all have a substantial impact on the mass loss
profile and dehydroxylation kinetics of kaolinite, as the reviewed research consistently demonstrate.

Raw kaolin with more impurities has uneven thermal behavior, whereas kaolin with more crystallinity typically shows a sharper
and higher-temperature dehydroxylation peak. By purifying kaolinite and reducing the activation energy needed for
dehydroxylation, beneficiation techniques such acid leaching, magnetic separation, and thermal calcination increase the material's
acceptability for industrial uses. Additionally, chemical surface changes such organosilane treatment improve compatibility with
polymer matrices and favorably shift thermal degradation profiles, demonstrating the usefulness of TGA in performance prediction
for composite systems.

Overall, data from various geographical sources, including Malaysia,Ethiopia,Romania and others, is synthesized to support the
conclusion that modifying kaolinite through purification and functionalization processes improves thermal stability and expands its
potential applications, especially in geopolymers, fire-resistant coatings, and ceramic membranes[14-16,18].

TIJER2510043 | TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a392



TIJER || ISSN 2349-9249 || © October 2025, Volume 12, Issue 10 || www.tijer.org
7. FUTURE SCOPE

1. Nanostructured Kaolinite Studies: Investigating how nanoscale kaolinite behaves thermally and how it interacts with other
nanomaterials, such as graphene oxide, to improve the properties of sophisticated composites[43].

2. Using TGA with Real-Time FTIR: This method provides a greater understanding of the kinetics of dehydroxylation by
tracking developed gases and the breakdown of hydroxyl bonds[44].

3. Broader Impurity Mapping: In-depth impurity profiling and how it affects the energy required for dehydroxylation and the yield of
geopolymers[45].

4. Scale-Up Studies: Pilot-scale testing of chemically modified and beneficiated kaolin in actual industrial processes, such as
casting geopolymer concrete or 3D printing ceramics[46].

5. Environmental Impact Assessment: Life-cycle analysis comparing the energy, emissions, and recyclability of purified and
functionalized kaolin versus typical kaolin usage[47].

6. Machine Learning in TGA Interpretation: Using experimental databases, Al and ML models are integrated to forecast phase
changes and thermal behavior in modified kaolinites[48].

REFERENCE

1] N. Kumari, C. M.-C. C. Miner, and undefined 2021, “Basics of clay minerals and their characteristic properties,”
books.google.com,: https://shorturl.at/Q8iDw

[2] A. G. Adeniyi, K. O. Iwuozor, and E. C. Emenike, “Material development potential of Nigeria’s Kaolin,” Springer, vol. 6, no.
4, pp. 1709-1725, Aug. 2023, doi: 10.1007/S42250-023-00642-2.

[3] A. Khalifa, O. Cizer, Y. Pontikes, A. H.-... and C. Research, and undefined 2020, “Advances in alkali-activation of clay
minerals,” Elsevier, Accessed: May 24, 2025. [Online]. Auvailable;
https://www.sciencedirect.com/science/article/pii/S0008884619313420

[4] A. Chakraborty, Phase transformation of kaolinite clay. 2014. doi: 10.1007/978-81-322-1154-9.

[5] S. Yasin, H. A.-J. of the A. C. Society, and undefined 2019, “Thermal investigation of fine alumina powder reinforced Na-
metakaolin-based geopolymer binder for refractory applications,” Springer, vol. 55, no. 2, pp. 587-593, Jun. 2019, doi:
10.1007/S41779-018-0266-4.

[6] A. E. Kassa, N. T. Shibeshi, and B. Z. Tizazu, “Kinetic analysis of dehydroxylation of Ethiopian kaolinite during calcination,”
Springer, vol. 147, no. 22, pp. 12837-12853, Nov. 2022, doi: 10.1007/S10973-022-11452-Y.

[7] A. R.-C. R. M. Properties and undefined 2013, “Metakaolin,” Springer, pp. 225-255, 2014, doi: 10.1007/978-3-642-36721-2_5.

[8] T. M. Zewdie, . Prihatiningtyas, A. Dutta, N. G. Habtu, and B. Van Der Bruggen, “Characterization and beneficiation of
Ethiopian kaolin for use in fabrication of ceramic membrane,” iopscience.iop.org, 2021, doi: 10.1088/2053-
1591/AC2F75/META.

[9] B. Braggs, D. Fornasiero, ... J. R.-C. and C., and undefined 1994, “The effect of surface modification by an organosilane on the
electrochemical properties of kaolinite,” https://www.cambridge.org/core/journals/clays-and-clay-minerals/article/effect-of-
surface-modification-by-an-organosilane-on-the-electrochemical-properties-of-
kaolinite/193A17E47FF79C830F600F882D0CFC82

[10] T. Ali, O. Zaid, and M. Z. Qureshi, “Impact of mechanical and thermal treatment of kaolin clay on the engineering properties of
concrete,” Springer, Feb. 2024, doi: 10.1007/S13369-024-09028-Z.

[11] L. Tchadjie, S. E.-J. of materials science, and undefined 2018, “Enhancing the reactivity of aluminosilicate materials toward
geopolymer synthesis,” Springer, vol. 53, no. 7, pp. 4709-4733, Apr. 2018, doi: 10.1007/S10853-017-1907-7.

[12] “Thermal dehydroxylation of kaolinite under isothermal conditions,” Elsevier, Accessed: May 25, 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0169131713002226

[13] B. Biswas, M. R. Islam, A. K. Deb, A. Greenaway, L. N. Warr, and R. Naidu, “Understanding iron impurities in Australian
kaolin and their effect on acid and heat activation processes of clay,” ACS Publications, vol. 8, no. 6, pp. 5533-5544, Feb. 2023,
doi: 10.1021/ACSOMEGA.2C06795.

[14] R. Deju, A. Cucos, M. Mincu, C. T.-Rom. J. Phys, and undefined 2021, “Thermal characterization of kaolinitic clay,”
rjp.nipne.ro, vol. 66, p. 904, 2021, Accessed: May 25, 2025. [Online]. Available: https://rjp.nipne.ro/2021 66 1-
2/RomJPhys.66.904.pdf

[15] M. Khan, H. Khan, K. Azizli, S. Sufian, ... Z. M.-A. C., and undefined 2017, “The pyrolysis kinetics of the conversion of
Malaysian kaolin to metakaolin,” Elsevier, Accessed: May 25, 2025. [Onling]. Available:
https:/Avww.sciencedirect. cormvscience/article/pii/S0169131717302132

TIJER2510043 TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a393


https://shorturl.at/Q8iDw
doi:%2010.1007/S42250-023-00642-2.
file:///C:/Users/auas/AppData/Local/Microsoft/Windows/INetCache/IE/3D4ZB787/%20https/www.sciencedirect.com/science/article/pii/S0008884619313420
file:///C:/Users/auas/AppData/Local/Microsoft/Windows/INetCache/IE/3D4ZB787/%20https/www.sciencedirect.com/science/article/pii/S0008884619313420
doi:%2010.1007/978-81-322-1154-9.
doi:%2010.1007/S41779-018-0266-4.
doi:%2010.1007/S41779-018-0266-4.
doi:%2010.1007/S10973-022-11452-Y.
doi:%2010.1007/978-3-642-36721-2_5.
doi:%2010.1088/2053-1591/AC2F75/META
doi:%2010.1088/2053-1591/AC2F75/META
https://www.cambridge.org/core/journals/clays-and-clay-minerals/article/effect-of-surface-modification-by-an-organosilane-on-the-electrochemical-properties-of-kaolinite/193A17E47FF79C830F600F882D0CFC82
https://www.cambridge.org/core/journals/clays-and-clay-minerals/article/effect-of-surface-modification-by-an-organosilane-on-the-electrochemical-properties-of-kaolinite/193A17E47FF79C830F600F882D0CFC82
https://www.cambridge.org/core/journals/clays-and-clay-minerals/article/effect-of-surface-modification-by-an-organosilane-on-the-electrochemical-properties-of-kaolinite/193A17E47FF79C830F600F882D0CFC82
doi:%2010.1007/S13369-024-09028-Z.
doi:%2010.1007/S10853-017-1907-7.
https://www.sciencedirect.com/science/article/pii/S0169131713002226
doi:%2010.1021/ACSOMEGA.2C06795.
https://rjp.nipne.ro/2021_66_1-2/RomJPhys.66.904.pdf
https://rjp.nipne.ro/2021_66_1-2/RomJPhys.66.904.pdf
https://www.sciencedirect.com/science/article/pii/S0169131717302132

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

TIJER || ISSN 2349-9249 || © October 2025, Volume 12, Issue 10 || www.tijer.org
N. Saikia, D. Bharali, P. Sengupta, ... D. B.-A. clay, and undefined 2003, “Characterization, beneficiation and utilization of a
kaolinite  clay from  Assam, India,” Elsevier, Accessed: May 26, 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0169131703001510

A. A. Ayalew and 1. Demir, “Physiochemical characterization of Ethiopian mined kaolin clay through beneficiation process,”
Wiley Online Library, vol. 2023, 2023, doi: 10.1155/2023/9104807.

“In their study of kaolinite treated with organosilanes... - Google Scholar.” Accessed: May 26, 2025. [Online]. Available:
https://scholar.google.com/scholar?hl=en&as _sdt=0%2C5&q=In+their+study+of+kaolinite+treated+with+organosilanes+disco
vered+changed-+thermal+degradation+profiles%2C+suggesting+that+surface+modification+can+change+thermal+behavior.+
This+directly+affects+kaolin-polymer+composites%2C+where+heat+stability+and-+compatibility+are+crucial . &btnG=

O. Al-Ameri, M. Alzuhairi, E. B.-G.-A. Sciences, and undefined 2024, “Transforming Petrochemical Processes: Cutting-Edge
Advances in Kaolin Catalyst Fabrication,” mdpi.com, Accessed: May 26, 2025. [Online]. Awvailable:
https://www.mdpi.com/2076-3417/14/19/9080

F. Ahmad, ... P. Y.-M. W. of, and undefined 2014, “Effect of kaolin clay and alumina on thermal performance and char
morphology of intumescent fire retardant coating,” matec-conferences.org, Accessed: May 26, 2025. [Online]. Available:

https://www.matec-
conferences.org/articles/matecconf/abs/2014/04/matecconf icper2014 04013/matecconf icper2014 04013.html

R. Prime, H. Bair, ... S. V.-T. analysis of, and undefined 2009, “Thermogravimetric analysis (TGA),” Wiley Online Library, pp.
1-688, Jul. 2008, doi: 10.1002/9780470423837.

S. Zhang, “Effect of zinc substitution on the structure of calcium Fluoro-Alumino-Silicate glasses and glass-ceramics,” 2011,
Accessed: May 26, 2025. [Online]. Available: https://etheses.bham.ac.uk/id/eprint/1470/

H. Khater, A. E. N.-J. of the A. C. Society, and undefined 2020, “Combination between organic polymer and geopolymer for
production of eco-friendly metakaolin composite,” Springer, vol. 56, no. 2, pp. 599-608, Jun. 2020, doi: 10.1007/S41779-019-
00371-1.

H. Han, M. Rafiq, T. Zhou, R. Xu, O. M.-... of hazardous materials, and undefined 2019, “A critical review of clay-based
composites with enhanced adsorption performance for metal and organic pollutants,” Elsevier, vol. 11, pp. 219-234, 123AD,
doi: 10.1007/s43994-023-00083-0.

M. Khan, H. Khan, K. Azizli, S. Sufian, ... Z. M.-A. C., and undefined 2017, “The pyrolysis kinetics of the conversion of
Malaysian ~ kaolin  to  metakaolin,”  Elsevier,  Accessed: May 26, 2025. [Online].  Available:
https://www.sciencedirect.com/science/article/pii/S0169131717302132

R. P.-A. C. Science and undefined 2016, “Kaolin deposits and their uses: Northern Brazil and Georgia, USA,” Elsevier,
Accessed: May 26, 2025. [Online]. Available: https://www.sciencedirect.com/science/article/pii/S0169131716300515

M. Meschede, L. Warr, ... M. M.-T. G. of G. A., and undefined 2019, “Permian and mesozoic geology of Germany,” Springer,
pp. 115-190, 2019, doi: 10.1007/978-3-319-76102-2_11.

N. Nzeh, P. Popoola, D. Okanigbe, S. A.- Heliyon, and undefined 2023, ‘“Physical beneficiation of heavy minerals—Part 1: A
state of the art literature review on gravity concentration techniques,” cell.com, Accessed: May 26, 2025. [Online]. Available:
https://www.cell.com/heliyon/fulltext/S2405-8440(23)06127-3

M. Prasad, K. Reid, H. M.-A. clay science, and undefined 1991, “Kaolin: processing, properties and applications,” Elsevier,
Accessed: May 26, 2025. [Online]. Available: https://www.sciencedirect.com/science/article/pii/016913179190001P

C.H-M.D. L. A. A. T,, “1.34. KAOLIN RESOURCES OF THE UNITED STATES AND THEIR INDUSTRIAL UTILIZATION,”
repository.unescap.org,https://repository.unescap.org/bitstream/handle/20.500.12870/7530/ESCAP-1995-RP-Industrial-minerals-
development.pdf?sequence=1&isAllowed=y#page=284

C. D.-T. C. Record and undefined 2018, “Functional kaolinite,” Wiley Online Library, vol. 18, no. 7, pp. 868-877, Jul. 2018,
doi: 10.1002/TCR.201, doi: 10.1002/TCR.201700072.0072.

A. Mohiuddin, “International Journal of Pharmacy and Pharmaceutical Science,” academia.edu, Accessed: May 26, 2025.
[Online]. Available: https://www.academia.edu/download/101359397/IJPPS_20Face 20Powder.pdf

D. Alazigha, “The efficacy of lignosulfonate in controlling the swell potential of expansive soil and its stabilization mechanisms,”
2015, Accessed: May 26, 2025. [Online]. Available: https://ro.uow.edu.au/ndownloader/files/50379135/1

G. Aboulfotouh, “Synthesis of sodium silicate from the acid leached calcined kaolinitic clay residue of aluminum sulfate
industry,” 2024, doi: 10.21203/rs.3.rs-3860849/v1.

A.R.-C. R. M. Properties and undefined 2013, “Metakaolin,” Springer, pp. 225255, 2014, doi: 10.1007/978-3-642-36721-2_5.

W. J.-T. of the R. S. of and undefined 1984, “Kaolins: their properties and uses,” royalsocietypublishing.org, no. A311, pp. 411—
432, 1984, doi: 10.1098/RSTA.1984.0037.

K. Buyondo, H. Kasedde, J. K.-C. S. in C. and, and undefined 2022, “A comprehensive review on kaolin as pigment for paint
and coating: Recent trends of chemical-based paints, their environmental impacts and regulation,” Elsevier, Accessed: May 26,
2025. [Online]. Available: https://www.sciencedirect.com/science/article/pii/S2666016422000664

TIJER2510043 | TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a394


https://www.sciencedirect.com/science/article/pii/S0169131703001510
doi:%2010.1155/2023/9104807.
available:%20https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+their+study+of+kaolinite+treated+with+organosilanes+discovered+changed+thermal+degradation+profiles%2C+suggesting+that+surface+modification+can+change+thermal+behavior.+This+directly+affects+kaolin-polymer+composites%2C+where+heat+stability+and+compatibility+are+crucial.&btnG=
available:%20https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+their+study+of+kaolinite+treated+with+organosilanes+discovered+changed+thermal+degradation+profiles%2C+suggesting+that+surface+modification+can+change+thermal+behavior.+This+directly+affects+kaolin-polymer+composites%2C+where+heat+stability+and+compatibility+are+crucial.&btnG=
available:%20https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+their+study+of+kaolinite+treated+with+organosilanes+discovered+changed+thermal+degradation+profiles%2C+suggesting+that+surface+modification+can+change+thermal+behavior.+This+directly+affects+kaolin-polymer+composites%2C+where+heat+stability+and+compatibility+are+crucial.&btnG=
available:%20https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+their+study+of+kaolinite+treated+with+organosilanes+discovered+changed+thermal+degradation+profiles%2C+suggesting+that+surface+modification+can+change+thermal+behavior.+This+directly+affects+kaolin-polymer+composites%2C+where+heat+stability+and+compatibility+are+crucial.&btnG=
https://www.mdpi.com/2076-3417/14/19/9080
https://www.matec-conferences.org/articles/matecconf/abs/2014/04/matecconf_icper2014_04013/matecconf_icper2014_04013.html
https://www.matec-conferences.org/articles/matecconf/abs/2014/04/matecconf_icper2014_04013/matecconf_icper2014_04013.html
doi:%2010.1002/9780470423837.
https://etheses.bham.ac.uk/id/eprint/1470/
doi:%2010.1007/S41779-019-00371-1.
doi:%2010.1007/S41779-019-00371-1.
doi:%2010.1007/s43994-023-00083-0.
https://www.sciencedirect.com/science/article/pii/S0169131717302132
https://www.sciencedirect.com/science/article/pii/S0169131716300515
doi:%2010.1007/978-3-319-76102-2_11.
https://www.cell.com/heliyon/fulltext/S2405-8440(23)06127-3
https://www.sciencedirect.com/science/article/pii/016913179190001P
https://repository.unescap.org/bitstream/handle/20.500.12870/7530/ESCAP-1995-RP-Industrial-minerals-development.pdf?sequence=1&isAllowed=y%23page=284
https://repository.unescap.org/bitstream/handle/20.500.12870/7530/ESCAP-1995-RP-Industrial-minerals-development.pdf?sequence=1&isAllowed=y%23page=284
,%20doi:%2010.1002/TCR.201700072.
,%20doi:%2010.1002/TCR.201700072.
https://www.academia.edu/download/101359397/IJPPS_20Face_20Powder.pdf
https://ro.uow.edu.au/ndownloader/files/50379135/1
doi:%2010.21203/rs.3.rs-3860849/v1.
doi:%2010.1007/978-3-642-36721-2_5.
doi:%2010.1098/RSTA.1984.0037.
https://www.sciencedirect.com/science/article/pii/S2666016422000664

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

TIJER || ISSN 2349-9249 || © October 2025, Volume 12, Issue 10 || www.tijer.org
K. Onyelowe, A. Naghizadeh, F. A.-S. Reports, and undefined 2023, “Characterization of net-zero pozzolanic potential of
thermally-derived metakaolin samples for sustainable carbon neutrality construction,” nature.com, Accessed: May 26, 2025.
[Online]. Available: https://www.nature.com/articles/s41598-023-46362-y

A. Tesfaye, D. Meshesha, and T. Chekol, “Physicochemical characterisation and industrial application of new kaolin deposit in
Sela Dingay Area, Central Ethiopia,” journals.sagepub.com, vol. 133, no. 4, pp. 224-239, Dec. 2024, doi:
10.1177/25726838241301832.

H. Aziz, F. Ahmad, P. Seri, M. Binti, M. Yusoff, and M. Zia-Ul-Mustafa, “Effect of kaolin clay and alumina on thermal
performance and char morphology of intumescent fire retardant coating,” matec-conferences.org, doi: 10.1051/C.

“Thermal dehydroxylation of kaolinite under isothermal conditions,” Elsevier, Accessed: May 26, 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0169131713002226

S. Chandrasekhar and S. Ramaswamy, “Influence of mineral impurities on the properties of kaolin and its thermally treated
products,” Appl Clay Sci, vol. 21, no. 3-4, pp. 133-142, Jun. 2002, doi: 10.1016/S0169-1317(01)00083-7.

S. O. Akpotu, I. A. Lawal, P. N. Diagboya, F. M. Mtunzi, and A. E. Ofomaja, “Engineered geomedia kaolin clay-reduced
graphene oxide—polymer composite for the remediation of olaquindox from water,” ACS Publications, vol. 7, no. 38, pp. 34054—
34065, Sep. 2022, doi: 10.1021/ACSOMEGA.2C03253.

S. Sperinck, P. Raiteri, N. Marks, K. W.-J. of Materials, and undefined 2011, “Dehydroxylation of kaolinite to metakaolin—a
molecular dynamics study,” pubs.rsc.org, Accessed: May 26, 2025. [Online]. Available:
https://pubs.rsc.org/en/content/articlehtml/2011/jm/c0jm01748e

S. Tome, A. Nana, H. Tchakouté, ... J. T.-C., and undefined 2024, “Mineralogical evolution of raw materials transformed to geopolymer
materials: a review,” Elsevier, Accessed: May 26, 2025. [Online]. Auvailable:
https://www.sciencedirect.com/science/article/pii/S0272884224029006

M. Abdulkareem, “Environmental sustainability of geopolymer composites,” 2021, Accessed: May 26, 2025. [Online].
Auvailable: https:/lutpub.lut.fi/handle/10024/163451

M. B. Memon, M. Tao, Z. Yang, X. Wu, and S. M. Pathan, “Environmental and Health Impacts of Artisanal Small-Scale Kaolin
Mining: A Life Cycle Perspective,” Springer, 2025, doi: 10.1007/S42461-025-01251-Y.

Y. Liu, P. Chen, Y. Xu, J. Li, D. Liu, and X. C.-A. at S. 5020324, “Non-Destructive Spectroscopy Assisted by Machine Learning
for Coal Industrial Analysis: Recent Advances and Future Perspectives,” papers.ssrn.com, Accessed: May 26, 2025. [Online].
Available: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5020324

TIJER2510043 TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a395


https://www.nature.com/articles/s41598-023-46362-y
doi:%2010.1177/25726838241301832.
doi:%2010.1177/25726838241301832.
doi:%2010.1051/C
https://www.sciencedirect.com/science/article/pii/S0169131713002226
doi:%2010.1016/S0169-1317(01)00083-7.
doi:%2010.1021/ACSOMEGA.2C03253.
https://pubs.rsc.org/en/content/articlehtml/2011/jm/c0jm01748e
https://www.sciencedirect.com/science/article/pii/S0272884224029006
https://lutpub.lut.fi/handle/10024/163451
doi:%2010.1007/S42461-025-01251-Y.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5020324

