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ABSTRACT

This paper used the descriptive research approach to review impacts of firing temperatures on the
properties and qualities of ceramic materials. The study revealed that ceramic materials are
inorganic, nonmetallic solids that are formed from a combination of clay minerals, oxides, or
carbides. It proposed that these materials are produced by heating or firing the raw materials to
certain temperatures that cause them to fuse into hard, rigid, and durable materials. As such, firing
temperatures are the most vital, critical and technical process of ceramic production that determine
the quality and properties of the finished product. During this production process, as the firing
temperature increases, ceramic materials pass through various forms that impact on their properties
and qualities including the product microstructure, level of thermal expansion, porosity, density, and
fracture toughness. Besides, the higher the firing temperature; the higher the density and fracture
toughness, and the lower the level of thermal expansion and porosity of the ceramic materials. Thus,
too high temperature levels can cause overheating, which may lead to low fracture
toughness(cracking), low quality ceramics, and other product defects. In conclusion, utilizing the
appropriate firing (heating) temperature is essential in producing high quality ceramics.

Keywords: Ceramic materials, ceramic products, firing process, firing temperature, mechanical
properties, physical properties, product quality.

INTRODUCTION

Ceramics have gained widespread applications in its development in many manufacturing industries
in recent times, including the automotive, electrical/electronics, aerospace, and construction and
designs. These improvements and expansions in the usage of ceramic materials have been associated
to mostly their peculiar properties and qualities such as wear resistance, mechanical strength, density,
porosity, microstructure, and thermal stability, to mention but a few. Besides, the properties and
gualities of ceramic materials are highly influenced by their processing systems, of which firing
temperature is one of the most critical factor (Afolabi et al, 2020; Wang et al, 2020). Firing
temperature is used in determining the properties and qualities of ceramics products. Practically, as
ceramics undergo development stages through the firing process, their physical and mechanical
properties become significantly influenced by the temperature levels at which the ceramic materials
are sintered (heated). The firing temperature thus impacts on the degree of densification,
microstructural evolution, mechanical strength, porosity, and phase transformations of the ceramic
materials during processing, and this equally affects the final properties and qualities of the ceramics
(Wu et al, 2021; Chen & Wang, 2020).

Consequently, as the firing temperature used in the production of a ceramic material increases, the
degree of ceramic particles’ sintering intensifies, thereby leading to improved mechanical strength,
reduced porosity, and enhanced microstructural homogeneity (Chang et al, 2020; Krell & Hutzler,
2019). Researchers have shown that this densification process is relevant for improving the physical
and mechanical properties of ceramic materials such as toughness, hardness, resistance to wear, and
corrosion (Wu et al, 2021, Wang, 2020; Krell & Blank, 2020), due to environmental impacts and
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chemical reactions. In addition to this, Afolabi et al (2020), stressed that the exposure of minerals
and other dominant components of ceramic materials to higher temperatures triggers series of phase
transformations that impact on the overall properties of the final ceramic product.

In view of the above, it is therefore inevitable and essential to critically manage firing temperatures
in ceramic development and production. This can be done by carefully controlling excessively high
temperatures. Obviously, uncontrollable excessive higher temperature can lead to over-firing, which
may result to product deformation; cracking and other defects (Chen & Wang, 2020; Wu et al, 2021).
Therefore, experiments have shown that, it is important to maintain a balance between optimal firing
temperatures and other processing parameters in developing ceramic materials to desired properties
and qualities. This as proposed, is expected to help in the development of sustainable ceramic
products that are durable and purposeful for product applications in their various industries.

The Concept of Firing Temperatures

Firing temperature describes the amount of heat used in processing a particular ceramic material to
order to maintain certain degrees of properties, features, and qualities. It is one of the process critical
dimensions in processing ceramics, as it helps in determining the extent of reactions like
densification, microstructural evolution, and phase transformations occurring within the materials
during this process (Wu et al, 2021; Krell & Blank, 2020; Wang et al, 2020). Several researchers
have found that during the firing process, the ceramic materials are heater to certain temperatures
which allow the materials particles to sinter (heat) and then form a density cohesive structure
(Afolabi et al, 2020; Chang et al, 2020; Krell & Hutzler, 2019). This structure changes and improves
from the raw state of the ceramic materials to various stages during the heating density it gets to the
desired the final product. However, the firing temperature used in structuring a particular ceramic
material significantly influence the final properties and qualities of the ceramic material including the
mechanical and physical properties. Researchers such as Chang et al, (2020); Wang et al, (2020); and
Krell and Hutzler, (2019), main that at the firing temperature increases, the densification process
intensifies, leading to improved, mechanical strength and conversely reduced porosity. This
densification process helps in improving the physical and mechanical properties of ceramic materials
including their level of toughness, hardness, resistance to wear, due to environmental situations and
corrosive impartation.

Obviously, ceramics materials need high firing temperatures in enhancing their phase
transformations, thereby impacting on their entire characteristics. Thus, applying excessively high
firing temperatures in producing ceramics, can result to over firing, which can cause deformations
and cracking (Wu et al, 2021; Chang & Wang, 2020), thereby increasing the rates of defects, quality,
and wastage of resources. Therefore, in order to improve standards and quality, and equally reduce
numbers of defects and wastages of company’s resources during productions, Chang et al, (2020),
and Krell and Hutzler (2019), stressed that the careful control of the firing temperatures in use, is
crucial for optimizing the properties and qualities of the ceramic material as a finished product.

Types of Firing Temperatures for Ceramics Production

In ceramics production, there are varieties of firing temperatures classified mainly into three, namely:

the low-firing temperature, mid-range firing temperature, and the high-firing temperature. Beside

these major categories of firing temperatures in ceramic production, there are other types which will
equally be discussed in this paper. However, studies have found that each of these types of firing
temperatures is suited for specific ceramic materials and their desired products and properties.

1. Low-firing temperature: This type of firing temperature consists of temperatures ranging
from 1,000°C to 1,300°C (that is equivalent to 1,832°F to 2,372°F). Low-firing temperatures
are mainly used for the production of earthenware ceramics and some types of ceramic
glasses. The application of low process results in porous ceramics with relatively low
mechanical strength to avoid easy cracking.

2. Mid-range firing temperature: This firing process consists of temperatures between
1,300°C and 1,400°C (equivalent to 2,32°F and 2,552°F). Research have found that this
temperature range in ceramic production is suitable for producing stoneware ceramics with
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features such as moderate density, reduced porosity, and improved mechanical properties,

compared to the low-fired temperature ceramic products.

3. High-firing temperature: This type of firing process typically consists of temperature
above 1,400°C (equivalent to 2,552°F). This process is commonly used for the production of
porcelain and other high-performing ceramics such as alumina, zirconia, and silicon
carbides. Perhaps, high firing temperature results to the production of denser ceramics with
superior mechanical strength, reduced porosity and improved thermal capacity.

In addition to the above, some other types of firing temperatures classified in this paper based on

specific ceramic materials and their processes, are the ultra-high firing temperature, low-temperature

co-fired ceramics (LTCC), microwave firing, sol-gel firing, and the sintering of advanced ceramics.

These categories were also explained in this paper.

1. The ultra-high firing temperature: This firing process involves temperature above 1,800°C
(equivalent to 3,272°F). The ultra-high firing temperature is used for specialized production
of ceramics materials including ultra-high-temperature ceramics (UHTCs). This type of
ceramic material possess exceptional thermal stability and resistance to oxidation at
extremely high temperatures (Fahad et al, 2020; Levi et al, 2021).

2. The low-temperature co-fired ceramics (LTCC): This is a type of ceramic material
processed at a relatively low firing temperature, which is typically below 1,000°C
(equivalent to 1,832°F). The low-temperature co-fired ceramics are mostly used in the
electric/electronics industry, because of their degree of compatibility with metallic
conductors, and ease of integration with other components (Yang et al, 2019; Levi et al.
2019).

3. Microwave firing temperature: This is a non-conventional firing method that utilizes
microwave radiation in heating or sintering ceramic materials at lower temperatures, and at a
lesser processing period compared to the conventional firing techniques (Vollath, 2018;
Marghussian & Lotfipour, 2015).

4. Sol-gel firing temperature: This is a low temperature ceramic synthesis method that creates
room for a precise control over the microstructure and properties of the finished product of
ceramic materials (Zhang & Gao, 2020; Hittel et al, 2018). However, firing temperatures for
so-gel ceramics may range from several hundreds of degrees Celsius to over 1,000°C
(equivalent to 1,832°F), relative to the ceramic material desired properties and qualities.

5. Sintering of advanced ceramics: According to Bertrand et al, (2021), and Fernandes et al,
(2021), advanced ceramic materials such as silicon carbide (SiC) and silicon nitride (3i3N4),
often require specialized sintering techniques, and high temperatures ranging above 1,700°C
(equivalent to 3,092°F), to achieve their desired properties and qualities.

These types of firing temperatures and processes explain the variety of methods available for
producing ceramics with specific properties, qualities, and applications. Thus, the selection of
suitable firing temperature significantly depends on the desired properties/features of the finished
ceramic product, composition of the starting (raw) materials, and the specific application of the
ceramic materials in use. However, the most important parameter in ceramic production after
selecting a desired category of firing temperature, is to carefully control the heat temperature. This is
to assist in obtaining the optimal properties/features, and qualities desired for production of such
ceramics.

The Concept of Ceramic Materials

Ceramic materials as inorganic, non-metallic solids composed of metallic and non-metallic elements
bonded together by ionic or covalent properties through the process of heating. The process of
heating or sintering also known as firing involves the evaluation of different ranges of the firing
temperatures in producing varieties of ceramics. Firing temperatures help to give ceramics their
unique properties and qualities including high strength, wear resistance, thermal stability, density,
porosity, and corrosion resistance; thereby making ceramic materials attractive for the development
and production of various applications in diverse industries such as aerospace, automotive,
electric/electronic, and construction (Afolabi et al., 2020; Krell & Blank, 2020; Wang et al., 2020),
and designs.
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In view of the above, ceramic materials can be categorized into several classes relative to their
compositions, structure, properties and qualities. Some categories of ceramics have be classified
here.

1. Oxides: There are ceramic materials that have oxygen as their primary anion, such as
alumina (Al20) and zirconia (zr02). Oxides as type of ceramics exhibit lots of excellent
mechanical strength, wear resistance, and chemical inertness (Afolabi et al., 2020).

2. Non-oxides: This type of ceramics do not have oxygen as their primary anion, and consist of
materials such as silicon carbide (SiC), silicon nitride (3i3N4), and boron carbide (B4c).
Non-oxides ceramic materials are known for their superior mechanical properties such as
thermal shock resistance, and high-temperature stability (Wu et al., 2021).

3. Glasses: According to Wang et al., (2020), ceramic glasses are amorphous solids formed by
rapidly cooling molten materials such as silica-based materials. Ceramic glasses are optically
transparent, and as such suites applications generally found in optics, electric/electronics,
construction and designs.

4. Composites: Ceramic composites are made up of two or more distinct materials, which are
combined to improve the overall properties, performances and qualities of the composite.
According to Krell and Blank (2020), some examples of composites are ceramic matrix
composites (CMCS) and carbon fiber-reinforced ceramics. These composites have unique
properties for high quality ceramic products.

It is clear that the classes and properties of ceramic materials mentioned above are highly
influenced by their compositions, microstructure, thermal stability and processing parameters which
may include firing temperature, heating or sintering methods (Fernandes et al., 2021; Bertrand et al.,
2021). Practically, ceramic materials have an irresistible role in various industries due to the
availability, accessibility, and affordability of the raw materials (clay), and the unique properties,
gualities and potential contained in ceramic materials for further advancement and developments in
materials science.

Features of Ceramic Materials while Undergoing the Firing Process

During the firing process, ceramic materials usually undergo several transformations, and as such
exhibit specific features that may significantly influence their properties, performance and qualities.
The following are some major features of ceramic materials when interfaced with different firing
temperatures, classified under two themes: physical and mechanical characteristics.

a. Physical features of ceramic materials during the firing process: During the firing or heating
process, ceramic materials experience varieties of physical transformations due to the presence and
applications of heat. Hence, the outcomes of these, result to distinct physical features that impact on
the final properties, performances and qualities of the ceramic end-product. Some of the key physical
features of ceramic materials during the changes in firing temperatures are:

1. Colour changes: The colour of ceramic materials are tantamount to changes during firing or
heating as a result of the chemical reactions that take place at the phase transformations. In line with
this, Afolabi et al., (2020), and Chang et al., (2020), sampled that a good example of such process is
the oxidation of metal ions in ceramics, resulting to the phase transformations of ceramic materials
into distinctive colours such as blue, green, or red hues, respectively.

2. Texture changes: As the firing process increases, it can result to the development of unique
textures on the surface of ceramic materials produced. Researchers have shown that this process can
be influenced by factors such as the initial particle size of the ceramic materials distributed, sintering
aids and firing temperatures (Wu et al., 2011; Krell & Blank, 2020). High firing temperatures help to
heat ceramic materials with much particles into simmer textures for desired quality of the ceramic
end-product.

3. Shrinkage: During the firing process, ceramic materials shrink (get smaller or reduce in size)
due to the consolidation of the materials in use. However, according to Wu et al., (2021), and Chen
and Wang (2020), the extent to which ceramics shrink during the firing process depends on factors
such as the level of the firing temperature in-use, amount of particles in the materials use, and the
composition of the ceramic materials to be produced.
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4. Porosity: During production, as the firing temperature increases, the porosity of the ceramic
material totally reduces, due to the level of sintering particles, and the rate of densification required
for the ceramic production. Some experts believe that in some situations, controlled porosity can be
desirable for specific application such as filters or catalytic subtrates (Chen & Wang, 2020; Wang et
al., 2020).

5. Crystal growth: As firing temperature increase, ceramic materials experience crystal growth.
This sign in turn affect the materials microstructure and other properties such as mechanical strength,
thermal stability and electrical conductivity (Chang et al., 2020, Krell & Blank, 2020). The amount
of crystal growth present in ceramic materials determines the properties and qualities of the ceramic
end-product.

6. Defect formation: It is observed that excessively high firing temperature can cause products
defects such as cracking, warping, or blistering, during the firing process of ceramic production.
Relatively, rapid heating and cooling can equally cause the products during firing process to
encounter other defects in the ceramic materials due to thermal stresses and differential shrinking
(Wu et al., 2021; Chen & Wang, 2020). Perhaps, this situation can compromise the quality and
integrity of the end product of the ceramic materials as desired.

Consequently, the ability to understanding and controlling the above mentioned physical
features of ceramics during the firing process is believed to be vital in developing the properties of
ceramics for specific applications and ensuring that the production of a high-quality and defect free
ceramic products are fully achieved.

b. Mechanical features of ceramic materials during the firing process: During the firing stage of
ceramic production, as ceramic materials undergo the different degrees of the firing temperatures,
several mechanical transformations become impacted. These changes in mechanical features are due
to the application of heat, whose capacity influences the final properties, performances and qualities
of the ceramic end-product. Some major mechanical properties are:

1. Fracture toughness: The fracture toughness of ceramic materials are influenced by the firing
temperature used in their production. This temperature affects the ceramic materials microstructure,
grain size, and phase composition of the finished ceramic product. However, optimizing the firing
process will help in improving the fracture toughness of the ceramic product (Wu et al., 2021; Chen
& Wang, 2020), as fracture toughness helps to maintain optimal levels of the ceramic end-product
and qualities.

2. Strength and hardness: During the firing process of ceramics, as the firing temperature
increases, ceramic materials entirely experience increase in mechanical strength and hardness. This
situation is due to the sintering of ceramic material particles, densification, and formation of stronger
interparticle bonds (Chong et al., 2020; Krell & Blank, 2020, Wang et al., 2020). The strength and
hardness of ceramic products are extreme properties that indicate the product’s quality.

3. Thermal shock resistance: This is the ability of a ceramic material to withstand rapid changes
in temperatures without cracking, defects, or deformities. According to Wu et al., (2021), and Chang
et al., (2020), firing temperature can impact on the thermal shock resistance of ceramic production,
by affecting the product’s thermal expansion coefficients and microstructures. Ceramic products with
high thermal shock resistance are more sustainable, reliable and highly demanding in the market, due
to its significance in households electric shock safety.

4. Elastic modules: Modules of ceramics are linked to the stiffness and resistance of ceramic
products to deformity or failures during product stress. In view of this, Afolabi et al., (2020), and
Krell and Blank (2020), state that a particular firing temperature can have the capacity to impact on
the elastic modules of ceramic material, by impacting on the density and microstructure of the
materials.

5. Creep resistance: Creep means the time or period at which a ceramic material is undergoing
the firing process, and the most critical period for deformity and failure due to constant stress, as the
firing temperature increases. Firing temperatures can impact negatively on the level of creep
resistance of ceramic materials during the firing process by negatively affecting their microstructure,
grain size, and phase composition (Chang et al., 2020; Chen & Wang, 2020). Poor creeping
resistance leads to poor or low quality of ceramic end-products.
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6. Wear resistance: The wear resistance of ceramics can be improved by increasing the firing
temperature, as it promotes sintering particles, densification, and the formation of harder surfaces
during the firing process of ceramic production (Wang et al., 2020; Krell & Hutzler, 2019).

Sequel to the above mechanical features of ceramics undergoing production, optimizing
firing process and temperature becomes essential for attaining the desired mechanical states of
ceramic materials for their specific applications, such as structural components, cutting tools, and
wear — resistance coatings.

Effects of Firing Temperatures on the Properties and Qualities of Ceramic Products

During the firing process of ceramic production, it is very significant to note that firing temperatures
impact both positively and negatively on the properties and qualities of ceramic materials and their
end-products. Thus, by adjusting the firing temperatures to desired degrees of centigrade or
fahrenheit, ceramic manufactures may be able to control the microstructures, phase compositions,
qualities and other properties of ceramics to meet specific requirements for various applications.
Some major effects of firing temperatures on the properties and qualities of ceramic products have
been explained here.

1. Chemical properties: This is the extent of chemical reactions of components and additives in
ceramic materials. Chemical properties can be influenced by the degree of firing temperatures
present during the production of ceramics. This process can affect material properties such as
chemical stability, corrosion resistance, and catalytic activity (Bertrand et al., 2021; Fernandes et al.,
2021). The amount of natural chemical properties present in a ceramic product is a major
determinant of the product’s quality.

2. Mechanical properties: Firing temperatures can impact on various mechanical properties of
ceramic materials during the firing process. These impacts may be on properties such as the strength,
hardness, fracture toughness, elastic modules, wear resistance, and or creep resistance. Thus,
optimizing the temperature of the firing process during ceramic production is crucial to attaining
desired mechanical performance (Chen et al., 2020; Krell & Blank, 2020; Wang et al., 2020).

3. Thermal properties: Firing temperatures have the capacity to affect thermal properties such
as thermal expansion coefficient, thermal conductivity, thermal shock resistance and thermal
conductivity. These properties are essential for applications requiring high temperature or rapid
temperature changes during their production (Wu et al., 2021; Chang et al., 2020).

4. Densification: During the firing process in ceramic production, higher firing temperature can
typically result to increased densification. This situation can lead to a more compacted and less
porous ceramic material. Besides, it can equally enhance properties such as mechanical strength,
wear resistance, and thermal conductivity (Chen & Wang, 2020; Wang et al., 2020). Ceramic end-
products with high density property is of high quality.

5. Phase transformations: During the firing process in ceramics production, as the materials
used in the productions get heated, they equally change in phases. Thus, as the firing temperatures
become higher, there is variety of phase transformations in the ceramic materials. This can in effect,
help in altering the crystalline structure, properties and qualities of the end products. According to
Chang et al., (2020), and Krell and Blank (2020), a typical example of phase transformations is in
zirconia ceramics, where a phase transformation from the monoclinic to tetragonal or cubic phase
may occur during high temperatures. This situation can impact on the ceramic materials' mechanical
strength and thermal stability, and in advance impact poorly on the product quality.

6. Grain growth: During the firing process, the firing temperatures used in ceramic productions
affect grain growths and sizes of the ceramic product. Thus, higher temperatures generally promote
larger grain sizes. Relatedly, grain size affects ceramic properties such as fracture toughness, wear
resistance, and thermal shock resistance (Wu et al., 2021; Chen & Wang, 2020).

Consequently, in the firing phase of ceramic production, understanding and controlling the influence
of firing temperatures on the properties and qualities of ceramics is extremely relevant in optimizing
the production process, and ensuring the desired performance of these ceramics in their various
applications. Therefore, through careful selection and adjustment of the firing temperatures during
the firing process of the production, manufacturers ought to be able to produce high-quality ceramic
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products with strategic properties for developing industries such as the aerospace, automotive,
electrical/electronics, construction, and designs, to mention but a few.

CONCLUSION

The role of firing temperatures during ceramic production, in ascertaining the properties and qualities
of ceramic products cannot be underestimated in the manufacturing industries. This paper has been
able to examine the significance of, and justifications for applying different firing temperatures on
ceramic materials during their production stages. Thus, firing temperatures influence various aspects
of ceramic production, including their microstructure, phase compositions, and their resulting
properties. However, the effects of firing temperature on ceramic materials during the firing process
of production can be widely categorized into various key areas including densification, grain growth,
phase transformations, mechanical properties, thermal properties, and chemical properties. These
properties and qualities were specifically classified under two broad components namely; the
physical and mechanical properties of ceramic materials in diverse firing temperatures. Besides, it
was noted that, as the firing temperature increases, ceramic materials processed generally experience
enhanced densification which may lead to improved mechanical strength, wear resistance, and
thermal conductivity.

In view of this, the paper highlights that higher firing temperatures are capable of resulting to larger
grain growth and sizes which in turn influence ceramic properties such as fracture toughness, wear
resistance, and thermal shock resistance. Also, it was found that the phase transformations occurring
at higher temperatures can equally impact significantly on the crystalline structure, properties and
gualities of ceramic products, including the mechanical strength and thermal stability of the product.
Obviously, from the critical review carried out in this paper, it is vital to note here in clear terms, that
firing temperatures play an essential role in determining various physical, mechanical and thermal
properties of ceramics during the production phase. Thus, the physical properties including colour
changes, texture developments, shrinkage exhibition, porosity, crystal growth and defect formation,
were found to be connected to the physical properties of ceramics. The mechanical properties such as
strength and hardness, fracture toughness, thermal shock resistance, elastic module, creeping
resistance, and wear resistance, were also reviewed. However, the extent of chemical reactions
between ceramic properties and additives can be affected by the firing temperatures of ceramic
during production thereby impacting on such properties as chemical stability, corrosion resistance,
and catalytic activities.

Conclusively, this paper suggests that manufactures of ceramics should critically understand, and
carefully learn how to control and optimize firing temperatures to achieve the desired properties and
gualities of the finished ceramic product. As such, sustaining the ability to manage firing
temperatures during the heating stage of ceramic productions will help manufacturers to produce
high-quality ceramic products with various properties specifically designed for varieties of
applications in industries such as the aerospace, automotive, electrical/electronics, construction and
designs.

Finally, this paper equally suggests that, further research efforts can be made to focus on the
development of innovative firing techniques that will enable a more precise control over the desired
properties and qualities of ceramic materials, and their required product outcomes. Besides, this
innovative spirit should be targeted on the creation of a sophisticated technological appliances that
have the capacity and ability to automatically regulate and control firing temperatures to desired
properties and quality specifications, based on the material content and applications. Such stride will
thereby further advance the field of materials science, and equally contribute to the development and
performance of ceramics for varieties of industry applications.

REFERENCES

Afolabi, L.O., Bao, Q., Nalla, V., & Wam, A. (2020). Fabrication, properties, and applications of
advanced ceramic nanocomposited: A review. Journal of Alloys and Compounds, 831,
157318. doi:10.1016/j.jallcom.2020.157318.

137



Tam-George ..... Int. J. Innovative Soc. Sc. & Hum. Res. 12 (2):131-138, 2024

Bertrand, C., Popovic, D., Zagorski, A., Parezanovic, A., Godec, K., Zagorski, V., & Seriam, P.
(2021). Optimization of processing parameters to sinter the best quality Si3N4 ceramics.
Ceramic International, 47(5), 6768-6777. doi: 10.1016/cj.2021.

Chang, Y.A., Awang, C.J., & Tseng, I.T. (2020). Sintering temperature influences the phase,
compositions and mechanical properties of yttria-stabilized tetragonal zircoma polycrystal
ceramics. Materials Science and Engineering: B,258, 114798.
doi,10.1016/j.mseb.2020.114798.

Chen, S., & Wang, J. (2020). Effects of sintering temperature on the microstructure and mechanical
properties of Sic ceramics with Al203 additives. Ceramics International, 46(8), 11788-
11794. doi10.1016/j.ceramint.2020.02.052.

Fahab, M., Sintia, O.P., Achanya, A., & Kumar, R. (2022). Ultra-high temperature ceramics
(UHTCs): A review. Materials  tab, communications, 30, 103396.
d0i:10.1017/1.mtcomm.2022.103396.

Fernandes, F.J., Garcia-Cordova, M.I., Janssen, R., Reichmam, K., Scholz, G., & Lopez, R. (2021).
Dense boron carbide ceramics by liquid-phase sintering with Boron Oxide Addition.
Journal of the American Ceramic Society, 104(6), 3057-3068. doi:10.111/jace.18005.

Huttel, A.F., Rawn, C.J., Weaver, R.J., Scales, J.A., & Bermore, C.J. (2018). Processing of sol-gel.
Desired ceramic nanoparticles for in situ studies using total scattering PDF Analysis.
Langmuir, 34(46), 13793-13801. doi:10.1021/acs.langmuir.8b02622.

Krell, A., & Blank, P. (2020). Impact of the heating rate on the sintering process of zircoma
ceramics. Journal of the American Ceramic Society, 103(8), 4610-4619.
doi:10.1111/jace.17398.

Krell, A., & Hutzler, T. (2019). Sintering behaviour and microstructural evolution of Mgo-doped
alumina ceramics. Journal of the European Ceramic Society, 39(4), 1591-1599. doi:
1016/j.jeurceramic.2018.11.002.

Levi, C.G., Yang, J.Y. Hsu, W.C,, Ray, R.K., Cen, W., & Ritchie, R.O. (2021). Ultrahigh
temperature ceramic coating produced by chemical vapour infiltration. Surface and
coatings technology, 205(7), 1784-1789. doi:10.1016/j.surf-coat.2011.07.034.

Liu, Y., Deng, X., Peng, Z., Li, S., Ma, J., & Peng, C. (2019). Low temperature material ceramic
(ITEC) materials and their potential applications and substitute for micro electronic devices
and packages.

Wang, H., Cai, J., & Chen, W. (2020). Temperature — induced changes in the physical properties of
C/Sic composition fabricated through precursor infiltration and pyrolysis. Material
Research Express 7(7), 0750e4. doi: 10.1088/2053-1591/ab8c80.

Wu, L., Zhu, H., & Chen, J. (2021). Effect of sintering temperature on microstructure and
mechanical properties of Sic whisker — reinforced Sic ceramic composited. Ceramics
International, 47(2), 2382-2388. doi: 10.1016/j.ceramint.2020.09.121.

138



