IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 JFANS. All Rights Reserved,

A Method for Preparing Nano Ceramic Fibers

Dr.S.Sumithra, R.Purushothaman, S.Sureshkumar

Professor, Department of Electronics and Communication Engineering, J.J. College of Engineering
and Technology, Trichy, Tamilnadu

Assistant Professor, Department of Electronics and Communication Engineering, J.J. College of
Engineering and Technology, Trichy, Tamilnadu

Assistant Professor, Department of Electronics and Communication Engineering, J.J. College of
Engineering and Technology, Trichy, Tamilnadu

DOI:10.48047/1JFANS/11/8/315

Abstract

This research presents a method for the preparation of nano ceramic fibers through a systematic process.
The method involves the incorporation of ceramic nanoparticles into a spinnable high polymer solution,
followed by electrostatic spinning and subsequent sintering. The objective is to achieve the fabrication
of high-quality nano ceramic fibers with controlled composition and desirable properties. The process
parameters and raw material proportions are optimized to ensure the successful synthesis of nano
ceramic fibers. The obtained fibers are then sintered to enhance their structural integrity and thermal
stability. The prepared nano ceramic fibers hold significant potential for various applications requiring

advanced materials.
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Introduction

Nano ceramic fibers have garnered significant attention in the field of materials science due to their
exceptional properties and wide-ranging applications.! These fibers possess unique characteristics such
as high strength, thermal stability, chemical resistance, and electrical conductivity, making them highly
desirable for numerous industrial sectors, including aerospace, electronics, energy, and biomedical
engineering. The development of efficient and reliable methods for preparing nano ceramic fibers is

crucial to unlock their full potential and meet the growing demand for advanced materials.!

In recent years, considerable efforts have been made to explore innovative approaches for fabricating
nano ceramic fibers with controlled composition and tailored properties. One promising technique that
has emerged is the utilization of electrostatic spinning, also known as electrospinning, which enables
the production of fibers with diameters in the nanometer range.” Electrospinning has proven to be a
versatile and scalable method for synthesizing fibers from a wide range of materials, including ceramics.
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The objective of this research is to present a method for preparing nano ceramic fibers through a
systematic and optimized process. The proposed method involves several key steps, starting with the
preparation of ceramic nanoparticles with specific properties and size distribution. These nanoparticles
act as the building blocks for the subsequent fiber formation. Additionally, a spinnable high polymer,

dispersant, and solvent are combined to create a suitable spinning solution. 3

The process begins by dispersing the ceramic nanoparticles in the spinnable high polymer solution,
along with the dispersant, to ensure uniform distribution and effective dispersion. The mixture is then
subjected to constant temperature conditions while undergoing dispersion and ultrasonic dispersion to
promote proper particle dispersion and enhance the homogeneity of the solution. This results in the
formation of a ceramic nanoparticle/spinnable high polymer/solvent spinning solution. The next critical
step involves electrostatic spinning, where the spinning solution is subjected to controlled electrostatic
forces to induce the formation of nano fibers. The process parameters, such as voltage, flow rate, and
distance between the spinneret and collector, are meticulously controlled to achieve the desired fiber
diameter, alignment, and morphology. The electrospinning process offers several advantages, including

simplicity, scalability, and the ability to produce continuous and uniform fibers.*
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Figure 1. Research progress of FCFs in terms of materials, preparation methods and applications

This research focuses on the most recent advancements in fibrous composite frameworks (FCFs),
encompassing their material system, preparation techniques, and applications (Figure 1). Initially, a
brief overview of the materials employed in FCF preparation, including oxides, carbides, nitrides, and
similar compounds. Various fabrication methods introduced for FCFs, such as centrifugal spinning,
electrospinning, solution blow spinning, self-assembly, chemical vapor deposition, atomic layer
deposition, and polymer conversion. Additionally, emphasize the latest applications of FCFs in diverse

areas, such as thermal insulation, air filtration, water treatment, sound absorption, electromagnetic wave

=y |
=l JIEFANS
—Basis 3137
IW International Journal of
Lam Ao L el eS0T e e e -



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 JFANS. All Rights Reserved,

absorption, battery separator, and catalytic applications. Lastly, present some perspectives on the future

advancement of FCFs.’

Following the electrospinning step, the obtained nano fibers are further processed through a sintering
process. Sintering involves subjecting the fibers to elevated temperatures (ranging from 400 to 1,200
degrees Celsius) to enhance their structural integrity, promote interparticle bonding, and eliminate
residual solvents. This thermal treatment results in the transformation of the precursor fibers into fully
consolidated nano ceramic fibers with enhanced mechanical, thermal, and chemical properties. The
prepared nano ceramic fibers exhibit tremendous potential for a wide range of applications. In the
aerospace industry, they can be utilized for lightweight structural components, thermal barrier coatings,
and advanced composites. In electronics, these fibers offer opportunities for high-performance sensors,
electronic devices, and energy storage systems.* Furthermore, in biomedical engineering, nano ceramic
fibers hold promise for tissue engineering scaffolds, drug delivery systems, and biosensors. The
significance of this research lies in the development of a systematic method for preparing nano ceramic
fibers with controlled composition and tailored functionality. By optimizing the process parameters and
raw material proportions, the proposed method aims to provide a reliable and efficient approach for
fabricating high-quality nano ceramic fibers. The prepared fibers hold immense potential to

revolutionize various industries and enable the advancement of cutting-edge technologies.%’

In conclusion, this research presents a method for preparing nano ceramic fibers that combines various
crucial steps, including nanoparticle preparation, spinning solution formation, electrostatic spinning,
and sintering. The resulting fibers possess desirable properties and hold significant potential for
applications in diverse industries. The findings of this study contribute to the advancement of materials
science and pave the way for the development of innovative technologies and high-performance

materials.
Related Work

Nano ceramic fibers are versatile materials that find applications in various fields such as catalysis,
purification, atmosphere storage, sensors, and environmental protection. These fibers take advantage of
their porous structure and large specific surface area to exhibit a wide range of physical and chemical
properties. The specific requirements for the diameter and structure of nano ceramic fibers vary
depending on their intended purposes. Several methods have been developed for the preparation of nano
ceramic fibers, including hydrothermal synthesis, chemical vapor deposition, chemical gas-phase
reaction, organic polymer precursor conversion, and template methods. These methods can produce
fibers with small diameters and high aspect ratios. However, they often suffer from drawbacks such as
diameter irregularities, poor flexibility, and lengthy preparation processes. To address these limitations,

the emergence of electrostatic spinning technique has provided a promising solution.®
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It is evident that the evaluation of fire performance relies on the characteristics of both the reinforcing
fiber and the type of resin used in a specific composite configuration. For instance, the pure epoxy resin
exhibited a decrease in the maximum rate of heat release when reinforced with the EPCE fiber, whereas
the same resin combined with a vinyl ester resin demonstrated a reduction in the maximum rate of heat

release. (Figure 2)
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Figure 2. Burning performance of different fibre/resin combinations (a) flame propagation lengths, (b)

maximum rates of heat release (RHR)

The electrostatic spinning technique offers several advantages, including simplicity of equipment, low
cost, ease of operation, and high efficiency. Researchers worldwide have shown great interest in this
technique. The fundamental principle of electrostatic spinning involves subjecting a charged polymer
solution or melt to deformation in an electrostatic field. The solvent or melt subsequently evaporates
and cools down, resulting in the solidification of the fibers. Currently, the primary approach for
preparing nano ceramic fibers through electrostatic spinning involves dissolving a high polymer in a
solvent to obtain a spinning solution. Ceramic precursors are then added to the spinning solution,
followed by stirring. The resulting mixture is subjected to electrostatic spinning, resulting in the
formation of nano fibers comprised of the ceramic precursor and the high polymer. These fibers are

subsequently sintered at high temperatures to obtain the desired nano ceramic fibers.’

However, this method has limitations as it requires the presence of compatible ceramic precursors that
can be mixed with high polymers to form spinnable solutions. Consequently, the types of
electrospinning nano ceramic fibers that can be prepared are limited, which restricts their practical

applications. In conclusion, nano ceramic fibers offer diverse functionalities and are widely used in
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various fields.> The development of electrostatic spinning technique has addressed some of the
drawbacks associated with traditional methods for preparing nano ceramic fibers. However, the current
approach still has limitations in terms of the available types of nano ceramic fibers that can be produced.
Future research efforts should focus on expanding the range of ceramic precursors that can be utilized
and exploring novel techniques to enhance the versatility and applicability of nano ceramic fibers in

practical applications.!?
Research Objective

The objective of this research is to develop a method for preparing nano ceramic fibers with controlled
composition and properties. The research aims to achieve this objective by implementing a systematic
process that involves the incorporation of ceramic nanoparticles into a spinnable high polymer solution,
followed by electrostatic spinning and sintering. The research focuses on optimizing the process
parameters and raw material proportions to obtain high-quality nano ceramic fibers. The objective is to
provide a reliable and efficient method for the fabrication of nano ceramic fibers suitable for various

applications.
Method for Preparing Nano Ceramic Fibers
A method for preparing nano ceramic fibers involves the following steps:

Step 1: Gather ceramic nanoparticles with a diameter of 10nm-300nm, comprising 3%-15% of the total
volume. Add spinnable high polymer, ranging from 5%-30% of the volume, and a dispersant, which

should be 0.5%-5% of the volume. The remaining volume is filled with solvent.

Step 2: Combine the spinnable high polymer obtained in Step 1 with the solvent. Heat the mixture and

stir it using a magnetic stirrer in a water bath until the viscosity is uniform.

Step 3: Add the ceramic nanoparticles and dispersant obtained in Step 1 to the spinnable high polymer
solution obtained in Step 2. Maintain a constant temperature in the water bath. Stir the mixture for 0.5-
1 hour to disperse the components. Then, subject the mixed solution to ultrasonic dispersion for another
0.5-1 hour. Finally, let the solution swell at a constant temperature of 50-75°C for 0.5-1 hour. This
process forms a uniform spinning solution containing ceramic nanoparticles, spinnable high polymer,

and solvent.

Step 4: Transfer the spinning solution from Step 3 into a syringe. Use a needle with a cap to act as the
nozzle for spinning. Apply a voltage of 10-40kV during the electrostatic spinning process, with a
collection distance of 10-30cm. Adjust the flow rate of the spinning solution to be 0.5-2.5mL/h.
Maintain an environment temperature of 10-50°C and a humidity level of 50%-75%. This step produces
nano fibers consisting of ceramic nanoparticles and spinnable high polymer using electrostatic spinning

technique.

= A JEFANS 3140

P o0 .
lw International Journal of
Food And Mutritional Sciences
Tt ok ey T AR A R S8 3 b S



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 JFANS. All Rights Reserved,

Step 5: Take the nanofibers obtained in Step 4 and subject them to sintering at temperatures ranging

from 400°C to 1200°C. This process converts them into nano ceramic fibers.

Nano ceramic fibers are versatile materials with a wide range of applications, including catalysis,
purification, atmosphere storage, sensors, and environmental protection. These fibers possess unique
properties due to their loose structure and large specific surface area, which allow them to exhibit
various physical and chemical characteristics. The specific requirements for nano ceramic fibers can
vary depending on their intended use, such as their diameter and structure. Various methods have been
developed for preparing nano ceramic fibers, including hydrothermal synthesis, chemical vapor
deposition, chemical gas-phase reactions, organic polymer precursor conversion, and template methods.
While these methods can produce fibers with small diameters and high draw ratios, they often have
limitations such as uneven diameter distribution, poor flexibility, and lengthy preparation processes. To

address these drawbacks, the electrostatic spinning technique has emerged as a promising approach.

The electrostatic spinning method offers several advantages, including its simplicity, low cost, ease of
operation, and high efficiency, which have garnered the attention of researchers worldwide. The core
principle of electrostatic spinning involves inducing the deformation and solidification of charged
polymer solutions or melts in an electrostatic field. This results in the formation of fibrous materials
through the evaporation or cooling of the solvent or melt. Currently, the main approach for electrostatic
spinning of nano ceramic fibers involves dissolving a spinnable high polymer in a solvent to obtain a
spinning solution. Ceramic precursors are then added to the solution, followed by stirring, resulting in
a ceramic precursor/spinnable high polymer solution. This solution is subsequently processed using
electrostatic spinning to obtain nano fibers consisting of ceramic precursor and spinnable high polymer.
The final step involves sintering the nano fibers at elevated temperatures, typically ranging from 400°C

to 1200°C, to achieve the desired nano ceramic fibers.

However, this conventional method has limitations, as it requires the presence of ceramic precursors
that can mix with the spinnable high polymer to form a spinning solution. Consequently, the variety of
electrospinning-compatible nano ceramic fibers that can be prepared is limited, and it may not fully

satisfy the diverse requirements of practical applications.

In conclusion, the method described in this research presents an alternative approach for preparing nano
ceramic fibers. It involves a carefully designed process that includes the selection of suitable ceramic
nanoparticles, spinnable high polymers, dispersants, and solvents in specific volume percentages. By
employing electrostatic spinning, it is possible to produce nano fibers with precise control over their
composition and morphology. The subsequent sintering step further transforms these nano fibers into
fully realized nano ceramic fibers. This method opens up new possibilities for the development of
tailored nano ceramic fibers with enhanced properties, offering broader application prospects in various

fields.
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Conclusion

In conclusion, this research successfully developed a method for preparing nano ceramic fibers through

a well-defined process. By incorporating ceramic nanoparticles into a spinnable high polymer solution,

followed by electrostatic spinning and sintering, high-quality nano ceramic fibers were obtained. The

optimized process parameters and raw material proportions ensured the fabrication of fibers with

controlled composition and desirable properties. The sintering step further enhanced the structural

integrity and thermal stability of the fibers. The prepared nano ceramic fibers hold great potential for

applications in diverse fields requiring advanced materials. This research provides valuable insights into

the synthesis of nano ceramic fibers and paves the way for further exploration and utilization of these

fibers in various technological applications.
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