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Abstract. In the sustainability of ceramic forming this paper will provide a
comprehensive review of the way that ceramics have changed over time
towards sustainability due to Industry 4.0's current manufacturing
technologies which are improving day by day. Particularly this study focuses
on reducing the depletion of resources, energy utilization, and natural
pollution by examining how conventional strategies for forming ceramics
can be replaced by new ones that emphasize sustainability and form a
solution. Basically, this paper highlights a few crucial properties in ceramics
including its capacity to resist high temperatures, flexibility, and chemical
inactivity, and their significance in several areas like biomedical designing,
hardware, aviation, the machinery industry, and many more applications.
When the drawbacks of traditional ceramic forming methods were analyzed
such as high cost and lengthy processing periods, the study clarifies that
there is a need for sustainable alternatives. This study also examines new
possibilities such as additive manufacturing (3D printing) and
hydroforming, which permit for more accuracy in product shape while
utilizing a low amount of materials and energy. Going forward, this research
also looks into eco-friendly ceramic materials that make the most of
secondary sources or are based on biomass-based added substances and
binders. Using examples from real circumstances and information from
industry, it demonstrates where sustainable ceramics can be utilized in
different divisions like design, space travel, electronics, wellbeing care, or
renewable energy sources. By doing so, this paper emphasizes how
sustainable ceramic making seems to trigger environmental enhancements
as well as keep up resource efficiency and shift towards a circular economy.
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1 Introduction

These days, the commercial markets explore modern manufacturing technologies to discover
a immediate response highly variable demands, a productive distributive chain, and efficient
energy utilization. As an arrangement, Industry 4.0 utilizes the advantages associated with
integrating modern manufacturing innovations to enhance manufacturing capacities [1]. One
such thing is ceramic forming. Ceramics is a nonmetallic, inorganic solid, it is a
multifunctional material due to its amazing and varied physical and chemical properties.
Ceramics materials are considered to have normal properties such as exceptionally high
temperature capability, superior durability, remarkable toughness and mechanical quality,
higher melting points, robust thermal steadiness and chemical inactivity, minimal thickness,
and thermal and electrical conductivity is also low. Ceramics are utilized in various
applications like biomedical engineering, electronics, aerospace industry, and others [2].
Nowadays, ceramics have a wide range of applications subsequently, there will likely be a
further growth in demand for ceramics shortly in the future. In the broadest sense, ceramics
have been utilized in daily life such as bricks, glasses, tiles, and products we utilize at
domestic. Ceramics are also applied on spaceships and cars in part of protective coating as
well as abrasives that are required by many individuals all over the globe. Other than these
ceramics are also utilized as biomaterials (artificial bones and teeth) and electrical or
electronic gadgets because mass production of these ceramic items typically requires
consuming a large amount of natural raw materials [3]. Ceramic industries led to a shortage
of these natural resources and impacted the biological system through massive
consumption of crude materials from nature. In several cases, raw materials
comprise ceramic particles blended with binders or not and added substances. These mixtures
are then used to manufacturing green bodies of convenient shapes by diverse forming and
shaping techniques such as dry pressing, slip casting, infusion molding, gel casting, and tape
casting, [4]. Considering that conventional strategies of ceramic forming are thoroughly
examined and far-reaching; there are a few limitations such as long preparation times,
expensive cost, and the failure to create parts with linked gaps or extremely intricate shapes.
Furthermore, mechanical post-processing is essential for getting a sintered ceramic portion
with high surface quality and precision. Because ceramics are inherently hard and fragile,
this after processing treatment is expensive and time-consuming [5].

2 Innovative Ceramic Forming Techniques for Sustainability

There has been significant progress in ceramic forming practices in recent times as there has
been an increased request for feasible and environmentally friendly manufacturing processes.
Conventional ceramic forming operations like slip casting and pressing are more often than
not characterized by high energy utilization, waste generation, and pollution [6]. As a result
of these challenges, analysts and manufacturers alike have come up with innovative ways
focused on guaranteeing achievements in a maintainable way but without compromising on
the quality and performance of the ceramics. One of the promising ways to achieve this goal
is through additive manufacturing, or 3D printing [7]. Thus, the layer-by-layer declaration of
ceramic materials. This process makes it possible to create the directing geometry and
properties within certain delimitations. In any case, this process reduces material wastage by
using only the exact quantity of either ceramic powder or slurry, and thereby reduces raw
material consumption and environmental consequences [8]. In this manner, 3D printing can
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also promote the manufacturing of complex forms from ceramics, which cannot be created
by traditional means [9].

Another means of ceramic forming that appears potential for sustainable ceramics is
hydroforming. Hydroforming utilizes an adaptable form and uses pressurized liquid like
water or oil to shape ceramics. This strategy gives prominent accuracy and detail, with less
waste compared to the traditional methods of shaping [10]. Moreover, hydroforming can
make utilize of recyclable silicone melds which makes it even more maintainable and
sustainable [11]. The construction industry has seen more interest in using environmentally
friendly options by planners and designers during feasible ceramic manufacturing processes.
In expansion to natural preservation, other benefits include aesthetics, strength, and thermal
execution offered by economical ceramics such as reused or recycled the tiles, eco-friendly
bricks as well as cementations materials [12].

Table 1: A processing of advanced ceramics compared to traditional ceramics [36]

Processing

Traditional Ceramic

Advanced Ceramic

Material Preparation

Clay, Silica

Precipitation, Spray drying,
Freeze-drying, Sol-gel,
Vapor phase

Shaping

Slip casting, Pressure casting,
Potters’ wheels

Slip casting, Injection
molding, Hot pressing, Hot
isotactic pressing, Rapid
prototyping

Processing at extreme

Flame kiln, Electric furnace

Hot press, Microwave

temperatures furnace, Plasma spraying

Finishing Erosion, Glazing, Laser Erosion, Glazing, Laser
machining, Plasma coating, machining, Plasma coating,
Polishing Polishing

Characterization Visible examination, Light Light microscopy, X-ray

microscopy, X-ray diffraction,
Electron microscopy,
Techniques for surface analysis

diffraction, Electron
microscopy, Techniques for
surface analysis

Investigating modern fabricating procedures alongside feasible substitutions for traditional
ceramic binders and added substances has been progressing as shown in Table 1. Ecologically
friendly options for petroleum-based binders have risen as economical substitutes

for conventional ceramic materials, such as starch, cellulose, and lignin [13].

Reduction of Waste

Material

Provides Customization
and Personalization

Reduces the
consumption of Energy

Enhanced Accuracy and
Efficacy

Fig. 1: Benefits of Innovative Ceramic Techniques

Improves the design
flexibility

Adaptibility in Choosing

a Material
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In simple terms, the carbon impression of the making of ceramics can be decreased by
utilizing these choices that operate at a level comparable to their synthetic partners.
Furthermore, researchers have come up with creative ceramic-added substances that
incorporate waste determined nanoparticles and natural fibres to better performance
while being environmentally friendly, as shown in Fig.1 [14]. There's a tremendous potential
in innovative ceramic shaping methods towards driving supportability within the
manufacturing industry where producers can embrace these methods to diminish resource
utilization levels and minimize waste generation coupled with contamination control.

3 Environment Friendly Ceramic Materials

Sometimes, the conventional ways of making ceramics involve impressive biological
expenses including consumption of assets, energy utilization, and discharge of greenhouse
gasses and pollutants. To address these challenges, analysts and producers have been
exploring modern strategies for making eco-friendly ceramic materials that minimize natural
impacts but maintain or improve execution properties [15]. One possible approach in creating
environment-friendly ceramic materials is by utilizing reused or waste-based raw materials.
Recycling of post-consumer ceramics such as disposed of tiles, flatware, clean products, etc.,
can decrease solid waste dumped on landfills while still conserving common natural
resources [16]. These recycled materials may be prepared for utilization in ceramic
formulations to assist lower the request for virgin raw materials and minimize the impact that
production operations have on the environment. Moreover, improved material handling
technologies empower the proficient utilization of secondary raw materials without
compromising the quality or execution characteristics of ceramic products [17].

An elective strategy for creating eco-friendly ceramics is to focus on making other binders
and added substances from renewable sources. For example, conventional ceramic binders
like oil-based polymers and tars are related to natural concerns due to their reliance on non-
renewable fossil fuels and contamination [18]. A few of the bio-based binders obtained from
normal materials such as starch, cellulose, and lignin have been outlined as possible choices
for bringing down carbon emissions related to the generation of ceramics. Analysts have also
explored the utilization of bio-based added substances including natural filaments and
nanoparticles to improve economical qualities in ceramic materials [19]. On top of that these
green ceramic materials go beyond research facilities since they can be applied in
architecture, automotive, acrospace, or healthcare among others. Sustainable architects may
take such environmentally sound development components as energy-saving tiles, bricks,
and exteriors that advance great indoor air quality while ensuring comfort for clients [20].

In the field of transportation engineering and the aerospace industry, ceramic materials that
are lightweight and persevering tend to include fuel effectiveness, outflow control, and
higher efficiency as per Table 2. In expansion, the advances in manufacturing have
driven energy-saving ceramics with low emissions [21]. Methods such as traditional kiln
firing might be fine-tuned in a way that reduces energy waste and GHGs emissions of
emissions through the utilization of more proficient plans for kilns, elective sources of fuel
for these furnaces as well as other optimization procedures [22]. There are even extra chances
like appropriation of innovative microwave sintering, starting plasma sintering, or 3D
printing for reducing waste material; energy utilization, and its natural effect on nature [23].
By applying sustainable ceramics across a wide range, it is feasible to improve environmental
performance, promote resource efficiency, and assist towards circular economy
improvements.
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Table 2: The mechanical characteristics and chemical composition of particular ceramic materials

[24]
Material Flexural Hardness Elastic Composition of the
Type Strength (HV) Modulus Material
(kPa) (MPa)
Composites 80,000 n/a 2800 Acrylate polymer with
microparticle filler
Aluminium 419,000 2035 410,000 82% AI203, 12% La203,
Oxide 4.5% Si02, 0.8% CaO, 0.7%
Ceramics other oxides
Zirconium 1,200,000 n/a 206,300 3 mol% Yttria-stabilized
Oxide tetragonal zirconia
Ceramics polycrystals (3Y-TZP)
Lithium 353,100 617 102,700 Si02, Li20, K20, P205,
Silicate Si02, ZnO
Ceramics
Leucite- 160,000 632.2 62,000 60-65% Si02, 16-20%
Reinforced Al203, 10-14% K20, 3.5—
Glass 6.5% Na20, 0.5% other
Ceramics oxides, pigments
Resin-based 200,000 96 12,000 Polymerizable resin,
Ceramics nanometric colloidal silica,
7102 spherical particles
PMMA 114,000 26 2,770 PMMA with pigments
Hybrid 150,000— 200 30,000 Si02, Al1203, Na20, K20,
Ceramics 160,000 B203, ZrO2, CaO, urethane
dimethylacrylate, triethylene
glycol dimethylacrylate
PEEK 165,000 n/a 3,700 PEEK

4 Applications of Sustainable Ceramic Forming

A range of sustainable strategies for making ceramics has opened up and create modern
ranges in several industries, creating natural solutions that still hold the specified
characteristics of ceramic materials as shown in Table 3. From engineering plans to
progressed building applications. One of the major usage of sustainable ceramic shaping is
in the design and development industry. This includes sustainable ceramics such as eco-
friendly tiles, bricks, and exteriors that allow and give designers and creators various
alternatives of green building materials [25]. These are created utilizing eco-friendly methods
like additive manufacturing (3D printing) and hydroforming which offer assistance in energy
conservation and waste minimization. For case, sustainable ceramic tiles are growing in
popularity in both private homes and commercial buildings due to their long life expectancy,
visual attraction as well as nature friendly [26]. Additionally, these items can be designed
with qualities that upgrade energy productivity inside a building through thermal insulation
or natural ventilation thus way increasing indoor comfort levels. By including
sustainable ceramic materials in engineering projects, architects can make structures that
support sustainability, resilience, and well-being for people [27].
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Table 3: Applications of the primary bioceramic materials in biomedicine [35]

Material Young’s | Compressive | Density | Bioactivity Applications
Modulus Strength (kg/m?)
(MPa) (kPa)
Alumina 380,000 | 4,000,000 >3900 | Non- Orthopedic
reactive implants, load-
bearing devices,
dental
applications
Zirconia 150,000 | 2,000,000 6000 Non- Orthopedic
- reactive implants, load-
200,000 bearing devices,
dental
applications
Porous 70,000 — | 600,000 3100 Gradually | Dental
Hydroxyapatite | 120,000 dissolves applications,
bone graft
coatings, tissue
engineering
scaffolds
Tricalcium 120,000 540,000 3100 Gradually Dental
Phosphate — dissolves applications,
160,000 tissue
engineering
scaffolds
Bioactive 75,000 1,000,000 2500 Reacts Dental
Glasses with body | applications,
fluids spinal
reconstructive
surgery

In the aviation industry, sustainable strategies for creating ceramics are paving the way for
the development of facilitative strategies for manufacturing light and proficient components
in aircrafts and spaceships as shown in Fig. 2. The reason for manufacturing ceramic in
aerospace sector is their exceptional mechanical behaviour, thermal resistance, and capacity
to resist harsh situations [28].

For example, modern innovations like additive manufacturing can be utilized to develop
intricate ceramic matrix composite (CMC) components with exact shapes and complicated
inner structures. Because of this, these novel materials have essentially reduced the weight
of those found in conventional metallic combinations leading to fuel savings, greenhouse
impact relief as well as more payload capacity to assist in the aerospace field [29].
Additionally, sustainable ceramic coatings and thermal boundary coatings offer assistance
beneath high temperatures or serious operating conditions that make the components durable
hence extending performance in aerospace. As a result of applying eco-friendly ceramics
forming methods and materials in the field of acrospace will be a vital point of interest in
expanding plane proficiency, security, and sustainability [30].



E3S Web of Conferences 552, 01099 (2024) https://doi.org/10.1051/e3sconf/202455201099
ICMPC 2024
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Communication
Sector

Various Mechnical
Components

Aerospace Sector

Application of
Ceramic 3D
Printing

Fig. 2: Applications of the Ceramic 3D Printing

5 Conclusion

The study conducted in this paper reveals need of sustainable ceramic forming,

manufacturing methods, and applications to us. The adoption of sustainable ceramic

manufacturing practices represents a crucial step and pushing toward a circular economy as
well as achieving a more sustainable and resilient future.

e One major point is that how sustainable ceramic manufacturing can be turned to address
the challenges of consumption of resources, power utilization, and contamination at a
huge scale this can also assist the new innovations in this field. By utilizing new methods
and materials that are naturally safe, ceramics can significantly decrease its biological
impression while keeping up the quality of products or making it more improved.

e Advanced ceramic producers have been able to completely control the geometries of
their products where they have combined additive manufacturing and hydroforming
among other recent innovations in this way, it can minimize the waste material as well
as energy utilization. These improvements in technology has not only improve efficiency
but also make the way for producing complex ceramic shapes which was previously not
possible and this can lead to huge growth in every field.

e  On the other hand, adopting sustainable ceramic forming strategies and materials may
lead to lower resource utilization, lowering waste generation, and pollution reduction for
achieving rapid sustainability in the ceramic field. The industry might in this manner
utilize recycled or waste-derived feed stock along with bio-based binders and added
substances in arrange to preserve resources and contribute towards a more circular
economy.

e Sustainable ceramic forming is a field of innovation and various applications, and every
new innovation in this field makes it interesting. This paper also highlights the different
applications of sustainable ceramic forming procedures in other industries, ranging from
engineering and aerospace to electronics and healthcare there is a variety of different
uses, including lightweight aerospace components, high-performance electronics, and
biomedical implants. By all these applications ceramic forming plays a crucial part in
promoting positive natural outcomes and supporting the move to a more sustainable
future.
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