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ABSTRACT

This thesis investigates the potential of technical ceramics as a material for creating premium
handheld products, with a specific focus on luxury camera components. Through a series of
user studies, this work explores the relationship between surface attributes and the perception
of luxury and premiumness. These insights, coupled with a comprehensive analysis of
manufacturing processes, offer a valuable framework for understanding the feasibility of
producing ceramic products that meet high-end consumer expectations.

The research revealed that material choice plays a significant role in consumer perception,
with zirconia oxide ranking favourably across metrics for luxury and premiumness. Findings
highlight the importance of surface smoothness and its positive correlation with perceived
value. Additionally, attribute combinations (such as smooth and glossy) were also identified as
having a significant impact on user perception. Manufacturing limitations and opportunities
were a key focus. Injection moulding and green machining emerged as ideal methods for
achieving the desired surface qualities. While challenges in sourcing ceramic samples were
encountered, this thesis adapted its approach, incorporating a design case study focused on a
special edition camera lens. This exploration emphasized the advantages of technical ceramics
for innovative product design.

This work offers Leica insights info consumer perceptions and the practical considerations for
integrating technical ceramics into their offerings. Future research directions include refining
the attribute-perception relationship across various product categories, exploring novel ceramic
manufacturing techniques, and investigating the potential for technical ceramics in diverse
applications.
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1 INTRODUCTION

1.1 CONTEXT

Figure 1 Leica M-A "Titan"

This master's thesis explores the potential of ceramics as a luxurious material within the context
of high-end camera design. The investigation stems from the desire to create a special edition
Leica camera lens featuring a material uncommon in their product line and will also consider
the ways in which ceramics can embody the qualities of luxury.

Leica Camera, a leading manufacturer of premium cameras and optical devices, has a rich
history dating back to 1869. Founded by Ernst Leitz as an optical institute, the company
revolutionized photography in 1925 with the Leica I, the first commercially successful 35mm
film camera. Leica's commitment to quality and innovation is reflected in their range of
products, including rangefinder, mirrorless, and SLR cameras tailored to varying market
segments.

The company's strategy of producing limited edition cameras serves multiple purposes. These
exclusive releases reinforce Leica's luxury brand image while providing a platform for
exploring new manufacturing techniques, materials, and surface finishes. Limited editions often
boast distinctive aesthetics, premium materials, and collaborations with renowned artists —
exemplified by the titanium Leica M-A "Titan," (see Figure 1), the Leica Q2 Daniel Craig x
Greg Williams, and the Leica M10-P "Reporter." These special models underscore the inherent

link between material choice and the perception of luxury.

Ceramics, known for their hardness, heat resistance, chemical stability, and diverse properties,
remain relatively unexplored in the realm of consumer camera products. Their unique
aesthetics, potential for exceptional finishes, and implied durability make ceramics a
compelling material for potential Leica limited editions. This thesis will delve into how ceramics
might embody luxurious qualities, alongside the manufacturing complexities and potential
impacts on camera weight, feel, and functionality.
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1.2 RESEARCH OBJECTIVES

This project has three primary objectives designed to provide Leica with both a theoretical
foundation and actionable design concepts.

The first goal focuses on exploring the feasibility, processes, and design guidelines essential
for integrating ceramic and ceramic-like components into handheld devices. This investigation
will delve into how the unique properties of ceramics (hardness, friction, heat resistance, and
diverse finishing potential) could translate into tangible benefits for device durability, longevity,
and overall user experience. The aim is to uncover not only the manufacturing methodologies
suited to this material but also the critical design considerations and potential limitations Leica
must address when incorporating ceramics into their product line.

The second goal seeks to deepen the understanding of how consumers define "luxury" and
"premium" specifically within the context of handheld devices. This involves conducting a
thorough analysis of both market trends and direct consumer feedback, exploring the complex
interplay between physical surface attributes (texture, colour, finish, etc.) and the intangible
perceptions of luxury. The aim is to develop a comprehensive framework that designers can
employ fo intentionally infuse handheld devices with qualities that resonate with consumers'
desires for exclusivity and high value.

The third goal is to synthesize insights gained from the first two objectives, ultimately creating
innovative, ceramic-inspired lens designs that embody Leica's established brand identity. These
designs will place a strong emphasis on design for manufacturability, ensuring their aesthetic
appeal is matched by practical feasibility. Beyond the designs themselves, this goal will
provide Leica with valuable insights and future directions, offering a robust starting point for
the potential development of a ceramic special edition lens that would redefine handheld

camera luxury.

While the initial project envisioned direct experimentation with ceramic components,
challenges in securing suppliers and materials within the project's budget constraints led to a
pivot in focus. This adaptability, rather than hindering the project, opened new and valuable
research avenues. It allowed for an in-depth exploration of realworld manufacturing limitations
and the identification of alternative solutions, offering Leica expanded possibilities for
considering ceramic inclusion. Additionally, by researching ceramic-like surface coatings, the
project investigates costeffective paths for achieving the luxurious textures and finishes
associated with ceramics, further broadening Leica's design toolkit. This adaptability
underscores the commitment to generating knowledge that is both theoretically sound and
practically applicable for Leica. Constraints were strategically navigated, leading to a deeper
dive info the potential applications of ceramic technologies and associated design thinking.

Ceramic Surfaces as a Source of Luxury in Handheld Deviceslntroduction 2



2 LITERATURE REVIEW

2.1 INTRODUCTION

This literature review delves into the academic literature that explores the perception of luxury
and premium as it relates to product surfaces. The motivation behind this review is to
investigate the potential of new materials, such as ceramics, in the creation of luxurious
products.

To do this, first it the defining characteristics of luxury need to be understood. Additionally,
how different surface types are perceived by various demographics, and the range of surface
types achievable through ceramic manufacturing. This aligns with the first goal of the project,
which is to explore the feasibility, processes, and design guidelines needed to create
premium/luxury ceramic parts and ceramic-ike parts in handheld devices.

The ultimate objective of this review is to identify gaps in the existing literature, particularly in
the area of luxurious surface perception. By understanding these components and designing a

study to address these gaps, | aim to achieve the goals of this project.
The review will be structured in three parts:

1. A review of literature on surface perception,
2. An exploration of how luxury is defined, and
3. A review of ceramic manufacturing literature, focusing on potential manufacturing

processes.

Through this comprehensive review, | hope to lay a solid foundation for this thesis and
contribute to the understanding of luxury perception in relation to product surfaces. This will
also provide valuable insights into the feasibility and processes of creating ceramic parts,

contributing to the achievement of the first goal of this project.

2.2 METHODOLOGY

The methodology for this literature review follows a common approach often seen in academic
papers and graduate theses. This approach involves synthesizing the existing literature on the
topic and identifying gaps in knowledge that the thesis aims to address. The process begins
with a comprehensive search of the existing literature on the three key topics: the perception of
product surfaces, the nuances distinguishing ‘luxury” and ‘premium’ in consumer hardware,
and the manufacturing processes of technical ceramics parts for consumer hardware. The
sources include academic journals, industry reports, and other relevant publications.

The selected literature is then thoroughly reviewed and synthesized. This synthesis involves
drawing together findings from different sources, comparing theories, and identifying patterns
and trends in the research. This process helps to provide a theoretical foundation for the thesis
and validates the presence of the research problem.
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The review also aims to justify the research as one that contributes something new to the
cumulated knowledge. It does this by highlighting gaps in the current literature and suggesting
areas for future research. The methods and approaches used in the review are validated
through this process. The methodology used in this review is designed to ensure a thorough
and rigorous analysis of the literature on the chosen topics. It aims to provide a comprehensive
understanding of the current state of knowledge and identify areas where further research is
needed.

This methodology is based on established practices in literature review conduct, as described

by [11, [2], [3]

2.3 PERCEPTION OF SURFACES

2.3.1 Surface Attributes

Understanding Product Surface Attributes

Product surfaces hold crucial importance in how users perceive and interact with products.
They significantly contribute to a product's aesthetic value, perceived quality, and functionality.
Exploring the specific attributes used to describe product surfaces sheds light on how to
achieve both user satisfaction and communicate design intent.

Key Product Surface Attributes

Researchers have identified two main categories of attributes influencing the user experience
with product surfaces:

Sensory Attributes: These directly relate to our senses — how a surface looks, feels,
sounds, and even potentially smells or tastes.

T Symbolic Attributes: These convey meaning and associations beyond the immediate
physical experience. A surface may feel "aggressive," look "Expensive" or project a
sense of "Masculinity”.

Johnson et al. [4] provide a valuable framework for understanding surface attributes and how
designers can apply them. Their study, which involved compiling a vocabulary of sensory and
symbolic attributes from design reviews and descriptions, tested and refined this vocabulary
through an experiment with design students. It underscores the importance of a shared
vocabulary to express the aesthetic and perceptual qualities of products. The research revealed
a degree of consensus on how these attributes are applied, and significantly, highlights the
strong influence of material choices on aesthetic perception. Johnson et al. [4] also note that
form and context can reshape the symbolic meanings associated with a material.

Building upon this foundation, Vihma et al. [5] investigate the use of sensory and symbolic
attribute lists among design students. This study refines the existing vocabulary (see Figure 2)
and suggests areas for further development. Crucially, their work reinforces the notion that
product context plays a significant role in how specific attributes are understood by users.
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Aecsthetic (sensory) attributes (bold face = significantly Perceived (symbolic) attributes (bold face = significantly

selected in previous experiment) selected in previous experiment, parenthesis = close to
being significant)

Feel: Soft, hard, warm Optics: Transparent, trans- Aggressive — Passive Formal — Informal

cold, light, heavy, flexible, lucent, opaque, reflective Cheap - Expensive Fragile — Robust

stiff Colour: Clear, white, muted | Classic - Trendy Friendly - Frightening

Texture: Smooth, rough, colours, bright colours, Clinical- Cosy Functional - ornamental

rubbery, slippery grey/black, metallic, natural | (clever) - (silly) (Futuristic) - historic

Form: Organic, angular, Taste: Sweet, sour, salty, (Common) — Exclusive Handmade - Mass-

aerodynamic, flat, squared, | bitter Decorated — Minimal produced

rounded Sound: Muffled, ringing Delicate — Rugged High-tech — Simple

Smell: Fresh, stale, natural, Anonymous — Inviting Humorous - Serious

artificial Elegant - Clumsy Mature - Youthful
Masculine — feminine Restrained - Extravagant

Temporary — Permanent
Words deleted from the initial list: Words deleted from the initial list:
Industrial Clean, (Dull), Strong

Table 1. The revised vocabulary from the previous experiment (Johnson et. al 2003). Words used by a sig-
nificant number of the participants to describe the 6 products in Figure 1 are shown in boldface.

Figure 2 Grouped surface attributes from [5]
Applications
By understanding and working with these assigned attributes, designers have the tools to:

1 Communicate Design Intent: A shared vocabulary around product surface attributes
bridges the gap between a designer's concept and the user's understanding.

1 Shape User Perception: Designers can carefully select materials, textures, and finishes
to evoke desired user responses and contribute to the perceived luxury of a product.

1 Evaluate Design Outcomes: Attributes provide a measurable way to assess whether a
design successfully meets its aesthetic and functional goals.

Implications for this thesis

While there is valuable exploration in this area, it's important to remember that the meaning of
product surfaces is never fixed. Cultural perspectives, individual preferences, and changing
trends demand an adaptable vocabulary and continued research. During the preparation of a
user study, select attributes from this framework will be used to fit the context of handheld

premium devices.

2.3.2 PERCEPTION OF PRODUCT SURFACES

Product surfaces act as gateways to our initial product encounters, shaping early impressions
of quality, functionality, and aesthetic appeal. To design effectively for positive experiences,
we must delve into the senses involved in this perception and how those processes shift based
on context and individual traits.

The Multisensory Nature of Perception

Surface perception is rarely confined to a single sense. Studies demonstrate a complex
interplay between vision, touch, smell, and even taste that influences how we respond to an
object [6], [7]. Klatzky and colleagues highlight that, while touch alone draws focus to texture
and hardness, combined with vision, attention expands to include shape and other broader
attributes. Interestingly, taste itself can be heavily influenced by touch when surface patterns
alter perceptions of a drink's sweetness or infensity [7].
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Contextual Influences

External factors profoundly impact how we process surface cues. Peck and Childers [8], [9]
show that whether buying online or in person, factors like the availability of haptic interaction
change how an individual uses, values, and trusts touch-based product information. For
instance, an inability to touch might reduce reliance on this sense while heightening reliance
on visual cues or written descriptions when evaluating objects. Ranaweera and colleagues
[10] point to another contextual influence —that our expectations around an object's weight
and texture significantly impacts how we perceive personality traits like sophistication or
playfulness.

Individual Differences & the Need for Touch

No two individuals perceive surfaces identically. Our sensitivities to tactile input, along with
other personal preferences, shape our interaction with products. The concept of Need for
Touch (NFT), formulated by Peck and Childers [8], [9], emphasizes individual differences in
the desire to acquire product information through physical touch. People high in "autotelic"
NFT enjoy the sensory pleasure of touching, while those high in "instrumental” NFT focus on
touch as a functional information-gathering tool. NFT level has strong implications for how
consumers respond to haptic marketing elements [11].

Implications & Opportunities

1 These insights reveal key takeaways for design practice:

T Surfaces are multisensory communicators. Strategic sensory design must account for
how attributes from touch, sight, and even taste might come together.

Context changes everything. Designers must anticipate situational variables, both
restrictions (a display case) and how product context informs perceptions of surface
features.

 "One size fits all" can rarely apply. Knowing the target audience, including their
sensory sensitivities and their need for touch, helps curate effective surface experiences.

Building on this established knowledge, this thesis aims to explore surface perception within
the high-stakes realm of luxury goods. It specifically seeks to:

1 Identify Key Attributes: Establish which combinations of sensory attributes (texture,
weight, pattern, etc.) most strongly align with consumer definitions of luxury.

T Inform Design Recommendations: Provide data-driven recommendations for creating
surfaces that effectively elicit feelings of luxury, tailored to diverse consumer segments.

f  Contextual Considerations: Since context influences perception, consider how
variations in the experimental setup (e.g., physical product interaction vs. visual
representations) might impact data collection.
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2.3.3 CONCLUSION

This part of the literature review underscores the vital role of product surface attributes in
shaping consumer experiences. Materials, textures, and patterns convey much more than
aesthetic qualities; they impact how a product feels, what it symbolizes, and ultimately, how
it's perceived. Moreover, perception is revealed as a multi-layered process. Multiple senses
intertwine, while individual preferences, like the need for tactile information, along with
contextual factors, all influence how surface features are interpreted.

2.4 LUXURY AND PREMIUM

The concepts of "luxury" and "premium" hold significant sway in marketing, branding, and
consumer behaviour. Yet, a universal definition for either term remains elusive. Their subjective
nature, shaped by individual preferences, cultural contexts, and product categories, contributes
to this complexity.

While premium products typically embody superior quality and above-average pricing [12],
the meaning “‘premiumness’ takes on many di erent forms for di erent people and is
dependent on the mood and experience of the consumer” [13]. The challenge of definitively
classifying "luxury" is noted by Kapferer [14], who highlights that many definitions neglect to
specify the essential characteristics that categorically define a product as luxurious.

Some definitions adhere more rigorously to definitional standards. Dubois et al. [15] propose
six facets of luxury: high price, superior quality, scarcity, refined aesthetics, heritage/personal
history, and superfluousness. Kapferer notes potential contention around "superfluousness," as
some individuals might classify luxuries as necessities instead. De Barnier et al. [16] offer a
multidimensional approach, identifying seven factors (elitism, creativity, uniqueness, distinction,
refinement, quality, and power) that distinguish levels of luxury — with elitism holding primary

importance.

Cultural perceptions of luxury can also differ. Kapferer's work [17] reveals "high quality" as a
common cross-cultural association (see Figure 3). However, in China, "expensive” is the
dominant attribute. This underscores the need for marketers to understand these nuanced
variations. Kapferer et al. [18] further illuminate strategic distinctions with a positioning
triangle that delineates different business models for luxury, premium, and fashion (see Figure

4).
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TABLE 1.1 Meaning evoked by the word ‘luxury’ for consumers
in six countries (n = 3,085)

United
France States China Brazil Germany Japan
1 high high expensive high high high
quality quality quality quality quality
2 prestige expensive high pleasure  expensive prestige
quality
3 expensive prestige fashion dream fashion expensive
4 pleasure pleasure minority expansive dream intemporal

Figure 3 Meaning evoked by the word 'luxury' for consumers. From [17]

THE POSITIONING TRIANGLE
Luxury

E) Social elevation Non-comparable
Timeless Priceless
Self-distinction Rare quality
Hedonism Superlative

Performance/ Price
Investment
Comparability
Realism

Social tribal
Imitation
Instants

Fashion Frivolous Seriousness Premium

Figure 32.2 Positioning of three business models
Source: Adapted from Kapferer and Bastien, The luxury strategy (2012: 32), with permission.

Figure 4 Positioning triangle from [18]

In the Australian context, a study [19] found that premium price, an authentic/reliable brand,
and positive brand reputation/status constitute primary luxury attributes. Interestingly, premium
pricing becomes an expected rather than a defining element once other luxury indicators are
present.

Synthesis, Implications, and Thesis Connection

Luxury and premium are dynamic concepts shaped by a confluence of individual perception,
culture, product type, and evolving trends. Marketers face the vital task of grasping this
complexity to tailor strategies effectively. A deep understanding of consumer-specific
preferences for defining luxury and premiumness enables precise segmentation, targeting, and
product offerings that harmonize with expectations.

The thesis probes a knowledge gap - the definitive link between surface attributes and their
perception as premium or luxurious. Specifically, it will explore:

T Innovative Ceramic Surfaces: Can newly developed technical ceramic surfaces satisfy
consumer expectations for the luxurious and premium qualities of materials?

T The Aesthetic Dimension of Premiumness: How do product aesthetics (shape, symmetry,
efc.) influence both luxury and premium perceptions?

Ceramic Surfaces as a Source of Luxury in Handheld DevicesLiterature Review 8



Conclusion

The thesis will further explore how the differences of luxury and premium manifest in the
context of handheld devices. With focus on the role of surface attributes (form, finish, texture,
efc.), the study will examine consumer perceptions of both terms and how they influence
evaluations of a technical ceramic device. To assess potential nuances in meaning, both the
terms "luxury" and "premium" will be employed throughout the different studies. The
subsequent chapters will delve deeper into the research fields that underpin this exploration of
material perceptions and their relationship to luxury and premium experiences.

2.5 TECHNICAL CERAMICS MANUFACTURING

From pots and other vessels made of clay to heat-resistant and durable tools for metalworking,
ceramics have been essential for making various products that we use every day. Ceramics
have also played a key role in enabling the progress of metallurgy by facilitating the
production of early metals such as bronze [20]. In contrast to these traditional ceramics, which
are mainly based on natural raw materials, technical ceramics are engineered from synthetic
compounds to achieve better properties and functions. Technical ceramics are known for their
high strength, hardness, and resistance to wear and corrosion [20], [21], [22]. They are also
non-conductive and can withstand high temperatures, making them ideal for use in harsh
environments. However, ceramics also pose some challenges for manufacturing, such as high
costs, complex processes, and limited design options. Therefore, it is important to explore the
current research into ceramic materials and production methods for general ceramic
manufacturing, with a focus on their application to low volume luxury consumer products. In
accordance with the first two goals of the thesis the main research questions that this literature
review aims fo answer are:

How to design and produce ceramic parts for luxury consumer products in small batch sizes?
How are luxurious product surfaces perceived?

To answer this question, this literature review will examine scholarly sources from various
disciplines, such as materials science, engineering, design, and marketing. The sources will be
selected based on their relevance, currency, authority, accuracy, and purpose. The sources will
be divided into four main themes that correspond to the sub questions of the main research
question:

" What are the different types of ceramic materials used in manufacturing and what are
their properties?

1 What are the different manufacturing methods used to produce ceramic parts and what
are their advantages and disadvantages?

T What are the design considerations for ceramic parts and how can they be optimized
for efficient production?

T What are the consumer preferences and market trends related to ceramic products?
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Within each theme, the sources will be analysed and synthesized to identify the key findings,
debates, gaps, and implications for future research.

The structure of this literature review is as follows: The first section will discuss the different
types of ceramic materials used in manufacturing and their properties. The second section will
review the different manufacturing methods used to produce ceramic parts and their pros and
cons. The third section will explore the design considerations for ceramic parts and how they
can be designed for efficient production. The fourth section will examine the consumer
perspective and market trends related to ceramic products. The final section will summarize the
main points of the literature review and suggest directions for future research.

2.5.1 CERAMIC MATERIAL REVIEW

Ceramic materials are a diverse and complex group of materials that are difficult to define
based on a single property or characteristic. As [23] and [24] point out, most definitions of
ceramic materials simply state what they are not, rather than what they are. A common
definition is that ceramic materials are non-metallic, inorganic solids that have a wide range of
applications and properties. Ceramic materials can be classified into two main categories:
traditional ceramics and advanced ceramics. Traditional ceramics are those that have been
used by ancient civilizations for pottery, bricks, tiles, and other products. Technical ceramics
[20] are those that have been developed in recent decades for high-tech applications such as
electronics, aerospace, biomedical, and energy.

One of the potential applications of ceramic materials is in luxury consumer products such as
watches, jewellery, and tableware. These products require ceramic materials that have high
aesthetic appeal, durability, and biocompatibility. However, not all ceramic materials are
suitable for this application, as some of them have drawbacks such as brittleness, low fracture
toughness, and difficulty in machining. Therefore, it is important to select the ceramic materials
that have the right properties for the desired product.

Some of the properties that are relevant for luxury consumer products are mechanical, thermal,
optical, and chemical properties. Mechanical properties include hardness, strength, fracture
toughness, and wear resistance. These properties determine how well the ceramic material can
resist deformation, fracture, and abrasion. Thermal properties include thermal conductivity,
thermal expansion, and thermal shock resistance. These properties determine how well the
ceramic material can conduct heat, expand or contract with temperature changes, and
withstand rapid temperature changes. Optical properties include colour, transparency,
reflectivity, and refractivity. These properties determine how the ceramic material interacts with
light and affects the appearance of the product. Chemical properties include corrosion
resistance, biocompatibility, and environmental impact. These properties determine how the
ceramic material reacts with other substances and affects the health and safety of the user and
the environment.

Based on these properties, some of the ceramic materials that are suitable for luxury consumer
products are ceramic oxides, such as zirconium oxide (W1 /zirconia) and aluminium oxide
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(6 &0 /alumina). These materials have high hardness, strength, fracture toughness, and wear
resistance, which make them durable and scratch resistant. They also have moderate thermal
conductivity, low thermal expansion, and high thermal shock resistance, which make them
stable and resistant to cracking. They have various colours, transparencies, and reflectivities,
which make them attractive and versatile. They have high corrosion resistance,
biocompatibility, and environmental friendliness, which make them safe and sustainable.

However, zirconia and alumina have some differences in their properties, which may affect
their suitability for different products. Zirconia has higher fracture toughness and strength than
alumina, which make it more resistant to breaking. However, zirconia also has lower thermal
conductivity and higher thermal expansion than alumina, which make it more prone to thermal
stress and distortion. Zirconia also has higher refractivity than alumina, which make it more
reflective and less transparent. Alumina has higher hardness and thermal conductivity than
zirconia, which make it more resistant to scratching and heat transfer. However, alumina also
has lower fracture toughness and strength than zirconia, which make it more brittlle and prone
to cracking (see Figure 5). [21]

Density
Thermal expansion Strength (RT)
Thermal conductivity Strength (1200 °C)
Hardness Fracture thoughness
E-modulus — 210,

— A|203
Figure 5 Image taken from [21]

Therefore, the choice between zirconia and alumina depends on the specific product and the
trade-off between the properties. For example, for a watch case, zirconia may be preferred
over alumina because of its higher fracture toughness and strength, which make it more

durable and shock resistant.

In conclusion, ceramic materials are a promising option for luxury consumer products because
of their high performance and aesthetic appeal. However, not all ceramic materials are
suitable for this application, and the selection of the most appropriate material depends on the
product and the properties. Zirconia and alumina are two of the most widely used ceramic

Ceramic Surfaces as a Source of Luxury in Handheld DevicesLiterature Review 11



oxides for luxury consumer products, but they have different advantages and disadvantages
that need to be weighed carefully. Future research and development may focus on improving
the properties of ceramic materials, creating new ceramic materials, and optimizing the design
and fabrication of ceramic products.

2.5.2 PRODUCTION METHODS

Ceramic materials are widely used in luxury consumer products such as watches, jewellery
and tableware because of their aesthetic appeal, durability, and biocompatibility. However,
producing ceramic parts for these products is not a trivial task, as it involves several stages of
processing, each with its own challenges and requirements. The ceramic production process
typically consists of three main stages: shape forming, sintering, and post processing. Each
stage affects the properties and quality of the ceramic parts, such as the density, strength,
hardness, fracture toughness, wear resistance, colour, and surface finish. Therefore, it is
important to understand the different methods and technologies that can be used in each stage
and how they influence the final product.

This chapter aims to answer the following research question: What are the different
manufacturing methods used to produce ceramic parts and what are their advantages and
disadvantages? To answer this question, the chapter is divided into three sub-chapters, each
covering one of the main stages of ceramic production. The first subchapter will discuss the
shape forming stage, where the ceramic powder is compacted into a desired shape by
applying pressure or other techniques. The second sub-chapter will discuss the sintering stage,
where the compacted powder, also known as the green body, is heated to a high temperature
below its melting point to consolidate the powder particles and improve the mechanical
properties. The third sub-chapter will discuss the post processing stage, where the sintered
body is polished, coated, or decorated to enhance the appearance and performance of the
ceramic part.

In addition fo the conventional methods and technologies for ceramic production, the chapter
will also include emerging methods and technologies that offer new possibilities and
opportunities for ceramic parts. These include additive manufacturing (AM), laser processing,
and microfabrication. These methods and technologies can create ceramic parts with complex
geometries, fine details, and internal structures that are difficult or impossible to achieve by
traditional methods. They can also reduce the material waste, energy consumption, and
production time and cost compared to traditional methods. However, they also have some
limitations and challenges, such as the availability and quality of the ceramic powder, the
control and stability of the process parameters, and the compatibility and integration with other
stages of ceramic production.

2.5.2.1 SHAPE FORMING

Shape Forming is a key process step in the manufacture of ceramic parts. There are several
different shape forming processes that can be used to produce these parts, including pressing,
casting, plastic forming and additive manufacturing. In this section of the literature review,
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there will be an overview of each of these processes and highlight relevant processes that can
be used for the application of luxury tech products.

Pressing

Pressing is one of the most widely used methods for shape forming of technical ceramics. It
involves compacting ceramic powder into a desired shape by applying pressure in a die. The
powder is usually pre-mixed with suitable binders and lubricants to improve its flowability and
cohesion. The pressure can be applied in one direction (uniaxial pressing) or in all directions
(isostatic pressing). Uniaxial pressing is simpler and cheaper, but it may result in uneven
density and shape distortion. Isostatic pressing is more complex and expensive, but it produces
more uniform and complex shapes. Pressing can be used to manufacture feedstock for green

machining or hard machining, or to produce simple finished green bodies that only require

sintering [22], [25].
Casting

Casting is another method for shape forming of technical ceramics. It involves pouring a liquid
slurry of ceramic powder and binder into a mould and letting it solidify. The mould can be
made of plaster, metal, rubber, or other materials. The most common type of casting is slip
casting, where the slurry is poured into a porous mould that absorbs some of the liquid and
forms a thin layer of solidified ceramic on the mould surface. The excess slurry is then drained,
and the cast is removed from the mould. Casting can produce complex and intricate shapes,
but it may also have defects such as cracks, shrinkage, and bubbles. Casting is not very
relevant for the topic of this thesis, as it is mainly used for traditional ceramics such as pottery

and porcelain [22].
Plastic Forming

Plastic forming is a method for shape forming of technical ceramics that uses a plastic mixture
of ceramic powder and additives. The mixture can be shaped by applying pressure or by
extruding, rolling, or drawing. The additives can be water, organic materials, or other fluids
that provide plasticity and lubrication. Plastic forming can produce flexible and continuous
shapes, but it may also have problems such as drying, cracking, and contamination. Plastic
forming is not very relevant for the topic of this thesis, as it is mainly used for clay-based
ceramics such as earthenware and stoneware [22], [26].

Additive manufacturing

Additive manufacturing (AM) is a promising method for shape forming of technical ceramics. It
involves building a part layer by layer from ceramic powder using a computer-controlled
process such as laser sintering, binder jetting, or extrusion. AM can produce parts with
complex geometries, fine details, and internal structures that are difficult or impossible to
achieve by conventional methods. AM also reduces the material waste, energy consumption,
and production time and cost compared to traditional methods. AM enables greater product
customization and innovation, as it allows the design and fabrication of parts that meet
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specific customer requirements and preferences. AM is especially relevant for the topic of this
thesis, as it can create ceramic products with high aesthetic appeal, functionality, and
performance [22], [27].

Green machining

Green machining is a process in which ceramic parts are machined in an unfired state prior to
sintering. Green machining can be performed using conventional tools and machines such as
milling, drilling, turning, and grinding. Green machining can offer several advantages over
hard machining, such as lower cost, greater flexibility, and easier geometry control. Green
machining can also reduce material waste and improve the dimensional accuracy and surface
finish of sintered parts. However, green machining also has some limitations, such as the need
for proper handling and clamping of the fragile green parts, the possible deformation and
shrinkage during sintering, and the difficulty of machining some types of ceramics with high
binder content or low green strength [22].

2.5.3 SINTERING

Sintering transforms the shaped ceramic 'green body' into a dense, robust material using heat
below the ceramic's melting point. During sintering, critical parameters like temperature, time,
and atmospheric composition can profoundly affect the resulting properties of the ceramic. For
luxury products, sinfering choices directly influence a consumer's perception through
characteristics such as durability, weight, and most prominently, colour. [22], [28]

The sintering atmosphere plays a pivotal role in determining the final colour of the ceramic.
Take zirconium oxide as an example: depending on oxygen levels and gases present during
sintering, it can manifest as white, various shades of brown, or even black [29]. Adding
specific components, like titanium, to the ceramic mixture provides another avenue for
controlling colour during sintering [29]. These colour possibilities impact both aesthetic appeal
and product design options. Sintering also affects aspects like porosity and surface texture,
potentially altering the consumer's tactile experience with a luxury product.

Understanding and carefully controlling the sintering process is therefore vital to achieving the
desired visual and physical qualities required for luxury ceramic products.

2.5.4 POST PROCESSING

After the ceramic parts have been sintered and have reached their full strength and density,
they can be further machined in a process called final machining. This process can use ultra-
hard tools and machines such as grinding, lapping, polishing, honing and ultrasonic
machining fo achieve higher precision, better surface finish and more complex geometry than
green machining. Final machining can also improve the mechanical properties and
performance of ceramic parts by removing surface defects and residual stresses. However,
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final machining also has some limitations, such as high cost, low material removal rate and
possible damage to the ceramic parts due to their britleness and hardness [22].

For the application of luxury consumer products, such as watches, jewellery and tableware,

final machining is an important stage to ensure the quality and attractiveness of the ceramic
9 p 9 q

parts. The processes that are relevant for this application are those that can produce smooth,

glossy, and scrafch-resistant surfaces, as well as those that can create intricate and detailed

patterns, such as engraving. Some of the processes that can achieve these goals are:

Polishing: Polishing is a process that uses abrasive materials, such as diamond, alumina, or
silica, to remove the surface roughness and improve the reflectivity and transparency of the
ceramic parts. Polishing can be done by hand or by machine, using different techniques such
as buffing, tumbling, or vibratory finishing. Polishing can enhance the aesthetic appeal and the
wear resistance of the ceramic parts, but it may also intfroduce micro-cracks and stresses that
can reduce the strength and fracture toughness [22].

Engraving: Engraving is a process that uses a tool or a beam to cut or mark the surface of the
ceramic parts with a desired design or fext. Engraving can be done by mechanical or non-
mechanical methods, such as electrical discharge machining (EDM), laser, milling, or etching.
EDM uses a high-voltage spark to erode the material, laser uses a high-energy beam to
vaporize the material, milling uses a rotating cutter to remove the material, and etching uses a
chemical or physical agent to dissolve the material. Engraving can create unique and
personalized ceramic parts, but it may also affect the surface integrity and the mechanical
properties of the material [30], [31].

Among these engraving methods, EDM, laser, and milling are more suitable for ceramic
materials than etching, as they can produce more precise and accurate results, as well as
avoid the environmental and safety issues associated with etching. However, these methods
also have some drawbacks, such as high cost, low speed, and possible thermal damage to the
ceramic parts [30], [31].

Final machining is a necessary and beneficial stage for the production of ceramic parts for
luxury consumer products, as it can improve the appearance and the performance of the parts.
However, final machining is also a challenging and costly stage, as it requires special tools
and machines, as well as careful control and optimization of the process parameters.
Therefore, it is desirable to reduce the final machining process as much as possible.

2.6 CONCLUSION

Technical ceramics offer a compelling array of material properties and manufacturing
possibilities, opening a realm of design opportunities within the luxury product space. As this
literature review has demonstrated, perception is complex: surface elements carry symbolic
weight, trigger tactile responses, and are evaluated amidst a web of individual and contextual
factors. Therefore, understanding how to shape, sinter, and refine technical ceramics demands
a nuanced perspective that marries material knowledge with consumer insights.
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The distinction between "luxury" and "premium" further underscores the need to analyse
perception at multiple levels. While premiumness emphasizes superior quality and
performance, true luxury resides in aspects like exclusivity, heritage, and the ability to evoke a
profound emotional experience.

Building on this multi-faceted view of perception, subsequent chapters embark on two
interrelated investigations:

 Research into Surface Perception: Experimental research will explore how consumers
evaluate different product surfaces, identifying the specific material qualities and
finishes that resonate most strongly with the notions of luxury and premium. This
understanding will provide direction for manufacturing choices.

T Design for Manufacturing technical ceramics Analysis: Informed by the literature and
insights from perceptual studies, the thesis will develop guidelines for luxury ceramic
product design and manufacturing. Case studies will apply these principles, balancing
small-batch realities, desirable surface attributes, and optimized production techniques.

This research seeks to empower the design and production of technical ceramic products that
not only excel in performance but also embody the essence of luxury and premiumness in a
contemporary context.
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3 RESEARCH INTO SURFACE PERCEPTION

3.1 INTRODUCTION

This chapter embarks on a multifaceted investigation with two interconnected aims. The first
goal is to illuminate the relationship between material surface attributes, their perception by
consumers, and feasible manufacturing methods within the domain of luxury technical ceramic
handheld devices. A second vital focus aligns with this thesis' broader investigation into how
the concepts of "luxury" and "premium" are embodied in handheld products. Here, surface
characteristics will be linked to how these prestigious qualities are perceived.

The research strategy unfolds as follows:

1 Study 1: Online Survey - Material Preferences This initial survey gauges
consumer inferest in various materials used in luxury tech. Exploration of factors like
aesthetics, perceived exclusivity, and linked values reveals which materials intrinsically
project these key qualities to a broad audience.

1 Study 2: Online Survey - Surface Attribute Descriptions Descriptions of
desirable surfaces commonly found in luxury objects (watches, cameras, etc.) will be
collected from consumers using this second survey. This builds a rich lexicon of sensory
and tangible terms crucial for later evaluation of ceramic surface variations.

1 Study 3: Multi-Sensory Material Evaluation Here, participants directly handle
sample objects with varied surface finishes. They'll evaluate these against identified
attributes from Study 2, alongside perceived luxuriousness and premiumness. Analysis
of these correlations reveals which specific surface qualities most powerfully evoke
these highly valued perceptions.

Linking Research to Thesis Goals

These interlinked studies directly bolster the second core goal of this thesis. Studies 1 and 2
inform the analytical lens applied in Study 3 to assess various ceramic surface treatments.
Findings from this pivotal study provide a basis for:

Identifying Key Surface Attributes: Understanding how "luxury" and "premium" are

reflected in tangible textures, colours, and other material qualities informs selection.

Bridging Perception & Practice: Outcomes from Study 3 will be considered alongside
feasible production methods. If, for example, specific surface attributes show strong consumer
resonance, ideal manufacturing techniques to achieve them within technical ceramic
capabilities under luxury small-batch constraints will be explored.

Fundamentally, this chapter explores the potential of technical ceramics to serve as an
expressive medium for premium handheld products. Understanding and translating consumers'

expectations driven by perceived surface characteristics is crucial for unlocking this potential.
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3.2 CUSTOMER SURVEY HIGH TECH MATERIALS

Ultem Forust

Titanium Zirconium Oxide

Figure 6 Sample Object Survey
Introduction

This initial exploratory survey examines the potential impact of diverse materials on consumer
perceptions of value and attractiveness within the burgeoning world of luxury tech products.
Building upon established literature highlighting the critical role of surface attributes, this study
specifically probes how broader associations embedded within a material’s identity interact
with key luxury perceptions. For this, participants evaluate product images paired with material
descriptions, expressing their responses across factors like aesthetics, exclusivity,
innovativeness, and emotional attachment.

Methodology

This study employed a quantitative online survey designed to gather a range of consumer
perceptions linked to different materials utilized in luxury tech products. Due to the exploratory
nature of this research, the survey focused on collecting broadly comparable data about initial
material impressions without the complexities of direct physical interaction. Participants were
recruited through targeted online platforms where individuals express interest in design,
technology, and lifestyle products. This was essential to increase the likelihood of reaching an
audience aligned with the luxury technology consumer target group.

Survey Design & Structure

The survey featured a randomized structure composed of several key sections:
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1 Introduction: Participants were presented with a brief overview of luxury tech products,
introducing terminology (e.g., "premium materials", "exclusive design") to help guide
their understanding of the research concept.

1 Material Evaluation: Using visual (see Figure 6) and text-based (descriptor) pairings,

this core section explored how different materials align with consumers' perceptions.
Each material, like "Zirconium Oxide," was shown with identical product imagery.

Participants responded using a 5-point Likert scale to rate aspects like the material's
perceived aesthetic appeal, exclusivity, perceived innovation, emotional resonance,
and aspirational qualities. These specific metrics were selected to address this thesis'
research goals on identifying links between surface attributes, luxury, and perceived

value.

1 Demographic Questions: Simple demographic questions on age, spending habits on
luxury items, and technology usage levels aimed to segment results and identify

potential trends across respondent groups.

Data Analysis: Quantitative data obtained was analysed using basic descriptive statistics to
gauge trends, while correlations across the evaluation scores and demographic traits were

examined for insightful patterns.
Key Limitations & Theoretical Underpinnings

It is imperative to acknowledge the significant limitations imposed by online surveys within a
research field such as this, where a tactile dimension heavily influences consumers’ luxurious
product appraisals. The concept of 'Need for Touch' (NFT), well-researched in prior literature
[8], [9] emphasizes the impact of individual variances in sensory preference on product
evaluations. An online methodology inherently lacks the direct, haptic experiences consumers
typically rely on during such luxury assessments.

Despite these limitations, this study is designed to uncover preliminary insights into consumer
associations between various materials and their perceived prestige and desirability in luxury
tech products. Future research endeavours involving haptic-rich methodology can expand upon
the groundwork established and further nuance understandings within this domain.

3.2.1 RESULTS

Overall, Zirconium Oxide received the highest ratings across most indicators associated with
luxurious and premium products, followed by titanium. This strong trend is clearly visualized in
Figure 7(Spider Plot), highlighting these materials' favourable perceptions when paired with
luxury technology products. Interestingly, Forust's scores indicate potential, particularly in its
exclusivity and innovation ratings, hinting at consumer openness to less expected luxury tech
materials. While falling behind in several other luxury indicators, these niche high scores raise
questions about how factors like market positioning and specific audience targeting might alter

Ceramic Surfaces as a Source of Luxury in Handheld DevicesResearch into Surface
Perception 19



perception of this material. In stark contrast, Ultem shows consistently lower rankings across all
aspects associated with luxury tech, emphasized visually in Figure 7.

Customer Survey High Tech Materials

Aesthetics
5,0
4,0
3,0
Aspiration Exclusivity
= Zirconium Oxide
Titanium
Forust
—ltem
Innovativeness Emotion

Figure 7 Customer Survey High Tech Materials

This survey demonstrates Zirconium Oxide's strong alignment with consumer perceptions
associated with premium and luxury objects. It consistently outperformed other materials on
indicators like aesthetics, emotional resonance, and perceived exclusivity. Combined with its
known technical advantages, these outcomes strongly suggest Zirconia holds significant
promise as a viable material choice within the luxury tech product space. While Ultem falls
short on key luxurious traits, further research may uncover whether targeted consumer
education regarding these materials' technological strengths could shift such perceptions.
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3.3 CUSTOMER SURVEY ATTRIBUTES LUXURY
Introduction

This study aimed to uncover common descriptive language when discussing luxury objects
across multiple product categories. Since literature in this area is Consumer-generated word
associations were collected to investigate trends with an open-ended online survey.
Recognizing the need to account for online survey quality as discussed previously, this initial
exploration seeks a wide initial vocabulary pool in a largely unexamined research area.

Methodology

Participants were asked four sequential questions within an online survey format (see Figure 8).
One asked broadly about attributes they associate with any luxury item, then followed by three
focusing on descriptive words applied to luxury watches, cars, and cameras. An unlimited field
was provided for respondents to list whatever adjectives and related terms came to mind,

capturing diverse perceptions.

1. What are some words or phrases that come to your mind when you think of the surface of
any luxury product? (E.g.: bumpy, rugged, hot) Please write as many as you can. *

Enter the words or phrases seperated by a comma.

Enter your answer

2. What are some words which come to mind specifically for luxury watches? *

Enter your answer

3. What are some words which come to mind specifically for luxury cars? *

Enter your answer

4. What are some words which come to mind specifically for luxury cameras? *

Enter your answer

Figure 8 Survey for surface attributes
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Results

A total of 36 participants took part, generating 165 unique, relevant words or phrases across
the prompts. After translating German responses into English and combining synonyms or

(Figure

Figure
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