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This report provides a comparative evaluation of three household products, a ceramic mug, a metal water bottle, and a plastic lunch box focusing on material selection, manufacturing processes, key mechanical and thermal properties, lifespan, cost, and potential alternatives. 
The products represent ceramics, metals, and polymers, showing how functional requirements and material behaviour inform design decisions. Ceramic mugs are commonly produced through slip casting, a process that enables consistent shaping while providing materials with good thermal stability, chemical resistance, and high compressive strength, although limited by brittleness. Metal water bottles, typically manufactured from stainless steel or aluminium using deep-drawing techniques, offer high durability, good ductility, and long service life, albeit with greater weight and cost. Plastic lunch boxes, most often made from polypropylene, provide low weight, flexibility, and compatibility with high-volume injection moulding, although concerns remain regarding heat sensitivity and long-term environmental impact.
Comparisons with alternative materials paper cups, plastic bottles, and bamboo containers highlight trade-offs in sustainability, durability, and mechanical performance. 
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[bookmark: _Toc215822559]Introduction
Product design and manufacture rely on selecting suitable materials and processes while ensuring that performance requirements are fully met. This report will look to compare three objects, a ceramic mug, a metal water bottle and a plastic lunch box seen below in figure 1, looking at the manufacturing processes, mechanical properties, alternative materials for the products. These products were chosen as they are utilised everyday within my household.
[image: A green container and a mug on a wood surface]
[bookmark: _Toc215831835]Figure 1- original photograph of materials from my home
[bookmark: _Toc215822560]Aims
Research material selections and relevant manufacturing methods for the following objects:
· Ceramic Mug
· Metal water bottle
· Plastic lunch box

[bookmark: _Toc215822561]Objectives
For each object:
· An explanation of each selected material
· Relevant manufacturing methods
· Comparison of properties
· Cost and lifespan analysis of each object based on the material selection
· Compare the chosen material against alternative materials that could be used and select a preference.
[bookmark: _Toc215822562]Research and Discussion
[bookmark: _Toc215822563]Selection and Description
Mechanical properties influence the strength, behaviour, and manufacturability of materials. According to (Senthil Murugan 2020), these properties may be altered through heat treatment or working temperature and are essential for determining suitability in engineering applications.
Engineering ceramics are increasingly used due to their reliable and reproducible properties, especially in thermomechanical demanding environments (Fernie, Drew and Knowles, 2009).
Metals such as stainless steel are selected for strength, heat resistance, and corrosion resistance (Lula, 1985).
Polymers such as polypropylene offer low density and good chemical stability but present environmental concerns (Cui et al., 2025).

[bookmark: _Toc215822564]Ceramic Mugs 
[image: A group of mugs on a table
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[bookmark: _Toc215831836]Figure 2- A range of ceramic mugs (Walker, 2019)
Ceramic mugs are popular because they combine durability with good heat retention and can be manufactured in diverse designs. Modern manufacturing allows large-scale production through slip casting, while traditional manual methods are still used for craft-based designs. The material provides good heat retention and chemical stability, though the brittleness of ceramics can limit their resistance to impact. Table 1 summarises the main advantages and drawbacks of ceramics for this application.


	[bookmark: _Toc215831850]Advantages
	Disadvantages

	Long service life when handled carefully
	Susceptible to cracking or shattering if dropped

	Maintains beverage temperature effectively
	Heavier than many alternative materials

	Can be shaped and decorated in numerous ways
	Production and glazing can increase cost

	Made from naturally occurring materials
	May be sensitive to rapid temperature changes

	Does not react with food or drink
	Surface can stain over extended use


Table 1- Information provided by (Anon, 2023)

[bookmark: _Toc215822565]Metal water bottle
[image: Printed Mood Stainless Steel Metal Bottles in silver stainless steel by Total Merchandise]
[bookmark: _Toc215831837]Figure 3- An example of a metal water bottle (Totalmerchandise.co.uk, 2025)
Metal water bottles have grown in popularity as a reusable alternative to disposable plastic containers. Stainless steel and aluminium are frequently chosen for their robustness, corrosion resistance and overall durability. These bottles are commonly formed through deep drawing, which enables the creation of seamless, cylindrical bodies. However, metal bottles can be heavier than plastic ones and may dent under impact. Table 2 outlines the primary benefits and limitations associated with metal water bottles.





	Advantages
	Disadvantages

	Withstands frequent use and mechanical wear
	Heavier than plastic alternatives

	Reduces reliance on single-use plastics
	Higher purchase cost

	Maintains temperature when insulated designs are used
	Possible metallic taste for some users

	Does not release harmful compounds into beverages
	Can deform if struck with force

	Typically recyclable
	Energy-intensive manufacturing processes


[bookmark: _Toc215831851]Table 2- +/- of metal water bottles.

[bookmark: _Toc215822566]Plastic lunch box
[image: ]
[bookmark: _Toc215831838]Figure 4- A plastic lunch box (Waitrose.com, 2025)
Plastic lunch boxes are widely used because they are durable, lightweight and inexpensive to manufacture. Unlike paper-based containers, they can be reused many times, although their end-of-life disposal raises environmental concerns due to slow degradation. Polypropylene is commonly selected because it is a thermoplastic that can be recycled or reformed and is compatible with injection moulding. Table 3 summarises key advantages and disadvantages associated with using plastic for this purpose.






	Advantages
	Disadvantages

	Low manufacturing and retail cost
	Environmental concerns related to plastic waste

	Lightweight and easy to transport
	Potential for chemical migration under high heat

	Can be produced in many shapes and colours
	Can warp or degrade if exposed to high temperatures

	Clear or translucent options available
	Durability varies across product qualities

	Resists breakage compared with brittle materials
	Aesthetic wear may occur over time


[bookmark: _Toc215831852]Table 3 information taken from (wyf695916308, 2023)

[bookmark: _Toc215822567]Manufacturing Method Comparison
[bookmark: _Toc215822568]Slip Casting- Ceramics
The slip casting process shown in figure 5 involves pouring a fluid clay mixture into an absorbent mould. As the mould draws moisture from the mixture, a solid layer gradually forms along its inner surface, eventually producing the final ceramic shape.
[image: A diagram of a process of making mold
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[bookmark: _Toc215831839]Figure 5 Slip Casting process (Ceramic Coffee Cup, 2015)

[bookmark: _Toc215822569]Deep Drawing- Metal
Deep drawing shown in figure 6 is where a flat metal sheet into a hollow form by pulling it into a die using a punch, the material flows plastically during the operation, allowing the walls to stretch into a cylindrical or bottle-like geometry.
[image: A diagram of a deep drawing

AI-generated content may be incorrect.]
[bookmark: _Toc215831840]Figure 6 Deep drawing process (Gloria, 2025)
[bookmark: _Toc215822570]Injection Molding- Plastics
Injection molding as shown in figure 7 is a manufacturing process where a heated polymer is forced under pressure into a shaped cavity. Once cooled, the polymer hardens and can be ejected as a precise, repeatable part. 
[image: Diagram of a machine with text and symbols
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[bookmark: _Toc215831841]Figure 7 Injection Molding (Zhao et al., 2022)

[bookmark: _Toc215822571]Comparison
Table 4 shows a comparison of the manufacturing processes associated with the 3 chosen materials detailing some of the advantages and limitations of the processes.
[image: ]
[bookmark: _Toc215831853]Table 4 comparison of manufacturing processes.
[bookmark: _Toc215822572]Mechanical and Thermal Properties Comparison
Table 5 shown below is a comparison table of various properties for each of the chosen materials selected. 
[image: ]
[bookmark: _Toc215831854]Table 5 comparison of material properties.
.
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[bookmark: _Toc215831842]Figure 8, a stress and strain diagram showing plastics, metals and ceramics. (ANSYS Innovation Courses | Free, online, physics and engineering courses, 2021)

Using the data from the table 5 for the materials and the objects that have been chosen there is a summary of some key points:
Ceramics are a good material for use in a mug due to strong compressive strength, low thermal conductivity, a high melting temperature and excellent heat resistance. The shortfalls of ceramics are they have a low ductility therefore are brittle and also a low toughness meaning they fracture easily.
Metal is a good material for use as a water bottle as it has high strength, high ductility, high toughness (it absorbs energy before fracturing) and has good thermal shock resistance. Negatives are it has a high thermal conductivity.
Plastics are good for use as a lunch box because they have a high ductility and good thermal shock resistance. Negatives are they have a low strength, low- medium toughness and a low melting temperature.


[bookmark: _Toc215822573]Lifespan and Cost Analysis
[bookmark: _Toc215822574]Ceramic Mug
The lifespan and cost of a ceramic mug.
[image: ]
[bookmark: _Toc215831855]Table 6- lifespan and cost for ceramics.
[bookmark: _Toc215822575]Metal Water Bottle
A summary of the lifespan and cost of an aluminium and stainless steel metal water bottle.
[image: ]
[bookmark: _Toc215831856]Table 7- lifespan and cost for metals.
[bookmark: _Toc215822576]Plastic lunch box
Lifespan of plastic lunchboxes based on their cost. A comparison of a basic, moderated and premium priced lunch box.
[image: ]
[bookmark: _Toc215831857]Table 8- comparison of lifespan and cost for plastics.
[bookmark: _Toc215822577]Material Selection and Alternative Choices
[bookmark: _Toc215822578]Paper cups instead of ceramic.
A comparison of paper cups vs ceramic mugs for the properties that are critical for the material usage as a cup/ mug also including their limitations.
[image: ]
[bookmark: _Toc215831858]Table 9- paper vs ceramics.
[bookmark: _Toc215822579]Plastic bottle instead of metal.
A comparison of metal water bottles vs plastic water bottles and critically their properties that would make them suitable for the use as a water bottle as well as their limitations.
[image: ]
[bookmark: _Toc215831859]Table 10- metal vs plastic.

[bookmark: _Toc215822580]Bamboo lunchbox instead of plastic.
A comparison of bamboo vs plastic for the use a lunch box. They both have similar ratings for the majority of points but there are differences in their material properties and their environmental impact.
[image: ]
[bookmark: _Toc215831860]Table 11- plastic vs bamboo.

[bookmark: _Toc215822581]Conclusion
The comparative information of materials, manufacturing processes and properties demonstrates a clear sustainable usage for the selected products.
Object 1 the ceramic mug, ceramics have excellent thermal stability, high compressive strength, and chemically inert nature supporting effective heat retention and safe interaction with hot liquids. Ceramics do have limitations in terms of weight and brittleness, their functional advantage for the use as a mug and longevity far outweigh the limitations. Advancements in engineering and slip casting means that the process of ceramic mug making is now feasible and effective as a batch production. While still retaining the aesthetics of traditional ceramic mug making and maintaining its performance quality.
Object 2 the metal water bottle, showing strong suitability, particularly in stainless steel and aluminium forms. Metals offer high structural strength, good ductility, and robust toughness, allowing bottles to withstand repeated use and mechanical stresses. The limitation of metal use for bottles relate to cost, weight and potential denting,  these are offset by long term durability, reduced chemical leaching, and improved environmental sustainability. The process of deep drawing supports efficient and high quality production of consistently reliable bottle bodies.
Object 3 the plastic lunch box the information shows that plastics are the most practical material choice for lunch boxes, bamboo showed similarities in properties to plastics and is far more sustainable it is more brittle and less heat resistant, the moisture resistance required for long-term use is also a limitation. Plastics have low density, high ductility, and good impact resistance make them well suited for everyday handling and transport they offer versatile design potential and compatibility with injection moulding, enabling low cost and high volume manufacturing. The environmental impact, potential heat sensitivity, polypropylene’s recyclability and stable food contact performance justify its continued use. 
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Process Material Type How It Works Advantages Limitations

Slip Casting

Ceramics (liquid clay slip) Slip is poured into a porous 

mould that absorbs water, 

forming a solid layer in the 

mold’s shape.

Excellent for complex 

shapes; reusable molds; low 

tooling cost

Slow cycle time; weak 

green strength; limited to 

ceramics

Deep Drawing

Metals (sheet metal) A punch forces a sheet into 

a die to form deep, hollow 

shapes.

Strong seamless parts; fast 

production; good for high 

volume

Limited to ductile metals; 

tooling can be expensive

Injection Moulding

Thermoplastics Molten plastic is injected 

under pressure into a mold, 

then cooled and ejected.

High precision; fast cycle 

time; ideal for mass 

production

High mold cost; less 

economical for low 

volumes
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Property Ceramics Metals Plastics

Density

High to medium 2.2-2.6 g/cm3 

(Admin, 2024)

High 7.9-8.0 g/cm3 

(World Material, n.d.)

Low 0.9-0.94 g/cm3 

(amesweb.info, n.d.)

Strength

Very high compressive 

strength, brittle in tension

High tensile and 

compressive strength, 

ductile

Low to moderate 

strength, flexible

Hardness

Very hard 550-700 HV (And, 

2025)

Moderate to high 130-200 

HV (TUSPIPE, 2025)

Low 10-20 HV 

(Ineos.com, 2025)

Ductility

Very low (brittle) High (can deform 

plastically)

High (especially 

thermoplastics)

Toughness

Low (fractures easily) High (absorbs energy 

before fracture)

Low to moderate

Elastic Modulus 

(Stiffness)

Very high High Low

Thermal 

Conductivity

Low (good insulators) High (excellent 

conductors)

Very low (good 

insulators)

Melting/Softening 

Temperature

Extremely high High Low

Thermal 

Expansion

Low Moderate High

Thermal Shock 

Resistance

Poor Good Good

Heat Resistance

Excellent Good Poor to moderate
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Category Ceramic Type / Application Typical Lifespan Cost Level Notes

Household 

Ceramics

Mugs  10 to 50+ years Low to moderate

Durable if not 

dropped; low wear.
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Category Material Type Typical Lifespan Cost Level Notes

Basic Single-Wall 

Bottles

Aluminum 3 to 7 years Low

Lightweight but can 

dent easily; inner 

lining may wear over 

time.

Standard 

Stainless Steel 

Bottles

Stainless Steel 8 to 15+ years Moderate

Very durable, 

corrosion-resistant, 

and long-lasting with 

proper care.
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Category Plastic Type / Style Typical Lifespan Cost Level Notes

Basic Lunch 

Boxes

Low-cost PP or PE 1 to 3 years Low

May stain, warp, or 

crack with frequent 

dishwasher/microwave 

use.

Mid-Range Lunch 

Boxes

Higher-grade PP or HDPE 3 to 5 years Low to moderate

More durable, better 

heat and impact 

resistance.

Premium Lunch 

Boxes

Tritan (copolyester), BPA-free 

engineered plastics

5 to 10 years Moderate to high

Highly durable, clear, 

odor-resistant, and 

dishwasher-safe.
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Property Paper Cup Ceramic Cup

Material Type

Paper with a thin plastic or plant-

based lining

Clay-based ceramic, glazed and fired

Durability

Low, single-use or limited reuse Very high, lasts for years

Heat 

Resistance

Moderate, can soften or leak with 

very hot liquids

Excellent, handles boiling temperatures 

easily

Thermal 

Insulation

Good initial insulation

Poor insulation unless double-walled, cup 

becomes hot

Strength

Weak, can deform or collapse High compressive strength,brittle if dropped

Weight

Very light Heavy

Reusability

Not reusable (or very limited) Highly reusable

Environmental 

Impact

Often high (lining prevents 

recycling)

Low when reused, long lifespan

Cost

Very low per unit Higher upfront cost

Chemical 

Resistance

Limited, lining may degrade over 

time

Excellent, inert and non-reactive

Aesthetic 

Quality

Basic, disposable appearance High, customisable and visually appealing
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Property Plastic Water Bottle Metal Water Bottle (Stainless Steel / Aluminum)

Material Type

Thermoplastics (usually PET, PP, or 

Tritan)

Stainless steel or aluminum

Durability

Low to moderate, prone to scratches, 

cracks, and deformation

High, impact-resistant, long-lasting

Weight

Very light Heavier than plastic

Thermal 

Insulation

Poor unless double-walled plastic Excellent if vacuum-insulated stainless steel

Heat Resistance

Low, can warp or deform High, stainless steel tolerates high temperatures

Taste/Odor 

Retention

May absorb flavors or odors Minimal, stainless steel is non-reactive

Environmental 

Impact

High for disposables, reusable plastics 

vary

Lower over lifespan due to durability, recyclable

Reusability

Limited, reusable types last 1–5 years Very high, can last 10–20+ years

Chemical Safety

Some plastics may leach chemicals if 

heated

Food-grade metals are stable and non-leaching

Cost

Low, inexpensive to produce and buy Moderate to high depending on insulation and brand

Appearance 

Options

Many colors and shapes, transparency 

possible

Sleek, premium look, usually opaque

Common Failure 

Modes

Cracking, discoloration, odor retention

Denting, coating scratches (function usually 

unaffected)
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Property Bamboo Lunch Box Plastic Lunch Box

Material Type

Natural bamboo or bamboo-fiber 

composite

Thermoplastics (PP, PE, Tritan)

Durability

Moderate, can crack or wear over time Moderate to high depending on plastic type

Weight

Light Very light

Heat Resistance

Limited, not ideal for microwaving or 

very hot foods

Good if using microwave-safe plastics (PP)

Moisture 

Resistance

Lower,bamboo may swell or absorb 

moisture

High, plastics resist water fully

Impact 

Resistance

Brittle if dropped Good, plastics flex and resist shattering

Reusability

Good but shorter lifespan than premium 

plastics

Very good, can last 3-10+ years

Sustainability

High, renewable and biodegradable Low to moderate, depends on recyclability

Cost

Moderate Low to moderate

Aesthetic Appeal

Natural, eco-friendly look Wide variety of colors, shapes, and designs


