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Kettle Background and Key Information 
 

 
 

  
 

Figure 1: Pictures of the Kettle Model 
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Product Details 
 

Tesco JK29 kettle 
● Sleek, stainless steel finish and modern design 
● A concealed heating element 
● 2.2kW of power output ensuring  a short  boiling time  
● A pop-up lid ensures easy emptying and filling.  
● Protected from overheating  
● Cord storage facilitated  
● A Limescale filter that is washable and removable 
● Free form  water mineral build up inside the kettle 
● No variable temperature control, Water Level Indicator or Rapid Boil 

features 

Specifications 

 

Storage Capacity 1.7L 

Power Cord Length  70 cm 

Power  2.2kW 

Connections Cordless Kettle Jug  
Corded Base 

Dimensions 
 

Height 23cm 

Width 21cm 

Depth  12cm 

Weight  1kg 
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Pre-Dissection 
The purpose of pre-dissection kettle analysis was to understand the 
mechanisms involved, make observations, carry out calculations and expand on 
our theoretical knowledge. It informed our materials and manufacturing 
research and gave perspective of the end product performance. This 
information gathered was used to lead the research in understanding why  
specific materials used were used in particular parts and why they were 
manufactured in a certain way. 

Observations and Theory 

When the kettle is plugged into an electrical socket, an electric current flows 
through the heating element. The heating element has a tendency to 
resist electricity from flowing through it. This resistance converts 
electrical energy to heat energy. The heating elements temperature 
raises and it gets hot. Since it is in direct contact with the water, the water 
gets heated by conduction and warms up. 

 
Amount of heat produced ∝ Electrical current 

 
Therefore for the same heating element and a constant voltage :  
 Heat produced by a 10 amp current = 2 x Heat produced by a 5 amp current 
-->>Bigger currents produce more heat faster than smaller ones. 
Implying that the more electric current flows through the heating element the 
more heat is generated  
 
Specific heat capacity  is the amount of energy needed to raise the 
temperature of one gram of a material by one degree centigrade. To raise the 
temperature of 1 gram of water by 1°C, we needed to add 4.2 joules of energy 
as water's specific heat capacity is 4.2 J/g/°C. 
It was noted that temperature and heat are not the same thing: 

● Temperature showed how hot the water was  
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● Heat measured the thermal energy of the water 
The more heat energy transferred to the water, the greater its temperature 
increased. The equation relating energy to specific heat capacity: 

E = m × c × θ 

● E : Energy transferred in joules, J 
● m : mass of the substances in g 
● c : specific heat capacity in J / (g °C) 
● θ : temperature change in degrees Celsius, °C 

Calculations and Experimentation 

We carried out a test on our kettle  for 1 litre of cold water at about 10°C and 
wanted to raise its temperature by 90°C to its boiling point at 100°C.  
Since, E = m × c × θ  

The amount of energy = 4.2 × 1000 grams × 90 degrees = 378,000 joules or 
378 kJ. 378kJ to boil a liter of water is an incredibly large amount of energy.  
Making a quick comparison we realised that for a lamp rated at 10 watts, which 
uses 10 joules of energy every second, to use the same energy used in a single 
boil it would take it 37,800s ( about 10.5 hours )  
 
The rating for our electric kettle is 2.2kW, which implies that is consumer 2.2k 
Joules of energy every second and assuming that it roughly (since we know that 
a perfect system is impossible and loses are prevalent) puts the same amount 
of energy into the water every second.  
 
Time = 378J/2.2kw = 172s = 2.5 to 3 minutes. 
 
Since, UK power supply is 240V the current through the heating element was 
found,  
P = I × V  

● P is the power in watts, W 
● I is the current in amperes (amps), A 
● V is the potential differences in volts, V 

Therefore , Current =  2.2kW/240v = 9.2 A 
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Considering an ipod charger draws approximately 0.67A, the Kettle uses 15 
times more current. 

Inferences 

 
• How we think we can decrease time to boil  

o Use more Electric Current → A more powerful kettle 
o Use less water 

• It takes the same amount of energy to heat a certain quantity of water 
by the same temperature, however you choose to do it.  

• An electric kettle is more efficient than an open fire as it prevents heat 
from escaping. 

• An electric kettle can heat water really quickly as it utilises a relatively 
large electric current. 
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Kettle Dissection, Part  & Material Identification 
 
 

Part Material 

Base, Top lid, Housing for 
electronic components in 
the base, Handle, Supply 
Plug. 

Polypropylene (PP) 

Thermostat Bimetal: Copper and Aluminium, brass.  

Screws & Spring 
 

Steel 

Body, Steam pipe Stainless Steel  

Heating element Alloy (80 % Nickel and 20 % Chromium)  
covered in Ceramic 

Wire Copper 

Insulation for wire PVC 
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Kettle Break Down 
 

 
Kettle Base 

 

 
Kettle Handle 
 
The shape of the top of the kettle is designed in a way to make it both esthetic 
and functional. The smooth curved finish provides a pleasing touch and the 
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spring allows an easy opening, making it user friendly. The base of the kettle 
has an indent in the middle for a convenient setting onto a deck which provides 
electricity to the heating element of the kettle. The outside plain of the base 
is completely flat, ensuring an upright position of the kettle preventing any 
spillage, assuming the surface of contact is horizontal.   
 
The top provides a cover for the inside cavity of our kettle in order to minimize 
heat loss and achieve minimal thermal energy needed to be produced by the 
heating element to boil water i.e. heat it up to a 100 degrees C or over. 
 
The bottom provides a stable horizontal support for the main b0dy and 
provides safety to the user.  
Steel screws, used to attach and fix the base to the main body of the kettle. 
Steel spring, providing a returning movement of the top lid when the lid 
opener is pressed on. 
 
 

 
Kettle Plug 

 
The cable and plug used to connect the kettle to the mains electrical supply 
is made through a combination of three main materials: Polypropylene 
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casing(PP), Copper wiring and polyvinyl chloride (PVC). The kettle rests on a 
small smooth circular PP platform (used in conjunction with a larger PP circular 
platform whose diameter is equal to that of the base of the kettle to ensure 
perfect fit) where the kettle’s weight results in an electrical connection between 
the kettle’s heating element and this platform from where, the copper wiring 
conducts electricity from the mains supply at about 250V. There are three sets 
of copper wiring all insulated with a thin PVC layer. All 3 wirings are then 
insulated by a main black PVC insulation which connects it to the three pin BS 
1363 plug. There are three sets of wiring as the longer and larger prong is for 
earthing making the plug safer to use. There is also a built in 13A fuse into the 
plug to ensure the kettle is protected by any unexpected electrical surge which 
could damage it.  
 
 

 
 

Screws, back of Plug & Led Light 
 
Threads for screws are cut out using a machining tool, where the depth and 
width of the thread can be set at needed values. The screws holding the top 
part of the kettle together and attaching it to the main body and the spring 
responsible for the opening and closing of the top, are made of stainless steel. 
They are shaped using metal casting and further machining. 



12 

 
Switch Off Mechanism and Bimetallic Thermostat 

 

 
The heating element covered with ceramic at the bottom of the 

kettle jug base 
 
The heating element in our kettle is controlled by a thermostat switch.  
A thermostat is a mechanical, electrical, or electronic device that responds to 
changes in temperature. It senses the temperature of the system and proceeds 
to carry out actions according to its settings. The thermostat plays a major role 
in the temperature control system of the kettle. 
 
The thermostat we have has two pieces of different metal bolted together to 
form a bimetallic strip which has a high quality and acumen. Each metal in the 
strip has a different rate of expansion and contraction. For example, a brass 
and iron bimetallic strip, where iron expands less than brass as it heats up. This 
strip lays the role of a bridge in our electric circuit. When the bridge is ‘down’, 
electricity flows through the circuit and the heating is initiated. The gradual 
heating of the strip causes one of the metals to expand more than the other 
one and results in the bimetallic strip bending. This bending breaks open the 
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circuit. In this position the bridge is ‘up’ and the flow of electricity to the 
heating element is broken. 

 
A circuit diagram showcasing kettle electronics 

 

 
Thermostat holding base where the Kettle sits and makes electrical 
contact with the base which is connected to the power. 
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Kettle Thermostats (May be copper plated) 

 

 
Brass and Copper piece within the thermostat holding base. 

 
 
Our kettle also had a steam automatic switch off and dry burn prevention 
system. The steam thermostat put the kettle on and off. The steam passed 
through the pipe in the handle part of the kettle to reach the switch. Therefore, 
until the water is boiled the kettle will not switch off. When the button is 
pressed down, the steam thermostats also bend down and close the circuit.. 
The size of the bimetallic disc and its thickness hugely influences when it bends 
and flips. The thermostat with K written on it was thicker and is the thermostat 
that breaks the circuit when there is not water in the kettle jug. It is placed 
close to the heating element.  
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Steam Tube leading to the Steam Thermostat in the base 
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Materials Research 
The kettle is composed of several materials but the key materials are: Nichrome 
(heating element), Stainless steel (body), Polypropylene (Handle, lid, base and 
plug), Copper (wiring) and Polyvinyl chloride (wiring insulation). This part of the 
report will discuss the properties and the production of the material. 
Essentially, this research demonstrates why the material is chosen for the 
respective part of the kettle. 
 

Nichrome 
 
The most common material used in the heating element is Nichrome which 
consists of 80% nickel and 20% chromium. Nichrome produces the heat energy 
required by preventing the current flow converting the electric energy into heat 
required to boil the water. Nichrome is an ideal choice for the heating element 
due to its strength, high melting point and high electrical resistance. It does not 
normally expand under high temperatures and the resistance remains fairly 
constant. An important feature to note is that a  strong chromium oxide layer is 
formed when it is first heated, which is thermodynamically stable in the air. 
This provides outstanding oxidation and corrosion resistance while protecting 
the heating element from burning away or breaking off. To make it further 
durable, robust ceramic embedding is used due to its resistance to high 
temperatures and provide a barrier between the extremely hot and cold areas. 
In this particular kettle, the heating element is completely concealed to prevent 
the water from being in direct contact with the element. Instead, it is linked to 
the underside of the internal metal base. The ceramic covering it makes it more 
robust and durable. The heat is a product of the current flowing through the 
element and not the high resistance as the current has a larger influence on the 
heat produced (Since, P =I2R). Nichrome provides a perfect balance between the 
right amount of resistance and current. 
 
 The shape of the Nichrome element impedes the flow of electrons and leads to 
heat generation. 
 
  



17 

  

Material property Value Unit 

Modulus of elasticity 2.2*1011 Pa 

Density 8400 Kg/m3 

Electrical resistance at 
room temperature 

(1.0-1.5)*10-6 Ωm 

Specific heat 450-500  
J/(kg·K) 

Thermal conductivity 11.3-17 
W/(m·K) 

Thermal expansion 14*10-6 K−1 

Melting 1400 °C 

 

 
 

Stainless Steel 
 
Stainless steel is similar to steel as the name would suggest, but also consists a 
minimum of 10.5% of chromium by mass. This is in order to make the steel 
resistant to rust, oxidation and corrosion. A layer of chromium oxide forms on 
the layer protecting the steel from further corrosion. It is important to note that 
stainless steel is a general term and slightly different compositions for each 
application but in this case, we were unable to discover the exact composition 
of steel used. Other materials (such as titanium, carbon or nickel) are added to 
enhance the properties of the steel. Stainless steel is used in a wide variety of 



18 

applications across the globe in areas such as cutlery, transport and industrial 
machines. Its combination of qualities from steel (such as strength) and 
corrosion resistance makes it ideal for a wide variety of applications. 
Furthermore, using a surface finishing, stainless steel can be made to look 
aesthetically pleasing, which is the case in this kettle.  
 
Qualities needed in a kettle body are all fulfilled. Stainless steel is resistant to 
corrosion, acids, bases while being poor in electrical conductivity. Low 
maintenance, safe to be in contact with water, extremely high melting point all 
reinforce the usage of stainless steel as the kettle’s main body. Furthermore, 
stainless steel is 100% sustainable which is positive for the environment as the 
kettle’s main body can be recycled.  
 

Polypropylene (PP) 
 
PP is the polymer used predominantly throughout the kettle, especially areas 
where humans will physically interact with the kettle. After analyzing its 
properties and uses, it is clear to see why. 
 
PP is a thermoplastic (a polymer that becomes flexible or moldable above a 
specific temperature but solidifies upon cooling) that is one of the most 
versatile polymers available currently with a wide range of applications. 
Applications include, but not limited to, packaging, textiles, plastic parts, 
reusable containers and automotive components. Its chemical structure is a 
linear hydrocarbon with the formula CnH2n. It has several features similar to 
polyethene. However, the presence of an additional methyl group affects its 
properties by improving mechanical properties and thermal resistance at the 
expense of reduced chemical resistance. It poses other advantages compared to 
polyethene as well. With a slightly lower density (PP density falls between 0.90[1] 

and 0.92 g/cm³), higher annealing temperature (160°C compared to 100°C[2]), 
higher rigidity and hardness, PP is becoming the preferred polymer. This is 
proved by the fact that the global market for PP composed of an estimated 55 
million metric tonnes[3] in 2013. PP is light while providing a relatively high 
tensile strength. Furthermore, PP has several other characteristics suiting to its 
use in the kettle. 
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Economical 

PP is a reasonably economical polymer in the market. It has a cost of 
$1354 per metric ton compared to the slightly more expensive 
polyethene which is $1401[4]. As a result, PP typically costs less than 
other synthetic fibres while offering better features with respect to use in 
the kettle. This allows PP to displace other potential materials such as 
glass, metal or other thermoplastics at a lower cost. If we combine this 
with the fact that PP is highly versatile and has a long lifespan, it 
illustrates the cost effective nature of PP. This is highly important as the 
kettle is an essential household item, but needs to be cost effective as 
most kettles tend to be £30 or less, with this particular Tesco kettle 
being only £10. Hence the extensive use of PP enables to keep the cost of 
the kettle to a minimum without sacrificing quality. 

 
Chemically inert 

Another key feature of PP is its ability to resist corrosion and electrical 
resistance, even at higher temperatures. PP is resistant to several non-
oxidizing acids, alkali solutions at standard room temperature. However, 
it is not resistant to strong oxidants. As a result of its corrosion 
resistance, PP does not need additional layers to coat and protect it 
saving materials and maintenance which is highly useful as the kettle will 
be placed in the kitchen where it can easily come into contact with weak 
acids and alkali solutions. Since it will be used in the kitchen, making 
sure PP is not toxic and safe to be in contact with food is crucial. Hence, 
PP is once again suitable for the kettle as it met the FDA requirements for 
food contact 

 
Sustainability 

PP also provides some advantages with respect to sustainability. It is 
recyclable while producing less solid waste and carbon dioxide emissions 
by weight compared to other polymers such as PVC. Recycling can be 
normally done up to four times[5] before there is a negative effect on the 
polymer.  Since it is recyclable, it results in reduction of consumption of 
non-renewable resources like crude oil. The method of ‘sink-float’ 
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separation is normally used to recycle PP. This method utilizes PP’s 
distinctive density which means it will float when other polymers won’t. 
Following confirming that the PP is homogenous, it is shredded into small 
‘flakes’ which itself can be sold as recycled PP. However, it can be 
processed further by converting it into denser PP pellets by using an 
extruder. This recycling process can normally happen up to four times 
before thermal degradation affects the quality of PP. The rate of recycling 
continues to rise across the globe. 

 
 
 
Similarly, by using certain antistatic (treatment of the material surfaces to 
diminish or eradicate static electricity build up) additives, PP can be made to be 
resistant to dirt and dust which can also be highly desirable in reducing the 
maintenance of the kettle and improving the aesthetic appearance of it during 
regular use. PP is also relatively easy to clean and resistant to stains which is 
again highly useful considering the kettle will be predominantly used in the 
kitchen. Water repellency is a feature again highly useful considering that the 
kettle will be regularly filled with liquid water which is likely to come into 
contact with the PP used and as a result, water repellency means that the PP will 
not be affected or absorb the water which would have made it an unsuitable 
material to be used in the kettle.  
 
Another essential characteristic that electronics in the kitchen should have is 
thermal insulation. This criterion is also fulfilled by PP as it has excellent 
resistance to heat so it is suitable to be used in the kettle and will not be a 
safety risk.   
 
Polymers such as polypropylene have been used to replace stainless 
steel in kettles for a variety of reason: 
 
Speed of manufacture 
To make a stainless steel kettle, the manufacturer has to form the steel into the 
kettle shape. This can be a long and complex task, requiring a wide range of 
different individual processes. 
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For example straightening the stock sheet material (usually stored in large 
coils), punching out the blanks to make the various parts, press forming the 
parts, welding the parts together and leak testing and finishing. The process of 
making kettles from stainless steel is relatively slow and more expensive than 
making with polymers. 
 
Aesthetics 
Polymers are much easier to colour, with a pigment being added to the polymer 
during the moulding process. If a colour is required on a stainless steel kettle, 
it would normally be enameled, which involves a more complex and energy 
consuming process. Although stainless steel is very popular for consumers 
today, may like to have electrical products coordinated with their kitchen. 
Styling features and details are much easier to mould into a polymer kettle than 
into a kettle made from metals. Many kettles today have a number of complex 
styling features and surface details that would be very difficult to make by press 
forming in metals. 
 
Ergonomic features 
Plastic kettles can be manufactured with many ergonomic features such as 
finger grips, surface textures and so on. These are moulded in with the 
injection moulding process. Again this is very difficult to do in metals, 
particularly with press forming processes used to make such products. 
 
 
Copper 
 
Copper is used at the bottom of the kettle being the chosen material to conduct 
electricity from the mains supply to the heating element. Copper is a transition 
metal with a distinctive red-orange metallic colour. This due the electrons 
transitioning between the full 3d and half empty 4s orbitals releasing a colour 
corresponding to the energy difference between the transition. Its main 
properties include being a malleable and highly ductile metal which has high 
electrical and thermal conductivity. As a result of these characteristics, the most 
popular use of copper is in electrical wires (comprises of around 60% of total 
use[6]). Copper is the preferred material to be used in nearly all forms of 
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electrical conductors being used in applications such as power generation, 
transmission and electronic circuitry.   Around 20 million tonnes[7] of copper is 
used annually meaning it is the second most used base metal following 
aluminium. 
 
Conductivity 

It is no surprise that copper is widely used for any areas requiring 
electrical conductance seeing it is has the highest electrical conductivity, 
second only to silver (which is far more expensive and valuable). The 
electrical resistivity of copper is only 16.78 nΩ•m[8] at 20 °C and the 
conductivity of copper is rated as 100% by the international Electro-
Technical Commission. Compared to its main competitor, aluminium 
(which has electrical resistivity of around 1.5 times than that of copper[9]), 
copper wires provide several advantages. Firstly, copper wires require 
less material and insulation since aluminium wiring needs to have a 
higher diameter to carry the same current. Copper wiring also is well-
suited to be used in conjunction with brass plated screws which means 
the connection will not corrode.  

 
Another conductivity property that copper excels in is thermal 
conductivity. Copper is around 60% better compared to aluminium[10] in 
terms of thermal electrical conductivity which helps in accelerating heat 
dissipation resulting in more energy savings. Aluminium will also expand 
almost a third more than copper under a temperature increase which is 
undesirable. 

 
 
Other properties 

To be able to drawn into wires, copper needs to be highly ductile which is 
the case. The high ductility can be attributed to the metallic bonds being 
weak lacking a covalent attraction allowing the layers to slide over each 
other easily. Consequently, copper also does not exhibit high hardness. 
However, it does have a higher tensile strength compared to aluminium 
(200-250N/mm2 compared to 100N/mm2)[11] which is quite a significant 
difference. In addition, copper also resists creep, which is the gradual 
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deformation in the long run from applied stress. In contrast, if aluminium 
was used, it would deform at connecting points which would leave it 
under stress. This would lead to a possible loose connection, oxidation 
and overheating which are all undesirable. As a result, the superiority of 
copper means that you can bend, twist or pull it harder compared to 
aluminium making it less prone to issues and more reliable.  

 
Copper is also lower in the reactivity series compared to aluminium which is 
another desirable property as it is less likely to corrode. It does not react with 
water although aluminium will react with steam. However, both metals form an 
oxide layer on their surfaces to protect them from further corrosion. This is 
unlike iron where rust forms if it is exposed to air containing water vapour. 
Even if copper oxide forms on the surface of the copper wiring, this is not a 
severe issue as copper oxide conducts electricity as well so copper wiring are 
highly unlikely to overheat. This also provides another advantage as they do not 
need oxide-inhibiting compounds saving costs and use of additional materials. 
 
However, aluminium is lighter than copper which would make the kettle lighter 
but considering the relatively insignificant mass of copper wiring present in the 
kettle, this is not a major issue. 
 
Sustainability 
In terms of recycling, copper has the highest recycling rate out of any 
engineering metals used currently. This is unsurprising considering the fact 
that copper is 100% recyclable[12] and that too, without any deterioration in 
quality. In fact, copper’s recyclability means that almost 80% of copper that has 
ever been mined is still used currently[13]. Considering copper ore is a finite 
resource, it is convenient that solely an estimated 12% [14] of available copper 
resources have been mined. Recycling copper also brings about economic 
benefits as it is cheaper to do so than extracting raw copper, bearing in mind 
recycled copper can be valued up to 90% of raw original copper [15]. Sustainably, 
recycling copper is a far better option as well seeing it requires only a tenth of 
the energy which would be needed to extract copper from its ore which can 
translate to less crude oil being used to generate energy and greenhouse 
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emissions. Extracting and refining copper from its core also emits several waste 
gases such as Sulphur dioxide which is undesirable and minimized by recycling 
copper instead. 
 
Hence, although aluminium might appear to be the cheaper option to use in 
wiring, copper’s superiority across nearly all areas makes it the unsurpassed 
choice for use in wiring. The higher performance, reliability and longer lifetime 
make copper the superior choice, while also being more economical 
considering the whole lifetime. Copper wires are normally insulated by 
polymers such as PVC or ethylene propylene. 
 
 

PVC 
 
PVC (Polyvinyl chloride) is a thermoplastic polymer composed of 57% chlorine 
and 43% carbon used to insulate the copper wiring for the kettle. PVC is only 
third in production of synthetic plastic polymers falling behind PP and 
polyethene. As a result of its relatively low cost, excellent electrical resistivity, 
durability, chemical inert nature and flexibility to be used in rigid or flexible 
form, it has a wide range of applications which include wire insulation, fashion 
or drainage pipes. Around 39 million tonnes[16] of PVC was used across the 
globe in 2013. 
 
PVC is made through the polymerization of VCM (vinyl chloride monomer). The 
density of PVC is around 1.1-1.4g/cm3 making it light weight[17]. 
 
In the modern world, stabilization of flexible PVC insulation for wires has 
switched from lead to calcium based substances. PVC replaced rubber as the 
preferred form of cable insulation during WW2 due to its low cost, flexibility, 
ease of installation and intrinsic flame retardation (due to the chlorine). In 
addition, they are self-extinguishing and release less heat energy when 
combusted compared to other plastics making it less prone to spreading fires. 
Paralleled with other plastics such as PP or PE, PVC has superior fire retardant 
abilities as even though fire retardant additives can be added to the other 
plastics, the control of PVC’s flexibility and softness is far more useful. This is 
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highly beneficial seeing the PVC cable insulation will be present in the kitchen 
and perhaps near fire hazards. However, when PVC does catch fire, they release 
harmful hydrochloric acid and thick black smoke which makes it unsuitable for 
confined areas. At the same time, the hydrochloric acid emitted can be smelt by 
people and act as an indicator of PVC burning in the area. 
 
To be used as flexible cable insulation, PVC needs to be plasticized. In addition, 
they require little maintenance and do not become hard or crack gradually. 
However, PVC do have poor heat stability so heat stabilisers are needed to 
ensure they can be used without any concern. With stabilisers, PVC begins to 
decompose around 140°C [18] (melting point is 160°C). Deterioration from 
normal use can eventually weaken the insulation however. 
 
Sustainability 
 
Compared to other polymers which might solely rely on crude oil to be 
produced, PVC is better off as it is less dependent on them composing mostly 
of chlorine. PVC is highly recyclable as well. Following shredding the PVC into 
small pieces, impurities are removed and finally, refined to make pure PVC once 
again. Similar to PP, there is a general limit to the number of times PVC can be 
recycled before its properties begin to deteriorate. In this case, we normally 
expect PVC to be able to be recycled around seven times [19], which corresponds 
to a lifespan of roughly 140 years. In the UK alone, about 4800 tonnes of PVC is 
recycled annually[20]. 
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Manufacturing methods and processes 
 
Manufacturing is generally a complex activity, involving people who have a 
broad range of disciplines and skills and a wide variety of machinery, 
equipment, and tooling with various levels of automation, including computers, 
robots, and material-handling equipment. 
A manufacturing process for a kettle is a design-lead process, meaning each 
aspect of it is selected to best fit the desired characteristics for the object. For 
example, stainless steel is very resistant to oxidation, which is important when 
the metal has to be in contact with water.  
When evaluating the possible manufacturing routes, the producer has to meet 
the specifications, while using the methods that are most cost effective and 
allow for easy mass production of the object. 
In the next section, the production and manufacturing processes for the 
different materials will be explored, along with potential alternatives.  
 

Stainless steel production 

Stainless steel is one of the most widely used alloys in the world because of its 
suitability to a variety of applications. Its high chromium content (12% to 20%) 
makes it resistant to rust. Stainless steels designated to handle foods and 
liquids designated for consumption, such as the one used in a kettle, often 
contain a higher percentage of nickel. All stainless steel alloys contain a high 
percentage of iron. 

The raw materials, which usually are iron ore, chromium, silicon, nickel, carbon 
and manganese in varying amounts are melted together. This requires a lot of 
heat over an extended period of time. This can happen in either a Basic Oxygen 
Furnace, which uses about 30% of recycled steel, or an electric arc furnace, 
which uses nearly all recycled steel to make new steel. Subsequently, they are 
cast into initial forms such as bloom and billets. They are then hot rolled 
(heated and passed through two large rolls), where they take the shape the 
stainless steel is sold in, such as bars or sheets. The kettle body is formed out 
of such sheets.  
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The following step is annealing, where the metal is softened by heating and 
cooling it repeatedly. This process however causes scaling, which can be 
removed through pickling, where the sheet is submerged in nitric-hydrofluoric 
acid. The sheet subsequently is cold-rolled to reduce thickness even further. 
Finally the sheet is cut and polished, ready to be sold. [21] 

Stainless Steel is 100% recyclable and reusable in a very wide range of sectors, 
making it sustainable in its use in the long term. In fact, it is the most recycled 
material on the planet. Steel in appliances have a recycling rate of 90%. 

Furthermore, its production requires relatively little energy compared with 
many other metals; aluminium uses 155GJ per tonne, while steel uses 28.96 
GJ/t. 

Furthermore, the production and use of steel never exposes people to any 
dangerous or toxic material. Its safety is an important factor when considering 
its future sustainability. [22] 

Manufacturing the stainless steel body 
 
The stainless steel body is formed using a metal sheet of constant thickness. It 
is placed in a hydraulically operated punch press, which is then released to 
form the hollow casing. This process is also known as deep drawing. A second 
sheet is placed in the punch press, using a different die. This sheet is shaped to 
hold the heating element and be the base of the kettle body. The two are 
subsequently welded together to form the stainless steel casing of the kettle. In 
the kettle under examination, only one sheet is used, while the second is 
replaced by polypropylene. 
 
The nozzle of the kettle is made by forming, which could be either die forming, 
or forging. Die forming is similar to deep drawing, in that the metal is pressed 
against a die with the desired shape. Forging delivers concentrated stresses to 
create the required shape. The former is usually used. The part is then welded 
onto the kettle. The body, now complete, is polished and smoothened, to 
guarantee a constant thickness and aesthetic appeal. 
  

Metal Casting as an Alternative 
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Casting involves melting the metal and pouring it into a hollow mould with the 
desired shape, and then allowing it solidify, to then be removed and refined. 
This process has many variants and is a very commonly used technique for 
metal parts. However this process becomes more complicated when the desired 
shape is hollow, such as the body of the kettle. Sludge casting could be used, 
where the rest of the molten metal is poured out to be subsequently used. 
However this would be a more expensive and lengthy process, as it requires 
melting the steel again, and requires a further treating once the mould has 
solidified. Using a punch press is much more energy efficient, and is much 
faster, as the steel does not have to melt and solidify. This allows for easier, 
continuous production. 
 
 

Producing Polypropylene 
 
Firstly, propylene is extracted by cracking naphtha (crude oil distillate). 
Polypropylene is then produced by gaseous or liquid propylene being added to 
a catalyst and subjected to relatively low heat and pressure, resulting in 
polymerization. Any unreacted monomer is then flushed away, leaving us with a 
pure polymer. 
 
The main sources of propylene currently are as byproducts of fluid catalytic 
cracking and steam cracking of feedstocks, however growing demand for the 
plastic has intensified the interest in independent sources, such as propane 
dehydration. 
 
To produce the plastic, the most upstream step is a material refining process, 
which involves removing small impurities from the propylene such as water and 
oxygen. Subsequently, a polymerization process has to occur, where smaller 
monomers combine to make chainlike structures called polymers.   
Solvent polymerization uses inert hydrocarbon solvents such as hexane, which 
allows for greater thermal control and lower viscosity, making the separation 
easier. Bulk polymerization uses liquefied propylene, lowering energy costs as 
the solvent does not have to be recovered. 
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A special case of bulk polymerization is vapour polymerization, which uses 
gaseous propylene. 
 
 

Manufacturing the plastic (PP) parts 
 
Injection moulding is then used to produce polypropylene parts of our 
kettle. The plastic injection moulding process produces large numbers of parts 
of high quality with great accuracy at a high speed. Plastic material, in our case 
it is polypropylene, is melted until soft enough to be injected under pressure to 
fill a mould. Once the plastic moulding has cooled enough to completely 
harden, the mould is opened to release our part. 
 
The mould is the main part of the moulding machine, giving our part its final 
shape. It is usually made of hardened or pre-hardened steel, beryllium-copper 
alloy or aluminum. The only 2 factors that affect the choice of material are the 
cost of production and mould's lifespan. Steel has the highest cost of 
construction which gets off set by the time having to past before the mould 
starts to wear out. Hardened steel moulds typically range between 50 and 60 on 
the Rockwell-C hardness scale. These are the most superior by far in terms of 
wear resistance. Such result is achieved by heat treating the mould after 
machining is completed. Pre-hardened steel's typical hardness is between 38 
and 45 on the Rockwell-C scale, therefore is cheaper and has a slightly shorter 
lifespan. These moulds are more commonly used for larger components or 
lower volume requirements. Beryllium-copper alloy moulds are used in areas of 
most shear heat generation or where fast heat removal is required. These type 
of moulds are either manufactured using electrical discharge machining (a 
process where a desired shape is obtained through electrical discharges or 
sparks) or by CNC machining (involves the use of computers to control all 
machine tools.). Aluminum moulds are the most economically viable also due to 
being designed and machined via modern computerized equipment. However, 
moulds made from aluminum have a significantly lower wear resistance. These 
moulds are normally used for moulding large numbers of smaller parts. The 
cost of the mould has a direct correlation with the number of cavities 
incorporated into a single mould. This is due to machining/ tooling work being 
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required in order to create these cavities, i.e more electricity and other 
resources needed. Reducing the complexity of the design of our polypropylene 
parts for our kettle will directly reduce the number of cavities in the mould 
which would significantly reduce the manufacturing costs of the injection 
mould, and therefore of the kettle itself. The factors affecting the complexity of 
our part include surface finishing, threading, fine detailing, uncertainties and 
tolerance requirements, undercuts, etc. incorporated in the final design of our 
object. 
 
The injection moulding process consists of 6 following steps: 

1. Clamping - the fixed and moving platens of the injection moulding 
machine hold the mould tool together under pressure. 

2. Injection - the molten polypropylene, melted in the barrel of the injection 
moulding machine from the pellet form is injected under pressure into 
the mould. 

3. Dwelling - after the injection step, pressure is applied further to ensure 
the filling of all cavities of the mould, the mould is closed. 

4. Cooling - the parts in the mould are then allowed to solidify due to 
temperature drop. The pressure is lowered for this process. 

5. Opening - the mould tool get separated by the moving platen being 
moved away from the fixed one. 

6. Ejection - air blast or rods then aid the ejection of the finished, solidified 
polypropylene moulding from the mould tool. 

 
The time that has past from fixed and moving plates coming together with each 
other, closing the mould until the ejection of the completed moulded 
polypropylene part is the cycle of the injection moulding machine. 
 

Alternatives to injection moulding 

Gas-Assisted Injection moulding:  

This is an extension of injection moulding, where nitrogen 
is injected into the mould, resulting into hollow channels which increase 
stiffness. This allows both for a quicker process, and for the moulding of 
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parts with cross-sections too large to be practical for regular injection 
moulding. However, given the intended application, the stress the 
polypropylene will be subjected to will not require additional stiffness. 

Blow moulding: 
Used mainly for lightweight parts, it produces the best 
stiffness to weight ration than any other process. As the mould closes around a 
hollow tube of material, air is blown in, expanding the material to fill all 
the mould cavities. The simplicity of the process allows to mould complex parts 
easily. However, these will not have as much surface detail as with injection 
moulding, and the stretching involved will inevitably lead to different 
thicknesses throughout the piece. Sharp edges are also hard to mould with this 
method 
 
Rotational moulding: 

This method rotates the mould, so as the polypropylene heats up, the layers 
over the mould will be constant, making it easier to control wall thickness. 
Although the process in itself is not expensive, the resin used must have a 
uniform particle size, which is hard to achieve. 
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