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2.Introduction
This report is an investigation into different materials can be used as pistons in a standard road car, in this case a petrol 1.25litre ford engine. There are certain requirements and restrictions when making a piston as it needs to last a long time whilst given a consistent output.
3.Material properties
Pistons need to operate effectively and efficiently. The properties that are key to piston are for it to be corrosion resistant, stiff, tough, strong, hard, and have hard resistance, these go into more detail below. A piston needs these features for a variety of reasons to make sure they don’t become damaged over time as well as the most providing power to vehicle.
3.1) Corrosion resistance:
Pistons will experience different chemicals when operating and need to ensure that it will not corrode and deviate away from the original model. It needs to be resistant to the fumes being sucked in (oxygen) and then C02 from when its being released after combustion. Also, it needs to be resistant to the oils as well, if they do not the piston will deteriorate over time.
3.2) Stiffness:
Stiffness is ‘the ability to not alter or change shape due to a force being applied’ (Oxford university press, 2013). This is key to a piston as large amounts of forces are being applied to the top of the piston. If the piston deviates in shape due to the forces, it experiences it will become less efficient and need to be replaced. The change in shape could also cause damage to other parts of the engine.
3.3) Toughness:
Toughness is key to a piston as it is the ‘ability to absorb energy being applied without cracking/fracturing’ (Oxford university press, 2013). If a piston is to crack it will have a significant influence on the performance of the engine. If the crack does occur, it can cause damage to the engine block due to an alteration in shape.  If it is just the piston that cracks it would need to be replaced.
3.4) Strength/ impact strength:
Strength and impact strength is vital to the longevity of the piston. Strength is about ‘the maximum stress applied to a component before failure’ (Oxford university press, 2013), while impact strength is ‘being resistant to the stress being applied’ (Oxford university press, 2013). 
3.5) Hard:
Pistons must not deviate in their design and shape as it reduces the efficiency at which they operate. Therefore, they need make sure that they are hard – ‘the ability to withstand deformation’ (Oxford university press, 2013). Each deformation will reduce the pistons efficiency.
3.6) Heat resistant:
Engines reach extreme temperatures when in operation. These temperatures can reach ‘around 2800°F’ (VEHQ, 2021) (around 1538°C). Very few materials have a melting point over 1500°C, hence engines have a cooling system pumping cold fluid through the engine to lower the temperature. Therefore, only reaching ‘around 1200°F’ (around 650°C). If a piston started to melt it would become inefficient.
3.7) Weight/mass:
Pistons are objects that are moved in order to create pressure. The mass of an object that is being moved rotationally can have an impact on the performance. This is because an object with a greater mass takes more energy to move the same distance as a lighter object. Therefore, a lighter piston will be able to rotate more times than a heavier piston if the force remains the same.  Having a piston that is heavy, such as one made from concrete would not be very energy efficient.

4.Material selection
There is a vast range of materials that can be used to make products. Below is a list of options:
· Ferrous metals
· Non-ferrous metals
· Plastic
· Ceramic
· Composite
· Nano materials
These materials have different properties suited for different purposes. In this case ferrous and non-ferrous metals and ceramics are most likely to be the best options due to them generally being able to withstand more stress and heat. 
The graphs show the categories and for ones that are greyed in the second graph are ones that don’t reach over the limit. Tables are used to do a comparison to either other materials or the value needed to achieve (green is great/ over the value, yellow is medium/ around the value, red is bad/ below the value).
4.1) Compressive strength:
Compressive strength is a good way to get a reading on how strong the materials are as it can be calculated using the formula below and then compared to what the materials value is. If the material has a reading under this, then it is likely depending upon how far away from the calculated value it is to be damaged due to the force being applied.
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Graph of young’s modulus against compressive strength
Granta Edupack (Ansys, 2021) can be used to collect material data. ​

Compressive strength calculation:


Bore diameter = 71.9mm = 0.0719m



Pressure= 160 bar = 160
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Graph of young’s modulus against compressive strength(only showing good strength)
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Compressive strength
>160Mpa
	252-1200 
	1900-2100
	523-1230 
	680-1150 
	130-560 


Material properties table on fracture toughness.
4.2) Fracture toughness:
Fracture toughness gives a good reading to calculate how tough the piston is however there is not a clear way to calculate this when you do not know how much the object is going to weigh. So, it is done more as a comparison between materials available. The higher the fracture toughness the better the material overall. 
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Graph of young’s modulus against fracture toughness (only showing good toughness)
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Fracture toughness Mpam^0.5
	57-137
	3.3-3.7
	120-150
	51.3-86.1
	28.8-67.9


Material properties table on fracture toughness.
4.3) Hardness:
It is like fracture toughness in the fact that it is hard to gather any data for this, so is more down to the better the hardness, the better the material is overall. Resulting in the better value the better the pistons quality.
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Graph of young’s modulus against hardness – Vickers (only showing good hardness)
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Hardness -vickers

	170-438
	1220-1340
	268-419
	223-373
	75.6-200


Material properties table on hardness – Vickers.





4.4) Maximum service temperature:
This is to make sure that the maximum temperature experienced within the engine is not over the melting point of the material, if this is the case the material will deform causing damage to the piston. 
[image: Diagram

Description automatically generated]
Graph of young’s modulus against maximum service temperature
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
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Graph of young’s modulus against maximum service temperature (only showing good temperatures)
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Maximum service temperature
>650 °C
	640-747
	1440-1500
	817-957
	380-487
	180-255


Material property table for maximum service temperature.
4.5) Resistance to petrol oil:
Piston needs to be resistant to petrol and therefore needs to have an excellent reading to make sure that it doesn’t become damaged due to the petrol reacting with the material.
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Graph of young’s modulus against petrol resistance
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
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Graph of young’s modulus against petrol resistance (only showing excellent)
Granta Edupack (Ansys, 2021) can be used to collect material data. ​

	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Resistant to petrol
	excellent
	excellent
	excellent
	excellent
	excellent


Material properties of resistance to petrol.


4.6) Price:
A good maximum price for the material is under £20/Kg this is because there will be a markup of around 25% for the production cost and then a 25% to 50% markup on that for the profit which means that they are being sold for around a £30 to £40, which is reasonable when being compared to pistons being sold online.
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Graph of young’s modulus against price
Granta Edupack (Ansys, 2021) can be used to collect material data. ​[image: A picture containing chart
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Graph of young’s modulus against price (only showing good price)
Granta Edupack (Ansys, 2021) can be used to collect material data. ​
	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Price
<£20Kg
	2.12-2.2
	13.7-20.6
	46.6-51.6
	19.1-20.9
	4.45-4.48


Material property reading for price/kg
4.7) Overall table:
	
	material

	property
	Stainless steel
	aluminium
	tungsten
	titanium
	bronze

	Compressive strength
>160Mpa
	252-1200 
	1900-2100
	523-1230 
	680-1150 
	130-560 

	Fracture toughness Mpam^0.5
	57-137
	3.3-3.7
	120-150
	51.3-86.1
	28.8-67.9

	Hardness -vickers
>47.57
	170-438
	1220-1340
	268-419
	223-373
	75.6-200

	Maximum service temperature
>650 °C
	640-747
	1440-1500
	817-957
	380-487
	180-255

	Resistant to petrol
	excellent
	excellent
	excellent
	excellent
	excellent

	Price
Under £20/kg
	2.12-2.2
	13.7-20.6
	46.6-51.6
	19.1-20.9
	4.45-4.48


Overall table to the material property values.
4.8) Extra material information:
Tables on some materials being used and property values:
Stainless steel:
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Table on stainless steels properties
18/02/2023 301 Stainless Steel (matweb.com)
Copper:
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Table on copper properties
19/03/2023 https://matweb.com/search/DataSheet.aspx?MatGUID=9aebe83845c04c1db5126fada6f76f7e 
Aluminium:
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Table on aluminium properties
26/02/2023https://matweb.com/search/DataSheet.aspx?MatGUID=c8c56ad547ae4cfabad15977bfb537f1 
5.Manufacturing Processes
Pistons are mass made due to them being made cars around the globe. The choice of manufacturing process is going to be due to accuracy of production, rate of being made, and amount of waste. Being in tolerances is key to reduce the number of pistons that must be rejected by regular and thorough checks. Furthermore, they need to be cost effective to make a profit. 
There are a few options when it comes to the manufacturing of the pistons. These include:
· Casting
1. Sand casting
2. Die casting
3. Investment casting
· Forging
1. Machined and standard open die forging
2. Closed die forging
5.1) General Casting:
This is the process where the molten material (commonly metal) is poured into a mould. The mould is then left until the object becomes cold.  Once cold the mould can be opened to give the finishing product. However, it can take a long time for the mould to be cooled.
5.2) Sand casting:
This is an old process where the mould is made from sand. Using sand casting results in a cheaper tools, complex shapes can be made and any scrap metal left over can then be recycled. Some issues with sand casting is that it has porosity, where air is trapped in the metal reducing its overall strength. The accuracy is poor as it can shrink while cooling, therefore it is a low tolerance product often requiring further machining.
5.3) Die casting:
Is when a mould made from steel has metal injected into it and then left to cool.  This process is common with aluminium, magnesium and zinc. Some advantages are that the tolerance is very accurate, its production time is fast and there is a low amount of leftover scrap that can be recycled. Complex parts can be made and more than one part can be made, variable wall thickness. However, this process is not suitable for metals with high melting point or large sheet metal parts, they have a high die cost and long lead time needed.
5.4) Investment casting:
This process starts by creating a wax replica of the final model which is placed on a frame with many others of the exact same design (called a tree). A coat of refractory materials covers the object, this is repeated until there is a wall around the original wax model. The wax is then melted to leave just the shell. This shell mould is then slightly heated and the material is then poured into the mould. Once cooled the outside shell is broken leaving the final product. This process leaves a fine surface finish and complex parts can be made. Also, large parts can be made, tolerances of each part can be around +/- 0.075mm meaning they are highly accurate. However, the equipment is expensive, it is also highly technical and time consuming.
5.5) General Forging:
Forging is a common process where materials are shaped through hammering, rolling or in the case of a piston pressing. The forces are delivered through either a hammer or die and at a variety of temperatures depending on what is happening.
5.6) Machined and standard open die forging:
Open die forging is the process where a heated metal object changes shape due to it being between two dies and a force being applied from the top die. A common example of this is blacksmiths making horseshoes. The difference between machined open and standard open is that the machined open is using a machine as a force being applied to the hot metal. Whereas it is likely to be a hammer by hand that applies the force to the top die. Some advantages are that it has a better structure and therefore less resistance to fatigue as well as having a better overall strength, less waste and less chance of voids, it is also fairly cost efficient. However, it is not very accurate and machining is often required afterwards.
5.7) Closed die forging:
This is the process where a material is placed in between two dies that are shaped/moulded, a hammer is then dropped onto the top die, this may be several times very fast. Leaving the object being forged into the desired shape. Some advantages of this process is that it leaves the material with a good structure and therefore makes it stronger. It is economic when making many parts, as well as there being no limitation in terms of material. Tight tolerances are possible and requires little to no machining. Not economical as short runs and prevents a dangerous working environment.
6.Conclusion
To conclude, Aluminium is the best option with stainless steel being the other close option. This is because aluminium is good in a lot of the areas and only area where it is below stainless steel is hardness and price per kilogram. Also, stainless steel is twice the density of aluminium and has a lower maximum service temperature. The manufacturing process most suited to the production of the piston is closed die forging. This is because it is an economic process and require little to no machining after due to great tolerances. Furthermore, there are few negatives about the process.
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Categories:  Metal: Ferrous Metal; Stainless Steel T 300 Series Stainless Steel s
‘Type 301 is a high strength grade of steel. Is resistance to atmosphere corrosion and s bright, attractive surface make it an excellent choice for decorative structural applications.
Applications include automobile molding and trim, wheel cover, conveyor belts, ktchen equipment, roof draining systems, hose clamps, springs, truck and trailer bodies, railway and subway cars. By varying the chemical composition within the imits set by the ASTM Specifications and by temper +
olling, a broad range of magnetic and mechanical properties can be obtained for a variety of applications.
Information provided by Allegheny Ludium Corporation, Eagle Brass, and the referenca(s). L
Key Words:  UNS $30100; EN 10088/2(95) 1.4310 &
Vendors:  No vendors are lsted for this material. Please click here if you are a supplier and would like information on how to add your listing to this mat
& prnter iendy version 1 Dounload as PO ires Excel and Windovis) T
[ £xportdsta to your CADIFEA program
oroder O oo
Properties English Comments
803 glec 0.290 Ibiin®
Mechanical Properties English Comments
Hardness, Brinell 217 217
Tensile Strength, Ulimate 515 MPa 74700 psi
Tensile Strength, Yield 205 MPa 29700 psi
Elongation at Break 0% 40%
Modulus of Elasticity 212GPa 30700 ksi
Electrical Properties Metric English Comments
Electrical Resistivity 0.0000720 ohm-cm 0.0000720 ohm-cm
Magnetic Permeal <=102 <=1.02 H =200 Oersted, Annealed
[Thermal Properties Metri English Comments
CTE, linear ] 16.6 pmim--C 9.22 pinlin-“F
@Temperature 200 - 100 °C @Temperature 68.0-212°F
7.6 pmim-“C 9.78 yininF
@Temperature 20,0 - 300 °C @Temperature 65.0- 572°F
186 pmim-“C 103 pinfin-"F
@Temperature 20.0-500 °C @Temperature 65,0 932 °F
195 pmim-“C 10.8 pinfin-"F
@Temperature 200-700 °C @Temperature 66,0 - 1290 F
‘Specific Heat Capacity 0.500 Jig"C 0.120 BTUb-"F
@Temperature 6.000- 100 C @Temperature 320-212°F
Thermal Conductivity 16.3 Wim-K 113 BTU-n/hr-feF
Metting Point 1399 - 1421 °C 2550 - 2590 °F
Solidus 1399 °C 2550 °F
Liquidus 1421 °C 2590 °F
Component Elements Properties Metric English Comments
Carbon, C <=015% <=0.15%
Chromium, Cr 16-18% 16-18%
Iron, Fe 707-78% 707-78% As Balance
Manganese, Mn 0%
Nickel, Ni 60-80%
Nitrogen, N 0.10%
Phosphorus, P 0.045% @
ilicon, Si 0%
Sufur, S 0.030% 3

H P Type here to search
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Copper, Cu; Annealed

Categories: Metal; Nonferrous Metal; Copper Alloy; Pure Element

Material  Annealed applies only to tensile and/or hardness values; other property values are typical of the element. This entry is for pure Cu, MatWeb also has entries for many alloys.

Notes:
In general, copper alloys exhibit good to excellent corrosion resistance and high thermal conductivity and very high electrical conductivity. Pure copper's electrical conductivity is so high that many metals are measured against it in the form
of the IACS (Intemnational Annealed Copper Standard). Applications include architectural uses, coinage, condenser/heat exchangers, plumbing, radiator cores, musical instruments, locks, fasteners, hinges, ammunition components, and
electrical connectors. Small amounts of alloying elements are often added to copper to improve certain characteristics. Alloying can increase or reduce the strength, hardness, electrical and thermal conductivity, corrosion resistance, or
change the color. Common primary alloying elements include tin (resulting in bronze) or zinc (resulting in brass).

Vendors:  No vendors are listed for this material. Please click here if you are a supplier and would like information on how to add your listing to this material.

& printer frendiy version ) Downioad as PDE ] pownioad to Excel (requires Excel and Windows)
[ Export data to your CADIFEA program

Add to Folder: My Folder & 0/0
Physical Properties Metric English Comments
Density 11 7.764 glcc 0.2805 Ibfin®
@Temperature 1300 °C @Temperature 2370 °F
7.846 glcc 0.2835 Ib/in*
@Temperature 1200 °C @Temperature 2190 °F
7.924 g/cc 0.2863 Ib/in®
@Temperature 1100 °C @Temperature 2010 °F
7.94 g/cc 0.287 Ib/in®
@Temperature 1083.6 °C @Temperature 1982.5 °F
8.93 glec 0.323 Ib/in®
@Temperature 200 °C @Temperature 68.0 °F
Chemical Properties Metric English Comments
Atomic Mass 65.546 65.546 1995
Atomic Number 29 29
Thermal Neutron Cross Section 3.8 barns/atom 3.8 barns/atom
X-ray Absorption Edge 1.38A 1.38A K
11.269 A 11.269 A L
12.994 A 12.994 A Ly
132578 A 13.2578 A Ly
Electrode Potential -0.520 V -0.520 V monovalent
-0.340V -0.340V divalent
Electronegativity 19 1.9 Pauling
lonic Radius 0.720A 0.720A Crystal lonic Radius for Valence +2

0.960 A 0.960 A Crystal lonic Radius for Valence +1
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Electrochemical Equivalent

Mechanical Properties

Hardness, Vickers

Tensile Strength, Ultimate

Tensile Strength, Yield
Elongation at Break
Modulus of Elasticity
Bulk Modulus
Poissons Ratio

Shear Modulus

Electrical Properties
Electrical Resistivity

Magnetic Susceptibility

Thermal Properties
Heat of Fusion
Heat of Vaporization
CTE, linear 1]

Specific Heat Capacity
‘Thermal Conductivity

m]

1.185 g/A/h
2.38 g/Alh

Metric
50

210 MPa
33.3 MPa
60 %

110 GPa
140 GPa
0.343
46.0 GPa

Metric
0.00000170 ohm-cm
-8.00e-8

Metric

204.8 Jig

5234 Jig

16.4 pm/m-°C
@Temperature 20.0 - 100 °C
18.5 pm/m-°C
@Temperature 250 °C
20.2 pm/m-"C
@Temperature 500 °C
24.8 pm/m-"C
@Temperature 925 °C
0.385 J/g-°"C

385 W/im-K

357 Wim-K
@Temperature 727 °C

398 W/m-K
@Temperature 27.0 °C

401 W/m-K
@Temperature 0.000 °C

483 W/m-K
@Temperature -173 °C

1.185 g/Ath divalent
2.38 g/Ah monovalent

English Comments
50
30500 psi
4830 psi
60 %
16000 ksi
20300 ksi
0.343
6670 ksi

English Comments
0.00000170 ohm-cm
-8.00e-8 cgs/g

English Comments
88.10 BTU/Ib
2252 BTU/Ib
9.1 pin/in-"F
@Temperature 68.0 - 212 °F
10.3 pin/in-"F
@Temperature 482 °F
11.2 pin/in-"F
@Temperature 932 °F
13.8 pin/in-"F
@Temperature 1700 °F
0.0920 BTU/Ib-°F
2670 BTU-in/hr-ft-°F
2480 BTU-in/hr-ft-"F
@Temperature 1340 °F
2760 BTU-in/hr-ft-"F
@Temperature 80.6 °F
2780 BTU-in/hr-ft-"F
@Temperature 32.0 °F
3350 BTU-in/hr-ft-°F
@Temperature -279 °F
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Thermal Conductivity 385 Wim-K 2670 BTU-in/hr-ft-°F

] 357 Wim-K 2480 BTU-in/hr-ft*-F

@Temperature 727 °C @Temperature 1340 °F

398 Wim-K 2760 BTU-in/hr-ft-°F

@Temperature 27.0 °C @Temperature 80.6 °F

401 Wim-K 2780 BTU-in/hr-ft-°F

@Temperature 0.000 °C @Temperature 32.0 °F

483 Wim-K 3350 BTU-in/hr-ft-°F

@Temperature -173 °C @Temperature -279 °F

10500 W/m-K 72900 BTU-in/hr-ft-°F

@Temperature -253 °C @Temperature 423 °F

19600 W/m-K 136000 BTU-in/hr-ft-°F

@Temperature -263 °C @Temperature 441 °F

Melting Point 1083.2 - 1083.6 °C 1981.8 - 1982.5 °F

Boiling Point 2562 °C 4644 °F
Optical Properties Metric English Comments
Emissivity (0-1) 0.15 0.15 polished

@Wavelength >=655 nm, @Wavelength >=655 nm,

Temperature 807 °C Temperature 1480 °F

Reflection Coefficient, Visible (0-1) 0.63 0.63
'Component Elements Properties Metric English Comments

Copper, Cu 100 % 100 %

Descriptive Properties

CAS Number 7440-50-8
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Electrochemical Equivalent

Mechanical Properties

Hardness, Vickers

Tensile Strength, Ultimate

Tensile Strength, Yield
Elongation at Break
Modulus of Elasticity
Bulk Modulus
Poissons Ratio

Shear Modulus

Electrical Properties
Electrical Resistivity

Magnetic Susceptibility

Thermal Properties
Heat of Fusion
Heat of Vaporization
CTE, linear 1]

Specific Heat Capacity
‘Thermal Conductivity

]

1.185 g/A/h
2.38 g/Alh

Metric
50

210 MPa
33.3 MPa
60 %

110 GPa
140 GPa
0.343
46.0 GPa

Metric
0.00000170 ohm-cm
-8.00e-8

Metric

204.8 Jig

5234 Jig

16.4 pm/m-°C
@Temperature 20.0 - 100 °C
18.5 pm/m-°C
@Temperature 250 °C
20.2 pm/m-"C
@Temperature 500 °C
24.8 pm/im-"C
@Temperature 925 °C
0.385 J/ig-°"C

385 Wim-K

357 W/im-K
@Temperature 727 °C

398 Wim-K
@Temperature 27.0 °C

401 W/m-K
@Temperature 0.000 °C

483 W/m-K
@Temperature -173 °C

1.185 g/Ath divalent
2.38 g/Ah monovalent

English Comments
50
30500 psi
4830 psi
60 %
16000 ksi
20300 ksi
0.343
6670 ksi

English Comments
0.00000170 ohm-cm
-8.00e-8 cgs/g

English Comments
88.10 BTU/Ib
2252 BTU/Ib
9.1 pin/in-"F
@Temperature 68.0 - 212 °F
10.3 pin/in-"F
@Temperature 482 °F
11.2 pin/in-"F
@Temperature 932 °F
13.8 pin/in-"F
@Temperature 1700 °F
0.0920 BTU/Ib-°F
2670 BTU-in/hr-ft*-°F
2480 BTU-in/hr-ft-"F
@Temperature 1340 °F
2760 BTU-in/hr-ft-"F
@Temperature 80.6 °F
2780 BTU-in/hr-ft-"F
@Temperature 32.0 °F
3350 BTU-in/hr-ft>-°F
@Temperature -279 °F
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Categories: Ceramic; Oxide; Aluminum Oxide

Material Notes: Alpha aluminum oxide (‘corundum’ is the mineral name) is the stable form of pure aluminum oxide. Property values below are taken from literature and manufacturer sources. Variations are possible among various commercial grades.

Key Words: Alpha alumina, Al203, aluminum oxide, corundum, aluminium oxide

Vendors: No vendors are listed for this material. Please click here if you are a supplier and would like information on how to add your listing to this material.

Priner fisndly version ' Download as PDF % pownload to Excel (requires Excel and Windows)
[E Export data to your CAD/FEA program

Physical Properties
Density

‘Water Absorption
aLattice Constant

¢ Lattice Constant
Formula Units/Cell ()
Molecular Weight
Weibull Modulus

Chemical Properties
Molar Volume

Mechanical Properties
Hardness, Knoop
Hardness, Vickers
Vickers Microhardness
Hardness, Mohs
Abrasive Hardness
Drilling Hardness
Tensile Strength, Ultimate
Modulus of Elasticity
Flexural Strength
Compressive Strength

Poissons Ratio
Fracture Toughness
Shear Modulus

Metric

3.96 glec
0.00 %
47591 A
12.9894 A

6

101.961 gimol
>=10

Metric
25.575 cc/mol

Metric
1700 - 2200
1365
2085

9.0

1000
189000
300 MPa
370 GPa
400 MPa
3000 MPa

1900 MPa
@Temperature 1000 °C

0.22
4.00 MPa-mY;
150 GPa

English
0.143 bfin®
0.00 %
4.7591 A
12.9894 A

6

101.961 g/mol
>=10

English
25575 cc/mol

English
1700 - 2200
1365

2085

9.0

1000
189000
43500 psi
53700 ksi
58000 psi
435000 psi

276000 psi
@Temperature 1830 °F

0.22
3.64 ksi-inz
21800 ksi

My Folder & 0/0




image17.png
Electrical Properties
Electrical Resistivity

w

Magnetic Susceptibility

Dielectric Constant
Dielectric Strength

Thermal Properties
Heat of Fusion
Heat of Vaporization
CTE, linear L]

Specific Heat Capacity

w

Metric
1.00e+14 ohm-cm

2.50e+6 ohm-cm
@Temperature 900 °C

-0.0000370
-2.30e-7
9.9

10.0 kV/mm

Metric
1093 Jig
19380 J/ig

0.600 pm/m-°C
@Temperature -173 °C

3.30 ym/m-"C
@Temperature -73.0 °C
5.50 um/m-°C
@Temperature 25.0 °C
7.10 pm/m-°C
@Temperature 127 °C
7.50 pm/m-°C
@Temperature 227 °C
7.90 pm/m-°C
@Temperature 327 °C
8.50 um/m-°C
@Temperature 527 °C
9.10 pm/m-°C
@Temperature 727 °C
9.60 pm/m-°C
@Temperature 927 °C

10.1 pmim-"C
@Temperature 1127 °C

10.5 pm/m-"C
@Temperature 1327 °C

0.850 J/g-°C

0.126 J/g-°C
@Temperature -173 °C

0.502 J/g-°C
@Temperature -73.0 °C

0.753 J/ig-°C
@Temperature 25.0 °C

English
1.00e+14 ohm-cm

2.50e+6 ohm-cm
@Temperature 1650 °F

-0.0000370
-2.30e-7
9.9

254 kV/in

English

470.0 BTU/b

8337 BTU/b

0.333 pin/fin-°F
@Temperature -279 °F
1.83 pin/in-°F
@Temperature -99.4 °F
3.06 pinfin-"F
@Temperature 77.0 °F
3.94 pinfin-"F
@Temperature 261 °F
4.17 pinfin-"F
@Temperature 441 °F
4.39 pinfin-°F
@Temperature 621 °F
4.72 pinfin-"F
@Temperature 981 °F
5.06 pinfin-"F
@Temperature 1340 °F
5.33 pinfin-°F
@Temperature 1700 °F
5.61 pinfin-°F
@Temperature 2061 °F
5.83 pinfin-"F
@Temperature 2421 °F
0.203 BTU/b-"F
0.0301 BTU/Ib-°F
@Temperature -279 °F
0.120 BTU/Ib-"F
@Temperature -99.4 °F

0.180 BTU/b-°F
@Temperature 77.0 °F

Comments

cm*3/mol
alternate reference

Wide Variation Between Grades

Comments
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0.920 J/ig-°C 0.220 BTU/Ib-°F

@Temperature 127 °C @Temperature 261 °F

1.046 J/ig-°C 0.2500 BTU/Ib-°F

@Temperature 227 °C @Temperature 441 °F

1.088 Jig-°C 0.2600 BTU/Ib-°F

@Temperature 327 °C @Temperature 621 °F

1.172 Jig-°C 0.2801 BTU/Ib-°F

@Temperature 527 °C @Temperature 981 °F

1.216 Jig-°C 0.2906 BTU/Ib-°F

@Temperature 727 °C @Temperature 1340 °F

1.238 J/g-°C 0.2959 BTU/Ib-°F

@Temperature 927 °C @Temperature 1700 °F

1.247 Jig-°C 0.2980 BTU/Ib-°F

@Temperature 1127 °C @Temperature 2061 °F

1.255 Jig-°C 0.3000 BTU/Ib-°F

@Temperature 1327 °C @Temperature 2421 °F

Thermal Conductivity 30.0 Wm-K 208 BTU-in/hr-ft-°F

] 6.30 W/m-K 43.7 BTU-n/hr-f-"F

@Temperature 800 °C @Temperature 1470 °F

10.5 W/m-K 72.8 BTU-in/hr-f*-°F

@Temperature 727 °C @Temperature 1340 °F

13.0 W/m-K 89.9 BTU-in/hr-ft>-"F

@Temperature 527 °C @Temperature 981 °F

18.9 W/m-K 131 BTU-in/hr-ft>-°F

@Temperature 327 °C @Temperature 621 °F

24.2 W/m-K 168 BTU-in/hr-ft-°F

@Temperature 227 °C @Temperature 441 °F

32.3 W/m-K 224 BTU-in/hr-ftz-°F

@Temperature 127 °C @Temperature 261 °F

46.0 W/m-K 319 BTU-in/hr-ft-"F

@Temperature 25.0 °C @Temperature 77.0 °F

82.0 W/m-K 568 BTU-in/hr-ftz-°F

@Temperature -73.0 °C @Temperature -99.4 °F

449.8 Wim-K 3116 BTU-in/hr-ft>-"F

@Temperature -173 °C @Temperature -279 °F

Melting Point 2054 °C 3729 °F

Boiling Point >=3000 °C >=5430 °F
Maximum Service Temperature, Air 1750 °C 3180 °F No Load
Heat of Formation -1675.3 kJ/mol -1675.3 kJ/mol Crystalline

Optical Properties English Comments
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Refractive Index 1.761 1.761

w, Na

1.769 1.769 n, Na
@Wavelength 589.3 nm @Wavelength 589.3 nm

Component Elements Properties Metric English [
A203 99.9 % 99.9 %

Descriptive Properties

Color White

Crystal Structure Rhombohedral Corundum




