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Opening a database

* On starting CES EduPack, Databases window appears, showing all
installed databases
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Select a subset of engineering materials
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Select metals and alloys
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Caption
(1) Monkey wrench, made from low alloy steel. © Angelo_Giordano at Pixabay [Public domain] (2) Brass trumpet. ©
Schuetz-mediendesign at Pixabay [Public domain] (3) Stainless steel corkscrew. © Stones at Pixabay [Public
domain] (4) Gold-plated pins on a CPU processor chip. © Blickpixel at Pixabay [Public domain]
Composition (summary) &
Metals are made from metallic elements, often combined (alloyed) with each other. The metallic elements cut a huge
swathe across the left side of the periodic table: as around three-quarters of the 118 elements are metals, we have a
huge range of ingredients for alloying. A few non-metallic elements are also important in alloys, and these are
marked in grey on the periodic table below.
Which elements?
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Select Nickel Alloys
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Table: MaterialUniverse b =
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MaterialUniverse B Metals and alloys > Non-ferrous >
(3 Ceramics and glasses
@3 Glasses Description
Non-technical ceramics Image
(&) Technical ceramics
ﬁ Hybrids: compaosites, foams, natural materials
Composites
Foams
Natural materials
Metals and alloys
Ferrous
@ Non-ferrous
B Aluminum alloys
B Copperalloys
B Gold
B Lead alloys
B Magnesium alloys
B Nickel alloys Caption
Sil ; ) : . z ; ; E
B .I_I.Ver 1. Nickel used in almost pure form for coinage. © Granta Design 2. Gas turbine. © Kawasaki Turbines 3. Toaster with
g Ll a Nichrome heating element. an alloy of nickel and chromium. © Granta Design
B Titanium alloys
B Tungsten alloys The material
B Zincalloys Nickel has a high melting point (1450 C) and is one of the few elements that are ferro-magnetic (with Fe and Co). You
Polymers and elastomers don't see pure nickel very often, but its alloys are everywhere. Alloyed with copper it is widely used for coinage (the
Elastomers Euro, the "silver” dollar, the British 50 p piece). As Nichrome, a Ni-Cr alloy, it forms the heating elements of electric
Polymers fires, toasters and hair dryers. Alloyed with iron and chromium it becomes stainless steel, familiar in every kitchen.
And most exotic of all are the range of nickel-based materials known as “superalloys” because of their exceptional 2
mammbinatine af hink tamnaratbiira atranmath and carranine ranintanan
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Scroll down to explore properties of Ni alloys
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Table: MaterialUniverse v =
c Datasheet view: All properties v | A Show/Hide
- . -~
@ MaterialUniverse Mechanical properties
e . S Young's modulus ® 190 - 220 GPa
@@ Hybrids: composites, foams, natural materials - —
Metals and alloys Yield strength (elastic limit) ® 7 - 1.1e3 MPa
@@ Ferrous Tensile strength @ - 123 MPa
Non-ferrous Elongation @ 2 - 60 % strain
E 2'“"""”’:: alloys Hardness - Vickers ® 8 - 300 HV
= = Fatigue strength at 10°7 cycles ® *135 - 500 MPa
B Lead alioys Fracture toughness ® 80 - 10 MPa.m*0.5
B Magnesium alloys X
B Nickel alloys Thermal properties
B Silver Melting point @ 171e3 - 1743 K
B Ti" ) Maximum service temperature O BB - 147e3 K
B Deniews sheys Thermal conductor or insulator? @® Good conductor
B Tungsten alloys —
B Zinc alloys Thermal conductivity @ 67 - 9N W/m°C
Polymers and elastomers Specific heat capacity @ 452 - 460 J/kg.°C
Thermal expansion coefficient @® 12 - 135 pstrain/*C
Electrical properties
Electrical conductor or insulator? @ Good conductor
Optical properties
Transparency @ Opaque
LT o m o bl - - e
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Nickel Alloys (Level 2)
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Table: MaterialUniverse i -
sheet: TR Datasheet view: All properties v R |
@ MaterialUniverse B Metals and alloys > Non-ferrous > Nickel and alloys > -
» [ Ceramics and glasses
» Hybrids: composites, foams, natural materials Description
v ([ia] Metals and alloys Image
> Ferrous
v Non-ferrous
» (@ Aluminum and alloys
, Copper and alloys
B Gold
> Lead and alloys
> Magnesium and alloys
w ([l Nickel and alloys
B Nickel
B Nickel-based superal
B Nickel-chromium al!:@j
B Sitver
B Tin
> Titanium and alloys Caption
= T.ungmn iy 1. Gas turbine. © Kawasaki Turbines 2. Single superalloy blade. © Kawasaki Turbines
> Zinc and alloys
3 Polymers and elastomers The material
With a name like “superalloy” there has to be something special here. There is. Superalloy is a name applied to
nickel-based, iron-based and cobalt-based alloys that combine exceptional high-temperature strength with excellent
comosion and oxidation resistance. Without them, jet engines would not be practical: they can carry load
continuously at temperatures up to 1200 C. The nickel-based superalloys are the ultimate metallic cocktail: nickel
with a good slug of chromium and lesser shots of cobalt, aluminum, titanium, molybdenum, zirconium and iron. The
data in this record span the range of high-performance nickel-based superalloys.
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