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Introduction to Superalloys and their Applications 
 
Practice Questions 
 
Please try to answer these questions. We will cover the answers to these questions, and 
others, in the “live” lecture. 
 

1. Describe the properties of Nickel that make it ideal for use as a high temperature 
material. Hint – your argument should reference the four figures shown below and 
compare the properties of other metal types. 
 

 
 

2. The following questions are related to the oxide scales formed on Ni superalloys; 
 
i. What are the two main types of Ni superalloy oxide scales? 

 
Which of these two main types of Nickel superalloy oxide scale… 
 
ii. Provides superior oxidation protection? 
iii. Has the highest temperature capability? 
iv. Provides the best hot-corrosion protection? 
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Fig. 1.19. Variation of the melting temperatures of the elements with atomic number.

IIIB IVB VB VIB VIIB VIIIB IB IIB

BCC

FCCHCP

21 22 23 24 25 26 27 28 29 30
Sc

44.956
39 40 41 42 43 44 45 46 47 48

Ti
47.90

Y
88.905

V
50.942

Cr
51.996

Mn
54.9380

Fe
55.847

Zr

91.22 92.906
Nb Mo

95.94
Tc

[99]
Ru

101.07
Rh

102.905
Pd

106.4
Ag

107.870
Cd

112.40
57
La

138.91

72
Hf

178.49

73
Ta

180.948

74
W

183.85

75
Re

186.2

76
Os

190.2

77
Ir

192.2

78
Pt

195.09

79
Au

196.967

80
Hg

200.59 Liquid

Co
58.9332

Ni
58.71

Cu
63.54

Zn
65.37

Fig. 1.20. Correlation of the crystal structures of the transition metals with position in the periodic
table.

metals (see Figure 1.20), the face-centered cubic (FCC) metals lie towards the far east of
the period (groups VIII and 1B), hexagonally close-packed (HCP) metals are at the centre
(group VIIB) and the body-centered cubic (BCC) metals are at the far west (groups VB,
VIB). Clearly, if one prefers for this application an FCC metal on the grounds that it will be
ductile and tough, then the number of available metals is limited; moreover, the list includes
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Fig. 1.21. Values of the diffusivities for the various crystal classes at their melting points. Adapted
from ref. [17].

many of the platinum group metals (PGMs), which are characterised by their high density
and significant cost.

In fact, it turns out that if one widens the search to include materials of different crystal
classes, considering oxides and carbide ceramic systems for example, then there is quite a
spread in the normalised activation energies, Qv/(RTm), and the melting point diffusivity,
DTm . Data for various crystal structures are given in Figures 1.21 and 1.22 for Qv/(RTm) and
DTm , respectively [17]. The FCC metals display very high and low values, respectively, and
these are considerably better than for the BCC and the HCP metals, at Qv/(RTm) = 18.4
(compare 17.3 for HCP metals and 17.8 for the BCC metals) and DTm = 5 × 10−13 m2/s
(compare ∼2 × 10−12 m2/s for HCP and 10−12 − 10−11 m2/s for the BCC transition met-
als). Other observations support these conclusions. For example, the BCC → FCC and
BCC → HCP transformations in Fe and Ti, respectively, cause a 100-fold reduction in the
measured diffusivity.

Given these considerations, one can list the reasons why nickel-based alloys have emerged
as the ones chosen for high-temperature applications. First, nickel displays the FCC crystal
structure and is thus both tough and ductile, due to a considerable cohesive energy arising
from the bonding provided by the outer d electrons. Furthermore, nickel is stable in the FCC
form from room temperature to its melting point, so that there are no phase transformations
to cause expansions and contractions which might complicate its use for high-temperature
components. Other metals in the transition metal series which display this crystal structure,
i.e. the platinum group metals (PGMs), are dense and very expensive. Second, low rates of
thermally activated creep require low rates of diffusion – as suggested by the correlation
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metals (see Figure 1.20), the face-centered cubic (FCC) metals lie towards the far east of
the period (groups VIII and 1B), hexagonally close-packed (HCP) metals are at the centre
(group VIIB) and the body-centered cubic (BCC) metals are at the far west (groups VB,
VIB). Clearly, if one prefers for this application an FCC metal on the grounds that it will be
ductile and tough, then the number of available metals is limited; moreover, the list includes
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Adapted from ref. [17].

between the activation energies for self-diffusion and creep in the pure metals. Diffusion
rates for FCC metals such as Ni are low; hence, considerable microstructural stability is
imparted at elevated temperatures. Finally, consider other elements which possess different
crystal structures. Of the HCP metals, only Co displays an acceptable density and cost; Re
and Ru are PGMs and are therefore expensive; Os has an oxide which is poisonous; and
Tc is radioactive. Co-based superalloys are, in fact, used for high-temperature applications;
however, they tend to be more expensive than the nickel-based superalloys. The BCC metals
such as Cr are prone to brittleness, and there is a ductile/brittle transition which means that
the toughness decreases significantly with decreasing temperature.

1.4 Summary

With nickel as a solvent, but containing in excess of ten different alloying elements, the
nickel-based superalloys have emerged as the materials of choice for high-temperature
operation when resistance to creep, fatigue and environmental degradation is required.
Their metallurgical development is linked inextricably to the history of the jet engine, for
which the first superalloy grades were designed, although use has now spread to other high-
temperature applications – notably to the turbines used for electricity generation. The tech-
nological incentive for further improvements being sought in alloy capability and processing
developments arises from the enhanced fuel efficiency and reduced emissions expected of


