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Intermetallics: 
Some past and present applications

Source: Sauthoff 1989
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Examples of interesting intermetallics

3

Source:www.magneticshape.de/

ferromagnetic shape memory alloys
Ni2MnGa (Heusler)

for structural and functional applications

shape memory alloys
NiTi (B2)

Ni-based superalloys 
(Ni)+Ni3Al

permanent magnets
Nd2Fe14B
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Intermetallic compounds: 
Issues of plastic deformation

4

Problem: brittleness

Plastic deformation: 
Ususally more difficult than in pure metals
due to more complex crystal structures

From experience: 
brittleness increases with decreasing lattice symmetry and
increasing unit cell size

Therefore, intermetallics with high crystal symmetry and
small unit cells are preferred for developing structural materials

Sauthoff: p. 12, 13
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Crystal structures: “Cubic” systems

5

from fcc, bcc to
B2, diamond, Si, wurtzite,  Heusler, Perovskite phases

Perovskite, 
ABO3

B2

diamond
and
wurtzite
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Crystal structures: derivations

6W. Pfeiler, Alloy Physics

crystal structure motifs
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Names of phases:
Mineral names, trivial names

7
Source: Gottstein, Cahn, Haasen, Cramer, Vol.1 

rt:   room-temperature modification
ht:  high-temperature modification
lt:   low-temperature modification

Mineral names:
diamond, zinc blende, wurtzite, 
quartz, rutil, pyrite, ilmenite, …

naming after prototype structures
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Names from Strukturbericht

8
Source: Cahn, Haasen, Cramer, Vol.1, Liu 92 

Strukturbericht Type
A unaries
B binaries AB
C binaries AB2

D Am Bn compounds
E, F, …, K complex compounds
L alloys
O organic compounds
S Silicates

letter, number, number

Examples
A1: cF4-Cu
A2: cI2-W

B2: cP2-CsCl

L10: tP2-AuCu
L12: cP4-AuCu3
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Intermetallic phases named by scientists

9
Source: Cahn, Haasen, Cramer, Vol.1 

Frank-Kasper phases
• Laves phases, e.g. hP12-MgZn2, cF24-Cu2Mg, hP24-Ni2Mg
• s phases, e.g. tP30
• other phases

Hume-Rothery phases
• electron compounds, VEC (valence electron concentration), same structural

types for same VEC in well-definded ranges, e.g. in brass (Cu-Zn)
Heusler phases
• cF16-MnCu2Al (a derivative of the CsCl-type)
Zintl phases
• polar, salt-like phases, e.g. Zintl boundary in Periodic Table

(alkali-, alkaline elements)+main group (>4) elements
Hägg phases
• interstitial phases based on occupancy of interstices in close-packed

structure of transition metals by small non-metals (H,B,C,N)
Nowotny phases, Chevrel phases, …

also: martensite, austenite, …
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Descriptors for intermetallic phases

10
Source: Cahn, Haasen, Cramer, Vol.1 

• chemical composition and existence range (p, T)
• structure type 

(crystal system, space group, number of atoms
per unit cell, list of occupied atomic positions)

non-stoichiometric phases: 
formula denotes: „ideal composition“

variable composition, 
e.g. for solid solution (Ni, Cu) or NixCu1-x
(0…1)
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Crystal systems and Bravais lattices

11L. Spieß, G. Teichert, R. Schwarzer, Moderne Röntgenbeugung, 
Vieweg+Teubner, 2009

7 crystal systems:
(fundamental point lattices from crystal morphology)
- triclinic (anorthic) a
- monoclinic m
- orthorhombic o
- trigonal (rhombohedral) r
- hexagonal h
- tetragonal t
- cubic c

14 Bravais lattices:
7 from centering translations, i.e. lattice points
in interior of primitive cell
- primitive P 
- side centered C
- body centered I
- face centered F

a

m

o

r

h

t

c

trigonal in hexagonal 
makeup

Single crystals: chemically and structurally homogeneous materials
with anisotropic properties
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Crystal structures: Pearson symbols

12
Source: Cahn, Haasen, Cramer, Vol.1 

- triclinic (anorthic) a
- monoclinic m
- orthorhombic o
- tetragonal t
- hexagonal 

(trigonal, rhombohedral) h
- cubic c

system symbol lattice symbol
P primitive
I body centered
F all face centered
C side face centered
R rhombohedral

consist of: 
system symbol (small), lattice symbol (capital), number of atoms in unit cell

e.g.:
cI2 (a-Fe) 
tP2 (L10 FePt)
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Examples of cubic crystal structures

13
Source: ASM Handbook, Vol3.

Schematic drawings of the unit cells and atom positions for some metal crystals, 
Pearson symbol, space lattice, crystal system, space-group notation, prototype, lattice parameters of 
prototype crystal



Fundamental Aspects of Materials Science and Engineering
Prof. Dr.-Ing. A. Ludwig | Materials Discovery and Interfaces

Face-centered cubic crystal structures

14
Source: ASM Handbook, Vol3.

Schematic drawings of the unit cells and atom positions for some metal crystals, 
Pearson symbol, space lattice, crystal system, space-group notation, prototype, lattice parameters of 
prototype crystal
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Examples of intermetallic crystal structures

15
Source: ASM Handbook, Vol3.

Schematic drawings of the unit cells and atom positions for some metal crystals, 
Pearson symbol, space lattice, crystal system, space-group notation, prototype, lattice parameters of 
prototype crystal
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Crystal structures: point groups

16
Source: Cahn, Haasen, Cramer, Vol.1 

32 crystallographic point groups

point symmetry operations
- identity operation 1
- rotations 2, 3, 4, 6 (-fold)

proper rotations N 
(transform an object congruently)
rotations through angles !"

#

improper rotations !𝑁
rotoinversion axis #1
mirror plane #2 = m

#3
#4
#6 = 3/m

• at least 1 point invariant
• 32 point groups are compatible

with 3D point lattices

polar and non-polar rotation axes
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32 crystallographic point groups

17
Source: Cahn, Haasen, Cramer, Vol.1 

Schoenflies: 
Cn: cyclic
Dn: dihedral
T: tetrahedral
O: octahedral

n=1,2,3,4,6
s, v, h: mirror planes
i: inversion center

International (Herrmann-Mauguin): 
e.g.: 2/m („two over m“)
= a twofold rotation axis
is perpendicular to a mirror plane
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Crystal structures: 230 space groups

18Source: Cahn, Haasen, Cramer, Vol.1 

230 space groups
all regular crystal structures belong to one
of the 230 space groups

space groups are associated with:
- a given point group
- a Bravais space lattice
- the action of the point group on the lattice

- screw axes
- glide planes

space groups
describe spatial symmetry
of a crystal on an atomic level

Wyckoff positions (Punktlage):
“a point belonging to a set of 
points for which site symmetry 
groups are conjugate subgroups 
of the space group”

L. Kantorovich, Quantum Theory of the Solid State: An Introduction, 2004, Springer

each atom of a crystal structure can
be assigned to a particular Wyckoff
position with a given site symmetry



Fundamental Aspects of Materials Science and Engineering
Prof. Dr.-Ing. A. Ludwig | Materials Discovery and Interfaces

Order and disorder in crystal structures

19

face centered cubic (fcc), Cu-type, A1, cF4

e.g.: Cu, Ni, g-Fe, Al, …

ordered fcc, L12, cP4

technologically important:
Ni3Al

in ordered crystals, 
specific atoms occupy
specific lattice sites

L12
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Order and disorder in crystal structures

20

body centered cubic (bcc), W-type, A2, cI2

ordered bcc (B2, CsCl-type, cP2)

e.g.: W, a-Fe,
d-Fe, Mo, V, Cr

e.g.: NiTi, NiAl,

Gottstein
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Ordered crystal structures

21Source: Porter Easterling

L20 L12 L10

D03 D019
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Order and disorder in alloys

22

equiatomic AB alloy
disordered partially ordered ordered



Fundamental Aspects of Materials Science and Engineering
Prof. Dr.-Ing. A. Ludwig | Materials Discovery and Interfaces

Order and disorder reactions

23

disorderorder

order
reaction

disorder
reaction

e.g. in the systems
Cu-Au, Cu-Zn

superlattice structures
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Order and disorder reactions 
in phase diagrams

24

order reaction:
β -> β‘

order reaction:
solid solution -> Cu3Au
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Quantifying order

25

Order parameter p (Bragg/Williams):

system: AB
fully ordered state: all A-atoms on α-sites, all B-atoms on β-sites

q: fraction of A-atoms on α-sites
1-q: fraction of A-atoms on β-sites = × -p 2 q 1

q=0.5
p=0

q=1
p=1

fully disordered fully ordered



Fundamental Aspects of Materials Science and Engineering
Prof. Dr.-Ing. A. Ludwig | Materials Discovery and Interfaces

Quantifying order

26

intermetallic compound AmBn

i.e. m atoms of A and n atoms of B

pα – fractions of A atoms on A-places, 
pβ – fraction of B atoms on B-places, 
xA=m/(m+n), 
xB=n/(m+n) 

ba
--

= =
- -

BA

A B

p xp xp
1 x 1 x

order parameter:

For order/disorder reactions the interaction W 
between atoms plays an important role:

A B

EAAEBB

EAB

= - × +AB AA BBW E 1 2 ( E E )
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Cu-Au

27Gottstein, pp. 134

B2

L12 L10
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Temperature-dependence of order

28

(1) critical temperature TO
T < TO system is ordered
T > TO system is not ordered

(2) order parameter p is temperature-dependent

- up to 0.3 T0 order is maintained

- aproaching T0, order decreases

- TO is proportional to interaction energy W
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The Fe-Pt system

29

L10

unique
magnetic
properties
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Rules for formation of 
intermetallic phases

30
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Intermediate and intermetallic phases 

31

Some examples of intermetallics:
• Valence compounds
• NiAs-compounds
• Hume-Rothery phases
• Laves-phases (AB2)
• Zintl-phases
• TCP phases: topologically close packed phases

for a lot of intermetallic phases simple valence concepts are not applicable, 
some compounds have a broad existence range, others not

• constituents A, B tend to form a compound, if properties are different 
(size, electronegativity, valence electron concentration, (electro)chemical 
properties, …)

• from supersaturated solid solutions over intermediate phases to 
stoichiometric compounds

• binding can be a mixture of metallic, covalent, ionic binding; 
the higher the degree of covalent and ionic bonding, the higher is ususally 
brittleness and resistivity (non-metallic properties)
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Periodic tables of elements

32
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www.webelements.com

Periods
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Intermetallic phases

33

About 2/3 of elements are metals

Furthermore, alloys (based on metals): intermetallic phases (alloys, compounds) 
as well as metal-oxides, -nitrides, -carbides, hydrides, ...
Different groups of intermetallics

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

-

metals

meta-
metals

semi-
metalselectropositive

metals
transition metals
(similar radii and electronegativity, 
different number of valence electrons) very small overlap between bottom 

of conduction band and top of 
valence band. Semimetal has no band 
gap and a negligible density of states 
at the Fermi level.

half-metals: act as conductor to electrons of one spin orientation, 
but as an insulator or semiconductor to those of the opposite 
orientation. Although all half-metals are ferromagnetic (or 
ferrimagnetic), most ferromagnets are not half-metals. Many of 
the known examples of half-metals are oxides, sulfides, or Heusler
alloys.
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Periodic tables of elements

34
Source: Intermet. Chemistry

valence electrons in orbitals
s, d, p, f

Zintl line between d (semi-metals) and p (non-metals)

form easily cations
(positive)

form easily anions
(negative)
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Electronegativity

35

electronegativity: 
„the power of an atom in a material to attract electrons to itself“
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L. S. Darken, R. W. Gurry, Physical Chemistry of Metals, McGraw-Hill Book
Company, 1953

Solubility: Darken and Gurry diagram

36

Darken and Gurry proposed rules for elemental solubility in 1953. 
An ellipsoid is drawn around an element (e.g. Mg) showing the elements with a 
maximum variance of 15% atomic size and 0.3 electronegativity. 
Elements inside the ellipsoid usually have a higher solubility in the 
respective element indicated by the color of the dots in the figure. 
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Mutual solubility in binary alloys
of transition metals (X-Y)

37Source: Intermetallic chemistry 
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Mutual solubility: Mendeleev number

38Source: Intermet. chemistry 
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Intermetallic compounds: 
Valence compounds

39

metals from groups I, IV, V, VI

e.g.:

Mg2Si – TS = 1085°C
Mg2Ge – TS= 1115°C             decreasing
Mg2Sn – TS=  778°C               electronegativity
Mg2Pb – TS=  550°C

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

I II III IV V VI
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Intermetallic phases:
Hume-Rothery Phases 

40

Hume-Rothery rule:

similar structures for similar valence electron concentration
(VEC)

VEC = number of VE/atom of the phase, also (e/a) ratio

VEC = 3/2 (21/14): „bcc“, b structures e.g.: CuZn, CuBe, NiAl, …
VEC = 21/13: g structures e.g.: Cu5Zn8, Cu9Al4, …
VEC = 7/4 (21/12): „hex“  e structures e.g.: CuZn3, CuSn3, …

„electron phases“ compare rules for solid solution formation
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Laves phases (AB2)

41

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

http://ruby.chemie.uni-freiburg.de/Vorlesung/intermetallische_1_3.html

frequently Laves-phases and related phases (e.g. MgCu2, NbFe2, TiFe2, TbFe2) 

Laves-phases:

determined by ratio of atom radii

e.g. 1/1.225 -> AB2- compounds

densely packed (e.g. 0.71) (bcc 0.682) 

• usually hard, brittle
• undesired in superalloys
• interesting magnetic material (TbFe2)

http://ruby.chemie.uni-freiburg.de/Vorlesung/intermetallische_7_2.html
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Intermetallic compounds: 
Laves-Phases

42

determined by the ratio of atom radii of components

e.g. radii ratio 1/1.225 -> AB2-compounds

more densly packed (e.g. 0.71) than bcc (e.g. 0.682)

MgCu2
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Unit cell of the Laves phase MgCu2

43
Gottstein, Porter Easterling

(110) plane
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Intermetallic compounds: 
NiAs-compounds

44

Compounds of: Se, Te, Sn, Sb, As, Bi
and transition metals: Fe, Cr, Co, Ni, Mn

NiAs:
As-atoms form densest packed partial lattice
Ni occupies octahedral sites

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
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Mendeleev number

45Source: Cahn Haasen (Pettifor) 
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Simplified version of Pettifor's map 
for AB compounds

46Source: Intermetallic Chemistry
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Pettifor's map for AB compounds

47

Source: Cahn Haasen

AB structure map
(Pettifor 1988)
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Pettifor's map for AB2 and AB3 compounds

48Source: Cahn Haasen
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Aluminides: Intermetallic phases for 
application in turbines

49
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Intermetallic phases: 
Nickel aluminides 

50
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Intermetallic phases: 
Nickel aluminides 

51

Crystal structures in the system Ni-Al
 

   
Ni / Al: Kubisch-

flächenzentriert Fm3m (225) 
NiAl3: orthorhombisch Pnma (62) Ni2Al3: trigonal P3m1 (164) 

 

   
Ni3Al4:   kubisch Ia3d (230) NiAl: kubisch-raumzentriert Pm3m (221) 

 
Ni5Al3:  orthorhombisch Cmmm 

(65) 

 

 

 

Ni3Al:  kubisch-
flächenzentriert Pm3m (221) 

  

 

 

   
Ni / Al: Kubisch-

flächenzentriert Fm3m (225) 
NiAl3: orthorhombisch Pnma (62) Ni2Al3: trigonal P3m1 (164) 

 

   
Ni3Al4:   kubisch Ia3d (230) NiAl: kubisch-raumzentriert Pm3m (221) 

 
Ni5Al3:  orthorhombisch Cmmm 

(65) 

 

 

 

Ni3Al:  kubisch-
flächenzentriert Pm3m (221) 

  

 

Ni/Al: face-centered cubic
Fm3m (225)

Ni3Al: face-centered cubic
Pm-3m (221)

Ni3Al4: cubic Ia3d (230) NiAl: body-centered cubic Pm-3m (221) Ni5Al3: orthorombic Cmmm
(65)

Ni2Al3: trigonal P3m1 (164)NiAl3: orthorombic Pnma (62)
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Intermetallic compounds: 
Nickel aluminides 

52

application: Ni-based superalloys

 

   
Ni / Al: Kubisch-

flächenzentriert Fm3m (225) 
NiAl3: orthorhombisch Pnma (62) Ni2Al3: trigonal P3m1 (164) 

 

   
Ni3Al4:   kubisch Ia3d (230) NiAl: kubisch-raumzentriert Pm3m (221) 

 
Ni5Al3:  orthorhombisch Cmmm 

(65) 

 

 

 

Ni3Al:  kubisch-
flächenzentriert Pm3m (221) 

  

 

 

   
Ni / Al: Kubisch-

flächenzentriert Fm3m (225) 
NiAl3: orthorhombisch Pnma (62) Ni2Al3: trigonal P3m1 (164) 

 

   
Ni3Al4:   kubisch Ia3d (230) NiAl: kubisch-raumzentriert Pm3m (221) 

 
Ni5Al3:  orthorhombisch Cmmm 

(65) 

 

 

 

Ni3Al:  kubisch-
flächenzentriert Pm3m (221) 

  

 

g‘-precipitate g-matrix

Ni3Al: face-centered
cubic Pm-3m (221)

Ni/Al: face-centered
cubic Fm3m (225)
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Intermetallic compounds: 
Titanium aluminides 

53

Phase diagram of the system Ti-Al

Source: Pauling file
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Intermetallic phases: 
Titanium aluminides 

54

Phases in the system Ti-Al

• Most important for applications: TiAl and Ti3Al

• other phases are not used in commercial alloys

α2 Ti3Al (cubic)γ - TiAl (tetragonal)

 

   
Ni / Al: Kubisch-

flächenzentriert Fm3m (225) 
NiAl3: orthorhombisch Pnma (62) Ni2Al3: trigonal P3m1 (164) 

 

   
Ni3Al4:   kubisch Ia3d (230) NiAl: kubisch-raumzentriert Pm3m (221) 

 
Ni5Al3:  orthorhombisch Cmmm 

(65) 

 

 

 

Ni3Al:  kubisch-
flächenzentriert Pm3m (221) 
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Intermetallic phases: 
Iron aluminides 

55
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Intermetallic phases: 
Iron aluminides 

56
Source: Zhao

Phases in Fe-Al

• most important: Fe3Al and FeAl
• high electrical resistance and good

corrosion resistance

• applications: e.g. heating elements

• problem: brittleness

[S.C. Deevi, V.K. Sikka: Nickel and iron aluminides: an overview on properties, processing, and applications]
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From metastability to stability: 
Precipitation strengthening in the system Al-Cu 
by age hardening 

57Source: Pauling file, Eggeler

Important for lightweight constructions, e.g. aerospace, 
high strength Al-alloys

Qa

metastable phases
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From metastability to stability: 
Precipitation strengthening in the system Al-Cu 

58

Phase diagram with cooling/holding steps

isothermal 
TTT  diagram

what fits best
(from a point of view of the
lattices of the parent and the product phase) 
forms first
GP: Guinier-Preston zones

Source: Callister, Eggeler



Fundamental Aspects of Materials Science and Engineering
Prof. Dr.-Ing. A. Ludwig | Materials Discovery and Interfaces

GP-zones form first

red: Cu-atoms             
blue: Al-atoms

Early stage of nucleation
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Al and θ‘‘

lattice fits very well
into Al-lattice

3-19
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Al and θ‘
3-21

Θ‘ still fits rather well
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Al and θ 3-23

crystal lattice of 
equilibrium phase Θ
does not fit well

Source: Callister, Eggeler
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Heusler phases

63

• discovered by Heusler in 1903 
• ferromagnetism in a ternary phase of

non-ferromagnetic components

Heusler discovered that an alloy of the non-ferromagnetic elements
Cu, Mn and Al shows ferromagnetism (Cu2MnAl) 

Source: Fr. Heusler, Verhandlungen der DPG (1903)
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Heusler phases

64

X, Y transition metals
Z element of main groups

4 overlapping fcc lattices
X: (0,0,0) und (½, ½, ½)
Y: (¼, ¼, ¼)
Z: (¾, ¾, ¾)  

full Heusler structure
(„combine two different B2 cells“)
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The ferromagnetic shape memory 
alloy Ni2MnGa

65

martensitic transformation:

„fcc“ austenite to tetragonal 
martensite

Ni2MnGa: Heusler phase

L21 (austenite)
Source:www.magneticshape.de/
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Half-Heusler phases

66

Casper et al., Semicond. Sci. Technol. (2012)

Source: Wen et al., Nature (2015)

Half-Heusler-structure = Full-Heusler-structure with unoccupied sub-lattice

band gap

semiconducting if VEC (valence electron count) is 18

thermoelectric half-Heusler phase NiTiSn
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Isothermal sections of ternary 
phase diagrams

67

Source: Intermetallic chemistry
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Ternary intermetallic phases

68Source: Intermetallic chemistry, p. 621
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Hydrides, carbides, borides, nitrides

69

Metal hydrides: 
e.g. Mg-H, TiH2

Metal borides: 
e.g. MgB2

Metal nitrides:
e.g. TiN

Metal carbides
e.g. TiC, WC, Fe3C

Interstitial compounds:
transition metals + H,C,B,N
very hard, very high Tm

c > csolv: 
small atoms are still in interstitial positions
but overall crystal structure changes
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Carbides 

70
Gottstein

Hägg-
phases

here: TaC
(fcc)
Ta2C (h)
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Topologically close packed
(TCP) phases: A15

71

• complex cubic structure derived from A2 with 8 atoms in unit cell
• Typical example for TCP, which result from stacking of polyhedra of

various shapes to accomodate atoms of different sizes
• Laves phases (C14, C15, C36) can be derived from A15 

by crystallographic operations
• Important superconductors: Nb3Sn, Nb3Ge
• Problem: brittleness

Sauthoff

• TCP structures allow closer stacking of atoms with different 
sizes than geometrically close packed structures (A1, A3)

• intermetallic phases with TCP structure: Frank-Kaspar phases
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Topologically close packed (TCP) 
phases: µ-phase

72

K. Zhao, Y. H. Ma, L. H. Lou and Z. Q. Hu: Phase in a Nickel Base 
Directionally Solidified Alloy, Materials Transactions, Vol. 46, No. 1 
(2005) pp. 54 to 58 

µ-phase in a Ni-base 
directionally solidified alloy

• hexagonal system
• typically forms in superalloys

from Co and W à W6Co7

Alireza B. Parsa, Markus Ramsperger, Aleksander Kostka, Christoph 
Somsen, Carolin Körner  and Gunther Eggeler: Transmission Electron 
Microscopy of a CMSX-4 Ni-Base Superalloy Produced by Selective 
Electron Beam Melting, Metals 2016, 6(11), 258

µ-phase in CMSX-4 Ni-base superalloy 
produced by selective electron beam melting

P. Villars, K. Cenzua: Structure Types, Springer-Verlag Berlin Heidelberg 2007
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Topologically close packed (TCP) 
phases: s-phase

73

http://som.web.cmu.edu

• tetragonal system
• typically forms in stainless steel and superalloys 

from Fe and Cr à FeCr

Núria Llorca-Isern, Héctor López-Luque, Isabel López-Jiménez, Maria Victoria Biezma: 
Identification of sigma and chi phases in duplex stainless steels, Materials Characterization 
Volume 112, February 2016, Pages 20-29

σ-phase phase in duplex stainless steels
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Questions

74

(1) Define the terms solid solution, alloy and compound. Discuss the stoichiometry and the compositional existence range.

(2) What is allotropy?

(3) What do the abbreviations rt, ht and lt mean?

(4) What is the difference between alloying and doping?

(5) Explain the difference between an interstitial and a substitutional element.

(6) Why are intermetallic compounds frequently brittle?

(7) Name the intermetallic compound with the highest technical relevance in the Ni-Al system. What is its crystal structure?

(8) What is a Heusler phase? Sketch a unit cell.

(9) Cu2MnAl was the first Heusler phase to be discovered. What special property does it have?

(10) What is the structural difference between a half Heusler and a (full) Heusler phase?

(11) What is a Pettifor map?

(12) Name two important intermetallic compounds in the Fe-Al materials system. Where and why are they applied? 

(13) What does the abbreviation TCP mean?

(14) What is the purple plague?

(15) Name a Laves phase with magnetostrictive behavior.

(16) Name an intermetallic compound in the Ni-Ti system frequently used in application. What property makes this compound 

valuable?

(17) What is a Guinier-Preston zone?

(18) What is an interstitial compound? Give two examples.
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