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1.2 Why no face-centered structures in the tetragonal system?
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A sample of FCC platinum is held at 7" = 2000 K, just below its melting temperature for a
long period of time so that vacancy equilibrium is established.

(a) Calculate the equilibrium concentration of vacancies (in units of vacancies per m®) when
no external pressure is acting on the solid.

(b) Now consider the effects of imposing an external pressure, pex;, onto the solid at the
temperature of 2000 K. Calculate the pressure needed to reduce the vacancy
concentration to 1% of the value found in (a).

The lattice and vacancy quantities needed for these calculations are given in Tables A.1 and C.1.

Artomic
23 -
Element number (A7) ro (A)
Pt 78 15.10 1.534

Table C.1. Properties of vacancies in pure metals [26]. x, (7},): vacancy fraction at the
melting temperature (in 10™%). As,: activation entropy of formation (in units of 43). As,:
activation enthalpy of formation (in eV). AVV’I": relaxation volume of the vacancy (in units of
atomic volume §2). AA": activation enthalpy of migration (in eV). R stands for thombohedral
crystal structure. T stands for tetragonal crystal structure. BCT stands for body-centered
tetragonal crystal structure. Para and ferro stand for the paramagnetic and ferromagnetic
phases of iron (Fe), respectively.

x(Tm) As, Ah,

AV

Element Structure Al

P FOC 94 0.4 1.35£0.05 -0.28 1.43£0.05

ZBTANNBAVEGT. 4 '

A NSl x)e? m?

Cexp

4 kR BB AN S E AR
58 NZ1 kKA

C= cxP(’
B F cho=13s
pG =0T

Rp=).282-23

s c=5.rxoT.

- T N " e - .

ke T

-
-

’ \7;]73 D\):l’-‘A\)v A

N

(- pAVI*/L + P,
kaT

Nz 023 | pO,7[7028

V)

ac=1lc 4

-—

e Toboel
—aNv
= AT7 xk6"Py = 1. 17IMPa

.

&ho(li2e-17)- TASV'Rg)



5.
A long wire of pure Au is held at room temperature for a very long time so that equilibrium is
established. The length of the wire in this state is Zo. Then the wire is heated to 7; = 900°C
and held for a sufficiently long time to establish equilibrium at that temperature, before being
quenched instantaneously to room temperature. The length of the wire in the quenched state
is L,

@

(a) Write an expression for Zq/L as a function of 7} and the thermodynamic properties of

vacancies in Au, which are given in Table C.1.
(b) The quenched wires are heated to a slightly elevated temperature, 7', and annealed for a
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time, #, before being cooled again to room temperature where the length of the wire, L, is 1 - 0
again measured. Write an expression showing how the length of the wire would be
expected to change with increasing annealing time. You may assume that the equilibrium
vacancy concentration at the annealing temperature 7" is so small that it can be ignored.
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Element Structure Xe(T) As, Ah,

Ag FCC 1.7 15 1.1140.05 0.660.05
Al FCC 9.4 0.7 0.67+0.03 —0.05 0.61£0.03
Au FCC 7.2 0.72 0.93£0.04 —0.15 0.71£0.05
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Consider an infinite periodic array of edge dislocations with Burgers vector 4. As shown in
Fig. 14.22a, the array is oriented at an angle ¢ with respect to the y axis. The spacing between
the adjacent glide planes of the dislocations is 4. Obtain an expression of the stress field of the
dislocation array in the limit of x — +00, y = 0.
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2.

Figure 14.27 shows a tilt boundary containing a macroscopic step. Let the misorientation
between the two crystals be 6. Construct a dislocation model for the three straight sections
of the tilt boundary and determine their dislocation content. Explain why this boundary does
not have a long-range (1/7) stress field, contrary to the stepped boundary shown in Fig. 14.16d.

\\W

Figure 14.27. A non-straight tilt boundary (thick lines) separating crystal A and crystal B. The thin lines
indicate the orientation of atomic planes in the two crystals.
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