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‘Debye characteristic temperatures of polycrystalline specimens of spectro-
seopically pure copper, aluminium and two alloys of copper and sluminium
(0-08 per cent Cu in Al and 5-87 per cent Al in Cu) cold worked and annealed
at various stages were determined by the X-ray diffraction method. Inten-
gities of different reflections were measured by highly accurate counter
diffractometer technique (Mitra 1965) and corrected for T.D.S., diffuse
scatterings due to random distributions of foreign atoms and duse to difference
in sizes of the different atoms (for alloys only) and incorrect background
(Mitra and Misra 1966). From these data, particle size and strain were
determined by the method of variance (Mitra 1964) and stacking and twin.
ning faults by the usual methods (Warren 1959) and dislocation densities
estimated by the method due to Williamson and Smallman (1956). Varia-
tion of the Debye characteristic temperatures with all’ these defect para-
meters assuming the variation o be entirely due to the particular type of
defect considered is found to be similar. The Debye characteristic tem-
perature is ébserved to increase with defect eoncentration and an approxi-
mate exponential law is found to hold for the two.

INTRODUOTION

For quite some time recently, lattice vibrations by erystals containing
defects have been attracting the attention of theoretical solid state physicists.
This is because any real crystal is bound to contain defects. This is more so
for polycrystalline specimens in which the smallness of the crystallite size
forms an additional defect. However, obviously for lack of proper mathe-
matical tools, it has not yet been possible to extend the investigations to
cages other than (a) change in mass without change in interatomic force and
(b) change in interatomic force without change in mass. It is very difficult to
- realize these two cases in practice and hence it has not been possible as yet to
test the theoretical results with the touchstone of experiments. In fact, very
little experimental investigation has been reported explicitly connecting
lattice vibrations with defect parameters. Such experimental investigations
are mecessary to provide means of testing future theoretical results and of
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guiding such studies. While the most useful parameter for lattice vibrations
is the frequency distribution, its experimental determination is fraught with
great difficulties. Hence, although such investigations have been undertaken
by us, in course of the present work, results of correlation of another important
parameter of lattice vibration, namely Debye characteristics temperature,
with several types of defects in polycrystalline samples of some F.C.C. metals
and alloys will be reported.

ExprrmMENTAL TECENIQUES

Samples studied were: (1) Aluminium, (2) an alloy containing 0-08 per cent
Cu in Al, (3) an alloy containing 5-87 per cent Al in Cu and (4) copper. The
samples were all spectroscopically pure. The samples were repeatedly ham-
mered and then drawn into thin wires of diameter about 0-3 mm. They
were then subjected to isothermal heat treatment at different temperatures of
annealing for about 1/2 hr, each in a vacuum annealing furnace. Samples for
studying pure geometrical line profiles were prepared by annealing the speci-
mens at high temperatures (400 °C for Al and the Al rich alloy; 800 °C for Cu
and the Cu rich alloy) for 8 hrs, each.

The samples were studied for X-ray diffraction with the help of mono-
chromatised Cu Kua-rays and a Geiger counter detecting device fitted with
E.LT. decade counter tubes. The experimental details were the same as in
Mitra (1965). .

The intensity distribution around each reciprocal lattice point was cor-
rected for background scattering with the help of the technique developed by
Mitra and Misra (1966). The intensity distributions were then corrected for
temperature diffused scattering by the method of Chipman and Paskin (1959)
as modified by Mitra (1965). The intensity distributions for the alloys were
further corrected for diffuse scattering due to random distributions of guest
atoms in the host sites and due to the differences in sizes of the host and
guest atoms with the help of the formulae derived by Cochran (1956) and
Herbstein ef al. (1956) respectively.

Determination of Defect Parameters

(a) Particle size and strain—Particle size and strain in each sample
were. determined with the help of the method of variance developed by Mitra
(1964). ‘

(b) Stacking and twinning fault probability—Stacking fault probability
was determined by the method used by Smallman and Westmacott (1957) in
which the peak separation between (111) and (200) reflections is & measure of
the stacking fault probability. Twinning fault probability has been measured
with the help of the method developed by Warren (1959) utilizing the as-
symmetry of the line profiles as a measure of the twinning fault probability.
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. (c) Dislocation density—Dislocation density in each case was determined
from particle size and strain values with the help of the method developed by
Williamson and Smallman (1956).

Determination of the Debye Characteristic Temperature

The integrated intensity I of X-rays reflected by a set of crystallographic
planes is given by
I = KASPfe 285200 . .o (1)
where K is the scale factor, 4 the absorption factor, S the multlphclty
factor, P the Lorentz-Polarization factor, § the Bragg angle corresponding
to the reflecting planes, A the wavelength of X-rays used and

6h2T
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where % is the Planck’s constant, & the Boltzmann’s constant, m the mass of
the vibrating atom, @ the Debye characteristic temperature and
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From éqn. (1)
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Taking logarithm on both sides
In (A8PfI) = In (%) +oBsin? O .. .. .. (4)

From the slope of the linear plot of In (ASPf2/I) =In (I /l4s) against
sin? 6/A2 the value of B can be determined. One set of such plot for the
alloy containing 0-08 per cent Cu in Al has been shown in Fig. 1.

From eqn. (2)
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From (5), knowing B, f(x) can be found. Now from the plot of f(x) against 2,
shown in Fig. 2, « can be found corresponding to f(z) obtained from (5). Then
from z, 8 can be found out from the relation 8 = z/T.
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Resvrrs AND Disoussrons

Plots of & against different defect parameters have been shown in Figs.
3 to 22. Figs. 4, 9, 12, 18 show the effect of change of particle size on the €
values of the different samples assuming the change to be entirely due to
particle size effect only. Variations of ® with other defect parameters have
also been plotted on the same basis. It is observed that the nature of varia-
tions is a near-exponential increase in © with defect concentration. The
falling off of © values with particle size also confirms the observations since
larger particle size means less defects. It is logical to conclude that the
combined effect of the defects on @ values will again be a near-exponential
rise in its value with defect concentration. It should be noted that nature of
dislocation and their arrangement might be different in different cases having
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same dislocation density. This is expected to affect the nature of the curves.
It is remarkable that this factor has not apparently affected the curves.
Theoretical attempts to understand these effects have been undertaken and
are in progress.
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