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LETTERS TO THE EDITOR

A

STUDY OF IMPURITY PRECIPITATES
IN DOPED NaCl CRYSTALS BY MEANS
OF ULTRASONIC VELOCITY CHANGES
Puint  axD  Suryl  have found  orientation
dependence of light scattering and have attributed
this to the defect precipitates associated with fhe
dislocations which may form cylinders with 3aXes
parallel to the (100) directions. Hyder and
Bansigir? from light scattering and etching studies
have estimated the size of the precipitates to be
of 100 A-200 A. Later. Hvder, Hari Babu and
Bansigir® have shown that there were preferential
sites in the lattice where the impurities precipitate.
Truellt has measured the ultrasonic compressional
" velocities in silicon crystal cubes before and after
irradiation with neutrons and from the changes
in velocities. calculated the size of the radiation
damage regions. The object of this communica-
tion is to show that ultrasonic measurements could
be used to study the distribution, orientation and
size of the impurity precipitates in doped crystals.

Pure and doped sodium chloride crystals grown
from the melt by the Kyropoulos technique and
cut into cylinders with (001) direction paralle]l to
the cylindrical axis have been wused. The cylindri-
cal crystal is then mounted on a special receptacle
which could be rotated to any desired orientation
with respect to the incident ultrasonic beam. Keep-
ing the crystal at different angles of orientation
with respect to the (100) direction, the wvelocity
of longitundinal ultrasonic waves is determined by
using the double transducer pulse time of flight
method3 (accuracy 1 in 104 and at a frequency of
1-5MHz) with suitable modifications to suit the
present work,

The ultrasonic velocity distribution curves for
four samples A, B, C and D are illustrated in Fig, 1.
Sample A is pure NaCl grown in a platinum cruci-
ble without adding iIntemtionally any impurity.
Samples B, C and D were doped with 10 ppm,
10 ppm and 50 ppm of thallium chloride, caesium
chloride and cadmium chloride respectively. In
Fig. 2 the ratio A V/V (wheie"*A V' represents
the relative change in velocity in doped crystal
and V the velocity in pure crystal) is plotted for
various angles of orientation for ail doped crystals.

From Figs, I and 2 we can observe, that at
any orientation, the velocity in doped samples is
always less than that in pure NaCl. The variations
in A V/V in doped crystals show that the thallium
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iqﬁpurity has precipitated preferentially along (110)
direction in NaCl (TI) whereas there appeats o

be no such preferential precipitation of the
impurities in NaCl (Cs) and NaCl (Cd). These
results are in good agreement with those obtained
earlier from light scattering studjes?:3.
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The stze of the impurity precipitates responsible
for the velocity change ‘A V' has been calculated
using the method of Truellt., According to him,
the precipitate or scatterer is assumed to be a
spherical cavity and the expression for the velocity

change, the size and the number of scatterers iIs
given as,
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where V'’ is the perturbed compressional wave velo-
city and -V is the compressional wvelocity in the
absence of scalierer, A 7/7 15 the volume fraction
of the scatterers present. In the present work the
impurity precipitates act as scatterers.

Taking (A V/V) = 0-068 at 130° for NaCl (T1)
from Fig. 2, and taking 2°23 ¥ 1022 atoms/cm3
for NaCl, which means that 3-033 %x 1021 atoms/
cm?d are located in regions of distortion, the con-
centration of thalltum chloride in sodium chloride
1Is 10 ppm, meaning thereby that 2-23 % 1017
atoms/cm? are in the distorted region. Thus the
results show that there should be about 1:36 x 104
atoms in a single region of distortion or precipitate
and "1 this "is assnmed to be spherical, the radius
of such a precipitate would be 50 A. Thus the
precipitate size. would be approximately 100 A.
Similarly by taking the minimum change in velocity
at 10°, ie., (AV/V)=0-022, the size of the
precipitate comes out to be 80 A. The size of the
precipitates 'in NaCl (Cs) and NaCl (Cd) vary
from 50 A-70 A and 30 A-40 A respectively.
results presented above demonstrate the applicability
of the ultrasonic measurements to study the distri-
bution, orientation and size of the impurity preci-
pitates.

The anthors are grateful to Dr.
Director N.G.R.I. and Dr. K. Venkata Ramial,

Department of Physics, Osmania University, for
their: interest in this work.

Hari Naro'n,

Department of Physics,
Osmania University,
Hyderabad-500007,
December 7, 1972,

* National  Geophysical
Hyderabad-500007.

1. Plint, C. A, and Silby, W. A., J. Appl. Phys.,
1962, 33, 3167,

E. SrRINIVASA CHARY,
V. HARI BABU.
Y. V. RAMANA®

Research  Institute,

2. Hyder, S. B. and Bansigir, K. G., Indian J.
Pure and Appl Phys., 1964, 2, 39).

3. —, Hari Babu, V. and Bansigir, K. G., Ibid,,
1966 4, 440.

4. Truell, R., Phys. Rev., 1959, 116, 890.

5 Ramana, Y. V., Int. 1. Rock Mech. Min. Sci.,

1969, b, 191.

APPLICATION OF FIRST ORDER
KINETIC EQUATION
FOR THE EVALUATION OF KINETIC
PARAMETERS BY DTA-URANYL
OXALATE TRIHYDRATE SYSTEM

DIFFERENTIAL thermal analysis (DTA) and thermo-
gravimetry (TG) bhave become important tools
the investigafion of solid decomposition reactions,
A number of methodst% have been proposcd for
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the evaluation of kinetic parameters using a fumped
parameter model of the heat transfer process and
assuming that the Arrhenius rate equation is appli-
cable. The assumptmns of Borchardt and Daniels are
valid only for stirred solutions as has been shown
by Reed et @l.% and Melhngs et al.m from a detailed
mathematical study of DTA curves. It was however
shown in our earliér paper,a that the first order
kinetic equation could” be applied successfully for
the determination of activation energy for the

This method
has been extended to the study of the initial

dehydration of " uranyl oxalate trihydrate.

The apparatus for DTA has been described
earlier.  Uranyl oxalate trihydrate was prepared
by the method of Buttress and Hughesl?® and the
composition was c¢onfirmed by analysis. Experi-
ments were carriéd out in large platinum sample

holders with the weight of the sample ranging from
80-130 mg.

Padmanabhan ef /.11 and Buttress and Hughes
(loc. cit.) have studied both by DTA and TG the
'ecompﬁsmon of this system. Some typical DTA
peaks .of uranyl oxalate ftrihydrate obtained at
heating rates of 6, 12 and 18° C/min. are given
in Fig. . The DTA peaks consist 0of two endo-
therms representfng the loss of two moles and
one mole - of Water respectively and an exotherm

consisting™of three c¢lose-lying kinks corresponding
to the decarboxylation of uranium oxalate.
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Fig. 1. Some typzc:tl'DI‘A peaks of UQO,C.O,.
3 H..O at different heating rates.

The energy of activation was calculated for the
initial dehydration step by the use of the first order
kinetic equation on the basis of the proportionality
of the peak avea, A, to the intial amount of the
sample and the wea. a0 swept time, 1, to the



