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amplitude varies linearily with deformation
time as shown in Fig. 2a and b. However, this
linear relationship was not observed at the low
rates of phase-boundary sliding at large values of
strain. The ratio between the maximum rate of
phase-boundary sliding and the interlamellar
spacing was found to be approximately constant
for the two lamellar structures studied.

1t should be noticed that the intracrystalline
deformation accompanying the phase-boundary
sliding may be considered negligible since this
deformation is certainly less than the 29 error
assumed in measuring the total tensile strain of
0.65 true strain. It was also observed that:

1. the sum of the amplitudes of the phase-
boundary sliding of a few dozens of consecutive
lamellae accounts approximately for the total
tensile deformation of the specimen;

2. within each phase, the distance between the
fiducial lines and as well as their orientation with
respect to the phase-boundary plane remain
always constant.

The degree of perfection of phase-boundary
plane may greatly affect the mechanism of
phase-boundary sliding. Tt may also explain on
one hand the large dispersion of the sliding
velocities of different lamellae. On the other
hand, it may be also responsible for localized
hardening which reduces the rate of phase-
boundary sliding at large deformation.

It is planned to continue this investigation
furthermore in order to establish correlation
among different parameters such as shear stress,
sliding velocity, interlameliar spacing and phase-
boundary crystallography.
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A scanning electron microscopic
examination of sintered barium sodium
niobate

In recent vyears, barium sodium niobate
(Ba,NaNb;O;; or BNN) has been proven to be
an outstanding electro-optic material [1, 2]. So
far, however, no study of the sintering mecha-
nisms of polycrystalline BNN samples has been
reported. In the present work some observations
have been made regarding the sintering processes
in BNN ceramic compacts using scanning
electron microscopy (SEM). The use of SEM not
only helps in observing the changes in grain and
pore sizes with the degree of sintering, but it also
enables the study of the associated morphological
changes [3].

Reagent grade barium carbonate, sodium
carbonate and niobium. pentoxide were mixed
in an. agate mortar and pestle using methyl
alcohol as a grinding medium. After drying, the
¥10% psi = 6.89 Nmni™2,
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powders were calcined at 1200 4+ 5°C for 24 h:
The resultant material was checked that it was
single phase tungsten bronze barium sodium
niobate (Ba,NaNb,0,,) from its. X-ray dif-
fraction pattern, using only CuKea lines,.taken
with a Guinier camera. The calcined powder
was then screened to —200 +300 mesh and
compacts or pellets of about 0.5 in. diameter and
0.4 in. thick were made by pressing in a hydraulic
press at a pressure about 15000 psi* without the
use of any binder.. ;

. The pellets were heated in a box furnace,
maintaining temperature control within -+ 5°C.
The  sintering - temperatures chosen were 1200
and 1350°C, with.sintering: timés up to 120 h in
ambient atmosphbere. After .the furnace was
raised to the appropriate temperature, the
specimen was ‘inserted in the furnace in a
platinum crucible, heat-treated " and then,
after a specified. sintering time, ‘taken out of
the maximum temperature zone to a . lower
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temperature zone before finally removing it to
room temperature.

Measurements of the sample density were
made at room temperature by the liquid
displacement method. Grain size measurements
and observations of the sintered compacts were
made by fracturing the sample, evaporating a
thin layer (~ 500 A) of gold onto the fracture
surface and observing it under high magnifica-
tions using a scanning electron microscope at
20 kV. Grain size analyses were made on the
scanning micrographs with the help of a particle
size analyser. Several areas of each sample were
studied in order to produce representative data.

It was evident from the experimental results
that there was a net loss of material during the
sintering process. As would have been expected,
the rate of weight loss depended upon the
particle size and hence the surface area exposed
during the heat-treatment. The rate of weight
loss in the sintered compacts was found to be
about 0.002% min—* at 1350°C and 0.0013%;
min-1 at 1200°C. The change in the pellet
density (weight per unit total volume of the
sintered pellet) was not appreciable at any stage
of the sintering process. The density data,
however, did show a decrease of approximately
3% in the apparent density (weight per unit
volume of the water impermeable portion of the
pellet) at 1350° C after ~ 40 h, indicating a larger
percentage of closed pores being formed. No
noticeable change in apparent density was
observed at 1200°C.

The grain size was obtained by measuring
more than 200 grains in each sample and taking
their root mean square diameter, D. Grain
growth was much slower at 1200°C than at
1350°C. Along with the increase in the grain
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Figure 1 Scanning electron micrographs of BNN speci-
mens sintered at: (a) 1200°C for 6.5 h, (b) 1200°C for 50
h, (c) 1350°C for 40 h.

size, a sequence of grain morphological changes
was also observed. The grains became smooth
and rounded after short sintering times,
apparently, to minimize their surface energy.
Such a phenomenon was particularly noticeable
for smaller grains (D ~ 1 to 3 pm), as shown in
Fig. 1a. At considerably longer sintering times,
as shown in Fig. 1b for a sample sintered at
1200°C for 50 h, growth steps and facets
developed on the grain surfaces. The sintered
structure shown in Fig. Ic for a sample held at
1350°C for 40 h, has a very large grain size
(D ~ 20 pm) compared to the starting grain
size (D = 2.25 pm), and fewer but larger pores.
Along with grain growth, the size of the pores
also increased with sintering time and tempera-
ture. However, the density data indicated that
no appreciable change in the total pore volume
had occurred. This is supported by the observa-
tion of larger, but fewer, pores in the specimens
sintered for long periods of time. Fig. 2a and b



JOURNAL OF MATERIALS SCIENCE 9 (1974) -

LETTERS

100

. 1_‘”"|

show the distribution of pores in the specimens
sintered at 1350°C for 30 min and 40 h, re-
spectively.

From the observed morphological changes of
the grains, it appears that more than one
transport mechanism was operating simul-
taneously at the early stages of the sintering
process. The oblong appearance due to neck-
growth and the grain smoothing are mainly
controlled by volume and surface diffusion,
respectively [4]. At a later stage, especially for
the samples sintered at 1350°C, a considerable
amount of faceting occurred. The high vapour
pressure of the constituents of BNN, reflected
through the weight loss during the sintering
process, as well as the observation of growth or

llbl 9'\‘

Figure 2 Reflected light photomlcrograph of unetched specimens sintered at 1350°C: (a) for 30 min and (b)
for 40 h. The sample in (b) has larger but fewer pores compared to that in (a).

n\-‘ '\‘

evaporation surface steps, support vapour
transport as having been the major sintering
mechanism. These observations are consistent
with Jackson’s model for crystal growth by
vapour transport [5]. Additional supporting
evidence is that little or no change in the pellet
density was found. This is generally the case in a
vapour-controlled grain growth process [4].
Similar sintering behaviour has been postulated
for polycrystalline Al,O; and UQ, materials
[6-9]. A near cubic growth rate (i.e. D3 ~ Ki)
was observed for the isothermal sintering at
1350°C as shown in Fig. 3. This grain growth
relation has commonly been found in the
sintering of oxides [10].

o 1350°C

* 1200°C

Grain Size, um

| Figure 3 Grain size, D, versus sintering time,

Sintering Time, Hours

t, at 1200 and 1350°C. Slopes are equal
to »~! and X is a proportionality constant.
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Strong Solids
A. Kelly

This completely revised edition takes account of the tremendous increase in activity in the field of
strong materials since the first edition appeared. The book deals with the physical principles
governing the production of a strong solid. The possible strength of a material can be deduced from
a knowledge of chemical binding forces. The effects of imperfection on strength are dealt with and
the ways available to reduce their effects are explained succinctly and accurately for polymers, metals,
ceramics, and composite materials. The book encompasses results from a wide range of scientific

and technical literature. Second edition £7 Monographs on the Physics and Chemistry of Materials

Modern Physical Techniques in Materials
Technology

Edited by T. Mulvey and R. K. Webster

Practically the whole range of modern physical methods for the analysis of materials is encompassed
in this volume. The basic principles of each technique are explained, the essential form of the
apparatus needed is described, and sufficient guidance is given for the inquiring reader to evaluate
each technique and pursue it further for himself. The book will also be found useful by specialists
for the overview it affords of the subject as a whole. £8 Harwell Series
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870




