JOURNAL OF MATERIALS SCIENCE 4 (1969) - LETTERS

L, = KM/Bcost 3
K=109 - (1.84 — 0.9)p [3] (€]
1 — p? = (3.440 — ¢,/2)/0.086 [4] ®)

where K is the Scherrer constant, A is the wave-
length of the X-radiation, @ is the Bragg angle,
p is Franklin’s parameter [4], and ¢,/2 is the
inter-layer spacing. The values of ¢,/2 for various
samples were measured from the (00.4) reflection.

The values of L, of various samples employed
in the present experiment are shown in fig. 4 and
listed in table II. Fig. 4 also includes values
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Figure 4 Crystallite size L, of various samples.
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TABLE Il Crystallite size L, of various graphites

Sample Lo (A)
R 190
HT > 1000
G 750
NG > 1000

obtained by means of a Fourier analysis by
Guentert [1], and from the measurement of
diamagnetic susceptibility by Fischbach [2]. The
difference between the results of the present
experiment and the earlier values may be due to
variation in structural features which depend on
the conditions of preparation.
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Twinning in Lead

Deformation-twinning does not ordinarily
occur in fcc metals. In the case of pure fcc metals
tested at normal rates of strain, deformation-
twinning has been observed only at very low
tempzratures. However, very high strain rates,
such as those associated with explosive loading
or high velocity impact, may lead to the produc-
tion of twins at room temperature [1]. Early
attempts [2-5] to detect twinning in aluminium
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and lead were unsuccessful, even at tempzratures
as low as 4.2° K. Bolling et al [6] report the
production of mechanical twins by the high
compression of zone-refined lead single crystals
at 77° K.

We were able to produce large numbers of
twins in high purity lead single crystals by spark-
machining and annealing. Lead of 99.999 9%
purity, obtained from ASARCO, was melted
and cast into square bars which were about 15 cm
long and 1.3 cm on a side. Each bar was pointed
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at one end so that a single crystal could be
grown by a modified Bridgman technique. The
crystal was grown in a split graphite mould at the
rate of about 1.8 cm/h, and after growth the long
crystal was spark-planed on two opposite faces
to get rid of the fins at the mould joint. The
spark-planing was done with a Servomet type
SMC spark-machine set at a low speed. Kero-
sine (paraffin) oil at room temperature was used
for the dielectric. The spark-planed crystal was
cut at intervals of 1.3 ¢cm to produce 1.3 cm cube
single crystals of lead.

The cut crystals were cleaned and annealed at
300 + 2° Cfor 24 h in a stream of purified argon
gas, then furnace-cooled. X-ray examination
showed that the growth axis of the crystal was 9°
off the <100> axis and that the sides of the
crystal were 9° off the {110} planes. So the
spark-planing was done on planes which were 9°
off the {110} planes. The annealed crystals were
cleaned with 259 HCI and chemically polished
with a solution containing 5 ml of 309, H,0, in
45 ml of glacial acetic acid. The twins observed
on the adjacent {110} planes are shown in figs.
1 to 3. The position of the twins of fig. 1 is
shown in fig. 4.

Fig. 3 shows the different directions of slip
bands on the two sides of the longer twin trace,
especially near the corner, where it meets the
edge of the specimen. X-ray Laue patterns of the
twin and the matrix were taken separately as well
as on the same film by shifting the spzcimen
during exposure. Stereographic analysis showed
the twin plane to be a {111} plane. The angles
shown on fig. 4 were measured with an optical
microscope and a rotating stage. A two-surface
analysis of the twin traces in the sample of fig. 1
showed the twin plane to be the (111) plane.
When the Laue pattern was rotated to the {111}
standard projection a six-fold symmetry was
observed, rather than a three-fold symmetry
about the <111> axis. This higher symmetry
results from the twin relation adding a 180°
symmetry around the <111> axis.

The favourable twinning systems in fcc metals
incompression along the [011] axis [7] are: (111),
[112] and (111), (112]. We presume that the
twins observed in our samples were nucleated by
compressive shock waves generated by spark-
planing and propagated along the [011] axis.
The annealing treatment that followed the spark-
planing caused these nuclei to grow. These twins
were observed only in the crystals subjected to
spark-planing. Although many further crystals

Figure 2 Twin observed on sample Pb A-5 on (0 T1).

Figure 3 Twin observed on sample Pb A-5 on (07 1).
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Figure 4 Position of the twin of fig. 1.

were grown, cut by a wire saw in the spark-
machine and then annealed, no such large twins
were observed. But spark-cutting was found to
generate small twinned areas very near the cut
edges.
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Dendritic Surface Patterns on Alumina
Spheroids formed in a High Temperature
Plasma

Dendritic patterns have been observed on
spheroidal particles of alumina made in a high
temperature induction plasma [1] and applica-
tions for the particles based on their enhanced
surfaceareaand roughness are being investigated.
Examples of the dendritic patterns on spheroidal
particles of about 150 um diameter can be seen
on the scanning electron micrographs in figs. 1
and 2. These were obtained using a Stereoscan
Mark II scanning electron microscope.

Particles with enhanced surface areas are of
interest as catalyst supports in the chemical
industry. For example, particles of materials
such as activated alumina with very high specific
surface areas and pore sizes down to the order of
10 A diameter are used extensively as catalyst
supports, particularly for vapour-phase processes
However, particles with such fine pores are not so
suaitable for some liquid-phase processes because
of the difficulty of diffusion of reactive species
into the interior of the particles. There is then a
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Figure 1 Scanning electron micrograph of alumina
spheroid.

need for particles with enhanced areas but larger
pore sizes, sometimes of the order of 1 um and
it can be seen from fig. 2 that the present particles
have pores of this order of size. A somewhat



