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On creep ductility of two dilute zinc
alloys -

The effect of small additions of Al and Cu on slow
strain-rate tensile ductility of Zn at elevated tem-
peratures are reported. Two dilute alloys, high
purity Zn (99.99% pure) with addition of 0.16
at.% Al (Alloy A) or 0.14 at.% Cu (Alloy C) have
been examined. The study assumes significance
in view of the fact that Al is a solute in Zn with a
distribution coefficient K less than 1 (about 0.25)
while for the Cu solute, X is greater than 1. The

work of Aust ef af. [1] has shown that Al atoms

experience attractive interactions with grain
boundaries in polycrystalline Zn, tend to get
adsorbed at the grain boundaries and cause grain-
boundary hardening. On the other hand, Cu atoms
experience repulsive interactions, stay away from
grain boundaries in Zn and give rise to grain-
boundary softening. Our interest was to investigate
the effect of this distinct difference in solute
distribution on the creep ductility of Zn.

Standard Hounsfield tensile specimens of gauge
diameter 4.7mm and gauge length 16mm were
machined from extruded rods of 10mm diameter
in each case. The specimens were chemically
polished in a solution containing 32 g chromic acid
and 4 g sodium sulphate in 100 ml water to remove
the deformed layer. The polished specimens were
annealed at 250°C for 1h to yield average in-
tercept grain sizes of 80 and 120um in Alloys A
and C respectively. The specimens were tested in
tension at 23° C (0.41 Ty, , where Ty, is the melting
temperature in degree Kelvin), 67°C (0.49 Tp,),
100°C (0.54 Ty,), 150°C (0.61 7,) and 200°C
{0.687,,) on a modified Hounsfield tensometer
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[2] at a nominal strain-rate of 3 x 10 sec™. The
fractured specimens were rapidly cooled by a jet
of cold air in order to retain the microstructure
developed at the test temperature. The tested
specimens were longitudinally sectioned and
polished for metallography. The extent of creep
cavitation in the fractured samples was assessed
by estimating the percent volume fraction (f) of
cavities, using the formula [3]:

8 Ni

—= x 100
371' NA

f=5 6]
where Ny and N, are respectively the number of
cavities per unit length and unit area. Measure-
ments of N, and N, were made at x 200 magnifi-
cation and the entire area covering the gauge
length of the samples was scanned for the purpose.

The variation with test temperature of percent
elongation at fracture of the two alloys is shown
in Fig. 1. The ductility of alloy C remains more or
less the same over the entire temperature range.
On the other hand, the ductility of alloy A
increases sharply at temperatures above 67°C,
attains a2 maximum value at 150° C and then again
decreases to a lower value at 200° C. At any test
temperature the ductility of Alloy A is higher than
that of Alloy C and at 150°C Alloy A exhibits
three times as large a percentage elongation as
observed in Alloy C. There is some difference in
the grain sizes of the above two alloys as
mentioned above (see also Fig. 2) but the vast
difference in ductility cannot be attributed to
difference in grain size alone. Furthermore, similar
ductility differences in these two alloys have been
observed by Roth et al. [4] who tested specimens
of equal grain sizes of these alloys. We shall
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150 Figure 1 Variation of percent tensile

® ALLOY A elongation with temperature (no-
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attempt an explanation for the observed dif-
ferences in the ductility behaviour on the basis of
metailographic observations.

Fig. 3 shows optical micrographs of longitu-
dinal sections of fractured specimens tested at
67° C. There is a striking difference between Alloy
A and Alloy C. Recrystallized grains in the vicinity
of grain boundaries are clearly seen in Alloy A
(Fig. 3a). In conirast, while no recrystallized grains
are discernible, marked boundary migration is
obvious in the micrograph of Alloy C (Fig. 3b).

The micrographs of Fig. 4 pertain to specimens
fractured at 150° C. Contrasting features between
tested specimens of Alloy C and Alloy A pointed
out above, are further accentuated in the micro-
graphs of Fig. 4. Recrystallized grains appear
extensively in Alloy A, particularly in the vicinity

-~

(a)

Figure 2 (a) Annealed Zn—Al alloy (X 180), (b) annealed Zn—Cu alloy (X 180).
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of the grain boundaries (Fig. 4a) while no evidence
of recrystallization but essentially of grain-
boundary migration (Fig. 4b and c¢) is seen in
Alloy C.

Micrographs of specimens of Alloy A and Alloy
C tested at 200° C which indicate great similarity
are shown in Fig. 5. Appearance of recrystallized
grains is not a noticeable feature in either case.

The effect of test temperature on volume
fraction of cavities in fractured samples is given
in Table I. It is noteworthy that up to 100°C,
volume fractions of cavities in the two cases are
comparable. At 150° C, Alloy C develops a cavity
volume fraction twice as large as alloy A. At
200° C there is a remarkable rise in development
of creep cavities in Alloy A with volume fraction
exceeding that measured for Alloy C.
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It has been established earlier [4] through grain
growth studies, under purely thermal conditions,
that the extent of grain-boundary migration is very
small in Alloy A in comparison to Alloy C up to
390° C. This has been attributed to Al atom ad-
sorption at grain boundaries. Stresses developed
at grain-boundary irregularities consequent to
grain-boundary sliding are normally relieved by
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Figure 4 (a) Zn—Al alloy tested at 150°C (X 180), (b)

Zn—Cu alloy tested at 150° C (x 180), (c) Zn—Cu alloy
tested at 150° C (X 925).

() waty

one or more of the three processes, namely intra-
granular deformation, grain-boundary migration
and intergranular cavitation. In Alloy C the effect
of added plasticity resulting from the higher
test temperature is counterbalanced by increasing
propensity for intergranular cracking (Table I) and
consequently ductility remains nearly the same
over the temperature range investigated. The
sudden rise in the level of cavitation at 150°C is
due to development of a diamond grain morpho-
logy, aided by grain-boundary migration, in which
the majority of boundaries is oriented at 45° from
the stress axis (Fig. 4b and Fig. 6). This aspect has
been discussed in detail earlier by Singh ez al. [5].
The striking observation in Alloy A is in regard to
recrystallized grains up to a test temperature of
150° C. There are two possibilities for the origin
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Figure 5 (a) Zn—Al alloy tested at 200° C (X 180), (b) Zn—Cu alloy tested at 200° C (X 180).

of the new grains. One of these is that dynamic
recrystallization has taken place during the high
temperature deformation as an accommodation
process. The other possibility is that, due to
grossly reduced grain-boundary mobility most
likely in Alloy A, intense intragranular deformation
occurred which gave rise to the recrystallized
grains during subsequent cooling following the
test. When large-scale grain-boundary migration
can occur, as for instance at test temperature of
200° C, no evidence of recrystallized grains is to be
- found (Fig. 5) and the micrographs of Alloy A and
Alloy C acquire much similarity.
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Figure 6 A histogram showing angular distribution of
cavities with respect to the stress axis for Alloy C tested
in slow tension at 150° C.
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TABLE I The effect of test temperature on volume
fraction of cavities in fractured samples of Alloys C and A

Test tempetrature Volume fraction of cavities (%)

CO

Alloy C Alloy A
23 0.9 1.3
67 2.3 3.0
100 4.8 4.0
150 11.7 5.0
200 13.3 19.1

The important result of the present work is
contained in the observation that under restricted
grain-boundary migration in Alloy A, conditions
for recrystallization seem to develop, cavitation is
inhibited (Table I) and ductility is considerably
large when tested at 150° C.
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Transmission electron microscopy and
X-ray analysis of coloured anodized films
prepared by ultramicrotome without
embedding

Direct investigation of thin anodized and sub-
sequently electrolytically coloured oxide films
with a high resolution is only possible if a method
is used which is not selective during the decom-
position of different materials. During ion-
bombardment, this requirement is not fulfilled {17,
therefore ion-beam etching, proposed earlier 2],
should be avoided in this case. Furthermore, all
treatments having an effect on the sample (includ-
ing embedding [3]) should be avoided to be sure
not to influence the colouring agent. A very simple
method to provide thin sections is described below,
and the interpretation of structures observed in
this way is given.

In order to prepare thin sections for direct
examination, anodic layers were prepared on 5 mm
thick sheets of aluminium. From these sheets
5mm wide and 15mm long strips were cut, the
strips were trimmed and then cut with the ultra-
microtome. The same procedure was carried out in
the case of layers built up on bulk material. Blocks
with dimensions 5 mm x Smm X 15 mm were self-
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Figure 1 (a) Schematic model of a section. (b) Micrograph
of a section inclined to the surface. Anodic layer coloured
for 20 sec.

Figure 2 (a) Vertical section of an anodic layer coloured for 20 sec. (b) Vertical section of an anodic layer coloured for

5 min.

© 1979 Chapman and Hall Ltd. Printed in Great Britain.

745



