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Figure 6. SEM micrographs of the as—cast (a) M1, (b) M3, (¢) M5
and (d) M7 alloys.

alloy and their corresponding Zn, Al and Cu SEM-EDS
elemental mapping images. These SEM images verify the
identification of microconstituents shown in Figures 6 and 7.

On the other hand, Figures 9 and 10a-d show the
SEM micrographs corresponding to the homogenized M1,
M3, M5 and M7, and M10, M12, M14 and M16 alloys,
respectively. The presence of five microconstituents can be
observed in these micrographs. The o, 1, € and t’ phases are
observed in the homogenized M1, M3, M 10 alloys and M12.
While the o, 1, 6 and ©’ phases are observed in the M5, M7,
M14 and M16 alloys. These microconstituents correspond to
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Figure 7. SEM micrographs of the as—cast (a) M10, (b) M12,
(c) M14 and (d) M 16 alloys.

those detected in the XRD pattern of these alloys, shown in
Figures 4 and 5. The volume fraction of the 6 and € phases,
and the a phase increases with the increase in the content
of Cu and Al respectively.

3.2. Hardness of the as—cast and homogenized
alloys
Figures 11 and 12 show the average Rockwell “B”

hardness, HRB, of the as—cast and homogenized M1-M5
alloys as a function of the copper content. The hardness of
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Figure 8. BEI-SEM images of the (a) as—cast M4 alloy, (b) Zn, (c)
Al and (d) Cu. SEM — EDS elemental mapping images.

the as—cast alloys is higher than that corresponding to the
homogenized alloys. This behavior is mainly associated with
the disappearance of dendritic structure and the € phase. In
general, there is an increase in hardness with the increase in
the Cu and Al contents. This can be attributed to the presence
of 6 phase which is the phase with the highest hardness*.
The linear regression analyses were conducted in
order to determine the correlation between the hardness
and chemical composition of the as—cast and homogenized

Figure 9. SEM micrographs of the homogenized (a) M1, (b) M3,
(c) M5 and (d) M7 alloys.

alloys. The regression equations for the as—cast alloys were
determined to be as follows:

HRB

as—cast line 1

=93.28 +5.32In(X. ) —4.74In(X,, ) 3)

HRB

as—cast line 2

=9822+11.01In(X,) - 13.92In(X,)  (4)

In contrast, the equations corresponding to the
homogenized alloys were the following:
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Figure 10. SEM micrographs of the homogenized (a) M10, (b)
M12, (c) M14 and (d) M16 alloys.

105 7 o As- Cast

§ 95 + + Homogenized IE
= 1
2 857 I I 3z 13%
3 = T4
= I - -
T 75+ - 2
L] .
T o5 | b4 -

55— : : :

-3.5 -3 -2.5 -2 -1.5 -1

In(Xcy)

Figure 11. Plot of hardness vs. composition for the as—cast and
homogenized alloys of line 1.
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Figure 12. Plot of hardness vs. composition for the as—cast and
homogenized alloys of line 2.

HRB =103.55+ 13.7In(X,,) — 4.88In(X,.) (5)

Homogenized line 1

=136.84 +27.81In(X. ) —2.84In(X, ) (6)

Homogenized line 2 -

It is interesting to notice that the regression coefficients
are positive for the Cu composition and negative for the Zn
composition. These coefficients suggest that the increase in
volume fraction of the Cu-containing phases such as, the ¢,
0 and 1’ phases, are mainly responsible for the increase in
hardness in both alloys. Conversely, the presence of the Zn-
rich 1 phase causes the decrease in hardness for both alloys.
This type of equations might be useful for the alloy design.
For instance, these can be used to estimate the hardness of
either the as-cast or homogenized Zn-Al-Cu alloys based on
its chemical composition. Additionally, it can also be used
to determine the chemical composition of a new alloy with
a given hardness value.

4. Conclusions

The conclusions of the present work can be summarized

as follows:

(1) The hardness for both the as-cast and homogenized
alloys increased with the increase in volume fraction
of the Cu and Al due to the increase in volume
fraction of the Cu-containing 6 and t” phases.

(2) The elimination of the dendritic structure and the &
phase during homogenizing treatment promoted the
decrease in hardness for the homogenized alloys.
The homogenizing treatment caused the formation
of most of the equilibrium phases.

(3) A multiple linear regression analysis permitted to
obtain four equations to estimate the hardness in the
as-cast and homogenized Zn—Al-Cu alloys which
can be useful for designing alloys with specific
hardness values.
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