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The anodic behaviour of as-cast and homogenized binary copper-based alloys with Zr, Cr, Al, Si and Sn
in 50% citric acid solution has been studied by the potentiostatic method. At positive potentials all
as-cast and homogenized alloys with low additions of alloying elements behave in a manner similar to
that of copper. However, there is an essential difference between the polarization curves for copper with
8% Al and those for copper. The differentiation ratio of dissolution rates and optimum values of dissolu-
tion potentials were calculated using the data for as-cast alloys. The highest differentiation ratio was
found for the Cu—8%Al alloy. On the basis of calculated potentials, a number of experiments were per-

formed in order to separate the phases.

1. Introduction

The dissolution potential of a particular phase in a
heterogeneous alloy can be determined on the
basis of the dissolution rate differentiation ratio.
However, bearing in mind the difficulties in the
determination of separate polarization curves for
each phase present in alloy, the equation for the
dissolution rate differentiation ratio was modified
to obtain the optimum dissolution potential from
the dissolution rate ratio expressed as current den-
sities at a given potential for the basic metal and
its alloy [1]. Therefore, the modified PraZak’s

~ equation [2] for copper alloys, i.e., for the sys-
tems investigated here, is Dy = (icu/ia )y, Where
Dy is the differentiation ratio for the matrix, and
icy and i, are dissolution rates for copper and
alloy, respectively.

Previous investigation [3] of a complex copper
system has shown the possibility of applying the
modified equation to determine the dissolution
potential of the matrix in other simple
copper alloys. The results of investigations of
Cu-1%Zr, Cu~1%Cr, Cu—-2%Cr, Cu-4%Al,
Cu—8%Al, Cu-2%Si and Cu-8%Sn alloys are pre-
sented in this paper.

2. Materials and experimental techniques

The alloys Cu-1%Zr, Cu—1%Cr, Cu—2%Cr,
Cu--4%Al, Cu-8%Al, Cu-2%Si and Cu-8%Sn were
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made from OFHC copper and Cu~Zr, Cu-Cr,
Cu—Al, Cu-Si and Cu-Sn master alloys by melting
in an electroresistant vacuum furnace and casting
into metallic moulds. Investigations were per-
formed on samples in the as-cast and homogenized
(equilibrium) states. The specimens were annealed
at different temperatures and for different time
intervals (Table 1), depending on the type of the
alloy, and then furnace cooled. Prior to each
experiment the specimens were ground and
polished with diamond pastes. Potentiodynamic
polarization measurements, etching of samples for
metallographic experiments and dissolution of
as-cast samples were carried out with an electronic
PRT 500-L “Tacussel’ potentiostat. The curves
were plotted on an X-Y recorder while the poten-
tial was automatically increased at a speed of
dE/df = 100mV min™". The working potential was
measured with respect to a saturated sulphate

Table 1. Thermal treatment of copper alloys

Alloys Annealing Annealing
temperature (°C) time (h)

Cu—-1%Zr 900 1
Cu—1%Cr 950 3
Cu—2%Cr 950 3
Cu—4%Al 800 5
Cu—8%Al 800 5
Cu—2%Si 840 5
Cu—8%Sn 680 3
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electrode (SSE); 50% citric acid solution was used
as the electrolyte.

3. Results and discussion

The polarization curves for copper and the as-cast
alloys, presented in Fig. 1, all have similar shapes
with the exception of Cu-8%Al, for which the
curve is different in both shape and position. The
position of the curves for the alloys depend on
both the kind and quantity of alloying elements.
The additions cause shifting of the polarization
curves towards lower current densities at the same
potential values. The dissolution rate differentia-
tion ratio as a function of the potential was calcu-
lated from the data obtained for the polarization
curves for copper and the as-cast alloys by
applying the modified equation for Dy.

Dy curves are presented, together with the
microstructures, for the as-cast alloys in Figs. 2--8.
The alloys are classified into three groups: the first
group, Cu-1%Zr, Cu-1%Cr and Cu-2%Cr, consists
of those alloys with low solubility of alloying
elements in solid solution which do not change
microstructure during homogenization; the second
group, Cu-4%Al, Cu—-2%Si and Cu—8%Sn, contains
those alloys in which a second phase appears due
to the solidification conditions. Complete dis-
solution of alloying elements takes place in these
alloys after homogenization. The third group is
represented by Cu~-8%Al, in which anodic dis-
solution is reduced to a minimum, irrespective of
the state of the alloy.

Dy curves and the corresponding microstruc-
tures for the first group of alloys are given in Figs.

2, 3 and 4. The maximum Dy; was observed at
about —250mV for all three alloys. As has already
been stated, homogenization of these alloys does
not change their microstructure. Due to the low
solubility of Zr and Cr in copper, CusZr and Cr
were precipitated from the copper matrix. After
homogenization the alloys remain unchanged i.e.,
heterogeneous, since the phases present in the
as-cast state are still present in the copper matrix.
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Fig. 2. (a) Dy curve for Cu—1%Zr alloy. (b} Microstruc-
ture of this alloy, 110X.
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Fig. 3. (a) Dy curve for Cu—1%Cr alloy. (b) Microstruc- Fig. 5. (a) Dy curve for Cu—4%Al alloy. (b) Microstruc-
ture of this alloy, 110X. ture of this alloy, 110X.
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Fig. 4. (a) Dy curve for Cu—2%Cr alloy. (b) Microstruc- Fig. 6. (a) Dy curve for Cu—~2%$i alloy. (b) Microstruc-

ture of this alloy, 110X. ture of this alloy, 110X.
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Fig. 7. (a) Dy curve for Cu—8%Si alloy. (b) Microstruc-
ture of this alloy, 110X.

Therefore, dissolution of the copper solid solution
[4], can be achieved at a potential of —250mV
irrespective of the state of the alloy, while the
solid residue of the second phase is obtained after
dissolution of the matrix. We wish to point out
that the polarization curves of these alloys for the
as-cast and homogenized states are practically
identical.

In the second group of alloys, non-equilibrium
phases in a typical dendritic arrangement appear,

due to the solidification conditions. The Dy
curves and microstructures of Cu-4%Al, Cu-2%Si
and Cu-8%Sn as-cast alloys are given in Figs. 5, 6
and 7, respectively. The polarization curves of
these alloys are also close to that of copper (Fig.
1). Although the maxima of the Dy curves are less
explicit, the optimum potential of dissolution is
still at about —250mV. After homogenization of
these alloys the polarization curves shift towards
higher current densities, as can be seen in Fig. 8
for Cu—4%Al. They are therefore closer to the
curve for copper, indicating single-phase structure
with electrochemical behaviour similar to that of
copper. The microstructures of the homogenized
alloys Cu-4%Al, Cu-2%Si and Cu-8%Sn, presen-
ted in Figs. 9a—c, respectively, show almost com-
plete dissolution of the alloying additions in the
copper matrix after homogenization.

Unlike the first group, where the state of the
alloys is not essential for determination of the dis-
solution potential, in the second group separation
of phases by selective dissolution of the copper
matrix is possible only in the as-cast state, as a
single phase alloy is obtained by homogenization,
The same applies for the alloys containing alloy-
ing elements in which the second phases appear
under non-equilibrium solidification conditions.
Since copper alloys contain amounts of Al, Si and
Sn in the solid solution which depend on the
degree of achieved homogenization, their anodic
behaviour should be investigated in greater detail
in order to determine dissolution potentials more
precisely.

The third group of alloys, which show low
anodic dissolution under our experimental con-
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Fig. 9. Homogenized state of the alloys, 110X. Left, Cu—4%Al; middle, Cu—2%Si, right, Cu~8%Sn.

ditions, is represented by Cu—8%Al. As can be seen
in Fig. 10, which presents the Dy curve and micro-
structure of this alloy, there is no maximum in the
curve, as ought to be expected from the anodic
behaviour shown in Fig. 1. After homogenization
the alloy becomes single phase due to complete
dissolution of Al in the copper matrix. However,
the polarization curve in the homogenized state
only insignificantly changes the shape and position
as compared to the as-cast state. Absence of inten-
sive anodic dissolution of the copper matrix
because of high content of Al shows that the elec-
trolyte used in this experiment cannot be used for
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Fig. 10 (a) Dy curve for Cu—8%Al alloy. (b) Microstruc-
ture of this alloy, 110X.
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separation of phases of this alloy in the investiga-
ted range of potentials.

4. Conclusions

Two-phase copper alloys, containing Zr, Cr, Al, Si
and Sn, have been investigated in the hetero-
geneous, as-cast state. From the microstructure
and anodic behaviour in the as-cast state and after
homogenization, it can be concluded that:

(a) The method of selective anodic dissolution
in 50% citric acid solution can be used for the
determination of the optimum dissolution poten-
tial Dy by applying the modified PraZak’s
equation.

(b) For all the investigated alloys, except
Cu-8%Al, the copper matrix dissolution potential
is about ~250mV versus SSE.

(c) Cu-8%Al does not dissolve anodically under
the experimental conditions used in this paper.
Dy values increase with increasing potential.
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