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Abstract

Investigated cast copper alloy containing 8at%Zn of a solute. For comparison, parallel
specimens made from cast pure copper. Copper and copper alloy were subjected to cold
rolling with different a final reduction of  30,50 and 70%.

The cold rolled copper and copper alloy samples were isochronally and isothermally
annealed  up to recrystallization temperature. After that the values of hardness, strength and
electrical conductivity were measured and X-ray analysis was performed.

These investigations show that anneal hardening effect at alloys was attained under
recrystallization temperature in the temperature range of 180-3000C, followed with an
increase in hardness. The amount of strengthening increase with increasing degree of prior
cold work. Also the X-ray analysis show the change of lattice parameter during annealing
when anneal hardening effect was attained.
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1. Introduction

The last few years have seen a major effort devoted to the exploration of
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copper based alloys in the search for improvements in properties such as
strength, conductivity, and stress retention at high temperature [1].

Copper has excellent conductivity, but has poor resistance to softening and
low strength at moderate temperatures. This presents a considerable problem
to engineers and designers of electrical equipment. Copper has been hardened
conventionally by solution  and/or precipitation hardening and dispersion
hardening [1-3].

The strength properties of cold-worked substitional solid solutions are
increased upon annealing up to the recrystallization temperature in several Cu
based alloys systems. This strengthening effect is termed anneal hardening
and is mainly applied to copper alloys   when producing spring materials for
electro-mechanical devices. Three general trends can be noted which charac-
terize the phenomenon in all alloys systems. The amount of strengthening,
which acompanies aging, increase with increasing degree of prior cold work,
the strengthening increase  with  increasing substituional element concentra-
tion, the strengthening due to aging is decreasing function of the plastic strain
at which the stength is measured.      

The mechanism responsible for this hardening effect is investigated in
several  copper based alloys after cold rolling and annealing below recrystal-
lization temperature [1,2].

Also, this strengthening effect is attained at several sintered copper based
alloys after cold rolling and annealing to recrystallization temperature [3,4,5].

2. Experimental

Investigated cast copper alloys containing 8%Zn of a solute, produced in
laboratory for casting.  For comparison, parallel specimens made from cast
pure copper.

Copper and  copper alloy  weighing aproximetly 2 kg, were melted in a
furnace and cast in copper molds with dimensions 80x80x30 mm. The cast
alloys were homogenized at 8500C for 24 hours in a graphit  and made
samples with dimension 80x30x7mm on the erozimat aparature. After that the
cold rolling was carried out on the samples with intermediate anneals at 5000C
for 1 h, a heat treatment of  5000C for 2 h followed by an  ice-water quench
was given. After that the copper and copper alloy were subjected to cold
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rolling with different a final reduction of 30, 50 and 70%.
The cold rolled copper and copper alloy samples were isochronally and

isothermally annealed  up to recrystallization temperature, during which the
values of hardness, strength and electrical conductivity were measured and X-
ray analysis was performed.

3. Results and discussion

3.1. Cold rolled cast samples

Hardness of sintered copper and Cu-Zn alloy during cold rolling increase
with deformation degree due to deformation strengthening (Fig.1). Some
higher hardness values were obtained for alloy, than for copper. Maximum
values for hardness for copper is 126 HV but for alloy is 155 HV (deformation
degree 70 %) i.e. maximum of work hardening was attained for the CuZn
alloy.

Figure 1. Dependence of hardness of cold rolled samples  on deformation
degree                     
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Figure 2. Dependence of electrical conductivity  on deformation degree      

Figure 2. shows the changes of electrical conductivity during cold rolling
i.e. the dependence of  electrical conductivity on deformation degree. It can be
seen, that the electrical conductivity for pure copper is higher than for alloy
CuZn. Also Fig. 2. shows that electrical conductivity for alloy slowly
decreases with the deformation degree. However, it is known that the increase
in cold working results in a decrease in electrical conductivity.

3.2. Annealed cold rolled cast samples

Figure 3 and  4. show the dependence of hardness on annealing temperature
for the cast  and after that cold-rolled copper and copper alloy samples with
deformation degrees 30,50,70%. Figure 3. shows that the recrystallization
temperature for the copper for all applied deformation degree is above 2000C,
because the hardness decrease On the Fig. 4. can be seen that for the alloy
recrystalization temperature is above 3500C, also for all applied  deformation
degrees, i.e. the alloying element Zn cause an increase recrystallization
temperature in comparison with pure copper.
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Figure 3. The change in hardness  of cold rolled copper  with annealing
temperature                                                        

Figure 4. The  change of hardness of CuZn alloy with annealing
temperature                                                                               
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Figure 4 shows that in the temperature range of 180-3000C, for the alloy
CuZn, the hardness values increase for all the applied deformation degrees
(30, 50, 70%). On the temperature of  2400 C, the hardness values increase for
11HV for deformation degree of 30%, for 20HV for deformation degree of
50% and for 30HV for deformation degree of 70%. The hardness values
increase remarkably for 70% deformation degrees for the alloy CuZn.  It can
be explained by the fact that the amount of strentghening effect i.e. anneal
hardening effect increase with  increasing degree of prior cold work.[10].

This effect has been investigated mainly in the cast copper-base alloys
containing Al, Ni, Au, Ga,  Pd, Rh and Zn [2]. The results would tend to
support the hypothesis that solute segregation to dislocation, analogous to the
formation of Cottrel atmospheres in intersticial solid solutions, is primarily
responsible for anneal hardening phenomenon [1,2].      

During annealing the samples after cold rolling, the values of electrical
conductivity of copper slowly increase with annealing temperature due to
recovery and recrystallization. Electrical conductivity of  alloy increase above
1800C temperature, due to anneal hardening effect  Bader at al.[1] obtained the
similar results by electrical resistivity measurements.

Figure 6. shows the change of hardness after cold rolling with 70%
deformation degree with the time of annealing on the 2400C temperature, were
the maximum of anneal hardening effect was attained. It can be seen that
hardness increases for 30,60,120,150 min, due to anneal hardening effect and
after that decreases slowly with annealing time. After 5 hours the hardness
values is some higher than for cold rolled state. It can be explained by the fact
that anneal hardening effect has influence on recrystallization temperature.
After 120 min of annealing  the maximum hardness values  increase due to
anneal hardening effect for 30 HV.  After 300min of annealing the the recrys-
tallization is not occurs, because the values of hardness is some higher than for
cold rolled state.

Figure 7. shows the change of electrical conductivity during annealing time
of 300min. annealed on temperature of 2400 C, for alloy CuZn. It can be seen
that electrical conductivity increases for the first 30min due to anneal
hardening effect and after that, also slowly increases.  
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Figure 5. The change of electrical conductivity of cold-rolled samples of
copper and copper alloy with annealing temperature
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Figure 6. The change of hardness of cold-rolled (70%) samples of CuZn
alloy with annealing time on the 2400C temperature

Figure 7. The change of electrical conductivity of CuZn cold-rolled (70% )  
samples  with annealing time on the 240 0C  temperature
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X-ray analysis shows that lattice parameter changes of cold worked CuZn
alloy during annealing, have also led to the conclusion that solute clustering
at dislocations should be one of the major causes of the observed changes.

The anneal hardening effect is well known for Cu base solid solutions
alloys. This is due to the fact that these alloys are widely used as spring
contact materials where strength in the elastic/plastic limit is of primary sig-
nificance and has, therefore, been investigated intensively. Anneal hardening
has also been found in the AlCr system where a size misfit of about 5 pct
exists, similar to the magnitude of the misfit in the CuRh system.       

4. Conclusions

1.   The alloying element  zinc were found to have a pronounced  effect on
the increase the recrystallization temperature of the cold rolled copper
alloy CuZn.

2.   The anneal hardening effect was attained at alloy CuZn, under recrys-
tallization temperature in the temperature range of 180-3000C followed
with an increase in hardness and electrical conductivity.

3.  The amount of strengthening increases with increasing the degree of
prior cold work.    

4.  The anneal hardening effect was attained in the time range of  120-240
min.

5. Anneal hardening may be considered as a genuine hardening
mechanisms in analogy to the other basic hardening mechanisms such
as work, grain size, solid solution and dispersion hardening.

6.  The results can be applied to derive the composition and processing
variables which determine the practical use such as the strengthening
effect of copper alloys.    
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