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Abstract—The effects of precipitated phases during aging
treatment on the properties of the Cu-Be alloy have been
extensively studied. In this study, the effect of cold rolling on the
precipitated phases of the Cu-Be alloy compared with non-
deformed alloy during isothermal and low heating rate aging of
2°C/min have been investigated. Hardness changes, differential
scanning calorimetry (DSC), dilatation analysis, and transmission
electron microscopy (TEM) were used in this study. Hardening
and contraction were strongly increased at an early aging time
for the cold rolled Cu-Be alloy. In addition, the DSC curves
revealed an exothermic peak from the y”" phase. This peak
increased and shifted to lower aging time by increasing the cold
rolling reduction. In addition, the hardness remarkably increased
at lower aging temperatures for the cold rolled specimens. The
contraction from the dilatation curves and the exothermic peaks
shifted to lower aging temperatures in cold rolled specimens. The
hardening of Cu-Be alloy is believed to be from the y” phase, and
the contraction and the first exothermic peak in DSC curves from
y”" phase. TEM observations are in a good agreement with the
above explanation and strongly revealed that y”” and y” phases
were highly accelerated by the effect of cold rolling.
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1. INTRODUCTION

Cu-Be alloy has been used very widely for springs,
diaphragms, bearings and non-sparking tools because it has
excellent mechanical properties, high electrical conductivity,
and high corrosion resistance. Aging after quenching from
solution treatment remarkably hardens the alloy [1-4]. The
precipitation sequence in this alloy has been extensively
studied and can be summarized as follows [5-8]: a
supersaturated solid-solution—G.P zones —y '—y—y (Cu-
Be). The G.P zones are monolayer plates that form coherently
on {100} matrix and revealed as streaks along (200) o
directions, y " is a metastable phase with a monoclinic structure
appearing as intensity maxima in the streaks along the (200) o
directions with aging treatment [9-13]. With farther aging the
intensity maxima began to change to arrowhead-like shape,
which shows the precipitation of y’ phase, this phase is
metastable with a b.c.c. structure. The stable y phase precipitate
has an equilibrium b.c.c. structure [8, 14-19]. Few studies have
been done on the effect of cold rolling on the hardening
behavior of Cu-Be alloy. In this paper the precipitation of "
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and y” phases through aging of this alloy under the effect of
cold rolling have been studied using hardness measurements,
thermo-mechanical analysis (TMA), and differential scanning
calorimetry (DSC). Transmission electron microscopy (TEM)
has been used for phase transformation studies.

II.  EXPERIMENTAL METHOD

Cold-rolled plates of Cu-Be alloy (Japanese Industrial
Standard #C1720), which contains beryllium of 1.9mass% and
0.2mass% cobalt were used in this study. This alloy was
received as a cold rolled plate of 2.5mm thickness. Test pieces
with size of 10mm width, 120mm length were cut out from the
2.5mm thickness plate in the rolling direction Figure 1(a).
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Fig. 1. (a) Specimen for cold rolling, (b) Specimen for dilatation
measurements, and (c) [llustration of the heat treatments for the ND and the
CR specimens: (i) solution treatment, (ii) isothermal aging at 360°C.
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The cutout test pieces were first solution heat-treated at
800°C for 2 hours followed by water quenching. The quenched
specimens were cold rolled (at room temperature) with
different reduction ratios (1, 2, 4, 8 and 12%). These cold
rolled specimens were aged treated at 360°C for different time
intervals up to 180min. Figure 1 (c) shows the heat treatment
cycle. Specimens of 10mmx10mmx2.5mm were cut out from
the non-deformed (ND) and cold rolled (CR) plates for
hardness measurements after aging at 360°C. Hardness was
measured by the mean value of 10 measurements using Vickers
hardness tester with the load of 9.8N. Specimens of
2.5mmx2.5mmx40mm were cut out from the aged plates for
dilatation measurements through heating of Cu-Be alloy
(Figure 1(b)). Specimens of 20mg in weight were used for DSC
tests. Specimens of 2.5mm width, 13mm length were cut out
for the TMA during heating at 800°C. Thin foils suitable for
TEM observation were prepared using double jet electro
polishing technique. Diffraction pattern, bright-field image
were performed, the diffraction pattern was obtained on the
[001] direction. The transmission electron microscope
employed was Hitachi H-9000NAR.

III.  RESULTS AND DISCUSSION

Hardness changes for the ND and CR plates during aging at
360°C are shown in Figure 2. The Cu-Be alloy shows higher
hardness values compared with the non-deformed.
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Fig. 2.
360°C

Changes in hardness of Cu-Be alloy during isothermal aging at

A little cold rolling enhances the hardness remarkably at an
early stage of aging and the hardness increases slightly with
increasing reduction ratio of cold rolling. It is clear that the
hardness of the CR specimens increases earlier than the one of
the ND specimen. After 20min aging, the hardness increased
from about 150Hv to 220Hv and 310Hv at 1% and 12% for ND
and CR, respectively. Thus, it seems that cold rolling promotes
the hardening of this alloy at early aging time. Dilatation tests
revealed higher shrinkage at early aging time after cold rolling
as shown in Figure 3. It is clear from Figures 2 and 3 that the
hardening and dilatation curves of the CR and ND specimens
are strongly coexisting, showing remarkable increase of the
hardness and shrinkage at early aging stage and are almost
steady after about one hour aging. Previous studies on the
effect of cooling rate on aging behavior of Cu-Be alloy showed
that the contraction was caused by the precipitation of y " phase

while the hardening was mainly related to y” phase [8, 9].
Therefore, it can be concluded that cold rolling enhanced the
precipitation of both y”” and y” phases. This will be clarified
below by TEM observation for CR and ND specimens after
different heat treatments.
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Fig. 3. Dilatation behavior of Cu-Be alloy during isothermal aging at
360°C

Hardness changes were measured for the ND and CR
specimens (up to 30% reduction) after heating to different
temperatures at a heating rate of 2°C/min, followed by water
quenching. Figure 4 shows that as the heating temperature
increases, the hardness increases to reach a maximum at about
380°C and then decreases. At 300°C, remarkable hardness
increase was revealed for the CR specimens compared with the
ND specimens. The maximum hardness slightly increases and
shifts to lower temperatures as the cold rolling reduction ratio
increases. Generally, the hardness increases of Cu-Be alloy
mainly due to y” phase precipitation. At higher temperatures,
over 380°C, the hardness decreased due to y” phase dissolution
and/or y stable phase formation as reported in (8, 9, 12].
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Effect of cold rolling on hardening of Cu-Be alloy, heating rate

Figure 5 shows the dilatation curves for the ND and CR
specimens of this Cu-Be alloy during heating up to 600°C at
2°C/min heating rate. The cold rolled specimens show that
shrinkage increase started at about 280°C. With increasing
temperature the shrinkage increased to a maximum of 0.20% at
about 370°C, and then decreased. As the reduction ratio of cold
rolling increased, the maximum shrinkage slightly decreased
and shifted to lower temperatures.
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Effect of cold rolling on dilatation of Cu-Be alloy, heating rate

On the other hand, the ND specimens show a very slight
expansion during the same heating conditions. It is interesting
to note that the hardening and dilatation curves for this alloy
(Figures 4 and 5) have similar behavior of increasing to
maximum and decreasing as the heating temperature increases.
Maximum contraction and maximum hardness are obtained at
the same temperature of about 370~380°C and shift to lower
temperatures with increasing cold rolling reduction ratio.
Figure 6 shows the DSC curves for the ND and the CR
specimens during heating up to 500°C. The first exothermic
peak is the highest for the ND specimen and appeared around
350°C. This peak decreased and shifted to lower temperatures
for the cold rolled specimens. With further heating a peak like a
shoulder appeared at around 380°C.
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Fig. 6. DSC curves of Cu-Be alloy, heating rate 2°C/min

The first exothermic peak may be due to the y”" phase
and/or G.P zones precipitation. On the other hand, the shoulder
may be due to the y” phase precipitation. This assumption is
based on the maximum hardness obtained at the same
temperature of 380°C as shown in Figure 4. TEM observation
was investigated for CR and ND Cu-Be alloys after heat
treatment at different conditions corresponds to the different
exothermic heat changes, dilatation and hardness changes. If
we consider the height of the peaks as an indication of the
amount of the precipitated phases, it can be concluded that,
cold rolling enhanced the formation of y " phase and G.P zones
and slightly decreased its amount. On the other hand, the
amount of y” phase increased by cold rolling. As mentioned
earlier, shrinkage mainly occurs due to the precipitation of y”’
phase. From this point of view it seems that the first peak was
obtained from the DSC curves of Figure 6 for the ND specimen
mainly due to G.P zones formation, not y " phase precipitation.

Figure 7(a) and (d) shows the electron diffraction pattern of
the ND and 4% CR specimens respectively. The ND specimen
showed mainly weak G.P. zones, while the 4% CR specimen
revealed G.P. zones with small amount of y"” phase (marked
with arrows). The electron diffraction pattern of the ND
specimen after aging at 360°C for 20min revealed only G.P
zones as shown in Figure 7(b). It is noted, however, that 4%
CR specimen precipitates y " and y " phases after the same aging
conditions (Figure 7(e)). Figure 7(c) and (f) shows the electron
diffraction patterns of the ND and 4% CR specimens after
heating to 348°C and 316°C respectively. The ND specimen
showed G.P zones and small amount of y "’ phase, while 4%CR
specimen showed mainly y”” phase (marked with arrows) after
heating to the lower temperature of 316°C. It is noted, however,
that the 4% CR specimen precipitates y " and y " phases after the
same aging condition (Figure 7(e)).
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Fig. 7. TEM diffraction pattern, (a) as ST, (b) S.T +20min aging, (c¢) S.T
+348°C, (d) 4% CR (e), 4% CR +20min aging, and (f) 2% CR +316°C.
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TEM micrograph, shows the bright field image corresponding to

Figure 8 shows the bright filed image (BFI) corresponding
to the electron diffraction pattern in Figure 7. Electron
diffraction pattern of the ND and 2% CR specimens after
heating to 380°C and 360°C respectively are shown in Figure
9(a) and (d). The ND specimen revealed mainly y” phase as
arrowhead structure at 1/3[002]. On the other hand, 2% CR
specimen showed y° phase after heating to the lower
temperature of 360°C. This means that cold rolling promotes
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the precipitation of y”" and y” phases coincidently with the
result of the hardness change, DSC curves, TMA curves and
dilatation. Figure 9(b) and (e) shows the electron diffraction
pattern for the ND and 2% CR specimens after heating to
500°C respectively. At this high temperature mainly y phase
was precipitated in the ND and 2% CR specimens. y phase was
revealed more clearly in 2% CR specimen. In Figures 9(c) and
(f) the schematics for the electron diffraction pattern are shown.
Thus, phase precipitation depends strongly on cold rolling, it is
apparent that the precipitation of y”" and y  phases was
accelerated by the effect of cold rolling.
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Fig. 9. Electron diffraction pattern: (a) ST +380°C, (b) ST +500°C, (c)
schematic illustration for the diffraction pattern, (d) 2% CR +360°C, (e) 2%
CR +500°C, (f) schematic illustration for the diffraction pattern. The incident
beam is parallel to [001].

IV. CONCLUSION

The influences of cold rolling and heat treatment on the
age-hardening behavior of the Cu-Be alloy were investigated
for ND and CR specimens. The obtained results are
summarized as follows:

e At early stage aging, the hardening and shrinkage of the
Cu-Be alloy were strongly suppressed by the effect of cold
rolling. Maximum hardness and shrinkage appeared at
almost the same temperature of about 370-380°C.

e DSC curves showed that cold rolling promotes the first
exothermic peak and shifts it to lower temperatures, thus
cold rolling enhanced the precipitation of y " phase.

e The TMA curves revealed that cold rolled specimens highly
shrink with heating and the maximum shrinkage shifts to
lower temperature with increasing of the cold rolling
reduction.

e DSC, dilatation changes, TMA, and TEM studies coexisted
and revealed that the precipitation of y " and y” phases were
accelerated by cold rolling.
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