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The yPhase Boundary of Cu Be Alloys

JORGE GARCIA-ROCHA, ROBERTO J. RIOJA,
and D. E. LAUGHLIN

The precipitation sequence’ and metastable phase bound-
aries of Cu rich-Be alloys recently have been summarized.>
However, the commonly reported invariant temperature for
the vy boundary (605 °C) is in disagreement with some ex-
perimental observations. For example, Shiromizu and
Mishima’ reported a vy invariant temperature of 620 °C,
while Thomas* and Fillnow and Mack® reported tem-
peratures of 618 °C and 614 °C, respectively. These were
obtained from temperature/time heating curves. The pur-
pose of this work was to establish the position of the y
solvus for four Cu(rich)-Be alloys.

High purity Cu- 1.1, 1.5, 2.0, and 2.2 wt pet Be alloys
were prepared in an induction furnace with an argon atmo-
sphere. Chemical analyses were performed via atomic ab-
sorption and wet chemistry. Several homogenization and
rolling treatments were performed until a final thickness of
I mm was attained. After these treatments, the samples
were homogenized at 800 °C for two hours and quenched in
brine prior to 2 hour agings at several temperatures above
and below the reported y phase boundary. The furnace tem-
perature was monitored by a Chromel/Alumel thermocouple
(ice-brine junction) and was maintained within +2 °C.
The samples were then quenched into water. The resulting
crystal structures and microstructures were elucidated by
X-ray diffraction (XRD) and transmission electron micros-
copy (TEM). Differential Scanning Calorimetry (DSC) was
performed on a Perkin-Elmer DSC Model 2, calibrated to
within 1 °C.

Figure 1 is a DSC plot of the solutionized Cu 2 wt pct Be
alloy. Note the presence of an invariant endothermic reac-
tion at about 620 °C. This temperature was obtained for all
heating rates less than or equal to 40 °C per minute.®

The vy solvi temperatures for alloys Cu-1.1 and 1.5 wt
pct Be were determined to be consistent with those in the
standard references.” Figure 2 shows our data from the
X-ray analyses superimposed on the Cu-rich section of the
phase diagram. However, the X-ray data for the 2.2 wt
pct Be alloy show that the 7y invariant temperature is be-
tween 614 °C and 624 °C. See also the X-ray results pre-
sented in Figure 3. The dotted line plotted in Figure 2 at
620 °C is consistent with the DSC results and X-ray diffrac-
tion results.

The resulting microstructures from TEM analyses of a
2.2 wt pct Be alloy after two-hour aging at 610 °C and
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Fig. 1 —DSC plot from an as-quenched Cu-2 pct Be alloy. The first and
second endothermic reactions correspond to dissolution of GP zones and y
precipitates formed during heating. Notice an endothermic reaction at
620 °C due to the reversion of the ¥ phase.

630 °C are shown in Figures 4(a) and 4(b). It was noticed
that at 610 °C and 614 °C, the resulting microstructures
were in the form of a mixture of a (solid solution) and y
grains; whereas, at 630 °C and 624 °C the B phase exhibited
a fibrous-like microstructure. Selected area electron diffrac-
tion analyses resolved a B2 structure for the y phase, A2
structure for the 3 phase, and the A1 structure for the parent
phase,* consistent with the X-ray diffraction results.

*The Al, A2, and B2 phases (in Struckturbericht nomenclature) corre-
spond to the fce (Cu), bec (W), and CsCl structures, respectively.

Differences in peak heights in Figure 3 at 614 °C and
610 °C are due to a volume fraction effect as confirmed by
optical metallography, i.e., the closer the holding tem-
perature was to the <y invariant, the smaller was the volume
fraction of the y phase due to kinetic and thermodynamic
effects. It was difficult to resolve y peaks at temperatures
approaching 620 °C for Cu-2.2 pct Be alloys, with the
method here described. This is due to the very small y
volume fraction present at this temperature. Also, at tem-
peratures above 620 °C and below 624 °C, longer aging
treatments were necessary to resolve clearly 8 peaks via
X-ray analyses.

In summary, this work shows that the v invariant tem-
perature for Cu (rich)-Be alloys is higher by at least 10 °C
than the one generally reported. A more realistic value is
620 °C for the y invariant as determined by reversion,’
calorimetric experiments, and diffraction experiments. Our
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Fig. 2—Cu (rich)-Be section of phase diagram. Notice temperatures
at which aging treatments were performed and resolved phases via
X-ray diffraction.
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Fig. 3—Results from X-ray diffraction analyses for a Cu-2.2 pct Be alloy.
Notice at 610 °C and at 614 °C the y (B2, CsCl) and a (Al, fcc) phases are

present. At 624 °C and 630 °C the phases present are the parent a (Al, fcc)
and the disordered B phase (A2, bec).
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Fig. 4 —(a) Cu-2.2 pct Be alloy aged at 610 °C for 2 h. Multi-beam case,
bright field (100) y zone axis. Notice a and 7y grains. (b) Cu-2.2 pct Be
alloy aged at 630 °C for 2 h. Multi-beam case, bright field. Notice a
fibrous-like morphology of the 8 phase. Diffraction patterns from this
microstructure were in the form of rings.
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experimental results are consistent with the previously re-
ported ¥ solvus for Cu-1.1 and 1.5 pct Be alloys.
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