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Abstract
In the as-quenched condition, the microstructure

of the Cu-14.5AI1-9.0Ni alloy was (DOg+L-J) phases.
During the early stage of isothermal aging at 500C, a
high density of the fine B2 precipitates was observed
within the extremely thin lamellar y," martensite,
which was formed by a DOs;— vy, martensitic
transformation during quenching. With increasing
aging time at 500°C, the isothermal phase transition
sequence was found to be DOs—(D0s+B2 precipitate)
— (a+DO0s+B2 precipitate) — (o+y,+B2 precipitate).
This transition is quite different from that observed
by other researchers.
Keywords: Cu-Al-Ni dloy, phase transformation, y’
martensite, STEM, EDS

2INTRODUCTION

The effects of nickel addition on the
microstructural changes of Cu-Al binary alloys have
been extensively studied [1-9]. According to those
studies, when an aloy with a chemical composition
of Cu- (14-15.1) wt. % Al- (3.1-7.7) wt. % Ni was
solution heat-treated at a point in the single p phase
(disordered body-centered cubic) region and then
guenched into room-temperature water or iced-brine,
the microstructure was single DO; phase [1-2], or D03
phase containing extremely fine 2H-type precipitates
[3-4]. When the as-quenched alloy was aged at
temperatures between 500°C and 550°C for a
moderate duration and then quenched, y, (CugAly)
particles firstly precipitated within the DO; matrix at
the aging temperature, and the remaining DO; matrix
was then transformed to vy, martensite during
guenching [2,5]. With increasing aging time, the v,
particle grew and coalesced, and the remaining DO
matrix was completely transformed to a mixture of
(otp) phases at the aging temperature [5-6].
Consequently, the phase transition sequence at 500°C
and 5500C was D03*>(D03+"{2)*>((1+B+"{2). BeSIdeS,
the v, particle decomposed into B2 (NiAl) phase after
aged at 500°C for along period [5].
To date, most examinations have focused on the
Cu-Al-Ni alloys with Ni=7.7 wt. % [1-8]. Little
information  concerning  the  microstructural
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development of the Cu-Al binary alloy with a higher
nickel content has been provided. Therefore, the
purpose of this study is an attempt to investigate the
phase transition of the Cu- 14.5 wt. % Al- 9.0 wt. %
Ni alloy by using optical microscopy (OM), scanning
and transmission electron microscopy (STEM) and
energy-dispersive X-ray spectrometry (EDS).

2. EXPERIMENTAL PROCEDURE

The aloy, Cu-14.5A1-9.0Ni (wt.%), was
prepared in an air induction furnace by using 99.99%
copper, 99.99% aluminum, and 99.95% nickel. The
melt was chill cast into a 30x50x200-mm copper mold.
After being homogenized at 1000°C for 72 hours, the
ingot was hot forged and rolled to afinal thickness of
2.0 mm. The sheet was subsequently solution heat
treated at 1050°C for 1 hour and then rapidly
guenched into iced water. The aging processes were
performed at 500°C  for various times in a vacuum
heat-treated furnace.

Electron microscopy specimens were prepared
by means of a doublejet eectropolisher with an
electrolyte of 75 pct methanol and 25 pct nitric acid.
The polishi ng temperature was kept in the range from
-40C to -20C,and the current densty was kept in
the range from 3.0x10* to 4.0x10* A/m? Electron
microscopy was performed on a JEOL* 2000FX
scanning transmission electron microscope (STEM)
operating at 200 KV, using a double-tilting device.
This microscope was equipped with a Link ISIS 300
energy-dispersive X-ray spectrometer (EDS) for
chemical analysis. Quantitative analyses of elemental
concentration for Cu, Al and Ni were made with the
aid of a Cliff-Lorimer Ratio Thin Section method.

3. RESULTS

Figure 1(a) displays an optical micrograph of the
present alloy after being solution heat-treated at 1050
C for 1 hour followed by quenching. The
micrograph reveals a single-phase microstructure.
However, the TEM examinations indicated that in the
as-quenched condition, the microstructure of the
aloy was (D05 +L-J) phases. A typical microstructure
is shown in Figures 1(b) through (e). This result is
similar to that obtained by the present workers in the
Cu-14.2A1-xNi (x = 4.3, 6.0 and 10.0 wt.%),
Cu,MnAl and Cu, M nolgAl alloyS [9'11] .

Figure 2(@) is a bright-field (BF) electron
micrograph of the alloy was aged at 500C for 20
minutes and then quenched. Figures 2(b) and (c), two
selected-area diffraction patterns (SADPs) of the
lamellar structure present in Figure 2(a), clearly
indicate that these diffraction patterns consist of two
sets of reflection reciprocal lattices. According the
results of previous studies of Cu-Al-Ni aloys [5,7],
one set derived from the B2 phase, and another
derived from the y," martensite with internal twins.



Figures 2(d) and (), (121 ) v, and (100) B2
dark-field (DF) electron micrographs, clearly
demonstrate the presence of the y," martensite and the
extremely fine B2 particles, respectively.

Figure 3(a) shows an optical micrograph of the
alloy aged at 500°C for 1 hour and then quenched,
revealing that plate-like precipitates were formed
within the matrix. Figure 3(b) is a BF electron
micrograph of the aged alloy taken from a plate-like
precipitate (marked as A) and its surrounding matrix
(marked as B). Figure 3(c) is an SADP taken from the
region A, shows that the microstructure of the
plate-like precipitate was the mixture of (a+B2
precipitate). The orientation relationship between the
B2 precipitate and the o phase was (011)g,//(111),
and [111]g,//[101],, which corresponds to the K-S
orientation relationship [12]. In addition, the N-W
orientation relationship between the B2 precipitate
and the o phase could also be detected within another
plate-like precipitate in the same specimen, as shown
in Figure 3(d). Figure 3(€) is an SADP taken from the
region B, indicating that the microstructure of the
matrix was the mixture of (y;' martensite + B2
precipitate). The orientation relationship between the
B2 precipitate and y;' martensite was [001]g, //
[101],; and (110)g, //(121),,. Figure 3(f) is a (100)
B2 DF electron micrograph, clearly showing that the
B2 precipitates could be observed within both the y,'
martensite and the disordered o phase, respectively.

With increasing the aging time at 500°C for 24
hours, it is obviously revealed that many irregular
and granular shaped particles formed within the
matrix, as illustrated in Figure 4(a). Figures 4(b) and
(c) show two SADPs taken from the region marked
as “R” in Figure 4(a). Analyses of the diffraction
patterns indicated that the microstructure was the
mixture of (B2+y,) phases. The orientation
relationship between the granular B2 particle and the
v2 phase is cubic to cubic. This finding is similar to
that observed by other researchers in the aged
Cu-Al-Ni dloys [7]. Figure 4(d) is a (100) B2 DF
electron micrograph, which clearly reveas the
presence of the B2 particles. Figures 4(e) and (f)
show that the orientation relationships between the
B2 particle and the eutectoid o phase in regions “C”
and “D”, were determined to be K-S and N-W
orientation relationships, respectively [12].

After prolonged aging time at 500°C, the stable
microstructure of the alloy was a mixture of
(o+y,+B2 precipitate) phases. Therefore, the phase
transition sequence at 500°C was found to be DO;—
(D0;+B2 precipitate) — (a+D0s+B2 precipitate) —
(aty,+B2 precipitate). This transition significantly
differs from that observed by other researchers[5].

4. DISCUSSION

Based on the above experimental results,
some discussions are appropriate. During the early
stage of isothermal aging at 500°C in the present
aloy, a high density of the extremely fine B2
particles were observed within the extremely thin
lamellar y," martensite, where the y,' martensite was
formed by the DO; — vy,' martensitic transformation
during quenching. Prolonged aging time at 500°C for
a long period, the phase transition sequence was
found to be DOs;— (D05+B2 precipitate)— (a+D0;+B2
precipitate) — (a+y,+B2 precipitate). This result is
quite different from that observed by other workersin

the Cu-14AI-4Ni alloy aged at 500 or 550°C [5-6].

In order to clarify the characteristics of this transition

in the present alloy aged at 500°C isothermally, an
TEM-EDS study was undertaken. The average
atomic and weight percentages of the alloying
elements examined by analyzing at least 10 different
EDS spectra of each phase are listed in Table I. It is
clearly seen in Table | that the aluminum and nickel
contents in the B2 precipitate are much higher than
those of the as-quenched alloy.

In our previous study, adding nickel to an
Fe-23.2 a. % Al aloy could pronouncedly enhance
the formation of the B2 and B2* phases, in which the
latter is also a B2-type phase and enriched in both
aluminum and nickel [13]. Therefore, it is reasonable
to expect that a higher nickel addition in the Cu-14.5
wt. % Al aloy should favor the formation of the
(Ni,Al)-riched B2 particles in the initial stage of
aging at 500°C .Since the auminum and nickel
concentrations in the B2 precipitates are very high,
along with the precipitation of the B2 precipitates,
both of the auminum and nickel content of the
surrounding DO; matrix was depleted. In Table 3.1,it
is also seen that the aluminum concentration in the
remaining DO; matrix (i.e. y;' martensite) is about
12.31 wt. %, which is less than that of the
as-quenched alloy in the present study. It is thus
reasonable to believe that due to the lower aluminum
content in the remaining DO; matrix, it would
disadvantage the precipitation of the Al-rich y, phase
in the initial aging stage and cause the DO; matrix to
transform to the y;" martensite during quenching in
the present aloy.

Finaly, it is worthwhile to mention that the alloy
aged at 500°C for along period, the phase transition
seguence was found to be DO;— (D05+B2 precipitate)
— (0+D0s+B2 precipitate) — (a+y,+B2 precipitate).
However, in the previous studies [5-6], Singh et al.
pointed out the phase transition sequence at 500°C or
550°C was DOz (DO0s+y,)— (0+B+y,).This result is
quite different from that observed by other workersin
the Cu-Al-Ni aloy aged at 500°C or 550°C .

5. CONCLUSIONS

On the basis of the above experimental results,
the phase transition in the Cu- 14.5 wt. % Al- 9.0 wit.
% Ni alloy could be summarized as follows:
(1) The higher nickel content in the Cu-Al-Ni alloy
would enhance the precipitation of the B2 particles
but disadvantage the formation of the vy, phase in the
initial aging stage.
(2) With increasing the aging time at 500C, the
phase transition sequence was found to be D0; —
(D0;+B2) — (D0s3+B2+a) — (B2+a+y,.)
(3) Both K-S and N-W orientation relationships
between the B2 particle and the disordered o matrix
or the eutectoid o phase could be detected in the aged
aloy.
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Table 1. Chemica compositions of the phases
revealed by an  Energy-Dispersive

Spectrometer (EDS)

Heat treatment Phase Chemical Composition (wt.%)

Cu Al Ni

SH.T. (DOs+L-J)  76.90 14.25 9.01
500°C 1hr B2 phase 36.45 23.97 39.63
v1'-martensite  80.97 1231 6.82

disordered o phase  86.19 9.68 413

5000°C 24hrs B2 phase 24.99 29.52 45.76
Y2 phase 78.45 1451 7.04

disordered o phase  90.99 7.10 1.98
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Figure 1.Electron micrographs of the as-quenched
aloy (@OM, (b) BF, (c) (200) DOs, (d) (111) DOs,
and (e) an L-J DF, respectively.

0.2 um

2(e)

Figure 2. Electron micrographs of the alloy aged at
500°C for 20 minutes.(a) BF, (b) and (c) two SADPs.
The zone axes of B2 phase, vy, martensite and
internal twin are (b) [001], [101] and [101], and (c)
[011], [111] and [100], respectively. (hkl = B2 phase,
hkl = y," martensite, hklt = internal twin). (d) and (€)
(121) y4' and (100)B2 DF.
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Fig 3.Micrographs of the alloy aged at 500°C for
lhour. (a) OM, (b)-(f) electron micrographs, (b) BF,
(c) an SADP taken from the region A containing the
granular B2 particle and its surrounding matrix in (b),
(d) an SADP taken from the region B covering the
irregularly shaped B2 particle and its contiguous
matrix in (b) showing the K-S orientation
relationship between B2 particle and disordered o
phase: (011)g2//(111), and [111]g2//[101],. (hkl = B2
phase, hkl = a phase). (d)showing the N-W
orientation relationship between B2 particle and
disordered o  phase:  (100)g.//(211), and
[001]g2//[011],. (hkl = B2 phase, hkl = a phase). (€)
an SADP showing the orientation relationship
between the B2 precipitate and y,' martensite was
[001]g, // [101],1 and (110)g, //(121),r. (hkl = B2
phase, hkl = y," martensite, hkl = internal twin). (f)
(100) B2 DF.

4(c) 4(d)

4(e)
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Fig 4. Electron micrographs of the alloy aged at 500
‘C for 24hours. (a) BF, (b) and (c) two SADPs. The
zone axes of the B2 particle and the eutectoid v,
phase are (b)[001] and [001] and (c)[011] and [011],
respectively. (hkl = B2 phase, hkl =y, phase). (d)(100)
B2 DF, (e)and(f)two SADPs showing the K-S and
N-W orientation relationships between the B2
particle and eutectoid a phase: (111)g2//(101), and
[011]2//[111],, (001)g2//(011), and [110]g2//[111],
respectively. (hkl = B2 phase, hkl = a phase).



