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THERMAL BEHAVIOR OF THE Cu–10 MASS%Al AND
Cu–10 MASS%Al–4 MASS%Ag ALLOYS
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Abstract

The thermal behavior of the Cu–10 mass%Al and Cu–10 mass%Al–4 mass%Ag alloys was studied

using classical differential thermal analysis (DTA), optical microscopy (OM) and X-ray diffracto-

metry (XRD). The DTA curves were obtained for annealed and quenched samples. The results indi-

cated that the presence of silver introduces new thermal events, associated to the formation of a silver-

rich phase, to the shift of the equilibrium concentration to higher Al contents and to the decomposition

of the silver-rich phase in the same temperature range of the β1 phase decomposition.
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Introduction

The Cu–Al alloys show important characteristics, as chemical stability and good me-

chanical properties, depending on the aluminum content. Silver addition to the Cu–Al

alloys improve some of their properties, as hardness [1] and stress corrosion [2] with-

out appreciable modification in their workability and plasticity.

In this work, the thermal behavior of the Cu–10 mass%Al–4 mass%Ag alloy was

studied using classical differential thermal analysis (DTA), optical microscopy (OM)

and X-ray diffractometry (XRD) and compared with that of the Cu–10 mass%Al alloy.

Experimental

The Cu–10 mass%Al and Cu–10 mass%Al–4 mass%Ag alloys were prepared in an

induction furnace under argon atmosphere using 99.97% copper, 99.95% aluminum

and 99.98% silver as starting materials. Results from chemical analysis indicated a fi-

nal alloy composition very close to the nominal one.

Small cylinders of about 10 mm length and 5.0 mm diameter were used for DTA

analysis and flat square samples of about 10 mm were obtained for metallography

and XRD. These samples were initially annealed for 120 h at 850°C for homogeniza-

tion and after annealing some of them were equilibrated for one hour at 850°C and
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quenched in iced water. The XRD diagrams were obtained using a Siemens D5000

X-ray diffractometer. After the heat treatments the flat samples were polished, etched

and examined in a Leica DMR optical microscope.

The DTA curves were obtained using a sample holder with two Ni/Cr–Ni/Al

thermocouples, one of which was introduced in the sample and the other in a pure

copper cylinder with the same sample dimensions. The sample holder, inside a Vycor

tube, was introduced in a furnace and the thermocouples terminals were connected to

a HP 34404A multimeter. The heating rate and the data acquisition were controlled

using a MQ 112 Micro-Química interface.

Results and discussion

Figure 1 shows the DTA curves obtained for the Cu–10%Al alloy (curve a) and

Cu–10%Al–4%Ag alloy (curve b), at a heating rate of 10°C min–1 for annealed samples.

The starting point of these curves corresponds to the (α+α2 ) phase, as shown in

the optical micrographs of Fig. 2. In curve 1(a) one exothermic and five endothermic

peaks were observed. Peak P1, at 290°C, may be attributed to the beginning of the α2

phase disordering. P2, at about 380°C, corresponds to the order–disorder transition [3].

(Cu)-α +α2→(Cu)-α +(α+γ1)

Peak P3, at about 420°C, may be associated to the dissolution of α2 precipitates

formed during slow cooling [4]. The peak P4, at about 510°C, is due to the β1→ β phase

transformation. The martensitic phase ′β 1 change into the β1 phase in the same tempera-

ture interval of the α2 phase disordering process and at about 510°C the β1 phase trans-

forms into the β phase [3]. The exothermic peak P5, at about 535°C, is associated to the

precipitation of the disordered α phase, which precedes the eutectoid transformation.

The endothermic peak P6 at about 575°C is due to the eutectoid transformation [5],
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Fig. 1 DTA curves obtained for the alloys after annealing: a – Cu–10 mass%Al alloy;
b – Cu–10 mass%Al–4 mass%Ag alloy. Heating rate 10°C min–1



(Cu)-α+(α+γ1)→(Cu)-α +β

as expected from the Cu–Al equilibrium diagram [6].

In curve 1(b) three additional peaks were observed, when compared with curve 1(a):

P1, P6 and P9. Peak P1, at about 200°C, may be due to a combination of the ordered phase

α2 with Ag. Peak P6, at about 500°C, is related to the formation of a silver-rich phase

from the combination of Ag with part of the β phase. Peak P9 may be related to the disso-

lution of the remaining Ag, as observed in the X-ray diffraction patterns of Fig. 3.
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Fig. 2 Optical micrographs (500×) obtained for the annealed samples:
a – Cu–10 mass%Al alloy; b – Cu–10 mass%Al–4 mass%Ag alloy

Fig. 3 X-ray diffraction patterns for Cu–10 mass%Al–4 mass%Ag alloy: a – annealed;
b – quenched from 300°C; c – quenched from 500°C; d – quenched from 700°C



Figure 4 shows the DTA curves obtained at a heating rate of 10°C min–1 for sam-

ples quenched from 850°C

In curve (a) in Fig. 4 four peaks are observed. The exothermic peak P1, at about

290°C, may be attributed to the ordering of the β′ martensitic phase (β′→ ′β
1
) . The

endothermic peak P2, at about 410°C, is asymmetric and is associated to the reverse

martensitic transformation ′β 1 →β1→β and to the decomposition β1→(α+γ1) from part

of the β1 phase. The exothermic peak P3, at about 530°C, is due to the β1→ β transi-

tion from part of the remaining β1 phase formed at 410°C. Peak P4, at about 580°C, is

associated to the (α+γ1)→β transformation [7]. In curve (b) in Fig. 4 one may observe

four additional peaks, in comparison with curve (a). The exothermic peak P2, at about

370°C, may be associated to an Ag precipitation [8], from the silver dissolved in the

martensitic matrix (Fig. 5b). The exothermic peak P3, at about 420°C, may be attrib-

uted to Ag precipitation from the silver-rich phase. The endothermic peak P4, at about

470°C, may be due to the decomposition of the silver-rich phase, together with the re-

verse martensitic transformation and the decomposition of part of the β1 phase. It is

known that Ag diffusion in the γ1 phase is greater than in the α phase, due to changes

in the atomic density [9]. In this way, the Ag-rich phase decomposition must occur

mainly on the perlitic phase resulted from the β1 phase decomposition. Peak P4 is

shifted to a higher temperature, in relation to the corresponding peak on Fig. 4a, prob-

ably due to the presence of silver. In this way, the Ag addition seems to allow for a

greater stability of the ′β 1 phase. It is possible to observe in curve 4b that peak P5, at

about 510°C and corresponding to the β1→β transition from the remaining part of the

β1 phase, is now better defined, probably due to a greater amount of β1 phase avail-

able because of the decrease in the β1 phase decomposition reaction rate, caused by

the presence of the Ag-rich phase decomposition reaction in the same temperature

range. The exothermic peak P6, at about 530°C, may be associated to the precipitation

of the α phase remaining from the β1→(α+γ1) decomposition reaction [7]. The endo-
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Fig. 4 DTA curves obtained for quenched samples: a – Cu–10 mass%Al alloy;
b – Cu–10 mass%Al–4 mass%Ag alloy. Heating rate 10°C min–1



thermic peak P8, at about 610°C, is due to the dissolution of the remaining Ag. The re-

sults from the X-ray diffraction patterns showed in Fig. 6 indicated the presence of

the ′β 1 phase. It is known that alloys with less than 10.8 mass%Al must show the β′
type martensitic phase and that over this concentration the martensitic phase ob-

served is the ′β 1 [10]. It seems to indicate that the addition of 4 mass%Ag shifts the

equilibrium concentration to higher Al contents.

Figure 5 shows the optical micrographs obtained for quenched samples. In

Fig. 5a it is possible to observe that the initial structure of the Cu–10%Al–4%Ag al-

loy is different from the Cu–Al alloy martensitic structure [11], consisting of small

platelets instead of the acicular form showed by the Cu–Al alloys. With the increase

of the temperature, this structure seems to change to an acicular one, probable due to

a decomposition of the α2 phase and of the Ag dissolved on it (Fig. 5b). For higher

temperatures it is possible to observe the beginning of the perlitic (α+γ1) phase for-

mation (400°C, Fig. 5c), and the disordered α phase precipitation on the perlitic

phase (600°C, Fig. 5d). These results confirm what was proposed for the interpreta-

tion of the DTA curves in Fig. 4.

Figure 7 shows the DTA curves obtained on cooling for the Cu–10 mass%Al

(curve a) and Cu–10 mass%Al–4 mass%Ag (curve b) alloys, with a cooling rate of

2°C min–1 in the temperature range 800 to 200°C. Curve 7a shows only one exother-

mic peak, while in curve 7b it is possible to observe five thermal events. Peak P3, at

about 517°C in curve 7a and 498°C in curve 7b, is associated to the eutectoid reaction

β+(Cu)-α→ (Cu)-α +(α+γ1),

as expected from the Cu–Al equilibrium diagram [6].
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Fig. 5 Optical micrographs (500× ) obtained for the Cu–10 mass%Al–4 mass%Ag alloy
quenched from a – 850°C and then quenched from b – 300°C, c – 400°C, d – 600°C
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Fig. 6 X-ray diffraction patterns obtained for the Cu–10 mass%Al–4 mass%Ag alloy
quenched from a – 850°C and then quenched from b – 400°C, c –– 500°C and
d – 600°C

Fig. 7 DTA curves obtained on cooling for the Cu–10 mass%Al (curve a) and
Cu–10 mass%Al–4 mass%Ag (curve b) alloys. Cooling rate 2°C min–1



In curve 7b, P1, at about 730°C, is attributed to the Ag precipitation. Peak P2, at

about 600°C, is due to the β→ γ1 phase transformation from part of the β phase. P4, at

about 450°C, is related to the

β+(Cu)-α→β1+(Cu)-α

transition from the remaining part of the β phase. Peak P5, at about 280°C, is associ-

ated to the ordering of the α phase [12]. These transitions are according to those re-

ported for Cu–Al alloys with more than 10 mass%Al [3] and this is another evidence

that the addition of 4 mass%Ag to the Cu–10 mass%Al alloy shifts the equilibrium

concentration to higher Al content.

Conclusions

The results indicated that the presence of silver is responsible for new thermal events,

corresponding to the formation of a silver-rich phase, to the shift of the equilibrium

concentration to higher Al contents, to the increase in the stability range of the ′β 1

martensitic phase and to the decomposition of the silver-rich phase in the same tem-

perature interval where the β1 phase decomposition occurs.
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