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Abstract

The effect of tin content in the equilibrium phases of the Cu–Zn-based alloys, within the range of chemical compositions with interest
to brass producers is described. For this purpose, ternary alloys with copper contents between 55.4 and 67.5 wt.% and tin contents up to
5.30 wt.% have been studied. The chemical composition of each alloy has been determined by X-ray fluorescence spectrometry (XRF).
Isothermal homogenization, followed by rapid cooling, has been employed to determine the equilibrium phases at different temperatures.
The homogenized alloys have been observed by scanning electron microscopy and the respective chemical analysis of the phases determined
by electron probe microanalysis (EPMA). The statistical analysis of the obtained results enable to correlate the chemical composition of
equilibrium phases with temperature. The chemical composition of the three-phase field, for the studied temperatures, has also been determined.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Tin is one of the common elements present in the com-
position of brasses (up to 1 wt.% in cast brasses)[1–3]. Al-
though its presence improves the mechanical properties[4,5]
and the corrosion resistance, namely dezincification resis-
tance, of brasses[2,5–8] its content should be selected as
function of the requested properties because it promotes hot
tearing in cast brasses[9–12].

According to Guillet, who first studied the influence of
tin in brasses (1905), and most recently other researchers
[13], the solubility of tin in�- and�-phases, of the Cu–Zn
system, is a function of zinc content. High tin contents are
responsible for an eutectoid structure with the formation
of a hard phase,�1, similar to �-phase of bronzes, as a
consequence of the reaction� ↔ � + �1 [1,3,14–17].

Isothermal sections of the phase diagram Cu–Sn–Zn
have been constructed by several authors, but only Hudson
and Jones[3], Bauer and Hansen[18] and Yamaguchi and
Nakaruma[13] studied the alloys in the area of commercial
brasses. Hudson et al. have drawn the isothermal section at
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425◦C and presented the phase relationships at this tem-
perature[3]. However, this isothermal section contradicted
in some details with the phase rule[13]. Bauer and Hansen
determined seven isothermal sections, using thermal anal-
ysis and metallographic techniques, in the compositions
range of 50–70 wt.% Cu and 0–7 wt.% Sn, from 800 to
400◦C, and established the boundaries for the three-phase
field � + � + �1 at 500, 450 and 400◦C [18].

Yamaguchi and Nakamura[13] presented the isothermal
sections for the range 0–40 wt.% Sn and 0–50 wt.% Zn at
600 and 550◦C, the results being in accordance with Bauer
and Hansen[18]. In the present work, the equilibrium phases
and its chemical compositions have been determined for cop-
per contents between 55.4 and 67.5 wt.% and tin contents
up to 5.30 wt.%. The chemical compositions of the obtained
equilibrium phases, at different temperatures, have been de-
termined by EPMA.

2. Experimental procedure

Several Cu–Zn alloys have been prepared by melting high
purity copper and zinc (≥99.9% purity) in a medium fre-
quency induction furnace (3000 Hz) and then were remelted
for the addition of Sn in different contents. The cast alloys,
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Table 1
Chemical compositions of the alloys produced in this work (wt.%)

Alloy no. %Cu %Zn %Sn

1 59.6 40.5 <0.02
2 59.4 40.3 0.4
3 59.3 39.9 0.8
4 59.3 39.5 1.2
5 67.5 32.5 <0.02
6 67.2 32.3 0.6
7 67.0 32.1 0.9
8 66.7 31.9 1.4
9 66.7 31.5 1.8

10 65.1 34.9 0.05
11 64.9 34.5 0.6
12 64.8 34.2 1.0
13 64.8 33.9 1.3
14 61.2 38.8 <0.02
15 61.2 38.5 0.3
16 61.1 38.4 0.5
17 61.0 38.2 0.8
18 55.5 44.4 0.02
19 56.6 39.6 3.8
20 55.4 39.3 5.3

all poured into a steel mould, presented a copper content in
the range of 55.4–67.5 wt.% and up to 5.30 wt.% of Sn. After
the determination of their chemical composition, by X-ray
fluorescence spectrometry (XRF), and the observation in op-
tical microscope, specimens of each alloy were cut and ho-
mogenized at different temperatures, 750, 650, 550, 450 and
350◦C in a heat treatment furnace. To measure the temper-
ature, a type K thermocouple, with an accuracy of±1.5◦C
was used. The samples were first heated up to 830◦C and
then slowly cooled (2◦C min−1) to the homogenization tem-
perature. In order to assure fully homogenization, the sam-
ples were submitted to a stage of 24 h after which they were
rapidly quenched in a solution of salted water, with 50 g/l
NaCl, and ice at∼0◦C.

After the homogenization experiments, the alloys were
observed in a scanning electron microscope (SEM), JEOL
JSM35C, and the chemical composition of the phases
present in the microstructure determined by electron probe
microanalysis (EPMA), CAMECA SX50.

3. Results and discussion

The chemical compositions of the alloys produced in this
work, determined by XRF spectrometry, are presented in
Table 1.

Accuracy of the determinations were±0.4% for copper
and zinc and 0.02% for tin. No detectable amounts of other
elements were found.

Besides the fact that the chemical compositions of the cast
alloys corresponds to the range of brasses with commercial
interest, it is clear from optical microscopy, that there are
great differences in microstructure of the alloys. Hence, as a
function of the chemical composition, the microstructure of

Table 2
Expressions, in the form of(%Sn) = A + B × (%Zn), determined by
regression analysis indicating the chemical composition of the�-phase
in the two-phase field(� + �) at different homogenization temperatures

Temperature (◦C) A B r2 Equation no.

750 8.15 −0.22 0.64 (1)
650 11.77 −0.32 0.93 (2)
550 13.07 −0.347 0.88 (3)
450 6.65 −0.17 0.51 (4)
350 2.27 −0.06 0.34 (5)

the as-cast alloys produced in this work might consist only
of the�-phase in dendritic form (Fig. 1(f)), the� + � phases
(Fig. 1(c) and (d)), equiaxial grains of�-phase (Fig. 1(a)) and
� + �1 or� + �1 (Fig. 1(e) and (b)), respectively. When the
�1-phase is present in the microstructure of the as-cast al-
loys, it is preferentially located at the grain boundary and/or
at the interdendritic space (Fig. 1(b) and (e)).

For alloys with different tin contents, the homogenization
experiments at different temperatures allowed the evaluation
of the influence of the temperature on the equilibrium phases
and their chemical compositions.

Employing a regression analysis technique, it has been
possible to estimate several relationships that express the
chemical composition of the equilibrium phases at differ-
ent homogenization temperatures, for the two-phase field
(� + �), as presented inFig. 3. These relationships, pre-
sented inTable 2 for the �-phase and inTable 3 for the
�-phase, are expressed in the form of(%Sn) = A + B ×
(%Zn). The respective correlation coefficients (r2) and the
uncertainty levels corresponding to each expression are also
presented.

The presence of the�1-phase has been detected at 550◦C,
in equilibrium with �- or �-phases, for the alloys no. 8,
9 and 20. Three phases in mutual equilibrium have been
detected at 450◦C only for alloys no. 19 and 20 and at
350◦C for alloys no. 3, 4, 16, 17, 19 and 20.Fig. 2illustrates
the � + �1 and � + � + �1 equilibrium for alloy no. 20
after homogenization at 550◦C (Fig. 2(a)) and at 450◦C
(Fig. 2(b)). Table 4presents the chemical composition of
the three-phase field at 450◦C, for this alloy.

A multivariant regression analysis allowed the determi-
nation of the influence of the temperature on the chemical
composition of the equilibrium phases in the three-phase
field.

Table 3
Expressions, in the form of(%Sn) = A + B × (%Zn), determined by
regression analysis indicating the chemical composition of the�-phase
in the two-phase field (� + �) at different homogenization temperatures

Temperature (◦C) A B r2 Equation no.

750 26.55 −0.65 0.95 (6)
650 29.56 −0.70 0.98 (7)
550 32.26 −0.74 0.99 (8)
450 29.44 −0.65 0.97 (9)
350 31.11 −0.69 0.90 (10)
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Fig. 1. Microstructure of as-cast alloys with different Cu/Zn ratios and Sn contents (100×).

Table 4
Chemical compositions of equilibrium phases in the three-phase field do-
main, determined by EPMA, after homogenization experiments at 450◦C,
for alloy no. 20

%Cu %Zn %Sn

� 62.4 (±0.3) 37.1 (±0.3) 0.54 (±0.00)
� 56.4 (±0.1) 41.0 (±0.1) 2.61 (±0.01)
�1 51.3 (±0.4) 36.6 (±0.3) 12.13 (±0.09)

The measured chemical composition of the�1-phase, for
different alloys and in the range of temperatures between
450 and 350◦C, was almost constant (Sn= 11.84 wt.%
(±1.03) and Zn= 37.0 wt.% (±1.5)). No correlation has
been determined between the chemical composition of this
phase and the temperature. This evidence is not in accor-
dance with the results obtained in previous works[13,18],
which presents different values for the chemical composi-
tion of the�1-phase and its variation with temperature.

Although the tin content of the�-phase slightly decreases
with the decreasing temperature (%Sn= 1.12 × 10−3T
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Fig. 2. Equilibrium phases for the alloy no. 20 after homogenization at 550◦C (a) and 450◦C (b)—1, �1; 2, �; 3, �.

(±0.21)), which is in accordance with the literature, the same
conclusion is not accomplished for the zinc content of this
phase[18]. For that reason, the zinc content of the� vertice
of the three-phase field has been considered constant and
equal to the average content (%Zn= 36.8 (±0.7)).

Concerning the chemical composition of the�-phase, in
the three-phase field, it strongly changes with temperature,
both in tin (%Sn= −1.67(±0.45)+9.38±10−3T ) and zinc
(%Zn = 52.1(±0.6) − 2.44× 10−2T ) contents. However,
the solubility values of Sn and Zn in the�-phase are not in
accordance with those presented in the literature.

Fig. 3(a) compares the results obtained in this research,
concerning the three-phase field, with those obtained in pre-

Fig. 3. (a) Isothermal section at 450◦C proposed by Bauer and Hansen
(dashed line)[18] and points calculated by statistical treatment of the
results obtained in homogenization experiments (solid line); (b) isothermal
section at 350◦C calculated by statistical treatment of the results obtained
in homogenization experiments.

vious investigations for 450◦C andFig. 3(b) presents the
same field for 350◦C which was previously unknown.

In previous studies the existence of a three-phase was re-
ported to extend up to 550◦C. In the chemical compositions
range studied in this work, these results could not be con-
firmed: no three-phase range was observed by us at 500◦C.

4. Conclusions

The results obtained in this work enabled the establish-
ment of several relationships that indicated the effect of the
tin content of brasses on the chemical composition of the
equilibrium�-, �- and�1-phases, at different temperatures.
The results show that the chemical composition of the equi-
librium phases in the three-phase field, at 450◦C, are dif-
ferent from those proposed in other published works and a
new phase field region was established for the� + � + �1
phases at this temperature. The Sn solubility in the�1-phase
obtained in this work is higher than the values proposed in
the literature. This could be explained by the use of a more
accurate technique to determine the chemical composition
of equilibrium phases at different temperatures. The range of
temperatures covered in this research allowed also the deter-
mination of equilibrium data for the temperature of 350◦C,
which was previously unknown. At 550◦C no three-phase
field was found.
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