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Abstract

We present the results of thermodynamic analysis of Cu—Al-Zn ternary system, which
belongs to a group of copper-based shape memory materials. A general solution model
was used for calculation of thermodynamic properties in the temperature interval from
1373 to 2173 K, in sections from Cu, Al and Zn corner, respectively, with following ratios of
1:3, 1:1 and 3:1. Additionally, based on the obtained results, ternary interaction para-
meters were determined using Mathematical Modeling System (MLAB).
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Alloys belonging to ternary Cu—Al-Zn system are
interesting to researchers because their field of appli-
cation is growing. These materials, mostly used like Cu-
based shape memory materials [1-4], have also found
application in catalysis [5-7], electronics [8] and pro-
duction of metal matrix composites [9]. Research stu-
dies have mainly been focused on different aspects of
martensitic transformation [10-16] and shape memory
effect [17-20] in Cu—Al-Zn alloys. Corrosion behavior
[21], microstructure and mechanical properties of Cu—
—Al-Zn alloys have also been investigated [22—-25]. The
phase diagram of Cu—Al-Zn system, due to technical
importance, had been investigated in a number of
studies and many reviews of experimental data have
been conducted. A detailed review of this data was pre-
sented by Liang and Chang [26]. However, a serious
lack of thermodynamic data on this system is noti-
ceable in the literature. Using the electromotive force
method, Sebkova and Kubicek [27] measured activities
of Al in Zn-rich liquid alloys at 700, 750, and 800 °C, and
their results showed a positive deviation from ideal
behavior. Using the isopiestic method, Sugino and Hagi-
wara [28] measured the activities of Zn in Cu-rich liquid
alloys at 1100 and 1150 °C. Their data show positive
deviation for Zn in Cu-rich liquid alloys. Van et al. [29]
determined thermodynamic properties of ternary Al-
—Cu—Zn alloys containing 25 to 62 at.% Al by electro-
motive force method, between 420 and 920 °C. From
EMF values, activities of Al for three quasi-binary sec-
tions (xcu/Xzn = 7/3, 1, and 3/7) at 850 °C were deter-
mined, and negative deviation from ideal behavior,
more pronounced at high xc./xz, ratios, was observed.
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Based on the descriptions of its three constituent
binaries and ternary experimental data available in the
literature, Liang and Chang [26] developed a thermo-
dynamic description of the Al-Cu—Zn system (Figure 1).

X(LIQ,2ZN)

Figure 1. Calculated liquidus projection [26].

Within computational phase studies of quaternary
Al-Cu-Mg-Zn system, Seifert et al. [30] calculated iso-
thermal section at 673 K for Cu-Al-Zn system (Figure 2).

A thermodynamic description of the Cu—Al-Zn in
the copper-rich corner was also done by Miettinen
[31]. The objective of this work is to complement the
knowledge of the thermodynamic properties of Cu—Al-
—Zn ternary system, due to a noticeable lack of them in
the literature.

THEORETICAL FUNDAMENTALS

There are many methods for the calculation of
thermodynamic properties of ternary systems based on
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information about constitutive binary systems. Chou’s
general solution model (GSM) [32] has been proven to
be the most reasonable one in all aspects among avail-
able geometrical models. This model breaks down
boundaries between symmetrical and asymmetrical
systems and generalizes various kinds of situations, but
also completely excludes any human interference in
the calculation process. Precision of this model has al-
ready been proved theoretically and the accuracy of
calculation has also been shown in some practical
examples [33]. Therefore, this model is utilized for cal-
culating the thermodynamic properties of Cu—Al-Zn
ternary system. The basic equations of the general so-
lution model are given as follows:
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Figure 2. Calculated isothermal section at 673 K [27].

The ternary interaction coefficient, fi,3, is related to
the Redlich—Kister ternary interaction parameter [32],
so it can be written in the form:

Table 1. Redlich—Kister parameters for constitutive binary systems

fia= X10L123 + X21L123 + X32L123 (4)
with a temperature dependence taken as:
‘Liz=a"+b'T, (v=0,1,2,...) (5)

where "L,-,-k are the Redlich-Kister parameters for the
ternary system ijk; and x; is the mole fraction of com-
ponent i.

In all given equations, AG" and AGE,-,- correspond to
the integral molar excess Gibbs energies for ternary
and binary systems, respectively, while x;, x, and x5 cor-
respond to the mole fraction of components in inves-
tigated ternary system.

Basic thermodynamic data on the constituent bi-
nary subsystems Al-Cu, Cu—Zn and Al-Zn, needed for
calculation of thermodynamic properties in the investi-
gated Cu—Al-Zn system, were taken from references
[34-36].

RESULTS AND DISCUSSION

For the purpose of further calculation, basic ther-
modynamic information on the constitutive subsystems
in the Cu—Al-Zn system was taken from references [34—
—35], and presented in the form of Redlich—Kister para-
meters in Table 1.

Ternary Cu—Al-Zn system has been investigated in 9
sections (Figure 3). Sections were taken from Cu, Al and
Zn corner, respectively, with ratios 1:3, 1:1 and 3:1, and
with molar content of 0-0.9 for the third component.

Al

0.25 0.75

0.75 0.25

Cll 0.25 0.5 0.75 7n

Figure 3. Schematic diagram of the investigated
concentration regions in ternary system Cu—Al-Zn.

System ij L% /K LY/ K L%/ K /K
Al—Cu [34] —67094+8.555T 32148-7.118T 5915-5.889T —8175+6.049T
Cu-Zn [35] —40695.54+12.65269T 4402.72-6.55425T 7818.1-3.25416T 0

Al-Zn [36] 10465.55-3.39259T 0 0
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Partial thermodynamic quantities of copper, alu-
minum, and zinc are calculated according to the equa-

The calculated integral molar Gibbs excess energies,
AGE, and activities of the investigated system Cu—Al-Zn,

tions: along selected sections and at given temperatures, are
GiE —GE +(1—X,)(BGE/8X,.)=RTIny,. (6) presented !n Flgures 4-6. All thermodynar.nlc_propertles
calculated in this work are related to the liquid phase.
and Calculation of thermodynamic properties for ter-
_ 7 nary system Cu-Al-Zn was performed using the general
a; =X; (7)
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Figure 4. Results of thermodynamic calculation according to GSM in temperature range 1373-2173 K for cross-sections from copper
corner: a) AGE for section Al:Zn = 1:3; b) copper activity for section Al:Zn = 1:3; c) AGE for section Al:Zn = 1:1; d) copper activity for
section Al:Zn = 1:1; e) AGE for section Al:Zn = 3:1; f) copper activity for section Al:Zn = 3:1.
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Figure 5. Results of thermodynamic calculation according to GSM in temperature range 1373-2173 K for cross-sections from
aluminum corner: a) AG® for section Cu:Zn = 1:3; b) aluminum activity for section Cu:Zn = 1:3; c) AGE for section Cu:Zn = 1:1;

d) aluminum activity for section Cu:Zn = 1:1; e) AGE for section Cu:Zn = 3:1; f) aluminum activity for section Cu:Zn = 3:1.

solution model. The values for excess integral Gibbs
energy of investigated sections from the corner of alu-
minum and zinc were negative, with minimum values
up to —15 kJ/mol, while for the investigated section
from the corner of copper Gibbs energy was between 3
and —15 kJ/mol. Also, it was noticed that the value of

160

copper activities show pronounced negative deviation
from Rault’s law for all investigated sections.

For aluminum activity, variable character of devi-
ation from Rault’s law is characteristic for all investi-
gated sections, deviation is negative up to x5 = 0.8, and
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Figure 6. Results of thermodynamic calculation according to GSM in temperature range 1373-2173 K for cross-sections from zinc
corner: a) AGF for section Cu:Al = 1:3; b) zinc activity for section Cu:Al = 1:3; c¢) AGE for section Cu:Al = 1:1; d) zinc activity for section
Cu:Al=1:1;e) AGE for section Cu:Al = 3:1; f) zinc activity for section Cul:Al = 3:1.

for section Cu:Zn = 1:3 values of aluminum activities
are near to ideal solution.

Zinc activity shows a positive deviation from the
Rault’s law for all three investigated sections, but it can
be noticed that with increase of copper contents in al-
loy, this derivation is decreasing, and for section Cu:Al =
= 3:1 zinc activities are near ideal conditions. From this

it can be concluded that zinc content increase in the
alloy reduces the miscibility of alloy components.

Additionally, aluminum activity values at T = 1123 K
were calculated and compared with available literature
data [29] (Figure 7). Data obtained analytically and
experimentally show good agreement.

Ternary interaction coefficients f;,3 were calculated
using Eqg. (3), in the temperature range 1373-2173 K,
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and the obtained values were then used to determine
the of ternary interaction parameters L"j, according to
Egs. (4) and (5). The process of fitting was performed
using the MLAB program [37] and the results are pre-
sented in Table 2.

1 X
X
08
06 4 X GSM
- X
S 04 0° ©
: oX — |deal
02 %
X
O x G; T T T
0 02 04 06 08 1
XAl

Figure 7. Dependence of aluminum activities from composi-
tion (at T = 1123 K, for section Cu:Zn = 1:1), calculated accord-
ing to GSM and compared with literature data [29].
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1ZVvOD

Cu—Al-Zn SISTEM: PRORACUN TERMODINAMICKIH OSOBINA U TECNOM STANJU

Lidija Gomidieloviél, Ivan Mihajloviéz, Ana Kostovl, Dragana Zivkovié?

!Institut za rudarstvo i metalurgiju Bor, Bor, Srbija
Univerzitet u Beogradu, Tehnicki fakultet u Boru, Bor, Srbija

(Naucni rad)

U radu su predstavljeni rezultati termodinamicke analize ternarnog Cu—Al-Zn
sistema, koji pripada grupi materijala na bazi bakra sposobnih da pamte oblik.
Opsti model rastvora je iskoris¢en za proracun termodinamickih veli¢ina u pre-
secima iz ugla bakra, aluminijuma i cinka sa molskim odnosom druge dve kompo-
nente jednakim 1:3, 1:1 i 3:1 u temperaturnom intervalu od 1373 do 2173 K.
Vrednosti integralne dopunske Gibsove energije za preseke iz ugla aluminijuma i
cinka su negativne sa minimalnim vrednostima do —15 kJ/mol, dok se kod preseka
iz ugla bakra Gibsova energija nalazi u granicama od 3 do —15 kJ/mol. Takode,
primeceno je da vrednosti aktivnosti bakra pokazuju izrazeno negativno odstu-
panje od Rault-ovog zakona za sve ispitivane preseke, dok aktivnost aluminijuma
negativno odstupa od Rault-ovog zakona do x, = 0,8, nakon Cega vrednosti pre-
laze u podrucje pozitivnog odstupanja. Aktivnost cinka pokazuje pozitivnho odstu-
panje od Rault-ovog zakona za sve ispitivane preseke, ali sa porastom sadrzaja
bakra odstupanje se smanjuje na osnovu Cega se moze zakljuciti da porast sadr-
Zaja cinka u leguri negativno uti¢e na mesljivost. Takode, na osnovu dobijenih re-
zultata, pomodu programa MLAB izracunati su ternarni interakcioni parametri.
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