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Cu–Al–Zn System: Calculation of thermodynamic properties 
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Lidija Gomidželović1, Ivan Mihajlović2, Ana Kostov1, Dragana Živković2 
1Mining and Metallurgy Institute Bor, Bor, Serbia 
2University of Belgrade, Technical Faculty in Bor, Bor, Serbia 

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 xCu/xZn 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). 

 

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, f123, is related to 
the Redlich–Kister ternary interaction parameter [32], 
so it can be written in the form: 

f123 = x1
0L123 + x2

1L123 + x3
2L123  (4) 

with a temperature dependence taken as:  
vL123 = aν + bνT, (ν = 0,1,2,...) (5) 

where vLijk are the Redlich-Kister parameters for the 
ternary system ijk; and xi is the mole fraction of com-
ponent i. 

In all given equations, ΔGE and ΔGE
ij correspond to 

the integral molar excess Gibbs energies for ternary 
and binary systems, respectively, while x1, x2 and x3 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. 

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

Table 1. Redlich–Kister parameters for constitutive binary systems 

System ij Lo
ij / K L1

ij / K L2
ij / K L3

ij / 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 0 
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Partial thermodynamic quantities of copper, alu-
minum, and zinc are calculated according to the equa-
tions: 

( )( )E E E1 lni i i iG G x G x RT γ= + − ∂ ∂ =  (6) 

and 

i i ia x γ=  (7) 

The calculated integral molar Gibbs excess energies, 
ΔGE, and activities of the investigated system Cu–Al–Zn, 
along selected sections and at given temperatures, are 
presented in Figures 4–6. All thermodynamic properties 
calculated in this work are related to the liquid phase. 

Calculation of thermodynamic properties for ter-
nary system Cu-Al-Zn was performed using the general 

 

 

 
Figure 4. Results of thermodynamic calculation according to GSM in temperature range 1373–2173 K for cross-sections from copper 
corner: a) ΔGE for section Al:Zn = 1:3; b) copper activity for section Al:Zn = 1:3; c) ΔGE for section Al:Zn = 1:1; d) copper activity for 
section Al:Zn = 1:1; e) ΔGE for section Al:Zn = 3:1; f) copper activity for section Al:Zn = 3:1.
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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 

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 xAl = 0.8, and 

 

 

 
Figure 5. Results of thermodynamic calculation according to GSM in temperature range 1373–2173 K for cross-sections from 
aluminum corner: a) ΔGE for section Cu:Zn = 1:3; b) aluminum activity for section Cu:Zn = 1:3; c) ΔGE for section Cu:Zn = 1:1; 
d) aluminum activity for section Cu:Zn = 1:1; e) ΔGE for section Cu:Zn = 3:1; f) aluminum activity for section Cu:Zn = 3:1. 
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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 f123 were calculated 
using Eq. (3), in the temperature range 1373–2173 K, 

 

 

 
Figure 6. Results of thermodynamic calculation according to GSM in temperature range 1373–2173 K for cross-sections from zinc 
corner: a) ΔGE for section Cu:Al = 1:3; b) zinc activity for section Cu:Al = 1:3; c) ΔGE for section Cu:Al = 1:1; d) zinc activity for section 
Cu:Al = 1:1; e) ΔGE for section Cu:Al = 3:1; f) zinc activity for section Cul:Al = 3:1. 



L. GOMIDŽELOVIĆ et al.: THERMODYNAMIC PROPERTIES OF Cu–Al–Zn SYSTEM Hem. ind. 67 (1) 157–164 (2013) 

162 

and the obtained values were then used to determine 
the of ternary interaction parameters Lνijk, according to 
Eqs. (4) and (5). The process of fitting was performed 
using the MLAB program [37] and the results are pre-
sented in Table 2. 

 
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]. 

Although the common way to obtain the ternary 
interaction parameters is the optimization based on 
the experimental data from literature, it could be also 
done using the estimation method, without applying 
experimental data [38,39]. 

CONCLUSION 

Calculation of thermodynamic properties of the Cu–
–Al–Zn system has been done using the general solu-
tion model. Redlich-Kister ternary interaction parame-
ters were obtained for investigated system in the tem-
perature interval from 1373 to 2173 K. Presented 
thermodynamic data for the Cu–Al–Zn alloys could be 
useful for the further assessment of this system and its 
phase diagram as well as for completing thermodyna-
mic description of these alloys. 
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IZVOD 

Cu–Al–Zn SISTEM: PRORAČUN TERMODINAMIČKIH OSOBINA U TEČNOM STANJU 

Lidija Gomidželović1, Ivan Mihajlović2, Ana Kostov1, Dragana Živković2 

1Institut za rudarstvo i metalurgiju Bor, Bor, Srbija 
2Univerzitet u Beogradu, Tehnički fakultet u Boru, Bor, Srbija 

(Naučni rad) 

U radu su predstavljeni rezultati termodinamičke analize ternarnog Cu–Al–Zn 
sistema, koji pripada grupi materijala na bazi bakra sposobnih da pamte oblik. 
Opšti model rastvora je iskorišćen za proračun termodinamičkih veličina 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. Takođe, 
primećeno je da vrednosti aktivnosti bakra pokazuju izraženo negativno odstu-
panje od Raultـovog zakona za sve ispitivane preseke, dok aktivnost aluminijuma
negativno odstupa od Raultـovog zakona do xAl = 0,8, nakon čega vrednosti pre-
laze u područje pozitivnog odstupanja. Aktivnost cinka pokazuje pozitivno odstu-
panje od Raultـovog zakona za sve ispitivane preseke, ali sa porastom sadržaja
bakra odstupanje se smanjuje na osnovu čega se može zaključiti da porast sadr-
žaja cinka u leguri negativno utiče na mešljivost. Takođe, na osnovu dobijenih re-
zultata, pomoću programa MLAB izračunati su ternarni interakcioni parametri.

  Ključne reči: Cu–Al–Zn • Opšti model 
rastvora • MLAB • Ternarni interakcioni 
parametri 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


