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Thermodynamic Evaluation of Binary Alloy Phase Diagrams of
Small Particle Systems
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Binary phase diagrams of nano-particle alloy systems have been evaluated from the
information on the Gibbs energy and the surface tension of bulk systems. As the size of a
particle decreases, the melting point of pure component decreases and the liquid phase region
is enlarged in binary phase diagrams, in other words, the liquidus temperature decreases. In
addition, solid solutions in nano-particle systems have larger composition ranges than those in
bulk alloys. It is found from the above evaluation that the size dependence of a particle on
phase diagrams is remarkable when excess Gibbs energies have large positive values in solid

and liquid phases.
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Fig.1 Calculated results of phase diagrams in nano-particle systems on the basis of regular solution model.

Table 1 Data of physical properties.

Surface tension gjti9/Nmo1 Molar volume Viti9/m3 mol &1 TindK @i (Visud90 Vi o)V s
Cu 0Ocyti90 1.3030 0.00023(TO Titus)  Veu-iaO 7.94x 10°6{1.00 0.0001(T O Tifus)} 1356.15 0.0396
Pb  opptia0 0.4580 0.00013(TO Tifus)  VeptiaO 19.42x 1006 1.00 0.000124(TO Tifus)}  600.55 0.0381
Au 0a/t90 1.1690 0.00025(TO Tifus)  Vad-90 11.3x 1026{1.00 0.000069(T O Ti tus)} 1336.15 0.055
Si  0gtia0 0.8650 0.00013(TO Tifus)  VstiaO 11.1x 10°96{1.00 0.00014(T O Tius)} 1687.15 0 0.095
Reference: oitia, Vitid, T sus,36) a;i 3

Table 2 Data of thermodynamic properties.2®

Element Gibbs energy difference of pure components between liquid and solid phases/J mol©1

Cu AGc,-S0O 7995.40 32.127T0 6.527008T(1.00 InT)0 0.0037865T2/2 0 138909/(2T)

Pb AGpp-SO 260.90 58.02036T 0 11.89093T(1.000 InT)O 0.0184473T2/20 279073/(2T)0 3.2384x 1006T3/6
Au AGay-S0 12552.00 9.385866T

Si AGgtSO 50696.36 0 30.099439T 0 2.0931x 1002177 (298.150 T/K O 1687)

Data of excess Gibbs energy of liquid phase
GBulk.ExcessLia/Jmol 010 XaXg{LoO L1(Xa0 Xg)O L2(Xa O Xg)20 L3(XaO Xg)3} : RedlichO Kister type

Lo L1 Lo Ls
Cu-Pb 27190.20 4.21329T 2229.210 0.53584T 0 7029.20 6.48832T 0 7397.60 5.07992T
Au-Si [ 23863.90 16.23438T 0 20529.550 6.03958T [0 8170.50 4.2732T [J 33138.250 26.56665T
000000o0o0o0ooboOooOFigl(a)od)DoOoorns goooooooooooooboboOooooooooooa
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Fig.3 Relationship between Gibbs energy curve and
phase equilibria.
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Fig.4 Phase diagrams in nano-particle systems of Cu-Pb (a) and Au-Si (b) alloys.
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Fig.5 Activities and surface tensions of liquid Cu-Pb (a) (Expe.441)) and Au-Si (b) alloys.
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