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Order-disorder Transition of Binary Alloys

— Evaluation of Entropy for Interstitial Alloys by Model —
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The order-discorder transition of binary interstitial alloys has been reviewed for the IVA
transition metals (titaniuim, zirconium and hafniuim)-oxygen solid solutions. The order-disorder
transition models for binary interstitial alloys are lacking, compared to binary substitutional al-
loys as described in the previous paper. The experimental entropy changes due to the order-dis-
order transition for binary interstitial alloy are compared to the theoretical values calculated by
using statistical thermodynamics. In this paper, heat capacity anomaly in non-equilibrium state
observed below the order-disorder transition temperature has been also reviewed.
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Fig. 18 Physical properties of TiOy alloys.
(@) magnetic susceptibility
Az Ehrlich, O: quickly cooled, Wasilewski
@: slowly cooled, Wasilewski
(b) Hall coefficient
[J: Kornilov er al.
(c) thermoelectric power [J: Kornilov et al.
(d) electrical resistance []: Kornilov et al.
A Wasilewski,
O: quickly cooled, Hirabayashi er al.
[ B slowly cooled, Hirabayashi et al.
(e) micro-hardness [J: Kornilov er al.
A: quickly cooled, Dubertret et al.

A: slowly cooled, Dubertret er al.
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Fig. 19 Physical properties of ZrO, alloys.
(a) thermoelectric power
[J: Kornilov et al.
(b) electrical resistance
[J: Kornilov et al.
A: Gebhardt et al..
V: quikly cooled, Giam et al.
O: Hirabayashi et al.
(c) micro-hardness
A quickly cooled, Dubertret er al.
A : slowly cooled, Dubertret er al.
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Fig.20 Physical properties of HfOx.

Fig. 21 Oxygen sub-lattice of Ti-O solid solution.

Oxygen atoms exist only on the X plane in the
completely ordered state. Ei, E; and Ej; are
three kinds of the interaction energies between

the nearest neighbor oxygen atoms.
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Fig.22 Temperature dependence of the long-range or-
der parameters S; and Sy of TiOps32. Open and
full circles correspond to the observed values
of S; and Su, respectively. The broken curves
are the calculated results of the independent
treatment for the inter-and intra- plane disor-
dering.
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imens annealed at 250-350 C.
A TiOng, B : TiOg.24, C : TiOg27.
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Fig.24 Composition dependence of the transformation
energy (a) and entropy () , determined from
the heat absorption curves.
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Fig. 25 Phase diagram of the Ti-O solid solution, de-
termined from the numerical calculation. Bro-
ken lines correspond to the critical-temperature
curves. Tcy, Tcz : Bragg-Williams model
T'ci : Calculated value from the minimum con-
dition of free energy by computer.
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Fig.26 Transformation entropy- composition curves.
Solid line shows the theoretical curve for the
intra-plane disordering, and dotted line for the
sum of the intra- and inter-plane disordering.
Open?® and full?® circles are the experimental
data.
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Fig.27 Transformation energy-composition curves. Sol-
id and dotted lines are the energy U; and U:
for the intra- and inter-plane disordering, re-
spectively. Open circles are the experimental
data.
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entropy (B) of Zr-O solid solution.

Fig.31 Ordered crystal structures of (a) ZrOiz+x, (b)
ZrOy3—» and (c) ZrOy;s. Metal atoms are omit-
ted.
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