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Analysis and Control of Interface Reactions by

the Use of Chemical Potential Diagrams

Hideaki Inaba

(199746 B 16 H<H)

The method to analyze and control the interface reactions which involve multi-component

reactions and diffusions has been described. Chemical potential diagrams have been used to

analyze the interface reactions. The chemical potential diagrams are constructed using the data

of Gibbs energy of formation of the compounds involved in the interface reactions. The reaction

paths and the diffusion behavior of the interface reactions have been reasonably explained by

a simple model assuming a local equilibrium at the interfaces, which predicts that the reaction

path should be represented by lines in the chemical potential diagrams. Various examples of
the interface reactions of FeO/Cr, Cu>O/Ni, TiAl/ALLOs, TiAVTIO; and Ti/Al;O,, and the oxidation
reactions of TiAl and a stainless steel have been presented and analyzed using the model. The

method to predict and control the interface reactions using the chemical potential diagrams is

also presented.
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Fig.2 Three dimensional chemical potential diagram
of Fe-Cr-O system at 1473 K. The estimated
reaction path for the interface reaction of
Cr/FeQ'o
coexisting condition of Fes0s, Cr03 and FeCra04

is shown as broken lines. The

phases is shown as A.
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Fig.3 Two dimensional chemical potential diagram of

Fe-Cr-O system at 1473 K, where the vertical
axis is taken as the difference of chemical
potential between Cr and Fe. The estimated
reaction path for the interface reaction of

Cr/FeQto' is shown as broken lines.
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Fig.5 The chemical potential diagram of Cu-Ni-O
system at 1273 K and the estimated reaction
path on the chemical potential diagram for the
interface reaction between Cu20 and Ni with
and without doping of NiO in CuO.1*!4" Broken
lines (1)

lines (2)

show the undoped case and chain

show the doped case.
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at 1373 K for 144h for the diffusion couple of
TiAVAL,03.19 The phases shown in the figures
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Fig.7 Chemical potential diagram of Ti-Al-O system

taking into consideration of TiAl{O) and TisAl
(O) phases at 1273 K. The estimated reaction
path for the interface reaction of TiAl/TiO; is
shown by (3) and oxidation reactions of TiAl
(Ti-42 at % Al and Ti-36.3 at % Al) are shown
by (1) and (2), respectively. The estimated
reaction path for the interface reaction of
TiAVALO3! at 1273K (no reaction occurs) is
shown by (4).
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Fig.8 The chemical potential diagram of Ti-Al-O

system at 1373 K and the estimated reaction
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are shown by (1), (2) and (3) respectively.
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Fig.9 EPMA profiles of Ti, Al and O after the reaction

at 1273 K for 96h for the diffusion couple of
TiAl/TiO.. The phases shown in the figures

represent inferred ones.
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Fig.10 Depth profile of Auger spectroscopy of
constituent elements after oxidation of a stainless
steel at 700K in air according to Shibagaki

et al.26
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Fig.11 Chemical potential diagram of Fe-Ni-O system
at 700 K. The estimated reaction path is indicated
by solid lines according to Shibagaki er al.26
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Fig.12 Chemical potential diagram of Fe-Cr-O system
at 700 K. The estimated reaction path is indicated
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