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Comments on the Thermodynamic Reassessments of the Ni- Zn System

G.P. Vassilev, University of Sofia

The first full thermodynamic assess-
ment of the Ni-Zn system has been
done by Vassilev [1992Vas]. In that
work all phases were treated as sub-
stitutional solid solutions, due to the
limitations imposed by the software.

Later, Vassilev et al. [2000Vas] per-
formed a thermodynamic optimiza-
tion of the Ni-Zn system using the
software package BINGSS. In latter
work, the liquid phase and the binary
Ni-based solid solutions were treated
as disordered substitutional phases.
For the intermediate compounds: �
(B2-type), �1 (AuCu-type), and � (�-
brass), having large homogeneity in-
tervals, models available in the litera-
ture for phases with substitutional
defects and vacancies were applied.
The �-phase (Ni2Zn15 [1932Hei] or
Ni3Zn22 [1935Tam], with supposed
narrow homogeneity interval) was
treated as stoichiometric compound
NiZn8.

For the equiatomic phases, satisfac-
tory optimizations were achieved
with both models—with and without
vacancies [2000Vas]. Nevertheless,
the first one was finally preferred due
to better fitting of the S-like shape of
the zinc chemical potential with in-
flection point around the equiatomic
concentration.

In a later optimization Su et al.
[2002Su], using the THERMOCALC
software package, applied models
without vacancies for �, �1, and �
phases, whereas �-phase was treated
as Ni2Zn15. They stated the reason for
not using models with vacancies was
“the percent vacancy concentration in
any metallic material at its melting
point is less than 10−3” [2002Su].

Such a statement seems to be some-
what simplifying for a complex prob-
lem. In fact, the presence of non-

negligible amounts of vacancies
(structural and thermal) is largely rec-
ognized and experimentally revealed
in many intermediate phases exhibit-
ing the above-mentioned structures
[1963Mel,1969Mal,1974Ana,1980Arn,
1981Pea, 1995Ans,2001Hil]. Espe-
cially, for the Ni-Zn compounds,
Anantatmula and Masson [1974Ana]
underlined the influence of the vacan-
cies on the thermodynamics of the Ni-
Zn �-phase.

Moreover, Vassilev et al. [2000Vas]
have not claimed developing new
models and have explicitly cited the
literature sources of the models used.

From the other side, one realizes that
the vacancy-containing models are
more complicated and are avoided,
usually, in the descriptions of ternary
phases. Undoubtedly, simpler ap-
proaches are more practical from the
viewpoint of the creation of thermo-
dynamic databases for multicompo-
nent systems, but one should be aware
that the negligence of the vacancies is
often a simplification.

Recently, the Ni-Zn system has been
reoptimized by Miettinen [2003Mie]
and by Jiang et al. [2005Jia] (both us-
ing THERMOCALC) to achieve ther-
modynamic descriptions of the Cu-
Ni-Zn system. Miettinen [2003Mie]
makes a graphical comparison be-
tween experimental data and the re-
sults of Vassilev et al. [2000Vas] and
Su et al. [2002Su] to justify his
choice.

In both reassessments (Miettinen
[2003Mie] Jiang et al. [2005Jia]) the
parameters derived by Vassilev et al.
[2000Vas] for the liquid and solid Ni-
based solutions as well for the
�-phase have been essentially incor-
porated.

Finally, it would be interesting to
make known that the version modi-
fied by Miettinen [2003Mie] has been
selected for the description of the
Ni-Zn system, in the thermodynamic
database, created in the frame of the
European concerted action for devel-
opment of lead-free solders COST
531.
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