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Fe-Nb-Ni (Iron-Niobium-Nickel)

V. Raghavan

The binary compound Ni;Nb forms a low energy inter-
face with Ni and is an effective strengthener of the Ni-based
high temperature alloys. The previous review of this system
by [1992Rag] presented a tentative isothermal section at
1000 °C from the work of [1989Sav]. Recently, [2001Tak]
constructed an isothermal section at 1200 °C for the Nb-
poor region.

Binary Systems

The Fe-Nb phase diagram [20020ka] depicts two inter-
mediate phases Fe,Nb (&) and Fe,Nb, (). The former is a
Laves phase of the C14 type. Its homogeneity range is
smaller than what was shown in the earlier reports. The w
phase has the D85, Fe,W-type structure. The Fe-Ni phase
diagram [1991Swa] is characterized by a very narrow so-
lidification range, with a peritectic reaction at 1514 °C be-
tween body-centered cubic (bcc) 8 and liquid that yields the
Fe-based face-centered cubic (fcc) solid solution. A con-
tinuous solution denoted vy between fcc Fe and Ni is stable
over a wide range of temperature. At 517 °C, an ordered
phase FeNi; forms congruently from vy. The Nb-Ni phase
diagram [19980ka] has two intermediate phases: Ni;Nb ()
and NigNb; (w). NizNb is orthorhombic with the BCu,Ti-
type DO, structure. The w phase has the D85, Fe,W-type
structure.

Ternary Isothermal Section

Using high-purity metals, [2001Tak] arc melted about
ten alloys, which were given a final anneal at 1200 °C for
240 h. The phase equilibria were studied by scanning and
transmission electron microscopy, electron probe micro-
analysis, and x-ray powder diffraction. The isothermal sec-
tion constructed by them at 1200 °C is redrawn in Fig. 1 to
agree with the accepted binary data. A ternary phase T is
present at this temperature at the composition Fe-22Nb-

58Ni (at.%). It has a hexagonal structure (hP24), with the
stacking sequence of abcbcb. A small liquid field is present
around the composition Fe-20Nb-55Ni. Ni;Nb dissolves up
to ~10 at.% Fe, whereas the Laves phase Fe,Nb dissolves
up to ~44 at.% Ni. Tie-lines were determined by [2001Tak]
between vy and Ni;Nb and between Ni;Nb and the solid
solution based on Fe,Nb as shown in Fig. 1. The phase
equilibria in the Ni-rich corner of Ni-Nb-M (M: Fe, Co, Al,
Ti) were examined by [1997Uey].
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Fig. 1 Fe-Nb-Ni isothermal section at 1200 °C [2001Tak]
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