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A Modification of Nb-Rich Portion for Refractory ®

Check for

Nb—-Ni Alloy Phase Diagram with New Peritectoid

Transition

J.F. ZHAO, H.P. WANG, and B. WEI

The Nb-rich region of refractory Nb—Ni alloy phase diagram was refined by thermal analysis,
long-time annealing experiments, and electron probe microanalysis (EPMA). Both metallog-
raphy and EPMA results indicate that the Nb,Ni phase is a new stable intermetallic phase with
a stoichiometric composition. Thermal analyses show that the peritectoid transition of
(Nb) + NbyNig — Nb,Ni occurs at the temperature of 1569.7 K. In addition, the powder
XRD results suggest that the equilibrium lattice constants of Nb;Nig, Nb,Ni, and (Nb) phases

are a = 4957 Ajc =
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27.000 A, a = 11.594 A ,and a = 3.299 A, respectively.
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I. INTRODUCTION

THE refractory Nb—Ni binary alloy is particularly
interesting for developing the multi-component
Ni-based high-temperature superalloys. Many of pre-
cipitation strengthening phases containing Nb element
are present in these alloys, such as the Laves phase based
on the (Ni, Fe),(Nb, Ti) and the y” phase based on the
NbNi;." ! On the other hand, this alloy system is one of
the earliest binary amorphous alloy systems with the
highest glass-forming ability. In the Nb—Ni binary alloy,
the amorphous encountered in a wide composition
range of 30-70 at.pct of Nb by mechamcal alloyrng, and
the best glass former is NbsgNig, alloy.l % To predict
the phase equilibrium of multi-component superalloys
based on the constituent alloy systems and investigate
the crystallization kinetics of crystal phase from the
amorphous alloys, the accurate phase diagram and
thermodynamic properties of Nb—Ni binary system are
necessary.

To establish the stable phase diagram, several
researchers have investigated the phase equilibria of
Nb— N1 szfstem by experrment and thermodynamic mod-
eling.""" Grube er al!'" first studied the liquidus and
solidus of Ni-rich region of Nb—Ni binary system by
thermal analysis. Subsequent researches!'> "> showed an
excellent agreement with Grube et al ;" however, an
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adopted data in Ni-rich side were provided by Duerden
and Hume-Rothery.I'” Although the solldus tempera-
ture is larger than the data of Grube ez al.,''"! Pogodin
and Zelikman,!'? the data of Duerden and Hume Roth-
ery!" were preferred because the solidus temperature
was determined using the heating curve, avoiding the
undercooling }loroblems. Moreover, Duerden and
Hume-Rothery!'” extended the equilibrium phase dia-
gram to the entire composition range of Nb—Ni system.
Their data were consistent with other researchers,!'' !4
especially when the Nb content is less than 50 pct. For
the determination of liquidus temperature in the Nb-rich
region, Duerden and Hume-Rothery!'” used the optical
pyrometry method, and Wicker ez al'® employed the
thermal analysis and electron microprobe analysis. The
data of the former are higher about 200 °C than that
provided by latter. During the process of assessing the
equrhbrrum diagram of the Nb-Ni system, Nash and
Nash!'” chose the liquidus data of Wicker er all'®
However, according to the thermal analysis of NbgoNiyg
and NbgsNiss alloy, Chen er all! pomted out that the
Nb-rich 11qu1dus temperature provided by Duerden and
Hume-Rothery!"” is consistent with their measurement.
In order to further refine the Nb-Ni equilibrium
diagram, and resolve some drsputes of NigNb phase
and Nb-rich liquidus, Chen er a/!"® measured the
liquidus, solidus, and phase boundary in a wide com-
position range of 5-65 at.pct of Nb by thermal analysrs
and chemical analysis. The data of Chen e al.l"® were in
excellent agreement with earlier researchers,!'' 1% except
for Svechnikov!'¥ in some cases, which was ascribed to a
calibration problem. Since Chen er al!"¥ used high
purity pure metal, calibrated the temperatures, and
determined the phase transition temperature by heating
curve, their phase diagram has been accepted by other
researchers.
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According to the equilibrium phase diagram revised
by Chen ez al.,''8 the Nb—Ni binary system contains five
solid phases: terminal solid solution (Nb) and (Ni),
intermetallic compounds Nb,Nig, NbNi; and NbNig.
The extension solubility of each phase has been deter-
mined by several researchers using chemical analysis.
However, the extension of the homogeneity range of the
Nb,Nig phase at low temperatures needs additional
experimental investigations, because this phase is of
distinctly variable composition. Very recently, the pre-
sent authors®! reported a new thermodynamically
stable intermetallic compound Nb,Ni with crystallo-
graphic complex face-centered cubic structure, which is
generated from the peritectoid transition: (Nb) +
Nb;Nig — Nb,Ni, and the transformation temperature
is 1533 K. The atomic arrangement and stability of the
Nb,Ni phase were systematically investigated employing
high-resolution transmission electron microscopy anal-
ysis, theoretical density functional theory calculation,
and annealing experiments. Although the composition
range of Nb,Ni phase was roughly determined as
67.39-68.38 at.pct Nb, the homogeneity range of the
equilibrium Nb,Ni phase still needs to be further refined
by electron probe microanalysis (EPMA), especially in
the high-temperature section.

The aim of the present work is to determine the
transition temperature and the homogeneity range of
Nb,Ni phase in the Nb-rich region which has not been
well established yet. To this end, four decisive alloys in
the composition range of 60 to 80 at.pct Nb were
selected to perform annealing experiments at a series of
temperatures and times. Based on the experimental
results, the Nb-rich region phase diagram of refractory
Nb-Ni alloy system was established.

II. EXPERIMENTAL METHOD

The Nb-Ni master alloys were prepared from pure
Nb (99.95 pct) and Ni (99.995 pct) in the arc melting
furnace according to the alloy atomic compositions.
Before melting, the arc melting furnace was evacuated to
3 x 10* Pa and then backfilled with pure argon gas to
10° Pa. At the same time, a titanium getter was used to
prevent the oxidation of master alloys. The melting
process was repeated at least three times to ensure that
the sample of about 1.5 g is homogeneous. It is
confirmed that the weight losses were less than the
0.1 pct in the arc melting process.

To prevent the master alloys and Ti from reacting
with quartz ampoules, they were put into the alumina
crucible separately. Then, both alumina crucibles were
encapsulated in a quartz ampoule which was evacuated
and refilled with Ar gas for 9~10 times. The final
pressure backfilled Ar gas atmosphere inside the quartz
ampoule was determined from the ideal gas equation
and annealing temperature. The annealing experiments
were performed in a high-temperature furnace at differ-
ent temperatures for extended period of time: 1523 K
for 100 hours, 1423 K for 200 hours, 1273 K for
500 hours, and 773 K for 700 hours, and more details
are displayed in Table I. The Nb element content of
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water-quenched specimens was used to determine the
homogeneity range at high temperature. The equilib-
rium specimens were annealed at 1523 K for 100 hours
and cooled down with a cooling rate of 1 K/min in the
furnace.

The thermal analysis experiments were carried out
with a Netzsch DSC 404C differential scanning
calorimeter. The calorimeter temperature was calibrated
with the melting points of purity In, Sn, Zn, Al, Ag, Au,
and Ni elements. The phase transformation tempera-
tures were determined using the equilibrium specimens
with a heating and cooling rate of 5 K/min under an
argon atmosphere with a flow rate of 60 mL/min. For
determining the elements composition and homogeneity
range of phases, EPMA was carried out on a Shimadzu
EPMA-8050G, employed with wavelength dispersive
spectrometer, with an accelerating voltage of 15 kV and
a beam current of 20 nA. Some specimens were analyzed
by energy-dispersive X-ray spectroscopy (EDS) using a
Tescan Clara GMH scanning electron microscope
(SEM) equipped with an AztecOne system from
OXFORD. In order to determine phase constitutions
and lattice parameters, the powder X-ray diffractometer
(XRD) was completed on a PANanalytical X’pert MPD
Pro with Cu K, radiation, and the diffraction angle 20
ranges from 30 to 130 deg with an increasing rate of
4 deg/min.

III. RESULTS AND DISCUSSION
A. Metallography of Heat Treatment Samples

Our previous work demonstrated that the composi-
tion of the equilibrium Nb,Ni phase is closed to
66.67 at.pct Nb.2'! In order to accurately determine
the homogeneity range of the equilibrium Nb,Ni phase
in a wide temperature range, the annealing alloy
compositions must be distributed on both sides of
66.67 at.pct Nb. As a result, four decisive alloys of
Nb60Ni40, Nb66.67Ni33A337 Nb70Ni30, and NngNi20 Wwere
selected to perform the annealing experiments at a series
of temperatures and times, as listed in Table I. Figure 1
shows the microstructures of annealing specimens at
different heat treatment conditions. The experimental
results indicate the white dendrite is primary (Nb) phase,
the gray matrix is peritectic Nb;Nig phase, and black
region between (Nb) and Nb;Nig phases is Nb,Ni phase.
Since the Nb,Ni phase is complex intermetallic com-
pound, the different grain orientations will cause the
difference in image contrast. To clearly distinguish the
morphological characteristics of peritectoid transition, a
part of Nb,Ni phase is marked by arrows, as plotted in
Figure 1. Similar morphological characteristics are also
discovered in Nb;Nig grains, the matrix phase contains
slatted areas that are close to the image contrast of
Nb,Ni phase, which is caused by the different grain
orientations, as presented in Figures 1(b2), (c2), (d2).
According to the microstructures of Nb-Ni alloys
annealed at different conditions, it can be found that
the size of Nb,Ni phase in specimens annecaled at
1523 K is larger than 10 um and decreases with the
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Table I. Heat Treatment Temperature and Time for Different Alloy Compositions Using Two Methods

Heat Treatment Experiments Temperature (K) Time (h) Cooling Nb Content (at.pct)
I 1523 100 water-quenched 60/66.67/70/80
II 1423 300 water-quenched 60/66.67/70/80
I 1273 500 water-quenched 60/66.67/70/80
v 773 700 water-quenched 60/66.67/70/80
v 1523 100 1 K/min (equilibrium) 60/66.67/70/80

1273 K 1423 K 1523 K

Equilibrium

Nbﬁ()Ni40 Nb66.67Ni33.33

NbyoNisg

Nb80Ni20

Fig. 1—Microstructures of Nb-Ni alloys annealed at different conditions: (a/ through a4) 1523 K/100 h; (b! through b4) 1423 K/300 h; (c/
through ¢4) 1273 K/500 h; (dI through d4) equilibrium (Nb,Ni phase was marked by red arrows) (Color figure online).
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Fig. 2—Microstructures of annealing specimens at 773 K for 700 h: (a, b) Nbge 7Ni33.33 alloy; (¢, d) NbsoNis, alloy.

reduction of the annealing temperature. Although the
annealing time increases with the decrease of annealing
temperature, the size of Nb,Ni phase still reduces.
Specifically, when the Nb—Ni alloys specimens were
annealed at 1273 K for 500 hours, the maximum size of
NDb,Ni phase is smaller than 5 yum. The size of Nb,Ni
phase will further decrease when the specimens annealed
at 773 K for 700 hours. To clearly illustrate the mor-
phological  characteristics, Figure 2 shows the
microstructures of Nbgg 67Niz333 and NbyoNij, alloys.
According to the enlarged images Figures 2(b) and (d),
it can be explicitly seen that the Nb,Ni phase is located
at the interface of primary (Nb) phase and peritectic
Nb;Nig phase, which is a classical peritectoid transition
morphological characteristic. Additionally, the thick-
ness of Nb,Ni phase along with the reaction interface is
smaller than 1 um.

B. Equilibrium Lattice Constants

To investigate the lattice constants of Nb;Nig, Nb,Ni,
and (Nb) phases with different solidification conditions,
the powder XRD experiments were conducted for ingot
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and equilibrium samples, and corresponding results are
illustrated in Figure 3. It can be found that the positions
of diffraction peaks of Nb;Nigs phase within equilibrium
samples are larger than that of ingot samples, on the
contrary, the diffraction peaks of (Nb) phase will drift into
a low angle, which indicates that the lattice constants of
equilibrium Nb;Nig phase are smaller than that of ingot
samples, and the lattice constant of equilibrium (Nb)
phase is larger than that of ingot samples. It is worth
noting that there are characteristic diffraction peaks of
Nb,Ni phase in the XRD patterns of equilibrium samples,
and these characteristic diffraction peaks are marked by
blue arrows, as shown in the upper right corner of
Figures 3(a) through (d). However, the XRD patterns of
ingot samples do not contain characteristic diffraction
peaks of Nb,Ni phase, implying that the Nb,Ni phase
almost was not generated in ingot samples. According to
the XRD patterns, the lattice constants of these phases
were calculated by Rietveld method and are illustrated in
Table II. It can be found that the lattice constants of each
phase in ingot or equilibrium samples hardly change with
the alloy compositions. The lattice constants of Nb;Nig
phase within equilibrium samples are significantly smaller

METALLURGICAL AND MATERIALS TRANSACTIONS A
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Fig. 3—Powder X-ray diffraction patterns of Nb—Ni alloys solidified at different conditions: (@) NbgoNisg; () Nbegg 7Niz3.33; (¢) Nb7gNisg; (d)

NbgoNizo.
Table II. Lattice Constants of Nb,Nig, Nb,Ni, and (Nb)

Phases Within Nb—Ni Alloys Solidified at Different Conditions
Nb,Nig Nb,Ni  (Nb)
Alloys States oA /A cla oA 4A
NbgoNigg ingot 4.970 27.042 5441 — 3.294
equ. 4.960 27.008 5.445 11.593 3.299
Nb66'67Ni33_33 lngot 4970 27.049 5442 — 3.293
equ. 4.958 27.000 5.446 11.596 3.300
Nb7oNizg ingot 4.969 27.036 5440 — 3.292
equ. 4.953 26972 5.445 11.591 3.298
NbgoNiy ingot 4.969 27.075 5.448 — 3.291
equ. 4.955 27.021 5.454 11.595 3.299
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than that within ingot, and the lattice constants of
equilibrium (Nb) phase are larger than that of ingot
(Nb) phase. Owing to the fact that ingot samples solidified
under a constant cooling rate, the solidification
microstructures deviate from the equilibrium samples,
and the solubility of each phase in ingot samples is also
close to the solubility of the high temperature in the phase
diagram. As we all know, the element content will
influence the lattice constant. The Gold-schmidt atomic
radius of Niis 1.25 A which is smaller than 1.47 A of Nb
atom. The phase diagram of the Nb—Ni system indicates
that the solubility of Ni atom within (Nb) phase reduces
with the decreasing temperature and the solubility of Ni
atom within Nb;Nig phase increases with decreasing
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temperature. Therefore, the lattice constants of equilib-
rium Nb,Nig phase are smaller than that of ingot Nb;Nig
phase, and the lattice constant of (Nb) phase within
equilibrium samples is larger than that of (Nb) phase
within ingot samples. The average lattice constants of
Nb;Nie phase within ingot samples are a = 4.970 A/
¢ = 27.051 A, which are significantly smaller than the
TEMresultsa = 5.042 A/c = 27.437 A of the Nbs4Niyg
ingot sample by our previous work!'"” and the XRD result
a = 5086 AJc = 27.66 A by Kripyakevych and
Pylaeva.*?! The average lattice constants of equilibrium
Nb;Nig phase are a = 4.957 A/c = 27.000 A that coin-
cide with the XRD result a = 4.959 A/c = 26.999 A of
NbgoNig alloy reported by Joubert and Feutelais.** The
average lattice constant of equilibrium (Nb) phase is
a = 3.299 A. As the Ni atoms with a smaller radius
replace the Nb atoms on the lattice, the equilibrium lattice
constant of (Nb) phase is smaller than thea = 3.303 A of
pure Nb evaluated by Ito er al.** The equilibrium lattice
constant of Nb,Ni phase is @ = 11.594 A, which is
significantly smaller than the TEM result « = 11.888 A;
however, this value is slightly larger than the DFT result
a = 11.516 A of our previous work about the equilib-
rium Nb,Ni phase.l*!!

C. Phase Transitions and Phase Diagram

To confirm transition temperatures of the peritectic
reaction L + (Nb) — Nb;Nig and the peritectoid reaction
(Nb) + Nb;Nig — Nb,Ni, equilibrium samples were con-
ducted for thermal analysis with two heating—cooling cycles.
Transition temperatures were obtained using heating curves,
and Figure 4 displays the second heating curves of equilib-
rium samples and corresponding transition temperatures.
DSC measurement results show that the peritectic reaction
temperatureis 1577.8 K, whichisin good agreement with the

1577K
1570 K L

(b) NbsamNin.zz 1578 K
1570 1\ \

1577.8 K
1569.6K\~ \

(a) Nb,Ni,,

Heat Flow

(c) Nb_\Ni,/

. 1578.7K
(d) NbyNi,, 1560K Y
1500 1525 1550 1575 1600

T,K

Fig. 4—Thermal analysis curves of Nb—Ni alloys: (a) NbgoNiyg alloy;
(h) Nbgs 67Nis3 .33 alloy; (¢) NbyoNisg alloy; (d) NbgoNiy alloy.
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temperature of 1575 & 2 K measured by Chen et a/!"® This
value is higher than 1563 K reported by Wicker er al.'® and
1568 K given by Duerden and Hume-Rothery,!'” but
smaller than 1593 K measured by Svechnikov ez al!"® The
peritectoid reaction temperature is confirmed as 1569.7 K,
which is significantly larger than 1533 K of our previous
work about Nbs;Niye alloy.?" It is worth mentioning that
the peritectic temperature based on the heating curve of
NbsyNiyg alloy is also smaller than that of this work. The
peritectic reaction generally could not completely proceed,
and therefore, in addition to the peritectic Nb;Nig phase, the
final solidification microstructure of Nbs4Niyg alloy contains
the primary (Nb) phase and eutectic of Nb;Nig and NbNis
phase. During the heating process, the eutectic phase will
melt at 1453 K, and the liquid phase may reduce the energy
barriers of subsequent peritectoid and peritectic reactions,
which makes the reaction temperatures significantly smaller
than the actual values. Therefore, the peritectoid reaction
temperature should be confirmed as 1569.7 K.

To determine the homogeneity range of Nb,Ni phase
and refine phase boundaries of (Nb) and Nb;Nig phase,
the Nb contents of phases in heat treatment specimens
under different conditions were measured by EPMA and
EDS, and corresponding results are illustrated in Figure 5
and Table III. Figure 5 visually displays the elements
distribution of equilibrium Nbge67Niz333 Specimen.
Comparing with the Nb EDS mapping, the difference of
each phases can be easily distinguished from the Ni
element EDS mapping, especially the Nb,Ni phase.
Additionally, the overlay EDS mapping of Nb and Ni
can totally reveal the distribution of Nb,Ni phase
contained those regions which cannot be readily found
in Figure 5(a), as marked by cerulean blue circle in
Figure 5(d). As shown in Figures 1(cl) and (c4), when the
heat temperature is lower than 1273 K, the sizes of Nb,Ni
phase are smaller than 5 um. As a result, the EPMA data
of Nb,Ni phase are replaced by EDS data. While the
specimens annealed at 773 K for 700 hours, the Nb
contents of (Nb) phase and Nb;Nig phase still deviate
significantly from that in the equilibrium specimens.
Therefore, these data were not used to determine the
solubility range. The EPMA results demonstrate that the
Nb content of Nb;Nig phase decreases with the reduction
of temperature, and on the contrary, the Nb content of
(Nb) increases with the decreasing temperature. Although
the Nb content of Nb,Ni phase in NbgyNiyy alloy is
slightly lower than that in NbgoNi,q alloy, this difference
value can be neglected when the error of measurement is
considered. Therefore, the Nb,Ni phase has a constant
composition point, which is different from the Nb;Nig
phase with distinctly variable composition.

Based on the EPMA data, transition temperatures of
present work, and the literature data, the refined phase
diagram of Nb-rich region of Nb-Ni system was
established, as shown in Figure 6. As the peritectoid
transition temperature is close to the peritectic reaction
temperature, the peritectoid transition line is marked by
red to distinguish the peritectoid transition line and
peritectic reaction line, and an enlarged image is also
displayed in Figure 6(b). According to Figure 6(a), it
can be found that the Nb contents of Nb;Ni, phase are
consistent with the EPMA date measured by Chen
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(¢) Ni

(d) Nb+Ni

Fig. 5—EDS mapping of equilibrium Nbgg 67Ni33.33 specimen: (a) microstructures; (b) Nb EDS mapping image; (¢) Ni EDS mapping image; (d)
Nb + Ni EDS mapping image.

Table III. Nb Content (Atomic Percentage) of Three Phases Within Nb—Ni Alloys Annealed at Different Conditions Obtained by
EPMA and EDS (Unit of Heat Treatment is K/h)

Alloys Phase 1523 K/100 h 1423 K/300 h 1273 K/500 h 773 K/700 h Equilibrium
NbgoNisg (Nb) 96.54 + 0.42 96.65 & 0.22 96.94 =+ 0.30 95.44 + 0.34 96.68 =+ 0.20
Nb,Ni 66.06 + 0.37 66.11 % 0.49 64.57 + 1.11* — 66.09 + 0.32
Nb;Nig 56.16 + 0.20 56.14 + 0.46 55.70 + 0.33 57.36 + 0.51 56.31 + 0.25
Nbye 67Nizs.33* (Nb) 95.58 & 0.45 96.19 & 0.35 96.20 =+ 0.33 94.40 + 0.55 96.23 + 0.57
Nb,Ni 65.16 + 0.61 65.23 + 0.33 65.19 + 1.58 — 64.91 + 0.59
Nb,Nig 55.55 4 0.57 55.39 4+ 0.28 54.44 & 0.60 55.96 =+ 0.50 54.76 + 0.40
Nb-oNiso* (Nb) 96.11 =+ 0.65 96.16 + 0.54 96.23 + 0.45 94.84 + 0.35 94.71 + 0.82
Nb,Ni 65.21 +0.33 65.09 & 0.39 64.36 + 1.88 — 63.76 £ 0.35
Nb;Nig 55.63 + 0.37 55.39 + 0.67 54.75 + 0.61 56.40 + 0.52 53.93 + 0.59
NbgoNisg (Nb) 97.51 4+ 0.39 97.64 + 0.54 97.44 + 0.34 96.54 + 0.23 97.91 %+ 0.42
Nb,Ni 66.46 £ 0.32 66.19 + 2.81 65.80 £ 1.66* — 66.59 + 0.26
Nb,Nig 56.35 4 0.25 56.36 4+ 0.37 56.27 + 0.13 57.77 £ 0.35 56.08 + 0.42

*Data are obtained by EDS.
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Fig. 6—The refined phase diagram of Nb-rich region of Nb—Ni system («) and enlarged image (b).

et al."® Joubert and Feutelals'’!, and Muramatsu
et al® Duerden and Hume-Rothery!'” reported that
the maximum Nb content of Nb;Nig phase is
53.89 at.pct, which is obviously less than the measure-
ment value of other researchers.!!>!®:2% Therefore, their
data about the Nb content of Nb;Nig phase were not
considered when the boundary line of Nb,Nig phase was
determined. Although the Nb content of (Nb) phase at
1523 K is larger than the data obtained by Duerden and
Hume-Rothery,!'” the data at other temperatures are in
excellent agreement with the value reported by Svech-
nikov ez al.''¥ Duerden and Hume-RotherylS], and
Joubert and Feutelals.”! The EPMA data of Nb,Ni
phase at different temperatures visually indicate that the
Nb,Ni phase is a definite composition in the Nb—Ni
phase diagram. As a result, the composition range of
Nb,Ni phase in phase diagram was represented by a line
at the 66.67 at.pct Nb, as shown in Figure 6.

In summary, the Nb-rich region of refractory Nb—Ni
alloy phase diagram was refined combining annealing
and quenching techniques and thermal analysis. More
importantly, the part related to the new peritectoid
transition of Nb,Ni phase is added to the refined phase
diagram for the first time.

IV. CONCLUSIONS

The four representation Nb—Ni alloys with special
compositions of NbgoNigg, Nbgg ¢7Ni33.33, Nb7oNi3g, and
NbgoNiyy were selected to perform the annealing exper-
iments at a series of temperature and time. Both EPMA
and DSC techniques were used to determine the phase
compositions and transition temperatures. The long-time
annealing experiments confirm that the Nb,Ni phase is a
stable phase in refractory Nb—Ni binary system. The
EPMA results indicate that the compositions of Nb;Nig
and (Nb) phases agree well with the previous data
reported by other researchers. In particular, the EPMA
data secure that the Nb,Ni phase has a stoichiometric
composition within the Nb—Ni alloy phase diagram.
Additionally, the peritectoid transition temperature of
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(Nb) + NbyNig — Nb,Ni is determined as 1569.7 K by
DSC experiments. Based on the present work and the
literature data, the refined phase diagram of Nb-rich
region for refractory Nb—Ni alloy system is proposed.
Especially, the temperature of peritectoid transition and
the composition range are supplemented as a modifica-
tion. Finally, the powder XRD results indicate that the
average lattice constants of equilibrium Nb;Nig, Nb,Ni,
and (Nb) phases are a = 4.957 Aj/c = 27.000 A,
a = 11.594 A, and a = 3.299 A, respectively.
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