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Microstructure and Strength of NiTi-Nb
Eutectic Braze Joining NiTi Wires
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NiTi wires were brazed together via liquid eutectic for-
mation between NiTi and Nb powders deposited at the
wire contact region. The brazed region shows proeu-
tectic NiTi(Nb) in contact with the wires, sandwiching a
NiTi-Nb eutectic structure, whose microhardness and
stiffness, as characterized via nanoindentation, are
higher than the NiTi wires, while also showing signs of
high ductility. NiTi-Nb eutectic bonding may thus be a
viable approach for producing shape-memory NiTi
scaffolds brazed from stacked, woven, or braided wires.
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NiTi alloys are widely used in the biomedical field
because of their excellent shape-memory effect and
superelasticity, low stiffness, and good biocom-
patibility.[1–3] Porous NiTi alloys further have excellent
potential for osseointegration, reducing stress concen-
trations at the bone/implant interface under load-
bearing conditions.[4,5] However, NiTi foams with ran-
dom pores exhibit lower strength, stiffness, and perme-
ability than NiTi with spatially ordered porosity or
channels. One example of the latter type of structures is
NiTi honeycombs with low density and good shape
memory developed toward biomedical applications.[6–8]

NiTi truss structures have also been fabricated in a
number of geometries by 3D additive manufacturing.[9]

An alternate method is to use wires to create 3D lattice
structures, as demonstrated by Kang et al. with various
helical metal wires (but not NiTi)[10–12] or by Fonda
et al. with woven flexible copper wires.[13] To achieve
high strength and stiffness in such woven, braided, or
assembled metal wire structures, it is necessary to bond
the wires at their contact points. This is achieved by
depositing brazing paste at each successive contact point

during the wire assembly process,[12] or by concentrating
solder powders at the wire junctions by dipping the
woven structure in a powder slurry.[13]

For NiTi, a particularly interesting braze is the NiTi-
Nb eutectic, as Nb is biocompatible, does not embrittle
NiTi nor decreases its shape-memory capability, except
for an increase in the shape-memory hysteresis.[14,15]

When pure NiTi and Nb are in contact with each other,
a quasi-binary liquid eutectic phase with composition
near Ni-36Ti-26Nb (at. pct) forms at 1453 K
(1180 �C).[6,7] Grummon et al. used Nb foils to bond
by this method NiTi foils into open-cell NiTi honey-
combs with shape-memory properties.[6] Bansiddhi and
Dunand used the liquid NiTi-Nb eutectic phase to bond
NiTi powders and create porous NiTi.[16,17]

In this paper, we demonstrate how the liquid NiTi-Nb
eutectic can be used to braze NiTi wires, rather than
NiTi powders or foils as in previous work.[6,16,17] The
mixture of NiTi powder and Nb powder is used here to
braze NiTi wires via an in situ reaction process, thus
opening the door to bonding of woven, braided, or
assembled NiTi wire structures. The microstructure,
micro-hardness, and stiffness of the eutectic phase are
reported, and the interface between the solid NiTi wires
and the solidified NiTi-Nb eutectic braze is examined.
Annealed commercial-gradeNiTi wires with a nominal

composition of 50.5 at. pct Ni and a diameter of 300 lm
were obtained from Xi’an Saite Metal Materials Devel-
opment (China). The wires were polished to remove
surface oxides and cut to length of 10 mm. An automatic
polishingmachine outfitted with sandpaper and polishing
clothwas used to remove surface oxides. Pre-alloyedNiTi
powders (44 to 63 lm, 48.6 at. pct Ni, Special Metals
Corp., NY) and pure Nb powders (99.8 pct purity, 1 to
5 lm,AlfaAesar,MA)were used, togetherwith polyvinyl
alcohol PVA (87 to 89 pct hydrolyzed, high molecular
weight, from Alfa Aesar, MA).
Five steps were carried out to bond the NiTi wires: (i)

blend 0.5 g NiTi and Nb powder (with weight ratio 1:1,
less than the weight ratio 1.6:1 for the eutectic phase)
and tumble for 2 hours; (ii) add the NiTi/Nb powder
blend and 0.04 g PVA to 0.6 mL H2O to create a slurry;
(iii) deposit slurry at contact area between two parallel,
partially overlapping NiTi wires using a syringe; (iv)
remove water and PVA by heating at 523 K (250 �C) for
1 hours in air; (v) melt the NiTi/Nb powders by heating
to 1453 K (1180 �C) (above the 1443 K (1170 �C)
eutectic temperature in the NiTi-Nb quasi-binary phase
diagram[6,18]) and maintain the liquid eutectic at that
temperature for 8 minutes to bond the wires in a high
vacuum (10�5 torr) furnace with pure titanium getters.
SEM observations were carried out using a Hitachi

SU8030 microscope at 15 kV. Nanoindentation ex-
periments were performed using a nanomechanical test
system with a Berkovich tip, which was controlled up to
a maximum load of 50 mN with a loading rate of
1.0 mN/s. Before the unloading step performed at a rate
of 1.0 mN/s, a 30 seconds dwelling time was applied at
the maximum load. The distance between individual
indents was programmed to be 15 lm. The Oliver-Pharr
method was used to calculate the nanohardness and
Young’s modulus of the indented material.[19]
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Figures 1(a) through (c) show SEM micrographs of
the as-polished surface of the brazed region between two
NiTi wires, where 10 mg NiTi/Nb powder mixture was
used. As demonstrated in Figure 1(a), the width of the
bonding layer between the wires is about ~50 lm. It
consists of a ~25 lm wide eutectic layer (EL) sand-
wiched by two layers of rounded proeutectic (or
primary) NiTi(Nb) phase (P) in contact with the NiTi

wires (W). Particles of an additional Nb-rich phase (N¢)
are also present at the interface between the wire (W)
and the proeutectic phase (P), as well as within the EL.
As shown in Figure 1(b), the eutectic Nb phase (N)
consists of fine rods, with submicron width, within a
NiTi matrix. Ti-rich particles are observed in the form of
discrete, facetted particles (F). Figure 1(c) shows surface
relief typical of martensitic transformation within the
proeutectic NiTi(Nb) phase (P), whose composition as
measured by EDS analysis (arrow in Figure 1(c)) is Ni-
43Ti-8Nb (at. pct). The presence of Nb in this phase is a
strong indication that these regions are proeutectic

Fig. 1—SEM micrographs of polished surface of the brazed region:
(a) Solidifed braze joining two NiTi wires (W) showing an EL and
proeutectic NiTi(Nb) phase (P) with Nb-rich particles (N¢); (b) Eu-
tectic consisting of Nb (N) rods (light color) within a NiTi matrix,
Ti-rich facetted particles (F), in contact with proeutectic NiTi(Nb)
phase (P) and Nb-rich particles (N¢); (c) interface between eutectic
with rod-like Nb phase (N) and proeutectic NiTi(Nb) phase (P).

Fig. 2—(a) SEM micrographs of polished brazed region showing eu-
tectic (E), proeutectic NiTi(Nb) phase (P), NiTi wire (W) and fa-
cetted Ti-rich particles (F); (b) Composition profile (arbitrary units),
measured over white line in (a) from proeutectic phase (P) to wire
(W).
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phases solidified onto the wire prior to eutectic solidifi-
cation, not part of the eroded NiTi wire or original NiTi
powders. Similar observations were made in References
6 and 7.

Figure 2 shows another SEM micrograph of the
brazed region between two NiTi wires. Nb concentra-
tion is high in the proeutectic NiTi(Nb) phase and near
zero in the wires, showing that solid-state diffusion of
Nb into the wires is very limited during the 8 minutes of
contact time between the liquid eutectic and the wires at
1453 K (1180 �C). The Ni content is constant along the
profile, showing that Nb replaces Ti upon solidification
of the proeutectic phase. As measured by EDS in the
circled region indicated by a black arrow in Figure 2(a),
the composition of the eutectic is Ni-39Ti-25Nb
(at. pct), close to the quasi-binary eutectic composition
of Ni-36Ti-26Nb (at. pct) reported in References 6 and
7.

Figure 3 shows the SEM images of nanoindents on
polished surface. Figure 3(a) indicates four nanoindents
in the EL and the proeutectic NiTi(Nb) phase. Ductile
behavior of the eutectic region can be inferred from the
smooth, crack-free indent in Figure 3(b). Lack of cracks
at the corners of the indent in Figure 3(c) also implies
ductile behavior in the proeutectic phase (P) and at the
interface between the proeutectic phase and the eutectic
region (E). Small fracture features are, however, visible
in Figure 3(c) at the bottom of the indent within the

proeutectic phase. As for the Nb-rich particle near the
proeutectic phase, several linear cracks appear on the
boundary of particle and rod-like eutectic phase and
extend to the particle, as indicated in the high magni-
fication in Figure 3(d). The ductile property varies from
the morphology in the eutectic region and rod-like
eutectic phase shows excellent ductile characterisation.
Figure 4(a) shows load/unload–displacement curves

for the indents in the bonding layer shown in Fig-
ure 3(a), which display a maximum depth of ~900 nm
for the indents (1) to (3) and <800 nm for indent (4).
Figure 4(b) shows the load/unload-displacement curves
for four indents created in the NiTi wire: the maximum
depth is close to 1000 nm, which indicates that the wires
are softer than the bonding layer.
Stabilized dynamic hardness values of the four indents

(1) to (4) in the bonding layer shown in Figure 4(a) are
3.9, 4.1, 4.0, and 5.5 GPa, respectively. The value of the
hardness is a clear evidence for the observation of
nanoindents in Figure 3 and Ti-rich particle shows
highest hardness in eutectic region. By contrasts, the
hardness values measured on the NiTi wire are 2.6, 3.0,
2.6, and 2.9 GPa, with an average of 2.8 GPa which is
significantly lower than the hardness of the bonding
layer (4.0 GPa, when averaging the first three measure-
ments).
The stabilized stiffness values for the four indents (1)

to (4) in the bonding layer are 67.5, 67.6, 68.4, and

Fig. 3—SEM micrographs of polished brazed region and NiTi wire with nanoindents. (a) Four indents (labeled 1 to 4) shown at low magnifica-
tion. (b) High magnification image of indent 1 in rod-like eutectic phase. (c) High magnification image of indent 3 in proeutectic NiTi(Nb) phase
(P) with one corner impinging on the interface with the rod-like eutectic (E). (d) High magnification image of indent 4 in Nb-rich particle and
rod-like eutectic phase.
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75.5 GPa, respectively, which are again higher than
those for the NiTi wire (62.6, 57.9, 58.1, and 57.2 GPa).
The latter values are close to the Young’s modulus
of 58 GPa reported for bulk NiTi along the h111i
direction.[20]

In summary, melting at 1453 K (1180 �C) of a blend
of NiTi and Nb powders placed between two NiTi wires
creates a bonding region consisting of proeutectic
NiTi(Nb) phase and NiTi-Nb eutectic. Nanoindentation
of the bonding region indicates high ductility, together
with hardness and stiffness that are higher than those of

the NiTi wires. This brazing method may thus be a
viable approach for bonding NiTi wires in assembled or
woven scaffolds with shape-memory properties.
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Fig. 4—Load–displacement plots during nanoindentation ex-
periments in (a) the bonding layer (numbers correspond to indents
shown in Fig. 3(a)), (b) a NiTi wire.
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