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Ti–20Zr–20Cu–20Ni braze alloy
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Abstract

Great efforts have been made in brazing high-strength α–β titanium alloys below their beta-phase transformation temperature in order to
obtain optimized mechanical properties. The brazing temperature of the cold roll-bonded Ti–20Zr–20Cu–20Ni foil is roughly 70 °C lower than
that of Ti–15Cu–15Ni filler metal. Moreover, the detrimental Cu–Ni and Cu–Ni–Zr rich Ti phases can be greatly reduced or eliminated by
properly choosing the brazing thermal cycle. This research demonstrates the potential application of Ti–20Zr–20Cu–20Ni foil in brazing titanium
alloys.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Ti–6Al–4V and SP-700 are two-phase α–β titanium alloys,
which can be strengthened by proper thermal mechanical treat-
ments [1–3]. Ti–6Al–4V is the most widely used titanium alloy
that accounts for approximately 60% of the Ti usage worldwide.
SP-700 (4.5% Al, 3% V, 2% Fe and 2% Mo) is a β-rich, α–β
alloy developed particularly to yield a superfine microstructure
for superplastic forming capability at 700 °C [1].

Brazing of titanium and its alloys became an important
joining process during the past decade to meet the increasingly
demanding structural applications [4–6]. Titanium brazing for
elevated temperature services are frequently brazed with titani-
um-based filler metals of which Cu and Ni are added as melting
point depressants [4,7–9]. Ti–15Cu–15Ni and Ti–15Cu–25Ni
are commercially available Ti-based braze alloys. However, it is
preferred that the brazing temperature of α–β titanium alloys do
not exceed the beta transus temperature, which varies from 900
to 1040 °C to obtain the fine equiaxial duplex microstructure for
optimized mechanical properties [4,10].
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Brazing temperatures of Ti–Cu–Ni filler metals can be
lowered with the addition of Zr in Ti–Cu–Ni alloys. A cold
roll-bonding process is applied to combine Ti, Zr, Cu and Ni strip
into a layered composite that allows conventional cold rolling
process to produce the Ti–20Zr–20Cu–20Ni brazing foil studied
here [11]. Additionally, the cold roll-bonding process makes an
economic way to produce Ti–20Zr–20Cu–20SNi braze foils for
industrial usage.

2. Experimental

Ti–6Al–4V and SP-700 plates measured 10 mm×7 mm×
3 mm were prepared for the brazing experiments. Ti–20Zr–
20Cu–20Ni (in weight percent) foil, 50 μm thick was used as the
braze filler, which consisted of Ti, Zr, Cu and Ni layers in the as-
rolled condition [11]. Infrared brazingwas performed in a vacuum
of 5×10−5 mbar at 900, 930, 960 and 990 °C from 180 s to 3600 s
to study the microstructural evolution of infrared brazed joints.
Brazed specimens were sectioned and prepared by standard me-
tallographic procedure for the microstructure examination.

Shear test was performed using a Shimadzu AG-10 universal
testing machine at a constant crosshead speed of 0.5 mm/min
[10,12]. The fractured surface and cross section were examined
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Fig. 1. SEM BEIs and EPMA chemical analysis results in atomic percent of the infrared brazed specimens with various brazing conditions: (a) 900 °C for 180 s, (b)
930 °C for 300 s, (c) 990 °C for 300 s and (d) 900 °C for 1800 s.

Fig. 2. SEM BEIs of the infrared brazed specimens with various brazing conditions: (a,b) 900 °C for 600 s, (c) 900 °C, for 3600 s and (d) 990 °C for 3600 s.
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Table 1
Shear strengths of infrared brazed specimens with various brazing conditions

Temperature ( °C) Time (s) Average shear strength (MPa)

900 180 220
900 600 326
900 1800 352
900 3600 391
930 180 265
960 180 276
990 180 309
990 3600 483

(Substrate fracture)
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using a Hitachi 3500 H scanning electron microscope (SEM)
operated at an accelerating voltage of 15 kV. Quantitative
chemical analysis was performed using a JEOL JXA 8200
EPMA with a minimum spot size of 1 μm.

3. Results and discussion

Fig. 1 shows SEM BEIs (backscattered electron images) and EPMA
chemical analysis results in atomic percent of infrared brazed
specimens with various brazing conditions. The brazed joint consists
of three distinctive phases at lower magnifications: (1) Ti-rich phase
with low Cu, Ni, Zr contents (marked by A, D and E), (2) Cu–Ni rich Ti
phase (marked by B), and (3) Cu–Ni–Zr rich Ti phase (marked by C).
The bright white Cu–Ni–Zr rich Ti phase in the backscattered electron
image resulted from the high content of Zr in the phase. It is also
important to note that the amount of both Cu–Ni and Cu–Ni–Zr rich Ti
phases is decreased with increasing brazing temperature and/or time.
The width of Cu–Ni–Zr rich Ti phase is decreased below 5 μm for the
specimen infrared brazed at 900 °C for 1800 s (Fig. 1(d)).

Fig. 2 illustrates SEM BEIs from specimens with longer brazing
time. Cu–Ni and Cu–Ni–Zr rich Ti phases completely disappeared for
specimen infrared brazed at 900 and 990 °C for 3600 s, respectively.
Fig. 3. SEM BEIs displaying the cross section of brazed joints after shear test: (a) 90
3600 s.
The microstructural evolution of brazed joint using Ti–20Zr–20Cu–
20Ni alloy is similar to that in the studies of Ti–Cu–Ni fillers [13,14].
Cu–Ni and Cu–Ni–Zr rich Ti phases can be completely eliminated
from the brazed joint when high brazing temperatures and/or longer
brazing time are applied.

According to binary Cu–Ti and Ni–Ti phase diagrams, the solubility
of Cu and Ni in the β-Ti is much greater than that in the α-Ti and a
significant amount of Cu andNi can be absorbed during brazing [15]. Zr
is completely miscible with Ti [15]. The diffusion of Cu, Ni and Zr into
both Ti alloy substrates is expected and driven by the concentration
gradients of these elements in the brazed joint. Accordingly, the
disappearance of Cu–Ni–(Zr)–Ti phases in the brazed joint is rate-
controlled by diffusion of Cu, Ni and Zr in the Ti substrates. The
homogenization of Cu, Ni, Ti and Zr in the brazed joints and the effect of
interdiffusion on the substrate microstructure are shown in Figs. 1 and 2.

It was reported that the amount of Cu–Ni rich Ti phase strongly
related to the strength of brazed joint [14]. The effect of Cu–Ni and
Cu–Ni–Zr rich Ti phases on braze joint strength of Ti–Zr–Cu–Ni filler
is evaluated in this experiment to identify if there is any similarity. Table 1
lists the average shear strength of infrared brazed specimens with various
brazing conditions. The specimen infrared brazed at 900 °C for 180 s has
the lowest shear strength of 220 MPa but increases almost doubled to
391 MPa when brazing time was increased to 3600 s. The specimen
infrared brazed at 990 °C for 3600 s has the highest shear strength of
483 MPa, and the fracture propagated in the substrate instead of through
the brazed joint.

Fig. 3 shows the cross sections of brazed joints with various brazing
conditions after shear test. The fracture path propagated through the
brazed joint is observed for the specimen infrared brazed at 900 °C for
180 s and 1800 s (Fig. 3(a,b)). The fracture path changed from the brazed
joint to substrate for specimen infrared brazed at 990 °C for 3600 s (Fig. 3
(d)), which also has the highest shear strength of 483 MPa. The shear
strength measurements and the fracture behaviors suggest that the
presence of Cu–Ni and Cu–Ni–Zr rich Ti phases in the brazed joint is
detrimental and they should be avoided in order to obtain a robust joint.
0 °C for 180 s, (b) 900 °C for 1800 s, (c) 900 °C for 3600 s and (d) 990 °C for



Fig. 4. SEM fractographs of infrared brazed specimens after shear tests: (a) 900 °C for 180 s, (b) 900 °C for 600 s, (c) 900 °C for 3600 s and (d) 990 °C for 3600 s.
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Fig. 4 shows SEM fractographs of infrared brazed specimens with
different brazing conditions after shear tests. Quasi-cleavage fracture is
widely observed in specimens with lower brazing temperature and shorter
brazing time, e.g. 900 °C for 180 s and 600 s (Fig. 4(a,b)). The brittle nature
of these fracture surfaces is likely due to the presence of Cu–Ni and Cu–
Ni–Zr rich Ti phases in the brazed joint. In contrast, ductile dimple rupture
fracture is found in specimen with higher brazing temperature and longer
brazing time, e.g. 990 °C for 3600 s (Fig. 4(d)). The dimple dominated
fracture is usually preferred to the quasi-cleavage fracture in structural
applications. It is highly recommended that Cu–Ni and Cu–Ni–Zr rich Ti
phases should be minimized in the brazed joint in order to avoid brittle
failure.

4. Conclusion

Infrared brazed Ti–6Al–4V and SP-700 alloys using the Ti–
20Zr–20Cu–20Ni foil has been evaluated. The brazed joint
consists of at least three distinctive phases, a Ti-rich phase alloyed
with low Cu, Ni, Zr contents, a Cu–Ni rich Ti phase and a Cu–Ni–
Zr richTi phase. The amount of both theCu–Ni rich andCu–Ni–Zr
rich Ti phases is decreased with increasing the brazing temperature
and/or time, and they are almost disappeared for the specimen
infrared brazed at 900 °C for 3600 s. Quasi-cleavage fracture on the
brazed joint is widely observed for the specimenwith lower brazing
temperature and time, e.g. 900 °C for 180 s and 600 s, due to the
existence of Cu–Ni and Cu–Ni–Zr rich Ti phases in the brazed
joint. In contrast, ductile dimple dominated fracture of the substrate
is observed for the specimen with higher brazing temperature and
time, e.g. 990 °C for 3600 s, and it demonstrates the highest shear
strength of 483MPa. The presence ofCu–Ni andCu–Ni–Zr richTi
phases are detrimental to the infrared brazed joint, and it is highly
recommended that Cu–Ni and Cu–Ni–Zr rich Ti phases be
avoided in order to avoid brittle failure of the joint.
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