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Abstract: (Tig46Cuo.14Z1027Nio13)-xSi (x=0, 0.5, 1, 2, wt%) amorphous filler metal was prepared by arc melting and fast-cooling

melt-spinning techniques, and the effect of a certain amount of Si added to the filler metal on its amorphous forming ability was

studied. The results show that the filler metal has the strongest amorphous forming ability when the content of Si reaches 0.5%; its

wetting area is 3.06 cm?, its supercooled liquid phase region width AT,=56 °C, its reduced glass transition temperature T:s=0.5387,

and its liquidus temperature (77) is 949 °C. The vacuum brazing was done for SiC and TC4 using this amorphous alloy as the filler

metal, and the shear strength of brazed joint is 80 MPa. The amorphous forming ability of filler metal is improved with addition of Si

to the filler metal.
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Brazing is an important method for materials welding
and joining, and the brazing filler metal plays a crucial role
in the brazing process. Researchers develop many kinds of
filler metals to satisfy the requirements for the brazing of
different materials. Ti alloy as a filler metal is widely used
in aviation and aerospace. The study of Ti-based brazing
filler metal is always a hot topic in the material field in the
brazing as an important joining method. B. Komolafe, S.
Pang and F. Ji et al. performed plenty of studies on Ti-based
filler metals!'™].

H. S. Ren, D. Fan, A. Kocjan, and X. Yue conducted the
brazing for Ti-based alloy materials using the Ti-Cu-Zr-Ni
filler metal, finding the poor wettability between filler
metal and base metal™™”. W. Yu et al’®. completed the
brazing of Ti alloy using Ti-Cu-Zr-Ni amorphous filler
metal obtained by the fast-cooling way. They found the
amorphous filler metal could improve the wettability of
filler metal, and possesses the advantages that common
brazing filler metals do not have. Moreover, it could
improve the mechanical properties of brazed joint.
However, it is found through studies that Ti-Cu-Zr-Ni
amorphous filler metal has strict requirements for its
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preparation conditions and technological parameters. In
addition, this amorphous filler metal has weak amorphous
forming ability. It is always a hot issue discussed by
researchers how to improve its amorphous forming ability.
P. H. Tsai, J. A. Reyes-Retana, and T. Wang et al. prepared
amorphous alloy by adding a certain amount of Si to other
alloy systems, and the results showed the amorphous
forming ability of the alloy is improved with the addition
of Sit”'!.

J. S. Zou et al. realized the brazing of Si;N, using
Tig.40Z1925Nig15Cu92 amorphous filler metal'?, but the
poor wettability and intensity occurred between filler metal
and ceramics in the side of Si;N,. Y. Jing and D. Fan et al.
found that the addition of a proper amount of Ti and Zr
could effectively improve the wettability and intensity of
brazed joint!'* ', So, the Ti-based brazing filler metal used
in this experiment was Tiy4Cug 14Z1027Nig 13, and it was
added with Si to improve its amorphous forming ability. By
this way, the effect of Si on microstructure and
performances of Tig4sCug 14Z1r927Nig 13 filler metal was
studied.

1 Experiment
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The filler metal for this experiment was prepared by arc
melting and fast-cooling melt-spinning. At first, all
experiment substances were melted together by arc melting,
and they were blended evenly by the arc melting four times.
Before the arc melting, the oxidation film on the surface of
the substances should be removed first, and then they were
cleaned two or three times with acetone and ethanol. The
vacuum degree came to 5107 Pa in the process of melting.
The fast-cooling melt-spinning was completed in the high
vacuum single-roll melt-spun furnace, and the alloy foil
was cut into strips. (Tig46Cug 14Z1027Nig13)-xSi (Wt%) is
used to represent the prepared amorphous filler metal,
where, x stands for the mass fraction of additive Si;
(Tig.46Cuq 1421 27Ni 13)-xSi (Wt%) can be written as TA-xSi
(wt%) for short; x=0wt%, 0.5wt%, 1wt% and 2wt% in the
experiment. The filler metal strip was tested by X-ray
diffraction (XRD) and differential scanning calorimetry
(DSC) after it was polished. The DSC test was done in
highly-purified nitrogen (N,) at a flow rate of 300 mL-min™'
and a temperature rising speed of 10 °C'min”". Both SiC and
TC4 were brazed at 1030 °C for 20 min using TA-xSi(x=0%,
0.5%, 1%, 2%) amorphous brazing filler metal; the
temperature rising speed was 10 °C-min”', and the vacuum
degree was not lower than 5x10” Pa in the brazing process.
The brazed position was cooled with furnace temperature
after the heat keeping ended. As the filler metal was
Ti-based alloy, the wettability of filler metal was tested
only for SiC in this experiment. The SiC should be
polished before the test, and then was cleaned with
acetone and alcohol ultrasonically. The filler metal foil
was cut into a small square piece; the square piece was
folded on SiC and put into the brazing furnace. The test
for the wettability of filler metal was done in the condition
consistent with the brazing heating curves, and the
spreading area of the filler metal on SiC was figured out
by the plotting paper.

2 Results and Discussion

2.1 Composition

Fig.1 shows the XRD patterns of TA-xSi (x=0%, 0.5%,
1%, 2%) brazing filler metal. It is known from the figure
that the three filler metals TA-0.5%Si, TA-1.0%Si and
TA-2.0%Si are featured by the typical XRD patterns of
amorphous alloy; a wide diffraction peak with a weak
intensity occurs at a diffraction angle of 40° or so, while no
sharp and high-intensity crystal diffraction peak occurs at
other diffraction angles. Such a broad diffraction peak
corresponding to crystalline phase, called non-Bragg
scattering in X-ray diffraction, doesn’t comply with the
Bragg equation. That is to say, the atoms in this crystal
microstructure are arranged in disorder, indicating
TA-0.5%Si, TA-1.0%Si and TA-2%Si are typical
amorphous brazing filler metals. The XRD patterns of
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Fig.1 XRD patterns of the TA-xSi (x=0%, 0.5%, 1%, 2%)
filler metal

TA-0%S:i filler metal without Si addition present several sharp
peaks of high intensity. It is found by calibrating XRD pattern
diffraction peak of TA-0%Si that the crystalline phases are
CugZr;, CuygZrs, Cus Zryy and NiZr,. According to the XRD
patterns, the brazing filler metal added with Si can
significantly improve its amorphous forming ability.

The microstructure morphology of TA-xSi (x=0%, 0.5%, 1%,
2%) filler metal at low magnification is shown in Fig.2. It is
known from the figure that the crystalline with a diameter of 1
um is dissolved out in the dark grey base of TA-0%Si, and the
crystalline is dissolved out in the dark grey base of TA-2%Si,
but there is no significant crystalline precipitated phase for
TA-0.5%Si and TA-1%Si, and both filler metals present a
typical non-feature state of amorphous alloy, without such
lattice defects as crystal boundary and dislocation.

Fig.3 shows the DSC curves of crystallization process of
TA-xSi (x=0%, 0.5%, 1%, 2%) tested in nitrogen (N,). It is
seen from the DSC test curves that four samples of DSC
curves present similar features. After the glass transformation
occurs in samples, a wide transition zone exits with further
heating, followed by a significant crystallization exothermic
peak. The TA-0%Si filler metal contains a great many
crystalline textures based on its XRD analyses.

2.2 Melting characteristics

Fig.4 shows DSC melting curves of TA-xSi (x=0%, 0.5%,
1%, 2%) at a heating rate of 10 K-min™, and Table 1 shows
the thermodynamic parameters of TA-xSi (x=0%, 0.5%, 1%,
2%). It is found the TA-0.5%Si has the maximum width
(AT,) of supercooled liquid phase region, and TA-0%Si has
the minimum width; the difference between them is 22 °C.
The wider supercooled phase region indicates the bigger
solid-liquid interface energy of the alloy system, so that the
nucleation and growth of the alloy system are restrained,
and the alloy has a bigger amorphous forming ability. In
addition, TA-0.5%Si has the maximum reduced glass
transition temperature (7,,), and TA-0%Si has the minimum
one; the difference between them is 8.7%.
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Fig.2 Microstructures of TA-xSi filler metal at low magnification: (a) x=0%, (b) x=0.5%, (c¢) x=1%, and (d) x=2%
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Fig.3 DSC curves of TA-xSi filler metal during crystallization process: (a) x=0%, (b) x=0.5%, (c¢) x=1%, and (d) x=2%

2.3 Wettability of filler metal

The wettability of filler metal is one of important criteria
to judge the brazing performances of filler metal. As for
brazing filler metal, its good wetting with base metal is a
key to decide the quality of brazing filler metal!”!. The
wettability of filler metal can be measured by the spreading
test of filler metal. The spreading test should be done on
SiC ceramics before the brazing test. The test results for the

spreading area of TA-xSi (x=0%, 0.5%, 1%, 2%) filler metal
are shown in Fig.5. The filler metal with a Si content of
0.5% has the maximum spreading area. On the one hand,
the filler metal foil with a Si content of 0.5% has the
highest amorphous lowest liquidus
temperature. It contains uniform components, and its
spreading area is naturally higher than that of the filler
metal without additive Si. On the other hand, too high Si

degree and the
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content can increase can viscosity and lower the fluidity of
molten filler metal. When 0.5% Si is added, the filler metal
presents the strongest wetting spread capacity; the wetting
spread capacity decreases gradually with the continuous
increase of Si content.
2.4 Mechanical properties

In the condition of the same brazing technique, the
shear test was done for soldered joint, and the shear

strengths from high to low were TA-0.5%Si, TA-1.0%Si,
TA-0%Si and TA-2.0%Si of 80 MPa, 65 MPa, 56 MPa and
37 MPa, respectively. The TC4/TA-0.5%Si/SiC joint has
the maximum shear strength, 116% higher than the
minimum shear strength of TC4/TA-2.0%Si/SiC; the
TC4/TA-0.5%Si/SiC joint with additive Si has a shear
intensity, 43% higher than that of TC4/TA-0%Si/SiC joint
without additive Si.
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Fig.4 DSC curves of TA-xSi filler metal during melting process: (a) x=0%, (b) x=0.5%, (c) x=1%, and (d) x=2%
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Fig.5 Spreading area of the filler metal

Table 1 Thermodynamic parameters of TA-xSi filler metal
xwt% TJ/C TJC TW/C T/C ATJTC Tt
0 304 338 673 962 34 04517
0.5 341 397 633 949 56 0.5387
1 345 393 656 956 48  0.5259
2 351 396 668 962 45  0.5254

3 Conclusions

1) The amorphous forming ability of filler metal can be
improved with an appropriate amount of Si added to TA-xSi
(x=0%, 0.5%, 1%, 2%) filler metal. The filler metal
presents the strongest amorphous forming ability when
0.5% Si is added to the filler metal.

2) The filler metal has the maximum supercooled phase
region width AT, .,,=56 °C, the reduced glass transition
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temperature 7, ma=0.5387, and the lowest liquidus temperature Non-Crystalline Solids[J], 2010, 356(50-51): 2769

(7)) of 949 °C when 0.5% Si is added to the filler metal. 7 Yue X J, Xie Z H, Jing Y J. Applied Physics A[J], 2017,
3) At the brazing temperature of 1030 °C, the shear intensity 123(7): 471

of the soldered joint reaches 80 MPa when the component of the 8 Yu WY, Lu W J, Xia T D. Rare Metal Materials and

filler metal is TA-0.5%Si. The shear intensity of the joint welded Engineering[J], 2013, 42(4): 688

with the filler metal added with 0.5% Si is 43% higher that of 9 Tsai P H, Hsu K T, Ke J H et al. Materials & Processing

the filler metal without Si addition. Report[J], 2016, 30(S3): 161
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