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Abstract: The connection between the boron content and the wettability of TiZrNiCu/Ti60 system was studied by a sessile 

drop method of elevating and maintaining isothermal process under vacuum, and TiBw-TC4 composite was successfully 

brazed to Ti60 alloy using TiZrNiCu-B filler alloy at a brazing temperature of 940 °C for 10 min. The contact angles of TiZ-

rNiCu/Ti60 alloy substrate with the corresponding interfacial microstructure, the interfacial microstructures and shear frac-

tures of brazed joints were studied using SEM, EDS and XRD, and the influence of B content on interfacial microstructure and 

joining properties was also investigated. The results show that the added B element can react with Ti to in-situ synthesize TiB 

whiskers (TiBw), which results in a relative refinement of microstructure. And when the content of B is 0.3 wt%, the maxi-

mum shear strength of TiBw-TC4/TiZrNiCu-B/Ti60 joint is 177 MPa, which is 65% higher than that of the joints brazed 

without B. However, the excessive B worsens the wetting behavior of TiZrNiCu-B on Ti60 alloy substrate, resulting in the 

microvoids and disconnected areas in the brazed joint, and the shear strength decreases inevitably. 
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Titanium alloy, which possesses desirable performance 

characteristics such as low density, high specific strength 

and excellent corrosion resistance, has a significant poten-

tial for many structural areas

[1-3]

. As a near-α type titanium 

alloy, the high-temperature Ti60 alloy with an optimized 

chemical structure has excellent mechanical and physical 

properties, which makes it possible to increase the service 

temperature of the components up to 600 °C, and which has 

been considered as a candidate material for high tempera-

ture application to fabricate aero-engine parts

[4-6]

. In order 

to expand the applications of Ti60 alloy in the engine 

manufacturing technical field, reliable methods and tech-

niques for joining Ti60 alloy to metals, composites or ce-

ramics are necessary. 

There are various methods for joining alloys, composites 

or ceramics, of which brazing has been considered as the 

most effective method due to its relative simplicity, versa-

tility and cost-effectiveness

[

7

, 

8

]

. In recent years, various 

filler metals, such as the Ag-based, are used to braze tita-

nium alloys or TiAl alloys to ceramics or composites

[9,10]

, 

especially Ag-Cu-Ti active filler metal which is widely used 

because the active element Ti can react with ceramic or 

composite to form a metal-like sub-layer between the ce-

ramic or composite substrate and filler, which can improve 

the wettability of molten filler on the surface of ceramics or 

composites, as reviewed in many articles

 [11-13]

. Ag-based 

filler possesses a great advantage to join ceramics, compos-

ites and titanium alloy, but its high cost has led many re-

searchers to focus on Ti-based filler. For example, Song et 

al

[14]

 have brazed C/C composites and Ti6Al4V using mul-
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tiwall carbon nanotube reinforced TiCuZrNi brazing alloy, 

and the in-situ formed TiC particles induced the reinforced 

effects such as crack deflection, interface debonding and 

particle fracture. Pang et al

[15]

 have used a multi-component 

TiZr-based amorphous brazing filler metal to join 

high-strength titanium alloy, and the result showed that the 

amount of intermetallics in the braze zone is reduced due to 

the low contents of Cu and Ni in the brazing filler metal, 

and high shear strength joint of ~413 MPa was obtained. Li 

et al 

[16,17]

 successfully boned TiC cermet to stainless steel 

using Ti-Nb based interlayer. He et al 

[18]

 brazed Ti3Al-base 

alloy with TiZrNiCu filler metal. Meanwhile, our group 

have used TiNi-V filler metals to braze different TiAl alloys, 

and reliable joints can be obtained

[19]

. Recently, some re-

searchers

[11,20-24]

 also added powders, such as C, B or TiB

2

, 

into Ag-Cu-Ti filler to braze Ti alloy and C

f

/SiC composites 

or ceramics, resulting in an enhanced mechanical perform-

ance due to the decrease of stress at the joint interface. 

Maybe, adding some powders into Ti-based brazing filler 

metal to form in situ particles can also reduce the brazed 

joint stress. It is well known that the wettability of the filler 

on the substrate surface is very vital for brazing, which 

greatly influences the performance of the joint. However, 

few papers have concentrated on effect of added element 

content in Ti-based filler metal on the wetting and brazing 

performance of Ti alloy substrate. 

In this work, element B was added into TiZrNiCu brazing 

alloy, and the wettability of TiZrNiCu-B alloy with various 

B contents on Ti60 alloy during elevating and isothermal 

processes was investigated. The contact angle of molten 

fillers with different B contents and the corresponding in-

terfacial microstructures were analyzed. In addition, the 

joining of TiBw-TC4/TiZrNiCu-B/Ti60 was carried out,  

 

and the influence of B content on the interfacial micro-

structure and shear strength of brazed joints was investi-

gated in detail. 

1 Experiment 

Ti60 alloy used in this study was provided by Northwest 

Institute for Non-ferrous Metal Research, Xi’an, China. 

And the Ti60 based alloy consists of (α+β) duplex-phase 

microstructure. The dimensions of Ti60 alloy used for the 

wetting experiments and brazing experiments were 25 mm × 

25 mm × 3 mm and 20 mm × 10 mm × 3 mm, respectively. 

TiBw-TC4 composite used in this study was fabricated by 

in-situ synthesizing TiB whisker (TiBw) reinforcement in 

TC4 base material, which was used for brazing experiments 

with the dimension of 5 mm × 5 mm × 5 mm. The wetting 

powders TiZrNiCu-x%B (wt%) were prepared by 

Ti-33.1wt%Zr- 13.4wt%Ni-13.7wt%Cu powder (≥99 wt%), 

B powder (≥99 wt%) and some acetone via ball-milling 

with a rotate speed of 200 r/min for 8 h. The morphologies 

and XRD pattern of TiZrNiCu-B composite filler with differ-

ent B contents are shown in Fig.1 and Fig.2, respectively. 

Original TiZrNiCu filler is spherical, which is crushed into 

the rough block-shape in TiZrNiCu-B filler due to me-

chanical milling. It can be seen from Fig.2 that the B peak 

appears when adding B powder in the filler, which shows 

that two kinds of powders are mixed evenly that do not re-

act with each other during the milling process. Mixed 

powders were cold pressed into a cylinder with a dimension 

of Φ3 mm × 4 mm, and then ground to a dimension of about 

2 mm × 2 mm × 2 mm with a mass of about 50 mg for wet-

ting experiments. The surface of all materials were ground 

with silicon carbide paper and then ultrasonically cleaned 

for 15 min in acetone and dried in air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1  Morphologies of TiZrNiCu composite fillers with different B contents: (a) 0 wt%, (b) 0.3 wt%, (c) 0.6 wt%, (d) 1.0 wt%, 

(e) 1.5 wt%, and (f) 2.0 wt% 
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The sessile drop method was used for contact angle 

measurements under a vacuum smaller than 3×10

-3

 Pa. Be-

fore the wetting experiment, the filler metal was placed on 

the surface of Ti60 plate. The sample was heated to 700 °C 

at a rate of 20 °C/min for 10 min, and continued to be 

heated to 1020 °C at the rate of 4 °C/min for 10 min, and 

then cooled down to 600 °C at a rate of 5 °C/min and fur-

nace-cooled down to room temperature finally. As for iso-

thermal wetting experiments, the sample was heated from 

200 °C to 1020 °C at a rate of 60 °C/min and kept for the 

required time to establish equilibrium conditions. The wet-

ting process was photographed by a digital single lens re-

flex camera at a regular time interval, and at the end of the 

study, the droplet profiles were analyzed by drop-analysis 

software to calculate the contact angle. 

In the brazing experiment, the Ti60 alloy sample, TiZr- 

NiCu-B filler (25 mg) and TiBw-TC4 composite sample 

were assembled into a sandwich structure and then placed 

into a resistance furnace. The assemblies were heated to 

700 °C at the rate of 20 °C/min and kept for 10 min, and 

heated to 940 °C at the rate of 10 °C/min and held for 10 

min consecutively, then cooled down to 600 °C at a rate of 

5 °C/min and furnace-cooled down to the room temperature. 

During the brazing process, the vacuum of furnace was 

1.3~2.0×10

-3

 Pa, and a pressure of 1 kPa was applied on the 

assembly to ensure proper contact. 

The wetted and brazed specimens were cut perpendicu-

larly to the contact interface, and then characterized by 

scanning electron microscopy (SEM) equipped with energy 

dispersive X-ray spectroscopy (EDS) at the operation volt-

age of 20 kV. The shear strength of brazed joints was 

measured at a constant speed of 0.5 mm/min by a universal 

testing machine. For each data, at least five samples were 

tested and the average value was obtained. After shear test, 

the fracture surfaces of brazed joints were examined by 

SEM with EDS and X-ray diffraction (XRD) to clarify the 

fracture mode and fracture locations. 

2  Results and Discussion 

2.1  Wetting behavior of TiZrNiCu/Ti60 system with 

different Boron contents 

Fig.3a shows the variation in contact angle for different 

B contents in TiZrNiCu/Ti60 system with temperature, 

which proves that the content of B has a great influence on 

the contact angle between the melts and Ti60 alloy substrate. 

Firstly, the contact angle of TiZrNiCu on Ti60 alloy

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  XRD patterns of fillers: (a) TiZrNiCu and (b) TiZrNiCu-2wt%B 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  Variation of contact angle with temperature (a) and wetting time (b) for different B contents  
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substrate decreases by increasing the wetting temperature. 

The contact angle of ~90° indicates that TiZrNiCu-B does 

not be wetted on the Ti60 alloy substrate when the wetting 

temperature is 840 °C. As the wetting temperature increases, 

the contact angle decreases obviously, indicating the im-

proved wettability. Secondly, spreading process can be di-

vided into two stages. (1) Rapid-decrease process (840~870 

°C): the contact angle decreases dramatically with increasing 

the wetting temperature, especially in low B content filler, 

such as TiZrNiCu, TiZrNiCu-0.3wt% B and 0.6 wt% B filler. 

(2) Slow-decrease process (870~1020 °C): as the temperature 

increases, the contact angle decreases slowly or even reamins 

constant in this process. These phenomena are consistent 

with the results of Fu et al

[25]

. The slope of the first stage de-

creases with the increase of B content, while increases during 

the second stage. Inaddtion, under the same wetting parame-

ters, the contact angle presents an increasing trend with the 

rising of B content, which means the decreased wettability. 

In order to further investigate the spreading of TiZr- 

NiCu-B at a certain temperature, isothermal wetting ex-

periments were performed at 1020 °C, and the variation of 

contact angle is shown in Fig.3b. Firstly, contact angle and 

wetting time are negatively correlated. The contact angle 

decreases with time, until it reaches the equilibrium or 

quasi-equilibrium state and no longer changes. Secondly, 

similar to elevating process, the spreading process can be 

divided into two stages: rapid-decrease process and 

slow-decrease process. Thirdly, the contact angle of TiZr- 

NiCu-B on Ti60 alloy substrate increases by increasing the 

B content at a certain temperature for the same time. 

After cooling from 1020 °C to room temperature, the 

macroscopic morphology of droplets with different B con-

tents is shown in Fig.4. It is worth noting that with the in-

crease of B content, the contact angle of composite filler 

increases while the spreading area decreases. As shown in 

Fig.4b and 4c, the droplet has a distinct spreading when the 

content of B is lower than 0.6 wt%, which ensures a uni-

form distribution of filler on the surface of Ti60 substrate. A 

platform presented that spreading of droplet was restricted 

when B content was 1.0 wt%, and the restriction was rein-

forced with the further increase of B content. From the in-

vestigation of Fig.3 and 4 above, it can be concluded that 

composite filler possesses an excellent wettability when the 

content of B is 0.3wt% or 0.6wt%. Increasing B content in 

composite filler deteriorates the wetting behavior of TiZ-

rNiCu-B on Ti60 alloy substrate. 

To further investigate the effect of increasing B content 

on wettability, high resolution microscopic appearance of 

the wetted specimens was observed by scanning electron 

microscope (SEM). Fig.5 shows the high resolution micro-

scopic surface morphology of the composite fillers with 

different B contents after wetting. With increasing the B 

content, the surface topography changes as follows. Firstly, 

the grain size of re-solidified composite filler is gradually 

reduced. Secondly, less surface microvoids can be found 

when the content of B is lower than 0.6 wt%, but the sur-

face microvoids dramatically increase when B content is 

more than 1.0 wt%, as shown in Fig.5d and 5e.  

Fig.6 shows the highly magnified SEM images of surface 

morphology of wetted samples with 0.6 wt% and 1.5 wt% B 

content. Some TiB whiskers can be found, and the quantity 

of whiskers increased when the B content increased from 

0.6 wt% to 1.5 wt%. According to the Ti-B binary phase 

diagram

[26]

, Ti reacts with B to form TiB and TiB2, the re-

actions are shown in Eq.(1), (2) and (3) 

[27]

, and the curves 

of Gibbs free energy ∆G of the three reactions vary with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4  Macrographs of droplet with different B contents: (a) 0 wt%, (b) 0.3 wt%, (c) 0.6 wt%, (d) 1.0 wt%, and (e) 1.5 wt% 
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Fig.5  Surface morphologies of wetted samples with different B contents: (a) 0 wt%, (b) 0.3 wt%, (c) 0.6 wt%, (d) 1.0 wt%,  

and (e) 1.5 wt% 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6  Magnified SEM images of TiB whisker of zone A in Fig. 5b (a) and zone B in Fig. 5e (b) 

 

temperature

[27]

, as shown in Fig.7. ∆G of all the three 

reactions is negative in the range of 500 ~1020 °C, 

indicating that the reaction can spontaneously occur in 

the wetting process. As shown in Fig.7, it can be con-

cluded that the Gibbs free energy of TiB

2

 is much lower 

than that of TiB during the wetting process, so Ti reacts 

with B following the Eq.(2) to form TiB

2

 at first, and 

then TiB

2

+Ti→2TiB occurs. But Fig.6 shows no bulk 

TiB

2

 phases, which can also be proved by XRD patterns 

in Fig.13. According to the study of Fan et al

[28]

, the 

growth rate of the TiB whiskers in the needle-like di-

rection was nearly six times larger than that of the bulk 

TiB

2

, the dissolution coefficient of B in the needle-like 

direction of the TiB was much larger than that of the 

TiB

2

, and the activation energy of B in the two phases 

was almost the same, which indicates that the TiB phase 

is more thermodynamically stable than TiB

2

. When suf-

ficient Ti element can be provided for the reaction 

Ti+B→TiB during the wetting process, TiB

2

 will only 

act as a transition phase and will only appear if the Ti 

element is consumed.  

Ti+B→TiB                                  (1) 

Ti+2B→TiB

2

                                 (2) 

Ti+TiB

2

→2TiB                               (3) 

The backscattered electron (BSE) images in Fig.8 display 

the interfacial microstructures of droplets on Ti60 alloy 

substrate with different B contents. It can be seen that all 

the samples contained a thick diffusion layer between filler 

and substrate. The thickness of diffusion zone increases 

when the content of B rises to 0.6 wt%, and the thickness of 

the diffusion layer of 0.6 wt% B presents the highest value 

of about 150 µm. When the B content further increases, the 

thickness of diffusion zone has a gradual reduction. Fur-

thermore, fewer microvoids can be found when B is added, 

which is consistent with the results and discussion of Fig.5 

above. 
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Fig. 7  Gibbs free energy curves of Ti-B reaction 

[27] 

 

According to the EDS results in Table.1, the main chem-

ical elements are Ti, Zr, Ni and Cu. Some articles showed 

that the Zr element can be dissolved in Ti

2

Ni and Ti

2

Cu 

compounds

[29-33]

. The bright white phase may be Ti

2

Ni, 

Ti

2

Cu, Zr

2

Ni and Zr

2

Cu, which can be summarized as (Ti, 

Zr)

2

(Ni, Cu) intermetallic compounds

[34]

. According to 

relevant literatures

[35-38]

, only considering the thermody-

namic information, the Gibbs free energies for forming 

these Ti

2

Ni, Ti

2

Cu, Zr

2

Ni and Zr

2

Cu were negative under 

equilibrium when the wetting temperature was 840~1020 

°C. Therefore, the formation of (Ti,Zr)

2

(Ni,Cu) intermetal-

lic compounds is possible, as shown in Eq. (4)~(7). 

∆G

f

0

 (Ti

2

Ni)= −73.900 − 0.045T (kJ/mol)           (4) 

∆G

f

0

 (Ti

2

Cu)= −24.220 + 0.0085T (kJ/mol)         (5) 

∆G

f

0

 (Zr

2

Cu)= −84.379 + 0.000325T (kJ/mol)       (6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8  Microstructures of droplet/Ti60 interface with different B contents: (a) 0 wt%, (b) 0.3 wt%, (c) 0.6 wt%, (d) 1.0 wt%,  

(e) and 1.5 wt%

 

 

Table 1  EDS results of zone A marked in Fig.8b (at%) 

Ti Zr Ni Cu Possible phase 

88.7 3.9 4.3 3.1 β-Ti+(Ti, Zr)

2

(Ni, Cu) 

 

∆G

f

0

 (Zr

2

Ni)= −187.645 − 0.013626T (kJ/mol)      (7) 

The light gray area near the Ti60 alloy side, which is 

mainly composed of Ti elements and a small amount of Zr, 

Ni and Cu elements, may be Ti-based solid solution. Ele-

ment Ni and Cu are β-phase stable elements in Ti alloy, 

which can promote the transformation of β phase. From the 

discussion above, it can be inferred that the diffusion layer 

mainly consists of light gray β-Ti and bright white com-

pound (Ti, Zr)

2

(Ni, Cu), and XRD patterns in Fig.13 can also 

prove it. 

Fig.9 shows the magnified SEM image of droplet/Ti60 

interface. With the increase of the content of B, large num-

bers of TiBw precipitated on the bright white phase, and the 

original continuous black phase and white phase trans-

formed into discontinuities. It can be conjectured that the 

microstructure can be refined by whisker. 

The effect of B content on wetting behavior of TiZ-

rNiCu/Ti60 system can be summarized as follows. Firstly, 

boron can react with titanium to in-situ synthesize TiB 

whiskers (TiBw) during the wetting process. The high 

hardness of TiBw can prevent the grain boundary migration 

and inhibit grain growth, so as to control the grain size and 

the grains become fine, as illustrated in Fig.5 and 9. But 

excessive B would lead to a large amount of TiBw and 

whisker structures, which resulted in a reduction of capil-

lary action of the liquid filler and emergence of microvoids, 

as shown in Fig.5, 7, 8 and 9. Secondly, the added micron B 

powder, due to its fine particle size, high hardness and high 

melting point, can be regarded as the second phase in the 
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molten filler. The B addition with higher surface energy, 

compared to the molten TiZrNiCu filler, will increase the 

viscosity of filler, thereby reducing the fluidity of filler. 

Thirdly, with the increase of B content, more in-situ spon-

taneous reaction Ti+B→TiB occurs, which consumes more 

Ti active element and results in a decrease in wettability 

during wetting process. Finally, the formation of large 

amounts of TiB whiskers increases the nucleation sites; 

newly-born phases precipitate closely around the TiB 

whisker, which further reduces the content of filler to wet 

the substrate. Therefore, the wettability of TiZrNiCu-B on 

Ti60 alloy substrate with high B content is decreased. 

2.2  Effect of B content on TiBw-TC4/TiZrNiCu/ 

Ti60 brazed joint 

Fig.10 shows the microstructure evolution in backscat-

tered electron (BSE) mode and the EDS results of the 

TiBw-TC4/TiZrNiCu-B/Ti60 joints brazed with different B 

contents at 940 °C for 10 min. The joint classified by mor-

phology consisted mainly of three characteristic zones: 

zone� (diffusion zone adjacent to TiBw-TC4), zone �

(brazing seam) and zone � (diffusion zone adjacent to 

Ti60). From Fig.10a and discussion above, it can be con-

cluded the interfacial microstructure of joint brazed with 

TiZrNiCu-B filler is TiBw-TC4/α-Ti+ β-Ti+(Ti,Zr)

2

(Ni,Cu)/ 

(Ti,Zr)

2

(Ni,Cu)+TiBw/α-Ti+β-Ti+(Ti,Zr)

2

(Ni,Cu)/Ti60.As 

B content rises, the number of in-situ synthesized TiBw in-

creased, and (Ti,Zr)

2

(Ni,Cu) in the braze seam became more 

dispersive, and moreover, the microstructure got refined 

due to the existence of TiBw, especially when the B content 

is 2.0 wt%, as shown in Fig.10e. Excessive B may lead to a 

large amount of TiBw, which brought about microvoids 

and disconnected area in the joint, as revealed in Fig.10e. 

This is also consistent with the analysis of section 2.1 

above. 

The evolution of interfacial microstructure plays an im-

portant role in determining shear strength of brazed joints. 

Fig.11 shows the room-temperature shear strength of the 

joint brazed with composite filler added with different B 

contents at 940 °C for 10 min. The result revealed that the 

shear strength of the joints firstly increases and then de-

creases with the increase of B content. The maximum shear 

strength of 177 MPa is obtained when the B content is 0.3 

wt%, which is 65% higher than that of the joint brazed 

without B.

 

 

 

 

 

 

 

 

 

 

 

Fig.9  Magnified SEM image of droplet/Ti60 interface: (a) 0.3 wt% and (b) 1.5 wt% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10  Microstructures of TiBw-TC4/TiZrNiCu/Ti60 brazed joints with different B contents at 940 °C for 10 min: (a) 0 wt%, (b) 0.3 wt%, 

(c) 0.6 wt%, (d) 1 wt%, and (e) 2.0 wt% 
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Fig.11  Effect of B content on shear strength of TiBw-TC4/TiZr 

NiCu/Ti60 brazed joint 

 

To realize the fracture behavior of brazed joint, the frac-

ture surface was observed by SEM with EDS and analyzed 

by XRD after the shear test, and the results are shown in 

Fig.12, Table 2 and Fig.13. Fig.12a shows that the fracture 

surface of a specimen brazed with single TiZrNiCu filler is 

relatively flat and smooth, and EDS result in Table 2 shows 

that (Ti, Zr)

2

(Ni, Cu) exists on fracture surface, which indi-

cates the cleavage topography surface and the brittle mode 

(Fig.12b). For the joint with 0.3 wt% B, the fracture surface 

is uneven, indicating that the fracture path is not broken 

along a certain plane, as shown in Fig.12c. In Fig.12d, 

combined with XRD pattern and EDS result, it can be con-

cluded that some (Ti,Zr)

2

(Ni,Cu) zones (marked as B), 

β-Ti+(Ti,  Zr)

2

(Ni,  Cu) zones (marked as C)+α-Ti zones 

(marked as D) and TiB whiskers appear at fracture surface,   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12  SEM fracture morphologies of Ti60/TiBw-TC4 brazed joints with different B contents after shear test on TiBw-TC4 side: (a, b) 0 

wt%, (c, d) 0.3 wt%, and (e, f) 2.0 wt% 

 

which indicates that the fracture partially occurs in the inter-

metallic compound zone of brazing seam and the other occurs 

in diffusion layer adjacent to Ti60, and  the mode is qua-

si-cleavage fracture. Compared with the joint with 0.3 wt% B, 

the fracture of the 2.0 wt% B joint in Fig.12e is smoother and 

flatter. The phase of flat plane is α-Ti+β-Ti, and large numbers 

numbers of scallops composed of intermetallic compounds are 

found. As revealed in Fig.12f, a large number of TiB whiskers 

exist on the fracture surface, which is confirmed by XRD pat-

tern in Fig.13b. It can be inferred that the fracture occurs in the 

area between brazing seam and diffusion layer adjacent to Ti60, 

and has brittle characteristics. 
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Table 2  EDS results of each spot marked in Fig.12 (at%) 

Spot Ti Zr Ni Al Cu Sn B Possible phase 

A 39.6 22.4 13.6 9.7 14.7 - - (Ti,Zr)

2

(Ni,Cu) 

B 42.7 19.4 13.9 8.6 15.4 - - (Ti,Zr)

2

(Ni,Cu) 

C 64.2 13.4 6.7 7.1 8.6 - - β-Ti+(Ti,Zr)

2

(Ni,Cu) 

D 89.1 4.9 - 4.9 - 1.1 - α-Ti 

E 28.5 6.8 4.7 3.2 4.9 - 51.9 TiB+(Ti,Zr)

2

(Ni,Cu) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.13  XRD patterns of Ti60/TiBw-TC4 brazed joints with dif-

ferent B contents after shear test: (a) 0.3 wt% and (b) 2.0 

wt% 

 

When the 0.3 wt% B was added into the TiZrNiCu filler, 

in-situ synthesized TiB whiskers could refine the micro-

structure in the joint, and the fraction of intermetallic com-

pounds in the brazing seam was reduced through the Ti 

element consumed by element B, which causes a great im-

provement in the shear strength of the joints. However, with 

further increase of B content, excessive in-situ synthesized 

TiB whiskers may form whisker structures and could act as 

nucleation sites, resulting in the accumulation of com-

pounds, which may reduce the wettability of the filler, and 

which can generate some microvoids in the joint; thus the 

shear strength decreases. Therefore, only appropriate B 

content in the filler metal can have a positive effect on the 

brazing properties. 

3 Conclusions 

1) TiBw-TC4 composite is successfully brazed to Ti60 

alloy using TiZrNiCu-B filler alloy at a brazing temperature 

of 940 °C for 10 min.  

2) The added B can react with titanium to in-situ synthe-

size TiB whiskers (TiB

w

) in the wetting experiment, which 

results in a relative refinement of microstructure. The 

composite filler possesses a relatively excellent wettability 

when the content of B is 0.3 wt% or 0.6 wt%, and the fur-

ther increase of B content in composite filler worsens the 

wetting behavior of TiZrNiCu-B on Ti60 alloy substrate.  

3) The maximum shear strength of TiBw-TC4/TiZr- 

NiCu-B/Ti60 joint is 177 MPa when B content is 0.3 wt% 

and it is brazed at 940 °C for 10 min, which is 65% higher 

than that of the joints brazed without B.  
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