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Abstract: The brazing microstructures varied from gap size, brazing time and filler metal flow path. There are four types of 
microstructure found in using the powder form Ti15Cu15Ni filler metal. The microstructure was examined by optical metallography, 
SEM, X-ray and EPMA. Ti-Cu-Ni phase diagram was assessed and two isopleths were estimated to interpret the microstructure 
morphology and phases formed. The formation of brazing microstructure can be well described from the principles of phase diagram, 
solidification path and phase transformation.  
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1. Introduction 

Titanium and its alloys have been widely used in 

the aerospace industry since they have high specific 

strength and high corrosion resistance. The brazing of 

titanium has been studied extensively with different 

filler metals [1-11]. According to the literature, the 

Ti-15Cu-15Ni filler metal has been used for the 

brazing of Ti-6Al-4V titanium alloy to make the 

aircraft jet engine components such as afterburner 

flame holder [6] and engine impeller [4] due to their 

good flowability, high temperature stability and 

corrosion resistance. The purpose of this study is to 

investigate the relationship between the brazing 

microstructure and the Ti-Cu-Ni phase diagram. And 

the same strategy could be applied to the solid state 

diffusion bonding [12, 13] or liquid phase diffusion 

bonding [14]. 

For the Ti-Cu-Ni ternary phase diagram, Takeuchi 

et al. [15] reported a Ti2Ni-Ti2Cu pseudo-binary 

eutectic reaction at 910 °C and the eutectic 

composition was around 11-17 wt-% Cu, 22-26 wt-% 

Ni and 59-64 wt-% Ti. Budberg and Alisova [16] did 
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a detailed study in the Ti-Ti2Ni-Ti2Cu region. They 

reported a ternary eutectic at 900 °C with composition 

around 10 wt-% Cu, 20 wt-% Ni and balance Ti and 

the Ti2Ni-Ti2Cu pseudo-binary eutectic temperature at 

930 °C. Pfeifer, Bhan and Schubert [17] reported an 

800 °C isothermal diagram which showed that there 

was more than 10 at.-% Ni solubility in the Ti2Cu 

phase. And the phase relationships in the 

Ti-Ti2Ni-Ti2Cu region are in agreement with Budberg 

and Alisova’s study. Recently, Jena et al. [18] 

reported an assessment ternary phase diagram. Based 

on the above literature studies, there are two 

intermetallic phases, Ti2Ni and Ti2Cu, with certain 

amount of copper and nickel solubility will exist in the 

brazing microstructures. In the following text, the 

symbol will be the Ti2Ni phase with copper solubility 

and the symbol is the Ti2Cu phase with nickel 

solubility. 

2. Materials 

The commercial Ti-6Al-4V titanium plate with 1/8 

inch thickness was used as a base metal. The filler 

metal is a mixing alloy with composition at 15 wt-% 

Cu, 15 wt-% Ni and 70 wt-% Ti. The mixed powder 

alloy was examined by DTA. There is an exothermic 
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(a)                                              (b) 

Fig. 7  (a) Type B microstructure: (I) base metal zone, (II) diffusion zone, (III) finer grain zone with white needle phase, and 
(IV) filler metal zone; (b) The isopleth near Ti-Ni binary with B1-B4 composition regions. 
 

  
(a)                                              (b) 

Fig. 8  (a) Type C microstructure: (I) base metal zone, (II) diffusion zone, and (III) finer grain zone; (b) The isopleth of 
Ti-Ti15Cu15Ni section with C1-C3 composition region. 
 

zone (IV)phase are listed at the last row of Table 1. 

The white needle phase has higher titanium content. 

During the flowing of liquid filler metal, the copper 

content consumed faster than the nickel and the 

composition of the residual filler liquid in the tail 

region may form the ε phase only. The solidification 

path of the residual filler metal in this brazing process 

shifts to the Ti-Ni binary as shown in Fig. 3. 

The type C microstructure is shown in Fig. 8a 

which includes (I) base metal zone, (II) diffusion zone, 

and (III) finer grain zone. The composition region C1, 

C2 and C3 in Fig. 8b formed three zones of type C 

microstructure, respectively. The type D microstructure 

is shown in Fig. 9a which includes (I) base metal zone 

and (II) diffusion zone. And the composition region 

D1 and D2 in Fig. 9b formed the base metal zone and 

diffusion zone, respectively. These two types are found 

in the narrow gap specimen. There is no filler liquid 

left to form the filler metal zone as Type A and B 

microstructures. The microstructure type along with 

the liquid filler metal path for each brazing condition 

were examined and summarized in Table 2.  

According to these results, type A and B are formed 

at large gap specimens and type C and D are formed 
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(a)                                              (b) 

Fig. 9  (a) Type D microstructure: (I) base metal zone, and (II) diffusion zone; (b) The isopleth of Ti-Ti15Cu15Ni section 
with D1-D2 composition region shown. 
 

Table 2  The microstructure type along with the liquid filler metal flow path for each brazing condition.  

Gap size 
970 °C brazing time 

0.05 mm 0.10 mm 0.15 mm 

front middle tail front middle tail front middle tail 

1 min C D D C C C A A B 

2 min C C~D D A A B A A~B A~B 

5 min A~C C D A A~B B A A A 
 

mainly at narrow gap specimens. In the narrow gap 

brazing condition, the nickel and copper content in the 

liquid filler metal quickly decreased due to 

interdiffusion. And the residual titanium rich liquid 

would solidify shortly which might block the liquid 

metal supply and cause pores in the brazing joints. 

In order to identify the phases formed in the 

diffusion zone, finer grain zone and growth zone, 

three selected specimens were cut from the plane 

section to do the X-ray surface diffraction analysis. 

The ε phase is the mainly new formed phase in the 

diffusion and fine grain zones. The X-ray patterns 

were interpreted according to the JCPDS cards [19]. 

6. Conclusions 

The brazing microstructure can be successfully 

interpreted by the principles of the filler metal phase 

diagram, solidification path, diffusion and phase 

transformation. In the other way, the brazing 

microstructure can be predicted. This will provide the 

valuable information in the development of brazing 

process, such as, filler metal selection, brazing 

temperature and time or the possibility of brittle phase 

precipitation etc. 
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