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Abstract: In the present investigation, we present our results on characterization of Ti joints, brazed with metallic glass 

ribbons of Ti20Zr20Cu40Ni20 alloy. Initially, metallic glass ribbons were produced using a vacuum melt spinner and used as filler 

materials for vacuum brazing of two Ti alloy plates at 1270 K. Field-Emission Scanning Electron Microscopy (FESEM), the 

as-spun ribbons showed fully amorphous structure when examined on both surfaces by XRD and also verified by TEM 

investigation. The detailed DSC results revealed that the amorphous phase crystallized at approximately 753K. The brazing 

joint of two Ti-plates using the metallic glass ribbon was found to be very sound. FESEM characterization of the cross-

sectioned brazing joint shows sub-micron size grains uniformly distributed in the matrix with brighter appearance. EDX 

analysis revealed that the sub-micron grains are rich in Ti, while the matrix phase has Zr-enrichment. Back Scattered Electron 

(BSE) image also suggested substantial reaction of the brazing ribbon with Ti plates, whose typical lath microstructure is 

modified to nanostructured lamellar eutectic microstructure comprising of Ti-rich and Zr-enriched phases. 
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1. Introduction 

Titanium alloys, due to their high specific strength and 

good corrosion resistance, are particularly suitable for special 

applications [1-4]. CP-Ti (Commercially Pure Titanium), 

which is unalloyed, ranges in purity from 99.5 to 99.0 (wt%) 

Ti, titanium exists in two allotropic crystal structures. There 

are hexagonal close-packed (HCP) structure-α, and body-

centered cubic (BCC) crystal structure-β. Above the β-

transition temperature, the hexagonal α-phase is transformed 

on heating to the BCC β-phase [3-4]. It has been reported that 

the Ti alloys are successfully brazed using the Ti-based braze 

alloys, Ti-Cu-Ni and Ti-Zr-Cu-Ni alloy systems [5-7]. 

Investigations on the formation and properties of amorphous 

alloys by rapid quenching have formed an important branch 

of recent metallurgical research activities. Metallic glasses 

continue to attract attention of R&D workers due to their 

possible applications in diverse areas. Ferromagnetic glasses 

have been studied extensively for many years due to their 

possible applications as well as from scientific points of 

view. One of the important properties of metallic glasses is 

their thermal stability because on heating beyond a certain 

high temperature and/or for an extended time at moderate 

temperatures, metallic glasses show degradation of most of 

their properties. In this work, we report studies on 

microstructural and thermal stability of Ti20Zr20Cu40Ni20. 

2. Experimental Methods 

The alloy with nominal composition Ti20Zr20Cu40Ni20 is 

prepared from pure elements (purity > 99.9 wt.%) by arc 

melting in a titanium-gettered argon atmosphere. For 

achieving homogeneity in the alloy composition, it is re-

melted many times. The amorphous ribbon of this compound 
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is prepared using the standard rapid quenching technique. 

The ribbon is about 25 mm wide and 100 µm thick. The X-

ray Diffractometers, used to characterize the sample, is a 

Bruker machine, Model No. D8. The thermal stability of the 

melt spun ribbon is carried out using a (DSC 821, 

METTLER – Toledo) Differential Scanning Calorimeter 

(DSC). Scans were performed using a constant heating rate 

of 10 K/min. The Field Emission Gun (FEG) is usually a 

wire of Tungsten (W) Zigma, Carl Zeiss, Germany (FE-SEM, 

Carl ZEISS, FEG, Ultra 55), 30kV, images were obtained at 

an operating voltage of 15 kV and the working distance was 

about 8.5 mm. 

Vacuum brazing was performed to braze commercially 

pure CP-Ti plates using the as spun Ti20Zr20Cu40Ni20 metallic 

glass ribbon as filler material. The CP-Ti plates measuring 10 

mm×7 mm× 3mm were prepared. the lap-butt joint, the CP-

Ti plates measuring 5 mm×3 mm×1 mm were first prepared 

and then steps were cut in EDM using a 0.5 mm wire. Both 

the brazing ribbons and Ti plates were initially cleaned using 

acetone and then the ribbons were kept in between the two Ti 

plates before tightening them using nicrome wire. The 

samples were then placed in a vacuum furnace (10
-3

 mbar) 

and annealed for 10 minutes. The selected temperature for 

each sample was 20±5°C higher than the solidus temperature 

of respective ribbon. The samples were then furnace cooled. 

3. Results and Discussion 

 

Figure 1. XRD patterns of as-cast metallic glass Ti20Zr20Cu40Ni20 sample. 

Figure 1 shows the XRD pattern of the as-spun ribbon of 

Ti20Zr20Cu40Ni20. It shows a typical broad maximum, 

characteristic of amorphous/glassy materials and no distinct 

crystalline peaks are observed within the sensitivity limits of 

the diffractometer. This confirms the glass formation of 

Ti20Zr20Cu40Ni20in the ribbon form. Figure 2 shows the DSC 

curve for this metallic glass at heating rates, i.e.10
 
K/min 

under non-isothermal conditions. It is observed that the 

crystallization of Ti20Zr20Cu40Ni20 metallic glass occurs in 

single step. The crystallization onset temperature Tx, and 

exothermic peak temperatures Tp, at which peaks appear in 

the DSC thermograms. 

 
Figure 2. DSC curve of the Ti20Zr20Cu40Ni20 Metallic glass at 10 K/Min 

heating rate. 

The FESEM images of the interface microstructures of Ti/ 

Ti20Zr20Cu40Ni20 /Ti composite joint brazed at  

1270 K for 10 min elucidating the Ti rich diffusion zones 

1, 2, 3 and 4 (Figure 3 (a)-(d)) the reaction zone and the 

central zones are also shown respectively. To have an 

approximate idea of the elemental compositions of these 

regions, EDX spectrum 1 was taken from Ti-rich phase 

shown in Figure 3 (a), EDX spectrum 2 was taken from the 

NiTi2 rich phase shown in Figure3 (b), EDX spectrum 3 was 

taken from the α-Ti shown in Figure 3 (c) and EDX spectrum 

4 was taken from Ti2Cu rich region shown in Figure 3 (d). 

The approximate average chemical compositions obtained 

from EDX experiments are shown in Table 1. 

Thus, based on the experimental data displayed in Figures 

3 and Table 1, it appears plausible to suggest the following 

processes to have occurred during the brazed joint formation. 

Dissolution of CP-Ti substrate into the brazed melt had 

possibly resulted in isothermal solidification of the molten 

brazed and had eventually formed primary β-Ti during 

brazing. The residual melt was solidified via eutectic reaction 

upon the cooling cycle of brazing. Based on the data of Table 

1, the eutectic consisted most probably of (Ti, Zr)2Ni, NiTi2, 

Ti2Cu, α-Ti, Eutectoid and Ti-rich as displayed in Figure 3 (a-

g). 

Table 1. EDX analyses Based Elemental Chemical Composition Analysis of interface microstructures of Ti/ Ti20Zr20Cu40Ni20 /Ti composite joint brazed at 1270 

K for 10 min. 

Area 
Elements (at.%) 

Ti Zr Cu Ni Phases 

I 91.98 04.80 01.92 01.38 Ti-rich 

II 65.11 03.81 29.90 05.53 α-Ti 

1 49.69 20.24 15.71 14.36 Eutectoid 

2 49.44 20.49 15.80 14.28 (Ti, Zr)2Ni [8] 

3 54.92 9.88 27.33 07.88 Ti2CuRef [9] 

4 55.85 9.05 27.06 08.04 NiTi2Ref [10] 
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Figure 3. Further FESEM study of the interface microstructures of Ti/Ti20Zr20Cu40Ni20/Ti composite joint brazed at 1270 K for 10 min:(a) cross-sectional 

overview of the joint (b)-(e): higher magnification of area I and II, (d) Diffusion zone 1, (e) diffusion zone 2, (f) Diffusion zone 3 and (g) Diffusion zone 4. 
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Maximum solubilities of Cu and Ni in the β-Ti are 26.5 

and 17 (at. %,) respectively. In contrast, Cu and Ni are 

dissolved in α-Ti up to 2.4 and (0.4 at.%) respectively. These 

values are significantly lower than their respective 

solubilities in β-Ti. Both Cu and Ni are hence well known to 

be stabilizers of the β phase in CP-Titanium. On cooling to 

room temperature, formation of both β-phase and 

intermetallic compounds may take place. Accordingly, 

decomposition of the β-Ti phase might have proceeded most 

likely via eutectoid solid-state transformation upon the 

cooling cycle of brazing. The eutectoid of NiTi2, Ti2Cu, α-Ti 

and Ti-rich might therefore have formed at room temperature 

in the earlier β-Ti grains of the brazed joint. 

Higher brazing temperature resulted possibly in higher 

volume fraction of the β-Ti in the joint. This process had 

greatly enhanced the depletion rates of Cu, Ni, and Zr from 

the brazed melt into CP-Ti substrate during brazing. Because 

Cu, Ni, and Zr are all dissolved in the β-Ti, isothermal 

solidification of brazed melt during brazing resulted in 

formation of only β-Ti in the joint. Thus, the eutectic of 

NiTi2, Ti2Cu, α-Ti and Ti-rich phases had most likely 

disappeared from the brazed zone. The β-Ti alloyed with Cu, 

Ni, and Zr was therefore most likely to have had transformed 

to fine eutectoid of NiTi2, Ti2Cu, α-Ti and Ti-rich phases 

upon the subsequent cooling cycle of brazing. It is expected 

that the disappearance of coarse eutectic intermetallic 

compounds from the brazed zone is beneficial for enhancing 

the bond strength of the joint. 

 

Figure 4. TEM images of the Ti20Zr20Cu40Ni20 Metallic glass Ribbons annealed at 753K for 30 min (a) BF image, (b) DF image and (C) selected area electron 

diffraction patterns (SAED). 

Table 2. Compositional Analysis of the Ti20Zr20Cu40Ni20 Metallic glass 

Ribbons annealed at 753 K for 30 min. 

Elements (at.%)  
Ti Zr Cu Ni Phase 
18.14 22.13 38.45 21.26 Ni

2
Ti & NiTi

2
 

The bright filed, dark filed and corresponding selected area 

electron diffraction patterns (SAED) of the Ti20Zr20Cu40Ni20 

Metallic glass Ribbons annealed at 753 K for 30min are 

shown in Figures 4 (a), (b) and (c), respectively (8, 9). Table2 

presents the corresponding data on compositional analysis of 

the same Ribbons annealed at 753K for 30 min. These results 

e.g., Figure. 4 (c) and Table 2 corroborated with the 

corresponding XRD data (Figure. 5). Figure 4 (a) and (b) 

confirmed the homogeneous distribution of the various 

nanocrystalline phases in the amorphous matrix. The 

existence of these nanocrystallie phases were confirmed from 

both the XRD data (Figure. 5) and the compositional analysis 

data obtained from the TEM studies (Table 2). The range of 

the size of spherical features in the dark field image (Figure 

4b) was about 10 to 100nm 

 

Figure 5. XRD spectra of the Ti20Zr20Cu40Ni20 Metallic glass Ribbons 

annealed at 753 K for 30min. 
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The XRD spectra shown in Figure 5 confirmed that 

annealing at 753K for 30 min produced the crystalline phases 

NiTi2, NiTi, Ni4Ti3, CuNi2Ti, Ni2Ti and Cu8Zr3in the 

Ti20Zr20Cu40Ni20 metallic glass ribbons (10). The annealing 

temperature corresponded to the onset of crystallization 

temperature (Tx) of the exothermic peak on DSC curve 

(Figure. 2). 

4. Conclusions 

Microstructural evolutionof the clad Ti20Zr20Cu40Ni20 

metallic brazed CP-Ti alloy have been investigated 

composite joint brazed at 1270 K for 10 min. by using X-RD, 

DSC, FESEM and TEM. It is observed that the joint is 

dominated by primary β-Ti and coarse eutectic of (Ti, Zr)2Ni, 

Ti2Cu, and α-Ti during brazing. The primary β-Ti is 

transformed to fine lamellar eutectoid of (Ti, Zr)2Ni, Ti2Cu, 

Ti2Ni, and α-Ti upon the subsequent cooling cycle of brazing. 

The loss of Cu, Ni and Zr from the braze melt results in 

isothermal solidification of molten braze, and the β-Ti grains 

dominate the entire joint at the brazing temperature. The β-Ti 

alloyed with Cu, Ni, and Zr is subsequently transformed to 

fine eutectoid of (Ti, Zr)2Ni, Ti2Cu, Ti2Ni, and α-Ti. 
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