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Abstract. Peculiarities of structure and mechanical behaviour of amorphous Ti50Ni25Cu25 alloy 
were the focus of this research. Amorphous melt-spun ribbons and bulk crystalline samples 
were subjected to high pressure torsion (HPT) in order to modify their structure and 
mechanical behaviour. Some properties of obtained SPD-processed samples were compared 
with initial state with the help of x-ray diffraction (XRD), differential scanning calorimetry 
(DSC) and nanohardness tests. It was shown that according to XRD no nanocrystallization 
occurs during HPT of melt-spun ribbons yet at the same time high density of shear bands might 
be formed in the alloy. Due to the formation of shear bands with the excess free volume the 
decrease of hardness and crystallization temperature were observed in the alloy. Analysis of 
structural data and mechanical behaviour allowed us to assume, that SPD processing of melt-
spun Ti50Ni25Cu25 alloy might lead to the formation of structural state similar to the new kind of 
noncrystalline state – “nanoglass” state. 

1.  Introduction 
One of the most effective methods for modifying structure and properties of alloys is severe plastic 
deformation (SPD) [1; 2]. It was already shown [3; 4] that SPD methods, for instance high pressure 
torsion (HPT) may be used to produce amorphous or amorphous-crystalline alloys.  At the same time, 
amorphous state, obtained by SPD, has some features in comparison with amorphous state, obtained 
by melt spinning technique. For instance, it was shown that in amorphous SPD-processed alloys 
crystalline debris may remain in amorphous matrix [4] and, moreover, according to [5; 6], 
nanocrystallization may occurs during severe plastic deformation. In order to prevent such 
nanocrystallization and obtain homogeneous amorphous state it is necessary to choose special regimes 
of SPD.  

Furthermore, just several years ago the new kind of noncrystalline materials, called “nanoglasses”, 
was revealed [7]. Structural state of nanoglasses may be characterized as amorphous, but they have 
some features in structure, that leads to the significant difference of the physical properties and 
mechanical behavior in comparison with amorphous state. Nanoglasses consist of amorphous 
nanoclusters (size about 5 nm), separated by amorphous interfaces [7; 8]. First nanoglasses were 
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produced mainly by inert-gas condensation or magnetron sputtering. These techniques can be used 
only to obtain very small volumes of the materials. At the same time, there are several premises, which 
allow one to assume, that nanoglass state may be produced by means of SPD. For example, it was 
shown that relatively high density of shear bands is formed during SPD [9]. Under conditions when 
nanocrystallization is suppressed, these shear bands may result in the atomic structure changes and the 
obtained structure may be similar to the “classical” nanoglasses. As far as SPD may be used to obtain 
bulk nanostructured materials, it is important to study a possibility of the producing the bulk 
nanoglasses using the SPD methods. The global goal of this and following works is to produce 
nanoglass state by SPD. In this particular article some preliminary results are presented to determine 
the direction of the following studies. 

2.  Experimental procedure 
Several amorphous states of Ti50Ni25Cu25 alloy were studied. A few sets of samples were obtained 
using different techniques. Samples from the first set were produced by melt-spinning. Then some of 
these samples were subjected to HPT on 10 rotations of Bridgman anvils under pressure of 8 GPa at 
the room temperature. The rotation speed was 1 rotation per minute. Hence, these samples were 
produced on the base of amorphous melt-spun ribbons. For comparison, third set of samples was 
obtained by HPT under the same conditions but from the initial crystalline state. 

To study structure of produced samples as well as physical and mechanical properties several 
techniques were used. The structure of the samples was investigated by X-ray diffraction under the Co 
and Mo radiation at Bruker Phaser D2. To reveal mechanical properties, nanoindentation tests were 
performed at nanohardness module of SPM Integra. As far as some peculiarities of amorphous state 
may influence crystallization behavior, thermal effects were investigated by heating up to 550 °C with 
a heating rate of 20 °C/min in the chamber of NETZSCH DSC 204F1 Phoenix differential scanning 
calorimeter. 

3.  Results and discussion 
Figure 1 shows the X-ray diffraction patterns of the produced samples. It is clear that despite the 
assumption that melt-spun ribbons should be amorphous, several sharp peaks appear on corresponded 

curve. That allows us to assert that these samples 
contain not only amorphous phase but also 
crystalline inclusions. Based on the XRD patterns, 
volume fraction of crystalline phase in initial melt-
spun ribbons is estimated as 10-15 %. At the same 
time, it is clear that the structure of the melt-spun 
ribbons subjected to HPT is amorphous because no 
peaks are observed on the XRD patterns curve. 
After SPD samples show only one broad peak 
indicating that all crystalline inclusions, observed 
after melt spinning, disappear and no obvious 
crystallization takes place during HPT. As one may 
see from Figure 1, several peaks, corresponding to 
crystalline phase, are observed on XRD pattern for 
crystalline alloy subjected to HPT (curve c). The 
volume fraction of crystalline phase in these 
samples may be estimated as 30-35 %. Thus, one 
may suggest that under chosen conditions HPT of 

the initially crystalline Ti50Ni25Cu25 alloy leads only to partial amorphization. 

 
Figure 1. XRD diffraction patterns of initial 
melt-spun ribbon (a), SPD-processed melt-
spun ribbon (b) and SPD-processed crystalline 
Ti50Ni25Cu25 alloy (c). 
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Despite the fact that XRD reveals that not all samples are completely amorphous, nanohardness 
tests were performed to evaluate their mechanical properties. Typical depth-load curve is shown in 
Figure 2. Nanoindentation shows that average hardness (Hv) of initial melt-spun ribbons as well as the 
samples, subjected to HPT, are about 7-8 GPa. Calculated Hv values for melt-spun ribbon, SPD-

processed ribbon and SPD-processed crystalline alloy 
were 8.1, 7.4, 7.6 GPa, respectively (Table 1). 
According to Table 1, the hardness of melt-spun 
ribbon decreases after HPT in comparison with initial 
state. It is well-known [9] that SPD not only leads to 
amorphization of crystalline phase, but also causes 
significant changes in the structure of the amorphous 
state. During HPT high density of shear bands forms 
in amorphous phase. These shear bands are 
characterized by greater free volume in comparison 
with “regular” amorphous state. Therefore, the 
decrease of hardness of amorphous alloy after HPT 
may be caused by formation of regions with excess 
free volume due to increase of the shear bands 
density.  In addition, from the depth-load curves, the 

elastic modulus can be also derived to be 83 and 86 GPa for melt-spun ribbon and SPD-processed 
ribbon respectively (Table 1). At the same time, the elastic modulus of SPD-processed crystalline 
alloy is lower than for amorphous and its value is equal to 79 GPa. As far as XRD revealed that initial 
melt-spun ribbon contains the crystalline inclusions and the crystalline phase of Ti50Ni25Cu25 may 
undergo martensitic transformation during nanohardness tests, the elastic modulus of initial melt-spun 
ribbon may be slightly understated. As far as increasing of the elastic modulus caused by HPT is 
relatively small, more accurate measurements are needed to be performed. 
 
Table 1. Mechanical characteristics of obtained samples 

Sample Hardness (GPa) Elastic modulus (GPa) 
Initial melt-spun ribbon 8.1 83 
SPD-processed melt-spun ribbon 7.4 86 
SPD-processed crystalline alloy 7.6 79 

 

 
It is well-known [10], that kinetics of crystallization and accompanying processes occurring during 

the heating of amorphous alloys to high temperatures may help one to characterize structural state of 
alloy. As far as XRD revealed that all obtained samples have diverse structural state, it is logically to 
expect that melt-spun ribbons and SPD-processed samples would have different crystallization 
behavior. To study the crystallization process the samples were heated up to 550 °C at the speed rate 
of 20 °C/min. Figure 3 shows calorimetric curves obtained during heating. The exothermal peak 
corresponded to crystallization process is clearly seen on the two curves in Figure 3 (curves a, b). A 
comparison of the calorimetric curves reveals that the crystallization of the initial melt-spun ribbons 
takes place at the higher temperatures (Tp=462 °C) than the crystallization of the melt-spun ribbons 
subjected to HPT (Tp=440 °C). Moreover, the crystallization of melt-spun ribbons occurs in more 
narrow temperature range in comparison with SPD-processed samples. There are several possible 
explanations of such crystallization kinetics. Firstly, decreasing of the crystallization temperature after 
HPT may be caused by formation of shear bands during SPD. As it was mentioned before, significant 
increase of the density of shear bands due to SPD leads to growth of the value of excess free volume. 
The broadening of the temperature range of crystallization may also be caused by structural changes 
occurred during HPT. The shear bands are formed during deformation, but some inhomogeneity in 
strain occurring at the high pressure torsion may lead for instance, to minor difference in density of 
shear bands and consequently excess volume in the different regions. As one may see, there is no 

 
Figure 2. Typical depth-load curve, obtained 
on nanohardness tests 
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obvious crystallization exothermal peak observed in the DSC curve obtained on heating up to 550 °C 
of SPD-processed crystalline alloy (Figure 3, curve c). At the same time, it is seen that some 
exothermal processes take place in the temperature range 350 – 550 °C. As far as XRD measurements 
previously revealed that SPD-processed crystalline sample has got mixed amorphous-crystalline 
structure, these exothermal processes may be caused by some local crystallization as well as a grain 
growth and recrystallization of crystalline grains. More detailed study is needed for clarification. At 
the same time, it is very clear, that SPD conditions should be drastically changed to provide more 
developed amorphization of crystalline Ti50Ni25Cu25 alloy. This issue also will be studied later.  

 Therefore, the comparison of the properties of initial melt-spun ribbons and SPD-processed 
amorphous and crystalline alloys by several 
experimental techniques reveals significant 
structural changes and mechanical properties. Based 
on the difference of hardness and the crystallization 
temperatures of melt-spun ribbons before and after 
HPT one may assume that these changes are 
connected principally with the formation of high 
density of shear bands in the amorphous phase. As it 
was mentioned before, the new kind of materials 
“nanoglasses” should have a specific structure with 
amorphous nanoclusters, separated by amorphous 
interfaces. These very thin interfaces have enhanced 
free volume in comparison with interior of 
nanoclusters [7]. On the base of this work, it seems 
that SPD-processed melt-spun amorphous ribbons 
have the similar structure. Therefore, one may 
expect that such alloys are able to demonstrate the 
mechanical behavior similar to the “classical” 
nanoglasses, for instance, it is expected, that such 

SPD- processed alloys should have much greater plasticity in comparison with amorphous state. The 
accurate measurements are still needed to confirm or disprove this assumption and a detailed study 
will be carried out in the on-going research. 

4.  Conclusion 
In summary, it was shown that: 

1. High pressure torsion of the melt-spun Ti50Ni25Cu25 ribbons leads to their complete 
amorphization. At the same time 30-35 % of crystalline phase remains in the crystalline Ti50Ni25Cu25 
alloy subjected to HPT under the same conditions; 

2. HPT causes the decrease of hardness and crystallization temperatures of melt-spun ribbons 
possibly due to the formation of high density of shear bands; 

3. The amorphous structure of the melt-spun Ti50Ni25Cu25 ribbons subjected to SPD displays 
similarity to the structure of nanoglasses [7] produced by inert-gas condensation, but this assumption 
needs further in-depth studies. 
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Figure 3. DSC curves, obtained on heating up 
to 550 °C at heating rates of 20 °C/min of 
initial melt-spun ribbon (a), SPD-processed 
melt-spun ribbon (b) and SPD-processed 
crystalline Ti50Ni25Cu25 alloy (c). 
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