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Abstract. The present study describes the synthesis characterization and hydrogen storage 

behavior of Ti41.5+XZr41.5-XNi17 (x=0, 3.5, 11.5 and 13.5) nano quasicrystalline ribbons 

synthesized through rapid solidification technique. The nano quasicrystalline ribbons of alloys 

have been synthesized at Cu-wheel speed of 45 m/sec. The investigation also describes the 

effect of different compositions of Ti and Zr on the structure, microstructure and their 

correlation with hydrogen storage characteristics of as quenched nano quasicrystalline ribbons. 

It has been found that the hydrogen storage capacity of these ribbons increases with increasing 

the content of Ti in i-phase ribbons.  

1. Introduction  

It is now well known that storage of hydrogen is main challenge in developing hydrogen economy. 

Hydrogen can be stored at moderate temperature and pressure in intermetallic compounds and formed 

metal hydrides [1, 2]. Intensive research has been conducted in last few decades on metal hydrides to 

improve the hydrogen storage capacity, kinetics, thermal properties and cycling behavior [3]. In this 

series quasicrystalline alloys have lately be confirmed to store large amount of hydrogen reversibly 

because of the availability of higher number of interstitial voids [4]. After the discovery of a stable 

icoshedral phase (i-phase) in Ti-Zr-Ni system, this system received attention as hydrogen storage 

materials [5, 6]. The hydrogen uptake capacity of i - phase is found to be higher as compared to other 

crystalline phases due the shell structure of i–phase which provide higher density of interstitial voids 

as compared to crystalline phases. For the Ti-Zr-Ni system the presence of Ti/Zr enhances the 

hydrogen uptake capacity due to the better affinity of Ti and Zr towards hydrogen. Moreover, the 

presence of Ni enhances the dissociation of hydrogen molecule to hydrogen atom at the surface and it 

often creates a pathway for H diffusion through a surface oxide layer.  

Ti-based IQC alloys can be synthesized by mechanical alloying followed by annealing and also by 

rapid solidification technique. Several studies confirmed that the phase formation and properties of 

these alloys strictly affected by the processing parameter and variation of stoichiometric ratio [7,8]. 

We have also been investigated the effect of processing parameter by changing the quenching rate on 

the phase formation and hydrogen storage characteristics of Ti45Zr38Ni17 IQC ribbons synthesized 

through rapid solidification technique and further investigated their hydrogenation characteristics [9]. 

It has been found that hydrogen uptake capacity as well as the absorption kinetics of the IQC ribbons 

increases with increasing the quenching rate at which the ribbons were synthesized due to the 
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formation of nano grains of i-phase. In the present report, we have investigated the effect of 

composition on the phase formation, microstructure and their hydrogen storage behavior of 

Ti41.5+xZr41.5-xNi17 (x= 0, 3.5, 11.5 and 13.5) i-phase ribbons. We have synthesized nano quasi-

crystalline ribbons of Ti41.5+xZr41.5-xNi17 at wheel speed of 45m/s and investigated their hydrogen 

storage characteristics.  

 

2. Experimental Details    

Alloy ingots of desired stoichiometry were prepared by RF induction melting of pure Ti (99.99%), Zr 

(99.99%) and Ni (99.99%) metal in graphite crucible under argon atmosphere. About 10g as cast 

ingots were melted 4 times to achieve chemical homogeneity. Further the alloy ingot was subjected to 

rapid solidify by using Cu-wheel of diameter 14 cm and at tangential speed of 45m/s . The formed 

ribbons have the thickness of 40 to 50 µm and length 30 to 40 cm. The synthesized ribbons were 

structurally characterized by X–ray diffraction (XRD) (Rigaku) equipped with CuKα radiation. The 

XRD data is further used to evaluate the lattice strain and crystallite size of the synthesized ribbon 

through pseudo Viot function analysis [10]. The microstructure and rotational symmetry of the 

synthesized ribbons were investigated through transmission electron microscopy (TEM) (FEI-Tecnai 

20 G2). The TEM sample were prepared by thinning of ribbons through an electro-polishing  unit 

(Tenupol-5) using electrolyte 1:4 ratios of HClO4 and methanol at 30oC.The surface morphology and 

composition of the synthesized ribbons were characterized by scanning electron microscopy  (SEM) 

(Quanta 200) equipped with EDAX facility.  The hydrogen sorption behavior was examined though 

the computerized pressure-concentration-temperature measurement system (AMC-USA) having the 

facility to measured the absorption desorption kinetics of the samples. 

 

3. Results and Discussion 
We have already investigated the effect of quenching rate on phase formation and hydrogen storage 

behavior of Ti45Zr38Ni17 IQC ribbons and found that 45m/s wheel speed is sufficient for the synthesis 

of nano quasicrystalline phase [7]. Therefore, in the present study we have synthesized ribbons of 

Ti41.5+xZr41.5-xNi17 (x=0, 3.5, 11.5 and 13.5) at wheel speed of 45m/s. Fig. 1 represents XRD patterns of 

different Ti41.5+xZr41.5-xNi17 ribbons (for x=0, 3.5,11.5 and 13.5) at wheel speed of 45m/s. A hump like 

region appeared in all the XRD patterns which are coming from the XRD sample holder. The XRD 

pattern of Ti41.5Zr41.5Ni17 (as shown in fig 1(a)) having peaks index with i-phase (indexed according 

Bancel scheme [11]). Further if we increase the content of Ti from 41.5 to 45 at% and correspondingly 

decrease the content of Zr from 41.5 to 38 at% the XRD pattern of T45Zr38Ni17 ribbons reveals the 

presence of peaks which are indexed with i-phase similar to the case of T41.5Zr41.5Ni17. However, the 

peak of i-phase becomes broadened as compared to first sample and shifted towards lower 2Ɵ values 

from 36.93 to 36.37 for Ti45Zr38Ni17. As we further increase the content of Ti from 45 to 53 (x=11.5) 

the peaks correspond to i-phase become broadened and shifted towards higher 2Ɵ values (as shown in 

fig 1(c)). This may happen due to higher concentration of Ti and lower concentration of Zr. Further by 

increasing the content of Ti (from 53 to 55 at %) (x=13.5) and correspondingly decrease the content of 

Zr the position of most intense peak is same as that of the case for Ti53Zr30Ni17 (as shown in fig. 1(d)).  

In order to understand the effect of different concentration of Ti and Zr on crystallite size and lattice 

strain, we have evaluated these by pseudo Viot function analysis of XRD profile. In this regard, the 

most intense peak of i-phase has been fitted by considering Gaussian and Lorenzian profile function. 

The Gaussian and Lorenzian widths were separated out and as we know these are correspond to lattice 

strain and crystallite size respectively. The evaluated lattice strain and crystallite size for Ti41.5+xZr41.5-

xNi17 i-phase ribbons are summarized in Table1 and found that as we increase the content of Ti, the 

crystallite size of the synthesized i-phase is decreased.  
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Fig.1 XRD patterns of (a) Ti41.5Zr41.5Ni17, (b) Ti45Zr38Ni17, (c) Ti53Zr30Ni17 and (d) Ti55Zr28Ni17 ribbon 

synthesized at wheel speed of 45 m/s 

The TEM micrograph of Ti41.5+xZr41.5-xNi17 (x=0,3.5, 11.5 and 13.5) i-phase ribbons synthesized at 

45m/s are shown in Fig.2. Fig.2 (a) represents the TEM micrograph of Ti41.5Zr41.5Ni17 ribbon reveals 

the formation grains of size 200 nm. The corresponding SAED patterns show the characteristics 5–

fold and 2–fold symmetry of i-phase at different tilt (shown in fig. 2(a)). The synthesized ribbon of 

Ti45Zr38Ni17 having grains ranges from 100–150 nm (as shown in Fig. 2b).  The corresponding SAED 

pattern at different tilt shows the 5–fold and 2–fold symmetry of i-phase. Fig.2(c) represents the TEM 

micrograph of Ti53Zr30Ni17 ribbon reveals the formation of i-phase grains of size ranges from 20-50 

nm. The representative SAED pattern reveals diffuse ring along with the distorted 5-fold symmetry 

which is appearing due to the formation of nano grains. For the case of Ti55Zr28N17 the microstructure 

remains the similar as Ti53Zr30Ni17 ribbons. However, the grain size of i-phase is further decreased 

even by slight change of Ti content (53 to 55 at%). Hence it confirms that as we increase the content 

of Ti the grain size of the synthesized ribbon decreases. The corresponding SAED pattern shows more 

distorted 5-fold and 2-fold symmetry. The EDAX analysis were carried out over synthesized ribbons 

through SEM (Quanta–200) did not reveal the oxygen content (not shown here).  The alloy 

composition has been found close to the nominal stoichiometry taken. 

Fig.2 TEM micrograph and corresponding 5-fold, 2-fold symmetry of i-phase of (a) Ti41.5Zr41.5Ni17, (b) 

Ti45Zr38Ni17, (c) Ti53Zr30Ni17 and (d) Ti55Zr28Ni17 ribbons. 

 

The ribbons kept in reactor were evacuated up to 10-3 torr through vacuum pump and then heated up to 

320oC and charged with 7MPa of hydrogen pressure.  In order to activate the sample, the reactor is 

evacuated for 3–4 times after charging with hydrogen. The hydrogen absorption kinetics was 

measured after the activation of synthesized ribbons. Fig. 3(a) shows the absorption characteristics of 

Ti41.5+xZr41.5-xNi17 ribbons synthesized at wheel speed of 45m/s. The hydrogen uptake capacity is found 
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to 2.15, 2.4, 2.6 and 2.7 wt% of hydrogen within 5.5hr for Ti41.5Zr41.5Ni17, Ti45Zr38Ni17, Ti53Zr30Ni17 

and Ti55Zr28Ni17 i-phase ribbons respectively. The hydrogen desorption characteristics of hydrogenated 

ribbons were investigated through hydrogen desorption kinetics measurement performed at 350oC and 

0.5 atm hydrogen pressure. Fig.3 (b) represents the representative desorption kinetics plot of 

nanocrystalline ribbons. From the Fig. it is clear that as we increase the Ti content desorption kinetics 

increases. Thus hydrogen absorption as well as desorption characteristics of synthesized nano 

quasicrystalline ribbons increases as we increase the content of Ti this may occur due to the formation 

of more finer grains which enhances the density of active grains for the interaction with hydrogen [9]. 

Moreover, the hydrogen uptake capacity also may increase due to the fact that the density of Ti (4.43 

g/cm3) is less as compared to Zr (6.49g/cm3). Thus as the content of Ti increases and corresponding 

decrease in the content of Zr, the overall density of the ribbons is going to reduce and hence the 

overall hydrogen uptake capacity of the synthesized ribbon is increased. 

 

 

 

 

 

Fig.3 (a) Hydrogen absorption kinetics plot at 320 oC & 7MPa H2 pressure and (b) hydrogen 

desorption measurement at 350 oC &0.5atm pressure for Ti41.5+xZr41.5-xNi17 (x=0, 3.5, 11.5 and 13.5).  

 

Conclusion 

We have studied the variation of the composition on structure, microstructure and their correlation for 

hydrogen storage characteristics of Ti41.5+xZr41.5-xNi17 i-phase ribbons. Nano quasi crystalline ribbons 

of i-phase have been synthesized through rapid solidification technique at wheel speed of 45m/s. it is 

found that as we increase the content of Ti and correspondingly decrease the Zr content in i-phase 

ribbons the formation of finer grains take place. Due to which the hydrogen uptake capacity and the 

kinetics of ab/desorption of hydrogen for the synthesized i-phase ribbons is increased.    
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