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Abstract: Ni-Ti system is an interesting binary system having different intermetallic compounds. NiTi is the one of them having 
commercial importance because of its shape memory and superelastic characteristics. In this study, effect of mechanical alloying was 
studied against milling time to observe powder state changes and phase formations. 35Ni-65Ti, 45Ni-55Ti and 50Ni-50Ti compositions in 
Ni-Ti binary system were selected, It was possible to obtain different intermetallic compounds in Ni-Ti binary system by mechanical alloying 
of initial Ni-Ti powders. It is  also observed that, particle size and distribution measurements, XRD phase analysis, density measurements 
and morphological evaluation of the mechanical alloyed powders can be used for the determination of optimum conditions for obtaining 
desired level of alloying and final product  
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1. Introduction 
Ni-Ti system is an interesting binary system having different 

intermetallic compounds. NiTi is the one of them having 
commercial importance because of its shape memory and 
superelastic characteristics. Because of its importance many studies 
were performed related to mechanical alloying of Ni-Ti system [1-
3], amorphization of the system [4-5], effect of atmosphere [6-7], 
and effect of sintering of mechanical alloying powders [8]. In this 
study effect of composition on mechanical alloying behavior of in 
Ti rich portion of the Ni-Ti system was studied [9]. 

2. Experimental 
Commercial Ni (99,8 %, - 325 mesh) and Ti (99,5 %, - 325 

mesh) powders were selected as starting materials for this study. 
Powder mixtures having 35Ni-65Ti, 45Ni-55Ti and 50Ni-50Ti  
compositions (all in weight %)   were prepared via powder state 
mixing using initial powders. The powder mixtures were 
mechanical alloyed using SPEXTM 8000M mixer/mill at 1200 rpm. 
All powders were milled against time and powder mixtures were 
kept and weighed in glow box under Ar gas. Stainless steel milling 
media and vials were used and ball to powder ratio (BPR) was 
selected as 10:1 for all mechanical alloying experiments. In order to 
control the fragmentation behavior of the powders  2 % stearic acid  
added to all experimental sets as process controlling agent. After 
mechanical alloying experiments all powders were opened under Ar 
gas again and packed and kept in the glow box for further use. 
Characterization of both initial Ni, Ti powders and mechanically 
alloyed powder mixtures were performed with the use of following 
equipment; Laser particle sizer, He-gas pycnometer, XRD and 
SEM-EDS. 

3. Results and Discussion 
35Ni-65Ti 

Particle size distributions of the mechanical alloyed powders were 
given in Fig. 1. In addition to these distributions, average particle 
sizes of the mechanical alloyed powders are given in Fig. 2. As it 
can be followed from these figures, the average particle size of the 
system was continuously changed with increasing milling time and  
particle size distributions of the milled powders  showed narrower 
or wider range fluctuations. 

In Fig. 3 micrographs of the mechanical alloyed powders were 
given. As it can be seen from these figures, composite powder 
formation starts by 2 hours MA and considering both the chemistry 
and size of the granules  8 hour MA is sufficient for obtaining 
homogeneous granules. In Fig. 4, pycnometer densities of these 
powders were given. As it can be followed from this figure, initial 

density of the powders showed a slight decrease after 1 h MA and 
continuous increase was observed with increasing milling time.  

 

 
Fig. 1 Particle size distributions of mechanical alloyed 35Ni-65i powder 
mixtures against time. 

 

 

 

 
Fig. 2 Average particle size of MA’ed 35Ni-65i powder mixtures against 
time. 

SCIENTIFIC PROCEEDINGS XII INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2015 ISSN 1310-3946

YEAR XXIII, VOLUME 2, P.P. 31-34 (2015)31



 
Fig. 3 SEM micrographs of  MA’ed 35Ni-65i powder mixtures against time. 

 

 
Fig. 4 Pycnometer density of  MA’ed 35Ni-65i powder mixtures against 
time. 

XRD results showing present phases  of the MA powders are given 
in Fig.5. 

 
Fig. 5 XRD graphs  of  MA’ed 35Ni-65i powder mixtures against milling 
time. 

As it can be seen from Fig. 5, individual Ni peaks were started to 
disappear after 4 h MA and in parallel to this amorphization of the 

powders started around same mechanical alloying time. Ti2Ni 
phase formation was detected after 2 h MA, NiTi phase was 
detected after 4 h MA and formation of Ni4Ti3 phase observed after 
8 h MA. In parallel to this minor oxide formation in Ti was also 
detected for the 8 h MA powders. 

45Ni-55Ti 

Particle size distributions of the mechanical alloyed powders in 
45Ni-55Ti system were given in Fig. 6. In addition to these 
distributions, average particle sizes of the mechanical alloyed 
powders are given in Fig. 7. Similar to 35Ni-65Ti system the 
average particle size of the system was continuously changed and 
particle size distributions of the powders showed narrower or wider 
range fluctuations. 

 
Fig. 6 Particle size distributions of mechanical alloyed 45Ni-55Ti powder 
mixtures against time. 

 

Fig. 7 Average particle size of MA’ed 45Ni-55Ti powder mixtures against 
time. 

In Fig. 8 micrographs of the mechanical alloyed powders in 45Ni-
55Ti   system were given. Similar to 35Ni-55Ti system  composite 
powder formation starts by 2 hours MA and considering both the 
chemistry and size of the granules  8 hour MA is sufficient for 
obtaining homogeneous granules. In Fig. 9, pycnometer densities of 
these powders were given. As it can be followed from this figure, 
initial density of the powders showed a slight decrease after 1 h MA 
and continuous increase was observed with increasing milling time. 
However, higher density of the powders were observed for each 
case  

As it can be seen from Fig. 10, individual Ni and Ti peaks were 
started to disappear after 4 h MA and in parallel to this 
amorphization of the powders started around same mechanical  
alloying time. Ti2Ni phase formation was detected after 4 h MA, 
NiTi B2 and NiTi hgx phases were detected after 4 h MA and 
formation of Ni4Ti3 phase observed after 8 h MA. In parallel to this, 
minor oxide formation in Ti was also detected after 4h MA 
powders. 
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Fig. 8 SEM micrographs of  MA’ed 45Ni-55Ti powder mixtures against 
time. 

 

 

 
Fig. 9 Pycnometer density of  MA’ed 35Ni-65i powder mixtures against 
time. 

 
Fig. 10  XRD graphs  of  MA’ed 45Ni-55i powder mixtures against milling 
time. 

 

 

 

 

50Ni-50Ti 

Particle size distributions of the mechanical alloyed powders in 
50Ni-50Ti powder system are given in Fig. 11. In addition to these 
distributions average particle size of the mechanical alloyed 
powders are given in Fig. 22. Similar to previous systems studied 
the average particle size of the system was continuously decreased 
and after particle size distributions of the milled powder showed 
some fluctuations and some minor bimodal distribution is observed 
after 4h MA. 

 
Fig. 11 Particle size distributions of mechanical alloyed 50Ni-50Ti powder 
mixtures against time. 

 

 
Fig. 12 Average particle size of MA’ed 50Ni-50Ti powder mixtures against 
time. 

In Fig. 13 micrographs of the mechanical alloyed powders in 50Ni-
50Ti   system were given. Unlike to other systems studied,  
composite powder formation starts after 4 hours MA, but 
considering both the chemistry and size of the granules  8 hour MA 
is not sufficient for obtaining homogeneous granules. In Fig. 14, 
pycnometer densities of these powders are given. As it can be 
followed from this figure, initial density of the powders showed a 
relatively big decrease after 1 h MA and  then continuous increase 
was observed with increasing milling time. However, higher density 
of the powders were observed for each case  
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Fig. 13 SEM micrographs of  MA’ed 50Ni-50Ti powder mixtures against 
time. 

 

 
Fig. 14 Pycnometer density of  MA’ed 50Ni-50Ti powder mixtures against 
time. 

 
Fig. 15  XRD graphs  of  MA’ed 50Ni-50i powder mixtures against milling 
time. 

 

4. Conclusions 
Below results are mentioned as conclusion of this study. 

- It is observed that, particle size and distribution measurements, 
XRD phase analysis, density measurements and morphological 
evaluation of the mechanical alloyed powders can be used for the 
determination of optimum conditions for obtaining desired level of 
alloying and final product. 

-It was possible to obtain different intermetallic compounds in 
Ni-Ti binary system by mechanical alloying.of initial Ni-Ti 
powders. Independent from the inital compositions of powder 
mixtures  all thermodynamically stable compounds were observed 
in time. On the other hand, their ratio and first formation time 
during milling is related to many other parameter which activates 
solid state diffusion in this binary system.  

-Although many precautions were strictly obeyed, system is 
very sensitive to oxidation especially for prolonged milling times. 
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