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Abstract 
 
Ni-Ti alloys have been given a lot of attention mainly for their innovative use in 
practical medical applications. These motives led to understand deformation 
mechanisms, particularly tensile fracture behaviors. In this research, tensile 
properties will be investigated for different composition Ni-Ti alloy samples. Ni-Ti 
samples were prepared in different techniques with different compositions and 
subjected to different tensile loading. Sand casting was found to be the best 
technique for preparing Ni-Ti samples, where Ni-Ti samples prepared by this 
technique showed best tensile behavior compared to samples prepared by other 
techniques. Furthermore, it was found that as the percentage of Ni is increasing in 
the Ni-Ti samples, as their tensile strength is improving. Even though, the ductility 
of Ni-Ti samples with high Ni percentage is reduced. 
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Introduction 
Near equiatomic alloy had attracted Scientifics to use as functional materials long time ago 
[1, 2].The first Nitinol alloy was prepared by Buhler in the Naval Ordinance Laboratory in 
1962 [3-4]. The first fatigue study of NiTi SMAs was performed by Melton and Mercier 
[5] in 1978; pseudoelastic fatigue tests were run on wire specimens with different 
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temperatures. This work was soon followed by that of McNichols and Brookes [6], who 
studied the fatigue life of NiTi springs. It wasn’t until the early 90s, when the medical 
industry began to push for less invasive medical procedures and alternative implants [7]. 
Because of its importance in many applications, many researches [8-12] have been 
conducted to investigate the fatigue life of components made of Ni-Ti alloy. Abu Jadayil 
and Alnaber [13] investigated the fatigue life of Ni-Ti samples prepared by different 
techniques. Ni-Ti samples prepared by different techniques were also investigated 
nondestructively by Alnaber and Abu Jadayil [14].  
     Takeshita et al. [15] implanted a cylindrical NiTi parts in rats for 168 days in the year 
1997. An electropolished NiTinol samples were implanted in a periosteum osteoblasts, for 
the first 26th week it showed no toxicity effects but a small deceleration in proliferation 
process [16]. Nickel percentage of NiTinol composition where the issue that studied by 
kapanen et. al. [17] in the 2002 a fabricated samples with different percentages of nickel 
and titanium had been investigated for in vitro studies by Bogdanski et. al. [18]. The 
highest biological compatibility assured to be within a maximum 50 % nickel element of 
the alloy weight, higher percentages of Ni have revealed nickel releases and the released 
nickel rapidly reached cytotoxic concentrations within one day. Also many similar 
researches later handled toxicity and corrosion resistance [19-20]. It was found that the 
“memorial” effect point of transitions from structure to another fits perfectly body 
temperature.  Equiatomic Nitinol, with its pseudoelastic effect, was found to have several 
ideal properties for such aim [15-16]. Fortunately, Mcklevey & O.Ritchie [21] found that 
(Ni50Ti50) casted alloy samples showed a full Austenitic structure at body temperature, 
which means a perfect mechanical condition providing super elasticity. Mohammad E-soni 
and colleagues [22] investigated the mechanical behavior for 55.8 wt. % Ni-Ti samples. 
Thermo mechanical stress-strain relationships and deformation processes had been 
investigated in detail by Sittner et. al. [23]. Strengthening and enhancing the properties of 
the composite material by alloy it with another element like iron or copper was done by 
Khraisat and Abu Jadayil [24] and Khraisat et. al. [25]. 
     Many techniques were used to prepare the composite samples, as discussed by Abu 
Jadayil [26], but the most widely used technique is the sand casting which were studied by 
Abu Jadayil [27] and Abu Jadayil [28] to determine the main factors affecting this 
technique. 
 
 
Sample Preparation 
Nickel and Titanium metals were used with purity of more than 99.8%. Nickel was in 
plates, bullets and powder forms, whereas Titanium was in powder (150 micron) form. 
Three techniques were followed to prepare samples as follows: 
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Powder Metallurgical Samples 
Three Samples of Ni50Ti50 composition were fabricated by sintering method. A stainless 
steel die was specially designed as in Figure 1 for the consolidation of the metal powders 
into a mould. The powder of Ni was mixed with powder of Ti and the powder mixture 
poured into steel mould and pressed at (5 tons) force with a manual pellet press and held 
for about 30 minutes. The pressed specimen is then carefully ejected out of the die and 
placed in oven at 1235°C for an hour. Figure 2 illustrates powder metallurgical sample 
shape and dimensions after some surface machining. Sample properties along the 120 mm 
length were assumed to be constant. The effect of powder-wall friction on the sample 
homogeneous properties was ignored especially the outer diameter of the sample was 
reduced by machining. The sample temperature was assumed constant too. 
 

 
 

Figure 1: Powder metallurgical sample preparation 
 

 
 

Figure 2: Powder Metallurgical Sample Shape and Dimensions 
 
Powder-Casting Samples 
Three samples of Ni50Ti50 composition were fabricated by melting Ni pullets first, then Ti 
powder is poured into liquefy Ni and irrigated regularly in order to get homogeneous 
mixture. This procedure was suggested such that samples are fabricated without requiring 
elevated furnace temperature.  
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Sand Casting Samples: 
Three samples of Ni50Ti50 composition were fabricated by melting both Ni and Ti at a 
temperature of 1700°C. The mixture was irrigated regularly in order to get homogeneous, 
then poured into sand moulds which have a sample shape as shown in Figure 3. 

 
 

Figure 3: Tensile testing sample dimensions 
 
 
Samples Testing Under Tensile Loading 
The nine samples prepared by the three different techniques, were tested using Universal 
testing machine that was used to apply tensile loading. The testing operation is started and 
tensile load is applied continuously to specimen till necking are noticed and failure took 
place as in Figure 4. Samples prepared using powder metallurgy technique showed a brittle 
material behavior and the samples broke fast at low level loading, as shown by the blue thin 
curve in Figure 5. Samples prepared using sand casting showed a ductile material behavior, 
as shown by the red curve in Figure 5. On the other hand, samples prepared using powder-
casting technique showed better behavior than powder metallurgy samples that is between 
ductile and brittle behavior, it is shown by the thick green curve in Figure 5.   
 

 
 

Figure 4: Tension Sample Necking and Failure Points Under Tensile Loading 
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Figure 5: Tensile testing for Ni50Ti50 samples made by different techniques 
 
     Since samples prepared by sand casting technique showed the best behavior with the 
highest tensile loading before failure, six more samples were prepared using this sand 
casting technique. Three of these new samples were 52.8% Ni-47.2% Ti (Ni52.8Ti47.2), 
and three of these samples were 47.2% Ni-52.8% Ti (Ni47.2Ti52.8). These six samples 
were tested using the universal testing machine and samples behavior is shown and 
compared to 50%Ni-50%Ti sample in Figure 6. 
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Figure 6: Tensile Testing For Ni-Ti Samples of Different Composition Made By Sand 
Casting 
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     All samples prepared by casting showed ductile behavior with different percentages, 
according to fracture strain of each of the three samples. Figure 7 shows the three samples 
after removing the threaded part of each, the first one on the left is Ni47.2Ti52.8 sample, 
which was the most ductile with maximum necking compared to Ni50Ti50 which is in the 
middle, whereas Ni52.8Ti47.2 sample showed the least necking and the lowest fracture 
strain.   
 

 
 
Figure 7: Ni47.2Ti52.8 Sample, Ni50Ti50 Sample and Ni52.8Ti47.2 Sample Respectively 

After Fracture 
 
 
Results and Discussion   
Analyzing the results go through two stages, first comparing the behavior of the Ni50Ti50 
samples made by the three different techniques, and the results are summarized in Figure 5. 
The second stage is analyzing the results of comparing the three samples of different Ni-Ti 
composition when all made by sand casting, and these results are summarized in Figure 6.  
As shown in Figure 5, the sample made by powder metallurgy behaved just like brittle 
material and the fracture strain was around 4. The sample made by powder-casting 
technique showed a behavior close to ductile material behavior, but its maximum tensile 
strength was around 305 MPa compared to sample made by sand casting that has a 
maximum tensile strength of more than 350 MPa. Moreover, the ductility of sand casting 
sample was 28 compared to powder-casting sample that has fracture strain of 19. 
     Figure 6 shows that the sample with 52.8% Ni has the maximum tensile strength, then 
the sample with 50% Ni and the weakest sample was the one with 47.2% Ni. On the other 
hand, the ductility of the 57.2% Ni sample was around 25, and so it was the least ductile 
sample compared to 50% Ni sample that has a fracture strain of 28 and the weakest sample 
with 47.2% Ni sample is the most ductile with around 30 fracture strain. The modulus of 
elasticity was the highest for the sample with highest Ni content and it decreases as Ni 
content is decreasing. One the other hand, they have all the same limit of linearity, almost 5 
µm/mm. 
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Conclusions 
 The best fabrication technique of Ni-Ti alloy is sand casting, that powder metallurgy 

and powder metallurgy-casting Ni-Ti samples showed lower tensile strength and 
brittle fracture in case it is made of powder metallurgy technique. 

 Increasing Ni% in the Ni-Ti alloy composition and decreasing the Ti% provides 
stronger samples with higher tensile strength, and higher modulus of elasticity, but 
the ductility will decrease.  

 
 
References 
 

[1]  Ishida A., Martynov V., “Sputter-deposited shape-memory alloy thin films: 
properties and applications”, MRS Bull. Vol27, P 111–114, (2002) 

[2]  Machado L., Savi M.,”Medical applications of shape-memory alloys, Brazillian 
Journal of Medical Biology Research”, Vol 36, P 683–691, (2003) 

[3]  Buehler WJ, Gilfrich JV, Wiley RC,”Effect of low-temperature phase changes 
on the mechanical properties of alloys near the composition of TiNi”, Journal of 
Applied Physics, Vol 34, P 1475–1477, (1963) 

[4]  Buehler W. J. and Wang F. E., “A Summary of Recent Research on the Nitinol 
Alloys and their Potential Application in Ocean Engineering”, Ocean 
Engineering Journal, V1, p 105-120, (1967) 

[5]  Melton K. N., Mercier O., Fatigue of niti thermoelastic martensites, Acta 
Metallurgica , Vol 27 ,P 137-144, (1978) 

[6]  McNichols J. L.,  Brookes P. C., Cory J. S., “NiTi fatigue behavior”, Journal of 
Applied Physics, Vol 52, P 7442-7444, (1981) 

[7]  Chengli S.,”History and Current Situation of Shape Memory Alloys Devices for 
Minimally Invasive Surgery”, The Open Medical Devices Journal, Vol 2, P 24-
31, (2010) 

[8]  Abu Jadayil, W. and Flugrad, D. “Fatigue life investigation of solid and hollow 
rollers under pure normal loading,” Journal of Tribotest 2007; 13: 165-181, 
Wiley Inter Science. 

[9]    Abu Jadayil, W., “Relative fatigue life estimation of cylindrical hollow rollers in 
general pure rolling contact,” Journal of Tribotest 2008; 14: 27-42, Wiley Inter 
Science.  

[10]  Abu Jadayil, W. and Jaber, N., "Numerical prediction of optimum hollowness 
and material of hollow rollers under combined loading," Journal of Materials 
and Design, Vol. 31, No. 3, 2009, 1490-1496. 

[11]  Abu Jadayil, W. and Khraisat, W. "Predicting the optimum hollowness of 
normally loaded cylindrical rollers using finite element analysis," Journal of 
Materials Science and Technology, Vol. 26, No. 2, 2010, 176-183. 



15658              Wisam Abu Jadayil 

[12]  Abu Jadayil, W. and Mohsen, M., “Experimental Investigation of Self Actuating 
Traction Drives with Solid and Hollow Rollers,” International Review of 
Mechanical Engineering, Vol. 5, No. 4, pp. 637-645, 2011. 

[13]  Abu Jadayil, W. and Alnaber, M., “Assessment of Fatigue Life of Ni-Ti 
Samples Prepared by Different Techniques,” Applied Mechanics and Materials, 
Vol. 477-478, pp. 1264-1268, 2013. 

[14]  Alnaber, M. and Abu Jadayil, W., “None Destructive Testing for Ni-Ti Samples 
Prepared by Different Techniques,” International Journal of Advanced Studies 
in Computer Science and Engineering, Vol. 2, No. 5, pp. 34-38, 2013. 

[15]  Takeshita F, Takata H, Ayukawa Y & Suetsugu T ,”Histomorphometric analysis 
of the response of rat tibiae to shape memory alloy (nitinol)”, Biomaterials 
Journal, Vol 18, P 21-25, (1997) 

[16]  Shabalovskaya S. A., “Physicochemical and biological aspects of Nitinol as a 
biomaterial”, International materials journal, Vol. 46, P 1-18, (2001) 

[17]  Kapanen A, Ilvesaro J, Danilov A, Ryhänen J, Lehenkari P, Tuukkanen J, 
”Behaviour of Nitinol in osteoblast-like ROS-17 cell cultures”,  Biomaterials 
journal , Vol 23, P 645–650, (2002) 

[18]  Bogdanski D, Köller M, Müller D, Muhr G, Bram M, Buchkremer HP, Stöver 
D, Choi J, Epple M , “Easy assessment of the biocompatibility of Ni–Ti alloys 
by in vitro cell culture experiments on a functionally graded Ni–NiTi–Ti 
material”, Biomaterials journal, Vol 23, P 4549–4555, (2002) 

[19]  Wu S, Liu X, Chan YL, Ho JP, Chung CY, “Nickel release behavior, 
cytocompatibility, and superelasticity of oxidized porous singlephase NiTi”, 
journal of Biomedical  Materials, Vol A81, P 948–955, (2007) 

[20]  Liu XM, Wu SL, Chan YL, Chu PK, Chung CY, “ Surface characteristics, 
biocompatibility, and mechanical properties of nickel–titanium plasmaimplanted 
with nitrogen at different implantation voltages”, Journal of  Biomedical  
Materials, VolA 82, P 469–478, (2007) 

[21]  McKelvey A.L. and Ritchie R.O., “Fatigue-Crack Growth Behavior in the 
superelastic and Shape-Memory Alloy Nitinol” , Metallurgical and materials 
transactions,  Vol 32A, P 731-743, (2001) 

[22]  Mohammed Es-Souni, Martha Es-Souni, Helge Fischer Brandies, “On the 
transformation behaviour, mechanical properties and biocompatibility of two 
NiTi-based shape memory alloys: NiTi42 and NiTi42Cu7”, Journal of 
Biomaterials, Vol 22, p 2153-2161, (2001) 

[23]  Sittner .P, Landa. M, Lukas.P, Novak .V, “R-phase transformation phenomena 
in thermomechanically loaded NiTi polycrystals”, Mechanica of Materials 
Journal, Vol 38, P 475–492, (2006). 



Experimental Investigation of Tensile Properties Of Ni-Ti Samples Prepared By et.al.    15659 

[24]  Khraisat, W. and Abu Jadayil, W., "Strengthening Aluminum Scrap by Alloying 
with Iron," Jordan Journal of Mechanical and Industrial Engineering, Vol. 4, No. 
3, 2010, 372-377. 

[25]    Khraisat, W., Borgstrom, H., Nyborg, L. and Abu Jadayil, W. "Optimising grey 
iron powder compacts," Journal of Powder Metallurgy, Vol. 52, No. 4, 2009, 
291-297. 

[26]  Abu Jadayil, W., “Revision of the Recent Heterogeneous Solid Object 
Modeling Techniques,” Jordan Journal of Mechanical and Industrial 
Engineering, Vol. 4, No. 6, pp. 779-788, 2010. 

[27]  Abu Jadayil, W., “Experimental Investigation of Solidification Time Effects on 
Surface and Subsurface Aluminum Casting Defects,” International Review of 
Mechanical Engineering, Vol. 5, No. 4, pp. 569-576, 2011. 

[28]  Abu Jadayil, W., “Studying the effects of varying the pouring rate on the casting 
defects using non-destructive testing techniques,” Jordan Journal of Mechanical 
and Industrial Engineering, Vol. 5, No. 6, pp. 521-526, 2011. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



15660              Wisam Abu Jadayil 

 
 
 
 
 
 
 
 
 
 
 


