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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 behaviors under fatigue loading. In this research, fatigue life will be investigated for 

different composition Ni-Ti alloy samples. Three different compositions were investigated under 

different fatigue loading; Ni52.8Ti47.2, Ni50Ti50 and Ni47.2Ti52.8. These samples were prepared 

three different techniques, casting, powder-casting and powder-metallurgical techniques. 

Nondestructive methods have been used to assist revealing further detailed effects of loading on Ni-

Ti alloy structure. Ni52.8Ti47.2 has been found to have the best fatigue properties among other 

compositions. 

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 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]. Nickel percentage of Ni-Ti composition where the issue 

that studied by kapanen et. al.[8] in the 2002 a fabricated samples with different percentages of 

nickel and titanium had been investigated for in vitro studies by et. al. [9].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.  

Samples 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: 

2.1 Powder Metallurgical Samples 

Three Samples of Ni50Ti50 composition were fabricated by sintering method. A stainless steel die 

was specially designed 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.  

Applied Mechanics and Materials Vols. 477-478 (2014) pp 1264-1268
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.477-478.1264

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 86.99.198.58-13/12/13,10:03:36)

http://www.ttp.net


 

2.2 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.  

2.3 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 1. 

 

Figure 1: Fatigue testing sample dimensions 

Samples Testing under Fatigue Loading: 

The nine samples were tested under fatigue loading of 90N, 120N, 180N and 210N, and average 

behavior of same preparation method samples was recorded as shown in Table 1. It was noticed that 

samples prepared using powder metallurgy failed first and showed a behavior close to brittle 

materials. The failure happened in these samples at around 90 degrees, as shown in Figure 2. That 

means failure was resulted from shear forces. The samples prepared using powder-casting method 

failed second, with a failure surfaces close to cup and cone shape as shown in Figure 3. On the other 

hand samples prepared using sand casting survived longer before failure and cup and cone shape 

was shown on failure surfaces as shown in Figure 4. 

 

Figure 2: Powder metallurgy Ni50Ti50 samples failed under fatigue loading 

 

Figure 3: Cone part of Powder-casting Ni50Ti50 samples failed by fatigue loading  
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Figure 4: Cone and cup edge for one of the sand casting Ni50Ti50 samples formed after fatigue 

failure 

Since the samples prepared by casting showed the best fatigue behavior, by same technique new 

samples were made but one by increasing Ni content (Ni52.8Ti47.2) and once by increasing Ti 

content (Ni47.2Ti52.8). The results of subjecting the new prepared samples to fatigue loading are 

shown in Table 1. Figures 5 and 6 show these samples after fatigue failure. 

 

Figure 5: Ni52.8Ti47.2 sand casting samples formed after fatigue failure 

 

  Figure 6: Ni47.2Ti52.8 sand casting samples formed after fatigue failure 

 

Table 1: Fatigue life investigation results of Ni-Ti composition samples under different loading 

Load 

(KN) 
σ (MPa) 

Ni50Ti50 

Power 

Metallurgy 

Ni50Ti50 

Powder 

Metallurgy-

Casting 

Ni50Ti50 

Casting 

Ni52.8Ti47.2 

Casting 

Ni47.2Ti52.8 

Casting 

90 174.9 
More than 

3×10^6 

More than 

3×10^6 

More 

than 

3×10^6 

More than 

3×10^6 

More than 

3×10^6 
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120 233.3 189347 213569 237141 269815 211274 

180 349.9 28562 34731 44589 57921 33243 

210 408.2 19967 22856 25435 30455 21378 

Results and Discussion   

All samples could survive more than 3×10^6 cycles when subjected to 90kN loading. Among the 

three samples having same content of Ni and Ti, the samples made by sand casting could survive 

longer, then the samples made by powder metallurgy-casting and the samples made by powder 

metallurgy showed the shortest fatigue life under same loading. That might be related to the 

bonding strength between particles formed by casting which are stronger than those bonding made 

by powder metallurgy. One the other hand when comparing the sand casting samples with different 

Ni and Ti content, it can be clearly seen that the fatigue life was increased 14-30% when the Ni is 

increased to 52.8 and the Ti content decreased to 42.8. On the other hand, when the Ni content 

decreased than 50%, the fatigue life decreased too from 10 to 25%.  And so, Ni52.8Ti47.2 samples 

made by sand casting have higher fatigue life. The cup and cone fracture shapes of the samples 

indicated the ductility of the samples decreased as their Ni content is increasing. That behavior can 

be seen in Figure 6, where crack propagation is very limited. As Figure 3 shows, the powder 

metallurgy samples showed kind of brittle fracture behavior.  

Conclusions 

• Increasing Ni% in the alloy composition and decreasing the Ti% provides longer fatigue life. 

Increasing the fatigue life of Ni52.8Ti47.2 decreases its ductility.  

• The best fabrication technique of Ni-Ti alloy is sand casting, that powder metallurgy and 

Powder metallurgy-casting Ni-Ti samples showed shorter fatigue life and brittle fracture in case 

it is made of powder metallurgy technique. 
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