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ABSTRACT 

The unique behavior of shape memory alloys led to increase 

demand for these alloys. Economically, sintering is the best 

technique that can produce nitinol with controlled properties. 

During this work, an investigation for the sintering parameters 

was conducted to produce NiTi alloy. It was found that 

sintering inside an environment of inert gases is more 

convenient than vacuum environment. Using one hour was 

found to be sufficient as a soaking time under maximum 

sintering temperature of 900oC.  

Copper was used as an alloying element to enhance hardness 

for the alloy. It was concluded that, the use of 2.5wt% copper 

alloying element was the best ratio for the maximum hardness 

improvement up to 305Hv, while increase the copper ratio to 

3%wt led to decrease the hardness value to 295Hv. 

Keywords: Nitinol, Powder Metallurgy, Sintering, hardness, 

shape Memory Alloys.   

 

INTRODUCTION  

Shape memory alloys (SMAs) are unique materials that have 

the ability to recover their shape after distortions when 

subjected to an appropriate thermo mechanical procedure. 

Pseudoelastic and shape memory effects are some of the 

behaviors presented by these alloys. The unique properties 

concerning these alloys have encouraged many investigators to 

look for applications of SMAs in different fields of human 

knowledge (Machado and Savi, 2003). Although there are 

several SMAs (copper-, iron-, silver-, and gold-based alloys), 

but Nickel-Titanium (NiTi) SMA is considered the most 

popular one. Such alloys are successfully applied as 

biomaterials such as orthodontic archwires, guide wires and 

stents in addition to many engineering applications (Sirnivasan 

and McFarland, 2001).     

As a general, NiTi alloys have a relatively high degree of shape 

recovery capability and good ductility at low temperature. In 

addition, they reported to have large pseudoelastic hysteresis, 

corrosion and fatigue resistance, biomedical compatibility, and 

relatively high electrical resistance (Olukayode, 2008). 

Unfortunately, controlling the quality of the produced nitinol is 

still a challenge especially when such alloys need to be 

produced in mass scale. According to that controlling the 

parameters that may affect the manufacturing processes 

became increasingly important. The resulting properties of the 

produced nitinol alloys are extremely affected by the 

processing's parameters and the initial chemistry (Ming, 2001). 

A lot of techniques are used to produce nitinol alloys. Vacuum 

induction melting (VIM) and vacuum arc re-melting (VAR) are 

most commonly technique used. Because of using a graphite 

crucible, carbon will be originated during VIM process and the 

melt could be contaminated. For the VAR process, the melt 

exists only for a short time and this mean that there will be no 

contamination. Hence, a combination of (VIM/VAR) can be 

used. Such processes have to be repeated for several times to 

overcome the inhomogeneity of ingots and the cost of the 

production will be higher (Dilibal and Adanir, 2013). An 

alternative technique to produce nitinol alloys is the powder 

metallurgical processes. Many methods can be used for 

sintering like solid or liquid phase sintering, hot or cold 

isostatic pressing and plasma sintering. Many alloying 

elements can be used during sintering to improve the 

mechanical properties of alloys. 

There are a lot of researches that focused on enhancing the 

mechanical properties of the produced nitinol. Some of these 

researches studied the effect of cyclic loading on the behavior 

of the nitinol and how lower and upper plateau change during 

cyclic loading (Schlun et al., 2010). Other group of researchers 

studied the effect of many alloying elements on the overall 

properties of nitinol. Among many alloying elements, copper 

was reported as an important element since it plays a significant 

role in improving the corrosion resistance for nitinol alloys. 

Adding of copper as an alloying element up to 8% to replace 

Ni content will decrease the corrosion to its minimum value 

(Corneliu and Hamdy, 2013). Adding copper element  to NiTi 

alloy was found experimentally to has a good effect on 
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increasing hardness. Wenyi et al. reported that adding this 

element with 2.59% gave maximum improving of hardness 

(Wenyi et al. 2006). The objective of the current work is to 

investigate the main parameters of powder metallurgical 

process to produce NiTi alloy and the best weight percentage 

of copper additive to improve nitinol hardness. 

 

MATERIALS AND EXPERIMENTAL PROCEDURES 

Nickel and titanium powders were used as raw materials to 

produce NiTi shape memory alloys. The purity mesh size for 

both elemental powders were 99.9% and of (-325) respectively. 

An electrical roll mixer was used to mix  elemental powders for 

6 hours with weight percentage proportions of (51% wt. Ni – 

49%wt Ti) (Fig.1). Pressing was conducted using a hydraulic 

press and a cylindrical steel die to compact green samples for 

physical and micro structural tests (Fig.2). The high 

compacting pressure may decrease the relative density of the 

sintered material because inter-particle bonds were broken and 

micro cracks in powders will be created. On the other hand, the 

inter-particle bonds will be not formed when using low 

compacting pressure (Par, 2006). The compression stress used 

for this purpose was selected as 850MPa for the best green 

density (Abdul –Raheem, 2007). This process was achieved 

very carefully with the use little quantity of oil to prevent the 

probability of nucleation of internal or surface cracks during 

extracting products. Any remaining oil at the surfaces of green 

compacts (or may be inside towards centers of samples) was 

expulsions during sintering continuously under vacuum or inert 

gas.  

 

  

Figure 1: Mixing powders by an electrical roll mixer                                    

 

Figure 2:  Producing green compacts inside a cylindrical die 

 

Sintering can be conducted to produce a binary NiTi phase. 

Diffusion between the two elements will occurs at near melting 

temperatures. Several green samples were sintered at different 

temperatures ranged from 500oC to 900oC inside quartz tube 

(Fig.3). To investigate the effect of the kind of environment on 

the sintering process, different environments were used. The 

first environment condition was a vacuum using a two stages 

vacuum pump which was very suitable to achieve (6.7 E -02 

Pa) while the second environment was an inert gas. 

  

 

Figure 3: The tube furnace used for sintering 

 

The heating cycles of sintering are schematically shown in 

Fig.(4) which include the following steps:  

1. Heating green compacts from room temperature to holding 

temperature (T) with heating rate (20oC/min). The heating time 

is indicated by (t1)  

2. Using a soaking time of (t2) at temperature T.  

3. Quenching in cooled water.  
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Figure 4: Thermal cycle during the sintering process. 

 

Five samples were sintered under vacuum environment (Fig.5). 

Each sample was prepared at different temperatures and 

soaking times (Table-1) to investigate these two important 

variables. 

 

 

Figure 5: Sintered samples under vacuum environment. 

 

Table 1: Sintering attempts under vacuum environment. 

Sample No. t1 (min.) T (oC) t2 (min.) 

1 45 500 60 

2 45 600 60 

3 45 700 60 

4 45 800 60 

5 45 900 60 

 

   After the investigation of the proper sintering maximum 

temperature (which was found as 900oC), three additional 

samples were sintered under inert gas environment (Fig.6). 

Each sample was prepared at different soaking time (Table-2) 

to investigate this important variable. 

 

 

Figure 6:: Sintered samples under inert gas environment. 

 

Table 2: Sintering attempts under inert gas. 

Sample No. t1 (min.) T(oC) t2(min.) 

1 45 900 60 

2 45 900 120 

3 45 900 240 

 

All sintered samples were tested by an optical metallurgical 

microscope and by X-Ray diffraction to evaluate the main 

parameters of the sintering process which are temperature and 

soaking time. All microscope photos were been taken after 

making the necessary grinding with grades (320, 400, 600, 800, 

1000, 1500, and 2000) followed by polishing process with the 

use of alumina micro particles suspended in water. 

Copper was added as an alloying element to enhance the 

hardness of the produced nitinol. Four amount of weight 

percentage of additive were used in this study which were (1.5, 

2, 2.5 and 3 wt%) to investigate the best quantity of copper 

additive which will improve the overall hardness of the alloy. 

 

RESULTS AND DISCUSSION 

The resulting phases and porosity for all sintered samples were 

compared to conduct the required investigation. The goal of 

this investigation is to achieve the NiTi phase with minimum 

porosity. 

 

Evaluation of sintered samples under vacuum 

environment:  

The results of the metallurgical optical microscope test for the 

five samples which were sintered according to table-1 can be 

noted through (Fig.7). It can be noted clearly that the last four 
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samples suffered from a high porosity. The high porosity came 

from the higher evaporation rate which was occurred during 

sintering. The first sample had the minimum porosity among 

this group of samples because the temperature (500oC) was not 

enough for evaporation process.  

 

         

Sample No.1 (Sintered at 500oC)                                                      Sample No.2 (Sintered at 600oC) 

                         

Sample No.3 (Sintered at 700oC)                                                       Sample No.4 (Sintered at 800oC) 

 

 

Sample No.5 (Sintered at 900oC) 

Figure 7: Selective microscope images for the five samples prepared by sintering under vacuum environment. 
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Figures (8) to (10) represent the XRD test for the first three 

sintering attempts listed in table (1). It is very clear from these 

figures that the maximum temperatures used during sintering 

below 900oC were not enough to sintered green compacts since 

most of the peaks are much closed to nickel and titanium peaks. 

 

 

 

Figure 8:: XRD pattern for the first sintered sample (500oC for 1 hr). 

 

 

Figure 9:: XRD pattern for the second sample (600oC for 1 hr) 
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Figure 10: XRD pattern for the third sample (700oC for 1 hr) 

 

Figure (11) represent the XRD test result for the fourth attempt 

listed in table (1). This attempt was conducted with a maximum 

sintering temperature of 800oC and one hour soaking time. This 

attempt did not succeed because there were a lot of free nickel 

and titanium and the produced phase were (Ni3Ti) instead of 

(NiTi). 

 

  

 

Figure 11: XRD pattern for the fourth sample (800oC for 1 hr) 
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It can be noted through (Fig.12) which represents the XRD test 

for the fifth attempt listed in (table-1) that sintering with 900oC 

or more will give better results but with some evaporation 

regarding to titanium component.. We can note that the 

resulting alloy was (Ni3Ti) with some further quantity of free 

nickel component. This means that there was some evaporation 

of titanium and thus there was no enough titanium to produce 

NiTi required alloy. These results support the results of the 

optical microscope test which were shown previously. This 

means that almost quantity of titanium content were 

evaporated. 

 

 

 

Figure 12:  XRD pattern for the fifth sample (900oC for 1 hr). 

 

It is well known that the melting temperature of the titanium 

element at (760 mm Hg) is (1668 degrees Celsius). This value 

is reduced dramatically under vacuum environment. This fact 

can be observed in (Fig.13). 

 

 

Figure 13: Vapor pressure of some elements. 
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This loss of titanium is attributed to the fact that the sintering 

process in this study was conducted under a pressure of  

(6.7 E-02 Pa). Hence, the boiling point of titanium would be far 

from its original value. Therefore, a lot of evaporation of the 

titanium element occurred during the sintering process at 

900oC. According to that, it can be reported that sintering of 

(NiTi) alloy within vacuum environment is not suitable. There 

is a tendency to the evaporation of the titanium content. 

Therefore, sintering in an inert gas environment is probably 

better. 

 

 

 

Evaluation of sintered samples under inert gas 

environment:  

From the previous results, we can use 900oC as a reference in 

the further sintering processes under inert gas. The using of 

inert gas is to avoid the problem of the rapid evaporation of 

titanium under vacuum environment. By this way, sintering 

was take place at atmospheric pressure rather than vacuum and 

this can minimize the rate of evaporation to its minimum 

values. Soaking time was investigated based on the parameters 

of (table-2). It can be noted through (Fig.14) that the 

evaporation process was eliminated and the porosity of all 

sample was in its lower level. 

 

 

         

Sample No.1 (Sintered at 900oC for 1hr)                                   Sample No.2 (Sintered at 900oC for 2hrs) 

 

                       

Sample No.3 (Sintered at 900oC for 4hrs) 

Figure 14: Selective microscope images for the samples prepared by sintering under inert gas according to (Table-2). 

 

 

To confirm the results obtained by the microscope for all 

sintering attempts under inert gas, XRD test was repeated here 

and results are illustrated in figures (15 to 17). The necessary 

phase which is NiTi smart alloy was achieved in all attempts 

under argon environment. In addition to the NiTi phase, we 

obtain Ni2Ti and NiTi2. This means that there was some 

segregation of powders and extra time of mixing may be 

necessary. 
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Figure 15:  XRD pattern for the first sample sintered at 900oC for 1 hr. 

 

 

Figure 16:  XRD pattern for the second sample sintered at 900oC for 2 hr. 

 

 

Figure 17:  XRD pattern for the third sample sintered at 900oC for 4 hr. 
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Evaluation of the alloying additives 

The Vickers hardness test result for the produced nitinol alloy 

without adding any alloying elements was about 221HV. It was 

an acceptable value comparing with the hardness value 

obtained by Dilibal and Adanir for this alloy which was 235HV 

(Dilibal and Adanir, 2013). The adding of copper as an alloying 

element to the raw powders improved the hardness resistance 

for the alloy. It can be noted from (Table-3) that (2.5wt%) is 

the best selection regarding to the copper element with can help 

to produce harder nitinol alloy. The Vickers hardness for this 

alloy was about 305HV. Dilibal and Adanir reported that the 

adding of (2.59wt%) of copper as an alloying element can 

improve the hardness which was 319HV according to their 

work. 

Table 3: Vickers Hardness Test Results. 

%wt of Cu Hv for nitinol alloy 

1.5 267 

2 284 

2.5 305 

3 296 

 

CONCLUSIONS 

1. Although the powder metallurgical processes are 

simple to use but it accompanied with several 

problems and such problems must be investigated first 

such as mixing time, soaking time during sintering, 

and the maximum temperature of sintering.  

2. The mixing time used in this study which was six 

hours is not enough to achieve a homogeneous 

mixture since there were Ni2Ti and NiTi2 

accompanied with the required NiTi.  

3. The use of vacuum as an environment for sintering 

processes is not convenient since it may lead to an 

increasing in evaporation of one or more elements 

within the mixture during sintering.  

4. The maximum temperature of the sintering processes 

of NiTi alloy must be 900oC or more.  

5. The use of one hour as a soaking time at maximum 

temperature during sintering is enough and there is no 

need to use more than this period of time. 

6. Copper can be used as an alloying element to increase 

the hardness of nitinol alloys. The best weight 

percentage value to be added for this element is 

(2.5wt%), which may give maximum hardness up to 

305Hv. 

 

 

REFERENCES 

[1] Abid-Ali Abdul –Raheem Kadhim, "Investigation of 

Certain Shape Memory Alloys in space systems", 

Doctoral Thesis, University of Babylon, Collage of 

Engineering, Department of  Material engineering, 

Iraq, October 2007, pp.154. 

[2] Ayodele O. L., “Investigation of the mechanical 

properties and behaviour of hybrid polymer 

composites embedded with shape memory alloys,” 

M.sc. thesis, The Cape Peninsula University of 

Technology, 2008. 

[3] Craciunescu C. and Salam Hamdy A., “The Effect of 

Copper Alloying Element on the Corrosion 

Characteristics of Ti-Ni and Ternary Ni-Ti-Cu 

Meltspun Shape Memory Alloy Ribbons in 0.9% 

NaCl Solution,” Int. J. Electrochem. Sci, vol. 8, pp. 

10320–10334, 2013. 

[4] Dilibal S. and Adanir H., “Comparison and 

Characterization of NiTi and NiTiCu Shape Memory 

Alloys,” IAASS Conf., Marmara University, 

Istanbul/Turkey May 23, 2013. 

[5] Jonsen Par, "Fracture and Stress in Powder 

Compacts", Doctoral Thesis, Department of Applied 

Physics and Mechanical Engineering, Lulea 

University of Technology, Sweden,2006. 

[6] Machado L. G. and Savi M. A., “Medical applications 

of shape memory alloys,” Brazilian J. Med. Biol. Res., 

vol. 36, no. 6, pp. 683–691, 2003. 

[7] Schlun M., Zipse A., Dreher G., and Rebelo N., 

“Effects of cyclic loading on the uniaxial behavior of 

nitinol,” Journal of Materials Engineering and 

Performance, 2011, vol. 20, no. 4–5, pp. 684–687. 

[8] Srinivasan A. V., McFarland D. M., and Spillman W. 

B., Jr., “Smart Structures, Analysis and Design,” Am. 

J. Phys., vol. 69, no. 11, pp. 26–69, Nov. 2001. 

[9] Wu M. H., “Fabrication of Nitinol Materials and 

Components,” Mater. Sci. Forum, Proceedings of the 

Int. Conf. on Shape Memory and Superelastic 

Technologies, Kunming, China, pp. 285–292, 2002. 

[10] Yan W., Sun Q., and Liu H.Y., “Spherical indentation 

hardness of shape memory alloys,” Mater. Sci. Eng. 

A, Elsevier, vol. 425, no. 1–2, pp. 278–285, Jun. 2006. 

 


