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ABSTRACT 

The Ti-Ni shape memory alloys are used in industrial, medical and biological 
applications because of their outstanding mechanical properties . Research work has been 
done to design a remote handling unit using such alloy to work in a high neutron irradiated 
areas .The pre-alloyed powder is supplied by Memory-Metalle GmbH with composition Ti-
49.5 at% Ni. The Metal Injection Molding (MIM) technique has been used to fabricate the 
alloy and subsequent different heat treatments, spectroscopic and thermal analysis have 
been done to test the alloy performance. Regarding to this pre-alloyed powder composition, 
the thermo-elastic behavior is perfect. Transformation temperature in the range 27 oC - 63 
oC  has been achieved .The final sintering quality is not satisfactory. The results show that 
the proposed heat treatments are not able to release the generated internal stress. 
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INTRODUCTION 

    The term Shape Memory Alloys (SMA) is applied to that group of metallic materials that 
demonstrate the ability to return to some previously defined shape or size when subjected to the 
appropriate thermal procedure. Generally, these materials can be plastically deformed at some 
relatively low temperature, and upon exposure to some higher temperature will return to their 
shape prior to the deformation. Materials that exhibit shape memory only upon heating are 
referred to as having a one-way shape memory. Some materials also undergo a change in shape 
upon re-cooling. These materials have a two-way shape memory. The shape memory effect is 
characterized by the transformation behavior from hard (high temperature) austinite phase to soft 
(low temperature) martensite phase and vise versa.  

    Very few previous work have been reported concerning the fabrication and 
metallographic characterization of the MIM (metal injection molding) shape memory 
alloy powder fabrication. The following previous work articles have been selected as a 
first step guide concerning only the methods of heat treatment and established phases(1-6). 
The thermo-elastic martensitic transformation in Ti-Ni binary alloys are known to be the 
B(cubic)  R(Rhombohedral) and B2 B19(monoclinic). The parameters affecting the 
transformation characteristics of  Ti-Ni alloys are: 
- Aging after solution treatment 
- Ni content 
- Annealing after cold working 
    Sang-ho and Tae-hyun(1) fabricated the alloys using ball-milling method. They found that Ti-Ni 
powders with milling time 30h is the most optimum for the fabrication. The (Ti-50at% Ni) alloy 
powders were annealed at 850 oC/1h .The XRD patterns of the alloy powder heated at 850 oC/1h 
show peaks corresponding to B2 and martensite phase B19.  
  
    H. Lorethova (2) reported that Ti-49.5% Ni alloy forged, hot rolled (800-900 oC), annealed at 
550 oC/13min and water quenched (WQ) has low temperature volume fraction of phase B19 
higher than B2 phase ( ~ 90% B19 : 10% B2). S. Miyazaki (3) reported that the pseduelastic effect 
is only restricted to alloys having Ti-51 at% Ni . 



 
    F. Peter(4) studied the effect of heat treatment in the range 300-900 oC/1h on work hardening . 
They found that the 49.8 at% Ni alloy, the transformation B2 R occurs only in as rolled samples 
eventually after annealing at temperature < 400 oC/1h . 
 
    A. Shida(5) examined the effect of annealing temperature on prepared thin films made by 
sputtering technique of Ti-48.2 at% Ni. They reported that film annealed at 700 C/100h showed a 
single stage martensite transformation while at 500 oC/1h and 600 oC/10h showed two stage 
martensite and R phase transformation. They reported that the structure of the film annealed at 
700 oC/100h is similar to that of bulk specimen with Ti2Ni particles precipitated along the grain 
boundary. 
 
    M. Igharo and J.Wood(6) did an outstanding work concerning the compaction and sintering 
processes of TiNi SMA. They studied the effect of compaction pressure, sintering temperature 
and powder particle size on the microstructure and dimensional changes. 
 

EXPERIMENTAL DETAILS 
 
     The pre-alloyed powder was supplied by Memory-Metalle GmbH . The powder 
composition is Ti-49.5at% Ni .The pre-alloyed powder has the characteristics shown in 
Table1  
Table (1) Characteristics of the pre-alloyed NiTi powder 
 

 
 
Hollow cylindrical samples of 10mm diameter and 3mm thickness have been fabricated using 
Injection Molding technique followed by sintering at 1270 oC for 5 hours.  The hollow cylinders 
were cut into rings of thickness 5mm. The rings were also cut into four quarters .The specimens 
are exposed to different heat treatment and the subsequent microstructure and phase analysis are 
shown in table (2) 

 
Table (2) Specimens identification and the type of analysis. 

 
  OM : Optical Microscope  XRD : X-Ray Diffraction  

Ti content (wt%) 45.77 
Ni content (wt%) 54.52 (49.5 at% Ni) 
Powder grain size 21.3 um 
C   < 500 ppm 
O   <500 ppm  

Sample No.            Heat treatment                            
Type of analysis 
                                                                                                                                       
     1a , 2a*            only sintering (1270 oC/5h)          Optical Microscope + XRD 

1b 2b* 850 oC/1h OM + XRD



* XRD samples 
The transformation behavior and temperatures are studied using differential scanning calorimetry 
(DSC). 
 

RESULTS AND DISCUSSIONS 
 
Fig.(1) represents the microstructure of the alloy after sintering process at 1270 oC for 5 hours. A 
nearly homogenous distribution of pores was seen with this sintering process. A relative density 
in the range of 78-80% was obtained. 
 
 

Fig.(1) Specimen 1a sintered at 1270 oC/5h 
 
No change has been detected after heat treatment at 850 oC for 1h as shown in Fig.(2), but there 
are some indications of martensitic phase existence as shown in Fig.(3) (pointed to by arrows).  
 

Fig.(2) Sample 1b. Heat treated at 850 oC/1h 

 



 

 

             Fig.(3) Sample 1b. Some indications of martensite phase  
 
Fig.(4) shows the EDAX analysis of the sample sintered at 1270 oC / 5h. The analysis have been 
done on the point surrounded by the rectangle as shown in the Figure to check the composition 
present . As expected a pure NiTi phase has been found (56.3 weight % Ni) as shown in left hand 
side table.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
Element Weight% Atomic%  
         
Ti  43.70 48.76  
Ni  56.30 51.24  
    
Totals 100.00   

 
 

← 



 
Fig.(4) EDAX analysis of the sintered sample (1270 oC/5h) 
In the case of sample 1C heat treated at 850 oC/1h followed by 500 oC/1h , also no change have 

been observed as shown in Fig.(5) 

 

 
 
         Fig.(5) Sample 1C. Heat treated at 850 oC/1h + 500 oC/1h 
 
 
 
The specimens 2a,2b and 2C have been examined using X-Ray Differactometer (XRD) . and the 
results are shown in Figs.(6) to (8). 
 
Fig.(6) represents the as sintered specimen (1270 oC/5h) . One can detect the existence of both 
austenite (major phase) and relatively small amount of martensite .Both heat treated samples (2b 
& 2c) shows TiNi - B2 phase as well as the stable phase NiTi2. Metastable Ni4Ti3 phase has been 
detected  with sample 2C as shown in Fig.(8). TiC phase is shown in the three cases .  
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                     Fig.(6) XRD Patterns of TiNi alloy powder sample (2a) sintered at 1270 
oC/5h  
 
 
 
 
 
 
 

 
 
 
 
 

                                Fig.(7) XRD Patterns for sample 2b (850 oC/1h) 

 
 
 
 
 
 
               
 
 
 
 
 
 
 
 
 
 

Fig.(8) XRD for sample 2C (850 oC/1h + 500 oC/1h) 
C : NiTi (Austinite.) 
m : NiTi (Martinsite) 
t1: Ti2Ni 
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t2: Ni4Ti3 
t3: Ti (C+N) 

t4: TiC 
 
 
The DSC test measures the heat absorbed or given off by a sample of the alloy as it heated and 
cooled through the transformation temperature range. The endotherm and exotherm peaks as the 
sample absorbs or gives off energy due to the transformation are measured for the beginning peak 
and end of the phase change in each direction as shown in Fig.(9). As shown in the Figure the 
transformation temperature of the austenite - martinsite transformation takes place at 27 oC during 
cooling and the reverse transformation at 63 oC during heating . 
 

 
 

                                 Fig.(9)  DSC thermal analysis of the alloy 

Conclusions 
 

• The as sintered specimen (1270 oC/5h) indicate the existence of both austenite 
(major phase) and relatively small amount of martensite .  

• The sample (2b) which has been heat treated at 850 oC /1h shows TiNi 
(B2) phase as well as the stable phase NiTi2.  

• The sample (2C) which has been heat treated at 850 oC /1h followd by 
500 oC /1h shows the peaks of the Meta-stable Ni4Ti3 phase as well as 

TiC phase.  
• There are some shift in the peaks of some phases that could be generated due to 

some stored residual stresses .However it needs more analysis and explanations . 
• The transformation temperature for such high Ni weight content SMA was found 

to be in the range 27 oC - 63 oC .  
 

→ direction of  
martensite formation 

←direction of  
austensite formation 
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