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Abstract: The precipitation process in deformed NiTi alloys was studied in the work. The alloys had a nominal 
composition of 50.6 at.% and 51.0 at% of nickel. Specimens were deformed by 5 - 10% and then aged at the 
temperature range 400 - 600°C. Electron microscopy studies showed that dislocations presence influence the 
precipitation process. This is especially visible in the Ni50.6%-Ti alloy were the particles nucleate at dislocations 
only. Ageing at 600°C causes healing out the dislocation and the precipitates do not occur in the alloy. Also in the 
alloy with larger content of nickel interaction between dislocations and precipitates is observed. 

1. INTRODUCTION 

The precipitation process in nickel-rich NiTi shape memory alloys has been intensively studied for last 
years [1-6] as it significantly influences both the structural and functional properties of the alloy. It is 
known that the precipitation sequence is as follows: (30 -> Pi + Ni(Ti3 —» p2 + Ni3Ti2 -> P3 + Ni3Ti where 
Pc Pi, P2 and P3 indicate changes in the matrix composition. The NiTis particles precipitating in early 
stages of ageing have a rhombohedral structure and are uniformly distributed in the matrix. However, if the 
alloy is deformed after supersaturation and before ageing the presence of dislocations and their healing out 
can change the precipitation behaviour. On the other hand the precipitates occurring in the alloy can 
influence the recrystallization process. D.Treppmann el.al [7] have carried out systematic studies of 
influence of such a „combined reaction" on the alloy properties. They found out that the transformation 
temperatures and sequences strongly depend on the alloy structural properties such as dislocations and 
precipitates presence in the matrix. 

The aim of this work was to study the early stages of the precipitation process in presence of dislocations in 
near-equiatomic NiTi alloys. 

2. EXPERIMENTAL PROCEDURE 

Two NiTi alloys with nominal composition of 50.6 at.% and 51.0 at.% of nickel were used in the studies. 
The specimens in form of plates were solution treated at 850°C for 1 h followed by cold rolling with a 
deformation degree in the range 5 - 10%. This low deformation degree allowed for observation of single 
dislocations in the sample. Then the specimens were aged at 300 - 600°C for 1 h. 
TEM observations were carried out using JEM 200B and JEM 3010 microscopes on thin foils prepared by 
jet-polishing in a 7% solution of HCIO4 in CH3COOH. 
The transformation temperatures were determined by Differential Scanning Calorimetry (DSC). 
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3. RESULTS AND DISCUSSION 

The alloy containing 50.6at.% Ni deformed by 5% and then aged at 400°C for 1 h shows presence of 
dislocations uniformly distributed in the matrix. In some regions dislocations form arrays of parallel lines. 
All of them are decorated by very fine, semicoherent particles (Fig. 1). 

Figure 1: Structure of the Ni50.6at.x-Ti alloy deformed by 5% and aged at 400°C/lh 

It was difficult to obtain a good =action pattern fiom these particle but at certain orientation weak 
additional spots were visible which allow to prove that these are particles of N4Ti3 phase (Fig. 2). Ageing 
of the alloy without previous deformation did not caused the precipitation process. Moreover, ageing the 
alloy at higher temperatures caused disappearing of both dislocations and precipitates. 

Figure 2: Dark-field image of Ni;ri3 particles and the corresponding diffraction pattern in [233] orientation 
of the Ni50.6%-Ti alloy deformed by 5% and aged at 400°C/lh 

The same alloy deformed by 10% and then annealed at 400°C for lh also shows dislocations decorated by 
precipitates (Fig. 3) although in these specimens the dislocation density is much higher and the precipitates 
are visible only in areas of a relatively small dislocation density where it was still possible to detect single 
dislocations. Ageing of a 10% deformed specimen at 500°C/1 h leads to formation of low-angle boundaries 
but the precipitates dissolve at this temperature. This peculiar behaviour of the Nj,Ti3 precipitation process 



is probably due to the fact that the alloy composition was only slightly exceeding the lower limit of nickel 
content from which the precipitation process occurs. Thus the presence of dislocations which are places of 
lower energy for particles nucleation allows for precipitation, if the dislocations are absent in the sample the 
precipitation process does not occur. 

Figure 3: Structure of the Ni50.6at.%-Ti alloy deformed by 10% and aged at 400°C (a) and 500°C (b) 

Since this was the first time that the heterogeneous precipitation of Ni4Ti3 particles was observed, it was 
interesting to find out whether in an alloy with higher nickel content the same would happen. Thus, a 
second alloy with a nominal composition of 51.0at.% of nickel was therinomechanically treated and the 
electron microscopy studies were carried out on the samples. 
A complex structure occurs in the alloy specimens deformed by 5% and then aged at 400°Cllh (Fig. 4). 
First of all the R-phase is present in the alloy at room temperature which is indicated by very stroqg 113 
<110> spots on the diffi-action patterns. Then the precipitation process of the Nj4Ti3 phase is very intense in 
these specimens. The particles are coherent with the matrix and give a very strong strain field contrast on 
the microscopic images. In the place where dislocations are visible the precipitates tend to nucleate at the 
dislocation lines. 

Figure 4: Structure of the Ni5 l.Oat.%-Ti alloy deformed by 5% and then aged at 400°C/lh (diilkaction patterns in the 
corners show extra spot from the R phase (a) and Ni4Ti3 precipitates (b)) 
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However, at some places it was possible to observe that the precipitation process has a heterogeneous 
character (Fig. 5). The average length of the particles is about 30 nm and they were much larger than in the 
same alloy aged at 400°C without previous deformation. 

Figure 5: The Ni4Ti3 particles precipitation at dislocations in the NiSl.Oat.%-Ti alloy aged at 400°C/lh 

Ageing of the alloy at 500°C/lh causes sigruficant increase of the Ni4Ti3 particles. They are in the range of 
about 30 nm to 100 nm long and make obstacles for the moving dislocations. Fig. 6a shows interaction of 
dislocations with lenticular precipitates, bending of dislocations on the particles is visible. Also, since the 
dislocations cannot move fteely here the low-angle boundaries were rarely observed in these specimens. On 
the other hand, the precipitates in these specimens are uniformly distributed in the matrix and in many 
places no influence of the dislocation presence on the precipitation is observed (Fig. 6 b). 

Figure 6: The structure of the Ni51.0%-Ti alloy deformed by 5% and aged at 500°C/lh 

This observation is indirectly confirmed by the DSC measurements. The specimen of this alloy deformed 
by 5% and aged at 500°C/lh gives on the DSC cooling curve two distinct peaks, one with a maximum at 
2 1°C caused by the B2 + R transformation, and the second one with a maximum at -26°C ftom the R + 
B19' transition. The martensitic transformation occurred in one stage, unlike other NiTi alloys deformed 
and annealed [8] where the specific configuration of dislocations caused two-stage martenshic 
transformation. In the alloy aged at 400°C/lh the M, temperature is depressed to such low temperatures 
that it was impossible to detect it by scanning calorymetry. On the other hand, in the alloy containing 
50.6%Ni deformed by 5% and aged at 400°C/lh and 500°C/lh on the DSC cooling curve additionally to 



the R-phase transformation peak, two peaks &om the martensitic transformation are present. This means 
that the 5% deformation gives enough dislocations to form the specific configuration responsible for the 
two stages of the martensitic transformation. Thus the presence of relatively large particles in the specimen 
of the Ni51%-Ti alloy aged at 500°C/lh suspends the dislocation rearrangement into low-angle boundaries 
and in result a classical one stage martensitic transformation is observed in the alloy. 

4. CONCLUSIONS 

1. It is possible to cause a heterogeneous precipitation process in a NiTi near-equiatomic alloy by 
introducing dislocations before ageing which provide places for particles nucleation. Since the precipitation 
process changes the matrix composition to a lower content of nickel this can in£luence the characteristic 
temperatures of transformations in the alloy. 

2. Deformation of the nickel-rich NiTi alloy prior to ageing increases the speed of the precipitation 
process. At the early stages of precipitation the particles seems to nucleate at the dislocations. But increase 
in the ageing temperature causes the precipitation process so dominating that in result the particles are 
uniformly distributed in the matrix. 

3. Large particles of the Ni4Ti3 phase existing in the Ni5 1.0%-Ti alloy are obstacles for dislocations and as 
such can influence the recrystallization process. The effect of the particles presence on the recrystallization 
process needs M e r  studies on the alloy with larger degree of deformation. 
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