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Abstract : The martensitic transformation, the phase constitution and shape memory characteristics 
of Ti-Ni-Pt high temperature shape memory alloys (HTSMAs) were investigated by using X-ray 
diffraction analysis (XRD) from lOOK to 600K, transmission electron microscopy (TEM), 
differential scanning calorimetry (DSC) from 300K to 800K and tensile tests at room temperature. 
Ti-Ni-Pt HTSMAs used were Ti-35Ni-15Pt and Ti-30Ni-20Pt. It was found by XRD and TEM 
that the martensite phase of both Ti-35Ni-15Pt and Ti-30Ni-20Pt is B19 in the temperature region 
investigated in this study. The martensitic transformation temperature Ms of Ti-35Ni-15Pt and 
Ti-30Ni-20Pt alloys are 453K and 517K, respectively, by DSC. By the tensile tests the ultimate 
tensile strength and the elongation ofTi-35Ni-15Pt were 280MPa and 6%, respectively. The alloy 
deformed at RT showed perfect shape recovery when deformed up to 4% and then heated above 
473K (>At). Ti-35Ni-15Pt HTSMA exhibits a good combination of high transformation 
temperature, good shape memory properties and moderate mechanical properties. Therefore, the 
Ti-Ni-Pt alloys are hopeful for the high temperature applications which require actuation above the 
boiling temperature. 
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1. INTRODUCTION 
Ti-Ni shape memory alloy (SMA) is a 
representative smart material due to the unique 
characters of shape memory effect (SME) and 
superelasticity (SE). A limitation of the Ti-Ni 
SMA for practical applications is that the highest 
actuation temperature is around 400K for the 
binary Ti-Ni [1). Thus, high-temperature shape 
memory alloys (HTSMAs) exhibiting higher 
actuation temperatures and comparable 
mechanical properties are eagerly required in the 
filed of automotives, aircrafts and engines, for example 
[2]. Large efforts have been paid in order to 
change the martensitic transformation 
temperature (M,) of Ti-Ni by adding 
substitutional elements. It is known that most 
ternary elements such as Fe, Co and Cr reduce M, 
of Ti-Ni [3-4] but that some substitutional 
elements such as Zr, Hf, Pd and Pt raise M, [5-8]. 
Especially, Pt addition dramatically raises M, and 
M, of TiPt reaches around 1300K [6-10]. Based 
on the background, our group has made a 
systematic work for Ti-Ni base HTSMAs in terms 
of platinum-group metals (PGMs) [11-16]: the 
PGMs have a tendency to increase M, due to their 
large atomic sizes and to substitute for the 
Ni-sites of TiNi [12]. Especially, it was found 
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that M, of TiNi-TiPt pseudo binary alloys proportionally 
increases up to 1300K with increasing Pt concentration 
when Pt content is more than 1 Omol% and that the 
Ti-Ni-Pt alloys containing 10-30mol%Pt exhibit 
moderate mechanical properties [12, 15]. It was also 
revealed that the apparent martensite phase is Bl9' 
monoclinic phase when Pt content is less than lOmol% 
and B19 orthorhombic phase when more than 
20mol%[15]. Then, Ti-Ni-Pt alloys having 15 and 
20mol%Pt were focused in this paper, and the phase 
transformation behavior was investigated in detail. 

2. EXPERIMENTAL PROCEDURE 
Two kinds ofTi-Ni-Pt pseudobinary alloys containing 

50mol%Ti (the stoichiometric compositions) were used 
and the concentrations of Pt selected werel5mol% and 
20mol%. Hereafter, the alloys are called Ti-35Ni-15Pt 
for 50mol%Ti-35mol%Ni-15mol%Pt and Ti-30Ni-20Pt 
for 50mol%Ti-30mol%Ni-20mol%Pt. Starting 
materials were high purity elements of 99.99%Ti, 
99.99%Ni and 99.9%Pt, and button ingots of both 
Ti-35Ni-15Pt and Ti-30Ni-20Pt were made by 
arc-melting method in Ar-1 %H2 with a non-consumable 
W electrode. The weight of button ingots was 5g for 
each, approximately. No chemical analysis was made 
for the alloys because the weight changes during 
processing were less than O.lwt'/o. After alloying, the 
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ingots were hot-forged into disks with the thickness less 
than lmm at 1473K for 10.8ks in an AI atmosphere. 
The test specimens were cut from the disks by 
electro-discharge machining and polishing mechanically. 
Then, they were solution-treated at 1173K for 1.8ks by a 
UL VAC infrared image furnace in vacuum and supplied 
for the measurements. 

The constituent phases were identified by 
conventional B-28 XRD analysis with CuKa using a 
Philips X'pert PRO system with X'celerator. The 
measurements were done in a temperature range from 
1 OOK to 600K in vacuum using a heating-cooling stage. 
In XRD measurements the specimens were firstly cooled 
down to lOOK and then heated up to 600K. 
Transmission electron microscopy observation was 
carried out as supplements for the phase identification 
using Philips CM200 operated at 200kV. Thin foils for 
TEM observations were made by AI ion-milling. 

The phase transformation temperatures were 
measured by DSC using Shimadzu DSC-60 and Netzsch 
ST A449C Jupiter in a temperature range from 300K to 
800K with a heating/cooling rate of lOK/min. Tensile 
tests were conducted at RT using a Shimadzu Autograph 
lnstron-type machine at the strain rate of l.Ox10.3/s. 
The gauge size of tensile specimens for tensile tests is 
2mmx0.2mmx20mm. In order to clarify the shape 

memory properties, some specimens were deformed to 
4% in strain and heated over the reverse martensitic 
transformation finish temperatures (Ar). 

3. RESULTS AND DISCUSSION 
3.1 Phase constitution 

Binary TiNi and TiPt undergo martensitic 
transformations to monoclinic B19' and orthorhombic 
Bl9, respectively [5, 6]. In our previous work it was 
found by XRD at RT that B2 and/or Bl9' (monoclinic) 
phases appear when Ti-Ni-Pt contains less than 
10mol%Pt whilst Bl9 (orthorhombic) phase when 
Ti-Ni-Pt contains more than 20mol%Pt. Therefore, it 
has been deduced that the critical Pt concentration above 
which Bl9 is the stable crystal structure of the 
martensite is located between 10-20mol%Pt [4]. 

Figure 1 shows XRD profiles at various temperatures 
during heating from lOOK to 600K for (a) Ti-35Ni-15Pt 
and (b) Ti-30Ni-20Pt. It was seen in Fig. 1 (a) that 
B 19 orthorhombic phase ( o) is the martensite phase for 
both Ti-35Ni-15Pt and Ti-30Ni-20Pt. The diffraction 
peaks indicated by 'x' were from the XRD instrument. 

In Ti-35Ni-15Pt, it was seen that Bl9 and B2 coexist 
at temperatures between 300K and 600K. B2 parent 
phase began to appear between 300K and 400K during 
heating. Therefore, the reverse martensite transformation 

Figure 1 Selected XRD profiles obtained for (a) Ti-35Ni-15Pt and (b) Ti-30Ni-20Pt at temperatures from 
100 to 600K. The letters "o" stands for the orthorhombic B 19 structure, respectively. 
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start temperature (A,) lies between these temperatures. 
Besides, the reflections from B 19 still exist at 600K. 
The reverse martensite finish temperature (Ar) is judged 
to be higher than 600K as far as judging from XRD. 

Ti-30Ni-20Pt was also composed of Bl9 at 100 K, 
and the B2 parent phase clearly appeared at 600K. The 
reflections from B2 seem to exist at 500K. However, 
the existence of B2 phase at SOOK was not perfectly 
confirmed since the peak profiles of martensite phases 
are complicated and the peaks are weak near A,. By 
comparing Fig. 1 (a) and (b), it is found that A, is higher 
in Ti-30Ni-20Pt than in Ti-35Ni-15Pt due to the larger 
content ofPt. 

TEM observation was also carried out in 
Ti-35Ni-15Pt alloy to confirm the crystal structure of 
martensite. Figure 2 shows electron diffraction patterns 
taken from a single variant of martensite in 
Ti-35Ni-15Pt. The specimen was systematically tilted 
around some low-indexed poles and the crystal structure 
was analyzed. It was confirmed that the electron 
diffraction patterns taken in Ti-35Ni-15Pt can not be 
indexed with monoclinic B 19' but with orthorhombic 
Bl9, as demonstrated in Figure 2. No martensite with 
B 19' structure was observed in this study. 

According to the results of XRD measurement and 
TEM observation, the crystal structure ofthe martensite 
in Ti-35Ni-15Pt was determined to be Bl9. No 
significant evidence of B 19-4 Bl9' transformation during 
cooling was obtained in the alloys with more than 
15mol%Pt in the present crystal structure analysis. 
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Figure 2 Indexed diffraction patterns 
of Ti-35Ni-15Pt 

3.2 Phase transformation temperatures 
Figure 3 shows DSC heating and cooling curves 

obtained for (a) Ti-35Ni-15Pt and (b) Ti-30Ni-20Pt. It 
is found for DSC cooling curve in Fig.3 (a) that 
martensitic transformation start temperature M, and 
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finish temperature Mr of Ti-35Ni-15Pt is 453K and 
380K, respectively. A, and Ar are 447K and 473K, 
respectively. A, obtained by DSC is slightly different 
from that judged from XRD results. Besides, 
two-step-like phase transformation appears in the 
cooling curve but single peak is seen in the heating 
curve. The two-step-like peak may be due to two-step 
martensite transformation. However, no evidence of 
two-step transformation was confirmed in crystal 
structure analysis at present. This point requires further 
investigation. 

On the other hand for Ti-30Ni-20Pt, M., Mr, A, and Ar 
are judged to be 516K, 473K, 493K and 540K, 
respectively. A, of 493K is close to that estimated from 
the XRD results. However, both DSC heating and 
cooling curves exhibit single peak, different from those 
ofTi-35Ni-15Pt. 

3.3 Tensile and shape memory properties 
Figure 4 (a) shows the tensile stress-strain curves of 

Ti-35Ni-15Pt and Ti-30Ni-20Pt at RT. The yield stress 
( cr0.2), ultimate tensile strength (UTS) and fracture strain 
were lOOMPa, 280MPa and 6% for Ti-35Ni-15Pt, 
respectively. Those for Ti-30Ni-20Pt were 400MPa, 
620MPa and 6%, respectively. The fracture strain of 
both alloys is almost the same value regardless of the 
difference in yield stress and UTS. Since the yield 
stress of SMAs in general corresponds to reorientation 
of martensite variants when the test temperature is below 
Mso the stress required for reorientation of martensite 
variants is much higher in Ti-30Ni-20Pt (cr0.z: 400MPa) 
than that of Ti-35Ni-15Pt (cr02: lOOMPa). The 
difference in yield stress must also depend on 
microstructure, which is now being investigated by 
TEM. 

Figure 4 (b) shows shape recovery by heating in 
Ti-35Ni-15Pt. It is clear that this alloy exhibits perfect 
shape recovery around 2.4% by heating. Besides, some 
pseudoelastic shape recovery about 0.5% was seen by 
unloading only. The pseudoelasticity must be due to 
small amount of dislocations introduced during 
deformation in the solution-treated alloy. By taking 
into account the high M, above 450K, this alloy is a 
candidate as a practical HTSMA. 

~ i(b)Ti-3oN'i~zoPr 
~~ < 

I 

.. 
40L0---4~50---~500~---5~50~--~-L----650 

Temperature, T I K 

Figure 3 DSC heating and cooling curves of(a) Ti-35Ni-15Pt and (b) Ti-30Ni-20Pt. 



3008 Transformation Behavior ofTi-Ni-Pt High Temperature Shape Memory Alloys 

700~------

1 (a) 
600c 

sool 
~4ool 
~-3001 g i 

"'200r 
lOO 

0"------'--_L_--'--
o 2 3 4 

strain, 8(%) 

--21 
I 

15Pt 1 

I 

5 6 7 

25017.----··---------~-----

1 (b) 

I 
200~ 

I 
~ 150i 

50~ 

I sbape memory effect 
0 . 
0 I 2 3 4 

strain, 8 (%) 

Figure 4 The tensile stress-strain curves of (a) Ti-35Ni-15Pt and Ti-30Ni-20Pt and (b) shape recovery of 
Ti-35Ni-15Pt by heating after unloading from 4% strain. It is noted that the perfect shape recovery was seen for (b). 

4. Conclusions 
(I) Ti-35Ni-15Pt and Ti-30Ni-20Pt have Bl9 

orthorhombic phases as martensite phases. 
(2) Judging from XRD results As ofTi-35Ni-15Pt and 

Ti-30Ni-20Pt are between 300k and 400K and near 
500K, respectively. 

(3) M., Mr, As andArofTi-35Ni-15Pt obtained by DSC 
are 453K, 383K, 447K and 473K, respectively. 
And also M., Mr, As and Ar of Ti-30Ni-20Pt 
obtained by DSC are 516K, 473K, 493K and 540K, 
respectively. 

( 4) As obtained by DSC is slightly different from that 
estimated by XRD. Two-step-like phase 
transformation appears in the cooling curve of 
Ti-35Ni-15Pt. 

(5) The yield stress, ultimate tensile strength and 
fracture strain are 1 OOMPa, 280MPa and 6% for 
Ti-35Ni-15Pt, respectively. Those for 
Ti-30Ni-20Pt are 400MPa, 620MPa and 6%, 
respectively. 

(6) Ti-35Ni-15Pt exhibits perfect shape recovery by 
heating after deformation up to 4%. 

(7) Since Ti-35Ni-15Pt exhibits good shape memory 
effect and moderate mechanical properties, 
Ti-35Ni-15Pt is a candidate as a practical HTSMA 
applied for above the boiling temperature. 
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