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Abstract  
Sn effect on the phase transformation behavior, microstructure, and micro hardness of equiatomic Ni-

Ti shape memory alloy was studied. NiTi and NiTiSn alloys were produced using vacuum induction melting 

process with alloys composition (50% at. Ni, 50% at.Ti) and (Ni 48% at., Ti 50% at., Sn 2% at.). The 

characteristics of both alloys were investigated by utilizing Differential Scanning Calorimetry, X- ray 
Diffraction Analysis, Scanning Electron Microscope, optical microscope and vicker's micro hardness test. The 

results showed that adding Sn element leads to decrease the phase transformation temperatures evidently. Both 

alloy samples contain NiTi matrix phase and Ti2Ni secondary phase, but the Ti2Ni phase content decreases 
with Sn addition and this is one of the reasons that leads to decrease the micro hardness of alloy with adding 

Sn element in a noticeable manner. The micro hardness decreases from 238.74 for NiTi equiatomic alloy to 

202 for NiTiSn alloy after heat treatment. 
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Introduction 
Ni-Ti shape memory alloys (SMAs) are 

interesting materials in engineering applications 

because they have shaped memory effect and super-
elasticity. In general, the two factors that effect on 

Ni-Ti SMAs application in engineering are the 

phase transformation temperatures and mechanical 

characteristics (1, 2). In particular, the third alloying 
element addition to the binary Ni-Ti shape memory 

alloy plays a significant role in changing phase 

transformation temperatures and mechanical 
characteristics (3, 4). 

 The phase diagram of Ni-Ti alloy system is 

important for heat-treatments of the alloys and 
improvement of the shape memory characteristics. 

The research interests are restricted in the central 

region bounded by Ti2Ni and TiNi3 phases (Fig.1).  

Since the single phase Ni-Ti B2 near the equi-
atomic composition  transforms into a monoclinic 

phase martensitically B19', as shown in Fig.1, it is 

clear that the boundary on Ti-rich side is close to 
50%Ni, and is nearly vertical, while the boundary 

on Ni-rich side decreases with low temperature and 

hence the solubility decreases greatly (3). 

 

 
Figure1: Phase diagram of Ni-Ti alloy (3). 

 

B2→R (austenite to R-phase) phase transformation 

becomes interesting in many applications, such as 

actuators, because of the small thermal hysteresis 
and high fatigue life. Different methods used to 

produce the phase transformation B2→R in the Ni–

Ti SMAs, like adding a third alloying element to an 
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equi-atomic Ni–Ti shape memory alloy (5-7), grain 

refinement (8), thermo-mechanical treatment (9), 
and aging of Ni-rich alloys (10), have been 

developed. It's known that when Al, Mo, Fe, Co, 

and Cr (6-13) is added to near equi-atomic Ni-Ti 

shape memory alloys, it will produce R-phase 
(trigonal crystal structure). Co, Cr, Fe and Mo are 

transition metals; Al is not transitioned metal with 

electronic configuration [Ne] 3s23p. Similar to Al, 
Sn is not a transitioning metal with electronic 

configuration of [Kr] 4d105s25p2. This means that to 

introduce the R-phase transformation in Ni-Ti shape 
memory alloys by adding a third alloying element, 

it's not necessary to add transition metals. However, 

the effects of adding Sn element on the martensitic 

phase transformation behavior of Ni-Ti shape 
memory alloys are inconsistent. Some researchers 

have reported that the B2→R→B19' (austenite to R-

phase to martensite) phase transformation occurred 

in Ti49.5Ni0.5Sn, Ti49Ni1.0Sn, and Ti48.5Ni1.5Sn 

alloys, while the B2→B19' phase transformation 

occurred in a Ti50.0Ni1.0Sn alloy, and it has been 

proved that when Sn substitutes Ni of equi-atomic 

Ni-Ti shape memory alloy is effective to produce R-
phase transformation (14). In the present study, 

equiatomic NiTi and NiTiSn shape memory alloys 

were prepared by vacuum induction melting 

method. The aim of the research is investigating the 
effect of adding tin (Sn) element into Ni-Ti alloy 

and studying their morphological, thermal and 

mechanical properties.   

Materials and method 
Titanium wire with purity 98.66 wt. %, Nickel plate 

with 99.9 wt. % purity, and tin 99.9 wt. % were 
immersed in acetone and alcohol in an ultrasonic 

bath, and then they were washed with distilled water 

and dried before melting.  NiTiSn alloy composition 
contains 48 at % Ni, 50 at % Ti and 2 at % Sn 

compared with equiatomic NiTi alloy containing 50 

at % Ni, 50 at % Ti. The ingredient elements of 

these two alloys are frequently melted three times in 

a graphite crucible using high-frequency induction 
vacuum furnace under argon atmosphere. The heat 

treatment of the selected two samples was 

accomplished at 865oC for 15 min in a furnace 

under normal atmosphere and quenched in icy 
water. An optical microscope with a magnification 

of (4X) was used to investigate the microstructure 

of the samples. The samples were grinded, polished, 
and finally, etched using a solution of (30 ml H2O, 

20 ml HNO3, 10 ml HF) for 10 sec to show the grain 

boundaries and the microstructure of alloys.  For 
microstructure and chemical compositions, analysis 

of samples by "scanning electron microscope SEM" 

conducted with the "energy dispersive x-ray" 

analysis unit EDX model (VEGA3LM) were 
accomplished. X-ray diffraction test was carried out 

using a Shimadzu device; to analyse the different 

phases of the heat treated samples. Differential 
scanning calorimetry (DSC) was produced by 

SETARAM, type 131 EVO. A different 

temperature ranging from (-100 oC – 300 oC) with 

heating/cooling rate 10 oC/min in liquid nitrogen 
atmosphere was used to determine the 

transformation temperatures of the selected 

samples. For micro-hardness measurements, the test 
was done at room temperature using micro-hardness 

Vickers tester type (Laryee model VHS-1000), 

under 300 gf, load for holding time of 10 sec. 

Results and discussion 
The heat flow curves of equiatomic NiTi and 

NiTiSn SMA are given in Fig.2a &b. The R start 
temperature Rs, R peak temperature Rp, R finish 

temperature Rf, Austenite start temperature As, 

Austenite peak temperature Ap, Austenite finish 
temperature Af, Martensite start temperature Ms, 

Martensite peak temperature Mp, Martensite finish 

temperature Mf values and thermal hysteresis of 

equiatomic NiTi and NiTiSn alloys are illustrated in 
Table1. 

 

Table1. The transformation temperatures (
o
C) of equi-atomic binary NiTi and NiTiSn SMAs after 

heat treatment. 

Sample Rs 

 

Rf As 

 

Af 

 

Ms 

 

Mf 

 

Ap 

 

Mp 

 

Rp TH (Af –Ms) 

H
ea

ti
n
g
 NiTi 14.4 89.5 100.1 137.2 - - 108.46 - 43.98 129.6 

NiTiSn -57.2 29.2 56.8 120.3 - - 91.48 - -11 86.9 

C
o

o
li

n
g
 NiTi 39.7 12.7 - - 7.6 -42.6 - 1.35 19.16  

NiTiSn - - - - 33.4 -60.6 - -5.16 -  

Fig.2 shows the DSC profile of a) binary equi-
atomic NiTi and b) NiTiSn SMAs. Equiatomic 

binary NiTi alloy undergoing two steps 
transformation during heating and cooling. Two 
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exothermal peaks appear during the cooling process 

which refers to the transformation from the austenite 
phase B2 to the R-phase and from R-phase to 

martensite phase B19', respectively. Also, two 

endothermal peaks are revealed during heating, 

which indicates the transformation from the 
martensite phase B19' to R-phase and from R-phase 

to austenite phase B2, respectively (15). The R- 

phase appears because of the formation of Ti2Ni 
coherent phase which causes the local stresses field 

formation (3). Also, there is a strong resistance from 

this precipitates to the phase transformation with 

large strain like, B2→B19', while have a small 

resistance to phase transformation with small strain 

like, B2→R (3). This transformation behavior is 

most like that presented by Niraj N. et al. (15). In 

NiTiSn alloy substituting Sn for Ni, there are two 
endothermal peaks during heating which indicate the 

transformation from the martensite phase to R- 

phase and from R- phase to the austenite phase, 

respectively. 

 

 

Figure 2: The DSC profile of a) equi-atomic NiTi 

and b) NiTiSn SMA after heat treatment. 

 
 The same behavior was achieved by Jae-hyun K. 

(16), and one exothermal peak during cooling, which 

refers to the transformation from austenite to 

martensite phase, in this alloy can be noticed that 
there is an obvious reduction in the transformation 

temperatures comparing with the equiatomic binary 

NiTi alloy. This result agrees with that achieved by 
Avery W. Y. (17), he reported that the 

transformation temperatures decrease when Sn 

substituted Ni in NiTi shape memory alloys. The 

transformation peaks for both martensite and 
austenite transformation become broader with 

adding Sn element, also thermal hysteresis becomes 

narrower than in equi-atomic binary Ni-Ti SMA. 

However, SMAs with large thermal hysteresis, such 
as equi-atomic Ni-Ti alloy, represents good 

candidates for the application in coupling, such as, 

pipe and bolted joints, SMAs device extended at low 
temperatures, the device installed in the mechanical 

system and heated to produce force (18). 

Fig.3 illustrates the patterns of the X-ray diffraction 
XRD measurement of the heat treated a) equiatomic 

Ni-Ti SMA and b) NiTiSn SMAs. XRD analysis was 

accomplished at  room temperature in  the  diffraction  

angle  ranging  from  30 ͦ  to 80 ͦ  (2Ө)  for two samples 
to identify the crystalline phases.  

 

 

 
 

Figure. 3: X-ray diffraction of a) equi-atomic 

Ni-Ti and b) NiTiSn SMAs after heat treatment 

at 865  ͦC for 15 min. 

 

In equiatomic binary NiTi alloy, a very strong peak 
(112) of the R- phase is observed.  The diffraction 

reflections from (002), (11̅1), (020), (021), (012) and 
(112) planes of martensitic phase appear, other 

diffracted peak from (422) have been seen to refer to 

Ti2Ni precipitates phase. In NiTiSn alloy, only 
diffraction peaks corresponding to the planes (002), 

(11̅1) and (204) of the martensite phase are 
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observed. The diffraction peak of Ti2Ni from the 

plane (442) also observed with very low intensity, 
this was improved by very small amount of the Ti2Ni 

phase analyzed by   the SEM and EDX in Fig.3. 

NiTiSn XRD patterns are more intense and sharp 

especially of martensite phase from the plane (11̅1) 
than in binary NiTi alloy.  
From XRD patterns, it can be seen that the patterns 

of equi-atomic binary NiTi SMA are broader than 

NiTiSn patterns, which clearly intimates that the 
grain structure of equi-atomic binary NiTi SMA is 

very small. That is the reason for its wider peak than 

NiTiSn. The patterns of NiTiSn are narrower and 

sharper than that of equi-atomic binary NiTi SMA, 
because of the large grain structure of NiTiSn SMA.  

By measuring the Bragg width of peak at the half of 

the maximum intensity the grain size can be 
calculated using Scherrer formula (19). 

𝜏 =  
𝑘 𝜆

𝛽𝑐𝑜𝑠𝜃
 

Where τ represents the grain size (nm), k represents 

the shape factor (0.94), λ represents the wavelength 

of the X-Ray radiation, β represents (FWHM) the 
peak width at half the maximum intensity, and θ 

represents the Bragg angle. Average grain size of 

equi-atomic binary NiTi and NiTiSn SMAs is 

calculated using Scherer formula is 14.52 nm and 
38.49 nm, respectively. 

  Fig. 4 shows the microstructure of the a) equi-

atomic NiTi and b) NiTiSn SMAs by SEM and EDX 
analysis after heat treatment at 865  ͦC. The results 

show that equi-atomic NiTi SMA consists of NiTi 

matrix phase presented by dashed pointer and 
precipitates of Ti2Ni phase presented by the solid 

pointer. Table.2 shows the phases chemical 

composition existed in the microstructure of two 

alloys by EDX analysis. The microstructure of the 
NiTiSn SMA contains NiTiSn matrix-phase (dashed 

pointer) and precipitates of Ti2Ni phase (solid 

pointer). Also, it can be noticed that the amount of 
Ti2Ni phase in NiTiSn SMA is less than that in equi-

atomic binary Ni-Ti and smaller in size. This result 

agrees with that obtained by Jae-hyun K. et al. (14). 

They reported that with increasing the amount of Sn 
addition, the fraction area of the Ti2Ni phase 

decreases. However, in NiTiSn alloy, in an 

agglomerated non- geometric shape, the Ti2Ni phase 
slightly precipitates, as shown in Fig.4.  

 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

Figure. 4 SEM micrograph of a) equiatomic 

NiTi alloy, and b) NiTiSn alloy, after heat 

treatment at 865  ͦC for 15 min.

 

Table. 2 Chemical composition (at.%) of heat treated NiTi and NiTiSn SMAs at 865 ͦC by EDX. 

 
Phase Ti  Ni Sn 

NiTi (matrix phase) 50.2 49.8 0 

NiTiSn (matrix phase) 50.78 47.85 1.37 

Ti2Ni (0%at. Sn) 68.28 31.72 - 

Ti2Ni (2at % Sn) 74.48  27.94 1.85 

 

Figures 5 and 6 show the microstructure of 

equiatomic NiTi and NiTiSn SMAs before and after 
heat treatment at 865  ͦC, determined by the optical 

microscope. Equiaxed grains rather than dendrites 

dominate the microstructure of the equiatomic NiTi 
SMA after heat treatment. The grain size seems to 

be smaller after heat treatment. NiTiSn SMA shows 

a dendritic microstructure before and after heat 
treatment. A great dendritic structure was obtained 

after heat treatment, and larger grain size. The alloy 

with Sn addition contains larger grains size, in 
comparison with equi-atomic NiTi alloy. Ti2Ni 

………         1 
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phase precipitates on the grain boundaries and in the 

interior of the grains of equi-atomic NiTi SMA. 
Solid pointer in Fig. 5 refers to the Ti2Ni phase. The 

matrix NiTi phase is represented by the dashed 

pointer. 

 

 
 

Figure. 5 Optical micrograph of equiatomic 

NiTi alloy a) before, b) after heat treatment at 

865  ͦC for 15 min. 
 

 
 

Figure. 6 Optical micrograph of NiTiSn alloy a) 

before, b) after heat treatment at 865  ͦC for 15 

min. 

 

Table. 3 Shows the effect of the Sn addition on the 

micro hardness values of equiatomic NiTi SMA 
before and after heat treatment. The micro hardness 

values were determined by taking the average of the 

seven measurements on each sample. In equiatomic 
NiTi SMA, it is obviously manifested that there is 

an appreciable increase in micro hardness after heat 

treatment because of the solid solution hardening, 
and also due to the refinement of the grains. The 

micro hardness of the alloy with adding Sn element 

increased before heat treatment and decreased after 

heat treatment in comparison with equiatomic NiTi 
alloy as can be seen in Table.3. This reduction in 

micro hardness value can be attributed to significant 

reduction in Ti2Ni hard phase content in NiTiSn 
alloy (20), as can be seen from SEM/EDS analysis. 

Also Jai-young J. et al. (21) reported that with alloys 

that undergo phase transformation B2→R→B19', 

the microhardness higher than alloys undergoes 

B2→B19' phase transformation. This behavior can 

occur because of the hardening of solid solution. So, 

this can be the reason of the reduction of micro 

hardness of NiTiSn comparing with that of 
equiatomic NiTi alloy. 

 

Table. 3 Micro-hardness of equiatomic NiTi and 

NiTiSn SMAs before and after heat treatment. 

Alloy before heat 

treatment 

after heat 

treatment 

NiTi 186.06 238.74 

NiTiSn 242 202 

 

Conclusions  
Adding tin (Sn) element to Ni-Ti shape 

memory alloy leads to the reduction in the 
transformation temperatures. SEM and EDX 

analyses reveal that with the addition of tin (Sn) 

element, the size and amount of Ti2N phase 
decreases in the matrix phase. Optical photographs 

show that the dendritic structure becomes greater 

after heat treatment, also the X-ray analysis and by 

using scherrer equation reveal that the NiTiSn SMA 
has a grain size greater than equiatomic Ni-Ti SMA. 

In NiTiSn alloy, the micro hardness decreases after 

heat treatment in comparison with equi-atomic NiTi 
alloy. This can be attributed to decreasing the 

amount of Ti2N hard phase, and also, because of the 

dendritic structure which becomes greater after heat 

treatment. Thermal hysteresis decreases with 
adding tin (Sn) element to NiTi SMA. However, 

SMAs with large thermal hysteresis, such as equi-

atomic Ni-Ti SMA, can be used in candidates 
coupling application, like, pipe-joints and bolted-

joints. 
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 لشكلاتيتانيوم المتساوية التركيب المتذكرة تأثير اضافة القصدير على سلوك التحول الطوري في سبيكة النيكل 

 

 3صفا حسن محمد          2مظفر علي محمد      1علي عبادي الجبوري

 

 

 قسم العلوم التطبيقية/ الجامعة التكنولوجية/ بغداد/ العراق 1,2,3

 
 الخلاصة :

المتذكرة الشكل. تم إنتاج سبيكة  NiTiعلى سلوك التحول الطوري والبنية المجهرية والصلادة  الدقيقة لسبائك  Snتمت دراسة تأثير 
 Ni  ،50%Ti  ،2 %48 ( و )Ni 50 %  ، 50% Tiنيكل تيتانيوم وسبيكة نيكل تيتانيوم قصدير بطريقة الصهر الحثي في الفراغ بتركيب  )

% Snالمجهر وباستخدام الماسح الحراري التفاضلي وتحليل حيود الأشعة السينية المجهر الالكتروني الماسح  (. تم فحص خصائص كلتا السبيكتين

تؤدي إلى انخفاض درجات حرارة التحول الطوري بشكل واضح.  Sn. أظهرت النتائج أن إضافة عنصر  واختبار صلادة فيكر الدقيقة الضوئي

وهذا احد  Snانخفض مع إضافة  Ni2Tiور ( الثانوي ، ولكن محتوى ط2Ti(Niوطور  NiT)(iتحتوي كلتا عينات سبيكة على طور الاساس 
لسبيكة  238.74بطريقة ملحوظة ، انخفضت الصلادة الدقيقة من  Snالأسباب التي تؤدي إلى تقليل الصلادة الدقيقة للسبائك مع أضافة عنصر 

NiTi  لسبيكة  202المتساوية التركيب إلىNiTiSn الحرارية. بعد المعاملة 

 
 .لشكلكرة اذالماسح الحراري التفاضلي، سبيكة نيكل تيتانيوم ، سبيكة نيكل تيتانيوم قصدير،  السبائك المت الكلمات المفتاحية:


