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ABSTRACT 

This study investigates the effect of different compacting pressures on microstructure ,physical and 

mechanical properties of NiTi shape memory alloys. The sample were prepared by powder metallurgy 

technique. The powder mixture containing 55wt% Ni and 45wt% Ti were mixed for 5hours,compacted at 

different pressures (400,600,800 and 900)MPa to cylindrical samples, and sintered in two stages. First 

heating the compacted samples at temperature of 500°C  for 2 hours and at a temperature of 950°C for 6 

hours under vacuum conditions (10
-4 

torr
 
)
 
. The XRD test shows that the sample compacted at 800 MPa 

are consisting of three phases (NiTi monoclinic phase ,NiTi cubic phase , Ni3Ti hexagonal phase ).From 

the results, it was found that compacting pressure has essential effect on; improvement of shape memory 

effect properties(1.30-5.60)%, increasing hardness(from80.4to137) and compressive 

strength(from127.43to431.04)MPa and decrease porosity percentage(from32to22)%.  
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ير ضغط الكبس على التركيب المجهري والخواص الميكانيكية والفيزيائية لسبيكة نيكل تأث

 تيتانيوم ذاكرة الشكل 

 علي هوبي حليم.دحيدر عبد الحسن العذاري ,  .د , نورا محمد كاصد

 

 الخلاصة:

تيتغةنيط   -يبةنيبيغة لبغ يبة نيبغلالتركيغ  المهرغرو لالاغطال الييئية يغة لالمعلغ  يتضمن هذا العمل دراسة تـأثير ضغوط  البغ   

, يتغغغغغغأل  للغغغغغغين المبغغغغغغة ي   غغغغغغن ذاكغغغغغغرل التغغغغغغبل ل تغغغغغغس تدضغغغغغغير العيوغغغغغغةس حةسغغغغغغتا ا   ري غغغغغغة تبوطلط يغغغغغغة المبغغغغغغة ي  

45wt.%Ti+55wt.%Ni) سغغغغةعةس ثغغغغس ك بغغغغم حتبغغغغلين ضغغغغوط   اتليغغغغة   غغغغ ارهة 5(لللطغغغغم المبغغغغة ي  امسةسغغغغية لمغغغغ ل

(400,600,800 and 900MPa )طانية التبلل تمم عمليغة التل يغ  حمغر لتين ,ألخ سغاوم ح ر غة  غرارل لتتدطل ال  نمةذج أسط

في  ط  يرغ  ن الرغطا  سةعةس  6 در ة سيليئية للم ل 950در ة سيليئية لم ل سةعتين ل ن ثس استمرس ال  در ة  رارل  500

10لوةية )
-4

 torr800ون المل  ل لالمب طسة حض الومةذج حةن البيوية اخشعة  يطد الت ةر (ل الضح MPa  تدتطو عل  ثلاثة أ طار

(ل ن للال الوتة ج ل   أن ضون الب   يغثثر حتغبل Ni3Tiأضةفة ال   طر NiTi ل طر المةرتوبةيم  NiTi ) طر املستوةيم 

 أسةسي عل  تدبين لطال استعةدل الذاكرل لزيةدل الصلادل ل  ةل ة اخنضوة  لت ليل نب ة المبة يةل
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1.INTRODUCTION 

Shape memory alloys (SMA) possess different properties compared to conventional metals. This type of  

alloy is capable of remembering its shape following a deformation. Relatively large recoverable strain of 

around 8% is one of the SMA’s distinct properties, which makes it a favorable candidate for applications 

involving large deforming loads. Nitinol (NiTi alloy) is one of the most well-known shape memory alloys. 

Such alloy is composed of nickel and titanium in approximately equiatomic ratio [1]. 

Nitinol is capable of displaying pseudoelasticity giving the material the ability to transform between 

phases upon loading and unloading and recover to its original zero strain shape after significant 

deformation. With the properties such as repeatability, wear resistance, corrosion resistance and 

biocompatibility, NiTi is the most commercially successful SMA [2].The shape memory and pseudoelastic 

characteristics coupled with the biocompatibility of NiTi alloys make them an attractive candidate for 

medical applications such as cardiovascular and orthopedic applications[3].Furthermore, several studies 

such as  Sadrnezhaad, et.al.[4] reported that commercially pure nickel-titanium powders were compacted 

and sintered at different temperatures for different times. Amorphization and interatomic phase formation 

were determined by X-ray diffractometry, scanning electron microscopy and differential scanning 

calorimetry. Porosity, virtual density, transition temperatures and the amount of Ni3Ti  first increased and 

then decreased with the milling time. Carlton G. Slough, et.al. [5] studied the nitinol shape-memory alloy 

solid-solid transition using differential scanning calorimetry (DSC), which reveals the reversible and 

hysteretic nature of this transition. the results show that the DSC is an excellent technique for examining 

the solid-solid transition in nitinol shape-memory alloys. This transition is a first order transition that 

shows no dependency on heating rate. This research aims at investigating the effect of compacting 

pressure (400to900)MPa on mechanical properties of Ni-Ti shape memory alloys prepared by powder 

metallurgy. 

 

2. EXPERIMENTAL PART 

In order to prepare samples of NiTi SMAs, powder metallurgy technique had been used. This method 

involves weighting the powders (55wt%Ni with 45wt%Ti) by using a sensitive balance device, mixing, 

compacting and then sintering them. The purity, average particle size and the original of ingredients used 

in this work are shown in Table 1.  

Wet mixing was carried out by the electrical rolling mixer apparatus to achieve a homogenous distribution 

of the powders. Stainless steel balls with different diameters had been used  during the mixing process to 

ensure refining and mixing the powders for a period of 5 hours. After mixing, all samples were compacted 

at 400,600,800 and 900 MPa. Compacting was achieved on an electric hydraulic press machine. A steel 

die of 10 mm in diameter was used to prepare samples of 10mm in diameter and 5mm in height. Following 

the compaction, all samples were sintered at two stages, the first at 500 °C for 2hrs and then heated at 950 

°C for 6hrs (the samples were allowed to heat up with a heating rate of 10°C/min) using a vacuum furnace 

(GSL-1600x ). The pressure of the vacuum furnace was 10
-4

 torr. 

 

3. TEST 

3.1. Particle Size Measurement 

The particle size for Ni and Ti powders was tested by using laser particle size analyzer [model: better size 

2000]. 
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3.2. Microstructure  

All surfaces of the samples including the edges were wet ground using 120, 220, 320, 600, 1000, 1200 and 

2000, grit silicon carbide papers. Etching solution consisting of [10% of HF, 20% of HNO3 and 70% of 

H2O] at room temperature was used[6]. The samples was washed with distilled water and dried using 

electric drier. Optical microscope and Scanning Electron Microscope (SEM) were used to capture the 

microstructure of the surface sample.  

 

3.3. X-Ray Diffraction Analysis 

X-Ray diffraction method was used to define the phases of sintered samples and the green compact 

samples in order to compare these diffraction patterns with sintered diffraction patterns for the same 

samples. The X - ray generator with Cu at 40 KV and 30 mA was used. The X- ray is operating at a 

scanning speed of 7° (2ɵ) per minute. The detector was moved through an angle of  2ɵ = 20 to 80 degrees. 

 

 3.4. Density and Porosity Measurement 

The green density of compacted samples was calculated as follows[7]: 

 

   g

g

g
V

m


                                                                                 

 

 

where : ρg: green density (g/cm
3
) 

 gm : green mass of the compacted sample(g); and 
gV = volume of the compact (cm

3
). 

The ratio of pore volume to the total volume is called green porosity which can be determined from the 

following equation[7]: 

 

 

            Pg = (1- ρg / ρth) × 100                                                                                                (2) 

 

 

Where   Pg - green porosity percentage% 

ρg : Green density of the green sample (g/cm
3
) 

th: theoretical density of the bulk material (g/cm
3
) .  

The theoretical density(ρth) can be calculated by the weight percentages of elemental powder 

multiplies by its theoretical density as follows[8] . 

 

nn

n

i

tB WtWtWtWt  *...........*** 33

1

2211 


…                                   (3) 

 

Where: 

Ρ1,2,…,n: theoretical density of the elemental powder (g/cm
3
) 

Wt1,2,..,n : weight percentage (%)of elemental powder in the alloy. 

The density and porosity of sintered specimens are calculated basing on ASTM B-328 [9]following the 

procedure of: 

 

(1) 
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 The specimen was dried at 100°C for 6 hour in vacuum furnace under a pressure of ((10
-4

 torr) then 

cooled to room temperature, the weight of dry specimen was recorded as mass A. 

 At room temperature, the specimen was immersed  in oil (with a  density Do = 0.8 g / cm
3
)  by using a 

suitable evacuating pump for 30 min. 

 Weighing the fully impregnated specimen in air, the mass was recorded as B. 

 Weighing the fully impregnated specimen in water (mass,F).  

 Measuring the temperature and find the density of water at this temperature. For this study, the 

temperature was 30°C, at which  the density of water (Dw) at this temperature was 0.9956 g / cm
3
.The 

density (D) was computed according to the following equation: 

 

 D=[(A/B-F)]  Dw                                                                                                       (4) 

 

and the porosity was measured as:  

 

 
Dw

DFB

AB
P 













 100

)( 
                                                                          (5) 

 

3.5. Hardness Test 

Macro hardness Brinells tester was used to measure the hardness of the sintered samples with 2.5mm ball 

diameter as indentation ball and (31.25N) as applied load .An average of three readings had been recorded in 

this test. 

 

3.6. Compression Test  

The compression test was performed according to ASTM B925-08 specifications via universal testing 

machine type (WDW 200,china). Standard sintered sample of (10mm diameter × 12mm height) were used 

.The test was achieved at constant loading speed of 0.1mm/min. 

 

3.7. Shape Memory Effect  

The Shape memory effect was determined basing on Brinell indentation as follows[10]: 

 

         

100 %) (SMEeffect memory  Shape 



b

ab

d

dd
                                                       (6) 

 

Where: 

bd
= average impression diameter in (m) before heating to 80°C. 

ad
= average impression diameter in (m) after heating to 80°C. 
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4. RESULTS AND DISCUSSION 

4.1. Particle Size Analysis 

Particle size analysis results of Ni and Ti powders are shown in Figures (1) and (2) respectively. It is clear 

that the average size of the powder was 12.06 µm for Ti and 36.80µm for Ni respectively. 

 

4.2. Green Density and Porosity of Compacts 

The effect of compacting pressure on green density and green  porosity of the prepared samples is 

shown in Figure(3).As it is clear an increase in the compacting pressures resulted in an increase in 

the green density and degrease in the green porosity of the prepared samples. The maximum green 

density attained was 5.23 (g/cm
3 

), corresponding to a porosity level of 24.5% due to maximum 

compacting pressure of 900 MPa. Increasing in pressure causes the elimination of more pores and 

creation of new contacts, and finally homogeneous deformation of the whole compact[11]. 

 

4.3. Density and Porosity after Sintering 

The effect of compacting pressure on the density of the sintered sample is shown in Figure(4a).The results 

indicate that the density after sintering is increased with the compacting pressure. This increase is likely 

due to the shrinkage of original pores during sintering.  

Figure(4b) shows the change of final porosity with compacting pressure. It is found that porosities are 

decreased after sintering, this reduction is attributed to the high temperature during sintering which led to 

reduce the size of pores in the structure and rejected the air from the pores. 

 

4.4. X-Ray Diffraction Analysis 

The XRD pattern of the green compact sample is shown in Fig.(5). It can be seen that only Ni and Ti 

phases were detected because during compacting process, no phase transformation take place. Figure (6) 

represents the chart of x-ray diffraction results after sintering process of the alloy sample prepared using a 

compacting pressure of 800 MPa. The full transforming of NiTi alloy to monoclinic NiTi phase ,cubic 

NiTi phase and hexagonal Ni3Ti phase can be easily observed. The suggested reactions during the process 

are as following [12]. 

 

 Ni + Ti →   NiTi        ∆G: - 67 KJ / mol  

 Ni + Ti →   Ni3Ti       ∆G: - 140 KJ / mol  

 

According to the phase diagram of NiTi system , NiTi and  Ni3Ti are stable compounds, also reaction 

according to equ.2 is more thermodynamically favored than  that represented by eq.1. Consequently, it is 

difficult to remove the Ni3Ti from sintered sample only by altering the sintering condition[12,13]. 

 

4.5. Microstructure Observation of the Sintered Samples 

Figure(7) shows the microstructure of all sintered samples compacted at different pressures. The 

microstructure of these alloys showed pores with different size, present phase and grain boundaries. The 

pores are rarely interconnected and randomly distributed. It can be observed that with increasing 

compacting pressure from (400 to 900) MPa ,the pores become smaller, the pore number decrease and its 

distribution becomes more uniform. This is because when compacting pressure increased the pore tend to 

be compact and take around. 
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All scanning electron microscope (SEM) images of the etched samples with different compacting pressure 

are shown in Figure(8), respectively. SEM images are sensitive to chemical composition as result the 

microstructure of sintered samples showed two kindes of phases (NiTi and Ni3Ti ).The formation of 

martensite phase from disorder or ordered B2 (austenite) in the sintered sample is clearly. The martensite 

phase formed in all alloys have a needle shaped grains, because the diffusion less feature of martensite 

transformation. 

 

4.6. Hardness Test 

Figure (9) demonstrates the hardness of the specimens compacted at different pressures after the sintering 

process. The results indicate the increase in hardness of the specimens with increasing the compacting 

pressure. This agreed with the fact that  as the compacting pressure is increased, the bonding between the 

particles is better (i.e. better inter diffusion) which in term leads to more pores elimination[14].  

 

4.7. Compression Test  

Table (2) shows the values of compressive strength (σcom) ,are increased with increasing the compacting 

pressure because the total amount of porosity in the mass are decreased. The results are in agreement with 

ref.[10]. 

 

4.8. Shape Memory Effect 

The SME values as a function of compacting pressure (400,600,800 and 900MPa) for all prepared alloy 

samples are shown in figure(10). It is clear from this figure that the SME increased by the increasing of the 

compacting pressure due to the elimination of porosity. SME values for master alloys showed smaller 

values than the values of dense form which reach to 8-10 % [3]. 

 

5. CONCLUSIONS 

Based on the results obtained in the present work, the conclusions can be summarized as follows: 

1- Scanning electron microscope observation indicated that the most samples compacted at (    to    ) 

M a and sintered at      c for 2hrs and then heated at     c for  hrs ha e a c ear martensitic structure  

2- The increasing in compacting pressure from (400 to 900) MPa for master NiTi alloys resulted in an 

improvement in shape memory effect (SME) and hardness, increasing in density and decreasing in 

porosity.  

3. Compressive strength of NiTi SMA alloys produced by PM increases with decreasing the porosity 

(increasing compacting pressure ). 
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Table (1): Powders used to prepare samples of NiTi alloy. 

Materials Purity % Average Particle 

Size(μm) 

Source 

Titanium Powder 99.75% 12.06 Changxing Galaxy 

International Trade 

Co.,LTD. 
Nickel Powder 99.65% 36.80 
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Table (2): Compressive strength for all samples compacted at different pressure. 

 

Sample with different 

compacting pressure 
400MPa 600MPa 800MPa 900MPa 

Compressive strength 

(σ com)MPa 
127.43 221.15 338.58 431.04 

 

 

 
 

Figure (1):  Particle size distribution of Ti powder used in this study. 

 

 

 
 

Figure (2):  Particle size distribution of Ni powder used in this study. 
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Figure (3): Effect of compacting pressure on:(a) Green density of the prepared sample, (b) Green 

porosity of the prepared sample. 
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Figure (4): Effect of compacting pressure on :(a) density of the sintered samples,(b) porosity of the 

sintered samples. 
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Figure (5): XRD pattern of the green compact sample. 

 

 

 

 
 

Figure (6): XRD pattern of sample compacted at 800 pressure after sintering. 
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Figure (7): Microstructure for alloys compacted at a: 400 MPa b: 600 MPa  

 

 

 

c: 800 MPa and d: 900 MPa respectively(400x). 
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Figure (8): SEM images for etched alloys compacted at a: 400 MPa b: 600 MPa 

 c: 800 MPa d: 900MPa. 
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Figure (9): Effect of compacting pressure on the HB values of the sintered alloy sample. 
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Figure (10): Effect of compacting pressure on SME properties obtained from Brinell Hardness test. 

 


