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Abstract 

Laser welding is a promising method for joining of NiTinol, which has some superior properties like shape memory effect, super 

elasticity, corrosion resistance, and good biocompatibility. This experimental work evaluates different aspects of weld bead quality and 

corrosion properties of bead-on-plate Yb-fiber laser welded samples of NiTinol. Laser was operated in continuous wave mode and 

welding was carried out on 2mm thick sheet by varying welding speed for constant power. Bead geometry quality aspects show a 

decreasing trend for increasing scan speed for a constant power.  Near the fusion line, the solidification process is followed by planar 

and cellular growth. When solidification front moves toward the weld centre-line, the dendritic growth occurs. Presence of brittle 

intermetallics (Ni3Ti, Ti2Ni) was identified by phase analysis with the help of XRD analysis. Microhardness values gradually increased 

from 220 HVN0.05 at weld centre line to 350 HVN0.05 at base metal, depending upon the grain structure. Polarization resistance for the 

base metal was found to be 443.6 Ohm/cm2, but the value was increased many times for welded samples. Due to better corrosion 

resistance property of the welded zone, laser welding can be used as an efficient joining technology for biomedical devices made of 

NiTinol.   
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1. INTRODUCTION 

As NiTinol is having unique properties like shape memory 

effect, pseudoelasticity and biocompatibility, it is considered 

one of the popular and new smart materials used in different 

fields, such as aviation and aerospace applications, 

hydrospace applications, MEMS applications, structural and 

civil applications, and medical applications [1-12]. Poor 

machinibility and lack of joining techniques of NiTinol to 

itself and to other materials are root of all challenges for 

manufacturing components with this material.  

Precision, good control of heat input, high processing speed, 

good weld bead profile, narrow heat affected zone width, 

minimum residual stress and distortion are the superior qualities 

of laser welding process, which make it an interesting joining 

technique for materials with limited weldability [13-14].                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Formation of Ti2Ni and Ni3Ti brittle intermetallic phases in 

weld metal is the main problem associated with welding of 

NiTinol [15–16]. During cooling, segregation of titanium 

helps in the formation of Ti2Ni precipitates at grain 

boundaries. Precipitations of brittle intermetallic phases may 

greatly affect mechanical properties of the alloy, as they act as 

crack initiation sites [17]. Higher solidification rate reduces 

the amount of deposited intermetallic phases in weld metal 

[18]. As higher solidification rate is achieved in laser welding 

[19], these methods are very useful for welding of materials 

which are sensitive to the formation of brittle phases due to 

welding. CO2 gas laser [16, 20], Nd:YAG solid state laser 

[21–24] and fiber laser [25-26]were used for welding NiTinol 

shape memory alloy. 
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In this study the effect of scan speed on bead geometry 

profile, bead geometry quality aspects, variation of 

microstructure at different zones of welded sample, phase 

analysis of welded as well as parent material, variation of 

microhardness value across weld-bead, and corrosion 

behaviour of welded and parent samples were studied for 

bead-on-plate welding of NiTinol, using fiber laser system. 

Variation of laser weld-bead profile of NiTinol with variation 

of scan speed at a constant power for 2 mm thick sheet was 

not reported in existing literature. 

2. MATERIAL AND METHODS 

The work piece was 2 mm thick sheet of NiTinol (52 atomic 

% Ni, 48 atomic % Ti) of dimension 25 mm × 60 mm. A 2 

kW Yb-fiber laser system having a focal length of 200mm and 

focal spot diameter varying from 250 µm to 400 µm was used 

to make the bead-on-plate laser weld. These samples were 

acid cleaned in an acid mixture of HF: HNO3:H2O=1:5:10 for 

20 S to remove any kind of oxide layer prior to welding. 

Argon gas shielding at a flow rate of 7lpm was used as to 

protect the weld pool from atmospheric contamination. The 

focal point of the laser was kept on the top surface of the 

sample to get the maximum power density there. Welding was 

done at 1700 W by varying scan speed from 2000 mm/min to 

5000 mm/min. After welding the beads were cut in the middle 

of the track to get the cross-section of the best portion of the 

weld-bead. The cut edges were polished mechanically by SiC 

paper varying from grit size of 600 to2400 and then polished 

with a diamond paste of 1 µm along the cross-section of each 

weld track. This was followed by etching the polished cross-

section with the acid mixture of HF: HNO3:H2O= 3:7:21 for 

10 s to reveal the weld bead profile. Zeiss zoom microscope 

was used to obtain the weld bead geometry data. For 

preparing metallographic samples specimens were cold 

mounted by epoxy and then mechanically polished in a similar 

way. Scanning electron microscope (SEM) [Model: EVO 18 

Research, Make: Zeiss] was used to reveal the microstructure. 

XRD analyses on welded as well as un-welded samples were 

done to get the idea about the formation of new phases during 
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welding using Cu-Kα radiation. To get the idea of variation of 

microhardness along the base metal, HAZ and weld-bead, 

Vicker’s microhardness test was performed across the weld 

zone, heat affected zone (HAZ) and the base metal for the 

weld-bead of 1700 W power and scan speed of 5000 mm/min 

with a microhardness tester [Model: S.Auto, Make: 

Omnitech]. A 50 g load and a dwell time of 10 s were used. 

The cross-section of the bead was polished and etched before 

microhardness test. Corrosion behavior of the both welded 

samples as well as the parent material was determined by 

potentiodynamic polarization test in simulated body fluid 

(SBF) at 37.5οC. Corrosion test was carried out based on the 

standard ASTM G61-86 using Biologic SP150 

electrochemical work station having Ag-AgCl as the reference 

electrode, Platinum as a counter electrode and sample as 

working electrode. After an initial delay of 3600 s to obtain 

the stability of open circuit potential, Tafel plot experiment 

was conducted from −1 V/SCE to + 1 V/SCE at the scan rate 

0.8 mV/s. Biologic soft electrochemistry software was 

employed to get the values of corrosion current density (Icorr), 

polarization resistance (Rp) and corrosion potential (Ecorr). For 

each and every result 3 replicates were considered and error 

bars for Fig. 2 and Fig. 6(b) were inserted. 

 

3. RESULTS AND DISCUSSION  

 

3.1    Weld-bead Geometry 

 

Bead geometry changed from bowl shaped top with a small 

leg to glass shape through wine glass shape with decreasing 

scan speed. For the line-energy value (power/velocity) 20 

J/mm partial penetrations welding occurred but above 51 

J/mm line energy, burning of metal took place. Full penetrated 

narrow bead was obtained for line energy range 25 J/mm to 35 

J/mm. Near Gaussian beam intensity distribution and 

conduction mode of welding was the cause behind this kind of 

bead geometry formation. The variation of bead width and 

heat affected zone width at the top surface is plotted for 

varying scan speed. Both indicated the decreasing trend with 

increasing scan speed. The standard deviations for bead width 

were varied from 2.2% to 4.2% but those for HAZ width were 

1.3% to 4.7%.  

 

 
 

  
Fig. 1 Weld-bead profiles for  (a) v=5000 mm/min, (b) v=4000 

mm/min, (c) v=3000 mm/min, and (d) v=2000mm/min 

2000 2500 3000 3500 4000 4500 5000

400

600

800

1000

1200

1400

1600

1800

2000

B
e

a
d

 p
ro

fi
le

 g
e

o
m

e
tr

y
 q

u
a

li
ty

 a
s

p
e

c
ts

Scan speed (mm/min)

 Bead-width at the top surface

 HAZ-width at the top surface

 

Fig. 2 Variations of bead-width and HAZ-width of weld-bead 

 

3.2    Microstructure  

 

Temperature gradient (G), solidification rate (R), under 

cooling (ΔT) and alloy composition controls the 

microstructure of weld bead. From the fusion boundary to the 

weld centre-line, the solidification rate increased but the 

temperature gradient gradually decreased. Therefore, the ratio 

of G/R at the fusion boundary was highest. The microstructure 

near the fusion boundary of the weld showed presence of 

epitaxial growth. The grain growth initiated from the HAZ at 

the fusion boundary and proceeded toward the weld center-

line. Near the fusion boundary, a region of small columnar 

grains formed. The fusion zone consisted of larger columnar 

dendrite grains oriented normal to the centerline.  When 

solidification front moved toward the weld centre-line, 

dendrite growth occurred in the centre of the weld. 

 

 
 

Fig. 3 Microstructure of the welded sample (a) Weld-bead, (b) 

Weld-bead center-line, (c) Interface of weld bead and HAZ, (d) 

parent material. 
 

3.3    Microhardness 

The base metal showed the highest value of microhardness 

(around 350 HVN0.05) due to the finest grain structure and 

more chemical and microstructural homogeneity than the weld 

zone. Though there was some instability on the measured 

values, a clear trend of continuously increasing hardness 

value, from the weld zone towards the base metal, was 

observed. The cause of this kind of variations of 

microhardness was that the area near the fusion zone 

experienced relatively slow cooling rate, and hence had a 

coarse grain structure, while the area near the base metal had 

fine grained microstructure due to high cooling rate and 
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steeper thermal gradients. The minimum value of 

microhardness in weld centre-line was around 220 HVN0.05. 
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Fig. 4  Variation of microhardness across bead for v=5000 

mm/min 

3.4    XRD Analysis 

From the XRD pattern of the parent material, it was clear that 

both austenite and martensite phases were present in the 

parent material at room temperature. In the welded zone, 

presence of different intermetallics, such as Ni3Ti, Ti2Ni was 

observed. According to phase diagram, the Ni3Ti could be 

formed in the Ni rich side, as a result of the reaction NiTi + 

liquid⇒ Ni3Ti, and Ti2Ni could be formed in Ti rich side by 

the reaction of NiTi + liquid⇒ Ti2Ni.These brittle 

intermetallics got accumulated on grain boundaries of weld 

metal. As a result of this the tensile strength of the welded 

sample would reduce by the welding. 
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Fig. 5 Phase analysis of (a) parent material (b) welded samples 

at different scan speeds. 

3.5 Corrosion Test 

From Fig. 6, it is prominent that Rpvalues of welded samples 

were higher than those of the parent material, which indicated 

that they have better corrosion resistance compared to the 

parent material. Corrosion resistance of NiTinol alloy is 

dependent on the stability of passive film of TiO2 on the 

surface of the material. This passive film acts a barrier against 

release of Ni ions from NiTinol by changing the oxidation 

pathways of Ni. From Rp values of parent and welded sample 

it was clear that the stability of passive TiO2 layer was 

increased by welding, and hence the welded samples 

possessed good corrosion resistance property. Standard 

deviation for RP values varied from 4% to 6%. 
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Fig. 6 (a) Potentiodynamic polarization curves for the 

parent and welded samples obtained for different 

experimental runs, (b) Polarization resistance for parent 

and welded samples. 

4. CONCLUSIONS 

a) From this study on laser welding of NiTinol sheets, 

it was clear that good quality welds in terms of weld 

bead geometry would be produced for a line energy 

range of 25-35 J/mm. Above the line energy value 

of 51 J/mm, materials would get burnt instead of 

getting welded for the sheet thickness of 2 mm. 

Welding with a partial penetration occurred below 

the line energy value of 20 J/mm. The quality 

aspects of weld bead-geometry, like HAZ width and 

weld-bead width were reduced with increasing scan 

speed for a constant power value, as the line energy 

decreased.  

b) Microhardness increased from weld centre-line to 

base metal through HAZ depending upon grain 

growth during solidification. 

c) From phase analysis of the material, it was clear that 

some brittle intermetallics, which might have effect 

on weld strength, were formed during welding. 

d) From the corrosion test, it was clear that the welded 

samples were more corrosion resistant than the 

parent material. 

a 
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