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This study presents theoretical and experimental results on the laser irradiation of some metals (titanium, nickel, aluminium, 
copper, steel), using an Nd:YAG laser. The theoretical study involves the solving of heat equation for half-infinite targets. 
The determination of the temperature at the surface of the irradiated material allows quantitative estimations regarding the 
induced thermo deformation and the involved phase transition, in our case, the melting. The confrontation with experience 
is achieved through the comparison of the thermo deformation sizes and obtained craters and of the others related 
parameters with the direct microscopically measurements. The calculated values are in proper correlation with the 
experimental ones, the observed differences having as major cause the insufficiently precise knowledge of the involved 
physical values of observables, at high reached temperatures on the irradiated surfaces.  
 
(Received April 7, 2010; accepted April 26, 2010) 
 
Keywords: Metal, Steel, Nd:YAG laser, Thermo deformation, Laser melting, Laser radiation 
 
 
 

1. Introduction 
 
Exist, in present, a large variety of papers linked by 

the physic-chemical and technical properties of the metals 
which will be study. The special qualities of these 
materials recommend them to be used in various domains. 
More then that, one can say that these metals are 
indispensable elements in our times activities. 

As by laser irradiation the superficial properties of 
metals can be modified, it is important to study which are 
the mechanical, thermic, electrical or optical effects of this 
irradiation and how can be improved some characteristics 
for a better response of material to requests. 

 
2. Experimental 
 
The experimental assembly used in the irradiation 

experiences is composed from an Nd:YAG laser, an 
optical microscope, a light source and metallic samples. 
The samples have cylindrical shape, with height h≈ 5mm 
and base diameter d≈ 20mm. 

The characteristics of the emitted radiation by 
Nd:YAG laser are: the wavelength λ=1,06µm (IR); the 
diameter of laser spot Ds = 0,4 mm, the length of laser 
pulse τp=3ms (irradiation regime is monopulse).  

After irradiation, the analysis of irradiated surfaces 
has been done with an optical microscope whose accuracy 
in the estimate of the created drops (dilatations and 
craters) is 2µm.  

 
 
3. Results and discussion 
 
The samples have been irradiated differently through 

the modification of pulse energy. The adequate intensities 
have been established with the following relation: 
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S π=  representing the area of irradiated 

surface and τp representing the laser pulse length. 
The measured dimensions of formed thermo 

dilatations (+) or craters (-), matched to the intensities 
given by the relation (1), are presented in table 1 
(1div=2µm). 

 

 
Table 1. The measured dimensions of formed thermo dilatations (+) or craters (-) 

 
Sample 1 2 3 4 5 6 7 8 9 10 
Ei (J) ≤ 0,1 0,1 0,3 0,5 0,7 0,9 1,1 1,3 1,5 1,7 

)/10( 29 mWIi  - 0,3 0,8 1,3 1,9 2,4 3 3,4 4 4,5 

)(Tizi∆ ( mµ ) 0 0 +2 +2 +4 +5 -40 -52 -70 -110 
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Sample 1 2 3 4 5 6 7 8 9 10 
)(Alzi∆ ( mµ ) 0 0 0 0 +6 +8 -70 125 180 215 

)(Cuzi∆ ( mµ ) 0 0 0 0 -10 -15 -25 -35 -75 -120 

)(Nizi∆ ( mµ ) 0 +2 +3 -8 -22 -40 -75 -60 -95 -105 

)(steelzi∆ ( mµ ) 0 0 -6 -18 -38 -55 -68 -80 -80 -96 

 
These results will be interpreted on the bases of a 

thermic model of interaction between the laser radiation 
and metallic samples.  

Thus, the spatial – temporal dependence of the 
reached temperature in the target, T(z,t), can be established 
using the one-dimensional equation of heat propagation in 
a solid medium, whose form is: 
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where z is the depth in the target and t is the irradiated 
time. The measurements ρ, c, A, α and I0, depending all of 
temperature, represent the density, specific heat, the 
absorptivity, the absorption coefficient of sample and the 
intensity of laser radiation on target surface. For 
simplicity, in the next calculations, the Gaussian 
distributions of intensity in laser beam have been 
approximated with uniform distributions based on the 

equation ,7,00 ii II =  
____
10,1=i . The values of 

measurements mentioned above correspond to temperature 
T = 300K and for the absorptivity was used the Fresnel 
equation: 
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where n and k correspond the wavelengh λ=1,06µm [14]. 

 
Because the laser radiation is, for the metallic sample, 

a superficial heat source, meaning between the thickness 
of target (h), the diameter of laser spot (Ds) and the 
thermic diffusion length ( 2/pTthl τπχ= ) exists the 

relation h>>Ds>lth (half-infinite targets), the solution of 
equation (2) has the form [6]: 
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For z=0 (at the sample surface) and t=τp, the relation (4) 
becomes: 
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The experiments made respect the condition 

mentioned above, which can be observed comparing the 
next values: h=5mm; Ds=0,4mm; lth= 0,14mm for 
titanium, lth= 0,47mm for aluminium, mmlth 98,0=  for 

copper, lth= 0,21mm for nickel and mmlth 12,0=  for 
steel. 

The values of physic parameters from relation (5), for 
metals which we used, are presented [7], [13], [14] in  
Table 2. 

Table 2: The values of physic parameters for some materials 
 

 Titanium Aluminium Copper Nickel Steel 

Absorptivity, A (%) 7 6 3 28 27 
Thermic conductivity,  KT  

(J/msK) 

22 236 1401 83 26 

Density, ρ  (Kg/m3) 4500 2700 8900 8800 8000 
Specific heat, c (J/kgK) 520 902 380 460 470 

Thermic diffusivity, 

Tχ  (10-4 m2/s) 
0,09 0,96 4,14 2,3 0,07 

Melting temperature, 
Tmelting (K) 

2073 930 1357 1728 1808 

Vaporization temperature, 
Tvap (K) 

3523 2543 2310 2913 2573 

 
A first verification of the used model is achieved 

comparing the superficial density of electromagnetic 
energy needed for the beginning of metallic samples 
melting, calculated with the formula [6]: 

  ( ) ATTcKw meltingpTtheorem 2/0−= τπρ ,       (6) 

 
with the experimental value: 
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where Emelting represent the value of laser pulse energy 
which for craters start to appear (the first values with “+” 
from table 1). The calculated and experimental values for 
each metal are mentioned in the table 3. 
 

 
Table 3. The calculated and experimental values of the 

superficial density of electromagnetic energy 
 

 Ti Al Cu  Ni Steel 

teoremw  

( 26 /10 mJ ) 

8,9 12,7 12 4,6 2,7 

expemw  
( 26 /10 mJ ) 

8,7  3,6 10,4 4 2,4 

 
Interesting dates are given by the estimation of the 

time needed to the laser radiation to initiate the melting 
process for the used metals (table 4). It is used the relation 
(8), obtained from the application of thermic model of 
interaction [6]: 
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Table 4. The time needed to the laser radiation to initiate 

the melting process 
 

 
Metal 
Time 

Ti Al Cu Ni Steel 

meltingt )(ns  12 370 270000 39 12 

  
It may be done as well a theoretical estimation of 

length of the craters formed in the metallic sample based 
on an approximated formula which was obtained with the 
same thermic model [6]: 
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 The results are mentioned in the table 5 and can 
be compared to the values with “-“ from table 1. 
 
 
 
 
 
 

Table 5. The length of the craters formed in the metallic sample. 
 

 Ti Al Cu Ni Steel 

craterz∆ )( mµ  73 350 112 110 72 

 
 

Another confrontation with the experience is possible, 
in the case of Ti, Al and Ni from the estimation of the 
linear dimensions of the thermo dilatation, based on the 
linear dilatation and the comparison of these with the 
measurements realised using optical microscope (table 1, 
values with “+”). Thus, considering the length dilatation of 

the cylinder with z0 high and 
4

2
sD

S π=  base area, it can 

be written: 
 
                        Tzz theori ∆=∆ 0α ,           (10) 

 
where: z0 is considered approximately equal with the 
length of thermic diffusion in the metal, z0 ≈ lth; 

51008,1)( −⋅=Tiα K-1, 5103,2)( −⋅=Alα  K-1, 
5107,1)( −⋅=Cuα  K-1, 5103,1)( −⋅=Niα  K-1, 

5102,1)( −⋅=steelα K-1; 0TTT ii −≅∆  with T0=273 
K;  Ti is calculated with the equation (5). 

The experimental values of thermo dilatations are 
those with “+” from table 1 and the comparison is 
presented in the tables 6, 7 and 8. Were not been observed 
thermo dilatations on copper and steel. 
  

Table 6. Comparison between experimental and 
theoretical values for Ti 

 
Sample (Ti) 1 2 3 4 

Ti (K) 800 1300 1900 2400 

∆zitheor (µm) 0,79 1,54 2,44 3,19 

∆ziexp (µm) 2 2 4 5 

 
Table 7. Comparison between experimental and theoretical 

values for Ni. 
 

Sample (Ni) 1 2 

Ti (K) 510 1300 

∆ziteor (µm) 0,65 2,8 

∆ziexp (µm) 2 3 

 
 
 

Table 8. Comparison between experimental and theoretical 
values for Al. 

 
Sample (Al) 1 2 

Ti (K) 510 640 
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∆zitheor (µm) 2,6 4 
∆ziexp (µm) 6 8 

 
An interesting element is related to the comparison, 

using the optical microscope, of the thermo dilatation form 
with that of the intensity distribution in the laser beam 
(figure 1). This suggests the fact that in the central zone of 
the beam, because of the higher values (Gaussian 
distribution), the reached temperature in the spot centre is 
higher, therefore the dilatation extent will be higher too. 

 
Fig. 1.  Comparison   of   the   thermodilatation   form 
with   the intensity  distribution  form  in  the laser  beam. 

 
 

4. Conclusions 
 
1. It has been possible to observe an approach close 

enough to the theoretical results with the experimental 
ones in the determination of the superficial density of the 
needed energy for induction of analysed metals melting. 
For aluminium, the concordance is not very good, a 
possible reason being that the Al surface transforms in 
Al2O3 in contact with the air, so the specific physical 
parameters used in caculation were different.  

2. Another important conclusion is based on the 
relation between the time needed to initiate the melting 
process and the thermic conductivity, respectively the 
metal absorptivity, meaning that this time is as higher as 
the thermic conductivity is higher (the heat spread faster in 
the material) and the absorptivity is lower, fact well 
showed in calculations at least for the explanation of 
maximum time at copper and minimum time at steel. 

3. Good concordances have been observed to four 
from those five metals for melting depth. The theoretical 
values are included in experimental ones, excepting 
aluminium, probably for the reason meantioned at point 1. 

4. The mechano-thermic model for estimating the 
shown up thermodilatation after the irradiation was less 
suitable, excepting nickel thereupon the theoretical value 
is close to the experimental one. The explanation is 
simple: the dilated and warmed volume is much more 
higher then the considerate one in the application of the 

thermic dilatation law, fact that appreciably minimizes the 
theoretical values of the dilatation at the samples surfaces. 

This suggests that, although the values of the involved 
physical parameters, in calculations, are insufficiently 
known, specially at high temperature reached at the 
samples surfaces, the used thermic model was good 
enough offering correct informations linked with mealting 
process and estimations according the experimental notes. 
This means that the model can be used with higher  trust in 
other experiences of laser irradiation of solid materials.  

Finally, it is obvious the necessity to continue this 
type of experiences for other materials for more precise 
estimations on the validity of the thermic model of 
interaction. 
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