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Table 03: parameters that were varied to perform this study.

      Tantalum is known for its resistance to corrosion by acids. It's attacked only by hydrofluoric acid, containing 
the fluoride ion or by alkaline fusion. Tantalum is widely used in electronics, mechanical, optical and medicinal 
areas (AGULYANSKY, 2004).
     Laser welding have been successfully applied in automotive, aerospace and mechanical industries (DAS 
NEVES et al., 2010; VENTRELLA et al., 2012). Thin sheet welding need a precise control of energy, due the low 
mass amount to melt and the difficult is increased  in material with poorly thermal conductivity like tantalum. 
Pulsed laser welding is preferred for applications that need a very precise control of energy (DULEY, 1999; 
STEEN, 2005).

In this work, the objective is to develop technology laser microwelding in thin sheets of tantalum to achieve a 
framework of technical and scientific knowledge about the process, understanding the metallurgy and weldability 
of advanced material tantalum in the shape of thin sheets using laser for applications in nuclear, chemical, aeros-      The Figure 03 shows the cross-section of the weld seams. That visual analysis was performed by optical 
pace and O&G industries. microscopy with image analysis system.     
     

For the tests, Tantalum sheets with 100 µm of thickness were cut in size of 100 x 50 mm and welded in overlap 
joint configuration. The Figure 01 show schematic diagram of machine configuration for that welding, which 
works with focal length of 200 mm.

                              
                                                          Figure 03: cross-section of weld seams.

                             Figure 01: schematic diagram of  Nd:YAG pulsed laser welding system.
     All seams presented joining region, what is expected due a previous study performed to determine a better 

     interval of power densities to work with that material.
     Table 01 shows the results obtained in X-ray fluorescence analysis performed for obtain the chemical compo-      All seams presented loss of material, probably by evaporation, in the surface and in the root. The loss of mate-
sition of the that material. rial is due a combination of high melting temperature and low thermal conductivity, if compared to another mate-

rial that are welded for special applications, like aluminum and copper.
     The samples that presented bigger gap between the sheets also presented bigger cavity in the surface and the 

                                          Table 01: chemical composition on tatalum (weight in %) root.
    Is possible to note that the seams have approximately the same width in the surface and in the root. The 
Samples 03 and 04 due probably to distortion couldn't perform a good conduction of heat to the lower sheet and 
that resulted in a decreased thickness seam. Quantitative analyses of those facts are showed in the Table 04.

    
     In the welding of thin sheets is extremely important to use a device that fixes the sheets in the welding position.                                                          Table 04: overage width of weld seams.
The samples were welded into a device to secure the attachment, avoiding lack of contact between the sheets 
and excessive distortion. The arrangement of plates in the device can be seen in Figure 02.

    As already observed in other studies laser welding of sheet with 100 µm of thickness is possible and often 
offers more benefits than other conventional processes due to their features like high power density and low heat 
input. Could be observed a very high sensitivity of the weld seam to the presence and size of the gap between the 
sheets, which had already been observed in another studies (KAWAHITO et al., 2007) that indicate that the larger 
the gap between the elements to be welded, the greater the concavity on the surface of the weld bead, since the 
molten metal has sufficient to fill the region of the gap, a fact which occurred at time these samples. This is due to 
the fact that the gap between the sheets can act as a stress concentrator in the connection line region.
    This study shows how great the impact of the distortion in the welding of thin sheets is. Could be observed that 
for welding of thin sheets that is very important to use an efficient system to fix the sheet, in order to keep the 
sheets in the position and avoid the distortion.

                                                Figure 02: fixing system with the sheets positioned.      Is possible to observe how is important perform preliminary tests for materials used in special applications, in 
order to determine what is the range of welding parameters that material will present the best results.

     Were performed preliminary tests of weldment, based in another results presents in the literature, to determine      Due to the need for precise control of applied energy in the welding process for thin sheet, pulsed laser welding 
an interval of power densities in order to avoid lose material using a higher power density or produce a fragile showed greater applicability to thin sheets of tantalum.
seam using a lower power density. Those test showed a better results in the interval of power densities between 
24.2 and 35.7 MW/mm².
     Some parameters shows less influence in the welding. Those parameters were fixed in this study and are sho-
wed in Table 02:
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Element Ta Fe

% 99.9 ± 0,1 0.04 ± 0,02

Sample
Pulse 

Energy (J)
Pulse 

Duration (ms)
Power Density 

(MW/mm²)
Overage Heat Input 

(J/mm)

01 4 6.5 24.2 12

02 4.5 6.5 27.2 13.5

03 5 6.5 30.2 15

04 4 6 26.2 12

05 4.5 6 29.5 13.5

06 5 6 32.8 15

Sample 01 02 03 04 05 06

Overage Width (µm) 644 437 591 394 569 637

Parameter
Argon Flow 
Rate (l/min)

Welding Speed 
(mm/s)

Repetition Rate 
(Hz)

Incident Beam 
Diameter (µm)

Welding Angle 
(°)

Value 12 2,83 8 180 90
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