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Introduction

One of  the earliest and most widely practiced 
applications of  laser material processing was joining 
of  metallic parts using a continuous wave laser.1,2 
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Introducere: Pentru sudura n laboratorul de tehnic\ dentar\ se poate utiliza un laser Nd:YAG care lucreaz\ n regim pulsat. Obiective: Scopul acestui 
studiu l reprezint\ investigarea [i evaluarea a trei tipuri de solidarizare utilizate n tehnica dentar\, comparativ cu sudura cu laser. Material [i metode: 
S-au realizat diverse suduri cu laser utiliznd un echipament Nd-Yag (Orotig), care lucreaz\ n regim pulsat. S-au realizat [i alte tipuri de solidariz\ri, utiliznd 
trei tehnici diferite: topire cu flac\ra de hidrogen [i lipire, sudur\ cu electrozi de carbon [i solidarizare prin transfer. Toate aceste zone de solidarizare au fost 
investigate n ceea ce prive[te calitatea [i rezisten]a la coroziune prin imersie n clorur\ feric\ [i saliv\ artificial\, verificndu-se dac\ tehnicianul dentar a respectat 
instruc]iunile de solidarizare. Coroziunea a fost confirmat\ prin microscopie electronic\. Rezultate: Investiga]iile realizate au confirmat calitatea superioar\ 
a sudurilor cu laser. n cazul celorlalte metode clasice de solidarizare utilizate au ap\rut urm\toarele defecte: umplere incomplet\ a spa]iului de solidarizare, 
rezisten]\ sc\zut\ la coroziune, fapt ce le diminu\ specificitatea pentru aceast\ tehnologie. Diferen]e de calitate s-au observat [i n func]ie de modul de lucru 
al tehnicianului. Concluzii: Probele realizate prin tipurile investigate de sudur\ cu laser au prezentat coroziune minim\ [i calit\]i superioare fa]\ de celelalte 
metode de solidarizare investigate. 
Cuvinte cheie: sudur\ cu laser, metode de solidarizare, coroziune

Laser joining is applicable to inorganic/organic and 
similar/dissimilar materials with an extremely high 
precision, versatility and productivity that can only 
be matched by electron beam welding. Moreover, 
laser welding can be done in air, unlike the vacuum 
processing needed in electron beam welding.1,2 In 
comparison to conventional or arc welding, laser 
welding scores several advantages like narrow welds 
with controlled bead size, faster welding with a higher 
productivity, less distortion, narrow heat-affected zone 
and minimum contamination.3

Laser welding constitutes the most important 
operations among the laser joining processes.2,4 

Figure 1 shows the front view of  the schematic set-
up for laser welding without a filler rod. The focused 
laser beam is made to irradiate the work piece or joint 
at the given level and speed. A shroud gas protects 
the weld pool from undue oxidation and provides 



_____________________________
Meda Negrutiu et al   181

with the required oxygen flow. Laser heating fuses the 
work piece or plate edges and joins once the beam 
is withdrawn. In case of  welding with filler, melting 
is primarily confined to the feeding wire tip while a 
part of  the substrate being irradiated melts to insure a 
smooth joint. In either case, the work piece rather than 
the beam travels at a rate conducive for welding and 
maintaining a minimum heat affected zone.3-5

Figure 1. The front view of the schematic set-up for laser welding without 

a filler rod.

There are two fundamental modes of  laser welding 
depending on the beam power/configuration and 
its focus with respect to the work piece: conduction 
welding and keyhole or penetration welding.6 
Conduction limited welding occurs when the beam is 
out of  focus and power density is low/insufficient to 
cause boiling at the given welding speed. (Fig. 2)

Figure 2. Conduction limited welding.

In deep penetration or keyhole welding, there is 
sufficient energy/unit length to cause evapouration 
and hence, a hole forms in the melt pool. (Fig.3) The 
‘keyhole’ behaves like an optical black body in that the 
radiation enters the hole and is subjected to multiple 
reflections before being able to escape. 

The transition from conduction mode to deep 
penetration mode occurs with increase in laser 
intensity and duration of  laser pulse applied to the 
work piece.

Figure 3. Deep penetration or keyhole welding.

The purpose of  this study is to investigate and 
evaluate three types of  soldering and compare them 
to laser welding.

Materials and Methods

The method is represented by the laser welding with 
a pulsed Nd-Yag Laser equipment (Orotig). (Fig. 4) The 
following parameters were used: 1064 nm wavelength, 
10 ms repetition rate and 6.58 kJ/cm2 energy density 
(for Ti specimens) and 12 ms repetition rate and 7.49 
kJ/cm2 energy density for Ni-Cr and Co-Cr alloys.

Figure 4. The Nd-Yag Laser equipment (Orotig) used for the weldings.

Other joints were produced, using three different 
soldering techniques: hydrogen flame soldering, carbon 
tip electrode soldering and transfer soldering.1,2

In the hydrogen flame soldering technique, the wire 
elements are heated directly, so that the temperature 
of  the wire mostly rises to levels exceeding the fusing 
temperature of  the solder.

A spot welding unit (Master 2002, Dentaurum, 
Pforzheim, Germany) was used for carbon tip electrode 
soldering. A small soldering pad containing flux and 
the workpieces to be soldered was clamped between 
the carbon and copper electrodes. The current running 
through the workpieces resulted in direct heating of  
the wire elements and thus in melting of  the solder. 
The soldering time did not vary significantly among 
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the technicians; the mean values were 2.5 to 3 seconds 
and thus below those observed in the hydrogen flame 
and transfer soldering techniques.

Transfer soldering is also performed with a spot 
welding unit. The spot welded wire elements are held 
manually against the solder-bearing end of  a brass wire 
electrode. The latter is heated by the current flow from 
a carbon tip electrode until the solder fuses and flows 
into the soldering gap. In this technique, the parts to 
be soldered are heated only indirectly, so that they 
just reach the solder melting temperature at the point 
of  contact with the soldering globule, whereas the 
temperature is lower at more distant sites.

All the joints were produced as overlapping 
connections between a right-angled spring-hard wire of  
0.6 mm diameter and a hard wire of  0.9 mm diameter. 
(Fig. 5) After the soldering/welding procedures, the 
joints were immersed in three different corrosive 
agents: 60 minutes in 10% ferric chloride, 48 hours in 
Kukis® cleaner, and 90 days in 70 ml artificial saliva at 
37°C.7-9

Figure 5. The Welder/Solder joint geometry (schematic drawing).

Observance of  the soldering instructions by the 
dental technicians was checked. Corrosion attack was 
confirmed by electron microscopy.10

Results

The investigations confirm the quality of  laser 
welding.10-12 Figure 6 presents the surface appearance 
of  the laser weld at the transition from conduction 
mode to keyhole mode welding (c) and cross-sections 
of  both, a conduction mode weld just before the 
transition (a) and a keyhole mode weld directly after 
the transition (b).6

Incomplete filling of  the soldering gaps, porosities 
resulting from the production process, poor corrosion 
properties and in particular a high variability of  the 
measured values point out the insufficient reliability of  
classical soldering technique. 

Figure 6. The surface appearance of the laser weld at the transition from 
conduction mode to keyhole mode welding (c) and cross-sections of both, a 
conduction mode weld just before the transition (a) and a keyhole mode weld 
directly after the transition (b).

Figure 7 shows scanning electron microscopy 
images of  various solder joints in 17x (a) and 50x (b) 
magnification after immersion in ferric chloride (c). 
Massive defects in the steel wire occurred primarily at 
the uncovered snipped-off  spring ends (a,b), uncovered 
soldering gap areas (c), and impressions of  the carbon 
tip electrode (a).

Variations in quality were also detected related to 
technicians’ modes of  operation.

Figure 7. Scanning electron microscopic images of various solder joints in 
17x (a) and 50x (b and c) magnification after immersion in ferric chloride.

Conclusions

The two different investigated laser welding 
methods revealed minimal corrosion and offers 
clear-cut advantages compared to the other soldering 
methods. 

Dental alloys are subjected to functional 
influences in the oral cavity and interact with the 
intraoral environment. These interactions are of  a 
complex nature and are influenced by a wide range of  
environmental factors (quantity and quality of  saliva, 
dental plaque, pH value, foods and drugs).
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