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Welding of metals and alloys is important to Dentistry for fabrication of dental prostheses. Several methods of soldering metals and
alloys are currently used. The purpose of this study was to assess, using the flexural strength testing, the efficacy of two processes
Nd:YAG laser and TIG (tungsten inert gas) for welding of pure Ti, Co-Cr and Ni-Cr alloys. Sixty cylindrical specimens were prepared
(20 of each material), bisected and welded using different techniques. Four groups were formed (n=15). I: Nd:YAG laser welding; II-
Nd:YAG laser welding using a filling  material; III- TIG welding and IV (control): no welding (intact specimens). The specimens were
tested in flexural strength and the results were analyzed statistically by one-way ANOVA. There was significant differences (p<0.001)
among the non-welded materials, the Co-Cr alloy being the most resistant to deflection. Comparing the welding processes, significant
differences (p<0.001) where found between TIG and laser welding and also between laser alone and laser plus filling material. In
conclusion, TIG welding yielded higher flexural strength means than Nd:YAG laser welding for the tested Ti, Co-Cr and Ni-Cr alloys.
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INTRODUCTION

Welding is a widely used process during
fabrication of dental prostheses. Several techniques are
currently in use and each of them has benefits and
disadvantages. The choice for a welding method will
depend on whether the technique produces enough heat
to join the materials without distortion and preserves
their properties, whether the materials to be welded are
similar or different metals/alloys, and which would be
the procedural costs (1).

The use of titanium on several medical and dental
applications, mainly dental implants, has increased greatly
over the last 10 years, due its biocompatibility, resistance
to corrosion, and mechanical and physical properties
(2). There is a trend towards the replacement of the
alloys currently used for fabrication of dental prostheses

by titanium, as it has lower specific density, higher
ductility and lower thermal conductivity than Co-Cr and
Ni-Cr alloys (2).

It has been shown that laser welding results in
less distortion in comparison to conventional methods.
An advantage of laser welding is the possibility of
carrying out the procedure directly on the plaster model
avoiding the several steps that are needed when
conventional techniques are used (3,4). Laser welding
is a low-cost and safe process and may be performed
close to plastics, resins or ceramics parts of a dental
prosthesis without risks of damage because heating
does not spread too far away from the welded site. This
technique requires a small gas protected zone to reduce
irregularities and internal defects within the welding site
that could result in poor weld resistance.

TIG (tungsten inert gas) welding is carried out
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under an argon environment and is used with a union
material that is placed around the welding site (5).
During this process, heating is highly concentrated and
disturbances of thermal origin and deformation are
minimized (6,7).

The purpose of this study was to assess, using
the flexural strength testing, the efficacy of two processes
(Nd:YAG laser and TIG) for welding of pure Ti, Co-Cr
and Ni-Cr alloys.

MATERIAL AND METHODS

Sixty cylindrical specimens (3 mm in diameter;
25 mm in length) were fabricated from pure titanium
(Rematitan M TI-31g; Dentaurum, Pforzheim,
Germany), a Ni-Cr alloy (Ni 61%, Cr 26%, Mo 11%, Si
1.0 % and 1% Fe, Co and Ce; Remanium, Dentaurum)
and a Co-Cr alloy (Co 64.8%, Cr 29% and Mo 4.5%;
Remanium GM380; Dentaurum). Twenty specimens of
each material were prepared.

The cylinders were randomly assigned to four
groups of 15 specimens each (5 cylinders of each
material per group), bisected transversally and welded
(except for the control group that remained intact).
Description of groups is given bellow:

Group I: the sectioned specimens were welded
using a Nd:YAG laser device (model DL2002S,
Dentaurum). The following parameter settings 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. Group II: Nd:YAG laser welding
using a filling material (0.4-mm-diameter titanium wire
(Welding Dentaurum; Dentaurum). The laser parameter
settings for Ti, Ni-Cr and Co-Cr alloys were: 8 ms
repetition rate and 2.3 kJ/cm2 energy density. Group
III: the specimens were welded using the TIG method
with Syncrowave 300S system (Miller Electric Mfg.
Co., Appleton, WI, USA). The TIG parameter settings
were: 10 V, 15-20 A and 12 s working time. Group
IV (control): non-sectioned, non-welded specimens.

The specimens were radiographed to assess the
presence of defects caused by the casting or welding
processes. X-ray tests were conducted at the Industrial
Foment and Coordination Institute of the Brazilian
Aerospace Technical Center (CTA) (São José dos
Campos, SP, Brazil). When bubbles were detected,
radiographs were taken at different angulations (0º and

90º) to determine bubble location. Specimens that
presented bubbles due to the casting process or defects
caused by the welding that could alter their structure
were discarded and replaced.

The cylinders were submitted to flexural strength
test in an Instron machine (Instron Co., Canton, MA,
USA) at a crosshead speed of 0.5 mm/min and a load cell
of 500 kg applied on the welded interface (or at the
middle point of the rod for non-welded specimens). The
specimens were fixed to two supports separated by a
20-mm distance. Loading was applied up to plastic
deformation of the specimen or its rupture (whatever
occurred first). Data were analyzed statistically by one-
way ANOVA using Instat statistical software package
(GraphPad Software, Inc., San Diego, CA, USA).

RESULTS

Flexural strength means for each group are given
in Table 1. Figure 1 shows data displayed by material.

TIG welding increased the flexural strength of
Ti, Co-Cr, Ni-Cr as the welded cylinders presented
higher flexural strength than non-weld cylinders. The
highest means were observed for Co-Cr weld by TIG

Welding technique Flexural bond strength

Nd:YAG laser (Group I)
Ti 1069 ± 187
Ni-Cr 460 ± 276
Co-Cr 464 ± 70

Nd:YAG laser + filling
material (Group II)

Ti 1224 ± 27
Ni-Cr 1370 ± 81
Co-Cr 1492 ± 197

TIG (Group III)
Ti 1609 ± 90
Ni-Cr1 1759 ± 559
Co-Cr 2665 ± 281

No welding (Group IV)
Ti 1302 ± 27
Ni-Cr 1488 ± 176
Co-Cr 2654 ± 64

Table 1. Flexural strength means (in MPa) and ± SD for pure Ti,
Ni-Cr and Co-Cr specimens (non-welded and welded groups).
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(2665 ± 281 MPa) and non-weld Co-Cr (2654 ±
64MPa). The intact Ti cylinders showed lower flexural
strength (1302 ± 27 MPa).

Laser welding of Co-Cr and Ni-Cr alloys resulted
in low flexural strength (464 ± 70 MPa; 460 ± 276 MPa).
The use of a filling material with laser welding significantly
increased the flexural strength, particularly for the
alloys. Laser welding yielded the lowest means for all
three materials.

There was significant differences among the
non-welded materials (p<0.001), the Co-Cr alloy being
the most resistant to deflection. There were significant
differences between non-welded Ti and Ti welded by
TIG (p<0.01) and between the latter and laser-welded
Ti cylinders (p<0.05). Laser welding in combination
with the filling material (titanium wire) also resulted in
significant differences among the materials (p<0.001).
For the Co-Cr alloy, there was significant difference (p<
0.001) between non-welded and laser-welded specimens,
as well as between cylinders welded with laser alone and
laser associated with a filling material. For the Ni-Cr
alloy, non-welded and laser-welded groups also differed
statistically (p<0.001).

When the different welding processes were
compared, significant differences were observed
between TIG welding and Nd:YAG laser (p<0.001) and
between laser welding and laser welding plus filling
material (p<0.001). The use of the filling material
showed only significant difference on the flexural strength
of Co-Cr alloy (p<0.001). Regarding TIG welding, Co-
Cr differed statistically from Ti and Ni-Cr alloys
(p<0.001). Regarding laser welding, Ti differed
statistically from Co-Cr and Ni-Cr alloys (p<0.001).

DISCUSSION

In this study, all welding procedures were carried
out in an argon environment to prevent the oxidation
process that may lead to a weak union (1,6-12).

The use of the TIG system led to better results
compared to the other methods used in this study
(Nd:YAG laser welding with and without filling material).
This result may be due to the use of a powerful heat
source (TIG) that was able to increase the size of the
welded site without reducing the diameter of the welded
transverse area (5). The main disadvantage of the use of
the TIG system is its high equipment, material and
manpower costs (6). Despite the better flexural strength
results of the TIG system, laser welding is the most
recommended technique because it is quick, precise and
easy to be carried out (13). Additionally, laser welding
also leads to little distortion (14) and may be used for
repairing different types of prostheses even when the
weld point is close to resins or ceramics. This is possible
because the periphery of the weld site remains at lower
temperatures (11,15).

The outcomes of this study showed that titanium,
Co-Cr and Ni-Cr specimens submitted to TIG welding
presented higher flexural strength than non-welded
specimens. Co-Cr specimens showed the highest flexural
strength and titanium specimens showed the flexural
strength lowest. TIG welding yielded better results than
Nd:YAG laser welding associated or not to the use of
filling material.

RESUMO

O processo de soldagem de metais e ligas é importante para a
Odontologia para fabricação de próteses dentárias. Existem
atualmente diversos métodos utilizados na soldagem de metais e
ligas. O objetivo deste trabalho foi avaliar a solda do Titânio e
ligas de Ni-Cr e Co-Cr usando o sistema TIG e o laser Nd:YAG
utilizando o teste de resistência à flexão. Sessenta corpos-de-
prova cilíndricos foram confeccionados (20 de cada material),
seccionados ao meio e soldados por TIG ou por laser de Nd:YAG,
com e sem um material da preenchimento. Quaro grupos foram
formados (n=15). I: soldagem a laser de Nd:YAG; II: soldagem à
laser usando um material de preenchimento; III: soldagem com
TIG; IV (controle): sem soldagem (corpos-de-prova intactos) As
amostras foram submetidas a ensaios de flexão e os resultados
analisados pela ANOVA a um critério. Houve diferença
estatisticamente significante entre o metal e as ligas íntegras
(p<0.001), sendo a liga do Co-Cr o mais resistente à deflexão. Ao
se comparar os diferentes processos de soldagem, diferença
estatisticamente significante (p<0.001) foi encontrada entre a
solda TIG e o laser de Nd:YAG e entre este e o laser mais o

Figure 1. Flexural strength of the specimens samples displayed
separated by material.
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material de preenchimento. Conclui-se que a soldagem com TIG
apresentou melhores resultados que a soldagem com o laser de
Nd:YAG para os três materiais testados.
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