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APRESENTAÇÃO
A Engenharia Mecânica pode ser definida como o ramo da engenharia que aplica 

os princípios de física e ciência dos materiais para a concepção, análise, fabricação e 
manutenção de sistemas mecânicos. O aumento no interesse por essa área se dá 
principalmente pela escassez de matérias primas, a necessidade de novos materiais que 
possuam melhores características físicas e químicas e a necessidade de reaproveitamento 
dos resíduos em geral.

Nos dias atuais a busca pela redução de custos, aliado a qualidade final dos produtos 
é um marco na sobrevivência das empresas, reduzindo o tempo de execução e a utilização 
de materiais.

Neste livro são apresentados trabalho teóricos e práticos, relacionados a área 
de mecânica e materiais, dando um panorama dos assuntos em pesquisa atualmente. A 
caracterização dos materiais é de extrema importância, visto que afeta diretamente aos 
projetos e sua execução dentro de premissas técnicas e econômicas.

De abordagem objetiva, a obra se mostra de grande relevância para graduandos, 
alunos de pós-graduação, docentes e profissionais, apresentando temáticas e metodologias 
diversificadas, em situações reais. Sendo hoje que utilizar dos conhecimentos científicos 
de uma maneira eficaz e eficiente é um dos desafios dos novos engenheiros.

Boa leitura!

Henrique Ajuz Holzmann
João Dallamuta
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ABSTRACT: Coatings are widely applied on 
the most diverse types of surfaces to obtain 
functional characteristics such as oxidation 
resistance, thermal resistance, wettability, 
corrosion resistance, electrical properties, etc. 
Thermal Barriers Coatings (TBC’s) are widely 
used as a protective layer against oxidation at 
operating temperatures above 800 °C. The TBC’s 
is composed of an outer ceramic layer, bonded to 
the substrate through the MCrAlY layer (where 
M = Co, Ni, Fe or combinations), which has a 
TGO (Thermaly Grow Oxide) on its surface. The 
bond coat is used to promote a smooth transition 
of thermal expansion coefficients of the different 
materials. NiCrAlY bond-coat are indicated in the 
literature as being one of the main components 
of TBC´s for the adhesion of ceramic coatings 
in industrial and aeronautical turbine blades. 
The objective of this work is to deposit layers 
of NiCrAlY in AISI 316L stainless steel, using 
CO2 laser irradiation of a powder-bed. Different 
powder-bed thickness was used to evaluate the 
effect on the integrity of the irradiated coating. 
The thickness and quality of the coatings were 
evaluated by optical microscopy.
KEYWORDS: Turbine blades, TBC, NiCrAlY, 
laser deposition.
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CONTROLE DE ESPESSURA DE REVESTIMENTOS DEPOSITADOS POR 
LASER DE CO2 PARA PALHETAS DE TURBINAS AERONÁUTICAS

RESUMO: Revestimentos são amplamente aplicados sobre os mais diversificados tipos de 
superfície para se obter características funcionais como resistência à oxidação, resistência 
térmica, molhabilidade, resistência à corrosão, propriedades elétricas e etc. Os revestimentos 
de proteção térmica - Thermal Barriers Coatings (TBC’s) são amplamente utilizados como 
uma camada protetora contra a oxidação em temperaturas de operação acima de 800 °C. Os 
TBC’s contém uma camada externa de cerâmica que é ligada ao substrato por meio de uma 
camada MCrAlY (onde M = Co, Ni, Fe ou combinações), que possui em sua superfície uma 
camada de óxido crescido termicamente, o TGO (Thermaly Grow Oxide). Revestimentos de 
ligação entre o substrato e a camada cerâmica são utilizados afim de promover uma transição 
suave dos diferentes coeficientes de dilatação de térmica dos materiais. Revestimentos 
de ligação a base de NiCrAlY são indicados na literatura como sendo um dos principais 
componentes dos TBC´s para o crescimento e adesão de revestimentos cerâmicos em 
paletas de turbinas industriais e aeronáuticas. O objetivo deste trabalho é depositar camadas 
de NiCrAlY em uma liga de aço inoxidável AISI 316L, a partir da irradiação a laser de CO2 
de camadas pré-depositadas de pó. Diferentes espessuras pré-depositadas foram utilizadas 
para avaliar seu efeito na integridade dos revestimentos irradiados. A espessura e a qualidade 
dos revestimentos foram avaliadas por microscopia óptica.
PALAVRAS - CHAVE: Palhetas de turbina, TBC, NiCrAlY, deposição a laser.

1 | INTRODUCTION
Aeronautical turbine blades operate at elevated temperature and chemically 

aggressive environments. Thus, there is a demand for thermal and chemical protection. The 
thermal protection is usually obtained by the employment of ceramic coatings [1]. To ensure 
good adherence between the ceramic coating and the blade metallic substrate, a bond-coat 
(BC) is necessary, acting in the reduction of the thermal expansion coefficient mismatch of 
these materials, and at the same time, acts as a chemical barrier, protecting the underlying 
substrate from corrosion [1]. This protection is due to a thermally grown oxide formed upon 
its surface, mainly constituted by α-Al2O3. The BC is composed of a MCrAlY metallic alloy, 
where M = Ni, Co, Fe and/or its combinations [2]. 

Several techniques are used to produce TBC’s including atmospheric plasma spray 
[3] and Yb laser irradiation [2,4]. The used technique can directly influence the morphology 
and microstructure of the coatings. The formation of defects at the surface such as porosity 
and micro cracks may be deleterious to the ceramic coating adhesion [5]. In processes that 
uses a powder-bed irradiated by laser, it isnecessary to control of the powder thickness, in 
order to obtain homogeneous coatings [2].

The present investigation used pre-deposited powder-bed of NiCrAlY powder alloy, 
irradiated with a CO2 laser beam. It has been analyzed how the weight of the powder-bed 
influences the resulting coating quality. The amount of powder required to form homogenous 
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NiCrAlY coatings on AISI 316L stainless steel was investigated.

2 | EXPERIMENTAL PROCEDURE
Laminated sheets of AISI 316L stainless steel were cut with dimensions of 25 x 25 

x 3 mm, and it was employed as substrate material. Before all procedures, the substrate 
material was cleaned with acetone. The NiCrAlY powder bond-coat (BC) was provided 
by PRAXAIR-EUA, Fig. 1a, with average particle size of 42 µm, particle size distribution 
indicated in Fig. 1b and composition of: 31% of Cr, 11% of Al, 6.5% of Y and Ni as balance.

Figure 1: (a) Scanning electron microscopy of the NiCrAlY powder and (b) particle size 
distribution.

The pre-deposition of a BC layer was performed with a sedimentation technique, 
schematically showed in Figure 2a and Figure 2b. A suspension containing 175 ml of ethylic 
alcohol, 0.05 g of carboxyl-methyl-cellulose (CMC) and portions of BC powder that varied 
from 1 to 10 g. The suspension is prepared in a recipe and a mixer is driven to maintain 
the BC powder in suspension. After 2 minutes, the mixer is turned off and the sample is 
immerse. By sedimentation, a BC powder layer is pre-deposited. After the suspension 
settles, the retention valve is opened and the sample removed. With the alcohol evaporation, 
the sample is ready to the laser treatment, as shown in Fig 2c.
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Figure 2: (a, b) The sedimentation process; (c) laser treatment and sample preparation.

A focalized 125 W CO2 laser beam (Synrad Evolution 125) with diameter of 200 
μm was employed to irradiate the samples with scanning speed of 100 mm.s-1. The laser 
tracks overlapping was 75%. These laser parameters were established elsewhere [6]. The 
samples were sanded, polished with alumina and etched with aqua-regia reagent (20 mL 
HNO3 + 20 mL HCl + 5 mL H2O2). To evaluate the coating thickness and quality an optical 
microscope (ZEISS - Model Imager.A2m) was used.

3 | RESULTS AND DISCUSSION
Figure 3a and b show parallel and perpendicular micrographs to the laser scanning 

direction, respectively. When the sample cut is parallel, the coating is more homogenous 
and linear, ideal to evaluation of thickness. The deposition conditions indicated a coating 
of approximately 42.2 μm. The perpendicular cut show relevant information regarding 
the overlapping of laser tracks and the different zones formed due to the laser treatment. 
Sidhu et al. [7] reported similar results. According to Verdi et al. [8], two distinct regions 
are generated, as indicated in Figure 3b. The first is the Melting Zone (MZ), constituted by 
columnar grains containing micro segregated elements on grain boundaries. The second is 
the Heat Affected Zone (HAZ), chemically more homogenous than the previous, due to laser 
re-heating during the formation of subsequent laser tracks [8].
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Figure 3. Optical microscopy images of the cross section of coatings grown on AISI 316L steel 
samples. (a) Region parallel to the trail with thickness indication and (b) perpendicular section 

with indication of the melting zones. 

The coating thickness and quality after the laser irradiation was compared to the 
amount of BC powder used in the pre-deposition process. When the BC weight is less 
than 3 g, incomplete surface covering was observed, generating signifi cant defects on the 
coating, as showed by the SEM micrography of Fig. 4a. By the other hand, if the weight 
exceeds 5 g, the coating do not adhere to the underling substrate. 

Figure 4. SEM image showing (a) condition I of incomplete deposition; (b) condition II of ideal 
deposition and (c) condition III of non-adherent coating. (d) Indication of the infl uence of the 

amount of BC on the formation of coatings after laser irradiation.
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The laser interaction melts the BC powder and a small layer of the substrate, leading 
to a metallurgical bonding, as showed in Fig. 4b. But when the BC powder is too thick, the 
laser energy is not enough to promote adherence. Fig. 4c shows the irradiated coating, 
before cleaning the surface. After cleaning the coating is removed from the substrate 
surface. Measures of the coating thickness and BC powder weight are compared in Figure 
4d. The higher is the weight of BC, the thicker is the resulting coating, until the limit of 
adherence is reached, i.e., 5 g.

4 | CONCLUSIONS
The BC powder weight used in the pre-deposition process directly influences the 

quality and thickness of the resulting coatings. Micrographs parallel to the laser scanning 
direction shows homogenous coating, while perpendicular micrographs exhibit the tracks 
overlapping, melted zones and heat-affected zones, generated during the laser treatment. 
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