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Abstract  

Laser shock peening (LSP) is one of the promising sur-
face treatments for improving the fatigue, corrosion, wear 
resistance and hardness of the material. In this paper, LSP 
is applied on the Nimonic 263 superalloy surface. The 
changes in microstructure and in surface topography are 
observed and analysed by SEM, profilometer and micro-
hardness tester. LSP is carried out with and without trans-
parent layer, with the aim to investigate the influence of the 
transparent layer on microstructural changes. In this 
paper, the optimal process parameters are determined. 
Also, it is shown that the laser processing of the material in 
the presence of the transparent layer results in a more 
favourable microstructure and surface topography com-
pared to the laser treatment without the transparent layer. 

Ključne reči  
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Izvod 

Mehanička obrada laserom je jedna od vodećih površin-
skih obrada u cilju poboljšanja otpornosti na zamor, koro-
ziju i habanje, kao i tvrdoću materijala. U ovom radu, 
mehanička obrada laserom je primenjena na površinu 
superlegure Nimonic 263. Promene u mikrostrukturi i povr-
šinskoj topografiji su praćene i analizirane skenirajućim 
elektronskim mikroskopom, profilometrom i merenjem 
mikrotvrdoće. Parametri laserskog procesa su varirani, a 
proces je izveden sa i bez transparentnog sloja u cilju 
analize uticaja transparentnog sloja na mikrostrukturne 
promene. U radu su određeni optimalni parametri procesa, 
i pokazano je da mehanička obrada laserom sa primenom 
transparentnog sloja daje povoljniju mikrostrukturu i povr-
šinske karakteristike u odnosu na obradu bez transparent-
nog sloja. 

INTRODUCTION 

Nickel based superalloys are commonly used in gas 
turbines, combustion chambers, casings, liners, exhaust duct-
ings, bearing housings and other systems, /1/. They are 
designed to withstand conditions in harsh environments 
(high pressure and temperature) by thermomechanical treat-
ments, /2, 3/. 

Nimonic alloy 263 is an important precipitation harden-
ing nickel-base superalloy, with high creep strength and 
oxidation resistance, good corrosion resistance, optimal 
thermal properties, strength coupled with ductility, wear 
and fatigue resistance. 

Since the components of this alloy are primarily 
degraded by creep damage together with the harsh environ-
ment, it is necessary to retard the intergranular cracking and 
propagation for better performance at elevated temperatures 
and pressure. 

Laser shock peening (LSP) is an innovative surface treat-
ment technique which is successfully applied to improve 
fatigue performance of metallic components. 

Depending on the laser processing parameters and their 
influence on the material the applied laser surface treatment 
during LSP can be considered as thermomechanical or 
mechanical, /4/. In the laser thermomechanical treatment 
(LTMT), upon the exposition to the beam, the material spot 
surface suffers changes due to heat influence (i.e. melting). 
On the other hand, laser mechanical treatment (LMT) of 
materials involves non-thermal changes; both the structure 
and properties of the material are changed by laser-induced 
shock waves. Introduced residual stresses affect the fatigue 
resistance, /5-7/, microhardness /8, 9/ and grain size, /10/. 

In this work, the LSP processing of Nimonic 263 with 
and without the transparent layer is applied. Samples are 
exposed to the laser beam of different pulse duration 
values, energy density and fluence. The microstructure and 
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surface topography of laser peened areas are analysed and 
discussed. 

Among many parameters that characterize surface topog-
raphy, average surface roughness is still one of the most 
important, as are the fatigue and corrosion resistance and 
creep life, /11, 12/. In this paper, together with the average 
surface roughness, the following parameters are calculated 
and discussed: average maximum profile valley depth and 
average maximum profile peak height. Special attention is 
paid to the influence of transparent material on the micro-
structure. It is shown that the implementation of LSP 
together with controlled variation of process parameters 
(fluence, exposition time) as well as presence of transparent 
material affects the grain size, surface characteristics, 
microstructure, microhardness and the whole appearance of 
treated areas. 

EXPERIMENT 

Research has been carried out on nickel based superalloy 
Nimonic 263 sheets. The sheets are cold rolled and heat-
treated in two stages: (1) solid solution at 1150°C, hold for 
1 h and cooled rapidly in water, and (2) precipitation-
treated at 800°C, hold for 8 h and then air-cooled. In order 
to produce samples that are to be subjected to laser irradia-
tion, the sheets are cut in the form of plates with dimen-
sions of 150×150×0.7 mm. The chemical composition is 
determined by gravimetric analysis. 

Surface treatment is performed by Nd3+:YAG laser type 
SWP 5002. Laser specifications are: wavelength 1064 nm, 
mean laser power 50 W (max.), pulse peak power 6 kW, 
pulse energy up to 100 J (max.), pulse duration 0.5–50 ms, 
pulse repetition rate 0.5–10 Hz, focal diameter 0.2–2 mm. 

The diffuse reflectance spectra have been recorded by 
Labsphere RSA-PE-20 diffuse reflectance and transmit-
tance accessory, which fits into the sample compartment of 
the Perkin Elmer Lambda 35 UV-VIS spectrometer. 

Samples are coated with an absorptive-protective layer, a 
black paint. The first group of coated samples has been 
placed in a container with distilled water (a transparent 
layer) and exposed to the pulsed laser beam. 

The second group of coated samples is exposed to the 
pulsed laser beam without the transparent layer. During the 
experiment, specific values of controllable laser parameters 
(voltage, focus, …) are chosen for each irradiation which 
has yielded specific values of beam parameters at the target 
(energy density, fluence). The controllable laser parameters 
used in this experiment are as follows: voltages of 200, 234 
and 250 V; pulse durations of 0.6, 0.7 and 0.8 ms and focus 
-in positions 1, 2 and 3. 

The damages generated by the laser beam have been 
observed by scanning electron and light microscopes and 
analysed by electro-dispersive spectrometry with the JEOL 
JSM/5800 scanning electron microscope (SEM) as the 
implemented device. Both the circularity and the grain size 
of the damages are measured by using the Autocad 2009 
programme and the grain size is calculated by the circle 
method, /11/. The changes in the surface morphology of the 
irradiated samples have been determined by the Talystep 
profilometer and the Zygo NewView 7100 noncontact 

profilometer. Surface parameters (average roughness, 
average maximum profile valley depth, average maximum 
profile peak height and skewness) are calculated according 
to ISO 4287-1997 standard. The microhardness tests have 
been performed by Vickers using the Hauser 249A semi-
automatic tester. 

RESULTS AND DISCUSSION 

The chemical composition of the samples is determined 
by gravimetric analysis and the results are given in Table 1. 
Table 1. Chemical composition of Nimonic 263 superalloy (wt %). 

Tabela 1. Hemijski sastav superlegure Nimonic 263 (tež. %) 
C Al Si Ti Cr Mn Fe Co Mo Ni 

11.03 0.5 0.3 2.2 20 0.5 0.5 20 5.9 bal. 

Reflectance measurements have been performed for both 
the Nimonic 263 surface and the Nimonic 263 surface 
covered with absorptive layer (Fig. 1). Results at 1064 nm 
show that after applying the absorptive layer the reflectivity 
has significantly dropped from 50.2% to 9.8%. 

 
Figure 1. Comparative reflectance spectra of Nimonic 263 surface 

with and without protective paint. 
Slika 1. Uporedni pregled spektra  reflektanse površine Nimonic 

263 sa i bez zaštitnog premaza 

The protective overlay is used to absorb the incident heat 
and protect the metal target from the heat influence of the 
incident pulse. 

Figure 2. shows the microstructures after direct ablation 
(laser thermomechanically treated material). The laser beam 
irradiates the surface of the material; the energy of the laser 
radiation together with the reflection of the material gener-
ate plasma. Consequently, the plasma causes a shock wave 
by its expansion. 

The generation of shock waves can be realised by two 
different methods: with LMT process, and without LTMT 
transparent layer, /13/. During the laser thermomechanical 
treatment the plasma expands in the surrounding atmos-
phere. If a water, glass or quartz overlay is used (laser 
mechanical treatment), the plasma is trapped-like and its 
expansion in the surrounding atmosphere decreases. In this 
way, the pressure on the material is up to ten times higher. 
Also melting and material removal are reduced, /14/. 
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Figure 2. Laser beam interaction with black-coated material without transparent layer. Process parameters: a) pulse duration 0.6 ms, 
fluence 340 Jcm–2, power density ~ 567 kWcm–2 (bar denotes 500 µm); b) pulse duration 0.7 ms, fluence 380 Jcm–2, power density 
~ 543 kWcm–2, (bar denotes 500 µm); c) centre parts of damages presented in (a) (bar denotes 100 µm); d) centre parts of damages 

presented in (b) (bar denotes 200 µm). 
Figure 2. Interakcija laserskog snopa sa crno premazanim materijalom bez transparentnog sloja. Parametri procesa: a) trajanje impulsa 
0,6 ms, fluensa 340 Jcm–2, gustina snage ~ 567 kWcm–2 (razmera linije 500 µm); b) trajanje impulsa 0,7 ms, fluensa 380 Jcm–2, gustina 
snage ~ 543 kWcm–2, (razmera linije 500 µm); c) središnji deo oštećenja prikazan pod (a) (razmera linije 100 µm); d) the središnji deo 

oštećenja prikazan pod (b) (razmera linije 200 µm) 

Figures 2a-d show the surface damage after the LTMT. 
The processing parameters are set to values: pulse duration 
0.6 ms, fluence 340 Jcm–2, power density ~ 567 kWcm–2 
(Fig. 2a); pulse duration 0.7 ms, fluence 380 Jcm–2, power 
density ~ 543 kWcm–2 (Fig. 2b). By visual observation the 
two different areas could be noticed: re-melted material in 
the central part of the damage and the mechanically treated 
area around the melted circle. The re-melted material 
occurs in the centre of the spot where the pulse energy is 
the highest. 

The re-melted parts, basically, follow the shape of the 
whole spot and are located in the centre where the highest 
pulse energy is applied. However, their shapes are quite 
irregular which depends largely on the homogeneity of the 
material and geometric characteristics of the sample. Since 
the material has been immersed in water, the cooling rate is 
very high and leads to quenching. Nevertheless the water 

evaporates at the spot (it flows to the spot from other areas). 
This process is very fast and as a result we can see metallic 
glass of very high hardness at the surface. A major influ-
ence on the shape of the re-melted part is from the onrush 
of water, its speed and the smoothness of arrival. In the 
fused parts, the grain boundaries are not visible; they do not 
follow the shape of the initial microstructure. A study of the 
re-melted part has revealed that grain boundaries loom up 
on its rims under the re-melted pool which confirms that the 
molten pool is cone-shaped and that the maximum amount 
of molten material is in the centre which corresponds to the 
laser beam mode. 

Figures 3a and 3b show the microconstintuents observed 
in Fig. 2c. Secondary phases are formed due to specific 
features of laser treatment – rapid melting and solidification 
of materials, that is, high rates of heating and cooling of the 
material. 
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Figure 3. Microstructure observed in Fig. 2c: a) central, re-melted part (bar denotes 10 µm); 

b) area of mechanical treatment (bar denotes 50 µm). 
Slika 3. Mikrostruktura uočena na sl. 2c: a) središnji, ponovo rastopljeni deo (razmera linije 10 µm); 

b) oblast mehaničke obrade (razmera linije 50 µm) 

Table 2 presents EDS results taken at locations denoted 
in Fig. 3. The high content of Ti and C suggests that Ti 
carbides had formed. The size and morphology of these 
carbides are unfavourable and the locations of their occur-
rences are suitable for initial crack formation. The size of 
the microconstituents formed during the treatment of coated 
material without the transparent layer is larger than during 
the treatment with the transparent layer due to the longer 
cooling time and smaller pressure. The results of the EDS 
analysis presented in Table 2 suggest that in spectra 1 and 2 
(in Fig. 3a) the carbides of Ti had segregated. The oxides 
might be the initiators of cracks, but for the applied laser 
parameters they have not initiated any cracks – no cracks 
were observed. We do not consider them as favourable for 
the cause of non-homogeneity and weakening of the micro-
structure because of their lower microhardness values com-
pared to the base material. 

Table 2. Results of EDS analysis in spots 1–3 in Fig. 3 (%wt). 
Tabela 2. Rezultati EDS analize u tačkama 1–3 na sl. 3 (% tež) 

El EDS 1 EDS 2 EDS 3 
O   9.28 
C 11.03 7.07  
Al 0.18 0.43 2.33 
Si 0.21 0.26 0.51 
Ti 68.05 37.17 0.77 
Cr 4.40 11.54 15.57 
Mn   0.55 
Fe   0.40 
Co 3.83 10.57 18.52 
Ni 9.35 25.80 47.02 
Mo 2.97 4.24 5.05 

The characterization of surface topography of mechani-
cal work pieces with intricate shapes presents a significant 
challenge. 

The surface morphology is an important aspect for the 
performance and life of parts of various machines. Cracks 
nucleate at positions where plastic strain concentrations are 
high. High surface roughness generates local stress concen-

tration and accelerates crack initiation. For wear resistance 
applications, removal of the roughened surface is necessary, 
/16/. That is why a significant part of this research is 
dedicated to the surface roughness analysis. 

As an illustration, Fig. 4 shows surface profiles of areas 
after LTMT with parameters: pulse duration 0.7 ms, fluence 
380 Jcm–2, power density ~ 543 kW cm–2. The images are 
taken after the removal of the black paint. 

The characteristics of the base material, calculated by the 
Gwyddion software are: average roughness 1.287 µm, average 
maximum roughness valley depth 3.766 µm, average maxi-
mum roughness peak height 3.317 µm, skewness |0.163|. 
The calculated characteristics of the material treated with 
the pulse duration 0.7 ms, fluence 380 Jcm–2, power density 
~ 543 kWcm–2) are: average roughness 0.394 µm, average 
maximum roughness valley depth 1.123 µm, average maxi-
mum roughness peak height 1.043 µm, skewness |0.201|. 

 
Figure 4. Surface profile taken by Zigo NewView 7100 profilo-
meter. Laser treatment parameters of the surface: pulse duration 

0.7 ms, fluence 380 Jcm–2, power density ~ 543 kWcm–2. 
Slika 4. Profil površine dobijen sa Zigo NewView 7100 

profilometrom. Parametri laserske obrade površine: trajanje 
impulsa 0,7 ms, fluensa 380 Jcm–2, gustina snage ~ 543 kWcm–2 
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Figure 5. a) Microstructure developed after LMT (pulse duration 0.7 ms, energy density 333 Jcm–2). The bar in the left upper corner 

denotes 500 µm; b) detail taken from Figure 5a. 
Slika 5. a) Mikrostruktura nastala posle LMT (trajanje impulsa 0.7 ms, gustina energije 333 Jcm–2). Razmera u gornjem levom uglu jeste 

500 µm; b) detalj sa slike 5a 

It can be noticed that the surface has an improved clean-
ness with a more regular structure and smaller grains com-
pared to the structure of untreated surface. 

Average maximum roughness valley depth and peak 
height have higher values than the average roughness which 
is due to the laser induced periods. 

Figure 5 shows the microstructure obtained by LSP 
using the transparent layer. Because the transparent overlay 
prevents the laser-generated plasma from expanding rapidly 
away from the surface, an increase in shock wave intensity 
can be achieved. The transparent overlay results in more of 
the laser energy being delivered into the material as a shock 
wave than without it, /14/. 

The hydrodynamic expansion of the generated plasma 
creates a high amplitude, short duration, pressure pulse due 
to the transparent layer which traps the plasma and does not 
allow its expansion into the surrounding atmosphere. As a 
result, shock waves are created, propagating into the metal. 
When the stress of the shock wave exceeds the dynamic 
yield strength of the metal, plastic deformation occurs, 
which consequently modifies the near-surface microstruc-
ture and properties, /17/. 

EDS analysis is performed for the microstructure in 
Fig. 5. The EDS can reveal microstructural changes indi-
rectly by comparing EDS spectra of the non-irradiated area 
with the spectra of the irradiated area. Secondary phases 
that develop after laser treatment with a protective layer 
are: alumina oxides, titanium carbides, and most of them 
can be considerable and favourable according to their size, 
morphology and location of formation. In LSP with the 
transparent layer, the melting did not occur. 

In the mechanically treated area, calculated characteris-
tics of the material treated with a fluence of ~ 567 kWcm–2 
(340 Jcm–2, 0.6 ms, Fig. 5a) are: average roughness 0.451 µm, 
average maximum roughness valley depth 2.192 µm, average 
maximum roughness peak height 1.162 µm. 

Pulse duration has the greatest impact, the higher the 
pulse duration the lower is the average roughness, and 
increasing the pulse energy density increases the average 

roughness. Also, the craters are observed in the LTMT of 
high pulse energy density. 

The results show that laser treatment reduces the surface 
roughness, and in some cases generates a positive effect on 
the mechanical properties of materials. 

The implementation of the transparent layer increases 
the plasma pressure by a trapping-like effect on the plasma 
expansion. 

Mechanical treatment by laser which has required the 
absorbent coating – black and transparent material, gave the 
most favourable structure in the presence of distilled water. 

Microhardness is measured by Vickers. The results for 
the base metal are 305 HV, for the surface after LMT are 
345 HV, and for the surface after the LTMT are 368 HV. 
Different laser surface treatment parameters do not play an 
important role for microhardness values. However, it can be 
concluded that the LSP increases microhardness, as well as 
that microhardness values obtained in the LTMT are higher 
than those obtained by the LMT. This is explained by rapid 
melting and consequently rapid solidification of materials. 

CONCLUSION 

In this paper the two laser treatments, LTMT and LMT, 
have been applied to Nimonic 263 superalloy with various 
pulse energy densities, pulse durations and focus positions, 
with and without the transparent layer. Different outcomes 
have been noticed: as opposed to the LMT, the LTMT has 
created cracks due to higher power density of the laser 
beam and formation of unwanted secondary phases. LSP 
with transparent layer mostly produces favourable phases, 
while during the LSP process without the transparent layer, 
some unwanted phases have occurred. However, the higher 
microhardness is obtained in the process without the trans-
parent layer. The treatment improved the surface cleanness 
– the structure became more regular and the size of the 
grains has decreased. After the laser treatment without the 
transparent material, the laser induced periods are noticed. 
The laser processing of the material in the presence of the 
transparent layer produced a better microstructure. 
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