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ABSTRACT: The effects of laser irradiation in an oxygen gas environment on the exterior and 

physical properties of aluminum-copper alloy have been studied. Specimens were irradiated by 

means of an Excimer (KrF) laser (248 nm, 18 ns, 30 Hz) for varied fluences reaching from 3.8 to 5.5 

J/cm2. A scanning electron microscope (SEM) and an X-ray diffractometer (XRD) were used to 

analyze the surface and structural changes of the irradiated targets.  Research using scanning 

electron microscopy (SEM) revealed the formation of multiple LIPSS, or laser induced periodic 

surface structures. XRD investigation revealed that novel phases (Al2CuMg, AlCuO2) have been 

produced after laser irradiation in the presence of Oxygen gas. The unusual trend in the dislocation 

density and in crystallite size of Aluminum-copper alloy was noticed. Following laser irradiation of 

the Aluminum-copper alloy, there is a correlation between the surface and structural property 

changes.  
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1. Introduction 

Laser based substantial dispensation is widely adopted as a versatile tool in industrial 

applications such as laser cutting [1] drilling, alloying, welding [2] cladding [3] nitriding 

and precipitation hardening [4].  Aluminum-copper alloy is widely used in aircraft and 

automotive industry due to its low density, corrosion resistance and good workability. In 

current work, a pulsed Excimer (KrF) laser of (248 nm, 18 ns, 30 Hz) is employed to 

irradiate the Aluminum-copper alloy for different values of fluences ranging from 3.8 to 

5.5 J/cm2. The samples were irradiated in ambient Oxygen gas environment. The surface 

morphological evolution for various laser fluences has been investigated by SEM. The 

interaction between incoming laser radiation and surface plasmons created by the laser 

causes the formation of these periodic structures or ripples.  A critical density of electrons 

near the surface of the sample may exist during laser-interaction.  The laser's electric field 

would stimulate surface-parallel oscillations when incident at normal incidence.  Uneven 

surfaces could cause laser light to be reflected off of them in a tangential fashion, thereby 

creating a standing wave pattern.  An electric field distribution that might drive localized 

plasma oscillations could be produced by combining incident, reflected, and diffracted 

waves. The purpose of the current work is to examine the modification in exterior, 

physical and motorized properties of laser ir-radiated aluminum-copper alloy in Oxygen 

atmosphere.  
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2. Experimental Work 

The Aluminum-copper alloy with the arrangement of Al 93.5 %, Cu 4.3-4.5%, Mg 1.3-

1.5% and Mn 0.5-0.6% was utilized as target material. For the purpose of irradiation, 

samples in the form of pieces measuring 3 mm thick, 45 mm long, and 6 mm wide were 

chosen.  To achieve a relative microscopic exterior unevenness of around 10 nm, the 

samples were physically polished with diamond dust after having their surfaces polished 

with silicon carbide (SiC) papers of progressively finer grades.  After polishing, the 

samples were placed in Pyrex glass tubes and heated to 300 °C in a soften dryer up to 120 

min to anneal them under an air pressure of 10-6 Torr. The samples were mounted on the 

sample holder following annealing. After being evacuated to 10-3 Torr, these samples 

were put in a vacuum chamber that was filled with oxygen gas at a pressure of 100 Torr. 

The target holder travels at a scanning speed of 0.6 mm/sec to irradiate a 2.35 mm x 1 mm 

scanned area. The targets were exposed to radiation in an ambient oxygen gas 

environment using a (KrF) excimer laser with a wavelength of 248 nm, a pulse duration 

of 10 ns, and a repetition rate of 30 Hz.  

 

Fig 1: Schematic diagram of experimental setup. 

Afterward transitory through a plane-convex lens with a focal length of 50 cm, the 

incident laser beam was directed vertically to the mark surface inside the chamber. The 

target samples were subjected with fixed 2250 number of pulses for five distinct laser 

fluences of 3.8, 4.3, 4.7, 5.1 and 5.5 J/cm2. A Scanning Electron Microscope (SEM) (JEOL-

JSM-6480LV) was used to examine the surface morphology of the irradiation targets. An 

X-ray diffractometer (X'Pert PRO MPD) was used to analyze the phase and 

crystallographic structure of the exposed targets.  
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3. Surface Analysis 

3.1 Surface morphology 

Figure 4.35 shows scanning electron micrographs taken in an oxygen atmosphere of (a) a 

unirradiated Aluminum-copper alloy and (b) an Aluminum-copper alloy that has been 

laser-irradiated at many stages. Figure 4.35 (b) displays a small number of LIPSS with a 

cyclicity of 2.5 µm at the minimum rate of 3.8 J/cm2.  Raising the fluence to 4.3 J/cm2 has 

raised the ripples' periodicity to 2.9 µm. The significant amounts of energy deposition, 

material deformation, and imprinting are responsible for this rising trend of periodicity 

with increasing laser fluence [5]. Figure 4.35 (d) shows that with a further increase in 

fluence up to 4.7 J/cm, gentle laser-induced episodic exterior structures (LIPSS) with a 

cyclicity of 2.5 µ m grow.  Distinct periodic structures and diffused structures may be 

shielded by oxygen gas, which causes a decrease in periodicity. This phenomenon is 

associated with re-solidification, large-scale melting, and mergers [6], [7, 8]. Several 

events, including hydrodynamic Kelvin-Helmholtz instabilities that occur during surface 

modification, are associated with the development of laser-induced periodic surface 

structures (LIPSS) [9]. The expansion under pressure of the heated aluminum-copper 

alloy causes it to become a fluid, which in turn generates wind.   After being splashed, re- 

solidified, icy, and impressed onto the ablated surface of the target material, micro-sized 

waves are produced [10]. It is possible that thermo-capillary waves have an effect on the 

formation of periodic formations created by lasers [11]. As the stage is raised to 5.1 J/cm2, 

Figure 4.35 (e) shows a distinct periodic structure with a periodicity of 2.9 µm.  At a 

supreme fluence of 5.5 J/cm2, the cyclicity of the assemblies has diminished to a level of 

2.5 µm, as seen in Figure 4.35 (f).  The cyclicity of the waves rises as the laser fluence is 

raised from 3.8 to 4.3 J/cm2.  For these fluences, it was shown that the material becomes 

softer when periodicity is increased, leading to a decrease in yield strength [12]. As the 

fluence reaches 4.7 J/cm2, the temperature gradient and solidification rate cause dense 

periodic patterns to form, which in turn boost the material's toughness owing to the 

microstructure's fineness [13]. 
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Fig 2: SEM micrographs showing how different steps affected the surface morphology of 

current work compound in an oxygen gas environment.  

 

A rise in stage near to 5.1 J/cm2 reasons a decrease in ripple density as the spacing 

between periodic surface structures grows; a decrease in periodicity at 5.5 J/cm2, leading 

to a change in the hardness of the material, causes an increase in ripple density. 

3.2.   XRD analysis 

It is possible to find out a material's structure, phase identification, dislocation density, 

and energy deposited using the XRD method. The figure 3 displays the X-ray Diffraction 

patterns of (a) an Aluminum-copper alloy that has been unearthed and (b) an 

Aluminum-copper alloy that has been exposed to laser radiation, in an oxygen 

atmosphere. 
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Fig 3:  Different stages were used to generate patterns of current work alloy in an oxygen 

gas atmosphere.  

Angles with stages (Al2MgO4, Cu4O3, AlMgO4, Al2MgO3) are detected for the un-

irradiated mark diffraction points.  With a little angular shift of 10 degrees, the diffraction 

peaks at angles 390, 450, 660, and 790 for the laser-irradiated target correspond to the 

(131), (132), (110) and (045) planes, respectively.  Tensile stresses are indicated by peak 

moving toward the lower angular position, while compressive stresses are indicated by 

peak shifting toward the higher angular position [14]. Additionally, it has been noted 

that following laser ir-radiation of this alloy, new points (Al2CuMg, AlCuO2) have 

formed. The development of these stages is ascribed to the dispersal of oxygen and the 

fast degree of hotness and coldness brought on by laser irradiation. The creation of new 

phases is also caused by the melting, re-solidification, and redeposition processes 

brought on by laser ir-radiation [15]. The growth of scattered new-stage particles relative 

to the unique phase during the precipitation hardening process may boost the 

Aluminum-copper alloy's hardness and tensile strength. For different fluences, the 

Aluminum-copper alloy specimen's peak intensity, crystallite size, and dislocation 

density exhibit aberrant behavior respectively. Changes in crystallite size following laser 

irradiation and variations in laser-induced strain on the surface are related to variations 

in the average peak intensity in an oxygen environment, which can fluctuate.  This 

alteration in remaining strain is linked to the fluctuation in lattice distortion and d-

spacing.  Differences in cooling and temperature conditions between the interstitial 
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diffusion and surface layers, as well as the thermal expansion coefficient and differences 

in interatomic distances, contribute to the variation in lattice distortion [16] [17]. 

                Crystallite Size (D) = 0.9λ / FWHMcos θ       (1) 

The displacement concentration is measured by means of next method [18] 

             Dislocation Density = 1/(Crystallite Size)2      (2) 

 Figure 3 shows the size fluctuation of crystallites and figure 4 shows the density of 

dislocations at different laser fluences.  Figures 2 and 3 show that, at low fluences (3.8 

J/cm to 4.3 J/cm), both the peak intensity and the size of the crystallites grow. As shown 

in figures 2 and 3, the intensification of X-ray diffraction from the target following laser 

ablation and crystal development brought on by atomic diffusion across grain 

boundaries are responsible for this rise in peak intensity and crystal size. [19, 20]. In this 

case, the solute oxygen atoms separate on the target surface and diffuse across the grain 

boundaries as a result of increased heat generation and energy deposition. The increased 

concentration and diffusion of oxygen gas into the material is the cause of this increase in 

peak intensity for the plane (132) of phase Al2CuMg [21]. 

 

 

 

 

 

 

 

Fig 4: The change in the size of the crystallites produced current work alloy in an oxygen gas 

atmosphere at different stages at a recurrence degree of 30 Hz. 
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Fig 5: Stages were used to irradiate an oxygen gas environment and examine the change 

in dislocation density of an Aluminum-copper alloy. 

Rapid melting and cooling, re-crystallization, and re-solidification follow laser 

irradiation, leading to a additional upsurge in fluence equal to 4.7 Joule/ square 

centimeter.  The drop in highest power is caused by the disintegration of larger grains 

into smaller ones [22]. The peak intensity decreases as a result of widening as the laser 

fluence is raised to 5.1 Joule/ square centimeter, while the crystal size increases as a result 

of the recrystallization and reorganization of the material.  When the stage is raised to a 

extreme of 5.5 J/cm2, the peak level is once again diminished.  It is possible to associate a 

shift in peak intensity with a shift in d-spacing in this case.  Changes in distortion of 

lattices and residual stresses are caused by variations in d-spacing.  The transformation 

of tensile tensions into compressive stresses is achieved by raising the laser fluence.  

 Laser energy deposition causes lattice distortion and thermal shock waves, which in turn 

cause these stresses to develop [23]. Tensile strains and a temperature gradient are 

initially produced by the laser-induced shock waves. Tensile tensions relax and change 

into compressive stresses when fluence increases because of improved oxygen diffusion, 

which results in a reduction in crystallite size.                                                                                                                                                                                                                                                                       

[24].  Consequently, there is a trend toward decreasing peak intensities and increasing 

crystallite sizes, which suggests an unusual pattern of behavior.  Similarly, for fluences 

between 3.8 and 4.3 J/cm2, dislocation density decreases, but it rises for fluences over 4.7 

J/cm2.  As the concentration of defects in the lattice sites increases, the dislocation density 

also increases.  With more accurate measurements of work hardening, the crystal lattice's 

dislocation line density rises.   The energy received during laser-matter interaction causes 

deformation or vibration, which in turn creates new dislocation faults and makes pre-

existing ones more mobile [25]. Therefore, an unexpected trend is suggested by both the 

size of the crystallites and the density of dislocations.  Thermal stresses, lattice flaws, and 
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recovery mechanisms can all play a role in this shift in density of dislocations and 

crystallite size. [26, 27].  

Conclusion 

In an oxygen environment, the exterior and structure characteristics of the Aluminum-

copper alloy are highly connected after exposure to lasers with varied fluences.   In 

comparison to nitrogen and vacuum, oxygen also significantly alters the exterior and 

structural characteristics of Aluminum-copper alloy.   As the occurrence of the ripples is 

increased, the material softens and its yield strength decreases within the intensity range 

of 3.8 to 4.3 Joule per centimeter [12]. At fluences of up to 4.7 Joule per centimeter, solid 

episodic assemblies form as a result of an improved thermal gradient and solidification 

rate; these, in turn, boost the material's mechanical characteristics and hardness as a 

result of its microstructure's fineness [13]. Variations in dislocated density, the 

arrangement of crystals, structural defects, thermal conductivity, ionization capacity, and 

other variables might impact the hardness of a material when subjected to an oxygen 

irradiation surroundings. The mechanical characteristics and hardness of the material are 

also greatly affected by the type and pressure of the surrounding gas.  Increasing the 

laser fluence may enhance the diffusion of O2 atoms along the grain boundaries, which in 

turn increases the micro hardness of the material [28]. A decrease in crystallite size and 

an increase in hardness are caused by the transformation of tensile stresses into 

compressive stresses, which occur as a result of the diffusion of these oxygen atoms. 
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