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INTRODUCTION

Aluminum alloys, used extensively in auto-
motive and aerospace applications, among others, 
require a certain surface condition, e.g. cleanli-
ness, geometric structure. In many technological 
assembly operations, improvement of the surface 
condition is needed, an example being adhesive 
operations and the need to improve adhesion 
conditions. This is usually done by abrasive or 

chemical treatment. During abrasive treatment, 
e.g. grinding, different types of tools are used:
bonded abrasive wheels, paper-backed abrasive
papers or non-woven abrasives. The surface can
also be sandblasted. The use of this type of treat-
ment allows the removal of unnecessary oxide
layers and structuring of the surface [1].

Chemical treatment, on the other hand, which 
comes in three basic varieties: acid bath etch-
ing, anodizing in sulphuric acid and anodizing in 

Experimental analysis of the impact of selected laser processing 
parameters on wettability and surface free energy of EN AW-2024
and EN AW-5083 aluminum alloys

Barbara Ewa Ciecińska1* , Jacek Mucha2

1 Department of Manufacturing Processes and Production Engineering, Faculty of Mechanical Engineering 
and Aeronautics, Rzeszow University of Technology, Powstańców Warszawy 12, Rzeszów, Poland 

2 Department of Mechanical Engineering, Faculty of Mechanical Engineering and Aeronautics, Rzeszow 
University of Technology, Powstańców Warszawy 12, Rzeszów, Poland

* Corresponding author’s e-mail: barbara.ciecinska@prz.edu.pl

ABSTRACT
Surface wettability is a useful feature in many coating or bonding technological operations, where adhesion condi-
tions play a crucial role for the efficiency of the technology and the durability of the produced parts. The article 
presents an analysis of different ways of creating surface wettability. Based on experimental studies conducted on 
EN AW-2024 and EN AW-5083 aluminum alloys samples, the effects of laser processing performed with different 
parameters of a 500 W pulsed laser are shown in the context of the achieved wettability of the sheet surface. The 
effects of laser treatment were related to the delivery condition (rolling) and compared with typical technological 
operation of surface preparing used for aluminum alloys: grinding, manual sandpaper processing, sandblasting 
and chemical treatment (allodyning). The aim of this study is to analyze the energy properties of aluminum alloys. 
Surface free energy calculations were carried out based on measurements made with two liquids, water and diio-
domethane. Attention was paid to the reproducibility of surface effects, or lack thereof, resulting from the nature 
of the used treatment. Advantages and disadvantages were pointed out for the described methods of preparing the 
sheet surface for coating (painting, gluing). The possibility of improving surface wettability more effectively by 
laser treatment compared to other traditional methods was emphasized. Finally, it was found that, in the case of 
EN AW-2024 alloy, treatment with the selected laser at a scanning speed of Vs = 2000 mm/s and pulse frequency 
fi = 15 kHz allowed a surface energy of γs = 85.8 mJ/m2 to be obtained, while a maximum of γs = 64.4 mJ/m2 (after 
grinding) was obtained after conventional treatment. In the case of EN AW-5083 alloy, the best energy results 
were obtained after laser treatment with scanning speed Vs = 2000 mm/s and pulse frequency fi = 10 kHz, when 
free surface energy γs = 75.5 mJ/m2 was obtained, while the conventionally prepared surface was characterized by 
energy γs = 53.9 mJ/m2 (after sandblasting).

Keywords: laser treatment, wettability, surface free energy, aluminum alloy EN AW-2024 and EN AW-5083.

Received: 2024.10.18
Accepted: 2024.12.15
Published: 2025.01.01

Advances in Science and Technology Research Journal, 2025, 19(2), 179–191
https://doi.org/10.12913/22998624/196012
ISSN 2299-8624, License CC-BY 4.0

Advances in Science and Technology 
Research Journal

https://orcid.org/0000-0001-7966-0420
https://orcid.org/0000-0003-4182-9635


180

Advances in Science and Technology Research Journal 2025, 19(2), 179–191

chromium acid, involves etching the surface in 
acid or alkaline baths [2, 3]. Their purpose can 
be to produce a durable oxide layer, characterized 
by a certain roughness, porosity and also aesthetic 
value in use due to the yellow or green color of 
this layer.

However, the aforementioned methods, con-
sidered as conventional, are troublesome due to 
the waste load (e.g. used abrasive tools, contami-
nated chemical bath solutions), atmospheric dust 
emissions (e.g. during grinding and sandblasting), 
or the need to use a number of chemicals that are 
harmful to human health and the environment (as 
during electroplating). Currently, there is an in-
tensive search for environmentally friendly meth-
ods, and the possibility of eliminating so-called 
wet chemistry in surface preparation processes 
before further processing [4 ÷ 6].

Wettability is an important characteristic of 
the surface layer of materials and has been widely 
described and studied in the past several decades 
due to its important roles in fundamental research 
and practical application [7, 8]. The issue is be-
ing addressed in physics, chemistry, materials 
engineering and biotechnology due to its useful-
ness in both low and high wettability contexts 
[2]. Low wettability is desirable in the context of 
self-cleaning, antifogging, oil-water separation, 
or anti-corrosion properties [9, 10]. In contrast, 
in applications such as printing, surface coating, 
painting, lubrication and gluing, high wettability 
is essential [6, 11]. Wettability can be measured 
by various methods, but ultimately can be used to 
determine the energy state of a surface expressed 
by the determined surface free energy (SFE) val-
ue. The more energetically active a surface is, the 
higher the SFE value is [12, 13].

In order to activate the surface, the previous-
ly, mentioned conventional, methods are used, 
but due to their disadvantages, alternative meth-
ods such as ozone, plasma and laser treatment 
are implemented. For example, the paper [2] re-
ported the results of ozonation of EN AW-1050A 
aluminum and EN AW-2017A aluminum alloy. 
In the case of EN AW-1050A, the possibility of 
improving the surface free energy γs to about 55 ÷ 
62 mJ/m2 depending on the ozone concentration 
was indicated (while the γs of the surface before 
ozonation was about 50 mJ/m2). Tests conducted 
on EN AW-2017A aluminum alloy also show 
the possibility of surface activation from about 6 
mJ/m2 before treatment, to about 19 mJ/m2 after 
ozonation. In addition, polymers are subjected to 

ozonation. For example, the authors of the paper 
[14] ozonated polyamide (PA) and improved the 
surface free energy. Tests conducted on sandpa-
per-prepared and ozonated material indicate that 
the surface energy can be improved from 51 to 
55 mJ/m2. According to [15], on the other hand, 
the effects of plasma treatment are interesting 
because of the significant reduction in the water 
wetting angle. Plasma treatment of polyethylene 
terephthalate (PET) allowed to achieve θw equal 
from 50° even to about 18°, while law density 
polyethylene (LDPE) – from 31° to 10°, depend-
ing on the number of cycles. Laser treatment in 
the context of surface activation is presented, for 
example, in the work [16], where a carbon fiber 
reinforced polymer/plastic composite was laser 
treated and a surface free energy in the range of 
about 58 ÷ 62 mJ/m2 was obtained, while the raw 
surface of the composite had γs equal to about 52 
mJ/m2 and the sandblasted surface 48 mJ/m2.

This paper presents the results of an experi-
mental study to investigate the effect of fiber laser 
treatment of the surfaces of selected aluminum 
alloys on their wettability. The surfaces of rolled 
samples subjected to sandblasting, grinding, chem-
ical treatment and laser treatment were examined. 
The positive effects of laser surface activation and 
the possibility of replacing conventional methods 
with modern, reproducible and environmentally 
safe laser processing were indicated.

MATERIALS AND METHODS

Materials

Sheets 1 mm thick of EN AW-2024 alumi-
num alloy in the technological condition T351 
and EN AW-5083 alloy in the technological con-
dition H111 were used for the experimental tests. 
The chemical composition and basic mechanical 
properties of the alloys are given in Table 1 and 2.

Samples measuring 15.0 ± 0.2 × 100 mm were 
cut along the rolling direction from the sheets.

Sample preparation

For the comparative analysis related to the wet-
tability of the tested materials, samples were pre-
pared whose surfaces were subjected to respectively: 
 • sandblasting (variant S) – samples cut from 

sheet metal were subjected to abrasive blast-
ing in an ejector chamber using fine-grained 
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F280-type electro corundum with an average 
size of 45 ± 4 µm, for 3 seconds at a nozzle 
operating pressure of 0.2 MPa, nozzle at a 
45° angle. The samples were then rinsed with 
demineralized water at room temperature and 
dried in air (22 ± 2 °C); 

 • grinding (variant G) – the surface of the sam-
ples was ground with a flap wheel with an 
abrasive grit gradation of P120 at a longitudi-
nal feed rate of 115 mm/min;

 • allodyning (variant A) – the samples were 
sequentially degreased with acetone and im-
mersed in a 30% aqueous nitric acid solution for 
about 2 min. The samples were then immersed 
for 1 h in a 50 °C solution that contained potas-
sium dichromate K2Cr2O7 (23g), concentrated 
phosphoric acid H3PO4 (180 g), sodium fluo-
ride NaF (2.5 g) and water (to a volume of 2 l). 
The samples were green with a tinge of yellow 
when removed. After removal from the bath, 
the samples were rinsed with running water 
and then immersed for approximately 30 s in 
an aqueous 0.1 percent chromic acid anhydride 
solution heated to 50 °C in order to seal and fix 
the produced allodin coating. Finally, the sam-
ples were rinsed in water and dried at ambient 
temperature (22 ± 2 °C) [18, 19].

 • laser machining (variant L1-L9) – concentrat-
ed energy beam machining was performed us-
ing a pulsed fiber laser (SLCR Germany), with 
a nominal power of 500 W, an energy density 
of 7 ÷ 33 J/cm2, a pulse duration of 10 ns and 
a wavelength of 1070 nm. The laser head was 
mounted in a special holder in the spindle of a 
conventional universal milling machine with 
turned off the spindle rotation function. The 

laser head only provided beam movement in 
one plane, so surface processing was ensured 
with a constant movement of the machine 
table of 115 mm/min. on which the samples 
were placed (Fig. 1).

Table 3 summarizes the laser parameters 
for the adopted processing variants. In order to 
demonstrate the effect of surface treatment on 
the change in wettability, samples with a non-
mechanically modified surface (as-rolled) were 
also prepared for testing, their surfaces washed 
with aliphatic hydrocarbon-based agent CnH2n to 
degrease and remove contaminants (variant R in 
the experiment).

The surfaces of the tested samples had a de-
fined surface roughness, which was measured in 
two perpendicular directions with three repetitions 

Table 1. Chemical composition and properties of tested alloys [17]

Alloy
Element (maximum percentage by weight, %)

Mg Mn Fe Si Cu Zn Cr Ti Zr+Ti Others

EN AW-2024 1.8 0.9 0.5 0.5 4.9 0.25 0.1 0.15 0.2 0.15

EN AW-5083 4.9 1.0 0.4 0.4 0.1 0.25 0.25 0.15 - 0.15

Table 2. Mechanical properties of tested alloys [17]

Heat-treated 
condition

Brinell 
hardness, HB

Young’s 
modulus E, GPa Poisson’s ratio ν Yield strength 

Rp0.2 (min.), MPa

Tensile strength
Rm (min.),

MPa

Elongation 
after fracture

A50, %
EN AW-2024

T351 120 74 0.33 290 435 20

EN AW-5083

H111 75 71 0.33 125 275 12

Figure 1. Laser processing scheme, where: Vs – laser 
beam scanning speed, mm/s; Vt – movement speed of 
the machine table; mm/min; D – scanning width, mm; 

H – distance of the lens from the sample, mm; 
d – sample width, mm; l – sample length, mm; 

lt – length of the laser working field, s – start point of 
laser beam impact
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on a measuring length of 4 mm using a Surtronic 
25 profilometer (Taylor Hobson, UK) together 
with TalyProfile Silver software. The average val-
ues of the Ra parameter are given in Table 4.

Method of determining surface free energy

In interfacial areas, such as solid-liquid, sol-
id-vapor and vapor-liquid, atoms belonging to 
each phase are subjected to a different system of 
forces than atoms deep within the phase [9, 20]. 
Atoms in the depth of the phase are surrounded 
on all sides by atoms of the same type, and it is 
assumed that a balanced system of attraction and 
repulsion forces acts on each such atom, between 
that atom and a neighboring atom. Atoms in the 
interfacial region or at the phase boundary are on 
the one hand attracted by the neighboring atoms 
of their phase and on the other hand are attracted 
by atoms from the neighboring phase. They are in 
an asymmetric force field. When the forces of at-
traction towards one phase are greater, the atoms 
migrate deeper into that phase until they reach 
equilibrium. The equilibrium state, which was 
first described in 1805 by T. Young, is described, 

among other things, by a thermodynamic func-
tion such as the surface free energy [9, 21]. The 
Owens-Wendt indirect method [22] was used to 
determine the surface free energy, on available 
the measurement instrumentation. It assumes 
that the surface free energy has two components: 
dispersive and polar. To determine these compo-
nents, surface contact angle measurements were 
made with two liquids with different character-
istics [23]. One liquid, had a large value of the 
dispersive component γL

d and a small value of the 
polar component γL

p, and the other vice versa, ac-
cording to the principles given in [24]. Water and 
diiodomethane were used in the measurements, 
with the values of the polar and dispersive com-
ponents given in Table 5.

By applying a drop of first and then a drop of 
the second measuring liquid to the test material, 
a system is created for which the energy balance 
for the equilibrium point of the three phases can 
be represented as in Figure 2. This balance is ex-
pressed by Young’s equation [7]:
	 γSV = γSL + γLV cosθ (1)

where: γSV – surface free energy of the material, 
γSL – surface tension at the material-liquid 
interface, γLV – surface tension at the mea-
suring liquid-air interface (gas), θ – con-
tact angle of a given liquid.

In the method proposed by Owens-Wendt, the 
surface free energy γS of the material under test is the 
sum of the dispersive and polar components [2, 7]:
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material.

Finally, these components can be determined 
from the relationships [2]:

Table 3. Laser processing parameters
Option 

designation
Impulse 

frequency, fi kHz
Scanning speed, 

Vs mm/s
L1

10

2000

L2 4000

L3 6000

L4

15

2000

L5 4000

L6 6000

L7

20

2000

L8 4000

L9 6000

Table 4. Average surface roughness value of the samples Ra, µm

Material
Type of preparatory treatment

Rolling (R) Sandblasting (S) Grinding (B) Allodyning (A) Laser (L1 ÷ L9)

EN AW-2024 0.294 0.592 7.615 0.474 0.580 ÷ 0.720

EN AW-5083 0.478 0.585 3.150 0.245 0.450 ÷ 0.535

Table 5. Values of surface free energy and its components of polar and dispersive measuring fluids [24]

Liquid Surface free energy
γL, mJ/m2

Dispersive component
γL

d, mJ/m2

Polar component
γL

p, mJ/m2

Water 72.8 21.8 51

Diiodomethane 50.8 48.5 2.3
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where: θw – water contact angle, θd – diiodometh-
ane contact angle.

Contact angle θ was measured with a PG-3 go-
niometer (FIBRO System AB, Sweden), distilled 
water and diiodomethane, applying 10 drops of 
4 µl to each sample. The results obtained, shown 
as an example in Figure 3, allowed the calculation 
of SFE.

RESULTS AND DISCUSSION

Wettability measurements were carried out 
on samples from both aluminum alloys, with 
surfaces modified by laser beam, by grinding, 
sandblasting, allodyned and surfaces without 
any treatment (post-rolled condition). Ten drops 
each of the liquid in question were applied to the 
prepared samples of the test materials. Measure-
ments were performed in triplicate.

Table 6 shows the average values of the con-
tact angles measured on the surfaces of the tested 
materials. Using the relationships (2÷4) given in 
the Owens-Wendt method, the surface free energy 
values of the alloys and the polar and dispersive 
components were calculated. The results of the 
calculations are given in Table 7 and 8.

In the pursuit of favorable surface wettability, 
it is important to obtain as flat a measuring liquid 
droplet as possible, which at the same time means 
a small contact angle. 

The wettability of a surface is influenced by 
many factors, including its state of geometric 
structure, as well as the method of processing 
[25]. The geometric structure of the surfaces of 
the tested alloys varied. After sandblasting, grind-
ing and allodyning, the values of the parameter 
Ra for the EN AW-2024 alloy were slightly high-
er than the Ra of the EN AW-5083 alloy, and the 
surface energy γs had a similar relationship. After 

Figure 2. Graphical interpretation of Young’s 
Equation: 1 – measuring droplet, 2 – test substrate

Figure 3. Example of a software window with results of contact angle measurements 
with a selected measuring liquid
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laser treatment of EN AW-2024 alloy, a wider 
range of roughness and higher Ra values were 
obtained compared to EN AW-5083. However, 
treatment with concentrated energy beam resulted 
in different energy effects. In contrast, after roll-
ing, the EN AW-2024 alloy had twice the rough-
ness Ra of the EN AW-5083 alloy, and the surface 
energy γs was higher. This variation depending on 
the treatment and differences in surface activation 
are shown in Figures 4 and 5.

Analyzing the results for EN AW-2024 alloy 
(Fig. 4a), it can be seen that each type of treat-
ment resulted in improved wettability. The water 
contact angle of the rolled surface was θw = 83.9°, 

while the traditionally used methods of modifying 
the surface reduced it. The most effective in this 
respect was sandblasting (variant S), after which 
θw = 38.2°. Allodyning and grinding gave slightly 
worse results, with θw = 48.7° (variant A) and θw 
= 51.8° (variant G), respectively. Laser treatment 
resulted in an increase in wettability by a greater 
value as for variants A and S.

During laser beam processing at 10 kHz with 
the lowest applied speed Vs = 2000 mm/s, the 
angle θw was 36.8°. Increasing the speed to 4000 
mm/s reduced θw to 13.6°, while at Vs = 6000 
mm/s θw was 7.9°. In contrast, increasing the pulse 
frequency from 10 kHz to 15 kHz increased θw 

Table 6. Average contact angle (θ)

Surface modification 
option

EN AW-2024 EN AW-5083

Water θw, ° Diiodomethane θd, ° Water θw, ° Diiodomethane θd, °

L1 36.8 8.1 20.9 42.0

L2 13.6 10.4 24.8 39.3

L3 7.9 13.8 27.3 39.2

L4 13.1 13.3 29.7 40.4

L5 17.1 20.9 26.4 39.5

L6 30.0 34.8 47.7 36.9

L7 7.9 33.8 46.8 39.8

L8 16.6 37.1 51.2 39.6

L9 19.5 38.9 54.3 45.1

Ground (G) 51.8 33.0 66.0 46.1

Sandblasted (S) 38.2 61.3 63.7 46.0

Allodyned (A) 48.7 45.5 105.6 35.5

Rolled (R) 83.9 48.1 86.6 34.5

Table 7. Surface free energy (γs), polar component (γs
p) and dispersive component (γs

d) of EN AW-2024 alloy

Surface modification option Surface free energy (SFE)
γs, mJ/m2

Polar component of SFE
γs

p, mJ/m2
Dispersive component of SFE

γs
d,

 
mJ/m2

L1 77.1 26.8 50.3

L2 85.8 35.8 50.0

L3 84.5 35.1 49.4

L4 84.6 35.1 49.5

L5 82.3 34.7 47.6

L6 78.6 31.7 42.5

L7 80.9 38.0 42.9

L8 78.4 35.9 41.5

L9 74.7 37.0 40.7

Ground (G) 64.4 21.2 43.2

Sandblasted (S) 62.5 32.6 29.8

Allodyned (A) 52.4 11.3 41.1

Rolled (R) 47.8 5.2 42.6
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from 13.1° to 30.0°, respectively, as the scanning 
speed increased (variants L4 ÷ L6), compared to 
a minimum value of 7.9°. A further increase in 
pulse frequency to 20 kHz enabled improved wa-
ter wettability, with θw angles ranging from 7.9° 
to 19.9°, but also increasing with increasing scan-
ning speed (variants L7 ÷ L9).

Variants L3 and L7 had the same minimum 
water wettability. When the wettability of EN 
AW-2024 alloy was tested with diiodomethane 
(Fig. 4b), it was found that more favorable sur-
face wettability was obtained compared to the 
rolled condition and after treatment with the S 
and A variants, using a laser. The maximum 

diiodomethane contact angle θd had a value 
slightly lower than allodyning and of 45.1°, 
while after allodyning θd was 45.5°. However, in 
contrast to the wettability tested with water, laser 
treatment from variants L6 to L9 gave worse re-
sults than grinding (G), where θd was 33.0°. Vari-
ants L1÷L5, however, allow for improved wet-
tability with diiodomethane. Machining with a 
pulse frequency of 10 kHz and a scanning speed 
of 2000 mm/s (variant L1) gives the best result, 
the angle θd was 8.1° and this was the minimum 
value. The angle θd increased with increasing 
scanning speed and pulse frequency; for variant 
L5, more favorable than grinding, it was 20.9°.

Figure 4. Results of contact angle measurement of EN AW-2024 alloy: a) water measurement (θw), 
b) diiodomethane measurement (θd); L1 ÷ L9 – laser treatment options, S – sandblasting, A – allodyning, 

G – grinding, R – rolling

Table 8. Surface free energy (γs), polar component (γs
p) and dispersive component ( of EN AW-5083 alloy

Surface modification option Surface free energy (SFE)
γs, mJ/m2

Polar component of SFE
γs

p, mJ/m2
Dispersive component of SFE

γs
d, mJ/m2

L1 75.5 36.2 39.2

L2 74.9 34.4 40.5

L3 73.0 33.4 40.5

L4 72.9 32.5 40.4

L5 72.2 31.8 40.4

L6 65.2 23.6 41.6

L7 64.7 23.4 41.3

L8 62.5 22.2 40.3

L9 59.0 21.2 37.8

Ground (G) 52.7 15.4 37.3

Sandblasted (S) 53.9 16.6 37.3

Allodyned (A) 40.7 39.6 1.1

Rolled (R) 48.0 5.4 42.6
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Analyzing the obtained results of the contact 
angle measurement for EN AW-5083 alloy (Fig. 
5a), it can be concluded that the wettability tested 
with water is favorable after laser treatment com-
pared to variants S, G and A, as well as rolling R. 
The best, among variants S, G and A, for surface 
modification turned out to be sandblasting S (sim-
ilarly to EN AW-2024). On the other hand, after 
laser treatment, the best result was obtained for a 
frequency of 10 kHz and a speed of 2000 mm/s 
(L1), where θw was 20.9°.

This angle increased with increasing pulse 
frequency and scanning speed, up to a value of 
54.3°. However, the most favorable treatment is 
with a frequency of 10 kHz and a change in speed 
from 2000 mm/s to 4000 and 6000 mm/s, where 
the angle θw is low (24.8° for the L2 variant and 
27.3° for the L3 variant, respectively). On the oth-
er hand, when the wettability of the laser-beam-
modified surfaces was tested with diiodomethane 
(Fig. 5b), it was found to be similar to the values 
obtained after conventional treatment, i.e. after 
allodyning, θd = 35.5° was obtained, while in the 
rolled state θd was 34.5°. After laser treatment, the 
angle θd varied between 36.9° and 45.1°. These 
values were only more favorable in comparison 
with the abrasive treatment of the analyzed alloy, 
when after sandblasting θd was 46.0°, while after 
grinding it was 46.1°.

By determining the contact angle SFE from 
measurements, it can be concluded for EN AW-
2024 alloy (Fig. 6a) that laser treatment in all 

variants of the tested processing parameters in-
creased surface adhesion. A maximum SFE value 
of 85.8 mJ/m2 can be indicated for the L3 variant, 
which represents treatment at a pulse frequency 
of 10 kHz and a speed of scanning of 6000 mm/s, 
while the best conventional treatment variant was 
grinding (SFE was 64.4 mJ/m2).

In the case of EN AW-5083 alloy (Fig. 6b), 
on the other hand, a downward trend is apparent, 
starting from a maximum value of 75.5 mJ/m2 in 
the L1 treatment variant, gradually to a value of 
59.0 mJ/m2 in the L9 variant. However, a laser 
with suitable parameters can produce an energeti-
cally more favorable state compared to the other 
investigated surface modification methods. Sand-
blasting was then the best option, followed by a 
surface energy of 62 mJ/m2. All treatments, with 
the sole exception of the allodyning of EN AW-
5083 alloy, resulted in a better SFE value com-
pared to the as-rolled condition. The analysis of 
the SFE components, polar (γL

p) and dispersive 
(γL

d), is helpful in selecting the best option. From 
the point of view of adhesion of the binder to the 
substrate, a higher value of the polar component 
is desirable. In the case of EN AW-2024 alloy 
(Fig. 7a), the highest value after laser treatment 
was recorded for the L7 variant, where it was 38.0 
mJ/m2. Comparing to the other used treatments, 
this was higher than the best sandblasting, when 
it was 32.6 mJ/m2.

In the case of the EN AW-5083 material under 
study (Fig. 7b), the polar component was most 

Figure 5. Results of contact angle measurement of EN AW-5083 alloy: a) water measurement (θw), 
b) diiodomethane measurement (θd); L1 ÷ L9 – laser treatment options, S – sandblasting, A – allodyning, 

G – grinding, R – rolling
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Figure 7. Polar and dispersive components of SFE of alloys: a) EN AW-2024, b) EN AW-5083; 
L1 ÷ L9 – laser treatment options, S – sandblasting, A – allodyning, G – grinding, R – rolling

Figure 8. Comparison of the average SFE value of EN AW-2024 and EN AW-5083 alloys; 
L1÷L9 – laser treatment options, S – sandblasting, A – allodyning, G – grinding, R – rolling

Figure 6. Surface free energy (SFE): a) EN AW-2024, b) EN AW-5083; L1 ÷ L9 – laser treatment options, 
S – sandblasting, A – allodyning, G – grinding, R – rolling 
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Figure 9. Percentage increase in SFE of tested aluminum alloys

favorable in the L1 variant and its value decreased 
progressively up to the value obtained in the L9 
treatment variant. This is a trend analogous to the 
surface energy of the analyzed material. Thus, the 
choice of the best option from the point of view 
of the SFE simultaneously implies the best option 
from the point of view of the polar component. 
However, in the case of this alloy, the highest po-
lar component was obtained after allodyning.

For the tested materials, the conventional 
treatment variant for which the SFE value is the 
highest was determined and respectively desig-
nated Ref-2024 and Ref-5083 (Fig. 8). Relative 
to this value, the percentage increase in SFE after 
laser treatment was determined (Fig. 9).

Analyzing the effect of scanning speed (Vs) 
on the resulting SFE values at the assumed pulse 
frequency (Fig. 10), it can be seen that, for EN 
AW-2024 at 10 kHz, the SFE increases with ma-
chining acceleration, i.e. from 77.1 mJ/m2 for 
2000 mm/s to 84.8 mJ/m2 for 6000 mm/s, while 
machining at 15 kHz causes the SFE to decrease 
with increasing speed (from 84.6 mJ/m2 at 2000 

mm/s to 78.6 mJ/m2 at 6000 mm/s). A similar 
phenomenon of a slight decrease in SFE can be 
observed when machining at 20 kHz, when it 
drops from 80.9 mJ/m2 at 2000 mm/s to 74.7 mJ/
m2 for 6000 mm/s.

In the case of EN AW-5083 alloy at 10 kHz, 
fairly similar SFE values were obtained regard-
less of the velocity: 75.5 mJ/m2 (Vs = 2000 mm/s), 
74.9 mJ/m2 (Vs = 4000 mm/s) and 73.0 mJ/m2 (Vs 
= 6000 mm/s). Processing at 15 and 20 kHz re-
sults in the highest SFE value for 6000 mm/s. The 
least favorable result was obtained for a velocity 
of 4000 mm/s at both pulse frequencies.

Despite the adopted identical treatments of 
the two selected aluminum alloys, differences in 
the degree of surface activation and the value of 
the surface free energy γS were experimentally 
demonstrated. The processes occurring during the 
heating of different materials with a laser beam 
are presented in the work [26]. Surface treatment 
with a laser beam is accompanied by a very rapid 
and microlocal increase in the temperature of the 
material, the melted particles transfer heat to the 

Figure 10. Effect of scanning speed on mean SFE at frequency: a) 10 kHz, b) 15 kHz, c) 20 kHz
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environment and the substrate at high speed. In 
such a process, the cooling rates of the metal can 
reach up to 1011 K/s. An altered metallographic 
structure is constituted in the top layer. An altered 
metallographic structure is constituted in the top 
layer. The cooling rate is influenced by the pro-
cessing time, the radiation power density, and the 
volume of molten material [27, 28]. Technologi-
cal parameters of the laser beam surface treatment 
process also affect the change in the value of the 
components of the residual stresses in the near-
surface layer of the material [29, 30]. The state 
of residual stress in the material’s surface layer 
affects the constitution of the material’s surface 
tension. Aluminum alloys EN AW-2024 and EN 
AW-5083 are characterized by different solidus 
temperatures and proportions of alloying addi-
tives, hence the surface effects vary.

CONCLUSIONS

Different surface energy states can be ob-
tained by using different preparatory treatments. 
By using a surface modification method other than 
chemical or mechanical treatment, i.e. pulsed la-
ser beam modification, higher surface free energy 
values can be obtained. Therefore, this method of 
surface treatment is a promising alternative and 
can also bring advantages in the area of produc-
tion organization, due to easy automation, com-
puterization possibilities and robotization of the 
treatment process. The main conclusions from the 
study were:

The interaction frequency of the laser pulse 
significantly influences the change in the con-
tact angle (Θ) of a given liquid. In the case of 
treating the surface of EN AW-5083 alloy with 
a laser beam at fi = 10 kHz, the smallest con-
tact angle values were obtained (Θw = 20.9°). 
Increasing fi by 100% resulted in an increase 
of the angle Θw by approximately 124% (Θw = 
46.8° at 20 kHz). Wetting conditions are also 
affected by the speed at which the surface is 
scanned with the laser beam. Increasing the 
speed of laser beam travel (Vs) from 2000 mm/
min to 6000 mm/s (200% increase) at 10 kHz 
resulted in an increase in angle of approximate-
ly 30% (Θw from 20.9° to 27.3°).

A similar trend of increasing water contact 
angle with increasing speed was observed for 15 
and 20 kHz. Thus, in order to obtain favourable 
water wetting conditions, the EN AW-5083 alloy 

should be processed with the selected laser at a 
lower frequency and lower scanning speed.

For the surface of EN AW-2024 alloy sam-
ples, a slightly different trend was obtained. At a 
scanning speed of Vs = 2000 mm/s, there was a 
favourable trend. Increasing the frequency fi from 
10 kHz to 15 kHz resulted in a decrease in the an-
gle Θw of approximately 64.4%, while increasing 
the frequency fi from 10 kHz to 20 kHz resulted 
in a decrease in the angle Θw of approximately 
78.5%. The most favourable wetting conditions 
for EN AW-2024 alloy occurred at Vs = 2000 
mm/s, so this material should be processed with 
the selected laser at the highest frequency and 
lowest scanning speed.

The use of diiodomethane, a liquid with dif-
ferent properties to water, for the analysis of sur-
face wettability by measuring the angle Θ, result-
ed in an increasing trend of the angle Θd as the 
frequency fi and speed Vs were increased in the 
context of the EN AW-2024 alloy. Treatment with 
a frequency fi = 10 kHz and speed Vs = 2000 mm/s 
resulted in an angle Θd = 8.1°, while increasing 
the pulse frequency and scanning speed increased 
Θd to a value of 38.9°. Thus, if it is necessary un-
der technological conditions to prepare a surface 
with characteristics favourable for wetting with a 
liquid with diiodomethane properties, laser pro-
cessing with the lowest speed and frequency is 
advantageous.

In the case of EN AW-5083 alloy, similar 
values for the angle Θd were obtained in all laser 
treatment variants. In the best case (fi = 15 kHz, 
Vs = 6000 mm/s), Θd was about 6.5% higher 
than after rolling, and about 3.8% higher than 
after chemical treatment. The surface condition 
after rolling for the analysed materials was char-
acterised by a mean roughness parameter of Ra 
= 0.294 µm (EN AW-2024) and Ra = 0.478 µm 
(EN AW-5083).

Treating the surface of EN AW-2024 alloy 
with a laser beam increased the roughness by 
about 2 ÷ 2.5 times (an increase of about 140 ÷ 
145%), and the surface free energy γs increased 
from about 56% (in the L9 variant) to about 80% 
(in the L3 variant).

Laser treatment of EN AW-5083 alloy also 
produced a favourable result, although the rough-
ness Ra compared to rolling changed slightly, by 
a maximum of about 12%. The surface free ener-
gy γs, however, increased significantly, from 23% 
in the L9 variant to about 57% in the L1 variant. 
The maximum value of the surface free energy γs 
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on the surface of EN AW-2024 alloy depending 
on the scanning speed Vs was obtained: for Vs = 
2000 mm/s at fi = 15 kHz, for Vs = 4000 mm/s at fi 
= 10 kHz, and for Vs = 6000 mm/s at fi = 10 kHz. 

In contrast, on the EN AW-5083 alloy surface, 
the maximum value of γs was obtained for three 
values of scanning speed Vs: 2000 mm/s, 4000 
mm/s and 6000 mm/s with a frequency fi = 10 kHz.

The above differences in the free energy 
values obtained for the two different aluminium 
alloys were mainly influenced by the surface 
roughness, chemical composition and technologi-
cal state of the material.
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