
Arch. Metall. Mater. 67 (2022), 2, 645-652

DOI: https://doi.org/10.24425/amm.2022.137801

E.R. Moldovan 1, C. ConChEso doRia 2, J.l. oCaña MoREno 3, l.s. BaltEs 1,  
E.M. stanCiu 1, C. CRoitoRu 1, a. PasCu 1, M.h. tiEREan 1*

Geometry CharaCterization of aiSi 430 StainleSS Steel miCroStruCturinG  
uSinG laSer

laser-generated surface patterns provide the means for local mechanical interlocking between the joined materials, tunes 
the wettability of surfaces that come in contact, and generally are the main factor for bonding strength enhancement, especially 
between dissimilar materials. this paper presents the influence of different patterning overlays generated with a pulsed laser on 
the surface of stainless-steel sheets. For all experiments, an overlapping degree of 90% has been chosen between three different 
patterns, while the engraving speed, pulse frequency and number of passes have varied. the textured surfaces’ morphology was 
assessed through optical microscopy, and the roughness of the surfaces was correlated with the corresponding experimental pa-
rameters. the results have indicated promising insights for joining stainless steel to plastic materials, which is otherwise difficult 
to assess through usual welding techniques. 
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1. introduction 

direct laser surface texturing (dlst) is a method that al-
lows the surface improvement of an engineered material in terms 
of performance, for task-specific applications. it is a cutting-edge 
technique, having the advantage of obtaining surface features 
in micro and nano sizes, precise and reproducible textures, both 
on hard and brittle components. it is possible to be implemented 
on different categories of materials, such as metallic (stainless 
steel, titanium and its alloys, cobalt-chromium alloys, magne-
sium alloys, aluminum and alloys, copper, etc.), plastic (PP, 
PE, PEEK, PMMa, Plla, etc.), ceramic (al2o3, Zro2, etc.) 
and composite (glass fiber reinforced PP/aluminum, magne-
sium alloy/PEt, aisi 304/Pa6, C/siC, siC/siC, etc). usually, 
the pattern can be regular or irregular, in the form of grooves, 
dimples, bumps or other models. dlst is applied on joining of 
dissimilar materials [1,2], biomedical devices [3-9], tribological 
improvements  [10-12], heat exchangers [13], surfaces wetting 
[14], photovoltaics industry [15,16], semiconductors patterning 
[17], painting [18].

the last five years have shown an increased research inter-
est in the dlst technique [19,20]. to obtain the desired texture 

on the surface of material and at the same time to reduce the 
possible defects, it is of upmost importance to consider the fol-
lowing parameters: laser wavelength, intensity, energy per pulse, 
frequency of the laser pulses, the angle of incidence, number 
of cycles, polarization, repetition number and rate, scanning 
speed, focal distance, pulse overlapping, number of overlapped 
scanning layers [20].

Czotscher et al. [21] investigated 0.2 mm al sheets with 
an YlP-hP laser (1065 nm laser beam) considering pulse dura-
tion 120 ns, power average 20…45 W, pulse energy 0.6…1 mJ, 
scanning speed 1m/s, repetition rate 20…60 Khz. the hole 
depth increases constantly after each pulse, also the hole diam-
eter. a positive influence for lower pulse overlaps and smaller 
distances between the scanning lines were observed, that lead 
to a better mesh structure. salstela et al. [22] studied the ad-
hesion improvement of 5754-aluminum alloy substrate with 
epoxy resin. on the aluminum substrate, three different types 
of micro patterns were applied: microstructuring with micro-
meshes, hierarchical sandblasting + micro-mesh printing and 
hierarchical micro-mesh printing + sandblasting. the objective 
was achieved by increasing the surface area with the number of 
locking points in substrate material; the hierarchical microstruc-
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turing providing the best solution. the condition is that mesh 
size should be large enough to allow filling with epoxy resin. 
Rauh et al. [23] analyzed the effect of micro-conically structured 
aluminum surface obtained by femtosecond laser ablation with 
60 fs laser pulses in nitrogen atmosphere, and 6 ns laser pulses 
in an iodine/air atmosphere, by means of nd:Yag laser with 
wavelength λ = 1064 nm, a maximal pulse energy of E = 50 mJ 
and f = 20 hz pulse repetition rate. the best results concerning 
surface texturing was obtained in the case of femtosecond laser 
microstructuring, but iodine atmosphere also yielded satisfactory 
results. Knapp et al. [24] investigated three type of polymers: 
PP, PE and PEEK samples 30×70×8 (mm) in order to improve 
the adhesion with an al-thin film. the laser source used in 
microstructuring the substrate had a wavelength of λ = 355 nm, 
a repetition rate of 10 khz, a pulse duration of 33 ± 10 ns 
and a pulse energy of 10 W. the pattern type was 30×30 mm 
square grid with 0°/90° straight lines spaced by 50 μm or 200 
μm. Experimental results showed that for PE and PEEK, laser 
texturing largely increases the adhesion if laser parameters are 
well adjusted. For PP, roughening of the surface seems to be 
more important. Mechanical adhesion mechanisms could also 
be optimized, being better controlled with precise and focalized  
laser ablation.

the improvement of PP tensile adhesive strength was 
studied by Matsuzaki et al. [25] through roll imprinting of 
undercut micropatterns on PP plates samples (30×20×1.5 mm). 
the undercut angle was found to be 25o, and the tensile adhesive 
strength was 1.7 times higher than that of the specimen without 
surface modification. the aim of Cardoso et al. [14] was to 
increase the hydrophobicity of polymeric poly(1-methoxy-4-(o-
disperse Red 1)-2,5-bis(2-methoxyethyl) benzene) surface film 
through laser microstructuring with an nd:Yag laser operating 
at 850 hz repetition rate, 70…532 nm pulses, 17…65 nJ energy, 
and 1mm/s translation speed. square-shaped-pillars morpholo-
gies with distinct periodicities, from 5.0 μm to 500 μm were 
applied. a roughness increasing from Ra = 100 nm to Ra = 450 
nm was observed, from non microstructured to microstructured 
samples. these results permited the fabrication of surfaces with 
contact angle higher than 150o.

hybrid joints between dissimilar materials, such as metals 
and non-metals (polymers, ceramics) [26] represent a widely 
customizable approach used in automotive industry [2,27], 
industrial manufacturing [28,29], as well as in biomedical [30], 
packing [31], aerospace [32], and households [19] industries, 
aiming lightweight structures that are optimized in terms of 
production costs and strength [32-34]. Microstructuring can be 
used before joining dissimilar materials as pre-treatment in laser 
processing to achieve a better mechanical interlocking [28,31] 
and to control the physical, chemical and mechanical properties 
of hybrid joints [35]. 

the goal of this research paper is to study of the influence 
of different patterning overlays prepared by dlst with differ-
ent processing parameters on the surface’s geometry, having as 
potential application metal-to-polymer joining.

2. experiment

2.1. material 

the proposed material for microstructuring is the ferritic 
stainless steel aisi 430 (aCX 500, En 1.4016) provided by 
acerinox sa, Madrid, spain (taBlE 1, taBlE 2). the material 
is ductile and can be shaped using rolling, bending, and emboss-
ing. it has a quite good corrosion resistance to various saline or 
acidic environments. as the base alloy of the ferritic group, this 
grade 430 ferritic stainless steel is only readily available in sheet 
and coil (up to 1.2 mm thick) most commonly in Ba (bright 
annealed) or 2B (moderately reflective) finishes. samples were 
cut from a large sheet with 80 mm×25 mm×0.5 mm dimensions. 

taBlE 1

Chemical composition according to En 10088-2 and astM a-240

element 
(%) C Si mn P S Cr n

Concen-
tration ≤0.08 ≤1.00 ≤1.00 ≤0.040 ≤0.015 16.00-

18.00 ≤0.045

taBlE 2

Mechanical properties as per En 10088-2 and astM a-240

material rp0.2 [mPa] rm [mPa] aSo [%] hrB
aisi 430 ˃260 450-600 ˃20 ˂185

2.2. Design of aiSi 430 samples

For this study three design patterns were used, presented 
in Fig. 1. the surface of microstructured area is 20×19.5 mm 
(design type a), 18×16 mm (design type B) and 19.5×17 mm 
(design type C).

2.3. microstructuring of aiSi 430 ferritic stainless steel

the microstructuring has been performed with an infrared 
nd Fiber diode-Pumped truMark 5020 laser made by trumpf. 
the equipment has an average power of 20 W, wavelength of 
1062 nm, pulse frequency from 5 to 1000 khz, integrated with 
a highly dynamic scanner module. the experiments have been 
carried out using a standard design of experiments, in which 
a parameter was kept constant, while the others were varied. the 
constant parameters were: the pulsed peak power of 3.8 kW at 
20 khz, number of impulses per point (1), defocus 0 mm, 100 µm 
diameter spot, and a focal distance of 254 mm. an angle align-
ment of 3 degrees of the laser beam axis with the perpendicular 
to the sample surface was adopted, to prevent damaging the 
laser optical fiber due to specular reflection on the surface of the 
samples. variable parameters are the frequency (30÷100 khz), 
speed (300÷1000 mm/s) and number of passes-repetition (1÷20). 
Fig. 2 shows the variation of the pulse duration as a function 
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of speed. Before applying the microstructuring process, the 
samples were cleaned with isopropanol for cleaning and de-
greasing the samples. all the microstructured samples were 
encoded depending on the speed, frequency and the number of 
repetitions. a minimum overlapping (Ov) ≥ 90% of the succes-
sive laser spots was considered for the beam integrity. From the 
obtained samples, only representative ones have been chosen and  
discussed. 

Fig. 2. Pulse duration correlation with the scanning speed during mi-
crostructuring

2.4. materials characterization

all the optical micrographs were acquired with an olympus 
BX35 upright optical microscope and the images have been cap-
tured using the olympus dP73 camera with an olympus th4 
halogen lamp power supply unit for brightness control and plan 
phase contrast objectives (uPlFln-Ph series). the 3d images 
display and measurement have been acquired with olympus 
image analysis software using the surface view feature (thick-

ness of the layer on the height was set for 1 µm in automatic 
processes). For measuring the roughness of the microstructured 
surface a roughness tester isR-100 was used, with a traverse 
speed of 5 mm/s, measuring force 4 mn, and accuracy ±10%.

3. results and discussion

the microstructuring is performed due to the laser beam 
local ablation of the material, generating grooves with a certain 
depth and width, as a function of the operational parameters. 
also, a part of the ablated material can be deposited near the 
groove as recast material dimples (Fig. 3). amend et al. [29] 
highlighted that the groove width (linear distance of the cavity, 
measured between the redeposited material dimples) has a sig-
nificant influence on the surface properties of the material. also, 
Rodríguez-vidal et al. point out that tensile-shear mechanical 
performance is the changing factor as represented by geometry 
and cavity aspect ratio [33]. 

the cross-section optical micrographs of sample a (speed 
300 mm/s, frequency 30 khz, pulse duration 170 ns) are pre-
sented in Fig. 4. the 3d optical microscopy maps of sample 

 

a) 

b) c)

 

a) 

b) c)
Fig. 1. sample types: (a) design a, hexagonal shape 2×2 mm (center to center), (b) design B, elliptical shape 2×2 mm (center to center), (c) 
design C, circle diameter ϕ0.1 mm

Fig. 3. geometry characterization (height, width and area) of micro-
structuring on aisi 430
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a (speed 300 mm/s, frequency 30 khz, pulse duration 170 ns) 
are presented in Fig. 5. the optical micrographs were used to 
measure the depth and width of the grove, as well as the recast 
material deposited on/near the groove edges (Fig. 6).

according to Fig. 6, the area and depth of the microstruc-
ture increases until 13 repetitions of microstructuring. With the 
increase in repetition, the recast material elevation increases as 
well. also, inversely proportional to the number of repetitions, 

  

a) b) 

  

c) d) 

  

e) f) 

  

a) b) 

  

c) d) 

  

e) f) 

  

a) b) 

  

c) d) 

  

e) f) 

Fig. 4. Cross section views of microstructured aisi 430 stainless steel, design type a, speed 300 [mm/s], frequency 30 [khz] and number of 
repetitions 2 (a), 5 (b), 7 (c), 10 (d), 13 (e), 17 (f)

 

a) b) 

Fig. 5. 3d images of microstructured aisi 430 stainless steel, design type a, speed 300 [mm/s], frequency 30 [khz] and number of repeti-
tions 2 (a) and 17 (b)
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the width of the groove tends to decrease. this tendency occurs 
because in the case of increased repetition the expelled mate-
rial can no longer reach the surface of the workpiece as recast 
material, and instead will be deposited on the walls of the hollow 
narrowing the width of the groove. the deposited recast mate-
rial is influenced by the laser beam angle alignment, resulting 
in one part of the recast material to be larger than the other side, 
depending on the laser beam direction.

the difference is visible when it comes to the number of 
repetitions in the case of laser passing and in the increasing of 
speed. at low speed and a maximum number of repetitions, 
it can be observed that groove material is mainly expulsed as 
recast material, and the micro-grooves have the pulsed beam 
laser shape. at lower number of repetitions, a small deformation 
of the stainless steel can be noted. in the case of type B design 

Fig. 6. variation of the microgrooves’ dimensions of microstructured 
stainless steel aisi 430 for design type a

  

a) b) 

  

c) d) 

  

a) b) 

  

c) d) 

Fig. 7. Cross section views of microstructured aisi 430 stainless steel, design type B, frequency 30 [khz], speed 300 [mm/s], number of repeti-
tions 10 (a); 20 (b); frequency 40 [khz], speed 400 [mm/s], number of repetitions 20 (c); frequency 50 [khz], speed 500 [mm/s], number of 
repetitions 10 (d)

a) b) 

Fig. 8. 3d images of microstructure frequency 30 [khz], speed 300 [mm/s], number of repetitions 10 (a) and 20 (b)
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(Fig. 7 and Fig. 8), the grooves are wider and shallower than 
for the other two designs. this is a consequence of the expelled 
material that has been deposited inside the groove at a lower 
position than in design type a. 

in Fig. 9 the results indicate an increase in width with the 
scanning speed increasing, while the recast material elevation 
and area of depth displaying a relatively constant tendency.

in the case of design type C (Fig. 10) the lack of elevation 
of the recast material can be noticed. due to this fact, the eleva-
tion’s height is missing from Fig. 11. With the increase in speed, 
depth, width and area decreasing has been remarked. 

Even if the same speed, frequency, and number of repeti-
tions were used for designs a, B and C, the geometry of applied 
microstructure has an important role. From the cross-section 
optical micrographs (Figs. 4, 7 and 10) and profile histograms 
(Figs. 6, 9 and 11), it can be observed that the material displace-
ment is less pronounced for design type B, comparing with 
designs type a and C. the same observation can be made in the 
case of design type C in comparison with design type B and a 
(after 13 no. of repetition of microstructuring operation) regard-
ing the expulsed material.

the analyzed roughness parameters (Fig. 12) are Ra (the 
arithmetic average, the absolute values of the profile within base 
length), Rz (the height average, absolute values of heights of 
the top five prominences and of the bottom, or peak-to-valley 
heights) and Rt (total height of profile, from the lowest point to 
the highest peak). 

Comparing the roughness after microstructuring with the 
roughness of the raw surface (Ra = 0.681 µm, Rz = 2.253 µm, 
Rt = 8.828 µm), it can be seen that design a possibly generates 
a better anchoring of the welded joints in terms of shear strength 
in the directions of the sheet surface.

4. Conclusions 

the pulsed laser offers a fast, easy and clean operation in 
metal microstructuring. Microstructuring is essential in different 

Fig. 9. variation of the microgrooves’ dimensions of microstructured 
stainless steel aisi 430 for design type B

  

a) b) 

  

c) d) 

  

a) b) 

  

c) d) 

Fig. 10. Cross section views of microstructured aisi 430 stainless steel, design type C: frequency 30 [khz], speed 300 [mm/s], number of repeti-
tions 10 (a); 15 (b); frequency 50 [khz], speed 500 [mm/s], and number of repetitions 15 (c); frequency 80 [khz], speed 800 [mm/s], number 
of repetitions 15 (d)
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Fig. 11. variation of the microgrooves’ dimensions of microstructured 
stainless steel aisi 430 for design type C

b)

a)

c)

Fig. 12. Roughness results on microstructured aisi 430 stainless steel: (a) design a, (b) design B, (c) design C

From the three studied micropatterning designs, hexagonal, 
elliptical and circular, it has been observed that the hexagonal 
pattern generates the highest surface roughness (also the highest 
depth of the grooves), followed by the circular one, which could 
prove beneficial for joining operations. on the other hand, shal-
lower and wider grooves (such as those obtained for the ellipti-
cal pattern) could provide a better crevice corrosion resistance 
for coated assemblies. Further studies will be performed on the 
characterization of the micropatterned materials surface proper-
ties and behavior in metal-plastic hybrid joints. 
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