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TDepartment of Mechanical Zinc finds a prominent metallic alternative for existing metallic bio-implant materials.
Engineering, IFET College Wettability significantly alters the corrosion resistance and cell adhesion of bio-metallic
of Engineering, Tamnil materials. The wettability of the metallic materials can be engineered by laser surface
Nadu 605108, India texturing (LST). In this work, nanosecond laser surface texturing experiments were
conducted on the pure zinc substrate by varying the laser scan speed and texture
pitch. Laser scan speeds were varied from 10 to 50 mm/s, and the texture pitch varied
from 100 to 300 um. A nanosecond 28 W Nd:YAG laser system was used with 1064 nm
wavelength, repetition rate of 5 kHz, focal length of 234 mm, and pulse width of 2 ms.
The white light interferometer (WLI) was utilized to explore the surface roughness

of the textured samples, and the scanning electron microscope (SEM) was used

to investigate the surface morphology. The results revealed that LST on pure zinc fol-
lows the Weinzel model which enhances the hydrophobic nature of its surface. Surface
roughness plays a significant role in improving the hydrophobic nature of the LST zinc
substrates.
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Introduction

Surface properties play a vital role in determining the life of the engineering products
and critically should be monitored to avoid losses from wear and corrosion. Moreover,
the engineering of surface topographies of materials can be utilized for various applica-
tions. The wettability of the materials can be altered by engineered surface topographies.
The wettability nature of materials can be termed as hydrophobicity and hydrophilicity.
Hydrophilicity is the nature of material surface with the affinity to water and maximizes
the contact with the water. However, in case of hydrophobicity, the nature of the mate-
rial surface repels the water by minimizing the contact with it. The hydrophilic surfaces
can be utilized for anti-fogging applications, biomedical applications, etc. Likewise, the
hydrophobic surfaces can be utilized for wear improvement, corrosion improvement,
self-cleaning applications, etc. The superhydrophilic and superhydrophobic surfaces are
the extreme wettability conditions and can be engineered by various methods for differ-
ent applications [1]. Surface texturing is a novel approach to engineering the material
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surfaces to become superhydrophobic and superhydrophilic. Electrochemical deposition
[2], anodic oxidation [3, 4], galvanic exchange reaction [5], electrochemical etching [6],
sol—gel route [7], template method [8], expanding plasma arc [9], and sintering process
[10] methods have been applied to fabricate textures on the material surfaces. However,
these methods have their own limitations like adverse environmental impacts and low
efficiency in texture formation [11]. To overcome these constraints, currently, a laser-
based surface texturing technique has been adopted [12, 13]. In the laser texturing pro-
cess, a high-intensity laser beam irradiates the material surface wherever it is exposed.
This irradiation creates micro dimples and micro grooves as per the exposing nature of
the laser beam. Several researchers have attempted laser surface texturing (LST) on dif-
ferent kinds of materials, especially on metallic materials. Keitzig et al. [14] applied the
laser texturing technique to create some double-scale roughness surface textures on dif-
ferent alloys of metals using a femtosecond laser. The initial textured surface favoured
the superhydrophilic nature, and after the extended time period, superhydrophilic sur-
faces were converted to superhydrophobic. Li et al. [15] attempted to fabricate stable
superhydrophilic and superhydrophobic surfaces on the titanium plates by superficial
femtosecond laser scanning and silanization modification. As a result of laser texturing
among two mutually perpendicular directions, micrometer spikes, and nanometer rip-
ples were formed on the Ti surface. Textured surfaces show the superhydrophilic before
silanization. However, after silanization, textured surfaces exhibited higher superhydro-
phobic. Yang et al. [16] had textured the Inconel 718 by a nanosecond laser. Different
kinds of patterns like lines, grids, and spots were textured on the Inconel 718. Initial
textured surfaces show superhydrophilic nature then transformed to superhydrophobic
nature over 20 days. Among the metallic materials, bio-metallic materials make a sig-
nificant focus due to their crucial biomedical applications. Usually, the performance of
metallic biomaterials can be improved by laser microprocessing. Recently, zinc and zinc-
based alloys have been identified as prominent biodegradable materials for biomedical
applications [17-19]. A lack of LST works has been reported on zinc substrates. There-
fore, in this work, laser surface texturing was attempted to texture on a pure zinc sub-
strate. The effect of the laser surface texturing on the texture formation and wettability

was investigated.

Experimental

As cast zinc substrate was machined to the sample size of 50 x 50 x 5 mm. Sample sur-
faces were polished with different kinds of grade sheets to ensure flatness and cleaned
with alcohol. The selected laser texturing area was 30 x 30 mm. A single groove texture
was selected for patterning. LST parameters are shown in Table 1. A nanosecond 28 W
Nd:YAG laser system was used with a 1064 nm wavelength, repetition rate of 5 kHz,
focal length of 234 mm, and pulse width of 2 ms. LST was performed with predeter-
mined process parameters. Textured samples were subjected to microstructural exami-
nation to analyse the nature of texture formation by scanning electron microscope
(SEM), and the elemental formation in the textured surfaces was examined by electric
discharge spectrometry (EDS). Textured samples were cleaned with ethanol, and sample
sizes of 10 x 10 mm were prepared to accommodate them in the SEM machine. The 2D

topography, the 3D topography, and the surface roughness were evaluated by white light
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Table 1 LST parameters

Texture type Texture pitch in pm Laser beam
scan speed in
mm/s

Type-1 100 10

Type-2 100 50

Type-3 300 10

Type-4 300 50

interferometer (WLI). Textured sample surfaces were scanned by the white light emit-
ted by the WLI, and the corresponding images were created. Using Gydwin software,
2D and 3D topographies and surface roughness were generated. The wettability of the
textured samples was investigated through a contact angle meter (SmartDropSDLab-
200TEZD, FemtoFab, Korea). A total of 10 pL of a water droplet was poured through a
contact angle meter needle on the specific textured surface. The image of the drop was
captured through a camera and analysed with software.

Results and discussion

Effect of laser scanning speed on the morphology of textured zinc substrates

Figure 1 shows the SEM images of the morphology of zinc surface textured with 100 um
pitch and 10 mm/s scan speed. The low magnification morphology (Fig. 1a) shows that
parallel grooves with vague boundaries were fabricated by the nanosecond laser irra-
diation. Higher magnification of the texture (Fig. 1b) shows the high density of recast
materials. These recast materials fill the groove cavities, and the groove profile has been
distorted.

Figure 2 shows the SEM images of the morphology of zinc surface textured with
100 pm pitch and 50 mm/s scan speed. Low magnification morphology (Fig. 2a) shows
the parallel groove textures with shallow depth. Minimal recast materials around and
between the textures were observed. Higher magnification images (Fig. 2b) show the
minimal recast materials in the groove cavity.

Figure 3 shows the SEM images of the morphology of zinc surface textured with
300 um pitch and 10 mm/s scan speed. Lower magnification SEM images (Fig. 3a) show
a distinct boundary between each texture. These distinct boundaries resulted from the
increased pitch between them. Recast materials were splashed and settled around the
boundaries of the textured grooves. Moreover, the higher magnification SEM image
of the textured groove (Fig. 3b) clearly shows the dominance of these recast materials
inside the grooved cavities.

Figure 4 shows the SEM images of the morphology of zinc surface textured with
300 um pitch and 50 mm/s scan speed. Lower magnification SEM images (Fig. 4a) show
distinct boundaries due to increased pitch between the textures. Higher magnification
SEM image (Fig. 4b) shows a cavity of a textured groove with minimal recast materials.

Figure 5 indicates the 2D surface topography of a single groove cavity of the texture,
detected by a white light interferometer. 2D topographies resemble the nature of texture
groove cavities. Texture cavities were widening from texture type-1 to texture type-4.
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Fig. 1 SEM images of zinc surface textured with 100 um pitch and 10 mm/s scan speed. a Low magnification
textured surface. b High magnification textured surface

Similarly, the texture cavity depths were varying from texture type-1 to texture type-4.
The average cavity depth and length of texture types are presented in Table 2.

Table data indicate that higher cavity depth and length were observed in Texture type-
1. Similarly, higher cavity depth was observed in Texture type-3. A drastic reduction in
texture depths was observed in type-2 and type-4, respectively. However, cavity lengths
were gradually reduced from type-1 to type-4.

3D topographies show the nature of the texture grooves. Clear texture groove forma-
tions were observed in texture type-1 and texture type-3 (Fig. 6).

Surface roughness Rz of the textured zinc substrates was evaluated from their surface
topographies data. Figure 7 shows the surface roughness of the textured zinc substrates.
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Fig. 2 SEM images of zinc surface textured with 100 um pitch and 50 mm/s scan speed. a Low magnification
textured surface. b High magnification textured surface

The result indicates that a higher surface roughness of 213.1 Rz has been observed in
texture-1, and the next higher Rz has been observed in texture type-3 (160.9 Rz). The
lowest surface roughness of 58.72 Rz was observed in texture type-2 and the texture
type-4 shows the Rz of 62.45.

When a high-intensity laser beam interacts with a material surface, it irradiates the
surface of the material and removes the materials by melting and vaporization [20].
Laser ablation is the function of the laser power intensity. The laser power intensity is
influenced by the laser power to concentrate its beam into a prescribed area. Increased
power intensity increases the material removal. In this research, laser power was kept
constant to investigate the effect of laser scanning speed on the texture morphology. The
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Fig. 3 SEM images of zinc surface textured with 300 um pitch and 10 mm/s scan speed. a Low magnification
textured surface. b High magnification textured surface

laser scanning speed is the constant movement of a laser beam on the material surface to
process it along a prescribed length. A laser beam irradiates the contacted surface along
the path. The irradiation melts and vaporises the materials forming a cavity along the
length of the laser beam travel. Material removal and crater depth depend on the laser
beam exposing period on the prescribed spot of the material. The scanning speed of the
laser governs the exposing period. An increase in the exposing period of the laser beam
increases the concentration of the laser energy in the specific spot of the material. Ther-
mal gradients are increased at that specific spot due to the absorption of higher laser
energy. Intense heat input melts the material and further starts to vaporise it. When the
laser beam moves to the next spot, the previous spot maintains the molten state and
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Fig. 4 SEM images of zinc surface textured with 300 um pitch and 50 mm/s scan speed. a Low magnification
textured surface. b High magnification textured surface

the plume. The plume is the vaporised state of the material irradiated by laser energy.
When the spot receives the laser energy supply, the molten state and plume start a rapid
solidification. This rapid solidification resulted in the formation of recast materials along
and around the textured groove. However, the lower exposing period has restricted
the formation of recast materials and induced micro cracks. These micro-cracks form
surface patches along the processed length. The lower exposing period supplied low
laser energy, and rapid movement of the laser beam induced a non-uniform solidifica-
tion which resulted in micro cracking. A lower scan speed facilitates a higher interac-
tion period, and a higher scan speed facilitates a lower interaction period. Therefore,
10 mm/s scan speed textures showed a higher density of recast materials than 50 mm/s
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Table 2 Dimensions of the texture types

Texture type Cavity depth in um Cavity
length in
pm

Type-1 244.7 109.3

Type-2 434 1012

Type-3 109.5 734

Type-4 22.6 413

scan speed textures. The laser energy absorption of zinc is high due to its lower melt-
ing point which vaporise the material rapidly and forms the deeper craters. Therefore,
deeper grooves were observed at 10 mm/s scan speed. Therefore, the texture type-1 and
type-3 grooves showed higher depth cavities (refer to Table 1.) compared to the texture
types 2 and 3. The 2D topographies (refer to Fig. 5a and c) of type-1 and type-3 tex-
tures showed a smooth profile of the cavities compared with the cavities of the texture
type-2 and type-4 (refer to Fig. 5b and d). The 3D topographies of the type-1 and type-3
textures (refer to Fig. 6a and c) showed distinct patterns due to their sufficient cavities
depth. Nature surfaces can be evaluated through their surface roughness. LST signifi-
cantly affects the surface roughness of the metallic materials. The intensity of the surface
irregularities determines the surface roughness ranges of the substrates. In LST sub-
strates, the intensity of surface irregularities is governed by the recast materials and the
textured cavities. High intensity of recast materials increases the surface irregularities
and thus increases the surface roughness. Therefore, texture type-1 and texture type-3
show high surface roughness with high intensity of recast materials. Moreover, higher
texture depth improves the surface roughness which can be advocated by the texture
type-1 and type-3.

Effect of laser scanning speed on the wettability of the zinc substrate

Figure 8 represents the water contact angle of the LST zinc substrates. Texture type-1
shows the higher water contact angle of 130°, and the next higher water contact angle
was observed in texture type-3 (127°). Lower water contact angles were observed in tex-
ture types 2 (118°) and 4 (123°).

The water contact angle is a common technique to measure the wettability of the sur-
faces. Major wettability mechanisms can be explained by either Wenzel or Cassie—Bax-
ter models. The Wenzel model describes that surface roughness improves the nature
of the wettability caused by the surface chemistry, which means the surface roughness
improves the hydrophobicity of a natural hydrophobic surface. However, the Cassie—
Baxter model suggests that the surface roughness entirely changes the wettability nature
of the material surface. For example, as per the Cassie—Baxter model, a hydrophilic sur-
face changes to hydrophobic. This indicates that material surface chemistry and rough-
ness play a major role in determining the wettability characteristics of a material. The
WCA measurement on the plain zinc substrate is hydrophobic. Low surface energy may
be attributed to the hydrophobic nature of the zinc surface. The wettability results of
the textured zinc surfaces showed an improved hydrophobicity due to increased surface
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Fig. 6 3D topographies of textured Zinc surfaces. a 100 um-10 mm/s. b 100 um-50 mm/s. c
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Fig. 7 Surface roughness of the textured zinc substrates

roughness by laser texturing. Hence, the surface textured zinc surfaces obey the Wenzel
model of wettability. In this work, the wettability has been primarily governed by the
surface roughness rather than the surface chemistry of the material. Texture types 1 and
3 show higher WCA with higher surface roughness compared to other texture types.
The spikes of the rough surfaces hold the water droplets, and the air gap that exists
between the spikes restricts the penetration of droplets further. Entrapped air between
the droplet and spikes provides a cushioning effect to the droplet. This cushioning effect
causes the resistance to the movement of the droplet. Thus, the lower laser scan speed
and higher texture density (that is the lower pitch of the textures) increase the surface
roughness which results in higher WCA. In the lower texture density case, the chances
of landing of droplets on the pitch area rather than textured areas may reduce the WCA
due to low surface roughness. Therefore, laser scan speed and pitch influence the wet-
tability of the zinc surface.

Conclusions

In this work, the effect of LST parameters like scan speed and pitch on the texture for-
mation and surface roughness on the commercially pure zinc substrate has been investi-
gated. The following conclusions were arrived from this investigation.

1. Lower laser scan speed increases the texture cavity depth due to a higher exposure
period with the zinc substrate. Therefore, the textures fabricated at 10 mm/s scan
speed formed a higher cavity depth.

2. The lower scan speed increases the intensity of the recast materials which results in
increased surface roughness.

3. Similarly, texture pitch also influences the agglomeration of the recast materials
which affects the surface roughness. Minimal pitch value increases the agglomera-
tion of the recast materials, and thus, the increase in surface roughness has resulted.
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Fig. 8 Water contact angle of LST zinc substrates. a Base materials. b 100 pm-10 mm/s. € 100 pm-50 mm/s.
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4. Untreated pure zinc substrate exhibits a hydrophobic surface. LST zinc substrate fol-

lows the Wenzel model by improving the water contact angle. Thus, the LST zinc
substrate transforms into superhydrophobic.

5. Fabricated textures hold the water droplet during its deposition and prevent its pen-
etration into the surface by providing resistance by entrapping the air between them
and inside their cavities.

Abbreviations

LST Laser surface texturing

WLI Wight light interferometer

SEM Scanning electron microscope

pm Micrometer

WCA Water contact angle

Nd:YAG ~ Neodymium-doped yttrium aluminum garnet
W Watts

2D Two dimensional

3D Three dimensional
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