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Super-hydrophilic alumina ceramic materials have wide application prospects in various fields 
and have drawn broad research interest. The failure of the hydrophilic surface is currently the main 
problem that limits its practical application. We have developed a simple method to directly fabricate  
super-hydrophilic surface on alumina ceramic by ultrafast laser micromachining. The super-hydro-
philic surface fabricated on alumina ceramics by femtosecond laser can maintain the super-hydro-
philic property at 0° for 48 hours. The contact angle of 54.9°still have hydrophilic properties after 
240 hours. This is due to the increased surface roughness and the change of chemical composition on 
the ceramic surface treated by ultrafast laser. The groove surface with V-shaped profile enlarging the 
contact angle hysteresis and with capillary forces improving the spreading wetting of liquid along the 
grooves reduce the contact angle directly. The increase in the polar groups of surfaces and the polar 
component of the surface energy after laser treatment also improve the behavior of wetting and adhe-
sion. It is noted that surface morphology plays a leading role in enhancing the wettability. This re-
search provides guidelines for designing the surface micro-structuring based on desired geometric 
features and properties of alumina ceramic materials.   

Keywords: ultrafast laser microprocessing, laser surface texturing, super hydrophilicity, alumina ce-
ramic, wettability 

1 Introduction 
Alumina ceramic is widely used in mechanical, elec-

tronic, chemical and aerospace engineering fields due to its 
excellent properties, such as high strength, high wear re-
sistance, high hardness, thermal and chemical stability and 
so on. The significance of super-hydrophilic surface for the 
ceramic materials, especially for widely used alumina ce-
ramic, mainly lies in self-cleaning, anti-fogging property 
and the strong bonding interface between the substrates and 
other materials [1]. Ceramic substrate with super-hydro-
philic surface is useful for improving coating fabrication, 
achieving low friction as well as developing cell-based tech-
nologies in biomedical applications.  

On basis of previous work, many methods including 
chemical assisted techniques, UV irradiation, polymer-
based coating , plasma treatment  have been successfully ap-
plied to many kinds of materials to form effective hydro-
philic surface to enhance the wetting ability[2-7].These 
methods have many limitations in practical application, the 
typical disadvantages are summarized as following[3-5,7-
10]:(a)The multistep operations and procedures are complex 
and slow;(b)The substrates need to expose to liquid organic 
or inorganic solutions;(c) Some chemical methods may 
cause pollution.  

Laser microprocessing has attracted extensive interest 
and produced various well controlled microstructures on ce-
ramic materials due to precise, green, flexible process and 
high production efficiency. Clemens Kunz et al. [11] fabri-
cate laser-induced periodic surface structures on the metal 
phase of Al2O3-nZrO2-Nb (78.3-1.7-20 vol. %) ceramic ma-
trix composites. The water contact angle of composite sur-
faces is successfully reduced from 68.4°for untreated sam-
ples to 40.9°for structured samples. D. Triantafyllidis et al. 
[12] investigate the effect of laser surface treatment on the 
fluid contact angles of Al2O3-based refractory ceramics. The 
untreated surfaces demonstrate considerable non-uniformity 
in wetting compared with the treated surfaces and the wetta-
bility is enhanced (The contact angle reduces from 41.4°to 
26.9°) due to the increasing surface roughness which in-
creases with laser power density. D.Triantafyllidis [13] en-
hanced the wetting ability of ceramic materials by laser 
treatment and the contact angle close to 25°.Zhou et al. [14] 
have carried out work on laser coating of aluminium alloys 
with ceramic materials silicon oxide, alumina, etc., reported 
that generated oxide layers often promote metal/oxide wet-
ting. Kappel [15] has shown that the texturing of ceramics 
with an excimer laser can improve the adhesion strength by 
up to 20%.  However, with the passage of time, the wettabil-
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ity is prone to failure, and the failure of the hydrophilic sur-
face is currently the main problem that limits its practical 
application. 

In this work, we present a facile one-step methodology 
for fabricating super hydrophilic surface at alumina ceramic 
substrate by ultrafast laser.The super hydrophilic surface 
transformed to stable hydrophilic surface finally. Different 
microgroove structures are fabricated on the surface by pi-
cosecond laser or femtosecond laser in the air or Ar atmos-
phere to research the effects of laser parameters and pro-
cessing conditions on the surface roughness. Furthermore, 
we analyze the effect of the change of surface roughness fac-
tor and chemical composition on the surface wettability. 
This research provides guidelines for designing the surface 
micro-structuring based on desired geometric features and 
properties of alumina ceramic materials.   

2   Material and methods 
2.1 Preparation of samples 

The materials studied were commercial alumina-based 
ceramic. The alumina grains consisted of 0.5% magnesia. 
The dimension of alumina-based ceramic specimens was 10 
mm by 10 mm by 3 mm. All specimens were ground with 
progressively finer SiC paper (180, 400, 800, 1200, 2400 
and 4000 grit), and cleaned with alcohol to reduce variation 
of laser beam absorption by the contaminants. 

2.2   Laser processing 
Laser-induced periodic surface structure (LIPSS) in-

duced on the specimens laser-melted surface was carried out 
with Light Conversion pulsed Yb:KGW solid-state femto-
second or picosecond laser. The laser processing parameters 
are shown in Table 1. The spot size of laser beam is 35 
μm.We chose the periodic parallel groove structure as the 
spatial distribution.The irradiated area was in 
square. Before turning on the laser, place the specimens on 
a processing platform under air environment or Argon gas 
protection environment at ambient temperature and pressure. 

2.3   Measurement and characterization 
Contact angle measurement was carried out in atmos-

pheric condition at room temperature using a OCA-20 con-
tact angle instrument (Dataphysics, Germany). The contact 
angle is defined as the angle between the solid surface and a 
tangent, drawn on the surface of liquid droplet, passing 
through the solid–liquid–vapor triple-point. Deionized water 
was used with a drop volume of 5ul. The contact angle in-
strument utilizes a precision camera and advanced PC tech-
nology to capture the image of the droplet and determine a 
tangent line for the WCA (Water Contact Angle) measure-
ment. Each measurement was repeated 20 times and the av-
erage contact angle was used in the calculation. 

After irradiation, sample was ultrasonically cleaned 
with ethanol. Surface micro/nano structures of irradiated ar-
eas were characterized by using a scanning electron micros-
copy (SEM, SU8010, Hitachi) and surface topography was 
employed using confocal laser scanning microscopy (VK-
X100, KEYENCE). 

X-ray Photoelectron Spectroscopy (XPS) analysis was
carried out for the surface chemistry using Thermo Escalab 

250Xi instrument (power 150W, spot diameter 500um, volt-
age 14.8KV, electricity 1.6A). Survey spectra and high-res-
olution spectra were acquired for surface composition anal-
ysis and chemical state identification, respectively. The 
charge correction of C1s (the contaminated carbon) was car-
ried out using 284.8eV. The narrow sweep and wide sweep 
pass energy (Ep) of constant analyzer were 20eV and 100eV, 
respectively. 

Table 1   Laser processing parameters in the experiments 

Parameters 
Femtosecond 

laser 

Picosecond 

laser 

Wavelength (nm) 1030 1030 

Repetition rate (KHz) 100 100 

Power (W) 8 12 

Scanning spacing (μm) 50 50 

Scanning speed (mm/s) 30 15 

Scanning times 30 15 

Spot diameter(μm) 35 35 

Fluence (J/cm2） 8.32 12.47 

Pulse width(ps) 0.21 10 

3   Results and discussion 
3.1   Wettability analysis 
3.1.1   Wettability analysis for smooth surface 

It is well known that the liquids or solids have the sur-
face atoms or molecules energy which is higher than the in-
terior energy so that the surface tension or free surface en-
ergy is an important surface property. This property is char-
acterized quantitatively by the surface tension or free surface 
energy γ. The γ of a unit area of the surface at constant vol-
ume and temperature conditions is equal to work. The units 
of γ is 2J/m or N/m and γ can be interpreted either as energy 
of per unit surface area or as tension force of per unit length 
of a line at the surface.  

When a solid is in contact with liquid, the molecular 
attraction will decrease the energy of the system below the 
sum of the two separated surfaces. This may be interpreted 
by the Dupre equation 
𝐖𝐖SL = 𝛄𝛄𝐒𝐒𝐒𝐒 + 𝛄𝛄𝐋𝐋𝐒𝐒 − 𝛄𝛄𝐒𝐒𝐋𝐋                                                     (1) 
where 𝑾𝑾SL  is the adhesion work of per unit area between 
two surfaces, 𝛄𝛄𝐒𝐒𝐒𝐒 ,𝛄𝛄𝐒𝐒𝐋𝐋 and𝛄𝛄𝐋𝐋𝐒𝐒 are the surface energies and 
surface tensions of solid against air ,solid against liquid, and 
liquid against air, respectively[15, 16]. 

When we place a droplet of liquid on a smooth solid 
surface, the droplet and solid surfaces could come together 
under equilibrium at a characteristic angle.The characteristic 
angle is called the static contact angle θ0.The static contact 
angle θ0 can be determined by the conditions of the mini-
mized system energy[15, 17].The minimized system energy 
is interpreted by the equation 
𝐄𝐄𝐓𝐓 = 𝛄𝛄𝐋𝐋𝐒𝐒(𝐒𝐒𝐋𝐋𝐒𝐒 + 𝐒𝐒𝐒𝐒𝐋𝐋) −𝐖𝐖𝐒𝐒𝐋𝐋𝐒𝐒𝐒𝐒𝐋𝐋     (2) 
where ET is the total system energy, ALA and ASL are the con-
tact areas of the liquid with the solid and air, respectively. It 
is assumed that the gravitational potential energy can be ne-
glected at the condition of the droplet is small enough so that 
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the total system energy ET is 0 under equilibrium, and then 
the equation is 
𝛄𝛄LA(𝐝𝐝𝐒𝐒𝐋𝐋𝐒𝐒 + 𝐝𝐝𝐒𝐒𝐒𝐒𝐋𝐋) −𝐖𝐖𝐒𝐒𝐋𝐋𝐝𝐝𝐒𝐒𝐒𝐒𝐋𝐋 = 𝟎𝟎                                   (3)  

For a constant volume droplet, it is easy to show by ge-
ometrical considerations, that 
𝐝𝐝𝐒𝐒𝐋𝐋𝐒𝐒
𝐝𝐝𝐒𝐒𝐒𝐒𝐋𝐋

= 𝐜𝐜𝐜𝐜𝐜𝐜 𝛉𝛉𝟎𝟎                                                                     (4) 
Combining Eqs.1,3 and 4, the contact angle equation is 

obtained 
𝐜𝐜𝐜𝐜𝐜𝐜 𝛉𝛉𝟎𝟎 = 𝛄𝛄𝐋𝐋𝐒𝐒−𝛄𝛄𝐒𝐒𝐋𝐋

𝛄𝛄𝐋𝐋𝐒𝐒
                                                                 (5) 

This Eq.5 is called Young’s equation about the contact 
angle.Eq.5 provides with the static contact angle value at the 
condition of given surface tensions. 
 
3.1.2   Wettability analysis for rough surface 

The Young’s equation (Eq.5) is valid only in the case of 
a smooth solid surface. If the surface is rough, the roughness 
effects the contact angle in following ways: the increased 
contact area (ASL) and the sharp edges. The roughness dis-
tribution will not affect the contact angle when the size of 
the droplet is smaller than the typical size of roughness de-
tails. If the size of the droplet is larger than the typical size 
of roughness details of a rough solid surface, the effective 
interfacial tension may be a complex function of the surface 
roughness on the basis of the Young’s equation. A droplet on 
a rough surface Eq.4 should be modified as 
𝐜𝐜𝐜𝐜𝐜𝐜 𝛉𝛉 = 𝐝𝐝𝐒𝐒𝐋𝐋𝐒𝐒

𝐝𝐝𝐒𝐒𝐅𝐅
= 𝐒𝐒𝐒𝐒𝐋𝐋

𝐒𝐒𝐅𝐅

𝐝𝐝𝐒𝐒𝐋𝐋𝐒𝐒
𝐝𝐝𝐒𝐒𝐒𝐒𝐋𝐋

= 𝐑𝐑𝐟𝐟 𝐜𝐜𝐜𝐜𝐜𝐜 𝛉𝛉𝟎𝟎                                (6) 
where θ is the contact angle of a droplet on a rough surface, 
AF is the projection of the solid–liquid area (ASL) on the hor-
izontal plane or a flat of solid–liquid contact area. Rf  is a 
roughness factor defined as 
𝐑𝐑𝐟𝐟 = 𝐒𝐒𝐒𝐒𝐋𝐋

𝐒𝐒𝐅𝐅
                                                                              (7) 

The above content is Wenzel equation[18].According 
to Eq.6, if the liquid wets a smooth solid surface, i.e., cos θ0 
> 0, it will also wet the rough surface with a contact angle of 
θ < θ0, because of ASL/AF > 1. Furthermore, the contact angle 
on the rough surface is larger than it on the smooth surface 
(θ > θ0) for non-wetting liquids, i.e., cos θ0< 0. 

Eustathopoulos noted that the Eq.6 is valid only for 
moderate values of Rf, when -1 < Rf cosθ0 < 1. For high 
roughness, a wetting liquid will be completely absorbed by 
the rough surface cavities[19]. Eustathopoulos et al. by drop-
lets spreading along a solid surface with grooves pointed out 
that a sharp edge can pin the line of contact of the solid, liq-
uid and air, which is also known as the triple line, at a posi-
tion far from stable equilibrium with the contact angles dif-
ferent from θ0. At the sharp edge point, the contact angle 
maybe have any value corresponding to the contact value 
from the horizontal to inclined surfaces because it is not de-
fined. For a droplet moving along the vertical direction of 
grooves, the triple line will be pinned at the sharp edge point 
until it begins to proceed to the inclined plane. The main rea-
son that results in the pinning is change of the surface slope 
of the sharp edge. The dynamic maximum advancing contact 
angle which is also called advancing angle at the front of the 
droplet is interpreted by the equation 
𝛉𝛉adv=θ𝟎𝟎+α                                                                        (8) 
where α is the slope of the edge. And the dynamic minimum 
receding contact angle which is also called receding angle at 
the back of the droplet is interpreted by the equation 

 θrec=θ𝟎𝟎-α                                     (9) 
Because of the pinning, the value of the advancing an-

gle is greater than θ0 and the value of t receding contact an-
gle is smaller than θ0.This phenomenon is well known as the 
contact angle hysteresis [15, 19, 20] .The hysteresis domain 
of the contact angle is thus defined by the equation 
𝛉𝛉hys =  θadv -θrec                                            (10) 

The liquid can proceed to the inclined plane easily 
along the surface if the contact angle hysteresis which im-
prove the droplet move along the vertical direction of 
grooves is large so that the hydrophilic property of substrate 
materials is enhanced. 

Nosonovsky and Bhushan further examined contact an-
gle for rough surface as a function of roughness factor for 
various contact angles for smooth surface[21] on the basis of 
Wenzel equation. For the groove surface with V-shaped pro-
file, the absolute value of slope (the tooth angle) is α, thus, 
the contact angle hysteresis on the groove surface is 2α. Ac-
cording to Eq.6 and Eq.7, the roughness factor is calculated 
as  
𝐑𝐑𝐟𝐟 = 𝟏𝟏

𝐜𝐜𝐜𝐜𝐜𝐜 𝛂𝛂
                                                                         (11) 

The contact angle is given as 
𝐜𝐜𝐜𝐜𝐜𝐜 𝛉𝛉 = 𝐜𝐜𝐜𝐜𝐜𝐜 𝛉𝛉𝟎𝟎

𝐜𝐜𝐜𝐜𝐜𝐜 𝛂𝛂
                                                                   (12) 

The Rf  will increase as the increasing of the tooth angle. 
Roughness factor by using Eq.11 to calculate of alumina ce-
ramic processing in different conditions is shown in Table 2. 
According to the Table 2&Table 3, the samples treated by 
femtosecond laser have the longer duration of wetting ability 
than those treated by picosecond laser due to have larger Rf. 
This is in agreement with Drelich and Chibowski’s finding 
that roughness enhances the spread of liquid[22] .Rafiee et 
al. pointed out that the roughness amplifies the inherent wet-
tability of the substrate material[23].This means that if a sub-
strate material is hydrophilic, then the Wenzel model pre-
dicts that improving surface roughness of such material 
would display super-hydrophilic response [24-26].The 
groove surface with V-shaped profile lead to pinning of the 
triple line because of the sharp edges so that the liquid can 
proceed to the inclined plane easily and move along the ver-
tical direction of grooves. In addition to this, the grooves 
with V-shaped profile only provide the roughness in the ver-
tical direction of grooves which can improve the spread-
ing wetting of liquid along the grooves as open capillar-
ies[21],whose capillary forces dominate wicking of liquid 
into the substrate materials[22]. 
 
3.2    WCA measurement 

We measured static contact angle by placing water 
droplet on the original surface and laser-textured areas re-
spectively to compare the effect of laser processing about 
surface wetting. As shown in Fig.1(a), the initial alumina ce-
ramic surface exhibits hydrophobicity with the contact angle 
of 115°. After femtosecond or picosecond laser treatment, 
the droplet spreads rapidly with the contact angle of 0, which 
indicates that the microgroove surfaces exhibit the super hy-
drophilic property.  

Because of the laser processing treatment, the increas-
ing of roughness and the polar functional groups contents of 
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the ceramic material surface resulted in the extreme super-
hydrophilicity. The work of adhesion may be interpreted by 
the Young–Dupre equation 
Wad = γlv(1 + cosθ)    (13) 
where lvγ is the liquid–vapor interfacial energy and θ is the
contact angle[14].According to the Eq.13,the adhesion en-
ergy of water to the substrate is increased as the contact an-
gle decreasing. Table 2 summarized the evolution of WCA 
of samples as time went on. As shown in Table 2, after ex-
posure in ambient air for 24h,48h,72h,96h,168h and 240 h, 
the contact angles of the laser textured surfaces increase and 
then gradually stabilize over time. The surface fabricated by 
femtosecond laser treatment is able to keep super hydro-
philic after 48 hours, and the surface fabricated by picosec-
ond laser treatment is able to keep super hydrophilic after 24 
hours. As the storage time increases, the contact angle be-
comes larger and the super hydrophilic property disappears. 
After 240 hours, the super hydrophilic surface transformed 
to stable hydrophilic surface. The contact angles (100°and 
102°) of the laser textured surfaces fabricated by picosecond 
laser in the air and Ar atmosphere are larger than the critical 
angle (90°) and the surfaces become hydrophobic. In con-
trast, the laser textured surfaces fabricated by femtosecond 
laser remain hydrophilic with the contact angle of 55°in the 
air atmosphere and 68°in the Ar atmosphere. It is worth not-
ing that laser textured surfaces fabricated in the air atmos-
phere provide better hydrophilic performance compared 
with the Ar atmosphere.   

Table 2 The contact angle measurement results 

Processing 
conditions 24h 48h 96h 168h 240h 360h 

femtosecond 
in air 

0 0 12 24 55 56 

picosecond 
in air 

0 15 28 46 100 100 

femtosecond 
in Ar 0 0 16 30 68 70 

picosecond 
in Ar 0 24 45 54 102 103 

3.3   Surface characterization 
Fig.1 shows the SEM images and confocal images of 

the cross-sectional and microstructures of laser melted alu-
mina-based ceramic. The original alumina-based ceramic 
contained flat surface with many micro/nanometer pores dis-
tributed nonuniformly. After laser modification, the micro-
structure of the alumina-based ceramic was changed signif-
icantly. The laser-textured surfaces contained parallel 
grooves arranged uniformly as well as submicron features 
along the grooves. The laser melting produced a homogene-
ous and continuous modified layer. Compare to microstruc-
ture of the grooves of the specimens in Fig.1, the difference 
is related to the different processing environment (air or Ar) 
and laser processing parameters such as pulse duration 
(femtosecond or picosecond), laser power, scanning times 
and so on. 

It should be noted that compared to the specimens 
treated by picosecond laser  with the roughness factor of 2.6 
in the Ar atmosphere and the roughness factor of 2.3 in the 
air atmosphere, the specimens treated by femtosecond laser 
have more smooth surface , deeper groove valleys and 
sharper groove ridges with the roughness factor of 3.5 in the 
Ar atmosphere and the roughness factor of 3.1 in the air at-
mosphere. Especially the specimens treated by femtosecond 
laser in air environment have the most smooth surfaces and 
deepest groove valleys. Table 3 shows the microgroove 
width, the microgroove depth and the roughness factor of 
laser textured surfaces of alumina ceramic under different 
processing conditions.  Compared with the femtosecond la-
ser treatment, picosecond laser can provide longer interac-
tion time with the alumina ceramic substrates. The increas-
ing heat input can bring more heat influence to the surround-
ing materials, which leads to shallow microgroove structure 
and small surface roughness. Furthermore, the Ar atmos-
phere is beneficial to suppress the formation of reactants on 
the surface of the substrates, which can provide deeper mi-
crogroove structure and larger roughness factor.  

The change of microstructure at laser-textured surfaces 
increases both surface area and surface roughness, which 
contributes to the formation of superhydrophilicity in terms 
of physical factors. The microstructures of laser textured 
surfaces rarely change with store time. 

Fig. 1 Surface topography of the laser textured alumina ceramic 
substrates characterized by SEM and LSCM: (a) the original sub-
strate; (b) the substrate fabricated by femtosecond laser in the Ar 
atmosphere; (c) the substrate fabricated by picosecond laser in the 
Ar atmosphere; (d) the substrate fabricated by femtosecond laser in 
the air atmosphere; (e) the substrate fabricated by picosecond laser 
in the air atmosphere and (f) the water contact angle (WCA) meas-
urement after laser treatment. 
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Table 3  The microgroove width, depth and roughness factor 

Processing conditions width (μm) depth (μm) Rf 

femtosecond in air 49-52 37-43 3.1 

picosecond in air 48-52 21-26 2.3 

femtosecond in Ar 49-51 38-42 3.5 

picosecond in Ar 48-51 20-24 2.6 

3.4 XPS analysis 
XPS is a popular and powerful technique for the in-

vestigation of surface composition, it does provide qualita-
tive and quantitative information on the chemical changes 
of materials. We used XPS to characterize the chemical 
composition of both fresh laser-textured surfaces and laser-
textured surfaces after 240 hours. The XPS survey spec-
trums of both fresh laser-textured surfaces and laser-tex-
tured surfaces after 240 hours are shown in Fig.2 and Fig.3. 

Fig. 2 XPS spectra of fresh laser textured surfaces.(a) Atomic per-
centage of Al, C and O elements.(b)XPS C1s spectra and O1s spec-
tra.(No.1 is treated by femtosecond laser in air;No.2 is treated by 
picosecond laser in air;  No.3 is treated by femtosecond laser in 
Ar;No.4 is treated by picosecond laser in Ar;No.5 is original mate-
rial. ) 

Fig. 3 XPS spectra of laser textured surfaces after 240 hours.(a) 
Atomic percentage of Al, C and O elements.(b)XPS C1s spectra 
and O1s spectra.(No.1 is treated by femtosecond laser in air;No.2 
is treated by picosecond laser in air;  No.3 is treated by femtosec-
ond laser in Ar;No.4 is treated by picosecond laser in Ar;No.5 is 
original material. ) 

Fig.2(a) and Fig.3(a) indicated the chemical composi-
tion almost solely consists of Al, C and O elements and 
shows the atomic percentage of Al, C,O elements of the 
original surface and laser-textured surface respectively . 
Compared to the XPS survey spectrums of the original sur-

face,the surface O element content of the laser-textured ar-
eas was increased prominently. The laser ablation induces 
the formation of reactants on the surface of the substrate, 
which leads to the increase of the O element content. The 
oxygen atoms of surface could form hydrogen bonds with 
hydrogen atoms of the water molecules to enhance wetting 
and adhesion ability[1, 27].However, after storage for 240 
hours, the O element content of the laser-textured areas 
treated in the air atmosphere and in the Ar atmosphere re-
spectively decreases while the C element content increases.  

Fig.2(b) and Fig.3(b) show the C1s and O1s spectra of 
fresh laser textured surfaces and laser textured surfaces after 
240 hours. The chemical compounds include polar func-
tional groups and metallic oxides. The main metallic oxides 
were Al-O bonds and the main polar functional groups were 
C-O, C=O. The intensity of C-O and C=O peaks of fresh
laser textured surfaces is higher than that of laser textured
surfaces after 240 hours. As we all known, water molecule
is polar so that the polar functional groups enhance the wet-
ting ability of material surface significantly.[21, 25, 28-30] 

What’s more, the –OH polar functional group is observed in
XPS O1s spectra, which can improve the wetting behavior
significantly because of its water compatibility.

Fig. 4 shows the atomic percentage of the –OH bond 
and the C=O bond of laser textured surfaces. The relative 
percentage of the –OH bond and the C=O bond on fresh laser 
textured surfaces is higher than that on the original substrate. 
Because of the oxidation during the processing, the laser 
treatment can increase the surface oxygen content. The ac-
cumulation of oxygen element on the laser textured surfaces 
results in the increase of surface energy and wetting ability.  

Fig. 4 Comparison of polar functional groups contents between 
fresh laser textured surfaces and laser textured surfaces after 240 
hours. (a) Comparison of C=O content and (b) Comparison of -OH 
content. (No.1 is treated by femtosecond laser in air; No.2 is treated 
by picosecond laser in air; No.3 is treated by femtosecond laser in 
Ar; No.4 is treated by picosecond laser in Ar; No.5 is original ma-
terial.) 
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The surface energy is determined by intermolecular 
forces and it comprises of polar interaction and dispersive 
component. The work of adhesion Wad can be also ex-
pressed as the sum of different intermolecular forces that act 
at the interface with the dispersive component (𝛾𝛾𝑠𝑠𝑠𝑠𝑑𝑑  and 𝛾𝛾𝑙𝑙𝑠𝑠𝑑𝑑   ) 
and the polar component (𝛾𝛾𝑠𝑠𝑠𝑠

𝑝𝑝  and 𝛾𝛾𝑙𝑙𝑠𝑠
𝑝𝑝 )

Wad = Wad
d + Wad

p = 2(γsvd γlvd )1/2 + 2(γsv
p γlv

p )1/2    (14)   
where 𝛾𝛾𝑠𝑠𝑠𝑠  and 𝛾𝛾𝑙𝑙𝑠𝑠  are the solid–vapor and liquid-vapor in-
terfacial energy, respectively.  J. Lawrence et al. pointed out 
that the action of polar forces across the interface enhances 
the wetting ability and water adhesion. Therefore, high con-
tent of polar functional groups will result in high polar forces 
so that the laser-textured areas has greater wetting ability 
and higher water adhesion [1, 31] .Compared with the laser 
textured surfaces proceeded in the Ar atmosphere, the laser 
textured surfaces proceeded in the air atmosphere have bet-
ter hydrophilic property, because they have the higher con-
tent of polar functional groups as the –OH bond and the C=O 
bond on the surfaces. After 240 hours, the atomic percentage 
of the C=O bond of laser textured surfaces decreases and the 
–OH bond is almost disappeared. Based on the study of
Shemella et al. on self-healing hydrophobic recovery, the
hydrophobic recovery is suggested that caused by degrada-
tion process of surface composition such as hydrocarbon,
hydration and oxide layer. The degradation process of sur-
face composition results that there will not be  sufficient ex-
posed groups and oxidized sites to form the hydrophilic sur-
face[27].

4 Conclusions 

In this research, super hydrophilic surface on alumina 
ceramic is fabricated by ultrafast laser micromachining. Im-
provements in the wetting behavior of the ceramic materials 
after laser treatment were due to:  

1)The laser treatment of the ceramic materials surfaces
improves the surface roughness so that amplify the wettabil-
ity of the substrate material. The groove surface with V-
shaped profile enlarging the contact angle hysteresis and 
with capillary forces improving the spreading wetting of liq-
uid along the grooves reduce the contact angle directly. Fur-
thermore, the femtosecond laser treatment provides deeper 
microgroove structure and larger surface roughness factor 
than the picosecond laser treatment because of the shorter 
interaction time and the less heat input with the alumina ce-
ramic substrates. 

2)The laser treatment result in increasing the surface
oxygen content of the ceramic materials and the oxygen at-
oms of surface could form hydrogen bonds with hydrogen 
atoms of the water molecules as further enhancing the wet-
ting and adhesion ability.  

3)The increase in the polar groups of surfaces and the
polar component of the surface energy after laser treatment 
also improve the behavior of wetting and adhesion.  

This technique has wide application prospects, such as 
improving coating adhesion, achieving low friction, adhe-
sion of cells to biomaterial surfaces, etc. 
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