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Table 1 Main chemical composition of zirconia ceramic

materials
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Table 2 Performance parameters of zirconia ceramic material
Parameter Value Parameter Value
Density /(g+=cm*) 5.9 Thermal conductivity /(W+m™'-K™") 3
Hardness /GPa 13.7 Melting point /°C 2700
Compressive strength /MPa 2450 Fracture strength /MPa 800-1200
Bending strength /MPa 800-1300 Young’s modulus /GPa 190
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Fig. 1 Flow chart of the hybrid process of laser processing+silicone oil modification—heat treatment
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Fig. 2 Three-dimensional topography and profile curves of zirconia ceramic surface processed with different laser parameters.

(a) Scanning speed of 10 mm/s; (b) scanning speed of 50 mm/s; (c) scanning speed of 100 mm/s; (d) line spacing of 75 p.m;

(e) line spacing of 150 pm
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Fig. 3 SEM images of zirconia ceramic surface before and after laser processing with different laser parameters at various

3

magnifications. (a) Original surface; (b) scanning speed of 10 mm/s; (c) scanning speed of 50 mm/s; (d) scanning speed of

100 mm/s; (e) line spacing of 75 pm; () line spacing of 150 pm
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Fig. 4 XPS energy spectra of zirconia ceramic surface before and after laser processing. (a) Original surface; (b) laser processed surface;

(c) surface processed with laser processing+silicone oil modification+heat treatment
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Table 3 Atomic fraction of various elements on the surface of zirconia ceramic before and after laser processing

Atomic fraction /%

Element - Surface processed with laser processing+silicone oil modification—+
Original surface Laser processed surface heat treatment
C 39.39 24.75 40.53
O 23.97 37.87 40.43
Zr 36.64 37.37 11.40
Si 0 0 7.64
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Fig.5 Contact angle images of water droplets on zirconia ceramic surface with different fabrication processes. (a) Original surface;

(b) laser processing; (c) laser processing—+silicone oil modification; (d) heat treatment; (e) silicone oil modification—+heat

treatment; (f) laser processing+silicone oil modification+ heat treatment
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Fig. 6 Models of different wetting states. (a) Young’s model; (b) Wenzel model; (c) Cassie-Baxter model
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Fig. 9 Contact angle change of superhydrophobic zirconia ceramic surface in different environments. (a) Storage in air; (b) tape peeling

cycle

FI10 i A S A B Pl e 04 7 0 2 28 o () SR A TR T 5 (o) 80T 17— e il A6 i - A b B 3%

Fig. 10  Self-cleaning tests of superhydrophobic zirconia ceramic. (a) Untreated surface; (b) surface processed with laser processing—+

silicone oil modification— heat treatment

6 W+ A Ak B ) 4 il P TR, 204 R % R T
I, Pl T2 TR AT R B K RS 286 B A e B 2 5
AR L AU R — R R ¥, 8 B i R A OR . X
— B UL A T 20 4 1 K A A it B AN U
DL Bk K RS, i B R0 B TR R
3.6 BARMEMNL

— T W R WA AR R Y7 22 %)
ok 255 A 29 B I AR A il P e 3 TN T 5 RE AR IR LA
A R AR ME R HEARE R S B AR e e OB AL B
J5 BB R T — B SRR R D T S B AR T e
27K T 8 B K e AR o B o e A BT S B AR I
MEVERYFE AL . G BOLIN TIrk 8 Ua & 2 2 T
MORME 28 SO BT h il 2~7 d Al 28 A B i K 1A
DURRAE B R 1T, DATAT S5 9008 i /K R ), 3 3 ok
BN I B8 J A BT 2R S A OB AN, 1 O b

P 7 PR OER 2% K 1) B KOIR AS  ART mAR T
o R e 9 S TR RV A5 VR T I R AT AR A A B )
A T2 ALTT 5~10 min AT LL5E BIOE N T3 1 i
K 1) B K B AR R R AR T T8 B K 3R T A
BOR ATy RS AR EOL I T Ok TR A AN B T
R EE A 11 B 7R o SR A AHIE 5 T 05 %) 40 0 i
FEAFAHEL T R AP A BN OGS A B & A% AL 4
ET K SN o NS (1 e R SR = B < =
Bt W e 2% TR R AR A 7=

AR S 06 ol R A SR AL S PR LA L S ) 2R R RE
A= WA A (8 FH A0 e S S T TR S VS TR ARG (L
) Tk PR I R TC B A A 3 RS 1 /0 R TR TR R E R
Tl i 2o ad I R AL PR R A B mETY)
PAHLATE Sy Al 27 358 500 08 M A0 88 1 7K SR AL 5 B 3 mT UV N
FEHMEZ M BT AR BN S K A HE R I o [H]

1602210-9



2505 £ 16 H1/2023 £ 8 H/HEH*¢

preparation time
7d Vanithakumari (2021), laser -
2d Zheng( 2022), laser+heat
12h Cui(2022), laser+annealing
> prior work

4h Li(2022), laser+heat

Zhao(2022), laser+heat
3h Pu(2020), laser+silane

Shu(2022), laser+silane
9h Jing(2020), laser+silane P

Wang(2022), laser+anodizing+heat
10 min this work

Bl 11 AT SE GO T.J7 85 A0 38 T 2 Fr i K ) 1

Fig. 11 Comparison of post-process treatment duration between this fabrication method and other traditional laser processing methods

S J0 SR T ) R A BT 20 H A 45 AR T B o A [ i 25
R o P, ZAS SR SR TG 38016 i T+ i il 42 i+ 34
PR S T A BIE AR Y BT A2 ALK A
A 2

4 45 B

B AR AL B M R SR TR O I T T ARG A
(), 2 2 3 M T — RO 0 T R TR AB I AL B
BH T IRz T 26 & 7K s A8 B & %
AT, % 12 2% THT P SOUR TR 30 L Ak 2 B 43 L 3 T 0 4 4
7175 Fr AR T 4538

1) Fr i A SO e in T T 2 T LUE S 2 90 (1
K AR GRK ) TR 5 KA 9 77 A 3K R DU FROAE e
T 5 E RORE 2 18T 0% SN K UL 4 1 1) T 2 6 S A
K 5 A TR S B R T B A s RUE O A B AL
Bl P s 2 TR ) A i K R B AR

2) VOGN AR R R R 1 & AR B AR Ak, SR A
WA R T KRR R 2 (—OH) MR B (—COOH) 4 A
A 1R 2 T B8 9 A M 51 7K 6 AT (1 A5 A3 30 Ab 3 1Y) 45
A b P % 2% T S B SR KRR

3) kI A 1 5 Ak R IL [ AR T R AR L
BT 2SS B AR A M B K 3 P S e R A ARk
R SRR =Rl RS E TR S IV IR Gl S
TR 25 e A2 SRy i ACIR A

4) WO I T2 B0 AR S B 2 2% T Y v M 2
FELEFZ . WOCH R B A A R A —
Bl A e R IE S Th 4 M s 2% THT EL AT B8 i KRR PR o M
TR RN A i (R R A /N PO Ak B e o (5 A5 B4 R 2 T
B Jp AN Wenzel AR A, 3R 1 A9 1090 25 44 5 b 24 18 A
JE BAR D H 1 RE A5 A B P 2 B B R .

71 F18 3 5 R 41 A ] B K SO S 00 32 R A 2
Ry i T L, [ () AN e 2 SR A s B i R T
PR B A P 555, 2 ke A 00 5 S 2 DS

2 % X #

[1] Corazza P H, Duan Y, Kimpara E T, et al. Lifetime comparison
of Y-TZP/porcelain crowns under different loading conditions[J].
Journal of Dentistry, 2015, 43(4): 450-457.

[2] LiuXY, ZouB, Xing HY, et al. The preparation of ZrO,-Al,0,
composite ceramic by SLLA-3D printing and sintering processing[J].
Ceramics International, 2020, 46(1): 937-944.

[3] Zinelis S, Thomas A, Syres K, et al. Surface characterization of
zirconia dental implants[J]. Dental Materials, 2010, 26(4): 295-
305.

[4] Elnayef B, Lazaro A, Sudrez-Lopez Del Amo F, et al. Zirconia
implants as an alternative to titanium: a systematic review and Meta
-analysis[J]. The International Journal of Oral &. Maxillofacial
Implants, 2017, 32(3): e125-e134.

[6]  Stadlinger B, Hennig M, Eckelt U, et al. Comparison of zirconia
and titanium implants after a short healing period. A pilot study in
minipigs[J]. International Journal of Oral and Maxillofacial
Surgery, 2010, 39(6): 585-592.

[6] Yoshinari M. Future prospects of zirconia for oral implants: a
review[J]. Dental Materials Journal, 2020, 39(1): 37-45.

[7]  Pittayachawan P, McDonald A, Petrie A, et al. The biaxial
flexural strength and fatigue property of Lava™ Y-TZP dental
ceramic[J]. Dental Materials, 2007, 23(8): 1018-1029.

[8] METIE, RAEME, 285, & CRP O 20 il 10 B 3% T AN 45

¥y B FH R S DR PERE (V] R4 AR, 2022, 51(9): 359-370.
Ren N F, Song J J, Li B J, et al. Micro-nano structures,
wettability and antibacterial property on zirconia surfaces by
femtosecond laser etching[J]. Surface Technology, 2022, 51(9):
359-370.

(9] Emedi, g, SRR Bk RE VR 26 BHE AR RS P & Y %
RS (7], R R, 2011, 2(1): 39-42.

Wang X F, Xie HF, Zhang F M. Surface modification of dental
zirconia ceramic  with hydrophobic silica coating[J]. Oral
Biomedicine, 2011, 2(1): 39-42.

[10] Yang F, Zhang J. Durable superhydrophobic EVA cellular
material spin-coated by SiO,/SEBS-g-MAH toward self-cleaning

1602210-10



[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[26]

[27]

R

roofs[J]. Progress in Organic Coatings, 2022, 168: 106896.

Sun R Y, Zhao J, Mo J L., et al. Study of the drag reduction
performance on steel spheres with superhydrophobic ER/ZnO
coating[J]. Materials Science and Engineering: B, 2023, 288:
116144.

Baig N, Kammakakam I. Special wettable Azadirachta indica
leaves like microarchitecture mesh filtration membrane produced by
galvanic replacement reaction for layered oil/water separation[J].
Chemosphere, 2023, 313: 137544.

Li R Q, Gao Q H, Dong Q J, et al
electrodeposition of ultra-high adhesive superhydrophobic Zn/Zn

Template-free

stearate coating with ordered hierarchical structure from deep
eutectic solvent[J]. Surface and Coatings Technology, 2020, 403:
126267.

Ye Y Z, Kang Z X, Wang F, et al. Achieving hierarchical
structure with superhydrophobicity and enhanced anti-corrosion via
electrochemical etching and chemical vapor deposition[J]. Applied
Surface Science, 2023, 610: 155362.

Coblas D G, Fatu A, Maoui A, et al. Manufacturing textured
surfaces: state of art and recent developments[J]. Proceedings of
the Institution of Mechanical Engineers, Part J: Journal of
Engineering Tribology, 2015, 229(1): 3-29.

Guo P, Zou B, Huang C Z, et al. Study on microstructure,
mechanical properties and machinability of efficiently additive
manufactured AIST 3161 stainless steel by high-power direct laser
deposition[J]. Journal of Materials Processing Technology, 2017,
240: 12-22.

Ryk G, Etsion I. Testing piston rings with partial laser surface
texturing for friction reduction[J]. Wear, 2006, 261(7/8): 792-796.

Wassmann T, Kreis S, Behr M, et al. The influence of surface
texture and wettability on initial bacterial adhesion on titanium and
zirconium oxide dental implants[J]. International Journal of Implant
Dentistry, 2017, 3(1): 32.

Huang X C, Sun M, Shi X, et al. Chemical vapor deposition of
transparent superhydrophobic anti-icing coatings with tailored
polymer nanoarray architecture[J]. Chemical Engineering Journal,
2023, 454: 139981.

Wang Y S, Zou B, Wang J C, et al. Effect of the progressive tool
wear on surface topography and chip formation in micro-milling of
Ti-6Al1-4V using Ti(C,N,)-based cermet micro-mill[J]. Tribology
International, 2020, 141: 105900.

Wang J W, Zhang Y B, He Q. Durable and

superhydrophobic fluororubber surface fabricated by template

robust

method with exceptional thermostability and mechanical stability
[J]. Separation and Purification Technology, 2023, 306: 122423.
Eryildiz B, Ozbey-Unal B, Menceloglu Y Z, et al. Development
of robust superhydrophobic PFA/TMI/PVDF membrane by
electrospinning/electrospraying techniques for air gap membrane
distillation[J]. Journal of Applied Polymer Science, 2023, 140(12):
53635.

Ji S, Ramadhianti P A, Nguyen T B, et al. Simple fabrication
approach for superhydrophobic and superoleophobic Al surface[J].
Microelectronic Engineering, 2013, 111: 404-408.

Song J L, Huang S, Hu K, et al. Fabrication of superoleophobic
surfaces on Al substrates[J]. Journal of Materials Chemistry A,
2013, 1(46): 14783-14789.

Sui T Y, Cui Y X, Lin B, et al. Influence of nanosecond laser
processed surface textures on the tribological characteristics of
diamond films sliding against zirconia bioceramic[J]. Ceramics
International, 2018, 44(18): 23137-23144.

Yu Z, Yang G Z, Zhang W J, et al. Investigating the effect of
picosecond laser texturing on microstructure and
biofunctionalization of titanium alloy[J]. Journal of Materials
Processing Technology, 2018, 255: 129-136.

WG, SRLLAE, AR . S SO K 3K T AR AEOEE A
e L B BR UK PEREDFFELT]. B0, 2021, 48(2): 0202009.

Pan R, Zhang H J, Zhong M L. Ultrafast laser hybrid fabrication

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

1602210-11

£ 50% £ 16 H1/2023 £ 8 A /HEHN¢

and ice-resistance performance of a triple-scale micro/nano
superhydrophobic surface[J]. Chinese Journal of Lasers, 2021, 48
(2): 0202009.

ChenF Z, Wang Y Q, Tian Y L, et al. Robust and durable liquid-
repellent surfaces[J]. Chemical Society Reviews, 2022, 51(20):
8476-8583.

FanL S, Yan Q Y, Qian Q Q, et al. Laser-induced fast assembly
of wettability-finely-tunable superhydrophobic surfaces for lossless
droplet transfer[J]. ACS Applied Materials &. Interfaces, 2022, 14
(31): 36246-36257.

Wang Q H, Wang H X. Laser surface functionalization to achieve
extreme surface wetting conditions and resultant surface
functionalities[J]. Journal of Central South University, 2022, 29
(10): 3217-3247.
Zheng J, Qu G C,

superhydrophobic ceramic surfaces with mechanical

Yang B, et al. Facile preparation of robust
stability ,
durability, and sell-cleaning function[J]. Applied Surface Science,
2022, 576: 151875.

Jing X B, PuZ H, Zheng S X, et al. Nanosecond laser induced
microstructure features and effects thereof on the wettability in
zirconia[J]. Ceramics International, 2020, 46(15): 24173-24182.
Yan TY, JiL F, LiJ, etal. Tailoring surface wettability of TZP
bioceramics by UV picosecond laser micro-fabrication[J]. Applied
Physics A, 2018, 124(2): 97.

Vanithakumari S C, Kumar C A, Thinaharan C, et al. Laser
patterned  titanium  surfaces with  superior antibiofouling,
superhydrophobicity, self-cleaning and durability: role of line
spacing[J]. Surface and Coatings Technology, 2021, 418: 127257.
Cut M M, Huang H, Wang C, et al
superhydrophobicity of Zr-based metallic glass surfaces with

Achieving

tunable adhesion by nanosecond laser ablation and annealing[J].
ACS Applied Materials &. Interfaces, 2022, 14(34): 39567-39576.
LiXY, Jiang Y, Tan X Y, et al. Superhydrophobic brass surfaces
with tunable water adhesion fabricated by laser texturing followed
by heat treatment and their anti-corrosion ability[J]. Applied
Surface Science, 2022, 575: 151596.

Pu Z H, Jing X B, Yang C J, et al. Wettability modification of
zirconia by laser surface texturing and silanization[J]. International
Journal of Applied Ceramic Technology, 2020, 17(5): 2182-2192.
ShuY X, LuXY, Liang Y F, et al. Nanosecond laser fabrication
of superhydrophobic copper and anti-frost surface on copper[J].
Surface and Coatings Technology, 2022, 441: 128514.

Wang Y X, Chen J H, Yang Y F,
superhydrophobic titanium-based materials: a novel preparation
TC4 alloy[J].

et al. Nanostructured

pathway to attain superhydrophobicity —on
Nanomaterials, 2022, 12(12): 2086.

Zhao S T, DuH R, Ma Z C, et al. Efficient fabrication of ternary
coupling biomimetic superhydrophobic surfaces with superior
performance of anti-wetting and self-cleaning by a simple two-step
method[J]. Materials & Design, 2022, 223: 111145.

Bejugama S, Chameettachal S, Pati F, et al. Tribology and
in-vitro biological characterization of samaria doped ceria stabilized
zirconia ceramics[J]. Ceramics International, 2021, 47(12): 17580-
17588.

Cheng Y, Zhang H W, Jaenicke J A, et al. Minimalistic synthesis
of a-zirconium diammonium phosphate and zirconia for applications
in ion exchange and catalysis[J]. ACS Sustainable Chemistry &.
Engineering, 2019, 7(1): 895-904.

D'Agostino A, Tana F, Ettorre A, et al. Mesoporous zirconia
surfaces with anti-biofilm properties for dental implants[J].
Biomedical Materials, 2021, 16(4): 045016.

Parveez B, Wani M F. Tribological behaviour of nano-zirconia
reinforced iron-based = self-lubricating composites for
applications[J]. Tribology International, 2021, 159: 106969.

Cunha W, Carvalho O, Henriques B, et al. Surface modification

bearing

of zirconia dental implants by laser texturing[J]. Lasers in Medical
Science, 2022, 37(1): 77-93.



RIS 2505 £ 16 H1/2023 £ 8 H/HEH*¢

[46] Ji M, Xu J Y, Chen M, et al. Enhanced hydrophilicity and (1929): 4713-4728.
tribological behavior of dental zirconia ceramics based on [53] Cassie A B D, Baxter S. Wettability of porous surfaces[J].
picosecond laser surface texturing[J]. Ceramics International, Transactions of the Faraday Society, 1944, 40: 546-551.

2020, 46(6): 7161-7169. [54]  Wenzel R N. Resistance of solid surfaces to wetting by water[J].

[47]  Chevalier J, Gremillard 1., Virkar A V, et al. The tetragonal- Industrial & Engineering Chemistry, 1936, 28(8): 988-994.
monoclinic transformation in zirconia: lessons learned and future [55] He A, Liu W W, Xue W, et al. Nanosecond laser ablated copper
trends[J]. Journal of the American Ceramic Society, 2009, 92(9): superhydrophobic surface with tunable ultrahigh adhesion and its
1901-1920. renewability with low temperature annealing[J]. Applied Surface

48] ETF4E, FHE, £tk . WA EOLZ D RE R I & K Science, 2018, 434:120-125.

UG phrEwFFE (I, W E O, 2021, 48(14): 1402018. [56] LongJY, Fan P X, Gong D W, et al. Superhydrophobic surfaces
Wang Q H, Wang H X, Wang Z D, et al. Highly efficient fabricated by femtosecond laser with tunable water adhesion: from
nanosecond laser-based multifunctional surface fabrication and lotus leaf to rose petal[J]. ACS Applied Materials &. Interfaces,
corrosion resistance performance[J]. Chinese Journal of Lasers, 2015, 7(18): 9858-9865.

2021, 48(14): 1402018. [57] Yong J L, Chen F, Yang Q, et al. Femtosecond laser weaving

[49] Sun X M, Wang K D, Fan Z J, et al. Regulation of hydrophobicity superhydrophobic patterned PDMS surfaces with tunable adhesion
on yttria stabilized zirconia surface by femtosecond laser[J]. [J]. The Journal of Physical Chemistry C, 2013, 117(47): 24907-
Ceramics International, 2021, 47(7): 9264-9272. 24912.

[50]  Wkaesk , BYOKAR, BRERUE, % . BB PR AR A 4 M EOL [58] Yong J L, Yang Q, Chen F, et al. Superhydrophobic PDMS
o g R R BT S (D). WOt S oe s T A EE R, 2020, 57(11): surfaces  with  three-dimensional ~ (3D)  pattern-dependent
111409. controllable adhesion[J]. Applied Surface Science, 2014, 288: 579-
Yao Y S, Ge Z S, Chen Q B, et al. Surface characteristics of 583.
medical Zr-based bulk metallic glass processed by femtosecond [59] Wang Y S, Zou B, Huang C Z. Tool wear mechanisms and micro-
laser[J]. Laser & Optoelectronics Progress, 2020, 57(11): 111409. channels quality in micro-machining of Ti-6Al-4V alloy using the

[51] Gregor¢ic P. Comment on bioinspired reversible switch Ti(C,N,) -based cermet micro-mills[J]. Tribology International,
between underwater superoleophobicity/superaerophobicity and 2019, 134: 60-76.
oleophilicity/aerophilicity and improved antireflective property on [60] Wang H X, Wang Q H, Huo L F, et al. High-efficient laser-based
the nanosecond laser-ablated superhydrophobic titanium surfaces bionic surface structuring for enhanced surface functionalization and
[J]. ACS Applied Materials & Interfaces, 2021, 13(2): 2117-2127. self-cleaning effect[J]. Surfaces and Interfaces, 2023, 37: 102691.

[52]  Bhushan B, Nosonovsky M. The rose petal effect and the modes [61] Wang Q H, Yin K, Bai Z C, et al. Fabrication of robust
of superhydrophobicity[J]. Philosophical Transactions. Series A, superhydrophobic copper surface via highly efficient nanosecond
Mathematical, Physical, and Engineering Sciences, 2010, 368 laser-based surface functionalization[J]. Optik, 2023, 276: 170690.

Laser Processing+Silicone Oil Modification+Heat Treatment Hybrid
Process for Fabrication of Superhydrophobic Zirconia Ceramic and
Mechanism Investigation

Liu Chao, Zheng Junjie, Liu Xiangfeng, Wang Qinghua’

School of Mechanical Engineering, Southeast University, Nanjing 211189, Jiangsu, China

Abstract

Objective Zirconia ceramics are used extensively as dental restorative materials because of their excellent mechanical properties and
biocompatibility. However, their surface functionalities, which include anti-bacterial and anti-corrosion properties, still require further
improvement. Inspired by nature, superhydrophobic surfaces with micro/nanostructures and a low surface energy have received
considerable attention for their outstanding self-cleaning, anti-bacterial, and anti-corrosion properties. In recent years, laser surface
texturing has been demonstrated as an effective method for fabricating superhydrophobic zirconia ceramic surfaces. However, post-
process treatment methods, including long-term storage in air, heat treatment, and silane reagent immersion, are either time-
consuming or toxic. There is therefore a need to develop a time-efficient, low-cost, and ecological laser-based technique for

fabricating superhydrophobic zirconia ceramic surfaces.

Methods Commercially available zirconia ceramic (Y-TZP), a zirconia-toughened ceramic prepared with yttrium oxide (Y,0,) as
the stabilizer with excellent mechanical properties and biocompatibility, was used as the experimental material. Laser surface-texturing
experiments employed a laser marking machine equipped with a 355 nm UV laser source (Fig. 1). Upon laser surface texturing, the
laser-textured zirconia ceramic surface immediately became superhydrophilic. To achieve the wettability transition, a mixture of 25 uLL
dimethyl silicone oil (volume fraction 0.4%) and isopropyl alcohol (volume fraction 99.6% ) was dripped onto the surface of the laser-
textured zirconia ceramic sample. The sample was then placed onto a 200 °C hot plate for 10 min. For surface characterizations, the
surface topography and chemical composition of the laser-textured zirconia ceramic surface were first examined using confocal laser-
scanning microscopy, scanning electron microscopy, and X-ray photoelectron spectroscopy. Then, the wettability of the laser-
textured zirconia ceramic surface was evaluated using a contact-angle goniometer equipped with a high-resolution CMOS camera. The
long-term durability and self-cleaning properties of the superhydrophobic zirconia ceramic surface were characterized by tape peeling
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and self-cleaning experiments.

Results and Discussions Careful experimental investigations and analysis revealed several key findings: (1) Laser surface
texturing induced periodically arrayed surface micro/nanostructures on the zirconia ceramic substrates. By regulating the laser
processing parameters, periodic columnar structures or microgrooves with different densities were fabricated (Fig. 2), indicating that
the laser-induced surface structure can be well controlled. (2) The surface chemistry analysis show that the laser texturing process
oxidized the zirconia ceramic surface while also forming a periodic surface structure. After the mixed solution of silicone oil and
isopropyl alcohol dripping and heat treatment, an increase in the carbon and silicon contents was detectable. This result indicates that
hydrophobic functional groups, including —CH,—, —CH,;, and C==C, as well as a silicon-based thin film should have been absorbed
and deposited onto the laser-textured zirconia ceramic surface, rendering the laser-textured zirconia ceramic surface superhydrophobic
after the treatment (Fig. 4). (3) The measured contact angle shows that the untreated zirconia ceramic surface was intrinsically
hydrophilic (contact angle 80.4°+2.4%). Immediately upon laser texturing, the zirconia ceramic surfaces became superhydrophilic with
a saturated Wenzel regime (contact angle 0°). After mixed solution of silicone oil and isopropyl alcohol dripping and heat treatment, all
the laser-textured zirconia surfaces turned superhydrophobic (Fig. 5) with a contact angle of 153.8° +1.2°. (4) The wettability and
adhesion of the zirconia ceramic surface can be adjusted by controlling the laser parameters (Fig. 7). For scanning speeds in the range
10-200 mm/s, micro/nanostructures with different densities can be induced by laser surface texturing. At low scanning speeds, a
highly adhesive superhydrophobic surface can be prepared using the hybrid process (laser processing—+silicone oil modification+ heat
treatment). As the scanning speed increases, the zirconia ceramic surface displays superhydrophobicity with low adhesion. (5) Long-
term storage in air, tape peeling tests, and self-cleaning experiments indicate that a superhydrophobic zirconia ceramic surface
prepared with 50 mm/s scanning speed and 100 pm line spacing exhibits excellent stability, durability, and self-cleaning properties
(Figs. 9 and 10).

Conclusions This study developed a convenient and efficient laser-based surface-texturing method to modulate and control the
surface functionalities of zirconia ceramic. Laser texturing generated periodic surface structures and oxidized the zirconia ceramic
surface, while the subsequent mixed solution of silicone oil and isopropyl alcohol dripping and heat treatment accelerated the
absorption of hydrophobic airborne organic compounds and deposited a silicon-based thin film on the laser-textured zirconia ceramic
surface. Careful experimental validation and analyses reveal that the surface structure, chemical composition, and wettability can be
well controlled and regulated using this method. Furthermore, laser parameters significantly affect the wettability of zirconia ceramic
surface. The laser scanning speed and line spacing must be controlled within a certain range to ensure the superhydrophobicity and
adhesion of the zirconia ceramic surface. The fabricated surface also displays good self-cleaning performance, stability in air, and
resilience to tape peeling. This method will provide a feasible and highly efficient solution for regulating and controlling the surface
functionalities of zirconia ceramic, opening the way for more practical and important applications.

Key words laser technique; zirconia ceramic; superhydrophobic surface; laser processing; micro/nanostructure; surface chemistry;

adhesion
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