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Abstract

Superhydrophobic materials have found extensive applications in everyday life and various industries due
to their outstanding attributes such as waterproofing, exceptional anti-corrosion and self-cleaning capabili-
ties. Nonetheless, their limited mechanical stability hinders their widespread use on ceramic surfaces. This
study aims to address these limitations by employing industrial waste porcelain powder as a raw material and
co-firing technology to create a micro-rough structure on ceramic surfaces. Furthermore, the impact of this
rough structure on the wear resistance and hydrophobicity of the hydrophobic coating is investigated using
the finite element method. The results indicate that the mechanical stability of the hydrophobic coating expe-
riences a more pronounced enhancement with increasing distribution density of the micron rough structure of
waste porcelain powder (WPPMRS). A dense rough structure does not only reduce its concentrated stress and
improve its anti-wear ability, but also reduce the concentrated stress of hydrophobic coating to improve the
protection of the coating. As a result, it substantially enhances the mechanical properties and stability of the
hydrophobic coating. This work will provide valuable insights into the utilization of waste porcelain powder in
sustainable superhydrophobic ceramics.
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I. Introduction

Ceramics, an essential material that finds applications

in power grid systems, public spaces and households,

faces serious challenges originating from their inherent

hydrophilic nature [1]. The hydrophilic nature of ce-

ramic surfaces makes them prone to fog condensation

and freezing particularly in damp and dusty environ-

ments [2]. This elevates the risk of pollution flashovers

[3] and ice flashovers on porcelain insulators. Such in-

cidents can cause widespread power outages, disrupt-

ing transportation, communication, industrial produc-

tion, medical services and other critically important sys-

tems. Consequently, these disruptions pose a significant

threat to human life, economy and overall safety [4].
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In the context of daily use and building ceramics, the

hydrophilic nature and susceptibility to dirt on ceramic

surfaces not only create environments conducive to the

growth and transmission of bacteria and viruses [5], but

also impact the aesthetic appeal and cleanliness of ce-

ramic products. Furthermore, they can result in poor

product performance and a shortened lifespan.

Superhydrophobic modification technology can

change the original hydrophilic properties of materials,

thus endowing materials with self-cleaning, anti-fouling

[6], anti-icing, anti-fogging, anti-scaling, corrosion re-

sistance [7], drag reduction [8], oil-water separation [9]

and bacteriostatic [5] characteristics. As per Raju et al.

[10], hydrophobic modification technology has found

extensive application on various surfaces including

metal, fabric, paper, sponge, foam, wood and concrete.

Interestingly, when applied to ceramic surfaces, this

technology emerges as a universal coating method,
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not limited by substrate materials. Additionally, the

hydrophobic stability of this technology is notably

superior when applied to concrete surfaces [11]. Ap-

plication of organic materials with low surface energy

onto ceramics and other substrates can render them

superhydrophobic, achieving contact angles as high as

150–163°. Nonetheless, the mechanical fragility of the

hydrophobic layer makes it susceptible to damage from

external factors, such as friction and collisions (wind

erosion, rain erosion, surface wear and rubbing during

packaging and transportation), leading to a loss of its

superhydrophobic properties [12].

Organic-inorganic hybrid technology [13] and

primer-topcoat composite technology [14] can improve

the mechanical stability of the hydrophobic layer

through dispersion strengthening of nanoparticles [15]

and adhesion of adhesive [16], respectively. Neverthe-

less, when it comes to high-strength ceramic materials

subjected to specific wear conditions, the enhancement

of the mechanical stability of the hydrophobic layer

through these two methods falls short of meeting

application standards. Rough structure construction

[17] involves creating micro/nano rough structures on

material surfaces, followed by modification with low

surface energy to achieve superhydrophobic surfaces.

This approach shifts the technical focus to the surface

design of the substrate material, enabling greater con-

trol over wear resistance by manipulating the chemical

composition, phase structure and microstructure of

the base material. This strategy reduces the demands

on the wear resistance of hydrophobic materials and

enhances the mechanical and hydrophobic stability

of the hydrophobic layer. As a result, it emerges as a

significant method for constructing superhydrophobic

surfaces [18].

Despite the continuous emergence of rough structure

construction technologies, including template method

[19], laser etching method [20,21], acid etching

method [22,23], oxidation method [24,25], wet chem-

ical method [26] and mechanical processing method

[27]), and their ability to create specific rough structures

on polymer or metal surfaces to enhance the mechani-

cal and hydrophobic stability of the hydrophobic layer,

these methods are not suitable for application in the ce-

ramic field.

Kulkarni et al. [28] used pulsed laser-assisted nitrid-

ing technology to prepare an aluminium nitride com-

posite layer with excellent mechanical properties on the

surface of aluminium alloy. The surface wear is re-

duced by a factor of five compared to the original. Wang

et al. [29] argued that nanoscale rough structures are

too fragile to effectively facilitate the practical applica-

tion of superhydrophobic surfaces. To address this lim-

itation, they successfully developed a stepped micro-

rough structure and nanopores on pure aluminium sub-

strates through a combination of anodization and chem-

ical etching techniques. The resulting high hardness

Al2O3 coating, formed by anodization, imparted the sur-

face with exceptional mechanical durability, enabling

resistance against water impact, grit abrasion and fab-

ric abrasion over prolonged periods. In essence, for

rigid material surfaces, nanostructures exhibit relatively

weak mechanical properties and primarily serve a hy-

drophobic function, whereas microstructures predomi-

nantly contribute to mechanical wear resistance [17].

When the coating is worn, the constructed rigid mi-

crostructure plays a protective role similar to an “ar-

mour”, which effectively improves the mechanical wear

resistance of the coating [30]. Based on the protective

mechanism described above, the effectiveness of the

coating’s protection is enhanced by employing a base

material with higher strength and hardness, fabricated

with a rough structure.

Waste porcelain powder widely comes from the pro-

duction and processing of ceramic products such as

daily-use porcelain, ceramic tiles, electrical insulators,

etc. The worldwide production of waste porcelain pow-

der, generated from the final polishing stages of ce-

ramic tile manufacturing, surpasses 22 billion tons. The

disposal of this waste in landfills poses significant en-

vironmental risks. Hence, enhancing the recycling of

waste porcelain powder is of considerable importance.

Presently, due to its outstanding mechanical properties,

waste porcelain powder frequently substitutes quartz

sand as an aggregate in concrete [31]. However, the re-

search on hydrophobic modification of waste porcelain

powder has not been reported. This study utilized waste

porcelain powder as a material for constructing rough

structures to investigate the impact of four different con-

centrations (2.5, 10, 17.5 and 25 wt.%) of waste porce-

lain powder slurry on both the wear resistance and hy-

drophobicity of the hydrophobic coating. Through the

integration of the finite element method, the study un-

veiled the patterns and mechanisms underlying the in-

fluence of the distribution of waste porcelain powder

micro-rough structures (WPPMRS) on the mechanical

and hydrophobic properties of the hydrophobic layer.

Furthermore, it identified the optimal modification ap-

proach. This work thus lays a theoretical foundation and

practical directives for designing ceramic hydrophobic

coatings with enhanced wear resistance.

II. Experimental

2.1. Material preparation

The porcelain green body and glaze of Jingdezhen

Tongmen Porcelain Industry Co. Ltd. were selected to

prepare ceramic sheets. The ingredients and mass ratios

of the green body and glaze have been shown in Ta-

bles 1 and 2, respectively. The waste porcelain powder

was purchased from Jingdezhen Baituhang Raw Ma-

terials Co. Ltd. The preparation method was as fol-

lows: the waste porcelain pieces were crushed by a jaw

crusher. After passing through a 80-mesh sieve, they

were ground in a horizontal ball mill at a speed of

50 rpm for 12 h with a mass ratio of the ball : powder
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Table 1. Ingredients of green body

Kaolin [wt.%] Quartz [wt.% ] Feldspar [wt.% ] Calcite [wt.% ] Talc [wt.% ]

42 30 23 3 2

Table 2. Ingredients of zirconium opaque glaze

Albite Quartz Calcium Kaolin Glass powder Talc Zinc oxide Zirconium

[wt.% ] [wt.% ] carbonate [wt.%] [wt.% ] [wt.% ] [wt.% ] [wt.% ] silicate [wt.% ]

29.91 23.93 16.74 9.57 5.98 2.39 2.39 9.09

Figure 1. Particle size distribution diagram of waste
porcelain powder

: water = 2 : 1 : 0.8, and finally dried to obtain waste

porcelain powder. The particle size distribution of waste

porcelain powder has been shown in Fig. 1. The average

particle size of waste porcelain powder was 48.8µm.

Polyvinyl pyrrolidone (PVP; AR; China Xilong

Chemical Industry Co. Ltd.) was utilized as a dispersant

for the waste porcelain powder slurry, while deionized

water, produced in the laboratory, served as the solvent

and dispersion medium. The PVP and deionized water

were combined to create an adhesive solution with a

concentration of 9.5 wt.%. Following complete dissolu-

tion using a magnetic stirrer, the prepared waste porce-

lain powder was sequentially added to produce waste

porcelain powder slurries with concentrations of 2.5, 10,

17.5 and 25 wt.% (designated as 2.5-C, 10-C, 17.5-C,

and 25-C, respectively). Subsequently, the waste porce-

lain powder slurry was subjected to ultrasonic disper-

sion for 8 min. The slurry was evenly coated on the

surface of ceramic sheets by spraying method and then

dried in an oven at 80 °C. The dried ceramic sheets were

placed in a muffle furnace and then co-fired at 1230 °C

for 30 min. The sintered ceramic sheets were cleaned

and dried in the oven. To investigate the impact of waste

porcelain powder micro-rough structures (WPPMRS)

on hydrophobic coating effectiveness, glazed surfaces

and porcelain bodies were employed as control groups.

To investigate the effect of micro-rough structures

of waste porcelain powder on the hydrophobic sta-

bility of coatings, the coating 204C (from Shenzhen

Weijing High-tech Material Technology Co. Ltd.) was

chosen for modification. Despite its poor wear resis-

tance, this coating exhibits superhydrophobicity. Its pri-

mary constituents include fluorine-modified nano-silica

(15 wt.%), silicon resin (5 wt.%) and ethanol (80 wt.%).

The modified and unmodified ceramic sheets were im-

mersed in the hydrophobic coating 204C for 10 s and

then left to stand for 48 h under natural conditions. The

process of preparing hydrophobic ceramics modified by

waste porcelain powder is depicted in Fig. 2.

Figure 2. The preparation process of hydrophobic ceramics
modified by waste porcelain

2.2. Characterization, modelling and analysis

Scanning electron microscope (SEM, SU8010) was

used to characterize the microstructure and grain distri-

bution of the WPPMRS prepared from slurries with dif-

ferent concentrations. The particle size distribution and

particle spacing data were measured using Nano Mea-

surer. The particle spacing was referred to the distance

between the centres of particles. The particle size distri-

bution of waste porcelain powder was characterized by

Particle Size Distributor (Bettersize 3000).

The abrasive resistance of the WPPMRS was tested

by the method of falling sand test. 15000 ml of quartz

sand with a particle size of 0.7–1.85 mm was dropped

freely from a stainless steel tube with a diameter of

16 mm and a height of 100 cm, and hit the sample at

an inclination angle of 45°. The wear resistance of mi-

cron coating was evaluated by the attenuation of sample

quality before and after wear.

Polyurethane sponge was used as wear medium, and

the wear resistance of hydrophobic coating was tested

by linear wear tester (Taber-5750). In the process of

sample wear, the load was 100 g, the wear speed was

5 cm/s, and the wear path was 50 cm each time. The

mass, contact angle and sliding angle of the sample

were tested after each time of worn. The total wear was

probed for 100 consecutive cycles.

The contact angle and sliding angle of each sample
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after being coated with hydrophobic coating and worn

were characterized by HARKE-SPCA. All values were

the average of five measurements at different positions

on the coating surface.

X-ray diffractometer (XRD, D8 Advance) employing

Cu-Kα radiation (λ = 0.154 nm) was used to character-

ize the phase composition of samples. The test range

was 20°–70° (2θ) with a rate of 4 °/min, and step size of

0.02°.

SolidWorks was applied to model the WPPMRS

coated with hydrophobic coating, and then the ANSYS

static analysis module was used to calculate the stress

distribution of the 3D model during abrasion process.

The elasticity modulus of waste porcelain powder, wear

medium and hydrophobic coating were set as 39.15

[32], 450 [33] and 0.6 GPa [34], respectively. Moreover,

their Poisson’s ratios were set as 0.28 [32], 0.26 [33]

and 0.3 [34], respectively.

III. Results and discussion

3.1. Structure and abrasive resistance

The microstructure changes of ceramics before and

after surface modification have been shown in Fig. 3.

It can be seen that the surface of the unmodified glaze

is very smooth, and there are no obvious pores, rough

structures or surface impurity particles. This indicates

that the glaze is fully melted and wetted at sintering

temperature of 1230 °C. The surface microstructure of

the porcelain body is shown in Fig. 3b. Due to the exis-

tence of a lot of irregular crystal phases in the porcelain

body, the surface presents a certain rough structure. The

rough structures obtained by different concentrations of

waste porcelain powder slurry are shown in Figs. 3c-f.

The particle size of waste porcelain powder was about

38 ± 16 µm, which was smaller than the average parti-

cle size of 48.8µm (Fig. 1). This phenomenon can be

attributed to the irregular shape of waste porcelain pow-

der and its deep penetration into the glaze layer dur-

ing sintering, resulting in smaller particle sizes as ob-

served in the two-dimensional image analysis. At a con-

centration of 2.5 wt.%, the waste porcelain powder ex-

hibits large particle spacing, with an average spacing

of 117 ± 23µm. Upon increasing the concentration to

10 wt.%, the particle spacing of waste porcelain powder

decreases slightly, with the average spacing reducing to

108±33µm. When the slurry concentration increased to

17.5 wt.%, the particle adhesion of waste porcelain pow-

der increased, the particle spacing decreased substan-

tially, and the average spacing decreased to 72 ± 20 µm.

With the increase of concentration to 25 wt.%, the av-

erage particle spacing of waste porcelain powder de-

creased to 68±16 µm. It is evident that with an increase

in the concentration of waste porcelain powder, the par-

ticle distribution gradually becomes denser. However,

the distribution density does not exhibit a linear increase

with concentration; instead, it rises sharply between 10

and 17.5 wt.%.

Phase compositions of the waste porcelain powder

and the glazes before and after modification are shown

in Fig. 4. The main phases of the waste porcelain pow-

der are quartz (PDF# 46-1045, SiO2) and mullite (PDF#

15-0776, Al6Si2O13), and the high background peak in-

dicates the existence of glassy phase. The main phases

in the zirconium opaque glaze are zircon (PDF# 06-

0266, ZrSiO4), quartz and glass phases. The primary

phases present in the 17.5-C sample, resulting from co-

firing waste porcelain powder and opaque glaze, consist

of zirconium silicate, quartz, mullite and glass phases.

Additionally, a minor quantity of cordierite (PDF# 13-

0294, Mg2Al4Si5O18) is also formed. Notably, quartz

[35], zircon [36], mullite [37], and cordierite [38] ex-

Figure 3. Surface SEM images of: a) glaze, b) porcelain body, c) 2.5-C, d) 10-C, e) 17.5-C and f) 25-C

149



X. You et al. / Processing and Application of Ceramics 18 [2] (2024) 146–155

Figure 4. XRD patterns of 17.5-C sample, glaze and waste
porcelain powder

hibit exceptional mechanical properties, serving as ro-

bust “armour” to safeguard hydrophobic coatings.

Figure 5 shows the abrasion rate and residual amount

of the WPPMRS in the wear process. It is evident that as

the concentration of waste porcelain powder increases,

so does the wear rate of the constructed microstruc-

ture. This phenomenon arises because micron parti-

cles from coatings with low mass concentrations can

be completely embedded within the glaze layer, result-

ing in firmer bonding and reduced susceptibility to the

detachment during impact. Conversely, the adhesion of

micron particles accumulated on the surface of high-

concentration coatings is not sufficiently strong, mak-

ing them more prone to the impact-induced detachment,

consequently leading to a higher wear rate. Further-

more, the small effective contact area between the top

of the rough structure and the wear medium increases

sensitivity to the local stress overload, making it more

susceptible to wear [17]. As the number of surface par-

ticles increases, the likelihood of contact between the

top of the particles and falling sand significantly rises

under the impact of falling sand, consequently leading

to an increase in wear quality loss. The microstructure

Figure 5. Abrasion rate and residual amount of 2.5-C, 10-C,
17.5-C and 25-C after 15000 ml sand falling wear

observation makes it evident that the number of waste

porcelain powder particles increases gradually with the

slurry concentration. Consequently, despite the nearly

linear rise in wear rate, the residual amount of waste

porcelain powder continues to exhibit an upward trend.

3.2. Wear resistance and hydrophobicity

Figure 6 illustrates the variation in the percentage

of the residual hydrophobic layer on a smooth glazed

surface, rough porcelain surface (two control groups)

and four waste porcelain powder micro-rough structures

(WPPMRS) during the sponge wear experiment, along

with the wear rate after 100 cycles of wear. The most

significant decrease in the residual percentage of the hy-

drophobic layer was observed for the glazed surface,

followed by that on the porcelain body surface. The

wear rates of the two layers after 100 cycles of wear

were 76.4% and 75.0%, respectively. These very small

differences in the wear rates indicate that the rough-

ness of the porcelain surface fails to effectively protect

the hydrophobic layer. The wear resistance of the hy-

drophobic layer, when modified with waste porcelain

powder, was significantly improved. Further, as the con-

centration of the micron structure increases, the reduc-

tion in the mass of the hydrophobic coating slows down

during wear. This suggests that higher concentrations of

micron structure provide better containment and protec-

tion for the hydrophobic layer, thus enhancing the wear

resistance of the sample. After 100 cycles of wear, the

wear rate of coatings decreased first and then increased,

and the 17.5-C sample had the lowest value of 54.2%.

Nevertheless, the rise in the wear rate of the 25-C sam-

ple might be attributed to an excess of micron particles

and their inadequate adhesion with the glaze layer. Con-

sequently, these micron particles were prone to a detach-

ment under the action of a sponge [39].
The measurements of the contact angle and slid-

ing angle of hydrophobic coating on different micro-

structures during wearing are shown in Figs. 7a and

7b. Before wear, the contact angle of the hydrophobic

layer modified by WPPMRS was 152–154.7°, which is

higher than the 145° angle observed for the hydropho-

bic layer on the glazed surface and porcelain body sur-

face. The sliding angles exhibited minimal variation,

falling within the range of 0.5–1°. Throughout wear,

the contact angle curve typically displays a declining

trend, whereas the sliding angle curve tends to increase.

Specifically, the contact angle of the hydrophobic layer

on the glazed surface and porcelain surface decreased to

below 90° after 5 and 10 wear cycles, respectively, indi-

cating a shift toward hydrophilic characteristics. Addi-

tionally, their sliding angles significantly exceeded 25°

after 5 wear cycles.
In the case of the 2.5-C and 10-C samples, before 40

wear cycles, the rate of decline in contact angle and the

rate of increase in sliding angle for the 10-C sample

were comparatively lower than those observed for the

2.5-C sample. However, after 40 wear cycles, the con-

tact angle data for both samples were nearly aligned,
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Figure 6. The residual percentage of the samples during the wear test of polyurethane sponge (a) and abrasion rate after 100
cycles of wear (b)

Figure 7. Contact angle (a) and sliding angle of samples during 100 cycles of polyurethane sponge abrasion (b)

and the sliding angle surpassed 25° by a significant mar-

gin. The results show that the modification effect of the

10-C structure on the hydrophobic coating was more ob-

vious when the number of wear cycles was lower. Once

the number of wear cycles reached a certain threshold,

both structures underwent deterioration, and their per-

formance disparity became less evident. The contact an-

gle and sliding angle data for the 17.5-C and 25-C sam-

ples closely resemble each other because the distribu-

tion density of micron roughness experiences minimal

alteration when the concentration reaches 17.5 wt.% or

higher. As a result, this has little impact on the contact

angle and sliding angle of hydrophobic coatings during

wear. The properties of the 25-C and 17.5-C samples

were much better than those of the 2.5-C, 10-C, and the

two blank control groups. After 100 cycles of wear, the

contact angles of the 25-C, 17.5-C, 10-C, 2.5-C, glaze,

and porcelain body were 127.5°, 125.5°, 107.8°, 110.5°,

40.0° and 46.5°, respectively.

In the end, the 25-C sample demonstrated the best

overall performance. After 100 wear cycles, the wear

rate of the coating was only 55.6%, the contact angle

was 127.5°, and the sliding angle was 23.5°. The coat-

ing has good mechanical and hydrophobic stability and

could be applied to self-cleaning and waterproof ceram-

ics with high wear resistance.

In traditional bonding methods, organic [40] and in-

organic [41] adhesives often cover low surface energy

components, leading to a significant increase in the

coating’s surface energy and consequently poor super-

hydrophobic performance. Unlike traditional bonding

methods, in this study, the micron armour formed by

waste porcelain powder is affixed to the ceramic surface

using glaze as an adhesive. This bonding technology

solely involves adhering micron armour without cover-

ing functional hydrophobic substances. Moreover, this

technique involves the bonding of ceramics and glass,

typically through a mixture of covalent and ionic bonds,

known for their high bonding strength [42,43], thereby

ensuring the mechanical strength of the armour.

The microstructure spacing (S ) has a significant

influence on the freezing behaviour of supercooled

droplets on superhydrophobic surfaces. Different spac-

ing leads to three different results of droplet-substrate

interaction after freezing: penetration, repulsion, and in-

filtration. More precisely, the penetration phenomenon

mainly occurs in the microstructure with the smallest

spacing (S = 33 µm). The repulsion phenomenon oc-
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Figure 8. Meshed finite element models of 25-C (a) and 10-C (b) – HC means hydrophobic coating

curs in the microstructures with medium spacing (S =

50 µm and S = 56 µm). Infiltration mainly occurs in mi-

cron structures with large spacing (S ≥ 70µm) [44].

Furthermore, S is also a critical geometric parameter in-

fluencing the nucleation mode of condensate droplets. A

larger column spacing S promotes the formation of top

and side nucleation modes, resulting in superior super-

hydrophobic properties. Conversely, a smaller column

spacing S may lead to the bottom nucleation mode, with

droplets nucleating at the corner of the array’s bottom,

resulting in a Wenzel state [45]. The pitch ratio (D∗) is

equal to (R+ S/2)/R, where R is the radius of the cylin-

drical microstructure. A higher pitch ratio is typically

associated with a larger maximum contact angle and a

smaller contact angle lag, facilitating droplets to roll and

bounce on the surface, thereby enhancing self-cleaning

performance – a crucial parameter for designing super-

hydrophobic surfaces [2]. Nonetheless, the impact and

mechanism of microstructure spacing on the mechani-

cal stability of the hydrophobic functional layer remain

unclear.

3.3. Finite element calculation

Finite element analysis can be used to optimize the

mechanical robustness of a microstructure. The de-

signed inverted pyramid pocket microstructure with a

side wall angle α of 120° can achieve a good balance

between superhydrophobicity and mechanical stability

[17]. To elucidate the strengthening mechanism of the

hydrophobic layer by a rough structure with high distri-

bution density, finite element models based on the 25-C

(model 25-C) and 10-C (model 10-C) were proposed,

as illustrated in Figs. 8a and 8b, respectively. Model

25-C has a spacing of 60µm between waste porcelain

powder particles, while model 10-C has a spacing of

100µm. These models simulate scenarios of a dense and

a loose rough structures filled with hydrophobic coating

and subsequently worn by silicon carbide sandpaper.

The stress distribution on the worn surface has been

shown in Fig. 9. Under the same external force of

1 MPa, the maximum stress of hydrophobic coating in

the model 25-C was 0.067 MPa, while that in the model

10-C was 0.997 MPa. Moreover, for both models, stress

was concentrated in the central area of the coating sur-

face. The findings indicate that as the particle spacing

increases from 60 to 100µm, the maximum stress of

the hydrophobic coating surges by 14.88 times, and the

wear process commences from the centre of the coat-

ing. The maximum value of the stress on the WPPMRS

of the 25-C and 10-C models was 2.002 and 2.848 MPa,

respectively, with the latter registering a 42% increase

compared to the former. The above results show that

the dense rough structure will not only reduce the stress

concentration of the hydrophobic coating to provide ef-

fective protection but also lessen the stress concentra-

tion of the rough structure itself and improve its wear re-

sistance. This is the fundamental reason why 25-C and

17.5-C enhanced hydrophobic coatings have excellent

mechanical and hydrophobic stability.

In summary, the WPPMRS demonstrates a notable

enhancement in both the mechanical and hydrophobic

stability of hydrophobic coatings with inadequate wear

Figure 9. The stress distribution of 25-C (a) and 10-C (b) on wear surface of hydrophobic coatings, and the stress distribution
of WPPMRS wear surface for 25-C (c) and 10-C (d)
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resistance. Furthermore, the denser the distribution den-

sity of waste porcelain particles is, the more pronounced

is the improvement effect on hydrophobic coatings. This

phenomenon arises from the “armour” formed by the

dense rough structure of waste porcelain powder, which

not only enhances the mechanical properties of the “ar-

mour” itself but also substantially reduces the localized

stress on the coatings. Consequently, it provides reliable

and steady protection to the coatings.

The Cassie-Baxter composite surface is given in Eq.

1 [46]:

cos θCB = fh cos θ1 + (1 − fh) cos θ2 (1)

where θCB is the apparent contact angle, fh is the area

fraction of the hydrophobic material (with values rang-

ing from 0 to 1), (1 − fh) represents the area fraction of

the ceramic particles, θ1, and θ2 are the intrinsic contact

angles of the hydrophobic material and ceramic mate-

rial, respectively. The equation suggests that excessively

high density of the rough structure will inevitably re-

sult in a notable decrease in fh, consequently reducing

the hydrophobicity of samples. Fortunately, this phe-

nomenon has not occurred in this work. Nonetheless, it

is a crucial factor to be considered during the hydropho-

bic structural design process.

IV. Conclusions

In this work, a micron rough structure was prepared

on hydrophobic coatings using waste porcelain powder,

and its influence on the wear resistance and hydrophobic

stability of the hydrophobic coating was studied. The re-

sults demonstrate that the mechanical and hydrophobic

stability of the hydrophobic layer can be simultaneously

improved with the increase of waste porcelain powder

micro-rough structures (WPPMRS) distribution density.

When the concentration of the waste porcelain powder

slurry was 25 wt.%, the hydrophobic stability was the

best under the given wear conditions. After 100 cycles

of wear, the contact angle of the sample was 127.5° and

the sliding angle was 23.5°.

The finite element calculation results demonstrate

that the increased distribution density of the WPPMRS

can simultaneously decrease the concentrated stress on

the hydrophobic coating and microstructure. This fun-

damental mechanism explains why the hydrophobic

functional layers of the samples with the dense rough

structure exhibit excellent wear resistance.

Employing waste porcelain powder for fabricating

micron structures not only lowers the cost of raw materi-

als but also facilitates the recycling of solid waste. This

approach offers valuable insights into the cost-effective

structural design of ceramic-based hydrophobic materi-

als with high mechanical and hydrophobic stability.
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