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Abstract

Control of the wetting properties of biomimetic functional surfaces is a desired functionality in many applications. In this
paper, the photoresist SU-8 was used as fabrication material. A silicon wafer was used as a substrate to prepare a biomi-
metic surface with different surface roughness and micro-pillars arranged in array morphology. The evaporation dynamics
and interfacial heat transfer processes of deionised water droplets on the bioinspired microstructure surface were experi-
mentally studied. The study not only proves the feasibility of preparing hydrophilic biomimetic functional surfaces directly
through photoresist materials and photolithography technology but also shows that by adjusting the structural parameters
and arrangement of the surface micro-pillar structure, the wettability of the biomimetic surface can be significantly linearly
regulated, thereby effectively affecting the heat and mass transfer process at the droplet liquid-vapour interface. Analysis of
the results shows that by controlling the biomimetic surface microstructure, the wettability can be enhanced by about 22%
at most, the uniformity of the temperature distribution at the liquid-vapour interface can be improved by about 34%, and
the average evaporation rate can be increased by about 28%. This study aims to provide some guidance for the research

on bionic surface design based on photoresist materials.
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1 Introduction

Droplet evaporation is ubiquitous daily and essential in
many industrial processes [1]. Whether it is the quasi-steady
evaporation of sessile droplets or the transient evaporation
of droplet impact, the evaporation process is closely related
to the surface that the droplets contact. Therefore, the char-
acteristics of the solid surface have a crucial influence on
the heat transfer, mass transfer, and even the jumping or
movement process of the droplets [2—5]. Based on this, a
large amount of research has focused on the design and
preparation of solid surfaces, among which surface design
based on biomimicry, which is a combination of the Greek
words “bios” (meaning life) and “mimesis” (meaning imi-
tation) and generally refers to the study and replication of
biological systems [6], has gradually become an essential
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means to regulate the dynamic behaviour of droplets [7-9].
Among them, the microstructure of the biomimetic surface
significantly affects the wetting and evaporation process of
droplets [10]. Therefore, studying the design principles of
bionic surface microstructure is of great significance for
the in-depth application of bionic surfaces in the fields of
phase change heat transfer [11], spray cooling [12], water
resources management [13], self-cleaning [14], medical
health and environmental protection [15, 16], it also helps
to reveal the influencing mechanism of the droplet dynam-
ics [17].

Among the many parameters that affect the morphol-
ogy of solid surfaces, surface roughness, as a parameter
that determines surface texture and flatness, significantly
affects the physical and chemical properties of the surface
[18]. Naturally, research on the effect of roughness on bio-
mimetic surface properties has also been widely conducted
[19]. Yang et al. [20] used 3D printing technology to pre-
pare a bionic hair surface with a bionic eggbeater micro-
structure based on liquid resin materials. It has enhanced
superhydrophobicity function and makes it easier for water
droplets to slide off the surface. Li et al. [21] prepared a
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super-hydrophobic bionic surface with a honeycomb struc-
ture on aluminium alloy. The results showed that as the spac-
ing of the microstructures decreases, the hydrophobicity of
the bionic surface also increases. Giinay et al. [22] etched
silicon pillars on a silicon substrate and then prepared an
octafluorocyclobutane (C4Fg) layer on the surface to con-
struct a bionic hydrophobic surface. The results show that
the evaporation rate of the droplets and the microscopic wet-
tability pattern are not affected by pillar distance. Besides,
Bhushan et al. [23] and Das et al. [24] were inspired by the
plant epicuticular wax structure to fabricate a series of bio-
mimetic functional surfaces, and the study comprehensively
demonstrated the progressive influence mechanism based
on fabrication process, surface roughness and surface wet-
tability. Nosonovsky et al. [25] etched silicon pillars on the
substrate and covered them with tetrahydroperfluorodecyl-
trichlorosilane to prepare a bionic hydrophobic surface. The
study found that the droplets’ contact angle hysteresis will
change as the distance changes. Similarly, bioinspired by
red rose petals, Lin et al. [26] etched square micro-pillars
on a transparent PDMS substrate to prepare a hydrophobic
biomimetic surface. The study found that when the surface
roughness increases from 1.0 to 1.93, the wetted state of
the droplets will experience a series of changes from Wen-
zel to Lotus mode. Then, Nosonovsky et al. [27] proposed
roughness factor parameters representing changes in sur-
face energy density and the spacing factor that character-
ises changes in the patterned surface contact area, and they
pointed out that these novel parameters can be applied to the
design of bionic superhydrophobic surfaces. However, most
of these studies on biomimetic surface roughness are based
on biomimetic hydrophobic or superhydrophobic surfaces,
while studies on biomimetic hydrophilic surfaces are rare.
In addition, regarding the preparation process of bionic
surfaces, many studies are based on etching micro-pillar
structures to study the impact of surface configuration on
the physical and chemical properties of bionic surfaces as
well as droplet wettability and heat and mass transfer pro-
cesses [28]. In this process, different materials will be tried
to prepare micro-pillar structures, and the impact of their
structural parameters on biomimetic surface properties will
be studied [29]. Shahsavan et al. [30] summarised a large
number of related studies. They showed that in biomimetic
micropatterned surfaces, the low aspect ratio of the surface
microstructure will produce superhydrophobicity and low
adhesion effects. In contrast, the high aspect ratio will lead
to a high adhesion force effect. Liang et al. [31] and Luo
et al. [32] were bioinspired by lotus leaves and Salvinia
molesta leaves, respectively. They prepare a bionic surface
with micropillars, which gives it superhydrophobic proper-
ties and withstands long-term high temperatures and ultra-
violet radiation. Okulova et al. [33] combined nanograss

@ Springer

and micro-pillar structures to prepare a multi-layered bio-
mimetic functional surface, which could maintain superhy-
drophobicity for extended periods and be used on flexible
substrates. Lee et al. [34] studied the evaporation mode of
mixed droplets based on the surface of superhydrophobic
silica pillars and discovered the pseudo-CCA evaporation
mode. Besides, Hu et al. [35] also studied the impact of pil-
lar height on structured surfaces on impact dynamics based
on the numerical simulation method of Volume-of-Fluid
(VOF). They found that taller pillars are more conducive to
maintaining the Cassie state. Zhang et al. [36] mainly used
picosecond laser ablation to prepare a nanopyramid micro-
structure bionic water-transporting surface on a copper
substrate, and its superhydrophobicity remained after being
placed under natural conditions for 8 months. Similarly, Li
et al. [37] also based on copper materials and used wire-cut
electric discharge machining to prepare a micro-pillar struc-
ture surface. The surface was also made superhydrophobic
without chemical modification. Kim et al. [38] based on
the ultraviolet light curing method of polyurethane acrylate
resin to prepare hydrophobic biomimetic surfaces with vari-
ous shapes of micro-pillar structures. The research results
show that hexagonal and octagonal arrays can achieve bet-
ter hydrophobicity. At the same time, Nasser et al. [39]
used laser-induced methods to use graphene with various
structures (cylindrical, hemispherical, and sheet structures)
to print biomimetic functional surfaces with superhydro-
phobic or superhydrophilic properties, and the wettability
of the surface is also could be controlled to a precise degree.
In addition, Li et al. [40] prepared medical chip surfaces
with biomimetic configurations on silicon wafers of medi-
cal MEMS based on the fractal principle of the Sierpinski
triangle and Sierpinski carpet, and the study found that all
of them can improve the hydrophobicity of biomimetic
surfaces to different degrees under different conditions. As
mentioned above, in addition to numerical simulation meth-
ods, the current preparation of surface bionic microstruc-
tures is based on common metal or non-metallic materials.
In contrast, based on semiconductor and electronic technol-
ogy, the biomimetic structured surfaces prepared directly
based on photoresist materials are rare.

In summary, biomimetic functional surfaces are being
increasingly studied due to their broad applicability and
unique characteristics [41-43]. However, most of these
studies are usually based on achieving super-hydrophobic
functions, and there are few studies on conventional hydro-
philic biomimetic surfaces. In addition, as an indispensable
material in electronic technology, the exploration of directly
etching surface microstructures on photoresists and research-
ing wettability and heat and mass transfer characteristics is
still relatively sporadic. Therefore, it becomes necessary to
research photoresist-based biomimetic functional surfaces.
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Based on the above, in this paper, SU-8 photoresist was
selected to prepare hydrophilic biomimetic surface micro-
structures, and the surface roughness of the biomimetic sur-
face was regulated by quantitatively controlling the spacing
and height of the surface micro-pillars. The first and second
sections of this paper introduce the research progress of bio-
mimetic surfaces in related fields and the use of materials,
equipment, and surface preparation in this experiment. In
the third section, the experimental results are analysed to
explore the influence of microstructure on the wettability of
bionic surfaces and the heat and mass transfer characteris-
tics of droplet interfaces. The fourth section summarises and
presents the research prospects. The study hopes to guide
the design, fabrication and application of bionic functional
surfaces based on photoresists.

2 Materials and Experimental Setup

Bionics is the invention of new science and technology
based on the study of the structure and function of organ-
isms. This process is also due to natural species richness and
unique biological properties, and some typical examples are
shown in Fig. 1 (a). The regular production of microstruc-
tures on the surface can maximise the quantitative control of
the overall structural parameters of the biomimetic surface,
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such as roughness, which is conducive to subsequent
research. Therefore, this study selected the method of etch-
ing micro-pillars on silicon wafers to realise the production
of biomimetic functional surfaces and to carry out research
on droplet wetting and heat and mass transfer character-
istics. This study used negative photoresists SU-8 2010,
which has the advantages of high chemical resistance, tem-
perature resistance and good mechanical stability [44], to
fabricate micro-pillars and the specific processing flow and
method are shown in Fig. 1 (b). It is worth mentioning that
due to the complexity of the micro-pillar processing pro-
cess, it is difficult to control the height of the micro-pillars
with extremely high accuracy. Therefore, in this article, the
height of the micro-pillars is characterised by calculating
the overall average height. Finally, six types of biomimetic
surfaces were fabricated in this study, as shown in Fig. 1
(c). besides, a 3D optical profilometer (KLA Zeta-20 Opti-
cal Profiler, United States) also explicitly characterised its
surface morphology, as shown in Fig. 1 (d). In this article,
some basic data are listed in tables, and the rest are listed in
data graphs for intuitive understanding. The specific con-
figuration parameters of these bionic functional surfaces are
shown in Table 1.

The experimental setup used in this study is shown in
Fig. 2. The infrared camera (FLIR A655sc, United States)
is used to observe the temperature distribution of the
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Fig. 1 a Plant surfaces or animal skins with unique surface properties in nature; b photoresist micro-pillar preparation process based on photoli-
thography; ¢ different biomimetic surfaces under the microscope; d biomimetic surface profile measured by an optical profilometer
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Table 1 Parameters of biomimetic surface photoresist micro-pillars

PBS-S1 PBS-S2 PBS-S3 PBS-SH1 PBS-SH2 PBS-SH3
Spacing s (um) 15 20 40 15 20 40
Diameter d (um) 20 20 20 20 20 20
Average height & (um) 50 50 50 40 40 25
Roughness factor r 3.565 2.963 1.873 3.052 2.571 1.436
Diep dhope Infrared
camera
analyzer
Temperature
Distribution
PC & Data
storage
Data collection &
Wetting Bottom l\leatmg Result analysis
phenomenon LN
> "
N
T

Fig. 2 Experimental process and equipment schematic diagram

Table 2 Some physical properties of the deionized water under the
condition of 60°C

Density Viscosity Heat capacity Surface
Tension
DI 0.98321 g/cm®  0.4688 4.1843 J/(g'K) 66.18
water mPa-s mN/m

Deionised water (DI water) liquid-vapour interface. The
droplet shape analyser (Biolin Theta Flex, Sweden) mea-
sures the shape change of the droplet. At the same time, the
prepared biomimetic surface is placed on a temperature-
controlled aluminium heating plate. The bottom tempera-
ture of this experiment is controlled at 60 °C. The silicon
substrate of the biomimetic surface and the heating plate are
connected and fixed with silicone grease (RS PRO, UK),
which can reduce the contact thermal resistance and maxi-
mise the heating effect of the substrate. A pipette (Eppen-
dorf Research plus, Germany) was used to manipulate the
droplets during the experiment. The ambient temperature
of each test in the laboratory was controlled between 21 °C
and 25 °C, and the relative humidity was controlled between
50% and 60%. Since the substrate will have a heating effect
on the droplets in the experiment, and considering the sim-
plification of the calculation, this study will be carried out
based on the thermophysical parameters of water at 60 °C,
and the specific parameters are shown in Table 2.
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Besides, the droplet wetting study is mainly divided into
the Wenzel state and the Cassie-Baxter state, and the Wenzel
state equation could be defined as [45]:

cosl ,, = rcosf y

(D
and the roughness factor  in this study could be defined as:

(d+s)’+medeh
(d+s)’

T =

2

At the same time, the adhesion work is defined based on the
Dupré equation [46] can be described as:

Wap=Ya+Yp—Yap 3)
where A and B mean phase or object, when the two objects
are solid and liquid, respectively, the work of adhesion can
also be described as:

Wsp=0s+0L—0sL 4)
where og means surface free energy, o; means surface ten-
sion of liquid, and og; means interfacial tension between
solid and liquid phase. Then, the simplified work of adhe-
sion per unit area could be described as:
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Wpsr, = Wsr/A &)

where A4 is defined as the two-dimensional contact area of
the liquid-vapour interface. Meanwhile, the average evapo-
ration rate £, is defined as:

Eavg = MO/Ttotal (6)

Mo=poe Vo @)

where M, and V|, are the initial mass and volume of the
droplet, respectively. T, is the total evaporation time, and
po 1s the DI water density at 60°C.

3 Results and Discussion

3.1 Effect of Biomimetic Surface Pillar Arrangement
on Droplet Wetting Properties

For biomimetic surfaces, the wettability has always been of
excellent research significance. Therefore, this paper first
studied the wettability of biomimetic surfaces under differ-
ent roughness conditions. The changes in the Contact Angle
(CA) and dimensionless Contact Line (CL) with time when
the droplet volume is 0.25, 0.5, 0.75 and 1.0 pL, respec-
tively, are shown in Fig. 3 (a-d). It is worth noting that the
change of the dimensionless contact line is expressed as D/
D,, where D, is the contact diameter of the droplet in the
initial equilibrium state and D is the contact diameter in the
real-time state. First, as shown in Fig. 3 (a), when a 0.25 uLb
DI water droplet evaporates on the three kinds of biomi-
metic surfaces, the initial contact angle increases by about
15% as the roughness increases. At the same time, the con-
tact line of the droplet also shows the same change trend.
In the initial stage of droplet evaporation, the contact line
is in a pinned state. As the evaporation process proceeds,
approximately in the middle and later period of the overall
evaporation process, the contact line of the droplet begins to
move and shrink until the end of evaporation, with an over-
all shrinkage of about 20-30%. It can also be seen from this
that the evaporation mode of the droplet goes through a con-
stant contact radius (CCR) mode in the first half, where the
contact radius remains unchanged while the contact angle
continues to decrease, and a mixed evaporation mode in the
second half where both the contact angle and the contact
line decrease simultaneously. At the same time, as shown in
Fig. 3, the change trends of the droplet’s contact angle and
contact line remain roughly the same when the droplet vol-
ume increases. As a biomimetic surface with overall hydro-
philicity, when its surface roughness increases, regardless
of the size of the droplet volume, it will increase its surface

wettability. This phenomenon is consistent with the descrip-
tion of the Wenzel equation, as shown in Eq. (1). Besides,
the biomimetic surface will also impact the change of the
droplet evaporation mode. As the roughness decreases, the
time point of evaporation mode changes from CCR to mixed
will also be later due to the increase in roughness delaying
the time point when the surface tension of the liquid-vapour
interface reaches the depinning force of the contact line.

At the same time, under different droplet volume condi-
tions, the changes in the work of adhesion between the three
biomimetic surfaces of PBS-S1, PBS-S2, and PBS-S3 and
the DI water droplets are shown in Fig. 4 (a-d). It is worth
mentioning that the work of adhesion, as an essential con-
cept in interfacial physical chemistry, is of great significance
in describing the characteristics of interfaces. Assuming that
the surfaces of two immiscible objects are in contact with
each other, the physical meaning of adhesion work is the
work required to separate the two objects [47]. This paper
uses the simplified per unit area work of adhesion (Wpg; ) for
description, and the specific calculation principle is shown
in Egs. (3-5). Taking 0.25 pL of DI water as an example, as
shown in Fig. 4 (a), the work of adhesion between the drop-
let and the biomimetic surface decreases as the roughness
declines, and the adhesion work of the liquid-solid inter-
face decreases by about 17% when the surface changes from
PBS-S1 to PBS-S3. At the same time, with the droplet vol-
ume increase from 0.25 pL to 1.0 pL, the changing trend of
the work of adhesion remains consistent. That is, the influ-
ence of the change of the biomimetic surface roughness on
the change of the adhesion work will not change with the
change of the droplet volume. This is because the work of
adhesion is one of the biomimetic surface properties, and
the biomimetic surface microstructures play a dominant
role in it by changing the wettability. Besides, the variation
trend of the dimensionless height (H/H,)) of the droplet is
also shown in Fig. 4 (a-d), where H,, is the initial height of
the droplet, and H is the real-time height of the droplet. As
the surface roughness increases, the rate of change of the
dimensionless droplet height also increases, and this trend is
not affected by the droplet volume. This can also be attrib-
uted to the increase in roughness, which enhances the mass
transfer rate at the droplet liquid-vapour interface.

3.2 Effect of Biomimetic Surface Pillar Height on
Droplet Wetting Properties

In the above, we describe how to change the roughness of
the biomimetic surface by changing the micro-pillar spac-
ing and then explore its effect on wettability. In this section,
based on the same spacing arrangement, the height of the
micro-pillars is changed to study the effect of the change
in their roughness on the wettability of the biomimetic
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Fig. 3 Changes of contact angle and dimensionless contact diameter of a 0.25 uL; b 0.5 pL; ¢ 0.75 pL; d 1.0 uL DI water droplet on biomimetic
surfaces over time

surface. After changing the height, the biomimetic surfaces
are named PBS-SH1, PBS-SH2 and PBS-SH3, respectively.
The wetting phenomenon and evaporation characteristics
of the DI water droplets on these biomimetic surfaces are
shown in Fig. 5 (a-d). As shown in Fig. 5 (a), when the
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volume of the droplet is 0.25 pL, as the surface roughness
of the droplet increases, the contact angle declines by about
13%. The evaporation mode of the droplets still under-
goes a transition from the CCR mode to the mixed mode.
As the roughness decreases, the time node of the droplet
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evaporation mode transition is also delayed. At the same
time, when the droplet volume increases to 0.5 pL, 0.75 pL,
and 1.0 pL, it can be seen from Fig. 5 (b-d) that the change
trends of the wetting characteristics on the biomimetic sur-
face remain unchanged. And the evaporation process of the
droplet also goes through the two modes of CCR and mixed.
In summary, when the roughness of the biomimetic surface
is controlled by changing the height of the micro-pillars, the
evaporation process of the DI water droplets still follows the
same change law described before. It can also be seen that
the change in the height of the micro-pillars has no notice-
able effect on the transformation of the evaporation mode.
The change in surface roughness still has the dominant
influence on the evaporation process of droplets.

At the same time, after the height of the micro-pillar
structure on the biomimetic surface changes, the work of
adhesion between the droplet and the biomimetic surface is
shown in Fig. 6 (a-d). As shown in Fig. 6 (a), when a 0.25
pL DI water droplet was placed on the PBS-SH1 surface, its
initial work of adhesion was about 76 mJ/m?. In contrast,

when the droplet was placed on the PBS-SH2 and PBS-SH3
surfaces, the work of adhesion decreased to about 69 and 62
mlJ/m?, respectively, also reduced by about 10% and 18%,
respectively. This can be attributed to the fact that as the
roughness of the biomimetic surface decreases, the wetta-
bility of the biomimetic surface also weakens, reducing the
work of adhesion at the solid-liquid interface of the droplet.
At the same time, as the droplet volume increases from 0.25
pL to 1.0 pL, as shown in Fig. 6 (b-d), on these three kinds
of biomimetic surfaces, the work of adhesion between the
droplet and the surface keeps following a trend of gradu-
ally increasing as the evaporation process proceeds. As the
evaporation reaches the final phase, no matter on what kind
of surface, the work of adhesion between the droplet of each
volume and the biomimetic surface will approach about 132
mJ/m?, which is jointly determined by the biomimetic sur-
face characteristics and the physical properties of DI water.
The most significant difference is that the work of adhesion
on the PBS-SH3 surface always reaches the constant value
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Fig. 5 Changes of contact angle and dimensionless contact diameter of a 0.25 pL; b 0.5 pL; ¢ 0.75 pL; d 1.0 uL DI water droplet on biomimetic

surfaces over time

at the latest, which can be attributed to its surface having the
worst hydrophilicity.

In addition, to comprehensively compare the effects
of biomimetic surfaces of various structures on the wet-
ting characteristics of droplets with different volumes, the
changes in the initial equilibrium angle of the droplet with
surface parameters were sorted out, as shown in Fig. 7 (a).
As seen in Fig. 7 (a), the initial equilibrium contact angle of
the droplet is linearly related to the roughness of the biomi-
metic surface. That is, as the surface roughness increases,
the contact angle of the droplet declines. For example, when
the droplet volume is 0.25 pL, as the roughness increases,
the contact angle can decline from about 93° to about 77°,
a reduction of about 17%. At the same time, it can also be
seen from Fig. 7 (a) that when the volume of the droplet
increases to 0.5 pL, 0.75 pL, and 1.0 pL, respectively, the
maximum decrease in the initial equilibrium contact angle
of the droplet can also reach 16%, 19%, and 22%, respec-
tively. The reason for this phenomenon can be attributed
to the different sizes and arrangements of the micro-pillar
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structures on the biomimetic surface, which will signifi-
cantly change the overall surface roughness and then, based
on the Wenzel state of the droplet, will have a crucial
impact on the wettability of the biomimetic surface and the
apparent contact angle of the droplet. At the same time, the
droplet volume also has a minor effect on the initial equi-
librium contact angle. For example, on the PBS-SH3 sur-
face, the initial equilibrium contact angle does not change
significantly when the droplet volume increases from 0.25
puL to 0.5 pL but decreases by about 5% when the volume
increases to 1.0 pL. The reason for this phenomenon is the
same as described before. It has nothing to do with the wet-
tability of the biomimetic surface but mainly depends on the
effect of gravity. Therefore, the larger the droplet volume,
the more pronounced the gravity effect (overcoming the sur-
face tension of the liquid-vapour interface), and the more
significant the reduction in the contact angle. In addition,
based on the series of biomimetic surfaces, the variation in
the magnitude of the adhesion work of DI water droplets
with different volumes is shown in Fig. 7 (b). Like the initial
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equilibrium contact angle, the initial adhesion work also
shows an apparent linear relationship with the roughness
of the biomimetic surface. The more significant the surface
roughness, the greater the work of adhesion, and the maxi-
mum increase is approximately 23%.

3.3 Effect of Biomimetic Surface Roughness on
Droplet Interfacial Heat Transfer Process

The previous mainly introduced the effects of biomimetic
surfaces with a series of microstructures on the wetting
characteristics of DI water droplets. In addition to the wet-
ting state of the liquid-solid interface, different biomimetic
surfaces will also significantly impact the heat and mass
transfer process at the liquid-vapour interface of the drop-
lets, which will be discussed in this section. Firstly, the tem-
perature difference A T between the droplet centre area and
the contact line area is defined. It can be used to describe the
strength of the evaporative cooling effect, which is usually

caused by evaporation from the interface [48]. At the same
time, Fig. 8 (a-d) shows that AT will also change under
different biomimetic surfaces. As the surface roughness
increases, the A T of the droplet will decrease significantly.
For example, when a 0.25 uL DI water droplet evaporates
on the biomimetic surface, as shown in Fig. 8 (a). When the
droplet is placed on the PBS-SH3 surface, AT is about
4.8 °C. In contrast, when the droplet is placed on the PBS-
S3 and PBS-SH1 surface, AT is about 4.6 °C and 4 °C,
which decreases by about 4% and 17%, respectively. This
phenomenon can be attributed to the fact that when the
roughness of the biomimetic surface increases, the surface
wettability is enhanced. The contact angle of the droplet is
reduced, which enhances the heat transfer process inside
the droplet and improves the temperature uniformity of the
liquid-vapour interface while also inhibiting the evaporative
cooling effect of the liquid-vapour interface. At the same
time, at the initial equilibrium moment of the droplet, the
infrared thermal images of a 0.25 uL droplet on different
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biomimetic surfaces are shown in the inset of Fig. 8 (a).
The liquid-vapour interface of the droplet has a pronounced
evaporative cooling effect at the initial moment and pro-
duces an apparent temperature gradient distribution. After-
wards, as shown in Fig. 8 (b-d), when the droplet volume
increases from 0.25 pL to 1.0 pL, the AT change trend
of the liquid-vapour interface remains unchanged, which
maintains a linear relationship with the roughness degree.
Under various droplet volume conditions, the AT differ-
ence between the PBS-S1 and PBS-SH3 surfaces can vary
by 34%.

Meanwhile, the temperature distribution of the drop-
let liquid-vapour interface changes with time, as shown
in Fig. 9, where ¢, refers to the total evaporation time of
droplet. Figure 9 (a) and (b) show the evaporation process of
a 0.5 uL DI water droplet on the PBS-SH3 and PBS-S3 sur-
faces, respectively. As the evaporation process proceeds, the
temperature distribution at the droplet liquid-vapour inter-
face tends to be uniform. This can be attributed to the dual
effects of enhanced thermal conductivity inside the droplet
and weakened evaporative cooling effect on the interface.
It can also be seen that at the same time point, the tempera-
ture distribution inhomogeneity at the droplet liquid-vapour
interface on the PBS-SH3 surface is more evident in the
early stage. In contrast, the difference in temperature dis-
tribution between the two surfaces is not significant in the
later stage.

In addition, different biomimetic surfaces will also affect
the mass transfer process, which will significantly impact
the evaporation rate of droplets. As shown in Fig. 10 (a-d),
the average evaporation rate of the droplet during the entire
evaporation process is aggregated, which is defined as

Uige1 = 0.05 Uty = 0.2 0.35

t ttotll

C

~
J
-’ —

PBS-SH3 PBS-SH1

PBS-S3
e

44°C

t ttotal

Egs. (6-7), showing the effect of different biomimetic sur-
faces on the evaporation rate. It can be seen from Fig. 10 (a)
that as the biomimetic surface roughness increases, the ses-
sile droplet average evaporation rate also rises. For example,
when the droplet is converted from the PBS-SH3 surface to
the PBS-S1 surface, the average evaporation rate increases
from 4.73 x 1073 g/s to 6.0x 1072 g/s, improving about 27%.
Meanwhile, when the droplet volume increases from 0.25
pL to 1.0 puL, the average evaporation rate of the droplet on
different biomimetic surfaces is shown in Fig. 10 (b—d). At
the same time, when the droplet volume increases from 0.25
pL to 1.0 pL, the average evaporation rate of the droplet on
different biomimetic surfaces is shown in Fig. 10 (b-d). The
change in the droplet volume does not affect the trend of the
average evaporation rate. When the droplet volume is 0.5
pL, 0.75 pL and 1.0 pL, the maximum increase in the aver-
age evaporation rate is 17%, 28% and 17%, respectively.

4 Conclusion

In this study, the bioinspired micro-pillar structures were
fabricated on a silicon wafer based on a photoresist material
SU-8. The biomimetic surface roughness was precisely con-
trolled by adjusting the size and arrangement of the micro-
pillars. Firstly, two evaporation modes, CCR and mixed,
were observed during the evaporation process. At the same
time, the changing trend of the work of adhesion between
the biomimetic surfaces with different microstructures is
also different. The smaller the roughness, the lower the
adhesion work for droplets of the same volume. After that,
this study also adjusted the micro-pillar average height at

U/t ga = 0.65

1©

i = 0.8 ity = 0.95

60°C

Fig. 9 Evolution of the temperature distribution at the liquid-vapour interface of a 0.5 pL droplet on the a PBS-SH1, b PBS-SH3, and ¢ PBS-S3

surfaces
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the corresponding spacing, which adjusted the biomimetic
surface wettability. Considering the effects of the micro-pil-
lar spacing and height, the results show that as the surface
roughness increases, the contact angle can be reduced by up
to 22%. When the roughness is reduced to a certain extent,
the biomimetic surface can also be transformed into weakly
hydrophobic. During the evaporation process, an apparent
evaporative cooling phenomenon will occur at the liquid-
vapour interface, and it will become more evident as the
roughness increases. The temperature difference between
different surfaces can be increased by up to 34% on aver-
age. At the same time, this phenomenon will also inhibit the
overall average evaporation rate by up to 28%. This study
demonstrates the feasibility of preparing biomimetic sur-
faces based on the photoresist, which is expected to help
expand the application of biomimetic surfaces in manufac-
turing electronic devices, oil-water separation, mist collec-
tion, and droplet/bubble manipulation.
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