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ABSTRACT: Water is one of the most important and crucial indicators of
sustainable development goals (SDGs) for humans and other living organisms. Water
demand has outstripped supply, resulting in shortage on a worldwide scale,
particularly in arid regions. This water scarcity has impeded agricultural productivity
and other developmental projects with the ongoing global warming and other
anthropogenic activities making it more complicated. To address the worldwide water
crisis, it is worthwhile to convert atmospheric air to drinking water. Sequel to that, a
hydrophobic surface was designed using facile lithography to compare its water
harvesting efficiency with a hydrophilic surface at different orientation angles. For the
research, the hydrophobic designed surface is called biodesigned material, while the
hydrophilic natural surface is a Mangifera indica leaf (MIL). It is against this
background that we seek to investigate the most suitable orientation angle good for
efficient water harvesting. To that end, a 60° inclination angle is the most efficacious
orientation for water collection as it outperformed the 30 and 45° orientation angles.
To minimize re-evaporation, absorption, suction, and other environmental challenges that impede efficient collection, atmospheric
moisture should be collected immediately from functional surfaces.

1. INTRODUCTION
All floras and faunas including mankind need water for survival
as it is one of the most essential and indispensable indicators
significant for achieving sustainable development goals
(SDGs).1,2 Therefore, ensuring adequate availability of water
is imperative for human beings and the planet as a whole.
Because of the ubiquity of water in the atmosphere, particularly
on the planet Earth, which is often called the “Blue Planet”,
water shortage is at an alarming level. Universally, about 2
billion people lack safe drinking water and about two-fifths
suffer from the consequences of unacceptable sanitary
conditions.3,4 Atmospheric water represents an invaluable
untapped source of fresh water, especially in desert and arid
regions. When the water demand exceeds the available water,
the scarcity level increases. For this research, we describe such
a mismatch between water availability and demand as water
scarcity. For example, the Saharan and Arabian Deserts suffer
from water scarcity considering their high population that does
not match the available water.5 This water scarcity has
impeded agricultural productivity and other developmental
projects. However, with the exception of atmospheric
moisture, other water sources are diminishing daily by both
anthropogenic activities and rapid population growth alongside
poor environmental management.6,7 As a result of these

environmental ills, water scarcity is foretold to be one of the
severest issues in contemporary times. It is predicted that many
more places around the world will experience water scarcity in
the future, thereby resulting in poor sanitation.6,8 To that end,
the already available over-stressed water resources are further
complicated by the ongoing climate change which urgently
calls for holistic approaches to tackle this global water
conflict.9,10 Apart from the desalination of seawater and the
treatment of wastewater as a solution, atmospheric water
collection has attracted researchers as a potential remedy to the
global water crisis.11,12 It is believed that the atmosphere holds
about 12,900 billion tons of fresh water, which are
continuously replenished by global water circulation.13,14 In
recent years, the atmospheric water behavior on flora and fauna
surfaces has inspired engineers to fabricate synthetic surfaces
from polymeric materials.15,16 Similarly, sorption-based atmos-
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pheric water harvesting (SAWH) has taken the center stage in
ameliorating the water crisis. This method, which relies
primarily on electric or thermal energy, employs sorbents
because of their great affinity to absorb water from the air
across a wide range of RH (10−100% RH).17,18 The
performance of SAWH systems is strongly dependent on the
water sorption capacity of sorbents, giving them a significant
advantage over conventional methods.19

Desert plants and animals species have offered ingenious
ways of collecting water from the atmosphere;20 examples
include the Hipster herb that possesses ultra-hydrophobic hair
on its leaves,21 Cotulla fallax with uncanny wetting proper-
ties,22 green tree frogs,26 Namib grass,24 and Australian desert
lizards.25 The water collection mechanism of natural animals
and plants such as cactus, spiders, desert beetles, butterflies,
shorebirds, wheat awns, green bristle grass, Cotulla fallax plant,
Namib grass, green tree frogs, and Australian desert lizards was
detailed by Zhu et al.23 For example, the Namib beetle can
absorb humidity from the environment as a result of the
wetting property of its body surface. The backside surface of
the beetle consists of both hydrophilic and hydrophobic
regions, thus playing a dual role in droplet formation and
absorption. Water is collected from the smooth and rough
surface on the backside of the beetle before droplets are
inclined to the upper wing, thereby gathering and guiding the
droplets to the mouth of the beetle.27−29 For biomimetic
water-collecting materials, Guo and Zhu30 used TiO2 and Cu
to design a surface with hydrophilic and hydrophobic regions,
respectively, thus exhibiting a water collection rate (WCR) of
1309.9 mgh−1 cm−2. Similarly, White et al.31 tested other
samples (e.g. PTFE, Al, Ti, and SS-CNT) to better understand
the wetting properties with respect to the pattern structure
surfaces, and they found that there were slight differences in
the coalescence and motion of the droplets on the differently
patterned surfaces. For effective water collection, droplets’
interaction with the substrate before collection is unavoidable,
and dripping off from the substrate for efficient water
harvesting is significant in our lives and other fields such as
microfluidics, spraying, and the survival of natural species.
Plenty of these natural species use their surface structures to
transport and drain water. Surface features such as bumps,
apex, curvature, spines, and other features have all been
researched and proven useful in efficient water collection.32,33

Even though these delicate features have performed well, they
have disregarded the droplet roll-off time and inclination angle
in determining water collection efficiency. The droplet
behaviors on these functional surfaces are often determined
by these surface features, thus playing the key role in reducing
the capillary force, while inclined surfaces enhance the high
frequency of droplet roll-off.
The angle of inclination of the functional surface alongside

contact angle hysteresis plays a key role in droplet roll-off, thus
paving the way for gravity and low water retention. Sessile
droplets on both hydrophobic and hydrophilic surfaces were
examined for internal fluidity, and it was found that the droplet
contains two counter-rotating circulation cells.34 Marangoni
and buoyancy forces were said to have an impact on the
droplet behavior for the hydrophilic surface, whereas thermal
capillary and buoyant forces have an impact on the droplet
behavior for the hydrophobic surface. Even at high inclination
angles, droplets stick to hydrophobic surfaces with high-
contact angle hysteresis due to the considerable adhesive force
that remains.35 Droplet attachment is facilitated by force

balancing along the inclined surface, and in this case, the
rotating and sliding modes of droplet movement dictate the
droplet’s dynamic motion. Annapragada et al.36 also studied
the dynamics of the droplet on an inclined surface by adopting
a pseudo-Lagrangian methodology, which was based on the
“volume of fluid” minus “continuous surface force” (VOF −
CSF) model. This model represents the migration of droplets
down an inclined surface. Thampi et al.37 studied the rolling
and sliding behavior of droplets on an inclined surface. They
found that the viscosity variance between the droplet and
ambient fluid became large as the rolling droplet achieved a
circle shape.

When a droplet is deposited on an inclined surface, shear
stress develops at the contact zone interface, resulting in the
formation of a flow field. As a result of this process, frictional
force is created at the solid−droplet contact. Droplet
movement on an inclined surface is influenced by droplet
bulging/puddling due to a gravitational effect when the
gravitational force exceeds the adhesion and frictional forces.38

Adhesion force is proportional to πrσ( cos θR − cos θA), where
r, θR, and θA denote the radius of the contact zone, receding
angle (upward hill), and advancing angle (downward hill),
respectively, while σ defines the droplet surface tension. When
fluid viscosity (μ) and the rate of fluid strain to the contact
surface is dV/dn, the shear force is defined as πr2μ dV/dn. This
shear force exceeds gravitational force and is consequently
connected with mg sin δ (where m, g, and δ are the mass of a
droplet, gravity, and inclined surface).39

Although natural and biomimetic surfaces have proven
successful in harvesting atmospheric water, the transportation
of liquid droplets is the key to the roll-off of captured droplets
from the surfaces. In this work, we seek to carefully design a
Mangifera indica leaf (MIL) with PDMS and mimic its surface
with calcium chloride anhydrous (CaCl2) nanoparticles to
achieve a uniform wettable surface similar to the MIL surface.
Similarly, we will compare the efficiency of water collection
across the hydrophobic biodesigned and hydrophilic natural
surfaces at various inclination angles. In addition, the variation
of surface wettability between the functional surfaces will be
investigated. To this intent, the actual roll-off time at different
inclination angles will be monitored alongside the droplet
dynamics on the functional surfaces. The findings of this study
will shed light on the critical effect of an inclination angle on
efficient water harvesting and thus promote atmospheric water
collection as an alternative to address the global water crisis.

2. EXPERIMENTAL SECTION
2.1. Materials. PDMS kits, ethanol, and calcium chloride

anhydrous (CaCl2) nanoparticles were supplied by Biochem-
ical Co., Ltd., Shanghai, China, while a fresh M. Indica leaf was
obtained from Yunnan Provinces, China. Sandpaper, which
was used to prepare the surface roughness was obtained from
statske Co., Ltd., China. A humidifier, hydrometer, and
anemometer were purchased from YADU Science and
Technology Co., Ltd., Beijing. Fiji(ImageJ) and origin Pro
were used for data analysis, while transparent acrylic was set up
as a micro-weather.
2.2. Surface Fabrication. The experimental surface was

replicated using PDMS and calcium chloride anhydrous
(CaCl2) nanoparticles. Inspired by M. indica, CaCl2 nano-
particles were used to mimic the surface wettability of the
designed surface. The surface was dressed with CaCl2
nanoparticles using a facile lithography method (Figure 1). A
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ratio of 20:2 of elastomer (Sylgard 184A/B, Dow Corning)
mass was prepared and stirred in a glass cup using a silver rod.
The air bubbles were removed using a vacuum desiccator
before being set in an oven for 5 min at 60 °C. The (CaCl2)
nanoparticles were gently spread over the semi-cured molten
substrate. The semi-cured molten substrate was covered with
light transparent glass as a 0.5 kg weight solid object was
placed on the top to ensure that (CaCl2) nanoparticles are
neatly attached to the surface of the substrate. Finally, the
semi-molten substrate was again placed in an oven for 6 h to
achieve full cure. For this paper, the end-product of this
fabrication sample has been called biodesigned material (BM),
while a natural M. indica leaf (MIL) was used without further
modification. Sandpaper was used to reduce highly protruded
grooves on the BM surface to maintain surface uniformity,
while ethanol was used to clean the specimens.
2.3. Water Collection. The water collection experiment

was performed using fresh MIL and PDMS dressed with
(CaCl2) nanoparticles. The samples were carefully fixed onto a
sample holder at inclination angles of 30, 45, and 60° from the
horizontal plane, as shown in Figure 2. The atmospheric

moisture was generated by a D20 humidifier under a humidity
and temperature of 80% and 21 ± 2 °C respectively. An
anemometer was utilized to measure the atmospheric water
velocity (2.5 ms−1) as the samples were perpendicularly placed
5 cm away from the sample holder. The BM and MIL surfaces
were of uniform sizes with an area of about 3 × 2cm. The
entire process was recorded with an optical microscope (VHX-
900) and digital camera (Nikon-D90), while the total weight of
water was measured by an electronic scale (JY501). The weight
was measured every 30 min cycle for 90 min as the collection
time was the key in determining the surface with the most

efficient water collection with respect to their respective
inclination angles. Fiji (ImageJ) and origin Pro were used for
data analysis, while transparent acrylic was set up as a micro-
weather.
2.4. Characterization. Surface morphology was inves-

tigated by a scanning electron microscope (SEM, HITACHI-S-
4800), while the mechanical properties of the functional
surface were investigated by a Universal Testing Machine
(WDW-20; Shijin, China). Surface wettability was investigated
using an OCA (JC-200D-1), while the droplet behavior on the
functional surfaces was studied using a VHX-900F.

3. RESULTS AND DISCUSSION
3.1. Surface Design Rationale and Wettability. PDMS

and CaCl2 nanoparticles were used to biodesign the surface of
MIL for effective water collection. To that end, it is important
to design a surface that attracts nucleation without
compromising the movement of droplets similar to the MIL.
The surface smoothness alongside the flatness of the fabricated
PDMS substrate leads to a relatively low droplet nucleation
event. Sequel to that, we designed the surface with CaCl2
nanoparticles to mimic the surface of MIL, as shown in Figure
1. The biodesigned surface has microgrooves with a dimen-
sional width of 5−7 mm, height of 4−6 mm, and spacing of 2−
5 mm alongside the natural material with a similar surface area
that was placed at different orientations during the experiment.
The surface roughness (Ra) of MIL and BM surfaces was
investigated with suitable image software (Fiji/ImageJ). The
BM has a roughness value of 19.5 μm, while MIL gives a value
of 27.4 μm, thus defining MIL to have a rougher surface than
the BM (Figure 3a). However, the designed microgroove on
the BM surface helps retain tiny droplets in between the
grooves similar to the droplet behavior visualized on the
hydrophilic surface (MIL). The surface wettability of both
MIL and BM (chemically homogeneous solid surface) was
investigated, which reflects Young’s equation.40 We deter-
mined the static, receding, and advancing angles using a
goniometer (JC 200D-1) with a 5 μL sessile droplet.
Comparing the BM surface with MIL, the BM surface exhibits
a higher contact angle, which depicts hydrophobic character-
istics, while the MIL surface exhibits low contact angle (CA),
depicting hydrophilic characteristics, as shown in Figure 3b.
Similarly, a smaller receding, advancing, and CA hysteresis was
seen for MIL when compared to the BM surface, as shown in
Table 1. This was as a result of the pinning effects of liquid
droplets on the microgroove surface of MIL, which possesses
hydrophilic features compared to the BM surface.

Figure 1. Biodesigned natural MIL using the soft lithography process. (i) First stage: PDMS molten substrate preparation stage; (ii) second stage:
application of CaCl2 nanoparticles on the molten substrate; and (iii) final stage: finished product (biodesigned substrate).

Figure 2. Schematic illustration of the water collection experimental
setup.
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3.2. Droplet Behavior on Functional Surfaces. Droplet
behaviors were investigated microscopically (VHF-900) by
comparing the droplets’ movement on the functional surfaces
(MIL and BM) at different inclined orientations (30, 45, and
60°). However, the hydrophilic MIL surface as compared to
the designed hydrophobic BM surface provoked more surface
nucleation, thus facilitating the droplet merging and mobility
process at the aforementioned inclination angles. We further
compared the coalescence behavior of droplets on both BM
and MIL surfaces, and it was seen that the tiny droplets on the
functional surfaces were interconnected with fast dissipation
time for MIL than for BM (Figure 4). This was probably
because of external environmental factors such as ambient air,
suction, and absorption. At the respective inclination angles
(30, 45, and 60°), the tiny droplets on the BM surface runoff
to the point of collection within 3.0, 1.45, and 1.20 s,
respectively, while it took 3.10, 2.0, and 1.25 s on the MIL
surface, respectively. One novel phenomenon observed on the
BM surface was that the large droplets seated on the
microgroove (protruded microstructure, as shown in Figure
4ai) were quick to merge with adjacent droplets, forming liquid

columns. This process accelerates the growth and movement
of droplets for collection with the help of gravity. The
generated moisture sits on the microgroove instead of
permeating into the already-designed microgroove. This “sit-
on” of droplets on microgrooves is exposed to ambient air and
thermodynamics, thereby undermining surface adhesion and
efficient collection.

As shown in Figure 4bi, the generated droplets on the MIL
surface were sucked or absorbed into the microgroove when
compared to BM. The suction behavior of tiny droplets set the
stage for a new circle, thereby impeding the formation of large
droplets. In our previous work,41 it was found that it took a
total of 6.47 s for a water film to be formed on the MIL surface
when compared to the BM surface with 5.90 s. Due to the
natural composition of the MIL surface, a liquid bridge was
achieved with the continued generation of moisture, thereby
eventually covering the microgrooves for collection. Some
novel and intriguing departure behaviors of droplets on the
functional surfaces were observed and compared during the
collection at respective orientation angles (30, 45, and 60°). As
seen in Figure 4aii, the BM surface displays a large droplet roll-
off at the orientation angles with no unique pathway for
droplet mobility. The droplet shedding was random with no
specific departure point for collection (assigned with red
arrows) as compared to MIL with a unique pathway for droplet
mobility. It was observed that large droplets ignite high
departure frequency for efficient collection, making it have a
comparative advantage over MIL. Another interesting
phenomenon observed was that large droplets sitting on the

Figure 3. Surface morphology. (a) Surface roughness of both the biodesigned surface (BM) and M. indica leaf (MIL). (b) Contact angle (CA) of
functional surfaces with a (5 μL) sessile droplet on both BM and MIL surfaces.

Table 1. Surface Wettability

materials surface feature

contact
angle
(θ)

advancing
contact

angle (θA)

receding
contact

angle (θR)

contact
angle

hysteresis
(CAH)

BM hydrophobic 110° 117.9° 102.2° 15.7°
MIL hydrophilic 66.8° 72.2° 61.7° 10.5°
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microgrooves were swept off by the generated falling droplets
while a few tiny droplets remained in between the protruded
microgrooves of the BM.
Similarly, on the surface of MIL (Figure 4bii), tiny droplets

accumulate over time and eventually cover the microgroove to
form a water film on the surface for collection at a constant
generation of moisture. During the departure process of the
water film, pocket droplets are swept flowing over the
microgrooves, leading to air in the plughole, a similar scenario
reported by Muth and Shank.42 As the water film grows with
respect to the surface area, it overcomes surface adhesion as it
reaches the apex for departure. The droplet shedding has a
unique pathway (assigned with white arrows) with a specific
departure point called the apex. In comparison, droplets

interact with fewer surface area on the BM surface as a result of
droplet “sit-on” on the microgrooves (Figure 4c), while a large
surface area interaction with droplets occurred on the MIL
surface based on absorption or suction (Figure 4d). This
absorption scenario has resulted in the slow runoff of droplets
on the MIL surface when compared to the BM surface.
3.3. Mechanical and Physical Characterization of

Substrates. The mechanical properties of the harvesting
samples (BM and MIL) were investigated without further
modification to ascertain the tensile strength. Before testing,
the samples were cut into pieces of uniform shapes and sizes,
namely, triangular shapes. The tensile force was exerted on the
samples along the direction of the vein, and a pair of rubber
pads was fixed on the clamps of the universal testing machine

Figure 4. (a) Schematic illustration of the atmospheric water collection on various wettable surfaces (BM and MIL). Microscopy images of the
droplet with respect to droplet runoff duration on (b) BM and (c) MIL.

Figure 5. (a) Mechanical properties of the harvesting samples (BM and MIL). (b) SEM images of BM and MIL surfaces.
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to prevent the samples from damaging by the clamps. The test
of each species was repeated 10 times, and the mean values
were calculated and recorded. From Figure 5a, the tensile
strengths of BM and MIL were analyzed. The BM provides a
higher tensile strength of 7.71 ± 1.21 MPa. One fascinating
fact that came out from the mechanical property investigation
was the high tensile strength of the BM compared to MIL,
which is in total disagreement with the one proposed by Tang
et al.,43 which says that succulent or fresh leaves tend to have a
higher tensile strength than biofabricated materials. The MIL
has a tensile strength of 5.4 ± 1.23 MPa, which shows lesser
tensile strength than BM.
The surface morphology of the water collection substrates

was investigated using SEM, as shown in (Figure 5bi,ii). These
images displayed the hierarchical microstructure of the surfaces
(BM and MIL). Figure 5bi shows the BM surface with
protruded structures with well-defined clustered particles.
From a magnified observation point, the surface is well
covered with (CaCl2) nanoparticles on the surface of the BM
with a diameter ranging between 5 and 10 μm. Figure 5bii
displays a ridge valley-like surface, which aided the pinning of
droplets. The detailed surface morphology of MIL is given in
one of our previous papers.41 Under constant moisture
generation conditions, the microgrooves will be filled first
before extruding to connect other droplets for collection. At
this point, the force of gravity overcomes the retention force at
the respective orientation angles (30, 45, and 60°). From the
SEM investigation, it can be seen that the BM surface achieved
a good degree of mimicking.
3.4. Atmospheric Collection Process. To understand the

different performances of each surface in water harvesting, we
measured and compared the water collection processes of the
functional surfaces. To that end, we horizontally placed the
samples at the respective orientation angle for 30 min for each
inclination angle (30, 45, and 60°). From the previous
literature,41 the atmospheric water collection process consists
of three stages: droplet capturing on the surface, droplet
coalescence, and transportation to its terminal point of
collection. For this work, we assumed that there is enough
supply of moisture on the surface for 90 min with a 30 min
cycle time for each orientation angle. During atmospheric
water harvesting, numerous generated tiny droplets are sprayed
toward the surface and are captured when in direct collision
with the functional surface. Due to the small inertia of the
colliding droplet as well as adhesion between the incoming
droplet and the surface, most of the incoming droplets will be
captured onto the surface irrespective of the surface wettability.
Based on the aforementioned reason, one can conclude that
water transportation at the appropriate inclination angle is a
significant factor for efficient water harvesting from a solid
surface.
On the hydrophobic BM surface, tiny droplets agglomerated

into reasonable droplets as they retained on the wettable
surface. Since there was a surface energy gradient and gravity
action, tiny droplets on the hydrophobic BM surface were
propelled to the departure point, while the large droplets
sitting on the microgroove pillars easily roll-off. Similarly, the
MIL surface generated a Laplace pressure gradient, which
further enhanced the directional movement of water droplets.
To validate this assertion, we quantify the water collection
efficiency of each surface based on the amount of water
collected at different orientation angles (30, 45, and 60°).
Figure 6 quantitatively describes the differences in water

collection efficiency of the surfaces with various wettability
surfaces. The hydrophobic BM surface harvested more water
than the hydrophilic MIL surface as this surface hindered the
droplet roll-off due to surface tension. On the hydrophilic MIL
surface, the tiny droplets first fill the microgrooves either by
absorption or suction before the water film is formed to be
moved over the microgrooves under the action of gravity and
Laplace pressure, leading to the unidirectional transport
process of droplets. It was found that the hydrophilic MIL
surface captured more water than the hydrophobic BM surface
because the water drops adhered tightly to the hydrophilic
surface due to the greater surface tension than the BM
hydrophobic surface.

In addition, we compared the water collection efficiency of
the functional surfaces by fixing the samples onto the holder at
different inclination angles of 30, 45, and 60°. The water
collection efficiency was in accordance with the setup shown in
Figure 2. These samples were exposed to a moisture flow
under a temperature and velocity of 20 ± 1.0 °C and 2.7 ms−1,
respectively. From Figure 6, the 60° inclination angle of both
surfaces (BM and MIL) displayed the highest water collection
efficiency than 30 and 45°. This is as a result of the maximum
contact area interacting with the generated moisture from the
humidifier. The contact area of the functional samples was
calculated using suitable image software (Fiji/ImageJ). The
maximum water efficiency of the 60° inclination angle for both
BM and MIL surfaces ranges from 30 to 36% and is 20−25%
higher than the 30° and 45° inclination angle exposure,
respectively. As we altered the inclination angles to 30° and
45°, lower water collection efficiency was achieved when
compared to the 60° orientation angle. During the 90 min
moisture generation, the BM surface collected a total of 5.66
gcm−2 h−1 water, while the MIL surface collected a total of
4.59 gcm−2 h−1. The overall water collection process occurred
at a steady rate with the 60° inclination angle, showing a very
good water collection efficiency over the other orientation
angles (30 and 45°). Similarly, the hydrophobic BM surface
outperformed the hydrophilic MIL surface in the amount of
water collected at the respective inclination angles (30, 45, and
60°). This is possibly attributed to the orientation angle of the
functional surface toward the direction of moisture generation,
and it shows that a 60° inclination angle is a good orientation
angle to be utilized in harvesting atmospheric water.

Figure 6. Quantity of harvested water at different inclination angles
(30, 45, and 60°). Droplets were harvested from exposed surfaces
(BM and MIL) for 90 min with 30 min intervals for each cycle.
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4. CONCLUSIONS
In conclusion, a novel hydrophobic surface was fabricated and
designed with the PDMS substrate and (CaCl2) nanoparticles.
From the experimental data, it is obvious that inclination
angles through the force of gravity play a crucial role in
efficient water collection. The presence of the microgroove
textures helps absorbed tiny droplets on the MIL surface.
Unlike the BM surface where large droplets sit on the
microgroove pillars while tiny droplets trap in-between the
pillars before finally running off to be collected. Such a surface
allows droplets to be removed rapidly with a fast runoff time
compared to the MIL surface. Here, we have demonstrated
that the state-of-the-art hydrophobic BM surface outperforms
the natural hydrophilic MIL surface in atmospheric water
harvesting at the respective orientation angles 30, 45, and 60°.
It is noteworthy to mention that the BM surface has a good
efficient water collection rate at an inclination angle of 60° over
other orientation angles and the MIL surface. The hydro-
phobic BM surface having higher contact angle hysteresis,
transports water most rapidly to be harvested with a
comparative advantage over the MIL surface. The advantage
of the BM surface in water collection increases at a higher
angle of inclination over the MIL surface. With 60° inclination,
gravitational force tendency is increased, which means that
gravity overcomes droplet pinning and retention forces on
both surfaces. Overall, our results indicate that the designed
surface greatly influences water collection, especially in arid
regions without compromising droplet mobility. Finally, this
result provides an insight into the design of a surface with a
well-defined angle of inclination good enough for efficient and
fast water collection.
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