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A B S T R A C T   

Water is a vital component for all living organisms, yet persistent water scarcity remains a global challenge. One 
potential solution lies in replicating the atmospheric water collection mechanism observed in the Stenocara 
beetle, characterized by a dorsal surface featuring alternating hydrophilic and hydrophobic regions. In this study, 
we have designed and examined two distinct biphilic patterned surface configurations, integrating various 
technologies, to mimic the beetle’s water collection strategy. Our investigation evaluates the efficiency of these 
surfaces in both capturing water from fog and condensing water from dew. For fog collection two parameters 
were the most impactful: the roughness and the wettability contrast between hydrophilic and hydrophobic zones. 
In contrast, dew condensation was influenced by additional parameters notably the patterns’ size and density 
that directly affect the water contact angle. It is worth noting, however, that the optimal surface for fog collection 
may not necessarily coincide with the most effective surface for dew condensation. Furthermore, our research 
includes a comparative analysis between the theoretically predicted volume of water droplet departure and the 
empirically observed results.   

1. Introduction 

In recent years, the water scarcity crisis has reached alarming pro-
portions: almost two thirds of the world’s population (four billion peo-
ple) experience severe water scarcity for at least one month a year and 
half of the world’s population could reside in areas facing water scarcity 
by as early as 2025 [1]. In response to this issue, numerous strategies 
have been proposed such as water desalination and filtration systems. 
However, these methodologies are not only expensive but also energy- 
consuming [2]. 

Collecting water from the air, through fog harvesting or dew 
condensing, is a sustainable, low-cost potential solution. Fog forms 
when tiny water droplets in the air accumulate, usually ranging from 1 
to 50 μm in size [3], while dew is the condensed water from the atmo-
sphere that can be collected when the surface temperature drops below 
the dew point of the atmosphere [4]. Practically, a range of atmospheric 
water harvesting techniques already exist. Notably, active and passive 
dewing techniques are developed and various companies are actively 
engaged in the production of large-scale dewing systems. As for fog 
harvesting, meshes are strategically placed perpendicular to the 

direction of the wind to capture fog droplets [5,6]. Nevertheless, these 
technologies can be optimized through an exploration of various pa-
rameters involved in mesh synthesis, the design of fog harvesting sur-
faces, and the ongoing development of dewing systems. 

Drawing inspiration from natural processes, several techniques for 
collecting atmospheric water have been explored. Among these, the 
mechanism observed in the Stenocara beetle has garnered significant 
attention. These beetles possess a unique back surface featuring hydro-
philic non-waxy bumps on a waxy hydrophobic surface [7–9]. The 
principle behind the hydrophobic/hydrophilic interplay is shown sche-
matically on figure S1 in the Supplementary Information. Droplets 
appear on both hydrophobic and hydrophilic zones, but they are linked 
to the density of nucleation sites in the case of condensation, and to the 
impact of microdroplets of liquid water in the case of fog. Furthermore, 
droplets nucleated or captured on hydrophobic zones easily migrate 
towards hydrophilic zones, where they coalesce until reaching a critical 
size which, under the effect of gravity, causes them to fall, enabling them 
to be collected. In the case of fog, the main difference is that the amount 
of water present in the atmosphere is 100 times greater [4]. The same 
patterns are not the most optimized for both types of collection, since a 
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surface on which the droplets are highly mobile is preferable in the case 
of fog, corresponding to a more hydrophobic surface overall, whereas 
condensation requires an increase in the density of possible nucleation 
sites, with nucleation favored on hydrophilic zones. This has been 
demonstrated by Nioras et al. [10] in the case of motifs with dimensions 
equal to or greater than 400 μm. In this work, we will also consider the 
two collection modes (dew and fog). 

Efforts to understand the physics of fog and dew collection have 
improved efficiency, offering diverse perspectives: chemists and mate-
rial scientists study surface chemistry, mechanical engineers focus on 
heat transfer and fluid dynamics, and earth scientists analyze natural 
condensation and collection phenomena [11]. Within surface chemistry 
researchers, some have focused their efforts on patterning surfaces with 
distinct wettability contrasts by combining superhydrophobic and hy-
drophilic zones employing techniques such as electrospraying [12,13], 
laser direct writing [14,15] and inkjet printing [16]. Various patterns 
have been explored including straight stripes [16] or interdigitated lines 
[17], triangles [18] , grooves [19], squares [20] and dots [21]. 

On the other hand, others have chosen to emphasize the develop-
ment of hierarchical structures with more subtle variations in wetta-
bility [7,22–25] for collecting water from fog or condensing water from 
dew. These research papers present data on water collection rates. 
However, comparing these rates proves challenging due to the de-
pendency on test conditions and the fundamental differences in the 
mechanisms for collecting water from fog and condensing water from 
dew. All these studies have resulted in several review articles [3,9,26]. 

Additionally, in the literature, some researchers investigate dew 
condensation from a heat transfer perspective, aiming to improve the 
heat transfer coefficient [27–30]. 

In many publications, the authors study the rates of condensation or 
fog harvesting on a type of surface for which they vary a single 
parameter: pattern shape, or roughness. In the case of patterns, the di-
mensions are generally of the order of several hundred micrometers, or 
even millimeters, or in a smaller range when the biphilic behavior is 
based on composite materials including specific particles. It is important 
to be able to study the impact of these dimensions in a wider range, from 
the micron to the millimeter. In this work, we have chosen to produce 
surfaces featuring hydrophobic and hydrophilic zones with variable 
materials and roughness, in order to analyze all the parameters as a 
whole. 

2. Experimental 

To achieve a diverse range of surfaces with various materials and 
shapes combining hydrophilic and hydrophobic zones, several techno-
logical processes were optimized on 4-inch Si wafers. These optimized 
procedures are outlined in Figure 1 and are based on combinations of 
optical Ultraviolet lithography, plasma treatment and metal deposition. 
In our research, we used negative optical resists, specifically OrmoComp 
from MicroResist Technology (Berlin, Germany), and SU-8 2010. 

The procedure of the first method is the following (Schema available 

in Supplementary Information, figure S2): after spin-coating the desired 
polymer, we employed a lithography technique using SmartPrint UV 
equipment from Microlight 3D, that is a maskless lithography tool. By 
selectively exposing the polymer surface to ultraviolet (UV) light, 
various patterns could be formed after development. We achieved hy-
drophobic polymer triangles in relief or hollow hydrophilic silicon tri-
angles with base lengths ranging from 10 μm to 100 μm and pattern 
densities ranging from 8% to 37%. To enhance the surface characteris-
tics, we subjected it to plasma treatment. For the OrmoComp polymer, a 
plasma of Cl2O2 was employed, while for SU-8, a plasma of O2 was used. 
These specific gases were chosen because they played a crucial role in 
creating the desired nanoscale roughness for their respective materials. 
Continuing with the surface treatment, we subsequently exposed the 
surfaces to CF4 plasma, resulting in the formation of a thin fluorinated 
layer on the polymer’s surface. This layer made the polymer’s surface 
hydrophobic forming CF and CF2 bonds, but did not react with the sil-
icon surface, which remained hydrophilic. This was confirmed by XPS 
analysis as detailed in the Supplementary Information (Figure S3). This 
analysis revealed a distinct fluorine peak at a binding energy of 685 eV 
within the OrmoComp spectrum, while no such peak was observed in the 
plasma-treated silicon. Furthermore, comparison of the carbon spectra 
between untreated OrmoComp and treated silicon highlighted the 
emergence of CF and CF2 bonds. The SU-8 spectrum resembled that of 
OrmoComp, affirming the presence of fluorine. As a result, we success-
fully generated patterned surfaces featuring a hydrophobic polymer and 
hydrophilic silicon zones (Figure 1-a). 

In the second approach (Schema available in Supplementary Infor-
mation, figure S4), we initiated the process by subjecting the spin coated 
polymer surfaces to a plasma treatment using the same gases mentioned 
previously for OrmoComp and SU-8. A Polyethylene Terephthalate 
(PET) flexible foil was also roughened with O2 and CF4 plasma treat-
ments becoming superhydrophobic (water contact angle (WCA) of 150◦

and contact angle hysteresis (CAH) lower than 10◦). Following this 
treatment, a 100 nm layer of aluminum was deposited onto the treated 
surfaces through the use of different masks. Stainless meshes were used 
to obtain square apertures with sides measuring 210 μm. Triangular 
apertures with a base measuring 300 μm were also obtained by laser 
exposure in an aluminum foil. As a result, using these two masks, we 
successfully generated metallic hydrophilic patterns on a hydrophobic 
polymer surface (see Figure 1-b). Atomic Force Microscopy (AFM 
analysis) revealed that OrmoComp surfaces treated with Cl2O2 and CF4 
exhibit minimal roughness, with a root mean square roughness (Rq) of 
just 15 nm (Figure S5-a). In contrast, SU-8 surfaces subjected to O2 and 
CF4 treatment can exhibit either moderate roughness, with an Rq of 78 
nm (Figure S5-b), or a significantly higher roughness, measuring 164 nm 
(Figure S5-c), depending on whether thermal paste was used to fix the 
sample during plasma processing or not. The roughened PET displays 
low roughness with Rq = 41 nm. 

In addition, we prepared homogeneous samples with hydrophilic 
and hydrophobic properties, serving as reference points. For the hy-
drophilic category, we crafted two samples: the first one was a plasma 

Fig. 1. Prepared patterned samples using: a) UV lithography and plasma treatment, b) metal deposition through a mesh followed by plasma treatment. In the photos, 
blue color represents hydrophobic zones, and grey color indicates hydrophilic zones. (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.) 
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treated silicon wafer and the second featured an SU-8 film treated with 
O2 and CF4, subsequently coated homogeneously with aluminum. These 
hydrophilic samples displayed minimal contact angles, measuring less 
than 10◦ just after fabrication, and had a surface energy of approxi-
mately 40 mN/m. However, due to the surface aging, WCA of both 
samples increased to reach values greater than 50◦. 

We prepared also two hydrophobic samples: one underwent plasma 
treatment on OrmoComp, resulting in a contact angle of 107◦, and the 
other underwent plasma treatment on an SU-8 sample, yielding a con-
tact angle of 135◦. Both of these hydrophobic surfaces exhibited a 
contact angle hysteresis of around 40◦. These samples also underwent 
aging and tended to become less hydrophobic after being in contact with 
water during water collection tests. 

All homogeneous samples are summarized in Table 1. Contact angles 
were measured every week in order to monitor their properties when 
used for condensation or collection studies. 

These materials were used to fabricate biphilic patterned samples, 
described in Table 2. The global contact angle of these biphilic surfaces 
is not accurately indicated, since it can vary due to aging. Regular an-
alyses performed every week show that patterned samples made with 
OrmoComp polymer are more stable over time, maintaining overall 
consistent water contact angles. For this reason, these samples were also 
considered for water condensation tests later. However, samples made 
with SU-8 polymer tend to become less stable, with water contact angles 
varying over time. Samples featuring aluminum particles on their sur-
face were the less stable, exhibiting increased hydrophobicity, attrib-
uted to the contamination of aluminum particles by carbon present in 
the surrounding environment [31]. 

In the case of a variation, the final observed range is indicated in 
Table 2, and the exact value is mentioned when presenting the water 
harvesting and condensation results. Bold lines in Table 1 and Table 2 
represent the samples that were tested for water collection efficiency. 

Samples were characterized by water contact angle measurement 
using the drop shape analyzer (DSA100) and atomic force microscopy 
(AFM) (Figure S5). 

2.1. Water collection tests 

In the water collection tests, we employed a commercial humidifier 
with a water flow rate of approximately 150 mL/h. This flow was 
directed into a chamber where the sample was securely positioned on a 
vertical stand (see Figure S6) with a distance of 25 cm between the 
humidifier and the surface. Collected water was weighed using a scale. 
We conducted these tests on reference samples and on patterned samples 
with triangular patterns, over a duration of two hours, calculating the 
water collection rates (WCR) in units of milligrams per square centi-
meter per hour (mg/cm2/h). These experiments were conducted at room 
temperature, and the humidity inside the chamber was maintained at 
levels exceeding 90%. Under these conditions, evaporated water from 
the water collection jar is estimated to be 20mg g/min. We want to 
precise that all experiments were conducted in cleanroom, with 

controlled temperature and humidity ratio; so that the evaporation is 
stable. 

2.2. Water condensation tests 

We conducted the tests inside a climatic chamber with a constant 
temperature of 298K (25◦C) and a relative humidity of 90%. To create a 
temperature contrast, we used a Peltier device (Figure S7) to cool the 
sample down to 288K. This temperature contrast resulted in a difference 
of 8 K between the sample’s surface temperature and the dew point 
temperature, which was approximately 296.2 K under the chamber’s 
conditions. 

3. Results and discussion 

3.1. Water collection efficiency 

The results from the water collection tests (Figure 2) confirm findings 
in the existing literature, highlighting that biphilic samples outperform 
homogeneous ones [31,32]. Considering the homogeneous surfaces, the 
water collection rate (WCR) is higher on the hydrophobic surface, as 
confirmed by Nioras et al [4] who demonstrated that a high droplet 
mobility is more efficient in the case of fog droplets capture. 

Among the biphilic samples depicted in blue in Figure 2, most of the 
samples exhibit a WCR in the 400-500 mg/cm2/h range. Nevertheless, 
these rates are impacted by the evaporation of water from the collection 
dish, with an evaporation rate of 20 mg/min. If we take into account this 
evaporation, we can consider that the real water harvesting rate is close 
to 1.7 g/cm2/h. This value is comparable to literature where collection 
rates range between 500 mg/cm2/h [24,33] and 5 g/cm2/h [25] 
depending on fog flow conditions; In the following, we consider the 
measured values, without taking account the amount of evaporated 
water for comparison of the different surfaces. The highest WCR of 660 
mg/cm2/h is obtained for sample 13 that corresponds to 300 μm hy-
drophilic Al triangles surrounded by hydrophobic fluorinated SU8 resist. 
This distinction could be attributed to various reasons. All the other 
biphilic surfaces presented in Figure 2 were obtained using OrmoComp 
polymer, with a lower roughness (Rq = 15 nm) and various triangles 
with base sizes ranging from 10 μm to 100 μm. But the major difference 
is that the contact angle of the hydrophobic areas is 135◦, that is higher 
than the hydrophobic fluorinated OrmoComp one which is 107◦ only. 
This parameter probably increases the droplet mobility offering a 
distinct advantage for fog harvesting. This difference is induced by the 
roughness and the surface chemistry, creating a more pronounced angle 
contrast within the biphilic sample. These combined characteristics 
make the sample 13 more effective in water collection. 

The PET/Al sample is also characterized by a high angle contrast 
between the fluorinated PET zones and the Al triangles since homoge-
neous fluorinated PET exhibits superhydrophobic behavior. However, 
despite this contrast, the WCR for this sample is low compared to others. 
The main reason for this behavior is likely due to the superhydrophobic 
nature of fluorinated PET. Specifically, when the contact angle reaches 
150◦ and the contact angle hysteresis stays below 10◦, it leads to 
extremely mobile droplets that can jump rather than roll. Conversely, on 
a moderately hydrophobic surface like fluorinated SU8, with a contact 
angle of 135◦ and a contact angle hysteresis of 40◦, droplets tend to grow 
into a spherical shape before rolling, aiding in their collection. 

Considering the other biphilic surfaces based on hydrophilic silicon 
and hydrophobic fluorinated resists, we can observe that WCR is not 
influenced by the patterns’ polarity (whether the triangles were made of 
hydrophobic polymer or hydrophilic silicon), nor by the triangles’ di-
mensions or density. We will see in following results that this behavior is 
specific to fog harvesting and is different when considering condensa-
tion. Additionally, we observe that samples 2 and 3 have an overall 
hydrophilic surface (with a contact angle of 35◦) due to the low density 
of 10 μm hydrophobic triangles. Despite this, the WCR value in this 

Table 1 
Homogeneous samples prepared.   

Samples Materials WCA Rq in 
nm 

Hydrophilic 
Samples 

Si Hydrophilic Si 
10◦ (t0)- 60◦ after 
water collection 

tests 
6 

Al/SU8 Hydrophilic Al 
10◦ (t0) - 50◦ after the 
reaction of Al with the 

ambient air 
164 

Hydrophobic 
Samples 

Ormo 
Hydrophobic 
OrmoComp 107◦ 15 

SU8 Hydrophobic SU8 135◦ 164 
PET Hydrophobic PET 150◦ 40  
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particular case is comparable to that obtained on other biphilic surfaces 
with higher contact angles. These results demonstrate that the key 
parameter is a biphilic surface with moderate hydrophobic areas, and 
that a higher roughness is advantageous for fog collecting. 

However, it is worth noting that during our experiments on a surface 
with exceptionally high micrometric-level roughness due to the pres-
ence of metal aggregates in a polymer matrix, we observed that this 
excessive roughness hindered droplet sliding, thereby negatively 
affecting the WCR. 

3.2. Theoretical and experimental volume of water droplet departure 

To improve the understanding of the obtained results, we calculated 
the radius (rmax) and the volume (V) of the falling drop corresponding to 
each sample using the equations established by several authors [34,35] 
in the case of a vertical surface. The falling droplet volume (V) depends 
on the relation between gravity and adhesion force that is determined by 
the surface wettability, and therefore the water contact angle θ, the 
advancing and receding angles θa and θr, the surface tension σ, and a 
constant c that represents the deformation of the droplet that equals 48

π3 =

1.548 [36]. 

The radius of the falling drop is: rmax =
(

6c(cosθr − cosθa)sinθ
π(2− 3cosθ+cos3θ)

σ
ρg

)1
2 [35] 

with ρ the water density and g the gravitational acceleration. The falling 

droplet volume becomes: V = π.rmax
3
(

2− 3cosθ+cos3θ
3

)
[36]. 

We experimentally determined the volume of the sliding droplet 
using the drop shape analyzer (DSA100), which corresponds to the 
droplet rolling on the surface when the DSA100 holder is tilted to 90◦. 
Thereafter, we compared these volumes and created the histogram 
shown in Figure 3. 

Our findings can be summarized as follows: Hydrophilic samples 
with water contact angles less than 60◦ presented low departure vol-
umes, showing good agreement between theoretical and experimental 
values, whether the surface is homogeneous or biphilic. These surfaces 
are so hydrophilic that small droplets fall down easily [37]. Hydrophilic 
samples with greater contact angles in the range of 60◦-80◦ had higher 
water departure volumes because droplets grew before rolling off. 
However, hydrophobic samples with contact angles over 90◦ had con-
flicting results. The experimental departure volume exceeded the theo-
retical value, despite being expected to repel water (hydrophobic). This 
anomaly was attributed to a high contact angle hysteresis (CAH) of 40◦, 
leading to the loss of superhydrophobicity and subsequent pinning of 
water droplets to the surface’s rough features, causing them to adopt the 
Wenzel state. This difference was already discussed [38]. It was also 
concluded in ref [34] that a high CAH is more efficient for water har-
vesting on surfaces with a high contact angle of 150◦ to permit the 
growth of droplets before rolling. 

3.3. Water condensation efficiency 

Shifting from fog collection to water condensation, we tested six 
samples to explore various parameters. We monitored the surface 
changes of these samples under constant conditions: a temperature of 
298 K and a relative humidity of 90%, capturing photos every five mi-
nutes. Initially we examined homogeneous samples: the hydrophilic 
sample Al/SU8 with a water contact angle (WCA) of 10◦ and the hy-
drophobic SU8 with WCA= 135◦. After a 30-minute observation period, 
it was noteworthy that there were no visible water droplets present on 
the hydrophilic surface. However, during this time, a thin film had 
developed on this surface, as depicted in Figure 4. This behavior is 
typical of hydrophilic surfaces, where nuclei tend to grow and 

Table 2 
Prepared samples; △ represents hydrophilic hollow triangles, ▴ represents hydrophobic raised triangles and □ represents hydrophilic aluminum squares.  

Samples Hydrophilic Material Hydrophobic Material Patterns shape, base length and 
tonality 

Pitch along X 
axis 

Pitch along Y 
axis 

WCA Rq in nm 

1 Hydrophilic Si (50◦) Hydrophobic OrmoComp (107◦) △ 10 μm 5 5 87◦ 15 
2 Hydrophilic Si (50◦) Hydrophobic OrmoComp 

(107◦) 
▴ 10 μm 10 30 40◦ 15 

3 Hydrophilic Si (50◦) Hydrophobic OrmoComp 
(107◦) 

▴ 10 μm 20 10 35◦ 15 

4 Hydrophilic Si (50◦) Hydrophobic OrmoComp 
(107◦) 

▴ 50 μm 50 50 68◦ 15 

5 Hydrophilic Si (50◦) Hydrophobic OrmoComp 
(107◦) 

△ 100 μm 20 20 75◦ 15 

6 Hydrophilic Si (50◦) Hydrophobic OrmoComp 
(107◦) 

▴ 100 μm 20 20 75◦-85◦ 15 

7 Hydrophilic Si (50◦) Hydrophobic OrmoComp (107◦) △ 50 μm 50 50 78◦- 
101◦

15 

8 Hydrophilic Si (50◦) Hydrophobic SU8 (135◦) △ 100 μm 50 20 105◦ 78 
9 Hydrophilic Si (50◦) Hydrophobic SU8 (135◦) △ 100 μm 50 20 115◦ 164 
10 Hydrophilic Si (50◦) Hydrophobic SU8 (135◦) ▴ 100 μm 50 20 125◦ 164 
11 Hydrophilic Al (30◦) Hydrophobic SU8 (135◦) □ 210 μm 140 140 56◦-77◦ 78 
12 Hydrophilic Al (30◦) Hydrophobic SU8 (135◦) □ 210 μm 140 140 99◦ 164 
13 Hydrophilic Al 

(30◦) 
Hydrophobic SU8 (135◦) △ 300 μm of Al 200 200 70◦-80◦ 78 

Al/PET Hydrophilic Al 
(30◦) 

Hydrophobic PET (150◦) △ 300 μm of Al 200 200 135◦ 41  

Fig. 2. Water Collection Rate of different samples as a function of the water 
contact angle. In the photos, blue color represents patterned samples and or-
ange color indicates homogeneous samples. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of 
this article.) 
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eventually cover the surface, resembling the process of filmwise 
condensation [39]. Conversely, on the hydrophobic surface of SU8, 
water droplets were observed to increase in size over the 30-minute 
observation period, yet they did not coalesce. Additionally, no rolling 
of these droplets was observed, primarily due to the significant contact 
angle hysteresis (CAH) of 40◦, which caused the droplets to strongly 
adhere to the surface (Figure 4). 

In our study of biphilic surfaces, we compared samples that were 
prepared using the same method: metal deposition through a mask, or 
lithography in the polymer film. In order to study the role of roughness 
on water condensation, we used samples created through metal depo-
sition with a mesh: we compared the sample 11, which has low rough-
ness and a WCA of 77◦, and sample 12, which has high roughness and a 
WCA of 99◦. At the 15-minute mark, we observed that droplets formed 
on sample 11 could slide off rapidly, (Figure 5), whereas on sample 12, 
they took more time to coalesce and increase in size before rolling off 
(Figure 5). By the 30-minute mark, some droplets on sample 11 had slid 
down, but no new droplets had formed. On the rougher sample, new 
water droplets appeared at 30 minutes in these areas after first droplet 
rolling. The reason for this difference is that in sample 11, when droplets 

fall from the surface, they create a film that prevents new drops from 
forming. On the other hand, in sample 12, the rough surface and the 
higher contact angle favor dropwise condensation and drops regenera-
tion. The higher roughness is therefore advantageous for dew 
condensation. 

Next, we compared samples prepared using lithography to evaluate 
the impact of pattern size and density on dew condensation: we selected 
sample 6, featuring hydrophobic triangles with a base length of 100 μm 
in a hydrophilic background resulting in a WCA of 77◦, and sample 1 
which has hydrophilic triangles with a base length of 10 μm in a hy-
drophobic background. On sample 6, drops started sliding at 20 minutes 
(Figure 6), whereas on sample 1, no drops had slid by that time. 

At the 25-minute mark, new drops appeared in areas free of rolling 
drops, on the surface of sample 6, while the first drop slid from the 
surface of sample 1 but without further new droplets nucleation. This 
behavior was confirmed after longer time. The interpretation of the re-
sults is influenced by sample 1’s design in two key ways. First, its limited 
hydrophilic zones, due to small and sparse triangles, results in few 
nucleation sites, making the nucleation process highly random. Second, 
the triangles are 10 times larger on sample 6 (100 μm compared to 10 
μm) and the triangles are hydrophobic, surrounded by hydrophilic Si. 
This design favors dropwise condensation with circular droplets. Other 

Fig. 3. Theoretical vs experimental volume of droplet departure.  

Fig. 4. Condensation photos for homogeneous samples (hydrophilic and hy-
drophobic) at t = 30 min. 

Fig. 5. Condensation photos for samples 11 and 12 at t = 15 min and t =
30 min. 
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experiments performed on similar surfaces with square patterns with 
dimensions ranging from 10μm to 500μm also demonstrated that 100 
μm hydrophobic structures are promoting dew condensation thanks to 
circular droplets easily rolling after coalescence and growth. This sug-
gests that unlike fog collection, the size of the pattern does impact the 
dew collection rate. However, the discrepancy in water harvesting rates 
in this scenario is not particularly significant. Through our condensation 
experiments, we determined that the order of dew water collection rate 
(WCR) is 90 mg/cm2/h, which is approximately five times lower than 
the fog WCR on similar surfaces. This distinction between fog and dew 
WCR has been previously noted in reference [4]. The 90 mg/cm2/h 
condensation rate was obtained in the following conditions: 80% hu-
midity ratio, 30◦C in the climatic chamber, ΔT = 12k between the 
cooled surface and the dew point, and Δω = 21 gwater/kgdry air. This rate 
is comparable to the one obtained in ref [40] on hierarchical Al and Cu 
rough surfaces, and on the biphilic surface prepared in reference [12]. 

In Sample 6, we observed large circular droplets. Using pictures, we 
measured the radius of a specific droplet marked in white, finding it to 
be 2.9 mm. Considering the equation established in reference [35] and 
mentioned above, the calculated radius of a falling droplet was 3.5 mm. 
To assess the variance between both radii, we illustrated on Figure 66 
the experimental droplet size in white and the calculated theoretical size 
in orange. The theoretical droplet size appears to be slightly bigger. This 
comparison is coherent since the same order of magnitude is obtained, 
taking into account the low accuracy of the experimental measurement 
and the fact that it is determined before drop rolling. 

The present goal is to refine design rules impacting water harvesting. 
These model surfaces will help in optimizing surfaces with more durable 
and cost-effective materials and processes. 

4. Conclusion 

This work presented a comprehensive analysis of sample capabilities 
in collecting water from fog featuring small water droplets and 
condensing water from dew. The present goal was to refine design rules 
impacting water harvesting. For this purpose, three types of patterned 
samples were fabricated using and combining lithography, metal 
deposition and plasma roughening while carefully exploring diverse 
patterns, sizes, roughness levels, wettability characteristics, and chem-
ical compositions. The findings demonstrate the superiority of biphilic 
patterned samples in both water collection and condensation processes. 
However, our study also showed that samples ideal for efficient water 
collection may not necessarily be optimal for water condensation, 
highlighting the nuanced nature of these mechanisms. Our research 
helps the design of surfaces for water harvesting, which can be valuable 
for improving water collection methods in the future. These model 
surfaces will help in optimizing surfaces with more durable and cost- 

effective materials and processes. 
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