
The  Effect of Hygroscopicity on Water Collection Rates and Self-Cleaning Rates in a Condensing Environment

Jordan Eidlisz1, Illya Nayshevsky1,2 , QianFeng Xu1,3, and Alan M. Lyons1,2,3
1 College of Staten Island, City University of New York; 2 Ph.D. Program in Chemistry at The Graduate Center, City University of New York; 3 ARL Designs LLC

Introduction

Experimental Results

Soiling Principles

Hygroscopicity

A major challenge in the modern field of solar energy is the 
soiling of photovoltaic panels, which can cause a significant loss 
of electrical output. In addition, dew can promote chemical 
interactions between the dust and glass that can lead to 
increased cleaning difficulty and expenses. Various anti-soiling 
coatings have been developed to address these issues, and prior 
experiments have quantified the impact that different soilant 
types can have on these surfaces. In this experiment, we 
analyzed the impact that the hygroscopicity of a soilant can have 
on both the soiling and self-cleaning rates of coated glass 
surfaces. Arizona Test Dust, NaCl, and CaCl2 were used, each of 
which with a differing hygroscopic nature. It was found that 
there were some correlations between increasing hygroscopic 
nature and a greater impact on transmittance loss, water drop 
size, and time prior to first drop slide-off. However, further study 
is needed to obtain additional significant data . 
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Anti-Soiling Mechanism 
• Hygroscopicity is the tendency of a solid

to absorb moisture form the air
• Deliquescence relative humidity (DRH):

The relative humidity (RH) value at which
the mineral will absorb sufficient water
to become an aqueous solution

• The solubility and DRH of Arizona Test
Dust (ARD), NaCl, and CaCl2 ( the soilants
used in this experiment) are shown
below:

Analysis:
• Transmittance measurements from 350 

– 850 nm were taken at three locations 
before soiling (A0) and after soiling (AD) 
for each sample. 

• Microscopy images were taken at five 
locations before soiling (A0) and after 
soiling (AD) for each sample. A python 
program was used to analyze these 
images and quantify surface area 
coverage. 

Discussion / Conclusion
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10 minutes at 
50 °C 

Artificial Dew Cleaning

Procedure Artificial Dew Cleaning Chamber Procedure:
• After soiling, samples were placed in 

the artificial dew cleaning chamber. 
Lowering the temperature of the glass 
surface induced water to condense on 
the surface

• Samples were placed at a 45° angle and 
cooled at 10 °C for two hours. 

• A high definition camera took images 
of the sample once per minute 
throughout this process.

Analysis:
• After two hours had passed, the water 

collection vial was weighted in order to 
assess the total amount of water that 
had condensed on the surface.

• Microscopy and Transmittance 
measurements were once again taken 
(AC) 

• The images taken were used to analyze
cleaning time and efficacy

Figure 1. There does appear to be a correlation with increasing 
hygroscopic nature of the soilant and a greater impact on transmittance 
lost, as well as a larger variance, which implies a less uniform soiling. 

Figure 3. There is no apparent correlation between 
the hygroscopic nature of the soilant and the % 
Transmittance restored after cleaning.

0.010

0.0074

0.0059
0.0064

0

0.002

0.004

0.006

0.008

0.01

0.012

Soilant Used

W
at

e
r 

C
o

ll
e

ct
io

n
 R

at
e

 (
m

g
/m

m
^

2
 

m
in

)

Average Water Collection Rate Per Soilant Used 

Control

ARD

NaCl

CaCl2

60
56

62
68

0

10

20

30

40

50

60

70

80

A
ve

ra
ge

 T
im

e
 U

n
ti

l F
ir

st
 D

ro
p

 

R
o

ll
o

ff
 (

M
in

u
te

s)

Soilant Used

Average Time Until First Drop Slide-Off

Control

ARD

NaCl

CaCl2

7

23

4.8
6.1

2.5

6.5

26

5.1
6.5

2.8

6.5

29

5.6 6.6

3.3
6

35

6.6 6.7

3.5

0

5

10

15

20

25

30

35

40

Average Number of
Drop Events

Average Drop Area
(mm^2)

Average Drop Width
(mm)

Average Drop Height
(mm)

Average Number of
Hybrid Features Drop

Adheres to Prior to
Slide-Off

Drop Information Summary 

Control

ARD

NaCl

CaCl2

Figure 4. A correlation with increasing hygroscopic 
nature of the soilant and a longer time prior to first 
drop slide-off can be seen

Figure 2. A correlation with increasing hygroscopic nature of 
the soilant and a greater water droplet size formed can be seen

The Challenge
Reflections

4% of the light
energy is reflected
off the outer glass
surface

Dirt
10 to 50% of the 
electrical output 
can be lost to dust.

Ice
Ice accumulation 
results in 1-10% lost 
power. 

Dust that accumulates on the solar cover glass of a 
PV module scatters light, thereby reducing energy 
output and necessitating periodic cleaning. 
• Impact in USA on LCOE is estimated to be 1¢/kWh 

[1]
• Impact  in other regions: annual soiling loss may be 

as high as 50% [2]

• Prior studies have shown that
hydrophobic surfaces have anti-
soiling properties compared to
hydrophilic bare glass surfaces1.

• This phenomenon is due to the
anti-soling mechanism shown in
the diagram to the right.

• As illustrated, on a hydrophobic
surface the water drop shrinks
when it evaporates and “herds”
the dust into a central point,
lowering the soiling rate.

Anti-Soiling Mechanism of 
Hydrophobic Surfaces

• Prior studies have shown that hybrid surfaces lead to more efficient cleaning
of surfaces compared to both hydrophobic and hydrophilic surfaces2,3.

• A hybrid surface consists of two regions:
• Hydrophilic features, designed to encourage water drop formation
• The remainder of the surface is hydrophobic, allowing the drop to easily

wash away particles that are herded by the anti-soiling mechanism of
hydrophobic surfaces

Hybrid Surfaces

a) Image of a
Hybrid surface

b) Zoomed in
image of the 
hydrophilic  
hybrid features

Discussion:
• It is important to note that CaCl2 often soils as a thin film. This explains why even though both ARD (figure 6) and NaCl (figure 7) appear to be more soiled in the

microscopy images, CaCl2 soiled samples still had the largest average decrease in transmittance.
• Hygroscopic soilants are highly soluble in water. This could help explain why even though NaCl and CaCl2 both have a larger impact as soilants compared to ARD,

they all have a very high % transmittance restored, as during washing, the highly soluble NaCl and CaCl2 both readily dissolve in water and are washed off.
• In figure 5, the water collection rate appears to be lower for both NaCl and CaCl2 because although larger drops form on them (figure 2), these larger drops then

adhere to a greater number of channels, which requires more force to roll off. This also explains why the average time until first drop slide off increases with the
hygroscopic nature of the soilant.

Conclusion:
There does appear to be multiple correlations associated with the hygroscopic nature of the soilant. Although more hygroscopic soilants may cause a greater initial
decrease in transmittance due to soiling, they do not appear to effect the self-cleaning efficacy of the Hybrid surfaces. This can be due to more hygroscopic soilants
forming larger water drops upon them, which can efficiently clean the sample.

Figure 5. There is no apparent 
correlation between the hygroscopic 
nature of the soilant and the water 
collection rate

Arizona Test Dust NaCl CaCl2

After 4 dust 
applications:

After 
cleaning:

Figure 6. Figure 7. Figure 8.

Figure 9. Figure 10. Figure 11.

Sample Microscopy Images:

Hybrid samples are placed in the chamber
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