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Abstract

The application of antireflective (AR) coatings giass components for solar thermal collectors and P
modules increases the solar efficiency by increpsie sun energy that reaches the active layer. |dWve
refractive index of this material required to dgtithe condition of producing destructive interfiece in
AR/glass interfaces, makes necessary to deposiupdailica layers which are mechanically weaken tthanse
silica layers. Soiling of AR coated glass glazirg only can reduce the solar transmittance anccas® the
scattering but also can deteriorate the surfadheofAR coating leading to irreversible damage biyasion and
reducing the long-term performance. The use ofraisailing (AS) coating on the top of the AR surdacould
avoid this yield loss due to soiling and increattes durability of the solar device. This paper dibss the
effect on the soiling and cleaning of an AS treattmen AR coated glass samples. The effect of tinepka
soiling, the type of sand applied and the brustdus#s been studied. The AS coating not only affdus
sample soiling but also diminishes the surface dgma
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1. Introduction

It is widely known the use of AR coatings on glassers to increase the efficiency of solar systéifs and
solar thermal technologies). The most common comiaeAR coatings for glass consist of a porougailayer
which satisfies the low refractive index requiremenhe porous structure is linked to weak mechdnica
properties which are essential to assure long-gerformance. In addition, its surface is more rligacthan
uncoated glass surfaces, being more susceptibloitimg. The interaction between dust particles @Rl
coatings on glass has been already studied by &fliah. (2015). This soiling affects performance dndability
of the system and decreases its optical efficie@oyncerning the effect of climatic conditions, &shbeen found
that high precipitation accompanied by high wintbe#y create a natural cleaning, but the comboratf dust
with low precipitation or high humidity produces dhpatches that cause an opposite effect and mait ies
permanent decrease in solar efficiency (Mazumded.eR015). Recently, the application of AS treaits on
the AR coated glass is generating great interegteagansmittance by soiling is reduced as wethasabrasion
produced by sand particles and/or cleaning prosdssalso diminished (San Vicente et al, 2011; Berat al.,
2018; Quan and Zhang, 2018; Wiesinger et al., 20484litionally, cleaning processes of optical sae& in
solar power plants is a key point as they can dkgthe optical surface and as these processes impbyrtant
operation and maintenance (O&M) costs in manpoWiéater availability is also required in locationsexd it
is costly and difficult to obtain it. In fact, Eyyean Union Horizon 2020 projects as WASCOP or Mitah@SP
are focused on reducing the water consumption iR @l&@nts by strategies as using new concepts ahiclg
and the application of AS coatings. This work présdhe results of applying contact cleaning oificiglly
soiled glass samples coated with an AR coatingtlameffect of using a commercial AS treatment amthThe
sample resistance to abrasion of cleaning, thecte&fée the type of brush and the type of sand usedtfe
artificial soiling are studied by transmittance swa@ments and visual inspection.
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2. Experimental

2.1 Sample preparation

Borosilicate flat glass samples with a thicknes8 oim and a size of 1000 mm x1000 mm were coatéd avi
silica sol-gel solution by dip-coating. The solatiavas composed of Tetraethyl orthosilicate (TEOS),
Methyltriethoxysilane (MTES), water and ethanol geithe molar ratio alkoxide:water:ethanol of 1:5:48
respectively. Hydrochloric acid was used as catapsl Triton X-100 was added at 30 g/l concentratis a
pore generator (Morales, 2002). Samples were hedt&@0°C for 15 minutes to burn the pore generamnor
other organic matter and to obtain the AR porolisasfilm. In some of the samples, a commercialisoh
(ClearShield Eco-System™) was applied on one stdepfeparing the hydrophobic AS surface. This AS
solution was applied with a cotton pad wetted \ligh solution.

2.2. Soiled Sample preparation

Two types of sand taken from highly representasites of CSP plants were employed. One of them was
collected from The Sustainable City at Dubai (UAd)d the other from the Ouarzazate Solar complex in
Ouarzazate, Morocco. Both sands present very diffgoroperties between them regarding colour, garsize

and composition. A detailed characterization ohbgdnds used has been performed by Fernandez-@aalia
(2018). Before soiling the samples, the sands wereed with a sieve size of 180n. Some samples were
artificially soiled with the described sands, usthg next procedure: demineralized water was sprayethe

AR or AS/AR coated glass to wet the surface; tHenpf sand was deposited with the fingers overethiire
surface and demineralized water was sprayed agdeast 12 hours were waited before testing.

2.3 Cleaning test and Characterization

The equipment used in the cleaning/abrasion tesh iErichsen Washability and Scrubbing Tester md&d|
equipped with a microdose pump and a metal holtiee. test procedure was performed according to UNE-E
ISO 11998:2006, and consists in moving linearly andzontally a wetted brush that is mounted onedain
holder on the sample surface. 200 cycles were egpplieanwhile demineralized water was added witbed f
rate of 4 mL per minute, being one cycle the bmmglvement over all the length in two-ways. Two brtgies
with different properties were used and nominallydlled as “soft” and “hard”. The soft brush is mfactured
with nylon bristles of 0.1 mm thickness meanwhitee thard brush is made of pig bristles according to
DIN53778. The equipment and both brushes usedhanersin Figure 1.
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Fig. 1: Photographs of the equipment used during #test (left) and the two types of brushes testets6ft” on the centre and
“hard” on the right).

The effect of soiling and resistance at the clegniest was evaluated by measuring the hemispherical
transmittance spectra of the samples at the wagttderange of 300-2500nm. The equipment used was a
UV/VIS/NIR Perkin-Elmer LAMBDA 950 double beam spaaphotometer with a 150-mm diameter
Spectralon® coated integrating sphere. The solansmittance ;) was calculated by averaging the
transmittance data over the direct AM1.5 solar spé@radiance given by the current standard ASGM 73-

03, following the IEC62862-1-1 standard as it ipressed in equation 1.
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Wherer, (1) is the spectral hemispherical transmittance @{d) is the spectral direct solar irradiance.

An optical microscope Leica DM4 M was used to stildg microscopic appearance after the cleaning test
Additionally, water static contact angle (WCA) megsments were performed with a KSV CAM 200
instrument to study the effect of the commercialrophobic treatment.

3. Results and Discussion

3.1. Effect of AS treatment on soiling behaviour and solar transmittance

The effect of applying the commercial AS treatmentthe surface of the AR coated glass is clearbwsh
when water is sprayed on the sand applied on tim@lsasurface, as it can be seen in Figure 2. Whenvater
was sprayed on the sand deposited on the AR cagdsd, the sand remained uniformly distributed foa t
surface. However, when the same procedure was oradee AS/AR surfaces the sand was dragged with the
water drops, leaving many places of the surfacancl&he WCA measurements show the modificatiorhef t
AR surface after applying the hydrophobic treatmdmging the value increased from around 55° to .100°
Photographs of the water droplets on the surfatmdand after the AS treatment are also showngarg 2.
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Fig. 2: Picture of AS/AR samples ((a) and (b)) andS samples ((c) and (d)) after Dubai and Ouarzazatsands application (left
and center, respectively). Photographs of the watetroplets obtained in the static water contact ang (WCA) measurements in the
AS/AR sample surface (top right) and in the AR samie surface (top bottom).

The AS treatment changes slightly the optical prige of the samples, as it can be seen in Taflhg.
application of the AR coating increases remarkabéysolar transmittance of the glass, being thisevor the
uncoated glass around 0.920 and around 0.975dsfersiting the porous silica coating. When the is&tment
is applied, the solar transmittance decreasesthess0.010 points, obtaining values between 0.96H872.
The solar transmittance of the samples soiled tdtth types of sand are also presented in Tab. itamh be
seen that an important decrease is obtained. Ndieadifferences are observed when the samplesthéatiAS
treatment are soiled, being the solar transmittamoee than the double of the same samples withhsuAS. It
should be noted that the three transmittance spect recorded in different zones of the same sanpl
minimize mistakes, and that the standard deviatidnigher in the samples with AS than without A8edo the
heterogeneities in soiling (pictures in Fig.2). TWadues shown in Tab. 1 are the mean values oftliree
measurements. Moreover, an influence of the sard isalso observed, presenting the samples swilidxd
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Ouarzazate sand lower solar transmittance valwasttie samples soiled with Dubai sand. This isbatied to

the smaller-size particles of Ouarzazate sand Hhae more specific surface area and are distribotece

uniformly than coarser dust particles, reducingubigls between the particles through which light pass. The
same effect of particle size in soiling has beeeaaly observed previously by Klim et al. (2016) daded et al.
(2016).

As conclusion, it can be remarked that the AS tneatt modifies the artificial soiling with naturedred from
Ouarzazate and Dubai, being the solar transmittioxein average of 40% when the AS treatment jdieg
and of 78% without AS treatment. Moreover, the saguantity of Ouarzazate sand produces higher
transmittance loss than Dubai sand.

Tab. 1: Solar transmittance values of AR coated gis before and after applying the AS treatment andfter being artificially
soiled.

Solar transmittance @)

Sample | Initial | After AS | Soiled (Ouarzazate sand) Soiled (Dubai sai)
AR 0.976 - - 0.244
AS/AR | 0.976 0.967 - 0.681
AR 0.975 - 0.207 -
AS/AR | 0.976 0.972 0.524 -

3.2. Contact cleaning Test

The effect of the AS treatment, the sand and thshused during the contact cleaning test is exaghiim this
section.

Effect of sand and AS treatment

The images obtained by optical microscopy from ARl #AS/AR coated glass after the cleaning experiment
with the soft brush are presented in Tab. 2, fonmas without soiling and artificially soiled withubai and
Ouarzazate sands. Furthermore, the solar transicdéttaariation of all the samples tested with respedhe
value before testing is presented in Tab. 5. Byyairay the images and solar transmittance valiesan be
seen that the presence of sand or not stronglgtafte the surface abrasion and optical performawtesn no
sand is present on the surface, very few scratateemade by the brush and even no scratches @k wigen
the AS treatment is applied. In fact, a -0.003 dase in solar transmittance was obtained for thes@Rple and
no decrease for the AS/AR sample. When samples prvexgously soiled, the damage is more signifiGamd in
both cases (AR and AS/AR samples), and greater geunsgproduced when the sand used was from Ouaezaza
The solar transmittance drop values showed in Baierfectly confirm the results obtained by thege It is
important to note that the application of the A@&tment diminished the damage produced by theiogamall

the cases and in fact no damage is produced wigand. The same trends were obtained for the saegtked

by using the hard brush (see next section).
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Tab. 2: Optical microscopy images of AR and AS/ARamples after the cleaning test with soft brush, andithout sand, soiled with
Dubai sand and soiled with Ouarzazate sand.

No sand (not soiled) Dubai Sand QOuarzazate sand

AR samples

AS/AR samples

i . Goar

Effect of brush type and AS treatment

Tab. 3 and Tab. 4 show the images of samples testagaring the two types of brush, not soiled asitkd for

AR and AS/AR coated glasses, respectively. Wittarég to the AR samples, the images clearly showtliea
soft brush causes less surface scratches thanatdebhush. Thus, soiled samples images show tlaAth
coating was practically removed in the tested sifler the cleaning test with the hard brush. In ¢hee of
Ouarzazate sand, it can be also noticed some sandinder that is not completely removed. The solar
transmittance drop values (Tab. 5) show the samdetiy, being the highest drop obtained (-0.028) th
corresponding to the AR sample tested with the baugh and the Ouarzazate sand.

Regarding the AS/AR samples, the role played bybttush type is similar to that played in the AR péas.
The harder the brush, the more scratched the sasupflece. It should be noted that when the sanyége not
soiled, not damage is produced independently obtsh type used. So, the application of the A&tmnent
allow to use the hard brush when the samples arantficially soiled. It is also remarkable in #e soiled
samples that scratches are produced but lessritthe case of the AR samples. The solar transmtdnop is
nearly one-half of what they are in the sampledauit the AS treatment, as it is recorded in TabTl&s
strongly suggests that the AS treatment not onbjichthe adherence of sand particles but also isee#he
abrasion resistance of the surface. Similar resuliee obtained previously in samples tested inralstarm
chamber, where the use of the AS treatment redcmesiderably the erosion rate (Wiesinger et allL830
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Tab. 3: Comparison of optical microscopy images 0AR samples after the cleaning test with the two diérent brushes.

Soft brush Hard brush
AR —no sand

AR- Dubai sand
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Tab. 4: Comparison of optical microscopy images dAS/AR samples after the cleaning test with the twdifferent brushes.

Soft brush Hard brush
AS/AR - no sand

AS/AR - Dubai sand

AS/AR Ouarzazate sand

S
5
g
5

Tab. 5: Results of solar transmittance drop from dithe samples after the contact cleaning test.

Soft Brush Hard brush
AR AS/AR AR AS/AR
No sand -0.003 0.000 -0.003 0.000
Dubai sand -0.005 -0.004 -0.023 -0.004
Ouarzazate sand -0.023 -0.013 -0.029 -0.016

4. Conclusions

This work shows the effect in transmittance andirspibehaviour of applying a commercial AS treatten

the AR coated borosilicate glass for solar comptsmerhe importance of studying the properties efghnd of
each location has been demonstrated and so simalparticles adhered strongly to the surface predugher

surface damage, with the corresponding loss irsiméttance. The contact cleaning method can be osdtie

samples but the erosion produced will be dependttite soil level and type of samples, as this dgma

produced by the joint action of the brush with saad. Finally, the application of the AS treatméatreases
slightly the solar transmittance but makes mordicdift the adhesion of sand in presence of humidibyl

moreover improves the abrasion resistance to gigamriocesses.



G. San Vicente et. al. / EuroSun 2018 / ISES Conference Proceedings (2018)

5. References

ASTM G173-03, 2012. Standard Tables for ReferenoéarSSpectral Irradiances: Direct Normal and
Hemispherical on 37° Tilted Surface.

DIN-EN 1SO 53778-2, 1983. Emulsion paints for imemse; evaluation of cleanability and of wash aodib
resistance of coatings. International OrganizatisrStandardization (ISO): Geneva, Switzerland.

Fernandez-Garcia A., Juaidi A., Sutter F., MartiAezos L., Manzano-Agugliaro F. 2018. Solar reftect
materials degradation due to the san depositeth@bdckside protective paints. Energies, 11, 8a8),1DOI:
10.3390/en11040808.

IEC-62862-1-1, 2018. Solar thermal electric planBart 1-1:Terminology.International Electrotechhica
commission.

Javed W., Guo B., Wubulikasimu Y., Figgies B.W.180Photovoltaic performance degradation due tingpoi
and characterization of the accumulated dust. |EE&national Conference on Power and Renewabégdyn
(ICPRE), 580-584. DOI: 10.1109/ICPRE.2016.7871142.

Klimm E., Ost L. Kohl M., Weiss K-A. 2016. Microspi measurement and analysis of the soiling behanfio
surfaces with standardized and real dust — a pdeams&tudy. Energy Procedia 91, 338-345. DOI:
10.1016/j.egypro.2016.06.239.

Klimm E., Kaltenbach T., Philipp D., Masche M., WeiK-A., Kéhl M., 2015. Soiling and abrasion tegtif
surfaces for solar energy systems adapted to egtodimatic conditions. Proceedings 31st EuropearSelar
Energy Conference and Exhibition, 2521-2523.

Mazumder M.K., Horestein M.N., Heiling C., Stark\, Sayyah A., Yellowhair J., Raychowdhury A. 2015
Environmental degradation of the optical surfacé€@fmodules and solar mirrors by soiling and hidt &d
mitigation methos for minimizing energy yield loss¢éEEE 42nd Photovoltaic Specialist ConferenceSEY
1-6. DOI: 10.1109/PVSC.2015.7355973

Morales A., 2002. Sol- gel process for the preji@naof porous coatings, using precursor solutiprepared by
polymeric reactions. EP Patent 1329433.

Pendse S., Chandra Sekhar Reddy K., Narendra Guddn K., Sakthivel S., 2018. Dual-functional broaad
antireflective and hydrophobic films for solar aongtical applications. Solar Energy 163, 425-433.1DO
10.1016/j.solener.2018.02.019.

San Vicente G., Bayon R., German N. Morales A.,12®urface modification of porous antireflectiveatiogs
for solar glass covers. Solar Energy 85, 676-68DL:[20.1016/j.solener.2010.06.009

Quan Y-Y., Zhang L-Z. 2017. Experimental investigatof the anti-dust effect of transparent hydrdupho
coatings applied for solar cell covering glass.aBdtnergy Materials & Solar Cells 160, 382-389. DOI
10.1016/j.solmat.2016.10.043.

UNE-EN 1SO 11998:2006 standard, 2006 Paints andistaes. Determination of wet-scrub resistance and
cleanability of coatings. International Organizatior Standardization (ISO): Geneva, Switzerland.

Wiesinger F., San Vicente G., Fernandez-Garcia 8utter F., Morales A., Pitz-Paal R. 2018. Sandstor
erosion testing of anti-reflective glass coatingsdolar energy applications. Solar Energy Materéaid Solar
Cells 179, 10-16. https://doi.org/10.1016/j.sol2@18.02.018.

Acknowledgments This research received funding from the EuropEaion’s Horizon 2020 research and
innovation program under grant agreement No 654g@itject WASCOP.



