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Research on Water-Repellent Coating Materials to Prevent Solar Module Pollution
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Abstract: Currently, the most developed new energy source is solar energy. Because solar power is installed outside, it is
exposed to many pollutants. Pollutants are causing the characteristics of solar energy to deteriorate. Therefore, this study aims

to develop a water-repellent coating to prevent contamination of solar modules. Silica and Titania materials are mainly used as

water-repellent coating materials. In this study, it was based on silica and the contact angle characteristics were measured
according to the change in the amount of silica and ammonia water added and the number of coatings. As a result of the
measurement, it was confirmed that the contact angle was more than 60 degrees when 0.5 mol of TEOS was added to 50 mL and

0.15 M when 1 mL of ammonia water was added to 296.47 ml of distilled water. And it was confirmed that the contact angle

improved when the number of coatings was applied twice. A water-repellent coating material was applied to low iron tempered

glass used to protect dye-sensitized solar cell modules. The characteristics of the module were measured after spraying DI-Water

on low-emission tempered glass with a water-repellent coating. As a result of the measurement, the efficiency of the module
without application, the efficiency of the module coated once, and the module coated twice were 4.87%, 4.90%, and 4.91%,

respectively. It was confirmed that the efficiency of the module increased by applying water-repellent coating. As a result of this

study, it is determined that the water-repellent coating material will help improve solar power generation efficiency and lifespan

by being self-cleaning and non-reflective.

Keywords: Solar cell, Water-repellent coating, DSSC (dye-sensitized solar cell module), TEOS, Contact angle

1.ME

20]7] #Istof AR o Al ofl o
o] A o, AR ARG ol <] off
A Eg AR ERd oz BfRIR S 8o B
Z5 o] 1L qltt. o2t Ef YA A= S ofl 2R

& Hyun Chul Ki; kihc@kopti.re.kr
Copyright ©2024 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

9ou], 29 Mx|o] Ao b, 0], o] v HE

282 g 25wl 4 248D 9t o]
2 250 FRno] Yl
<x|o] YA Hek &
s 198 At Al ¢

Rz o] A}

52 Job rL
rir Dllm o
o o O ru[

o of mf o rr & ojn K
o
Ay
>,
I
4>

o=}
fo

e [

Ei'
Jo
mo L2
H
rg
1o
fo
o0

4> oN
kL
ol



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 182-187, March 2024: Park et al. 183

wn ﬂJIO re
@]

=
@ e
° o
i NG
o
i)
ofo
roL
it
N
N

ki

)
>

09 P = R 4O ofr oo A
M
~
»
a
®
0
=
a
®
b
rz
~
)
ok o
D)
fU
ol
‘©
L
ol

ook N v oot roh 1 Ok o2

oS oz A
2o |0
_>l, Io HU
Bbuoro
e
o2
i
k1
S
2

> 8
fol
i)
iU
i
m
)
rr
=
Q
<)
oj
i)

F)
A
—_
%)
rr

i
s}
53]
rob
fiu)
OO
e
Ra)
1o
ox.
do T

olr

L RsH7] gl AH|of ofFE g
I Sol-Gel [10]90] &2 &85 it
o A= Sol-GelH S o] 85}a] Al2]7} Lpwe YA}

SRR EQEE Aot

U ofl fd rE e
D o

fr o rj ol o2
o o

olr
rok

ol
—

> Mo
i)
EL
=] Jg'
[
>
ofo

o Hoox H 3
T
z
T
=

ol
-

om

[ o
0%
o
o
-0,
ol
o,

T

2 2 K
ne 4>
4> ]
o
ot
o
1 rE
5 up &2
e
fis

o N Mo
I‘J.I l-_U ﬂ.llO
ol ot I oS % rQ
il ol
ﬁa al
flo =
A
O% rln
5 g [
R
o
i)
o

z 38
3 R
kI 08 ofo
C
N
N
o
o
» 42 Q
i)
r){
Ra)

_I

22 L o
% 09
opoFZ.i
2

b o 3

r
)
19
i3

2]

fob
o
19
o
A
)

ol
4%
in)

2.1 4% a2y 23

AR Fe] AFEE = A7 Ui GRS 2 AEY
H(Stober) [11]o]t}. o] ¥l A2j7} ALAQl B E=}
of&l @ 2 AAla]H o] E(tetraethyl orthosilicate, TEOS)
7t 47178 FulE Aret £44-27Hed &ulolA 7k
OllEHA A7 U YA FdEH T o704 Fofs
A 9h2U0RA(NH,), 4-418hHE §(NaOH) 58 AH83ict.

Megt spe] WA 39 232 G5 9lstol A8
=] A]9F2 TEOS (tetraEthyl orthoSilicate, ThA, 95%),
of&-&(ethyl alcohol, Sigma Aldrich, 95%), <=1 o}
Zx(ammonium hydroxide solution 28%, @4, gt~ 3.
q2 =229 39 J=g 2745H7] 95t 1-Methoxy-2-
Propanol (Sigma Aldrich)®}t D.I water& A8t .

AR)7t L AR /g W2 TEOS (1 mol) 50 mL,
2521482 mLojl 1 m& &A71SF0.1 M ¢d=yop4 21
mL, 1-Methoxy-2-Propanolg 180 mLE 3A|7F wdhS

Alestal, DI water 175 mLE A7} 308 & 1-
Methoxy-2-Propanol& 620 mLE a7} & 2447t 479
3742 71202 At 712 g/ YiiolA TEOS
o} ermujolro] Fde] @y AL =&017] 9lato]
TEOSQ] B71E 25 mL, 35 mL, 75 mL& WSFAF Q.
of o wujolao] A7le 0.1 M2 1ste] A1ast ek,
AR Yopro] e 574 296.47 mLof 1 mL2 A7t
$t0.05M, 555 211.76 mLof| 1 mL 4718 0.07 M, &
£2~98.82 mLo] 1 mL& A7Ist 0.15 Mg 21 mLZ
TEOS+= 1 mol 50 mL&2 1735} X1885}1%t}.
8" 297t U= YAHE dip coating &7

of Zetol= /1% 9o 2H & It Sefol=
< oMM, A&E, D.I water 0.2 533F 25T} A
3 120°CollA] 1027t Ax & X185ttt Dip coating &
iAol 718 Ay SEE B0 HEg 2lstol
0.8 mm/s= R1345}%] | & 200l A 48A17F
AZ3FAAL, 120°Col A 24] = A5ttt 29

=7 7](contact angle

g sjpe) @i =4 .
hoenix 300)& &-25to] &

r){

H1
ol
o

oL
o

ku rr

ol ¢

s}

i

e
N e i
>
a

2T O%
analyzer, SEO Co, LTD,
7+g 37sto] LA

=1

o o

in)

_O'E
o Q
ko S
il
>
o
U

2
L

ax

ol
o
B
N
toh
hu
e}
o
ol
o
38

N
N
ux
4
o
1A
lo
2
02
r
A
it
0k

oft
=

2 oXx
a )
i3
4>
o
i)
o
o I,
(o]
T
r>l
L X
)
ofo
o
(o)
o2 ot
f
o2
r
oy
oo

rlo o
un
o
=
>~
ol
ok
_R Q.
>
ofo
ol
o

>, 38

)

_O'L

42

Rl

u

w2 of

wl m

f
op
o)

>~
i
fo
_O'll‘
8,
=]
o
g
fol
uju

o 1o -
2

b

R}
wh
% Ao

o o2

Jo

i

w

N

8

8

4

=
L

22

oo

[ell

)

fo
f1do 2
o M 2

N
m
)

o

o
ol
o
)

1]
A
ujo

1o 01

=
2

%

Lo 0 mo X of @
TERET
b

ok
19
ck |
é o o
(E u
o r%::
> o
=
\g 32
o
I
kU
ol
ro
N
—

o &£
TR

Me
>
>,
ol
ok
oo oS

£ 2 o
fnorx
Ra)

S~
>
of
U
oy
> oo rE 49 o 2 M K o2 oft

4
e
_'OL
52

o £
°

0Q g8 T ok

riok
Mo oX

Ir o o B a
>
preglin}
b
Oi |-E| rll‘
s
Jo
ol o
N
O_l){, =
B
ue. Ho
alu
N
o8,
b )
oy o
e
8,

o K
S N

o A JG
A8
Z

Az
ol
I
Jo
ic
-1
>
>
u
0
o
w0
)
1o ot
o
e, ©
Rt

T e r
aju
~
N

o
b}
I
kU
oft
gr

Y =2 A R oo o O mx X oY oX X
i
ol m
o
b}
g
i)
ofo
w0
=

T
L o %
o & P

olr
-

2
Pa)
o
i
1o
Jm
oX,
rk
fo
i
v
o
_O'l
4%
o



184
388 A% Y g

AT 2T Wi S BAHL 9Astel BELL
27959 R 712 ) 390 54 AN 1Y 1o 1t
Efi it 70 A9 18] AY Al 48.4°, 23] IH
Al 56.12 < YUeU it Z2]u TEOSSE &=y
ofso] F7ter wish &) glso] W HatE & 10] Lie}
Yoich TEOS A7} wiatol w2 28] 39 4|
of &7t 57 Autoln 13 38 QfmUjols A7}t ¥
sfoll o} 28] T A FE7F 34 Autolck.

TEOSO] 79 & 2to] A7iaol S7Hatol njet 4%
7ho| Ztast 74 WAtk olejdt ATt S0)2 ALS
St g w Uo7 TEOS7} 37Hatol mhet uje] %g
e 2t TEOSO] ¥4 38 a7t Faste
2oz woelch 38 847} 5710 et AE7te g
gEE A & £ Ql9lon, TEOS 0.5 molg &<
stole o) 18] 29 A] 52.19°, 28] 2 A] 66.88°] 574
2 et o] ©4 1 W (hydrophobic surface)s 7HA| AL
Aokl wekeEnt [2,12].

Z0j9l o wijoly H7be Wste] Hox Avjw 2
o 47t 37kl wet g2 540 Srtet 2e o

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 182-187, March 2024: Park et al.

A 2 AU ol2fgt Ayt FufQl Ry orprt S7t
ol mef TEOSO] 4 3Y §45 A= Aoz
ey, dR2yobs 0.15 F7hie o 18] 28 Al
52.83°, 23] F& ] 62.06°0] E4S L}ERF oD o] &
W BHS 7hA| 2 Qlrka woksr 4 qlrt

A& 24 2t 3159 TEOS 0.5 mol, &%
Yot 0.1 M& g7tk s tlz A= en, 38 5
ST whet 524 EAS T £
et 2 g 5149 9] 28 Y SHA|
st oL, oo =A17 Ars gagly
Aol g A e sUer &l AATE

2% 9] A9 = B a2 9
ghelst] Fad3d HIAA Lgof HE5tA
A=Y EHYAA 2E Moz Astglon
fawA 100 cm’2 5745

ARG/ sH8E 29 1757
2/REEege 1x2 Ay A8 HYY
222 Aot Aol d 248 A &atx]
= A R(S0), S1a} St D.I water BAK
o 38 24 19 29 & D.I water 2AKS2), E4
A 28] 38 & D.Iwater ZAKS3)E &4l YstAt

Fig. 1. Contact angle characteristics of basic synthesis (a) one-time coating and (b) two-time coating.

Table 1. Contact angle results according to change in addition amount and number of coatings.

TEOS Ammonium Contact angle TEOS Ammonium Contact angle

(mL) (M@21mL) 1 time 2 time (mL) (M@21mL) 1 time 2 time

25 mL 52.19° 66.88° 0.05 M 48.43° 53.01°

35 mL 52.29° 65.2° 0.07M 46.84° 56.08°
EE— 0.1 M 50 mL

50 mL 48.4° 56.21° 0.1 M 48.4° 56.21°

75 mL 35.05° 45.72° 0.15M 52.83° 62.06°
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(a) = : A 4 (d) wr

Fig. 2. Contact angle results of a glass substrate coated twice with a water-repellent coating material according to a fixed amount of ammonia
water of 0.1 M and changes in the amount of TEOS added: (a) 25 mL, (b) 35 mL, (¢) 50 mL, and (d) 75 mL.

Fig. 3. Contact angle results of a glass substrate coated twice with water-repellent coating material according to the change in the amount of
ammonia water with a fixed amount of 50 ml of TEOS added: (a) 0.05 M, (b) 0.07 M, (c) 0.1 M, and (d) 0.15 M.

Table 2. I-V characteristic results of dye-sensitized solar modules with or without water-repellent coating applied: SO does not apply water-
repellent coating, S1 D.I water sprays on a substrate without water-repellent coating, and S2 and S3 D.I water spray on a substrate coated with
water-repellent coating 2 and 3 times, respectively.

Result
I[tems Unit
SO S1 S2 S3
Voe A% 7.85 7.84 7.85 7.90
Isc mA 108.65 108.51 110.68 108.39
Jse mA/cm? 1.087 1.085 1.107 1.084
Fill factor % 57.78 57.29 56.43 57.35
Imax mA 93.409 89.595 91.424 92.551
Vmax \Y% 5.281 5.441 5.365 5.313
Prmax mW 493.292 487.486 490.489 491.724
Efficiency % 4.932 4.874 4.904 4917
Shunt res. Ohm 779.533 691.12 683.519 725.841
Series res. Ohm 19.732 20.266 20.301 20.109
Bl 250 AY-H8 SH2 59 A0S o] B8O Zastt 22 HAL 2 900, oj2F Ak &
UEtUiet. I8 4= g 3Y 1919 29]9] AA-AR/ 2 £U gl DI water?] JAto] oJsto] ggo] Ak
£4 FAS UEU. H 28 AEsHA e o = Zer wudn. B 39S AEsile o 0.03~
o] £7] &9 FA High a &2 4.93%0|H, D.I water 0.04%=2 571== 25 AT 4 ey ol A,
AR D ET B4 792 19,23 N FDIRAN B A4 TYL NET A YYD E BN AT 2L F
=9 A Big g a2 2471 4.87%, 4.90%, 4.91%=2M = J5 92 4 len, A&t DI water?] F& £5=0]
7] DI water& WAtSHA] 9F= R &3} U] @ato] WA Wgh  Soj7} 9] ¢b7] w2 W =] Falrt Eals] &
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