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Abstract : A hydrophilic coating solution was prepared by adding a silane coupling agent and a
nano-inorganic oxide in aqueous surfactant solution to increase the efficiency of photovoltaic
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power generation due to the introduction of antifogging and antifouling properties on the glass
surface of the solar cell module.

Addition of Ludox®, a nano—inorganic oxide, to 1% hydrophilic coating solution showed
improved hydrophilicity and excellent antifogging effect regardless of Ludox®™ concentration.
However, the antifouling effect on the glass surface was showed only when Ludox was added
more than 10%. In the case of addition of 0.7% of hydrolyzed TEOS at pH 4, the antifogging
effect was maintained as a result of the steam test as well as the antifouling effect even after the
coated glass surface was rubbed 100 times with a wet Kimwipe. In addition, from the surface
roughness (Ry) calculated using AFM data, the higher surface roughness with irregular surface
shape was obtained with the higher concentration of TEOS. The addition of 0.7% of TEOS
showed relatively high surface roughness and well organized surface condition which can help to
improve transmittance of light.

In conclusion, Ludox® is not required only for the antifogging property. However, at least 10%
of Ludox should be added to show antifouling effect and 0.7% of TEOS should be added for
good durability.

Keywords : TEOS, Ludox®, Hydrophilic coating, Solar cell panel, Surface roughness
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o},
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Table 1. Compositions of A series hydrophilic
coating solutions

Component (g) A-1 | A-2 | A-3
Tween 20 0.1 0.2 0.0
Span 20 0.1 0.0 0.2

PEG-PPG-PEG 0.1
PEG 300 0.1

2.3. Ludox silica S&E0| 2

el
Table 29} ZFo] Ludox® silica® HxHz 4
7¥etal E3t ethanolS 8:29] H|Z Z&3gt &

£ &¢51e] S seriesE A ZF3ATh

2.4, TEOS?| T=of UIE IFEMH9| A=
felste] Az FIAI] gistel g

Table 2. Compositions of S series coating solutions under various Ludox®

concentrations

Component (%) s-1 | s2 | s3 | s4 | 85
A-2 1

Ludox® silica 0 3 7 10 15

Solvent 99 96 92 89 84
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Table 3. Compositions of T series coating solutions under various TEOS

concentrations

Component (%) T-1 T-2 T-3 T-4 T-5

A-2 1

Ludox® 10

TEOS 0 0.3 0.7 1.0 1.5

Solvent 89 88.7 88.3 88 87.5
10 wt% TEOS-ollg-& 892 ofn] & AFHo] 3500
w210l Bl kel Z2 HHEA —_
p-toluene sulfonic acid& 7Fste] pH 4 27 g 3000
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Table 4. Water contact angle of surfactants

Component Contact angle ( ° )
PEG-PPG-PEG 51
Span 20 51
Tween 20 5]
PEG 300 5]

Table 1o] uYehd vR} Zo] wigHE A-1,
A-2% ethanoldt B2 2 : 89 H|E &35 &
jof] E=9FR|TE A-3% @bHE] x| ggrom B
Sl HE A-2tt =EAS shelg & At
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Table 5. Contact angle and steam test resu Fig. 3. Solubility of the W series of under

various water concentrations; (A)
A-l | A-2 | A-3 W-1, (B) W-2, (C) W-3, (D) W-4,
Contact angle( * ) | 5} 5] 10 (E) W-5.

of A series coating solutions
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Table 6. Compositions of hydrophilic coating solutions

Component ratio W-1 | W-2 | W-3 | W-4 | W-5
Water 1 2 4 8 16
Ethanol 1 1 1 1 1

A-2 solution 0.05

(C)
Fig. 4. Steam test results of W series coating solutions; (A) W-2,
(B) W-3, (C) W4, (D) W-5.

(4)
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Fig. 5. Steam test results of S series coating
solutions; (A) S-1, (B) S-2, (C) S-3,
(D) S-4, (E) S-5.
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Table 7. Water contact angles of S series
coating solutions

Sample S-1|S-2|S-3|S-4|S-5
Contact angle ( ° ) | 5[ 5[ <5545
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Fig. 6. Pollution test results of S series coating solutions; (A) S-1,
(B) S-2, (C) -3, (D) S-4, (E) S-5.
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Table 8. Contact angles of T series coating
solutions after water spray test

Ui Algzkel TEOS7 ghad A

. Contact angle ( ° )
Times

T-1 | T-2 | T-3 | T-4 | T-5
1 <5 5 5 5 <5
3 9 7.5 7 5 5
4 11 11 7 8 8
7 33 32 27 25 33
9 37 35 29 30 39
11 43 43 38 44 42
12 43 43 42 44 42

© ' ® ®)

Fig. 7. Steam test results of T series coating
solutions; (A) T-1, (B) T-2, (O T-3,
(D) T-4, (B) T-5.
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Table 9. Contact angles of T series coating solutions after durability test

Contact angle ( ° )
Sample T-1 T-2 T-3 T-4 T-5
Dry—wiping 15 15 5 10 13
Wet—wiping 25 12 12 14 15

(A)

®)

© (D) 4

Fig. 8. Pollution test results of T series coating solutions;
A) T-1, (B) T-2, (C) T-3, (D) T-4, (E) T-5.
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(E)

Fig. 9. AFM photos of T series coating solutions; (A) T-1, (B) T-2, (C) T-3, (D)

T-4, (E) T-5.
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Fig. 10. Transmittance of S series coating
solutions; (A) Glass, (B) S-1, (C)
S-2, (D) S-3, (E) S—4, (F) S-5.
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Fig. 11. Transmittance of T series coating
solutions; (A) Glass, (B) T-1, (C)
T-2, (D) T-3, (E) T-4, (F) T-5.
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