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Abstract : In order to produce hydrophilic coating solution, which has superior antifogging and
antifouling effect on the glass surface of solar cell module as well as improving photovoltaic
efficiency, nanosilica was dispersed in an aqueous solution of Tween 20 and fluorosurfactant
composed of decafluorobutane and polyethylene glycol. The antifogging effect at high temperature
was excellent for all the coating solutions containing nanosilica, but the antifouling effect was
observed when the content of nanosilica was over 6 wt%. As the content of fluorosurfactant
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increased, the initial water contact angle slightly increased and the antifogging effect remained well
until 500 wiping with wet Wipeol®. The antifouling effect was also excellent regardless of the
content of fluorosurfactant, thus 0.1 wt% of the fluorosurfactant was enough for a coating solution
production. From the AFM results, when 0.1 wt% to 0.3 wt% of the fluoro surfactant was added,
the fractal structure of the coated glass surface was clearly existed and contributed to the better
antifouling effect. The transmittance of coated glass surface was highest in TL—-1 coating solution
containing 0.1 wt% of fluorosurfactant, and the addition of fluorosurfactant in a larger amount
than 0.1 wt% did not improve the transmittance. This result is in good agreement with the
previous AFM result which shows a high surface roughness as well as a fractal structure formation
for the TL-1 coating solution.
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Fig. 1. Gas chromatogram of fluorosurfactant.

[T70275_FS31 1926 (11633) Crm (1925:1027-1914) Sean £
100 ) 7,850

b am

95 119131 327
17859 100 169
e 139145 163189 181 105 213219231 243 257 277 05295308 328 341 ses |

51
“f sg‘ﬂ
azgll %

20 40 80 80 100 120 140 160 180 ' 200 220 240 @ 260 @ 280 360 30 340 360
100 45 2450
%
c0s ™S
o 41,445 5063 70 8907105 119131142153 165176 187108200200031 243 256 269281 204305 322336 F0IWIITZ
20 40 60 80 100 120 160 ' 160 ' 160 200 220 ' 240 ' 260 ' 250 ' 300 ' 320 ' 340 ' 360 360

[170215_FS31 3093 (17 470) Om (3092:3084-3080) Scan E
100 45 5.280!

%
o0 7%
e LSS TS a0 101119131107 140162174 187199212224 297 250059275087 900 0305 039 357360 G0 0Ad1E

20 40 60 8O 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

(770215 _FS31 3638 (20.16) Cm (3637:3630-3632) Scan £
100 a5 1,63t

%
50 89
O 484 7277 0 101119 131143155 167170191 207219231243 257260281204 307319 335347 361374 300 406410

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 380 380 400 420

Fig. 2. Mass spectra of components of
fluorosurfactant.
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Table 1. Leveling test and contact angles of
fluorosurfactants on glass

Fluoro-
. Contact
surfactant | Leveling test aneles ()
(wt%) &
C-1 0.1 Bad Leveling 7
C-2 0.5 5
C-3 1.0 Good 5
C-4 3.0 Leveling 5
C-5 5.0 6

Fig. 3. Steam test results of fluorosurfactant
coated glasses.

3.2. Tween 201} EAA|HEMK)|
TEldlo| EN
Table 2] Yepd Hieb Zo] HLB gho] 7P
wom LR 939t Hlo|l2A AHIDAAA]
Tween 202 U8 7|12 EAZ 2 wt% S22
=0 =91 &R EAAESIA S Table
3o yetd Hie} Zo] WSAA TC series I

i
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ro

7t

Table 2. General characteristics of nonionic surfactants

soiscn | G| H | e (o | ovaer |t ] S0C
Tween 20 1.10 16.7 (@) 6 5
Tween 40 1.05 15.6 O 6 <5
Tween 80 | 1.06-1.09 | 15.0 (@) 11 6
Span 20 1.032 8.6 X 5 6

* Measured after heat treatment at 80°C for 24 h.
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Table 3. Compositions and contact angles of TC coating solutions
Sample TC-1 | TC-2 | TC-3 | TC-4 | TC-5 | TC-6 | TC-7 | TC-8 | TC-9
Fluoro
surfactants™ 0.1 0.3 0.5 0.7 1 3 5 7 10
0 <5 5 <5 <5 <5 5 9 9 10
Contact 30 <5 <5 <5 <5 <5 5 9 9 10
. 50 <5 <5 <5 <5 <5 7 9 9 10
1
fa“g cO w6 6 6 [ 6 [ 6 [ 7 [ 10 [ 10 [ 10
after wiping 55 5 5 5 {5 3 7 10 10 10
test 200 <5 5 <5 <5 <5 7 10 10 10
400 <5 <5 <5 5 5 7 10 10 10
* Concentration(%) in 2 wt% Tween 20 aqueous solution.
Times  1C-1 TC-2 TC-3 TC-4 TC-5 TC-6 TC-7 TC-8 TC-9
f
o o o
Fig. 4. Steam test results of TC coated glasses at r.t..
Table 4. Contact angles of TC coated glasses after heat treatment at 80 C
Wiping | TC- | TC- | TC- | TC- | TC- | TC- | TC- | TC- | TC-
times 1 2 3 4 5 6 7 8 9
0 5 5 5 5 6 5 6 5 6
30 {5 5 5 6 6 9 6 5 8
Contf“ 50 G| 651 5 [ 8 6 1 9 [ 6 | 6 | 10
ar({g)e 70 5| 6 6 8 11 [ 14 ] 6 6 13
100 10 8 8 11 12 14 6 6 13
150 11 8 13 17 12 14 7 6 16
200 11 8 13 17 12 14 7 6 16
400 11 8 13 17 12 14 7 6 16
A Alxst] A WY 2 BE s =24 A g FAEHE A2l e & A
sh7] flsl 22 elolmE® EAEN EAR = Fig. 404 Hi= e} o] HE I o)A g
o] &3l petri dishel]l 2o off= 7HA sk gt a9E yehf
e aE ZRIg 20E Fig. 40 UEr It ES, o]FA Az FPHS] YE WS
g2olM el A WS Eelet A} Table gelstr] 9l 12 28€ {2 AHS 80 T &
3o uEbd HRep Zo] EaAEEgAe] el HollA 24417 FSF AAR & AL ofolwE
0.1 wt% B8 3 wto/tA e 23048E e 2 4008714 wiping® $HEEZE EHs5hY]
W, 3 5ot gol W19 A9 AL oRF T Table 4ol ehiiek o714 me wieh Aol
astgith. Jelt o] ASolE A4S SAHY BaAN@dde] Aslw] de Agde 2]
o e W Eiﬂ]?i%_% Ale] Fe] Wst HEZbol wie don yddx eestdlon
off Jgle] 22 ffoln&= 4008 w45 w7t 1002] oldel wiping Foll= HF2ol ot A
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Fig. 5. Steam test results of TC coated glasses at 80 C.

Table 5. Compositions of LC series™

Component (g) LC-1 LC-2 LC-3 LC-4 LC-5
nanosilica 3 6 9 12 15
Water 80.5 71.5 74.5 71.5 68.5
*All solutions contain 15 g of fluorosurfactant and 1.5 g of Tween 20.
Table 6. Contact angle results of LC coated glasses at r.t. and 80 C
Wiping LC-1 LC-2 LC-3 LC-4 LC-5
times rt. |80 C| rt. |80 C| rt. |80 C| rt. |80 C| rt. |80 C
Contact 0 10 | <5 | 10 | <5 | 10 | 10 | 10 | 25 | 10 | 34
arf;es 100 | 12 | 6 | 12 G |11 | G511 8 | 1410
200 14 6 14 5 13 <5 13 8 14 8
300 15 5 14 5 13 5 13 5 14 7
ot o Fig. 59 A9 EHIAES Al it 7l S 6 wi% BT FFet IFAE 7L
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Fig. 6. Steam test results of LC coated glasses
at r.t..
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UehdS Zelstitt. 354 4 #e 53&
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o] FE o] 7 AAsItT WL ot

LC-3 LC-4

Fig. 7. Steam test results of LC coated glasses
at 80 C.

©

80°C

(A)
Pollution test results of LC coated
glasses at r.t. and 80 °C; (A) LC-1,
(B) LC-2, (O LC-3, (D) LC-4, (E)
LC-5.

Fig. 8.

Table 7. Compositions of TL series*

3.4, LI 2|7t EXHSIIM SA7
AHEEN sxof T2 Ed

Table 70 H+&= Hfe} 7ol 6 wt%2] YAl
74 AR LC-2 THHe] BaARDGA
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Hol E4E ARSI
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ol AT U AT F Ao
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Aot wiping #H4
AEE S Bk
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Component (g) TL-1 TL-2 TL-3 TL-4
fluorosurfactant 0.1 0.3 0.5 0.7
Water 92.4 92.2 92.0 91.8
*All solutions contain 6 g of nanosilica and 1.5 g of Tween 20.
Table 8. Contact angles of TL coated glasses at r.t. and 80 C
Wiping TL-1 TL-2 TL-3 TL-4
times rt. |80 C | rt. |80 C| rt. |80 C| rt. [80 T
Contact 0 <5 5 5 <5 <5 9 5 12
e () 100 <5 <5 5 <5 <5 <5 5 12
angle 200 SRR ESEESERS 7
300 <5 <5 5 <5 5 <5 5 <5
500 6 <5 15 5 7 <5 13 <5
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Fig. 10. Steam test of TL series glasses after
heat treatment at 80 C.
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0.3 wi% Bt gol Hrkd A9t maw 7z

w5t
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Pollution test results of TL coated
glasses at r.t and 80°C; (A) TL-1,
(B) TL-2, (C) TL-3, (D) TL-4.

Fig. 11.

2A AA7IRYE TL-13 TL-29] 29 2z}
2.00 nm¥} 1.89 nme® =AEom, TL-39
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Btk ARAor TL-13 TL-29 FHY
AFESE AQTE 7P HERlAEl
Eiio] BiFde] Eueg FIAE 5+ 3L
Z2 wohEo

Fig. 12. AFM photos of TL coated glasses;
(A) TL-1, (B) TL-2, (C) TL-3, (D)
TL-4.
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Fig. 13. Transmittance of TL coated glasses;
(A) Glass, (B) TL-1, (C) TL-2, (D)
TL-3, (E) TL-4.
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