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Abstract

To improve the optical characteristics and antifouling of anti-reflective coating (AR) films, various AR coating films were
prepared by varying the mixing ratio of tetraethylorthosilicate (TEOS)/base and methyltrimethoxysilane (MTMS)/acid hybrid
solution. Prepared AR coating films were characterized by UV-Vis spectroscopy, contact angle analyzer, atomic force micro-
scope (AFM), FT-IR and pencil scratch hardness test. In an AR coating film that prepared from the hybrid solution with
a 10 wt% MTMS/acid solution, the glass substrate showed an excellent optical property (97.2% transmittance), good antifoul-
ing (121° water contact angle and 90° CH,l, contact angle) and moderate mechanical strength (pencil hardness of 4 H). In
particular, it is considered that the good antifouling was due to the well dispersion of the methyl group (-CH3;), derived from
a small amount of MTMS/acid solution in the hybrid solution, on the substrate surface. From results of the pencil hardness
test, the mechanical strength of AR coating film was improved as the content of MTMS/acid solution increased.

Keywords: Solar cell, Anti-reflective coating, TEOS/base, MTMS/acid, Antifouling

LM B HO% B|pAE ol §5h WHlo] glow, HepdA: M7k A
A 2 ARG Beshths gROR Qs 1 Aol 2Al F7

SAAEE] TS Age] wE A i W e EAlE star Slvk. sk, ek A= F2 ofglel] AAH7] wel o)F-EH
AT B2 o7 AR A UAdE &Estuat sk Y E]9] A7} A RRE] BRI E REsp] A g 7)eE At
o] A MAACE A3 it} 15 73k efekelixe] &8 %ﬁi‘:‘r W Frefsh 371 Al Apolel Mgl 24 E Aol & la)] Bk
Fo AF7} WAL Y] wiell, oF 4%°] F F-& &Ho] AT
T Corresponding Author: Chungnam National University, w2bA oA A3t 83 =7HA7)7] 98 v = shuE S V)
Vibenng g Ducioon 36134, Koma - T 2 ek i) ol Hlrel WALE A7 WP nieflectve;
Tel: +82-42-821-5898 e-mail: yh kim@cnu.ac.kr AR) TR QI8 WHo] A= lvH1,2]
AR TEEe] = o] 3tF3 AL o] gt F&E St

pISSN: 1225-0112 eISSN: 2288-4505 @ 2019 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

358



TEOS/97] & MTMS/AF &4 o F A|Zst WA=

A7l Blojtk o] &4 0% YARE 3He] 1/48] TS e ZHE
o] 8] 7% Yol T A%, Tk Fola] whabE= o] apg
7} f2) 719 el wabE s e sbgo] ME A S 4o

hag

7 WOl HiAbE AL AAT 5 itk {7 71#E ARSshe - H
ok olU=|2] A3k F&o] 7P =2 540~560 nmo] 3 oA 8l
o] HRALE A1) Y8lod oF 137.5 nme] A W oF 1.229] ZHE
& 7t Fgue] QFETH3-5]. $hE, F=Ee] A9 S e
AR FRur2 RERE 78 gA FFshs AEo] Utk AR 2
AR s A

b

Gepoll 5 72 2EES S/PI7IY b

27 webA o e AR el Wl a2 7 B e
ato] AR AR 7S A7) R AT AlGA s A
FE 3 ek ofell Hate], thi-Ee] iR ofelell AA1E7] o

nHRSE EA 7] Fo WA Bl o Qld efowy
= 2= AR IRE AFo] et

AR FRUE Axe] % WHOoE A3 FH(spin

4 4l ~3rgo] F¥])(spray coating) 5]

AUtk o] T |H 7Y WL ddE R Vel A 8sh] golsh,

< FAZ ddeA m-¥E & vk A3

M2
ol

=3

s=]

(e}

Q

e

=2

®©

>'l’

~ ™ —_— =,

2
= T BE A BHS B4 QAT B g,
EE 7] 52 GRE §E ol gl AW S 35 9

i

v =X
Eahg Uk, 254 o) 54 WE2 gl dusos
A E0|E ARG S e 4E el

(s}
5 98 F glom, o|ZRE Axd IRHuE
Qlof 71A1A ZAErt s B FHER Qdl] FIgo] stk
W, 9471 FulE ARShe A9 & 799 R SR ZHA
5 ds = 9lom, o2 RE Axd IR ARV Yo ¥EE
o] o} FIgo] F7ksht W TV} wot Z1A1A st Zhagitt

[9-12].

HT OlF2] AR FHER tetraethylorthosilicate (TEOS)E
AR ARt AZsa tH4,9,11-15]. 7] Fle} TEOSE A&
ato] A|x3 AR T L, oAHY Hlel o] e BagS
YUekd = 9oy YrkrA 9 apado] whe EAS zhet) i,
At Z 19} 7 methyltrimethoxysilane (MTMS)E 73| 2 ARE-5}o]
AZst AR IR A, Fopgo] Aduidos ot UmirAol
1 Bmdol] =29 wEy)(-CHy)oll 98 Aol Tkl AAo)
ATH16-19].

webs B Aol E TEOS/F7] FriE ARgsto] Alxgk 8-<(Sol
AT MTMS/AE S ARgste] Alzst 8-H(Sol BYS] 32 &3tof
o8 At 7AA A 7 e FE Uedo]
A TS Azslara) sith WA A SRl wel #AdS
FAE HHORE MR O $ulE AMEsle] Azslgion, oy
28 2 7)) 948 Pk EAE uEe R 7F $le At
A7k -2 Sol A9} Sol BE] &8 Wl&-S WA 7] Thekst
EEE 2te 24 8(Sol Oy AxsIlom, HA o] S A
Jskarat sglvk AlxE AR TR F3HE, H,0 % CHl, 57,
FT-IR, AFM 12|11 1 A% AldS Sl 24 9 g7lsigich

o

Y

=gere] 54 359

[ MTMS, MeOH, HCl, H,0 ]

Mixing &
Stirring

Figure 1. Procedure for preparation of TEOS/base and MTMS/acid
hybrid silica sols.

I
e

2.4 &

2.1. TEOS/E7|, MTMS/AF & &M AR TENC| &M

TEOS/%17], MTMS/AF B A AR FEAIS A|x3817] 913 A2
el T4 NEFEE Figure 1o YERISIEE WA Sol A £4& A%
7] 98}o] ethanol (EtOH, Samchun Chemical, 99.5%), TEOS
(Sigma-Aldrich, 98.0%), &7 % 7] =4 ammonia solution
(NH;, Junsei, 28.0%)= AHE-aFit) Z42e] Al8&2 TEOS : HyO :
EtOH : NH; = 1 : 3.25 : 20~60 : 0.172] = B2 A3} 2 h 59t
E&star, 25 CollA 7 days &<t S493FAtE 2 5, &4 dof] Hot
= NH;E A S8t 24 h B9t 357 A1) the, o 7k81e] Sol
A N5 A2 4, Sol B £9& A|%317] 913191 methanol
(MeOH, Samchun Chemical, 99.8%), MTMS (Samchun Chemical, 98.0%),
i W A ZulEM hydrochloric acid (HCI, Samchun Chemical,
35.0%)2 AFEEITE ZH2ke] A B E-S MTMS : H,O : MeOH : HCI
=1:3.07:5~40 : 0.0018] = H|= “J=F3lo] 2 h B+ EF3taL 25
TollA 7 days 53F S73A171 & o7}ato] Sol B &5 AlxsI3iT;
1 v, 38 5do] 8§19 HlES ZHE Sol A £ Sol
B & 7M7) shs FA v)&E £k | h B9 wiksl] &
318k 0 24 TEOS/A7] Y MIMS/ARS] £A] 89191 Sol CE A %3}

et

2.2. AR TE9} M=

/3% Sol A, Sol B ¥ Sol C £ B+ AR IHA|Z AHE-3H]
022 um PVDF filterE ©|-§3}4 g0 zH o] E2S AASIA
o} AR IR AAF oz AFS | TH FHE 0|83t Aol
A Ak 2] 713476 x 52 x 1 mm®, Matsunami Glass IND.,
LTD)2 9 #8& 3] ol acetone (CH;COCH;, Samchun
chemical, 99.5%) % EtOH=Z 33] Ml&3t & Az %ok | 7% 74
oA Y FEE 0.14 cmvsecd] HFEE 2o, FHE fg
71848 37 B971= 160 CTollA 8 h <+ AspA| AT

2.3. AR TEIAe| EAM gl H7|

AR FEUE] F3ra SAS &lehr] el 7HAF < 5(400~800
nm)2] g LA AL d-THAIRA 23 FEA(UV-Vis spec-
trophotometer, Mecasys, Optizen-2120UV)E ©]&3slo] F385 =4

Appl. Chem. Eng., Vol. 30, No. 3, 2019



360 urEqt - 7E

Table 1. Transmittance of AR Coated Glass as a Function of the
EtOH/TEOS Molar Ratio in Sol A

EtOH/TEOS Transmittance Maximum
molar ratio (%) transmittance (%)
20 94.9 96.7
30 96.1 98.1
40 96.8 98.9
50 96.5 98.6
60 96.3 98.0

Table 2. Transmittance of AR Coated Glass as a Function of the
MeOH/MTMS Molar Ratio in Sol B

MeOH/MTMS Transmittance Maximum
molar ratio (%) transmittance (%)

5 92.9 94.2

10 93.9 95.6

20 92.6 94.4

30 91.0 92.2

40 91.1 93.1
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Figure 2. Transmittance of AR coated glass with increasing Sol B
content in hybrid silica solution.
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Figure 3. The transmittance spectrum of the bare glass and AR coated
glass.
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Figure 4. Anti-reflective effect of (a) bare glass and (b) AR coated
glass.
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Table 3. Mechanical Characteristics of AR Coated Glass
Weight fraction of Sol B in Sol C [wt%)] 0 1 3 10 30 50 70 90 100
Pencil scratch hardness 1 H 1H 1 H 4 H S H SH S5 H 7H 8 H
(2) 0 wt% Rq=1.07 nm
0 wt%
T | 10wt% v\/r\h
i‘i \/V-\
S | sowt
c
8
‘E | 100 wt% w
7
c
§ AWty
=
1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000

Figure 7. Three-dimensional AFM images on AR coated glass surface
at different Sol B contents in hybrid silica solution.
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Figure 8. FT-IR spectra of silica xerogels prepared from different Sol
B contents in hybrid silica solution.
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st AR THUR

MTMS/AF %ou,] tﬂ—ako] 10 wt% tq] 7]_21— _’__,_6 q] oiﬁ(lzlog]
5 A=ZF 9 90°9] CHyl, H52H)S vehilla, I 3R] o S8
of e} AA3] Askglnh o] AL 24 %0“ ul &% MTMS/ 4
FaozRE FE WE|(-CHy) 2 1 Fate] 7]Qle Aoz 1
=] Tk

4) TEOS/7] Y MTMS/AE &4 &40 % A|Zst AR T2 7]
AR ZFEE MIMS/AE &9 ggo] Z718r5 Frlehes B3
eIty FaE Uegddo] 8 MTMS/AE &9 ghgo]
10 wt%Ql 2719] 79, AR IREFo 22| -8o] 753t F1F =9

A W el @ EE depig
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At

o] A= Tt shEATHlol o8l AdHgls.
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