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Preparation of Hard Coating Films with High Refractive Index from TiO,-SnO, Nanoparticles
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Abstract — TiO,-SnO, nanoparticles with an average diameter of 3~5 nm were synthesized by hydrolysis of titanium
tetraisopropoxide (TTIP) and tin chloride to depress the photocatalytic activity of TiO, nanoparticles. Organic-inorganic
hybrid coating solutions were prepared by reacting the TiO,-SnO, nanoparticles with 3-glycidoxypropyl trimethoxysi-
lane (GPTMS) by the sol-gel method. The hard coating films with high refractive index were obtained by curing ther-
mally at 120 °C after spin-coating the coating solutions on the polycarbonate (PC) sheets. The coating films from TiO,-
SnO, nanoparticles showed an improved pencil hardness of 3H compared to 2H of the coating films from TiO, nanopar-
ticles. Besides, the refractive index of the coating films from TiO,-SnO, nanoparticles enhanced from 1.543 to 1.623 at

633 nm as the Sn/Ti molar ratio increased from 0 to 0.5.

Key words: Organic-Inorganic Hybrid Coating Solutions, Hard Coating Films, TiO,-SnO, Nanoparticles, 3-Glycidoxy-
propyl Trimethoxysilane, High Refractive Index, Sol-Gel Method

LA B

g2 [1], & 9d t]AZ 0] (flat panel display)&
9 FepaE I A=[3] 59 FokellM 1EAHES
ool F7kstar Qv o)) ¥ =Hte] =4
He(fillenZA F&51teka YAt Eol
 E AR )izl FollA] o] AFSE] RH(TiO,)
of wpe} oftEA (A& 2.5)8F FEFIEAE 2.7)E U

ol BEAISHE Toli EEEC] 7MY =2 ZloR U

TTo whom correspondence should be addressed.

E-mail: songkc@konyang.ac.kr

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

776

2
30

°
=

=
i
lo =
il
o

= 1A
i

oo (o
i,
2
|o
il
22
ofo
i ol
ol
N
do
é‘lﬁ:’t

Yy

mo 4N FlU ot mm i o v
a e
(¢}
=
(¢}
=3
=3
[°]
>
&
i)
o
a
<
o,
=
&
)
=)
4
oX

>
=

[e;
33

I

AR S T AT FA SR B s
AFgIgo] ARERETHS).

EF2 YR e 24 olatgle g Y &7} 71
oL} ojakslE gt vl Ak} A vikld & $hehe 2
S¥st Aoz dojX]= TH EER UYl$/o]

=19 53t 7)) Alel) WEge] Astsla, 19 =

n R

o

O



TiO,-SnO,
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Y dzks B 717] S1st oo} sl A=A 242t ok
(EtOH, C,H;0H, 99.9%, Samchun Chemicals)?} AXHHNO,, 60%,
Samchun Chemicals)S AF8-8F5ith 3t A @A ZHAZ = 3-
glycidoxypropyl trimethoxysilane(GPTMS, Aldrich Chemicals)<
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2-2. AlEHHH

2F2oll4 TTIP 0.10 mole¥} Table 13} Zo] E<=7} ¥ A3}
FA(TC) B AARS 31510 10 min B9+ ¥H-3-A171 3 TTIPSF =
Fo] & HE 1:1002.2 1743 SHTE H718laL 60~80 °CE
NS5 W3RN 7] 3L 242t 6 hr B4 HESAIA Ti0,-Sn0, WS
A7F AR NS Azl Az EHS 811557 (Rota-
evaporator, CCA-1111, EYELA)E AH&-3ll &5 TEAIA TiO,-
Sn0, W= AHs 578 § o 7)ol A ko] ofehe-S 718l Tio,-
Sn0, = A|Z3ISItt. o] 27 AZ=H Ti0,-Sn0, Zoll AHAZH
Al GPTMSE F7Feto] /Fg 3t 2de) o] g-fo] =& w714 1 hr &
S HFSAIA = E NS ARSI I F AxE SteE o
o =ut A& 3l F7 2 mm2] PC 7] (Makrolon, Song Asia
Plastic Technology) $1°1 1,000 rpm®l|A] 1 min &<+ A% FE
(spin-coating)yS A3+ F- 120 °CollA 2 hr F9F & H3IA1A 3=
T8 Lukg Azl on o)) stea Y Euke] Al
Fig. 12 YERNITE Table 12> Fig. 19 YRt o|akal2] H7)e
< 2lste] AxH =T K] A4S R 9o, Table
2= Table 19] T2S1 A 5.9 A% ¥ 5 AL H7FekS HEkA|A
Fojzl st=w® e A4S vrER AL Qlet.
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2-3-1. % 24

Light scattering = ©]-8-8F ¢ '=1-4] 7] (Zetasizer, Nano-S90, Malvern)
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J
)

[ |
H,O
| Reaction(6 hr) l

[ Replacement with ethanol ]

Fig. 1. Flow chart for preparation of Properties of TiO,-SnO, hard
coating films.

Table 1. Recipe for the TiO,-SnO, coating solutions prepared with different content of SnCl-SH,0(TC).

Sample No. TTIP (mole) TC (mole) HNO; (mole) H,0 (mole) GPTMS (mole)
T1S1 0.10 0.10 0 10 0.04
T2S1 0.10 0.05 0 10 0.04
T3S1 0.10 0.033 0 10 0.04
T4S1 0.10 0.025 0 10 0.04
T10S1 0.10 0.01 0 10 0.04
Titania 0.10 0 0.05 10 0.04
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Table 2. Recipe for the TiO,-SnO, coating solutions (T2S1) prepared with different content of HNO;

Sample No. TTIP (mole) TC (mole) HNO; (mole) H,0 (mole) GPTMS (mole)
HNO00 0.10 0.05 0 10 0.04
HNO02 0.10 0.05 0.02 10 0.04
Titania 0.10 0.00 0.05 10 0.04
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7 7](CT-PC1, CORE TECH, Korea)°] %273 =
45° V= 2 71901, A8k 35 (1 kg)= 7hehAA
Do) =45ttt A& Mitsubishi 8- &35
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Az T8 §A== PC A floll 23 79 $- 120 °Colld &
73t A1A 8 Tuho = A|Z3 ¥, UV-Visible Spectrometer(UV-
2450, Shimadzu, Japan)E AF-3}1%] 200~800 nm2] 373 H 2] ol A
wahrg S,

2-3-7. 28F

FE o] FHE-2 silicon wafer ¥l TR E 78 =2 ellip-
someterMTM30)E ©]-&3to] 7331 2.7, 200~1,700 nme] 37
oA FHES SAsI0ITh

2-3-8. TEM =74

A2 TiO,-Sn0, Lhe= Ao A7) 9} 24 ZAsl7] 218) Al
25 =l 3438 TEM grid 91l =380 A& Axd #,
TEM(transmission electron micrographs, Tecnai G2 F30, Netherlands)<-
olgal] 300 kve] 7K A 1A s3It
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3-1. TiO,-Sn0, LI=QIXIC| Q= 4l XRD FZ&E

Fig. 23= Table 12] T2S1 24 60 °CllA 6 hr 5t 3H4d 31
Aozl 2 Y9 TiO,-SnO, W1 Ake] TEM 4] Axjo|t}, Tio,-
SnO, Lh= SRS A% 45 el 2] TEM o|v]A| 2 7] 3~5 nm
=171¢] 79 9] TiO,-Sn0, UAFA=0] A8k S5 o] A= A
= < ok

Fig. 3 Table 137} 32o] oJ4lsl4 AFAR1 3l+2(TC) 37}
ZE 22l3to] 60 °CollA AIZE Ti0,-Sn0, & W] LAIIAE0]

Fig. 2. TEM image of TiO,-SnO, nanoparticles prepared at 60 °C.

16
T1S1
14
12
T2S1 T3S1
10 4
Py
/ \\
/
8 1 ;A
|
|
6 \
4
\\
41 y
\ .
2 4 W

T
100 10000
Particle Size (nm)

Fig. 3. Particle size distributions of TiO,-SnO, sols prepared with
different SnCl,-5H,0 content at 60 °C.
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SH o] FAE oA YAES] YA AdE vER L Stk §
SR A, A H7MES dElste] Alx¥ T3S1, T281,
T1S1 £2] o|xY=F=2] Ft 473 242} 41.7 nm, 20.6 nm, 12.6
nmE G354 7o) okl s Bt iAo] oA S
e o] AL A3l Feoll 5] i Crol2o] Y| A
ole] FH71A4 WS WA 7| B2 A3l54] HrRro] ol
T Gati7do] Folxltkal deET),

Fig. 45 Table 17} 2o] o|4ks}a2 A7-A|Q1 As}=2(TC) X7}t
28 J2slo] 70 °Coll ] AIFE Ti0,-Sn0, H3 AeE £ 9%
A AE YeR 3 gk =124 A, SwTi & Bl E 0.10,
0.25, 0.33, 0.50°.% Ze]slo] A 2% T10S1, T4S1, T3S1, T2S1 =
o] Hit 17E& 242} 173.6 nm, 131.1 nm, 98.4 nm, 38.8 nm=E
sl4] Aol Wold S S it Y7do] HolAE= AERE R

Fig. 5% Table 13} 70| o]iksl=4] 7491 Q8}5-21(TC) A7}t
25 gjale] 80 °ColA AFE Ti0,-Sn0, B8 AksHE 2] 9%
A AdE veRd o vk sk A7EES EElste] Al
T4S1, T2S1, T1S1 Z2] H+ 9472 22t 172.0 nm, 73.0 nm, 20.0

1 10 100 1000 10000
Particle Size (nm)

Fig. 4. Particle size distributions of TiO,-SnO, sols prepared with
different SnCl,-5H,O content at 70 °C.
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Fig. 5. Particle size distributions of TiO,-SnO, sols prepared with
different SnCl-5H,0 content at 80 °C.
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Fig. 6. XRD patterns of TiO,-SnO, sols prepared with different
SnCl,-5H,0 content at 60 °C.
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Fig. 7. XRD patterns of TiO,-SnO, sols prepared with different
SnCl,-5H,0 content at 80 °C.
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7 2o A ehin], 2 249 Aol kg £t
= £0) B 470l ARE & Usdek

w3k A8 A7kES 2Elsted 60 °Cs) 80 °Coll A Al E
TiO,-Sn0, & 3% o0 & A} 25Ql 120 °ColM 338}
Puke e F XRDE o]t AL s Aug 77t
Fig. 63} Fig. 72 UERASITE =573 Titania #2-2- 20=25.3°0]14]
et 314 A5 yehdls ofdEA 7 xYgs FAE 5 Sl
[10]. Z2e4ut AslAlo] 7kgell wet Fig. 67 Fig. 7]l vrehdh A
7} 3Fo] 20=25.3%0|141 2] ohtebAl ] etk 8 ¥ A7} AbekA] 1
20=26°, 37°, 53°°1 41 27} (110, (200), 211) A RS HER=
Sn0, A7Jo] st & ohifelA|e] FEdo] A oAES )
& AT 1.

)

tlo

3-2. 3 E8io| ZEE

Fig. 82 60 °Coll A 9 354(TC) H7MS dejste] Az
Ti0,-Sn0, F2HE] oj sh=s8) muhe] FdE S AsdhvE
(ellipsometer)s A3l 22478k A To]t}, Table 304 & 5= Ql%ol
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Fig. 8. Refractive indexes of TiO,-SnO, sols prepared with differ-
ent SnCl,-5H,0 content at 60 °C.

633 nm el 45 Titania W=HH 1.5279] A2l 52 et
WOt} TiO,-Sn0O, WY A2 FE o1z T281, T1S1 =9
77t 1.574, 158602 354 A7ho] Robdas 2880 =
obdE & 7 QUSITE. o]g) o] lslA 7] Wokdar s 11

AES UERNE #4-2 Table 3014 & 4= 9150] =53t Titania
Z9 IHEL 4.0%3 01} AT H7Fo] WoldFE g9
213H0] T2S12] 42.0%, T1S12] 50.4%% TA| S7822 Euko)
= Eo] TET] WEo R A=)

Fig. 9%= Table 28} 2o] 70 °Col A Ti0,-Sn0, Z(T281)2] ¢4
Al Al M7t A sl ad muke] gl nAE 9ES
ellipsometers AE-3l 2413 A3foltt, 70 °ColA FAE T3t
Tiatnia A| 8 633 nm 3FFellA] 1.5432] @2 E-S B 60 °CollA]
I E = Tiatnia A 52 22 E 1527 Hop =2 FHES W
AT} HEFT Table 4014 & = Qlzo] Aol H7EEA] ¢k HNOO
AlEE 1.6239] EEES YRS O, ZAte] H7RE HNO2 Al
HE 15819 w2 FHES YERASITE o] Aat2HE Tio,-
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$n0, %) 39 A AAro] A7hsle Ty mute] g viok
= RS %5 Ar,
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33. Y Slo| AT, pA, Euig

Table 3> A 3h4] 2] A7k W37} 60 °Coll A A% TiO,-

7%
1.80
1.75 -
w 1.70 4
[+
=]
c
[}
Z 165
®
§i HNOO
[T}
o 160
HNO2
1951 Titania
1.50 4 . ; . . . : .
200 400 600 800 1000 1200 1400 1600

Wavelength (nm)

Fig. 9. Refractive indexes of TiO,-SnO, coating films (T2S1) pre-
pared with different HNO; content at 70 °C.

Sn0, & 9 FH Eute] 24l nX= 3k VR Qo sk
A 71 HEloE Eelal BE £ FAo] BEEwe g
HolFQlt}, 1eut el Hrteo] SrlshHA & U9 13w
S =473 Titania2] 4.0%14] T2S12] 42.0%, T1S12] 50.4%
2 3A STV 3t IR uke] A B 5% Titania®
2HE] 7oA fdslrAo] Hrhdel wht 3HE 3= o dsh
T4 g7k S7tel| WhE B AR S @ AR it =
uko] B o nE x| g7} sBE 9551}

Table 4= AAke] 71 Wsk7E 70 °CollA] Al 2% TiO,-SnO,
F(T281) 3 7Y Fuke] BAe] v)X) JFe vkl Exolth
TiO,-Sn0, & #/4 Al A7t=&= Ark B4 ¥ Loz} Afolef]
A7) H v S ] o E 5 e ddS sue 39
kS S=o T}, AAake] H7her Mgl ® Eeta g2 13
TS 40.0~42.0%F B Arke] A7t wigle g
ol & Jge T2 EFch o IR TEe] AU
3} Titania®] 2H] 7oA Ti0,-Sn0, ZZ5-E o]
3HZE =gl ou At g mshyt A4 ol v)A|
THAE A gt Tuke] B2 BE AR} SBE <75}

1_‘

fe)

rir

HRE

oo o
m&; 12

T
2> ot ofk

feo
o

5 o b Ay HE A
),

Qoo 4

Table 3. Properties of TiO,-SnO, coating films prepared with different content of SnCl,-5H,0 at 60 °C

Sample No. State of coating solutions Solid content (%) Pencil hardness Adhesion Refractive index (633 nm)
T1S1 Opaque and unstable sol 50.4 3H 5B 1.586
T2S1 Opaque and unstable sol 42.0 3H 5B 1.574
T3S1 Opaque and unstable sol 34.6 3H 5B -
T4S1 Opaque and unstable sol 19.2 3H 5B -
Titania Transparent and stable sol 4.0 2H 5B 1.527

Table 4. Properties of TiO,-SnO, coating films (T2S1) prepared with different content of HNO; at 70 °C

Sample No. State of coating solutions Solid content (%) Pencil hardness Adhesion Refractive index (633 nm)
HNO00 Opaque and unstable sol 40.0 2H 5B 1.623
HNO02 Opaque and unstable sol 42.0 2H 5B 1.581
Titania Transparent and stable sol 4.0 H 5B 1.543

Korean Chem. Eng. Res., Vol. 53, No. 6, December, 2015
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Fig. 10. Transmittances of TiO,-SnO, coating films prepared with
different SnCl,-5H,0 content at 60 °C.
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Fig. 11. Transmittances of TiO,-SnO, coating films (T2S1) prepared
with different HNO; content at 70 °C.

Titania A|F2] 7FA1334 F3H8-2 600 nmellA] 92%= B3] oL}, o]
ARslEA Areo] SrvsHEA] 7M1 FakEo] A4 FHAste]
600 nmellA T2S1 A|B+= 70%, TIS1 A8 55%2] F3-8-8 Hol
© 25 &5 ATk 28y PC 71Al 9= 2] Tio,-SnO, =5
o =92 280~380 nme] IHF ol A A8 Akt a9 KAl
oh A9 AP 35 Bl @4 Tio, YeydAkz Y 1=24E
I8 Z2E AZS Liu 58] A7 [12]eM % B o, 052
TiO, W= #ke] o) T7Feel what ko)A xpd &347) S7hettt

d

73 el o] Fa-EE 3A717] S1El 70 °Col A Alx
H TiO-SnOy(T2S1) ¥ Lure] F3-&-S A oIt} Fig, 112
Zake] 71 W3kt 70 °coll A Tio,-Sn0, Wi A A2 58] A %
| T2S1 I 9] Fgol nX)= 43S vEekd T3l PC
Z1A419) 7N HA T2 600 nmolA] 92%S K. 01}, HN0OZ
HNO02 7% £2h2- 87~88%2] F3&5 Kol PC 7|A] Burb= §3}
Fo] oFE FhAsht, 70%2] TS 1.l 60 °CollA FAJE T2S1
I8 = £ FaEo] A AT 2o dAk oF wigl
= Luke] Bupgo] & PS4 I3

ol i J

5

FUEHQ TTIPS} Aok 9l Aaks £
7FaL 60 °CE 2 A7 6 hr §}F WA 7 3~5 nm =17]¢]
o] AAYAFER T Ti0,-Sn0, HieGAks Azt 84
715 A3 &9 o BE AL AAHFY oflkER 8
= XZAA Ti0,-Sn0, Z5 A3 0] Zofl AAAZHAIA
GPTMSE #7}sto] a4 st=ad 91 Alzaioict. sh=ad
Golg 71A1Q) PC AIE S]]l 29 FRAZ| AL, A8 AlA sh=sL
g =eE Azl o] 3 F ofe] wkegTE A9 Eue] &
ol mIAlE GEE AR vk 2 dES A3l

() 234 H7EEES Eelsto] A28 Tio,-Sn0, T2 & U9
Sw/Ti & H]7} 0.33, 0.50, 1.00.2 Z7}3ke] whef o] x1¢) =] H 4
A7E 247} 41.7 nm, 20.6 nm, 12.6 nm % FF Y7 0] Zolx]=
BEe HERTE o)A dslA] Foll gHrE o] Q= I ol2o]
A2t Aol o] 7121 Wbl & A7 | B R 5lA] 7]
ol Batqldo] Holxithal dec),

) B34 7S delsto] AlZE Ti0,-Sn0, &2 78 &
o] & A3} 252 120 °CollA] xste] HEE T § XRDE
o] &3t A& EA gt A =3t Titania w22 20=25.3%]
A 7Fe 317 935 e & obERAl 25 UERES E1E
T ASUT 18 A3k o] A7kl whek oheRAl 2] Zdet 314
3| A7} AR 3L 20=26°, 37°, 53°1|4] 22} (110), (200), (211) 4
e YRl Sn0, A7go] AEslEE olutelA| Q] FE/do] 2
Al AR gleh 5= it

(3) 70 °ColA T TiO, W JAZHE Aol = uk(Titania)yS-
15439 AZHES e 2 Sn/Tie] & 87} 0.590 2702
A2 Ti0,-SnO, W= AFZFE Aojl uk(T281)e] 23 &2
16230 AA F7FsI3it). 0]9h o] TiO,-Sn0, £20] I=d 55
el FARS Titania £2H] 8RS 4.0%% 0L T2S1 =29
TG 40%2 A S7F8E | whito =2 k),

4) 78 Ture] AdFEA T E 5% Titanial 2HS] 7oA &
sl o] e ulet SHE FgE o Al st 57t
2 ATLAE T7F @ AR dghon, mutke] Rl 1
© Al=7F SBE sl

(5) PC 71719} <258 Titania A 5.2] 7FA1A 2488 600 nm
oA 92%E K32, 60 °CollA /3 € TiO,-Sn0, & E9-
o|aksleA] HrRko] SUFsFEA TRAEA ko] A hAEte]
TIS1 A& 55%9] 58S Holi= 21S & 4= 3I9leh 18}
70°Col A Al g T281 78 Fuhe 87-88%2] F3-&2 Ko
70%2] FoE-& 23l 60 °CollA e I® EH Hoke R &
o] ZA =Tt
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