R S: 10384 NEKE g
2B 20720091150072 13)) S

B R
m o+ F L B X

BHLE/TIO, I GERR R BRI

Study on the scratch-resistance and transparent
organic silicone/TiO, film

N

HBFRTFHL: HBER KK
+ & & &K FZrThFESHHHE
HXRIXBH: 2012 HF 5 A
WX AMEE: 2012 % 6 A
FiEkFAH: 2012 F A

BB LT
¥R A

20124 H



BIIAXFFAIL R eI A

AN 2 AN SR A NAE F IR T T, B0 58 BB 70K
Ko ANERLEEFSH LMD NS ORI TR,
FEICHR BLE 07 AW B As ], JRRT A ERE AT (TR EmE 7T A 5
ARFESIE GAAT)D.

T, Wz SN ( ) PR (4D
HIRE TR, 3R1S ( ) B (41 AP ESL S
B, fE ( ) SEE e GEERL EFES AEHEIR

R 7 DT N BSEI EARR, R IS BN, n] LA

O

FAN (B4
£ A H



BIIXRFEFALIEERE R FER

AN F TR AR (A N RN B 22437 2% B8 47 St 7
) AERE DR B AVE LA AR S, IR A BT B AR R LI5S
AR CEFEAR IO B 5O, FRVR AR SCHE N TR B 5
T S s B B D e A NRIE TR 2 A0 O 2 [
s A A VR SO B Bl PR AT AR, RS LR S s A
ENC G R, SRAIREED ., AR BN sl e Uy e BRI 2 A0 3.

AR E T

( ) 1T R IRE 22 01 2 A% OE 1 IR A A8 3
¥ FOH B, s EE R AR

( ) 2. AR, dEH EIR AL

CEAELL BN SN “ V7 BUH BN AR, RE AR
PiE 2 E TR R ER R e AR S, REE TR RS
% R E R AR SXC N AT AR S A AT K, BRI
NRIFEERLR S, 2938 ER AL )

&

\]11

FIN (3542):
SO H



S

m R

RRREE(PC)H T AR M. SiEeE. 5T TEA SR A,
Wl Z B TORSAR . SRR, PC REH AR, 78 H 5 i i A
SR G BT T S AR H AR, G I — BRI AE PCFR I b 1 A el 4
A HEERE, ELRIE RIFE R ATIR T, s PC MMEH . A&
i, HTAEVEERZES PC YT RZERER, HA7T PCAEmIERD LA I
(IR JAESR, T S R A MLRERS BE 4 2 o 7 R el . Jhepr, s i
e —BEIRVERG TiO2 SN FIE UL J2 b m] AR A7 5 3 e 8 w8 1 s BT S 3 11
WREHER)Z, FEEIN T T2 M.

AR I —B e, CLIERERR Ol FEER . B = CA SR y-
PR P = U R e VBRI IE T R A5 9 ni R A, DLERR A7), EIR
AR IE T FRIIKAERSE A, LBENWER, e i M RIF (AT AasE il
TE—4EUE) B NLEETIO) EAVAIE . B I G e [ A1) 45 v 3 ) 2% (0 i
BHEAWRZ. WEX PC MFE AITIER] 0 G, fEW WOk E N ELE KT
90%:; FF RGN TT 1 AKMRSFAE S A O 25 W I S i = PR RE R 2, 45 3
ENiOES

(1) E/KEXHEHUETIO H 4 W M Fe g M Sk 2 M B IR K 5,
5K E Hy0:0R=1~15 If, EIRHIMALI Bk, ¥R )= B0 S s 4 PR A fE i
s P EKE H0:0R<15 M/ T 60%, A LAREG IR K H
(2) ZKEEMIAE SR AT A Bt min Ex0 PC Bk EMERE, HEGEBAEN
1%, WEHIRE SN 0, 4% 10CHOKAI 1h J5 HIHEE TITTIES] 2 .
(3) HAHEEITIO, B & IR A A IR ZHIRERE . i RECA B KB m . =4



S

TiO, & &AL 4.99%~32.09% L H NI, HELAFCEAN 467.9nm AbHIF 4
RIE 1.5087~1.5778 Z AL, SLMMERSH Tio, & & ST HRMLME
TiREN: n=0.2442w%+1.4941. HiRkZH TiO, &8y 32.09%M, IRELEANS G
BN 467.9nm AL RIHT I E A 1.5778, FOGEIAF] 90%, HEWIE N 4H, RZE
5 PC RIHMFE N 1 %K. (4) EHEFFRRENITHEHERFET (A R+
Ti B TS Si ETIIEER IR, L SiOp W IRIUR IERERE Z i % SiO, /
AHEEMO, BE&IRE, A LAt — iR & iRk B W o 2 /e b7 20 R I e
SiO,:MTES:GPTMS: TPOT=1:2:4:4.5 fil 2:0:5:4.5 i}, 7 120C F[E{k 3h J5
A RITRARIR)Z, e IRAEEfE Tk %) 66.49 F168.95, if/= £id iR

PRS0 05 2R T e R R R4 R 2 R KT 88%.

R WIR—RE AU mIT R AR



Abstract

Abstract

Polycarbonate (PC) has the advantages of light weight, high impact resistance,
and high transmittance. Besides, it can be easily processed and molded, etc, so it is
widely used in various fields of optics. However, the low scratch-resistance and
surface hardness of PC shorten its service life. By adding the organic silicone film
with high scratch-resistance and high transmittance on PC through Sol-Gel method,
we can extend the service life of PC.

The great disparity of refraction index between PC and organic silicone film
restrict the application on the precision optical instruments. Recently, it is a hotspot
that research on hard organic silicone film with high refractive index. Furthermore,
TiO; can be introduced into the organic silicone film by Sol-Gel method, so we can
obtain the hybrid film with continuous refraction index. And the process is simple and
inexpensive.

By using classic Sol-Gel method, the TEOS. SiO, sol. MTES. GPTMS and
TPOT as precursors, HCI as catalyst, C,HsOH as solvent, together with CH;COOH as
TPOT hydrolysis stabilizer, we got the organic silicone/TiO, composite sol with
good storage stability(more than one year). After being coated and cured, the film had
perfect adhesion of O class to PC, and high transmittance of above 90% in the range
of visible light. Besides, we systematically studied the effect of hydrolysis conditions
and the composition on the properties of the composite sol and film. The experimental
results were as follows:

(1) The reaction water had great effect on the storage stability of composite sol
and properities of film. When the reaction water was H,O:OR =1:1 ~1.5:1, the aging

time of sol was the shortest and the Vickers hardness of film was the largest. With
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H,O:0R <1.5:1 and air humidity less than 60%, the sol film on PC surface could
avoid becoming white.

(2) Polyester adhesive enhancer effectively improved the adhesion property
of the film on PC, and the best addition amount was 1%. The adhesion of the film on
PC reached 0 class and still reached to II class after soaking in 70°C hot water.

(3) The reation composition also had great effect on the hardness and refractive
index of film. When the weight percent of TiO, was in the range of 4.99%~32.09%,
the refractive index of the films at 467.9nm could be adjusted continuously from
1.5087 to 1.5778. And the linear equation of the weight percent of TiO, and refractive
index was n=0.2442w%+1.4941. When the weight percent of TiO, reached 32.09%,
the refractive index of film was 1.5778 at 467.9nm and the transmittance reached 90%.
The film’s pencil hardness was 4H and had good adhesion of | class to PC.

(4) To further improve the hardness of film, under the premise of ensuring the
high refractive index of the film, we used SiO, sol instead of TEOS to prepare
SiO;, /silicone /TiO, hybrid film. When the composition ratio was
SiO,: MTES:GPTMS: TPOT=1:2:4:45and 2:0:5:4.5, we obtained crack-free
films after 3h curing at 120°C, and the Vickers hardness reached 66.49 and 68.95.
No visible scratches occured after destructive scratch test on the films. And the

transmittance of the films reached over 88%.

Keywords: Sol-Gel; silicone; high refractive index; titanium dioxide.
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Tab. 1-1 Comparison of advantage and disadvantage
between optical glass and optical plastic

g LOCFHERR. f2E LN, EER, FFErEL
o 2 BUER, B, Aok 2. I PR PERESS, ZatEm
3. i P4 3. Z FINLA, Hirks A e

L RN, S

o 1. =R, frEttzE 2. IR, i Pt 7
B 2. PimbiEtEE, S 3. YTOF R BEIR A, it
T3 ks, W TR 5 BB AT BT

4. JUAR A TRVA TR

R 1-2 I TOCEEBIEAN LA W6 S 2R N REATOL 22 PR RE R TE

B,

R 1-2 WF B S FER R LR

Fig. 1-2 Comparison of properties between optical glass and optical plastic

P i) 8] JCE IR
BK-7 CR-39 PMMA PC PS
p(g/cm’) 2.53 1.32 1.19 1.20 1.07
ISP(kJ/cm?) . 2~3 2~3 80~100 2~3
LH(M) — 100 80~100 70 90
T/ C — 140 90 130 0.8
R/% — 1.0 2.0 0.4 8.0
SR/% — ~14 05~0.7 05~08 0.1~05
o/10°cm -
o 0.0074 12 6.9 7.0 12

p/10°C™ -0.3 -14 -12 -14 -14
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