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Abstract: The hard coatings on the polycarbonate plate were performed with the object of substitution the glass
in the car to the polycarbonate plate. In this research, (3-glycidoxypropyl)trimethoxysilane (GPTMS), colloidal
silica (CS), and (3-aminopropyl)triethoxysilane (APS) were used to prepare the coatings by sol-gel process.
The optimum conditions and formulation to get the excellent physical properties of the coating were
determined. GPTMS and CS were hydrolyzed in ethanol, and then APS was added in this solution. Using these
solution the hard coating were applied to the polycarbonate plate. The smooth coating which got the 2 H class
in pencil hardness was formed. And this coating showed excellent abrasion resistant and adhesion property.
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GCA Process GCAH Process

GPTMS ( 0.0125 mol)
CS (0.050 mol)
HNO, (0.0010 mmol)
Water (0.075 mol)
EtOH (0.050 mol)

GPTMS ( 0.0125 mol)
CS (0.050 mol)
HNO, (0.0010 mmol)
Water (0.075 mol)
EtOH (0.050 mol)

Hydrolysis l 60T, 5h.

Adding APS
(0.00625 mol)

Reaction l 20 min.

Maintaining l 10 min.

Hydrolysis J 20T, 24h.

Adding APS
(0.00625 mol)

Reaction l 20 min.

Coating
e

Maintaining l 10 min.

[ Curing at 130°C for 15 h. J [ Curing at 130C for 15 h. J

Figure 1. The hard coating process with GPTMS, CS, and

APS.
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Table 1. The effect of the amount of colloidal silica on the coating property in GCA costing process'

Sample No. CS (mol) Transparency Hardness Adhesion Coating surface’
GCALl 0.025 100% IH 100% A
GCA2 0.050 100% 2H 100% @)
GCA3 0.10 100% 2H 100% A
GCA4® 0.20 NA NA NA NA

" GPTMS 0.0125 mol, HNO; 0.0010 mmol, water 0.15 mol, ethanol 0.050 mol, APS 0.00625 mol, hydrolysis 24 h, reaction 20

min, curing 15 h.
* The coating was not available.
o very good, A : not bad.

A

A: GCAl, B: GCA2, C: GCA3
Figure 2. Micrographs of the coating film by GCA process.

Table 2. The effect of the amount of catalyst on the coating property in GCA coating process'

Sample No. HNO; (mmol) Transparency Hardness Adhesion Coating surface’
GCAS 0.00050 100% 1H 100% @)
GCA6 0.0010 100% 2H 100% O
GCA7 0.0050 100% IH 100% O
GCAS8 0.010 100% HB 100% A

' GPTMS 0.0125 mol, CS 0.050 mol, water 0.15 mol, EtOH 0.050 mol, APS 0.00625 mol, hydrolysis 24 h, reaction time 20 min.

o very good, A : not bad.
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Table 3. The effect of the reaction time on the coating property in GCA coating process'

Sample No. Reaction time Transparency Hardness Adhesion Coating surface’
GCA9 5 min 100% HB 100% O
GCA10 10 min 100% HB 100% O
GCALll 15 min 100% IH 100% O
GCAI12 20 min 100% 2H 100% O
GCAI13 25 min 100% 2H 100% A
GCA14 30 min 100% 2H 100% X

" GPTMS 0.0125 mol, CS 0.050 mol, HNO; 0.0010 mmol, water 0.15 mol, EtOH 0.050 mol, APS 0.00625 mol, hydrolysis 24 h,

curing time 15 h.

> O : very good, A : not bad, X : bad.

Table 4. The effect of the kind of solvent on the coating property in GCA coating process

Sample No. Solvent Transparency Hardness Adhesion Coating surface’
GCAl5 methanol 100% HB 100% @)
GCAl6 ethanol 100% 2H 100% @)
GCA17 isopropanol 100% 2H 100% O
GCAI18 n-butanol 100% 1H 100% A
GCAI19 THF x 2H 100% A
GCA20 DCM x x 100% A

' GPTMS 0.0125 mol, CS 0.050 mol, HNO; 0.0010 mmol, water 0.15 mol, solvent 0.050 mol, APS 0.00625 mol, hydrolysis 24 h,

reaction time 20 min, curing time 15 h.
>0 very good, A : not bad.

Table 5. The effect of the amount of solvent on the coating property in GCA coating process'

Sample No. EtOH Transparency Hardness Adhesion Coating surface”
GCA21 0.050 100% 2H 100% O
GCA22 0.10 100% HB 100% O
GCA23 0.20 100% 1B 100% O

" GPTMS 0.0125 mol, CS 0.050 mol, HNO; 0.0010 mol, water 0.15 mol, APS 0.00625 mol, hydrolysis 24 h, reaction time 20 min.

20 very good.
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2 dFdAMe &ule F2 AEES AHESA =T
o0 &WEs AHESIAS We oug 2t Ao
Ae7te AHEJYT. 1 AFE Table 40 LeRH AT

Table 42] AFHE HH &2} isopropanolS AHE-
st W dojxl FHe T HFY BF o5
stlom FEe] W EF ZjEeRL 98 B
2HE YeERTh 28y vgEs ASSHES de
dZ %7 HBE Yol o™ butanols AHESIAS
e d8 ALt IHE Yolx|a A'e £ %3
MEEA 7L EstAnk olAe BH &uje] dd
X Hg FAH Aggde d¥e] vie Fag
= & F AT 2P hydroxy 7S ZEa QA o
obx] 4 AvtS FASHA Kste THFY DCMS &

Journal of Adhesion and Interface Vol.8, No.2 2007

M AEHES dE FUE =L Aot ofen

o, 7R IH

KR
Fu
=

L

A7t 2o oleES
FEE ¥R O

At

=
AHS 7= ot M F

Adels|A guje] ol w
AFE Table 59 A2 st

Table 5°] A5 HH &wjo] ol we} FAH4E =
geo] A Amrt zolrt FE & & U oA &
o] <Fo] IH EAO WA= dFo] W F&
B FEH oA &0 wEpa whgel gt A
o]l ¥ dasty] WEolty. & F=7F WolA| i
3l Wk-g-o gk AlZto]l avkE o Haszich mel
A GCA239] ZAf-olx ST/ ¥h-gA|7te] FogdH
0 52 9 ZAxE HAFe 23 494 +
L Aoz Hr},



6 AT - 23]

- &

A

Table 6. The effect of the curing time on the coating property in GCA coating process'

Sample No. Curing time Transparency Hardness Adhesion Coating surface’
GCA24 3h 100% IH 100% O
GCA25 5h 100% IH 100% O
GCA26 10 h 100% 2H 100% O
GCA27 15 h 100% 2H 100% O
GCA28 24 h 100% 2H 100% O
GCA29 48 h 100% 2H 100% @)

" GPTMS 0.0125 mol, CS 0.050 mol, HNO; 0.0010 mmol, water 0.15 mol, EtOH 0.050 mol, APS 0.00625 mol, hydrolysis 24 h,

reaction time 20 min.
2
O : very good.

Table 7. The effect of the reaction time on the coating property in GCAH coating process’

Sample No. Reaction time Transparency Hardness Adhesion Coating surface’
GCAHI 2 min 100% 1H 100% O
GCAH2 4 min 100% 2H 100% O
GCAH3 6 min 100% 2H 100% A
GCAH4 8 min 100% 3H 100% A

' GPTMS 0.0125 mol, CS 0.050 mol, HNO; 0.0010 mmol, water 0.15 mol, EtOH 0.050 mol, APS 0.00625 mol, hydrolysis 24 h,

curing time 15 h.
20 very good, A

: not bad.
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Figure 3. IR spectrum of the coating film by GCA2 and GCAH2 process.

100

90

80

70

Weight (%)

60

50

40

0 100 200 300 400 500 600 700 800
Temperature (C)

Figure 4. TGA of the coating film by GCA2 process.
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Figure 5. SEM for the cross section of the coating film by
GCA2 (A) and GCAH2 (B) process.
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A: original PC : before abrasion resistance test
B: original PC : after abrasion resistance test
C: GCA2 process : before abrasion resistance test
D: GCA2 process : after abrasion resistance test
E: GCAH2 process : before abrasion resistance test
F: GCAH2 process : after abrasion resistance test

Figure 6. Abrasion resistance of the coating film.
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