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Abstract : Hard coating was made on a polycarbonate plate using a sol~gel process with a melamine
derivative and silicates, and examined as potential substitutes for automobile glass. Methylated poly (melamine—
co—formaldehyde), tetraethoxysilane, and phenyltriethoxysilane were used to form a coating solution. The
coatings on the polycarbonate plate were deposited using a sol—gel process. Poly (methyl methacrylate)
was coated on the surface of polycarbonate in order to improve adhesion property. The optimum conditions
and formulation to obtain excellent physical properties of the coating were determined. Adding the melamine
derivative to the coating solution, the pencil hardness of the coating was improved. The hardness of a 3H class
pencil, excellent abrasion resistance, and surface uniformity were found in the coated polycarbonate surface.

Keywords : sol—gel process, hard coating, polycarbonate, silicate, melamine.
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Figure 1. The hard coating process with TEOS, PTES, and
MPMF.
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ARt AE A7) Fof| cracko] ofg] FHlol FAE I A
Heolw 23 FA7 Jdch 22la o) 9ol 8 A% 20 A
T ol3lom, Erio) cracke] Wol o1 A9 o] 2 o=
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< H3AT A3E AR Foll o 7R= cracke] 7 FAEH 9
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RO—S]FOR + H,0 = Ho—s]i—oH + ROH
OR OH

~—8i~0OH + HO—Si— —— —8i—0—si— + H0

—Si—o—s:,i— + ROH

—Si—OH + RO*S‘i—* =

2 >NCH,0CH; + H,0 TNCH,N<Z + HCHO + 2CH;0H

TNCH,0CH; + H,0 >NCH,0H + CHs;OH

Scheme 1. The chemical reactions in TPM process.

Table 1. The Effect of the Mole Ratio of TEOS and PTES on the
Coating Property in TP Costing Process”

Sample - TEOS PTES Transparency Hardness Adhesion Coatmgc
No. {mol) {mol) surface
TP 0.020 - NA NA NA NA
P2 0019 00010 NA NA NA NA
TP3 0016 0.0040 100% 2H 92% X
TP4 0.013  0.0070 100% H 100% A
TP5 0.010 0010 100% H 100% O
TP6 0.0070 0013 100% F 100% O
TP7 00040 0016 100% HB 100% O
TP8 0.0010 0019 100% B 100% O
TP9 - 0.020 100% B 100% O

“IPA 0.40 mol, HCI 0.0020 mmol, water 4.0 mL, reaction 48 h, curing
24 h. *The coating was not available. 0 : very good, A : not bad,
X ¢ bad.
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MPMFE AFE8! 3% ZPH(TPM Process). U4 A28t TEOS
8} PTESE AMg3r 578 #79¢1 TP processdl] MPMFZ 71314
melamine TZE W Zh= I8 8 49319 B3lt) o)uf AMg
& TEOSS} PTESS] & Hli= 9] A Aspolld 714 $<=8 23}
£ WER 10112 2331801 o539 F3lo] 7158 melamine
Z5 ZF= MPMF) & HshA 71aM 39S 3d88in 122
& Table 2o VeI

Table 22] A3E ¥ MPMFE 0.0010 mol& A3 TPM1¢)
Aol FHE A, sudE 2R 4siglon] o Aus oH
£ vehle)l 78]l1 MPMFE 0.0020 molS AFESE TPM22] 7
Folle FHE A, Z9dE 25 $esiglon o Ars 3HE
velfe] 7k 9<et AFE VRSt MPMFE 0.0030 mol
= AH8SE TPM32) Aol FHEE ofF 22 39 AElE U
wWon, Ha s Z9kont B Al ofF 9 ope] B4
H7F v, A9 Axs 1HE YeEich TPM39] 49 &
Ao EA7} o= AR MPMFE 0.0040 molS AR&$H
TPM49) 73-9-off F=o] FAEA ehecie AMdZ R dhds) B
o] 73-Foll AR MPMF7} YhE 7Hge]] nlsl) duid oz we o
ojojx] ol T Hhgo] TP Uoupx] Bahs Aoz k)

TPM ProcessHiM HCl el 2gf. TPM processoliA] =
ARSE HCIE] o] oj3t F3Re Asir] 95t HCIY %2 W3}
AlA 71X IR-E A3 Hokth ol MPMFE 2] Ade)A
71 9<%t A9E vERd 0.0020 mole- AMEEIATE A7 29
%R 4.0 mLE 14311 om Zulz A28t HCLE 0.0010 M 48
A AN 3 BFE Table 39 Vel isict

Table 32] d7= 29 0.0010 M HCLE 2.0 mL H713e wWal
TPM69] 97} 7Fg o7&t daks Jepfisliet) 595 13 &

Table 2. The Effect of the Amount of MPMF on the Coating Pro-
perty in TPM Costing Process”

Sample  MPMF Transparency Hardness Adhesion Coatmgc
No. (mol) surface
TPM1  0.0010 100% 2H 100% O
TPM2  0.0020 100% 3H 100% O
TPM3  0.0030 91% 1H 100% A
TPM4®  0.0040 NA NA NA NA

“TEOS 0.010 mol, PTES 0.010 mol, IPA 0.40 mol, HCI 0.0020 mmol,
water 4.0 mL, reaction 48 h, curing 24 h. *The coating was not
available. ‘O : very good, A : not bad.

Table 3. The Effect of the Amount of Catalyst on the Coating
Property in TPM Coating Process”

Sa;lrz)p')le OH(O:? (lr?i\;[ Transparency Hardness Adhesion Scu(;?g?egb
TPM5 10 100% 2H 100% O
TPM6 2.0 100% 3H 100% O
TPM7 3.0 100% 3H 100% A

“TEOS 0.010 mol, PTES 0.010 mol, MPMF 0.002 mol, IPA 0.40 mol,
water 2.0 mL, reaction 48 h, curing 24 h. ®O : very good, A : not
bad.

ZCM, #3178 A63, 20074
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Figure 2. Micrographs of the coating film by TPM2 () and TPM3

(b) process.
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Figure 3. IR spectrum of the coating film deposited by TPMZ process.
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Figure 4. TGA of the coating film by TP5 and TPM2 process.
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Figure 5. SEM for the cross section of the coating film by TP5
(a) and TPM2 (b) process.

Absorbance (AU)

370
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Figure 6. Abrasion resistance of the coating film. (A) original
PC : before abrasion resistance test, (B) original PC : after
abrasion resistance test, (C) TP5 process : before abrasion
resistance test, (D) TP5 process : after abrasion resistance
test, (B) TPM2 process : before abrasion resistance test, (F)
TPM?2 process : after abrasion resistance test.
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