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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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BS AE5II=T| tetraethoxysilane (TEOS) ¥ methyltrieth—
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£ Aol A= methylated poly (melamine— co—formaldehyde)
(MPMEF), tetraethoxysilane (TEOS), phenyltriethoxysilane
(PTES) & o] g3alM =2 Hkg-0F ZePFlHYolE 3 9o sl=
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T o, {79 W IF B3 1A FE 39 4 olvk &
ArelxE oleldh REg-] HA] wigh 2318 FohRar, Hgh of - A
L2 s Y g e ke 52 ARSIt

A s
SHE -

At 7(7]. & AF-ellA] ARE-g TEEAIQ] methylated poly
(melamine— co—formaldehyde) (MPMF), tetraethoxysilane
(TEOS), phenyltriethoxysilane (PTES)+= Aldrich A& It
ARE3Iol e AL isopropanol B AEE 195 Aok ARSSISY,
FHol| AHE3 ZEPFERMO|E 79 oA E o 2 E AlERigk
. 2 AollA ARE3E infrared spectrophotometer= FT—IR
680(Jasco International) & AR8-5}31. 21, UV spectrophoto—
meters PU 650 (Beckman)2& AFE319111, scanning electron
microscopy (SEM) + Hitachi S—2500C¢} Hitachi S—52002
ARt U910, microscope= Olympus Mic—DE ARE8HA
t} AAAEAE= pencil hardness tester 221DE AR89 0,
ALATA NN AREE AR Mitsubishi AE-& ARSI A
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2] AJEL 3M Scotch taped o]83le] SIS om, UmEE A]
&2 Taber abraser model KPM—042(CS—10 wheel) & ©]-2-3]
o] AAJe3ict.
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O|E g 43 5 flof| AdollA] 10+ 53t viido} T3k 1 v
o] ZEPFIRM0|E & 90 T2 20f Yl 104 5 AXAF -

Y 9fo| Y. okolA I3 L5 PMMAR A I8
B EY7hdo|E 719 ol Hojrw] RS HAEISITE &S
Hojreg] Zj7hulo]E 7)gke] F7)= 8.0%6.0 cmo]al I8 &
NE 1.5 mLE Hojreglt) olglA| FHo] o]Foizl ol AollA
103 B3 ZFFRP|E 79he 0% ol midolFa vA,
130 CE] 2ol 24ARE B1F GAEE 3o ol dhdet 79 v
< sk

AT A

O

MLl
0
Q

0f AR AT 70 AR 548 I
= 465 72 71901 1 kg9 dFes 7IPHA] o5ls o7k =
“g3lsitt > Mitsubishi 185 ARESISiE] 1THEFE 9H7F
A 73 Fol HB 7831 1BE4H 9B 52 Aies vehis <2
58 AMESISITh o] A2 v ARgE w) mith & RS 577
o® ot 90% Z=E st ThEolA ARSItk

MER MY HHYS cross—cut test WHE o834 A}
Stk Zo] 2 cm H% & 3M Scotch taped FHE T Y
o] 017& ) 90=7) EA o= AT @] ¥k o] w Jo}
= FES o] 89 o]Re 7 0% ozl Fof| 7Y WHo|
FhEUo|E 2 Qe HolSlE AEE TSIt

LiotRA A3 Ymked o] 5= Taber abraser model KPM—
0425 o]ga}lo] AAJEl) o ALE3E wheel> CS—10 wheel ©]
Ak FRE AEE UL 57371 9ol Ea1 o37]el 500 g9 3%
< A3 500 3] A7l $ll, UV spectrophotometerE ©]-8-5}0]
370 nmel FFEE S7ste] drht sido] sexl=rE S48t

of Uk e Ssiih




ZIFEYOlE & 9ol Silicates?} Melamine 5242 &4 ¥H&-& o] &3k 3t IH 487

2 A EE

B A7 524 ek fEles EEFRM0lE WoR wA
3] 915l ZeFRRdlo|ES] mHe] s =ol7] Sigh WS 3k

7 252 felE ERFEvolES) ke ETkAEoR W
¢ QoW e we ol2g A 2 Ak AR AksAke]
HIE 3P 7 glom SRE Aksa) ALl A AREe] S 1
7 AL ARAE ol T 71573 Folsi 7t #1911
ZE|FPH o B} 7he ARk O] Tt ok A
o)A Bz wdo] Stk & Al o|AS sidsl] flsk Wl
% TEOS, PTES, MPMF 55 ARgsfo] S—A qhg-0 % EZ2j7hn.
Hlo|E ¥ glof] k= I™E AAJste] Hatrk o714 TEOS9 PTES
£ Si—0-Si Fel2] d3hs et 1k 5= Q= ethoxysilane
15 7t Qlvk 183 MPMF+ UlFell melamine 18] 735 %t
glow QR HkS-S 8t 4= Q) methoxy 7|5 5R-+2] melamine
2] F 6718 7aL Qlek wEba of 7)ol FAEE IRl o]
T 7H 28] A B e EE e ) 5R
who] €t

2 AelM= TEOSSE PTESE o] g3to] -4 W& o]8s}
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TP Process TPM Process

TEOS (0.010 mol)
PTES (0.010 mol)
MPMF (0.002 mol)
HCI (0.0020 mmol)
Water (4.0 mL)
IPA (0.040 mol)

TEOS (0.010 mol)

PTES (0.010 mol)

HCI (0.0020 mmol)
Water (4.0 mL)
IPA (0.040 mol)

Reaction l 20T, 48h. Reaction l 20 . 48h.
PMMA PMMA
Precoating Precoating

Maintaining l 10 min.
Maintaining 110 min.

[ Curing at 130 C for 24 h. } [ Curing at 130 C for 24 h. }

Figure 1. The hard coating process with TEOS, PTES, and
MPMEF.
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Table 18] 272 ®¥® TEOS " ARgSIA THS A3t
TP19] 75l I” Z-& 3171 e o flet. 183 PTES
= 5 mol% H7Fs TP22] A%olx 78
©om PTES7} 20 mol% 3718 TP32] 4
AN A31= Al7] $o cracke] o7 3
Aol = 2 AP ATk 2#]ar o] 9ol A B 2H A4
T olglon, EHel cracke] Hol A Hxe] F4o] 25 ol
o} 18]35 PTES”} 35 mol% 718 TP49] Z-5olli= ZHo] 34
< HQAEE A= A7 $ol] ol 7= cracke] Z BAdE o] 9l
Som o8 ArE 1H J% ollek PTESZF 50 mol% 3714,
Z TEOS®} PTES7} 1:1 & B2 AREE TP52 9ol= 79 &
ol wll$- ZjZEEI o A& ol = FA7) Igick 18] o] o) =
B A9 AxE 1Ho|gok 781 PTESS] A4l BH|Z S71A)
7 7Fax FHO B4 5793 £ 43l TP6, TP7, TP8, TP9
o] A¥Z ARy o)s o] & Fwo| wj¢- ZjRkEion A
o= A7} W3 QIlck ey A Aols & sl ke,
ARSSE PTESS] & |7} 7185 A8 A WolxA, PTES

OR ?H

RO—Si—OR + H,0 - HO*S‘FOH + ROH
OR OH

—Si—OH + HO—Si— == —Si—0—si— + H0

—S8i—OH + RO—Si— =—>= fSi*O*S‘if + ROH

2 >NCH,0CH; + H,0 NCH,NT + HCHO + 2CH;OH

NCH,0CH; + H,0 SNCH,OH + CH;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 PIES Transparency Hardness Adhesion Coatmgc
No. (mol) (mol) surface
TP1® 0020 - NA NA NA NA
TP2 0019 00010 NA NA NA NA
TP3 0016 0.0040 100% 2H 92% X
TP4 0013 00070 100% H 100% A
TP5 0010 0010 100% H 100% @)
TP6 00070 0013 100% F 100% @)
TP7 00040 0016 100% HB 100% @)
TP8 00010 0019 100% B 100% @)
TP9 - 0.020 100% B 100% @)

“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,
X @ bad.
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WS AREEE TP9 Q] 74-9-oll= 2 A%7} 1BE Yehhgich

MPMFE AF2EH TE! IPH(TPM Process). 2kolld 2118 TEOS
¢} PTESE AR8-3F 58] #1991 TP processel] MPMFE 371slA
melamine T35 ¥ 2= I9 55 3AJste] Btk ofuf ARE-
S TEOSS}F PTES®] & Hli= ok 413 Aujelr] 71 935t 27}
= vER 112 17gsiglon] o5 Aol 7Fs$ melamine
Z5 ZH= MPMFE] 95 WA 7haA F9E 3/98i8ick 1 4
7= Table 29 YFERASITE

Table 298] A2}E 2 MPMFE 0.0010 mol& ARS8 TPM1 <]
ASole FHE A, muade 25 9l o o Ars 2H
= Yehiglth 8lar MPMFE 0.0020 mol& AME-3F TPM22] 7
Sollis FYE A2 e 25 esielon o s 3HE
vehde] 7 93 A3E yYeRiSIck MPMEFE 0.0030 mol
S ARESE TPM32] Afolls FHEE ofF 22 o s e
Wom, Ha Aes Egkont ¥ AEiE ol &9 o) BAR
97 el 91 ARE 1HE YERIISE TPM39] - &
el A7 dojdth= AMdT MPMFE 0.0040 mol& AMHE-gt
TPM4 2] 7390l THo] FAHA =the APdzHE dds) 2
o] 739l Ak&l MPMF7} the 37Hzol] vlal] A4l os w
olojr] o5} Whgo] FaE dojuhr] Eah= Zlo = gk

TPM ProcessHlM HCI 22| 2gF TPM processolx] SujZ
A HCLE ol] 9)3t J&ks Al nr] 9islo] HCI2 ok ws)
AA 7FAM THE AAlEIe] Bt olu] MPMF= k2] 2ol A
74 9<%t A9= veld 0.0020 molS ARSIt 7K 29
92 4.0 mLZ sl o Fu|E AME-s HCI 0.0010 M %
NG ARSI 11 A7 Table 3o YERASICE

Table 3] A3}= ®9 0.0010 M HCIS 2.0 mL 371-< wiql
TPM62] 797 7 9t Adas ehiidled] 5 23 &

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”

SaNn‘(l)I?le %8?(1:]3[ Transparency Hardness Adhesion ;ﬁgﬁfb
TPM5 1.0 100% 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.

Z0M, 43148 6=, 20074

o,

Ve 27 Hlg- rRlon 9 e 3HE JERIIE 18
£ WS Wl TPM79] 7-9-ell= TPM62] 73-9-2F A
AAE B 35 A o AR AEE JERIRle
= ke Atk 1.0 mLE A7HE w9l TPM52] 75
A2, w2 A 25 TPM62) Azl nlssisiont o
o S AvE YERIGIT
| #M. P9 FHE Tl 22 e Auvleles 3%
- 74528l Rox|Rk B} dnjo® wel B 7= crack
= ZE B QUSleE wEbx] v o] 3/43%A FEt
sl om 2 ol FE2] 3 A7} very good
2 o] dnE BT Wl 75t AdElE o
. TPM28} TPM32] 7-tof 38 dAnjd o2 40uZ
A= Figure 2 eIk
Figure 2

% oI A SR A Toh e Ak A e
B JEHE Bolgler, TPM3Y] 4-9+= o5 7k= cracks°] =
= B S S 5 Uk

TPM22] 735l A9 78] IR ~AHMEHS Figure 3 WHeh
ISl

Figure 3] IR 2#E&S ¥ 1080~1100 cm™ ' elx] Si—0—
Si stretching vibration®l] 2J3t 55 & 4= 3121, 3100~3600
em el 5 YRR HolglE OH7|el &3k 3545 & = gltk
7213 1569, 1496, 813 cm ™'l melamine a2jell oJ3 42
e 4= Q). o]z e = o] FHYo| Si—0-Si ZEF melamine 7|

5 I kL Slee & 5 SMslh

@
o

) 1

£ 1o kB
N
L
ol
T

e 2
o rlr
q

|._u
om

a
16

J

RS
- — -
N
N

0[_%
‘

ke
r U

ok
L

_]
)-

>,\1
T
=

e
Y
ot

(a) ()

Figure 2. Micrographs of the coating film by TPM2 (a) 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 TPMZ2 process.
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(a)

Figure 5. SEM for the cross section of the coating film by TP5
(a) and TPM2 (b) process.
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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, (E) TPM2 process : before abrasion resistance test, (F)
TPM2 process : after abrasion resistance test.
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. I tofAf= methylated poly (melamine — co—formaldehyde)
(MPMF), tetraethoxysilane (TEOS), phenyltriethoxysilane (PTES)
< ol83iM A g0 E ZEFlHUoE & flof StETHE Al
EaIgick o] w IR &S A7) flete] PMMAE o] €
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