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Abstract: The silane coupling agent, 3-(trimethoxysilyl)propyl methacrylate (y-MPTS), was grafted on the surface
of alumina nanoparticles. We used the surface modified nanoparticles in the hard coating layer for in-mold
decoration (IMD) foils and evaluated the coating properties such as hardness and anti-abrasion property. The
effects of electron beam (EB) irradiation on color layer and anchor layer of IMD foils were observed through the
difference in color and the cross-cut tape test, respectively. Also, cure kinetics as studied quantitatively under
various reaction temperatures by analysis of surface properties and Fourier transform infrared (FTIR) spectro-
scopy. From these results, we constructed database for the commercial exploitation of EB curing system.
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M = (6) color layer, (7) anchor layer III, (8) anchor layer IV, (9)

Al metalizing layer, (10) anchor layer V, (11) adhesive layer.

In-mold decoration(IMD)< t 34 <] in-mold 7| H L2, ©] % hard coating layer= & E° IMD X o] HAIE &

AP go oozt A0 HHE Kol IMD TAS  A2\2] AAsjel, AF AF W] Uk, R,
WSS oIt B SA0) ANE SAoRA LYY, RS T AT HAE A= 30 3

F7re] a8% &80 71esla, &4 Aol glof zl o2, I FA+ 2F 35ume]t}. Hard coating layer= IMD
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U= Jel2 A= (1) PET base ZE, (2) release layer, 733}l <ls| ‘i%% % & hydroxyl”7] carboxyl7] =
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A% FES 29| A (ultraviolet, UV)o]L} A2 (electron
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NCO #5715 7H = <§7d3tste] BURNOCK DN-980SE
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Figure 1. Chemical structure of 3-(trimethoxysilyl)propyl methacry-
late (y-MPTS).

Polymer(Korea), Vol. 36, No. 3, 2012



270 AEA - A

Zof M= ¥ EH 2 "It A3 ASHAV =99
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slatidth. UV 374 B ¢h5st 22 yWadd &
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Figure 2. FTIR spectra of y-MPTS: (a) before hydrolysis; (b) after
hydrolysis.
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Figure 3. Coupling reaction between hydrolyzed y-MPTS and alu-
mina nanoparticle.

Figure 4. SEM micrographs of samples treated by (a) 0.2 wt%; (b)
0.3 wt%; (c) 0.5 wt%,; (d) 1.0 wt% silane concentration.
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Table 1. Variation of Pencil Hardness and Haze Values
with Silane Contents

Silane content (wt%) Pencil hardness Haze value
0 2H(3G/2NG) 1.04
0.1 2H(3G/2NG) 0.99
0.2 2H(4G/ING) 0.63
0.3 2H(4G/ING) 0.58
0.5 2H(4G/ING) 1.06
1.0 2H(1G/4ANG) 2.19

Table 2. Variation of Pencil Hardness and Haze Values
with Al Particle Contents

Content of Al particle

(phr) Pencil hardness Haze value
2.5 2H(4G/ING) 0.61
5 2H(4G/ING) 0.58
10 2H(2G/3NG) 0.84
20 2H(2G/3NG) 1.83
A ol &3] 73R EJ7] witolet o AZI.
oyt A5 EUE B AFor= ?V*S’J A A F
T2 03 wt%E AA s U Yxte] THE 283
A A9 FEE 03 wthE ﬁ%’\]ﬂ# GF oL
U= AE 255, 5, 10, 20 phr2 H3kA]7]w oA AW & vt
o e gHow B e As ATS FHE 7,
T =] 71AE 242 H7skIH Table 25 &Frv
e 91Are] g wistol me wute] 71418 B4 2ol

BolEo) oluf 5phr T Ui JAI}F SHrE muto)
0.589] 714 vre 59 7S HoFAu 2y YAke] 3
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Figure 5= PET Z&ol 717t #2413} ahgh4 9] color
= AE F, EBE AR A 59| ARRle|th <k 4o

2= ZAMIFS 300 kGyZ7HA] S7HA1Z] 73 -0l = A o)
WS dojuA] e AS E1E 5 s 2y &
PO TE= A% HstE AAAOF W7ter] oy 7] wf&o
AT A= Lratb* M= A 2HS o]gsto] A wis}
TES B A FA O R dolH gkt Lra*b* M Al 2Hle
L*a*b* A F7ho] A& FASE o R, o5 49
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Figure 5. Images of red and blue color films upon EB irradiation.
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FAA eItk L* g2 @4 (H)°13L, 01’31 black)Zt
100(°]7321 21 white) Atolell ot & H=e (+) a* Fh,
Z252 () a* 3 2 YeRdioh B3 =7 A== (+) b*
W, AT A= () b* wS ZH2E UERITE Lra*b* Al
2ge T e MAE FHE 7 Utk Aake 71E A
H 5 A ko] A 7te] 9loja o] 71akeka] Azl s sl
FAZA Ao zelE YERE Zolth AE*, &
AE*9] 7135 ARg-ate] MRS YehH, 3d A2 o
e e

AE*, = [(AL*)*+ (Aa*)? + (Ab*)*] "2
(AL*, Aa*, Ab*: 7]5& A3} v]al M 7Ee] L*) a*, b* Zk
] z}ol)

Table 3= 19| HE&S TSR EB RALES HAIE
color & EHte] AxHA| S Axjo|tt, o] off, ALk AE*,,
ZF-& National Bureau of Standards(NBS)2] 24 x}ztol tf &t
NBS units2 ©]-§3to] A &8t 4 Ut Table 4= NBS
A 7lEe YERA, T 42 NBS wnite ote
Holop

Table 3. The Color Change of Blue and Red Color Films
upon EB Irradiation

Blue color
AE*,, L* a*  b* AE*,
O(standard) 44.89 54.35 2745 - 4232 -17.83 -44.66 -
90 4471 54.25 27.64 0.28 42.40 -17.53 -44.77 0.33
150 44.64 54.53 26.93 0.60 42.28 -17.73 -44.62 0.11
210 44.46 54.51 2697 0.66 42.18 -17.12 -44.53 0.74

EB dose Red color

(kGy) L* a* b*

300 44.43 54.62 26.89 0.77 42.63 -17.3 -44.6 0.62

Zg, #3649 #35, 201213

Table 4. National Bureau of Standards (NBS) System of
Expressing Color Differences

Critical remarks of color difference NBS units
Trace 0.0~0.5
Slight 0.5~1.5
Noticeable 1.5~3.0
Appreciable 3.0~6.0
Much 6.0~12.0
Very much 12.0~

NBS unit = AE*;, % 0.92

oM A go &= 150 kGy ©1, Tl Al golM &
210 kGy °©1’4<] EB ZALE A A1 S wl NBS unit©]
0.5~1.0 Wel & Yehldth o= “Slight’, 5 °F1ke]
zpol7h A5g Ttk aFAIRE 7 Aol 8to g thE
A 7] AAshs AE*,0l #2 T4H 2R 225 ool
), dubHQl FokE 2 =5 o] MY 715 AE*
0.8 o]3to]th. FH-2A B €] color T BT AE*,, Bl
0.8 ©]3t=, EB ZAlel whE A W3yt 7] dojuA] &=
AL & F ) o5 ZA4E IMD TY S FA =
color Fo] FA} o] Fell FAGle] EB Aol SHg s}

= A8S UE F I
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AAF EBE XA ¥, cross cut tape test(ASTM
D3359)5 AR&-8to] anchor 59 2 = W3ls FAlsH=
Aoz AAlsklet AAlEel 90, 150, 210, 300 kGy2] EB
ZAFeE A5 E IS 2, ASTM D335990 A€ cross cut
tape testol] ©] gt 2 H7F S0l wpet Zhhe] HEAAL S
)3 3 7}31 Tk Figure 6& ASTM D33599] FA1E {24
H7t 555 yehd Z o], Figure 7-2 cross cut tape testS
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Percent Surface of cross-cut area from which
Classification area flaking has occurred for six parallel
removed cuts and adhesion range by percent
0%
B None
4B Less than —HH=
5% u I‘ =
HE &
3B 5~15% SHEE SEEE
T IT
. |
2B 15~35% —Hn 7
A E:
T |
ETITITETITIT
1B 35-65% ] =
f —
Greater than - =
0B 65% #

Figure 6. ASTM D3359 classification of adhesion test results.

210 kGy 300 kGy

0 kGy 90 kGy

150 kGy

Figure 7. Images of adhesion test samples upon EB irradiation.
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Figure 8. Change in FTIR spectra as a function of irradiation temper-

ature. (a) no irradiation (for comparison); (b) low temperature; (c)
room temperature; (d) high temperature.
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Table 5. Variation of Pencil Hardness and Haze Values
with Irradiation Temperature

Pencil hardness Haze value
(a) H(1G/4NG) 20.14
(b) 2H(4G/ING) 0.43
(©) 2H(5G/ONG) 0.18
(d) 2H(5G/ONG) 0.12
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