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Preparation of UV Cured Hard Coating Films Using Polysilazane on Plastic Substrates
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Abstract — UV-curable hard coating solutions were prepared by mixing organic or inorganic polysilazane with ure-
thane acrylate. UV-cured hard coating films were also obtained by flow coating, subsequently UV-curing on polymeth-
ylmethacrylate (PMMA) sheets. The effect of types and amounts of polysilazane was investigated on properties of
obtained coating films. As a result, the coatings obtained by using organic polysilazane showed a high hydrophobic
property with water contact angle of 95°, pencil hardness of 7H and high transparency of 92% in the visible wavelength
range. On the other hand, the PMMA sheets made by using inorganic polysilazane exhibited a pencil hardness of as high
as 8H, good adhesion to the substrate and water contact angle of 82°.
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Fig. 1. Chemical structures of a) inorganic polysilazane DHC-18A
and b) organic polysilazane Durazane 1800.
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Table 1. Synthesis conditions of UV curable hard coating solutions from polysilazane

Sample code Type of polysilazane ~ Polysilazane (g)  Urethane acrylate (g) Hexane-1,6 diol diacrylate (g) Toluene (g)  Photo initiator (g)
Ml Durazane 1800 0 30 2.0 66.5 1.5
M2 Durazane 1800 2.0 30 2.0 66.5 1.5
M3 Durazane 1800 5.0 30 2.0 66.5 1.5
M4 Durazane 1800 10.0 30 2.0 66.5 1.5
M35 Durazane 1800 15.0 30 2.0 66.5 1.5
D1 DHC-18A 0.5 30 2.0 66.5 1.5
D2 DHC-18A 1.0 30 2.0 66.5 1.5
D3 DHC-18A 1.5 30 2.0 66.5 1.5
D4 DHC-18A 2.0 30 2.0 66.5 1.5
D5 DHC-18A 3.0 30 2.0 66.5 1.5

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018



164 ST -

Photoinitiator Solvent

Mixing for 20 min

- Monomer + Oligomer
L 4

Mixing for 20 min .

< Polysilazane
v

Mixing for 2 hr

l

UV-curable coating solutions

Fig. 2. Experimental procedure for preparation of UV-curable hard
coating solutions from polysilazane.
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Fig. 3. Photographs of UV-curable hard coating solutions prepared with
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Fig. 4. FT-IR spectra of UC-curable hard coating solutions prepared
with different amounts of organic polysilazane. a) Durazane
1800, b) M1, ¢) M3, d) M5 in Table 1.
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Fig. 5. UV-visible transmittance spectra of hard coating films prepared
with different amounts of organic polysilazane in Table 1.
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Fig. 6. Water contact angles of hard coating films prepared with different amounts of organic polysilazane in Table 1.
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Fig. 7. Optical microscopic surface images of hard coating films prepared with different amounts of organic polysilazane in Table 1.

Table 2. Pencil hardness and adhesion of coating films prepared with
different coating solutions

Sample code Pencil hardness Adhesion
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M3 7H 5B
M4 TH 5B
M5 TH 5B
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D2 8H 5B
D3 8H 5B
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D5 8H 5B
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Fig. 8. Photographs of UV-curable hard coating solutions prepared
with different amounts of inorganic polysilazane. a) D1, b) D2,
c) D3, d) D4, e) DS in Table 1.
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Fig. 9. UV-visible transmittance spectra of hard coating films pre-
pared with different amounts of inorganic polysilazane in
Table 1.
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Fig. 10. Water contact angles of hard coating films prepared with different amounts of inorganic polysilazane in Table 1.

Fig. 9% 771 Ee|Aelxte] Hriess Welsto] A3t ot =
9 898 PMMA 714 Yol IR3to] dojxl I8 =uke] Fakg
o]tk PMMA 714 9] 3-8 93%0| ) 7] Zejdehido] 78
% Table 19] D39} D5 Al&.2] Z-9-olli= PMMA 7|A] B} oF7F vk
91%2] TS Yeh, 7] Zeldebde] IR E A-9(92%)2}
H|sh B8-S Bl

Fig. 102 77] e delzte] H7te-s Wsleto] Alxst s =
g 898 PMMA 714 Yol R3] dojl 28 =uke] 4%

Ztoltk. R H A Q& PMMA 7141 9] 3 3] F2h2 73°0] 3L
7] Ee)2dekto] 37k DI, D2, D3, D4, D5 Al .2 739 247}
73°, 77°, 81°, 82°, 81°9] A FHIbE Ko §7] Fejdepite] 37}
o] 71l meh ok i 57te] Srkeh f7] Eel ekl
H7HE Aol A 95°0) FHF7E Rl A9k vla Al e
a7h A4 ZoE & 5 ATk

Fig. 11. Optical microscopic surface images of hard coating films prepared with different amounts of inorganic polysilazane in Table 1.

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018



—_
(o))
o0

=)
>
e
2
i
AC)

>

eharo] H7he 3¢

A
o |
P
Ir
i
i)
4n
N,
i
o
i
=

=2 ﬂllﬂl >~
=
12 32
9
N
A
+ r
Sl
>
9
oZ,
o
1o
e
9
e
ot
st
o

FrE 2 ol
N

=T
oy Mo g

at

N

J-

i}
)
>,
Y

rlo

FuIe] ghgAdol Forw Y] £
PMMA 7|4} 91of 8 Al 11z 7 Foll
St AsPt HR5 o] Aol

(

N
A =

i)
12
o

o
J%

L

| O M ok

Ol

~

= ofo
E
2

o
B
3o I
32
)

o
i)
o
ol

r oo

.H
&
o
r|
40
~
it}
)
>,
=
2
1o,
o2
o
FX
2,
_OL
£
2
BX
rot
_OL
3!
sl
b ol

2
Rle)
o

B
o
||
o
o
iib)
i)
H O
v
K
o,
i
X

Moy 12

lr—{mlo

& T oo

jan

i 2
>
2y

o« [

=

1o,

r.l.u

e
o
)

oY rH

S
kit
il
T

=
SES
o 1o 12 A o fE

2

¥ .

3o W

ok

i‘P‘ oY,

ot ©

L 1o
1 c
< =

o

&)

b

Al

Hu

=t

K

ot ¢

g =
e o
oY, ofy
o
it g
O
1r
i
il
o
i
F;}i
1o
}1_:‘
N
T
HOE
o,

mmm
o, X
S
2%
3 >
—
Z
< e
~N

b
n
>~

dlo m

X0

=2
3
e f
2
2

e 4o o (0 p® 2ot of to oo
aL)
i
rlo
wn
=
i

30
)
G

&

| 2] depzte] F5 9 WUl dElste] uv
S A|Z3EZ 0|2 PMMA 7|A] 9o 35 5
g suks FASIT o] A F oy

Apafof o 3

Ho >
1=
1o,
it
2
2
=
fr
2,
o
o
BN

X
0%t
S
>
Ay
o
o
o,

T EHe] i 5EE A
7] EeAebzto] A7k A9 Ho 8209] FHEFS Kol 7]
] Aebdo] 7k 799k v
) THA e #HrtEes =24
PMMA 717 ¢l UV A 3}3Fe] Aol
3% A7 I8 HA] %2 PMMA
UV 43 TE 29 A9 Alge] a2
SIQltt. /71 Eelalekzto] A7k Al
D5 7HZ FY8 uv A3 T8l {7 2

ue oo

o Ol::'_ﬁ

~
T
ox O 1

‘2
i)
DN =K O o)y o

o
i
rlr
o
T
i
-
(i rlr
)

bl

1o
e oy K
> $
SEGZL'
rzifﬂ
L3
o >,
N

=)
rr 20,

it
o 2
e
oy W
b

o0
T
Fu
o
N
il
Ac)
>
=
2
1o
o
o
1o
~J
T
117
0 M1
e f
i)
o,
b
N
ot
A
o,

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018

oS PMMA 714} $lel s153lo] Qlojxl 18 wrte] B Yot
Aol 0= ST Ao thire] Az o] gl Fska v
el wu A Uehiglon, 1) Eel et ae 97t @

3 7
S-olls B A o] 7lAL FE0] A 2Po] B & S
AARTE.
ZzZ Ab
B 247193 201605 AFSFAE Y 7)<s Akl o) &
TA Lo R FAE g on oo A= T},

References

1. Kim, D. H., Song, K. C., Chung, J. S. and Lee, B. S., “Prepara-
tion of Hard Coating Solutions Using Colloidal Silica and Gly-
cidoxypropyl Trimethoxysilane by the Sol-Gel Method}’ Korean
Chem. Eng. Res., 45(5), 442-447(2007).

2. Oh, S. K., Chung, J. S., Lee, B. S. and Song, K. C., “Preparation of
Hard Coating Solutions by Sol-Gel Reaction of Glycidoxypropyl
Trimethoxysilane and Methacryloxypropyl Trimethoxysilane]
Korean Chem. Eng. Res., 46(2), 274-278(2008).

3. Hwang, J. H. and Song, K. C., “Preparation of UV-Curable Organic-
Inorganic Hybrid Hard Coating Films Using Alumina sols and
Acrylate Monomers, Korean Chem. Eng. Res., 49(3), 277-284
(2011).

4. Yuan Y., Liu R., Wang C., Luo J. and Liu X., “Synthesis of UV-
Curable Acrylate Polymer Containing Sulfonic Groups for Anti-
Fog Coatings.’ Progress in Organic Coatings, 77, 785-789(2014).

5. Zhang, Z., Shao, Z., Luo, Y., An P., Zhang, M. and Xu C., “Hydro-
phobic, Transparent and Hard Silicon Oxide Coating from Per-
hydropolysilazane’ Polym. Int., 64, 971-978(2014).

6. Marceaux, S., Bressy, C., Perrin, F. X., Martin C. and Margaillan,
A., “Development of Polyorganosilazane-Silicon Marine Coat-
ings)’ Progress in Organic Coatings, 77, 1919-1928(2014).

7. Kozuka, H. and Fujita, M. and Tamoto, S., “Polysilazane as the
Source of Silica: the Formation of Dense Silica Coatings at Room
Temperature and the New Route to Organic-Inorganic Hybrids}’
J. Sol-Gel Sci. Technol., 48, 148-155(2008).

8. Naganuma, Y., Horiuchi, T., Kato, C. and Tanaka, S., “Low Tempera-
ture Synthesis of Silica Coating on a Poly(ethylene terephthalate)
Film from Perhydropolysilazane Using Vacuum Ultraviolet Light
Irradiation]’ Surface & Coatings Technology, 225, 40-46(2013).

9. ASTM D 3359, “Standard Test Methods for Measuring Adhe-

sion by Tape Test;” ASTM International, 927-929(1997).

Bauer, F., Decker, U., Dierdorf, A., Ernst, H., Heller, R., Liebe

H. and Mehnert, R., “Preparation of Moisture Curable Polysilazane

Coatings. Part I. Eluicidation of Low Temperature Curing Kinet-

ics by FT-IR Spectroscopy;’ Progress in Organic Coatings, 53,

183-190(2005).

10.



