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Improving Curing Rate and Physical Properties of Korean
Dendropanax Lacquer with Thermal and Photo Initiator by
Dual Curing™'
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ABSTRACT

The Korean Dendropanax lacquer, made from a natural resinous sap from Dendropanax
morbifera Lev., was used as a golden and transparent varnish for the traditional artifacts (armor
suits, helmets, arrowheads, etc.) to make them be brilliant golden color. The cured film of the
lacquer has excellent protective properties such as weatherability, water resistance, and
anticorrosive. But, one of disadvantages is that takes a long time and much energy to fulfill curing
of the lacquer. The chemical constituents of the lacquer contained conjugated diene compounds
as the photopolymerizable monomers. These monomers easily polymerized in sunlight to form
golden-colored, hard-coating films in a short time. Photooxidation may be one of the most
important reactions in the chemistry of the lacquer. Although the Korean Dendropanax Lacquer
should be dried to a thoroughly dry stage to achieve optimal film properties, curing with elevated
temperatures may be required for the protracted curing time at atmospheric temperature. So we
intended to accelerate the curing rate of the lacquer by dual curing of thermal and radiation
curing. The effect of thermal initiator on the thermal curing reaction was evaluated by monitoring
the changes in double bond peak with FT-IR. Then the curing rate of the lacquer blended with
thermal initiator and photoinitiator together was measured during dual curing using a RPT with
UV spot curing machine. Thermal initiator not only accelerated the curing rate but also improved
the physical property. And the curing rate of the Korean Dendropanax lacquer was improved by
dual curing method of thermal and UV curing. According to these results, the application area of
the Korean Dendropanax lacquer could be expanded to surface coatings for electronic devices
such as mobile phones or electronics.

Keywords: natural varnish, Dendropanax, golden varnish, thermal curing, photopolymerization,
dual curing, thermal initiator, photoinitiator
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Table 1. Formulation of the Korean Dendropanax lacquer with thermal initiator or photo-initiator for

dual curing

Korean Dendropanax lacquer

Original lacquer (wt%0)

Solvent® (wt%)

Thermal initiator” (phr) Photoinitiator® (phr)

D 60 40
Dr 60 40
Dip 60 40

18
9 9

“acetone used in impurities extraction process, "22tazobis(2-methylpropionitrile) (AIBN), ¢ Micure HP-8

@E(pendulum hardness)
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Fig. 1. Pendulum hardness of the Korean Dend-
ropanax lacquer (D) and the Korean
Dendropanax lacquer with thermal ini-
tiator (Dr) during thermal curing of 100°C.
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Fig. 2. Chemical changes of the Korean Dend-

ropanax lacquer (D) during thermal cur-

ing of 100°C by FT-IR spectra.
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Fig. 3. Chemical changes of the Korean Dend-

ropanax lacquer with thermal initiator
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FT-IR spectra.

Conversion (%)

A0
Thermal Curing Time {min])
Fig. 4. C=C double bond conversion of the
Korean Dendropanax lacquer (D) and
the Korean Dendropanax lacquer with
thermal initiator (Dr) during thermal
curing at 100°C.

Fig. 3 A7NAIAIE H7ke 834 =89 DrE 100°C
oA AABAZIHA FT-IRS ~#HEHS WsE
el Avtolth. F2geiol Do} kA= 100°C

= ‘er]d XH A7As 2 APA 7ol wet 1,645 cm’

HAE
)

9} 885 ¢ 29 -C=C- 0|32 W5 EAv=a
7k 7‘*0}% &4% & 4 9l

Fig. 4+ 33 L4921 Do} G/IAAE H7Hs s
100°Coll A E7 32171 A, Fig. 29F Fig. 3914 1

Period sec)

Tirme (min)
Curing behaviors of the Korean Dend-
ropanax lacquer (D), the Korean Dend-
ropanax lacquer with thermal initiator
(Dy), the Korean Dendropanax lacquer
with thermal initiator and photoinitiator
(Dp) by dual curing at 150°C.

Fig. 5.

ehdl C C-
ato] &

¥aL

BARNAEZA7

Apo] el A s}et

(entanglement),

]( PT NA AfrRALe] F7]+
HIEH oIy 7k, =24

wele] Eshshs vha
(absorption) <] 714 £HI =7 Alo] <
Arae] gk met debA A frk(Lee et al., 2004,
2005: Tanaka et al., 1999). welr 2 Ao M=
st Ao wet AFARFIE SFHTFoRA A
stASS A8k

Fig. 5% 150°C9] Ag-==oAle] &2 dA(D),
3 Ao AAAAE HIEe D, GAMAA L F
MAAE FAlA H7beE Dpoll Oist AstAsS

=
U
7]

al
ke

6‘
= H

.
AR EE=

— 338 —



olT R3S ol &3 A R FAAAIZE whEE

RPTE o]&3lo] zak57]9] Wst=x #2s 4
olth. A Aol elate] A LRI} HX1 V)
ol Dre] 7] ¥k Dol vlste] w2 A 7Fashe
AH}E YeRRATE 28] a Dol 4% 474 3ket UV
AstE Adgsty] fste], =FE AuEs 7rdat]
150°C =23tAl gk 25l Spot Curing FHE ©]&
sto] UV 3418 10i27F ZAFSEATE. Dol A7)
= Drot Dell Hlate] wf-9- whE A AT} o]
UV 340l 2]ale] radical = ¥l e AW A Al7F 32

o 235 E¥3} o]FAF A1&S dusiiA

rE K

Lo

e
bt
H
‘

| 1S ot
i o
N
)
R
A
o
°
2

e

FUodm o2
foox, M

o

[}
i
MRS

ﬁ J_}J_, rlo 0_>L

[
¥@ o o g ol oy oo mx off
i)

>

oo

9‘L

fr

%0

9

ru
oot o
Moo > &

o -

ML
2
h
2
riz
e
-
2
2
rir
o
%
=
2 ot

1
B
)
ol
ol

% H oHr 1o p2 L4 ¥ i Ho

o
=
8
&=
we i
=
>~
>
=
o
oL

o ng U
o
i)

o v o

=
o
>R
X

ok

> o
2 oon
=2

o
M
1%
N
1o
H 2
1] o
@ e
o, J{_H
of ]
My =
¥ o
rE? W
U o2
N o
L
QL

i

o2 |o

=
>
o)
il
lo
E
ok
fu
=%
s}
i)
2
o
m
o
2
o
N —" o:
,’;B 2
g
=2

o
foh
rO
2 98 o
o 2
ﬁ:? v
ol
B e i
o
: f
M o
y, 2 ]
T
Y
Eﬂj ™o g
N —>.‘I—4 0_>L
= M
= ot

)}
o
on
o
o
0
rio,
2
[40
)
2
R
ok
2
o
oty
I

i
x2
to
rir HE
=)
o
T
;% Ay
i
o
e
) nﬁf
1 ‘r’g ol
)
3
> g
Z o o I 2
j_ozl’ OE% bR w2
==
2 > o oo g

oM,
Lo
=
o,
o,
o @,

fo kI omy oM MU X X oo foh

o
of
il
o
30,
dlo
tlo
o
[-40
[0
ol
32
ful
o
vl

I
2

ofr
-

2

oo

Moo c
O

9

i

nj

dob o &L lob
£ o g 22

R

1

2

3

10.

11

— 339 —

 AEE, olF, 2002 AAERS] AVES 23

Wicks Jr, Z. W, F. N. Jones, and S. P. Pappas. 2007.
Organic Coatings, Science and Technology, 3rd
Ed, John Wiley & Sons, Inc, Honoke, New
Jersey.

Miiller, B. and U. Poth. 2006. Coatings Formulation
: an International Textbook, Vincentz, Hannover.
Hwang, H-D, J-I. Moon, J-H. Choi, H-J. Kim, S. D.
Kim, and J. C. Park. 2009. Effect of Water Drying
Conditions on the Surface Property and
Morphology of Waterborne UV-curable coatings
for Engineered Flooring. Journal of Industrial
Engineering & Chemistry 15: 381~387.
Schwalm, R. 2007. UV Coatings: Basics, Recent
Developments and New Applications, Elsevier,
Amsterdam; London.

Park, H-J. and H-J. Kim. 2002, Optimal Curing
Conditions for Korean Dendropanax Lacquer.
Journal of Wood Science 48: 346~347.

W7NE, A&, A4S 1997 A5 2 =8 4T
#43 AFD - GAUSF FHE A ez 54
skha] 2. HAE 3 25(3): 24~28,

A7, B4 1998 s FE =7 el 3

&8 26(3): 73~80.

2 G L ZA B3 A FFYETHIA
10(4): 393~400.

Lee, B-H, J-H. Choi, H-J. Kim, J-I. Kim, and J-Y.
Park. 2004. Curing Behaviors of Korean Dendlro-
panax Lacquer Determined by Chemical And



12.

13.

E.

Fd5 - LA

o] .
2}

i

Physical Measures. Journal of Industrial Engi-
neering & Chemistry 10(4): 608~013.

Lee, B-H, J-H. Choi, and H-J. Kim. 2005. Curing
and Thermal Behaviors of Korean Dendropanax
Lacquer Made by Acetone and Wine Spirit
Extraction Methods. Progress in Organic Coatings
52: 241~245.

Terada, A. Y, Tanoue, and S. Shimamoto. 1997.
Photopolymerizable =~ Golden-varnish in the
Ancient East-Asian Countries and KOSHIABURA

=13
=

=

oy

. 7]

14

— 340 —

[0

ul
= bl

of Japan. Progress in Organic Coatings 31: 81~80.

. Tanaka, T. 1999. Instruction Manual of Rigid-body
Pendulum Type Physical Properties Testing
Instrument, A&D Co, Ltd.

. Hwang, H-D, J-L Moon, and H-J. Kim. 2009.

Accelerating Curing Rate of Korean Dendropanax
Lacquer (Golden Varhish) by Dual Curing of
Thermal and Radiation Curing, Proceeding of
European Coatings Congress 2009, Nuremberg,
Germany.



