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ABSTRACT

The aim of this reviews is to introduce the information concerning design of the UV-curable jet ink com-
position in order to provide a good adhesive property on non-porous surface. In order to clarify the vis-
cosity dependence of flying speed for the UV curable jet ink, rheological analysis and observation of the
flying state of the ink were carried out. The relationship between ink formulas and adhesive property on
non-porous surface was investigated. It was examined the adhesive property of radical polymerization
type UV curable jet ink included hydrogen abstraction type photo-initiator, it was expected that the strong
adhesive strength can be obtained between the ink and non-porous surface in this study. UV curable jet
ink with a slight amount of water was prepared. Optimum ratio of the cationic polymerization type UV
curable jet ink shows an adequate adhesive strength towards two kinds of non-porous surface such as
glass, poly(vinyl chloride) when tests were conducted on the ink jet-printing test machine.

Keywords : UV-curable jet ink, radical polymerization, cationic polymerization, adhesion, non-porous

surface
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Fig. 1-a. Fundamental structures of the three kinds
of print head.
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Fig. 1-c. Fundamental structures of the three
kinds of print head.
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Fig. 3. Chemical structures of the photo-initiators.

DETX

Table 1. Composition of UV curable jet ink
(Radical polymerization type)

Component Content(wt %)
Tri-functional monomer 32.5~33
Di-functional monomer 32.5~33

Mono-functional monomer 23

Photo-initiator 5

Pigment 5
Dispersing agent 1~2

CHy-0—CH,CH,-R
H;CH,C—C~CH,-0—CH,CH,~R R‘G(‘\ I:*(‘II:*O)*R
n

CH,~0—CH,CH,~R
TMPTA

PEGDA(n=4)
PEGDA(n-13)

%

IH/\R

CH,—R

R—CgHy,—R
HOH,C—C—CH,—R HDD# p
|
| R—=CgHig—R R : —0—C—C=CH,
CH—R NDDA H
PETA

Fig. 2. Chemical structures of the radical
polymerization type monomers.

diacrylate (NDDA)E o] &3}t g5 R E=
Isobornyl acrylate (IBA)E ©]-&3} %1 t}.

Fig. 3o Yetdl 23 Zo] FFdMAAZE 2-
Methyl-1-[4-(methylthio)phenyl]-2-morphorinoprop
ane-1-on (Irgacure 907)} 2,4-Diethyl- thioxanthone
(DETX)& o] &3t3l L, a2 7hE s A3+
2o WEA BAAE Bl

FoleTRYAEYTY 7| E2A 2 FYol2 T
U K], FFAAAAL AR Y AR ZAAZ A

A} ¥l th(Table 2).

A ofol& %Y wiev 2 A 1,2-Epoxy-4-(2-
methyl oxiranyl)-1-methylcyclohexane (CEL 3000),
(3’,4’-Epoxycyclohexane) methyl-3’, 4’-epoxycyclohexyl-
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Table 2. Composition of the cationic
polymerization type UV-curable jet ink

Component Comtent(wt %)
Cationic-functonal 01
monomer
Photo-initiator 3
Pigment 5

Dispersing agent

CEL 3000

T ??@

Fig. 4. Chemical structures of the cationic
polymerization type monomers.

carboxylate (EEC), Bis (3-ethyl-3-exetanylmethyl)
ether (DOX), 3-ethyl-3-hydroxymethyloxetane (OXA),
3-ethyl-3-phenoxymethyloxtane (POX)E ©]-&3} %
th(Fig. 4).
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Fig. 6. Observation apparatus of the flight state for the UV curable jet ink.
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Fig. 8. Viscosity dependence of flying speed
for the UV curable jet ink.
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Fig. 9. Photopolymerization behavior of UV curable

jet ink.
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Fig. 10. Adhesion properties of UV curable jet
ink on PET base.

100 T

w 1 T 1 L}
] e v v
L (| o
= u]
~ 80| g
s | o |
e A
g S0F 0 -
= Ik |
g & a
£ 40 , TMPTA/HDDA -
[
£ | o TMPTANDDA 1
8 20} O TMPTA/PEGDA (n=4) o
| ¢ TMPTA/PEGDA (n=13) |
0 i 1 L 1 L 1 1 1 L L

0 200 400 600 800 1000 1200
Exposure energy (mJ/cm?)

Fig. 11. Adhesion properties of UV curable jet
ink on PVC base.
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Scheme 1. Polymerization mechanism through
inter-molecular cleavage and hydrogen
abstraction.



24 HA QIR E o7& - UV A3k AEQT - 65

oA DETX O 3539 & AHolA 27t 25
=l FAbo] o) A} PETY E7H X E el ZE
3= FA9 dofitrh(scheme 1)."”

4.4 FIE|2 &Y

A A of| FA] R of SAT Kt S
2 3= ofo] L 24 A E]T 9 25 Coﬂ/\if’/]
L 30mPasH Lo AU EZo] 7153l R 2 e }
A A AEE Y2 Ao] 7} 53

PVC7| A of B3t Al E ) 2of 12+ 23} Fig. 13
of et glet. Tl of 2t 2 T4 F A E Y= PET
714 o 3t H 24 o] =R ak PVC7] A of| o 3t 3 244

uZi r-ln:

< Wt olof wldl ol FHF YA= PVCIIA
100
e
~ 80}
<
=
g 60 ®
5 °
E s}
E
5 i @ Radical polymerization type o
O Cationic polymerization type
0 L D—E.' Il 1 1 1 =

1] 50 100 150 200 250 300 350
Exposure energy (ml/cm?)

Fig. 13. Adhesion properties of the radical and
cationic UV curable jet ink on PVC

base.
20 T T T T T T
Water content (mol%):
@15. o0 o288 ¢56
(=]
— o & o L&
£ ¢ 0 °© % 8 o
% 10 2 @ o o i
[+ &
& n}
g
O s 5 ]
o ©
o © ° ° % o
o
0

0 50 100 150 200 250 300 350
Exposure energy (mJ/cm?)
Fig. 14. Plots of conversion of water-containing

EEC film vs. inadiation time (Light intensity:
lmW/cmz, 254nm).
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Table 3. Photo-curing energy for water-containing

ECC film
Water content (mol%) Exposure energy (mJ/cmz)
0 240
2.8 274
5.6 280
0.005 T T T
Water content (mol%s)
0.004 | 0 l -
g bioeg }. 7 3B i : 1
;'D_ |' ‘i
Z 0002 N ' 4
o & A
< o 5
5 0001 AV ' -

1 L L
3200 3300 3400 3500 3600
Wave number (cm)

Fig. 15. FT-IR difference spectra of EEC film
containing 0 and 5.6 mol % water before
and after exposure (Exposure energy:
480 mJ/cm’, 254 nm).
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_ - ——— Polymer—“lﬁ(:'
Water-free OH Polymerization

1! 0
dmm transfer \
/

Scheme 2. Ring-opening reaction of epoxy compound with and without water.
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Table 4. Detachment ratio of the UV curable jet ink (CEL 3000/oxtane/ECC, Media : glass, PVC)

Oxetane Ink Exposure energy (mJ/cm?)
monomers classification 25 50 100 150 200 250 300
Ink@ uncured 100% 100%  100% 100%  100%
DOX Ink( 100% 100% 0% 0% 0% 0% 0%
Ink@© 0% 0% 0% 0% 0% 0% 0%
T mkd uncured 0% 0% 0% 0% 0% 0%
OXA Ink(® 100% 0% 0% 0% 0% 0% 0%
Ink(®) 0% 0% 0% 0% 0% 0% 0%
B mke® uncured | 100% 100% 0% 0%
POX Ink@® 100% 100% 100% 0% 0% 0% 0%
Ink@ 0% 0% 0% 0% 0% 0% 0%

Ink@.d,® : CEL3000(30) + Oxetane monomer(35) +EEC(35). Ink(p) ,(® , @ : CEL3000{50) + Oxetane monomer(25} + EEC(25).
mk@ , [, : CEL3000(80) + Oxetane monomer(10) + EEC(10)
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Table 5. Properties of the three kinds of cationic polymerization type UV-curable jet inks

Ink© Ink® Ink@®
Surface tension (mN/m) 354 36.2 35.7
Viscosity (mPa-s) at25°C (407C) 14.3 (8.3) 15.1 (8.5) 13.2 (7.4)
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Fig. 16. Photograph of ink-jet printed image on
glass.
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