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Development of a Cationic UV Curable Ink-jet Ink for Printing Metal Siding

Masaki Sato, Seiju Suzuki, Shuichi Sugita, Akira Nakagawa, Katsumi Hara, Kazuyoshi Mizuno

Synopsis:

Ink-jet printing of metal siding is often adopted for the printing of exterior wall material. Weather resistance and
adhesion of the ink-jet ink are important factors which affect the quality of ink-jet printed metal siding. We studied the
composition of Cationic UV Curable Ink-jet Ink for printed metal siding. The following results were obtained:

(1) In regards to poor adhesion due to curing shrinkage of the ink layer and curing failure due to moisture
absorption, the addition ratio of OXA : DOX was 2 : 1.

(2) By the addition of 5 mass% or more GLYMO to the ink, the dispersibility of the inorganic pigment was improved.
The ink showed viscosity-shear rate dependency which was close to Newtonian.

(3) In order to improve the poor storage stability of the ink caused by the high reactivity of the trimethoxysilyl
group of GLYMO, the best addition ratio of the four cationic polymerization monomers was determined as follows.
OXA :DOX :GLYMO:EEC=8:4:1:2

(4) For the conversion of the cationic polymerization monomers, at least 95% is required for close contact with the ink
and the precoated steel sheet. The curing conditions are as follows:

(D UV irradiation condition 500m]/cm? or more
(@ Heat treatment condition 70°C, 2minutes or more

(5) According to the results of the Okinawa Exposure Test for Syears, ink-jet printed metal siding demonstrated good

weather resistance with a color difference (AE) of 1 or less.
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Table 1 Types and general characteristics of ink-jet ink. (Relative

evaluation)
S Adhesion | Neutral color Stability of
Types of ink-jet ink of ink [reproducibility | Ink-jet printing
Water-based ink O X AN
Solvent-based ink O O X
Free radical
UV curable | Polymerization x O O
ink Cationic
polymerization o o O
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Fig. 1 Structures of cationic polymerizable monomers.
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Fig.2 Curing properties in photo-cationic polymerization.
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Table 2  Outline composition of cationic polymerizable ink-jet ink

Component Content
(mass%)

Oxetane monomer (OXA, DOX) 60

Epoxide monomer (GLYMO, EEC) 15

Sulfonium salt cationic photoinitiator (CPI-100P) 145

Solvent : Propylene carbonate 50mass% ’

Pigment 10

(Ferric oxide (IT), Pigment red 101,CAS : 1309-37-1)
Dispersing agent (PB822) 0.5
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Fig.3 Real-time dynamic rheological analysis measurement.
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Table 3 Composition of cationic polymerizable ink-jet ink

Component Content
(mass%)
OXA 40
Oxetane monomer
DOX 20
GLYMO 5
Epoxide monomer
EEC 10
Sulfonium salt cationic photoinitiator (CPI-100P) 145
Solvent : Propylene carbonate 50mass% ’
Pigment 10
(Ferric oxide (II), Pigment red 101, CAS : 1309-37-1)
Dispersing agent (PB822) 0.5
x4 ATy M vy OB
Table4 Pigment of ink-jet ink
Pigment
Cyan Cobalt(II) aluminum oxide
Magenta Ferric oxide (III)
Yellow a -Ferric oxyhydroxide
Black Carbon black
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Fig. 6 Changes of steady shear viscosity for cationic polymeri-
zable ink-jet ink with GLYMO/EEC addition ratio.

(1) DY, ZRDPMADIEIZE>TY T — 3k
B LT 5 &, R ORI EGLYMONHE S = L1
B9, 2oz r Xy, EEFEOXRTGT RV F -
KT L, BROSEESNE LKL —2— Ui
AR RT X)o7z £ 2 5, 7272L, GLYMO
DFYXPETTYNIEIZKRG EDRIEEDEL, A
VDR E SR T L ENE R L, TD720,
GLYMO/EECO HERE A HIZ05& Lze ST TOR
Wz FLdif v OREMKER3ITRT,

3.3 BEBREOEEMCHLETHTFALERES
T —OREEOHE

BHOGIRGI B E R 3ITR L7124 ¥ 7 O JUSHEO BFR
R 7 IR,

100
90
80
70
60
50
40
30
20
10

Conversion of oxetane monomers

(OXA,DOX) (%)

[ B R R A SR B B B A
0 500 1000 1500 2000
Exposure energy (m]/cm?)

X7 SRHIMRBEICX A FEY VRE ) —HINEKROZEL
Fig.7 Changes of conversion of oxetane monomers with UV
irradiation.

H 7 58 5 #t No.98 (2017)

A ¥ 7 OREFHIE, YRR SHE1,000m]/cm? T90%
WCEBEST A 00, Z0#, 2000m]/cm’E THIR LT
b, ULHEDO LAIETRBDO NG o7z T2, A V7
DFIEHE0%TlZ, JIS K5600-5-61Z H#EHL L 7= H ik H 5005%
XY, BERWA~OHEEEIEON L7,

KIZA ¥ 7 ORISRz R LS5 72012, B
AT o 720 BAMERESTES00m]/cm? DY v TV B A
ME70C OFZIEIF I AN T, MBI & SOSE O
MpEzRELERERE8ICRT, 70C T2 ED
BB Z g 2 &I2Xk Y, £ 27 ORIGEIE88% % 5
95%!21i] F L, JIS K5600-5-612 #EHL L 7= 2% H iklR % 92
MaL7-EZ A, BEMBICHLTHILBEEENEDS
N7zo A V7R BEMREEESELDITIE, £
ARSI Z S 2 &2k, A FF v E
BE DU ZBWBLL LI LT 208 e 5 2 &
VDo 726

100
< N © L 100
g 98 90
£ 80
g 3
g {0 &
5% — 70 3
s 60 T
g 100 =
ig ™ EbE
3= — 40 'z
- [}
58 2 — 30 =
£9 20
> << 90 g
£ 3 10
@) ]
o= o
88

0 1 2 3
70C Heating time (min)

o~

8 70CIMAMIIZIEZFFEs VRE)Y—JUSHEL AL v 7
FRAT R 2L
Fig.8 Changes of conversion of oxetane monomers and the ink
coating residual rate (JIS K5600-5-6) with 70C heating
treatment.

FHFF EAICBVTIE, IR - TSR
L7270 sy OFaraEVD, AR
BOLF T Z ANDL T EICX D, SBAEREELIZL
WA Yo gL RGO RS O E A (KOG 7 A
HELZEIZE-T, BEMEPMLLZEEZ NS,

AV e BEMMIELESEDLDDL ¥ 7 LS
& TRLSRT .

O IR S0 B E500m]/cm? Bl 1

@ mEHEA 70C, 270BE



SEA T4 T HEAh T A VRIS YV 2y b4 V7 DR 15

34 EBARBHBRER (48

MM TE S AR ONBIEEEZR 912, Ko
EMIREDOEALZ B0 /R o FIRIER & A ENRIE & W
B, BEAEN T T CTHERBL Wz, 72, HRED
MHTARIIIZEALRL, A V7 IZEN
HarHLTwiz,

4. #&

il

i fEtE & A EN &R A 71 v THEH F
F VWAL Y7 Yoy M A Y7 ORI O W THGE
L7ce BHONIFERIILTO®EY TH b,

1) AFEy  RE/) =L LTHRML7Z0XALDOX
DEERAE2:1& L. TOMRKE, 178
DWALIHGIC & B HEEAR EWRIZ X 2 EAR %

After 5 years exposure

50mm,

Before exposure

9 MMETSEMEINRELLA Y Yy MEIRIMEM O
A8l
Fig. 9 Appearance of the ink-jet printed metal siding in the
atmospheric exposure test. (5 years, Okinawa)

4 - —
B - {F - Unprinted part ]

3 Cyan —
B —®— Magenta ]
B <> Yellow 7]
—&— Black —

Gloss (60°)

Color difference (AE)
Do

|

Exposure time (years)

2 3 4 5

Wl 5 e TE 2,

(2) GLYMO®D#MIE % 5mass%bh Ei23 52 &12k b,
R OGN EL, 4 Y2322 — b ViR
PRI AR — 370 AR 2 /R L 7o

(3) GLYMO® bV A b & ¥ ¥ ) VIRIZ RS TED T <,
177 DFREERZK TSI 00, 45O
KhFF v ESE /) —OERBBOLEZUTO LS
IRk L7,

OXA :DOX:GLYMO:EEC=8:4:1:2

4) 4 v 7 L BRERWEHAE I D7D ELRGH T
F VEAGE ) X —DORIBFEIFBUL L TH oI £
DRFALSAFIIV T O Y TH 5,

O HIREEF S 500m]/cm®Lh
@ L 70C, 24Pk

(5) MHICHBE L CHERB LA v 7 Y =y MK
AL, BEOOMEAED 1 LU CE R B
EHLTW,

B, HFEMEMRASHICB VT, P25 4

AMSEA v 72 LEA 27 Pz y FHRISE

AT T[Ty M PEEER TV S,

40

30

VA

0 IIIIHIIIIIIIIIIIIIIIIII

0 1 2 3 4 5
Exposure time (years)

10 MHCTRIMERFZERBE LA > 27 Yoy FEREEE of L ER0 2L
Fig.10 Changes in AE and Gloss (60°) of the ink-jet printed metal siding in the atmospheric exposure test. (Okinawa)

H 3 5 8 £ it No.98 (2017)



16 EEIA T4 YT FF WA Y7V 2y M V7 ORI

EEPUN

1) AR, MRS . R OW%E, 145 (2006), 38

2) fEHEIERS, SyARE, HE—, FR T, R E—, Wt —
H 3 B He R, 94 (2013), 44

3) WA, MRHELE, HARZ . BT HREPERES 37, No2 (1999),
149

4 ) /NBIRE—, HUAE - HARERI 2233, 44 (4) (2007), 209

5) wIkHER, MEIEE : KONICA MINOLTA TECHNOLOGY
REPORT, 4 (2007), 57

6 ) /N, SR, BRI - HARENR 233K, 51 (3) (2014), 185

7) RRIERL 3 2 8N—F v 7,6 (2008), 30

8) /INbfZH : J. Jpn. Soc. Colour Mater., 80 (3) (2007), 116

9) ABAFIF AT : FFFI2015-78321

10) JNIETE, =485, Rl < H B S EcHL, 78 (1998), 52

11) 1k % ARHs - HCHL A R ZE4E 3, 2 (1999), 4

12) i % ARH - RS IRATFE AR, 2 (2002), 4

13) ffi % ARHE - BUHLAS BOWFFE4E 3, 8 (2005), 11

14) /NBERE—, RIFMEH . HAEIRIZ%433E, 48 (1) (2011), 63

15) BPIIBATE, MM - @A 72, 69 (12) (1996), 855

16) NIRFEOK, BEEF5 W], Had =i i, KB« HARESE &6, 50
(3) (2014), 82

17)]. V. Crivello, J. H. W. Lam, : J. Polym. Sci. Polym. Chem. Ed,, 17
(1979), 977

H 7 58 5 #t No.98 (2017)



