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ACTINIC RAY CURABLE COMPOSITION, 
ACTINIC RAY CURABLE INK, IMAGE 
FORMATION METHOD EMPLOYING IT, 
AND INK-JET RECORDING APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional of US. patent appli 
cation Ser. No. 10/995,400 ?led Nov. 23, 2004, now US. Pat. 
No. , Which claimed the priority of JP 2003-398807 
?led Nov. 28, 2003, the priority of both applications are 
claimed and both applications are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an actinic ray cur 
able composition, and particularly to an actinic ray curable 
ink With a loW viscosity, Which is capable of being cured With 
high speed, and forms an ink layer Which is high in hardness 
and in adhesion to a recording sheet, an image formation 
method employing it, and an ink-jet recording apparatus. 

BACKGROUND OF THE INVENTION 

[0003] A curable composition capable of being cured by 
actinic rays such as ultraviolet rays or electron beams or heat 
has been applied to various ?elds, for example, coating mate 
rials for plastics, paper, or Wood Work; adhesives; printing 
inks, printed circuit boards, or electrical insulations. 
[0004] In recent years, particularly a curable composition 
for printing inks, coating materials or adhesives is required to 
have higher Weather resistance and higher adhesion to a sub 
strate. As ink-jet ink employing such a curable composition, 
there is a UV-curable ink. 

[0005] The UV-curable ink has been noted recently in 
respect to relatively loW odor, rapid drying property, and 
capability of recording on a recording medium having no ink 
absorption. UV-curable ink jet inks are disclosed, for 
example, in Japanese Patent O.P.I. Publication No. 6-20204 
and Japanese Patent Publication No 2000-504778. UV-cur 
able inks are required Which have a loW viscosity, and provide 
an ink layer With high fastness, high ?exibility, and high 
adhesion to a recording sheets. Curing speed of these UV 
curable ink jet inks is likely to change due to kinds of record 
ing sheets, or operating conditions. 
[0006] An ink composition containing a radically polymer 
iZable compound is susceptible to oxygen. Therefore, When 
such ink composition is used in a small amount as ink drop 
lets, curing is likely to be inhibited. Inks employing a cationi 
cally polymeriZable compound, disclosed in Japanese Patent 
O.P.I. Publication Nos. 2001-220526, 2002-188025, 2002 
317139, and 2003-55449), are not affected by oxygen, hoW 
ever, they have problem in that the polymerization reaction is 
susceptible to moisture in the molecular level (or humidity) 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made in vieW of the 
above. An object of the invention is to provide an actinic ray 
curable composition With a loW viscosity, Which is capable of 
being cured With high speed, and forms a coating layer With 
high hardness under various operating conditions, an actinic 
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ray curable ink employing it, an image formation method 
employing it, and an ink-jet recording apparatus employing 
it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 shoWs a schematic vieW of one embodiment 
of the structure of the main section of the ink-jet recording 
apparatus of the invention. 
[0009] FIG. 2 shoWs a schematic vieW of another embodi 
ment of the structure of the main section of the ink-jet record 
ing apparatus of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] The above object of the present invention can be 
achieved by the folloWing: 
[0011] 1. An actinic ray curable composition comprising, 
as a photopolymeriZable compound, both an oxetane com 
pound With an oxetane ring and an epoxy compound, and a 
non-reactive compound having a viscosity at 25° C. of from 
0.1 to 20 mPa~s and a boiling point of not less than 150° C. 
[0012] 2. The actinic ray curable composition of item 1 
above, Wherein the non-reactive compound has a viscosity at 
25° C. of from 0.1 to 10 mPa-s and a boiling point ofnot less 
than 200° C. 
[0013] 3. The actinic ray curable composition of item 1 
above, Wherein the content ratio by Weight of the oxetane 
compound to the epoxy compound is 7:3 to 3:7, and the 
content of the non-reactive compound is from 1 to 50% by 
Weight. 
[0014] 4. The actinic ray curable composition of item 1 
above, Wherein the oxetane compound is an oxetane com 
pound With an oxetane ring having a substituent at the 2-po 
sition. 
[0015] 5. The actinic ray curable composition of item 1 
above, Wherein the epoxy compound is an epoxidated fatty 
acid ester. 
[0016] 6. The actinic ray curable composition of item 5 
above, Wherein the epoxidated fatty acid ester is an epoxi 
dated glyceride. 
[0017] 7. The actinic ray curable composition of item 1 
above, Wherein the epoxy compound is an alicyclic epoxy 
compound. 
[0018] 8. The actinic ray curable composition of item 7 
above, Wherein the alicyclic epoxy compound is an alicyclic 
compound represented by the folloWing formula A: 

Wherein R100 represents a sub stituent; m0 represents an inte 
ger of from 0 to 2; r0 represents an integer of from 1 to 3; and 
LO represents a single bond or a (r0+1)-valent linkage group 
having a carbon atom number of from 1 to 15, Which may 
contain an oxygen atom or a sulfur atom in the main chain. 
[0019] 9. The actinic ray curable composition of item 7 
above, Wherein the alicyclic epoxy compound is an alicyclic 
compound represented by the folloWing formula I or II: 
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wherein R101 represents a substituent; m1 represents an inte 
ger of from 0 to 2; r1 represents an integer of from 1 to 3; and 
L 1 represents a single bond or a (r1+1)-valent linkage group 
having a carbon atom number of from 1 to 15, Which may 
contain an oxygen atom or a sulfur atom in the main chain, 

Formula 11 

|| 
c-o-cn2 

Q0 / CH3 

Wherein R102 represents a substituent; m2 represents an inte 
ger of from 0 to 2; r2 represents an integer of from 1 to 3; and 
L2 represents a single bond or a (r2+1)-valent linkage group 
having a carbon atom number of from 1 to 15, Which may 
contain an oxygen atom or a sulfur atom in the main chain. 
[0020] 10. The actinic ray curable composition of item 7 
above, Wherein the alicyclic epoxy compound is an alicyclic 
compound represented by the folloWing formula III or IV: 

Formula 111 

O O 

|| || 
c—o pl L3 o—c ql 

0 x1 X1 0 

(RZ00)m3 (R200)m3 r3 

Wherein R200 represents an aliphatic group; m3 represents an 
integer of from 0 to 2; X1 represents i(CH2)nOi or i(O) 
"of, in Which n0 represents an integer of 0 or 1; p1 and q1 
independently represent 0 or 1, provided that p1 and q1 are 
not simultaneously 0; r3 represents an integer of from 1 to 3; 
and L3 represents a single bond or a (r3+1)-valent linkage 
group having a carbon atom number of from 1 to 15, Which 
may contain an oxygen atom or a sulfur atom in the main 

chain, 

0 x2 

1? ii) 
CH2—O c p, L4 0 q, o—cH2 

Wherein R201 represents an aliphatic group; m4 represents an 
integer of from 0 to 2; X2 represents i(CH2)nli or i(O) 
"If, in Which n1 represents an integer of 0 or 1; p2 and q2 
independently represent 0 or 1, provided that p2 and q2 are 
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not simultaneously 0; r4 represents an integer of from 1 to 3; 
and L4 represents a single bond or a (r4+1)-valent linkage 
group having a carbon atom number of from 1 to 15, Which 
may contain an oxygen atom or a sulfur atom in the main 
chain. 
[0021] 11. The actinic ray curable composition of item 1 
above, Wherein the actinic ray curable composition has a 
viscosity at 25° C. of from 7 to 40 mPa~s. 
[0022] 12.An actinic ray curable composition comprising a 
radically polymeriZable compound as a photopolymeriZable 
compound, and a non-reactive compound having a viscosity 
at 25° C. offrom 0.1 to 20 mPa-s and a boiling point ofnot less 
than 150° C. 
[0023] 13. The actinic ray curable composition of item 12 
above, Wherein the non-reactive compound has a viscosity at 
25° C. of from 0.1 to 10 mPa-s and a boiling point ofnot less 
than 200° C. 
[0024] 14. The actinic ray curable composition of item 12 
above, Wherein the actinic ray curable composition has a 
viscosity at 25° C. of from 7 to 40 mPa~s. 
[0025] 15. An actinic ray curable ink comprising pigment 
and the actinic ray curable composition of any one of items 1 
through 14 above. 
[0026] 16. A process of forming an image on a recording 
sheet employing an ink-jet recording head, the process com 
prising the steps of ejecting the actinic ray curable ink of item 
15 above from the ink-jet recording head onto the recording 
sheet to form an image on the recording sheet, and exposing 
the image to actinic rays betWeen 0.001 seconds and 2.0 
seconds after the ink has been ejected onto the recording 
sheet. 
[0027] 17. A process of forming an image on a recording 
sheet employing an ink-jet recording head, the process com 
prising the steps of ejecting the actinic ray curable ink of item 
15 above from the ink-jet recording head onto the recording 
sheet to form an image on the recording sheet, the ink being 
ejected as ink droplets from each of noZZles of the ink-jet 
recording head, Wherein the ink droplets have a volume of 
from 2 to 15 pl. 
[0028] 18. An ink-jet recording apparatus used in the pro 
cess of items 16 and 17 above, Wherein the actinic ray curable 
ink and the ink-j et recording head Was heated to a temperature 
of from 35 to 100° C., and then the heated ink Was ejected. 

Formula IV 

[0029] 19. An ink-jet recording apparatus used in the pro 
cess of items 16 and 17 above, Wherein the actinic ray curable 
ink Was ejected to a recording sheet heated to a temperature of 
from 35 to 60° C. 
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[0030] 1-1 . An actinic ray curable composition comprising 
a radically polymeriZable compound as a photopolymeriZ 
able compound, and a non-reactive compound having a vis 
cosity at 25° C. offrom 0.1 to 20 mPa-s and a boiling point of 
not less than 150° C. 

[0031] 1-2. An actinic ray curable composition comprising, 
as a photopolymeriZable compound, both an oxetane com 
pound With an oxetane ring and an epoxy compound, and a 
non-reactive compound having a viscosity at 25° C. of from 
0.1 to 20 mPa~s and a boiling point of not less than 150° C. 

[0032] 1-3. The actinic ray curable composition of item 1-1 
or 1-2 above, Wherein the non-reactive compound has a vis 
cosity at 25° C. offrom 0.1 to 10 mPa-s and a boiling point of 
not less than 200° C. 

[0033] 1-4. The actinic ray curable composition of item 1-2 
or 1-3 above, Wherein the content ratio by Weight of the 
oxetane compound to the epoxy compound is 7:3 to 3:7, and 
the content of the non-reactive compound is from 1 to 50% by 
Weight. 
[0034] 1-5. The actinic ray curable composition of any one 
of items 1-2 through 1-4 above, Wherein the oxetane com 
pound is an oxetane compound With an oxetane ring having a 
substituent at the 2-position. 

[0035] 1-6. The actinic ray curable composition of any one 
of items 1-2 through 1-5 above, Wherein the epoxy compound 
is an epoxidated fatty acid ester or an epoxidated glyceride. 

[0036] 1-7. The actinic ray curable composition of any one 
of items 1-2 through 1-6 above, Wherein the epoxy compound 
is an alicyclic epoxy compound. 
[0037] 1-8. The actinic ray curable composition of item 1-7 
above, Wherein the alicyclic epoxy compound is an alicyclic 
compound represented by formula A above. 
[0038] 1-9. The actinic ray curable composition of item 1-7 
above, Wherein the alicyclic epoxy compound is an alicyclic 
compound represented by formula I or 11 above. 
[0039] 1-10. The actinic ray curable composition of item 
1-7 above, Wherein the alicyclic epoxy compound is an ali 
cyclic compound represented by formula III or IV above. 
[0040] 1-11. The actinic ray curable composition of any 
one of items 1-1 through 1-10 above, Wherein the actinic ray 
curable composition has a viscosity at 25° C. of from 7 to 40 
mPa~s. 

[0041] 1-12.An actinic ray curable ink comprising pigment 
and the actinic ray curable composition of any one of items 
1-1 through 1-11 above. 
[0042] 1-13. A process of forming an image on a recording 
sheet employing an ink-jet recording head, the process com 
prising the steps of ejecting the actinic ray curable ink of item 
1 -12 above from the ink-j et recording head onto the recording 
sheet to form an image on the recording sheet, and exposing 
the image to actinic rays betWeen 0.001 seconds and 2.0 
seconds after the ink has been ejected onto the recording 
sheet. 1-14. A process of forming an image on a recording 
sheet employing an ink-jet recording head, the process com 
prising the steps of ejecting the actinic ray curable ink of item 
1 -12 above from the ink-j et recording head onto the recording 
sheet to form an image on the recording sheet, the ink being 
ejected as ink droplets from each of noZZles of the ink-jet 
recording head, Wherein the ink droplets have a volume of 
from 2 to 15 pl. 

[0043] 1-15. An ink-jet recording apparatus used in the 
process of item 1-13 or 1-14 above, Wherein the actinic ray 
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curable ink and the ink-jet recording head Was heated to a 
temperature of from 35 to 100° C., and then the heated ink 
Was ejected. 
[0044] 1-16. An ink-jet recording apparatus used in the 
process of item 1-13 or 1-14 above, Wherein the actinic ray 
curable ink Was ejected to a recording sheet heated to a 
temperature of from 35 to 60° C. 
[0045] The present invention Will be detailed beloW. 

[Actinic Ray] 
[0046] In the ink-j et ink recording method in the invention, 
ink-j et ink is ejected onto a recording medium (or material), 
and the ejected ink is cured by actinic ray exposure. Kinds of 
the actinic ray are not speci?cally limited. As actinic ray, 
visible or ultraviolet light or electron beam can be used, and 
ultraviolet light is preferably used. When ultraviolet light is 
used, exposure amount is preferably from 100 to 10,000 
mJ/cm2, and preferably from 500 to 5,000 mJ/cm2. This range 
of exposure amount is advantageous in providing suf?cient 
curing of ink and preventing a colorant from fading. 
Examples of an ultraviolet ray include a metal halide lamp, a 
xenon lamp, a carbon arc lamp, a chemical lamp, a loW 
pressure mercury lamp, and a high pressure mercury lamp. 
An H lamp, D lamp and V lamp (all available from Fusion 
System Co., Ltd.) are also used. 
[0047] Unlike the high pressure mercury lamp (having an 
emission Wavelength of 365 nm as a main Wavelength), the 
metal halide lamp has a continuous emission spectra, a high 
emission ef?ciency at the Wavelength regions of from 200 to 
450 nm, and rich longer Wavelength light. Accordingly, as the 
ultraviolet ray lamp, the metal halide lamp is preferred in the 
invention. 

[Non-Reactive Compound] 
[0048] The non-reactive compound in the invention (here 
inafter also referred to simply as the non-reactive compound) 
is a compound having a viscosity at 25° C. of from 0.1 to 20 
mPa-s and a boiling point ofnot less than 150° C., Which does 
not react With the photopolymeriZable compound in the 
invention. The non-reactive compound in the invention has a 
viscosity at 25° C. of preferably from 0.1 to 10 mPa-s and a 
boiling point of preferably from 150 to 200° C. 
[0049] As kinds of the non-reactive compound in the inven 
tion, there are aromatic hydrocarbon compounds, haloge 
nated hydrocarbons, esters, ketones, and ethers. The content 
of the non-reactive compound in the invention in the actinic 
ray curable composition is preferably from 1 to 50% by 
Weight, and more preferably from 2 to 20% by Weight. 
[0050] Examples of the non-reactive compound include 
methyl acetoacetate (bp. 172° C., viscosity: 1.6 mPa-s), 3-me 
thyl-3 -methoxybutyl acetate (bp. 188° C., viscosity: 1.7 
mPa-s), cyclohexanone (bp. 156° C., viscosity: 2.0 mPa-s), 
ethyl lactate (bp. 155° C., viscosity: 2.4 mPa-s), methyl 2-me 
thyllactate (bp. 137° C., viscosity: 2.6 mPa-s), propylene 
glycol mono-n-butyl ether (bp. 170° C., viscosity: 2.9 mPa-s), 
diacetone alcohol (bp. 168° C., viscosity: 3.0 mPa-s), butyl 
lactate (bp 188° C., viscosity: 3.3 mPa-s), diethylene glycol 
monomethyl ether (bp. 194° C., viscosity: 3.5 mPa-s), and 
dipropylene glycol monomethyl ether (bp. 188° C., viscosity: 
3.5 mPa-s). 

[Radically PolymeriZable Compound] 
[0051] The radically polymeriZable compound in the 
invention is a compound having an ethylenically unsaturated 
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bond capable of being radically polymerized, and may be any 
as long as it has in the molecule at least one ethylenically 
unsaturated bond Which enables radical polymerization. The 
radically polymeriZable compound may be in the form of 
monomer, oligomer or polymer. The radically polymeriZable 
compound may be used alone or as a mixture of tWo or more 

kinds thereof, according to the object. 
[0052] As the radically polymeriZable compound in the 
invention, there are unsaturated carboxylic acids such as 
acrylic acid, meth acrylic acid, itaconic acid, crotonic acid, 
isocrotonic acid, and maleic acid; and salts, esters, urethanes, 
amides, and anhydrides each derived therefrom; acrylonitrile; 
styrene; various unsaturated polyesters; various unsaturated 
polyethers; various unsaturated polyamides; and various 
unsaturated polyurethanes. 
[0053] Typical examples of the radically polymeriZable 
compound include an acrylic acid derivative such as 2-ethyl 
hexyl acrylate, 2-hydroxyethyl acrylate, butoxyethyl acry 
late, carbitol acrylate, cyclohexyl acrylate, tetrahydrofurfuryl 
acrylate, benZyl acrylate, bis(4-acryloxypolyethoxyphenyl) 
propane, neopentyl glycol diacrylate, 1,6-hexanediol diacry 
late, ethylene glycol diacrylate, diethylene glycol diacrylate, 
triethylene glycol diacrylate, tetraethylene glycol diacrylate, 
polyethylene glycol diacrylate, polypropylene glycol diacry 
late, pentaerythritol triacrylate, pentaerythritol tetraacrylate, 
dipentaerythritol tetraacrylate, trimethylolpropane triacry 
late, tetramethylolmethane tetraacrylate, oligo ester acrylate, 
N-methylol acryl amide, diacetone acryl amide, or epoxy 
acrylate; a methacrylic acid derivative such as methyl meth 
acrylate, n-butyl methacrylate, 2-ethylhexyl methacrylate, 
lauryl methacrylate, allyl methacrylate, glycidyl methacry 
late, benZyl methacrylate, dimethylaminomethyl methacry 
late, 1,6-hexanediol dimethacrylate, ethylene glycol 
dimethacrylate, triethylene glycol dimethacrylate, polyethyl 
ene glycol dimethacrylate, polypropylene glycol dimethacry 
late, trimethylolethane trimethacrylate, trimethylolpropane 
trimethacrylate, or 2,2-bis(4-methacryloxy-polyethoxyphe 
nyl)propane; an allyl compound such as alltl glycidyl ether, 
diallyl phthalate or triallyl trimellitate; and radical polymer 
iZable or crosslinkable monomers, oligomers or polymers 
described in S. Yamashita et al., “Crosslinking agent Hand 
book”, Taisei Co., Ltd. (1981), K. Kato et al., “UV, EB Hard 
enable Handbook (Materials)”, Kobunshi Kankokai (1985), 
Radotek Kenkyukai, “UV, EB Hardening Technology, Appli 
cation and Market”, pp. 79, CMC Co. Ltd. (1989), and E. 
Takiyama, “Polyester Resin Handbook”, Nikkan Kyogyo 
Shinbunsha (1988). The content of the radical polymeriZable 
compound in the actinic ray curable composition is prefer 
ably from 1 to 97% by Weight, and more preferably from 30 
to 95% by Weight. 
[0054] As radical polymerization initiators, there are a tri 
aZine derivative disclosed in Japanese Patent Publication 
Nos. 591281 and 61-9621 and Japanese Patent O.P.I. Publi 
cation No. 60-60104; an organic peroxide compound dis 
closed in Japanese Patent O.P.I. Publication Nos. 59-1504 
and 61-243807; a diaZonium compound in Japanese Patent 
Publication Nos. 43-23684, 44-6413, 47-1604 and Us. Pat. 
No. 3,567,453; an organic aZide compound disclosed in Us. 
Pat. Nos. 2,848,328, 2,852,379 and 2,940,853; orthoquinon 
diaZide compounds disclosed in Japanese Patent Publication 
Nos. 36-22062b, 37-13109, 38-18015 and 45-9610; various 
onium compounds disclosed in Japanese Patent Publication 
No. 55-39162, Japanese Patent O.P.I. Publication No. 
59-14023 and “Macromolecules”, Volume 10, p. 1307 

Jan. 14, 2010 

(1977); am compounds disclosed in Japanese Patent Publi 
cation No. 59-142205; metal arene complexes disclosed in 
Japanese Patent O.P.I. Publication No. 1-54440, European 
Patent Nos. 109,851 and 126,712, and “Joumal of Imaging 
Science”, Volume 30, p. 174 (1986); (oxo) sulfonium orga 
noboron complexes disclosed in Japanese Patent O.P.I. Pub 
lication Nos. 5-213861 and 5-255347; titanocenes disclosed 
in Japanese Patent O.P.I. Publication Nos. 59-152396 and 
61-151197; transition metal complexes containing a transi 
tion metal such as ruthenium disclosed in “Coordination 
Chemistry Review”, Volume 84, p. 85-277 (1988) and Japa 
nese Patent O.P.I. Publication No. 2-182701 ; 2,4,5-triarylimi 
daZol dimmer disclosed in Japanese Patent O.P.I. Publication 
No. 3-209477; carbon tetrabromide; and organic halide com 
pounds disclosed in Japanese Patent O.P.I. Publication No. 
59-107344. 

[Oxetane Compound/Oxetane Compound] 
[0055] The actinic ray curable composition of the invention 
preferably contains, as a photopolymeriZable compound, an 
oxetane compound With an oxetane ring. The compound With 
an oxetane ring is preferably an oxetane compound With an 
oxetane ring having a substituent at the 2-position. 
[0056] The oxetane compound preferably used in the 
invention Will be explained beloW. 

(Oxetane Compound With an Oxetane Ring Having a Sub 
stituent at the 2-Position) 

[0057] In the invention, an oxetane compound With an oxet 
ane ring represented by formula 1 having a substituent at the 
2-position is preferably used. 

Formula 1 
R1 R2 

$835. 
R3 0 R5 

[0058] In formula 1, R1, R2, R3, R4, R5, and R6 indepen 
dently represent a hydrogen atom or a substituent. At least one 
of R3 through R6 is preferably a substituent. 
[0059] In formula 1, examples of the substituent repre 
sented by R1, R2, R3, R4, R5, and R6 include a ?uorine atom, 
an alkyl group having from 1 to 6 carbon atoms (for example, 
a methyl group, an ethyl group, a propyl group, a butyl group, 
etc.), a ?uoroalkyl group having from 1 to 6 carbon atoms, an 
allyl group, an aryl group (for example, a phenyl group, a 
naphthyl group, etc .), a furyl group and a thienyl group. These 
substituents may have further have the substituent. 

(Oxetane Compound With One Oxetane Ring in the Mol 
ecule) 
[0060] Among the above oxetane compounds, an oxetane 
compound With an oxetane ring represented by the folloWing 
formula 2, 3, 4, or 5 is preferred. 

Formula 2 
R1 Z-R7 

R4 R6 
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-continued 
Formula 3 

R1 R2 
R4 Z-R7 

R3 0 R5 
Formula 4 

R8 Z Z R7 

R4 R6 

R3 0 R5 
Formula 5 

R1 R2 
Rg-Z Z-R7 

[0061] In formulae 2 through 5 above, Rl through R6 inde 
pendently represent a hydrogen atom or a sub stituent, R7 and 
R8 independently represent a sub stituent, and Z represents an 
oxygen atom, a sulfur atom, a divalent hydrocarbon group or 
a divalent hydrocarbon group in Which an oxygen atom or a 
sulfur atom is intervened. 

[0062] In formulae 2 through 5 above, the substituent rep 
resented by Rl through R6 is the same as those denoted in R1 
through R6 of formula 1. 
[0063] In the formula 2 through 5, R7 and R8 independently 
represent an alkyl group having from 1 to 6 carbon atoms (for 
example, a methyl group, an ethyl group, a propyl group, a 
butyl group, etc.), an alkenyl group having from 1 to 6 carbon 
atoms (a 1-propenyl group, a 2-propenyl group, a 2-methyl 
1-propenyl group, a 2-methyl-2-propenyl group, a 1-butenyl 
group, a 2-butenyl group, a 3-butenyl group, etc.), an aryl 
group (for example, a phenyl group, a naphthyl group, etc.), 
an aralkyl group (for example, a benZyl group, a ?uorobenZyl 
group, a methoxybenZyl group), an acyl group having from 1 
to 6 carbon atoms (a propylcarbonyl group, a butylcarbonyl 
group, a pentylcarbonyl group, etc.), an alkoxycarbonyl 
group having from 1 to 6 carbon carbons (for example, an 
ethoxycarbonyl group, a propoxycarbonyl group, a butoxy 
carbonyl group, etc.), an alkylcarbamoyl group having from 1 
to 6 carbon atoms (for example, a propylcarbamoyl group, a 
butylpentylcarbamoyl group, etc.), and an alkoxycarbamoyl 
group (for example, an ethoxycarbamoyl group, etc.). 
[0064] In formulae 2 through 5, the divalent hydrocarbon 
group represented by Z is an alkylene group (for example, an 
ethylene group, a trimethylene group, a tetramethylene 
group, a propylene group, an ethylethylene group, a pentam 
ethylene group, a hexamethylene group, a heptamethylene 
group, an octamethylene group, a nonamethylene group, a 
decamethylene group, etc.), an alkenylene group (for 
example, a vinylene group, a propenylene group, etc.), an 
alkinylene group (an ethynylene group, or 3-pentynylene 
group, etc.). The divalent hydrocarbon group represented by 
Z in Which an oxygen atom or a sulfur atom is intervened is 
the alkylene group, alkenylene group, or alkynylene group 
described above each having an oxygen atom or a sulfur atom 
intervened therein. 

[0065] It is preferred in formulae 2 through 5 that R1 is a 
loWer alkyl group, and particularly an ethyl group, R7 and R8 
are independently a propyl group, a phenyl group or a benZyl 
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group, and Z is the divalent hydrocarbon group, particularly, 
an alkylene group, an alkenylene group, or an alkynylene 
group. 

(Oxetane Compound With TWo or More Oxetane Rings in the 
Molecule) 
[0066] In the invention, an oxetane compound With tWo or 
more of an oxetane ring represented by the folloWing formula 
6 or 7 in the molecule can be used. 

Rl Z R9 

RAXQI 
R3 0 R5 

m 

R1 R2 

KNZ R9 
R3 0 R5 

m 

[0067] In formulae 6 and 7 above, In is 2, 3, or 4, and Z is the 
same as those denoted in Z of formulae 2 through 5. R1 
through R6 independently represent a hydrogen atom, a ?uo 
rine atom, an alkyl group having a carbon atom number of 
from 1 to 6 such as a methyl group, an ethyl group, a propyl 
group or a butyl group, a ?uoroalkyl group having a carbon 
atom number of from 1 to 6, an allyl group, an aryl group, or 
a furyl group. In formula 6, it is preferred that at least one of 
R3 through R6 is a substituent. 
[0068] R9 represents a straight chain or branched chain 
alkylene group having from 1 to 12 carbon atoms, a straight 
chain or branched chain poly(alkylene oxy) group, or a diva 
lent group selected from the group consisting of the folloWing 
formula 9, 10 and 11. 
[0069] The straight chain or branched chain alkylene group 
having from 1 to 12 carbon atoms is preferably a group 
represented by the folloWing formula 8. 

Formula 6 

Formula 7 

Formula 8 
CH2 — 

[0070] In formula 8, R10 represents a loWer alkyl group 
such as a methyl group, an ethyl group, or propyl group. 

Formula 9 

R12 R11 R12 

R12 R11 R12 

[0071] In the formula 9, “n” represents an integer of from 0 
to 2000, R12 represents an alkyl group having from 1 to 10 
carbon atoms (for example, a methyl group, an ethyl group, a 
propyl group, a butyl group, a pentyl group, a hexyl group, a 
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heptyl group, an octyl group, a nonyl group, etc.), and R11 
represents an alkyl group having from 1 to 10 carbon atoms 
(for example, a methyl group, an ethyl group, a propyl group, 
a butyl group, a pentyl group, a hexyl group, a heptyl group, 
an octyl group, a nonyl group, etc.), or a group represented by 
the following formula 12. 

Formula 12 
R13 R13 

R13 R13 

[0072] In the formula 12, “j” represents an integer of from 
0 to 100. R13 represents an alkyl group having from 1 to 10 
carbon atoms (for example, a methyl group, an ethyl group, a 
propyl group, a butyl group, a pentyl group, a hexyl group, a 
heptyl group, an octyl group, a nonyl group, etc.). 

[0073] In the formula 10, R14 represents an alkyl group 
having from 1 to 10 carbon atoms (for example, a methyl 
group, an ethyl group, a propyl group, a butyl group, a pentyl 
group, a hexyl group, a heptyl group, an octyl group, a nonyl 
group, etc.), an alkoxy group having from 1 to 10 carbon 
atoms (for example, a methoxy group, an ethoxy group, a 
propoxy group, a butoxy group, a pentoxy group, etc.), a 
halogen atom (for example, a ?uorine atom, a chlorine atom, 
a bromine atom, a iodine atom, etc.), a nitro group, a cyano 
group, a mercapto group, an alkoxycarbonyl group (for 
example, a methyloxycarbonyl group, an ethyloxycarbonyl 
group, a butyloxycarbonyl group, etc.), or a carboxyl group. 

[0074] In the formula 10, R15 represents an oxygen atom, a 
sulfur atom, iNHi, iSOi, i802, i(CH2)i, 
iC(CH3)2i or i(CF3)2i. 
[0075] A preferred partial structure in the molecule of the 
oxetane compound With an oxetane ring used in the invention 
Will be explained beloW. 
[0076] In formula 6 or 7, R1 is preferably a loWer alkyl 
group such as a methyl group, an ethyl group, or a propyl 
group, and more preferably an ethyl group. R9 is preferably a 
hexamethylene group or one in Which Rl4 in formula 10 
above is a hydrogen atom. 

[0077] In formula 8 above, R10 is preferably an ethyl group, 
and in formulae 9 and 12 above, R12 and R13 each are prefer 
ably hydrogen atoms. In formula 6 above, it is preferred that 
at least one of R3 through R6 is a substituent. 

Formula 10 

Formula 11 
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[0078] Further, as one of preferred embodiments of the 
oxetane compound With an oxetane ring in the molecule, 
there is a compound represented by the folloWing formula 13. 

Formula 13 

I‘(13 
R15 0 — — 0 R15 

(CH2)3 
| 
O 

R 
R4 1 

0 

R5 

[0079] In the formula 13, r is an integer of from 25 to 200, 
R16 represents an alkyl group having from 1 to 4 carbon atoms 
or a trialkylsilyl group. R1 and R4 through R6 are the same as 
those denoted in formula 1. it is preferred that at least one of 
R3 through R6 is a substituent. 
[0080] Exempli?ed compounds 1 through 15 Will be listed 
beloW as examples of the oxetane compound With an oxetane 
ring With a substituent at the 2-position, but the invention is 
not limited thereto. 
[0081] 1: Trans-3 -tert-butyl-2-phenyloxetane 
[0082] 2: 3,3,4,4-Tetramethyl-2,2-diphenyloxetane 
[0083] 3: Di [3 -ethyl (2-methoxy-3-oxetanyl)]methyl ether 
[0084] 4: 1,4-Bis(2,3,4,4-tetramethyl-3-ethyl-oxetanyl) 
butane 

[0085] 5: 1,4-Bis(3 -methyl-3-ethyloxetanyl)butane 
[0 08 6] 6: Di(3 ,4, 4-trimethyl -3 -ethyloxetanyl)butane 
[0 087] 7: 3 - (2 -Ethylhexyloxymethyl)-2, 2, 3 , 4-tetramethy 

loxetane 
[0088] 8: 2-(2-Ethylhexyloxy)-2,3,3,4,4-pentamethyloxet 

ane 

[0089] 9: 4,4'-Bis [(2,4-dimethyl-3 -ethyl-3 -oxetanyl) 
methoxy]biphenyl 

[0090] 10: 1,7-Bis (2,3,3,4,4-pentamethyloxatanylhep 
tane) 

[0091] 11: Oxetanyl 
[0092] 12: 2-methoxy-3 ,3 -dimethyloxatane 
[0093] 13: 2,2,3,3-Tetramethyloxatane 
[0094] 14: 2-(4 -Methoxyphenyl) -3 ,3 -dimethyloxetane 
[0095] 15: Di(2-(4-methoxyphenyl)-3-3-methyloxetane-3 

yl)-ether 
[0096] The oxetane compound With an oxetane ring With a 
substituent at the 2-position can be synthesiZed according to 
the procedures disclosed in the folloWing literatures. 
[0097] (1) Hu Xianming, Richard M. Kellogg, Synthesis, 

533-538, May (1955). 
[0098] (2) A. O. Fitton, J. Hill, D. Ejane, R. Miller, Synth., 

12, 1140 (1987). 
[0099] (3) Toshiro Imai and Sinya Nishida, Can. J. Chem. 

Vol. 59, 2503-2509 (1981). 
[0100] (4) Nobujiro ShimiZu, Shintaro Yamaoka, andYuho 

Tsuno, Bull. Chem. Soc. Jpn., 56, 3853-3854 (1983). 
[0101] (5) Walter Fisher and Cyril A. Grob, Helv. Chim. 

Acta., 61, 2336 (1978). 
[0102] (6) Chem. Ber., 101, 1850 (1968). 
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[0103] (7) “Heterocyclic Compounds With Three- and 
Four-membered Rings”, Part TWo, Chapter IX, Inter 
science Publishers, John Wiley & Sons, NeW York (1964). 

[0104] (8) Bull. Chem. Soc. Jpn., 61, 1653 (1988). 
[0105] (9) Pure Appl. Chem., A29 (10), 915 (1992). 
[0106] (10) Pure Appl. Chem., A30 (2 & amp; 3), 189 

(1993). 
[0107] (11) Japanese Patent O.P.I. Publication No. 6-16804 
[0108] (12) German Patent No. 1,021,858 
[0109] The actinic ray curable ink contains the oxetane 
compound With an oxetane ring With a substituent at the 
2-position in an amount of preferably from 1 to 97% by 
Weight, and more preferably from 30 to 95% by Weight. 

(Combined Use of the Oxetane Compound With an Oxetane 
Ring With a Substituent at the 2-Position and Another Poly 
meriZable Compound) 

[0110] The oxetane compound With an oxetane ring With a 
substituent at the 2-position can be used alone or as a mixture 
of tWo or more kinds thereof. Further, the oxetane compound 
With an oxetane ring With a sub stituent at the 2-position can be 
used in combination With another polymeriZable compound. 
In combined use thereof it is preferred that in a mixture the 
content ratio of the oxetane compound With an oxetane ring 
With a substituent at the 2-position to the polymeriZable com 
pound is from 10 to 98% by Weight, and that of the polymer 
iZable compound is from 2 to 90% by Weight. 

(Oxetane Compound With an Oxetane Ring Having a Sub 
stituent Only at the 3-Position) 

[0111] In the invention, in addition to the above-described 
oxetane compound With an oxetane ring having a substrate at 
the 2-position, a knoWn oxetane compound can be used in 
combination, and an oxetane compound With an oxetane ring 
having a substituent only at the 3-position is preferably used 
in combination. 
[0112] As the oxetane compound With an oxetane ring hav 
ing a substituent only at the 3-position, knoWn ones disclosed 
in Japanese Patent O.P.I. Publication Nos. 2001-220526 and 
2001 -3 10397 can be used. 
[0113] As the oxetane compound With an oxetane ring hav 
ing a substituent only at the 3-position, there is a compound 
represented by the folloWing formula 14. 

Formula 14 

[0114] In formula (101), R1 represents a hydrogen atom, an 
alkyl group having from 1 to 6 carbon atoms such as a methyl 
group, an ethyl group, a propyl group, a butyl group, etc.; a 
?uoroalkyl group having from 1 to 6 carbon atoms; an allyl 
group; an aryl group; a furyl group; or a thienyl group; and R2 
represents an alkyl group having from 1 to 6 carbon atoms 
such as a methyl group, an ethyl group, a propyl group, a butyl 
group, etc.; an alkenyl group having from 2 to 6 carbon atoms 
such as a 1-propenyl group, a 2-propenyl group, a 2-methyl 
1-propenyl group, a 2-methyl-2-propenyl group, a 1-butenyl 
group, a 2-butenyl group, a 3-butenyl group, etc.), an aro 
matic ring-containing group such as a phenyl group, a benZyl 
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group, a ?uorobenZyl group, a methoxybenZyl group; a phe 
noxyethyl group, etc.; an alkylcarbonyl group having from 2 
to 6 carbon atoms such as an ethylcarbonyl group, a propyl 
carbonyl group, a butylcarbonyl group, etc.; an alkoxycarbo 
nyl group having from 2 to 6 carbon carbons such as an 
ethoxycarbonyl group, a propoxycarbonyl group, a butoxy 
carbonyl group, etc .; an N-alkylcarbamoyl group having from 
2 to 6 carbon atoms such as an ethylcarbamoyl group, a 

propylcarbamoyl group, a butylcarbamoyl group, a pentyl 
carbamoyl, etc. The oxetane compound used in the invention 
is preferably a compound having one oxetane ring in that the 
composition containing such a compound is excellent in 
tackiness, loW in viscosity, and is easy to handle. 

[0115] As one example of an oxetane compound having 
tWo oxetane rings, an oxetane compound represented by the 
folloWing formula 15 is cited. 

Formula 15 

[0116] In formula 15, R1 represents the same group as those 
denoted in R1 in formula 14; and R3 represents a straight 
chained or branched alkylene group such as an ethylene 
group, a propylene group, a butylene group, etc.; a straight 
chained or branched polyalkyleneoxy group such as a poly 
(ethyleneoxy) group, a poly(propyleneoxy group, etc.; a 
straight chained or branched unsaturated hydrocarbon group 
such a propenylene group, a methylpropenylene group, a 
butenylene group, etc.; an alkylene group containing a carbo 
nyl group; an alkylene group containing a carbonyloxy group; 
or an alkylene group containing a carbamoyl group. 

[0117] R3 also represents a polyvalent group selected from 
groups represented by the folloWing formulae 16, 17 and 18. 

[0118] In formula 16, R4 represents a hydrogen atom, an 
alkyl group having from 1 to 4 carbon atoms such as a methyl 
group, an ethyl group, a propyl group, a butyl group, etc.; an 
alkoxy group having from 1 to 4 carbon atoms such as a 
methoxy group, an ethoxy group, a propoxy group, a butoxy 
group, etc .; a halogen atom such as a chlorine atom, a bromine 

atom, etc.; a nitro group; a cyano group; a mercapto group; a 
loWer alkylcarboxy group; a carboxyl group; or a carbamoyl 
group. 

Formula 16 

Formula 17 
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[0119] In formula 17, R5 represents an oxygen atom, a 
sulfur atom, a methylene group, iNHi, iSOi, isozi, 
*(CF3)2*, or 4C(CH3)2* 

Formula 18 
R6 R7 R6 

[0120] In formula 18, R6 represents an alkyl group having 
from 1 to 4 carbon atoms such as a methyl group, an ethyl 
group, a propyl group, a butyl group, etc., or an aryl group; 
“n” represents an integer of from 0 to 2000; and R7 represents 
an alkyl group having from 1 to 4 carbon atoms such as a 
methyl group, an ethyl group, a propyl group, a butyl group, 
etc, or an aryl group, or a group represented by the folloWing 
formula 19. 

[0121] In formula 19, R8 represents an alkyl group having 
from 1 to 4 carbon atoms such as a methyl group, an ethyl 
group, a propyl group, a butyl group, etc., or an aryl group; 
and m represents an integer of from 0 to 100. 

[0122] Examples of a compound having tWo oxetane rings 
include the folloWing compounds. 

Exempli?ed Compound 1 

[0123] 

O 

Exempli?ed Compound 2 

[0124] 

[H3 [H3 
OMTi—O Ti 

CH3 CH3 
0 

[0125] Exempli?ed compound 1 is a compound in Which in 
formula 15, R1 is an ethyl group, and R3 is a carbonyl group. 
Exempli?ed compound 2 is a compound in Which in formula 
15, R1 is an ethyl group, and R3 is a group in Which in formula 
18, R6 is a methyl group, R7 is a methyl group, and n is 1. 
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[0126] As another example of an oxetane compound having 
tWo oxetane rings, an oxetane compound represented by the 
folloWing formula 20 is cited. In formula 20, R1 is the same as 
those denoted in R1 of formula 14 above. 

[0127] As an example or an oxetane compound having 
three or four oxetane rings, an oxetane compound represented 
by the folloWing formula 21 is cited. 

R1 

290 R9 
0 . 

1 

[0128] In formula 21, R1 is the same as those denoted in R1 
of formula 14; R9 represents a branched alkylene group hav 
ing 1 to 12 carbon atoms such as a group represented by 
formula A, B or C beloW, a branched polyalkyleneoxy group 
such as a group represented by formula D beloW, or a 
branched alkylene group containing a silylether group such as 
a group represented by E beloW; and j represents an integer of 
3 or 4. 

Formula 21 

—cH2 CH3 CH3 CH2— 

[0129] In formula A, R10 represents a loWer alkyl group 
such as a methyl group, an ethyl group, or a propyl group. In 

formula D, p represents an integer of from 1 to 10. 

[0130] As an example of an oxetane compound having four 
oxetane rings. Exempli?ed compound 3 beloW is cited. 
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Exempli?ed Compound 3 

[0131] 

| 
o/\/\Ti—o Si 

CH3 
0 

4 

[0132] As a compound having 1 to 4 oxetane rings other 
than the compounds described above, a compound repre 
sented by formula 22 below is cited. 

Formula 22 

Si—O R11 

[0133] In formula 22, R8 is the same as those denoted in R8 
of formula 19; R1 1 represents an alkyl group having 1 to 4 
carbon atoms such as a methyl group, an ethyl group, a propyl 

group or a butyl group, or a trialkylsilyl group; r represents an 

integer of from 1 to 4, and R1 is the same as those denoted in 
R1 of formula 14. 

[0134] The preferred oxetane compounds used in the inven 
tion are Exempli?ed compounds 4, 5, and 5 as shoWn beloW. 

Exempli?ed Compound 4 

Q9“? 
[0135] 

Exempli?ed Compound 5 

29°43 
[0136] 
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Exempli?ed Compound 6 
[0137] 

O 

/2O§\ 
[0138] Synthetic method of the above-described oxetane 
compounds is not speci?cally limited, and knoWn methods 
can be used. There is, for example, a method disclosed in D. 
B. Pattison, J. Am. Chem. Soc., 3455, 79 (1957) in Which an 
oxetane ring is synthesiZed from diols. 
[0139] Besides the above-described oxetane compounds, 
polymeric oxetane compounds having 1 to 4 oxetane rings 
With a molecular Weight of 1000 to 5000 can be used. 
Examples thereof include the folloWing exempli?ed com 
pounds 7, 8 and 9. 

Exempli?ed Compound 7 
[0140] 

O 

/2§\O/\L/ ~]p\/ 
O 

P:20 to 200 

Exempli?ed Compound 8 
[0141] 

O 

Mow 
/2§\O q 

0 

q:l5 to 100 

Exempli?ed Compound 9 
[0142] 

0 

$0M m 
O 4 

s:20 to 200 

[0143] The content of the oxetane compound in the actinic 
ray curable composition of the invention is preferably from 1 
to 97% by Weight, and more preferably from 30 to 95% by 
Weight. 
(Epoxy Compound) 
[0144] The epoxy compound herein referred to is a com 
pound With an oxirane ring (hereinafter referred to simply as 
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the epoxy compound). As the epoxy compound, there are 
known epoxy compounds, for example, an aromatic epoxy 
compound (aromatic epoxide), an alicyclic epoxy compound 
(alicyclic epoxide), and an aliphatic epoxy compound (ali 
phatic epoxide). The epoxy compound has preferably a loW 
molecular Weight, and more preferably a molecular Weight 
less than 1000. 
[0145] The content of the alicyclic epoxy compound in the 
actinic ray curable composition of the invention is preferably 
from 10 to 80% by Weight. 
[0146] The aromatic epoxide is preferably a di- or poly 
glycidyl ether manufactured by a reaction of polyhydric phe 
nol having at least one aromatic ring or of an alkylene oxide 
adduct thereof With epichlorohydrin, and includes, for 
example, such as di- or poly-glycidyl ether of bisphenol A or 
of an alkylene oxide adduct thereof, di- orpoly-glycidyl ether 
of hydrogenated bisphenol A or of an alkylene oxide adduct 
thereof and novolac type epoxy resin. Herein, alkylene oxide 
includes such as ethylene oxide and propylene oxide. 
[0147] The alicyclic epoxide is preferably a compound 
containing cyclohexene oxide or cyclopentene oxide 
obtained by epoxydiZing a compound having at least one 
cycloalkane ring such as cyclohexene or cyclopentene by use 
of a suitable oxidiZing agent such as hydrogen peroxide or a 
peracid. Examples thereof include compounds described 
later. 
[0148] The aliphatic epoxide is preferably a di- or polyg 
lycidyl ether of aliphatic polyhydric alcohol or of an alkylene 
oxide adduct thereof; the typical examples include diglycidyl 
ether of alkylene glycol, such as diglycidyl ether of ethylene 
glycol, diglycidyl ether of propylene glycol and diglycidyl 
ether of 1,6-hexane dial; polyglycidyl ether of polyhydric 
alcohol such as di- or triglycidyl ether of glycerin or of an 
alkylene oxide adduct thereof; and diglycidyl ether of poly 
alkylene glycol such as diglycidyl ether of polyethylene gly 
col or of an alkylene oxide adduct thereof and diglycidyl ether 
of polypropylene glycol or of an alkylene oxide adduct 
thereof. Herein, alkylene oxide includes such as ethylene 
oxide and propylene oxide. 
[0149] Besides the compounds above, a monoglycidyl 
ether of higher alcohols, phenol or cresol, Which is a mono 
mer having one oxirane ring in the molecule, can be used. 
Among these epoxides above, the aromatic epoxide and ali 
cyclic epoxide are preferable, and the alicyclic epoxide is 
speci?cally preferable, taking a quick curing property in con 
sideration. In the invention, the epoxides described above 
may be utiliZed alone or as a mixture of tWo or more kinds 
thereof. 
[0150] As the alicyclic epoxide, an alicyclic epoxide rep 
resented by formula A, l, or 11 above is preferred, Which Will 
be explained beloW. 
[0151] In formula A, l or 11 above, R100, R101, and R102 
independently represent a substituent. Examples of the sub 
stituent include a halogen atom (for example, a ?uorine atom, 
a chlorine atom, a bromine atom, a iodine atom, etc.), an alkyl 
group having a carbon atom number of from 1 to 6 (for 
example, a methyl group, an ethyl group, a propyl group, an 
isopropyl group, or a butyl group); an alkoxy group having 
from 1 to 6 carbon atoms (for example, a methoxy group, an 
ethoxy group, a propoxy group, an isopropoxy group, an 
n-butoxy group, a tert-butoxy group), an acyl group (for 
example, an acetyl group, a propionyl group or a tri?uoro 
acetyl group), an acyloxy group (for example, an acetoxy 
group, a propionyloxy group or a tri?uoroacetoxy group), and 
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an alkoxycarbonyl group (for example, a methoxycarbonyl 
group, an ethoxycarbonyl group, or a tert-butoxycarbonyl 
group, etc.). The substituent is preferably an alkyl group, an 
alkoxy group or an alkoxycarbonyl group. 
[0152] m0, ml, and m2 independently represent an integer 
of from 0 to 2, and are preferably 0 or 1. 
[0153] L0 represents a single bond or a (rO+1)-valent link 
age group having a carbon atom number of from 1 to 15, 
Which may contain an oxygen atom or a sulfur atom in the 

main chain. Ll represents a single bond or a (rl+1)-valent 
linkage group having a carbon atom number of from 1 to 15, 
Which may contain an oxygen atom or a sulfur atom in the 

main chain. L2 represents a single bond or a (r2+1)-valent 
linkage group having a carbon atom number of from 1 to 15, 
Which may contain an oxygen atom or a sulfur atom in the 
main chain. 
[0154] Examples of a divalent linkage group having a car 
bon atom number of from 1 to 15, Which may contain an 
oxygen atom or a sulfur atom in the main chain include 
groups described beloW and a combination of these groups 
and iOi, iSi, iCOi, or iCSi. 
[0155] a methylene group [iCHZi], 
[0156] an ethylidene group [>CHCH3], 
[0157] an isopropylidene group [>C(CH3)2], 
[0158] a 1,2-ethylene group [iCHZCHZi], 
[0159] a 1,2-propylene group [4CH(CH3)CH2i], 
[0160] a 1,3-propanediyl group [4CH2CH2CH2i], 
[0161] a 2,2-dimethyl-1,3-propanediyl group [iCHzC 

[0162] a 2,2-dimethoxy-1,3-propanediyl group [iCHzC 
(OCHQZCHH, 

[0163] a 2,2-dimethoxymethyl-1,3-propanediyl 
[%H2C (cHzocHgzcHzil, 

group 

[01 64] a 1 -methyl-1 ,3 -propanediyl group [iCH(CH3) 
CHzCHzi, 

[0165] a 1,4-butanediyl group [4CH2CH2CH2CH2i], 
[01 66] a 1 ,5 -pentanediyl group 

[0167] an oxydiethylene group [iCH2CH2OCH2CH2i], 
[0168] a thiociethylene group [iCH2CH2SCH2CH2i], 
[0169] a 3-oxothiodiethylene group 
[%H2CH2SOCH2CH2i], 

[0170] a 3,3-dioxothiodiethylene group 

[0171] a 1,4-dimethyl-3-oxa-1,5 -pentanediyl group [4CH 
(CH3)CH2OCH(CH3)CH2i], 

[0172] a 3 -oxopentanediyl group 
[%H2CH2COCH2CH2i], 

[0173] a 1 ,5 -dioxo-3 -oxapentanediyl group 
[%OCH2OCH2COi], 

[0174] a 4-oxa-1,7-heptanediyl group 
[%H2CH2CH2OCH2CH2CH2i], 

[0175] a 3,6-dioxa-1,8-octanediyl group 
[%H2CH2OCH2CH2OCH2CH2i], 

[0176] a 1,4,7-trimethyl-3,6-dioxa-1,8-octanediyl group 
[%H(CH3)CH2OCH(CH3)CH2OCH(CH3)CH2i], 

[0177] a 5,5-dimethyl-3,7-dioxa-1,9-nonanediyl group 
[%H2CH2OCH2C(CH3)2CH2OCH2CH2i], 

[0178] a 5,5-dimethoxy-3,7-dioxa-1,9-nonanediyl group 
[CH2CH2OCH2C(OCH3)2CH2OCH2CH2i], 

[0179] a 5 -dimethoxymethyl-3,7-dioxa-1,9-nonanediyl 
group [iCH2CH2OCH2C(CH2OCH3) 
2CHzOCHzCHzi], 
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[0180] a 4,7-dioxo-3,8-dioxa-l,lO-decanediyl group 
[%H2CH2OiCOCH2CH2COADCHZCHZi], 

[0181] a 3,8-dioxo 4,7-dioxa-l,l0-decanediyl group 

[0182] a 1,3-cyclopentanediyl group [-l,3-C5H8i], 
[0183] a 1,2-cyclohexanediyl group [-l,2-C6Hloi], 
[0184] a 1,3-cyclohexanediyl group [-l,3-C6Hloi], 
[0185] a l,4-cyclohexanediyl group [-l,4-C6Hloi], 
[0186] a 2,5-tetrahydrofuranediyl group [2,5-C4H6Oi], 
[0187] a p-phenylene group [iPiC6H4i], 
[0188] a m-phenylene group [-m-C6H4i], 
[0189] an 0t,0t'-o-xylylene group [-oiCH2iC6H4i 
CHZiL 

[0190] an 0t,0t'-m-xylylene group [-miCH2iC6H4i 
CHZiL 

[0191] an 0t,0t'-p-xylylene group [-piCH2iC6H4i 
CHZiL 

[0192] a furane-2,5-diyl-bismethylene group [2,5-CH2i 
C4H2O4CH2i], 

[0193] a thiophene-2,5-diyl-bismethylene group [2,5 
CH24C4H2SiCH2i], 

[0194] an isopropylidene-p-phenylene group [-p-C6H44C 
(CH3)2'P'C6H4*]~ 

[0195] Examples of the 3 or more valent linkage group 
include groups, Which is obtained by eliminating a hydrogen 
atom from the divalent linkage groups exempli?ed above, and 
a combination of these groups and iOi, iSi, 4COi, 
or 4CSi. 

[0196] L0, L1 and L2 may have a substituent. Examples of 
the substituent include a halogen atom (for example, a chlo 
rine atom, a bromine atom, or a ?uorine atom), an alkyl group 
having a carbon atom number of from 1 to 6 (for example, a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, or a butyl group), an alkoxy group having a carbon 
atom number of from 1 to 6 (for example, a methoxy group, 
an ethoxy group, an n-propoxy group, an isopropoxy group, a 
n-butoxy group or a tert-butoxy group), an acyl group (for 
example, an acetyl group, a propionyl group, or a tri?uoro 
acetyl group), an acyloxy group (for example, an acetoxy 
group, a propionyloxy group, or a tri?uoroacetoxy group), 
and an alkoxycarbonyl group (for example, a methoxycarbo 
nyl group, an ethoxycarbonyl group, or a tert-butoxycarbonyl 
group). Preferred substituents are an alkyl group, an alkoxy 
group and an alkoxycarbonyl group. 
[0197] L0, L 1 and L2 represent preferably a divalent linkage 
group having a carbon atom number of from 1 to 8, Which 
may contain an oxygen atom or a sulfur atom in the main 
chain, and more preferably a divalent linkage group having a 
carbon atom number of from 1 to 5, the main chain of Which 
consists of a carbon atom 

[0198] Typical examples of the alicyclic epoxide repre 
sented by formula A, I or II Will be listed later. 
[0199] As the alicyclic epoxide, an alicyclic epoxide com 
pound represented by formula (III) or (IV) above is also 
preferred. 
[0200] In formula (III) or (IV), R200 and R201 indepen 
dently represent an aliphatic group. Examples of the aliphatic 
group include an alkyl group having a carbon atom number of 
from 1 to 6 (for example, a methyl group, an ethyl group, a 
propyl group, an isopropyl group, or a butyl group); a 
cycloalkyl group having a carbon number of from 3 to 6 (for 
example, a cyclopropyl group, a cyclobutyl group, a cyclo 
pentyl group, or a cyclohexyl group); an alkenyl group having 
a carbon atom number of from 1 to 6 (for example, a vinyl 
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group, a l-propenyl group, a 2-propenyl group, or a 2-butenyl 
group); and an alkinyl group having a carbon atom number of 
from 1 to 6 (for example, an acetylenyl group, a l-propinyl 
group, a 2-propinyl group, or a 2-butinyl group). The aliphatic 
group is preferably an alkyl group having a carbon atom 
number of from 1 to 3, and more preferably a methyl group or 
an ethyl group. 
[0201] “m3” and “m4” independently represent an integer 
of from 0 to 2, and preferably not less than 1. 
[0202] X1 represents i(CH2)nOi or i(O)nOi, and X2 
represents i(CH2)nli or i(O)nli, in Which n0 and n1 
independently represent an integer of 0 or 1, provided that 
When n0 and n1 are 0, respectively, neither X 1 nor X2 exists. 
P1 and ql independently represent 0 or 1, provided that they 
are not simultaneously 0. P2 and q2 independently represent 
0 or 1, provided that they are not simultaneously 0. 
[0203] It is preferred that (m3+no) is not less than 1, or 
(m4+nl) is not less than 1. 
[0204] L3 represents a single bond, or a (r3+l)-valent link 
age group having a branched structure, provided that the 
linkage group may contain an oxygen atom or a sulfur atom in 
the main chain; and L4 represents a single bond, or a (r4+l) 
valent linkage group having a branched structure, provided 
that the linkage group may contain an oxygen atom or a sulfur 
atom in the main chain. 
[0205] As a divalent linkage group With a carbon number of 
from 1 to 15 Which may contain an oxygen atom or a sulfur 
atom in the main chain, are cited the folloWing groups and 
their combination With 43*, isi, %ZO* and/or 
%Si. 

[0206] an ethylidene group [>CHCH3], 
[0207] an isopropylidene group [>C(CH3)2], 
[0208] a 2,2-dimethyl-1,3-propanediyl group [iCHzC 

[0209] a 2,2-dimethoxy-l,3-propanediyl group [iCHzC 
(OCH3)2CH2*I s 

[0210] a 2,2-dimethoxymethyl-l,3-propanediyl 
[%H2C(CH2OCH3)2CHFL 

[0211] a l,3-dimethyl-2-oxa-l,4-butanediyl group [4CH 
(CHQCHZOCHWQCHFL 

[0212] a l,4-dimethyl-3-oxa-l ,5-pentanediyl group [4CH 
(CH3)CH2CH2OCH(CH3)CH2i], 

[0213] a l,3,5-trimethyl-2,4-dioxa-l,6-hexanediyl group 
[%H(CH3)CHZOCH(CH3)CH2OCH(CH3)CH2i], 

[0214] a 4,4-dimethyl-2,5-dioxa-l,7-heptanediyl group 
[%H2CH2OCH2C(OCH3)2CH2OCH2CH2i], 

[0215] a 4,4-dimethoxy-2,5-dioxa-1,7-heptanediyl group 
[%H2CH2OCH2C(OCH3)2CH2OCH2CH2i], 

[0216] a 4,4-dimethoxymethyl-2,5-dioxa-l,7-heptanediyl 
group [iCH2CH2OCH2C(CH2OCH3) 
2CHzOCHzCHzi], 

[0217] a l,4,7-trimethyl-3,6-dioxa-l,8-octanediyl group 
[%H(CH3)CH2CH2OCH(CH3)CH2CH2OCH(CH3) 
CHZiL 

[0218] a 5,5-dimethyl-3,7-dioxa-l,9-nonanediyl group 
[%H2CH2OCH2CHZC(CH3)2CH2CH2OCH2CH2i], 

[0219] a 5,5-dimethoxy-3,7-dioxa-l,9-nonanediyl group 
[%H2CH2OCH2CHZC(OCH3)2CH2CH2OCH2CH2i], 

[0220] a 5,5-dimethoxymethyl-3,7-dioxa-1,9-nonanediyl 
group [%H2CH2OCH2CH2C(CH2OCH3) 
2CHzCHzOCHzCHzi], 

[0221] an isopropylidene-p-phenylene group [-p-C6H44C 
(CH3)2'P'C6H4*[ 

group 
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[0222] As a tri- or more-valent linkage group are cited a 
group in Which an arbitrary hydrogen atom is WithdraWn from -continued 
the divalent linkage group described above and its combina- EP'S 
tion With ‘Oi, iSi, iCOi and/or 4CSi. O O 

[0223] L3 and L4 preferably have a substituent. Examples /\/O 
of the substituent include a halogen atom (for example, a O O 
chlorine atom, a bromine atom, or a ?uorine atom), an alkyl 0 
group having a carbon atom number of from 1 to 6 (for 
example, a methyl group, an ethyl group, a propyl group, an MWI 333-40 
isopropyl group, or a butyl group), an alkoxy group having a EP-6 
carbon atom number of from 1 to 6 (for example, a methoxy O 0 
group, an ethoxy group, an n-propoxy group, an isopropoxy 

group, a n-butoxy group or a tert-butoxy group), an acyl group O O 
(for example, an acetyl group, a propionyl group, or a tri?uo- O O 
roacetyl group), an acyloxy group (for example, an acetoxy OH 
group, a propionyloxy group, or a tri?uoroacetoxy group), M _380 48 
and an alkoxycarbonyl group (for example, a methoxycarbo- W' ' EP_7 

nyl group, an ethoxycarbonyl group, or a tert-butoxycarbonyl 
group). Preferred substituents are a halogen atom, an alkyl 0 0 

group, and an alkoxy group. M 
[0224] Typical examples of the compound represented by O O O O 
formula A, I, II, III, or IV Will be listed beloW. 

MW: 352.42 
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[0225] In the above, MW is molecular Weight. 

EP-lZ 

O 
O 

O 
O 

O 
O 

EP-l3 

O 

AKQO 
O 

m, 
EP-l4 

O O 

O O 
O O 

EP-l5 

O O 

O O 
O O 

EP-l6 

O O 

O O 
O O 

EP-l7 

O O 

O O 
O O 

O 
\ 

EP-l8 

O O 

O O 
O O 

Jan. 14, 2010 

-continued 
EP-l9 

O O 

O O 
O O 

EP-ZO 

O O 

O O 
O O 

[0226] The content of the alicyclic epoxy compound in the 
invention is preferably from 10 to 80% by Weight. In the 
invention, the alicyclic epoxy compound may be used alone 
or as a mixture of tWo or more kinds thereof. 

[0227] A synthetic method of the epoxy compound in the 
invention is not speci?cally limited. The epoxy compound 
can be synthesiZed according to the methods described in for 
example, “Jiken Kagaku KoZa 20, Yukigosei II”, 2 1 3-(1 992), 
Fourth Edition, published by MaruZen K K Shuppan; Ed. by 
Alfred Hasfner, “The chemistry of heterocyclic compounds 
Small Ring Heterocycles part 3 Oxiranes”, John and Wiley 
and Sons, An Interscience Publication, NeW York (1985); 
Yoshimura, “Secchaku”, Vol. 29, 12, pp. 32 (1985); 
Yoshimura, “Secchaku”, Vol. 30, 5, pp. 42 (1986); 
Yoshimura, “Secchaku”, Vol. 30, 7, pp. 42 (1986); and Japa 
nese Patent O.P.I. Publication No. 11-100378. 

[Epoxidated Fatty Acid Ester or Epoxidated Glyceride] 

[0228] In the invention, epoxidated fatty acid ester or 
epoxidated glyceride is contained in an amount of preferably 
up to 20% by Weight, based on the actinic ray curable com 
position. 
[0229] Incorporation of the epoxidated fatty acid ester or 
epoxidated glyceride is preferred in safety such as AMES, 
sensitiZation, less skin irritation or odor, and can solve prob 
lems such as occurrence of creases due to shrinkage or dete 
rioration of curability or ejection stability Which is caused 
depending on environmental conditions (such as temperature 
and humidity). 
[0230] In the invention, at least one of epoxidated fatty acid 
ester or epoxidated glyceride is preferably used as the oxirane 
ring-containing compound, in vieW of AMES or sensitiZa 
tion. 
[0231] The epoxidated fatty acid ester or epoxidated glyc 
eride usable in the invention is obtained by incorporating an 
epoxy group into fatty acid ester or glyceride, and can be used 
Without any limitations. 
[0232] As the epoxidated fatty acid ester, there is one manu 
factured by epoxidation of fatty acid ester, and examples 
thereof include epoxy methyl stearate, epoxy butyl stearate, 
and epoxy octyl stearate. Similarly, as the epoxidated glycer 
ide, there is one manufactured by epoxidation of soybean oil, 
linseed oil or castor oil, and examples thereof include epoxy 
soybean oil, epoxy linseed oil and epoxy castor oil. 
[0233] The actinic ray curable composition the invention 
can contain a photopolymeriZation initiator, for example, a 
knoWn photolytically acid generating agent. 
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[0234] As the photolytically acid generating agent, for 
example, compounds used in a chemical ampli?cation type 
photo resist or in a light cation polymeriZable composition are 
used (Organic electronics material seminar “Organic material 
for imaging” from Bunshin publishing house (1993), refer to 
page 187-192). Examples suitable for the present invention 
Will be listed beloW. 

[0235] Firstly, an onium compound, for example, a 
B(C6F5)4_, P136“, AsF6_, SbF6_, CF3SO3_ salt ofan aromatic 
onium ion such as an aromatic diaZonium, ammonium, iodo 
nium, sulfonium, or phosphonium, can be listed. 

[0236] Examples of the onium compounds used in the 
invention Will be shoWn beloW. 
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-continued 

+ + 

( 3 PCHZCO Ph3PCH2CN 

{do 
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[0237] Secondly, sulfone compounds, Which generate sul 
fonic acid, can be listed. Examples thereof Will be shoWn 
beloW. 

QCOCHZSOZQ 
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-continued 
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[0238] Thirdly, halide compounds, Which generate hydro 
gen halide, can also be used. Examples thereof Will be shoWn 
below. 

0013 
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[0239] Fourthly, iron arene complexes as described beloW 
can be listed. 

+116(00)3 P136‘ Fe+ P136‘ 

[0240] In the invention, a photolytically radical generating 
agent can be used in combination. Examples thereof include 
knoWn photolytically radical generating agents such as aryl 
alkyl ketone, oxime ketone, S-phenyl thiobenZoate, 
titanocene, aromatic ketones, thioxanthone, benZil, quinone 
derivatives and coumarin derivatives. Those agents are is 
described in detail in “Application and Market of UV-EB 
Hardening Technology”, edited by Radotech Kenkyuu Kai/ 
supervised byY. Tabata, published by CMC Syuppan. Among 
them, acylphosphine oxide and acylphosphonate are particu 
larly effective for internal hardening of an ink image layer 
having a thickness of from 5 to 12 um per one color ink 
according to an ink-jet process, since they are high in the 
sensitivity and reduce the light absorption on account of their 
photodecomposition. ln concrete, bis(2,4,6-trimethylben 
Zoyl)-phenylphosphine oxide and bis(2,6-dimethoxyben 
Zoyl)-2,4,4-trimethyl-pentylphosphine oxide are preferable. 
Like the monomer described above, l-hydroxycyclohexyl 
phenyl ketone, 2-methyl-1[4-methylthio]phenyl]-2-mor 
pholinopropane-l-one, bis(2,6-dimethoxybenZoyl)-2,4,4 
trimethylpentylphosphin oxide, and 2-hydroxy-2-methyl-1 
phenylpropane-l-one (DAROCURE® 1173) are preferably 
used. The addition amount of the photolytically radical gen 
erating agent is preferably from 1 to 6% by Weight, and more 
preferably from 2 to 5% by Weight, based on the ink compo 
sition. 
[0241] The actinic ray curable ink of the invention contains 
any knoWn dye or pigment, and preferably pigment, in addi 
tion to the actinic ray curable composition as described 
above. 
[0242] Pigments preferably utiliZed in the invention Will be 
listed beloW, but the invention is not limited thereto. 
[0243] C.l.PigmentYelloW-1,3, 12, 13, 14, 17, 81, 83, 87, 
95, 109, 42, 
[0244] CI. Pigment Orange-16, 36, 38, 
[0245] CI. Pigment Red-5, 22, 38, 48:1, 48:2, 48:4, 49:1, 
53:1,57:1,63:1,144,146,185,101, 
[0246] CI. Pigment Violet-19, 23, 
[0247] CI. Pigment Blue-15:1, 15:3, 15:4, 4, 18, 60, 27, 29, 
[0248] CI. Pigment Green-7, 36, 
[0249] CI. Pigment White-6, 18, 21, 
[0250] CI. Pigment Black-7, 
[0251] Further, in the invention, White ink is preferably 
utiliZed to increase a covering poWer of colors With transpar 
ent base materials such as a plastic ?lm. It is preferable to 
utiliZe White ink, speci?cally in light package printing and 
label printing, hoWever, due to increase of ejection amount, 
the using amount is naturally limited in respect to the above 
mentioned ejection stability, and generation of curl and 
Wrinkles of a recording material. 
[0252] To disperse the above-described pigment, for 
example, a ball mill, a sand mill, an attritor mill, a roll mill, an 
agitator, a Henshel mixer, a colloidal mixer, a ultrasonic 
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homogenizer, a pearl mill, a Wet jet mill, a paint shaker, etc. 
can be utilized. Further, a dispersant can be added at disper 
sion of a pigment. As a dispersant, a polymer dispersant is 
preferably utilized and Soisperse Series manufactured by 
Avecia Co. is included. Further, as a dispersion aid, a syner 
gist corresponding to each kind of a pigment can also be 
utilized. The dispersant and dispersion aid are preferably 
added in a range of from 1 to 50 Weight parts based on 100 
parts of a pigment. As a dispersion medium, a solvent or a 
polymerizable compound is utilized, hoWever, the actinic ray 
curable ink used in the invention is preferably an ink contain 
ing no solvent, since curing Was carried out immediately after 
the ink Was deposited on recording material. When a solvent 
is left in a cured image, there caused problems of deteriora 
tion of resistance against solvents and VOC of residual sol 
vent. Therefore, as a dispersion medium, polymerizable com 
pounds are used but a solvent not. Particularly monomers 
having the loWest viscosity among them are preferably used 
in vieW of dispersion suitability. 
[0253] In dispersion of a pigment, selection of a pigment, a 
dispersant and a dispersion medium, dispersion conditions 
and ?ltering conditions are suitably set so as to make a mean 
particle diameter of a pigment of preferably from 0.08 to 0.5 
pm and the maximum particle diameter of from 0.3 to 10 um 
and preferably from 0.3 to 3 pm. By this particle diameter 
control, it is possible to depress clogging of a head nozzle and 
maintain keeping stability of ink, as Well as transparency and 
curing sensitivity of ink. 
[0254] In ink according to the invention, colorant concen 
tration is preferably from 1 to 10 Weight % based on the total 
ink. 
[0255] Various kinds of additives other than those 
explained above can be added to the actinic ray curable ink of 
the invention. For example, a surfactant, a leveling additive, a 
matting agent, polyester type resin, polyurethane type resin, 
vinyl type resin, acryl type resin, rubber type resin and Wax 
series can be added to the ink When necessary. Further, in 
order to increase storage stability, various basic compounds 
can be used. Examples of the basic compounds include a 
basic alkali metal compound, a basic alkali earth metal com 
pound and an organic basic compound such as amine. The 
actinic ray curable ink of the invention may be a radical and 
cationic polymerization hybrid curable ink further containing 
a radical polymerization composition comprising a radical 
polymerization monomer and a radical initiator. 

[Ink Properties and Recording Sheets] 

[0256] It is preferred that the ink of the invention has an ink 
viscosity at 25° C. of from 7 to 50 mPa~s, since it provides 
good ejection stability regardless of ambient atmosphere con 
ditions (such as temperature and humidity) and good curabil 
ity. 
[0257] As a recording material used in the invention, 
besides ordinary non-coated paper or coated paper, various 
non-absorptive plastics or their ?lms, Which are used in a 
so-called light packaging, can be utilized. Examples of the 
plastic ?lms include for example, a polyethylene terephtha 
late (PET) ?lm, an oriented polystyrene (OPS) ?lm, an ori 
ented polypropylene (OPP) ?lm, an oriented nylon (Ony) 
?lm, a polyvinyl chloride (PVC) ?lm, a polyethylene (PE) 
?lm and a triacetyl cellulose (TAC) ?lm. As plastic ?lms other 
than these, polycarbonate, acryl resin, ABS, polyacetal, PVA 
and a rubber series can be utilized. A metal series and a glass 
series are also applicable. 
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[0258] Plastic ?lms greatly differ in surface energy depend 
ing on the kinds, and heretofore, there has been a problem in 
that the ink dot diameter after ink deposition on recording 
material varies depending on the kinds of the recording mate 
rials. The constitution of the invention can form an image 
With high precision on recording materials having a surface 
energy of from 35 to 60 mN/m, the recording materials rang 
ing from those having a loW surface energy such as an OPP or 
OPS ?lm to those having a relatively high surface energy such 
as a PET ?lm. 

[0259] In the invention, a long length roll (Web) of a record 
ing material is advantageously utilized in respect to a cost of 
a recording material such as a packaging cost and a manufac 
turing cost, an ef?ciency of print preparation and applicabil 
ity to variety of print sizes. 

[Image Formation Method] 

[0260] An image forming method of the invention Will be 
explained. 
[0261] In the image forming method in the invention, it is 
preferred that the ink described above be ejected onto a 
recording material according to an ink jet recording method, 
and then cured by irradiation of actinic ray such as UV ray. 

(Thickness of Ink Layer Formed After Ink is Ejected Onto 
Recording Material) 

[0262] In the invention, the thickness of an ink layer, after 
ink has been elected onto recording material and cured by 
actinic ray irradiation, is preferably from 2 to 20 um. In 
actinic ray curable ink jet recording in the ?eld of screen 
printing, the total thickness of the ink is at present over 20 um. 
Ink ejecting to give an excessive layer thickness is not pre 
ferred in the ?eld of ?exible package printing Where a thin 
plastic ?lm is used as a recording material, because problems 
are caused in that stiffness and texture of printed matter vary, 
in addition to problems of the aforementioned curl and 
Wrinkles of recording material. 
[0263] Herein, the thickness of ink layer refers to a maxi 
mum thickness of the ink layer deposited on recording mate 
rial. This applies to a single color ink layer, and an overlapped 
layer of tWo different color (secondary color) inks, three 
different color inks or four different color inks (including 
White ink as a base ink), Which are formed on recording 
material according to an ink jet recording process. 

(Conditions of Ink Ejection) 

[0264] As conditions of ink ejection, ink ejection is prefer 
ably performed While a recording head and ink being heated 
at from 35 to 1000 C. in respect to ejection stability. Since 
actinic ray curable ink shoWs a large viscosity variation Width 
depending on temperature variation and Which in turn signi? 
cantly in?uences a liquid droplet size and a liquid drop let 
ejection speed resulting in deterioration of image quality, it is 
required to keep an ink temperature constant While raising the 
ink temperature. A control Width of ink temperature is a set 
temperature15o C., preferably a set temperature12o C. and 
furthermore preferably a set temperaturezl ° C. 

[0265] The droplet volume of the ink ejected from each ink 
nozzle is preferably 2 to 15 pl. The droplet volume of the ink 
has to be in the range described above to form images With 
high resolution, hoWever, this droplet volume tends to loWer 
the aforementioned ejection stability. In the invention, even 
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When a small droplet volume such as 2 to 15 pl is ejected, 
ejection stability is improved, and images With high resolu 
tion can be formed. 

(Actinic Ray Irradiation Condition After Ink Has Been 
Ejected Onto Recording Material) 

[0266] In an image recording method of the invention, it is 
preferred that actinic ray is irradiated 0.001 to 2.0 seconds 
after ink has been ejected on recording material, and it is more 
preferred that actinic ray is irradiated 0.001 to 1 .0 second after 
ink has been ejected on recording material. It is speci?cally 
important that the irradiation timing be as early as possible in 
order to form an image With high resolution. 
[0267] As an actinic ray irradiation method, a basic method 
is disclosed in JP-A No. 60-132767, in Which light sources are 
provided at the both sides of a head unit Where a head and a 
light are scanned in a shuttle mode. Irradiation is performed in 
a certain time interval after ink has been ejected onto record 
ing material. Further, curing is completed by another light 
source Which is not driven. As a light irradiation method, a 
method utiliZing optical ?ber, and a method in Which colli 
mated light source is re?ected by a mirror provided on the 
side surface of a head unit and UV light (ultraviolet light) is 
irradiated on a recording portion are disclosed in US. Pat. No. 
6,145,979. In an image forming method of the invention, any 
of these irradiation methods can be utiliZed. 
[0268] Further, a method is also a preferable embodiment, 
in Which actinic ray irradiation is divided into tWo steps; 
?rstly, a ?rst actinic ray irradiation is carried betWeen the 
period from 0.001 to 2.0 seconds after ink Was deposited on 
recording material by the above-described method and fur 
ther a second actinic ray irradiation is carried after printing 
has been completed. Shrinkage of recording materials caused 
at the time of ink curing can be depressed by dividing actinic 
ray irradiation into tWo steps. 
[0269] Heretofore, in a UV ink jet method, it has been usual 
to utiliZe a light source of high illuminance having a poWer 
exceeding 1 kW-hr in order to minimiZe Widening of dots and 
bleeding-out caused after ink deposition on recording mate 
rial. HoWever, particularly in such as a shrink label, utiliZing 
the light sources makes shrinkage of a recording material too 
large to be used practically at present. 
[0270] In the invention, an actinic ray having a maximum 
illuminance in a Wavelength range from 280 to 320 nm is 
preferably used, and even When a light source a poWer 
exceeding 1 kW-hr is used, images With high resolution can 
be formed, and shrinkage of a recording material is in the 
permissible range. 
[0271] In the invention, the poWer of light sources irradiat 
ing an actinic ray is preferably less than 1 kW~hr. Examples of 
the light sources having a poWer of less than 1 kW-hr include 
a ?uorescent lamp, a cold cathode tube and an LED, but are 
not limited thereto. 

[0272] An ink jet recording apparatus (hereinafter also 
referred to as a recording apparatus) in the invention Will be 
explained. 
[0273] Next, the recording apparatus in the invention Will 
be explained suitably in reference to a draWing. Herein, the 
recording apparatus of the draWing is only an embodiment of 
a recording apparatus of the invention, and a recording appa 
ratus of the invention is not limited to the draWing. 
[0274] FIG. 1 shoWs a schematic vieW of one embodiment 
of the structure of the main section of the ink-jet recording 
apparatus of the invention. 
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[0275] Recording apparatus 1 is equipped With head car 
riage 2, recording head 3, irradiation means 4 and platen 
portion 5. In recording apparatus 1, platen portion 5 is 
arranged under recording material P. Platen portion 5 has a 
UV ray absorbing function, and absorbs extra UV ray having 
passed through recording sheet P. As a result, images With 
high resolution can be reproduced quite stably. 
[0276] Recording sheet P is guided by guide member 6 to 
be moved to the back side from the front side in FIG. 1 by 
operation of a transport means (not illustrated). Scan of 
recording heads 3 held in the head carriage 2 is made by 
reciprocating head carriage 2 in the R direction in FIG. 1 
according to a head scanning means (not illustrated). 
[0277] Head carriage 2 is provided over recording sheet P, 
and stores recording heads 3 described beloW With the ink 
ejection outlets arranged doWnWard, the number of recording 
heads 3 being the same as that of different color inks used in 
an ink image formed on the recording sheet. Head carriage 2 
is provided in the main body of recording apparatus 1 so as to 
reciprocate in the R direction shoWn in FIG. 1 by a drive of a 
head scanning means. 
[0278] Herein, FIG. 1 illustrates that head carriage 2 is 
supposed to store recording heads 3 each containing a White 
ink composition W, a yelloW ink composition Y, a magenta 
ink composition M, a cyan ink composition C, a black ink 
composition K, a light yelloW ink composition Ly, a light 
magenta ink composition Lm, a light cyan ink composition 
Lc, a light black ink composition Lk and a White ink compo 
sition W, hoWever, the number of recording heads 3 stored in 
head carriage 2 in practical operation is suitably determined. 
[0279] Recording heads 3 eject an actinic ray curable ink 
(for example, UV curable ink) to be supplied by means of an 
ink supplying means (not illustrated) from the ink ejection 
outlets onto recording sheet P by action of plural ejecting 
means (not illustrated) equipped in the recording apparatus. 
Ink to have been ejected from recording heads 3 is cured by 
UV irradiation. 
[0280] The recording heads 3 eject ink as ink droplets onto 
a pre-determined region (a region capable of receiving the 
ink) of recording sheet P While the scan of the head is made in 
Which the head moves from one edge to another of the record 
ing sheet in the R direction in FIG. 1 by drive of the head 
scanning means, Whereby the ink is deposited on that region 
of the recording sheet. 
[0281] The above scan is suitably made several times to 
elect ink onto one region of recording sheet. After that, While 
the recording sheet P is transported from the front side to the 
back side of the page in FIG. 1 by a transport means and the 
scan of the recording heads 3 is again made by the head scan 
means, ink is ejected from the recording heads onto a region 
adjacent to the one region of the recording sheet transported 
to the back side of the page. 
[0282] The above operation is repeated, Whereby the ink is 
ejected from recording heads 3 employing the head scan 
means and the transport means to form an image comprised of 
aggregates of ink droplets on recording sheet P. 
[0283] Irradiation means 4 is equipped With a UV lamp 
Which emits ultraviolet ray With a speci?c Wavelength region 
at a stable exposure energy and a ?lter Which transmits ultra 
violet ray With a speci?c Wavelength. Herein, Examples of the 
UV lamp include a mercury lamp, a metal halide lamp, an 
excimer laser, a UV laser, a cold cathode tube, a black light, 
and an LED, and a metal halide lamp tube, a cold cathode 
tube, a mercury lamp tube and a black light, having a band 
















