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(57) ABSTRACT 

A planographic printing plate precursor comprises a sub 
strate having disposed thereon a hydrophilic layer Which 
includes hydrophilic graft chains and a crosslinked structure 
formed through hydrolytic polycondensation of an alkoxide 
of an element selected from Si, Ti, Zr and A1. An aluminum 
substrate for a planographic printing plate includes a hydro 
philic surface Which is formed by a hydrophilic polymer 
including a functional group that chemically bonds to the 
aluminum substrate directly or is chemically bindable to the 
aluminum substrate via structural component having a 
crosslinking structure. A surface-hydrophilic member com 
prises a substrate having disposed thereon a hydrophilic 
layer, Wherein the hydrophilic layer includes hydrophilic 
graft chains and a crosslinked structure formed through 
hydrolytic polycondensation of an alkoxide of an element 
selected from Si, Ti, Zr and A1. 
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PLANOGRAPHIC PRINTING PLATE PRECURSOR, 
SUBSTRATE FOR THE SAME AND SURFACE 

HYDROPHILIC MATERIAL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a novel plano 
graphic printing plate precursor. In particular, the invention 
relates to a novel planographic printing plate precursor that 
is scanning-exposed to laser light on the basis of digital 
signals, has eXcellent sensitivity and resistance to stains, and 
With Which easy in-printer development is made possible. 
The present invention also relates to a novel surface hydro 
philic material and a substrate used for a planographic 
printing plate precursor Which are excellent in hydrophilicty 
and durability. 

[0003] 2. Description of the Related Art 

[0004] Planographic printing utiliZes plate material 
including an ink-receiving lipophilic region and an ink 
repellent region (hydrophilic region) that receives dampen 
ing Water Without receiving ink, and photosensitive plano 
graphic printing plate precursors (PS plates) are currently 
being Widely used. 

[0005] PS plates typically comprise a support, such as an 
aluminum plate, having disposed thereon a photosensitive 
layer. The PS plate is eXposed imageWise and developed, 
Whereby the photosensitive layer in a non-image area is 
removed, and printing is conducted utiliZing hydrophilicity 
of the support surface and hydrophobicity of the photosen 
sitive layer in an image area. It is necessary for the support 
surface to be highly hydrophilic in order to prevent the 
non-image area from being stained. 

[0006] Conventionally, anodiZed aluminum plates or 
anodiZed aluminum plates Which is subjected to silicate 
treatment in order to raise hydrophilicity have been used for 
the hydrophilic support or a hydrophilic layer. Much 
research relating to hydrophiliZed substrate and hydrophilic 
layers using such aluminum supports is being conducted. 
For eXample, Japanese Patent Application Laid-open (JP-A) 
No. 7-1853 discloses a support processed With an under 
coating agent of polyvinylphosphonic acid, and JP-A No. 
59-101651 discloses using a polymer including a sulfonic 
acid group as an undercoat layer underlying a photosensitive 
layer. In addition, there have also been proposals to use 
polyvinylbenZoic acid and the like as an undercoat agent. 

[0007] There have been many proposals With respect to 
hydrophilic layers When ?exible supports comprising PET 
(polyethylene terephthalate) or cellulose triacetate rather 
than using a metal support such as aluminum are used. For 
eXample, JP-A No. 8-292558 discloses a sWelling hydro 
philic layer comprising a hydrophilic polymer and a hydro 
phobic polymer, EP No. 0709228 discloses a PET support 
including a microporous, hydrophilic crosslinked silicate 
surface, and JP-A Nos. 8-272087 and 8-507727 disclose a 
hydrophilic layer that contains a hydrophilic polymer and is 
cured With hydrolyZed tetraalkyl orthosilicate. 

[0008] These hydrophilic layers are more hydrophilic than 
conventional ones, and provide planographic printing plates 
With Which stainless prints can be obtained When printing is 
initiated. HoWever, there are problems in that the layers peel 
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during the course of repeated printing and their hydrophi 
licity drops over time. There is thus a demand for plano 
graphic printing plate precursors With Which many stainless 
prints can be obtained Without the hydrophilic layer peeling 
from the support and Without surface hydrophilicity drop 
ping, even in severe printing conditions. There is also a 
demand for improved hydrophilicity from a practical per 
spective. 

[0009] Numerous studies have been conducted in regard to 
printing plates for computer-to-plate systems, the develop 
ment of Which has been remarkable in recent years. Devel 
opment-less planographic printing plate precursors that can 
be set in a printer to print Without being developed after 
eXposure are being researched With the aim of boosting 
process rationaliZation and solving the problem of Waste 
treatment, and various methods have been proposed. 

[0010] Namely, there has been the desire to simplify or 
eliminate altogether having to dissolve and remove the 
non-image area With an alkali developing solution (addi 
tional Wet processing), Which is customary in conventional 
processes for producing planographic printing plates. Par 
ticularly in recent years, because disposal of Waste solution 
generated by Wet processing is becoming a great concern in 
the entire industry in vieW of the global environment, the 
demand for improvement continues to groW ever stronger. 

[0011] In response to this demand, there has been pro 
posed a method using a printing plate precursor disposed 
With a thermosensitive recording layer, in Which the non 
image area is removable during the course of ordinary 
printing. After being eXposed, the printing plate precursor is 
developed in a printer to obtain a ?nal printing plate. 
Speci?cally, the eXposed printing plate precursor is mounted 
on a cylinder in the printer Without having been developed 
by a developer, and the non-image area of the planographic 
printing plate precursor is removed With ink and/or damp 
ening Water supplied thereto While the cylinder is rotated. 
This is referred to as in-printer development. 

[0012] Planographic printing plate precursors suited to 
in-printer development must have a photosensitive layer that 
is soluble in dampening Water or in an ink solvent, and they 
must be suitable for development in a printer set in a 
luminous room. 

[0013] WO 94/23954 discloses a printing plate comprising 
a support having disposed thereon a crosslinked hydrophilic 
layer containing microcapsules of a thermo-fuseable sub 
stance. The microcapsules are broken by the action of heat 
generated in the region eXposed to a laser light, and a 
lipophilic substance dissolves out of the broken microcap 
sules to thereby hydrophobicate the surface of the hydro 
philic layer. Although the printing plate precursor does not 
require development, there is a problem in that the hydro 
philicity and durability of the hydrophilic layer disposed on 
the support are unsatisfactory, and stains gradually appear in 
the non-image area in the course of printing. 

[0014] One promising eXample relating to a thermosensi 
tive recording layer having eXcellent in-printer developabil 
ity is a thermosensitive planographic printing plate precursor 
that includes, as a thermosensitive image forming layer, a 
hydrophilic layer that contains hydrophobic thermoplastic 
polymer particles dispersed in a hydrophilic binder polymer. 
This printing plate precursor utiliZes the principle that, When 
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heat is applied to the thermosensitive layer, the hydrophobic 
thermoplastic polymer particles fuse, and the surface of the 
hydrophilic thermosensitive layer changes into a lipophilic 
image area. 

[0015] HoWever, While such planographic printing plate 
precursors exhibit good in-printer developability, there is a 
problem in that thermal energy is not suf?ciently used in the 
image forming reaction due to the generated heat being 
diffused into the aluminum support in the precursor, and 
sensitivity is therefore loW. Another problem is that, When 
fusion of the particles is insuf?cient, the image area of the 
thermosensitive layer becomes Weak and printing durability 
becomes insuf?cient. 

[0016] As a countermeasure, JP-A No. 2001-213062 pro 
poses disposing an insulation layer comprising a Water 
insoluble organic polymer betWeen the aluminum support 
and the thermosensitive layer. With this insulation layer, it 
has become possible to improve sensitivity Without loWering 
printing durability. HoWever, With regard to hydrophilicity 
of the support surface, there is still room for improvement in 
vieW of maintaining high hydrophilicity Wherein stains do 
not appear in the non-image area over a long period of time. 

[0017] On the other hand, resin ?lms have been used for 
various purposes, and surfaces thereof have hydrophobic 
property in general. Almost inorganic materials such as glass 
and metal also have hydrophobic property. If surfaces of the 
?lms and materials have hydrophilicity, Water droplets can 
adhere thereto, spread uniformly and forms Water-?lm 
thereon. Therefore, cloud or mist can be prevented. Further, 
due to the hydrophilicity, unpreferable hydrophobic con 
taminants such as sealant, grease and combustion product 
such as carbon black, Which are comprised in municipal 
soot, automotive exhaust gas and the like, are hard to adhere 
to the ?lm and the like. Even if the hydrophobic contami 
nants adhere to the ?lm and the like, it is easy to remove the 
hydrophobic contaminants by Washing it or rain. As a 
method for providing hydrophilic property to a surface of 
the materials, etching method and plasma method have been 
proposed, and these methods can provide excellent hydro 
philicity thereto. HoWever, the effects thereof can not be 
maintained. Further, a surface hydrophilic coating ?lm com 
prising hydrophilic polymer is also proposed (Dairy Chemi 
cal Industry NeWs Paper, Jan. 30, 1995). HoWever, When the 
coating ?lm is provided on a substrate, an affinity of the 
coating ?lm and the substrate is insuf?cient. Furthermore, a 
?lm Wherein titanium oxide is used is knoWn. For example, 
a layer comprising a photocatalyst is disclosed in PCT/JP96/ 
00733. The layer is provided on a substrate, and the surface 
thereof has excellent hydrophilicity in accordance With an 
optical excitation due to photocatalyst. HoWever, a hydro 
philic ?lm comprising the titanium oxide has insuf?cient 
?lm strength. 

SUMMARY OF THE INVENTION 

[0018] The present invention Was devised to solve the 
conventional problems noted above. It is an object of the 
invention to provide a positive or negative planographic 
printing plate precursor that exhibits improved resistance to 
stains during printing and With Which numerous prints 
having no stains can be obtained even in severe printing 
conditions, by disposing a hydrophilic layer that has high 
hydrophilicity and maintains that hydrophilicity Well. 

[0019] It is another object of the invention to provide a 
planographic printing plate precursor that can be scan 
exposed on the basis of digital signals and processed into a 
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printing plate by simple aqueous development after image 
formation or mounted directly into a printer and printed 
Without conducting special development. 

[0020] The present inventors have studied to achieve the 
objects described above and have found that the problems 
can be solved by forming a hydrophilic layer of a 
crosslinked organic/inorganic composite Which comprises a 
speci?c hydrophilic polymer, and have completed a ?rst 
aspect of the present invention. 

[0021] The ?rst aspect of the present invention is a plano 
graphic printing plate precursor comprising a substrate hav 
ing disposed thereon a hydrophilic layer Which includes 
hydrophilic graft chains and a crosslinked structure formed 
through hydrolytic polycondensation of an alkoxide of an 
element selected from Si, Ti, Zr and A1. 

[0022] The inventors have also found that excellent effects 
Were obtained by further providing at least one of speci?c 
image-forming layer on the hydrophilic layer of the ?rst 
aspect of the present invention. Examples of the speci?c 
image-forming layer include an image layer containing a 
polymer compound including a functional group that 
changes from one of hydrophilic to hydrophobic and hydro 
phobic to hydrophilic in the presence of an acid, by appli 
cation of heat, or by irradiation With radiation, and an 
image-forming layer including a hydrophobic precursor and 
a hydrophilic resin. The inventors have also found that 
excellent effects Were obtained by further providing a com 
pound that forms a hydrophobic surface region by applica 
tion of heat or irradiation With radiation to the hydrophilic 
layer of the ?rst aspect of the present invention. These 
speci?c image forming layer and compound may be pref 
erably applied to and usable for folloWing second and third 
aspects of the present invention. 

[0023] In the planographic printing plate precursor of the 
present invention, the hydrophilic layer comprises hydro 
philic graft chains and a crosslinked structure Which is 
formed through hydrolytic polycondensation of an alkoxide. 
The alkoxide is an alkoxide of an element selected from the 
group consisting of Si, Ti, Zr and Al. The hydrophilic layer 
preferably contains a hydrophilic polymer compound rep 
resented by the folloWing general formula (I): 

general formula (I) 

R3 R4 

[0024] Wherein each of R1, R2, R3 and R4 independently 
represents a hydrogen atom or a hydrocarbon group having 
1 to 8 carbon atoms; m is an integer of 0 to 2; n is an integer 
of 1 to 8; L represents a single bond or an organic linking 
group; Y represents —NHCORS, —CONH2, —CON(R5)2, 
—CORS, —OH, —CO2M or —SO3M; R5 represents an 
alkyl group having 1 to 8 carbon atoms; and M represents 
one of a hydrogen atom, an alkali metal, an alkaline earth 
metal and an onium. 

[0025] In the present invention, the hydrophilic layer is 
preferably formed by preparing a coating liquid composition 
including the hydrophilic polymer compound represented by 
general formula (I) and a crosslinking component repre 
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sented by the following general formula (II), applying the 
coating liquid composition onto a surface of the substrate, 
the substrate comprising aluminum, and drying the coating 
liquid composition. general formula (II) 

[0026] In formula (II), each of R6 and R7 independently 
represents an alkyl group or an aryl group; X represents Si, 
Al, Ti or Zr; and m is an integer of 0 to 2. 

[0027] Though it is not clear, the mechanism of the present 
invention may be as folloWs: The hydrophilic layer formed 
on the substrate has hydrophilic graft chains and has a 
crosslinked structure formed through hydrolytic polycon 
densation of an alkoxide comprising any of Si, Ti, Zr and Al. 
Hydrophilic functional groups in the graft chains exist in a 
state of free and unevenly on the surface of the layer. Further 
the layer comprises an organic/inorganic composite ?lm 
having densi?cated crosslinking structure, formed through 
hydrolytic polycondensation of an alkoxide. Therefore, the 
hydrophilicity and the strength of the ?lm are both excellent. 

[0028] Concretely, When a hydrophilic coating liquid com 
position that contains a hydrophilic polymer compound 
represented by the formula (I) is prepared and applied onto 
a substrate to form a hydrophilic layer thereon, the silane 
coupling groups in the hydrophilic polymer compound inter 
act With each other to form a crosslinked structure of 
Si(OR)4, and the layer can provide high printing durability 
oWing to the strong crosslinking structure formed therein. 
Further, since the position of the hydrophilic group com 
prised in the hydrophilic polymer compound is a termination 
(end) of a straight chain-like stem portion of the compound, 
mobility of the group is high. Therefore, in printing With the 
printing plate, dampening Water can be rapidly supplied and 
drained from the layer. Further, the non-image area of the 
layer is effectively prevented from being stained since the 
layer has high hydrophilicity oWing to the group. Accord 
ingly, it is supposed that the printing plate can produce 
images of high quality due to above characteristic. In 
addition, When the crosslinking component of formula (II) is 
comprised in the hydrophilic coating liquid composition, a 
crosslinked structure having higher density can be formed in 
the hydrophilic layer oWing to the interaction betWeen the 
silane coupling groups and the crosslinking component. 
Therefor, it can be expected that the ?lm strength of the layer 
is further improved to have higher printing durability. 

[0029] Moreover, in the present invention, an image form 
ing layer (recording layer) that contains a polymer com 
pound having a functional group that changes its property 
from one of hydrophilic to hydrophobic and hydrophobic to 
hydrophilic, by application of heat, in the presence of an 
acid, or by irradiation With radiation (the functional group 
Will be hereinafter referred to as a polarity-changing group) 
can be provided on the hydrophilic layer. Therefore, an 
image can be formed on the planographic printing plate 
precursor of this embodiment through short-time scanning 
exposure to laser light. In addition, the image area and the 
non-image area are formed in the hydrophilic layer by 
changing the polarity of the layer surface through the 
scanning exposure and the like. Therefore, the printing plate 
precursor of this embodiment enables in-printer develop 
ment merely requiring simple treatment With Water or not 
requiring any speci?c development at all, and the precursor 
can be directly set in a printer and processed into a printing 
plate. 

[0030] The polarity-changing group in the polymer com 
pound that can be comprised in the image forming layer 
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includes tWo groups, a functional group that changes from 
hydrophobic to hydrophilic, and a functional group that 
changes from hydrophilic to hydrophobic. Depending on the 
type of the polarity-changing group in the polymer com 
pound to be used therein, the planographic printing plate 
precursor can be formed into either positive or negative 
printing plate, When the plate precursor has the same layer 
constitution. This is another advantage of the precursor. In 
the planographic printing plate precursor of the present 
invention, a hydrophilic layer having a crosslinked structure 
of an organic/inorganic composite With a speci?c hydro 
philic polymer, and an image forming layer (photosensitive 
or thermosensitive recording layer) may be formed in that 
order on a substrate. 

[0031] In the present invention, a compound capable of 
forming a hydrophobic surface region may be added to the 
hydrophilic layer in order that the layer serves as an image 
forming layer. In the matrix comprising the hydrophilic 
polymer compound in this embodiment, the compound 
Which can form a hydrophobic surface region is comprised. 
The compound such as thermo-fuseable hydrophobic par 
ticles fuses to each other in the region Wherein heat is 
applied or radiation is irradiated to form a hydrophobic 
region, and an image can be formed on the hydrophilic layer 
through short-time scanning exposure to laser light light. 
The non-image region of the hydrophilic layer keeps high 
hydrophilicity since the ?lm strength of the layer is high. 
Therefore, the printing plate precursor of this embodiment 
realiZes in-printer development merely requiring simple 
treatment With Water or not requiring any speci?c develop 
ment at all, and it can be directly set in a printer and 
processed into a printing plate therein. The planographic 
printing plate precursor of the present invention can have, on 
a substrate, a hydrophilic layer having a crosslinked struc 
ture of an organic/inorganic composite With a speci?c hydro 
philic polymer, and the hydrophilic layer contains a com 
pound capable of forming a hydrophobic surface region such 
as thermo-fuseable hydrophobic particles. In the precursor 
of this embodiment, therefore, the hydrophilic layer serves 
as an image forming layer. 

[0032] In the present invention, an image forming layer 
(recording layer) may be provided on the hydrophilic layer, 
and the image forming layer contains a hydrophobic pre 
cursor Which is capable of forming a hydrophobic region, 
and a hydrophilic resin serving as a ?lm-forming material. 
Optionally, a light to heat (photo-thermal) converting agent 
capable of converting the light of IR laser or the like into 
thermal energy may be added to the recording layer or to any 
other layer adjacent to the recording layer. Having the 
constitution, the planographic printing plate precursor of this 
embodiment enables image formation through short time 
scanning exposure to laser light or the like. Exposed to light 
in such a manner, the precursor has a hydrophobic layer 
formed only in the exposed region of the image forming 
layer, and the non-exposed region of the layer Which essen 
tially contains the hydrophilic resin remaining therein. In 
that condition, therefore, the non-exposed region of the 
image forming layer in the precursor can be readily removed 
by treating it With a small amount of Water. Accordingly, the 
printing plate precursor of this embodiment realiZes in 
printer development merely requiring simple treatment With 
Water or not requiring any speci?c development, and it can 
be directly set in a printer and processed into a printing plate 
therein. In the planographic printing plate precursor of the 
present invention, a hydrophilic layer having a crosslinked 
structure Which is obtained from organic/inorganic compos 
ite and a speci?c hydrophilic polymer, and an image forming 



US 2003/0143407 A1 

layer (photosensitive or heat sensitive recording layer) may 
be formed in that order on a substrate. 

[0033] A second aspect of the present invention is a 
substrate for a planographic printing plate. The substrate 
comprises aluminum and includes a hydrophilic surface 
formed by a hydrophilic polymer including a functional 
group that chemically bonds to the aluminum substrate 
directly or is chemically bindable to the aluminum substrate 
via structural component having a crosslinking structure. 
The hydrophilic polymer preferably includes the functional 
group as a terminal group. The hydrophilic surface may 
comprise a crosslinked structure formed through hydrolytic 
polycondensation of an alkoXide of an element selected from 
Si, Ti, Zr and Al. It is also preferable that the hydrophilic 
surface comprises at least one of polymer compounds rep 
resented by the general formulae (III) and The polymer 
compound represented by the general formula (III) is a 
polymer compound comprising the folloWing units (i‘) to 
(iii‘), and a silane coupling group represented by unit (iii‘) is 
a terminal end bounded to at least one of the units (i‘) and 

General formula (III) 
(R1)m(OR2)3,m—Si—L3— 

(iii') 

(i') 60 

[0034] In the general formula (III), each of R1, R2, R3, R4, 
R5 and R6 independently represents a hydrogen atom or a 
hydrocarbon group having 1 to 8 carbon atoms; m is an 
integer of 0 to 2; n is an integer of 1 to 8; X and y are numbers 
shoWing a ratio of compositions When X+y=100, and a ratio 
of X to y=100:0 to 1:99; each of L1, L2 and L3 represent a 
single bond or an organic linking group; each of Y1 and Y2 
represents —N(R7) (R8), —OH, —NHCOR7—, —CO2M-, 
or —SO3M; each of R7and R8 independently represents a 
hydrogen atom or an alkyl group having 1 to 8 carbon atoms; 
and M represents one of a hydrogen atom, an alkali metal, 
an alkaline earth metal and an onium. 

[0035] The polymer compounds represented by the gen 
eral formula (IV) comprises units (i“) and (ii“), 

general formula (IV) 

[0036] in the general formula (IV), each of R1, R2, R3, R4, 
R5 and R6 independently represents a hydrogen atom or a 
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hydrocarbon group having 1 to 8 carbon atoms; m is an 
integer of 0 to 2; X and y are numbers shoWing a ratio of 
compositions When X+y=100, and a ratio of X to y=99:1 to 
50:50; each of L1 and L2 represents a single bond or an 
organic linking group; Ylrepresents t least one of 
—N(R7)(R8), —OH, —NHCOR7—, —CO2M-, or 
—SO3M; each of R7 and R8 independently represents a 
hydrogen atom or an alkyl group having 1 to 8 carbon atoms; 
and M represents one of a hydrogen atom, an alkali metal, 
an alkaline earth metal and an onium. Preferably, the hydro 
philic layer can be formed by preparing a coating liquid 
composition including the crosslinking component repre 
sented by the general formula (II) and at least one of 
polymer compounds represented by the general formulae 
(III) and (IV), applying the coating liquid composition onto 
a surface of the substrate, and drying the coating liquid 
composition. In this Way, a hydrophilic surface having a ?rm 
crosslinked structure can be easily formed. The function of 
the second aspect of the present invention is not clear. 
HoWever, it is supposed as folloWs. The polymer having a 
hydrophilic group has another reactive group that can be 
directly and chemically bonded to the surface of the alumi 
num substrate, or that can chemically bonded thereto 
through the constitutional component having a crosslinked 
structure. Therefore, the hydrophilic polymer is ?rmly 
bonded via the reactive group, Which can cause a coupling 
reaction, to —Al3+ or —OH on the surface of the aluminum 
substrate. On the other hand, the hydrophilic group does not 
participate in the bonding reaction to the substrate but is 
present in a relatively free state, and therefore, both the ?rm 
bond and the high hydrophilicity are simultaneously real 
iZed. In a preferable embodiment, the hydrophilic group is 
adsorbed on the substrate through the crosslinked structure 
having a graft structure and formed by hydrolysis and 
polycondensation of an alkoXide compound containing an 
element selected from Si, Ti, Zr and Al. Accordingly, hydro 
philic functional groups introduced in the form of graft 
chains are unevenly distributed in a free state on the hydro 
philic surface, and an organic-inorganic composite ?lm 
having a high density crosslinked structure is formed 
through hydrolysis and polycondensation of the alkoXide, 
Whereby a ?lm having high hydrophilicity and high strength 
can be obtained. 

[0037] Third aspect of the present invention is a surface 
hydrophilic member comprising a substrate having disposed 
thereon a hydrophilic layer. The hydrophilic layer includes 
hydrophilic graft chains and a crosslinked structure formed 
through hydrolytic polycondensation of an alkoXide of an 
element selected from Si, Ti, Zr and Al. The hydrophilic 
layer of the third aspect of the present invention can be 
formed in a same manner of the ?rst aspect of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] The planographic printing plate precursor, sub 
strate for the same and surface hydrophilic material of the 
present invention are described in detail hereinafter. In the 
present invention, the description of “forms image forming” 
means that the image forming layer is formed on a substrate, 
and the description does not eXclude the presence of any 
other layers, such as overcoat layer, undercoat layer, inter 
mediate layer and back coat layer that may be optionally 
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formed on or in the precursor in so far as those other layers 
do not detract the effect of the present invention. 

[0039] First, hydrophilic polymer used for the substrate of 
the second aspect of the present invention is described 
below. 

[0040] The speci?c hydrophilic polymer used herein is not 
particularly limited as far as it has hydrophilic functional 
group, and further has reactive groups on the terminal of the 
polymer chain or a side chain of the polymer chain Wherein 
the reactive groups are capable of forming a chemical bond 
to the surface of the aluminum substrate directly or indi 
rectly through the constitutional component having a 
crosslinked structure. 

[0041] The speci?c hydrophilic polymer preferably has a 
crosslinking group such as an alkoXyl group, as the reactive 
group. The polymer may be bonded to the substrate such that 
the crosslinking group is directly bonded to the functional 
group such as Al3+ or a hydroXyl group, Which is present on 
the surface of the aluminum substrate. Alternatively, it is 
also possible that a crosslinked structure is formed through 
a hydrolysis and a polycondensation of the crosslinking 
group, and the polymer is bonded to the substrate via the 
crosslinked structure. The crosslinked structure may be 
formed such that a hydrophilic coating composition con 
taining the speci?c hydrophilic polymer is prepared, coated 
on the surface of the aluminum substrate, and dried. In the 
invention, hereinafter, the crosslinked structure formed by 
the latter process may be referred to as a “sol-gel crosslinked 
structure”. 

[0042] Furthermore, the crosslinking group is preferably 
an alkoXide compound containing an element selected from 
Si, Ti, Zr and Al, and an alkoXide of Si is preferable from the 
standpoint of their reactivity and availability. That is, the 
crosslinking group may be formed from an alkoXide com 
pound. Speci?cally, alkoXide compounds, Which are used as 
a silane coupling agent, are preferably used. 

[0043] Preferable embodiments of the hydrophilic surface 
of the substrate of the present invention Will be described 
beloW. Respective structures and the forming methods for 
the hydrophilic surface are also described. 

[0044] Hydrophilic Polymer having Reactive Group 
Which forms Chemical Bond to Surface of Aluminum Sub 
strate directly or indirectly via Constitutional Component 
having Crosslinked Structure 

[0045] The hydrophilic polymer chain Wherein the poly 
mer has reactive groups capable of forming a chemical bond 
to the surface of the aluminum substrate directly or indi 
rectly via the constitutional component having a crosslinked 
structure, and reactive groups are provided on terminal-end 
or a side chain of the hydrophilic polymer chain (i.e., the 
speci?c hydrophilic polymer) is not particularly limited as 
far as the polymer has at least hydrophilicity and has the 
speci?c reactive group in the molecule. Preferable embodi 
ments thereof include polymer having at least one of the 
structures of the folloWing general formulae (III) and (IV). 

[0046] Speci?c hydrophilic Polymer represented by Gen 
eral Formula III 

[0047] The speci?c hydrophilic polymer represented by 
the folloWing general formula (III) (Which Will be some 
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times referred to as a “speci?c hydrophilic polymer (III), 
hereinafter) is characteriZed by having a silane coupling 
group at an end. 

general formula (III) 
<R1>m<OR2>3.m—si—L3— 

(iii') 

(i') (ii') 

[0048] The polymer compound represented by the formula 
(III) has the silane coupling group represented by the 
structural unit (iii‘) on at least one of the both ends of the 
polymer, Which are the polymer unit represented by the 
structural units (i‘) and (ii‘). The polymer compound may 
have the functional group represented by the structural unit 
(iii‘) on another end position of the polymer, and may have 
a hydrogen atom or a functional group having a capability to 
initiate polymeriZation. 

[0049] In the general formula (III), m represents 0, 1 or 2, 
R1, R2, R3 R4, R5 and R6 each independently represents a 
hydrogen atom or a hydrocarbon group having 8 or less 
carbon atoms. Examples of the hydrocarbon group include 
an alkyl group and aryl group, and a linear, branched or 
cyclic alkyl group having 8 or less carbon atoms is prefer 
able. Speci?c eXamples thereof include a methyl group, an 
ethyl group, a propyl group, a butyl group, a pentyl group, 
a heXyl group, a heptyl group, an octyl group, an isopropyl 
group, an isobutyl group, a s-butyl group, a t-butyl group, an 
isopentyl group, a neopentyl group, a l-methylbutyl group, 
an isoheXyl group, a 2-ethylheXyl group, a 2-methylheXyl 
group and a cyclopentyl group. 

[0050] Each of R1 to R6 is preferably a hydrogen atom, a 
methyl group or an ethyl group from the standpoint of effect 
and availability. 

[0051] The hydrocarbon group may be substituted. 

[0052] In case Where the alkyl group is substituted, the 
substituted alkyl group is composed of a substituent and an 
alkylene group, and the substituent may be a monovalent 
non-metallic atomic group eXcept hydrogen. Preferable 
eXamples of the substituent include a halogen atom (—F, 
—Br, —Cl, —I), a hydroXyl group, an alkoXy group, an 
aryloXy group, a mercapto group, an alkylthio group, an 
arylthio group, an alkyldithio group, an aryldithio group, an 
amino group, an N-alkylamino group, an N,N-diarylamino 
group, an N-alkyl-N-arylamino group, an acyloXy group, a 
carbamoyloXy group, an N-alkylcarbamoyloxy group, an 
N-arylcarbamoyloXy group, an N,N-dialkylcarbamoyloXy 
group, an N,N-diarylcarbamoyloXy group, an N-alkyl-N 
arylcarbamoyloXy group, an alkylsulfoXy group, an arylsul 
foxy group, an acylthio group, an acylamino group, an 
N-alkylacylamino group, an N-arylacylamino group, an 
ureido group, an N‘-alkylureido group, an N‘,N‘-dialkylure 
ido group, an N‘-arylureido group, an N‘,N‘-diarylureido 
group, an N‘-alkyl-N‘-arylureido group, an N-alkylureido 
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group, an N-arylureido group, an N‘-alkyl-N-alkylureido 
group, an N‘-alkyl-N-arylureido group, an N‘,N‘-dialkyl-N 
alkylureido group, an N‘,N‘-dialkyl-N-arylureido group, an 
N‘-aryl-N-alkylureido group, an N‘-aryl-N-arylureido group, 
an N‘,N‘-diaryl-N-alkyllureido group, an N‘,N‘-diaryl-N-ary 
lureido group, an N‘-alkyl-N‘-aryl-N-alkylureido group, an 
N‘-alkyl-N‘-aryl-N-arylureidogroup, an alkoxycarbony 
lamino group, an aryloxycarbonylamino group, an N-alkyl 
N-alkoxycarbonylamino group, an N-alkyl-N-aryloxycarbo 
nylamino group, an N-aryl-N-alkoxycarbonylamino group, 
an N-aryl-N-aryloxycarbonylamino group, a formyl group, 
an acyl group, a carboxyl group, an alkoxycarbonyl group, 
an aryloxycarbonyl group, a carbamoyl group, an N-alkyl 
carbamoyl group, an N,N-dialkylcarbamoyl group, an 
N-arylcarbamoyl group, an N,N-diarylcarbamoyl group, an 
N-alkyl-N-arylcaramoyl group, an alkylsul?nyl group, an 
arylsul?nyl group, an alkylsulfonyl group, an arylsulfonyl 
group, a sulfo group (—SO3H) and its conjugated base 
group (hereinafter referred to as a sulfonato group), an 
alkoxysulfonyl group, an aryloxysulfonyl group, a sul? 
namoyl group, an N-alkylsul?namoyl group, an N,N-di 
alkylsul?namoyl group, an N-arylsul?namoyl group, an 
N,N-diarylsul?namoyl group, an N-alkyl-N-arylsul?namoyl 
group, a sulfamoyl group, an N-alkylsulfamoyl group, an 
N,N-dialkylsulfamoyl group, an N-arylsulfamoyl group, an 
N,N-diarylsulfamoyl group, an N-alkyl-N-arylsulfamoyl 
group, a phosphono group (—PO3H2) and its conjugated 
base group (hereinafter referred to as a phosphonato group), 
a dialkylphosphono group (—PO3(alkyl)2), a dia 
rylphosphono group (—PO3(aryl)2), an alkylarylphosphono 
group (—PO3(alkyl) (aryl)), a monoalkylphosphono group 
(—PO3H(alkyl)) and its conjugated base group (hereinafter 
referred to as an alkylphosphonato group), a 
monoarylphosphono group (—PO3H(aryl)) and its conju 
gated base group (hereinafter referred to as an arylphospho 
nato group), a phosphonoxy group (—OPO3H2) and its 
conjugated base group (hereinafter referred to as a phos 
phonatoxy group), a dialkylphosphonoxy group 
(—OPO3(alkyl)2), a diarylphosphonoxy group 
(—OPO3(aryl)2), an alkylarylphosphonoxy group (—OPO3 
(alkyl) (aryl)), a monoalkylphosphonoxy group (—OPO3H 
(alkyl)) and its conjugated base group (hereinafter referred 
to as an alkylphosphonatoxy group), a monoarylphosphon 
oxy group (—OPO3H(aryl)) and its conjugated base group 
(hereinafter referred to as an arylphosphonatoxy group), a 
morpholino group, a cyano group, a nitro group, an aryl 
group, an alkenyl group, and an alkynyl group. 

[0053] As examples of the alkyl group comprised in the 
substituent, those alkyl groups mentioned above are 
included. Examples of the aryl group comprise phenyl, 
biphenyl, naphthyl, tolyl, xylyl, mesityl, cumenyl, chlo 
rophenyl, bromophenyl, chloromethylphenyl, hydroxyphe 
nyl, methoxyphenyl, ethoxyphenyl, phenoxyphenyl, acetox 
yphenyl, benZoyloxyphenyl, methylthiophenyl, 
phenylthiophenyl, methylaminophenyl, dimethylaminophe 
nyl, acetylaminophenyl, carboxyphenyl, methoxycarbon 
ylphenyl, ethoxycarbonylphenyl, phenoxycarbonylphenyl, 
N-phenylcarbamoylphenyl, phenyl, cyanophenyl, sulfophe 
nyl, sulfonatophenyl, phsophonophenyl and phospho 
natophenyl groups. Examples of the alkenyl group include 
vinyl, 1-propenyl, 1-butenyl, cinnamyl and 2-chloro-1-ethe 
nyl groups. Examples of the alkynyl group include ethynyl, 
1-propynyl, 1-butynyl and trimethylsilylethynyl groups. 
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Examples of G1 in the acyl group (G1CO—) includes a 
hydrogen atom, an alkyl group and an aryl group such as 
those mentioned above. 

[0054] Of those substituents, more preferable examples 
include a halogen atom (—F, —Br, —Cl, —I), an alkoxy 
group, an aryloxy group, an alkylthio group, an arylthio 
group, an N-alkylamino group, an N,N-dialkylamino group, 
an acyloxy group, an N-alkylcarbamoyloxy group, an 
N-arylcarbamoyloxy group, an acylamino group, a formyl 
group, an acyl group, a carboxyl group, an alkoxycarbonyl 
group, an aryloxycarbonyl group, a carbamoyl group, an 
N-alkylcarbamoyl group, an N,N-dialkylcarbamoyl group, 
an N-arylcarbamoyl group, an N-alkyl-N-arylcarbamoyl 
group, a sulfo group, a sulfonato group, a sulfamoyl group, 
an N-alkylsulfamoyl group, an N,N-dialkylsulfamoyl group, 
an N-arylsulfamoyl group, an N-alkyl-N-arylsulfamoyl 
group, a phosphono group, a phosphonato group, a dialky 
lphosphono group, a diarylphosphono group, a monoalky 
lphosphono group, an alkylphosphonato group, a 
monoarylphosphono group, an arylphosphonato group, a 
phosphonoxy group, a phosphonatoxy group, an aryl group, 
and an alkenyl group. 

[0055] The alkylene group contained in the substituted 
alkyl group may be a divalent organic residue derived from 
the above-mentioned alkyl group having 1 to 20 carbon 
atoms by removing any one hydrogen atom from it. Pref 
erably, it is a linear alkylene group having from 1 to 12 
carbon atoms, or a branched alkylene group having from 3 
to 12 carbon atoms, or a cyclic alkylene group having from 
5 to 10 carbon atoms. Combining the substituent With the 
alkylene group gives a substituted alkyl group. Preferable 
examples of the substituted alkyl group include chlorom 
ethyl, bromomethyl, 2-chloroethyl, tri?uoromethyl, meth 
oxymethyl, methoxyethoxyethyl, allyloxymethyl, phe 
noxymethyl, methylthiomethyl, tolylthiomethyl, 
ethylaminoethyl, diethylaminopropyl, morpholinopropyl, 
acetyloxymethyl, benZoyloxymethyl, N-cyclohexylcarbam 
oyloxyethyl, N-phenylcarbamoyloxyethyl, acetylaminoet 
hyl, N-methylbenZoylaminopropyl, 2-hydroxyethyl, 2-hy 
droxypropyl, carboxypropyl, methoxycarbonylethyl, 
allyloxycarbonylbutyl, chlorophenoxycarbonylmethyl, car 
bamoylmethyl, N-methylcarbamoylethyl, N,N-dipropylcar 
bamoylmethyl, N-(methoxyphenyl)carbamoylethyl, N-me 
thyl-N-(sulfonyl) carbamoylmethyl, sulfobutyl, 
sulfonatobutyl, sulfamoylbutyl, N-ethylsulfamoylmethyl, 
N,N-dipropylsulfamoylpropyl, N-tolylsulfamoylpropyl, 
N-methyl-N-(phosphonophenyl)sulfamoyloctyl, phospho 
nobutyl, phosphonatohexyl, diethylphosphonobutyl, diphe 
nylphosphonopropyl, methylphosphonobutyl, methylphos 
phonatobutyl, tolylphosphonohexyl, 
tolylphosphonatohexyl, phosphonoxypropyl, phospho 
natoxybutyl, benZyl, phenethyl, ot-methylbenZyl, 1-methyl 
1-phenylethyl, p-methylbenZyl, cinnamyl, allyl, 1-propenyl 
methyl, 2-butenyl, 2-methylallyl, 2-methylpropenylmethyl, 
2-propynyl, 2-butynyl, and 3-butynyl groups. 

[0056] Each of L1 and L2 represents a single bond or an 
organic linking group. The organic linking group herein 
means a polyvalent linking group formed With non-metallic 
atoms. Concretely, it is composed of from 1 to 60 carbon 
atoms, from 0 to 10 nitrogen atoms, from 0 to 50 oxygen 
atoms, from 1 to 100 hydrogen atoms and from 0 to 20 sulfur 
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atoms. More speci?c examples of the linking group include 
the following structural units and those constituted With a 
combination thereof. 

[0057] L3 represents a single bond or an organic linking 
group. The organic linking group herein means a polyvalent 
linking group of non-metallic atoms, and speci?c examples 
thereof include those similar to L1 and L2. Among these, 
—(CH2)n—S— (Wherein n is an integer of from 1 to 8) is 
a particularly preferable. 

[0058] Y represents —NHCORS, —CONH2, 
—CON(R5)2, —COR, —OH, —CO2M or —SO3M; and R5 
represents a linear, branched or cyclic alkyl group having 
from 1 to 8 carbon atoms. Rs’s such as those included in 
—CON(R5)2, may bond to each other to form a ring, and the 
ring thus formed may be a hetero ring containing hetero 
atom(s) of, for example, oxygen, sulfur and nitrogen atoms. 
R5 may be substituted. As examples of the substituent for it, 
those mentioned above as the substituent for the alkyl group 
for R1, R2, R3 and R4 are usable and referred to. 

[0059] Concretely, preferable examples of R5 include 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 
isopropyl, isobutyl, s-butyl, t-butyl, isopentyl, neopentyl, 
1-methylbutyl, isohexyl, 2-ethylbexyl, 2-methylhexyl and 
cyclopentyl groups. 

[0060] Examples of M include a hydrogen atom, an alkali 
metal such as lithium, sodium or potassium, an alkaline 
earth metal such as calcium or barium, or an onium such as 

ammonium, iodonium and sulfonium. 
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[0061] Concretely, preferable examples of Y include 
—NHCOCH3, —CONH2, —COOH, —SO3NMe4+, and a 
morpholino group. 

[0062] Further, X and y represent a compositional ratio 
Where x+y=100, and x/y is in a range of from 100/0 to 1/99 
and more preferably from 100/0 to 5/95. 

[0063] The molecular Weight of the speci?c hydrophilic 
polymer (III) is preferably from 1,000 to 100,000, more 
preferably from 1,000 to 50,000, and most preferably from 
1,000 to 30,000. 

[0064] Examples of the speci?c hydrophilic polymer (III) 
(Compound 1-1 to Compound 1-23) preferable for use in the 
present invention are mentioned beloW, to Which, hoWever, 
the present invention is not limited. 

(MeO)3S1 S ,_, 

CON 0 
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-continued 
(1-11) 

(MeO)3Si/\/\S/f\?/ 
if 

(1-12) 

(MeO)3Si/\/\S/(/\P/ /CH3 
CON 

\H 
(1-13) 

(MeO)3Si/\/\S/(’\?/ /CH2OH 
CON 

\H 
(1-14) 

(MeO)3Si/\/\SW CON/CHZCHZOH 
\H 

(1-15) 

(MeO)3Si/\/\S 
CONHVCONHZ 

(1-16) 

(MeO)3Si/\/\S 
CONHVCOOH 

(1-17) 

WW 
CONHZ h1g0 

(1-18) 

80 20 

CH / 3 
CONHZ CON\ 

H 

(1-19) 

M W /CH2CH2OH 
CONHZ CON\ 

H 

(1-20) 

or 1% /CH(CH3)2 
CONHZ CON\ 

H 

(1-21) 

NHCOCH3 CON\ 
H 
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-continued 
(1-22) 

(MeO)3S1 5 s0 20 

CONH VCONHZ Nqo 
(1-23) 

(MeO)3Si/\/\S s0 20 

CONH VCOOH N O 

[0065] Synthesis Method 
[0066] The speci?c hydrophilic polymer (III) in the 
present invention can be synthesized by radical polymeriZa 
tion of a radically polymeriZable monomer represented by 
the following structural units (i‘) and (ii‘), and the following 
structural unit (iii‘) Which is a silane coupling agent having 
a chain transfer function for the radical polymeriZation. 
OWing to the chain transfer function of the silane coupling 
agent, a polymer having a silane coupling group Which is 
introduced on the end of the polymer main chain can be 
synthesiZed through the radical polymeriZation. 
[0067] The reaction mode thereof is not particularly lim 
ited. For example, a bulk reaction, a solution reaction or a 
suspension reaction may be carried out in the presence of a 
radical polymeriZation initiator or under irradiation With a 
high-pressure mercury lamp. 
[0068] When he polymeriZation reaction is carried out, in 
order to control the introduced amount of the structural unit 
represented by (iii‘) and to suppress polymeriZation of unit 
(iii‘) With the structural unit (i‘) or (ii‘) in an effective manner, 
it is preferable that a polymeriZation method such as a 
divided addition method, a sequential addition method of the 
unsaturated compound is carried out. The reaction ratio of 
the structural units (i‘) and (ii‘) With respect to the structural 
unit (iii‘) is not particularly limited. HoWever, it is preferable 
that the amount of the structural units (i‘) and (ii‘) is in a 
range of from 0.5 to 50 mole per 1 mole of the structural unit 
(iii‘), from the standpoint of a suppression of side reactions 
and an improvement in yield of the hydrolyZable silane 
compound. It is more preferably in a range of from 1 to 45 
mole, and most preferably in a range of from 5 to 40 mole. 

( 1) ( 2) 3 general formula (III) 
R m OR 3,m—si—L — 

(iii') 

(i') (ii') 

[0069] In the structural units (i‘), (ii‘) and (iii‘), R1 to R6, L1 
to L3, Y1, Y2 and m have the same meanings as in the general 
formula (III). These compounds are commercially available 
and can be easily synthesiZed. 
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[0070] For forming the speci?c hydrophilic polymer (III), 
general radical polymerization methods are usable. Con 
cretely, those described in Shin Kobunshi Jikken-gaku 3 
(NeW Polymer Experimentation 3), Kobunshi no Gousei to 
Hannou 1 (Synthesis and Reaction of Polymers 1), (edited 
by Polymer Society Japan, Kyoritsu Shuppan Co., Ltd.), 
Shin Jikken Kagaku KouZa 19 (Lectures on NeW Experi 
mental Chemistry 19), Kobunshi Kagaku (I) (Polymer 
Chemistry (I)), (edited by The Chemical Society of Japan, 
MaruZen) and Busshitu Kougaku KouZa (Lectures on Sub 
stance Engineering), Kobunshi Gousei Kagaku (Synthetic 
Polymer Chemistry), (Publishing Division of Tokyo Denki 
University), Which can be applied thereto. 

[0071] The speci?c hydrophilic polymer (III) may be a 
copolymer With other monomers described later. Examples 
of the other monomers include knoWn monomers, such as 
acrylate esters, methacrylate esters, acrylamides, methacry 
lamides, vinyl esters, styrenes, acrylic acid, methacrylic 
acid, acrylonitrile, maleic anhydride and maleimide. Various 
properties, such as ?lm forming property, ?lm strength, 
hydrophilicity, hydrophobicity, solubility, reactivity and sta 
bility, can be improved by copolymeriZing the monomers 
selected. 

[0072] Speci?c examples of the acrylate esters include 
methyl acrylate, ethyl acrylate, (n- or i-) propyl acrylate, (n-, 
i-, sec- or t-) butyl acrylate, amyl acrylate, 2-ethylhexyl 
acrylate, dodecyl acrylate, chloroethyl acrylate, 2-hydroxy 
ethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxypentyl 
acrylate, cyclohexyl acrylate, allyl acrylate, trimethylolpro 
pane monoacrylate, pentaerythritol monoacrylate, benZyl 
acrylate, methoxybenZyl acrylate, chlorobenZyl acrylate, 
hydroxybenZyl acrylate, hydroxyphenythyl acrylate, dihy 
droxyphenethyl acrylate, furfuryl acrylate, tetrahydrofurfu 
ryl acrylate, phenyl acrylate, hydroxyphenyl acrylate, chlo 
rophenyl acrylate, sulfamoylphenyl acrylate and 
2-(hydroxyphenylcarbonyloxy)ethyl acrylate. 
[0073] Speci?c examples of the methacrylate esters 
include methyl methacrylate, ethyl methacrylate, (n- or i-) 
propyl methacrylate, (n-, i-, sec- or t-) butyl methacrylate, 
amyl methacrylate, 2-ethylhexyl methacrylate, dodecyl 
methacrylate, chloroethyl methacrylate, 2-hydroxyethyl 
methacrylate, 2-hydroxypropyl methacrylate, 2-hydroxy 
pentyl methacrylate, cyclohexyl methacrylate, allyl meth 
acrylate, trimethylolpropane monomethacrylate, pentaeryth 
ritol monomethacrylate, benZyl methacrylate, 
methoxybenZyl methacrylate, chlorobenZyl methacrylate, 
hydroxybenZyl methacrylate, hydroxyphenythyl methacry 
late, dihydroxyphenethyl methacrylate, furfuryl methacry 
late, tetrahydrofurfuryl methacrylate, phenyl methacrylate, 
hydroxyphenyl methacrylate, chlorophenyl methacrylate, 
sulfamoylphenyl methacrylate and 2-(hydroxyphenylcarbo 
nyloxy)ethyl methacrylate. 
[0074] Speci?c examples of the acrylamides include acry 
lamide, N-methylacrylamide, N-ethylacrylamide, N-propy 
lacrylamide, N-butylacrylamide, N-benZylacrylamide, 
N-hydroxyethylacrylamide, N-phenylacrylamide, N-toly 
lacrylamide, N-(hydroxyphenyl) acrylamide, N-(sulfa 
moylphenyl) acrylamide, N-(phenylsulfonyl)acrylamide, 
N-(tolylsulfonyl)acrylamide, N,N-dimethylacrylamide, 
N-methyl-N-phenylacrylamide and N-hydroxyethyl -N-me 
thylacrylamide. 
[0075] Speci?c examples of the methacrylamides include 
methacrylamide, N-methylmethacrylamide, N-ethyl 
methacrylamide, N-propylmethacrylamide, N-butyl 
methacrylamide, N-benZylmethacrylamide, N-hydroxyeth 
ylmethacrylamide, N-phenylmethacrylamide, 
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N-tolylmethacrylamide, N-(hydroxyphenyl)methacryla 
mide, N-(sulfamoylphenyl)methacrylamide, N-(phenylsul 
fonyl)methacrylamide, N- (tolylsulfonyl)methacrylamide, 
N,N-dimethylmethacrylamide, N-methyl-N-phenyl 
methacrylamide and N-hydroxyethyl-N-methylmethacryla 
mide. 

[0076] Speci?c examples of the vinyl esters include vinyl 
acetate, vinyl butyrate and vinyl benZoate. Speci?c 
examples of the styrenes include styrene, methyistyrene, 
dimethylstyrene, trimethylstyrene, ethylstyrene, propylsty 
rene, cyclohexylstyrene, chloromethylstyrene, tri?uorom 
ethylstyrene, ethoxymethylstyrene, acetoxymethylstyrene, 
methoxystyrene, dimethoxystyrene, chlorostyrene, dichlo 
rostyrene, bromostyrene, iodostyrene, ?uorostyrene and car 
boxystyrene. 

[0077] An amount of the other monomers used for syn 
thesiZing the copolymer is an amount that is sufficient to 
improve the various properties. HoWever, When the amount 
thereof is too large, the function as a support for a plano 
graphic printing plate becomes insuf?cient. Therefore, the 
preferable total ratio of the other monomers in the speci?c 
hydrophilic polymer (III) is preferably 80% by Weight or 
less, and more preferably 50% by Weight or less. 

[0078] Speci?c Hydrophilic Polymer represented by Gen 
eral Formula IV 

[0079] The speci?c hydrophilic polymer represented by 
the folloWing general formula (IV) (Which may be referred 
to as a “speci?c hydrophilic polymer (IV), hereinafter) is 
characteriZed by having a silane coupling group on a side 
chain. 

General formula IV 

6") (W) 

[0080] In the general formula (IV), m, R1 to R6, L1, L2 and 
Y1 have the same meanings as in the general formula (III). 

[0081] x and y represent a compositional ratio Wherein 
x+y=100, and x/y is in a range of from 99:1 to 50:50, 
preferably from 99:1 to 60:40, and more preferably from 
98:2 to 70:30. 

[0082] The molecular Weight of the speci?c hydrophilic 
polymer (IV) is preferably from 1,000 to 100,000, and more 
preferably from 1,000 to 50,000. 

[0083] Speci?c examples (2-1) to (2-7) of the speci?c 
hydrophilic polymer (IV) that can be preferably used in the 
invention Will be described beloW, but the invention is not 
limited to them. 

(2-1) 

CONHZ CO2/\/\Si(OMe)3 
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-continued 
(2-2) 

(2-3) 

(2-4) 

2 Q /CH2CH2OH /\/\ 
CON CO2 Si(OMe)3 

(2-5) 

90 10 

O CO2/\/\Si(OMe)3 
2 

(2-6) 

90 10 

NHCOCH3 CO2/\/\Si(OMe)3 

i Q22 
2 

(2-7) 

80 20 

2 COOH 

[0084] Synthesis Method 

[0085] As a radical polymerization method for synthesiZ 
ing the speci?c hydrophilic polymer (IV), all the known 
methods may be used. Speci?cally, the general radical 
polymeriZation methods described, for example, in Shin 
Kobunshi J ikken-gaku 3 (NeW Polymer Experimentation 3), 
Kobunshi no Gousei to Hannou 1 (Synthesis and Reaction of 
Polymers 1), (edited by Polymer Society Japan, Kyoritsu 
Shuppan Co., Ltd.), Shin Jikken Kagaku KouZa 19 (Lectures 
on NeW Experimental Chemistry 19), Kobunshi Kagaku (I) 
(Polymer Chemistry (I)), (edited by The Chemical Society 
of Japan, MaruZen) and Busshitu Kougaku KouZa (Lectures 
on Substance Engineering), Kobunshi Gousei Kagaku (Syn 
thetic Polymer Chemistry), (Publishing Division of Tokyo 
Denki University) can be applied thereto. 

[0086] The speci?c hydrophilic polymer (IV) may be a 
copolymer obtained by using other monomers in addition to 
the units, and as the other monomers, monomers those 
mentioned in the speci?c hydrophilic polymer (III) may be 
used. 

[0087] Crosslinking Component represented by General 
Formula II 

[0088] The hydrophilic surface of the second aspect of the 
present invention may be formed in such a manner that the 
crosslinking group in the speci?c hydrophilic polymer is 
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directly bonded to the functional group on the surface of the 
aluminum substrate, or in alternative, a hydrophilic coating 
composition containing the speci?c hydrophilic polymer is 
prepared and coated on the surface of the aluminum sub 
strate, folloWed by drying, so as to form a crosslinked 
structure (sol-gel crosslinked structure) through hydrolysis 
and polycondensation of the crosslinking group. 

[0089] For forming the sol-gel crosslinked structure, it is 
preferred that the speci?c hydrophilic polymer and the 
crosslinking component represented by the aforementioned 
general formula (II) are mixed and coated on the surface of 
the substrate, folloWed by drying. The crosslinking compo 
nent represented by the general formula (II) is a compound 
having a polymeriZable functional group in the structure 
thereof and exhibiting the function as a crosslinking agent, 
and it forms a ?rm ?lm having a crosslinked structure 
through polycondensation With the speci?c hydrophilic 
polymer. Details of the crosslinking components represented 
by the general formula (II) are described herein after. 

[0090] (A) Hydrophilic Layer: 

[0091] In the ?rst and third aspect of the present invention, 
the hydrophilic layer thereof has hydrophilic graft chains 
and has a crosslinked structure formed through hydrolytic 
polycondensation of an alkoxide With any of Si, Ti, Zr and 
Al. The crosslinked hydrophilic layer may be formed from 
an alkoxide mentioned above and a compound having a 
hydrophilic functional group capable of forming hydrophilic 
graft chains, in any desired manner. In vieW of reactivity and 
easy availability thereof, a Si alkoxide is preferab. Con 
cretely, compounds knoWn for silane coupling agents are 
favorable as the alkoxide of Si. 

[0092] The crosslinked structure formed through hydro 
lytic polycondensation of the alkoxide may be hereinafter 
referred to as a sol-gel crosslinked structure. 

[0093] Preferably, the hydrophilic layer that comprises the 
free hydrophilic graft chains and the sol-gel crosslinked 
structure contains a hydrophilic polymer described in detail 
hereinafter. 

[0094] The constituent components of preferable embodi 
ments of the hydrophilic layer in the present invention, and 
the method of forming the hydrophilic layer are described in 
detail beloW. 

[0095] 1. Polymer Compound of Formula I: 

[0096] The polymer compound represented by the formula 
(I) is a hydrophilic polymer terminated With a silane cou 
pling group, namely, the polymer compound has a silane 
coupling group as an end group, and this compound Will be 
referred to as a speci?c hydrophilic polymer. 

Y 
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[0097] In formula (I), R1, R2, R3 and R4 each indepen 
dently represent a hydrogen atom or a hydrocarbon group 
having at most 8 carbon atoms. The hydrocarbon group 
includes, for example, an alkyl group and an aryl group, and 
is preferably a linear, branched or cyclic alkyl group having 
at most 8 carbon atoms. Concretely, examples thereof 
include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
octyl, isopropyl, isobutyl, s-butyl, t-butyl, isopentyl, neo 
pentyl, 1-methylbutyl, isohexyl, 2-ethylhexyl, 2-methyl 
hexyl and cyclopentyl groups. 

[0098] In vieW of the effect and the easy availability of the 
compound, R1, R2, R3 and R4 are preferably a hydrogen 
atom, or a methyl or ethyl group. The alkyl group (hydro 
carbon group) may be substituted, and examples and the like 
of the substituent and alkylene group are the same of those 
of the hydrocarbon having 1 to 8 carbon atoms of the 
polymer compound represented by the general formula (III). 

[0099] In the general formula (I), L represents a single 
bond or an organic linking group. When L represents an 
organic linking group, it is a polyvalent linking group of 
non-metallic atoms. Concretely, it is composed of from 1 to 
60 carbon atoms, from 0 to 10 nitrogen atoms, from 0 to 50 
oxygen atoms, from 1 to 100 hydrogen atoms, and from 0 to 
20 sulfur atoms. Concrete examples of the linking group 
include the structural units and a combination thereof men 
tioned above as examples of structual unit for L1 and L2 of 
the general formula (III). 

[0100] Examples of the speci?c hydrophilic polymer 
(Compound 3-1 to Compound 3-12) preferable for use in the 
present invention are mentioned beloW, to Which, hoWever, 
the present invention is not limited. 

3-1 

(MeO)3Si/\/\S 
CONHZ 

3-2 

(MeO)3Si/\/\S 
CONHZ 

3-3 

(EtO)3Si/\/\S 
CONMeZ 

3-4 

(MeO)3Si/\/\S 
CONMeZ 

3-5 

(MeO)3Si/\/\S 
NHCOCH3 

3-6 

(EtO)3Si/\/\S 
COCH3 
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-continued 
37 

(MeO)3Si/\/\S/[\F)/ 
OH 

3-8 

(MeO)3Si/\/\S 
cozn 

3-9 

(MeO)3Si/\/\S 

NHCO><SO3NMe4+ 
3-10 

EtO MeSi/\S ( )3 

CONHZ 
3-11 

(MeO)2MeSi/\/\S 
cozn 

3-12 

[0101] The speci?c hydrophilic polymer for use in the ?rst 
and third aspect of the present invention can be produced 
through radical polymeriZation of a radical-polymeriZable 
monomer of the folloWing general formula With a silane 
coupling agent of the folloWing general formula (ii) Which 
acts as a chain-transfer agent in radical polymeriZation. 
Since the silane coupling agent (ii) has the ability to act as 
a chain-transfer agent, the radical polymeriZation gives a 
polymer terminated With a silane-coupling agent introduced 
thereinto. 

R3 R4 
| | 
C: 

| | 
H L—Y 

(R52.(OR2)3-m—5i—(CH2)n—5—H (ii) 
[0102] In formulae and (ii), R1 to R4, L, Y, n and m have 
the same meanings as those in formula These com 
pounds are on the market, and can be easily produced. 

[0103] The radical polymeriZation to produce the hydro 
philic polymer of formula (I) may be effected in any knoWn 
manner. Concretely, general methods of radical polymeriZa 
tion are described in, for example, New Polymer Experi 
mentati0n 3, Polymer Synthesis and Reaction 1 (edited by 
the Polymer Society of Japan, published by Kyoritsu Pub 
lishing); New Experimental Chemistry Course 19, Polymer 
Chemistry (I) (edited by the Chemical Society of Japan, 
published by MaruZen); Material Engineering Course, Poly 
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mer Synthesis Chemistry (published by the Tokyo Electric 
Courage Publishing), and any of these are employable 
herein. 

[0104] 2. Crosslinking Component of Formula II: 

[0105] The crosslinking component represented by the 
formula (II) is a compound having a polymeriZing functional 
group in its structure and acts as a crosslinking agent. By 
polycondensing With the speci?c hydrophilic polymer men 
tioned above, the compound forms a tough ?lm having a 
crosslinked structure. 

[0106] In formula (II), R6 represents a hydrogen atom, an 
alkyl group or an aryl group: R7 represents an alkyl group or 
an aryl group; X represents Si, Al, Ti or Zr; and m indicates 
an integer of from 0 to 2. 

[0107] The alkyl group for R6 and R7 preferably has from 
1 to 4 carbon atoms. The alkyl group and the aryl group for 
these may be substituted. The substituent for the groups 
includes, for example, a halogen atom, an amino group and 
a mercapto group. 

[0108] The compound is a loW-molecular compound, and 
preferably has a molecular Weight of at most 1000. 

[0109] Examples of the crosslinking component of for 
mula (II) are mentioned beloW, to Which, hoWever, the 
present invention is not limited. 

[0110] Examples of the compound in Which X is Si, 
namely silicon-containing hydrolyZable compounds, include 
trimethoxysilane, triethoxysilane, tripropoxysilane, tet 
ramethoxysilane, tetraethoxysilane, tetrapropoxysilane, 
methyltrimethoxysilane, ethyltriethoxysilane, propyltri 
methoxysilane, methyltriethoxysilane, ethyltriethoxysilane, 
propyltriethoxysilane, dimethyldimethoxysilane, diethyldi 
ethoxysilane, y-chloropropyltriethoxysilane, y-mercaptopro 
pyltriethoxysilane, y-mercaptopropyltriethoxysilane, y-ami 
nopropyltriethoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, phenyltripropoxysilane, diphe 
nyldimethoxysilane, and diphenyldiethoxysilane. 

[0111] Of those, especially preferable examples thereof 
include tetramethoxysilane, tetraethoxysilane, methyltri 
methoxysilane, ethyltrimethoxysilane, methyltriethoxysi 
lane, ethyltriethoxysilane, dimethyldie thoxysilane, phenyl 
trimethoxysilane, phenyltriethoxysilane, 
diphenyldimethoxysilane, and diphenyldiethoxysilane. 

[0112] Examples of the compound in Which X is Al, 
aluminium-containing hydrolyZable compounds, include tri 
methoxyaluminate, triethoxyaluminate, tripropoxyalumi 
nate, and tetraethoxyaluminate. 

[0113] Examples of the compound in Which X is Ti, 
namely titanium-containing compounds, include trimethox 
ytitanate, tetramethoxytitanate, triethoxytitanate, tetraethox 
ytitanate, tetrapropoxytitanate, chlorotrimethoxytitanate, 
chlorotriethoxytitanate, ethyltrimethoxytitanate, methyltri 
ethoxytitanate, ethyltriethoxytitanate, diethyldiethoxytitan 
ate, phenyltrimethoxytitanate, and phenyltriethoxytitanate. 

[0114] Examples of the compound in Which X is Zr, 
namely Zirconium-containing compounds, are Zirconates 
corresponding to the titanium-containing compounds but 
containing Zirconium in place of titanium. 
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[0115] b 3. Formation of Hydrophilic Layer: 

[0116] In the present invention, the hydrophilic layer may 
be formed by preparing a hydrophilic coating liquid com 
position that contains a speci?c hydrophilic polymer, apply 
ing the liquid onto a suitable substrate, and drying it. In the 
hydrophilic coating liquid composition, the content of the 
speci?c hydrophilic polymer is preferably not smaller than 
10% by Weight but smaller than 50% by Weight based on the 
total solid content of the layer. If the polymer content is 50% 
by Weight or more, the strength of the ?lm formed Will 
loWer; but if smaller than 10% by Weight, the ?lm properties 
Will be not good and the ?lm Will be readily cracked. 
Therefore, these contents are unfavorable, 

[0117] In one preferable embodiment of the present inven 
tion, the crosslinking component is added to the hydrophilic 
coating liquid composition. In this case, the amount of the 
crosslinking component to be added is preferably 5 mol % 
or more, more preferably 10 mol % or more With respect to 
the silane-coupling group in the speci?c hydrophilic poly 
mer. The uppermost limit of the amount of the crosslinking 
component is not speci?cally de?ned so far as it ensures 
good crosslinking of the component With the hydrophilic 
polymer. HoWever, if the amount of the crosslinking com 
ponent added is too large, it Will be problematic in that the 
excess crosslinking component not having acted in 
crosslinking Will make the surface of the formed hydrophilic 
layer sticky. 

[0118] The speci?c hydrophilic polymer terminated With 
silane coupling group is dissolved in a solvent, preferably 
along With the crosslinking component, and Well stirred, and 
these are hydrolyZed and polycondensed to prepare an 
organic/inorganic composite sol. This is the hydrophilic 
coating liquid for use in the present invention, and this forms 
a surface hydrophilic layer of high hydrophilicity and high 
?lm strength. To promote the hydrolysis and polyconden 
sation in preparing the organic/inorganic composite sol, an 
acid catalyst or a basic catalyst is preferably used. For 
increasing the reaction ef?ciency in practice, the catalyst is 
indispensable. 

[0119] As the catalyst, an acid or a basic compound itself 
or those dissolved in a solvent of Water or alcohol may be 
used. These acid and basic compounds Will be hereinafter 
referred to as an acid catalyst and a basic catalyst, respec 
tively. The catalyst concentration in the solvent is not 
speci?cally de?ned, and may be suitably determined 
depending on the properties of the acid or the basic com 
pound used and on the desired content of the catalyst in the 
reaction system. The catalyst solution of higher concentra 
tion can promote the hydrolysis and the polycondensation of 
the system. HoWever, if the basic catalyst of high concen 
tration is used, a precipitate is formed in the sol. Therefore, 
the concentration of the basic catalyst is preferably at most 
1 N in terms of the concentration of the catalyst in the 
aqueous solution. 

[0120] The acid catalyst and the basic catalyst for use 
herein are not speci?cally limited in point of their type. 
HoWever, if the catalyst is used in high concentration, 
compound Wherein elements that Will remain little in the 
dried ?lm are comprised is preferable as the catalyst. 

[0121] Concretely, examples of the acid catalyst includes 
hydrogen halides such as hydrochloric acid; nitric acid, 
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sulfuric acid, sulfurous acid, hydrogen sul?de, perchloric 
acid, hydrogen peroxide, carbonic acid; carboxylic acids 
such as formic acid and acetic acid; substituted carboxylic 
acids of formula RCOOH in Which R is substituted With any 
other element or substituent; and sulfonic acids such as 
benZenesulfonic acid. Examples of the basic catalyst include 
ammonia bases such as aqueous ammonia, and amines such 
as ethylamine and aniline. 

[0122] To prepare the hydrophilic coating liquid, the 
silane coupling group-terminated hydrophilic polymer is 
dissolved in a solvent such as ethanol, preferably along With 
the crosslinking component, and optionally the catalyst 
described above is added thereto, and the mixture is stirred. 
Preferably, the reaction temperature is betWeen room tem 
perature and 80° C., and the reaction time for Which the 
mixture is stirred is betWeen 1 and 72 hours. Stirring the 
mixture promotes the hydrolysis and polycondensation of 
the tWo components to give the intended organic/inorganic 
composite sol. 

[0123] The solvent usable for preparing the hydrophilic 
coating liquid composition that contains the hydrophilic 
polymer, preferably along With the crosslinking component, 
is not speci?cally limited in so far as the solvent can 
uniformly dissolve and disperse the components. For 
example, the solvent is preferably an aqueous solvent such 
as methanol, ethanol and Water. 

[0124] As mentioned above, the organic/inorganic com 
posite sol, Which is sol of composite comprising organic and 
inorganic compounds, (hydrophilic coating liquid composi 
tion) to form the hydrophilic surface in the present invention 
can be prepared in a sol-gel method. The sol-gel method is 
described in detail, for example, in Sumio Sakuhana’s 
Science for Sol-Gel Process (published by Agune Shofusha, 
1988); and Ken Hirashima’s Technology for Functional Thin 
film Formation by Latest Sol-Gel Process (published by 
General Technology Center, 1992). The methods described 
in these can be employed in preparing the hydrophilic 
coating liquid composition for use in the present invention. 

[0125] The hydrophilic coating liquid composition used in 
the present invention may contain, if desired, various addi 
tives in so far as it does not interfere the effect of the present 
invention. For example, a surfactant may be added thereto 
for improving the uniformity of the coating liquid. 

[0126] The hydrophilic coating liquid composition pre 
pared in the manner as described above is applied onto the 
surface of a substrate and dried to form thereon the intended 
hydrophilic layer. The thickness of the hydrophilic layer 
may be determined in any desired value, but dry Weight of 
the layer is generally from 0.5 to 5.0 g/m2, preferably from 
1.0 to 3.0 g/m2. If the thickness of the layer is smaller than 
0.5 g/m2, it is unfavorable since the layer could not Well 
hydrophilicate the substrate surface; but if larger than 5.0 
g/m2, it is also unfavorable since the sensitivity and the ?lm 
strength Will loWer. 

[0127] (B) Image Forming Layer 
[0128] On the hydrophilic surface of the support for a 
planographic printing plate of ?rst and second aspect of the 
invention, a predetermined recording layer (image forming 
layer) is formed, Whereby a planographic printing plate 
precursor is obtained. Any image forming layer may be 
formed optionally. If necessary, image forming layer may be 
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formed on the hydrophilic surface of the material of the third 
aspect of the present invention. Some representative 
examples of image forming layer are described beloW. 

[0129] Photosensitive or Heat-sensitive Image Forming 
Layer 

[0130] In the ?rst and second aspect of the present inven 
tion, at least one of image forming layer is formed on the 
hydrophilic layer to form a planographic printing plate 
precursor. The substrate and precursor of the ?rst and second 
aspect of the present invention has a surface excellent in 
hydrophilicity, and therefore, an image having excellent 
image quality Without contamination on the non-image 
portion can be formed eve if any image forming layer is 
formed. 

[0131] The image forming layer provided on the hydro 
philic surface is optional. HoWever, preferable examples 
thereof include a photosensitive layer and a heat-sensitive 
layer Wherein the image forming layer containing a knoWn 
positive sensitive composition or a knoWn negative sensitive 
composition. 
[0132] Positive Sensitive Composition 

[0133] As the positively sensitive composition used in the 
image forming layer in the present invention, it is preferable 
to use the knoWn positive sensitive compositions (a) and (b) 
shoWn beloW. 

[0134] (a) A conventional positive photosensitive 
composition containing naphthoquinone diaZide and 
a novolak resin 

[0135] (b) A chemical sensitiZed positive photosen 
sitive composition containing a combination of an 
alkali soluble compound protected With an acid 
decomposable group and an acid generator 

[0136] The compositions (a) and (b) are Well knoWn in this 
?eld of art, and it is more preferable that they be used in 
combination With the folloWing positively sensitive compo 
sitions (c) to 

[0137] (c) A laser-sensitive positive composition 
Which contains a sulfonate polymer and an infrared 
ray absorbent, and is capable of forming a plano 
graphic printing plate Without developing treatment 
disclosed in JP-A No. 10-282672 

[0138] (d) A laser-sensitive positive composition 
Which contains a carboxylate polymer and an acid 
generator or an infrared ray absorbent, and is capable 
of forming a planographic printing plate Without 
developing treatment disclosed in EP No. 652,483 
and JP-A No. 6-502260 

[0139] (e) A laser-sensitive positive composition 
Which contains an alkali soluble compound and a 
substance that is heat-decomposable and substan 
tially decreases the solubility of the alkali soluble 
compound When the substance does not decomposed 
disclosed in JP-A No. 11-95421 

[0140] An alkali-developable elution type positive 
composition Which contains an infrared ray absor 
bent, a novolak resin and a dissolution preventing 
agent, and is capable of forming an alkali-develop 
able elusion type positive printing plate 
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[0141] These positive sensitive compositions have a func 
tion such that suppressing effect With respect to dissolution 
into the developer such as an alkali aqueous solution is 
cancelled by applying energy to form a non-image part. 

[0142] The alkali soluble compound used in the positive 
sensitive composition as a main component is a compound 
that, in the case Where it is applied to a positive material, 
alkali solubility thereof is loWered in the presence of a 
dissolution preventing agent, and the alkali solubility is 
recovered by decomposition of the dissolution preventing 
compound. Examples of the alkali soluble compound used 
in the positively sensitive composition include a novolak 
resin, polyhydroxystyrene and an acrylic resin. 

[0143] A solubility preventing agent may be added to the 
alkali soluble compound. The solubility preventing agent is 
such a compound that is decomposed by an action of an acid 
and becomes alkali soluble. Examples of the dissolution 
preventing agent include a carboxylic acid, a phenol com 
pound and a quinone diaZide compound that are protected 
With an acid decomposable group of a chemical sensitiZing 
type used in the ?eld of resists, such as a t-butyl ester, t-butyl 
carbamate and an alkoxyethyl ester. 

[0144] An acid generator, Which is a compound generating 
an acid by heat or light, also be usable for canceling the 
dissolution suppressing effect. 

[0145] Negative Sensitive Composition 
[0146] As the negative sensitive composition, the knoWn 
negative sensitive compositions (g) to shoWn beloW can 
be used in the present invention. 

[0147] (g) Anegative sensitive composition contain 
ing a polymer having a photo-crosslinkable group 
and an aZide compound 

[0148] (h) Anegative sensitive composition contain 
ing a diaZo compound disclosed in JP-A No. 
59-101651 

[0149] AphotopolymeriZable negatively sensitive 
composition containing a photopolymeriZation ini 
tiator and an addition polymeriZable unsaturated 
compound disclosed in US. Pat. No. 262,276 and 
JP-A No. 2-63054 

[0150] A negatively sensitive composition con 
taining an alkali soluble compound, an acid genera 
tor and an acid crosslinkable compound disclosed in 
JP-A No. 11-95421 

[0151] The negative sensitive composition is such a com 
position that formation of a crosslinked structure and/or a 
polymeriZation reaction occurs and proceeds in the compo 
sition due to application of energy, Whereby the composition 
is hardened to form an image part. 

[0152] Examples of the major hardening reactions include 
a reaction Wherein a polymer having a photocrosslinkable 
group, such as a polymer having —CH=CH—CO— as a 
photocrosslinkable group on the main chain or the side chain 
of the molecule, forms a crosslinked structure by exposure 
to light and hardened, a hardening reaction using an aZide 
compound and a diaZo compound, a hardening reaction 
Wherein the composition contains a photopolymeriZation 
initiator and an addition polymeriZable unsaturated com 
pound having tWo or more terminal-ethylenically groups, 
and polymeriZation proceeds by exposure to light, and a 
reaction Wherein the compound contains an acid generator 
and a compound capable of being crosslinked in the pres 
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ence of an acid, such as a reaction Wherein an acid crosslink 

able compound such as an aromatic compound and a het 
erocyclic compound having been polysubstituted With a 
hydroxymethyl group, an acetoxymethyl group or an 
alkoxymethyl group are used, and a crosslinked structure is 
formed by application of energy. 

[0153] The negatively sensitive composition may contain 
the alkali soluble compound similar to those used in the 
positively sensitive compound in order to improve the ?lm 
property. 

[0154] (B-l) Especially Preferable Image Forming Layer 
of the Present Invention: 

[0155] The preferable image forming layer of the present 
invention is characteriZed in that it contains a polymer 
compound having a functional group that changes from one 
of hydrophilic to hydrophobic and hydrophobic to hydro 
philic in the presence of an acid, by application of heat, or 
by irradiation With radiation. 

[0156] The essential component of the image forming 
layer of the present invention, a polymer compound having 
a polarity-changing group, is described. The polarity-chang 
ing group to be introduced into the polymer compound 
includes tWo types as so mentioned above, that is, a func 
tional group that changes from hydrophobic to hydrophilic 
and a functional group that changes from hydrophilic to 
hydrophobic. 

[0157] B-l-l. Polymer Compound comprising Functional 
Group that changes from Hydrophobic to Hydrophilic in 
Side Chains: 

[0158] Among the polymers having a polarity-changing 
group in the side chains, examples of the polymer having a 
functional group that changes from hydrophobic to hydro 
philic in the side chains include sulfonate polymers and 
sulfonamides described in JP-A No. 10-282672; and car 
boxylate polymers described in EP Nos. 0652483, 6-502260 
and 7-186562. 

[0159] Of those polymers having side chains to change 
from hydrophobic to hydrophilic (polymer compounds 
including a functional group that changes from hydrophobic 
to hydrophilic), especially useful are secondary sulfonate 
polymers, tertiary carboxylate polymers, and alkoxyalkyl 
carboxylate polymers. 

[0160] Examples of sulfonate polymers and carboxylate 
polymers usable in the present invention are mentioned 
beloW, hoWever, the present invention is not limited thereto. 
Compounds (1p-1) to (1p-8) are sulfonate polymers; and 
Compounds (al) to (a10) are carboxylate polymers. 
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-continued 

(21-10) 
— (CH— CH)“ 

[0161] In case Where the sulfonate polymer or the car 
boxylate polymer is used in the present invention, those 
amount may be from 5 to 99% by Weight, preferably from 
10 to 98% by Weight, and more preferably from 30 to 90% 
by Weight based on the total solid content of the image 
forming layer (photosensitive or thermosensitive recording 
layer). 

[0162] B-1-2. Polymer Compound having Functional 
Group that changes from Hydrophilic to Hydrophobic in 
Side Chains: 

[0163] Examples of the polymer having a functional group 
in the side chains Wherein the group changes from hydro 
philic to hydrophobic (polymer compounds including a 
functional group that changes from hydrophilic to hydro 
phobic), include ammonium group-having polymers 
described in JP-A No. 6-317899; and polymers having a 
decarboxylation type polarity-changing group such as the 
folloWing general formula (1), such as sulfonylacetic acid, 
described in J P-A No. 2000-309174 (Japanese Patent Appli 
cation No. 11-118295): 

general formula (1) 
R1 

[0164] Wherein X represents —O—, —S—, —Se—, 
—NR3—, —CO—, —SO—, —SO2—, —PO—, 
—SiR3R4—, or —CS; each of R1, R2, R3 and R4 indepen 
dently represent a monovalent group; and M represents a 
cation. 

[0165] Examples of R1, R2, R3 and R4 include —F, —Cl, 
—Br, —I, —CN, —RS, —ORS, —OCORS, —OCOORS, 
—OCONR5R6, —OSO2R5, —CORS, —COORS, 
—CONRSRG, —NRSRG, —NR5—COR6, —NR5—COOR6, 
—NR5—CONR6R7, —SRS, —SORS, —SO2R5, and 
—SO3R5. 
[0166] Examples of R5, R6and R7include a hydrogen 
atom, an alkyl group, an aryl group, an alkenyl group, and 
an alkynyl group. Speci?c examples of the functional groups 
can be referred to those mentioned above. 
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[0167] Preferably, each of R1, R2, R3 and R4 are a hydro 
gen atom, an alkyl group, an aryl group, an alkynyl group, 
or an alkenyl group. 

[0168] The polarity-converting polymer compound in the 
present invention may be a homopolymer of one monomer 

having a hydrophilic functional group as described above, or 
a copolymer of tWo or more such monomers. Not interfering 

With the effect of the present invention, it may be a copoly 
mer With any other monomers. 

[0169] Examples of the polymer compound having side 
chains that changes from hydrophilic to hydrophobic used in 
the present invention are mentioned beloW (Compounds 
(P-l) to (P-17)). HoWever, the present invention is not 
limited thereto. 

i? 
i; 

N02 

cocnzcozn 
P-6 

CH3 
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CH3 

—(CH2C)11 

CH3 

— (CH2C)11 

— (CHZCH)n 

@ 
é). 

T02 

17 

P-10 

P-12 
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-continued 
P-15 

CH3 

— (CH2C)11 

P-16 

CH3 

P-17 
CH3 

— (CH2C)11 

CONH sCH3Co3-K+ 

[0170] The amount of the polarity-changeable polymer 
compound to be used in the image forming layer of the 
planographic printing plate precursor of the present inven 
tion is preferably from 0.01 to 94% by Weight, more 
preferably from 0.05 to 90% by Weight of the total solid 
content of the layer. B-1-3. Other Components of the present 
invention: 

[0171] The image forming layer of the planographic print 
ing plate precursor of the present invention may contain, if 
desired, any other various compounds for getting various 
properties. 
[0172] For example, the image forming layer of the plano 
graphic printing plate precursor of the present invention may 
contain a dye having high absorption in the visible light 
range, as an image colorant. 

[0173] Concretely, eXamples of the dye includes Oil Yel 
loW #101, Oil YelloW #103, Oil Pink #312, Oil Green BG, 
Oil Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS, 
Oil Black T-505 (all manufactured by Orient Chemical 
Industry Co., Ltd.), Victoria Pure Blue, Crystal Violet (CI 
42555), Methyl Violet (CI 42535) Ethyl Violet, Rhodamine 
B (CI 145170B), Malachite Green (CI 42000), Methylene 
Blue (CI 52015), as Well as the dyes described in JP-A No. 
62-293247. 

[0174] These dyes facilitate to shoW differentiation of the 
image area from the non-image area in the image-formed 
plate, and it is desirable to add any of them to the image 
forming layer. The amount of the dye in the image forming 
layer is from 0.01 to 10% by Weight of the total solid content 
of the layer. 

[0175] The image forming layer of the planographic print 
ing plate precursor of the present invention may contain any 
of nonionic surfactants described in JP-A Nos. 62-251740 
and 3-208514, and ampholytic surfactants described in J P-A 
Nos. 59-121044 and 4-13149, for broadening the latitude in 
stable processing of the precursor in various conditions for 
development. 
[0176] Examples of the nonionic surfactants include sor 
bitan tristearate, sorbitan monopalmitate, sorbitan trioleate, 
stearic monoglyceride, and polyoXyethylene nonylphenyl 
ether. 
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[0177] Examples of the ampholytic surfactants include 
alkyldi(aminoethyl)glycine, alkylpolyaminoethylglycine 
hydrochloride, 2-alkyl-N-carboxyethyl-N-hydroxyethylimi 
daZolium betaine, and N-tetradecyl-N,N-betaine (e.g., 
Amogen K, trade name, manufactured by Daiichi Kogyo 
Co., Ltd.). The amount of the nonionic surfactant or the 
ampholytic surfactant used in the image forming layer of the 
planographic printing plate precursor is preferably from 0.05 
to 15% by Weight, more preferably from 0.1 to 5% by Weight 
of the layer. 

[0178] Also if desired, the image forming layer of the 
planographic printing plate precursor of the present inven 
tion may contain a plasticiZer for making the layer ?exible. 
Examples of the plasticiZer includes butylphthalyl, polyeth 
ylene glycol, tributyl citrate, diethyl phthalate, dibutyl 
phthalate, dihexyl phthalate, dioctyl phthalate, tricresyl 
phosphate, tributyl phosphate, trioctyl phosphate, tetrahy 
drofurfuryl oleate, and oligomers and polymers of acrylic 
acid or methacrylic acid. 

[0179] Apart from these, the layer may contain any of 
onium salts, haloalkyl-substituted a-triaZines, epoxy com 
pounds, vinyl ethers, and also hydroxymethyl-having phenol 
compounds and alkoxymethyl-having phenol compounds 
described in Japanese Patent Application No. 7-18120. 

[0180] In the present invention, the image forming layer 
may be formed by dissolving the above-mentioned compo 
nents in a solvent and applying the resulting solution onto 
the hydrophilic layer. Examples of the solvent usable herein 
2includes ethylene dichloride, cyclohexanone, methyl ethyl 
ketone, methanol, ethanol, propanol, ethylene glycol 
monomethyl ether, 1-methoxy-2-propanol, 2-methoxyethyl 
acetate, 1-methoxy-2 -propyl acetate, dimethoxyethane, 
methyl lactate, ethyl lactate, N,N-dimethylacetamide, N,N 
dimethylformamide, tetramethylurea, N-methylpyrrolidone, 
dimethyl sulfoxide, sulforane, y-butyrolactone, toluene and 
Water. HoWever, the present invention is not limited thereto. 
One or more of these solvents may be used singly or in 
combination of tWo or more. The concentration of the 
constituent components (total solid content including addi 
tives) in the solvent is preferably from 1 to 50% by Weight. 

[0181] The dry Weight (in terms of the solid content) of the 
image forming layer may vary depending on the use thereof. 
In general, the dry Weight thereof is from 0.1 g/m2 to 10 
g/m2, preferably from 0.5 g/M2 to 5 g/m2. The sensitivity of 
the layer is higher When the coating amount thereof is loWer. 
HoWever, if the coating amount of the layer is too small, the 
printing durability of the printing plate Will be loW. On the 
other hand, the ?lm properties of the layer are better When 
the coating amount thereof is larger. HoWever, if the coating 
amount of the layer is too large, the sensitivity thereof Will 
loWer and the ?ne line reproduction in prints Will be poor. 

[0182] In order for forming the layer, various coating 
methods are employable. For example, employable are bar 
coating, spin coating, spraying, curtain coating, dipping, air 
knife coating, blade coating and roll coating. 

[0183] The image forming layer of the planographic print 
ing plate precursor of the present invention may contain a 
surfactant having the ability to improve the coatability of the 
layer. For example, the layer may contain a ?uorine-con 
taining surfactant described in JP-A No. 62-170950. Pref 
erably, the amount of the surfactant to be used in the image 
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forming layer is from 0.01 to 1% by Weight, more preferably 
from 0.05 to 0.5% by Weight of the total solid content of the 
layer. 
[0184] Light to Heat Converting Substance: 
[0185] In case Where the planographic printing plate pre 
cursor of the present invention is treated through scanning 
exposure to IR laser light for forming image, it is desirable 
that the precursor contains someWhere therein a light to heat 
converting substance having the ability to convert optical 
energy to heat energy. For example, the precursor may 
contain a photo-thermal converting substance in any of the 
image forming layer, the hydrophilic layer, and the surface 
layer of the substrate or the substrate itself. Apart from these 
sites, the light to heat converting substance may also be 
added to a thin layer that may be formed betWeen the image 
forming layer and the crosslinked hydrophilic layer, or 
betWeen the substrate surface layer and the substrate. 

[0186] The light to heat converting substance that may be 
used in the planographic printing plate precursor of the 
present invention is not speci?cally de?ned. The substance 
may be any one and selected from every substances capable 
of absorbing light such as UV light, visible light, IR light 
and White light to convert it into heat. Examples thereof 
include carbon black, carbon graphite, pigment such as 
phthalocyanine pigment, iron poWder, graphite poWder, iron 
oxide poWder, lead oxide, silver oxide, chromium oxide, 
iron sul?de, and chromium sul?de. Especially preferable 
substances are dyes, pigments and metals capable of effec 
tively absorbing IR light falling betWeen 760 nm and 1200 
nm. 

[0187] The dyes may be any knoWn ones, and examples 
thereof include those available as commercial products and 
those described in literature (e.g., in Dye Handbook, edited 
by the Organic Synthetic Chemistry Association of Japan, 
1970). Concretely, examples thereof include aZo dyes, metal 
complexed aZo dyes, pyraZolonaZo dyes, anthraquinone 
dyes, phthalocyanine dyes, carbonium dyes, quinonimine 
dyes, methine dyes, cyanine dyes and metal thiolate com 
plex dyes. Preferable examples thereof include cyanine dyes 
described in JP-A Nos. 58-125246, 59-84356, 
59-202829and60-78787; methine dyes described in JP-A 
Nos. 58-173696, 58-181690 and 58-194595; naphtho 
quinone dyes described in JP-A Nos. 58-112793, 58-224793, 
59-48187, 59-73996, 60-52940 and 60-63744; squalilium 
dyes described in JP-A No. 58-112792; and cyanine dyes 
described in British Patent No. 434,875. 

[0188] Examples of preferable dyes include near IR-ab 
sorbing sensitiZers described in US. Pat. No. 5,156,938; 
substituted arylbenZo(thio)pyrylium salts described in US. 
Pat. No. 3,881,924; trimethinethiapyrylium salts described 
in JP-A No. 57-142645 (US. Pat. No. 4,327,169); pyrylium 
compounds described in JP-A Nos. 58-181051, 58-220143, 
59-41363, 59-84248, 59-84249, 59-146063 and 59-146061; 
cyanine dyes described in JP-A No. 59-216146; pentam 
ethinethiopyrylium salts described in US. Pat. No. 4,283, 
475; and pyrylium compounds described in JP-B Nos. 
5-13514 and 5-19702. Still other examples of preferable 
dyes include near IR absorbent dyes of formulae (I) and (II) 
in US. Pat. No. 4,756,993. Of those dyes, especially pref 
erable dyes are cyanine dyes, squarylium dyes, pyrylium 
salts and nickel-thiolate complexes. 

[0189] Herein employable are commercial pigments and 
pigments disclosed in Color Index (C.I.) Handbook, Latest 
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Pigment Handbook (edited by the Pigment Technology 
Association of Japan, 1977), Latest Pigment Application 
Technology (published by CMC, 1986) and Printing Ink 
Technology (published by CMC) 1984). Concrete examples 
of the pigments employable herein include black pigments, 
yelloW pigments, orange pigments, broWn pigments, red 
pigments, purple pigments, blue pigments, green pigments, 
?uorescent pigments, metal poWder pigments, and polymer 
bonded colorants. More concretely, examples thereof 
include insoluble aZo pigments, aZo-lake pigments, con 
densed aZo pigments, chelate-aZo pigments, phthalocyanine 
pigments, anthraquinone pigments, perylene and perinone 
pigments, thioindigo pigments, quinacridone pigments, 
dioxaZine pigments, isoindolinone pigments, quinophtha 
lone pigments, dyed lake pigments, aZine pigments, nitroso 
pigments, nitro pigments, natural pigments, ?uorescent pig 
ments, inorganic pigments, and carbon black. Of those 
pigments, preferable is carbon black. 

[0190] These pigments may be surface-treated or not. As 
the surface-treatment, for example, the pigment particles 
may be coated With resin or Wax; or a surfactant may be 
adhered to them; or a reactive substance (e.g., silane cou 
pling agent, epoxy compound, polyisocyanate) may be 
bonded to the surfaces of the pigment particles. The surface 
treatment is described, for example, in Properties and Appli 
cations of Metal Soap (by Miyuki Shobo), Printing Ink 
Technology (by CMC, 1984), and Latest Pigment Applica 
tion Technology (by CMC, 1986). 
[0191] Preferably, the particle siZe of the pigment used in 
the present invention is from 0.01 nm to 10 am, more 
preferably from 0.05 am to 1 am, even more preferably from 
0.1 Mm to 1 am. If the particle siZe of the pigment is smaller 
than 0.01 am, it is unfavorable since the pigment dispersion 
in the light to heat converting substance-containing layer 
coating liquid is not stable; but if larger than 10 am, it is also 
unfavorable since the light to heat converting substance 
containing layer may not be uniform. For dispersing the 
pigment, employable is any knoWn dispersion technology 
for ink production or toner production. The dispersing 
machine to be used may be any of an ultrasonic Wave 
dispersing machine, sand mill, attritor, pearl mill, supermill, 
ball mill, impeller, disperser, KD mill, colloidmill, dynatron, 
three-rollmill, and pressure kneader. They are described in 
detail, for example, in Latest Pigment Application Technol 
ogy (by CMC, 1986). 
[0192] The amount of the dye or pigment to be used in the 
light to heat converting substance-containing layer maybe 
from 0.01 to 50% by Weight, preferably from 0.1 to 10% by 
Weight of the total solid content of the layer. More prefer 
ably, the amount of the dye is from 0.5 to 10% by Weight; 
and that of the pigment is from 3.1 to 10% by Weight. If the 
amount of the pigment or dye is smaller than 0.01% by 
Weight, the layer Will be ineffective for increasing the 
sensitivity of the precursor; but if larger than 50% by Weight, 
the ?lm strength of the light to heat converting substance 
containing layer Will be loW. 

[0193] The planographic printing plate precursor pro 
duced in the manner may be exposed and developed in any 
knoWn method in order to form a planographic printing 
plate, and this plate is used in producing a large number of 
prints. 
[0194] When thermal energy is applied to the image 
forming layer in the planographic printing plate precursor of 
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the present invention, the heated region of the layer changes 
from hydrophilic to hydrophobic, or from hydrophobic to 
hydrophilic. Depending on the type of change in the layer, 
the exposed part or the non-exposed part of the image 
forming layer changes into a hydrophobic ink-receiving 
image area or a hydrophilic non-image area of the layer. The 
image formation based on the polarity change does not 
substantially require Wet development. Therefore, after heat 
is applied to precursor or the precursor is exposed to light to 
form an image thereon, the precursor may be directly set in 
a printer, not requiring any special Wet development, and it 
receives dampening Water and ink in the printer, and serves 
as a printing plate to produce prints. 

[0195] Image formation may be carried out on the plano 
graphic printing plate precursor of the present invention by 
applying heat to the precursor. When the precursor contains 
a light to heat converting substance as described above, an 
image may be formed thereon through scanning exposure to 
IR laser light and the like. 

[0196] Examples of method, Which is employable for 
forming an image on the precursor, include any method of 
thermal ?xation, optical ?xation, pressure ?xation, and 
solvent ?xation. Concretely, an image may be formed on the 
precursor through direct imageWise heating With a thermal 
recording head, or through scanning exposure to IR laser 
light, or high-intensity ?ash exposure to a xenon discharge 
lamp, or exposure to an IR lamp. 

[0197] In order for carrying out direct plate making using 
the precursor by a computer-to-plate system having the 
ability to improve the productivity, it is desirable to fuse 
image portion thereof using laser. Examples of the laser 
include gas lasers such as carbon dioxide laser, nitrogen 
laser, Ar laser, He/Ne laser, He/Cd laser, Kr laser; liquid 
(color) lasers; solid lasers such as ruby laser, Nd/YAG laser; 
semiconductor lasers such as GaAs/GaAlAs, InGaAs laser; 
and excimer lasers such as KrF laser, XeCl laser, XeF laser, 
Ar2. Above all, preferable laser is exposure to high-poWer 
type solid IR laser such as YAG laser or IR semiconductor 
laser Which emit 700-1200 nm light. 

[0198] Thus the image forming layer of the precursor, 
Which is exposed imageWise, has a hydrophilic region and a 
hydrophobic region formed therein. In that condition, the 
precursor may be directly set in a printer, in Which it receives 
ink and dampening Water in an ordinary order, and comes to 
serve as a printing plate to produce prints. The planographic 
printing plate precursor of the present invention may be set 
in a printer equipped With an exposing device, and it maybe 
exposed to light to form an image thereon in the printer. 

[0199] (B-2) Preferable Image Forming Layer of the 
Present Invention: 

[0200] The image forming layer of the present invention 
may be characteriZed in that it contains a hydrophobic 
precursor capable of forming a hydrophobic region through 
application of heat or to radiation such as those of IR laser 
light. 

[0201] First described component is the preferable com 
ponent of the image forming layer. The hydrophobic pre 
cursor may be particles that form a hydrophobic region in 
the image forming layer by application of heat. Examples 
thereof include thermoplastic polymer particles, thermoset 
ting polymer particles, thermo-reactive functional group 






















































