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Description

TECHNICAL FIELD

[0001] The present invention relates to an image form-
ing method and an image forming apparatus both using
an ink jet printing system, an intermediate transfer body
used in the image forming method and a method of mod-
ifying a surface of the intermediate transfer body. More
particularly the present invention relates to an image
forming method and an image forming apparatus, both
of which use an intermediate transfer body in forming an
image on a print medium in order to make it unlikely for
an image quality to be affected by the amount of ink ab-
sorbed in the print medium, an intermediate transfer body
used in the image forming method and a method of mod-
ifying a surface of the intermediate transfer body.

BACKGROUND ART

[0002] A mainstream image forming method using pa-
per as print media is currently an offset printing. The offset
printing is a technique suited for mass printing. That is,
a printing plate for an image is fabricated and set in a
printing machine to make copies of the image at a rate
of about 9,000 copies per minute. Disadvantages of the
offset printing, such as time and cost required by a print-
ing plate production process and a vast investment need-
ed to purchase the printing machine, have little adverse
effect on the cost per printed sheet and speed because
the printed matter is produced in large quantities. It can
therefore be said that the offset printing has matched
market needs very well.
[0003] As a trend is gaining momentum in recent years
for information versatility and more and more diversified
printed matters are printed in small quantities, a problem
has surfaced that the production cost of printing plates
for individual printed matters becomes relatively high.
Further, since instant availability of desired information
is being given greater importance, there is a growing de-
mand for a shorter production period in which a printed
matter becomes available. Since the current offset print-
ing has a long lead time, from a text preparation to a
printing plate production and a printing familiarization
(stabilizing of a printing machine), the production period
cannot be shortened even when the number of printed
copies is small. Further, since a huge facility investment
is necessary and all processes require high levels of
skills, production locations are limited, which means it
takes time for printed matters to be delivered to custom-
ers.
[0004] In terms of meeting the market demands de-
scribed above, the ink jet printing system is drawing at-
tention as a desirable technology. Since the ink jet print-
ing system uses no printing plate, it is suited for printing
a small number of copies. Further, since it does not re-
quire large-scale facilities or a high level of specialty
knowledge, desired printed matters can be produced on

demand and therefore growing expectations are placed
on the ink jet printing system.
[0005] Among points in which printed matters pro-
duced by the ink jet printing are inferior to offset-printed
matters are a glossiness of printed matter, a printability
on thin paper, a printability on both sides of paper and a
printing cost. If improvements are made on these points,
the ink jet printing system can be expected to advance
toward commercial printing.
[0006] The glossiness of printed matter is affected
largely by a surface smoothness of paper (print medium).
The ink jet printing system has often used a penetration
type ink that permeates paper and fixes in it. Since a
colorant of ink fixes following the surface of paper, the
paper used needs to have a highly smooth surface to
produce a glossiness.
[0007] Paper with a highly smooth surface generally
has a low ink absorbing capability. This is because a
penetration type ink is absorbed through a capillary at-
traction. If printing is done on paper with a small ink ab-
sorption capability, ink may remain on the surface without
being fully absorbed in paper, which may cause unde-
sired phenomena, such as a bleeding in which the re-
maining ink becomes mixed with adjoining ink droplets
and a beading in which previously landed ink droplets
are drawn to subsequently landed ink droplets, resulting
in a degradation of a printed image quality and a failure
to dry properly. Under these circumstances, it is very dif-
ficult to form an image on paper with a high level of sur-
face smoothness using the ink jet printing system without
causing these problems.
[0008] The ink jet printing system is available in two
types: a continuous type and an on-demand type, the
latter type using electrothermal transducers (heating el-
ements) and electromechanical transducers (piezoelec-
tric elements). In either type only low-viscosity ink can
be ejected. This is because the ink used in the ink jet
printing system is required to be highly fluid while in the
ink jet head to realize an adequate ink ejection perform-
ance. At the same time, on the surface of the print medium
the ink is required to exhibit a low fluid characteristic to
prevent adjoining ink droplets from getting mixed or from
being drawn to each other. In the ink jet printing system
as described above, while a highly fluid ink is ejected
onto the print medium, the ink on the print medium needs
to have a low fluidity. That is, opposing characteristics
are required of the ink depending on whether it is in the
print head or on the surface of the print medium.
[0009] To meet the contradictory requirements for the
ink at the same time, a new system (an image forming
system using an intermediate transfer body) is proposed
in which an ink image is formed on a transfer body (or
an intermediate transfer body), from which it is trans-
ferred onto a desired print medium to form the ink image
on the print medium. In this system an ink ejected from
the ink jet head is affixed to the transfer body temporarily
to form an ink image on the transfer body whose fluidity
is lowered to some extent while on the transfer body, and
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then the ink image is transferred from the transfer body
onto the print medium.
[0010] When such a transfer body is used, it is desired
that the surface of the transfer body be made a surface
having a small ink absorbing capability or particularly a
non-ink absorbing surface, considering an ink transfera-
bility from the transfer body to the print medium and an
ease with which the transfer body can be cleaned after
image transfer. However, if a transfer body with a non-
ink absorbing surface is simply used, an ink on the trans-
fer body remains fluidized, making it difficult to hold an
ink image on the transfer body in good condition. That
is, the use of the non-ink absorbing surface as the inter-
mediate transfer body surface to enhance the transfera-
bility of an ink image from the intermediate transfer body
makes it difficult to hold the ink image on the intermediate
transfer body in good condition. Conversely, if the surface
of the transfer body is made a surface that has a high ink
absorbing capability to enhance the ability to hold the ink
image on the intermediate transfer body, it becomes dif-
ficult to keep a good transferability of the ink image from
the intermediate transfer body.
[0011] In the image forming system using the interme-
diate transfer body as described above, it is important in
keeping a high quality of an ink image on the print medium
to strike a good balance between a high level of capability
to hold an ink image on the intermediate transfer body
and a high level of transferability of the ink image from
the intermediate transfer body. However, an image form-
ing system has yet to be realized which establishes both
a high level of capability to hold an ink image on the in-
termediate transfer body and a high level of transferability
of the ink image from the intermediate transfer body and
which can form a high quality of ink image on a variety
of kinds of print media.
[0012] In Japanese Patent Application Laid-open No.
5-330035 (1993), for example, a method is proposed in
which a transfer body is heated to increase a density of
ink on the transfer body and thereby lower an ink fluidity
on the transfer body. Simply heating the transfer body,
however, can lower the ink fluidity only to a small extent,
resulting in an ink image instantly spreading on the trans-
fer body. That is, the ink image cannot be held in good
condition on the transfer body, which in turn renders the
ink image on a print medium after transfer unsatisfactory.
This method has a problem that heat of the transfer body
may reach an ink jet head and dry ink ejection nozzles,
causing ejection failures. This method therefore has not
yet been put to practical use.
[0013] Another method has been proposed which, as
in Japanese Patent Application Laid-open No. 7-223312
(1995), uses a hot-melt ink and heats an ink jet head and
an ink supply system to eject the melted hot-melt ink. In
this case, however, since a thickness of affixed ink is
large, an ink image formed on the print medium after
transfer looks unnatural, making the quality of the image
on the print medium after transfer less than satisfactory,
similar to the method disclosed in Japanese Patent Ap-

plication Laid-open No. 5-330035 (1993). When the hot-
melt ink is used, the ink needs to be heated to a desired
melted state. This melting process takes time and there
are some limitations on the components of ink, leaving
much to be desired.
[0014] Another method has been disclosed in the US
2003/0068571 A1 relating to a method for forming on a
recording medium an image whose resistance to water
and light is improved and whose image quality is en-
hanced. The method includes the step of forming a layer
including resin particles on a surface of an intermediate
transfer medium, recording the image by ejecting ink from
an ink jet recording head onto the resin particle layer,
and transferring the resin particle layer from the surface
of the intermediate transfer medium to a recording me-
dium to fix the resin particle layer thereto.

DISCLOSURE OF THE INVENTION

[0015] As can be seen from the above, in the ink jet
printing system the use of an intermediate transfer body
is advantageous in enhancing a level of freedom in the
selection of print media. However, even the system em-
ploying the intermediate transfer body still has room for
improvement to make a transferred ink image on the print
medium high in quality.
[0016] One of important tasks that need to be ad-
dressed, in particular, is to cope with two contradicting
requirements, i.e., a high ink image retainability on the
intermediate transfer body and a high ink image trans-
ferability from the intermediate transfer body to a print
medium, to make the transferred ink image on the print
medium a quality image.
[0017] The present invention has been accomplished
with a view to overcoming the above problem. It is there-
fore an object of this invention to provide an image form-
ing method and an image forming apparatus which can
provide a unique combination of a high ink image retain-
ability on an intermediate transfer body and a high ink
image transferability from the intermediate transfer body
to a print medium in order to allow a high quality image
printing on a wide range of print media regardless of how
much ink the print media absorb, without sacrificing the
high printing flexibility of the ink jet printing system. It is
another object of this invention to provide an intermediate
transfer body used in the image forming method and also
a method of modifying a surface of the intermediate trans-
fer body.
[0018] More specifically, this invention makes it possi-
ble to form an image on the intermediate transfer body
having a surface layer with good releasability, without
causing bleeding or beading, and then to transfer the ink
removed of water from the intermediate transfer body to
the print medium in good condition.
[0019] In a first aspect of the present invention, there
is provided an image forming method as defined by Claim
1.
[0020] In a second aspect of the present invention ,
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there is provided an image forming apparatus as defined
by Claim 15.
[0021] In a third aspect of the present invention, there
is provided an image forming apparatus as defined by
Claim 18.
[0022] In this specification, "print medium" refers not
only to paper commonly used in printing devices but also
widely to cloth, plastic films and any other material ca-
pable of receiving ink.
[0023] An ink jet printing means applicable to this in-
vention includes a variety of types of ink jet heads pro-
posed for ink jet printing, such as one that utilizes thermal
energy generated by electrothermal transducers to
cause film boiling in ink and thereby form bubbles to eject
ink, one that uses electromechanical transducers to eject
ink, and one that utilizes static electricity or air flow to
eject ink droplets. Of these, the electrothermal transduc-
er-based ink jet head is advantageously used from the
standpoint of size reduction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 is a schematic diagram showing an outline
configuration of an image forming apparatus accord-
ing to one embodiment of this invention;
Fig. 2 is a block diagram showing an example control
system constructed to control the image forming ap-
paratus of Fig. 1;
Fig. 3 is a flow chart showing an example sequence
of image forming processing using the control sys-
tem of Fig. 2;
Fig. 4 is a flow chart showing an example sequence
of image forming processing according to a second
embodiment of this invention; and
Fig. 5 is a flow chart showing an essential part of the
sequence of image forming processing according to
the second embodiment of this invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025] Example embodiments of the present invention
will be described in detail by referring to the accompany-
ing drawings.

I. First Embodiment

1. Outline of Image Forming Device

[0026] Fig. 1 is a schematic diagram showing an out-
line configuration of an image forming apparatus accord-
ing to one embodiment of this invention. In Fig. 1, refer-
ence number 1 denotes an intermediate transfer body
which is driven to rotate about an axis 1A in a direction
of arrow F and has a surface layer 2 with good releasa-
bility. In Fig. 1, reference number 3 represents an energy
application device that performs surface modifying

processing on the surface layer 2. In the device shown
in Fig. 1, application devices 4, 5 are put in contact with
the surface of the intermediate transfer body 1 between
the energy application device 3 and an ink jet printing
unit 6 to apply a wettability improvement component and
an ink viscosity increasing component to the surface. Al-
though the application device 4 for applying a wettability
improvement component such as surface active agent
and the application device 5 for applying an ink viscosity
increasing component do not have to be provided, they
are preferably installed from a standpoint of improving
the capability of the intermediate transfer body to hold
an ink image.
[0027] After these components have been applied to
the surface, the ink jet printing unit 6 ejects ink droplets
onto the surface of the intermediate transfer body 1 to
form an image (mirror image) on the surface. Then, a
print surface of a print medium 10 is brought into contact
with the image formed on the intermediate transfer body
1 and a pressure roller 11 is pressed against a back of
the print medium 10 to transfer the image onto the print
medium 10.
[0028] In the device shown in Fig. 1, a water removal
facilitating device 8 is provided in the form of a fan to
evaporate and remove water or solvent components from
the ink that forms the image on the intermediate transfer
body 1. In addition to or in place of this arrangement, a
heat roller 9 may be used which is placed in contact with
a back side of the hollow intermediate transfer body 1.
[0029] The print medium 10, after being printed with
an image through the intermediate transfer body 1 as
described above, is pressurized between fixing rollers 12
to have an excellent surface smoothness. It is also pos-
sible to heat the print medium 10 with the fixing rollers
12 to instantly give the printed material a durability.
[0030] Then, in the device of Fig. 1, after having trans-
ferred the ink image to the print medium 10, the interme-
diate transfer body is washed by a cleaning unit 13 at the
next stage in preparation for receiving the next image.
[0031] In the conventional ink jet printing system, ink
fixing is mostly achieved by the penetrating of ink into
paper as the print medium and the state of image formed
varies depending on the amount of ink absorbed in the
print medium. So, there are limitations on the kinds of
print media that can be used. The offset printing device
on the other hand, because it is designed for mass print-
ing of the same printed matter, lacks flexibility as when
producing different image outputs on different pages.
[0032] With the present invention, however, the follow-
ing advantages are produced. As can be seen from the
above-described image forming apparatus embodying
this invention, the kinds of print media are not limited by
the amount of ink absorbed in the print medium, allowing
a high quality printing on a wide range of media. This in
turn realizes an image forming that takes advantage of
the features of the ink jet printing system, such as an
excellent flexibility of being able to instantly produce a
desired printed matter.
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2. Description of Processes

[0033] The image forming apparatus described above
includes means to perform a process of modifying the
surface of the intermediate transfer body 1 having a sur-
face layer with good releasability through energy appli-
cation (hereinafter referred to as a process (X)), a proc-
ess of forming an image by the ink jet printing system on
an intermediate transfer body having the modified sur-
face (process (Y)), and a process of transferring the ink
image formed on the intermediate transfer body 1 onto
a print medium (process (Z)). These processes (X)-(Z)
and the means for implementing them will be explained
by way of example.

2.1 Process (X)

[0034] The process (X) modifies the surface of the in-
termediate transfer body 1 having a surface layer with
good releasability by energy application.
[0035] In the embodiment of Fig. 1, a drum made of
light metal such as aluminum alloy is used as a support
for the surface layer of the intermediate transfer body,
considering characteristic requirements including a stiff-
ness to withstand a pressure applied during a transfer
process, a dimensional accuracy and a control respon-
sivity that can be improved through a reduction in rotary
inertia. On the drum surface is provided the surface layer
2, thus forming the intermediate transfer body 1.
[0036] The intermediate transfer body or the support
for its surface layer, however, is only required to ensure
that the surface layer can at least be in line contact with
the print medium. Depending on the configuration of the
image forming apparatus or the form of transfer onto the
print medium, they may be formed into a shape of roller,
belt or sheet. In addition to the materials that assure the
line contact, the intermediate transfer body may also use
materials with large elastic deformations, such as a pad
which is used in a pad printing.
[0037] As shown in Fig. 1, on the surface of the inter-
mediate transfer body 1 is formed the surface layer 2 with
good releasability. In this specification, the good releas-
ability means a state in which an ink image can be re-
moved without adhering to the surface of the intermediate
transfer body. The higher the releasability, the more ad-
vantageous the surface layer 2 is in terms of a load during
cleaning and an ink transfer rate. On the contrary, as the
releasability increases, a critical surface tension of a ma-
terial generally decreases, making the material more like-
ly to repel a liquid such as ink, which in turn renders the
ink image more difficult to retain on the surface layer. A
material preferably used in this invention exhibits a phys-
ical property before surface treatment such that its water
repellency is 30 mN/m or less in critical surface tension
or 70 degrees or more in contact angle with water. That
is, the preferred material for the intermediate transfer
body of this invention has a property such that the inter-
mediate transfer body, before being surface treated, re-

pels applied ink which therefore fails to form an image
(i.e., the ink image retention capability is low) as long as
ordinary means is used.
[0038] More specifically, the surface layer 2 with good
releasability may be formed by performing surface treat-
ments, such as coating fluorine on the surface of the in-
termediate transfer body or applying silicone oil to the
surface. However, it is desired that the surface layer 2 is
formed of an elastic material with good releasability be-
cause it can achieve a higher transfer efficiency. The
elastic material may advantageously use surface-treated
NBR and urethane rubber and also fluororubber and sil-
icone rubber both inherently having good releasability.
Silicone rubber is available in various types, such as vul-
canization type, one-liquid curing type and two-liquid cur-
ing type. All of these types can be used properly. Although
a hardness of the elastic rubber of the surface layer de-
pends on the thickness and stiffness of the print medium
10 in contact with the surface layer and thus it is desirable
to optimize the surface layer hardness, the use of the
elastic rubber of with a hardness of between 10 and 100
degrees when measured by type A durometer (conform-
ing to JIS K 6253) produces a desirable effect. Almost
all kinds of print media can be dealt with if the elastic
rubber has a hardness of between 40 and 80 degrees.
[0039] In the process (X) the surface layer 2 of the
intermediate transfer body 1 constructed as described
above is modified by applying energy to it. The application
of energy to the surface of the intermediate transfer body
improves a wettability of the surface of the material that
has a good releasability, thereby suppressing an ink re-
pellency. The surface of the intermediate transfer body
thus obtained has a good image retention capability (an
ability to hold ink droplets where they land by properly
suppressing the ink repellency) in addition to good clean-
ing and image transferring capabilities. The means for
energy application may be any means that can modify
the surface to make it hydrophilic by performing surface
treatment, such as ultraviolet radiation, flame treatment,
corona discharging and plasma treatment. Of these,
plasma treatment at an atmosphere pressure or reduced
pressure is a preferred method which is particularly ad-
vantageous if the surface layer with good releasability is
formed of a material containing a fluorine compound or
silicone compound. Not only can this combination pro-
vide an efficient hydrophilic surface treatment but it can
also prevent the transfer rate from falling or improve the
transfer rate when transferring an ink image formed on
the intermediate transfer body onto a print medium in a
later process. The plasma treatment mentioned above
includes a part of the corona discharge treatment which
activates oxygen in atmosphere to produce hydroxyl
groups on the surface of a substrate being processed.
The fluorine compound or silicone compound includes
respective oil component.
[0040] A complete mechanism behind the desirable ef-
fect produced by the combination of the selected material
and the selected surface modification means has yet to
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be revealed. However, there seems to be a remarkable
tendency that, in the presence of fluorine or silicone oil
component, both the hydrophilic surface and the main-
tained or improved transfer rate are clearly observed si-
multaneously and that the surface, once modified, can
retain these lasting effects. Judging from these facts, it
is assumed that, in addition to the generally known chem-
ical action of the plasma treatment (introduction of hy-
drophilic groups on the surface) which makes hydrophilic
at least a part of the rubber component, filler component
and oil component of the surface layer, a physical action
(surface roughening) changes a part of a rubber structure
to promote the oil component movement on the surface.
[0041] The surface treatment may be implemented as
shown in the embodiment of Fig. 1, in which an energy
application device 3 modifies the surface of the interme-
diate transfer body 1 with good releasability continuously
or at predetermined intervals. Alternatively the surface
treatment may also be performed by not using the energy
application device 3 and by using an intermediate trans-
fer body which has its surface modified in advance. These
two methods may be combined, i.e., it is possible to use
an intermediate transfer body with its surface already
modified and perform additional surface modification
treatments on the surface layer 2 at appropriate intervals
by using the energy application device 3 installed in the
system to maximize the surface modification effect ac-
cording to the number of sheets printed.

2.2 Process (Y)

[0042] This is a process of forming an image on the
intermediate transfer body by using an ink jet printing unit.
[0043] The ink jet printing unit used for image forming
is not limited in terms of the ink ejection mode and con-
figuration. The ink jet printing unit may be one that per-
forms ink ejection in a continuous mode or in an on-de-
mand mode using electrothermal transducers (heating
elements) or electromechanical transducers (piezoelec-
tric elements). As to the configuration of the ink jet printing
unit, let us look at the construction of Fig. 1, for example.
An ink jet head may be of a line head configuration in
which ink ejection nozzles are arrayed in an axial direc-
tion of the intermediate transfer body 1 (in a direction
perpendicular to the plane of the drawing). Another type
of head may be used which has its nozzles arrayed over
a predetermined range in a direction of a tangential line
or in a circumferential direction of the intermediate trans-
fer body. Printing is done by scanning this head in the
axial direction. Further, it is possible to use the same
number of print heads as that of the ink colors used in
forming an image.
[0044] Inks used in the image forming process (Y) are
also not subject to any particular limitations. It is possible
to use commonly available dyes and pigments as color-
ants of ink and also use water-based inks that have aque-
ous liquid medium to dissolve and/or disperse dyes and
pigments. Pigment inks are particularly suitable for pro-

ducing a durable printed image.
[0045] Among possible dyes are C.I. Direct Blue 6, 8,
22, 34, 70, 71, 76, 78, 86, 142, 199, C.I. Acid Blue 9, 22,
40, 59, 93, 102, 104, 117, 120, 167, 229, C.I. Direct Red
1, 4, 17, 28, 83, 227, C.I. Acid Red 1, 4, 8, 13, 14, 15,
18, 21, 26, 35, 37, 249, 257, 289, C.I. Direct Yellow 12,
24, 26, 86, 98, 132, 142, C.I. Acid Yellow 1, 3, 4, 7, 11,
12, 13, 14, 19, 23, 25, 34, 44, 71, C.I. Food Black 1, 2,
and C.I. Acid Black 2, 7, 24, 26, 31, 52, 112, 118.
[0046] Among possible pigments are C.I. Pigment
Blue 1, 2, 3, 15; 3, 16, 22, C.I. Pigment Red 5, 7, 12, 48
(Ca), 48 (Mn), 57 (Ca), 112, 122, C.I. Pigment Yellow 1,
2, 3, 13, 16, 83, Carbon Black No. 2300, 900, 33, 40, 52,
MA 7, 8, MCF 88 (Mitsubishi Kasei make), RAVEN1255
(Columbia make), REGAL330R, 660R, MOGUL (Cabot
make), Color Black FW1, FW18, S170, S150, and
Printex35 (Degussa make).
[0047] These pigments are free from any limitations in
terms of application mode. They can be used in the form
of, for instance, self dispersion type (pigment free of dis-
persant), resin dispersion type and microcapsule type.
Suitable pigment dispersions include a water-soluble dis-
persion resin with a weight-averaged molecular weight
of about 1,000 to 15,000. More specifically, they include
water-soluble vinyl resin, block or random copolymers
and salts thereof made from styrene and its derivatives,
vinylnaphthalene and its derivatives, aliphatic alcohol es-
ters of α,β-ethylenically-unsaturated carboxylic acid,
acrylic acid and its derivatives, maleic acid and its deriv-
atives, itaconic acid and its derivatives, or fumaric acid
and its derivatives.
[0048] To improve the durability of the image formed,
a water-soluble resin and a water-soluble cross-linking
agent may be added. The only requirement for these ma-
terials is that they can coexist with ink components. As
the water-soluble resin, the above-mentioned dispersion
resins may be suitably used. As the water-soluble cross-
linking agent, oxazoline and carbodiimide, which have
slow responsivity, may be suitably used in terms of ink
stability.
[0049] The aqueous liquid medium making up the ink
along with the colorants listed above may contain an or-
ganic solvent, and the amount of organic solvent is a
determining factor of the property of the ink after its vis-
cosity is raised. In the system using an intermediate
transfer body according to this invention, the ink when it
is transferred onto the print medium contains almost only
the colorant and a high boiling point organic solvent. Con-
sidering this fact, the amount of organic solvent is deter-
mined at its optimum value. Preferred organic solvents
include the following water-soluble materials with a high
boiling point and a low vapor pressure.
[0050] The organic solvents may include, for example,
polyethylene glycol, polypropylene glycol, ethylene gly-
col, propylene glycol, butylene glycol, triethylene glycol,
thiodiglycol, hexylene glycol, diethylene glycol, ethylene
glycol monomethyl ether, diethylene glycol monomethyl
ether or glycerin. Two or more of these may be mixed for
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use. To adjust viscosity and surface tension, alcohols
such as ethyl alcohol and isopropyl alcohol or surface
active agents may be added to ink.
[0051] As for a compounding ratio of components mak-
ing up the ink, there is no limitation. The compounding
ratio can be adjusted properly according to the chosen
ejection force and nozzle diameters of the ink jet head.
The ink may, for example, be composed of 0.1-10% col-
orant, 5-40% solvent, 0.01-5%.surface active agent and
the remaining percentage of purified water.
[0052] When an image forming is done at high speed,
it is effective to provide a process of applying an ink vis-
cosity increasing component to the intermediate transfer
body prior to the ink ejection process (Y). The ink viscosity
increasing component not only suppresses the fluidity of
ink on the intermediate transfer body to minimize bleed-
ing and beading during the high-speed image forming
but also improves the capability of retaining an ink image
on the intermediate transfer body.
[0053] That is, since, during the fast image forming,
the amount of ink applied per unit time is greater than
normal, bleeding and beading are more likely to occur.
On the intermediate transfer body the ink is also likely to
become fluidized. Thus, when the device of Fig. 1 is used,
the ink viscosity increasing component is applied by the
application device 5 prior to ink application so that the
ink droplets will land where the ink viscosity increasing
component has been applied. This arrangement ensures
that the ink and the ink viscosity increasing component
come into contact with each other at positions where the
ink droplets have landed, reducing the fluidity of the ink
and thereby holding the ink where it landed.
[0054] Here, an increase in ink viscosity includes not
only a case in which colorants and resins making up the
composition of ink contact the ink viscosity increasing
component to cause a chemical reaction or a physical
adsorption, resulting in an overall rise in ink viscosity, but
also a case in which solid components of the ink compo-
sition coagulate, resulting in a local rise in ink viscosity.
[0055] The usable ink viscosity increasing component
should properly be chosen according to the kind of ink
used for image forming. For a dye ink, for instance, it is
effective to use a high molecular coagulant. For a pigment
ink having fine dispersed particles, a liquid containing
metal ions attributable to coagulation of pigment is ad-
vantageously used. Further, if the dye ink as the ink and
metal ions as the ink viscosity increasing component are
used, it is preferred that a pigment component of an iden-
tical color with that of the dye component be mixed into
the ink, that white or transparent fine particles which have
little effects on the color be added, or that a water-soluble
resin which reacts with metal ions be added.
[0056] The high molecular coagulants used as the ink
viscosity increasing component include, for example,
cationic high molecular coagulants, anionic high molec-
ular coagulants, nonionic high molecular coagulants and
amphoteric high molecular coagulants. Metal ions in-
clude, for example, divalent metal ions such as Ca2+,

Cu2+, Ni2+, Mg2+ and Zn2+, and trivalent metal ions such
as Fe3+ and Al3+. If a liquid containing these metal ions
is applied, it is preferably applied in the form of a metal
salt solution in water. Among anions of metal salts are
Cl- , NO3

- , SO4
2- , I- , Br- , ClO3

- and RCOO- (R repre-
sents an alkyl group).
[0057] The amount of ink viscosity increasing compo-
nent to be applied is preferably set such that the total
number of metal ion charges is equal to or more than 0.5
- 2 times the total number of ion charges of opposite
polarity present in the colored ink. For this purpose, a
water solution of the metal salts listed above with a den-
sity of about 10% by mass may be used. This layer of
ink viscosity increasing component, even if thin, can
achieve its desired function well.
[0058] While Fig. 1 shows the application device 5 of
a roll coater type as a preferred application means, other
types of application means may also be used, such as a
spray coater. It is also possible to use a print head that
ejects a liquid of viscosity increasing component by the
action of the ink jet mechanism.
[0059] For improving the durability of a finally formed
image, a water-soluble resin and a water-soluble cross-
linking agent may be added. There is no limitation on
these materials as long as they can coexist with the ink
viscosity increasing component. If metal salts with high
reactivity are used as the ink viscosity increasing com-
ponent, the water-soluble resin may advantageously use
PVA and PVP. The water-soluble cross-linking agent
may preferably use oxazoline and carbodiimide that re-
acts carboxylic acid suitably used in ink for colorant dis-
persion. Aziridine in particular is the material that can
provide a combination of an ink viscosity increasing ca-
pability and an improved image durability.
[0060] For uniform application of the ink viscosity in-
creasing component, it is effective to add a surface active
agent or surfactant to the ink viscosity increasing com-
ponent or, before applying the ink viscosity increasing
component, to coat a wettability improving component
such as a surfactant to the intermediate transfer body by
the application device 4. The wettability improving com-
ponent is designed to increase an affinity between the
intermediate transfer body and the ink viscosity increas-
ing component and therefore preferably uses a sur-
factant.
[0061] Even in a configuration that does not use the
ink viscosity increasing component, the application of the
wettability improving component such as a surfactant by
the application device 4 prior to ink ejection is effective
in improving the affinity of the intermediate transfer body
with ink.
[0062] In forming an image, if the coated layer of the
ink viscosity increasing component is thin, there is no
problem normally. There are cases, however, in which a
better printed result can be obtained by drying well the
ink viscosity increasing component after its application
by a drying process before ejecting ink. In that case, a
drying means may be provided between the application
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device 5 and the ink jet printing unit 6.

2.3 Process (Z)

[0063] This is a process of transferring an ink image
formed on the intermediate transfer body 1 onto the print
medium 10 which can take a form of continuous paper,
such as roll paper and fanfold paper, in addition to cut-
sheet paper. The print medium 10 is brought into contact
with the image forming surface of the intermediate trans-
fer body 1 by the pressure roller 11 and thereby receives
ink. In this embodiment, since at this stage the water in
the ink on the intermediate transfer body 1 has already
evaporated to some degree and its viscosity has risen,
a good quality image can be formed on a print medium
even if it has a small ink absorbing capacity.
[0064] If, however, the time from the ink image forming
in the process (Y) to the image transfer in the process
(Z) is too short, the amount of water contained in ink may
not decrease by natural evaporation to a level allowed
by the print medium. Taking such a case into consider-
ation, the image forming apparatus of Fig. 1 has the water
removal facilitating device 8 in the form of a fan (which
may send warm air) installed between a position where
an ink image is formed and a position where an image
transfer is performed, thereby promoting water elimina-
tion from ink. Another means for facilitating the water
removal may be one which heats the intermediate trans-
fer body from the ink image forming surface side. Alter-
natively, it may be realized by a heat roller 9 put in contact
with the back side of the hollow intermediate transfer
body 1 to heat the surface of the intermediate transfer
body.
[0065] The print medium printed through the interme-
diate transfer body as described above is pressurized by
the fixing rollers 12 to have an excellent surface smooth-
ness. The fixing rollers 12 may also be provided with a
function of heating the print medium 10. This will instantly
give the printed material a durability.
[0066] In the device exemplified in Fig. 1, the interme-
diate transfer body, after having transferred an ink image
to the print medium, is then washed by the cleaning unit
13 installed in the next stage in preparation for receiving
the next image. The cleaning means preferably employs
a direct cleaning method or a wiping method. The direct
cleaning method may involve washing or wiping while
spraying water shower or putting the intermediate trans-
fer body surface in contact with water surface. The wiping
method may involve holding a wet morton roller against
the surface. These two methods may of course be used
in combination.
[0067] After washing, if necessary, the surface of the
intermediate transfer body may be pressed by a dry mor-
ton roller or applied air blow for effective drying. Depend-
ing on the ink used, the component compounded for the
purpose of improving the wettability may be utilized for
cleaning. In that case, the wettability improving compo-
nent application device 4 may also be used as the clean-

ing means.

2.4 Advantages of Embodiment

[0068] The above processes and the means to imple-
ment them have been described in detail. The feature of
this invention and embodiment can be summarized as
having established a technology that can modify a sur-
face of intermediate transfer body having a high trans-
ferability, for instance, having a good releasability, into a
surface capable of receiving an ink or an ink viscosity
increasing component without repelling them. This tech-
nology provides a unique combination of a high perform-
ance in transferring an ink image from the intermediate
transfer body to a print medium and a high capability in
holding an ink image on the intermediate transfer body,
making the quality of the transferred ink image on the
print medium high. Why this is possible will be explained
in detail.
[0069] The reason that the surface of the intermediate
transfer body 1 is given a good releasability is to improve
an ink transfer efficiency. With general transfer means
including an offset printing, only about half the ink on the
surface of the intermediate transfer body is transferred
onto the print medium with the remaining half left on the
intermediate transfer body. The intermediate transfer
body with the residual ink on its surface then receives
the next ink supply. In other words, the surface of the
intermediate transfer body needs to be supplied two
times the amount of ink required on the print medium. If
the transfer efficiency is improved, the amount of ink to
be supplied to the intermediate transfer body can be re-
duced. With this invention and embodiment the transfer
efficiency can be improved easily and the resulting re-
duction in the ink supply volume brings about the follow-
ing five advantages.

(1) Reduced Bleeding and Beading

[0070] Bleeding and beading are both caused by con-
tact between ink droplets. Thus a reduction in ink volume
supplied to the intermediate transfer body results in re-
duced chances of contact between ink droplets.

(2) Reduction in Water Evaporation

[0071] For an improved transfer efficiency, enhancing
an internal coalescent force of ink is strongly desired. But
since the ink for ink jet printing generally contains a large
amount of water, the internal coalescent force of ink is
increased by removing the water. At this time, the smaller
the ink volume per unit surface area on the intermediate
transfer body, the more quickly and easily the water re-
moval can be done.

(3) Reduction in Dot Gain during Transfer

[0072] The greater the ink volume of each dot on the
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intermediate transfer body, the more likely it is to be flat-
tened by the pressure during its transfer and the larger
the dot diameter will be, resulting in a degraded resolu-
tion. The reduced volume of ink, however, can prevent
this.

(4) Load Reduction during Cleaning

[0073] As the volume of remaining ink on the surface
of the intermediate transfer body after the transfer de-
creases, the cleaning becomes easier. Particularly when
different images are produced on different sheets, the
surface of the intermediate transfer body needs to be
cleaned prior to each image forming. In that case, this
invention is advantageous.

(5) Improved Ink Utilization

[0074] The smaller the ink volume to be discarded by
cleaning, the ink utilization improves, which in turn re-
duces the running cost and the amount of waste.
[0075] As described above, the combination of an in-
termediate transfer body with high cleaning performance
and an ink jet printing device as a digital image printing
means assures a high quality of printed images even if
different images are produced on different sheets.
[0076] In addition, the ink jet printing system can use
inks with a very small solid content and therefore has a
capability of creating an image without sacrificing a
unique texture of a print medium or paper. To take ad-
vantage of this capability, the surface of the intermediate
transfer body is made hydrophilic to allow aqueous ink
and ink viscosity increasing component to be applied in
a thin layer without being repelled. This not only improves
the quality of image but accelerates the water removal
by spreading the ink thinly, which in turn results in an
additional feature of being able to cope with a high-speed
printing.
[0077] The surface with good releasability is excellent
in terms of the transfer efficiency. But such a surface is
generally water repellent and, unless given some kind of
surface treatment, repels liquid such as ink, which
renders the image holding and forming on this surface
difficult. To deal with this problem, i.e., to make it possible
to hold and form an ink image on a surface with high ink
transfer efficiency is exactly why the surface modification
through applying energy such as plasma treatment to the
intermediate transfer body is done in this invention or
embodiment. By modifying through energy application
such as plasma treatment the surface of the intermediate
transfer body having high ink transfer efficiency and good
releasability, it is possible to make the intermediate trans-
fer body surface suitable for holding ink while maintaining
the inherently high ink transfer efficiency.
[0078] Further, applying an ink viscosity increasing
component to the intermediate transfer body prior to the
ink image formation can prevent an image degradation
even during a high-speed printing process where a large

volume of ink is applied in a short period of time. That is,
by reducing the ink fluidity, unwanted phenomena such
as ink beading and bleeding can be prevented if the ink
droplets should come into contact with each other. In a
so-called "solid" printed area, it is difficult to keep adjoin-
ing ink droplets from contacting each other however high
the transfer efficiency may be set. To the contrary, a water
solution of high molecular coagulant and metal ions, list-
ed as examples of the ink viscosity increasing compo-
nent, can instantly coagulate ink and lower the ink fluidity.
[0079] It is however not easy to uniformly coat the ink
viscosity increasing component over the surface with
good releasability. If only the ink viscosity increasing
component is applied, it is repelled on the intermediate
transfer body surface. And if a wettability improving agent
is to be added, a large volume of the agent will be re-
quired. This will make the applied layer thick, offsetting
the aforementioned advantage of the reduced volume of
ink. It is therefore very effective to modify the surface of
the intermediate transfer body having good releasability
by applying energy such as plasma treatment to the sur-
face and thereby make the surface sufficiently hydrophilic
before applying the ink viscosity increasing component.
[0080] Further, even if the ink image formation is made
possible by the surface modification, applying ink appro-
priately to the surface having good releasability is difficult
as long as the surface contact method is used for ink
application. The object of this invention is realized by
using as the image forming method an ink jet printing
method which can apply ink appropriately in a noncontact
manner.

3. Example Embodiments

[0081] Next, some embodiments and examples for
comparison will be explained in detail for each printing
process. In the description that follows, "part" and "%"
are expressed in mass terms unless otherwise specifi-
cally stated.

Embodiment 1

(a) Surface Modification of Transfer Body

[0082] As an intermediate transfer body this embodi-
ment used an aluminum drum coated with silicone rubber
with a hardness of 40 degrees (KE12 of Shinetsu Kagaku
make) to a thickness of 0.2 mm. First, the surface of the
intermediate transfer body was modified under the fol-
lowing conditions by using an atmospheric pressure plas-
ma processor 3 (ST-7000 of Keyence make).

Irradiation distance: 5 mm
Plasma mode: High
Processing rate: 100 mm/sec
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(b) Application of Ink Viscosity Increasing Component

[0083] Next, the intermediate transfer body whose sur-
face was modified was coated with an ink viscosity in-
creasing component using a roll coater. As the ink vis-
cosity increasing component, a 10% by mass aluminum
chloride hexahydrate solution in water was used.

(c) Forming of Image on Intermediate Transfer Body

[0084] Next, the ink jet printing unit (nozzle density:
1200 dpi (dots/inch), ejection volume: 4 pl, drive frequen-
cy: 8 kHz) was operated to form a mirror-inverted char-
acter image of aqueous ink on the intermediate transfer
body. Here, the ink used has the following composition.
When the ink image was formed on the intermediate
transfer body, it was retained well and no beading result-
ed.

- Pigment (Carbon black MCF 88 of Mitsubishi Kagaku
make): 5 parts

- Styrene/acrylic acid/ethyl acrylate copolymer (acid
value: 240, weight-averaged molecular weight:
5,000): 1 part

- Glycerin: 10 parts
- Ethylene glycol: 5 parts
- Surfactant (Acetylenol EH of Kawaken Fine Chem-

icals make): 1 part
- Ion-exchange water: 78 parts

(d) Transfer

[0085] The intermediate transfer body, which was sub-
jected to the above series of processes, and surface-
coated print paper with little ink absorbing capability (NPi
coat paper of A-size of Nippon Paper make, 1000-sheet
weight (ream weight; JIS P 0001): 40.5 kg) were brought
into contact with each other by the pressure roller to trans-
fer the ink image to the print paper. No beading was found
on the image on the print paper and the quality of the
characters was good. After the image transfer, there was
almost no residual ink on the intermediate transfer body,
so the intermediate transfer body was able to receive the
next image immediately thereafter without a problem.

Embodiment 2

(a) Surface Modification of Transfer Body

[0086] As an intermediate transfer body this embodi-
ment used an aluminum drum coated with silicone rubber
with a hardness of 60 degrees (KE30 of Shinetsu Kagaku
make) to a thickness of 0.2 mm. First, the surface of the
intermediate transfer body was modified under the fol-
lowing conditions by using an atmospheric pressure plas-
ma processor (Plasma Atom Handy of Nippon Paint
make).

Irradiation distance: Contact
Plasma mode: Standard
Processing rate: 10 mm/sec

(b) Application of Ink Viscosity Increasing Component

[0087] Next, 0.5% of fluorinated surfactant (Surflon S-
141 of Seimi Chemical make) was added to a 10% by
mass calcium chloride dihydrate solution in water, and
this solution was coated to the surface of the intermediate
transfer body whose surface was modified using the roll
coater.

(c) Forming of Image on Intermediate Transfer Body

[0088] Next, the ink jet printing unit (nozzle density:
1200 dpi, ejection volume: 4 pl, drive frequency: 8 kHz)
was operated to form a mirror-inverted character image
of four color inks on the intermediate transfer body. Here,
the ink used has the following composition. When the ink
image was formed on the intermediate transfer body, it
was retained well and neither beading nor bleeding re-
sulted.

- The following pigments: 8 parts

Black: Carbon black (MCF88 of Mitsubishi Ka-
gaku make)
Cyan: Pigment Blue 15
Magenta: Pigment Red 7
Yellow: Pigment Yellow 74

- Styrene/acrylic acid/ethyl acrylate copolymer (acid
value: 240, weight-averaged molecular weight:
5,000): 1 part

- Glycerin: 10 parts
- Ethylene glycol: 5 parts
- Surfactant (Acetylenol EH of Kawaken Fine Chem-

icals make): 1 part
- Ion-exchange water: 78 parts

(d) Transfer

[0089] The fan installed between the ink jet printing
unit and the pressure roller was operated to blow air
against the ink image on the surface of the intermediate
transfer body. Then, the intermediate transfer body and
surface-coated print paper with little ink absorbing capa-
bility (NPi coat paper of A-size of Nippon Paper make,
1000-sheet weight: 40.5 kg) were brought into contact
with each other by the pressure roller to transfer the ink
image to the print paper. Neither beading nor bleeding
was observed on the image on the print paper and the
quality of the transferred image was good.
[0090] Then, a small amount of residual ink on the in-
termediate transfer body was removed by placing a wet
morton roller against the transfer body.
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Embodiment 3

(a) Surface Modification of Transfer Body

[0091] As an intermediate transfer body this embodi-
ment used an aluminum drum coated with silicone rubber
with a hardness of 80 degrees (KE24 of Shinetsu Kagaku
make) to a thickness of 0.5 mm. First, the surface of the
intermediate transfer body was modified under the fol-
lowing conditions by using an atmospheric pressure plas-
ma processor 3 (ST-7000 of Keyence make).

Irradiation distance: 5 mm
Plasma mode: Metal
Processing rate: 75 mm/sec

(b) Application of Ink Viscosity Increasing Component

[0092] Next, fluorinated surfactant (Surflon S-141 of
Seimi Chemical make) was applied to the surface of the
intermediate transfer body whose surface was modified
using the roll coater. Then, a 5% by mass high molecular
coagulant (C577S of Mitsui Cytec make) solution in water
was applied using the roll coater.

(c) Forming of Image on Intermediate Transfer Body

[0093] Next, the ink jet printing unit (nozzle density:
1200 dpi, ejection volume: 4 pl, drive frequency: 8 kHz)
was operated to form a mirror-inverted character image
of four color inks on the intermediate transfer body. Here,
the ink used has the following composition. When the ink
image was formed on the intermediate transfer body, it
was retained well and no beading resulted.

- The following pigments: 4 parts

Black: C.I. Food Black 2
Cyan: C.I. Direct Blue 199
Magenta: C.I. Acid Red 289
Yellow: C.I. Acid Yellow 23

- Glycerin: 10 parts
- Ethylene glycol: 5 parts
- Surfactant (Acetylenol EH of Kawaken Fine Chem-

icals make): 1 part
- Ion-exchange water: 80 parts

(d) Transfer

[0094] The heat roller (surface temperature: 60°C)
held in contact with the back of the intermediate transfer
body was activated to heat the ink image on the interme-
diate transfer body, accelerating evaporation of water
from the image. Then, the intermediate transfer body and
surface-coated print paper with little ink absorbing capa-
bility (NPi coat paper of A-size of Nippon Paper maze,
1000-sheet weight: 40.5 kg) were brought into contact

with each other by the pressure roller to transfer the ink
image to the print paper. No beading was observed in
the image on the print paper and the quality of the trans-
ferred image was good.
[0095] Next, a small amount of residual ink on the in-
termediate transfer body was removed by placing a wet
morton roller against the transfer body.

Embodiment 4

(a) Surface Modification of Transfer Body

[0096] In this embodiment, a polyester film 0.5 mm
thick was undercoated with a silane coupling agent
(KBM503 of Shinetsu Kagaku make) and then coated
with silicone rubber with a hardness of 40 degrees (KE12
of Shinetsu Kagaku make) to a thickness of 0.5 mm to
form a surface layer of the intermediate transfer body.
The intermediate transfer body surface layer was modi-
fied under the following conditions using a parallel-plate
type plasma processor.

- Irradiation distance: 5 mm
- Gas flow: 100 sccm (standard cc/min)
- Pressure: 0.08 torr (1.066 Pa)
- Power: 1,200W
- Processing time: 30 sec

[0097] Next, this surface layer was wound on an alu-
minum drum to form an intermediate transfer body.

(b) Application of Ink Viscosity Increasing Component

[0098] Next, 1% of fluorinated surfactant (Surflon S-
141 of Seimi Chemical make) was added to a 10% by
mass calcium chloride dihydrate solution in water, and
this solution was coated to the surface of the intermediate
transfer body using the roll coater.

(c) Forming of Image on Intermediate Transfer Body

[0099] Next, the ink jet printing unit (nozzle density:
1200 dpi, ejection volume: 4 pl, drive frequency: 10 kHz)
was operated to form a mirror-inverted character image
of four color inks on the intermediate transfer body which
was coated with an ink viscosity increasing component.
The ink used is the same as the one used in Embodiment
2. When the ink image was formed on the intermediate
transfer body, it was retained well and neither beading
nor bleeding resulted.

(d) Transfer

[0100] The fan installed between the ink jet printing
unit and the pressure roller was operated to blow air
against the ink image on the surface of the intermediate
transfer body. Then, the intermediate transfer body and
surface-coated print paper with little ink absorbing capa-
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bility (NPi coat paper of A-size of Nippon Paper make,
1000-sheet weight: 40.5 kg) were brought into contact
with each other by the pressure roller to transfer the ink
image to the print paper. Neither beading nor bleeding
was observed on the image on the print paper and the
quality of the transferred image was good.
[0101] Then, a small amount of residual ink on the in-
termediate transfer body was removed by placing a wet
morton roller against the transfer body.

Embodiment 5

(a) Surface Modification of Transfer Body

[0102] In this embodiment, a polyester film 0.5 mm
thick was undercoated with a silane coupling agent
(KBM503 of Shinetsu Kagaku make) and then coated
with silicone rubber with a hard ness of 40 degrees (KE12
of Shinetsu Kagaku make) to a thickness of 0.5 mm to
form a surface layer of the intermediate transfer body.
The intermediate transfer body surface layer was modi-
fied under the following conditions using a parallel-plate
type plasma processor. The modified intermediate trans-
fer body surface layer was then mounted on a surface of
an aluminum drum.

- Irradiation distance: 5 mm
- Gas flow: 100 sccm
- Pressure: 0.08 torr (1.066 Pa)
- Power: 1,200W
- Processing time: 30 sec

[0103] Further, the surface of the intermediate transfer
body was modified under the following conditions by us-
ing an atmospheric pressure plasma processor (ST-7000
of Keyence make).

Irradiation distance: 5 mm
Plasma mode: Metal
Processing rate: 200 mm/sec

(b) Application of Ink Viscosity Increasing Component

[0104] Next, the intermediate transfer body whose sur-
face was modified was coated with an ink viscosity in-
creasing component using a roll coater. As the ink vis-
cosity increasing component, a 10% by mass aluminum
chloride hexahydrate solution in water to which 1% of
fluorinated surfactant (Surflon S-141 of Seimi Chemical
make) was added was used.

(c) Forming of Image on Intermediate Transfer Body

[0105] Next, the ink jet printing unit (nozzle density:
1200 dpi, ejection volume: 4 pl, drive frequency: 12 kHz)
was operated to form a mirror-inverted character image
of four color inks on the intermediate transfer body which
was coated with an ink viscosity increasing component.

The ink used is the same as the one used in Embodiment
2. When the ink image was formed on the intermediate
transfer body, it was retained well and neither beading
nor bleeding resulted.

(d) Transfer

[0106] The fan installed between the ink jet printing
unit and the pressure roller was operated to blow air
against the ink image on the surface of the intermediate
transfer body. Then, the intermediate transfer body and
surface-coated print paper with little ink absorbing capa-
bility (NPi coat paper of A-size of Nippon Paper make,
1000-sheet weight: 40.5 kg) were brought into contact
with each other by the pressure roller to transfer the ink
image to the print paper. Neither beading nor bleeding
was observed on the image on the print paper and the
quality of the transferred image was good.
[0107] Then, a small amount of residual ink on the in-
termediate transfer body was removed by placing a wet
morton roller against the transfer body.

Comparative Example 1

[0108] Image printing was done in the same way as in
Embodiment 1, except that the intermediate transfer
body was not subjected to the surface modification. As
a result, the ink image on the intermediate transfer body
was deformed and the image quality on a print medium
after transfer was so poor that small characters were not
readable.

Comparative Example 2

[0109] Image printing was done in the same way as in
Embodiment 5, except that the intermediate transfer
bods used a surface material of butyl rubber with no re-
leasing capability. As a result, the transfer rate was de-
graded and, to realize a good quality image obtained in
Embodiment 5, about 1.5 times the ink volume spent in
Embodiment 5 was required. The time needed to remove
water by the air blowing operation from the image forming
to the transfer was 1.6 times what it took in Embodiment
5. Further, the image of this example had a slightly larger
dot gain than that of Embodiment 5 and the resolution
was degraded.

4. Example of Control System and Control Procedure

[0110] In constructing the image forming apparatus of
Fig. 1 using various units employed in one of the above
embodiments, the control system may be formed as de-
scribed below.
[0111] Fig. 2 shows an example configuration of a con-
trol system that may be built for the image forming ap-
paratus of Fig. 1. In the image forming apparatus gener-
ally denoted 100, reference number 101 represents a
CPU, a main control unit for the entire system. Denoted
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103 is a memory including a ROM storing an operating
system of CPU 101 and a RAM used to temporarily store
a variety of data and to process image data and other
works. Denoted 117 is an interface to send and receive
data and commands to and from an image source device
150, a source of image data which may take a form of a
host computer or others.
[0112] Designated 110 is a drive unit for driving the
intermediate transfer body 1 in the processes (a) to (d).
Reference number 115 represents a transport system
for a print medium 10 and includes drive units for the
pressure roller 11 and the fixing rollers 12. A bus line 120
interconnects the aforementioned components and also
an energy application device 3, which may take one of
the forms described in the above embodiments, an ap-
plication device 4, an application device 5, an ink jet print-
ing unit 6, a water removal facilitating device 8, a heat
roller 9 and a cleaning unit 13 and sends control signals
from the CPU 101. These components may be provided
with status sensors so that detected signals are trans-
mitted to the CPU 101 through the bus line 120.
[0113] Fig. 3 shows a flow chart showing an example
procedure of image forming process using the above
control system.
[0114] When image data is received from the image
source device 150 and the printing of that image data is
specified, predetermined image processing is performed
on the image data so that the ink jet printing unit 6 can
form an image (step S1). If the image data sent from the
image source device is not mirror-inverted data, this im-
age processing can include the inversion processing.
[0115] When the ink jet printing unit 6 is ready to print,
the intermediate transfer body 1 is rotated (step S3),
which is followed by the driving of the energy application
device 3 associated with the surface modification proc-
ess (X) or (a) (step S5; this can include the driving of the
application device 4 for applying a surfactant), followed
by the driving of the application device 5 associated with
the process (b) for applying the ink viscosity increasing
component to the intermediate transfer body 1 (step S6),
followed by the driving of the ink jet printing unit 6 asso-
ciated with the image forming process (Y) or (c) (step
S7), followed by the driving of the water removal facili-
tating device 8, the heat roller 9, the print medium trans-
port system 115 and the cleaning unit 13, all associated
with the process (Z) or (b) for transferring the ink image
onto the print medium. These components are synchro-
nously driven to ensure that the intermediate transfer
body surface is modified for good image forming and that
the position of the formed image and the transferred im-
age position on the print medium are aligned correctly.
If the ink jet printing unit 6 is of a serial printing type, the
image forming is done by alternating the main scan of
the ink jet head and the rotation over a predetermined
distance of the intermediate transfer body 1. When the
processing of the specified amount of image data is com-
pleted, this procedure is exited.
[0116] While in the above procedure it is assumed that

the surface modification through energy application is
performed at all times in the image forming processing,
it may be performed at an appropriate timing. That is, it
may be performed prior to the image forming processing
or its timing may be managed based on the time spent
and printed data volume, or it may be performed inde-
pendently of the image forming processing by monitoring
a degradation of the intermediate transfer body surface.
These may be combined as desired. Further, the time
and degree of surface modification performed can also
be set appropriately. For example, the surface modifica-
tion may be performed for a few complete rotations of
the intermediate transfer body 1.

5. Others

[0117] It is not essential in this invention that all the
processes (a)-(d) are executed during the image forming
processing or that the device is equipped with all means
to execute the associated processes. That is, if the inter-
mediate transfer body which is surface-modified through
energy application can keep its performance for a long
period, this invention also includes an image forming
method that performs processes (c) to (d) or processes
(b) to (d) by using an intermediate transfer body which
is surface-modified in advance by, for instance, the proc-
ess (a) described in connection with Embodiment 4, and
an image forming apparatus equipped with means to ex-
ecute these processes. In other words, the only require-
ment is that, prior to the image formation on the interme-
diate transfer body, the intermediate transfer body be
surface-modified properly. So, the surface modifying
process does not have to be performed immediately be-
fore the application of the ink viscosity increasing com-
ponent to the intermediate transfer body or the formation
of an ink image on the intermediate transfer body. Nor
does the surface modifying means have to be provided
in the image forming apparatus. That is, the intermediate
transfer body may be removably mounted on a mounting
means in the image forming apparatus. Or a surface-
modified intermediate transfer body may be mounted on
the mounting means. In addition to these, this invention
also includes a method of modifying the surface of the
intermediate transfer body, suited for executing the im-
age forming method that performs the above process (c)
or processes (b) and (c); the intermediate transfer body;
and a method and a device that perform image forming
by using the intermediate transfer body.
[0118] In this invention the application of the ink vis-
cosity increasing component in the above process (b) is
not essential and may be omitted. To enhance the re-
tainability of an ink image on the intermediate transfer
body, however, the process (b) should preferably be per-
formed. The process (b), when executed, improves the
retainability of an ink image on the intermediate transfer
body, which in turn provides a better quality of a trans-
ferred ink image on a print medium than that obtained
without performing the process (b).
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II. Second Embodiment

1. Characteristic Construction

[0119] Next, a second embodiment of this invention
will be explained. This embodiment is characterized in
that the intermediate transfer body has a surface made
of a material containing fluorine compound or silicone
compound and that the surface is modified by subjecting
it to plasma processing and applying a surfactant to it.
Following the surface modification, the same process as
that of the first embodiment is performed, i.e., forming an
image on the intermediate transfer body and then trans-
ferring it onto a print medium. Thus, an image forming
apparatus can have almost the same construction as that
shown in Fig. 1. The following description therefore cent-
ers on differences from the first embodiment.
[0120] The intermediate transfer body 1 of this exam-
ple has a surface layer 2 which is already subjected to a
hydrophilic surface treatment through plasma processing
and application of a surfactant. An atmospheric pressure
plasma processor 3 performs an additional surface mod-
ification treatment on the surface layer 2 at appropriate
intervals along with the surfactant application device 4
to maximize the surface modification effect according to
the number of printed sheets.
[0121] To remove any excess surfactant supplied from
the application device 4, a cleaning unit may be installed
between the surfactant application device 4 and the ink
viscosity increasing component application device 5. If
the interval of the additional surface modification treat-
ment can be set long, the cleaning unit 13 for cleaning
the surface of the intermediate transfer body after the ink
image transfer may also be used to remove the excess
surfactant. In that case, the device may be idled for one
process (which, in the example of Fig. 1, corresponds to
one rotation of the intermediate transfer body 1).
[0122] As for the subsequent processes, this example
has the similar construction to the first embodiment in
that the ink viscosity increasing component is applied
from the application device 5, with other necessary units
installed for executing the subsequent processes.
[0123] The image forming apparatus of this embodi-
ment is characterized by a surface modification process
in which the surface of the intermediate transfer body 1
is modified through plasma processing and a surfactant
application (hereinafter called a process (X’)). This image
forming apparatus is similar to the first embodiment in
that it includes means to implement a process of forming
an ink image on the intermediate transfer body by the ink
jet printing method and a process of transferring the ink
image formed on the intermediate transfer body 1 onto
a print medium, and that means to implement a process
of applying an ink viscosity increasing component prior
to the image forming can preferably be provided. The
process (X’) and the means to implement the process
(X’) will be explained in detail by way of example.
[0124] The process (X’) is a process to modify the sur-

face of the intermediate transfer body by performing the
plasma processing and the surfactant application oper-
ation on the surface whose material contains at least a
fluorine compound or silicone compound.
[0125] A preferred condition for the material of the sur-
face layer 2 is that it contain one of fluorine compound
and silicone compound. These compounds have an ex-
cellent releasability with respect to ink and therefore pro-
vide a high efficiency of transferring an ink image. The
fluorine compound and the silicone compound described
here include fluorine oil and silicone oil which are an im-
portant material capable of enhancing the transfer effi-
ciency in particular. The releasability is as defined in the
first embodiment. An example of the surface layer 2 is
also similar to the one explained in connection with the
first embodiment.
[0126] The process (X’) modifies the surface layer 2
of the intermediate transfer body 1 constructed as de-
scribed above through plasma processing and surfactant
application. The materials with an excellent releasability,
such as fluorine compound and silicon compound, gen-
erally exhibit a low critical surface tension and thus repel
liquids such as ink and ink viscosity increasing compo-
nent. Under this condition an ink image cannot be formed
on the intermediate transfer body. To cope with this sit-
uation, the surface modification through plasma process-
ing and surfactant application is performed to minimize
the ink repelling tendency. The plasma processing is gen-
erally performed at an atmospheric pressure or reduced
pressure and either of the atmospheric and reduced pres-
sure types can be used without a problem. The means
that performs the plasma processing at the atmospheric
pressure is more advantageous because it can be in-
stalled in the image forming apparatus like the plasma
processor 3 of Fig. 1 and perform additional surface mod-
ification processing according the surface characteristic
degradation the severity of which depends on the number
of printed sheets. The plasma processing described here
includes a corona discharging that activates oxygen in
the atmosphere to create hydroxyl groups on the surface.
[0127] The surface modification is completed by ap-
plying a surfactant to the surface following the plasma
processing. With these processing, the surface modifi-
cation effect can be maintained for a long period of time.
The surfactant used may include common surfactants,
such as cationic surfactant, anionic surfactant, non-ionic
surfactant, amphoteric surfactant, fluorinated surfactant
and silicone surfactant.
[0128] The means for applying the surfactant may pref-
erably be ones that perform a roll coating, a doctor coat-
ing and a spraying because these can apply the agent
continuously. Depending on the construction of the im-
age forming apparatus, a dip coating which is a form of
batch processing may also be employed.
[0129] This surface modification means not only per-
forms the hydrophilic surface treatment but has an effect
of keeping from deteriorating, or of improving, the effi-
ciency of transferring an ink image formed on the inter-
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mediate transfer body to a print medium at a later proc-
ess.
[0130] The hydrophilic surface treatment that uses
plasma processing at reduced pressure and a surfactant
application is disclosed in Japanese Patent Application
Publication No. 61-036783 (1986) as being limited to sil-
icone rubber as an object of application. The present in-
vention, on the other hand, uses an intermediate transfer
body which is not only made hydrophilic but also provided
with an improved ink transferability. This invention there-
fore clearly differs from the above reference both in the
philosophy and in the limitations on a selected material
and an ambient pressure for the plasma processing.
[0131] A mechanism of how these selected materials
and selected surface modification means can produce a
desirable effect has not yet been fully understood. How-
ever, where fluorine or silicone oil component exists, it
seems apparent that the hydrophilic surface treatment
of this invention realizes a remarkable combination of the
capability of making the surface hydrophilic and the ca-
pability of maintaining or improving the transferability and
that, once the processing is performed, these effects tend
to last for a long period. This suggests that, in addition
to the generally known chemical action of the plasma
treatment (introduction of hydrophilic groups on the sur-
face) which makes hydrophilic at least a part of the rubber
component, filler component and oil component of the
surface layer, a physical action (surface roughening)
changes a part of a rubber structure to promote the oil
component movement on the surface. Further, since the
surfactant application causes a surfactant to adsorb on
the surface that was raised to a high-energy state by the
plasma treatment, hydrophilic groups are formed on the
surface, making the surface a more stable, hydrophilic
surface, with the result that the surface can exhibit the
hydrophilic characteristic for a very long period. Actually,
there is a tendency observed that there is a strong cor-
relation between the hydrophilic property and the plasma
deactivation time. That is, the shorter the time interval
between the plasma treatment and the application of a
surfactant, the greater the effect obtained.
[0132] The surface-modified intermediate transfer
body generally may be removed of excess surfactant by
a washing means before being supplied to the next proc-
ess. Applying a treatment such as heating before wash-
ing may enhance hydrophilicity in a short period of time.
In the image forming apparatus of Fig. 1, such a cleaning
means may be installed between the application device
4 and the application device 5.
[0133] The surface modification may be performed on
the intermediate transfer body 1 at all times or at prede-
termined intervals in an image forming apparatus that
has a plasma processor 3 and a surfactant application
device 4 as in the embodiment of Fig. 1. Or an interme-
diate transfer body with its surface already modified may
be used in an image forming apparatus in which the plas-
ma processor 3 and the surfactant application device 4
are not installed. Alternatively, they may be combined.

That is, an intermediate transfer body with its surface
modified in advance is used, the plasma processor 3 and
the surfactant application device 4 are installed inde-
pendently or in combination in the image forming appa-
ratus, and then an additional surface modification treat-
ment is performed on the surface layer 2 at an appropriate
interval according to the number of printed sheets to max-
imize the surface modification effect.
[0134] In either case the technical features of this em-
bodiment are summarized into two points: that an image
forming performance is improved by performing a hy-
drophilic surface treatment on the intermediate transfer
body having fluorine or silicone compound that can offer
a high transferability; and that the image forming on the
intermediate transfer body is done by an ink jet printing.
Main effects produced by the realization of high transfer-
ability are a reduction in ink volume applied to the inter-
mediate transfer body and an improved cleaning per-
formance. The above effects, the effects produced by
the image forming using the ink jet printing, and the ef-
fects produced by the optional application of ink viscosity
increasing component are similar to those obtained in
the first embodiment.
[0135] The surface containing a fluorine compound or
silicone compound, which is basically employed in this
embodiment, is generally water repellent and, if not treat-
ed, will repel liquids such as ink, making the forming and
holding of an ink image on the surface difficult. The rea-
son that this invention or embodiment performs the sur-
face modification through plasma treatment and sur-
factant application is to overcome this very problem, i.e.,
to allow an ink image to be formed and held on the surface
with a high ink transfer efficiency. By subjecting the in-
termediate transfer body having a surface containing a
fluorine or silicon compound with high ink transferability
to the surface modification processing consisting of the
plasma treatment and surfactant application as de-
scribed above, the surface of the intermediate transfer
body can be made suited to ink holding while maintaining
the inherently high ink transfer efficiency.
[0136] In this embodiment it is essential that the sur-
factant application is performed after the plasma treat-
ment. This is because the adsorption of a surfactant on
the surface, which was raised to a high energy state by
the plasma treatment, is considered to introduce hy-
drophilic groups on the surface thereby making the hy-
drophilic surface more stable and maintaining the hy-
drophilic property of the surface for a very long period.
[0137] In this respect, this embodiment differs from the
first embodiment which permits an application of ink vis-
cosity increasing component or, prior to this, an applica-
tion of surfactant for improved wettability. That is, this
embodiment is characterized in that the surfactant appli-
cation is linked with the plasma treatment on the inter-
mediate transfer body, with the surfactant having a func-
tion of changing the surface characteristic of the inter-
mediate transfer body. On the other hand, the first em-
bodiment is characterized in that the surfactant applica-
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tion is linked with, and is performed prior to, the process
of applying ink and ink viscosity increasing component,
with the surfactant having a function of providing an af-
finity between the intermediate transfer body and ink or
ink viscosity increasing component.

2. Example Embodiments

[0138] Next, example embodiments will be explained
in detail for each printing process. In the following expla-
nations, "part" and "%" are expressed in mass terms un-
less otherwise specifically stated.

Embodiment 6

(a) Surface Modification of Transfer Body

[0139] As an intermediate transfer body this embodi-
ment used an aluminum drum coated with silicone rubber
with a hardness of 40 degrees (KE12 of Shinetsu Kagaku
make) to a thickness of 0.2 mm. First, the surface of the
intermediate transfer body was modified under the fol-
lowing conditions by using an atmospheric pressure plas-
ma processor 3 (ST-7000 of Keyence make).

Irradiation distance: 5 mm
Plasma mode: High
Processing rate: 100 mm/sec

[0140] Next, the intermediate transfer body was im-
mersed for 10 seconds in a 3% surfactant solution which
was made by diluting a commercially available neutral
detergent composed of sodium alkylbenzenesulfonate
with pure water. The drum was then washed with water
and dried.

(b) Forming of Image on Intermediate Transfer Body

[0141] Next, a 5% by mass high molecular coagulant
(C577S of Mitsui Cytec make) solution in water was ap-
plied to the surface of the intermediate transfer body us-
ing the roll coater. Then, the ink jet printing unit (nozzle
density: 1200 dpi (dots/inch, reference value), ejection
volume: 4 pl, drive frequency: 12 kHz) was operated to
form a mirror-inverted character image of aqueous inks
on the intermediate transfer body. The ink used has the
following composition. When the ink image was formed
on the intermediate transfer body, no beading resulted.

- The following dyes: 4 parts

Black: C.I. Food Black 2

- Glycerin: 10 parts
- Diethylene glycol: 5 parts
- Surfactant (Acetylenol EH of Kawaken Fine Chem-

icals make): 1 part
- Ion-exchange water: 80 parts

(c) Transfer

[0142] Following the above processes, the intermedi-
ate transfer body and surface-coated print paper with little
ink absorbing capability (NPi coat paper of A-size of Nip-
pon Paper make, 1000-sheet weight: 40.5 kg) were
brought into contact with each other by the pressure roller
to transfer the ink image to the print paper. No beading
was observed on the image on the print paper and the
quality of the transferred image was good. There was
almost no residual ink on the intermediate transfer body
surface, which in the current state was able to receive
the next image without causing any problem.

Embodiment 7

(a) Surface Modification of Transfer Body

[0143] As an intermediate transfer body this embodi-
ment used an aluminium drum coated with silicone rub-
ber with a hardness of 60 degrees (KE30 of Shinetsu
Kagaku make) to a thickness of 0.2 mm. First, the surface
of the intermediate transfer body was modified under the
following conditions by using an atmospheric pressure
plasma processor 3 (Plasma Atom Handy of Nippon
Paint make).

Irradiation distance: 1 mm
Plasma mode: Standard
Processing rate: 10 mm/sec

[0144] Next, the intermediate transfer body was coat-
ed for 10 seconds with a spray of a 1% surfactant solution
which was made by diluting a silicone surfactant (Silwet
L-77 of Nippon Unicar make) with pure water. The drum
was then washed with water and dried.

(b) Forming of Image on Intermediate Transfer Body

[0145] Next, the surface of the intermediate transfer
body was applied by a roll coater with a treatment liquid,
which was made by adding 0.5% fluorinated surfactant
(Surflon S-141 of Seimi Chemical make) to a 10% by
mass calcium chloride dihydrate solution in water. Then,
the ink jet printing unit (nozzle density: 1200 dpi, ejection
volume: 4 pl, drive frequency: 10 kHz) was operated to
form a mirror-inverted character image of 4 color inks on
the intermediate transfer body. The inks used have the
following compositions. When the ink image was formed
on the intermediate transfer body, neither beading nor
bleeding resulted.

- The following pigments: 3 parts

Black: Carbon Black (MCF88 of Mitsubisi Ka-
gaku make)
Cyan: Pigment Blue 15
Magenta: Pigment Red 7
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Yellow: Pigment Yellow 74

- Styrene/acrylic acid/ethyl acrylate copolymer (acid
value: 240, weight-averaged molecular weight:
5,000): 1 part

- Glycerin: 10 parts
- Ethylene glycol: 5 parts
- Surfactant (Acetylenol EH of Kawaken Fine Chem-

icals make): 1 part
- Ion-exchange water: 80 parts

(c) Transfer

[0146] First, the fan installed between the ink jet print-
ing unit and the pressure roller was operated to blow air
against the ink image on the intermediate transfer body.
Then, the intermediate transfer body and surface-coated
print paper with little ink absorbing capability (NPi coat
paper of A-size of Nippon Paper make, 1000-sheet
weight: 40.5 kg) were brought into contact with each other
by the pressure roller to transfer the ink image to the print
paper. Neither beading nor bleeding was observed on
the image on the print paper and the quality of the trans-
ferred image was good.

Embodiment 8

[0147] In the following, the image printing method of
this embodiment will be described for each process.

(a) Surface Modification of Transfer Body

[0148] As a surface layer of an intermediate transfer
body this embodiment used an aluminum plate 0.2 mm
thick, coated with a fluororubber (Aflas 150C of Asahi
Glass make) to a thickness of 0.5 mm. First, the surface
of the intermediate transfer body was modified under the
following conditions by using an atmospheric pressure
plasma processor (AT-T02 of Sekisui Kagaku make).

Irradiation distance: 2 mm
Input voltage: 240 V
Frequency: 10 kHz
Introduced gas: Wet air
Processing time: 30 sec

[0149] The intermediate transfer body surface was
then coated by a sponge roller with a 5% surfactant so-
lution which was made by diluting a commercially avail-
able surfactant of alkyl sulfate ester with pure water. It
was left standing for 60 seconds and then washed with
water and dried.
[0150] Then, the intermediate transfer body surface
layer was wound around an aluminum drum as a support
to form an intermediate transfer body.

(b) Forming of Image on Intermediate Transfer Body

[0151] Next, a fluorinated surfactant (Surflon S-141 of
Seimi Chemical make) was applied to the surface of the
intermediate transfer body using a roll coater.
[0152] Next, a 10% by mass aluminum chloride hex-
ahydrate solution in water was applied by a roll coater.
Then, the ink jet printing unit (nozzle density: 1200 dpi,
ejection volume: 4 pl, drive frequency: 8 kHz) was oper-
ated to form a mirror-inverted character image of 4 color
inks on the intermediate transfer body. The inks used are
the same as used in Embodiment 2. When the ink image
was formed on the intermediate transfer body, neither
beading nor bleeding resulted.

(c) Transfer

[0153] First, the heat roller (surface temperature:
60°C) installed in contact with the back of the intermedi-
ate transfer body was operated to accelerate evaporation
of water from the ink image on the intermediate transfer
body. Then, the intermediate transfer body and surface-
coated print paper with little ink absorbing capability (NPi
coat paper of A-size of Nippon Paper make, 1000-sheet
weight: 40.5 kg) were brought into contact with each other
by the pressure roller to transfer the ink image to the print
paper. No beading was observed on the image on the
print paper and the quality of the transferred image was
good.
[0154] Then, a small amount of residual ink on the in-
termediate transfer body was removed by placing a wet
morton roller against the transfer body. The residual ink
was easily removed.

Embodiment 9

(a) Surface Modification of Transfer Body

[0155] In this embodiment, as an intermediate transfer
body a polyester film 0.5 mm thick was undercoated with
a silane coupling agent (KBM503 of Shinetsu Kagaku
make) and then coated with fluorosilicone rubber with a
hardness of 60 degrees (FE361-U of Shinetsu Kagaku
make) to a thickness of 0.2 mm to form a surface layer
of the intermediate transfer body. This surface layer of
the intermediate transfer body was modified under the
following conditions using a parallel-plate plasma proc-
essor.

- Irradiation distance: 5 mm
- Gas flow: 100 sccm (standard cc/min)
- Pressure: 0.08 torr (1.066 Pa)
- Power: 1,200W
- Processing time: 30 sec

[0156] Then, fluorinated surfactant (Surflon S-141 of
Seimi Chemical make) was diluted with pure water to
produce a 10% surfactant solution, which was applied to
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the surface layer of the intermediate transfer body using
a sponge roller. The surface layer was left standing for
60 seconds and then washed with water and dried.
[0157] The surface layer was then wound on an alu-
minum drum as a support to form an intermediate transfer
body.

(b) Forming of Image on Intermediate Transfer Body

[0158] The ink jet printing unit (nozzle density: 1200
dpi, ejection volume: 4 pl, drive frequency: 5 kHz) was
operated to form a mirror-inverted character image of 4
color inks on the intermediate transfer body whose sur-
face was applied with an ink viscosity increasing compo-
nent. The inks used are the same as used in Embodiment
6. When the ink image was formed on the intermediate
transfer body, neither beading nor bleeding resulted.

(c) Transfer

[0159] The fan installed between the ink jet printing
unit and the pressure roller was operated to blow air
against the ink image on the surface of the intermediate
transfer body. Then, the intermediate transfer body and
surface-coated print paper with little ink absorbing capa-
bility (NPi coat paper of A-size of Nippon Paper make,
1000-sheet weight: 40.5 kg) were brought into contact
with each other by the pressure roller to transfer the ink
image to the print paper. Neither beading nor bleeding
was observed on the image on the print paper and the
quality of the transferred image was good.
[0160] The intermediate transfer body of this embodi-
ment exhibited a good image forming capability even af-
ter six months of storage.

3. Examples of Control System and Control Procedure

[0161] When the image forming apparatus of Fig. 1 is
constructed using units and components employed in the
above Embodiment 4 to 6, a control system such as
shown in Fig. 2 may be used (the energy application de-
vice 3 of Fig. 2 is an atmospheric pressure plasma proc-
essor that can take one of the forms of the above em-
bodiments and the application device 4 is a surfactant
application device).
[0162] Fig. 4 is a flow chart showing an example image
forming procedure. Here those steps that can be execut-
ed in a way similar to those shown in Fig. 3 associated
with the first embodiment are assigned like reference
numbers.
[0163] This procedure is characterized by step S15
that drives the atmospheric pressure plasma processor
3 and the surfactant application device 4 during the sur-
face modification process (X’).
[0164] Fig. 5 shows an example of the surface modi-
fication procedure, which, when initiated, causes the at-
mospheric pressure plasma processor 3 to perform plas-
ma processing (step S31) and the application device 4

to apply a surfactant (step S33). The execution duration
of this procedure or the degree of surface modification
can be determined appropriately. For example, this
processing may be set to be performed for a few rotations
of the intermediate transfer body 1.

4. Others

[0165] With the second embodiment, it is not essential
to execute all the processes (a) to (c) during the image
printing processing described in connection with Embod-
iment 6-9 or to have all means in the image forming ap-
paratus to execute these processes. Further, the surface
modifying means constructed by the plasma processor
3 and the surfactant application device 4 does not have
to be provided in the image forming apparatus. This in-
vention is also characterized by an intermediate transfer
body surface modifying method suited to executing the
image forming method that performs the processes (b)
and (c) associated with Embodiments 6-9. The invention
is also characterized by the intermediate transfer body.
[0166] Further, in performing the surface modification
processing, the plasma treatment and the surfactant ap-
plication do not have to be combined but they may be
chosen as necessary. For example, if, after execution of
both processes, a satisfactory surface modifying effect
can be maintained by performing only one of the proc-
esses thereafter, it is possible to select only one of them
for execution.
[0167] As described above, this invention provides an
image forming method which has no limitation on the kind
of print medium and can output different digital images
on different pages. This invention can also makes it pos-
sible to produce a small number of printed copies with
high quality and low cost even if the print medium is a
glossy material.

Claims

1. An image forming method comprising the steps of:

applying a liquid containing a component for co-
agulating a component in an ink on an interme-
diate transfer body (1) having a surface (2) on
which hydrophilic treatment by application of en-
ergy to the surface has been performed;
forming an image by ejecting the ink from an ink
jet head (6) on the intermediate transfer body
on which the liquid has been applied; and
transferring the image formed on the intermedi-
ate transfer body (1) onto a print medium (10).

2. An image forming method according to claim 1,
wherein
the surface of the intermediate transfer body (1) con-
tains at least one of a fluorine compound and a sili-
cone compound.
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3. An image forming method according to claim 1 or 2,
wherein the surface of the intermediate transfer body
(1) is formed of an elastic material with a hardness
of between 10 and 100 degrees.

4. An image forming method according to any one of
claims 1 to 3, wherein the hydrophilic treatment by
the application of energy is plasma processing.

5. An image forming method according to any one of
claims 1 to 4, wherein the hydrophilic treatment by
the application of energy is additionally performed
at an arbitrary interval.

6. An image forming method according to any one of
claims 1 to 5, wherein the liquid is applied by a roller
for applying the liquid.

7. An image forming method according to any one of
claims 1 to 6, wherein the liquid contains at least
metal ions as the component for coagulating a com-
ponent in the ink.

8. An image forming method according to any one of
claims 1 to 7, further comprising a step of applying
a second liquid for improving a wettability of the sur-
face of the intermediate transfer body (1) prior to
applying the liquid to the surface.

9. An image forming method according to any one of
claims 1 to 8, further comprising a step of promoting
a removal of water from the image on the interme-
diate transfer body (1) prior to transferring the image
onto the print medium (10).

10. An image forming method according to any one of
claims 1 to 9, further comprising a step of cleaning
the surface of the intermediate transfer body (1).

11. An image forming method according to any one of
claims 1 to 10, further comprising
a step of performing the hydrophilic treatment by
means for applying the energy.

12. An image forming method according to any one of
claims to 1 to 10, further comprising
a step of performing the hydrophilic treatment on sur-
face of the intermediate transfer body (1) by means
for performing plasma processing, the surface con-
taining at least one of a Fluor rubber and a silicone
rubber.

13. An image forming method according to any one of
claims 1 to 12, further comprising a step of perform-
ing a hydrophilic treatment by applying a surfactant
on the intermediate transfer body (1).

14. An image forming method according to any one of

claims 1 to 12, wherein the hydrophilic treatment is
a treatment for making the surface of the intermedi-
ate transfer body hydrophilic.

15. An image forming apparatus comprising:

mounting means mounting an intermediate
transfer body (1) having a surface (2) on which
hydrophilic treatment by application of energy
to the surface has been performed;
applying means (5) for applying a liquid contain-
ing a component for coagulating a component
in an ink on the intermediate transfer body (1)
mounted on the mounting means; forming
means (6) for forming an image by ejecting ink
on the intermediate transfer body on which the
liquid has been applied by the applying means;
and
transferring means (11) for transferring the im-
age formed on the intermediate transfer body
onto a print medium (10).

16. An image forming apparatus according to claim 15,
wherein the surface contains at least one of a fluorine
compound and a silicone compound, and the hy-
drophilic treatment is performed by plasma process-
ing.

17. An image forming apparatus according to claim 15,
wherein the means for mounting an intermediate
transfer body have a surface which hydrophilic treat-
ment is plasma processing and application process-
ing of a surfactant.

18. An image forming apparatus comprising:

means (3, 4) for performing hydrophilic treat-
ment for making a surface of an intermediate
transfer body (1) hydrophilic by plasma process-
ing and application processing of a surfactant;
means (5) for applying a liquid containing a com-
ponent for coagulating a component in an ink on
the intermediate transfer body on which the hy-
drophilic treatment has been performed;
means (6) for forming an image by ejecting ink
on the intermediate transfer body on which the
liquid has been applied by the applying means;
and
means (11) for transferring the image formed on
the intermediate transfer body onto a print me-
dium.

Patentansprüche

1. Bilderzeugungsverfahren, das die Schritte umfasst:

Aufbringen einer Flüssigkeit, die einen Bestand-
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teil zum Koagulieren eines Bestandteils in einer
Tinte enthält, auf einen Zwischentransferkörper
(1) mit einer Oberfläche (2), auf welcher eine
hydrophile Behandlung durch Anwenden von
Energie auf die Oberfläche durchgeführt wurde;
Erzeugen eines Bildes durch Ausstoßen der
Tinte aus einem Tintenstrahlkopf (6) auf den
Zwischentransferkörper, auf welchen die Flüs-
sigkeit aufgebracht wurde; und
Transferieren des Bildes, das auf dem Zwi-
schentransferkörper (1) gebildet ist, auf ein
Druckmedium (10).

2. Bilderzeugungsverfahren nach Anspruch 1, wobei
die Oberfläche des Zwischentransferkörpers (1) zu-
mindest eines aus einer Fluorverbindung und einer
Silikonverbindung enthält.

3. Bilderzeugungsverfahren nach Anspruch 1 oder 2,
wobei die Oberfläche des Zwischentransferkörpers
(1) aus einem elastischen Material mit einer Härte
von zwischen 10 und 100 Grad gebildet ist.

4. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 3, wobei die hydrophile Behandlung durch
das Anwenden von Energie eine Plasmabearbei-
tung ist.

5. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 4, wobei die hydrophile Behandlung durch
das Anwenden von Energie zusätzlich in einem will-
kürlichen Intervall ausgeführt wird.

6. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 5, wobei die Flüssigkeit durch eine Walze
zum Aufbringen der Flüssigkeit aufgebracht wird.

7. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 6, wobei die Flüssigkeit zumindest Metal-
lionen als den Bestandteil zum Koagulieren eines
Bestandteils in der Tinte enthält.

8. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 7, das ferner einen Schritt des Aufbringens
einer zweiten Flüssigkeit zum Verbessern einer Be-
netzbarkeit der Oberfläche des Zwischentransfer-
körpers (1) vor dem Aufbringen der Flüssigkeit auf
die Oberfläche umfasst.

9. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 8, das ferner einen Schritt des Förderns
einer Entfernung von Wasser von dem Bild auf dem
Zwischentransferkörper (1) vor dem Transferieren
des Bildes auf das Druckmedium (10) umfasst.

10. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 9, das ferner einen Schritt des Reinigens
der Oberfläche des Zwischentransferkörpers (1) um-

fasst.

11. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 10, das ferner umfasst
einen Schritt des Ausführens der hydrophilen Be-
handlung mittels Anwenden der Energie.

12. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 10, das ferner umfasst
einen Schritt des Ausführens der hydrophilen Be-
handlung auf einer Oberfläche des Zwischentrans-
ferkörpers (1) durch eine Einrichtung zum Ausführen
einer Plasmabearbeitung, wobei die Oberfläche zu-
mindest einen aus einem Fluorgummi und einem Si-
likongummi enthält.

13. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 12, das ferner einen Schritt des Ausführens
einer hydrophilen Behandlung durch Aufbringen ei-
nes grenzflächenaktiven Stoffs auf den Zwischen-
transferkörper (1) umfasst.

14. Bilderzeugungsverfahren nach einem der Ansprü-
che 1 bis 12, wobei die hydrophile Behandlung eine
Behandlung ist, um die Oberfläche des Zwischen-
transferkörpers hydrophil zu machen.

15. Bilderzeugungsvorrichtung, die umfasst:

Befestigungseinrichtung zum Befestigen eines
Zwischentransferkörpers (1), der eine Oberflä-
che (2) aufweist, auf welcher eine hydrophile Be-
handlung durch Anwenden von Energie auf die
Oberfläche ausgeführt wurde;
Aufbringeinrichtung (5) zum Aufbringen einer
Flüssigkeit, die ein Bestandteil zum Koagulieren
eines Bestandsteils in einer Tinte enthält, auf
den Zwischentransferkörper (1), der auf der Be-
festigungseinrichtung befestigt ist;
Erzeugungseinrichtung (6) zum Erzeugen eines
Bildes durch Ausstoßen von Tinte auf den Zwi-
schentransferkörper, auf welchen die Flüssig-
keit durch die Aufbringeinrichtung aufgebracht
wurde; und
Transfereinrichtung (11) zum Transferieren des
Bildes, das auf dem Zwischentransferkörper ge-
bildet ist, auf ein Druckmedium (10).

16. Bilderzeugungsvorrichtung nach Anspruch 15, wo-
bei die Oberfläche zumindest eines aus einer Fluor-
verbindung und einer Silikonverbindung enthält, und
die hydrophile Behandlung durch Plasmabearbei-
tung durchgeführt ist.

17. Bilderzeugungsvorrichtung nach Anspruch 15, wo-
bei die Einrichtung(en) zum Befestigen eines Zwi-
schentransferkörpers eine Oberfläche aufweisen,
deren hydrophile Behandlung eine Plasmabehand-
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lung und Aufbringungsbearbeitung eines grenzflä-
chenaktiven Stoffs ist.

18. Bilderzeugungsvorrichtung, die umfasst:

Einrichtung (3, 4) zum Ausführen einer hydro-
philen Behandlung, um eine Oberfläche eines
Zwischentransferkörpers (1) durch Plasmabe-
arbeitung und Aufbringungsbearbeitung eines
grenzflächenaktiven Stoffs hydrophil zu ma-
chen;
Einrichtung (5) zum Aufbringen einer Flüssig-
keit, die einen Bestandteil zum Koagulieren ei-
nes Bestandteils in einer Tinte enthält, auf den
Zwischentransferkörper, auf welchem die hy-
drophile Behandlung ausgeführt wurde;
Einrichtung (6) zum Erzeugen eines Bildes
durch Ausstoßen von Tinte auf den Zwischen-
transferkörper, auf welchem die Flüssigkeit
durch die Aufbringungseinrichtung aufgebracht
wurde; und
Einrichtung (11) zum Transferieren des Bildes,
das auf dem Zwischentransferkörper gebildet
ist, auf ein Druckmedium.

Revendications

1. Procédé de formation d’image comprenant les éta-
pes consistant :

à appliquer un liquide contenant un composant
destiné à coaguler un composant d’une encre
sur un corps (1) de transfert intermédiaire ayant
une surface (2) sur laquelle a été effectué un
traitement hydrophile par application d’énergie
à la surface ;
à former une image par éjection de l’encre d’une
tête (6) à jet d’encre sur le corps de transfert
intermédiaire sur lequel le liquide a été
appliqué ; et
à transférer, sur un support (10) d’impression,
l’image formée sur le corps (1) de transfert in-
termédiaire.

2. Procédé de formation d’image selon la revendication
1, dans lequel la surface du corps (1) de transfert
intermédiaire contient au moins l’un d’un composé
de fluor et d’un composé de silicone.

3. Procédé de formation d’image selon la revendication
1 ou 2, dans lequel la surface du corps (1) de transfert
intermédiaire est formée d’une matière élastique
ayant une dureté entre 10 et 100 degrés.

4. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 3, dans lequel le traite-
ment hydrophile par l’application d’énergie est un

traitement au plasma.

5. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 4, dans lequel le traite-
ment hydrophile par l’application d’énergie est effec-
tué de façon additionnelle à un intervalle arbitraire.

6. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 5, dans lequel le liquide
est appliqué par un rouleau destiné à l’application
du liquide.

7. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 6, dans lequel le liquide
contient au moins des ions métalliques en tant que
composant destiné à coaguler un composant de l’en-
cre.

8. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 7, comprenant en outre
une étape consistant à appliquer un second liquide
pour améliorer la mouillabilité de la surface du corps
(1) de transfert intermédiaire avant d’appliquer le li-
quide à la surface.

9. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 8, comprenant en outre
une étape consistant à favoriser l’élimination de l’eau
de l’image sur le corps (1) de transfert intermédiaire
avant de transférer l’image sur le support (10) d’im-
pression.

10. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 9, comprenant en outre
une étape consistant à nettoyer la surface du corps
(1) de transfert intermédiaire.

11. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 10, comprenant en outre
une étape consistant à effectuer le traitement hydro-
phile à l’aide d’un moyen destiné à appliquer l’éner-
gie.

12. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 10, comprenant en outre
une étape consistant à effectuer le traitement hydro-
phile sur la surface du corps (1) de transfert inter-
médiaire à l’aide d’un moyen destiné à effectuer un
traitement au plasma, la surface contenant au moins
l’un d’un caoutchouc au fluor et d’un caoutchouc au
silicone.

13. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 12, comprenant en outre
une étape consistant à effectuer un traitement hy-
drophile par application d’un agent tensioactif sur le
corps (1) de transfert intermédiaire.
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14. Procédé de formation d’image selon l’une quelcon-
que des revendications 1 à 12, dans lequel le traite-
ment hydrophile est un traitement destiné à rendre
hydrophile la surface du corps de transfert intermé-
diaire.

15. Appareil de formation d’image comprenant :

un moyen de montage sur lequel est monté un
corps (1) de transfert intermédiaire ayant une
surface (2) sur laquelle a été effectué un traite-
ment hydrophile par application d’énergie à la
surface ;
un moyen (5) d’application destiné à appliquer
un liquide contenant un composant destiné à
coaguler un composant d’une encre sur le corps
(1) de transfert intermédiaire monté sur le
moyen de montage ;
un moyen (6) de formation destiné à former une
image par éjection d’encre sur le corps de trans-
fert intermédiaire sur lequel le liquide a été ap-
pliqué par le moyen d’application ; et
un moyen (11) de transfert destiné à transférer,
sur un support (10) d’impression, l’image formée
sur le corps de transfert intermédiaire.

16. Appareil de formation d’image selon la revendication
15, dans lequel la surface contient au moins l’un d’un
composé de fluor et d’un composé de silicone, et
dans lequel le traitement hydrophile est effectué par
traitement au plasma.

17. Appareil de formation d’image selon la revendication
15, dans lequel le moyen sur lequel est monté un
corps de transfert intermédiaire, a une surface dont
le traitement hydrophile est un traitement au plasma
et un traitement d’application d’un agent tensioactif.

18. Appareil de formation d’image comprenant :

un moyen (3, 4) destiné à effectuer un traitement
hydrophile pour rendre hydrophile une surface
d’un corps (1) de transfert intermédiaire par trai-
tement au plasma et traitement d’application
d’un agent tensioactif ;
un moyen (5) destiné à appliquer un liquide con-
tenant un composant destiné à coaguler un
composant d’une encre sur le corps de transfert
intermédiaire sur lequel a été effectué le traite-
ment hydrophile ;
un moyen (6) destiné à former une image par
éjection d’encre sur le corps de transfert inter-
médiaire sur lequel le liquide a été appliqué par
le moyen d’application ; et
un moyen (11) destiné à transférer, sur un sup-
port d’impression, l’image formée sur le corps
de transfert intermédiaire.
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