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(7) ABSTRACT

A multicolor image-forming material comprising: an image-
receiving sheet comprising a support and an image-receiving
layer; and at least four thermal transfer sheets each com-
prising a support, a light-to-heat converting layer and an
image-forming layer, and each having a different color,
wherein an image is formed by the method comprising the
steps of: superposing each one of the at least four thermal
transfer sheets on the image-receiving sheet to be in a state
of the image-forming layer being in contact with the image-
receiving layer; and irradiating the thermal transfer sheet
with a laser beam to transfer an image in an area of the
image-forming layer subjected to irradiation onto the image-
receiving layer, and at least one layer selected from layers
comprised in the image-receiving sheet and the at least four
thermal transfer sheets comprises a fluorine-series surface
active agent which is a homopolymer comprising a poly-
merizable monomer represented by the formula (1) and
having a weight average molecular weight Mw of 3000 or
more.
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MULTICOLOR IMAGE-FORMING MATERIAL
AND MULTICOLOR IMAGE-FORMING METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to materials used
suitably for forming a multicolor image by use of a laser
beam and a method for forming the multicolor image by use
of the materials.

BACKGROUND OF THE INVENTION

[0002] Inthe field of graphic art, printing plates are printed
by use of a set of color separation films prepared from a
color original by use of lith films. In general, in order to
check errors in the color separation process or necessity of
the color correction before printing (practical printing opera-
tion), a color proof is prepared from color separation films.
To the color proof, realization of high resolving power that
enables high reproduction of medium images and perfor-
mance such as high stability to the process are expected.
Furthermore, in order to obtain the color proof similar to
practical printed matter, materials practically used for
printed matter are preferably used as materials for the color
proof, for example, actual printing paper (regular paper used
in running on to give a final product) is used as a base and
pigments are used as coloring materials. Moreover, for the
preparation of the color proof, a dry process where no
developing solution is used has been highly desired.

[0003] With contribution of an electronic system in the
latest pre-process of printing (prepress field), a recording
system for preparing directly the color proof from digital
signals has been developed as the dry process for preparing
the color proof. This electronic system aims at preparing the
color proof of a particularly high image quality. In general,
a dot image of 150 lines/inch or more are reproduced. In
order to record the proof of a high image quality from the
digital signals, the laser beam that can be modulated by
digital signs and can be stopped down as recording beams
are used as recording heads. Recording materials having
high recording sensitivity to the laser beam and high resolv-
ing power that enables reproduction of highly fine halftone
dots must be developed.

[0004] Known recording materials used for a method for
forming a transfer image by making use of the laser beam
are hot melt transfer sheets having a light-to-heat conversion
layer that absorbs the laser beam to generate heat and an
image-forming layer that contains pigment dispersed in
components such as a hot melt wax and a hot melt binder on
a support in this order (Japanese Patent Laid-Open No.
58045/1993). In the method for forming images by using
these recording materials, heat generated in areas irradiated
with the laser beam in the light-to-heat conversion layer
melts the image-forming layer corresponding to the areas,
and the melted areas transfer to an image-receiving sheet
laminated on a transfer sheet to form a transfer image on the
image-receiving sheet.

[0005] Furthermore, Japanese Patent Laid-Open No.
219052/1994 discloses a thermal transfer sheet where a
light-to-heat conversion layer containing a light-to-heat con-
vertible substance, a heat peel layer formed of a very thin
film (0.03 to 0.3 um), and an image-forming layer containing
a coloring material are provided on a support in this order.
In this thermal transfer sheet, binding power between the
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image-forming layer and the light-to-heat conversion layer
that are bound through the aforesaid heat peel layer reduces
by irradiation with the laser beam to form a highly fine
image on an image-receiving sheet laminated on the thermal
transfer sheet. In this method for forming images by use of
the thermal transfer sheet, the so-called “abrasion” is uti-
lized. This phenomenon is utilized as follows: In areas
irradiated with a laser beam, the heat peel layer is partly
decomposed and vaporized, the binding power between the
image-forming layer and the light-to-heat conversion layer
in the areas is weakened, and the image-forming layer in the
areas is transferred to the image-receiving sheet laminated
thereon.

[0006] These methods for forming images have the advan-
tages in that the actual printing paper having an image-
receiving layer (adhesive layer) attached can be used and the
multicolor image is obtained with ease by transferring
successively images different in color to the image-receiving
sheet. These methods enable easy formation of highly fine
images and are useful for the preparation of the color proof
(DDCP: direct digital color proof) or a highly fine mask
image.

SUMMARY OF THE INVENTION

[0007] In the materials used for the methods for forming
the multicolor image, the light-to-heat conversion layer and
the image-forming layer of the thermal transfer sheet are
formed by a coating method. In addition, the image-receiv-
ing layer on the image-receiving sheet also is formed by the
coating method. Furthermore, the image-forming layer of
the thermal transfer sheet requires a uniformly coated sur-
face in order to acquire stable transfer (sensitivity). Non-
uniformly coated surfaces produce irregularities in evenness
of the surfaces, surface energy, and adhesive powder, result-
ing in deteriorating uniform transfer to the image-receiving
sheet. Moreover, the image-receiving layer of the image-
receiving sheet also requires uniformly coated surface for
stable transfer of an image formed on the image-forming
layer of the thermal transfer sheet without irregularities in
transfer.

[0008] Accordingly, an aim of the invention to provide
materials used appropriately for the method for forming the
multicolor image and having anyone sheet or both sheets of
a thermal transfer sheet which has an image-forming layer
with a uniformly coated surface and is improved in proper-
ties of transferring of an image formed on the image-
forming layer to an image-receiving sheet and an image-
receiving sheet which has an image-receiving layer with a
uniformly coated surface and is improved in the properties
of transferring of the image formed on the image-forming
layer from the thermal transfer sheet.

[0009] Another aim of the invention is to provide a
method for forming the multicolor image by use of the
materials having acquired excellent performance by the
improvement in the properties of transferring.

[0010] In order to achieve the aims, the invention provides
materials for forming the multicolor image that have the
following constitution and a method for forming the multi-
color image by use of the materials.

[0011] 1. Materials for forming a multicolor image where
by use of an image-receiving sheet having at least an
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image-receiving layer on a support and four kinds of thermal
transfer sheets different in color and each having at least a
light-to-heat conversion layer and an image-forming layer
on a support, images are recorded by superposing the
respective thermal transfer sheets and the image-receiving
sheet so that the image-forming layer of the respective
thermal transfer sheets and the image-receiving layer of the
image-receiving sheet face each other, irradiating with a
laser beam, and transferring the image-forming layer’s areas
irradiated with the laser beam to the image-receiving layer
of the image-receiving sheet wherein at least one of layers
contained in the image-receiving sheet and/or the respective
thermal transfer sheets contains a fluorine-series surface
active agent of a homopolymer prepared from a polymer-
izable monomer represented by the following formula (1)
and having a weight average molecular weight Mw of 3000
or more:

CFy,1-L-CH,CH,—O—C(—0)—CR—CH, )

[0012] (Informula (1), n represents an integer of from two
to 14. R represents a hydrogen atom or an alkyl group having
one to 10 carbon atoms. L represents a single bond or a
divalent organic group containing at least one atom selected
from an oxygen atom, a nitrogen atom, a sulfur atom, and a
carbon atom.)

[0013] 2. The materials as described in the preceding item
1 wherein the fluorine-series surface active agent is con-
tained in the image-forming layer of the respective thermal
transfer sheets.

[0014] 3. The materials as described in the preceding item
1 wherein the fluorine-series surface active agent is con-
tained in the image-receiving layer and/or a cushion layer of
the image-receiving sheet.

[0015] 4. The materials as described in the preceding item
1 wherein the fluorine-series surface active agent is con-
tained in the image-forming layer of the respective thermal
transfer sheets and the image-receiving layer and/or the
cushion layer of the image-receiving sheet.

[0016] 5.The materials as described in the preceding items
1 to 4 wherein the fluorine-series surface active agent
comprises a homopolymer prepared from a polymerizable
monomer represented by the following formula (2):
CFyn.;—CH,CH,SO,N(—R)—CH,CH,—O—
C(=0)—CR=CH, @
[0017] (In formula (2), R; has the same meaning as R in
formula (1) and n is the same as n in formula (1).)

[0018] 6. A method for forming a multicolor image
through a process for image recording where by use of an
image-receiving sheet having at least an image-receiving
layer on a support and at least four kinds of thermal transfer
sheets for yellow, magenta, cyan, and black each having at
least a light-to-heat conversion layer and an image-forming
layer on a support, the respective thermal transfer sheets and
the image-receiving sheet superposed so that the image-
forming layer of the respective thermal transfer sheets and
the image-receiving later of the image-receiving sheet face
each other are irradiated with a laser beam to transfer the
image-forming layer’s areas irradiated with the laser beam
to the image-receiving layer of the image-receiving sheet
wherein the thermal transfer sheets and the image-receiving
sheet of the materials for forming the multicolor image as
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described in any one of the preceding 1 to 5 are used as the
thermal transfer sheets and the image-receiving sheet as
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention can be described in more detail with
the help of the accompanying drawings wherein FIGS. 1
(la, 1b and 1c¢) shows the outline of a mechanism for
forming a multicolor image depending upon film thermal
transfer with the aid of a laser; and

[0020] FIG. 2 shows a structure of recording apparatus for
laser thermal transfer as an example.

DESCRIPTION OF REFERENCE CHARACTERS
[0021] 1: Recording unit

[0022] 2: Recording head

[0023] 3: By-scan rail

[0024] 4: Recording drum

[0025] 5: Thermal transfer sheet-loading unit

[0026] 6: Image-receiving sheet roll

[0027] 7: Carrier roller

[0028] 8: Squeeze roller

[0029] 9: Cutter

[0030] 10: Thermal transfer sheet

[003111] 10K, 10C, 10M, 107: Thermal transfer sheet
rolls

[0032] 12: Support

[0033] 14: Light-to-heat converting layer
[0034] 16: Image-forming layer

[0035] 20: Image-receiving sheet

[0036] 22: Support for image-receiving sheet
[0037] 24: Image-receiving layer

[0038] 30: Laminate

[0039] 31: Discharge platform

[0040] 32: Discarding opening

[0041] 33: Discharge opening

[0042] 34: Air

[0043] 35: Discarding box

DETAILED DESCRIPTION OF THE
INVENTION

[0044] In the materials for forming the multicolor image
of the invention, any one or both of the respective thermal
transfer sheets and the image-receiving sheet contain a
fluorine-series surface active agent of a homopolymer pre-
pared from a polymerizable monomer shown in the formula
(1) as described above in at least one of layers contained in
these sheets, preferably in at least the image-forming layer
in the respective thermal transfer sheets, and preferably in at
least the image-receiving layer and/or the cushion layer in
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the image-receiving sheet. The weight average molecular
weight of the homopolymer is 3000 or more and preferably
ranges from 6000 to 30,000.

[0045] The respective layers of the thermal transfer sheets
and the image-receiving sheet are formed by applying the
coating solutions for forming the respective layers. The
addition of the fluorine-series surface active agent to the
coating solutions improves the affinity thereof to the sur-
faces to be applied, and a phenomenon by which the surfaces
to be applied repel the coating solutions and a phenomenon
by which non-uniform vaporization of solvents occurs in a
drying step after coating to produce non-uniformity in
thickness of the resulting film are inhibited. As a result, the
surfaces of the coated layers become uniform.

[0046] In the thermal transfer sheets, particularly, the
addition of the fluorine-series surface active agent to a
coating solution for forming the image-forming layer brings
about a uniform surface to the layer and stable transfer
(sensitivity). In the image-receiving sheet, furthermore, the
addition of the fluorine-series surface active agent to a
coating solution for forming the image-receiving layer pro-
vides uniform surface to the layer and allows the image
formed on the image-forming layer of the thermal transfer
sheet to transfer to the image-receiving layer without
unevenness.

[0047] The fluorine-series surface active agent is added to
coating solutions for forming all layers preferably in an
amount of from 0.005 to 1 mass part and more preferably
from 0.01 too 0.5 mass part in the coating solutions.

[0048] Informula (1), nisaninteger of from two to 14 and
preferably from six to 12.

[0049] R is a hydrogen atom or an alkyl group having one
to 10 carbon atoms, and preferably a hydrogen atom or an
alkyl group having one to four carbon atoms. Examples of
the alkyl groups include CH;, C,Hs, n-C;H,, iso-C;H.,
n-C,H,, iso-C,Hg, and tert-C,H,.

[0050] L represents a single bond or a divalent organic
group containing at least one atom selected from oxygen
atom, nitrogen atom, sulfur atom, and carbon atom. Pre-
ferred L includes a single bond, —O—, —SO,—, —NH—,
—SO,NH—, and —CH,—.

[0051] The monomers represented by the formula (2)
comprehended by formula (1) represent one group of pre-
ferred monomers. R, in formula (2) has the same meaning as
R in formula (1), and n is the same as n in formula (1).

[0052] Examples of preferred monomers represented by
formula (1) are shown in Table 1.

TABLE 1
General Formula (1)
Compound No. R n L

1 H 8 single bond
2 H 12 single bond
3 H 2 single bond
4 CH, 8 single bond
5 H 8 —(CH,),SO,N(CH;)—
6 H 8 —0—
7 H 8 —S0,—
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TABLE 1-continued

General  Formula (1)
Compound No. R n L
8 H 8 —NH—
9 CH, 10 —CH,—
[0053] The homopolymers having weight average

molecular weights of 3000 or more can be prepared by
polymerizing the monomers represented by formula (1)
according to a common radical polymerization method.

[0054] The materials for forming the multicolor image of
the invention is suitably used in the method for forming the
multicolor image where a laser beam is used as described
above. The method for forming the multicolor image by use
of the materials for forming the multicolor image of the
invention is hereinafter illustrated in detail. Particularly, the
thermal transfer sheets and the image-receiving sheet are
illustrated in further detail.

[0055] The method for forming the multicolor image by
use of the materials of the invention realizes a thermal
transfer image with sharp halftone dots and in addition is
useful and suitable for systems that enable transfer to the
actual printing paper and B2 size recording (515 mmx728
mm. Herein, B2 size is 543 mmx765 mm).

[0056] The thermal transfer image is formed as a halftone
dot image according to the number of printed lines with
resolving power of 2400 to 2540 dpi. Each dot is very sharp
almost without blurring and breaking and accordingly, half-
tone dots of a broad range of from highlight to shadow can
be clearly formed. As a result, a high-quality halftone dot
output can be carried out with the resolving power similar to
an image setter and CTP setter to reproduce halftone dots
and gradation good in similarity to printed matter.

[0057] The thermal transfer image is sharp in shapes of the
halftone dots to reproduce the halftone dots corresponding to
the laser beam with high fidelity. Furthermore, since the
dependence of the recording characteristics on the environ-
mental temperature and humidity is very small, the image
can obtain repeated reproducibility stable in both hue and
density under the wide environment of temperature and
humidity.

[0058] Since the thermal transfer image is formed of color
pigments used for printing inks and has good repeated
reproducibility, a CMS (color management system) of high
precision can be realized.

[0059] Since the thermal transfer image is allowed to
correspond almost to the hues of Japan color and SWOP
color, that is, the hues of printed matter, the hues of the
image under different light sources such as a fluorescent
lamp and an incandescent lamp also change similarly to
those of printed matter.

[0060] Since the thermal transfer image has sharp dot
shapes, slender lines of fine letters also can be sharply
reproduced. The heat generated by laser beam reaches the
interface of transfer without diffusing in surface directions
and the image-forming layer is sharply broken at the inter-
face between the heated portion and the non-heated portion.
In the thermal transfer sheets, therefore, thin film formation
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for the light-to-heat conversion layer and mechanical char-
acteristics of the image-forming layer are controlled.

[0061] It is deduced from simulation that the light-to-heat
conversion layer reaches about 700° C. in a moment, and
when it is of a thin film, the layer tends to be deformed or
broken. Occurrence of the deformation and breakage causes
practical damage in that the light-to-heat conversion layer is
transferred to the image-receiving layer together with the
transfer layer or the transfer image becomes non-uniform.
On the other hand, in order to obtain a specified temperature,
it is required that a light-to-heat converting substance exists
in high level, which invites problems such as the separation
of dyes or transfer thereof to an adjacent layer.

[0062] Accordingly, for the light-to-heat conversion layer,
formation of a thin film of about 0.5 um or less is preferable
by selecting infrared-absorbing dyes excellent in light-to-
heat conversion characteristics and heat-resistant binders
such as polyimide-series ones.

[0063] Deformation of the light-to-heat conversion layer
and deformation of the image-forming layer itself by high
temperatures in general bring about irregularities in thick-
ness corresponding to the sub-scanning patterns of the laser
beam to the image-forming layer transferred to the image-
receiving layer, thereby to form non-uniform images and
reduce apparent transfer densities. This tendency becomes
more significant as the thickness of the image-forming layer
decreases. On the other hand, a thick image-forming layer
causes deterioration in sharpness of the dots and reduction in
sensitivity.

[0064] In order to allow the compatibility of the capabili-
ties contrary to each other, the addition of low melting
substances such as waxes to the image-forming layer pref-
erably leads to improvement of unevenness in transfer.
Appropriate increase in the layer’s thickness by using finely
divided inorganic particles in place of binders permits sharp
breakdown of the image-forming layer at the interfaces of
heated portions and non-heated portions, thus to improve
irregularities in transfer while maintaining the sharpness of
the dots and sensitivity.

[0065] The low melting substances such as waxes in
general tend to ooze or crystallize on the surface of the
image-forming layer and in some cases invite problems in
image quality and aging stability of the thermal transfer
sheets.

[0066] In order to cope with the problems, low melting
substances having small difference in Sp value to polymers
in the image-forming layer are preferably used to increase
compatibility with the polymer and prevent the low melting
substances from separating from image-forming layer. Or
several low melting substances having different structures
are preferably mixed to allow compatibility and prevent
crystallization. As a result, an image sharp in dot shape and
small in irregularities is prepared.

[0067] The coated layers of the thermal transfer sheets in
general absorb moisture to cause change in the mechanical
properties and thermal properties of the layers, which pro-
duces dependence of the recording environment on humid-
ity.

[0068] Inorder to decrease the dependence on temperature
and humidity, it is preferable to change dye/binder-series of
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the light-to-heat conversion layer and binder-series of the
image-forming layer to organic solvent-series. It also is
preferable to select polyvinylbutyral as the binder of the
image-receiving layer and simultaneously introduce a tech-
nique of making polymers hydrophobic to decrease the
water absorption. The technique of making polymers hydro-
phobic includes reaction of hydroxyl group with hydropho-
bic group as disclosed in Japanese Patent Laid-Open No.
238858/1996 and crosslinking of two or more hydroxyl
groups with a hardener.

[0069] The image-forming layer in general is exposed to
heat of about 500° C. or more on printing by exposure to
laser beam, and some pigments used so far underwent
pyrolysis. However, the adoption of highly heat-resistant
pigments enables prevention of the pyrolysis.

[0070] Inorder to prevent the change of the hue stemming
from the transfer of infrared absorbing dyes from the light-
to-heat conversion layer to the image-forming layer that is
caused by increased heat on printing, it is preferable to
design the light-to-heat conversion layer by combinations of
the infrared absorbing dyes and binders having strong hold-
ing power as described above.

[0071] High-speed printing in general causes shortage of
energy, and gaps are particularly produced corresponding to
the intervals of sub-scanning of the laser. As described
above, a higher density of dyes in the light-to-heat conver-
sion layer and thin film formation for the light-to-heat
conversion layer and the image-forming layer induce
increase in the efficiency of generation and transfer of heat.
Furthermore, for the purposes of enhancing the effect of
filling up the gaps by slight flow of the image-forming layer
on heating and the adhesion to the image-receiving layer, it
is preferable to add a low melting substance to the image-
forming layer. Moreover, in order to enhance the adhesion
between the image-receiving layer and the image-forming
layer and allow transfer images to have sufficient strength, it
is preferable to adopt polyvinylbutyral as a binder for the
image-receiving layer similarly to the image-forming layer.

[0072] The image-receiving sheet and the thermal transfer
sheet are preferably held on a drum by vacuum adhesion.
The vacuum adhesion is important because the adhesion
between both sheets is controlled to form an image and
accordingly the behavior of image transfer is very sensitive
to the clearance between the image-receiving layer of the
image-receiving sheet and the image-forming layer of the
transfer sheet. A spread of the clearance between the mate-
rials caused by the presence of foreign matter such as dust
results in producing image defects and irregularities in
image transfer.

[0073] In order to prevent these image faults and irregu-
larities in image transfer, it is preferable to form uniform
unevenness on the thermal transfer sheets, so as to form
uniform clearance and allow the air to pass well.

[0074] As methods of forming the unevenness on the
thermal transfer sheet, there are post-treatment such as
embossing treatment and the addition of a matting agent to
a coated layer. The addition of the matting agent is preferred
because of simplicity in the process of production and aging
stability in the materials. The matting agent requires a size
larger than the thickness of the coated layer. The addition of
the matting agent to the image-forming layer invites a
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problem in that the image breaks in portions where the
matting agent exists. Therefore, the matting agent with most
appropriate particle size is preferably added to the light-to-
heat conversion layer, so that the image-forming layer itself
comes to have almost uniform thickness and an image
having no defect can be formed on the image-receiving
sheet.

[0075] Inorder to reproduce surely sharp dots as described
above, the recording apparatus side also requires a high
degree of precision in design. The apparatus is the same as
conventional apparatus for the laser thermal transfer record-
ing in basic constitution. The constitution is that of an outer
drum recording system of the so-called heat mode where the
thermal transfer sheet and the image-receiving sheet fixed on
a drum are irradiated with lasers through a recording head
equipped with plural high-power lasers to record. Of these,
the following embodiment forms a preferred constitution.

[0076] The supply of the image-receiving sheet and the
thermal transfer sheet is carried out according to fully
automatic roll supply. The fixing of the image-receiving
sheet and the thermal transfer sheet on the recording drum
is carried out by the vacuum attraction. A number of vacuum
suction holes are made on the recording drum and the
interior of the drum is evacuated with a blower or a vacuum
pump to attract the sheets on the drum. Since the thermal
transfer sheet is further attracted on the image-receiving
sheet attracted, the size of the thermal transfer sheet is larger
than that of the image-receiving sheet. Air existing between
the thermal transfer sheet and the image-receiving sheet that
exerts a largest effect on the recording performance is
evacuated only from the area of the thermal transfer sheet
outside the image-receiving sheet.

[0077] Inthis apparatus, a number of sheets having a large
size like B2 size are placed and piled on a discharge table.
Therefor, a method is adopted, by which the air is emitted
between two sheets and a sheet discharged later is allowed
to float.

[0078] A constitutional example of the apparatus is shown
in FIG. 2.

[0079] The sequence in the apparatus as described above
is illustrated.

[0080] 1. A sub-scanning shaft of recording head 2 of
recording apparatus 1 by sub-scanning rail 3 and a main
scanning revolving shaft and thermal transfer sheet loading
unit § are returned to starting points.

[0081] 2. Image sheet roll 6 is freed by carrying roller 7,
and the tip of the image-receiving sheet fixed on recording
drum 4 by evacuation through suction holes provided on the
recording drum.

[0082] 3.Squeeze roller 8 comes down on recording drum
4 and presses down the image-receiving sheet. The image-
receiving sheet is further carried by the revolution of the
drum, stopped at a point of a specified length, and cut at the
point with cutter 9.

[0083] 4. Recording drum 4 revolves further one round to
finish loading of the image-receiving sheet.

[0084] 5. Subsequently, in the sequence similar to the
image-receiving sheet, thermal transfer sheet K of the first
color, black, is let out from thermal transfer sheet roll 10K,
cut, and loaded.
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[0085] 6. Subsequently, recording drum 4 starts high-
speed revolution, recording head 2 on sub-scanning rail 3
starts to move, and when the head reaches a record-starting
position, recording drum 4 is irradiated with a recording
laser through recording head 2 according to recorded image
signals. At a record-finishing position, the irradiation is
complete, and the movement of the sub-scanning rail and the
revolution of the drum are stopped. The recording head on
the sub-scanning rail is returned to the starting point.

[0086] 7. The image-receiving sheet is left on the record-
ing drum, and only the thermal transfer sheet K is peeled off.
The tip of thermal transfer sheet K is torn off with a nib, and
the sheet is pulled out in the discharging direction and
discarded through discarding opening 32 to discarding box
3s.

[0087] 8. Operations 5 to 7 are repeated as to the residual
three colors. Next to black, cyan, magenta, and yellow are
recorded in this order. That is, thermal transfer sheet C of the
second color “cyan” is let out from thermal transfer sheet
roll 10C, thermal transfer sheet M of the third color
“magenta” from thermal transfer sheet roll 10M, and thermal
transfer sheet Y of the fourth color “yellow” from thermal
transfer sheet roll 10Y, successively. Common printing is
carried out in the inverse order. The reason for this is that the
order of colors becomes inverse on the actual printing paper
by transfer to the printing paper in the later process.

[0088] 9. Lastly, after the four-color printing is complete,
the image-receiving sheet recorded is sent to discharge table
31. The method of peeling off the sheet from the drum is the
same as item 7 of the thermal transfer sheets. However,
different form the thermal transfer sheets, the image-receiv-
ing sheet is not discarded. Therefore, after the sheet is
carried to discarding opening 32, the sheet is returned to the
discharge table by a switchback. When the sheet is dis-
charged on the discharge table, air 34 is emitted from below
discharge opening 33 and enables a pile of plural sheets.

[0089] For carrying roller 7 of any one of the supply sites
or the carrying sites of the thermal transfer sheet roll and the
image-receiving sheet roll, use of an adherent roll where an
adherent material is provided on the surface thereof is
preferable.

[0090] The surfaces of the thermal transfer sheet and the
image-receiving sheet can undergo cleaning by the adherent
roll provided.

[0091] Examples of the adherent material provided on the
surface of the adherent roll include ethylene/vinyl acetate
copolymers, ethylene/ethyl acrylate copolymers, polyolefin
resins, polybutadiene resins, styrene/butadiene copolymers
(SBR), styrene/ethylene/butene/styrene copolymers
(SEBS), acrylonitrile/butadiene copolymers (NBR), poly-
isoprene resins (IR), styrene/isoprene copolymers (SIS),
acrylic ester copolymers, polyester resins, polyurethane res-
ins, acrylic resins, butyl rubber, and polynorbornene.

[0092] The adherent roll contacts with the surfaces of the
thermal transfer sheet and the image-receiving sheet,
thereby the surfaces undergoing cleaning. The contact pres-
sure is not particularly limited as long as the contact is
maintained.

[0093] Tt is preferable that the materials having adherence
used for the adherent roll have a Vickers hardness Hv of 50
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kg/mm? (about 490 mPa) or less because it can sufficiently
remove foreign matter such as dust to depress the occurrence
of image defects.

[0094] The Vickers hardness is a hardness measured by
applying a static load to a pyramid-shaped diamond indenter
with an angle between the opposite faces of 136° and is
calculated according to the following formula.

[0095] Hardness Hv=1.854P/d*> (kg/mm?)=18.1692d>
(mPa) Herein, P: Size of load (kg), d: length of diagonal line
of dent’s square (mm).

[0096] In the invention, it is preferable that the adherent
materials used for the adherent roll has an elastic modulus of
200 kg/cm?® (=19.6 mPa (“=” means “about”)) or less at 20°
C. because the dust of foreign matter is sufficiently removed
to depress the occurrence of the image defects.

[0097] Tt is preferable that an absolute value of the differ-
ence between the surface roughness Rz of the image-
forming layer’s surface and the surface roughness Rz of the
back surface of the thermal transfer sheet is 3.0 or less, and
an absolute value of the difference between the surface
roughness Rz of the image-receiving layer’s surface and the
surface roughness Rz of back surface in the image-receiving
sheet is 3.0 or less. This constitution can prevent the
occurrence of the image defects together with the aforesaid
means for cleaning, produce no carrying jam, and further
improve the stability to dot gain.

[0098] In the present specification, the surface roughness
Rz means a 10-point average surface roughness correspond-
ing to JIS’s Rz (the maximum height). The mean surface of
a portion where only a standard area is pulled out from the
curved surface of roughness is taken as a standard plane, and
a distance of the average value of the heights of mounts of
from the highest to the fifth and the average value of the
depths of valleys of from the deepest to the fifth is inputted
and converted. For measurement, a feeler-type three-dimen-
sional roughness meter produced by Tokyo Seimitsu K. K.
(Surfcom 570A-3DF) is used. A longitudinal direction is
taken as the direction of the measurement, a cut-off value is
0.08 mm, a measured area is 0.6 mmx0.4 mm, a shift pitch
is 0.005 mm, and a measurement speed is 0.12 mm/sec.

[0099] Tt is preferable in view of further improvement in
the aforesaid effects that the absolute value of the difference
between the surface roughness Rz between the image-
forming layer’s surface and the surface roughness Rz of the
back surface of the thermal transfer sheet is 1.0 or less, and
the absolute value of the difference between the surface
roughness Rz of the image-receiving layer’s surface and the
surface roughness Rz of back surface of the image-receiving
sheet is 1.0 or less.

[0100] In addition, as another embodiment, it is preferable
that the surface roughness of the image-forming layer’s
surface and the back surface of the thermal transfer sheet and
the surface and/or the surface roughness Rz of the front and
back surfaces of the image-receiving sheet is from 2 to 30
um. This constitution can prevent the occurrence of the
image defects as well as the aforesaid means for cleaning,
produce no carrying jam, and further improve the stability to
dot gain.

[0101] Tt also is preferable that the glossiness of the
image-forming layer of the thermal transfer sheet is from 80
to 99.
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[0102] The glossiness appreciably depends on smoothness
of the image-forming layer’s surface and exerts a great effect
on uniformity of the thickness of the layer. Higher glossiness
is more suitable for the purpose of producing uniform and
highly fine images as the image-forming layer, but high
smoothness produces appreciable resistance on carrying.
Both glossiness and smoothness have a relation of trade-off
to each other. The glossiness ranging from 80 to 99 permits
the compatibility of both glossiness and smoothness to keep
a balance.

[0103] Subsequently, an outline of the mechanism of
forming the multicolor image by film thermal transfer where
a laser is used is illustrated through FIG. 1.

[0104] TLaminated product for image formation 30 is pre-
pared where image-receiving sheet 20 is superposed on the
surface of image-forming layer 16 containing a pigment of
black (K), cyan (C), magenta (M), or yellow (Y) of thermal
transfer sheet 10. Thermal transfer sheet 10 has support 12,
light-to-heat conversion layer 14 thereon, and image-form-
ing layer 16 further thereon. Image-receiving sheet 20 has
support 22 and image-receiving layer 24 thereon. Image-
forming layer 16 of thermal transfer sheet 10 is superposed
on image-receiving layer so as to allow both surfaces thereof
to contact (FIG. 1A). When a laser beam is applied from
support 12 side of thermal transfer sheet 10 of laminated
product 30 like image in time series, areas irradiated with the
laser beam in light-to-heat conversion layer 14 of thermal
transfer sheet 10 are heated to reduce the adhesive power to
image-forming layer 16 (FIG. 1B). Thereafter, when image-
receiving sheet 20 is peeled off from thermal transfer sheet
10, area irradiated with the laser beam 16 of image-forming
layer 16 is transferred to image-receiving layer 24 of image-
receiving sheet 20 (FIG. 1C).

[0105] In the multicolor image formation, the laser beam
used for irradiation is preferably of multi-beams and par-
ticularly preferably of multi-beam two-dimensional arrange-
ment. The multi-beam two-dimensional arrangement means
that when recording is carried out by irradiation with a laser
beam, a plural number of laser beams are used, and spot
arrangement of these laser beams takes a two-dimensional
arrangement consisting of plural rows along the main scan-
ning direction and plural lines along the sub-scanning direc-
tion.

[0106] Use of the laser beams of the multi-beam two-
dimensional arrangement can shorten the time taken by laser
recording.

[0107] Laser beams used are not particularly limited as
long as the beams are of multi-beam, and examples thereof
include gas laser rays such as an argon ion laser ray, a helium
neon laser ray, and a helium cadmium laser ray, solid laser
rays such as a YAG laser ray, and direct laser rays such as
semiconductor laser rays, dye laser rays, and excimer laser
rays. Or half-wave length rays converted from these laser
rays by allowing the rays to pass through a secondary higher
harmonic device also can be used. In the method for forming
the multicolor image, use of the semiconductor laser rays is
preferred in view of output power and easiness in modula-
tion. In the method for forming the multicolor image, it is
preferable that the laser beams are applied at a condition
where a beam diameter on the light-to-heat conversion layer
ranges from 5 to 50 um (particularly from 6 to 30 um).
Moreover, the scanning speed is preferably 1 m/sec or more
(particularly 3 m/sec or more).
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[0108] In formation of the multicolor image, the thickness
of the image-forming layer of the thermal transfer sheet of
black, which is larger than the thicknesses of the image-
forming layers of the thermal transfer sheets of yellow,
magenta, and cyan, preferably ranges from 0.5 to 0.7 um.
This makes it possible to inhibit reduction in density
depending upon irregularities in transfer when the thermal
transfer sheet of black is irradiated with a laser beam.

[0109] When the thickness of the image-forming layer in
the thermal transfer sheet of black is less than 0.5 um, in high
energy recording, the image density reduces markedly
depending upon irregularities in transfer and in some cases
it becomes difficult to achieve an image density required as
printing proof. This tendency becomes significant under a
highly humid condition to increase change in density
depending upon the environment. On the other hand, the
thickness exceeding 0.7 um causes reduction in transfer
sensitivity on laser recording to deteriorate the attachment of
small dots or make narrow lines narrower. This tendency is
more significant under a lowly humid condition. Or such
thickness may cause deterioration in resolving power. The
thickness of the image-forming layer in the thermal transfer
sheet of black is more preferably from 0.55 to 0.65 um and
particularly preferably 0.60 um.

[0110] Furthermore, the thickness of the image-forming
layer of the thermal transfer sheet of black is from 0.5 to 0.7
um, and the thickness of the image-forming layer of the
respective thermal transfer sheets of yellow, magenta, and
cyan is preferably 0.2 um or more and less than 0.5 um.

[0111] When the thickness of the image-forming layer of
the respective thermal transfer sheets of yellow, magenta,
and cyan is less than 0.2 um, the reduction in density may
occur depending upon irregularities in transfer on laser
recording. On the other hand, exceeding 0.5 um causes
reduction in transfer sensitivity or deterioration in resolving
power in some cases. The thickness is more preferably from
0.3 to 0.45 um.

[0112] The image-forming layer of the thermal transfer
sheet of black preferably contains carbon black. The carbon
black preferably consists of two or more kinds of carbon
black different in coloring power because the reflection
density can be adjusted while keeping a P/B (pigment/
binder) ratio in a certain range.

[0113] The coloring power of carbon black is indicated by
various methods. For example, PVC blackness as described
in Japanese Patent Laid-Open No. 140033/1998 is exempli-
fied. Evaluation of the PVC blackness is carried out as
follows. Carbon black is added to PVC resin and dispersed
between two rolls to form a sheet. The blacknesses of carbon
black “#40” and “#45” manufactured by Mitsubishi Chemi-
cal Corp. are taken as standard values, one point and 10
points, respectively. The blackness of a specimen is evalu-
ated by inspection with the naked eye. Two or more kinds of
carbon black different in PVC blackness are appropriately
selected and used according to purposes.

[0114] Hereinafter, specific processes for preparing the
samples are described.

[0115] Process for Preparing Samples:

[0116] 40 mass % of sample carbon black is blended with
LDPE (low-density polyethylene) resin by use of a 250-cc
Banbury mixer, and kneaded at 115° C. for 4 min.
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Condition of Blending

LDPE resin 101.89 g
Calcium stearate 1.39¢g
Irganox 1010 0.87¢g
Sample carbon black 69.43 g

[0117] Subsequently, carbon black is diluted in a two-roll
mill at 120° C. so as to become 1 mass %.

Condition of Preparation of Diluted Compound:

LDPE resin 583 ¢g
Calcium stearate 02g
40 Mass % carbon black-blended 15¢g

resin

[0118] The compound is formed into a sheet through a slit
width of 0.3 mm, and the sheet is cut into chips and formed
into film of 65£3 um on a 240° C. hot plate.

[0119] In order to form the multicolor image, as described
above, a number of image layers (image-forming layers on
which images are formed) are repeatedly piled on the same
image-receiving sheet by use of the thermal transfer sheets
to form a multicolor image, or after images are once formed
on image-forming layers of plural image formation sheets,
the images are re-transferred to the actual printing paper to
form a multicolor image.

[0120] In the latter process, for example, the thermal
transfer sheets having the image-forming layers that contain
coloring materials of hues different from one another are
prepared, and four kinds of laminated products for image
formation (four colors, cyan, magenta, yellow, and black)
are independently prepared by combining the thermal trans-
fer sheets with the image-receiving sheets. The respective
laminated products, for example, are irradiated with a laser
beam according to digital signals based on an image through
color separation filters and then the image-receiving sheets
are peeled off from the thermal transfer sheets to form
independently the color separation images of the respective
colors on the respective image-receiving sheets. Subse-
quently, the respective color separation images formed are
successively laminated on a practical support such as the
actual printing paper prepared differently or a support simi-
lar to this, thus to form a multicolor image.

[0121] In the thermal transfer recording where irradiation
with laser beams are utilized, the laser beams are converted
into heat, and the image-forming layer containing a pigment
is transferred to the image-receiving sheet by making use of
the heat energy to form an image on the image-receiving
layer. Accordingly, changes in the states of the pigment,
coloring matter, or the image-forming layer on transferring
are not particularly limited, and all of a solid state, a softened
state, a liquid state, and a gas state are included. However,
from solid state to softened state are preferred. In the thermal
transfer recording by use of irradiation with the laser beams,
for example, known melt-type transfer, transfer by abrasion,
and sublimation-type transfer also are included.
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[0122] Of these types, the aforesaid thin film transfer type,
and the melt and abrasion types are preferred in view of
formation of images of hues similar to an original.

[0123] The process for transferring the image-receiving
sheet having an image printed on the recording apparatus to
the actual printing paper (referred to as the “printing paper”)
is commonly carried out by use of a heat laminator. Heat and
pressure are applied to the image-receiving sheet and the
printing paper superposed so as to adhere to each other, and
subsequently the image-receiving sheet is peeled off from
the printing paper to leave only the image-receiving layer
containing the image on the printing paper.

[0124] The preceding apparatus is connected to a plate-
making system, so that the system exerting function as color
proof comes to be built up. The system needs outputting
printed products having image qualities as similar as pos-
sible to printed matter outputted from the platemaking data
from the aforesaid recording apparatus. Herein, software for
allowing color and halftone dots to approach those of printed
matter is needed. Specific examples of the connection are
shown below.

[0125] In the case where the proof of printed matter is
taken from the platemaking system (e.g., Celebra produced
by Fuji Photo FilmCo., Ltd.), the connection of the system
is as follows. The CTP (computer to plate) system is
connected to the platemaking system. The printing plate
outputted from this is applied to a printing machine to obtain
final printed matter. Although the aforesaid recording appa-
ratus is connected as the color proof to the platemaking
system, the PD system (registered trademark) is placed
between these as proof drive software for allowing the color
and the halftone dots to approach those of printed matter.

[0126] Continuous tone data converted to luster date by
the platemaking system are converted to binary data for the
halftone dots, outputted to the CTP system, and finally
subjected to printing. On the other hand, the identical
continuous tone data is outputted also to the PD system. The
PD system converts the data received through a four-
dimensional (black, cyan, magenta, and yellow) table so that
color corresponds to that of the aforesaid printed matter. Last
of all, the data are converted to the binary data for the
halftone dots so as to correspond to the halftone dots of the
aforesaid printed matter, and outputted to the recording
apparatus.

[0127] The four-dimensional table is experimentally pre-
pared beforehand and stored in the system. The experiment
for the preparation is as follows. Of important colors, an
image printed through the CTP system and an image out-
putted from the recording apparatus through the PD system
are prepared, and the table is prepared so that the difference
between the found values becomes least by comparison.

[0128] The thermal transfer sheets and the image-receiv-
ing sheet used preferably for the recording apparatus of the
aforesaid system are hereinafter described.

[0129] [Thermal Transfer Sheet]

[0130] The thermal transfer sheet contains at least a light-
to-heat conversion layer and an image-forming layer, and
further other layers as needed. In the invention either of
these layers, particularly preferably the image-forming
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layer, contains the aforesaid fluorine-series surface active
agent. Details about this have been described already.

[0131] (Support)

[0132] Materials for the support of the thermal transfer
sheet are not particularly limited, and a variety of support
materials can be used according to purposes. It is preferable
that the support has rigidity, dimensional stability, and
resistance to heat on forming an image. Preferred examples
of the support materials include synthetic resin materials
such as polyethylene terephthalate, polyethylene-2,6-naph-
thalate, polycarbonates, polymethyl methacrylate, polyeth-
ylene, polypropylene, polyvinyl chloride, polyvinylidene
chloride, polystyrene, styrene/acrylonitrile copolymers,
polyamides (aromatic or aliphatic), polyimides, polyamide-
imides, and polysulfones. Of these materials, biaxially ori-
ented polyethylene terephthalate is preferred in view of
mechanical strength and dimensional stability to heat.
Herein, for the preparation of the color proof by making use
of the laser recording, it is preferable to form the support of
the thermal transfer sheet from a transparent synthetic resin
material allowing permeation of laser beams. The thickness
of the support preferably from 25 to 130 ym and particularly
preferably from 50 to 120 um. The central line average
surface roughness Ra of the support of the image-forming
layer side [measured according to JIS B0601 by use of a
surface roughness meter (Surfcom produced by Tokyo Seiki
K. K))]is preferably less than 0.1 gm. The Young’s modulus
of the longer direction of the support is preferably from 200
to 1200 kg/mm* (about from 2 to 12 gPa), and that of the
width direction is preferably from 250 to 1600 kg/mm?
(about from 2.5 to 16 gPa). The F-5 value of the longer
direction of the support is preferably from 5 to 50 kg/mm?
(about from 49 to 490 mPa), and that of the width direction
thereof is preferably from 3 to 30 kg/mm? (about from 29.4
to 294 mPa). The F-5 value of the longer direction of the
support in general is higher than that of the width direction,
but particularly when the width direction needs high
strength, this rule is not applied. The degree of heat shrink-
age of the longer direction and the width direction of the
support at 100° C. and 30 min is preferably 3% or less and
further preferably 1.5% or less, and that at 80° C. for 30 min
is preferably 1% or less and further preferably 0.5% or less.
The breakage strength is preferably from 5 to 100 kg/mm?>
(about from 49 to 980 mPa) in both directions, and the
modulus of elasticity is preferably from 100 to 2000 kg/mm>
(about from 0.98 to 19.6 gPa).

[0133] Surface activation treatments and/or formation of
one or two or more undercoats can be carried out for the
support of the thermal transfer sheet in order to improve the
adhesion to the light-to-heat conversion layer provided
thereon. Examples of the surface activation treatments
include glow discharge and corona discharge. It is preferable
that materials for the undercoats have high adhesion to both
of the support and the light-to-heat conversion layer, low
thermal conductivity, and excellent thermal resistance.
Examples of the materials for these undercoats include
styrene, styrene/butadiene copolymers, and gelatin. Entire
thickness of the undercoats in general is from 0.01 to 2 um.
The surface of the thermal transfer sheet on the opposite side
of the light-to-heat conversion layer can be subjected to
formation of various functional layers such as an anti-
reflection coating and an antistatic layer or surface treat-
ments as needed.
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[0134] (Back Layer)

[0135] Back layers are preferably provided on the surface
of the thermal transfer sheet of the invention on the opposite
side of the light-to-heat conversion layer. The back layers
preferably comprise two layers, the first back layer adjacent
to the support and the second back layer provided on the
opposite side of the support to the first side. In the invention,
a ratio of mass B of an antistatic agent contained in the
second back layer to mass A of the antistatic agent contained
in the first back layer (B/A) is preferably less than 0.3. The
B/A value of 0.3 or more shows a tendency to deteriorate in
slip properties and a powder fall from the back layer.

[0136] The thickness C of the first back layer is preferably
from 0.01 to 1 um and more preferably from 0.01 to 0.2 un.
The thickness D of the second back layer is preferably from
0.01 to 1 um and more preferably from 0.01 to 0.2 um. The
ratio between the first and second back layers C:D is
preferably from 1:2 to 5:1.

[0137] Examples of the antistatic agents used for the first
and second back layers include nonionic surface active
agents such as polyoxyethylene alkylamines and glycerin
aliphatic esters, cationic surface active agents such as qua-
ternary ammonium salts, anionic surface active agents such
as alkyl phosphates, amphoteric surface active agents, and
compounds such as electrically conductive resins.

[0138] Furthermore, electrically-conductive finely-di-
vided particles also can be used as the antistatic agents.
Examples of these electrically conductive particles include
oxides such as ZnO, TiO,, Sn0O,, Al,Oj, In,0;, MgO, BaO,
CoO, CuO, Cu,0, CaO, SrO, BaO,, PbO, PbO,, MnOs,
MoO,, Si0O,, ZrO,, Ag,0, Y,0;, Bi,0;, Ti,0;, Sb,0,,
Sb,0s, K, Tig0,5, NaCaP,0, g, and MgB,Og, sulfides such
as CuS and ZnS, carbides such as SiC, TiC, ZrC, VC, NbC,
MoC, and WC, nitrides such as Si;N,, TiN, ZrN, VN, NbN,
and Cr,N, borides such as TiB,, ZrB,, NbB,, TaB,, CrB,
MoB, WB, and LaByg, silicides such as TiSi,, ZrSi,, NbSi,,
TaSi,, CrSi,, MoSi, and WSi,, metal salts such as BaCO;,
CaCO0,, SrCO;, BaSO,,, and CaS0O,, and composites such as
SiN,—SiC and 9AL,05-2B,0;. These particles can be used
singly or as mixtures of two or more thereof. Of these
particles, SnO,, ZnO, Al,O, TiO,, In,0;, MgO, BaO, and
MoOjare preferred, SnO,, ZnO, In,05, and TiO, is further
preferred, and SnO, is particularly preferred.

[0139] When the thermal transfer materials of the inven-
tion are used for the laser thermal transfer recording system,
it is preferable that the antistatic agents used in the back
layers are substantially transparent so that the laser beams
are allowed to pass through the layers.

[0140] When the electrically conductive metal oxides are
used as the antistatic agents, smaller particle sizes are
preferred so that the light scattering is depressed as lowly as
possible, but the particle size should be determined by use
of the ratio of refractive indexes between the particle and the
binder as a parameter and can be calculated by use of Mie’s
theory. The average particle size in general ranges from
0.001 to 0.5 um and preferably ranges from 0.003 to 0.2 yum.
Herein, the average particle size is a value where not only
first particle sizes of the electrically conductive metal oxide,
but also those of higher-order structures are contained.
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[0141] In addition to the antistatic agents, a variety of
additives such as a surface active agent, a lubricant, and a
matting agent, and a binder can be contained in the first and
second back layers. The amount of the antistatic agent
contained in the first back layer is preferably from 10 to
1000 mass parts and further preferably from 200 to 800 mass
parts to 100 mass parts of the binder. The amount of the
antistatic agent contained in the second layer is preferably
from O to 300 mass parts and further preferably from 0 to
100 mass parts to 100 mass parts of the binder.

[0142] Examples of the binders used for formation of the
first and second back layers include homopolymers and
copolymers of acrylic acid-series monomers such as acrylic
acid, methacrylic acid, acrylic esters, and methacrylic esters,
cellulose-series polymers such as nitrocellulose, methyl
cellulose, ethyl cellulose, and cellulose acetate, polyethylene
polypropylene, polystyrene, vinyl-series polymers and
copolymers such as vinyl chloride/vinyl acetate copolymers,
polyvinylpyrrolidone, polyvinylbutyral, and polyvinyl alco-
hol, condensation-series polymers such as polyesters, poly-
urethanes, and polyamides, rubber-series thermoplastic
polymers such as butadiene/styrene copolymers, polymers
prepared by polymerizing and crosslinking photopolymer-
izable and heat-polymerizable compounds such as epoxy
compounds, and melamine compounds.

[0143] (Light-to-Heat Conversion Layer)

[0144] The light-to-heat conversion layer contains a light-
to-heat conversion substance, a binder, and a matting agent
as needed, and further other components as needed.

[0145] The light-to-heat conversion substance is a sub-
stance having the function by which light energy applied is
converted to heat energy. These substances in general are
dyes (including pigments, and so forth) having the ability to
absorb laser beams. When image recording is carried out
with the aid of infrared laser beams, infrared ray-absorbing
dyes are preferably used as the light-to-heat conversion
substances. Examples of these dyes include black pigments
such as carbon black, pigments of large ring compounds
absorbing from visible to near-infrared region such as phtha-
locyanine and naphthalocyanine, organic dyes used as laser-
absorbing materials for high-density lasers recording such as
laser disks (cyanine dyes such as indolenine dyes,
anthraquinone dyes, azulene dyes, and phthalocyanine
dyes), and organometallic compound dyes such as dithiol
nickel complexes. Of these dyes, cyanine dyes have high
absorptivities, and enable the light-to-heat conversion layer
to form as a thinner film when used as the light-to-heat
conversion substances. As a result, use of the dyes leads to
improvement in the recording sensitivity of the thermal
transfer sheet and therefore is preferred.

[0146] In addition to the dyes, inorganic materials such as
metallic materials in particle form (e.g., blacked silver) also
can be used as the light-to-heat conversion materials.

[0147] Resins having at least strength to form a layer on
the support and high thermal conductivities are preferred as
the binders contained in the light-to-heat conversion layer.
Furthermore, the resins having heat resistance to the extent
of inviting no cleavage by heat generated from the light-to-
heat conversion substances on the image recording are
preferred because smoothness of the surface of the light-to-
heat conversion layer can be maintained even after irradia-
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tion with a ray of high energy. Specifically, the resins
preferably have a pyrolysis temperature of 400° C. or more
and more preferably 500° C. or more [the pyrolysis tem-
perature means a temperature at which mass reduction of 5%
is brought about in a stream of the air at a temperature-
increasing speed of 10° C./min in TGA method (thermo-
gravimetric analysis)]. Moreover, the binders preferably
have a glass transition temperature of from 200 to 400° C.
and more preferably from 250 to 350° C. The glass transition
temperature less than 200° C. may generate fog in images
formed in some cases, and exceeding 400° C. may result in
reducing the solubility of the resins and the efficiency of
production in some cases.

[0148] 1t is preferable that the heat resistance (e.g., heat
deformation temperature or pyrolysis temperature) of the
binders of the light-to-heat conversion layer is high as
compared with materials for other layers provided over the
light-to-heat conversion layer.

[0149] Specifically, the preferred resins include acrylic
resins such as methyl methacrylate, polycarbonates, poly-
styrene, vinyl-series resins such as vinyl chloride/vinyl
acetate copolymers and polyvinyl alcohol, polyvinylbutyral,
polyesters, polyvinyl chloride, polyamides, polyimides,
polyether imides, polysulfones, polyether sulfones, ara-
mides, polyurethanes, epoxy resins, and urea/melamine res-
ins. Of these resins, polyimide resins are preferred.

[0150] Particularly, polyimide resins represented by the
following formulas (I) to (VII), which are soluble in organic
solvents, are preferably used because use of these resins
permits improvement in productivity of the thermal transfer
sheet. Moreover, the resins also are preferred in view of the
viscosity stability, the long-term storage, and the humidity
resistance of a coating solution for the light-to-heat conver-
sion layer.

O
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[0151] In formulas () and (II), Ar' represents an aromatic
group represented by the following structural formulas (1) to
(3), and n represents an integer of from 10 to 1000.
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[0152] In formulas (IIT) and (IV), Ar* represents an aro-
matic group represented by the following structural formulas
(4) to (7), and n represents an integer of from 10 to 100.
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[0153] In formula (V) to (VII), n and m each represent an
integer of from 10 to 100. In formula (VI), the ratio of n:m
is from 6:4 to 9:1.

[0154] A criterion to judge whether a resin dissolves in
organic solvent or not is whether 10 mass parts or more of
the resin dissolve in 100 mass parts of N-methylpyrrolidone
at 25° C. or not. When 10 mass parts or more of a resin
dissolve, the resin is preferably used as the resin for the
light-to-heat conversion resin. More preferred resins are
those dissolving in amounts of 100 mass parts or more in
100 mass parts of N-methylpyrrolidone.

[0155] The matting agents contained in the light-to-heat
conversion layer are inorganic and organic finely divided
particles. The inorganic finely divided particles include
metal salts such as silica, titanium oxide, aluminum oxide,
zinc oxide, magnesium oxide, barium sulfate, magnesium
sulfate, aluminum hydroxide, magnesium hydroxide, and
boron nitride, and kaolin, clay, talc, zinc white, basic white
lead carbonate, zeaklite, quartz, diatomaceous earth, perlite,
bentonite, mica, and synthetic mica. The organic finely
divided particles include particles of fluororesins, guan-
amine resins, acrylic resins, styrene/acrylic copolymer res-
ins, silicone resins, melamine resins, and epoxy resins.

[0156] The particle size of the matting agents in general is
from 0.3 to 30 um and preferably from 0.5 to 20 um, and the
amount thereof is preferably from 0.1 to 100 mg/m?.

[0157] The light-to-heat conversion layer may further con-
tain surface active agents, thickeners, and antistatic agents as
needed.

[0158] The light-to-heat conversion layer can be provided
by dissolving the light-to-heat conversion substance and the
binder, adding the matting agent and other components
thereto as needed to prepare a coating solution, applying the
solution to the support, and drying. Examples of the organic
solvents for dissolving the polyimide resins include n-hex-
ane, cyclohexane, diglyme, xylene, toluene, ethyl acetate,
tetrahydrofuran, methyl ethyl ketone, acetone, cyclohexane,
1,4-dioxane, 1,3-dioxane, dimethylacetate, N-methyl-2-pyr-
rolidone, dimethyl sulfoxide, dimethylformamide, dimethy-
lacetamide, y-butyrolactone, ethanol, and methanol. Coating
and drying can be carried out according to known methods,
respectively. The drying in general is carried out at a
temperature of 300° C. or less and preferably at a tempera-
ture of 200° C. or less. When polyethylene terephthalate is
used as the support, the drying is preferably carried out at a
temperature of from 80 to 150° C.

[0159] Too small an amount of the binder in the light-to-
heat conversion layer causes reduction in the cohesive
power of the light-to-heat conversion layer. When a formed
image is transferred to the image-receiving sheet, the light-
to-heat conversion layer has a tendency to be transferred
together, causing color mixing in the image. Furthermore,
too large an amount of the polyimide resin causes increase
in thickness of the light-to-heat conversion layer and reduc-
tion in sensitivity since a certain absorption factor is
required. The mass ratio of solid contents of the light-to-heat
conversion substance and the binder in the light-to-heat
conversion layer is preferably from 1:20 to 2:1 and particu-
larly preferably from 1:10 to 2:1.

[0160] The light-to-heat conversion layer formed into a
thin film is preferred because the thermal transfer sheet has
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high sensitivity as described above. The thickness of the
light-to-heat conversion layer is preferably from 0.03 to 1.0
um and more preferably from 0.05 to 0.5 um. The light-to-
heat conversion layer having an optical density of from 0.80
to 1.26 to the ray of a wavelength of 808 nm preferably
brings about improvement in transfer sensitivity of the
image-forming layer, and that having an optical density of
0.92 to 1.15 to the ray of the aforesaid wavelength is more
preferred. The optical density less than 0.80 at a laser peak
wavelength may result in insufficient conversion of light
applied to heat, causing reduction in the transfer sensitivity.
On the other hand, exceeding 1.26 may exert an effect on the
function of the light-to-heat conversion layer to generate
fog.

[0161] In the invention, the optical density of the light-
to-heat conversion layer of the thermal transfer sheet means
the extinction exponent of the layer at the peak wavelength
of a laser beam used on recording on the materials for
forming an image of the invention and can be measured by
use of a known spectrophotometer. In the invention, a
UV-spectrophotometer UV-240 produced by Shimazu Corp.
was used. The optical density meant herein is a value
obtained by subtracting the value of the support from the
found value.

[0162] (Image-Forming Layer)

[0163] The image-forming layer contains at least a pig-
ment for forming an image by transfer to the image-receiv-
ing sheet, further a binder for forming the layer, and other
components if desired.

[0164] The pigments in general are classified into organic
pigments and inorganic pigments. The former is particularly
excellent in transparency of the resulting film and the latter
in general is excellent in hiding power, and therefore the
pigments can be appropriately selected according to pur-
poses. When the thermal transfer sheet is used for printing
color proof, organic pigments corresponding to yellow,
magenta, cyan, and black used commonly for printing inks
or similar in hues are appropriately used. Moreover, metal
powders and fluorescent pigments also are used in some
cases. Examples of pigments used appropriately include
azo-series pigments, phthalocyanine-series pigments,
anthraquinone-series pigments, dioxazine-series pigments,
quinacridone-series pigments, isoindolinone-series pig-
ments, and nitro-series pigments. The pigments used for the
image-forming layer are classified based on the hues, and
exemplified later. However, the pigments usable are not
limited to the pigments shown herein.

[0165] 1. Yellow Pigments
[0166] Pigment Yellow 12 (C. I. No. 21090)

[0167] Examples: Permanent Yellow DHG (manufactured
by Clariant Japan K. K.), Lionol Yellow 1212B (manufac-
tured by Toyo Ink Mfg. Co., Ltd.), Irgalite Yellow LCT
(manufactured by Chiba Specialty Chemicals K. K.), and
Symuler Fast Yellow GTF 219 (manufactured by Dainippon
Ink and Chemicals, Inc.).

[0168] Pigment Yellow 13 (C. I. No. 21100)

[0169] Examples: Permanent Yellow GR (manufactured
by Clariant Japan K. K.) and Lionol Yellow 1313 (manu-
factured by Toyo Ink Mfg. Co., Ltd.).
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[0170] Pigment Yellow 14 (C. I. No. 21095)

[0171] Examples: Permanent Yellow G (manufactured by
Clariant Japan K. K.), Lionol Yellow 1401-G (Toyo Ink
Mfg. Co., Ltd.), Seika Fast Yellow 2270 (manufactured by
Dainichi Seika Kogyo K. K.), and Symular Fast Yellow
4400 (manufactured by Dainippon Ink and Chemicals, Inc.).

[0172] Pigment Yellow 17 (C. I. No. 21105)

[0173] Examples: Permanent Yellow GGO2 (manufac-
tured by Clariant Japan K. K.) and Symuler Fast Yellow 8GP
(manufactured by Dainippon Ink and Chemicals, Inc.).

[0174] Pigment Yellow 155

[0175] Example: Graphtol Yellow 3GP (manufactured by
Clariant Japan K. K.)

[0176] Pigment Yellow 180 (C. I. No. 21290)

[0177] Examples: Novoperm Yellow P-HG (manufactured
by Clariant Japan K. K.) and PV Fast Yellow HG (manu-
factured by Clariant Japan K. K.).

[0178] Pigment Yellow 139 (C. I. No. 56298)

[0179] Example: Novoperm Yellow M2R 70 (manufac-
tured by Clariant Japan K. K.).

[0180] 2. Magenta Pigments
[0181] Pigment Red 57:1 (C. I. No. 15850:1)

[0182] Examples: Graphtol Rubine L6B (manufactured by
Clariant Japan K. K.), Lionol Red 6B-4290G (manufactured
by Toyo Ink Mfg. Co., Ltd.), Irgalite Rubine 4BL (manu-
factured by Chiba Specialty Chemicals K. K.), and Symuler
Brilliant Carmine 6B-229 (manufactured by Dainippon Ink
and Chemicals, Inc.).

[0183] Pigment Red 122 (C. I. No. 73915)

[0184] Examples: Hosterperm Pink E (manufactured by
Clariant Japan K. K.), Lionogen Magenta 5790 (manufac-
tured by Toyo Ink Mfg. Co., Ltd.), and Fastogen Super
Magenta RH (Dainippon Ink and Chemicals, Inc.).

[0185] Pigment Red 53:1 (C. I. No. 15585:1)

[0186] Examples: Permanent Lake Red LCY (manufac-
tured by Clariant Japan K. K.) and Symuler Lake Red C
conc (Dainippon Ink and Chemicals, Inc.).

[0187] Pigment Red 48:1 (C. I. No. 15865:1)

[0188] Examples: Lionol Red 2B 3300 (manufactured by
Toyo Ink Mfg. Co., Ltd.) and Symuler Red NRY (manufac-
tured by Dainippon Ink and Chemicals, Inc.).

[0189] Pigment Red 48:2 (C. I. No. 15865:2)

[0190] Examples: Permanent Red W2T (manufactured by
Clariant Japan K. K.), Lionol Red L. X235 (manufactured by
Toyo Ink Mfg. Co., Ltd.), and Symuler Red 3012 (manu-
factured by Dainippon Ink and Chemicals, Inc.).

[0191] Pigment Red 48:3 (C. I. No. 15865:3)

[0192] Examples: Permanent Red 3RL (manufactured by
Clariant Japan K. K.) and Symuler Red 2BS (manufactured
by Dainippon Ink and Chemicals, Inc.).
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[0193] Pigment Red 177 (C. I. No. 65300)

[0194] Example: Cromophtal Red A2B (Chiba Specialty
Chemicals K. K.).

[0195] 3. Cyan Pigments
[0196] Pigment Blue 15 (C. 1. No. 74-160)

[0197] Examples: Lionol Blue 7027 (Toyo Ink Mfg. Co.,
Ltd.) and Fastogen Blue BB (manufactured by Dainippon
Ink and Chemicals, Inc.).

[0198] Pigment Blue 15:1 (C. I. No. 74160)

[0199] Examples: Hosterperm Blue A2R (manufactured
by Clariant Japan K. K.) and Fastogen Blue 5050 (manu-
factured by Dainippon Ink and Chemicals, Inc.).

[0200] Pigment Blue 15:2 (C. I. No. 74160)

[0201] Examples: Hosterperm Blue AFL (manufactured
by Clariant JapanK. K.), Irgalite Blue BSP (manufactured by
Chiba Specialty Chemicals K. K.), and Fastogen Blue GP
(manufactured by Dainippon Ink and Chemicals, Inc.).

[0202] Pigment Blue 15:3 (C. I. No. 74160)

[0203] Examples: Hosterperm Blue B2G (manufactured
by Clariant Japan K. K.), Lionol Blue FG7330 (Manufac-
tured by Toyo Ink Mfg. Co., Ltd.), Chromophthal Blue
4GNP (manufactured by Chiba Specialty Chemicals K. K.),
and Fastogen Blue FGF (manufactured by Dainippon Ink
and Chemicals, Inc.).

[0204] Pigment Blue 15:4 (C. I. No. 74160)

[0205] Examples: Hosterperm Blue BFL (manufactured
by Clariant Japan K. K.), Cyanine Blue 700-10FG (manu-
factured by Toyo Ink Mfg. Co., Ltd.), Irgalite Blue GLNF
(manufactured by Chiba Specialty Chemicals K. K.), and
Fastogen Blue FGS (manufactured by Dainippon Ink and
Chemicals, Inc.).

[0206] Pigment Blue 15:6 (C. I. No. 74160)

[0207] Example: Lionol Blue ES (manufactured by Toyo
Ink Mfg. Co., Ltd.).

[0208] Pigment Blue 60 (C. I. No. 69800) Examples:
Hosterperm Blue RLO1 (manufactured by Clariant Japan K.
K.) and Lionogen Blue 6501 (manufactured by Toyo Ink
Mfg. Co., Ltd.)

[0209] 4. Black Pigments
[0210] Pigment Black 7 (Carbon Black C. I. No. 77266)

[0211] Examples: Mitsubishi Carbon Black MA100
(Manufactured by Mitsubishi Chemical Corp.), Mitsubishi
Carbon Black #5 (manufactured by Mitsubishi Chemical
Corp.), and Black Pearls 430 (manufactured by Cabot Co.).

[0212] Furthermore, pigments usable in the invention as
goods can be appropriately selected by referring to “Ganryo
Binran (Handbook of Pigments), Edited by Nippon Ganryo
Gijutsu Kyokai, Seibundo Shinkosha, 1989” and “Colour
Index, The Society of Dyes & Colourist, Third Edition,
19877

[0213] The average particle size of these pigments is
preferably from 0.03 to 1 um and more preferably from 0.05
to 0.5 um.

[0214] The particle size less than 0.03 um may invites
increase in the cost of dispersion and gelatinization of the
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dispersion solution in some cases. On the other hand,
exceeding 1 um may cause coarse particles of a pigment to
disturb the adhesion between the image-forming layer and
the image-receiving layer and moreover to disturb the trans-
parency of the image-forming layer in some cases.

[0215] Amorphous organic high polymers having a soft-
ening point of from 40 to 150° C. are preferred as the binder
of the image-forming layer. Examples of the amorphous
organic high polymers include butyral resins, polyamide
resins, polyethylene imine resins, sulfonamide resins, poly-
ester polyol resins, petroleum resins, homopolymers and
copolymers of styrene, derivative thereof, and substituted
compounds thereof such as styrene, vinyltoluene, a.-meth-
ylstyrene, 2-methylsyrene, chlorostyrene, vinylbenzoic acid,
sodium vinylbenzenesulfonate, and aminostyrene, and
homopolymers of vinyl-series monomers and copolymers of
the monomers with other monomers, monomers which
include methacrylic esters such as methyl methacrylate,
ethyl methacrylate, butyl methacrylate, and hydroxyethyl
methacrylate, and methacrylic acid, acrylic esters such as
methyl acrylate, ethyl acrylate, butyl acrylate, and a-ethyl-
hexyl acrylate, and acrylic acid, dienes such as butadiene
and isoprene, acrylonitrile, vinyl ethers, maleic acid and
maleic esters, maleic anhydride, cinnamic acid, vinyl chlo-
ride, and vinyl acetate. These resins can be used as mixtures
of two or more thereof.

[0216] The image-forming layer contains preferably from
30 to 70 mass % of the pigment and more preferably from
30 to 50 mass % thereof. The image-forming layer contains
preferably from 70 to 30 mass % of the resin and more
preferably from 70 to 40 mass % thereof.

[0217] The image-forming layer can contain the following
components 1 to 3 as the other components as described
above.

[0218] 1. Waxes

[0219] Waxes include mineral waxes, natural waxes, and
synthetic waxes. Examples of the mineral waxes include
paraffin waxes, microcrystalline wax, ester waxes, petro-
leum waxes such as wax oxides, montan wax, ozokerite, and
ceresine. Of these waxes, paraffin waxes are preferred. The
paraffin waxes are those separated from petroleum and a
variety of the waxes different in melting point are commer-
cially available.

[0220] Examples of the natural waxes include vegetable
waxes such as carnauba wax, Japan wax, auricurry wax, and
esparto wax, and animal waxes such as bees wax, insect
wax, shellac wax, and spermaceti.

[0221] The synthetic waxes in general are used as lubri-
cants and usually consist of higher aliphatic acid-series
compounds. Examples of such synthetic waxes include the
following waxes.

[0222] (1) Aliphatic Acid-Series Waxes

[0223] Straight-chained saturated aliphatic acids repre-
sented by the following formula:

CH,(CH,),COOH

[0224] In the formula, n represents an integer of from six
to 28. Examples of the aliphatic acids include stearic acid,
behenic acid, palmitic acid, 12-hydroxystearic acid, and
azelaic acid.
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[0225] Moreover, metal salts of these aliphatic acids (e.g.,
K, Ca, Zn, Mg) are included in the examples.

[0226] (2) Aliphatic Ester-Series Waxes

[0227] Examples of the aliphatic esters include ethyl stear-
ate, lauryl stearate, ethyl behenate, hexyl behenate, and
behenyl myristate.

[0228] (3) Aliphatic Amide-Series Waxes

[0229] Examples of the aliphatic amides include stearic
amide and lauric amide.

[0230] (4) Aliphatic Alcohol-Series Waxes

[0231] Straight-chained saturated aliphatic alcohols rep-
resented by the following formula:

CH,(CH,),0H

[0232] In the formula, n represents an integer of from six
to 28. Examples of the alcohols include stearyl alcohol.

[0233] Of the synthetic waxes as described in 1 to 4,
stearic amide and lauric amide are particularly suitable.
These wax compounds can be used singly or appropriately
as mixtures.

[0234] 2. Plasticizers

[0235] The plasticizers are preferably ester compounds,
which include known plasticizers: phthalic esters such as
dibutyl phthalate, di-n-octyl phthalate, di(2-ethylhexy-
Dphthalate, dinonyl phthalate, dilauryl phthalate, butyl lau-
ryl phthalate, and butyl benzyl phthalate, aliphatic dibasic
acid esters such as di(2-ethylhexyl)adipate and di(2-ethyl-
hexyl)sebacate, phosphoric triesters such as tricresyl phos-
phate and tri(2-ethylhexyl)phosphate, polyol polyesters such
as polyethylene glycol ester, and epoxy compounds such as
epoxy aliphatic esters. Of these ester compounds, esters of
vinyl monomers, particularly esters of acrylic acid and
methacrylic acid, are preferred because the esters have large
effects on improvement in transfer sensitivity and transfer
irregularity and on adjustment of breaking extension by the
addition of these esters.

[0236] The ester compounds of acrylic acid and meth-
acrylic acid include polyethylene glycol dimethacrylate,
1,2,4-butanetriol trimethacrylate, trimethylolethane triacry-
late, pentaerythritol acrylate, pentaerythritol tetraacrylate,
and dipentaerythritol polyacrylate.

[0237] The plasticizers can be of polymers. Particularly,
the polyesters are preferred because a large effect of the
addition thereof and difficulty in diffusion under the condi-
tions of storage. Examples of the polyesters include sebacic
acid-series polyesters and adipic acid-series polyesters.

[0238] Herein, the additives added to the image-forming
layer are not limited to these. The plasticizers can be used
singly or as mixtures of two or more thereof.

[0239] Too large an amount of the aforesaid additives in
the image-forming layer causes reduction in the resolving
power of a transfer image, reduction in the film strength of
the image-forming layer itself, and transfer of unexposed
portions to the image-receiving sheet generated by reduction
in the adhesive power between the light-to-heat conversion
layer and the image-forming layer in some cases. From this
viewpoint, the content of the waxes is preferably from 0.1 to
30 mass % and more preferably from one to 20 mass % of
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the entire solid content of the image-forming layer. Further-
more, the content of the plasticizers is preferably from 0.1 to
20 mass % and more preferably from 0.1 to 10 mass % of
the entire solid content of the image-forming layer.

[0240] 3. Other Additives

[0241] The image-forming layer can contain, as well as the
aforesaid components, surface active agents, inorganic or
organic finely divided particles (metallic powders, silica
gel), oils (linseed oil, mineral oils), thickeners, and antistatic
agents. Apart from cases of black images, energy required by
transfer can be reduced by adding to the image-forming
layer a substance absorbing the wavelength of a light source
used for image recording. The substances absorbing the
wavelength of the source can be either of the pigment and
the dye. For color images, however, use of the sources
emitting infrared rays such as a semiconductor laser for
image recording and use of dyes absorbing little in the
visible region and much in the wavelength of the source are
preferable for color reproduction. Examples of the dyes
absorbing near-infrared rays include compounds as
described in Japanese Patent Laid-Open No. 103476/1991.

[0242] The image-forming layer is provided by prepare a
coating solution having a pigment and a binder dissolved or
dispersed, applying to the light-to-heat conversion layer or
a heat-sensitive peel layer (when this layer is provided on the
light-to-heat conversion layer), and drying. The solvent used
for the preparation of the coating solution includes n-propyl
alcohol, methyl ethyl ketone, propylene glycol monometh-
ylether (MFG), methanol, and water. Coating and drying can
be carried out according to the common procedures, respec-
tively.

[0243] The heat-sensitive peel layer containing a heat-
sensitive material can be provided on the light-to-heat
conversion layer of the thermal transfer sheet. The heat-
sensitive material generates gases or discharges attached
water by the action of heat emitted from the light-to-heat
conversion layer, thereby to weaken the bond strength
between the light-to-heat conversion layer and the image-
forming layer. The heat-sensitive materials used herein
include compounds (polymers or low molecular com-
pounds) that themselves are decomposed or denatured with
the aid of heat to generate gases and compounds (polymers
or low molecular compounds) that absorb or adsorb a
considerable amount of easily vaporizing substances such as
water. These compounds can be used as mixtures.

[0244] Examples of the polymers that are decomposed or
denatured with the aid of heat to generate gases include
self-oxidative polymers such as nitrocellulose, halogen-
containing polymers such as chlorinated polyolefin, chlori-
nated rubber, polychlorinated rubber, polyvinyl chloride,
and polyvinylidene chloride, acrylic polymers such as poly-
isobutyl methacrylate adsorbed by volatile compounds such
as water, cellulose esters such as ethyl cellulose adsorbed by
volatile compounds such as water, and natural high polymer
compounds such as gelatin adsorbed by volatile compounds
such as water. Examples of the low molecular compounds
that are decomposed or denatured with the aid of heat to
generate gases include compounds such as diazo compounds
and azide compounds that emit heat and decompose to
generate gases.
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[0245] Herein, the decomposition or denature of the heat-
sensitive materials caused by heat as described above pref-
erably occurs at 280° C. or less and particularly preferably
at 230° C. or less.

[0246] When the low molecular compounds are used as
the heat-sensitive materials for the heat-sensitive peel layer,
it is desirable to use in combination with a binder. Although
polymers themselves that are decomposed or denatured with
the aid of heat to generate gases can be used as the binder,
common binders having no such characteristics also can be
used. In the joint use of the heat-sensitive low molecular
compound and the binder, the mass ratio between the former
and latter is preferably from 0.02:1 to 3:1 and further
preferably from 0.05:1 to 2:1. It is desirable that the heat-
sensitive peel layer covers the light-to-heat conversion layer
almost all over the surface, and the thickness thereof in
general ranges from 0.03 to 1 um and preferably from 0.05
to 0.5 um.

[0247] 1In the thermal transfer sheet having a structure
where the light-to-heat conversion layer, the heat-sensitive
peel layer, and the image-forming layer are laminated on the
support in this order, the heat-sensitive peel layer is decom-
posed or denatured by the heat emitted from the light-to-heat
conversion layer to generate gases. This decomposition or
the generation of gases allows part of the heat-sensitive peel
layer to disappear or allows cohesive failure to occur in the
heat-sensitive peel layer, thus to reduce the bonding strength
between the light-to-heat conversion layer and the image-
forming layer. Therefore, part of the light-to-heat conversion
layer may adhere to the image-forming layer depending
upon behavior of the heat-sensitive peel layer and appear on
the surface of the finally formed image to cause color mixing
of the image. Accordingly, it is desirable that the heat-
sensitive peel layer is not almost colored, that is, the layer
shows high transparency to the visible light rays in spite of
occurrence of the transfer of the layer so that the color
mixing observable by inspection with the naked eye does not
appear in the resulting image by the transfer of the layer.
Specifically, the extinction modulus of the heat-sensitive
peel layer is 50% or less and preferably 10% or less to the
visible light rays.

[0248] In the thermal transfer sheet, the heat-sensitive
materials also can be added to the coating solution for the
light-to-heat conversion layer to form the layer without
forming independently the heat-sensitive peel layer, and thus
the thermal transfer sheet can take constitution having both
functions of the light-to-heat conversion layer and the heat-
sensitive peel layer.

[0249] The coefficient of static friction of the top layer on
the image-forming layer side of the thermal transfer sheet is
preferably is adjusted to 0.35 or less and more preferably to
0.20 or less. The coefficient of static friction of 0.35 or less
of the top layer prevents dirt on rolls on carrying the thermal
transfer sheet to enable formation of a high-quality image.
The measurement of the coefficient of static friction is
carried out according to the method as described in Japanese
Patent Application No. 85759/2000 (paragraph [0011]).

[0250] The smooster value (“smooster” is a name of a
measuring device) of the surface of the image-forming layer
is preferably from 0.5 to 50 mmHg (about from 0.0665 to
6.65 kPa) at 23° C.-55% RH and the central line average
surface smoothness Ra is preferably from 0.05 to 0.4 um.
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These values depress formation of a number of micro-void
at the contact surface between the image-receiving layer and
the image-forming layer which prevents both layers from
contacting and therefore, are preferred in view of the transfer
and moreover the image quality. The Ra values can be
measured according to JIS B0601 by use of a surface
roughness meter (Surfcom, Produced by Tokyo Seiki K. K.).
The surface hardness of the image-forming layer is prefer-
ably 10 g or more by use of a sapphire needle. The charge
potential of the image-forming layer is preferably from —-100
to 100 V after 1 sec after the thermal transfer sheet charged
is earthed according to Federal Government Test Standard
4046. The surface resistance of the image-forming layer is
preferably 10° © or less at 23° C.-55% RH.

[0251] Subsequently, the image-receiving sheet used in
combination with the aforesaid thermal transfer sheet is
illustrated.

[0252] [Image-Receiving Sheet]
[0253] (Constitution of Layers)

[0254] The image-receiving sheet in general comprises a
support, one or more image-receiving layers provided on the
support, and any one or two or more of a cushion layer, a
peel layer, and an intermediate layer provided between the
support and the image-receiving layers, if desired. It is
preferable to form a back layer on the support on the
opposite side of the image-receiving layer in view of car-
rying properties.

[0255] (Support)

[0256] The supports include common sheet-like base
materials such as plastic sheets, metal sheets, glass sheets,
resin-coated paper, paper, and various composites.
Examples of the plastic sheets include polyethylene tereph-
thalate sheets, polycarbonate sheets, polyethylene sheets,
polyvinyl chloride sheets, polyvinylidene chloride sheets,
polystyrene sheets, styrene-acrylonitrile sheets, and polyes-
ter sheets. Moreover, the printing paper and coated paper can
be used as the paper.

[0257] Supports having the minute void preferably con-
tribute to improvement in image quality. These supports can
be prepared by forming a mixed melt consisting of, for
example, a thermoplastic resin and an inorganic filler or a
high polymer filler incompatible with the thermoplastic resin
into a single layer or multi-layer film and further stretching
uniaxially or biaxially by use of a melt extruder. The void
volume is determined by selection of the resin and the filler,
the mixing ratio thereof, and the stretching conditions.

[0258] Polyolefin resins such as polypropylene and poly-
ethylene terephthalate resins are preferred as the thermo-
plastic resins because of good crystallizability, good stretch-
ing properties, and easy formation of the void. Joint use of
the polyolefin resin or the polyethylene terephthalate resin as
a main component and an appropriately small amount of
another thermoplastic resin is preferred. The inorganic pig-
ments used as the fillers preferably have an average particle
size of from 1 to 20 um and include calcium carbonate, clay,
diatomaceous earth, titanium oxide, aluminum hydroxide,
and silica. When polypropylene is used as the thermoplastic
resin, polyethylene terephthalate is preferred as the incom-
patible resin used as the filler in combination with the
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polypropylene. Details of the support having the minute
void are described in Japanese Patent Application No.
290570/1999.

[0259] The content of the fillers such as the inorganic
pigments in the support in general is from 2 to 30% in
volume.

[0260] The thickness of the support of the image-receiving
sheet in general is from 10 to 400 ym and preferably from
25 to 200 um. The surface of the support can be subjected
to surface treatment such as corona discharge or glow
discharge in order to heighten the adhesion to the image-
receiving layer (or the cushion layer) or the adhesion to the
image-forming layer of the thermal transfer sheet.

[0261] (Image-Receiving Layer)

[0262] For transfer and fixing of the image-forming layer,
one or more image-receiving layers are preferably provided
on the support of the image-receiving sheet. The image-
receiving layers are preferably layers formed principally
from organic polymer binders. The binders are preferably of
thermoplastic resins and examples thereof include
homopolymers and copolymers of acrylic monomers such as
acrylic acid, methacrylic acid, acrylic esters, and meth-
acrylic esters, cellulose-series polymers such as methyl
cellulose, ethyl cellulose, and cellulose acetate, homopoly-
mers and copolymers of vinyl-series monomers such as
polystyrene, polyvinylpyrrolidone, polyvinylbutyral, poly-
vinyl alcohol, polyvinyl chloride, half-esterified products of
styrene/maleic acid copolymers, half-esterified products of
styrene/fumaric acid copolymers, and esterified products of
styrene/acrylic acid copolymers, condensation-series poly-
mers such as polyesters and polyamides, and rubber-series
polymers such as butadiene/styrene copolymers.

[0263] Of these thermoplastic resins, at least one selected
from polyvinylbutyral or half-esterified products of styrene/
maleic acid copolymers, half-esterified products of styrene/
fumaric acid copolymers, and esterified products of styrene/
acrylic acid copolymers is preferably used as the polymer
binder.

[0264] These binder polymers can be used in combination
of two or more thereof. At least one selected from polyvi-
nylbutyral or half-esterified styrene/maleic acid copolymers,
half-esterified styrene/fumaric acid copolymers, and esteri-
fied products of styrene/acrylic acid copolymers preferably
accounts for 10 mass % or more and particularly preferably
30 mass % or more of the binder polymers used.

[0265] The binders for the image-receiving layer prefer-
ably are polymers having a glass transition temperature (Tg)
lower than 90° C. in order to acquire an appropriate adhesive
power to the image-forming layer. For this purpose, a
plasticizer can be added to the image-receiving layer. Fur-
thermore, in order to prevent blocking between the sheets,
the binder polymer preferably has a Tg of 30° C. or more.
It is particularly preferable to use the same polymers as or
polymers similar to the binder polymers for the image-
forming layer as the binder polymers for the image-receiv-
ing layer in view of improvement in adhesion to the image-
forming layer on laser recording and improvement in
sensitivity and image strength.

[0266] The smooster value of the surface of the image-
receiving layer is preferably from 0.5 to 50 mmHg (about
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from 0.0665 to 6.65 kPa) at 23° C.-55% RH, and the central
line average surface roughness Ra thereof is preferably from
0.05 to 0.4 um. These values depress the formation of a
number of micro void at the contact surface between the
image-receiving layer and the image-forming layer which
prevents both layers from contacting and therefore are
preferred in view of the transfer and moreover the image
quality. The Ra value can be measured according to JIS
B0601 by use of a surface roughness meter (Surfcom,
produced by Tokyo Seiki K. K.). The charge potential of the
image-receiving layer is preferably from -100 to 100 V after
one sec after the image-receiving layer charged is earthed
according to Federal Government Test Standard 4046. The
surface resistance of the image-receiving layer is preferably
10° Q or less at 23° C.-55% RH. The coefficient of static
friction of the surface of the image-receiving layer is pref-
erably 0.8 or less. The surface energy of the image-receiving
layer is preferably from 23 to 35 mg/m>.

[0267] When an image is once formed on the image-
receiving layer and subsequently re-transferred to the print-
ing paper, etc., it also is preferred to form at least one of
image-receiving layers from a photocurable material. A
composition of the photocurable material include, for
example, a combination of a photo-polymerizable monomer
consisting of at least one of polyfunctional vinyl or
vinylidene compounds that can form a photopolymer by
addition polymerization (a), an organic polymer (b), a pho-
topolymerization intiator (c), and additives such as a thermal
polymerization inhibitor as needed. The polyfunctional
vinyl monomer used include unsaturated esters of polyols,
particularly acrylic or methacrylic esters (e.g., ethylene
glycol diacrylate and pentaerythritol tetraacrylate).

[0268] The organic polymers include the aforesaid poly-
mers for forming the image-receiving layer. As the photo-
polymerization initiators, ordinary photo-radical polymer-
ization initiators such as benzophenone and Michler’s
ketone are used in a ratio of from 0.1 to 20 mass % in the
layer.

[0269] The thickness of the image-receiving layer is from
0.3 to 7 um and preferably from 0.7 to 4 um. The thickness
less than 0.3 um frequently brings about poor layer strength
to cause easy breakage on re-transferring to the printing
paper. Too thick a layer results in increasing the luster of an
image on re-transferring to the printing paper to deteriorate
the similarity to printed matter.

[0270] (Other Layers)

[0271] A cushion layer is preferably provided between the
support and the image-receiving layer. The setting of the
cushion layer increases the adhesion between the image-
forming layer and the image-receiving layer on laser thermal
transfer to improve the image quality. When foreign matter
invades between the thermal transfer sheet and the image-
receiving sheet on recording, the deformation action of the
cushion layer reduces the void between the image-receiving
layer and the image-forming layer, resulting in reducing the
image defect size such as clear. Furthermore, when an image
formed by transfer is re-transferred to the printing paper, the
image-receiving surfaces thereof is deformed according to
unevenness of the paper to improve the properties of trans-
ferring of the image-receiving layer and in addition reduc-
tion in luster of the matter transferred also leads to improve-
ment in similarity to printed matter.
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[0272] The cushion layer has a structure undergoing easily
deformation according to stress applied to the image-receiv-
ing layer, and in order to achieve the aforesaid effects, is
preferably made of materials with low elastic moduli, mate-
rials with rubber elasticity, or thermoplastic resins easily
softened with the aid of heat. The elastic modulus of the
cushion layer at room temperature is preferably from 0.5
mPa to 1.0 gPa, more preferably from 1 mPa to 0.5 gPa, and
most preferably from 10 to 100 mPa. The penetration depth
according to JIS K2530 (25° C., 100 g, 5 sec) is preferably
10 or more in order to sink the foreign matter such as dust
into the layer. The glass transition temperature of the cush-
ion layer is 80° C. or less and preferably 25° C. or less, and
the softening point thereof is preferably from50t0200° C. In
order to adjust these physical properties, for example, the
glass transition temperature Tg, addition of a plasticizer to a
binder for the layer is appropriately carried out.

[0273] Specific materials used as the binders for the cush-
ion layer include polyethylene, polypropylene, polyesters,
styrene/butadiene  copolymers, ethylene/vinyl acetate
copolymers, ethylene/acrylic copolymers, vinyl chloride/
vinyl acetate copolymers, vinylidene chloride resins, plas-
ticizer-containing vinyl chloride resins, polyamide resins,
and phenol resins as well as rubber such as urethane rubber,
butadiene rubber, nitrile rubber, acrylic rubber, and natural
rubber.

[0274] Although the thickness of the cushion layer varies
depending upon resins used and other conditions, the thick-
ness in general from 3 to 100 um and preferably from 10 to
52 um.

[0275] The image-receiving layer and the cushion layer
are required to adhere to each other until the laser recording
is achieved, and preferably designed to be able to peel off
from each other in order to re-transfer the image to the
printing paper. In order to promote peeling, it is preferable
to provide a peel layer of a thickness of from about 0.1 to
about 2 um between the cushion layer and the image-
receiving layer. Too large a thickness of the peel layer makes
it difficult to exercise the performance of the cushion layer
and therefore, it is necessary to adjust the thickness accord-
ing to the kinds of the peeling layer.

[0276] Examples of binders for the peel layer include
polyolefin, polyesters, polyvinylacetal, polyvinylformal,
polyparabanic acid, polymethylmethacrylate, polycarbon-
ates, ethyl cellulose, nitrocellulose, methyl cellulose, car-
boxymethyl cellulose, hydroxypropyl cellulose, polyvinyl
alcohol, polyvinyl chloride, urethane resins, fluororesins,
styrenes such as polystyrene and acrylonitrile styrene and
these resins crosslinked, and thermosetting resins having a
Tg of 65° C. or more of polyamides, polyimides, polyether
imides, polysulfones, polyether sulfones, and paramides and
cured products of these resins. Common curing agents such
as isocyanate and melamine can be used as the curing
agents.

[0277] Polycarbonates, acetal, and ethyl cellulose are pref-
erably selected as the binders for the peel layer satisfying the
aforesaid physical properties in view of shelf stability. Use
of acrylic resins for the image-receiving layer is particularly
preferred because of good peeling properties shown on
re-transferring the image after laser thermal transfer.

[0278] Different from these peel layers, a layer that
reduces markedly the adhesion to the image-receiving layer
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when cooled also serves as a peel layer. Specific examples
are layers containing as principal components heat melt
compounds such as waxes and binders and thermoplastic
resins.

[0279] As the heat melt compounds there are substances as
described in Japanese Patent Laid-Open No. 193886/1988.
Microcrystalline wax, paraffin wax, and carnauba wax are
particularly preferably used. The thermoplastic resins used
preferably are ethylene-series copolymers such as ethylene-
vinyl acetate resins and cellulose-series resins.

[0280] Additives that can be added as needed to these peel
layers are higher aliphatic acids, higher alcohols, higher
aliphatic esters and amides, and higher amines.

[0281] Peel layers having another constitution are those
acquiring peeling properties by melting or softening on
heating to cause cohesive failure of the layer itself. It is
preferable that these peel layers contain supercooling sub-
stances.

[0282] The supercooling substances include poly-e-capro-
lactone, polyoxyethylene, benzotriazole, tribenzylamine,
and vanillin.

[0283] Peel layers having the other constitution contain
compounds to reduce the adhesion to the image-receiving
layer. Examples of these compounds include silicone-series
resins such as silicone oils, fluororesins such as Teflon and
fluorine-containing acrylic resins, polysiloxane resins,
acetal-series resins such as polyvinylbutyral, polyvinylac-
etal, and polyvinylformal, solid waxes such as polyethylene
wax and amide waxes, and fluorine-series and phosphoric
ester-series surface active agents.

[0284] As a method for forming the peel layer, coating
with a blade coater, a roll coater, a bar coater, a curtain
coater, or a gravure coater or extrusion lamination by use of
hot melt is performed by use of a solution prepared by
dissolving the materials in solvent or latex prepared by
dispersing the materials to form the peel layer on the cushion
layer. Or as another method, a solution prepared by dissolv-
ing the materials in solvent or latex prepared by dispersing
the materials is coated on a temporary base according to the
aforesaid method and laminated to the cushion layer, and
thereafter the temporary base is peeled off from the lami-
nated product to form a peel layer.

[0285] The image-receiving sheet combined with the ther-
mal transfer sheet can have a structure where the image-
receiving layer also serves as the cushion layer. In this case,
the image-receiving sheet can be of a structure of support/
image-receiving layer having cushion properties or a struc-
ture of support/under coat/image-receiving layer having
cushion properties. Herein it is preferable to design the
image-receiving layer having cushion properties to be able
to peel off, so that the re-transfer to the printing paper
becomes possible. In this case, an image re-transferred to the
printing paper is excellent in luster.

[0286] The thickness of the image-receiving layer having
cushion properties is from 5 to 100 um and preferably from
10 to 40 um.

[0287] It is preferable to form a back layer on the support
of the image-receiving sheet on the opposite side of the
image-receiving layer because of improvement in carrying
properties of the image-receiving sheet. Surface active
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agents, antistatic agents such as finely divided particles of tin
oxide, and matting agents such as silicon oxide and PMMA
particles are added to the back layer preferably in view of
improvement in carrying properties of the image-receiving
sheet within the recording apparatus.

[0288] The additives can be added not only to the back
layer, but also to the image-receiving layer and other layers
as needed. Although the additives of some kinds cannot be
unqualifiedly determined depending upon purposes, for
example, in the matting agents, particles having average
particle sizes of from 0.5 to 10 um can be added in an
amount of from about 0.5 to about 80% into the layers.

[0289] The antistatic agent is appropriately selected from
various surface active agents and electrically conductive
agents, so that the surface resistance of layer is 10* Q or less
and more preferably 10° Q or less at 23° C.-50% RH.

[0290] The binders used for the back layer are polymers
used commonly including gelatin, polyvinyl alcohol, methyl
cellulose, nitrocellulose, acetyl cellulose, aromatic polya-
mide resins, silicone resins, epoxy resins, alkyd resins,
phenol resins, melamine resins, fluororesins, polyimide res-
ins, urethane resins, acrylic resins, urethane-modified sili-
cone resins, polyethylene resins, polypropylene resins, poly-
ester resins, Teflon resins, polyvinylbutyral resins, vinyl
chloride-series resins, polyvinyl acetate, polycarbonates,
organoboron compounds, aromatic esters, fluorinated poly-
urethane, and polyether sulfones. When a water-soluble
binder being capable of crosslinking is used as the binder of
the back layer and subjected to crosslinking, use of the
water-soluble binder has an effect on the prevention of a
powder fall from a matting agent and improvement in flaw
resistance of the back layer and furthermore, exerts a great
effect on the prevention of blocking during the storage.

[0291] For the crosslinking, any one of heat, an active ray,
and pressure or a combination thereof can be adopted
without limitation according to the characteristics of a
crosslinking agent used. In some cases, in order to impart the
adhesion to the support, an arbitrary adhesive layer can be
provided on the side of the back layer to be provided of the
support.

[0292] The matting agents added preferably to the back
layer are organic or inorganic finely divided particles. The
organic matting agents include finely divided particles of
radical polymerization-series polymers such as polymethyl
methacrylate (PMMA), polystyrene, polyethylene, polypro-
pylene, and the like, and finely divided particles of conden-
sation polymers such as polyesters and polycarbonates.

[0293] The amount of the back layer formed is preferably
from about 0.5 to about 5 g/m?. The amount less than 0.5
g/m causes unstable coating, frequently to encounter prob-
lems such as a powder fall of the matting agent. Largely
exceeding 5 g/m? invites great increase in suitable particle
size of the matting agent to produce an embossment on the
surface of the image-receiving layer caused by the back
layer during storage. Particularly, in the thermal transfer
where the image-forming layer consisting of thin film is
transferred, clears and unevenness in recorded images fre-
quently develop.

[0294] The number average particle size of the matting
agent is preferably from 2.5 to 20 um larger than the
thickness of only the binder of the back layer. About the
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matting agent, particles having sizes of 8 um or more need
to be 5 mg/m? or more and preferably from 6 to 600 mg/m?,
thereby to prevent particularly faults caused by foreign
matter. Furthermore, when particles narrow in particle size
distribution wherein a value obtained by dividing the stan-
dard deviation of the particle size distribution by the number
average particle size, o/rn (coefficient of variation of particle
size distribution), is 0.3 or less are used, defects caused by
particles having abnormally large particle sizes can be
improved and moreover, desired performance is achieved by
addition of a smaller amount thereof. The coefficient of
variation is more preferably 0.15 or less.

[0295] Addition of the antistatic agents to the back layer is
preferred in order to prevent the attachment of foreign
matter caused by frictional charge with the carrying rolls. As
well as cationic surface active agents, anionic surface active
agents, nonionic surface active agents, high polymer anti-
static agents, and electrically conductive finely divided
particles, compounds as described in “11290 no kagaku
shohin” (11,290 Chemical Goods), Kagakukogyonipposha,
p- 875 to876 can be widely used.

[0296] Of these substances, the antistatic agents used
preferably for the back layer include carbon black, metal
oxides such as zinc oxide, titanium oxide, and tin oxide, and
electrically conductive finely divided particles of organic
semiconductors. Particularly, use of the electrically conduc-
tive finely divided particles is preferred to achieve a stable
antistatic effect without separation of the antistatic agent
from the back layer and without dependence on environ-
mental conditions.

[0297] Moreover, it is possible to add to the back layer a
lubricant such as various active agents, silicone oils, and
fluororesins to impart coating properties and lubricating
properties.

[0298] The back layer is particularly preferred when the
softening points of the cushion layer and the image-receiv-
ing layer measured according to TMA (thermomechanical
analysis) are 70° C. or less.

[0299] The TMA softening point is found by observing the
phase of an object to be measured while applying a constant
load to the object at a constant temperature-increasing speed.
In the invention, the TMA softening point is defined as a
temperature at which the phase of the object starts to change.
The measurement of the softening point through the TMA
can be carried out by use of apparatus such as a Thermoflex
produced by Rigaku Denki K. K.

[0300] The thermal transfer sheet and the image-receiving
sheet are used for image formation as a laminated product
where both sheets are superposed so that the image-forming
layer of the thermal transfer sheet and the image-receiving
layer of the image-receiving sheet face each other.

[0301] The laminated product of the thermal transfer sheet
and the image-receiving sheet can be prepared according to
a variety of methods. For example, both sheets superposed
so that the image-forming layer contacts with the image-
receiving layer are allowed to pass between press and heat
rollers to prepare the laminated product with ease. In this
case, the temperature is 160° C. or less and preferably 130°
C. of less.

Nov. 11, 2004

[0302] As another method for preparing the laminated
product, the aforesaid method of vacuum adhesion also is
preferably used. In this method, first the image-receiving
sheet is wound onto a drum having suction holes for
evacuation and subsequently the thermal transfer sheet hav-
ing a size slightly larger than the image-receiving sheet is
subjected to vacuum adhesion onto the image-receiving
sheet while forcing out the air through a squeeze roller. As
the other method, the image-receiving sheet is mechanically
spread out on a metallic drum while stretching, and similarly
the thermal transfer sheet also is mechanically spread out on
the image-receiving sheet while stretching to allow adhesion
to each other. Of these methods, the method of vacuum
adhesion is particularly preferred because the temperature
control of heat rollers is unnecessary and rapid and uniform
lamination is easily carried out.

EXAMPLES

[0303] Examples of the invention are illustrated below, but
the invention is not to be construed as limited by the
examples. Herein, “parts” means “mass parts” unless oth-
erwise noted.

Examples 1-1 to 1-9 and Comparative Examples
1-1 and 1-2

[0304] Preparation of Thermal Transfer Sheet K (Black):
[0305] [Formation of Back Layer]

[Preparation of Coating Solution for First Back Layer]

Aqueous dispersion of acrylic resin
(Jurimer ET410, Solid content: 20
mass %, Manufactured by Nippon
Jun-yaku K.K.)
Antistatic agent
(Aqueous dispersion of tin oxide
and antimony oxide) (Average particle
size: 0.1 um, 17 mass %)
Polyoxyethylene phenyl ether
Melamine compound
(Sumichix Resin M-3, Manufactured by
Sumitomo Chemical Co., Ltd.)

To 100 parts in total with Distilled Water

2 parts

7.0 parts

0.1 part
0.3 part

[0306] [Formation of First Back Layer]

[0307] One surface (back surface) of a biaxially oriented
polyethylene terephthalate support (Ra’s of both surfaces:
0.01 um) of a 75-um thickness was subjected to corona
treatment, coated with the coating solution for the first back
layer so as to be 0.03 um in thickness of the dried layer, and
dried at 180° C. for 30 sec to form the first back layer. The
Young’s modulus of the support was 450 kg/mm® (about 4.4
gPa) in the longer direction and 500 kg/mm? (about 4.9 gPa)
in the width direction. The F-5 value of the support was 10
kg/mrnz2 (about 98 mPa) in the longer direction and 13
kg/mm (about 127.4 mPa) in the width direction. The degree
of heat shrinkage of the support at 100° C. and 30 min was
0.3% in the longer direction and 0.1% in the width direction.
The breakage strength was 20 kg/mm? (about 196 mPa) in
the longer direction and 25 kg/mm?® (about 245 mPa) in the
width direction. The modulus of elasticity was 400 kg/mm?
(about 3.9 gPa).
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[Preparation of Coating Solution for Second Back Layer]

Polyolefin 3.0 parts
(Chemipearl $-120, 27 mass %,

Manufactured by Mitsui Petrochemical

Ind. Ltd.)

Antistatic agent 2.0 parts
(Aqueous dispersion of tin oxide and

antimony oxide) (Average particle

size: 0.1 ym, 17 mass %)

Colloidal silica 2.0 parts
(Snowtex C, 20 mass %, Manufactured

by Nissan Chemical Industries, Ltd.)

20

-continued
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[Preparation of Coating Solution for Second Back Layer]

Epoxy compound
(Dinacole EX-614B, Manufactured by
Nagase Kasei K.K.)

To 100 parts in total with Distilled Water

0.3 part

[0308] [Formation of Second Back Layer]

[0309] The coating solution for the second back layer was
coated on the first back layer so as to be 0.03 um in thickness
of a dried layer and dried at 170° C. for 30 sec to form a

second back layer.

[0310] 1. Preparation of Coating Solution for Light-to-

heat Conversion Layer

[0311] The following components are mixed with stirring
to prepare the coating solution for the light-to-heat conver-

sion layer.

[Composition of Coating Solution for Light-to-heat
Conversion Layer]

Infrared ray-absorbing dye
(NK-2014, Manufactured by Nippon
Kankoshikiso K. K., Cyanine dye
having the following structure)

N
|
R

|
X R

(In the formula, R represents CHj, and X~ represents ClO,™.)
Polyimide resin having the following

structure

(Rikacoat SN-20F, Manufactured by

New Japan Chemical Co., Ltd.

Decomposition temperature: 510° C.)

O, O
Ry
N N—R,
O O
n

(In the formula, R, represents SO,, R, represents

~

or

@)
Q=wn=—=0

and n represents)
Exxon Naphtha

7.6 parts

29.3 parts

5.8 parts
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[Composition of Coating Solution for Light-to-heat
Conversion Layer]

N-Methylpyrrolidone (NMP)
Methyl ethyl ketone

Surface active agent

(Megafack F-176PE, Manufactured
by Dainippon Ink and Chemicals,
Inc., F-series surface active

agent)

Matting agent dispersion having
the following composition
Matting Agent Dispersion

N-Methyl-2-pyrrolidone (NMP)
Methyl ethyl ketone

Styrene acrylic resin

(Johneryl 611, Manufactured by
Johnson Polymer K. K.)

SiO, particle

(Seafoster kEP150, Manufactured
by Nippon Shokubai Co., Ltd.)

1500
360
0.5

parts
parts
part

14.1 parts

69 parts
20 parts
3 parts

8 parts

[0312] 2.Formation of Light-to-heat Conversion Layer on
Support’s Surface

[0313] The coating solution for the light-to-heat conver-
sion layer was coated on a surface of polyethylene tereph-
thalate film (support) of 75-um thickness by use of a wire bar
and dried in a 120° C. oven for two min, thus to form a
light-to-heat conversion layer on the support. The optical
density of the resulting layer at a wavelength of 808 nm was
measured with a UV-spectrophotometer UV-240 produced
by Shimazu Corp. and found to be 1.03. The thickness of the
layer was found to be 0.3 um on average by observing the
section of the layer under a scanning electron microscope.

[0314] 3. Preparation of Coating Solution for Black
Image-forming Layer

[0315] The following components were placed in a
kneader mill and a pretreatment for dispersion was carried
out by applying the shear force while adding a small amount
of solvent. The solvent was further added to the dispersion
so0 as to achieve finally the following composition. Sand mill
dispersion was carried out for two hr to prepare a mother
liquid for pigment dispersions.

[Composition of Mother Liquid for Black Pigment Dispersion]

Composition 1:

Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Pigment Black 7

(Carbon Black C. I. No. 77266)
(Mitsubishi Carbon Black #5,
Manufactured by Mitsubishi Chemical
Corp., PVC blackness: 1)

Dispersing agent

(Solsperse S-20000, Manufactured by
ICI KK.)

n-Propyl alcohol

12.6 parts

4.5 parts

0.8 part

79.4 parts

-continued

[Composition of Mother Liquid for Black Pigment Dispersion]

Composition 2:

Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Pigment Black 7

(Carbon Black C. I. No. 77266)
(Mitsubishi Carbon Black MA100,
Manufactured by Mitsubishi Chemical
Corp., PVC Blackness: 10)
Dispersion agent

(Solsperse S-20000, Manufactured by
ICI KK.)

n-Propyl alcohol

12.6 parts

10.5 parts

0.8 part

79.4 parts

[0316] Subsequently, the following components are mixed
with stirring to prepare a coating solution for the black
image-forming layer.

[Composition of Coating Solution for Black Image
Formation Layer]

Mother liquids for black pigment
dispersion

(Composition 1: Composition 2 = 70:30

in parts)

Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Wax Compounds

(Stearic amide, Neutron 2, Manufactured
by Nippon Fine Chemical Co., Ltd.)
(Behenic amide, Diamid BM, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Lauric amide, Diamid Y, Manufactured

by Nippon Kasei Chemical Co., Ltd.)
(Palmitic amide, Diamid KP, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Erucic amide, Diamid 1-200, Manufactured
by Nippon Kasei Chemical Co., Ltd.)

185.7 parts

11.9 parts

1.7 parts
1.7 parts
1.7 parts
1.7 parts

1.7 parts
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-continued

[Composition of Coating Solution for Black Image
Formation Layer]

(Oleic amide, Diamid O-200, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
Rosin

(KE-311, Manufactured by Arakawa
Chemical Industry Co., Ltd.)
(Components: Resin acids: 80 to 97%,
Resin acid components: Abietic acid:
30 to 40%, Neoabietic acid: 10 to 20%,
Dihydroabietic acid: 14%,
Tetrahydroabietic acid: 14%)

Surface active agent

(Compounds as described in Table 1)
Inorganic Pigment

(MEK-ST, 30% Methyl ethyl ketone
solution, Manufactured by Nissan
Chemical Industries, Ltd.)

n-Propyl alcohol

Methyl Ethyl Ketone

1.7 parts

11.4 parts

1.5 parts

7.1 parts

1050 parts
295 parts

[0317] Particles in the resulting coating solution for the
black image-forming layer were measured by use of a
particle size distribution instrument of laser-scattering sys-
tem. The average particle size was 0.25 um, and the ratio of
the particles having sizes of 1 um or more was 0.5%.

[0318] 4. Formation of Black Image-Forming Layer on
Light-to-Heat Conversion Layer

[0319] The coating solution for the black image-forming
layer was coated on the surface of the light-to-heat conver-
sion layer by use of a wire bar for one min, and the coated
product was dried in a 100° C. oven for two min to form a
black image-forming layer on the light-to-heat conversion
layer. A thermal transfer sheet where the light-to-heat con-
version layer and the black image-forming layer were pro-
vided on the support in this order was prepared according to
this process (This sheet is hereinafter referred to as the
thermal transfer sheet K. Similarly, the sheet where a yellow
image-forming layer is provided is described as a thermal
transfer sheet Y, the sheet where a magenta image-forming
layer is provided is described as a thermal transfer sheet M,
and the sheet where a cyan image-forming layer is provided
is described as a thermal transfer sheet C.) The optical
density of the black image-forming layer of the thermal
transfer sheet K was measured with a Macbeth densitometer
TD-904 (W filter) and found to be 0.91. The thickness of the
black image-forming layer was measured and found to be
0.60 um on average.

[0320] The physical properties of the resulting image-
forming layer were as follows.

[0321] The surface hardness of the layer is preferably 10
g or more by use of a sapphire needle, and specifically was
found to be 200 g or more.

[0322] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH, and specifically was found to be 9.3 mmHg
(about 1.24 kPa).

[0323] The coefficient of static friction of the surface is
preferably 0.2 or less, and specifically was found to be 0.08.

[0324] Preparation of Thermal Transfer Sheet Y

[0325] Similarly to the thermal transfer sheet K, a thermal
transfer sheet Y was prepared except that a coating solution
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for the yellow image-forming layer having the following
composition was used in place of the coating solution for the
black image-forming layer. The thickness of the image-
forming layer of the resulting thermal transfer sheet Y was

0.42 um.

[Composition of Mother Liquid of Yellow Pigment
Dispersion]

Yellow Pigment Composition 1:

Polyvinylbutyral 7.1 parts
(Ethleck B BL-SH, Manufactured by

Sekisui Chemical Co., Ltd.)

Pigment Yellow 180 12.9 parts
(C. I. No. 21290) (Novoperm Yellow

P-HG, Manufactured by Clariant Japan

KK)

Dispersion agent 0.6 part
(Solsperse S-20000, Manufactured by ICI

KK)

n-Propyl alcohol 79.4 parts
Yellow Pigment Composition 2:

Polyvinylbutyral 7.1 parts
(Ethleck B BL-SH, Manufactured by

Sekisui Chemical Co., Ltd.)

Pigment Yellow 139 12.9 parts
(C. I. No. 56298) (Novoperm Yellow

M2R 70, Manufactured by Clariant

Japan K.K.)

Dispersion Agent 0.6 part
(Solsperse S-20000, Manufactured by

ICI KK)

n-Propyl alcohol 79.4 parts

[Composition of Coating Solution for Yellow Image
Formation Layer]

The aforesaid mother liquids for
yellow pigment dispersions

Yellow pigment composition 1:Yellow
pigment composition 2 = 95:5 (parts)
Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Wax compounds

126 parts

4.6 parts

(Stearic amide, Neutron 2, Manufactured
by Nippon Fine Chemical Co., Ltd.)
(Behenic amide, Diamid BM, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Lauric amide, Diamid Y, Manufactured

by Nippon Kasei Chemical Co., Ltd.)
(Palmitic amide, Diamid KP, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Erucic amide, Diamid 1-200, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Oleic amide, Diamid O-200, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
Nonionic surface active agent

(Chemistat 1100, Manufactured by

Sanyo Chemical Industries, Ltd.)

Rosin

(KE-311, Manufactured by Arakawa
Chemical Industries, Ltd.)

(Components: resin acids: 80 to 97%

Resin Acid Components: Abietic acid:

30 to 40%, Neoabietic acid: 10 to 20%,
Dihydroabietic acid: 14%, ¥
Tetrahydroabietic acid: 14%.)

Surface active agent

(Compounds as described in Table 1)
n-Propyl alcohol

Methyl ethyl ketone

0.7 part
0.7 part
0.7 part
0.7 part
0.7 part
0.7 part

0.4 part

2.4 parts

0.2 part

793 parts
198 parts
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[0326] The physical properties of the resulting image-
forming layer were as follows.

[0327] The surface hardness of the image-forming layer is
preferably 10 g or more by use of a sapphire needle, and
specifically was found to be 200 g or more.

[0328] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH, and specifically was found to be 2.3 mmHg
(about 0.31 kPa).

[0329] The coefficient of static friction of the surface is
preferably 0.2 or less, and specifically was found to be 0.1.

[0330] Preparation of Thermal Transfer Sheet M

[0331] Similarly to the thermal transfer sheet K, a thermal
transfer sheet M was prepared except that a coating solution
for the magenta image-forming layer having the following
composition was used in place of the coating solution for the
black image-forming layer. The thickness of the image-
forming layer of the resulting thermal transfer sheet M was
0.38 um.

[Composition of Mother liquid for Magenta Pigment
Dispersion]

Magenta Pigment Composition 1:

Polyvinylbutyral

(Denka Butyral #2000-L, Manufactured
by Denki Kagaku Kogyo K.K., Vicat
softening point: 57° C.)

Pigment Red 57:1

(C. I. No. 15850:1) (Symuler Brilliant
Carmine 6B-229, Manufactured by
Dainippon Ink and Chemicals, Inc.)
Dispersion agent

(Solsperse S-20000, Manufactured by
ICI K.K.)

n-Propyl alcohol

Magenta Pigment Composition 2:

12.6 parts

15.0 parts

0.6 part

80.4 parts

Polyvinylbutyral

(Denka Butyral #2000-L, Manufactured
by Denki Kagaku Kogyo K.K., Vicat
softening point: 57° C.)

Pigment Red 57:1

(C. I. No. 15850:1) (Lionol Red 6B-
4290G, Manufactured by Toyo Ink Mfg.
Co., Ltd.)

Dispersion agent

(Solsperse S-20000, Manufactured by
ICI K.K.)

n-Propyl alcohol

12.6 parts

15.0 parts

0.6 parts

79.4 parts

[Composition of Coating Solution for Magenta Image
Formation Layer]

The aforesaid mother liquids for
magenta pigment dispersion

Magenta pigment composition 1:magenta
pigment composition 2 = 95:5 (parts)
Polyvinylbutyral

(Denka Butyral #2000-L, Manufactured
by Denki Kagaku Kogyo K.K., Vicat
softening point: 57° C.)

Wax compounds

163 parts

4.0 parts

(Stearic amide, Neutron 2, Manufactured
by Nippon Fine Chemical Co., Ltd.)
(Behenic amide, Diamid BM, Manufactured
by Nippon Kasei Chemical Co., Ltd.)

1.0 part

1.0 part
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-continued
(Lauric amide, Diamid Y, Manufactured 1.0 part
by Nippon Kasei Chemical Co., Ltd.)
(Erucic amide, Diamid 1-200, Manufactured 1.0 part
by Nippon Kasei Chemical Co., Ltd.)
(Oleic amide, Diamid O-200, Manufactured 1.0 part
by Nippon Kasei Chemical Co., Ltd.)
Nonionic surface active agent 0.7 part

(Chemistat 1100, Manufactured by Sanyo

Chemical Industries, Ltd.)

Rosin 4.6 parts
(KE-311, Manufactured by Arakawa

Chemical Industries, Ltd.)

(Components: Resin acids: 80 to 97%;

Resin acid components: Abietic acid:

30 to 40%, Neoabietic acid: 10 to 20%

Dihydroabietic acid: 14%,

Tetrahydroabietic acid: 14%)

Pentaerythritol tetraacrylate 2.5 parts
(NK Ester A-TMMT, Manufactured by

Shin-Nakamura Kagaku K.K.)

Surface active agent 0.3 part
(Compounds as described in Table 1)

n-Propyl alcohol 848 parts
Methyl ethyl ketone 246 parts

[0332] The physical properties of the resulting image-
forming layer were as follows.

[0333] The surface hardness of the image-forming layer is
preferably 10 g or more by use of a sapphire needle, and
specifically was found to be 200 g or more.

[0334] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH, and specifically was found to be 3.5 mmHg
(about 0.47 kPa).

[0335] The coefficient of static friction of the surface is
preferably 0.2 or less, and specifically was found to be 0.08.

[0336] Preparation of Thermal Transfer Sheet C

[0337] Similarly to the thermal transfer sheet K, a thermal
transfer sheet C was prepared except that a coating solution
for the cyan image-forming layer having the following
composition was used in place of the coating solution for the
black image-forming layer. The thickness of the image-
forming layer of the resulting thermal transfer sheet C was
0.45 um.

[Composition of Mother Liquid of Cyan Pigment
Dispersion]

Cyan Pigment Composition 1:

Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Pigment Blue 15:4

(C. I. No. 74160) (Cyanine Blue
700-10FG, Manufactured by Toyo Ink
Mfg. Co., Ltd.)

Dispersion agent

(PW-36, Manufactured by Kusumoto
Kasei K.K.)

n-Propyl alcohol

12.6 parts

15.0 parts

0.8 part

110 parts
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-continued

Cyan Pigment Composition 2:

Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Pigment Blue

(C. I. No. 74160) (Lionol Blue 7027,
Manufactured by Toyo Ink Mfg. Co.,
Ltd.)

Dispersion agent

(PW-36, Manufactured by Kusumoto
Kasei K.K.)

n-Propyl alcohol

12.6 parts

15.0 parts

0.8 part

110 parts

[Composition of Coating Solution for Cyan Image
Formation Layer]

The aforesaid mother liquid of

cyan pigment dispersion

Cyan pigment composition 1:Cyan
pigment composition 2 = 90:10 (parts)
Polyvinylbutyral

(Ethleck B BL-SH, Manufactured by
Sekisui Chemical Co., Ltd.)

Inorganic pigment MEK-ST

Wax Compounds

118 parts

5.2 parts

1.3 parts

(Stearic amide, Neutron 2, Manufactured
by Nippon Fine Chemical Co., Ltd.)
(Behenic amide, Diamid BM, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Lauric amide, Diamid Y, Manufactured

by Nippon Kasei Chemical Co., Ltd.)
(Palmitic amide, Diamid KP, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Erucic amide, Diamid 1-200, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
(Oleic amide, Diamid O-200, Manufactured
by Nippon Kasei Chemical Co., Ltd.)
Rosin

(KE-311, Manufactured by Awakawa
Chemical Industries, Ltd.)

(Components: Resin acids: 80 to 97%,
Resin acid components: Abietic acid:

30 to 40%, Neoabietic acid: 10 to 20%,
Dihydroabietic acid: 14%,
Tetrahydroabietic acid: 14%)
Pentaerythritol tetraacrylate

(NK Ester A-TMMT, Manufactured by
Shin-Nakamura Kagaku K.K.)

Surface active agent

(Compounds as described in Table 1)
n-Propyl alcohol

Methyl ethyl ketone

1.0 part
1.0 part
1.0 part
1.0 part
1.0 part
1.0 part

2.8 parts

1.7 parts

0.4 part

890 parts
247 parts

[0338] The physical properties of the resulting image-
forming layer were as follows.

[0339] The surface hardness of the image-forming layer is
preferably 10 g or more by use of a sapphire needle, and
specifically was found to be 200 g or more.

[0340] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH, and specifically was found to be 7.0 mmHg
(about 0.93 kPa).

[0341] The coefficient of static friction of the surface is
preferably 0.2 or less, and specifically was found to be 0.08.

[0342] Uniformity and properties of transferring uni-
formly of the image-forming layer’s surface of the respec-
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tive thermal transfer sheets prepared above were evaluated
according to the following methods. Results are shown in
Table 2.

[0343] Evaluation of Uniformity of Surface of Image-
forming layer:

[0344] The surfaces were inspected with the naked eye on
sharkustein to evaluate the degrees of cissing and uneven-
ness.

[0345] o: not observed,
[0346] A: somewhat observed,
[0347] x: fairly observed

[0348] Evaluation of Properties of Transferring Uni-
formly:

[0349] Images transferred to the following image-receiv-
ing sheets according to the following transfer method were
inspected with the naked eye.

[0350] o: No defect and unevenness are observed.

[0351] x: Defect and unevenness are observed.

TABLE 2

Fluorine-Series Uniformity of  Properties of

Surface Active Agent  Coated Surface  Transferring

Example 1-1 Compound 1 o o
Example 1-2 ~ Compound 2 o o
Example 1-3 Compound 3 o o
Example 1-4 ~ Compound 4 o o
Example 1-5 Compound 5 o o
Example 1-6 Megafack F178K o o
Example 1-7  Megafack F470 o o
Example 1-8 Megafack F475 o o
Example 1-9 Megafack F476 o o
Comparative Megafack F113 A, x X
Example 1-1

Comparative None X o
Example 1-2

F113: CgF,,SO,Na

[0352] Preparation of Image-Receiving Sheet

[0353] A coating solution for the cushion layer and a
coating solution for the image-receiving layer having the
following compositions were prepared, respectively.

1. Coating Solution for Cushion Layer

Vinyl chloride/vinyl acetate copolymer
(Main binder) (MPR-TSL, Manufactured
by Nissin Kagaku K.K.)

Plasticizer

(Paraprex G-40, Manufactured by CP.
HALL. COMPANY.

Surface active agent

(Fluorine-series, Coating Aid)
(Megafax F-177, Manufactured by
Dainippon Ink and Chemicals, Inc.)
Antistatic agent

(Quaternary ammonium salt)

(SAT-5 Supper (IC), Manufactured by
Nippon Jun-yaku K.K.)

Methyl ethyl ketone

Toluene

N,N-Dimethylformamide

20 parts

10 parts

0.5 part

0.3 part

60 parts
10 parts
3 parts
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2. Coating Solution for Image-Receiving Layer

Polyvinylbutyral 117 parts
(Binder) (Ethleck B BL-1, Manufactured

by Sekisui Chemical Co., Ltd.)

Half ester of styrene/maleic acid 63 parts
(Binder) (Oxylack SH-128, Manufactured

by Nippon Shokubai Co., Ltd.)

Antistatic agent 16 parts
(Chemistat 3033, Manufactured by Sanyo

Chemical Industries, Ltd.)

Surface active agent 1.2 parts
(Megafack F-176PF, Manufactured by

Dainippon Ink and Chemicals, Inc.)

n-Propyl alcohol 570 parts
Methanol 1200 parts
1-Methoxy-2-propanol 520 parts

[0354] By use of a narrow coater, a white PET support
(Lumilar #130E58, Manufactured by Toray Industries, Inc.,
Thickness: 130 um) was coated with the coating solution for
the cushion layer and dried, and subsequently coated with
the coating solution for the image-receiving layer and dried.
The respective amounts of the coating solutions were
adjusted so as to become about 20 um in thickness of the
dried cushion layer and about 2 ym in thickness of the dried
image-receiving layer. The white PET support is a void-
containing plastic support that was a laminated product
(Entire thickness: 130 um, Specific gravity: 0.8) consisting
of a void-containing polyethylene terephthalate layer
(Thickness: 116 um, Void volume: 20%) and two titanium
oxide-containing polyethylene terephthalate layers (Thick-
ness: 7 um, Content of titanium oxide: 2%) provided on both
sides of the void-containing layer. The image-receiving
sheet thus prepared was wound in roll form, allowed to stand
at room temperature for one week, and used for image
recording with the aid of a laser beam as described below.

[0355] Formation of Transfer Image

[0356] The image-receiving sheet (56 cmx79 cm) pre-
pared above was wound on a revolving drum having a 35-cm
diameter and vacuum suction holes of 1-mm diameter (a
surface density of one hole per 3 cmx8 cm) and attracted
under reduced pressure. Subsequently, the thermal transfer
sheet K cut into 61 cmx84 cm was superposed on the
image-receiving sheet so that the thermal transfer sheet K
uniformly protruded from the image-receiving sheet and
allowed to adhere to each other by evacuating the air through
the suction holes while squeezing with a squeeze roller. The
degree of evacuation was -150 mmHg (about 81.13 kPa) to
1 atm in a condition where the holes were closed. The laser
image (printing image) recording was carried out on the
laminated product by collecting a semiconductor laser beam
of a wavelength of 808 nm on the surface of the laminated
product on the drum from the outside so as to form spots of
7-um size on the surface of the light-to-heat conversion layer
while moving the beam in the direction rectangular (sub-
scanning direction) to the revolving direction (main scan-
ning direction) of the drum. The conditions of irradiation
with the laser are as follows. The laser beam used in the
invention has a multi-beam two-dimensional arrangement of
a parallelogram consisting of 5 rows in the main scanning
direction and 3 rows in the sub-scanning direction.

Laser power 110 mW
Number of revolution of drum 500 rpm
Sub-scanning pitch 6.35 um

[0357] Temperatures and humidities of environment:

[0358] Three conditions of 18° C.-30%, 23° C.-50%,
and 26° C.-65%.

[0359] The diameter of the exposure drum is preferably
360 mm or more and specifically that of the drum used was
380 mm.

[0360] The size of an image was 515 mmx728 mm and the
resolving power was 2600 dpi.

[0361] The laminated product having undergone the laser
recording was taken out of the drum, and the thermal
transfer sheet K was manually peeled off from the image-
receiving sheet. It was found that only areas irradiated with
the beam on the image-forming layer of the thermal transfer
sheet K were transferred from the thermal transfer sheet K
to the image-receiving sheet.

[0362] In a similar manner to the thermal transfer sheet K,
images were transferred from the thermal transfer sheet Y,
the thermal transfer sheet M, and thermal transfer sheet C to
the image-receiving sheets, respectively. The transfer
images of four colors were further transferred to a recording
sheet to form a multicolor image. Even when the high-
energy laser recording is carried out by use of laser beams
of the multi-beam two-dimensional arrangement under the
conditions different in temperature and humidity, the result-
ing image qualities were good and a multicolor image
formed having stable transfer density was formed.

[0363] The transfer to the printing paper was carried out
by use of thermal transfer apparatus where the coefficient of
dynamic friction to polyethylene terephthalate that was a
material of the insertion table was from 0.1 to 0.7 and the
carrying rate was from 15 to 50 mm/sec. The Vickers
hardness of a material for the heat roll of thermal transfer
apparatus is preferably from 10 to 1000 and specifically that
of the material for the heat roll of the apparatus used was 70.

[0364] The resulting images all were good under the three
conditions different in environmental temperature and
humidity.

Examples 2-1 to 2-9 and Comparative Examples
2-1 and 2-2

[0365] Preparation of Thermal Transfer Sheets

[0366] Similarly to Example 1-1, the thermal transfer
sheets K (black), Y (yellow), M (magenta), and C (cyan)
were prepared except that “Megafack F-176PF (Trade name,
Solid content: 20%, Manufactured by Dainippon Ink and
Chemicals, Inc.) was used as the surface active agent in an
amount of 2.1 parts for the coating solution for the black
image-forming layer, in an amount of 0.8 part for that for the
yellow image-forming layer, in an amount of 1.3 parts for
that for the magenta image-forming layer, and in an amount
of 1.7 parts for that for the cyan image-forming layer,
respectively.
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[0367] Particles in the resulting coating solution for the
black image-forming layer were checked by use of a particle
size distribution instrument of laser-scattering system. The
average particle size was 0.25 um and the ratio of particles
having sizes of 1 um or more was 0.5%.

[0368] The respective physical properties of the image-
forming layers of the resulting thermal transfer sheets K, Y,
M, and C were as follows.

[0369] [Physical Properties of Image-Forming Layer of
Heat Transfer Sheet K]

[0370] The thickness of the layer was measured and found
to be 0.60 um on average.

[0371] The optical density of the layer was measured with
a Macbeth densitometer TD-904 (W filter) and found to be
0.91.

[0372] The surface hardness of the layer is preferably 10
g or more by use of a sapphire needle and specifically was
found to be 200 g or more.

[0373] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH and specifically was found to be 9.3 mmHg
(about 1.24 kPa).

[0374] The coefficient of static friction of the surface is
preferably 0.2 or less and specifically was found to be 0.08.

[0375] [Physical Properties of Image-Forming Layer of
Heat Transfer Sheet Y]

[0376] The thickness of the layer was found to be 0.42 yum.

[0377] The surface hardness of the layer is preferably 10
g by use of a sapphire needle, and specifically was found to
be 200 g or more.

[0378] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65) at 23°
C.-55% RH and specifically was found to be 2.3 mmHg
(about 0.31 kPa).

[0379] The coefficient of static friction of the surface is
preferably 0.2 or less and specifically was found to be 0.1.

[0380] [Physical Properties of Image-Forming Layer of
Heat Transfer Sheet M]

[0381] The thickness of the layer was found to be 0.38 ym.

[0382] The surface hardness of the layer is preferably 10
g by use of a sapphire needle and specifically was found to
be 200 g or more.

[0383] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH and specifically was found to be 3.5 mmHg
(about 0.47 kPa).

[0384] The coefficient of static friction of the surface is
preferably 0.2 or less and specifically was found to be 0.08.

[0385] [Physical Properties of Image-Forming Layer of
Heat Transfer Sheet C]

[0386] The thickness of the layer was 0.45 ym.

[0387] The surface hardness of the layer is preferably 10
g or more by use of a sapphire needle and specifically was
found to be 200 g or more.
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[0388] The smooster value of the surface is preferably
from 0.5 to 50 mmHg (about from 0.0665 to 6.65 kPa) at 23°
C.-55% RH and specifically was found to be 7.0 mmHg
(about 0.93 kPa).

[0389] The coefficient of static friction of the surface is
preferably 0.2 or less and specifically was found to be 0.08.

[0390] Preparation of Image-Receiving Sheet

[0391] A coating solution for the cushion layer and a
coating solution for the image-receiving layer having the
following compositions were prepared, respectively.

1. Coating Solution for Cushion Layer

Vinyl chloride/vinyl acetate copolymer 20 parts
(Main binder) (MPR-TSL, Manufactured

by Nisshin Kagaku K.K.)

Plasticizer 10 parts
(Parafrex G-40, Manufactured by CP.

HALL. COMPANY)

Surface active agent 0.5 part
(Fluorine-series, Coating aid)

(Surface active agents as described

in Table 3)

Antistatic agent 0.3 part
(Quaternary ammonium salt) (SAT-5,

Supper (IC), Manufactured by Nippon

Jun-yaku K.K.)

Methyl ethyl ketone 60 parts
Toluene 10 parts
N,N-Dimethylformamide 3 parts

2. Coating Solution for Image-Receiving Layer

Polyvinylbutyral

(Ethleck B BL-1, Manufactured by
Sekisui Chemical Co., Ltd.)

Half ester of styrene/maleic acid 63 parts
(Oxylack SH-128, Manufactured by

Nippon Shokubai Co., Ltd.)

Antistatic agent 16 parts
(Chemistat 3033, Manufactured by

Sanyo Chemical Industries, Ltd.)

117 parts

Surface active agent 1.2 parts
(Surface active agents as described

in Table 3)

n-Propyl alcohol 570 parts
Methanol 1200 parts
1-Methoxy-2-propanol 520 parts

[0392] By use of a narrow coater, a white PET support
(Lumilar #130E58, Manufactured by Toray Industries, Inc.,
Thickness: 130 um) was coated with the coating solution for
forming the cushion layer and dried, and subsequently
coated with the coating solution for the image-receiving
layer and dried. The respective amounts of the coating
solutions were adjusted so that the thickness of the cushion
layer dried became about 20 um and that of the image-
receiving layer became about 2 ym. The white PET support
was a void-containing plastic support that was a laminated
product (Entire thickness: 130 um, Specific gravity: 0.8)
consisting of a void-containing polyethylene terephthalate
layer (Thickness: 116 um, Void volume: 20%) and titanium
oxide-containing polyethylene terephthalate layers (Thick-
ness: 7 um, Content of titanium oxide: 2%) provided on both
sides thereof. The image-receiving sheet prepared was
wound in roll form, allowed to stand at room temperature for
one week, and used for the following image recording with
the aim of a laser beam.
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[0393] The respective coated surfaces of the cushion layer
and the image-receiving layer formed in the image-receiving
sheet were inspected with the naked eye and evaluated
according to the following three grades. Results are shown
in Table 3 as described below.

[0394] Evaluation of Coated Surfaces

[0395] o: No cissing and unevenness are observed.

[0396] A: Cissing
observed.

and unevenness are partly

[0397] x: Cissing and unevenness are observed all
over the surface.

[0398] The surface active agents shown in the following
Table 3 are those described in Table 1.

[0399] Formation of Transfer Image

[0400] The image-receiving sheet (56 cmx79 cm) as pre-
pared above was wound on a revolving drum having a 38-cm
diameter and vacuum suction holes of 1-mm diameter (a
surface density of one hole per 3 cmx8 cm) formed thereon
and attracted under reduced pressure. The thermal transfer
sheet K (black) cut into 61 cmx84 cm was superposed on the
image-receiving sheet so that the thermal transfer sheet K
uniformly protruded from the image-receiving sheet and
allowed to adhere to each other by evacuating the air through
the suction holes while squeezing with a squeezing roller.
The degree of evacuation was -150 mmHg (about 81.13
kPa) to 1 atm in a condition where the section holes were
closed. The laser image (printing image) recording was
carried out on the laminated product by collecting a semi-
conductor laser beam of a wavelength of 808 nm on the
surface of the laminated product placed on the drum from
the outside so as to form spots of 7-um size on the surface
of the light-to-heat conversion layer while moving the beam
in the direction (sub-scanning direction) rectangular to the
revolving direction (main scanning direction) of the drum.
Conditions of the irradiation with the laser are as follows.
The laser beam used in the invention has a multi-beam
two-dimensional arrangement of a parallelogram consisting
of 5 rows in the main scanning direction and 3 rows in the
sub-scanning direction.
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Laser power 110 mW
Number of revolution of drum 500 rpm
Sub-scanning pitch 6.35 um

[0401] Environmental temperatures and humidities:

[0402] three conditions of 18° C.-30%, 23° C.-50%,
and 26° C.-65%.

[0403] The diameter of the exposure drum is preferably
360 mm or more and specifically that of a drum used was
380 mm.

[0404] The image size was 515 mmx728 mm and the
resolving power was 2600 dpi.

[0405] The laminated product having undergone the laser
recording was taken out of the drum and the thermal transfer
sheet K was manually peeled off from the image-receiving
sheet. It was confirmed that only areas irradiated with the
beams in the image-forming layer of the thermal transfer
sheet K was transformed from the thermal transfer sheet K
to the image-receiving sheet.

[0406] The resulting images all were good under three
conditions different in environmental temperature and
humidity.

[0407] Similarly to the thermal transfer sheet K, images
were transferred from the thermal transfer sheets Y, M, and
C to the image-receiving sheets, respectively. Transfer
images of four colors were further transferred to a recording
sheet to form a multicolor image. High-energy laser record-
ing was carried out by use of laser beams having multi-beam
two-dimensional arrangement under the conditions different
in environmental temperature and humidity.

[0408] The properties of transferring uniformly were
evaluated according to the following method. Results are
shown in Table 3.

[0409] Evaluation of Properties of Transferring Uniformly

[0410] Images transferred to the image-receiving sheets
were evaluated by inspection with the naked eye.

[0411] o: No defect and unevenness were observed.
[0412] x: Defects and unevenness were observed.

TABLE 3

Surface Active Agent

Conditions of Coated Surfaces Properties of

Cushion Layer Image-Receiving Layer

Cushion Layer Image-Receiving Layer Transferring

Example 2-1 Compound 1~ Compound 2 O O O
Example 2-2 Compound 1~ Compound 1 O O O
Example 2-3 Compound 1~ Compound 3 O O O
Example 2-4 Compound 1~ F475 O O O
Example 2-5 Compound 1 F476 O O O
Example 2-6 F470 Compound 1 O O O
Example 2-7 F475 Compound 1 O O O
Example 2-8 F476 Compound 1 O O O
Example 2-9 Compound 5 Compound 1 O O O
Comparative F113 F113 A X X
Example 2-1

Comparative None None X X X
Example 2-2

F113: CgF,,SO;Na
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[0413] Table 3 reveals that when the homopolymers pre-
pared from the monomers represented by formula 1 are
added to the coating solutions for the image-receiving layer
and the cushion layer, these layers are excellent in condition
of the surfaces and also in properties of transferring and
uniformity of images.

[0414] The transfer to the printing paper was carried out
by use of thermal transfer apparatus where the coefficient of
dynamic friction was from 0.1 to 0.7 to polyethylene tereph-
thalate that was the material of the insertion table and the
carrying rate was from 15 to 50 mm/sec. The Vickers
hardness of a material for the heat roll of thermal transfer
apparatus is preferably from 10 to 100 and specifically that
of the material for the heat roll of the apparatus used was 70.

Example 3

[0415] An experiment and an evaluation were conducted
in the same manner as Example 1-1, except for using the
image-receiving sheet used in Example 2-1. Uniformity of
Surface of the image-forming layer and the image-receiving
layer were both good (o: not observed), and Properties of
Transferring Uniformly was better than in case that evalu-
ation was good (o: No defect and unevenness are observed).

[0416] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated
herein by reference, as if fully set forth.

1. A multicolor image-forming material comprising:

an image-receiving sheet comprising a support and an
image-receiving layer; and

at least four thermal transfer sheets each comprising a
support, a light-to-heat converting layer and an image-
forming layer, and each having a different color,

wherein an image is formed by the method comprising the
steps of:

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and

irradiating the thermal transfer sheet with a laser beam to
transfer an image in an area of the image-forming layer
subjected to irradiation onto the image-receiving layer,
and

at least one layer selected from layers comprised in the
image-receiving sheet and the at least four thermal
transfer sheets comprises a fluorine-series surface
active agent which is a homopolymer comprising a
polymerizable monomer represented by the following
formula (1) and having a weight average molecular
weight Mw of 3000 or more:

CFy,1-L-CH,CH,—O—C(—0)—CR—CH, )

wherein n represents an integer of from 2 to 14, R
represents a hydrogen atom or an alkyl group having 1
to 10 carbon atoms, and L represents a single bond or
a divalent organic group comprising at least one of an
oxygen atom, a nitrogen atom, a sulfur atom and a
carbon atom.
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2. The multicolor image-forming material according to
claim 1, wherein each of the image-forming layer comprises
the fluorine-series surface active agent.

3. (canceled).

4. The multicolor image-forming material according to
claim 1, wherein at least one of the image-receiving layer
and a cushion layer which is comprised in the image-
receiving sheet comprises the fluorine-series surface active
agent, and each of the image-forming layers comprises the
fluorine-series surface active agent.

5. The multicolor image-forming material according to
claim 1, wherein the fluorine-series surface active agent is a
homopolymer comprising a polymerizable monomer repre-
sented by the following formula (2):

CFyp.1—CH,CH,SO,N(—R )—CH,CH,—O—
C(=0)—CR—=CH, 2

wherein R, represents a hydrogen atom or an alkyl group
having 1 to 10 carbon atoms and n represents an integer
of from 2 to 14.

6. The multicolor image-forming material according to
claim 2, wherein the fluorine-series surface active agent is a
homopolymer comprising a polymerizable monomer repre-
sented by the following formula (2):

CFyp.1—CH,CH,SO,N(—R )—CH,CH,—O—
C(=0)—CR—=CH, 2

wherein R, represents a hydrogen atom or an alkyl group
having 1 to 10 carbon atoms and n represents an integer
of from 2 to 14.

7. (canceled).

8. The multicolor image-forming material according to
claim 4, wherein the fluorine-series surface active agent is a
homopolymer comprising a polymerizable monomer repre-
sented by the following formula (2):

C,F,,,;—CH,CH,SO,N(—R )—CH,CH,—O—
C(=0)—CR—=CH, 2

wherein R, represents a hydrogen atom or an alkyl group
having 1 to 10 carbon atoms and n represents an integer
of from 2 to 14.

9. A method for forming a multicolor image using the
multicolor image-forming material according to claim 1, the
method comprising the steps of:

preparing an image-receiving sheet comprising a support
and an image-receiving layer and at least four thermal
transfer sheets each comprising a support, a light-to-
heat converting layer and an image-forming layer, the
at least four thermal transfer sheets comprising yellow,
magenta, cyan and black thermal transfer sheets;

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and

irradiating the thermal transfer sheet with a laser beam to

transfer an image in an area of the image-forming layer

subjected to irradiation onto the image-receiving layer.

10. A method for forming a multicolor image using the

multicolor image-forming material according to claim 2, the
method comprising the steps of:

preparing an image-receiving sheet comprising a support
and an image-receiving layer and at least four thermal
transfer sheets each comprising a support, a light-to-
heat converting layer and an image-forming layer, the
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at least four thermal transfer sheets comprising yellow,
magenta, cyan and black thermal transfer sheets;

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and

irradiating the thermal transfer sheet with a laser beam to
transfer an image in an area of the image-forming layer
subjected to irradiation onto the image-receiving layer.
11. (canceled).
12. A method for forming a multicolor image using the
multicolor image-forming material according to claim 4, the
method comprising the steps of:

preparing an image-receiving sheet comprising a support
and an image-receiving layer and at least four thermal
transfer sheets each comprising a support, a light-to-
heat converting layer and an image-forming layer, the
at least four thermal transfer sheets comprising yellow,
magenta, cyan and black thermal transfer sheets;

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and

irradiating the thermal transfer sheet with a laser beam to

transfer an image in an area of the image-forming layer

subjected to irradiation onto the image-receiving layer.

13. A method for forming a multicolor image using the

multicolor image-forming material according to claim 5, the
method comprising the steps of:

preparing an image-receiving sheet comprising a support
and an image-receiving layer and at least four thermal
transfer sheets each comprising a support, a light-to-
heat converting layer and an image-forming layer, the
at least four thermal transfer sheets comprising yellow,
magenta, cyan and black thermal transfer sheets;

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and
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irradiating the thermal transfer sheet with a laser beam to

transfer an image in an area of the image-forming layer

subjected to irradiation onto the image-receiving layer.

14. A method for forming a multicolor image using the

multicolor image-forming material according to claim 6, the
method comprising the steps of:

preparing an image-receiving sheet comprising a support
and an image-receiving layer and at least four thermal
transfer sheets each comprising a support, a light-to-
heat converting layer and an image-forming layer, the
at least four thermal transfer sheets comprising yellow,
magenta, cyan and black thermal transfer sheets;

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and

irradiating the thermal transfer sheet with a laser beam to
transfer an image in an area of the image-forming layer
subjected to irradiation onto the image-receiving layer.
15. (canceled).

16. A method for forming a multicolor image using the
multicolor image-forming material according to claim 8, the
method comprising the steps of:

preparing an image-receiving sheet comprising a support
and an image-receiving layer and at least four thermal
transfer sheets each comprising a support, a light-to-
heat converting layer and an image-forming layer, the
at least four thermal transfer sheets comprising yellow,
magenta, cyan and black thermal transfer sheets;

superposing each one of the at least four thermal transfer
sheets on the image-receiving sheet to be in a state of
the image-forming layer being in contact with the
image-receiving layer; and

irradiating the thermal transfer sheet with a laser beam to
transfer an image in an area of the image-forming layer
subjected to irradiation onto the image-receiving layer.



