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PROCESS FOR PRODUCING DECORATIVE
SHEET, DECORATIVE SHEET, AND
DECORATIVE MOLDED ARTICLE

OBTAINED USING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
application Ser. No. 13/807,081, filed Dec. 27, 2012, which is
a 371 of PCT/JP2011/065084, filed Jun. 30, 2011, the con-
tents of each of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a production pro-
cess for a decorative sheet used for decorative molded articles
of various applications such as buildings, vehicles, fittings
and the like, a decorative sheet and a decorative molded
article prepared by using the same.

RELATED ART

[0003] Decorative molded articles decorated by laminating
decorative sheets on the surfaces of molded articles are used
for various applications such as members for buildings,
vehicle interior parts and the like. A decorative sheet used for
the above decorative molded articles is produced usually by
laminating a design layer and a surface protective layer in
order on a base material.
[0004] In the above production process, however, irregu-
larities are produced on a surface thereof when a design layer
is formed, and when a surface protective layer is laminated
thereon, a smoothness of the surface protective layer is likely
to be damaged.
[0005] On the other hand, proposed in a patent document 1
are skin materials for automobile interior containing a ther-
moplastic resin base coat/transparent coating film which is
stuck on an outside surface of a thermoplastically moldable
semi-rigid resin backing sheet. It is described therein that the
base coat and the transparent coating film described above are
coated on a matting career and dried and that they are then
transferred on the backing sheet described above and lami-
nated thereon. In the patent document 1, however, a gloss of
the transparent coat depends on a smoothness of the matting
career, and therefore the problem that it is difficult to finely
control the smoothness is brought about.
[0006] Further, if a decorative sheet is not at all subjected to
smoothing treatment as used to be in the past, a smoothness
and a gloss of the decorative sheet are notably different from
a smoothness and a gloss of the decorative molded article
after injection molding, and therefore a design feeling of the
decorative sheet is different from a design feeling of the
decorative molded article to a large extent.
[0007] Patent document 1: Japanese Patent Application
Laid-Open (through PCT) No. 512225/2000

DISCLOSURE OF THE INVENTION

[0008] Inorderto solve the problems described above, it is
considered that a metal plate subjected to mirror treatment
after laminating a surface protective layer is used to be sub-
jected to smoothing treatment by hot press processing and the
like as a method for providing a surface of a surface protective
layer with a smoothness and a gloss. However, even if a
surface of a surface protective layer is smoothed, irregulari-
ties of a design layer remain, and therefore when a decorative

Sep. 18,2014

sheet is heated in insert molding and injection molding simul-
taneous decoration to allow the surface protective layer to be
softened, the irregularities of the design layer come up to the
surface protective layer, so that a smoothness and a glosson a
surface of the decorative molded article are likely to be dam-
aged. That is, a high smoothness and a high gloss of the
decorative sheet are reduced after injection molding and dif-
ferent from a smoothness and a gloss of the decorative
molded article after injection molding, and a design feeling of
the decorative sheet is likely to be different from a design
feeling of the decorative molded article.

[0009] Inlightofthe problems described above, the present
inventors have filed a patent (Japanese Patent Application No.
088099/2009) related to a production process for a decorative
sheet of a high gloss which keeps a surface smoothness and a
gloss and maintains a design feeling even after three-dimen-
sional molding such as insert molding, injection molding
simultaneous decoration and the like. However, they have
found that involved therein are the problems that when both
surfaces of a decorative sheet are smoothed by a step in which
the surfaces of a design layer and a primer layer are smoothed,
small dusts and rubbishes are wrapped in a roll of the deco-
rative sheet produced to generate dents and wounds and that
a surface and a back face of the decorative sheet are tightly
adhered with each other to generate scratches and wrinkles.
[0010] In light of the problems described above, an object
of'the present invention is to provide a production process for
a decorative sheet of a high gloss which keeps a surface
smoothness and a gloss and maintains a design feeling even
after three-dimensional molding such as insert molding,
injection molding simultaneous decoration and the like and
whichis less liable to generate dents and wounds by wrapping
therein foreign matters even when winding the decorative
sheet on a roll and less liable to produce scratches and
wrinkles by bringing a surface and a rear face of the decora-
tive sheet into close contact with each other.

[0011] Intensive researches repeated by the present inven-
tors in order to solve the problems described above have
resulted in finding that the problems described above can be
solved by carrying out smoothing treatment before laminat-
ing a surface protective layer and subjecting a rear face to
roughening treatment. In particular, they have found that the
problems described above can be solved by carrying out the
roughening treatment so that a ten point average roughness
RzIIS of the rear face and a thickness of the base material and
an arithmetic average roughness Ra of the rear face and a
thickness of the base material satisfy specific equations
respectively. The present invention has been completed based
the above knowledge.

[0012] Thatis, the present invention provides the following
items:

[1] a production process for a decorative sheet comprising a
step in which a primer layer is formed on a releasing film
having a smooth surface, a step in which a design layer is
formed on the above primer layer, a step in which the primer
layer and the design layer are transferred on a base material,
a step in which the releasing film on the base material is
peeled off, a step in which an ionizing radiation curable resin
composition is laminated on the primer layer formed on the
base material and a step in which the above ionizing radiation
curable resin composition is cross-linked and cured to form a
surface protective layer, wherein it further comprises a rough-
ening treatment step in which a ten point average roughness
RzIIS on a rear face of the decorative sheet and a thickness T
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of the base material are controlled to satisfy the following
equation (I) and in which an arithmetic average roughness Ra
on the rear face and a thickness T of the base material are
controlled to satisfy the following equation (II):

Tx0.30=RzJIS @

Tx0.20=Ra=Tx0.005 an

[2] a production process for a decorative sheet comprising a
step in which a primer layer is formed on a releasing film
having a smooth surface, a step in which a design layer is
formed on the above primer layer, a step in which the primer
layer and the design layer are transferred on a base material,
a step in which the releasing film on the base material is
peeled off, a step in which an ionizing radiation curable resin
composition is laminated on the primer layer formed on the
base material and a step in which the above ionizing radiation
curable resin composition is cross-linked and cured to form a
surface protective layer, wherein it further comprises a rough-
ening treatment step in which an arithmetic average rough-
ness Ra on a rear face of the decorative sheet is controlled to
1.0 to 10.0 um,

[3] a decorative sheet comprising a design layer, a primer
layer and a surface protective layer formed by cross-linking
and curing an ionizing radiation curable resin composition in
this order on a base material, wherein a surface of the surface
protective layer is smooth; a ten point average roughness
RzIIS on a rear face of the decorative sheet and a thickness T
of'the base material satisfies the following equation (I); and an
arithmetic average roughness Ra on the rear face and a thick-
ness T of the base material satisfies the following equation

(ID):

Tx0.30=RzJIS @

Tx0.20=Ra=Tx0.005 an

[4] a decorative sheet comprising a design layer, a primer
layer and a surface protective layer formed by cross-linking
and curing an ionizing radiation curable resin composition in
this order on a base material, wherein a surface of the surface
protective layer is smooth, and an arithmetic average rough-
ness Ra on a rear face of the decorative sheet is 1.0 to 10.0 um.
[0013] According to the production process of the present
invention for a decorative sheet, there has been obtained a
decorative sheet of a high gloss which keeps a surface
smoothness and a gloss and maintains a design feeling even
after three-dimensional molding such as insert molding,
injection molding simultaneous decoration and the like and
whichis less liable to generate dents and wounds by wrapping
therein foreign matters even when winding the decorative
sheet on a roll and less liable to produce scratches and
wrinkles by allowing a surface and a rear face of the decora-
tive sheet to be tightly adhered with each other. When the
above decorative sheet was actually produced, wounds and
dents generated by wrapping therein foreign matters were
inhibited, and blocking between a surface and a rear face of
the decorative sheet was restrained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.1isastep drawing showing one embodiment of
the invention in the production process of the present inven-
tion for a decorative sheet.
[0015] FIG.2isastep drawing showing one embodiment of
the invention in the production process of the present inven-
tion for a decorative sheet.
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EXPLANATION OF THE CODES

[0016] 10 Decorative sheet

[0017] 11 Releasing film

[0018] 12 Primer layer

[0019] 13 Design layer

[0020] 14 Base material

[0021] 15 Surface protective layer

[0022] 16 Fine particle-containing resin layer

BEST MODE FOR CARRYING OUT THE
INVENTION

[0023] The production process of the present invention for
a decorative sheet is characterized by comprising a step in
which a primer layer is formed on a releasing film having a
smooth surface, a step in which a design layer is formed on the
above primer layer, a step in which the primer layer and the
design layer are transferred on a base material, a step in which
the releasing film on the base material is peeled off, a step in
which an ionizing radiation curable resin composition is
laminated on the primer layer formed on the base material, a
step in which the above ionizing radiation curable resin com-
position is cross-linked and cured to form a surface protective
layer and a roughening treatment step in which a ten point
average roughness RzJIS on a rear face of the decorative sheet
and a thickness T of the base material are controlled to satisfy
the equation (I) described above and in which an arithmetic
average roughness Ra on the rear face and a thickness T of the
base material are controlled to satisfy the equation (II)
described above or a roughening treatment step in which an
arithmetic average roughness Ra on a rear face of the deco-
rative sheet is controlled to 1.0 to 10.0 pm. The production
process of the present invention shall be explained below in
detail by using FIG. 1 and FIG. 2.

[0024] FIG. 1 and FIG. 2 are step drawings showing the
outline of the production process of the present invention for
a decorative sheet. The production process of the present
invention comprises at least the following steps (1) to (7).
(1) Step in which a primer layer is formed on a releasing film:
[0025] A primer composition is laminated on a releasing
film 11 having a smooth surface and then dried, if necessary,
whereby a primer layer 12 is formed.

[0026] In the present invention, a smooth surface of the
releasing film means that it has an arithmetic average rough-
ness (Ra) of 0.5 um or less, preferably 0.2 pm or less. In this
regard, the arithmetic average roughness (Ra) means an arith-
metic average roughness Ra prescribed in JIS B 0601: 2001.
[0027] Also, a smoothness of the decorative sheet of the
present invention is preferably 0.5 um or less, more prefer-
ably 0.2 um or less in terms of an arithmetic average rough-
ness Ra.

[0028] In respect to a laminating method for the primer
layer 12, it can be formed by a coating method, and a transfer
method can be used as well. When the primer layer 12 is
formed by the coating method, capable of being used are
gravure coating, gravure reverse coating, gravure offset coat-
ing, spin coating, roll coating, reverse roll coating, kiss coat-
ing, wheeler coating, dip coating, solid coating by a silk
screen, wire bar coating, flow coating, comma coating, over-
flow coating, brush coating, spray coating and the like. The
transfer method is a method in which a coating film of a
primer layer is once formed on a thin sheet (film base mate-
rial) and then coated on the surface of the base material, and
it includes a laminate method in which a coating film of a
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coating composition is adhered on a steric matter together
with a base material and a transfer method in which a coating
film and a transfer sheet having, if necessary, an adhesive
layer formed thereon are adhered once on a releasable support
sheet and in which only the support sheet is then peeled off.
(2) Step in which a design layer is formed on the primer layer:
[0029] Next, an ink for design is printed or coated on the
primer layer 12 and then dried, if necessary, to thereby form
a design layer 13. The design layer 13 comprises a picture
layer and/or a whole face solid colored layer.

(3) Step in which the primer layer and the design layer are
transferred on a base material:

[0030] Then, the primer layer 12 and the design layer 13
which are formed on the releasing film 11 are transferred onto
a base material 14. Hot press processing using a mirror sur-
face plate and emboss processing using a mirror surface roll
are preferably used as a transfer method thereof. To be spe-
cific, the releasing film 11 on which the primer layer 12 and
the design layer 13 are laminated and the base material 14 are
heated and softened by means of a hot press machine and an
emboss processing machine which are publicly known, and
they are compressed in a superposed state and stuck together.
This provides a sheet shown in FIG. 1 (a).

(4) Step in which the releasing film on the base material is
peeled off:

[0031] The releasing film 11 on the base material 14 after
transferred is peeled off, whereby obtained is a sheet in which
the design layer 13 and the primer layer 12 are laminated in
this order on the base material 14 as shown in FIG. 1 (). In
this case, a surface of the primer layer 12 is provided with a
smooth surface by receiving a surface form of the releasing
film in the previous step.

(5) Step in which an ionizing radiation curable resin compo-
sition is laminated on the primer layer:

[0032] Then, an ionizing radiation curable resin composi-
tion is laminated by coating a coating liquid comprising the
ionizing radiation curable resin composition or a coating
liquid containing the ionizing radiation curable resin compo-
sition on a smooth surface of the primer layer 12. A viscosity
of'the coating liquid shall not specifically be restricted as long
as it is a viscosity at which an uncured resin layer can be
formed on a surface of the primer layer 12 by a coating
method described later.

[0033] In the production process of the present invention,
the coating liquid prepared is coated on a surface of the primer
layer 12 by a publicly known method such as gravure coating,
bar coating, roll coating, reverse roll coating, comma coating
and the like, preferably gravure coating so that a thickness
thereof after cured is 1 to 30 pm, whereby an uncured resin
layer is formed.

[0034] In this regard, the ionizing radiation curable resin
means resins which are cross-linked and cured by irradiating
with beams having an energy quantum which can cross-link
and polymerize molecules among electromagnetic waves or
charged particle beams, that is, a UV ray, an electron beam or
the like. To be specific, products suitably selected from poly-
merizable monomers, polymerizable oligomers or prepoly-
mers which have so far conventionally been used as ionizing
radiation curable resins can be used.

(6) Step in which the ionizing radiation curable resin compo-
sition is cross-linked and cured to form a surface protective
layer:

[0035] Next, the ionizing radiation curable resin composi-
tion is cross-linked and cured by irradiating the uncured resin
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layer comprising the ionizing radiation curable resin compo-
sition with an electron beam, a UV ray or the like to form a
surface protective layer 15. This makes it possible to obtain a
decorative sheet 10 on which the surface protective layer 15 is
formed as shown in FIG. 1 (¢).

[0036] In this regard, when an electron beam is used as the
ionizing radiation, an accelerating voltage thereof can suit-
ably be selected according to the resin used and a thickness of
the layer, and the uncured resin layer is preferably cured
usually at an accelerating voltage of 70 to 300 kV.

[0037] In radiation of the electron beam, the higher the
acceleration voltage is, the more the penetrability of the elec-
tron beam is increased, and therefore when the base material
14 which is deteriorated by an electron beam is used, the
accelerating voltage is selected so that a depth of penetration
of'the electron beam is substantially the same as a thickness of
the resin layer, whereby the electron beam can be inhibited
from being irradiated excessively onto the base material 14,
and deterioration of the base material caused by irradiation
with an excessive amount of the electron beam can be allowed
to stay in a minimum level.

[0038] An irradiation dosage of the electron beam is pref-
erably an amount in which a cross-linking density of the resin
layer is saturated, and it is selected in a range of usually 5 to
300 kGy (0.5 to 30 Mrad), preferably 10 to 100 kGy (1 to 10
Mrad).

[0039] Further, the electron beam source shall not specifi-
cally be restricted, and capable of being used are various
electron beam accelerators such as a Cockroft-Walton type
accelerator, a Van de Graft type accelerator, a resonance trans-
former type accelerator, an insulating core transformer type
accelerator, a linear type accelerator, a Dynamitron type
accelerator, a high frequency type accelerator and the like.
[0040] When a UV ray is used as the ionizing radiation, the
radiation containing a UV ray having a wavelength of 190 to
380 nm is radiated. The UV ray source shall not specifically
be restricted, and used are, for example, a high pressure
mercury lamp, a low pressure mercury lamp, a metal halide
lamp, a carbon arc lamp and the like.

[0041] A smoothness of the surface protective layer 13 is
preferably 0.01 pm or more and less than 1.0 um, more
preferably 0.01 to 0.5 um and further preferably 0.05 to 0.2
um in terms of an arithmetic average roughness Ra. In this
regard, the arithmetic average roughness Ra means an arith-
metic average roughness Ra prescribed in JIS B 0601: 2001.
(7) Roughening treatment step for a rear face of the decorative
sheet:

[0042] The roughening treatment step for a rear face of the
decorative sheet in the present invention shall not specifically
be restricted as long as it is a step in which a rear face of the
decorative sheet can be roughened to such an extent as satis-
fying the equation (I) and the equation (II) each described
above and/or to such an extent as satisfying the arithmetic
average roughness Ra described above. It includes, for
example, a method in which a rear face side of the decorative
sheet 10, to be specific, a face brought into no contact with the
design layer 13 and the primer layer 12 on the base material
14 is roughened by hot press using a satin finished plate,
emboss processing using a satin finished roll and sand blast
treatment. Publicly known methods can be used for the hot
press processing and the emboss processing, and arear face of
the decorative sheet 10 is roughened, as shown in FIG. 1, by
softening the decorative sheet 10 by heating it at not lower
than a softening temperature of the constituent base material
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and lower than a fusing point or a melting temperature
thereof, pressurizing a rear face side ofthe decorative sheet 10
to provide it with a form thereof and then cooling and solidi-
fying the decorative sheet.

[0043] Further, the roughening treatment in the present
invention includes a method in which a rear face of the deco-
rative sheet 10 is roughened, as shown in FIG. 2 (d), by
providing a fine particle-containing resin layer 16.

[0044] When a rear face of the decorative sheet is rough-
ened by hot press and emboss processing, a rear face of the
decorative sheet can be roughened, to be specific, by carrying
out hot press processing using a mirror plate at a surface side
of'the base material 14 and using a satin finished plate at a rear
face side thereof and carrying out emboss processing using a
mirror roll at a surface side of the base material 14 and using
a satin finished roll at a rear face side thereof (refer to FIG. 1).
To be more specific, when the primer layer 12 and the design
layer 13 are transferred onto the base material 14, hot press
processing is carried out by using a mirror plate at a releasing
film 11 side and a satin finished plate at a base material 14
side, and emboss processing is carried out by using a mirror
roll atareleasing film 11 side and a satin finished roll at a base
material 14 side, whereby the primer layer 12 and the design
layer 13 are transferred onto the base material 14, and at the
same time, a rear face of the decorative sheet 10 can be
roughened.

[0045] RzIJIS and Ra on the surface to be treated can be
controlled by controlling the hot press temperature and the
emboss temperature and controlling a surface roughness of
the satin finished plate and the satin finished roll. The hot
press temperature and the emboss temperature may be suit-
ably selected according to the base material, and when they
are 30to 70° C. in a case of, for example, vinyl chloride, 160
to 180° C. in a case of a polypropylene resin and 150 to 260°
C. in a case of an acryl base resin, the irregular forms of the
satin finished plate and the satin finished roll can be provided
well. An arithmetic average roughness Ra of the satin finished
plate and the satin finished roll is preferably 1.0 to 20.0 um,
more preferably 1.0 to 15.0 um and further preferably 1.0 to
10.0 pm.

[0046] Sand blast treatment can be carried out by blowing
inorganic particles of silica, titania and the like against the
surface to be treated (a rear face of the decorative sheet 10) by
makinguse of compressed air. It is carried out preferably after
the step (3) described above since an arithmetic average
roughness Ra on a rear face of the decorative sheet 10 is liable
to be kept at a high level. RzJIS and Ra of the surface to be
treated can be controlled by controlling a particle diameter of
the inorganic particles and a blowing amount thereof.

[0047] A method for providing the fine particle-containing
resin layer 16 on a rear face of the decorative sheet 10 includes
a method in which a resin composition containing a binder
resin and fine particles is laminated by the coating method and
transfer method each described above (refer to FIG. 2 (d).

[0048] When providing the fine particle-containing resin
layer 16 on a rear face of the decorative sheet 10, it can be
carried out before or after any step of the steps (1) to (6), and
it is carried out preferably after the step (3) described above
since an arithmetic average roughness Ra on a rear face of the
decorative sheet 10 is liable to be kept at a high level. RzJIS
and Ra of the surface to be treated can be controlled by
controlling a blend ratio of the fine particles to the binder resin
and a particle diameter of the fine particles.

Sep. 18,2014

[0049] In the roughening treatment for a rear face of the
decorative sheet 10 in the present invention, an arithmetic
average roughness Ra of the rear face is controlled to prefer-
ably 1.0to 10.0 pm, more preferably 1.0 to 9.0 um and further
preferably 1.2 to 8.0 um. In this regard, the arithmetic average
roughness Ra means an arithmetic average roughness Ra
prescribed in JIS B 0601: 2001.

[0050] Also, in the roughening treatment described above,
aten point average roughness Rz of the rear face is controlled
to preferably 1.0 to 100.0 pm, more preferably 5.0 to 50.0 um.
In this regard, the ten point average roughness Rz means a ten
point average roughness Rz prescribed in JIS B 0601: 2001.

[0051] Ifan arithmetic average roughness Ra on a rear face
of'the decorative sheet 10 is 1.0 um or more, the effects of the
present invention can be exerted. If it is 10.0 pm or less, a
roughness on a rear face of the decorative sheet 10 does not
exert an influence on a surface thereof, and therefore when
insert molding is carried out by using, for example, the deco-
rative sheet 10, the resulting molded article is sufficiently
provided with a smoothness and a surface gloss on a surface
thereof and sufficiently provided as well with an adhesive
property with the injection resin.

[0052] In the roughening treatment for a rear face of the
decorative sheet 10 in the present invention, a ten point aver-
age roughness RzJIS on the rear face and a thickness T of the
base material satisfy preferably the following equation (I),
more preferably the following equation (I-A) and particularly
preferably the following equation (I-B):

Tx0.30=RzJIS O
Tx0.20=RzJIS (I-A)
Tx0.182RzJIS (IB)
[0053] In the roughening treatment for a rear face of the

decorative sheet 10 in the present invention, an arithmetic
average roughness Ra on the rear face and a thickness T of the
base material satisfy preferably the following equation (II),
more preferably the following equation (II-A) and particu-
larly preferably the following equation (1I-B):

7x0.202Ra=Tx0.005 (I
7x0.182Ra=T7x0.02 (I-A)
7x0.152Ra=7x0.03 (I-B)
[0054] Ifan arithmetic average roughness Ra on a rear face

of the decorative sheet 10 is less than the ranges described
above, dents and wounds are likely to be generated on a
surface thereof by wrapping therein foreign matters, and
scratches and wrinkles are likely to be produced by allowing
a surface and a rear face of the decorative sheet to be tightly
adhered with each other. On the other hand, if an arithmetic
average roughness Ra on a rear face of the decorative sheet 10
exceeds the ranges described above, an arithmetic average
roughness Ra on a rear face of the decorative sheet 10 is too
large as compared with a thickness of the base material, and
therefore when the decorative sheet 10 is softened, a rough-
ness on a rear face side thereof exerts an influence as well on
a surface thereof to bring about the problems that a surface of
the resulting molded article is inferior in a smoothness and a
surface gloss when insert molding is carried out by using, for
example, the decorative sheet 10 and that an adhesive prop-
erty with the injection resin is inferior.
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[0055] Also, if the ten point average roughness Rz exceeds,
though the arithmetic average roughness Ra is small, the
ranges described above, irregularities are likely to be locally
generated to cause friction when the decorative sheets 10 are
superposed, and scratches and the like are likely to be gener-
ated.

[0056] The releasing film 11 used in the production process
of the present invention shall not specifically be restricted as
long as it can be released (peeled) later even if it is brought
into contact with the primer layer 12. It includes films com-
prising polyethylene terephthalate, polyethylene, polypropy-
lene and the like and papers, or films and papers prepared by
coating (subjected to release treatment) release agents such as
silicone and the like on the above polymers. The releasing
film 11 which is subjected to release treatment is liable to be
peeled off and therefore is preferred.

[0057] In the production process of the present invention,
the primer layer 12 formed on the releasing film 11 has the
function of enhancing an adhesive property between the
design layer 13 and the surface protective layer 15 which are
present on the base material 14. Further, smoothing a surface
of'the primer layer 12 makes it possible to smooth a surface of
the surface protective layer 15 without exerting an influence
of the irregularities of the design layer 13 on the surface
protective layer 15.

[0058] (Meth)acryl resins, urethane resins, (meth)
acrylsurethane copolymer resins, vinyl chloride-vinyl acetate
copolymers, polyester resins, butyral resins, chlorinated
polypropylene, chlorinated polyethylene and the like are used
for a primer composition constituting the primer layer 12.
[0059] Also, athickness of the primer layer 12 is preferably
0.1to 10 um. A thickness of 0.1 um or more makes it possible
to exert sufficiently the effect of preventing cracking, break-
ing, whitening and the like on the surface protective layer. On
the other hand, if a thickness of the primer layer 12 is 10 pm
or less, the coating film is stably dried and cured when the
primer layer is coated, and therefore the moldability is not
varied. Accordingly, it is preferred.

[0060] Next, the design layer 13 comprising the picture
layer and/or the whole face solid colored layer shown in FIG.
1 serves for providing the resin molded article with a deco-
rative property. The picture layer is formed by printing vari-
ous patterns with an ink by means of a printer. The patterns
include woodgrain patterns, stone-grain patterns imitating
the surfaces of rocks such as a marble pattern (for example,
travertine marble patterns) and the like, fabric patterns imi-
tating a blanket texture pattern and a cloth-like pattern, tiling
patterns, brick work patterns and the like, and they include as
well composite patterns thereof such as parquetry patterns,
patchwork patterns and the like. The above patterns are
formed by multi-color printing with process colors of usual
yellow, red, blue and black colors, and in addition thereto,
they are formed as well by multi-color printing with special
colors using plates of individual colors constituting the pat-
terns.

[0061] Materials prepared by appropriately mixing a binder
with a colorant such as a pigment, a dye and the like, an
extender pigment, a solvent, a stabilizer, a plasticizer, a cata-
lyst, a curing agent and the like are used as an ink used for the
design layer 13. The above binder shall not specifically be
restricted, and optional ones selected from, for example,
polyurethane base resins (acryl urethane copolymer resins
and the like), vinyl chloride/vinyl acetate base copolymer
resins, vinyl chloride/vinyl acetate/acryl resin base copoly-
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mer resins, chlorinated polypropylene base resins, acryl base
resins, polyester base resins, polyamide base resins, butyral
base resins, polystyrene base resins, nitrocellulose base res-
ins, cellulose acetate base resins and the like are used alone or
in a mixture of two or more kinds thereof.

[0062] Used as the colorant are inorganic pigments such as
carbon black (Japanese ink), iron black, titanium white, anti-
mony white, chrome yellow, titanium yellow, iron oxide red,
cadmium red, ultramarine blue, cobalt blue and the like,
organic pigments and dyes such as quinacridone red, isoin-
dolinone yellow, phthalocyanine blue and the like, metallic
pigments comprising scale-like foil pieces of aluminum,
brass and the like and pearlescent (pearl) pigments compris-
ing scale-like foil pieces of titanium dioxide-coated mica,
basic lead carbonate and the like.

[0063] In the present invention, a masking layer may be
provided, if necessary, between the design layer 13 and the
base material 14. The masking layer is provided for the pur-
pose of preventing an effect from being exerted on the colors
of the patterns in the decorative sheet 10 by a change and a
dispersion in the color of a surface of the base material 14.
Usually, the masking layer is formed in an opaque color in
many cases, and a so-called solid printed layer having a
thickness of 1 to 20 um is suitably used as the masking layer.
A binder, a colorant and the like which are used for the
masking layer are the same as those used for the design layer
13. When the design layer 13 comprises a whole face solid
colored layer, it may be used as the masking layer.

[0064] The base material 14 used in the production process
of the present invention is selected considering a vacuum
molding aptitude and an injection molding simultaneous
decoration aptitude, and to be representative, a resin sheet
comprising a thermoplastic resin is used therefor. Usually
used as the above thermoplastic resin are acryl resins, poly-
olefin base resins such as polypropylene, polyethylene and
the like, polycarbonate resins, acrylonitrile-butadiene-sty-
rene resins (hereinafter referred to as “ABS resins™), vinyl
chloride resins, polyester resins and the like. Also, the base
material 14 can be used in the form of a single layer sheet of
the above resins or a plural layer sheet comprising the same
kind or different kinds of the resins.

[0065] A thickness of the base material 14 is selected
according to the uses, and it is usually 0.03 to 1.0 mm, con-
sidering a cost and the like, generally 0.03 to 0.5 mm.
[0066] A surface ofthe base material 14 can be subjected, if
desired, to surface treatment by an oxidation method and the
like in order to enhance an adhesive property thereof with the
layers provided thereon.

[0067] The oxidation method described above includes, for
example, corona discharge treatment, chrome oxidation treat-
ment, flame treatment, hot blast treatment, ozone*UV ray
treatment methods and the like. The above surface treatments
are suitably selected according to the kind of the base mate-
rials, and usually a corona discharge treatment method is
preferably used in terms of effects and an operability.

[0068] Inthe production process of the present invention, a
polymerizable monomer and a polymerizable oligomer and/
or prepolymer (hereinafter abbreviated as an oligomer/pre-
polymer) as the ionizing radiation curable resin used for the
ionizing radiation curable resin composition shall be
explained below.

[0069] To be representative, the polymerizable monomers
are suitably (meth)acrylate base monomers having a radically
polymerizable unsaturated group in a molecule, and among
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them, multifunctional (meth)acrylates are preferred. In this
case, “(meth)acrylate” means “acrylate” or “methacrylate”,
and other similar monomers have the same meaning. The
multifunctional (meth)acrylates shall not specifically be
restricted as long as they are (meth)acrylates having two or
more ethylenically unsaturated bonds in a molecule. To be
specific, they include ethylene glycol di(meth)acrylate, pro-
pylene glycol di(meth)acrylate, 1,4-butanediol di(meth)acry-
late, 1,6-hexanediol di(meth)acrylate and the like. The above
multifunctional (meth)acrylates may be used alone or in com-
bination of two or more kinds thereof.

[0070] In the present invention, monofunctional (meth)
acrylates can suitably be used in combination with the mul-
tifunctional (meth)acrylates described above for the purpose
of reducing a viscosity of the multifunctional (meth)acrylates
as long as the effects of the present invention are not damaged.
The monofunctional (meth)acrylates include, for example,
methyl (meth)acrylate, ethyl (meth)acrylate, propyl(meth)
acrylate, butyl (meth)acrylate, pentyl(meth)acrylate, hexyl
(meth)acrylate, cyclohexyl(meth)acrylate, 2-ethylhexyl
(meth)acrylate, lauryl(meth)acrylate, stearyl(meth)acrylate,
isobornyl(meth)acrylate and the like. The above monofunc-
tional (meth)acrylates may be used alone or in combination of
two or more kinds thereof.

[0071] Next, the polymerizable oligomer/prepolymer
includes oligomers/prepolymers having radically polymeriz-
able unsaturated groups in a molecule, for example, epoxy
(meth)acrylate base oligomers/prepolymers, urethane (meth)
acrylate base oligomers/prepolymers, polyester (meth)
acrylate base oligomers/prepolymers, polyether (meth)
acrylate base oligomers/prepolymers, polycarbonate (meth)
acrylate base oligomers/prepolymers and the like.

[0072] Further, the polymerizable oligomers/prepolymers
include, in addition to the above compounds, polybutadiene
(meth)acrylate base oligomers/prepolymers which have a
(meth)acrylate group on a side chain of a polybutadiene oli-
gomer/prepolymer and which are highly hydrophobic, sili-
cone (meth)acrylate base oligomers/prepolymers having a
polysiloxane bond on a main chain, aminoplast resin (meth)
acrylate base oligomers/prepolymers obtained by modifying
an aminoplast resin having a large number of reactive groups
in a small molecule thereof and oligomers/prepolymers hav-
ing cationically polymerizable functional groups in mol-
ecules of novolak type epoxy resins, bisphenol type epoxy
resins, aliphatic vinyl ethers, aromatic vinyl ethers and the
like.

[0073] If compounds containing at least polycarbonate
(meth)acrylate or acryl silicone (meth)acrylate and multi-
functional (meth)acrylate are used as the ionizing radiation
curable resin composition in the present invention, an excel-
lent chemical resistance, an excellent scratch resistance and a
good three-dimensional moldability are satisfied at the same
time, and therefore it is preferred in terms of making it pos-
sible to obtain a decorative sheet in which a surface protective
layer does not suffer cracking and the like and which is liable
to be three-dimensionally molded.

[0074] When a compound containing polycarbonate
(meth)acrylate and multifunctional (meth)acrylate is used as
the ionizing radiation curable resin composition, a weight
ratio of the polycarbonate (meth)acrylate to the multifunc-
tional (meth)acrylate is preferably 98:2 to 70:30, more pref-
erably 95:5 to 80:20.

[0075] The polycarbonate (meth)acrylate used in the
present invention shall not specifically be restricted, and it
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may be any one as long as it is a compound having a carbonate
bond on a polymer principal chain and having (meth)acrylate
on a terminal or a side chain. The above (meth)acrylate is
preferably difunctional or more from the viewpoint of cross-
linking and curing.

[0076] The polycarbonate (meth)acrylate has a weight
average molecular weight of preferably 500 or more, more
preferably 1,000 or more and further preferably exceeding
2,000 which is measured by GPC analysis and reduced to
standard polystyrene. An upper limit of a weight average
molecular weight of the polycarbonate (meth)acrylate shall
not specifically be restricted, and it is preferably 100,000 or
less, more preferably 50,000 or less from the viewpoint of
controlling the viscosity so that it does not grow too high.
From the viewpoint of allowing the scratch resistance to be
consistent with the three-dimensional moldability, it is fur-
ther preferably exceeding 2,000 and 50,000 or less, particu-
larly preferably 5,000 to 20,000.

[0077] When a compound containing acryl silicone (meth)
acrylate and multifunctional (meth)acrylate is used as the
ionizing radiation curable resin composition, a weight ratio of
the acryl silicone (meth)acrylate to the multifunctional
(meth)acrylate is preferably 50:50 to 95:5, more preferably
95:5 to 80:20.

[0078] Theacrylsilicone (meth)acrylate used in the present
invention shall not specifically be restricted, and it may be any
one as long as it is a compound in which a part of the acryl
resin is substituted with a siloxane bond (Si—O) in a mol-
ecule and which has two or more (meth)acryloyloxy groups
(acryloyloxy groups or methacryloyloxy groups) as func-
tional groups on a side chain and/or a principal chain terminal
of'the acryl resin.

[0079] The acrylsilicone (meth)acrylate has a weight aver-
age molecular weight of preferably 1,000 or more, more
preferably 2,000 or more which is measured by GPC analysis
and reduced to standard polystyrene. An upper limit of a
weight average molecular weight of the acryl silicone (meth)
acrylate shall not specifically be restricted, and it is preferably
150,000 or less, more preferably 100,000 or less from the
viewpoint of controlling the viscosity so that it does not grow
too high. From the viewpoint of allowing the three-dimen-
sional moldability to be consistent with the chemical resis-
tance and the scratch resistance, it is particularly preferably
2,000 to 100,000.

[0080] The multifunctional (meth)acrylate used in the
present invention shall not specifically be restricted as long as
it is difunctional or higher (meth)acrylate. However, trifunc-
tional or higher (meth)acrylate is preferred from the view-
point of a curing property. In this connection, difunction
means having two ethylenically unsaturated bonds ((meth)
acryloyl groups) in a molecule.

[0081] Also, the multifunctional (meth)acrylate may be
either of an oligomer and a monomer, but it is preferably a
multifunctional (meth)acrylate oligomer from the viewpoint
of enhancing the three-dimensional moldability.

[0082] The multifunctional (meth)acrylate has a weight
average molecular weight of preferably 500 or more, more
preferably 1,000 or more and further preferably exceeding
2,000 which is measured by GPC analysis and reduced to
standard polystyrene. An upper limit of a weight average
molecular weight of the multifunctional (meth)acrylate shall
not specifically be restricted, and it is preferably 100,000 or
less, more preferably 50,000 or less from the viewpoint of
controlling the viscosity so that it does not grow too high.
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From the viewpoint of allowing the scratch resistance to be
consistent with the three-dimensional moldability, it is fur-
ther preferably exceeding 2,000 and 50,000 or less, particu-
larly preferably 5,000 to 20,000.

[0083] The multifunctional (meth)acrylate described
above includes, for example, urethane (meth)acrylate base
oligomers, epoxy(meth)acrylate base oligomers, polyester
(meth)acrylate base oligomers, polyether (meth)acrylate base
oligomers and the like. In this connection, the urethane (meth)
acrylate base oligomers can be obtained by reacting, for
example, polyetherpolyol and polyesterpolyol with polyiso-
cyanate to obtain a polyurethane oligomer and esterifying the
polyurethane oligomer by (meth)acrylic acid.

[0084] Further, other multifunctional (meth)acrylates
include polybutadiene (meth)acrylate base oligomers which
have a (meth)acrylate group on a side chain of a polybutadi-
ene oligomer and which are highly hydrophobic, silicone
(meth)acrylate base oligomers having a polysiloxane bond on
amain chain, aminoplast resin (meth)acrylate base oligomers
obtained by modifying an aminoplast resin having a large
number of reactive groups in a small molecule thereof and the
like.

[0085] Whena UV ray curable resin is used as the ionizing
radiation curable resin, a photopolymerization initiator is
used preferably in an amount of 0.1 to 5 parts by mass based
on 100 parts by mass of the resin. The photopolymerization
initiator can be selected from products which have so far been
conventionally used and shall not specifically be restricted.

[0086] Also, p-dimethylbenzoic acid esters, tertiary
amines, thiol base sensitizers and the like can be used as a
photosensitizer.

[0087] In the present invention, an electron beam curable
resin is preferably used as the ionizing radiation curable resin.
The electron beam curable resin can be used in the absence of
a solvent and is more preferred from the viewpoint of envi-
ronmental protection and human health. Further, it does not
require a photopolymerization initiator and provides a stable
curing characteristic.

[0088] Other resins can be added to the ionizing radiation
curable resin composition described above as long as the
effects of the present invention are displayed. For example,
when the decorative sheet 10 obtained by the production
process of the present invention is intended to be provided
with a flexibility, a thermoplastic resin can be added. On the
other hand, when the durability against solvents is required, a
thermoplastic resin is not preferably added.

[0089] The thermoplastic resin includes (meth)acryl base
resins such as poly(meth)acrylic acid esters and the like,
polyvinyl acetal (butyral resins) such as polyvinyl butyral and
the like, polyester resins such as polyethylene terephthalate,
polybutylene terephthalate and the like, vinyl chloride resins,
urethane resins, polyolefins such as polyethylene, polypropy-
lene and the like, styrene base resins such as polystyrene,
poly-a.-methylstyrene and the like, polyamides, polycarbon-
ate, acetal resins such as polyoxymethylene and the like,
fluororesins such as ethylene-ethylene tetrafluoride copoly-
mers and the like, polyimides, polylactic acid, polyvinyl
acetal resins, liquid crystalline polyester resins and the like.
They may be used alone or in combination of two or more
kinds thereof. When used in combination of two or more
kinds thereof, they may be copolymers of monomers consti-
tuting the above resins, or the respective resins may be used in
a mixture.

Sep. 18,2014

[0090] Among the thermoplastic resins described above,
the resins comprising (meth)acryl base resins as principal
components are preferred in the present invention, and among
them, the resins obtained by polymerizing the monomers
comprising at least (meth)acrylic esters as the monomer com-
ponents are preferred.

[0091] To be more specific, preferred are homopolymers of
(meth)acrylic esters, copolymers of two or more kinds of
different (meth)acrylic ester monomers and copolymers of
(meth)acrylic esters with other monomers.

[0092] The thermoplastic resins described above have a
weight average molecular weight falling in a range of 90,000
t0 120,000. Ifthe weight average molecular weight falls in the
above range, all of the moldability after cross-linking and
curing to form the surface protective layer and an abrasion
resistance and a scratch resistance of the surface can be
obtained at high levels.

[0093] In this regard, the weight average molecular weight
is a polystyrene-reduced value measured by gel permeation
chromatography (GPC). A solvent used in the above case can
suitably be selected from solvents usually used and includes,
for example, tetrahydrofuran (THF), N-methyl-2-pyrrolidi-
none (NMP) and the like.

[0094] The thermoplastic resins described above have a
polydispersion degree (weight average molecular weight
Mw/number average molecular weight Mn) falling prefer-
ably in a range of 1.1 to 3.0. If the polydispersion degree falls
in the above range, all of the moldability after cross-linking
and curing to form the surface protective layer and an abra-
sion resistance and a scratch resistance of the surface can be
obtained as well at high levels. From the viewpoint described
above, a polydispersion degree of the above (meth)acryl base
resins falls more preferably in a range of 1.5 to 2.5.

[0095] Additives used for the ionizing radiation curable
resin composition described above include, for example,
weatherability improving agents, polymerization inhibitors,
cross-linking agents, IR absorbing agents, antistatic agents,
adhesion improving agents, leveling agents, thixotropy pro-
viding agents, coupling agents, plasticizers, defoaming
agents, fillers, solvents, colorants, abrasion resistance
improving agents and the like.

[0096] Various additives can be added to the surface pro-
tective layer 15 thus formed to thereby impart various func-
tions, for example, a so-called hard coat function providing a
high hardness and an abrasion resistance, a defogging func-
tion, a stain resistant function, a glare-proof function, an
antireflective function, a UV shielding function, an IR shield-
ing function and the like.

[0097] In the present invention, a thickness of the surface
protective layer 15 after cured is preferably 1 to 30 um. If a
thickness of the surface protective layer 15 after cured is 1 pm
or more, the excellent design properties such as the transpar-
ence feeling, the gloss feeling and the like are obtained, and
the satisfactory physical properties of the protective layer,
such as a stain resistance, an abrasion resistance, a weather-
ability and the like are obtained. On the other hand, if it is 30
um or less, the protective layer is prevented from being
cracked and whitened in molding, and it can be endowed with
adesired form and provided with a good design property after
three-dimensional molding. From the above viewpoints, a
thickness of' the surface protective layer 15 after cured falls in
arange of preferably 2 to 20 um, more preferably 3 to 10 pm.
[0098] Capable of being used as a binder resin used for the
fine particle-containing resin layer 16 are, for example, resins
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such as polyolefin resins including polypropylene, polyeth-
ylene and the like, polyester resins, polyurethane resins, acryl
base resins, acryl urethane base resins, polycarbonate resins,
vinyl chloride/vinyl acetate copolymers, polyvinyl butyral
resins, nitrocellulose resins (cellulose nitrate) and the like, in
addition thereto, compounds such as alkyl titanate, ethylene-
imine and the like. They can suitably be selected and used
from the viewpoint of an adhesive property with the adherend
and the injection resin.

[0099] Capable of being used as fine particles used for the
fine particle-containing resin layer 16 are, for example, inor-
ganic fine particles of'silica, talc, calcium carbonate, precipi-
tated barium sulfate, alumina, acid clay, clay, magnesium
carbonate, carbon black, tin oxide, titan white, urea powder
resins and the like, acryl beads and organic fine particles
comprising organic high polymers such as polyethylene, ure-
thane resins, polycarbonate, polyamide(nylon) and the like.
Among them, silica, acryl beads, polyethylene wax and the
like which are readily handled and inexpensive are suited.

[0100] An average particle diameter of the fine particles is
preferably 0.5 to 20 pum, more preferably 0.5 to 10 um, and an
addition amount thereof falls in a range of preferably 0.1 to 10
parts by mass, more preferably 0.5 to 5 parts by mass based on
100 parts by mass of the binder resin. A form of the particles
is polyhedral, spherical, scaly and the like.

[0101] The decorative sheet 10 obtained by the production
process of the present invention can be used for various injec-
tion molding methods such as an insert molding method, an
injection molding simultaneous decoration method, a blow
molding method, a gas injection molding method and the like,
and it can be used particularly suitably for the insert molding
method and the injection molding simultaneous decoration
method.

[0102] In the insert molding method, the decorative sheet
obtained by the production process of the present invention is
subjected in advance to vacuum molding (offline preliminary
molding) into a surface form of the molded article by means
of'a vacuum molding die in a vacuum molding step, and then
surplus parts are trimmed, if necessary, to obtain a molded
sheet. This molded sheet is inserted into an injection molding
die, and the injection molding die is clamped. A resin staying
in a flowing state is injected into the die and solidified, and the
decorative sheet is integrated with an outer surface of the resin
molded article at the same time as injection molding to pro-
duce a decorated resin molded article.

[0103] Resins according to the uses are used for the injec-
tion resin, and representative are polyolefin resins such as
polypropylene, polyethylene and the like and thermoplastic
resins such as ABS resins, styrene resins, polycarbonate res-
ins, acryl resins, vinyl chloride resins and the like. Further,
thermosetting resins such as urethane resins, epoxy resins and
the like can be used as well according to the uses.

[0104] Next, in the injection molding simultaneous deco-
ration method, the decorative sheet of the present invention is
disposed in a female die used also as a vacuum molding die in
which a vacuum port for injection molding is provided, and it
is subjected to preliminary molding (inline preliminary mold-
ing) in the above female die. Then, the injection molding die
is clamped, and a resin staying in a flowing state is injected
and filled into the die and solidified, whereby the decorative
sheet is integrated with an outer surface of the resin molded
article at the same time as injection molding to produce a
decorated resin molded article.
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[0105] In the injection molding simultaneous decoration
method, heat and pressure are exerted on the decorative sheet
by the injection resin, and therefore the decorative sheet may
be or may not be preliminarily heated when it is close to a flat
board and drawn to a small extent.

[0106] Also, the same resins as explained in the insert
molding method can be used as the injection resin used above.
[0107] The decorated resin molded article produced in the
above manner is a molded article which is excellent in a
surface smoothness and a gloss and which is provided with a
high design property. Further, in the production process of the
present invention, the surface protective layer is completely
cured in a stage of producing the decorative sheet, and there-
fore a step in which the surface protective layer is cross-linked
and cured after producing the decorated resin molded article
is not necessary.

EXAMPLES

[0108] Next, the present invention shall be explained in
further details with reference to examples, but the present
invention shall by no means be restricted by these examples.
[0109] The respective evaluation methods and measuring
methods shall be explained below in detail.

Arithmetic Average Roughness Ra:

[0110] Measured by means of a surface roughness measur-
ing equipment (trade name: HANDYSURF E-35A) manufac-
tured by Tokyo Seimitsu Co., Ltd. according to JIS B 601:
2001, wherein a roughness curve having a length [. was
folded back at a central line, and a value obtained by dividing
a whole area surrounded by the respective roughness curves
and the central line by the length [ was shown by micrometer
(Hm).

Ten point average roughness Rz,

[0111] The ten point average roughness Rz,,. was mea-
sured at a measuring length of 4 mm and a cutoff value of 0.8
mm according to JIS B 601:2001.

Blocking Resistance:

[0112] Two sheets of the decorative sheets were used, and a
surface side of one sheet and a rear face side of the other sheet
were superposed. A load of 2.94 MPa was applied thereon by
means of a blocking tester, and they were left standing at 40°
C. for 72 hours. Then, an adhering and sticking degree of the
faces brought into contact with each other was evaluated
according to the following criteria.

o: resistance was not observed at all when the superposed
decorative sheets were peeled off.

X: resistance was observed when the superposed decorative
sheets were peeled off, and scratches and wrinkles originating
in blocking were confirmed on the surface side of the deco-
rative sheet.

Wounds and Dents Produced by Foreign Matters:

[0113] The decorative sheet was wound in a roll form in
which a surface side of one layer and a rear face side of the
other layer were superposed, and the roll was left standing at
20° C. for 168 hours. Twenty sheets of the decorative sheets
were cut out of the roll to confirm the number of the sheets in
which wounds and dents were observed on a surface protec-
tive layer. These wounds and dents were considered to be due
to foreign matters such as fine dusts and the like which were
wrapped in the roll.
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o: decorative sheets in which wounds and dents were gener-
ated were zero

A: decorative sheets in which wounds and dents were gener-
ated were less than 10 sheets

x: decorative sheets in which wounds and dents were gener-
ated were 10 or more sheets

Surface Gloss:

[0114] A gloss value was measured on the condition of an
incident angle of 60° by means of a gloss meter (micro-TRI-
gloss, manufactured by BYK Gardner Inc.). It is shown that
the higher the numerical value is, the higher the gloss is.

Smoothness:

[0115] A surface of amolded article prepared by subjecting
the decorative sheet to inset molding was visually evaluated.
o: the surface was excellent in a smoothness, and clear images
were reflected on a surface of the molded article
x: the surface was short of a smoothness, and images reflected
on a surface of the molded article were distorted

Haze:

[0116] Evaluated by ahaze value defined in ASTM D4039.
The respective gloss values were measured on the condition
of an incident angle of 60° and 20° by means of the gloss
meter (micro-TRI-gloss, manufactured by BYK Gardner
Inc.) to determine the haze values according to the following
equation.

haze value=gloss value)(60°)-gloss value(20°)

It is shown that the smaller the haze value is, the higher the
gloss feeling and the transparence feeling are and that the
larger the haze value is, the lower the hazing transparency is.
Adhesive Property with Injection Resin:

[0117] Cross-cut-shaped cuts were given on a surface of the
sheetby 10 lines in a vertical direction and 10 lines in a lateral
direction at an interval of 2 mm by means of a utility knife
after the insert molding, and then Sellotape (trade name)
manufactured by Nichiban Co., Ltd. was stuck tightly on the
parts provided with the cuts and quickly peeled off.

®: no peeling was observed

o: very slight peeling was observed along the cross-cut-
shaped cuts

x: peeling was observed between the sheet and the injection
resin

Emboss Fastness:

[0118] The decorative sheet was dipped in an oil bath of a
prescribed temperature for 1 minute, and creping reversion of
the emboss and a gloss thereof after dipping were visually
observed. They were evaluated at every 10° C., and the high-
est temperature at which creping reversion was not observed
and at which the gloss was not changed was shown.

Example 1

[0119] A biaxially oriented polyethylene terephthalate film
(thickness: 25 um, arithmetic average roughness (Ra): 0.01
um) having a release layer of a silicone base on a surface layer
was used as a releasing film, and an acryl/urethane block
copolymer resin was coated on the above releasing film to
form a transparent primer layer having a thickness of 2 pm.
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[0120] Then, a design layer of a woodgrain pattern was
formed onthe above primer layer by gravure printing using an
acryl urethane copolymer resin ink. Thereafter, a design layer
side of the sheet in which the primer layer and the design layer
were formed on the releasing film was brought into contact
with a base material (a sheet comprising an ABS resin, thick-
ness: 300 um), and then the sheet was subjected to hot press
processing at 150° C. under applying a pressure of 5 kgf/cm?
for 10 minutes by means of a hot press machine in which a
stainless-made mirror surface plate having an arithmetic
average roughness Ra of 0.05 um was used for a primer layer
side (surface side) and in which a stainless-made metal plate
provided with a satin finished pattern having an arithmetic
average roughness Ra of 4.0 um and a ten point average
roughness RzJIS of 16 um was used for a base material side
(rear face side). After the hot press processing, the releasing
film was peeled off to transfer the primer layer and the design
layer onto the base material.

[0121] Next, an ionizing radiation curable resin composi-
tion comprising difunctional urethane acrylate (weight aver-
age molecular weight: 2,000) was coated on a surface of the
primer layer after the releasing film was peeled off by gravure
reverse so that a thickness thereof after cured was 6 um. The
above uncured resin layer was irradiated with an electron
beam at an acceleration voltage of 165 kV and an irradiation
dosage of 50 kGy (5 Mrad) to cure the ionizing radiation
curable resin composition, whereby a decorative sheet was
obtained.

[0122] Thedecorative sheet thus obtained had an arithmetic
average roughness Ra of 0.1 um at a surface side and 2.0 um
at a rear face side.

[0123] Next, the decorative sheet obtained was heated by
means of an infrared heater until a temperature of the sheet
reached 170° C. and softened, and then it was subjected to
vacuum molding. The decorative sheet was released from the
die, and a rear face thereof was confirmed to find that the
emboss disappeared and that the sheet was flattened. Unnec-
essary parts of the decorative sheet subjected to vacuum
molding were trimmed by pressing a die cut mold againstitby
applying an oil pressure. The above decorative sheet trimmed
was inserted into an injection molding die, and then the die
was clamped. An ABS resin was injected into the die, and the
decorative sheet was laminated on a surface of the molded
article and integrated therewith to obtain a decorative resin
molded article by insert molding.

Example 2

[0124] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that a stainless-made metal plate provided with a satin
finished pattern having an arithmetic average roughness Ra of
8.5 um and a ten point average roughness RzJIS of 39 pm was
used for a side (rear face side) having no design layer in the
hot press step.

Example 3

[0125] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that a sheet comprising an ABS resin having a thick-
ness of 200 um was used for the base material and that a
stainless-made metal plate provided with a satin finished
pattern having an arithmetic average roughness Ra of 6.9 pm
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and a ten point average roughness RzJIS of 28 um was used
for a side (rear face side) having no design layer in the hot
press step.

Example 4

[0126] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that a sheet comprising an ABS resin having a thick-
ness of 400 um was used for the base material and that a
stainless-made metal plate provided with a satin finished
pattern having an arithmetic average roughness Ra of 4.0 pm
and a ten point average roughness RzJIS of 23 um was used
for a side (rear face side) having no design layer in the hot
press step.

Example 5

[0127] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that a sheet comprising an ABS resin having a thick-
ness of 400 um was used for the base material and that used
was an ionizing radiation curable resin composition obtained
by mixing difunctional polycarbonate acrylate (weight aver-
age molecular weight: 10,000) and hexafunctional urethane
acrylate (weight average molecular weight: 6,000) in a ratio
of 94:6.

Example 6

[0128] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that a sheet comprising an ABS resin having a thick-
ness of 400 um was used for the base material and that used
was an ionizing radiation curable resin composition obtained
by mixing difunctional acryl silicone acrylate (weight aver-
age molecular weight: 20,000) and hexafunctional urethane
acrylate (weight average molecular weight: 5,000) in a ratio
of 70:30.

Comparative Example 1

[0129] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that in the hot press processing in Example 1, the hot
press processing was carried out at 140° C. by using a stain-
less-made metal plate provided with a satin finished pattern
having an arithmetic average roughness Ra of 19 pm and aten
point average roughness RzJIS of 130 pm.
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Comparative Example 2

[0130] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 1,
except that a sheet comprising an ABS resin having a thick-
ness of 200 um was used for the base material and that in the
hot press processing in Example 1, the hot press processing
was carried out by using a stainless-made mirror surface plate
having an arithmetic average roughness Ra of 1.8 ym and a
ten point average roughness RzJIS of 6 um for a rear face side
in place of the stainless-made metal plate provided with a
satin finished pattern.

Comparative Example 3

[0131] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Comparative
Example 1, except that in Comparative Example 2, a sheet
comprising an ABS resin having a thickness of 400 pum was
used for the base material and that a composition comprising
100 parts by mass of an acryl base resin and 10 parts by mass
of'silica (average particle diameter: 3.0 pm) was coated on a
surface side in a coating amount of 1 g/m? by gravure printing
to provide a fine particle-containing resin layer.

Comparative Example 4

[0132] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 5,
except that a sheet comprising an ABS resin having a thick-
ness of 100 um was used for the base material and that in the
hot press processing in Example 1, the hot press processing
was carried out by using a stainless-made mirror surface plate
having an arithmetic average roughness Ra of 28.2 um and a
ten point average roughness RzJIS of 97 um for a rear face
side in place of the stainless-made metal plate provided with
a satin finished pattern.

[0133] Next, an arithmetic average roughness Ra and a ten
point average roughness Rz on a surface and a rear face of the
decorative sheets prepared in Examples 1 to 6 and Compara-
tive Examples 1 to 4 were measured, and an emboss fastness
on a rear face thereof was measured. The results thereof are
shown in Table 1 and Table 2. In addition to the above,
evaluated were a blocking resistance and wounds and dents
generated by foreign matters in the decorative sheets obtained
in Examples 1 to 6 and Comparative Examples 1 to 4 and a
surface gloss, a smoothness, a haze and an adhesive property
with the injection resin in the decorative resin molded articles.
The results thereof are shown in Table 1 and Table 2.

TABLE 1

Example

1 2 3 4 5 6

Sheet

constitution

Surface

Thickness of base material 300 300 200 400 400 400
(pm)

Arithmetic 0.1 0.1 0.1 0.1 0.1 0.1

average

roughness Ra

(pm)

Ten point 1.0 20 20 1.0 1.0 1.0

average

roughness Rz

(pm)
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TABLE 1-continued
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Example

1 2 3 4

face average
roughness Ra
(pm)
Ten point 14 31 22 19
average
roughness Rz
(pm)
Decorative Blocking
sheet resistance
‘Wounds and dents
generated by
foreign
matters
Decorative Surface gloss
resin Smoothness
molded Haze
article Adhesive
property with
injection resin

Evaluation
items

%
OO

84 84

%
O Ox

4 14

Arithmetic 2.0 7.0 5.0 3.0

2.0 2.0

9.0 11

o

O 0=
©

OO~

TABLE 2

Comparative Example

1 2 3

Sheet
constitution
Surface

Thickness of base material 300 200 400
(pm)

average roughness

Ra (um)

Ten point average 15 0.1 20
Rz roughness (um)
Fine particles
(average particle
diameter)

None None

Rear
face average roughness

Ra (um)

Ten point average 103 2 1

Rz roughness (um)
Decorative Blocking O
sheet resistance

Wounds and dents O

generated by

foreign matters
Decorative Surface gloss 71
resin Smoothness X
molded Haze 22
article Adhesive property O

with injection

resin

Evaluation
items

On0O8
w

Arithmetic 2.5 0.1 4.0

Silica
(3.0 pm)

Arithmetic 18 0.3 0.1

100

0.1

1.0

None
25

82

68

50
O

Example 7

[0134] A biaxially oriented polyethylene terephthalate film
(thickness: 25 um, arithmetic average roughness (Ra): 0.01
um) having a release layer of a silicone base on a surface layer
was used as a releasing film, and an acryl/urethane block
copolymer resin was coated on the above releasing film to
form a transparent primer layer having a thickness of 2 pm.

[0135] Then, a design layer of a woodgrain pattern was
formed onthe above primer layer by gravure printing using an
acryl urethane copolymer resin ink. Thereafter, a design layer
side of the sheet in which the primer layer and the design layer

were formed on the releasing film was brought into contact
with a base material (a sheet comprising an ABS resin, thick-
ness: 400 um), and then the sheet was subjected to hot press
processing at 150° C. under applying a pressure of 5 kgf/cm?
for 10 minutes by means of a hot press machine in which a
stainless-made mirror surface plate having an arithmetic
average roughness Ra of 0.05 um was used for a primer layer
side (surface side) and in which a stainless-made metal plate
provided with a satin finished pattern having an arithmetic
average roughness Ra of 8.0 um was used for a base material
side (rear face side). After the hot press processing, the releas-
ing film was peeled off to transfer the primer layer and the
design layer onto the base material.
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[0136] Next, an ionizing radiation curable resin composi-
tion comprising difunctional urethane acrylate (weight aver-
age molecular weight: 2,000) was coated on a surface of the
primer layer after the releasing film was peeled off by gravure
reverse so that a thickness thereof after cured was 6 um. The
above uncured resin layer was irradiated with an electron
beam at an acceleration voltage of 165 kV and an irradiation
dosage of 50 kGy (5 Mrad) to cure the ionizing radiation
curable resin composition, whereby a decorative sheet was
obtained.

[0137] Thedecorative sheet thus obtained had an arithmetic
average roughness Ra of 0.1 um at a surface side and 3.0 um
at a rear face side. Also, it had an emboss fastness of 130° C.

[0138] Next, the decorative sheet obtained was heated by
means of an infrared heater until a temperature of the sheet
reached 170° C. and softened, and then it was subjected to
vacuum molding. The decorative sheet was released from the
die, and a rear face thereof was confirmed to find that the
emboss disappeared and that the sheet was flattened. Unnec-
essary parts of the decorative sheet subjected to vacuum
molding were trimmed by pressing a die cut mold againstitby
applying an oil pressure. The above decorative sheet trimmed
was inserted into an injection molding die, and then the die
was clamped. An ABS resin was injected into the die, and the
decorative sheet was laminated on a surface of the molded
article and integrated therewith to obtain a decorative resin
molded article by insert molding.

Example 8

[0139] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that a temperature of the hot press was changed to 140°
C.

Example 9

[0140] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that a temperature of the hot press was changed to 180°
C.

Example 10

[0141] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that a temperature of the hot press was changed to 230°
C.

Example 11

[0142] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that in the hot press processing in Example 7, a stain-
less-made mirror surface plate having an arithmetic average
roughness Ra of 0.05 um was used for a rear face side in place
of the stainless-made metal plate provided with a satin fin-
ished pattern and that after curing the ionizing radiation cur-
able resin composition on the surface, a composition com-
prising 100 parts by mass of an acryl base resin and 3 parts by
mass of silica (average particle diameter: 1.5 um) was coated
on a rear face side in a coating amount of 1 g/m* by gravure
printing to provide a fine particle-containing resin layer.
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Example 12

[0143] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 11,
except that silica having an average particle diameter of 3.0
um was used in place of silica having an average particle
diameter of 1.5 um.

Example 13

[0144] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 11,
except that silica having an average particle diameter of 5.0
um was used in place of silica having an average particle
diameter of 1.5 um.

Example 14

[0145] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 11,
except that acryl beads having an average particle diameter of
5.0 um were used in place of silica having an average particle
diameter of 1.5 um.

Example 15

[0146] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 11,
except that polyethylene wax having an average particle
diameter of 5.0 ym was used in place of silica having an
average particle diameter of 1.5 um.

Example 16

[0147] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that used was an ionizing radiation curable resin com-
position obtained by mixing difunctional polycarbonate acry-
late (weight average molecular weight: 10,000) and
hexafunctional urethane acrylate (weight average molecular
weight: 6,000) in a ratio of 94:6.

Example 17

[0148] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that used was an ionizing radiation curable resin com-
position obtained by mixing difunctional acryl silicone acry-
late (weight average molecular weight: 20,000) and
hexafunctional urethane acrylate (weight average molecular
weight: 5,000) in a ratio of 70:30.

Comparative Example 5

[0149] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that in the hot press processing in Example 7, the hot
press processing was carried out by using a stainless-made
mirror surface plate having an arithmetic average roughness
Ra of 0.05 um for a rear face side in place of the stainless-
made metal plate provided with a satin finished pattern.

Comparative Example 6

[0150] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Example 7,
except that in the hot press processing in Example 7, the hot
press processing was carried out at 140° C. by using a stain-
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less-made metal plate provided with a satin finished pattern
having an arithmetic average roughness Ra 0of 19 um for a rear
face side.

Comparative Example 7

[0151] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Comparative
Example 5, except that in Comparative Example 5, a compo-
sition comprising 100 parts by mass of an acryl base resin and
10 parts by mass of silica (average particle diameter: 3.0 pm)
was coated on a surface side in a coating amount of 1 g/m* by
gravure printing to provide a fine particle-containing resin
layer.

Comparative Example 8
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Example 5, except that in Comparative Example 5, an isopro-
py! alcohol 10% solution of a cationic surfactant (trimethy-
lammonium dimethylsulfate) as an antistatic agent was
coated on a rear face side by gravure coating so that a coating
thickness thereof in drying was 0.5 g/m>.

[0155] An arithmetic average roughness Ra and a ten point
average roughness Rz on a surface and a rear face of the
decorative sheets prepared in Examples 7 to 17 and Compara-
tive Examples 5 to 10 were measured, and an emboss fastness
on a rear face thereof was measured. The results thereof are
shown in Table 3 to Table 5. In addition to the above, evalu-
ated were a blocking resistance and wounds and dents gen-
erated by foreign matters in the decorative sheets obtained in
Examples 7 to 17 and Comparative Examples 5 to 10 and a
surface gloss, a smoothness, a haze and an adhesive property

[0152] A decorative sheet and a decorative resin molded with the injection resin in the decorative resin molded articles.
article were obtained in the same manner as in Example 11, The results thereof are shown in Table 3 to Table 5.
TABLE 3
Example
7 8 10 11 12 13 14 15
Sheet Surface Arithmetic 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
constitution average
roughness Ra (um)
Ten point 1 1 1 1 1 1 1 1
average
roughness Rz (um)
Fine particle None None None None None None None None None
Rear Arithmetic 3 1.5 7 1 4 6 7 6
face average
roughness Ra (um)
Ten point 13 10 35 — — — —
average
roughness Rz (um)
Emboss fastness 130°C.  120°C. 140°C. 200°C. — — — —
cc)
Fine particle None None None None Silica Silica Silica Acryl Poly
(average particle (L.5pm) (3.0 um) (5.0 um) beads ethylene
diameter) (5.0 pm) wax
(5.0 pm)
Evaluation  Decorative Blocking O
items sheet resistance
‘Wounds and O
dents generated
by foreign matters
Decorative Surface gloss 90 91 85 89 87 90 89 89
resin Smoothness O O
molded Haze 59 5.7 6.1 6.9 5.7 5.8 6.0 6.2 7.3
article Adhesive property ® ® O O O O O O
with injection
resin
except that silica having an average particle diameter of 0.1 TABLE 4
um was used in place of silica having an average particle
diameter of 1.5 um. Example
Comparative Example 9 16 17
[01.53] A decor.atlve. sheet and a decorathf: resin molded Sheet Surface Asithmetic o1 o1
article were obtained in the same manner as in Example 11, -
. . ) ) constitution average roughness
except that silica having an average particle diameter of 9.0 Ra (um)
wm was used in place of silica having an average particle Ten point average 1 1
diameter of 1.5 um. roughness Rz (jim)
Fine particles None None

Comparative Example 10

[0154] A decorative sheet and a decorative resin molded
article were obtained in the same manner as in Comparative

(average particle
diameter)
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TABLE 4-continued

Example
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[0158] In Comparative Example 4, Ra and RzJIS were too
large, and therefore a gloss on a surface of the decorative resin
molded article was notably reduced to generate a haze.

[0159] Also, as shown in Table 3 to Table 5, the decorative

16 17
: : sheets prepared in Examples 7 to 17 did not generate blocking
Rearface  Arithmetic 2 1.5 and dents and wounds by wrapping therein foreign matters
average roughness . . Iy . .
Ra (um) even when winding them on a roll. In contrast with this, in
Ten point average 12 11 Comparative Examples 5 and 9 in which an arithmetic aver-
roughness Rz (um) age roughness Ra on the rear face was less than 1.0 pm,
Emcb‘)’ss fastness 130°C. 130°C. blocking and dents and wounds by wrapping therein foreign
Fine particles Nome None matters were generated. On the other hand, in Comparative
(average particle Examples 6 and 9 in which an arithmetic average roughness
. . diameter) Raon the rear face exceeded 10.0 um, brought about were the
Evaluatlon ]?lec‘zm“"e Blo,cfmg problems that a smoothness on a surface of the decorative
1ems sheet resistance . .
Wounds and dents sheet was damaged and that the adhesive property with the
generated by injection resin was reduced.
foreign matters [0160] Also, in Comparative Example 7 in which the fine
Decorated Surface gloss 20 91 . L. . . .
resin Smoothness ) 0O particle-containing resin layer was provided on a surface side
molded Haze 5.7 49 of the decorative sheet, a smoothness on a surface of the
article Adhesive property @ @ decorative sheet was damaged.
with injection . . C s
resin [0161] InComparative Example 10, blocking was inhibited
by coating the surfactant on a rear face side of the decorative
sheet, but since both surfaces of the decorative sheet were
TABLE 5
Comparative Example
5 6 7 8 9 10
Sheet Surface Arithmetic average roughness 0.1 23 4 0.1 0.1 0.1
constitution Ra (um)
Ten point average roughness 1 15 20 1 1 1
Rz (um)
Fine particles None None Silica None None None
(average particle (3.0 pm)
diameter)
Rear Arithmetic average roughness 0.1 13 0.1 0.2 13 0.1
face Ra (um)
Ten point average roughness 1 60 1 — —
Rz (um)
Emboss fastness (° C.) — l40°C. — — —
Fine particles None None None Silica Silica None
(average particle diameter) (0.1 pm) (9.0 um)
Surfactant None None None None None Present
Evaluation  Decorative Blocking resistance X O O X O
items sheet ‘Wounds and dents generated by X O O X A A
foreign matters
Decorative Surface gloss 92 80 65 88 85 89
resin Smoothness O X X O O O
molded Haze 5.9 30 42 6.2 9.5 6.0
article Adhesive property with O O O O X X
injection resin
[0156] As shown in Table 1 and Table 2, the decorative smooth, dents and wounds caused by wrapping therein for-

sheets prepared in Examples 1 to 6 did not generate blocking
and dents and wounds by wrapping therein foreign matters
even when winding them on a roll. In contrast with this, in
Comparative Example 1 in which Tx0.30<RzJIS was shown,
a smoothness on a surface of the decorated resin molded
article was damaged. On the other hand, in Comparative
Example 2 in which Ra<Tx0.005 was shown, blocking and
dents and wounds by wrapping therein foreign matters were
generated.

[0157] Also, in Comparative Example 3 in which the fine
particle-containing resin layer was provided on a surface side
of the decorative sheet, a smoothness on a surface of the
decorative resin molded article was damaged.

eign matters could not completely be prevented, and the adhe-
sive property with the injection resin was reduced.

INDUSTRIAL APPLICABILITY

[0162] The decorative sheets obtained by the production
process of the present invention are suitably used for decora-
tive resin molded articles including, for example, interior
materials or exterior materials of vehicles and the like, fixture
members such as skirting boards, cornices and the like, fit-
tings such as window frames, door frames and the like, inte-
rior materials for buildings such as walls, floors, ceilings and
the like, housings and vessels for home electric appliances
such as TV receivers, air conditioners and the like.
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What is claimed is:

1. A decorative sheet comprising a design layer, a primer
layer and a surface protective layer formed by cross-linking
and curing an ionizing radiation curable resin composition in
this order on a base material, wherein a surface of the surface
protective layer is smooth; a ten point average roughness
RzIIS on a rear face of the decorative sheet and a thickness T
of'the base material satisfies the following equation (I); and an
arithmetic average roughness Ra on the rear face and a thick-
ness T of the base material satisfies the following equation

(ID):

Tx0.30=RzJIS @
Tx0.20=Ra=Tx0.005 .

2. The decorative sheet according to claim 1, wherein an
arithmetic average roughness Ra of the surface protective
layer is 0.01 um or more and less than 1.0 um.
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3. A decorative molded article prepared by using the deco-
rative sheet according to claim 2.

4. A decorative molded article prepared by using the deco-
rative sheet according to claim 1.

5. A decorative sheet comprising a design layer, a primer
layer and a surface protective layer formed by cross-linking
and curing an ionizing radiation curable resin composition in
this order on a base material, wherein a surface of the surface
protective layer is smooth, and an arithmetic average rough-
ness Ra on a rear face of the decorative sheet is 1.0 to 10.0 um.

6. The decorative sheet according to claim 1, wherein an
arithmetic average roughness Ra of the surface protective
layer is 0.01 um or more and less than 1.0 um.

7. A decorative molded article prepared by using the deco-
rative sheet according to claim 6.

8. A decorative molded article prepared by using the deco-
rative sheet according to claim 5.

#* #* #* #* #*
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