I'Name of Document] Description
[Title of Invention) RELEASE FILM FOR CERAMIC GREEN

SHEET PRODUCICN PROCESS
[{Technical Field]
5 [00013
The wnresent inventlon relates to a release film that
is used in a production process of a ceramic green shest.
[Background Art)
[0coz:

10 To produce multi-layver ceramic products such as mulci-
layer ceramic capacitors and multi-laver ceramic substrates,
it has conventionally besn performed to mold ceramic green
sheets and Jlaminate +the obtained plural ceramic green
sheets Lo be fire

15 (60031}

A ceramic green sheet is molded by coating a release

film with ceramic slurry that contains ceramic materials

such as parium Titanate and titanium oxide. As the relesase
fiim, a film Dbase materisal treated for release with

20 siiicons-based compound such as polysiloxane may be used.

Such a releasgs film 1g reguired To have releasabillilt such

that a thin ceramic green sheet molded on the release Ffilm

can be released from the releazse film without breakage and

25 [oo04n
In recent years, as alectronic devices are reduced in
size and enhanced in perfcrmance, the multi-layer ceramic
capacitors and multi-layer substrates are also reduced in
size and increased in the number of lamination, so that the

30 ceramic green sheet 13 more and more reduced 1in it

1]

thickness. If the ceramlc green sheet is reduced in
thickness and the thickness after drying becomss 3 um or

less, for example, defects such as pinholes and thickness
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irregqularity may readily occur in the ceramic green sheet
when the ceramic slurry is coated and dried. In addition,
when the molded ceramic green sgsheet is released from the
release film, troubles may readily occur such as breakage
of the ceramic green sheet due to reduction in its strength.

[0005]

To soclve the former problem, Patent Literature 1
proposes to use a carrier film (release film) having a
surface t£o which ceramic slurry 1s applied and of which a
maximum height Rmax as defined by JIS BO601 is 0.2 um or
less.

[Prior Art Literature]
[Patent Literature]

f0C06]

[Patent Literature 1] JP2003-203822A
[Summary]

In a first aspect o©f the present disclosure, there is
provided a zrelease film for a ceramic green sheet
production process, the release film comprising a base
material and a release agent layer provided at one side of
the base material, wherein

the release agent layer comprises a cured material of
a release agent composition that contains {(meth)acrylic
ester and a silicone-baged component, and

a surface of the releage agent layer at an opposite
gside to the base material has an arithmetic average
roughness (Ra) of 8 nm or less and a maximum projection
height {(REp) of 50 nm or less.

[Problems to be solved by the Invention]

[0007]

However, even when a release film having a defined
maximum height Rmax as in Patent Literature 1 is used, it

may not be possible to effectively prevent the occurrence
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of defects such as pinholes and thickness irregularity in a
ceramic green sheet having a reduced thickness. In
addition, when a ceramic green sheet having a reduced
thickness is released from the release f£ilm, troubles such
as breakage of the ceramic green sheet may still occur.

tooosl

The present invention has been made in consideration
of such actual circumstances, and an cbject of the present
invention is to provide a release film for a ceramic green
gsheet production process which can prevent/suppress the
occurrence of defects such as pinholes and thickness

irregularity 1in a <ceramic green sheet and which has
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excellent releasability of a ceramic green sheet.
[Means fory solving the Problems]

(00091

Te  achieve the above obiject, first, the present
invention provides a release fiim for a ceramic green sheet
production process, the release film being characterized by
comprising a base materia. and a release agent layer
provided at one side of the base material, wherein t
release agent laver comprlses a cured material of a release
agent compcsition that contains an active energy ray
curable component and a silicone-based compenent, and a
gurface of the release agent layer at an opposite sides o
the base material has an arithmetic average roughness (Ra)
of 8 nm or less and a maximum projection height (Rp) of 50

nm oy less {(Invention 1).

According to the above invention (Invention 1}, the
of the active energy ray C

componant.. Therefore, it is wossible to eif i
prevent/suppress the cccurrence of defects such as pinholes
and thickness idrregularity in a ceramlc green sheet. In
addition, the releasability from a c¢eramic green sheet 1s
alazo excellent due to the sillcone-based component or 1its

cured material.

[0011]
In the above invention {(Invention 1), it is preferable
that an arsa occupation ratico of coarse protrusions itg 10%

or less, wherein the coarse prctrusions have a projection
height of 10 nm or more at the surface of the release agent
layer at the opposite side te the base material (Invention
Z).

(G012]
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In the above Iinvention (Inventions 1, 2}, it 1

n

=

preferable that the silicone-based component Ccomprises
pelyorgancesiloxane having a reactive functicnal group
{Invantion 3).

[GOL133

In the above invention {Inventions 1 to 3), 1t is
preferable that a mass fraction of the silicone-based
component in the release agent compesition Lo a total mass
of the agtive energy ray curable componant and the
silicone-based component 1s 0.7 to 5 mass% (Invention 4).

(00141

In the above invention {(inventions 1 to 4), it 1is
preferable Tthat the active ensrgy ray curable component
comprisas {meth)acrylic ester {(Invention ).

{0015]

In the above invention (Invention 5}, it is preferable
that the (methjacrylic ester comprises trifunctional or
more functional {(meth)sascrviic ester (Invention 6).

(0010}

In the above invention (Inventions 1 to @)y, it is
preferable that the release agent layer has & thickness of
0.3 to 2 pym {Invention 7}.

(0017

In the above invention (Inventions 1 to 7}, it 1is

preferable that a surface ¢f the base material at an

]

U

oppogite zide o the release agent layer has an arithmetic
average roughness {Ra} of 5 fto 50 nm and a maximuanm
protaction height (Rp) of 30 to 300 nm.
fadvantageous Hffect of the Invention]

(60181

According to the release f£ilm for the ceramic green
sheet vproduction process of the present invention, the

surface of the release agent layer i1s highly smooth, so



that it 1is possible to effectively prevent/suppress the

ococurrence of defects such as  pinholes and thickness

irregularity in a Ceramic Ggreen sheat, and the

releasability from & ceramic green sheet is also excellent.
5 [Brief Descripticn of Drawing(s}]

(0019}

[FIG. 17 FIG. 1 is a cross-sactional view of a release
film according to ons embodiment of the present invention.
[Fmbodiments for Carrving out the Invention]

10 foczel

Embodiments of the present invention will hesreinafter
be described.

Lg shown in FIG. 1, a reiease film for a cesramic green
sheet production process {which may be referred simply to

15 as a "release film",  hereinafter} 1 according to the
present embodimant comprises a base material 11 and a
release sgent layer 12 laminated on a first surface (the
upper surface in FIG. 1) of the base material 11.

[og21t

26 In th

6]
[
6]

gage film 1 according to the present
embodiment, a surface ©f the release agent layer 1Z (the
uppar surface in FIG. 1; the surface at the opposite side
to the base material 11} on which ceramic slurry is to be

molded has an arithmetic average roughness (Ra) of 8 nm or

b
on

less and a maximum proJection height (Rp) of 50 nm or less.

The arithmetic averags roughness (Ra) and the maximum
prodection height (Rp) as used hersin rafer to values

wasured In conformity with JIS BI6GL-19%%4 (in an exemplary

test, measured using a surface roughness measuring machine

30 SV300084 {stylus type} avallable from Mitutoyo Corporation}.
[cozzl

By adjusting the arithmetic average roughness (Ra) and

the maximum projection height (Rp) cof the surface of the
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release agent laver 12 within such ranges as described
above, the surfacs of the release agent laver 12 can
sufficiently be highly smooth to  exhibit good sheet
moldability. For example, even when a thin film ceramic

green sheet having a thickness o¢f less than 1 um is molded

O
'

1 the surface cf the release agent laver 12, defects such
as pinholes and thickness Ilrregularity are unlikely to
occur in the thin f£ilm ceramic green sheet. This excellent
effect cannot bs obtained merely by defining the maximunm

neight (Rmax) of the relessse agent layer 12 as in Patent

The azrithmetic average roughness (Ra) of the surface
of the relesase agent layer 12 may preferably be 6 nm or

less, and particularly preferably 4 nm or less. The

Bty
+
e
Hi

maximum projection height (Rp) of the surface of
release agent layer 12 may preferably be 40 nm or less, and
particularly preferably 30 nm or less,

(00247

An area occupation ratio of coarse protru
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P
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release agent layer 12 may preferably be 10% or less,
8.5% or less, and further

particularly preferably
preferably 7% cor less. The area occupation ratic of coarse
protrusions having a preojection height of 10 nm or more as
ugsed herein refers to a ratio of a sum of areas of cut
planss which appear when protrusions having a projeciion
height of 10 nm or more are cut at a height of 10 nm
el *to the surface of the release agent layer 12, to
an area of the surface of the release agent layesr 12. The
areca occupation ratlo of coarse protrusicns in the present
description may be calculated such that: obssrvation

ig
performed at x50 magnitude in P8I mode using an optical
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interferometry-type surface profile observation apparatus
fin an exemplary *test, using "WYKRS-1100" available from
Veeco Instruments Inc.); thresholding is performed betwear
parts having a projection height of 10 nm or more and other
parts in the obtained surface profile image within a
coverage of %1.2x119.8 um; the parts having a projection
height of 10 nm or more are assumed as cut planes which
appgar when protrusions having a projection height of 10 nm
or mOyeé are cout at a height of 10 nm parallel to the
surface of The release agent laver 1Z; anrd a fraction of
the areas of the cut planes Lo the whole surface 1is
calculated as a percentage.

(00251

If the release sheet is such that the above area
cecupation ratio of coarse protrusions exceeds 10%, there

may e a risk that relatively bhigh protrusions (e.g.,

s

)
O
et
]
o
n
s
O

ns having a height of about 48 to 50 nm) are
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airly infrequently. If the release sheet has an

araa occupation ratic of coarse protrusions of 10% or less,

&)
fond

those relatively high protrusions are unlikely to be

he ceramic green sheet obtained by using the
relsase sheet 1s more effectively prevented/suppressed ithe
ocourrence of defects such as pinholes and thickness
irregularity.

(00261

The base material 11 te be used in the releasse film 1

according teo the present embodiment is not particularly

%

limited, and may appropriately be ssalected from any of
conventionally known ones. Examples of such base material
11 include films formed of plastic, such as polyethyvlene
rerephthalate, polyethylens naphthalate and other polyester
polypropylene, polymethvlipentene and other polyolefin,

polycarbonate, and ethylene-vinyl acetate copolymer, which
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may be a single layer, or may be multilayer of two or more
lavers of the same type or different types. Among Them,
polyester film is preferable, polyethylene tevephthalat

film is particularly preferable, and bilaxial stretohed
polyvethylene tersphthalate film is further preferable.
When being fabricated and used, polyethylene tersphthalate

ilm is unlikely to gensrate dust and the like, and can

"

effectively prevent troubles, such as  g¢eramic slurr
coating failure, due to dust and the like, for example.
0027]

A Ffirst surface of tha baseg material 1

poerd

may bhe

subjected to surface treatment such as using oxidatio

o

method or primer treatment for the purpese of impreving the
interfacial adhesion with the release agent laver 12 o Dbe
provided on the first surface. Examples of the above
oxidation method include corona discharge treatment, plasma
discharge freatment, chromium oxidation treatment (wet
type), Iflame treatment, hot-alr Treatment, ozeone exposure
treatment, and ultraviolet irradiastion treatment. These
surface treatment methods may be appropriately selected
depending on the type of the base material film, and the

corcena discharge treatment method may preferably be used in

3]

view 0f the effect and the operabllity in genera

[0028]

The ithickness of the base material 11 may ordinarily
be 10 to 300 um, preferablv 15 to 200 um, and particularly
preferably 20 to 125 pm.

00297

Zn arithmetic average roughness (Ra) &t the =first

surface of the base material 11 may preferably be 2 to 50
nm, and particularly preferably 5 to 30 nm. A maximum
projectien height (Rp} at the first surface of the base

material 13 may preferably be 10 to 700 nm, and
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varticularly preferably 30 to 500 nm. Adijusting th

o}

arithmetic average roughness {Ra) and the maznimum
prcijection height (Rp} at the first surface of the basgs
material 11 within the above ranges may allow the
arithmetic average roughness {(Ra} and the maximuam
projecticon height (Rp) at the surface of the release agent
layer 12 to easily fall within the opreviousliy-described
ranges.

[0030]

An arithmetic average roughnessz (Ra) at a second
surface {surface at ths opposite side to the first surface;
lower surface In FIG. 1; which may be referred to as a
"rear surface") of the base material 11 mav preferably he

T

()]

G

50 nm, and particularly preferably 10 to 30 nm, A
maximum projection height (Rp) at the second surface of the
3

o
beze material 11 mnmay preferably be G to 300 nm, and

particularly preferably 50 tc 300 nm.
(00317

=

f the arithmetic average roughness {(Ra} of the second
surface of the base material 11 is unduly small, the second
surface will be excessively smooth, so that the second
surface of the base material 11 and the highly smooth
release agent layver 12 may closely contact to each other teo

readily cause blocking when the release film 1 ig wound.

If the arithmetic average roughness (Ra) of the 2CONG

surface of the base material 11 is unduly large, it will be
difficult to allcw the maximum proijection helght (Rpr of

the second surface of the base materiasl 11 to fall

=
-
rt
e
:
(B8
;

the above preferablie range.

(00321

If the maximum prolecticon heighit (Rp) at the sscond
surface of the base material 11 is unduly large, the

ceramic green sheet will be partially thin because *the



[y

10

30

10

irreqular profile of <the second surface of the Dbase
material 11 in closs contact with the ceramic gresn shset

may be transferred to the ceramic green sheet when the

4]

ceramic green sheet is wound after being molded. In thi
case, there may be a risk of treoubles due tc short circuitb
when those ceramic green sheets are laminated to
manufacture capacitors. Tf the maximum projection height
(Rp) of the second surface of tThe base material 11 1is
unduly small, the second surface of the base material 11
will have less Lrregularity so as to bhe flat, so that air
may readily be invelved inte a surface at which the bass
material 11 contacts with a roll, =uch as during a process
for forming the release agent layer 12. This may result in
troubles such as that the base material 11 being carried
meanders and windin deviation occurs when the base
material is wound into a roll-shape.
[0G033]

When the arithmeti

@]

average roughness (Ra) and the
maximum projection height (Rp) at the second surface c¢f the
base material 11 are adjusted within the abkove ranges,
winding deviation at the time of winding can effectively be
suppressad. Therefcre, the winding tension need not be
increased, and it L1s therebyv possible to suppress the
deformation of the core porilion and its periphery dus to
the winding tension.

{00341

The same layer as the release agent layer 12 to be
described later, or a different laver Zfrcm the release
agent laver 12, may be provided on the oppcosite surface to
the first surface of the base material 11, In these cases,
the second surface of the base material 11 refers tc a
surface at the opposite side to the base material 11 side

among surfaces of these lavers.



i0

15

20

25

11

[GO35]

To obtain a film in which both of the maximum
projection height (Rp) of the first surface of the base
material 11 and the maximum projection height (Rp) of the
second surface of the base material 11 are within the above
preferable ranges, the base material 11 to be used may be
such that the maximum projection height {(Rp) of the first

surface of the base material 11 and the maximum projection

1

height (Rp) of the second surface of the base meterial 11

2

are different, i.e., the front and rear suxnfaces of
different roughness degrees, or the base material 11 may be
such that the maximum projiection height (Rp) of the first
surface and the maximum preoiection height (Rp) of the
second surface are substantially the same, i.e., the front
and rear surfaces of the same roughness degres.

[0o0se]

—

o

The relesase agent layer 12 has a desired releasability.

When the release agent layer 12 is laminated on the first

[

surface of the above base material 11, the arithmetic
average roughness (Ra) and the maximum projection helght
{Rp) at the surface of the release agent layer 12 can Dbe
within the previously~described ranges. The release agent
layer 12 can be obtained by curing a release agent
composition that gontains: an active energy ray curable
compenent; and a silicone-based component (the release
agent composition is referred hereinafter to as a "relsase

agent. composition CTU). According to the release agen

ot

composition C, the surface of the release agent layer 12 to
be obtained can be highly smooth because recess portions
that are present between the protrusions on the f[irst
surface of the base material 11 may be effectively filled
mainly with the cured material of the active energy ray

curable component. In addition, Tthe surface of the release
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agent laver 12 Can be imparted with appropriate
releasability due te the silicone-based component or its

._'T

cured materizl. Heretcofore, 1t was necsssary for a certain
resin fiim, especlally a polvester-based £ilm, to add a
filler materizl in order to obtain slipping property o

surface and/or mechanical strength. Thus, it was difficult
to reduce the aresa occupation ratlo of coarse protrusions
at the surface due to the filler material. In contrast,
the surface of the release agent laver 12 can be highly
smooth due to thes cured material of the active energy ray

curable component as described above, and it is thersby

possible to reduce the area occupation ratio of coarse

protrusions at the surface of the release agent laver 12 to
a restricted value.

00371

The active energy ray curable component 1s  not
particularly limited as iong as 1t does not hinder the
effect of the present invention and it i1s a component that
can be cured Dby irradiation of active energy ray. The

active energy ray curable component may be any of a monomer

oligomer, polvmer, or mixture therecl. This active energy
ray curable component may preferably be (meth)acrvlic ester
The (meth)acrylic ester as used herein means both acrylic
ester and methacrylic estern. The same applies to other
similar terms. When the main component of the rslease

agent layer 12 15 a cured material of (meth)acrylic ester-—
based component, repellency to the ceramic sliurry may not
e caused on the release agent layer 12.

rocs8;

The (meth)acrylic ester mayv preferably be at least on

(3]

kind selected from polyfunctional (meth)acrylate monomers
and ({(meth)acrylate oligomers, particularly preferably at

—~

least one kind selected {rom trifunctional or  more

r
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unctional {meth)acryvlate MONORers and {(meth)acryliate
oligomers, and further preferably at least one kind
selected from trifunctional oI more functional
{meth)acrylate monomers. Being trifuncticnal or more

functional allows

the release agent

composition C to have

excellent curability and also allows the surface of the
obtained release agent layer 12 to have more excsllent

releasability.

[C0328]

Examples of the polyiunctional

inciude 1,4-butanediol
di (meth)acrylate,
polyethyieng glycol
adipate di{meth)acrvlate,
glycol di(meth)acryliate,
caprolactone-~modified

ethylens

allyiated cyclohexnyl

]

di (meth)acrylate,
dipentaerythritol
retra{meth)acryvlate,
dipentaerythritol
tri(meth)acrylate,

trimethylolpropane

tris{(meth)acryloxyethyl)isocvanurate,

modified

dipentaerythritol

3

modified dipentaervthritol

-

dipentaerythritol hsxa (meth)acrvliate 1ls preferable.

may be sclely used, or
combination.

(G040}

Examples of the polyvfunctional

di (meth)acrylate,

dicyclopentenyl
di{meth)acryliate,
trimethylolpropane

tri(meth)acrylate,

tri{meth)acrylate,

dipentasrythritol

hexa (meth)acrylate,

Lwo o

{meth)acrylatse monomer

1, 6-hexanediol

neopentyl glycol di(meth}acrylate,
di{msth)acrylate, neopentyl glvcol
hydroxypivalic acid neopentyl

dicyciopentanv]l di{meth)acrylate,

di{meth)acrylate,

oxide-modified phosphoric acid di{meth)acrylate,

isocyanurate
tri{meth)acrylate,
dipentaervthritol
propionic acid-modified

pentasrythritol

ot

propy

ene oxide-modified

tri{(meth)acryliate,

propionic acid~-

penta{meth)acrylate,

and caprolactone-

hexa (meth)acrylate, among which

These

3 '

more kinds may be used 1in

{meth)acrylate oligomer
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include polyester acrylate-based oligomer, epoxy acrylate-
based coligomer, urethane acryiate—-based coligomer, pclyether
acrylate-pased oligomer, polvbutadisne acrylate-based
oligomer, and silicone scrylate-based cligomer.

[0G41)

The polyester acrylate-based oligomer can be obtained,
for example, by using pcolysesier oligomer which 1z obtained
by condensation of polycarboxylic acid and polyalcohol and
has hydroxyl groups at Dboth ends and esterifying  the
hydroxyvl groups with (meth)acrylic acid, or using oligomer
obtained by addition of alkyvlene oxide to polycarboxylic
acid and esterifying the hydrexyl groups st ends of the
oligomer with {meth)acrviic acid.

[ocaz;

The epoxy acrylate-based oligomer can e cobtalined, for
example, by ssterification of an oxirane ring of relatively
low molecular weight bisphenol-tyee spoxy resin or novolak-
type epoxy resin with (methl)acrylic acid. There may also

he u

]

ed carboxyl-modi

SPOXY acrylate-based

oligomer which i1s partially medifisd epoxy acrylate-based
g

"l

oli v with dibasic carboxylic acid anhydride.

h

ome
o

(o)

4

%}

]

The ursthane acrylate-based oligomer can be obtained,

Pt

for example, by esterifying polyurethane oligomer with
{meth)acrylic acid. The polyurethans oligomer may be
obtained by reaction of polyvether polvel or polvestsr
polyoel and polyisocyanate,

(60447

The polvether acrylate-based oligomer can be obtained,
for example, by esterifyving hydroxzyl groups of polyether
polyvol with (methj}acrylic acid.

(0045]

The above polyfuncticnal (meth)acrylate monomers and
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polyfunctional (meth)acrylate oligomers may be used sclely
in one kind, or two or more kinds may be used in

combination. One or more polyfuncticnal (methjacrylate

'—w..l

monemers and one or more polyfunctional (meth)acry

yviate

oligemers may be used in combination.

[0cde]

The release agent composition U may include one of the
active energy ray Ccurable components solely, or two or more
of them in combination.

[0047]

The silicone-based component i1s not particularly
limited as long as it does not hinder the effect of the
present inventicn and it is a component that can impart
desired releasablility to the surface of the relesasse agent
layer 12. There may be used polyorganosiloxane, preferably
polycrgancsiloxane having a reactive functional group, and
particularly preferably polydimethylsiloxane Thaving a
reactive functicnal group. When the polyorganosiloxane
having & reactive funcitional group is uzed, irradiation of
active energy ray or other reaction ster {(e.g., h=ating
step] may cause the reactive functional group to react so
that the polyverganosiloxane {(silicone-based component) will
be incerporated in the cross-linked structure and fixed.
Thig suppresses the silicone-based component in the release
agant.  layer 1Z from transferring and migration to the
ceramic green sheet nmolded on the release agent laver 12.

(00487

The reactive functional group may be introduced Lo one
and or to each of both ends of polyvorganosiloxane or to &
side chain. Examples of fThe reactive functional group
include (meth)acrylovl group, vinvl group, maleimide group,
epoxy group, carboxyl group, isocyvanate group, and hydroxvyl

group, among which (methyacrylioyl group, wvinyl group and
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maleimide group are preferable because they can be cured
coencurrently with curing of the above active energy ray
curable component (when actlve energy ray is irradiated).

It may be preferable that at lsast two reacrtive functiona

o

groups are lntroduced in one melecule of polyorganosiloxane
Two or more kinds of these reactive functional groups may

p]

alsc be introduced in one molecule of polyorgancsiloxane

The rslease agent composition C may include one of the
silicone~based compenents sclely, or twe or more of them in
combination.

[GO507

Lk mass fraction of the silicone-based component in the
relsase agent composition C to a total mass of the active
energy ray curable component and  the silicone-based
component may preferably bhe 0.7 Lo 5 masss, and

p

particularly preferably 1.0 te 2.5 mass%. By adijusting th

]

>

mass fraction of the silicone-based component within th
akbove range, ceramic siurryv can be applied to the surface
of the release agent layer 12 withouit being repelled, and
the ceramic green sheet thus molded can readily be released
without breakage, 30 fthat the release agent layer 12 has
axcellaent releasability. If the mass fraction of the

silicone-based component is less than 0.7 mass%, there may

N

ke a risk that the zreleasse agent laver 12 cannot exert

sufficient releazsing performance. 1f the mass fraction of

=

the silicone-based component exceeds 5 mass%, there may be
a risk that, when ceramic slurry is applied to the surface
of the release agent layer 12, the ceramic slurry tends to
be repelled. In addition, the relesase agent laver 12 will
be difficult fo bes cured so that sufficient releasability
may not be obtained.

[00n1}
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he release agent composition C may include preferably
85 mass% or more of a masgss fraction of the total mass of
the sctive energy ray curable component and the silicone-
based ceomponent to the whole mass of a solid content, and

.

particularly preferably 90 mass% o

F

MO . When the total
mass fraction cof the active energy ray curable component
and the silicone-based component is within the above range,
~he obtained release agent layer 12 has a highly smooth
surface and the release agent composition C readily has a
sufficient curability,

(00521

When ultravicletr ray is used as the active energy ray
to irradiate the release agent composition C, it may bke
preferable that the release agent composition C further
contains photepelymerization inltiator. Containing the
photopelymerization initiator may allow the active energy

ray curzble component (and the silicone-based component)} to

[t

fficiently be cured; and may also reduce the time reguired

for polymerization and  curing, and  the ancunt of
irradisting light ray.
[0053)

Specific examples of the photopelymerization initiator
include benzophenone, acetophenones, Denzoin, benzoin
methyl ether, benzoin ethyl ether, Dbenzoin isopropyl ether,
benzoin iscbutyl ether, benzoin benzoic acid, Dbenzoin
methyl benzoate, benzoin dimethyl ketal, 2,4~
diethvylthioxanthone, i-hydroxyeyveleonexyl phenyl  ketons,
benzyl diphenyl sulfide, fetramethyl thiuram monosulfide,

azobisisobutyronitrile, TDbenzyl, dibenzyl, diacetyl, p-

chlorpanthraguinone, {(2,4,6-trimethyl penzvl
diphenyl)phosphine oxide, and Z-benzothigzole-N, N~
diethyldithiocarbamate. In particular, oreferable examples

for an excellent surface curability include Z2-hydroxy-l-{4-
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2=hydroxy-Z~methyl-propionyl) ~benzill-phenyl}-2-
maethylpropane-l-one, l-hydroxy-cyclchexyl-phenyi-ketone, Z-

.

roxy-Z-methyl-1-phenyl

=y
e
.

propane~i-one, and Z-methyl-1-{4-
(methylihio)phenyl]~2-morpholincpropane-i-one. Among which
2-hydrony-2-methyl-1l-phenvyl-propane-l~cne and 2-nethyli-1l-
id-{methyithiojphenyl]~Z~morpholinopropane—-i~ona are
particularly preferable. These may be solely used, or two
cor more kinds may be used in combinatlion.

(0054}

The photopolymerization initiator may preferably be

"

used with an amount within a range of 1 to 20 mass parts,
in particular 3 to 15 mass parts, to the total 100 mass
pvarts of the active energy ray curable componant and an
active energy ray curable silicone-based component {(e.g.,
polyorganosilexane having {meth}acryvloyvl group or groups,
vinyl group or groups or maleimide group or groups as

reactive funcitilonal group or groups).

(0053
The release agent (including the release agent
composition ) that constitutes the release agent laver 12

may contein, as necessary, $liica, anblistatlic agent, dye
pigment and/cr other additives. These additives may
preferably bhe used with an amount within a range of (.1 to
16 mass parts to the total 100 mass parts of the active
energy ray curabkles component and the siliccne component.

(00563

The thickness of the release agent layer 12 may
prafaerably be 0.3 to 2 pm, and particularly preferably 0.5
1.5 um,  If the thickness of the release agent laver 12

is less than 0.3 um, the smoothness of the surface of the

release agent laysr 12 will be insufficient, so that
vinholes and/or thickness lrregularity may readily occur in

the ceramic green sheet. Tf the thickness of the release
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agent layer 12 exceeds 2 um, therse may be a risk that
curiing readily occurs in the releass film 1 due to the
cure shrinkage of the release agent layer 12. In addition,
when the release film 1 1s wound into a roll-shape, thsare
may be a risk that winding failure 13 caused becauss
blocking with the second surface of the base material 11
may readil ogcur and/or that the electreostatic charge
amount increases at the time of unwinding sc that forelign
materials may easlly be attached thereto.
L0057
The release agent laver 12 can be formed by: applying
a releasing agent solution, which conteins the releasing
agent and desired diluent and other additives, to the first
surface ©f the base material 11; drying it as necessary;
and curing 1t using irradiation of an active energy ray.
When the reactive functiconal group or groups of the
silicone-based component are those wnich react by heat, the
irying at that time may cause the reaction so that the
silicone~based component can be incorporated Iin the cross-
linked structure. Exanples of application method of the
releasing agent sclution to bs used include gravure-coating
method, bar-coating method, spray-coating method, spin-
coating method, knife-coating method, roll-coating method,
and die-~coating methed.
(00587
As the active energy ray, there may ordinarily be used
raviclet ray, electron rayv or the like. The irradiation
amount o¢f the active energy ray differs depending on the
type of energy ray, but may preferably be 50 te 1000 md / cm®
and particularly preferabliy 100 to 500 mJ/cm® as an amount
of light in a case of ultraviolet ray. In a case
electron ray, the amount may preferably be about 0.1 to 50

kGy.
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[0059]

The irradiation of the above active energy ray causes
the active energy ray curable component in the releass
agent composition C o cure, When the silicone-kased
copponent in the relsgasse agent composition C has active
energy ray curable reactive group or groups, the silicone-
based component 1s also cured. This allows the releass
agent layver 12 to be formed which is highly smooth and
unlikely to repel ceramic slurry and has excellent
releasability of ceramic green sheet.

[G060]

By using the release film 1 as described above, it is
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defects such as pinholes and thickness ilrregularity 1in a
ceramic green sheeb toe he obltained, Moreover, also when
the ceramic green sheet is released from the release film 1
it is possible to  effectively prevent/suppress the
occurrence of btroubles such as breakage o©of the ceramic

green sheet.

It should be appreciated that the embodiments
heretofore explained are described Lo facilitate
understanding of the present invention and are not
described to limit the present invention. Therefore, it is
intended that the elements disciosed in  the  above
ambodiments include all desigrn changes and eguivalents to
fall within the technical scope of the present invention.

i00ez2]

For example, one or more other Jlavers may be present
etween the base material 11 and the release azgent laver 12
and/ocr on the second surface of the base macterial 11.
[Examples]

[0063]
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The present invention will hersinafter be described
further sgpecifically with reference to examples, etc, but

the scope of the present inventlon is not limited to these

(D

xzamples, etc.

[00s4]

<BExample 1>

i

A polyethylene terephthalate (PET) film (thickness of
31 pm) having front and rear surfaces of the same roughness
degres was prepared as a base material. Both surfaces of
this PET film have the arithmetic average roughness (Ra} of
2% nm and the maximum projection height (Rp) of 257 nm.
Megasuring method of the arithmetic average roughness (Ra)
and the maxlimum projection height (Rp) at both surfaces of
the PET film 1s the same as the measuring method of the
arithmetic average roughness (Ra) and tThe maximum
projection heilght (Rpy at the surface of the release agent
laye tc be described later (the same applies to the
following examples).

[0085]

The release agent compcosition €, comprising: 9%.0 mass
parts of dipentaerythritol hexaacrylate (A-DPH, solid
content of 100 mass%, available from 3hin Nakamura Chemical

Co., Ltd.) as the active energy ray curable component; 1.0

=]

ags part of polyether-modified acryioyl group-containing
polydimethylsiloxane (BYK-3500, solid content of 100 masss,
available from BYK Japan KF) as the silicone~based
component; and 5.0 jitats parts of Z-methyi-1-[4~
{(methylthio)phenyl]j-Z-morpholinopropane-li-one (IRGACURES07
available from BASF) as the photopolymerization initiator,
was diluted using & mixed liguid of isopropyl alcohol and
methyl ethyl ketene (mixture mass ratio of 3:1), and the
diluted soluticn was used as a release agsent solution

{solid content of 20 mass%}. This release agent sclution
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was applied to one surface (first surface}; of the above
base materizl using a bar ccater so that the thickness of
the release agent layver after curing would be 0.97 pm, and
dried at 80°C for 1 minute. Thereafter, ultraviolst ray
was irradiated (accumulated light amount: 230 mJ/om®) to
cure the release agent composition C to form the release
agent lavyer, and the f£ilm thus obtained was used as a
reiease £ilm. The thickness of the release agent layer is
a result measured using 2 nethod of measurement to hes
described later {the same appliss to the following
examples) .

[005¢6]
<Examples 2 to 4>

Release Ifilms were preparsd in the same mannser in
Example 1 except that the obtained release agent laver had
a thickness listed in Table 1.

[0067]

<Bxamples 5 and 6>

4

Release Tilms were prepared in the ame manner in
Example 1 except that the release agent composition C
contained the silicone-based component in the mass ratio
listed in Table 1.

10068}
<Example 7>

A PET film ({(thickness of 31 um) having front and rear

surfaces of the same roughness degree was prepared as a

[—1

base material. A2t both surfaces of this PET film, the
arithmetic average roughness (Ra) was 15 nam and the maximum
projection height (Rp} was 98 nm. A release fllm was
prepared in the same manner in Example 1 except that the
above pase material was used as a Dase material.

[0DE9]
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& release {film was prepared in the same manner in
Example 7 except that the releass agent layver had a

thickness listed in Takle 1.

A PET £ilm (thickness of 31 um) having front and rear
surfaces of different roughness degrees was prepared as the
base material. At the first surfacs of this PET £iim, the
arithmetic average roughness (Ra} was 7 nm and the maximum
projection height (Rp) was 43 nom. At the second surface,

the arithmetic averzge roughness (Ea) was 34 nm and the

maximum projection height (Rp) was 250 nm. A release film
was prepared in the same manner in Example 1 excspt that

the above base material waz used as a base material.
[0071]
<Comparative Example 1%

A release film was prepared Iin the same manner in

M

T
Example 1 except that the release agent composition C did

1

Lcone-~based conponant.

<Comparative Examples 2 to 4>

Release films were repared in the same manner in

H

Example 1 except that the elease agent layer had a
thickness listed in Table 1.

[ee73
<Comparative Ezxample 5>

A release agent solution having a =z2olid content of 5.0
masss was preparsed by alluting 100 mass parts of a heat

curable addition reaction-type silicons (KS-847H as

h

from Shin~Etsu Chemical Co., Ltd.)} using tolu

b

e
thereto 2 mass parts of platinuvm catalyst (CAT-PL-507
available from Shin-Ztsu Chemical Co., Ltd).

(00741
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The release agent solution thus obtained was appliled
uniformly te one surface (first gsurface) of the same basse

material as that in Example 1 so that the thickness of the

[on]

release agent laver to be formed after drying would be 3
pm, and dried at 140°C for 1 minute to form the releass
agent layer. The film thus obtained was used as a release
film.

(0075}
<Comparative Examples 6 and 7>

Release films were prepared in the same manner in

Conparative Example 5 except that the release agent layer

<Exemplary Test 1> {(Measurement of thickness of releass
agent 1

The thickness {(pm) of the release agent layer of the
release film obtained in each o©f the examples and the
comparative examples was measured using a reflective film
thicknass metar {i'20 available from Filmetrics, incy.
Specifically, the release f£ilm obtained in each o©f the
exameles and the comparative examples was cut intoe 100x100
mm; Lthe release film was then installed on the film

thickness meter sc that the opposite surface to

&3]
93]
o
F
N
w
19
&

to be measured would be at the side of a2 suction stage;
thicknesses were meagured at ten locations at the surface

af the release agent layer; and the average value was
e

ss of the relesase agent laysar.

<Exemplary Test 2> (Measurement of surface roughness of
release agent layer)
The release film chtained in each of tThe examples and

the comparative examples was fixed toe a glass plate via a
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double coated tape so that the opposite surface to a
surface to be measursed would be alt the side of the glass
piate. The arithmetlc average roughness (Ra; nm) and the
maximum projection height (Rp; nm) at the surface of the
release agent laver of the release film were measured in
conformity with JI3 B0O601-19%4 using a surface roughness
mezsuring machine (5V-300084, stylus type, avallable from
Mitutcoyo Corporation). Results are listed in Table 1.

[0078]
<Ezemplary Test 3» (Calculation of arsa occupation ratioc of
coarse protrusions)

There was measured an area occcupaticn ratio of coarse
protrusions having a projection height of 10 nm or more at
the surface of the release agent layer of the release film
fizxed to a glass plate as in  Exemplary Test 2.
Specifically, the ares occupatilon ratio of coarse
protrusions was calculated such that: cobservation was

performed at =530 magnitude in P3Y mode using an optical

ferometryv-type surface profile observation apparatus
-11G0 avallable from Veeco Instruments Inc.y:
thresholding was performsd Dbetween  parts having &

proiection height of 10 nm or more and other parts in the
obtained surface profile image within a coverage of
81.2=11%9.8 yum; and a percentage of a fraction of the
obtained areas of parts having a projection height of 10 am
or more To the whole surface was calculated as the are=z
ocoupation ratio (%) of coarse protrusions having &
projection height of 10 nm or more. Results are listed in

-

Table 1.

<Exemplary Test 4> (Evaluation o¢f curability of zelesase

For the release film obtained in each of the examples



10

20

25

30

26

and the comparative examplies, the surface of ths release
agent laver was polished reciprocally 10 times with a load
of 1 kg/cm® using a waste cloth (BEMCOT AP-2 available from
OZY CORPORATION) involving 3 ml of methyl ethyl ketone.
Thereafter, the surface of The release agent laver was
visually observed, and the curability of the release agent
laver was evaluatsd 1n accordance with the feollowing
criteria:

AL There was no dissclution and dropping off of the
release agent layer;

B.. There was c¢bserved partial disgsolution of thes
release agent layer; and

.. The release agent laver was completely dissclved
and dropped off from the base material.

Results are listed in Table 1.

[6080]
<Exemplary Test 5> (Evaluation of curling)

The release £ilm obtalined in each of the examples and
the comparative examples was cut into 200x200 mm and then
placed on a flat ¢glass plate so that the hase material
would be at the side of the glass plate, Subseguently,
another glass plate of 100x100 mm was placed on the center
of the release agenit layer of the relesse film. Thersafter
a height from the upper surface of the lower glass plate to
the top of each corner portion of the release fllm was
measured and evaluated 1in accordance with the following
criteria:

A.. The sum o0f the heights of the corner portions was
iless than 50 mm;

E.. The =sum of the neights of the corner porticns was

50 mm or more and less than 100 mm; and
C.. The sum of the helghts of the corner portions was

100 mm or more,
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Results are listed in Ta

[0081]
<Exemplary Test 6> (Evaluation of blocking property)

The release film obtained in each of the sxamples and
the comparative examnples was wound up into a roll-shape
having a width of 400 mm and & length of 5000 m. Lfter
this release film roll was kept under an environment of
40°C and & Thumidity of 50% or less for 30 days, the
appearance of the release film roll itseli was visually
chserved, and the Dblocking property was avaluated iIn
accordance with the felilowing criteria:

2. There was no change from the time when the relsase
film was wound up into & rell-shape (no blocking);

B.. Change in color due to close contact between films

o

was observed in a half region or less 1in the width
direction (slight blocking occurred); and

C.. Changs in coler due to close contact beftween f£ilms

H

was observed over a half regicn in the width direction
(hblocking cccocurred) .
Results are listed in Table 1.

[otez]
<Exemplary Test 7> [{Evaluatien o©f coating ability of
giurry)

Ceramic slurry was prepared by adding 135 mass parts
of a mixed liguid of toluene and ethanol {(mass ratio of
6:4) to 100 mass parts of barium titanate powder (BaTils;
BT~032 available from SAKAI CHEMICAL INDUSTRY <O., LTD), 8
mass parts of polyvinyl butyvral {(S~LEC B 'K BM-2 available
from SERISUI CHEMICAL £0., LTD.) as binder, and 4 mass
parts of dioctyl phthalate {dioctyl phthalate Cica first
grage availaple from KANTC CHEMICAL CO., INC.) as

plasticizer, and mixing and dispersing them using a ball
1
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The above ceramic slurry was coated on the surface of
the reilease agent laysr of fhe release fllm obtalined in
each of the examples and comparative examples across a

width of 250 mm and a length of 10 m using & die ccatsr so

that the film thickness after drving would bkbe 1 pm, and

1

thereafter dried at 80°C for one minute using a dryer. For

b

the release film thus molded thereon with the ceramic green
sheet, the whole surface of the coated ceramic green sheet
was visually examined under fluorescent light illuminated
from the side of the ralease film, and the cgoating ability
of slurry was evaluated in accordance with the following
criteria:

A. No pinhole ccourred in the ceramic green sheet;

B.. Cne to five pinholes cccurred in the ceramic gresan
shest; and

C.. 8ix or more pinholes ccocurred in the ceramic green

Results are listed in Table 1.

(00841
<Exempiary Test &»r {(Evaluation of releasability)

A ceramlc green sheet was molided on t )
release agent layer o©of the release film in the sane
vrocedure as that in Exemplary Test 7, and the ceramic
graen sheet was punched out into 200 mmx200 mm so that the
release film would not be punched out. Subsequently, the
sheet release mechanism of a green sheet laminator was
utilized to suction the green sheet thus punched cut onto a
vacuum suction stage to release it from the release film.
The releasability of the ceramic green sheet at that Time
was evaluated in accordance with the following criteria:

A. The ceramic green sheet was able to be smcothly

released without break, and the ceramic green sheet did noct
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remain on the release agent layer;

B.. The c¢eramic green sheset was able to be released,
but less smoothly, without beilng broken, and the ceranic
green sheet did not remain on the release agent layer; and

.. The ceramic green sheet was broken, or was not able

o

o bhe released.
Regults are listed in Table 1.
16085]

L

<Eyxemplary Test 9> (Evaluation of defects at surface of
layer)

release agent

L coating liguid was prepared Dby dissolving a
polyvinyl butyral resin into z mixed liquid of toluene and
ethanol (mass ratio of 6:4). The coating liguid was coated
on the release agent layer of the release film cbtained in
@ach of the examples and comparative examples so that the
thickness after drying would be 1 um, and dried at §0°C for
one minute to form a polyvinyl butvral resin layer.
Therszafter, & polyestser tape was laminated to the surface

of the polyvinyl butyral resin layve

(0086}

H

Subsequently, the polyester tape was used

[

¢ remove
the release f£ilm from the polyvinyl butyral resin laver,
and the number of recesses at the surface of the polyvinyl
butvral resin laver that had been 1in contact with the
release agent layer of the release f£ilm was counted.
Specifically, observation was performed at x50 magnitude in
PSI mode using an optical interferometry-type surface
profile observation apparatus (WYRC-1100 available from
Veeco Instruments Inc.); the number of recesses having a
depth of 150 nm or more was counted on the basis of the
cbtained surface profile image within 2 coverage of

91.2x3118.8 um; and evaluation of defects at the surface of

N

tha releas

+
[}
o

19
4]
=
ot

layer was performed in accordance with

{
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vhe following criteria:

A. The number 0L recesses Was zZero;

O
h

B.. The number recesses was 1 toe 5; and

Q
h

C.. The number recessses was & oI more.

With regard to those of which the evaiuation was "C¥" in the

previocusly-descriped test for evaluation of releasability,
s test was not performed because a sample sufficient to

perform this test was nct able to be obtalned.

Results are listed in Table 1.

[0087]

I1f a capacitor is produced using a ceramic green shest
having recesses as abowve, the obtained capacitor will be
such  that a short circult due ko deteriocration in
withstanding voltage may readily ocour,

[odgg]

{Table 1]
Thivkness Mass rtie Surface rouphness (am} Aren Tvalupean  § Bweloation | Bvadabgs Fumivstion | BvRIERtve Fuaiupzlon
ofrelease al Goetaee of Tekuime Rear surincs of hase OEEUpATion of of carfing of afcomting | af of defects
Azens sikicene - spens Inyer materis) salio off curability tivcking ability of releasahihity asurfice
layer based M fop wa Kp coarsd prsmeriy shury of Tedrass
trmeh SOMpOnEN: protrusions apene
{messh) (%) tayer
Eample t LR i0 3 17 pL] 25T e ~ A & LS s A
Rararmie 1 LE 14 b3 4% kis T a7 A A A A A A
Exaimple 3 0.57 1.0 4 35 2% 257 (& A A A A A ~
Lxample 4 3.0k L0 3 1} af 257 7.8 A < A A A M
Lrawmpls 3 0.9% LR E 17 kel 37 1. I A A A B A
Exeanpte 097 Ty i : i k2 s 18 [ A B o B A
Exmmoie 7] .97 X 3 : i1 5 i 98 4 A A A A } A A
Expenple 8§ F 4§37 Le 3 ; LT3 i5 ; 9t 18 & A & A A A
Exusmpiz & 987 10 3 9 i 250 L A i A A A A A
Conpaparntive [ EH - & 1% 2 57 2.1 A A [ A [
Exapic | F
L Comparabe [tRS4 ih 13 147 % 2187 N iy i A A A " “
Exampic 2 :
Comparaitve | 0.2 1.4 it : 62 % 257 a8 i A A & A B (5
Example 3 : :
e T 5 7 [ 3 ESH (EX3 T AT ) B @
; Erampled H :
Comparatve 3 - % 24 el 257 160 i A A - 23 : & B C
Example § }
Compiraitee b8l - A 2y 2 57 16.5 A S < < [
Ezampled ‘;
[m——— ‘ T p 5 0% 35 357 T ry Y A T
gxunple? | i

[6o8e]

£

As apparent from Table 1, the releass films obtained
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defect ocgurred due to

in the examples were such that no
of the release agent laver and no defect
of the base material, and

the surface

occurred due to the rear surface
had excellant releasability of ceramic green sheets.

t production

[Industrial Applicability]
[¢050]
The release film for a ceramic green shee
process according to the present invention is suitable for
a thin film ceramic green sheet, in particular,
um or iess.

]

moiding
19  having a thickness of

[oee1}

J... Release film

11.

Base material
12.. Release agent layer
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[Name of Document] Claims
[Claim 1]

A release film for a ceramic green sheet precduction
process, the release film comprising a base material and a
release agent laver provided at one side o©of the base
material, wherein

the release agent layer comprises a cured material of
a release agent composition that contains (meth)acrylic
ester and a gilicone-based component, and

a surface of the release agent layer at an opposite
side to the base material has an arithmetic average
roughness {(Ra) of 8 nm or less and a maximum projection
height (Rp) of 50 nm cr less.

[Claim 2]

The release film for a ceramic green sheet production
process as recited in c¢laim 1, wherein an area occupation
ratic of coarse protrusions 1s 10% or less, wherein the
coarsge protrusicons have a projection height of 10 nm or
more at the surface of the release agent layer at the
opposite side to the base material.

[Claim 3]

The release film for a ceramic green sheet production
process as recited in claim 1 or 2, wherein the silicone-
based component comprises polyorganosiloxane having a
reactive functicnal group.

{Claim 4]

The release film for & ceramic green sheet production
process as recited in any one of claims 1 to 3, wherein a
mass fraction of the silicone-based component in the
release agent composition to a total mass of the
(meth)acrylic ester and the silicone-based component is 0.7

to 5 mass%.
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[Claim 5]

The release film for a ceramic green sheet production
process as recited in any one of claims 1 to 4, wherein the
{meth)acrylic ester .comprises trifunctional oxr more
functional (meth)acrylic ester.

[Claim 6]

The release film for a ceramic green sheet production

process as recited in any one of claims 1 to 5, wherein the

release agent layer has a thickness of 0.3 to 2 um.
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RELEASE FILM FCR CERAMIC GREEN SHEET PRODUCICON PROCESS

Abstract

A releass film {1} for a ceramic green shestl
production process is provided. The release film (1)
comprises & base material (11) and a release agent layer
(12} provicded at one side of the bkase materizl (11). The
raelease agent laver (12} comprises a cured materisl of a
release agent composition. The release agent composition
contains an active energy ray curable component and a
gilicone-based component. A surface of the release agent
layer (12} at the opposite side to the base material (11)
has an arithmetic average roughness (Ra) of 8 nm or less
and a maximum projection height (Rp) of 30 nm or less.
According to the release film (1) for a ceramic green sheet
production pProcess, it is possible to effectively
prevent/suppress the ocourrence of defects such as pinholes
and thicknegs irreguliarity in a ceramic green sheet, and
the releasgability o¢f & ceramic green sheet 13 also

excellient.

Fig. 1



