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[Name of Document]  Description 

[Title of Invention] RELEASE FILM FOR CERAMIC GREEN  

SHEET PRODUCTION PROCESS 

[Technical Field] 

 [0001] 5 

 The present invention relates to a release film th at 

is used in a process for producing a ceramic green sheet. 

[Background Art] 

 [0002] 

 To produce laminated ceramic products such as 10 

laminated ceramic capacitors and multilayer ceramic  

substrates, it has conventionally been performed to  form 

ceramic green sheets, laminate the obtained ceramic  green 

sheets, and fire them. 

 [0003] 15 

 Each ceramic green sheet may be formed by coating a 

release film with a ceramic slurry that contains ce ramic 

materials such as barium titanate and titanium oxid e.  The 

release film is required to have releasability such  that 

the release film can be released from the thin cera mic 20 

green sheet, which is formed on the release film, b y 

moderate release force without crack, breakage, and  other 

troubles in the ceramic green sheet. 

 [0004] 

 The release film is generally composed of a base 25 

material and a release agent layer provided on one surface 

of the base material.  Materials of existing releas e agent 

layers include ultraviolet curable compounds.  Such  a 

release agent layer may be formed by coating a base  

material with a release agent composition that cont ains an 30 

ultraviolet curable compound and irradiating the 

composition with ultraviolet rays to cure it.  Howe ver, 

some types of ultraviolet curable compounds may be 
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inhibited from curing due to oxygen.  When such a t ype of 

ultraviolet curable compound is used, curing may be  

insufficient in the vicinity of the surface of the release 

agent layer opposite to the base material (surface in 

contact with the ceramic slurry/ceramic green sheet , which 5 

may be referred to as a “release surface,” hereinaf ter).  

Insufficient curing of the release agent layer will  

deteriorate the elasticity of the release agent lay er.  

This may result in the increased release force requ ired 

when the release film is released from the ceramic green 10 

sheet which is formed on the release surface. 

 [0005] 

 Patent Literature 1 discloses a release film provi ded 

with a release agent layer that contains a thermose t 

compound, such as a melamine resin, and a polysilox ane 15 

(polyorganosiloxane).  In this release film, the re lease 

agent layer contains polyorganosiloxane and the abo ve 

release force can therefore be reduced to some exte nt.  

Moreover, the release agent layer can be cured with out 

inhibition due to oxygen as described above because  the 20 

melamine resin is condensed by heating.  It is thus  

possible to avoid the previously-described problems  which 

are specific to the case of using an ultraviolet cu rable 

compound. 

 [0006] 25 

 In general, the “melamine resin” refers to a mixtu re 

that contains at least either of two or more types of 

melamine compounds and a polynuclear substance obta ined by 

condensing one or more types of melamine compounds.   In the 

present description, the term “melamine resin” shal l refer 30 

to the above mixture or an aggregate of one type of  a 

melamine compound.  In the present description, a p roduct 

obtained by curing the melamine resin shall be refe rred to 
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as a “melamine cured product.” 

[Prior Art Literature] 

[Patent Literature] 

 [0007] 

 [Patent Literature 1] JP2004-82370A 5 

[Summary of the Invention] 

[Problems to be solved by the Invention] 

 [0008] 

 When a laminated ceramic product is produced, 

misalignment may occur in the plane direction in th e 10 

laminated ceramic green sheets.  Such misalignment appears 

to occur, for example, due to accumulation of misal ignment 

of the lamination position in a lamination process,  

misalignment caused by thermocompression bonding in  a 

thermocompression bonding process, misalignment cau sed by 15 

contraction in a firing process, and other misalign ment. 

 [0009] 

 When a ceramic green sheet is formed using a relea se 

film comprising a release agent layer that contains  

polyorganosiloxane as described in Patent Literatur e 1, 20 

migration of the polyorganosiloxane from the releas e agent 

layer to the ceramic green sheet may readily occur.   If a 

laminated ceramic product is produced by laminating  a 

number of ceramic green sheets to which the 

polyorganosiloxane has migrated, interfacial adhesi on 25 

between the ceramic green sheets may deteriorate to  cause 

misalignment as previously described.  This may res ult in a 

poor yield in the production of laminated ceramic p roducts.  

Thus, demands exist for release films from which 

polyorganosiloxane is less likely to migrate to cer amic 30 

green sheets. 

 [0010] 

 The present invention has been made in considerati on 
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of such actual circumstances and an object of the p resent 

invention is to provide a release film for a cerami c green 

sheet production process which exhibits good releas ability 

and is suppressed from the occurrence of migration of 

polyorganosiloxane from the release agent layer to the 5 

ceramic green sheet. 

[Means for solving the Problems] 

 [0011] 

 To achieve the above object, first, the present 

invention provides a release film for a ceramic gre en sheet 10 

production process, the release film comprising a b ase 

material and a release agent layer provided on one side of 

the base material, the release agent layer being fo rmed of 

a release agent composition that contains a 

polyorganosiloxane and a melamine resin, the 15 

polyorganosiloxane having at least one hydroxyl gro up in 

one molecule, the melamine resin having a total aci d value 

of 0.030 to 0.154 mgKOH/g (Invention 1). 

 [0012] 

 According to the above invention (Invention 1), th e 20 

release agent layer is formed of a release agent 

composition that contains a polyorganosiloxane havi ng at 

least one hydroxyl group in one molecule and a mela mine 

resin having a total acid value of 0.030 to 0.154 m gKOH/g.  

Good releasability is thereby exhibited and the occ urrence 25 

of migration of polyorganosiloxane from the release  agent 

layer to the ceramic green sheet is suppressed. 

 [0013] 

 In the above invention (Invention 1), the 

polyorganosiloxane may preferably have at least one  organic 30 

group in one molecule, wherein the at least one org anic 

group is selected from a polyester group and a poly ether 

group (Invention 2). 
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 [0014] 

 In the above invention (Invention 1, 2), at least one 

of the hydroxyl groups may preferably be present at  an end 

of the polyorganosiloxane (Invention 3). 

 [0015] 5 

 In the above invention (Invention 1 to 3), the 

polyorganosiloxane may preferably have a weight-ave rage 

molecular weight of 1,000 to 300,000 (Invention 4).  

 [0016] 

 In the above invention (Invention 1 to 4), the 10 

melamine resin may preferably contain a compound 

represented by general formula (a) below or a polyn uclear 

substance obtained by condensing two or more molecu les of 

the compound,  

[Chemical Formula 1] 15 

 

 

 

where each X represents –H, -CH 2-OH, or –CH 2-O-R and may be 

the same or different, each R represents an alkyl g roup 20 

having a carbon number of 1 to 8 and may be the sam e or 

different, and at least one X is -CH 2-OH (Invention 5). 

 [0017] 
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 In the above invention (Invention 1 to 5), the rel ease 

agent composition may preferably further contain an  acid 

catalyst (Invention 6). 

 [0018] 

 In the above invention (Invention 1 to 6), the rel ease 5 

agent layer may preferably have a thickness of 0.1 to 3 µm 

(Invention 7). 

 [0019] 

 In the above invention (Invention 1 to 7), the rel ease 

film for a ceramic green sheet production process m ay 10 

preferably further comprise a resin layer located b etween 

the base material and the release agent layer (Inve ntion 8). 

[Advantageous Effect of the Invention] 

 [0020] 

 The release film for a ceramic green sheet product ion 15 

process according to the present invention exhibits  good 

releasability and is suppressed from the occurrence  of 

migration of polyorganosiloxane from the release ag ent 

layer to the ceramic green sheet. 

[Brief Description of Drawings] 20 

 [0021] 

 [FIG. 1] FIG. 1 is a cross-sectional view of a rel ease 

film for a ceramic green sheet production process a ccording 

to an embodiment of the present invention. 

 [FIG. 2] FIG. 2 is a cross-sectional view of a rel ease 25 

film for a ceramic green sheet production process a ccording 

to another embodiment of the present invention. 

[Embodiments for Carrying out the Invention] 

 [0022] 

 Hereinafter, embodiments of the present invention will 30 

be described. 

<Release Film for Ceramic Green Sheet Production Pr ocess> 

 As illustrated in FIG. 1, a release film for a cer amic 
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green sheet production process 1A according to a fi rst 

embodiment (which may be simply referred to as a “r elease 

film 1A,” hereinafter) is configured to include a b ase 

material 11 and a release agent layer 12 laminated on one 

surface (upper surface in FIG. 1) of the base mater ial 11. 5 

 [0023] 

 As illustrated in FIG. 2, a release film for a cer amic 

green sheet production process 1B according to a se cond 

embodiment (which may be simply referred to as a “r elease 

film 1B,” hereinafter) is configured to include a b ase 10 

material 11, a resin layer 13 laminated on one surf ace 

(upper surface in FIG. 2) of the base material 11, and a 

release agent layer 12 laminated on a surface (uppe r 

surface in FIG. 2) of the resin layer 13 opposite t o the 

base material 11. 15 

 [0024] 

1. Release Agent Layer 

 The release agent layer 12 of the release film 1A,  1B 

is formed of a release agent composition that conta ins a 

polyorganosiloxane having at least one hydroxyl gro up in 20 

one molecule and a melamine resin having a total ac id value 

of 0.030 to 0.154 mgKOH/g. 

 [0025] 

 In the release film 1A, 1B, the release agent 

composition for forming the release agent layer 12 contains 25 

polyorganosiloxane.  The surface free energy at the  release 

surface of the release agent layer 12 is therefore 

moderately reduced.  The release agent composition further 

contains a melamine resin.  The release agent compo sition 

can therefore be sufficiently cured by heating and the 30 

formed release agent layer 12 has sufficient elasti city.  

Owing to these features, when the release film 1A, 1B is 

released from the ceramic green sheet formed on the  release 
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surface of the release film 1A, 1B, the release for ce is 

moderately reduced and good releasability is exhibi ted. 

 [0026] 

 In the release film 1A, 1B, the total acid value o f 

the melamine resin contained in the release agent 5 

composition for forming the release agent layer 12 is 0.030 

to 0.154 mgKOH/g.  This means that the melamine res in has a 

relatively large amount of acidic functional groups .  The 

acidic functional groups originate mainly from hydr oxyl 

groups of methylol groups (-CH 2-OH) in the melamine resin.  10 

On the other hand, the polyorganosiloxane contained  in the 

release agent composition also has at least one hyd roxyl 

group in one molecule.  When such a release agent 

composition is cured to form the release agent laye r 12, 

the melamine resin and the polyorganosiloxane are 15 

chemically bonded at their hydroxyl groups to form a 

structure in which the polyorganosiloxane is fixed to the 

melamine cured product.  This restricts the 

polyorganosiloxane from freely moving in the releas e agent 

layer 12.  When a ceramic green sheet is formed on the 20 

release surface of the release film 1A, 1B, therefo re, 

migration of the polyorganosiloxane from the releas e agent 

layer 12 to the ceramic green sheet is suppressed.  This 

can enhance the interfacial adhesion between cerami c green 

sheets each formed using the release film 1A, 1B an d 25 

suppress the occurrence of misalignment between the  ceramic 

green sheets when they are laminated on one another . 

 [0027] 

(1) Melamine Resin 

 In the release agent composition for forming the 30 

release agent layer 12, the total acid value of the  

melamine resin is 0.030 to 0.154 mgKOH/g and may be  

preferably 0.032 to 0.100 mgKOH/g and particularly 
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preferably 0.035 to 0.070 mgKOH/g.  The total acid value of 

a melamine resin refers to a mass (mg) of potassium  

hydroxide necessary to completely react groups that  are 

able to react with potassium hydroxide contained in  1 g of 

the melamine resin.  In the present description, th e total 5 

acid value of a melamine resin shall be represented  by an 

actual measurement value rather than by a theoretic al value.  

Here, the groups which are able to react with potas sium 

hydroxide refer to methylol groups (-CH 2-OH).  Imino groups 

(-NH-) and alkyl ether groups (-CH 2-OR) do not react with 10 

potassium hydroxide.  A specific method of measurin g the 

total acid value of a melamine resin will be descri bed in 

the exemplary test, which will be described later.  If the 

total acid value is less than 0.030 mgKOH/g, the nu mber of 

hydroxyl groups in the melamine resin will be insuf ficient 15 

and the reaction between the polyorganosiloxane and  the 

melamine resin will not sufficiently progress.  

Consequently, in the formed release agent layer 12,  the 

amount of polyorganosiloxane that is not fixed to t he 

melamine cured product will be large and the migrat ion of 20 

polyorganosiloxane to the ceramic green sheet may r eadily 

occur.  If, on the other hand, the total acid value  exceeds 

0.154 mgKOH/g, acid groups that are not involved in  the 

previously-described condensation reaction and the 

condensation reaction between melamine resins may b e 25 

excessively present and it will be difficult to con trol the 

crosslinking speed.  This may possibly result in th e 

quality deterioration of a ceramic green sheet form ed on 

the release surface. 

 [0028] 30 

 Specifically, the above melamine resin may prefera bly 

contain a melamine compound represented by general formula 

(a) below or a polynuclear substance obtained by co ndensing 
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two or more molecules of the melamine compound. 

[Chemical Formula 2] 

 

 

 5 

 [0029] 

 In the formula (a), each X represents –H, -CH 2-OH, or 

–CH2-O-R.  These groups may constitute reactive groups in 

the condensation reaction between molecules of the above 

melamine compound.  Specifically, an -NH group in w hich X 10 

is H can undergo condensation reactions with an -N- CH2-OH 

group and an -N–CH 2-R group.  An -N-CH 2-OH group in which X 

is -CH 2-OH and an -N-CH 2-R group in which X is -CH 2-R can 

both undergo condensation reactions with an –NH gro up, an -

N-CH2-OH group, and an -N–CH 2-O-R group.  In the formula 15 

(a), at least one X is -CH 2-OH.  The existence of at least 

one -CH 2-OH group allows the reaction between the hydroxyl 

group contained in the group and the hydroxyl group  of 

polyorganosiloxane, and the migration of polyorgano siloxane 

can be suppressed as previously described.  When th e 20 

melamine resin contains a polynuclear substance obt ained by 

condensing two or more molecules of the above melam ine 

compound, the polynuclear substance itself may have  at 
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least one -CH 2-OH group. 

 [0030] 

 In the above -CH 2-O-R group, R represents an alkyl 

group having a carbon number of 1 to 8.  The carbon  number 

may be preferably 1 to 6 and particularly preferabl y 1 to 3.  5 

Examples of the alkyl group having a carbon number of 1 to 

8 include a methyl group, ethyl group, propyl group , butyl 

group, pentyl group, hexyl group, and octyl group, among 

which the methyl group may be preferred. 

 [0031] 10 

 In the above, each X may be the same or different and 

each R may be the same or different. 

 [0032] 

 In general, melamine compounds may be classified i nto 

those of a full ether type in which all of Xs are - CH2-O-R, 15 

those of an imino-methylol type in which at least o ne X is 

-CH2-OH and at least one X is H, those of a methylol ty pe 

in which at least one X is -CH 2-OH and no X exists as H, 

and those of an imino type in which at least one X is H and 

no X exists as -CH 2-OH.  In the release film 1A, 1B, the 20 

above melamine resin may preferably contain a melam ine 

compound of the imino-methylol type or the methylol  type 

from the viewpoint of easy suppression of curling a nd the 

viewpoint of readily achieving the property that th e total 

acid value is 0.030 to 0.154 mgKOH/g.  In particula r, in 25 

the formula (a), it is preferred for a more number of Xs to 

be -CH 2-OH.  Specifically, the number of Xs as -CH 2-OH may 

be preferably at least two and particularly prefera bly at 

least three. 

 [0033] 30 

 The above melamine resin may contain a polynuclear  

substance in which 2 to 50 molecules of the compoun d 

represented by the above formula (a) are condensed in an 
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embodiment, contain a polynuclear substance in whic h 2 to 

30 molecules of the compound are condensed in anoth er 

embodiment, contain a polynuclear substance in whic h 2 to 

10 molecules of the compound are condensed in a par ticular 

embodiment, and contain a polynuclear substance in which 2 5 

to 5 molecules of the compound are condensed in a f urther 

embodiment. 

 [0034] 

 In the release agent composition for forming the 

release agent layer 12, the weight-average molecula r weight 10 

of the melamine resin may be preferably 350 to 10,0 00, 

particularly preferably 700 to 5,000, and further 

preferably 1,000 to 4,000.  The weight-average mole cular 

weight being 350 or more may stabilize the crosslin king 

speed and allows a more smooth release surface to b e formed.  15 

The weight-average molecular weight being 10,000 or  less 

can suppress the viscosity of the release agent com position 

from being excessively high.  This enables good coa ting 

properties when the base material 11 is coated with  the 

release agent composition.  As used in the present 20 

description, the weight-average molecular weight re fers to 

a value that is measured as a standard polystyrene 

equivalent value using the gel permeation chromatog raphy 

(GPC) method. 

 [0035] 25 

(2) Polyorganosiloxane 

 The polyorganosiloxane may preferably have at leas t 

one hydroxyl group in one molecule.  The upper limi t of the 

number of hydroxyl groups in one molecule of 

polyorganosiloxane is not particularly limited, but  may be, 30 

for example, 20.  When the release agent layer 12 o f the 

release film 1A, 1B is formed of a release agent 

composition that contains polyorganosiloxane, the r elease 
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surface of the release agent layer 12 can exhibit g ood 

releasability.  Moreover, the polyorganosiloxane ha ving the 

above hydroxyl group can be fixed to the melamine c ured 

product by the condensation reaction with the melam ine 

resin.  This can suppress the migration of 5 

polyorganosiloxane from the release agent layer 12 to the 

ceramic green sheet. 

 [0036] 

 The structure other than the above hydroxyl group in 

the polyorganosiloxane is not particularly limited unless 10 

it inhibits the previously-described releasability,  the 

condensation reaction between the polyorganosiloxan e and 

the melamine resin, and the condensation reaction b etween 

melamine compounds contained in the melamine resin.   A 

polymer of a silicon-containing compound represente d by 15 

general formula (b) below can be used as the 

polyorganosiloxane. 

[Chemical Formula 3] 

 

 20 

 

 [0037] 

 In the formula (b), m is an integer not smaller th an 

one.  At least one of R 1 to R 8 may be a hydroxyl group or 

an organic group having a hydroxyl group.  In parti cular, 25 

it is preferred that at least one of R 3 to R 8 be a hydroxyl 
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group or an organic group having a hydroxyl group.  That is, 

it is preferred that at least one of hydroxyl group s or 

organic groups having hydroxyl groups be present at  an end 

or ends of the polyorganosiloxane.  The hydroxyl gr oup or 

groups being present at an end or ends allows the 5 

polyorganosiloxane to readily undergo the condensat ion 

reaction with the melamine resin and the migration of 

polyorganosiloxane can be effectively suppressed. 

 [0038] 

 In the formula (b), at least one of R 1 to R 8 other 10 

than a hydroxyl group is preferably an organic grou p.  Here, 

when at least one of R 1 to R 8 in the formula (b) is a 

hydroxyl group, the organic group included in other  R 1 to 

R8 may be an organic group having a hydroxyl group or  may 

also be an organic group having no hydroxyl group.  When 15 

all of R 1 to R 8 in the formula (b) are not a hydroxyl group, 

the organic group included in other R 1 to R 8 is an organic 

group having a hydroxyl group.  In the present desc ription, 

examples of the “organic group” do not include an a lkyl 

group, which will be described later.  The 20 

polyorganosiloxane represented by the formula (b) 

preferably has at least one organic group that has a 

hydroxyl group or does not have a hydroxyl group, 

particularly preferably has 1 to 10 such organic gr oups, 

and further preferably has 1 to 5 such organic grou ps, in 25 

one molecule.  Here, the organic groups are prefera bly one 

or more types of organic groups selected from a pol yester 

group and a polyether group.  Both the polyester gr oup and 

the polyether group may be present in one molecule.   When 

the polyester group or polyether group includes a h ydroxyl 30 

group, the hydroxyl group may be present at an end of the 

organic group or may also be present at a side chai n of the 

organic group.  When the polyorganosiloxane has the  above 
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organic group or groups, the polyorganosiloxane and  the 

melamine resin are mixed well in the release agent 

composition to suppress significant phase separatio n 

between them when the release agent composition is cured.  

This allows the condensation reaction between the 5 

polyorganosiloxane and the melamine resin as previo usly 

described to progress well and the migration of 

polyorganosiloxane can also be effectively suppress ed. 

 [0039] 

 In the formula (b), a group of R 1 to R 8 other than the 10 

above-described groups is preferably an alkyl group  having 

a carbon number of 1 to 12.  Examples of the alkyl group 

having a carbon number of 1 to 12 include a methyl group, 

ethyl group, propyl group, butyl group, pentyl grou p, hexyl 

group, and octyl group, among which the methyl grou p may be 15 

preferred. 

 [0040] 

 Each of R 1 to R 8 may be the same or different.  When a 

plurality of R 1 and a plurality of R 2 are present, each of 

R1 and R 2 may be the same or different. 20 

 [0041] 

 The weight-average molecular weight of the above 

polyorganosiloxane may be preferably 1,000 to 300,0 00, 

particularly preferably 3,000 to 100,000, and furth er 

preferably 4,000 to 50,000.  When the weight-averag e 25 

molecular weight of the polyorganosiloxane is 1,000  or more, 

the surface free energy at the release surface of t he 

release agent layer 12 moderately decreases to allo w the 

release force to be effectively reduced when the re lease 

film 1A, 1B is released from the ceramic green shee t.  The 30 

weight-average molecular weight of the polyorganosi loxane 

being 300,000 or less can suppress the viscosity of  the 

release agent composition from being excessively hi gh, and 
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the base material 11 may be readily coated with the  release 

agent composition. 

 [0042] 

 The content of the polyorganosiloxane in the relea se 

agent composition may be preferably 0.05 to 15 mass  parts, 5 

particularly preferably 0.1 to 10 mass parts, and f urther 

preferably 0.5 to 8 mass parts, to 100 mass parts o f the 

melamine resin.  The content of the polyorganosilox ane in 

the release agent composition being 0.05 mass marts  or more 

can sufficiently reduce the surface free energy at the 10 

release surface of the release agent layer 12 to ac hieve 

the moderate release force.  The content of the 

polyorganosiloxane in the release agent composition  being 

15 mass parts or less can ensure the content of the  

melamine resin.  This can enhance the elasticity of  the 15 

release agent layer 12 to achieve the moderate rele ase 

force.  In the release film 1A, 1B, migration of th e 

polyorganosiloxane is suppressed due to the reactio n 

between the polyorganosiloxane and the melamine res in as 

previously described.  Migration of the polyorganos iloxane 20 

can therefore be sufficiently suppressed even when the 

release agent composition contains a relatively lar ge 

amount of polyorganosiloxane. 

 [0043] 

(3) Other Components 25 

 The release agent composition may preferably furth er 

contain an acid catalyst.  Preferred examples of th e acid 

catalyst include hydrochloric acid, sulfuric acid, nitric 

acid, phosphoric acid, phosphorus acid, and p-

toluenesulfonic acid, among which the p-toluenesulf onic 30 

acid is particularly preferred.  The release agent 

composition containing an acid catalyst allows the 

condensation reaction to efficiently progress in th e above 
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melamine resin. 

 [0044] 

 The content of the acid catalyst in the release ag ent 

composition may be preferably 0.1 to 30 mass parts,  

particularly preferably 0.5 to 20 mass parts, and f urther 5 

preferably 1 to 15 mass parts, to 100 mass parts of  the 

melamine resin. 

 [0045] 

 The release agent composition may contain other 

additives, such as a crosslinker and reaction inhib itor, in 10 

addition to the above components. 

 [0046] 

(4) Thickness of Release Agent Layer 

 The thickness of the release agent layer 12 may be  

preferably 0.1 to 3 µm, particularly preferably 0.2  to 2 µm, 15 

and further preferably 0.3 to 1.5 µm.  The thicknes s of the 

release agent layer 12 being 0.1 µm or more allows the 

release agent layer 12 to effectively exhibit its f unction.  

In particular, the thickness of the release agent l ayer 12 

which contains the melamine cured product is thicke r than 20 

an ordinary thickness and the elasticity of the rel ease 

agent layer 12 is thereby enhanced to improve the 

releasability.  The thickness of the release agent layer 12 

being 3 µm or less can suppress the occurrence of b locking 

when the release film 1A, 1B is wound up into a rol l-like 25 

shape.  The thickness of the release agent layer 12 , such 

as within a range of 0.1 to 3 µm, is thicker than t he 

thickness of an ordinary release agent layer 12.  I n 

general, as the thickness of the release agent laye r 12 

increases, the amount of migration of the 30 

polyorganosiloxane tends to be large, but in the re lease 

agent layer 12 of the release film 1A, 1B, the reac tion 

between the polyorganosiloxane and the melamine res in 
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occurs and the migration of polyorganosiloxane can thus be 

sufficiently suppressed even when the thickness of the 

release agent layer 12 is thick. 

 [0047] 

2. Base Material 5 

 The base material 11 of the release film 1A, 1B is  not 

particularly limited, provided that the release age nt layer 

12 or the resin layer 13 can be laminated on the ba se 

material 11.  Examples of the base material 11 incl ude 

films formed of plastics, such as polyethylene 10 

terephthalate, polyethylene naphthalate and other 

polyesters, polypropylene, polymethylpentene and ot her 

polyolefins, polycarbonate, and polyvinyl acetate.  These 

films may be in a single layer or may also be in a 

multilayer of two or more layers of the same type o r 15 

different types.  Among these, a polyester film is 

preferred, a polyethylene terephthalate film is 

particularly preferred, and a biaxially stretched 

polyethylene terephthalate film is further preferre d.  The 

polyethylene terephthalate film is less likely to g enerate 20 

dust and the like during the work and use and can t herefore 

effectively prevent troubles, such as ceramic slurr y 

coating failure, due to dust and the like, for exam ple.  

The polyethylene terephthalate film may be treated with an 

antistatic thereby to prevent firing due to static 25 

electrical charge at the time of coating with the c eramic 

slurry, which uses an organic solvent, and to enhan ce the 

effect of preventing the coating failure and the li ke. 

 [0048] 

 For the purpose of improving the interfacial adhes ion 30 

property of the base material 11 with the release a gent 

layer 12 or resin layer 13 provided on the surface of the 

base material 11, one surface or both surfaces of t he base 
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material 11 may be subjected to surface treatment, such as 

using an oxidation method and roughening method, or  primer 

treatment, as necessary.  Examples of the above oxi dation 

method include corona discharge treatment, plasma d ischarge 

treatment, chromium oxidation treatment (wet type),  flame 5 

treatment, hot-air treatment, ozone exposure treatm ent, and 

ultraviolet ray irradiation treatment.  Examples of  the 

roughening method include a sandblast method and th ermal 

spraying method.  These surface treatment methods m ay be 

appropriately selected depending on the type of the  base 10 

material film, and the corona discharge treatment m ethod 

may preferably be used in view of the effect and th e 

operability in general. 

 [0049] 

 The thickness of the base material 11 may be 15 

ordinarily 10 to 300 µm, preferably 15 to 200 µm, a nd 

particularly preferably 20 to 125 µm. 

 [0050] 

3. Resin Layer 

 The resin layer 13 provided in the release film 1B  is 20 

located, as illustrated in FIG. 2, between the base  

material 11 and the release agent layer 12.  Provid ing the 

resin layer 13 between the base material 11 and the  release 

agent layer 12 can absorb irregularities on the sur face of 

the base material 11 at the release agent layer 12 side to 25 

reduce the roughness of the release surface of the release 

film 1B. 

 [0051] 

 The resin which constitutes the resin layer 13 is not 

particularly limited.  Examples of the resin includ e a 30 

melamine resin, epoxy resin, phenol resin, urea res in, 

polyester resin, urethane resin, acrylic resin, pol yimide 

resin, and benzoxazine resin.  Among these, the mel amine 
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resin is preferably used to form the resin layer 13 .  

Forming the resin layer 13 using a melamine resin e nhances 

the interfacial adhesion between the resin layer 13  and the 

base material 11 and between the resin layer 13 and  the 

release agent layer 12.  Moreover, the elasticity o f the 5 

release film 1B at the release surface side is impr oved to 

moderately reduce the release force when releasing the 

release film 1B from the ceramic green sheet. 

 [0052] 

 The melamine resin for forming the resin layer 13 is 10 

not particularly limited.  From the viewpoint of 

suppressing the contraction of the resin layer 13 i tself, 

however, it may be preferred to use the previously-

described melamine resin, which is used for forming  the 

release agent layer 12, as the melamine resin for t he resin 15 

layer 13.  That is, it may be preferred to form the  resin 

layer 13 using a composition that contains the prev iously-

described melamine resin. 

 [0053] 

 The resin layer 13 may contain other components th an 20 

the melamine resin, in addition to the melamine res in.  For 

example, the resin layer 13 may contain other resin s than 

the melamine resin, such as an epoxy resin, phenol resin, 

urea resin, polyester resin, urethane resin, acryli c resin, 

polyimide resin, and benzoxazine resin.  When the r esin 25 

layer 13 contains such other resins, the content ma y be 

preferably 1 to 200 mass parts, particularly prefer ably 10 

to 150 mass parts, and preferably 30 to 100 mass pa rts in 

an embodiment, to 100 mass parts of the melamine re sin.  In 

an embodiment, the resin layer 13 may contain addit ives, 30 

such as a crosslinker, reaction inhibitor, and an a gent for 

improving the interfacial adhesion. 

 [0054] 
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 The thickness of the resin layer 13 may be ordinar ily 

0.1 to 3 µm, preferably 0.2 to 2 µm, and particular ly 

preferably 0.3 to 1.5 µm. 

 [0055] 

4. Physical Properties of Release Film for Ceramic Green 5 

Sheet Production Process 

 The release force required when releasing the rele ase 

film 1A, 1B from the ceramic green sheet formed on the 

release surface of the release film 1A, 1B can be 

appropriately set, but may be preferably 2.5 to 50 mN/20 mm 10 

and particularly preferably 5 to 25 mN/20 mm.  The release 

agent layer of the release film 1A, 1B is formed us ing the 

release agent composition which contains the above melamine 

resin and polyorganosiloxane.  It is therefore poss ible to 

appropriately set the release force, such as within  a range 15 

of 2.5 to 50 mN/20 mm. 

 [0056] 

 When a ceramic green sheet is formed using the rel ease 

film 1A, 1B, migration of the polyorganosiloxane fr om the 

release agent layer 12 to the ceramic green sheet i s 20 

suppressed.  Specifically, when the ceramic green s heet is 

formed on the release surface of the release film 1 A, 1B 

and the ceramic green sheet is thereafter released from the 

release film 1A, 1B, the amount of migration of the  

polyorganosiloxane decreases at the surface of the ceramic 25 

green sheet which has been in contact with the rele ase 

surface.  In particular, when the ceramic green she et is 

formed using the release film 1A, 1B, the silicon a tomic 

ratio obtained by measuring the surface of the cera mic 

green sheet having been in contact with the release  surface 30 

may be preferably less than 1.0 at%, particularly 

preferably less than 0.5 at%, and further preferabl y less 

than 0.3 at%.  The silicon atomic ratio may be calc ulated 
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in accordance with the equation below on the basis of the 

amounts (XPS counts) of silicon atoms (Si), carbon atoms 

(C), and oxygen atoms (O) which are measured by X-r ay 

photoelectron spectroscopy (XPS). 

 Silicon atomic ratio (at%)=[(Si element amount)/{( C 5 

element amount)+(O element amount)+(Si element 

amount)}]×100 

 [0057] 

 A ceramic green sheet from which silicon is not 

detected by XPS (i.e. which does not contain a sili con 10 

compound) may be appropriately selected from cerami c green 

sheets for measurement and the silicon atomic ratio  thereof 

may be utilized as a reference for evaluating the a mount of 

migration of the polyorganosiloxane from the releas e agent 

layer 12. 15 

 [0058] 

5. Production Method for Release Film for Ceramic G reen 

Sheet Production Process 

 When the release film 1A is produced, one surface of 

the base material 11 may be coated with a coating l iquid 20 

that contains the previously-described release agen t 

composition and may further contain an organic solv ent, if 

desired, and the coating liquid may then be dried a nd 

heated to cure the release agent composition, thus forming 

the release agent layer 12.  The release film 1A ca n 25 

thereby be obtained.  Examples of the coating metho d to be 

used include a gravure-coating method, bar-coating method, 

spray-coating method, spin-coating method, knife-co ating 

method, roll-coating method, and die-coating method . 

 [0059] 30 

 When the release film 1B is produced, one surface of 

the base material 11 may be coated with a coating l iquid 

that contains a melamine resin as the raw material therefor, 
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for example, and the coating liquid may then be dri ed and 

heated to form the resin layer 13.  A surface of th e resin 

layer 13 opposite to the base material 11 may be co ated 

with a coating liquid that contains the previously-

described release agent composition and may further  contain 5 

an organic solvent, if desired, and the coating liq uid may 

then be dried and heated to cure the release agent 

composition, thus forming the release agent layer 1 2.  The 

release film 1B can thereby be obtained.  The same methods 

as the above-described coating method can be used a s those 10 

in this case. 

 [0060] 

 The above organic solvent is not particularly limi ted 

and various types can be used.  Examples of the org anic 

solvent to be used include hydrocarbon compounds, s uch as 15 

toluene, hexane and heptane, isopropyl alcohol, iso butyl 

alcohol, acetone, ethyl acetate, methyl ethyl keton e, 

methyl isobutyl ketone, and a mixture thereof.  In 

particular, it may be preferred to use a mixture li quid of 

methyl ethyl ketone and isopropyl alcohol. 20 

 [0061] 

 The release agent composition after coating as the  

above may preferably be thermally cured.  The heati ng 

temperature in this case may be preferably 90°C to 140°C 

and particularly preferably 110°C to 130°C.  The he ating 25 

time may be preferably about 10 to 120 seconds and 

particularly preferably about 50 to 70 seconds. 

 [0062] 

6. Method of using Release Film for Ceramic Green S heet 

Production Process 30 

 The release film 1A, 1B can be used for producing a 

ceramic green sheet.  Specifically, the release sur face of 

the release agent layer 12 may be coated with a cer amic 
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slurry that contains a ceramic material, such as ba rium 

titanate and titanium oxide, and the ceramic slurry  can 

then be dried to obtain a ceramic green sheet.  The  coating 

can be performed, for example, using an appropriate  scheme, 

such as a slot die coating scheme and doctor blade scheme. 5 

 [0063] 

 Examples of binder components contained in the cer amic 

slurry include a butyral-based resin and acrylic-ba sed 

resin.  Examples of a solvent contained in the cera mic 

slurry include an organic solvent and water-based s olvent. 10 

 [0064] 

 In the release film 1A, 1B, the release agent laye r 12 

is formed of a release agent composition that conta ins the 

previously-described melamine resin and polyorganos iloxane, 

and excellent releasability can thereby be exhibite d.  15 

Moreover, the release agent layer 12 is formed with  a 

structure in which the polyorganosiloxane is fixed to the 

melamine resin, and the migration of polyorganosilo xane 

from the release agent layer 12 to the ceramic gree n sheet 

can therefore be suppressed.  This can enhance the 20 

interfacial adhesion between ceramic green sheets e ach 

formed using the release film 1A, 1B and suppress t he 

occurrence of misalignment between the ceramic gree n sheets 

when they are laminated on one another. 

 [0065] 25 

 It should be appreciated that the embodiments 

heretofore explained are described to facilitate 

understanding of the present invention and are not 

described to limit the present invention.  It is th erefore 

intended that the elements disclosed in the above 30 

embodiments include all design changes and equivale nts to 

fall within the technical scope of the present inve ntion. 

 [0066] 
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 For example, one or more other layers such as an 

antistatic layer may be provided on the surface of the base 

material 11 opposite to the release agent layer 12,  between 

the base material 11 and the release agent layer 12  in the 

release film 1A, or between the base material 11 an d the 5 

resin layer 13 or between the resin layer 13 and th e 

release agent layer 12 in the release film 1B. 

[Examples] 

 [0067] 

 Hereinafter, the present invention will be describ ed 10 

further specifically with reference to examples, et c., but 

the scope of the present invention is not limited t o these 

examples, etc. 

 [0068] 

<Example 1> 15 

 A coating liquid of a release agent composition wa s 

obtained through mixing 100 mass parts (equivalent amount 

to the solid content, here and hereinafter) of an i mino-

type methylated melamine resin (trade name: MX-730,  

available from NIPPON CARBIDE INDUSTRIES CO., INC.,  weight-20 

average molecular weight of 1,508), 0.5 mass parts of 

polyether-modified hydroxyl group-containing 

polydimethylsiloxane (b1) (trade name: BYK-377, ava ilable 

from BYK Japan KK, number-average molecular weight (Mn) of 

5,078, weight-average molecular weight (Mw) of 5,99 3, 25 

molecular weight distribution (Mw/Mn) of 1.18), and  4.0 

mass parts of p-toluenesulfonic acid (trade name: D ryer 900, 

available from Hitachi Chemical Company, Ltd.) as a n acid 

catalyst using a mixed solvent of methyl ethyl keto ne, 

isopropyl alcohol, and isobutyl alcohol.  The solid  content 30 

of the coating liquid was 20 mass%. 

 [0069] 

 A surface of a biaxially stretched polyethylene 
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terephthalate film (thickness: 25 µm) as a base mat erial 

was uniformly coated with the obtained coating liqu id using 

a Meyer bar #6.  The maximum peak height Rp on the surface 

was 452 nm.  Then, the coating liquid was dried at 120°C 

for one minute to cure the release agent compositio n and a 5 

release film was obtained in which a release agent layer 

having a thickness of 1.2 µm was laminated on the b ase 

material. 

 [0070] 

 The thicknesses of the base material and the relea se 10 

agent layer were measured using a reflective film t hickness 

meter (product name: F20, available from Filmetrics , Inc). 

 [0071] 

<Examples 2 to 4> 

 Release films were obtained in the same manner as in 15 

Example 1 except that the mass parts of the polyeth er-

modified hydroxyl group-containing polydimethylsilo xane 

(b1) were modified as listed in Table 1. 

 [0072] 

<Example 5> 20 

 A release film was obtained in the same manner as in 

Example 1 except that the 0.5 mass parts of the pol yether-

modified hydroxyl group-containing polydimethylsilo xane 

(b1) were substituted by 1.0 mass part of polyester -

modified hydroxyl group-containing polydimethylsilo xane 25 

(b2) (trade name: BYK-370, available from BYK Japan  KK, 

number-average molecular weight (Mn) of 2,689, weig ht-

average molecular weight (Mw) of 4,283, molecular w eight 

distribution (Mw/Mn) of 1.59). 

 [0073] 30 

<Example 6> 

 A release film was obtained in the same manner as in 

Example 5 except that the mass parts of the polyest er-
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modified hydroxyl group-containing polydimethylsilo xane 

(b2) were modified as listed in Table 1. 

 [0074] 

<Comparative Example 1> 

 A release film was obtained in the same manner as in 5 

Example 1 except that the 0.5 mass parts of the pol yether-

modified hydroxyl group-containing polydimethylsilo xane 

(b1) were substituted by 1.0 mass part of polyether -

modified polydimethylsiloxane (b3) (trade name: BYK -345, 

available from BYK Japan KK, number-average molecul ar 10 

weight (Mn) of 1,194, weight-average molecular weig ht (Mw) 

of 1,563, molecular weight distribution (Mw/Mn) of 1.31). 

 [0075] 

<Comparative Example 2> 

 A release film was obtained in the same manner as in 15 

Comparative Example 1 except that the mass parts of  the 

polyether-modified polydimethylsiloxane (b3) were m odified 

as listed in Table 1. 

 [0076] 

<Exemplary Test 1> (Measurement of Total Acid Value ) 20 

 The melamine resin used in each of the examples an d 

comparative examples was diluted by isopropyl alcoh ol so 

that the solid content concentration would be 50 ma ss%.  

Then, 10 g of the diluted liquid was sampled into a  200 mL 

beaker.  This was added with 125 mL of a solution o btained 25 

by mixing toluene, deionized water, and 2-propanol at a 

mass ratio of 500:5:495, and a measurement sample w as thus 

obtained.  When each commercial product of the mela mine 

resin used in the examples and comparative examples  was one 

that used other solvent than isopropyl alcohol, the  30 

commercial product was dried to remove the solvent and 

diluted with isopropyl alcohol so that the solid co ntent 

concentration would be 50 mass%. 
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 [0077] 

 The measurement sample was titrated with a potassi um 

hydroxide 2-propanolic standard solution using a po tential 

difference automatic titrator (product name: AT-610  EBU-

610-20B, available from Kyoto Electronics Manufactu ring Co., 5 

Ltd.) to measure the amount of the potassium hydrox ide 2-

propanolic standard solution required for neutraliz ation.  

The measurement was performed three times and the a verage 

value was calculated.  The average value was used a s the 

basis to calculate the amount (mg) of potassium hyd roxide 10 

required to neutralize one gram of the melamine res in, and 

the calculated amount was used as the total acid va lue 

(mgKOH/g).  Results are listed in Table 1. 

 [0078] 

<Exemplary Test 2> (Measurement of Release Force) 15 

 Ceramic slurry was prepared through adding 69 mass  

parts of toluene and 46 mass parts of ethanol to 10 0 mass 

parts of barium titanate (BaTiO 3, trade name: BT-03, 

available from SAKAI CHEMICAL INDUSTRY CO., LTD), 1 0 mass 

parts of polyvinyl butyral (trade name: S-LEC B·K B M-2, 20 

available from SEKISUI CHEMICAL CO., LTD.), and 5 m ass 

parts of dioctyl phthalate (trade name: dioctyl pht halate 

Cica first grade, available from KANTO CHEMICAL CO. , INC.), 

and mixing and dispersing them in a ball mill. 

 [0079] 25 

 In the release film stored under an ordinary 

temperature for 48 hours after produced in each of the 

examples and comparative examples, the release surf ace of 

the release agent layer was uniformly coated with t he above 

ceramic slurry using an applicator.  Thereafter the  ceramic 30 

slurry was dried at 80°C for one minute using a dry er.  

Through this operation, a ceramic green sheet havin g a 

thickness of 3 µm was obtained on the release film.   Thus, 
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the release film with the ceramic green sheet was p roduced. 

 [0080] 

 The release film with the ceramic green sheet was 

stationarily placed under an atmosphere of a room 

temperature of 23°C and humidity of 50% for 24 hour s.  Then, 5 

an acrylic pressure sensitive adhesive tape (trade name: 

31B Tape, available from Nitto Denko Corporation) w as 

attached to the surface of the ceramic green sheet opposite 

to the release film and, in this state, they were c ut at a 

width of 20 mm.  A measurement sample was thus obta ined. 10 

 [0081] 

 The pressure sensitive adhesive tape side of the 

measurement sample was fixed to a flat plate and th e 

release film was peeled off from the ceramic green sheet at 

a release angle of 180° and a release speed of 100 mm/min 15 

using a tensile tester (product name: AG-IS500N, av ailable 

from SHIMADZU CORPORATION) to measure the force nec essary 

for the peeling (release force; mN/20 mm).  Results  are 

listed in Table 1. 

 [0082] 20 

<Exemplary Test 3> (Evaluation of Migration Propert y of 

Polyorganosiloxane) 

 In the release film stored under an ordinary 

temperature for 48 hours after produced in each of the 

examples and comparative examples, the release surf ace of 25 

the release agent layer was uniformly coated with t he above 

ceramic slurry using a 35 µm applicator.  Thereafte r the 

ceramic slurry was dried at 60°C for one minute usi ng a 

dryer.  Through this operation, a ceramic green she et 

having a thickness of 4 µm was obtained on the rele ase film.  30 

Thus, the release film with the ceramic green sheet  was 

produced. 

 [0083] 
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 The above ceramic green sheet was released from th e 

release film.  For the surface of the ceramic green  sheet 

which had been in contact with the release agent la yer 

surface, the silicon atomic ratio (at%) was calcula ted in 

accordance with the equation below on the basis of the 5 

amounts (XPS counts) of silicon atoms (Si), carbon atoms 

(C), and oxygen atoms (O) which were measured by X- ray 

photoelectron spectroscopy (XPS). 

 Silicon atomic ratio (at%)=[(Si element amount)/{( C 

element amount)+(O element amount)+(Si element 10 

amount)}]×100 

 [0084] 

 Then, the migration property of polyorganosiloxane  was 

evaluated in accordance with the criteria below.  R esults 

of the silicon atomic ratio and evaluation are list ed in 15 

Table 1. 

 A; The silicon atomic ratio was less than 0.3 at%.  

 B; The silicon atomic ratio was 0.3 at% or more an d 

less than 0.75 at%. 

 C; The silicon atomic ratio was 0.75 at% or more. 20 

 [0085] 

 Details of reference characters or the like in Tab le 1 

are as follows. 

<Polyorganosiloxane> 

 b1: polyether-modified hydroxyl group-containing 25 

polydimethylsiloxane (trade name: BYK-377, availabl e from 

BYK Japan KK, number-average molecular weight (Mn) of 5,078, 

weight-average molecular weight (Mw) of 5,993, mole cular 

weight distribution (Mw/Mn) of 1.18) 

 b2: polyester-modified hydroxyl group-containing 30 

polydimethylsiloxane (trade name: BYK-370, availabl e from 

BYK Japan KK, number-average molecular weight (Mn) of 2,689, 

weight-average molecular weight (Mw) of 4,283, mole cular 
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weight distribution (Mw/Mn) of 1.59) 

 b3: polyether-modified polydimethylsiloxane (trade  

name: BYK-345, available from BYK Japan KK, number- average 

molecular weight (Mn) of 1,194, weight-average mole cular 

weight (Mw) of 1,563, molecular weight distribution  (Mw/Mn) 5 

of 1.31) 

 [0086] 

[Table 1] 
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 [0087] 

 As apparent from Table 1, when the release film 

obtained in each of the examples is released from t he 

ceramic green sheet, the release is possible with m oderate 

release force.  Moreover, in the ceramic green shee t formed 5 

using the release film obtained in each of the exam ples, 

the silicon atomic ratio is small and it has thus b een 

found that the migration of polyorganosiloxane is 

effectively suppressed.  In particular, it can be f ound 

that the migration of polyorganosiloxane is suppres sed even 10 

when the compounding amount of polyorganosiloxane i n the 

release agent composition is large.  It has also be en 

confirmed that the release film obtained in each of  the 

examples has a relatively low maximum peak height R p on the 

release surface and is thus excellent in the smooth ness. 15 

 [0088] 

 On the other hand, it has been found that the rele ase 

film obtained in each of the comparative examples r equires 

strong release force when released from the ceramic  green 

sheet.  In the ceramic green sheet formed using the  release 20 

film obtained in each of the comparative examples, the 

silicon atomic ratio is large and it has thus been found 

that the migration of polyorganosiloxane is not 

sufficiently suppressed. 

[Industrial Applicability] 25 

 [0089] 

 The release film for a ceramic green sheet product ion 

process of the present invention is suitable for fo rming a 

ceramic green sheet. 

[Description of Reference Numerals] 30 

 [0090] 

1A, 1B… Release film for a ceramic green sheet prod uction 

process 
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  11… Base material 

  12… Release agent layer 

  13… Resin layer 
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[Name of Document]  Claims 

[Claim 1] 

 A release film for a ceramic green sheet productio n 

process, the release film comprising a base materia l and a 

release agent layer provided on one side of the bas e 5 

material,  

 the release agent layer being formed of a release 

agent composition that contains a polyorganosiloxan e and a 

melamine resin,  

 the polyorganosiloxane having at least one hydroxy l 10 

group in one molecule,  

 the melamine resin having a total acid value of 0. 030 

to 0.154 mgKOH/g. 

[Claim 2] 

 The release film for a ceramic green sheet product ion 15 

process as recited in claim 1, wherein the 

polyorganosiloxane has at least one organic group i n one 

molecule, wherein the at least one organic group is  

selected from a polyester group and a polyether gro up. 

[Claim 3] 20 

 The release film for a ceramic green sheet product ion 

process as recited in claim 1 or 2, wherein at leas t one of 

the hydroxyl groups is present at an end of the 

polyorganosiloxane. 

[Claim 4] 25 

 The release film for a ceramic green sheet product ion 

process as recited in any one of claims 1 to 3, whe rein the 

polyorganosiloxane has a weight-average molecular w eight of 

1,000 to 300,000. 

[Claim 5] 30 

 The release film for a ceramic green sheet product ion 

process as recited in any one of claims 1 to 4, whe rein the 

melamine resin contains a compound represented by g eneral 
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formula (a) below or a polynuclear substance obtain ed by 

condensing two or more molecules of the compound,  

[Chemical Formula 1] 

 

 5 

 

where each X represents –H, -CH 2-OH, or –CH 2-O-R and may be 

same or different, each R represents an alkyl group  having 

a carbon number of 1 to 8 and may be same or differ ent, and 

at least one X is -CH 2-OH. 10 

[Claim 6] 

 The release film for a ceramic green sheet product ion 

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

release agent composition further contains an acid catalyst. 

[Claim 7] 15 

 The release film for a ceramic green sheet product ion 

process as recited in any one of claims 1 to 6, whe rein the 

release agent layer has a thickness of 0.1 to 3 µm.  

[Claim 8] 

 The release film for a ceramic green sheet product ion 20 

process as recited in any one of claims 1 to 7, fur ther 

comprising a resin layer located between the base m aterial 

and the release agent layer. 


