DESCRIPTICN CASTI NG FI LM FOR PRODUCI NG CERAM C GREEN SHEET AND PROCESS FOR
- PRODUCI NG THE CASTI NG FI LM TECHNI CAL FI ELD The present invention relates to

-4 casting filmfor produc- ing a ceranic green sheet ana“ mWWW“\Lor
producing the casting film Mre particularly, it is c m a
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sheet; and has S “never can be real y any of conventi onal
film Furthernore, the present invention is concerned with a process for
efficiently producing the above-nentioned casting film BACKGROUND ART

Acpo%m;\tLheFﬁﬁet demand in recent years towards mniaturization and

wei ght= tronic equipnment in general, the part itens

constitutingd %@4&%ri)mgne%hp%%te@f%oreaqw@&r&& pe1h hEs:f pl-pad and

Ilghtwelght For 1 nstance, It has cone to be possible to mniaturize the
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with an internal conductor by sinmultaneously -1
film which 1s used in producing a ceramic dgreen sheet to be
employed in a ceramic capacitor, a laminated inductor element
and the 1like; 1is equipped with a cured layer of a silicone
composition formed thereon having favorable adhesiveness to a
substrate film; 1is excellent 1in both coatability of ceramic
slurry and releasability of the ceramic green sheet; and has - -
high flatness never can be realized by any of conventional film.

Furthermore, the present invention is concerned with a process

for efficiently producing the above-mentioned casting film.

BACKGROUND ART

Accompanying the market demand in recent years towards
miniaturization and weight-saving of electronic equipment in
general, the part items constituting the electronic equipment
are required to be thin-filmed and lightweight.

For instance, it has come to be possible to miniaturize the
electronic part items such as capacitors and laminated inductor
elements that have heretofore been part items with leads through
practical application of the technology which forms monolithic

structure equipped with an internal conductor by simultaneously
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firing a | am nate conposed of a ceram c |ayer and an el ectro- conductive
-l.ayer each having a prescribed pattern configuration. Nevertheless stil
further mniaturization is required. In general, a ceramc capacitor is
produced by the steps of firstly preparing a slurry by mxing ceramc
powders having high dielectric constant of a conpound, etc. which has
perovEikriag & yhkaminahe sompesede hch SePiuntgreanand vk hed esiti®er or
an organi c solvent; coating a casting filmsuch as pol yethyl ene _

t er epAPAEMELE VR LawRiTt 1o athe askiflg ghtPIIFFiPedr Whgefﬁeceaéﬂﬁﬁg’attl&“ .
prepare ceram.c green _sheets; then form ng an el ectrode pattern on the

cer anNevgrébrlensesss iddr SUgHPKT SN IRTHE T FREHPD L RerPAKELBY -t he use of an
el ectroconductive paste; thereafter releasing the ceram c green sheets
fromthe c&8tPRFFRm & IF&F aMifi FRRITGOF | bF gRr AdHEEH BY Fﬁ@ Siehse P T
ceram_ ¢ green sheets in a prescribed order; $ress sticking, the IanLn%}e
under LREEEL¥gPTePR NGy & I Wk Hht b EHI HsCDF aBLSi PABAET ShABY I gh (19
subj egt i the chips,to firing treatment to proceed with sintering...On the
one hAABLSEHEdEneT B St af mafed TIRAIA DY &tEmonthIFE d1A0uBEd BPRACT i r st

preDaEL“%t%ﬁ&%mé3éEéﬁ”EEPgeéﬁ RN 2 S8 hR9cbibmaic (he Salre tpgner gs the
fore90|ﬁg y fhe Jse of hmagheti c Ceram¢C pomﬁers such as ferrite; then

for”‘ﬁﬂ 3r @'ic{%ﬁ;&%ﬁk9“c89€iﬁ§r§”E%SQ“% _f¥¥ﬁ“§u£ﬁr999ggg_%%%Iﬁgﬂéning

or the ['iKe by use of an e ctroconductive paste; releasing _
ceramg, dbReRaIRee $ifPWithe GastideufidMm andrLpenapyLenar kag ﬁ:oa‘tfirﬂd‘at ed

i nductor elenent in the shape of chips in the sane nanner as the

foreggbngprepare ceramic green sheets; then forming an electrode
pattern on the ceramic green sheets through screen printing or
the 1like by the use of an electroconductive paste; thereafter
releasing the ceramic green sheets from the casting film; then
laminating a large number of the printed ceramic green sheets in
a prescribed order; press sticking the laminate under heating;
cutting the same into chips of desirable shape; and subjecting
the chips to firing treatment to proceed with sintering.

On the one hand, in general, a laminated inductor element

is produced by at first preparing ceramic green sheets on a
casting film in the same manner és the foregoing by the use of
magnetic ceramic powders such as ferrite; then forming a coil
pattern on the ceramic green sheets through screen printing or
the like by the use of an electroconductive paste; releasing the
ceramic green sheets from the casting film; and then preparing a
laminated inductor element in the shape of chips in the same
manner as the foregoing.

The ceramic capacitor and laminated inductor element in the

shape o©of chips thus obtained are required to be still further
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The ceram c capacitor and | am nated inductor elenent in the shape of chips
-thus obtained are required to be still further -2 mniaturized in response
fo the demand for miniaturization as nentioned above. Acconpanying such
demand, the thickness of the aforesaid ceram c green sheet being presently
inthe range of 5 to 20g mis required to be further small. As the ceramc
gr eenmsheatuirs zehd nnedréopsnsh a&n exttendemandcdowemntironst ucasatignfilam i s
no | onger capable of coping with the need, whereby it is indispensable to
real i menaionetli Rpdvid . mAodwmpanyiegcebbbndemangot Hrepatlabékneys opfcébgni c
slurry and releasability of the cerami c green sheet, is free fromthermnal
shri nkfigeesnidr iceidag iandithesn exheehebgihgghrelsanidys.imhidre hargaerét &f ore
been generally enployed as a castings film a polyethylene terephthal ate
fil m ¢PETOM m) isuljedctiadd do ke dithen rerhkent with a rel easi ng agent
conposed of a heat curing addition reaction type silicone. However, in
order to ASstihe senabie gueer sheat fhe thdneed P oyt eBnPBE8ATHf 3a
heat curable addition reaction type silicone is obliged to be  crosslinked
at a EPgNepEApeRdt WGasoingsEalmy 1510n8r 4angedr caPRRIEnEO T eSUW N hit tHhe
thermal shrinkage of the PET filmis inevitably caused in the rel aiing
t r eat FBAt NECEp. WhiF therbal 15 shPAARRGESEP LG itk %2 bibich %e?ﬁ@tfﬂﬂngliﬂ t he

e Tl 92t N PO O LB 19! o RaR e L, LoEeR
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resingRy; hRLgedild HPGES il S Seled @Y LRIBET BiUERess.

There has heretofore been generally employed as a castings
film, a polyethylene terephthalate film (PET film) subjected to
releasing treatment with a releasing agent composed of a heat
curing addition reaction type silicone. However, 1in order to
assure a stable cured fiim, the releasing agent composed of a
heat curable addition reaction type silicone is obliged to be
crosslinked at a high temperature of wusually 140C or higher
with the result that the thermal shrinkage of the PET film is
inevitably caused in the releasing treatment step. The thermal
shrinkage or wrinkle, when being found in the PET film, brings
about the problem of making it impossible to form a homogeneous
thin film sheet at the time of film forming from ceramic slurry.

Under such circumstances, an attempt is made to carry out
processing treatment with a heat curable addition reaction type
silicone resin by retarding processing rate at a low temperature
(110 to 130°C) in order to suppress thermal shrinkage or wrinkle

to the utmost. However, such attempt brings about the problems

of not only poor productivity, but also insufficiency in curing,
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(110 to 130C) in order to suppress thermal shrinkage or winkle to the
-utnost. However, such attenpt brings about the problenms of not only poor
productivity, but also insufficiency in curing, -3 stability for adhesion
of the silicone to the PET film coatabi- lity of ceramc slurry and the

i ke. There is known, as a rel easing agent conposed of silicone capable of
curi ngtabiditpwibenpéhaisdioe, od rdleeasiligayerto HoepdisRBdf bimsi agkéabi-
ultraviolet ray curable (w thout heating; the sane applies hereinafter)

si | i cbhky hafi agramignstlivaral aghdodre duidie-as an epoxy group, acrylic group,
mercapto group or the |I|ike. Nevertheless such a releasing agent is

probl emat | €Eheret gt knawn or Assid i xDIRATHYY e@98DES SOBHACS e f9F cHLL 1CONEDt ai n
and besides, the ceramc green sheet is poor in releasability and
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the present invention_ is to provide a casting filmwhich is used in
produ%?%@oaedcéﬁaﬁﬂégéPeéﬂ@§ﬁ&%€%ﬁ?tﬁ?%ﬂﬁﬂ?ﬂéﬁ?iﬁWhF%%P%nb%aEéﬁaéiF@P, a

| am nat ed i nductor el enent and the like; is equipped with a cured |ayer of
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besides, the ceramic green sheet is poor in releasability and

stability.

DISCLOSURE OF THE INVENTION

In such circumstances, an object of the present invention
is to provide a casting film which is used in producing a
ceramic green sheet .to be employed in a ceramic capacitor, a
laminated inductor element and the like; is equipped with a
cured layer of silicone composition having favorable adhesive-
ness to a substrate film; is excellent in coatability of ceramic
slurry and releasability of the ceramic green sheet; and has
high flatness never can be realized by any of conventional film,
and besides a process for efficiently producing the aforesaid
casting film.

Other objects of the present invention will be obvious from
the text of this specification hereinafter disclosed.

As a result of intensive extensive research and investiga-
tion accumulated by the present inventors in order to develop a

casting film for producing a ceramic green sheet imparted with
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As a result of intensive extensive research and investiga- tion accunul ated
-by-the present inventors in order to develop a casting filmfor producing
a ceramc green sheet inparted with -4 the foregoing excellent functions,
it has been found that by coating a substrate filmin a specific thickness
wth an addition reaction type silicone conposition containing a

phot okeasferegriag gxcelldgsithd undntong heht h‘é%l%-'??%‘&tfﬂ@“?h&hagesul t ant
coating and thereafter curing it by inline ultraviolet ray irradiation,

t her eb¥ s FAERP adcus @RSFRIEP o1 siPi AnEPSCdiISsi ERrbRkBRES! | Bhthi AP
adhesi veness to a substrate film and that the film equipped with the
foregBfAGtiared 1eR&Y19% al¥Bred S0l 1 FR"Dhj ECMEOSH LR i n%%g'h'f?bﬂlag a?

ti fil The t tion h b lish by th
abovePRBRPFBAEA CAPRA nGE  and SHTRSTARR | BT That T 1 §egdy, RIAE P esdiie
[ ti ides: (1 ti il mwhich i d.f [ '
cor anfESUFBBAE SRS TH AN P T TS ctUE B0 1B 1P AP afd L SAe b ayer
ted th of dditi ti t il iti ,
cont af A ng & SHHASEthe ETE5F, LhafB5REA Yod R a6 o furba S H4F8PS s
for med, Ry, 08 oL GaLi iy &, L ay ST 0f 3 RAQLOSENSLE hZeryp SQNLAl Nk gnaddyt] on
reactron f)ype st i%Cone c%rrp05| tionina coating aount expressed’i i ter ms

of Sokhgtzgﬁt&e%l%&tq{lﬁfﬂopﬁ%\%iﬁ *é)r\é)lféloe&o?n@\/mgtgﬂé‘& i‘a%@?pf‘[%?ta;égx%édh the

range of o1 _ by a treatent ultravio
irradigticoR. o fdctdeceashiend diddR{ REOAUUNG i L ef AT C FhEeR kALt as

set forth in the preceding item (1), wherein the substrate film conprises
pOlyelhyéﬁﬂﬁohehﬂﬂﬂﬁééﬁlQccomplished by the above-mentioned findings
| and information.
"That is to say, the present invention provides:

(1) a césting film which is used for producing a ceramic green
sheet and which comprises a substrate film and a cured layer
coated thereon of an addition reaction type silicone composition
_containing a photosensitizer, characterized in that . said cured. ...
layer is formed by heat treating a layer of a photosensitizer-
containing addition reaction type silicone composition in a
coating amount expressed in terms of solid content in the range

of 6.01 to 0.2 g/m?! at a temperature in the range of 40 to
120°C , followed by a treatment with ultraviolet ray irradiation.

(2) the casting film for producing a ceramic green sheet as set
forth in the preceding item (1), wherein the substrate film
comprises polyethylene terephthalate.

(3) the casting film for producing a ceramic green sheet as set
forth in the preceding item (1) or (2), wherein the addition

reaction type silicone composition comprises polydimethylsilox-

ane having a vinyl group as a functional group.
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(3) the casting filmfor pfoduci ng a ceramc green sheet as set forth in
-the preceding item (1) or (2), wherein the addition reaction type silicone
conposition conprises polydinmethylsilox- ane having a vinyl group as a
functional group. -5 (4) the casting filmfor producing a ceram c green
sheet as set forth in the preceding item (1) or (2), wherein the addition
react (4n tiywecastivonéidengosi timy woing | sesepanydi gEeRPl Shepdt aheSHavi ng
a hexenyl group as a functional group. (5) the casting filmfor_producing a
cer amiartgr eén dheet pascsedingf ortdm | i1} heopr dbdi fr9rn (E?eora‘%‘%ﬂ?l%er ein
the addition reaction type silicone conposition conprises the m xture of
pol ydiemttidsi tprRane ilddome o dmeehijtiep odpmRsigerumivstidle tyf bl 2hd
pol ydi net hyl si | oxane having a vinyl group as a_ functional group. (6) a
pr ocew e WA wing sa usedenpl gheupr aduet EyACEAoRadadrioPfilm for producing a
ceram c green sheet and which conprises the steps of equipping a substrate
film (@1 hthe ppasbirasfiilmefore dred ¥ HE afdFEF BRI FedEERHN SRRE 25 i E2dhe
conposition thereon in a coating ampunt expressed in ter of (gl i d
cont Rt iRe thaingsesedingnii i 0.3) g/ (4 hed TR 1 & in‘b‘i ftyen
tenperature in the range of 40 to 120C , and irr.adi at%tg t[ng L{a er of the
si || CORE M oditEDN SHLHF UG r SIS YRP t §°BFFe St ger. FEE" fos
PREFERRED, E I TO CARRY QUT THE I NVENTI ON_The casting fi
pr odu’s dz'af““%@?% g@?‘@@ﬁ SHR%t 9 act o NG ]!o tgﬁé)ug’r eggntgi ngluerlﬁﬁ%(gﬁ?l
herei nafter sometines..r [ iLoply "casti 1 Gording Lo the
prese%’fou? nv%%ﬁo%ﬁygéﬁg%ﬁ ggqé%gu ?trg’tglé'%?i m%an g]%ure@dptfager coat ed

functional group. .

(6) a process which is used for the production of a casting film

for producing a ceramic green sheet and which comprises the

steps of equipping a substrate film with a photosehsitizer—

containing addition reaction type silicone composition thereon

in a coating amount expressed in terms of solid content in the

- range of- 0.01 toe 0.2 g/m?, then heat-treating at a temperature

in the range of 40 to 120°C, and irradiating the layer of the

silicone composition with ultraviolet ray to cure the layer.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION

The casting film for producing a ceramic green sheet
according to the present invention ( hereinafter sometimes
referred simply to as "casting film according to the present
invention") comprises a substrate film and a cured layer coated
thereon of an addition reaction type silicone composition
containing a photosensitizer. The above-mentioned substrate film
is not specifically limited, but may be properly selected for

use from any of the well known films which have heretofore been
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t hereon of an addition reaction type silicone conposition containing a
-phot osensitizer. The above-nentioned substrate film is not specifically
limted, but nay be properly selected for wuse fromany of the well known
films which have heretofore been -6 usable as a substrate filmfor a
casting filmfor producing a ceram c green sheet. Exanples of _such filns
i ncl udealhlpolaypest esubstrateade i poryeét 1A T ef épRt FoTatRECPeFIBENA ene
naphtha- late or the like, a polyolefin film nmade of pol ypropyl ene, poly-
net hyf peanéfe dseephshgdde, %X%Pi;/%ar BEn&tEDf ifiidhmehd Hot YRF n§ | PodEesies
film O these, a polyester filmis preferable and a biaxially oriented
pol yef himed@deer @phPRAF A WL9Ng i keperrbhabpe. i PPt ¥ﬁ8P§q§§
usual |y used a substrate filmhaving a  thickness in_the range of 12 to
1259 hiteTRE EhPedikgyer éFxEWﬁQ%ﬁJF}dUH&‘dﬁﬁﬁ%s?fi%%1¥6rﬁgy£%§FalP@ Y-on
t he above-nentioned substrate filmin the c sting fil acc rdigg t.o t.he
preseRECPAVBRPEEAS LTobERPNeY - cﬁriﬁ?leaFal‘%fé'fa of Tddmadiid i BRIY¥d&iton

pr esehP EIHVBAPESH SobERenet i, it :
conti RSPFBRAL IS of Oh MRSeT1 o8 1R S aldRDr 1 oPBE PAYOTFr APt on

t t {. ti | | ' t f heat |

adar ( POR<FBA0T) B EBa%s PSR T et Ee8 £fum T oREHraraPd hear

treat m‘?n&afr%ricul%rgur'ﬂpére O?’Lsa(d}.i %\{Lll%g @sé# aQ' gub%lé'i'%(li,ef iébir@m Ah<139 ng a
g app

tenperat uré heat treatnment, when bei ied thereto, brings abodt

insufgggggggsgughnghetQg%dgﬂdgrmbtgbgﬁ§5ﬂf@vprable performance. As a
count erneasure thereagainst, nention 1s made of an increase in catalyst

quantity ofnha @deek@aifylet ¥ tHAl L Of c JHOCESHP HFit HOMEY Bl bedRnkR@NARSE | N
catal yst quantity
on the above-mentioned substrate film 1in the casting film
according to the present invention is obtained by cpring a layer
of an addition reaction type silicone composition containing a
photosensitizer by the combinational use of a heat treatment and
a ultraviolet ray irradiation treatment.

Conventional releasing agents composed .of a heat curable
addition reaction type silicone have necessitated a high
temperature heat treatment for the purpose of achieving a stable
cured film. A low temperature heat treatment, when being applied
thereto, brings about insufficient curing, thus failing to get
favorable performance. As a countermeasure thereagainst, mention
is made of an increase in catalyst quantity or a decrease in the
rate of processing. However, an increase in catalyst quantity
adversely affects the pot life, whereas a decrease in the rate
of processing leads to lowered productivity.

As opposed to the foregoing, the present invention provides

a casting film which 1is equipped with a cured layer of a

silicone composition having favorable adhesiveness to a
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adversely affects the pot life, whereas a decrease in the rate of
-processing leads to | owered productivity. As opposed to the foregoing, the
present invention provides a casting filmwhich is equipped with a cured
layer of a silicone conposition having favorable adhesiveness to a -7
substrate film which has high flatness free fromthermal shrinkage or
wr i nkbebsgndtehi ddling ewddldhenthaisn bdahabiflliotpests Eaegnmi Eromur teama 1
rel easability of the ceram c green sheet, by adding a photosensitizer to
t he c8hVéRkpaRalon eVehBkhg  agask Whtbfiposadested lieadt idurepdtabddityort
reaction type silicone and _using both heat curing and ultraviolet ray
cur i n§er¥Ra Caddiutioh arerécrieéﬁaﬁygéléitm eénéheorfrosni onaeont asheag . &Y
phot osensitizer to be used in the present invention is the conposition
whi ch288/P8i s?s B iRIeRs bai 2 hgrteti ERes, ot erbitip?? bn rdas die t poent
silicone g fgr i hstance, a pol dinethylf si | oxane having a functi onal

gr oup¥ °BRE =& cfﬂ%s?ihﬁ?ﬁg‘ﬁgﬁﬂgle(?%? FhePaRCactd ofr J9HS nki hycgapen@nd

d _of iLi Si I tyl hyd il ,
Cat ol YEEnE1 BPCRndieatod P 9 ritht TALt Ca YAy P &
hot [ ; d. opti | desi.r.ed ddition. ti o
i b tor . "er ol ARarPREr Su, Bress diicaste.- Sgthe st 4 FeBkE o s,
d ' ' .. The abaqve- ' d additi tion,t
T chnd G Bh=LORL Tiq |8, FRBACIFOShTHF SE0L) Bl R Lid” B -

vari et¥mpBkithg res«izrﬁ‘fchforcoim%%ias%%e’ ihos rtig%ti ngve ﬂf&ﬁé&l%‘l&?ee% :
customarily used as a rel easing agent conpodse of 4 heat curapl e ’addition
reactbaaityeﬁ sidd o dPgeadditk-8Rer @I ON A ¥Phce, a polydimethyl-
siloxane having a functional group) and a crossiinking agent
(for instance, a crosslinking agent composed of a silicone resin
such as polymetylhydrogen siloxane); a catalyst (for instance, a
platinum based catalyst); and a photosensitizer; and optionally
as desired, an addition reaction inhibitor, a release modifier
.such as silicone gum anrd silicone varnish, and an adhesion
improver.
The above-mentioned addition reaction type silicone is not
specifically limited, but may be selected for use from a variety
of the resins, for instance, those that have heretofore been
customarily used as a releasing agent composed of a heat curable
addition reaction type silicone. The addition reaction type
silicone is exemplified by at least one member selected from
polyorganosiloxanes having an alkenyl group as a functional
group in a molecule. Preferable examples of the above-mentioned
polyorganosiloxanes having an alkenyl group as a functional

group in a molecule include polydimethylsiloxane having a vinyl

group as a functional group, polydimethylsiloxane having a
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silicone is exenplified by at |east one nenber selected from

- pol'yor ganosi | oxanes having an al kenyl group as a functional group in a
mol ecul e. Preferabl e exanpl es of the above-nentioned pol yorganosil oxanes
‘having an al kenyl group as a functional group in a nolecule include

pol ydi nmet hyl_si | oxane having a vinyl group as a functional group,

pol ydPREERYILsiAtG h & shavi a1 E Hbx@hQ¥P g?Bdpthe BiKGNER 8fal group and
the m xture of the two. OF these is preferable the polydingethylsil oxane
havi n§Pea Técelt Bretp 4s refirdaRdifalthy oﬂibl??bﬁ?ghﬁéiléﬁﬁé' ft DGV iR
excel | ent cur%pilit and stable favorable releasabjlity for ,%reen sheet s
bei ng®a THS W 03| PnkMRGtAGEAL 19 Vet 9T i B by B8P dadsil Itkane
having in.i.ts one nolecul e, at ]east two hydro atong each . bonded. to a
or V| CRBag Pt op CTREIIYY T eI | BPSERD b 9| e
copol yner th% ng 3% which is hindered wth di nmethyl hydrogen-siloxy group,
dineté§ﬁ§ﬁl5x§ﬁéﬁ %ﬂﬂﬁ-aﬁﬁﬁﬁ?éﬁnrsiloxane copol yner the end of which is

hinder ed winhld, AN Shd Y Bt OLP o POL( TRLN! Bydiagensbboxane) e end

of which i's hindere group a po rogen

i1 seAdaaneyn The AU abne SxerPhified erostlidlng, ageshs ke

used I's sel’ected’in the range of 0.1 fo arts b

prefe l3q0. 8ot 0550 by. 'ghtfgggqg_ 0 I3 js he
additF%ﬁd%ggcgfonatj%gﬁéé??céﬂgﬁﬁExéhples 5%“%%@ gﬁ?igoﬁgQ%ﬁﬁgifqﬁﬁéﬁﬁée

funct @R hgf1 nRIHI M MG 1t 6 418 e@éﬁaﬁlyﬁﬁéf atier bl 6 Ofwk heh cusedifiddpea

i ncl ude polyorganosil oxane not having in its one nol ecul e, an al kenyl
with dimethylhydrogen-siloxy group, dimethylsiloxane/ methyl-
hydrogen-siloxane copolymer the end of which is hindered with
trimethylsiloxy group, poly{(methylhydrogen-siloxane) the end of
which is hindered with trimethylsiloxy group and poly (hydrogen
silsequioxane) . The amount of the exemplified crosslinking agent
to be used is selected in the range of 0.1 to 100 parts by
weight, preferably 0.3 to 50 parts by weight based on 100 parts
by weight of the addition reaction type silicone.

Examples of the silicone which has the function of
modifying the releasing characteristic of the cured film include
polyorganosiloxane not having in its one molecule, an alkenyl
group or hydrogen atom each bonded to a silicon atom; specific-
ally, polydimethylsiloxane the end of which is hindered with
trimethylsiloxy group and polydimethylsiloxane the end of which
is hindered with dimethylphenylsiloxy group.

There is usually employed as a catalyst, a platinum base
compound, which is exemplified by platinum in fine powder form,

platinum in fine powder form adsorbed on carbon powder carrier,

chloroplatinic acid, an alcohol modified chloroplatinic acid,
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group or hydrogen atom each bonded to a silicon atom specific- ally,
-pol ydi net hyl si |l oxane the end of which is hindered with trinethylsiloxy
group and pol ydi net hyl sil oxane the end of which 1is hindered with

di net hyl phenyl sil oxy group. There is usually enployed as a catalyst, a
pl ati num base conpound, which is exenplified by platinumin fine powder
f or m chpprePAa®ing of i e vk fior nfalBdeBed &F ld@didHt poswierleakri &nd
chloroplatinic acid, an al cohol nodified chloroplatinic acid, -9

chl or BRPEL MM CHA o ef TRecHRWIE PhI EREI FRAR A %NP hhil ed heaitghy st
catal yst. The ampunt of the above-exenplified catalyst to be used is in
t he rgﬂgéeoPsfdtdsleﬁoﬁ&ﬂnr%ﬂﬂﬂ(ﬁﬁrﬂﬂ?ﬂy1%%%éﬂpmonaPH€°¥bW3Fe&ﬁD®m§%ﬁ t he
addition reaction type silicone and_ _the crosslinking agent, On the one
hand, °Ph&PShdiUsthsPrPYBE ©F b"eh%s%ﬂldml?ﬂerea&‘}ilf’i“o%i?%%cﬂbhcf’g}ﬁe and
silicpopne conposi.tion is not specifically limted, but may be properly
opt i oh Fl§rggFZ&P 3% P9 from those that have heretofore been

customarily used in ultraviolet, curable resin. Exapples thereof.inglude
benzoi ns, égnfgﬁﬁeﬁﬁﬁ%séangceﬂgﬁheﬁgﬁggfegs}ﬁﬁéfﬁkyggeﬁﬁﬁegfe in"tne
-am nos nes, a - .diketones, .a.-diketone di.al.kyl ace s. _ant. hr.agqui,-
nones?GE?%?85aﬁfﬁ5ﬁ€§”hh%y?%es6?%5?“80ﬁﬁg o §ilfﬁ% %nég%ngpgfégéfgﬁpyified

by bepzgi p.gbenzgi N o8t 1,benzain. athy! benzoi p. L Sr.gpy!
y eﬂ%@&@ed.eﬂﬁﬂlnmgglQ%%h%§§psgéngﬂﬁ%#ﬂgﬁhk |S§§ Eted ' Os b5 HYQPY

et her, benzoi'n ~n-bu er and a conpound 1 n
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| i nkage. The benzophenones are exenplified by benzophenone,

P- phegykBenaopRenene sxhatb rd edkwt &8 NONENG@PNEERNE 1 ndi, CBAEBpPhencnes,
acetophenones, a —hydroxy ketones, a -amino-ketones, a -
diketones, a -diketone dialkyl acetals, anthraqui- nones,
thioxanthones and the other compounds.

The benzoins are exemplified by benzoin, benzoin methyl
ether, benzoin ethyl ether, benzoin isopropyl ether, benzoin
n-butyl . ether, benzoin isobutyl ether and a compound in which
benzoin is bonded to both ends of polydimethylsiloxane by ether
linkage. The benzophenones are exemplified by benzophenone,
p-phenylbenzophenone, 4,4'-diethylaminobenzophenone, dichloro-
benzophenone, trimethylsilylbenzophenone and 4-methoxybenzo-
phenone. The acetophenones are exemplified by acetophenone,
dimethylaminoacetophenone, 3-methylacetophenone, 4-methylaceto-
phenone, 4-allylacetophenone, 3-pentylacetophenone and propio-
phenone. The g -hydroxy ketones are exemplified by 2-hydroxy-1-
(4-isopropyl) phenyl-2-methylpropane-1-one, 2-hydroxy-2-methyl-1-
phenylpropane-1-one, 1- [4-(2-hydroxyethoxy) phenyl] -2-hydroxy-2-
methylpropane-1-one and 1-hydroxycyclohexylphenyl-ketone. The

a —aminoketones are exemplified by 2-methyl-1- [4- (methylthio) -



benzophenone, trinethylsilyl benzophenone and 4-net hoxybenzo- phenone. The
-acet ophenones are exenplified by acetophenone, dinethylam noacetophenone,
3- et hyl-acet ophenone, 4-net hyl acet o- phenone, 4-allyl acet ophenone,
3-pentyl acet ophenone and propi o- phenone. The a -hydroxy ketones are
exenplified by 2-hydroxy-1- (4-isoEropyI)phen¥I-2-neth¥Ip(opane-l-qne,
2-hydPB??Yéln@rmﬂﬁthhﬂﬂﬁﬂH%ﬁ%ﬁﬁﬂ11%ﬂ%nuﬁ"d -benzyl-2-dimethylamino-
1-[4-g2-hydrox et hoxy) phenyl ] - 2- hydr oxy-2- met hyl pr.opane- 1-one and

1- hydr ox¢cPor SheAHNRRAN L Rt e Theene: - Then ok etGHaE AIRS eRERPIFHIMRT by

2-met hyl - 1-[4- (et hyl t hi 0) _-10 phenyl ] - 2- nor phaol i nopr opane- 1-one and
> benddFi68 drimBRPIH b 1A LSOl FRBpHB AT SR eaT 7 1 ig < ohad &

-di ketones are exenp-_lified by benzyl and diacetyl. The a -di ket one

di al k?FSceFéFg'plérfée&erﬁﬂiftieégZW’dé%"zl}/ﬁdi netRyP ! ac’Pdl BREzEARdIEL hy

acetal . The anthraqui nones are exenplified by, 2-nmethyl anthraqu- i none,

ot npFekAtny b AL B4 A HRET Haho kN 9o Cafln g nenragy

ant hragui none,__The thi oxant hones are exenpl ified Q{
n

-_nethyl -
t hi ox&RCRSHe, 2 2 BPhy | PRFBLAAY ABRRS 2 2e KPSt dXa Qééﬁqu1X°ne and 2-

2 4- dogrenhy! L0t pxanknnReandyd -l sl hipranchanee  The o - ggmpunds

are exenplifired tertiary am ne tri n ani

p-di”EEEM&%HiQﬂi&%@%ﬁﬂdﬁéﬂﬂfﬂetﬁyﬁ¥ 59@@9H9d52§93 orBfhioxanthone

azobi s(i sobutyronitrile). ‘Any of the above-exenplTfred photosénsitizer's may

be used,_aliARenY thl SAHUHYHL On & b 4216881 NS AN on S NeTABD Wi ey
thereof to be used is selected in the range of 0.01 to 30 parts by weight,

pref eeahbyufd@S dre 20xpRpl £ P¥AWRYIhEe PESSFy OBm1AGs RAIdS BY tWRigiinyaf- the
total anmount of the addition reaction type silicone and the crosslinking
agent amine and p-dimethylamino benzoic ester, and azo compounds such

as azobis (isobutyronitrile) .

Any of the above-exemplified photosensitizers may be used
alone or in combination with at least one other. The amount
thereof to be used is selected in the range of 0.01 to 30 parts
by .weight, preferably 0.05 to 20.parts by weight based on 100
parts by weight of the total amount of the addition reaction
type silicone and the crosslinking agent.

The aforesaid addition reaction inhibitor is a component
used for the purpose of imparting the composition with shelf
life stability at room temperature, and is specifically exempli-
fied by 3,5-dimethyl-1-hexyne-3-ol, 3-methyl-1-pentene-3-0l,
3-methyl-3-pentene-1-in, 3,5-dimethyl-3-hexene-1-in, cyclic
tetravinylsiloxane and benzotriazole.

In the present invention, a coating solution having a
viscosity which enables coating is prepared by adding, in a

proper organic solvent, the addition reaction type silicone

composition containing a photosensitizer together with a variety



The aforesaid addition reaction inhibitor is a conponent used for the
“purpose of inparting the conposition with shelf [life stability at room
© tenperature, and is specifically exenpli- fied by

3, 5-di net hyl - 1- hexyne- 3-o0l, 3-nethyl-1-pentene-3-ol,
3- nethyl 3-pentene-1-in, 3,5-dinethyl-3-hexene-1-in, cyclic
t et r aitny ISOMPRPANE indF e Lot HE&S0l 85 | AeEhESPr e3ash | Avem | dIrescrbbedng
sol ution haV|ng a Vviscosity which enables coating is prepared by addi ng,
in a BRedREt %ﬁ?ﬁuﬁ%es%¥@%ﬁ%c FﬂévéﬂalEFoﬁoFeéﬁFFéﬁHﬁ?%QXﬂ %%ﬁ#ﬁﬂllbui
conpositio ont inin hot osengiti zer together with a variety 0
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organlc gplvent is ot s eC|f|cak6¥ limte but pmay be selected for use
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of the addition reaction type silicone conposition contal'nin

phot osepsitdA DR sgat[ﬂergqq@npyntfo%xrlres%aerﬂcé n &Pmrgf cBal! hegnignt 1 n

the range of 0.01 to 0.2 g/n2. The coating anount n being ' €S5S
0.01 @hi?,cdat mh@O@pwrcéste%ehbhl { ¥pi WNRLERS nblkA 0l td, AU

when being nore than 0.2 g/nR2, causes deteriorated coatabi’lity of ceramc
sl urryosuthsagaltlheaoctapeencerof thepedddNgiéh ardddero®f GASAMG 1 88K Y

coating. Taking into consideration the releasability of

composition containing a photosensitizer in a coating amount

expressed‘in terms of s0lid content in the range of 0.01 to 0.2

g/m?2 . The coating amount, when being.less than 0.01 g/m2?, brings

about poor releasability, whereas the coating amount, when being

more than 0.2 g/m?, causes deteriorated coatability of ceramic
slurry such as the. occurrence of repelling at a time of ceramic -
slurry coating. Taking into consideration the releasability of
the ceramic green sheet, coatability of ceramic slurry and the
like factors, the coating amount is in the range of preferably
0.05 to 0.12 g/m?, particularly preferably 0.07 to 0.1 g/m?.

The substrate film equipped with the layer of the addition
reaction type silicone composition according to the present
invention is at first heat-treated at a temperature in the range

of 40 to 120°C to preliminarily cure the resultant layer of the

addition reaction type silicone resin composition. The heating

temperature, when being lower than 40°C, causes a fear of
insufficiency in drying or preliminary curing, whereas the
heating temperature, when being higher than 120€C, causes



the cerami c green sheet, coatability of ceramic slurry and the |Iike
flactors, the coating amount is in the range of preferably 0.05 to 0.12
g/nm2, particularly preferably 0.07 to 0.1 g/nR2. The substrate film equi pped
wth the layer of the addition reaction type silicone conposition
according to the present invention is at first heat-treated at a
tenpebBEERali ShFENkange otf wadnkd er20Eheseprel Fai handl yeeured tatie r &bl t ant
| ayer of the addition reaction type silicone resin conposition. The

heat i A§IeFERpBLattive, ththeRr BERAY FBXER tiREN Ml,"%aus‘é%hgoflﬁaﬁegﬁtlon
insufficiency in drying or prelimnary curing, whereas the heating
;gn;eﬁéfu$5¥Yﬂﬂenpﬁé#ﬁglﬁﬁdgéFqﬂ%ﬂﬂGURH?Em%%uEﬂﬁﬂnHQQ?h%?nﬁrl§hiﬁnﬁa§e or
wri nk] e her e failing to attain the objects of the the present
inven{?%nalgﬁh ﬁ?ﬁ%'c5%§i éﬁqﬂ1tﬁqﬂf%ﬁ9?ﬁ%,lﬁréﬁQﬁ?ﬁﬂﬁﬁXnﬁﬂnGPet

t hermal _shripkage, or LOkle and the |ike factors, the heating tenperature
i's pr%?%?%b?g ?ﬁ Fﬁe1%&égge of 50 to 100C The |l ayer of the addition

reaction t i_licone.c 0Si;ti;0n which has been prelimnarily cured by
heat treat%@%tiﬁ e%su:?egggdaﬁglﬁﬁqquf?ﬁ?$53?0F§Per %ﬁﬂ%ﬁlSﬁXPBSl
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curability of the silicone conposition |ayer due to suitable ultraviolet
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lamp, metal halide lamp, high power metal halide lamp, non-
electrode ultraviolgt lamp. Of these, non-electrode ultraviolet
lamp is preferable from the viewpoints of less thermal damage to
the substrate film and favorable curability of the silicone
composition layer due to suitable ultraviolet emission
efficiency, infrared ray irradiation rate,  etc.. The foregoing
lamp is available from D bulb, H bulb, H+ bulb, V bulb and the
like manufactured by Fusion Corporation, of which H bulb and
H+ bulb are particularly preferable. The ultraviolet irradiation
output may be properly optionally selected, and is in the range
of usually 30 W/cm to 600 W/cm, preferably 50 W/cm to 360 W/cm.

The temperature at the time of ultraviolet irradiation
treatment is not specifically limited if carried out inline, but
may be either the temperature under heated condition immediately
after the heating treatment or room temperature.

The above-mentioned production process enables to obtain
the casting film according to the present invention in which the

cured layer of addition reaction type silicone composition is

_13_.



| anp is available fromD bulb, H bulb, H+ bulb, V bulb and the Iike

-manuf actured by Fusion Corporation, of which Hbulb and H+ bulb are

- particularly preferable. The ultraviolet irradiation output nay be
properly optionally selected, and is in the range of usually 30 Wcmto
600 Wcm preferably 50 Wcmto 360 Wcm The tenperature at the tine of

ul trafiosined i phadébthen ar edtatdnt siidesot ofpethéi cabbgtranet i ik oairth ed
out inline, but may be either the tenperature under heated condition

i medifavergblef taghesieveres$ nfheredoremndrvhdom tisnpares ufeomThdermal
above-nenti oned production process enables to obtain the casting film
accor 8PEG K3 aehe presemtl ¢ ny éMPas’edn withte et tieeme Ly eldighy Ed aghegddiarnidn
reaction type silicone conposition _is -13 forned on either or both sides of
t he skBStAgfe FIM IR h LpafordRAbd Hdes?lefgsamikeret W ranandhired 9asfr ee
fromthermal shrinkage or winkle, inparted with extrenely high flatness
and BBILAEY GfcSPTANLG FXRRR aHi9FES: of ceranic slurry and releas- ability
of ceram c _green sheets. The casting filmaccording to the present
invention MSeuSEF NG TIridh T Y TP ante HreeRrsAgBts IndRAtLEMMES %At ed
for roduci ng ceram c _green sheets having a thickness of preferably 2011m
or Iegg,r nBF%QBFéPgra‘B? afHi 19T estd® t‘gﬁ“ti Adar ity Betterdttsed Rt

| ess. ram ¢ en sheets tp which is applicable the castin film
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capacitor in the formof chip, the maghetic™ green sheet Pchlis used for
a | anpratedablguelPin &g in

As ceramic green sheets to which is applicable the casting
film according to the present invention, mention is made of the
ceramic green sheet which has é high—dielectric constant and is
used for a ceramic capacitor in the form of chip, the magnetic
green sheet which is used for a laminated inductor element in
the form of chip and .the like. In particular, it is desirable to .. . ..
apply the casting film according to the present invention to the
production of green sheets that are used for a ceramic capacitor
for miniaturized portable devices and which has an extremely
miniaturized chip size of 1005 form.

As the ceramic which has a high dielectric constant and is
contained in ceramic green sheets to be used for a ceramic
capacitor, mention is made of a compound having perovskite
crystalline structure such as not only barium titanate (BaTiO,)
but also PbTiO,, KNbO,, Pb(Ni,,sNb,,,)0;, further CdyNb, 0, ,
PbNb,O; and PbTa,0,.

On the one hand, as magnetic ceramic contained in ceramic

green sheets to be used for laminated inductor elements, mention



the formof chip and.the like. In particular, it is desirable to - apply

‘the casting filmaccording to the present invention to the production of

- green sheets that are used for a ceram c capacitor for niniaturized

portabl e devices and which has an extremely mniaturized chip size of 1005

form As the ceram c which has a high dielectric constant and is contained

in cerbwimageecefi sipdated tuyhre fsedifeorsachenaniza beARACdOfitdPNMiOBaks

made of a conpound having perovskite crystalline structure such as not

only bferuwiteit Mnathe (BaffeB8) te buMaalkses Pbffé £Bite KNN@3 ZnPlbadd flefr Btdb2 /

3) @8, further Cd2 Nb2 O7, PbNb2G3 and PbTa2Gs. On the one hand, as

magnetNe-Zer base contai bed My-der dmise deeentsheals-Co-be beed fDerrite

| am nat ed i nductor el enents, nention -14 is nade of spinel type ferrite

such &g Mpadla 12t r bese Nfebasée. f ehekagondh basetdmer ficre ity bage the

ferrite, Ni-Zn base ferrite, M-Zn base ferrite, MJ-Zn base ferrite,

Ni - cu-HAk®ase ferrite and M- My-Zn base ferrite, hexagonal systemferrite

and the |ike. The ceranm c green sheets are produced, for instance, by

ni xi ng ceram FERASLC ag’f)?ef}ersw%n?randplao%‘imﬁér_ dimrh asstpolcgvi nyy

al cohol . base bi nder, carboxynethyl cellul ose base binder, butyral base
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sul tant sl ur to the casting filmaccording to the present invention
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form geram I shee each.in a thickness o referably m or
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slurry, applying coating of the resultant slurry to the casting

{
film according to the present invention by the use of a doctor
knife or the like, and drying treating the coating to form
ceramic green sheets each in a thickness of preferably 204z m or
less, more preferably 10ug m or less, particularly preferably
6pg m or less.

The .green sheets, when used  for a ceramic - capacitor, are
Formed by the use of the aforesaid ceramic powders having a high
dielectric constant as ceramic powders, aﬁd desirable electrode
patterns (internal electrode patterns) are formed on the
resultant green sheets through screen printing or the like by
the wuse of an printing electroconductive paste containing
metallic electroconductor. The ceramic green sheets are released
from the casting films, and laminated in a large number of
usually at least 100 sheets, press-stuck under heating, and cut
into chips of desirable shape. Subsequently the chips are
subjected to firing treatment to proceed with sintering, In this

way, a ceramic capacitor is obtained which is equipped with

internal electrode and has monolithic structure in the form of



6p m.or |less. The green sheets, when used--for a ceramc capacitor, are
‘frormed by the use of the aforesaid cerami c powders having a high

- dielectric constant as ceram ¢ powders, and desirable electrode patterns
(internal electrode patterns) are formed on the resultant green sheets

t hrough screen printing or the like by the use of an printing

el ect¢@EBnducti ve paste containing netallic electroconductor. The ceranic
green sheets are released fromthe casting filns, and lamnated in a |large
nunber of Imstiae| gaae rease 1be gmesns sheedss-anaicksehdeer heal amgnased cut
into chips of desirable shape. Subsequently the chips are subjected to
firinPeYebehepterenprotbegenetrr dioAmed Eram q lMreemasheatseedanipped
capacitor is obtajned which is equi pped with_ internal electrode and has
nonol 1P cARF+ERP LR ecPh lt RAtESERSIANEET PeH plaqtndronduet qhepattAtngl een
sheets are used for a lamnated _inductor elenent, there are formed ceramc
gr eent3hEREsSBYGI PABFeTWiaT hai Fapreotne| bpather e Mierthe aforesaid
electroconguctor Patterns in the sane manner as_the foregoingvby t he use
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t he present
chip.

In the following, the present invention will be described
in more detail with reference to comparative examples and
working examples, which however shall never limit the present
invention thereto.

- -Evaluations -were made of -the various- characteristics - of
each of the casting films that were obtained through the working
examples and comparative examples according to the evaluation

procedures as described hereunder.

(1) Curability

Curability was evaluated in accordance with the following
criteria by the method comprising vigorously rubbing the surface
of a cured coating on a casting film ten times with fingers; and
observing the smear and rub-off on the film.
© : no smear nor rub-off observed at all.

O : slight smear observed (not causing practical problem)



invention thereto. . . Evaluations - were nmade of the various
‘characteristics - of each of the casting filnms that were obtained through
- the working exanples and conparative exanples according to the eval uation
procedures as described hereunder. ("1) Curability Curability was eval uated
in accordance with the followng criteria by the nethod conprising

vi gorously rubbing the surface of a cured coating on a casting filmten
times with fingers, and observing the snmear and rub-off on the film Qo :
no snéar womer Jneet abbatwedhf epsered JEppptimmsacagisddav ey qafoical
causing practical problem -16 Q sone snear and rub-off observed (sonetines
causi ng pr ®&EGd#E™) probl en) X marked smear with considerabl e rub-of f
observed (causing practical problem X X : marked rub-off observed show ng
i nsuf 7§ ¢i eRREEBRT neq ) NI nFePatrsm aplSpef ¥Y -8 fsithzmeeAonlSAYidtd on
property of silicone was evaluated in accofdance with the foll ow ng
criteria by @ HfhdF RV sing | anminating a cured coating on a casting

fiImvvith:a PET fil _Ia/in aéodof 1.97 N to the |.am nate thus
for medS * 4l "§\i edi trﬁ]eb'lc’:t%ona'?%gf‘(’)e t%}ﬁ%lw?"a? kﬂnggE%,lePﬁeFéﬁf]Tn@r peel i ng
e PR AT 5 e o DBy gl st surface i o
whet her SiWdHEM%&%E%§H§BGB£oBEr@9t-é?’“QiﬂﬁgBﬁEiOmé¥59£¥§9u§£eﬁ”-in
accordance with the following criteria by the method comprising
laminating a cured coating on a casting film with a PET film,
applying a lcad of 1.97 N/mm? to the laminate +thus formed,
allowing the laminate to stand for 24 hours, thereafter peeling
the PET film off the laminate, painting the laminated surface
with a felt-tipped marker, and observing the extent of repelling

to confirm whether silicone was present or not.

© : no migration observed at all.

O : slight migration observed ( not causing practical problem)

A some migrétion observed ( sometimes causing practical
problem)

X : considerable migration observed (causing practical problem)

X X : marked migration observed
(3) Flatness (thermal shrinkage or wrinkle)

Flatness was evaluated in accordance with the following
criteria by the method comprising visually observing wrinkle on
a casting film, and also coating the cured coating with ceramic
slurry in a thickness of 6px m , and examining whether uniform
coating was possible or not.

© : excellent



Q: slight mgration observed ( not causing practical problen) A sone

‘m gration observed ( sonetines causing practical problen) X considerable

m gration observed (causing practical problen) X X : marked mgration
observed (3) Flatness (thermal shrinkage or winkle) Flatness was eval uated
I n accordance with the followng criteria by the method conpri sing

vi sualdyy: QRS Vi bW ks En®Nprac €841 Ngrbbh@n) and al so coating the cured
coating with ceramic slurry in a thickness of 6# m, and exam ni ng whet her

uni f orAn: GRAdWHh t\esh PSS P s Sfie BDhes Lauserge i@ttt ivhi @:9990eh) not
causi ng practical problem sonmewhat inferior( sonetines causing practi cal

probl em: iXfidHi®y O[cd ¢y Ner PE@LEALAprBHIBMEM X X : extrenely inferior
(4) Adhesiveness of(curégﬂzggfing (aftgr 70 dzys) Adhesi veness of cured

coat i ng »as «sMtldit8f imraccoF dance with the following criteria by the
met hod conprising vigorously rubbing ten tines wth fingers, the surface

of a cquagdaderidiVkndeds dofashréd ébhvinht qarkhe hapse 70 days fromthe
treatment with silicone, and observing the rub-off of the cured coating

fromthe PE8hfedimergss nofr threld obseingdwals advalustég@htinr Weobfaahser ved
(not causing practical problen) Q sone rub-off observed (sonetines causing
pr act wa&h mMﬁﬂﬁn@lo«ingcomitéedaMh&rtﬂncmétbbdetwa@rﬁeamgluﬁqmﬁ@nbma
prObliE%bing ten times with fingers, the surface of a cured coating
on a casting film after the lapse of 70 days from the treatment
with silicone, and observing the rub-off of the cured coating
from the PET film.
© : no rub—off observed at all
O : slight rub-off observed (not causing practical problem)
A : some rub-off observed (sometimes causing practical problem)
X : considerable rub-off observed (causing practical problem)
X X : marked rub-off observed o T
(5) Coatability of BaTiO; slurry and coatability of fer'rite
slurry
By the use of a ball mill, BaTiO, slurry and ferrite slurry
were prepared respectively by mixing and dispersing 100 parts by
weight of barium titanate (BaTiO,;) powder or Ni-Cu-Zn base
ferrite powder, 10 parts by weight of polyvinyl butyral and 10
parts by weight of dibutyl phthalate with the mixed solution of
toluene and ethanol which was added thereto. A casting film was
uniformly coated with any of the slurries thus obtained so as to
attain a coating thickness of 6y m after drying, and subjected

to drying treatment to prepare respective green sheets. Thus

coatability of BaTiO,; slurry and coatability of ferrite slurry



X X :. marked rub-off observed (5) Coatability of BaTiQa slurry and
coatability of ferrite slurry By the use of a ball mll, BaTiG3 slurry and
- ferrite slurry were prepared respectively by m xing and di spersing 100
parts by weight of bariumtitanate (BaTi Oa) powder or N -Cu-Zn base
ferrite powder, 10 parts by wei ght of polyvinyl butyral and 10 parts by
wei ghtené diviutydtepht Hal abecwirdhanciee wikbd e utficdnl afing olcrd e @il &vhanol
whi ch was added thereto. A casting filmwas wuniformy coated with any of

t he stiswabbyt hbseobtiaigndhesoiestabil bty ai(hefedddnian@nchi ekeesBnesseod m
after drying, and subjected to drying treatment to prepare respective

gr eencedeidng.) TAbistheatamel iofy sdurBaATICORSINGry and coatability of ferrite
slurry -18 were evaluated in accordance with the following criteria by
visudély opset¥#AY the wettability (repelling and unevenness of coating )
at the time of slurry coating. Q excellent. Q: good ( not causing

pr act©cal IPPBbi(ehp t ACausdpWRER StAFEL HHER'GMt i mes causing practica

roblem) X inferior (causin ractical probple X X : extrenely. inferior
oy Rl asaBPInEy ohteatPe SrBet e Tt 1l heasht 62 EyPHeP B r 1t o gr een
sheet, Each of .the green sheets whigh mergﬁgrepared in the sane nmanner as
in thé pré%gafhari4gﬁf§fnﬂa§rﬁgﬁﬁ%ﬁea TARH™ pressure -sensitive adhesive

t ape( ufacture \i_t.t 0 .Denko Corporation under the trade nane"31B
Tape"%ﬁQEécﬁﬁgfeﬁﬁgyrg%%Ffé?? speci nens

(6) Releasability of BaTiO; green sheet and releasability of
ferrite green sheet.

Each of the green sheets which were prepared in the same
manner as in the preceding item(5) was laminated with a pressure
-sensitive adhesive tape (manufactured by Nitto Denko Corporation‘
under the trade name"31B Tape"). Each of the resultant specimens
was allowed to stand under the conditions of 23°C and 65% R.H.
for 24. hours, and cut into pieces having a width of 20mm each.
By the use of a tension testing instrument, the casting film of
each of the specimens was peeled off the laminate at an angle of
180 degrees at a velocity of 100 meter per minute to measure the
force required for peeling (peeling force). In addition, releas-
ability from a releasing film was evaluated in accordance with
the following criteria by using the green sheets which were
prepared with a coating machine.
© : excellent
O : good ( not causing practical problem)

A : somewhat inferior ( sometimes causing practical problem)
X : inferior (causing practical problem)

X X : extremely inferior



was all owed to stand under the conditions of 23C and 65% R H  for 24-
hours, and cut into pieces having a width of 20mm each. By the use of a

- tension testing instrunent, the casting filmof each of the specinens was
peeled off the lam nate at an angle of 180 degrees at a velocity of 100
meter per mnute to neasure the force required for peeling (peeling

f orceExampleddilti on, releas- ability froma releasing filmwas evaluated in
accordance with the following criteria by using the green sheets which
were prepareddfittion cradhie e aesigronexeenpest toogow@s( PrsPazRti ng
practical proble A somewhat inferior(_ sonetines causing practical

probl &) asdiRfler? oPyrdguskig peaghfcaf probPdafiruR :bager fRY§LYfker( or
-19 Exanple | An addition reaction type silicone conposition was prepared
by ad@iaRyizcharied By Raght IV L pratrdudd baseneafarysratigruiadar ddhoy
Toray Dow corning Silicone Corporation under the trade nane "SRX-212") to
100 p&redepy B ghtSR3F- 2l Additei ohP9 r @3&tHonPYy preight c8he 28 294N ng
agent nuf actured hy . Toray Dow corning. Silicone rporati on under the
e A eSO 1 st 2 g S ARk i1 BERRE ok BeRiE o Shurpd kst hot -
si | oxane _havjng hexenyl group. as a functional group and cross: |inking
agent %()rﬁgl yir)r%?hy‘f%f/%%r/%%enﬁ:"io %?('}iene)clé.rpf’oral parutngleﬁy taﬁ.i gHi o3¢ e
above-npant | ayprinei .1 ngredient. .\was; e . t i _
cet ophagor gt e DAL LARTREC e RO AP P SRS BREy BRI 1
d'lUt%qlW&%hea%éVﬂﬁauﬂéﬁﬁﬁﬁTHGroup as a functional group and a cross-

linking agent ( polymethylhydrogen siloxane). To 100 parts by
weight of the abové—mentioned principal ingredient was added one
part by weight of acetophenone as a photosensitizer. The mixture
prepared ih this way was diluted with an organic solvent
comprising toluene as a principal ingredient to prepare a
coating solution having a solid concentration of one 9% by
weight.

The coating solution was uniformly applied through gravure
coat method, to a biaxially oriented PET film having a thickness
of 38y m so as to form a coating thickness of 0.1y m after
drying (coating amount expressed in terms of solid content being
0.1 g/m?) . Subsequently the coated PET film was heat-treated for
20 seconds in a hot air circulation type dryer at 50°C , and
immediately thereafter was irradiated with ultraviolet ray by
the use of a conveyor type ultraviolet irradiating machine
equipped with a fusion H bulb of 240W/cm in which a heat ray
cut filter was high diffusion type at a conveyor speed of 40
meter per minute. In this manner, the addition reaction type

silicone composition was cured to prepare a casting £film.



conprising toluene as a principal ingredient to prepare a coating solution
‘having a solid concentration of one % by weight. The coating sol ution was
uniformy applied through gravure coat nethod, to a biaxially oriented PET
film having a thickness of 38t in so as to forma coating thickness of O.
11t @lafter I N (coat i $ anD nt expressed in terns of solid content
bei ng "’ %0.2 '/ mf) FqEm ¢S the that eBSPEFEANEMEAER héde t rEMEY i 20
secon@s |n q hot air C|rculat|on type dryer at 50C , and |nned|ately
t her eaf’ er wds irradiated with ultraviolet ray by the use of a' conveyor
type ultraviolet irradiating machine equipped with a fusion H bulb of
240Wcmin which a heat ray cut filter was high diffusion type at a
conveﬁegm peed,of 40 neter per minute. In this manner, the addition
ilicone conp05|t|on was cured to prepare a casting film

-20 varlou§ %haFQQE%Ed¥IC§' E&Pﬁp%%sultaug fllap?ogeglven|6}g%§4$Iﬁg

Exanpl e 2 The procedure was repeate prepare "a

film excepthqt hat;ithe et)gcrc%goag attl{'La?t Oftlt1$ bah gkgt ¢ir cyleatiqn tfy“oe: dr%elr was

set on 90C |nstead of per or mances of the casting

obt ai Be¢ LR iTABLffe tAOSE | RabXapl e oh  ¥akd Ous, Shay fcler i §§4LS ofd he

resultant filmare givenin Table 1. Exanple 3 An addition reaction type

si | i cpae foeipdTield 0B fWash I PFtAGg bYiadi gud RAUS AV Wakelt 9imd@ as
pl ati num base cat al yst
those in Example 1. Various characteristics of the resultant

film are given in Table 1.

Example 3

An addition reaction type silicone composition was prepared
by adding 2 parts by weight of a platinum base catalyst (
manufactured by Toray Dow corning Silicone Corporation under the
trade name "SRX-212") to 100 parts hy weight of an addition
reaction type silicone as a releasing agent ( manufactured by
Toray Dow corning Silicone Corporation under the trade name
"SRX-211" ) comprising as a principal ingredient, polydimethyl-
siloxane having vinyl group as a functional group and a cross-
linking agent ( polymethylhydrogen siloxane) . To 100 parts by
weight of the above-mentioned principal ingredient was added one
part by weight of acetophenone as a photosensitizer. The mixture
prepared in this way was diluted with an organic solvent
comprising toluene as a principal ingredient to prepare a
coating solution having a solid concentration of one % by
weight. Thereafter a casting film was prepared 1in the same

manner as in Example 2. The characteristics of the resultant



manuf actured by Toray Dow corning Silicone Corporation under the trade
-nane "SRX-212") to 100 parts by weight of an addition reaction type
silicone as a releasing agent ( manufactured by Toray Dow corning Silicone
.Corporation under the trade nanme "SRX-211" ) conprising as a principal

i ngredi ent, polydinethyl- siloxane having vinyl group as a functional group
and & Cipssrel §EAJiAYAL1E POl ynet hyl hydrogen siloxane) . To 100 parts by
wei ght of the above-nentioned principal ingredient was added one part by
wei ghiy Sthp 8&elgpphenone as a photosensitizer. The m xture prepared in this
way WHS_H$TUTEd wi th an organic solvent conprising toluene as a princi pal

i ngredi entat@iRtepar ead peephired 9l utikdnghaviengdlisoldrd menceivm atypa of
one % by weight. Thereafter a casting filmwas prepared in the sane
mannesi Bscbie EXaoplpe sd tibihe chatiget etngt i polyghimedhydsillioa@ne 21havingar e
given in Table 1. Exanple 4 A m xture was prepared by m xing the addition
r eactvimyl ygeoupi hscanéunotposiatli g osgnpihiisibnd gsblheimersgd sin okaaerhavi ng
vinyl group as a functional group which had been used in Exanple 3 and the
addi t3 oand etloei 8ddt ypensickhRctionc GyPes istildr asnprimg i tion comprising

pol ydi net hyl si | oxane havi ng hexenyl group as a functional group. which had
been pekrdimeEhnhpliéoxaps HaniinhdeERIOL b MWPgRE & functipnaly 9POYBart s
by wei ght of the above-mentioned principal ingredients was added one part
by wetlyheh ohadcbeephaifcrie gy Bxaphbe odehdi Bi FéXinthd ahiq e prtparedtin
this way was diluted wth an organjc ?ol ent__conpr.i Si n tq%uene as a,
princi pal 1 Mt ed?@nParE&Speparet A tolt | ﬁées&b&"i o‘rﬁ“%‘iﬁgcf{be Rotigtpe

ingredients was added one part by weight of acetophenone as a
photosensitizer. The mixture prepared in this way was diluted
with an organic solvent comprising toluene as a principal
ingredient to prepare a coating solution having a solid
concentration of one 9% by weight. Thereafter a casting film was
prepared in the same manner as in Example 2. The characteristics

of the resultant film are given in Table 1.

Comparative Example 1

The addition reaction type silicone resin composition which
had been used in Example 3 was diluted with an organic solvent
comprising toluene as a principal ingredient to prepare a
coating solution having a solid concentration of one % by
weight. The coating solution was applied to a biaxially oriented
PET film in the same manner as 1in Example 1, and was heat.
treated for 30 seconds in a hot air circulation type dryer at
110°C to prepare a casting film. Various characteristics of the

resultant film are given in Table 1.



concentration of one % by weight. Thereafter a casting filmwas prepared
i-n the sanme manner as in Exanple 2. The characteristics of the resultant
filmare given in Table 1. Conparative Exanple 1 The addition reaction type
silicone resin conposition which had been used in Exanple 3 was dil uted

wi th an organic solvent conprising toluene as a principal ingredient to
prepa€empargbavengxeoledtei 08 having a solid concentration of one % by

wei ght. The coating solution was applied to a biaxially oriented PET film
in the sanBhaanpeecadure BExanplanpar sy adxsd@dmle fir edded TaReSededdhds
in a hot air circulation type dryer at 110C to prepare a casting film
Vari oBEeBRERack ef38E1Re &fi lheex¢ert| £HAL fGheam BeBPYFIENTRN °1fangel.h°-t22
Conparative Exanple 2 The procedure in Conparative Exanple 1 was repeated
to pPéparcd s wW@tiny FYPmh &a@it Yaat Sefe Penpel ®t ulddteathehot! 196
circulation type dryer was set on 150C instead of 110C . Various ,

char a¥RELPYEFi cSher e st ¥net 1 i FRPar & SGWR e recdmyaratiVe
Exanpl e % A_conventional ultraviolet curing epoxy ring-opening type '

si i cOAB &orpri sing pol ydi net hyl si | oxane having epoxy group as a

functional group as a rel easing agent ( manufactured by Toshiba Silicone
Co. Ltd. under the trade nanme "UV 9300") was applied to a biaxially

orien&ggpgﬁ RN XEQ&hﬁﬁfé@r wi t hout being heat- treated, the coated PET
film iolet ray irradiation under the conditions

same as thﬂs%dﬂbé%%qgﬁéﬁluiQraviolet curing epoxy ring-opening type

silicone comprising polydimethylsiloxane having epoky group as a
functional group as a releasing agent ( manufactured by Toshiba

Silicone Co. Ltd. under the trade name "UV 9300") was applied
to a biaxially oriented PET film. Thereafter without Being heat-
treated, the coated PET film was subjected to ultraviolet ray
irradiation under the conditions same as those in Example 1 so
.as to cure the siliconc as a. releasing agent .to. prepare a
casting film. Various characteristics of the resultant film are

given in Table 1.



.as to. cure the silicone as a releasing agent to prepare a casting film

-Various characteristics of the resultant filmare

given in Table 1. Table

1 -1 Non-mgration Flatness Adhesiveness Curabilityproperty of (thermal of
.cured siliconeshrinkage coating (after or winkle70 days Exanple 1Q0OQ0
Exanpl e 2QQ Exanpl e 3QQO0 Exanpl e 4QQQ0 Conp. Exanple 1QXAX Conp. Exanple

2QQX X Conp. Exanpl e 3CDCD (F@naﬂk@?l€bﬁb 1Exarrple

Cowparative Exanpl e

Tabl e % ZSIUII)

atr c8ferrite

coatabtttyGreen—sheet—reteasabitity
peel i ngrel eas- ped|Gurglel bbsy| Non-migration| Flatness Adhesiveness
property of (thermal of cured
silicone shrinkage coating (after
or wrinkle 70 days
Example 1 © © © ©
Example 2 © © © ©
Example 3 © © © ©
Example 4 © © © (@)
Comp.
Example 1 A X A X
Comp.
Example 2 © © X X ©
Comp.
Example 3 © O © O

- {Remarks} Comp.

Example:

Comparative Example



BaTi 3ferriteforceabilityforceability (mV 20nm (i 20nm Exanpl e

1QQ05. 39Q05. 49Q0 Exanpl e 2Q0Q05. 39Q05. 490 Exanpl e 3Q0Q09. 4109. 510 Exanpl e

- 4Q0Q05. 49Q05. 59Q0 Conp. Exanpl e 1XX16. 66X X16. 86X X Conp. Exanple 2x xX
X---- Conp. Exanmple 3x XXX-x (Remarks) Conp. Exanpl e: Conparative Exanple

Exanple S The procedure in Exa%l e 2 was repeated to prepare a casting
filmexcept that the coati ng a ahtleex]!)r“é’ssed in terns of solid content
was set—er—6 04 gr B nstead—of O T ygrme—The Tesutts are given in Table
2. Exanmpl e 6 The %lgééﬂuﬁéatﬁbﬂa#ﬁl e OF s Stesdarel 9 ebei® a  casting
filmexcept that‘ﬂ're—co-a{tu Ny anmount EXpressed T Termg  of solj d content
was set on 0.06 |g/n2 instead of 0.1 g/nR. BAfd Qa5 reSljltsf%llF‘élEj?ven in
Tabl e 2. Exarrplé 7 The procedure in EXanmpie 2[was repeated. [0 are a
casting fil mexdept that|the coating Ny dr iRFT B2 r8 ©88rIi d
content was Setjogagiég g/n%r}qsgead foé%é'g Qﬁﬁjl.%'force ability
(mN/20mm) (mN/20mm)
Example 1 @) © 5.39 © 5.49 ©
Example 2 @) © 5.39 © 5.49 ©
Example 3 © © 9.41 O 9.51 O
, Example 4 © © 5.49 © 5.59 ©
Comp.
Example 1 X X 16.66 X X 16.86 X X
Comp.
Example 2 X X X X — — — -
Comp.
Example 3 X X X — x. — - X
{Remarks}) Comp. Example: Comparative Example
Example 5
' The procedure in Example 2 was repeated to prepare a

casting film except that the coating amount expressed in terms

of solid content was set on 0.04 g/m? instead of 0.1 g/m2?. The
results are given in Table 2.
Example &

The procedure in Example 2 was repeated to prepare a

casting film except that the coating amount expressed in terms

of solid content was set on 0.06 g/m? instead of 0.1 g/m2?. The



results are given in Table 2. Exanple 8 The procedure in Exanple 2 was
repeated to prepare a casting fil mexcept that the coati ng anount
expressed in terns of solid content was set on 0.20 g/nR2 instead of 0. 1
.g/ma . The results are given in Table 2. Table 2 Slurry coatability G een
sheet releasability BaTi O3 Exanple 5 Exanple 6 Exanple 7 Exanple 8

BaTi OseSuflssr pre @igepedin pb¥eorie (nV20m) 7.84 5.39 5.39 5.59
releas ability

Example 7

The procedure in Example 2 was repeated to prepare a
casting film except that the coating amount expressed in terms
of solid content was set on 0.12 g/m? instead of 0.1 g/m?. The

results are given in Table 2.

Example 8

The procedure in Example 2 was repeated to prepare a
casting film except that the coating amount expressed in terms
of solid content was set on 0.20 g/m? instead of 0.1 g/m?. The

results are given in Table 2.

T able 22
Slurry coatability | Green sheet releasability
BaTiO, ferrite
peeling | releas-| peeling [releas-
BaTiO, ferrite force ability|l force ability
(mN/20mm) (mN/20mm)
Example 5 © @) 7.84 O 8.04 O
Example 6 © © 5.39 © 5.49 ©
Example 7 @) @) 5.39 (@) 5.49 ©
Example 8 O O 5.59 © 5.78 ©




OO0 ferrit peeling force (m\20mm 8.04 5.49 5.49 5.78 e releas
ability OO0 O Exanple 9 The procedure in Exanple 3 was repeated to prepare
a casting filmexcept that the tenperature of the hot air circulation
type dryer was set on 50C instead of 90C . The results are given in Table
3. Exanple -1 0 The procedure in Exanple 3 was repeated to prepare a

cast imgampléen except that the tenperature of the hot air circulation type
dryer—was set on 100C instead of 90C . The results are given in Table 3.
Exanpl e " 1THe Ther pecededer einn Example I was s epedecadtad prepRrep@re a

casting film except that the temperature of the hot air
circulation type dryer was set on 50°C instead of 90°C . The

results are given in Table 3.

Example 10O

The procedure in Example 3 was repeated to prepare a
casting film except that the temperature of the hot air
circulation type dryer was set on 100°C instead of 90°C . The

results are given in Table 3.

Example 1 1

The procedure 1in Example 3 was repeated to prepare a
casting film except that the temperature of the hot air
circulation type dryer was set on 120°C instead of 90°C . The

results are given in Table 3.

T able 3

Curability Flatness ( thermal

shrinkage or wrinkle)

Example 9 © ©
Example 10 © ©
Example 11 © O




casting filmexcept that the tenperature of the hot air circulation type
dryer was set on 120C instead of 90C . The results are given in Table 3.
. Table 3 Curability Exanple 9 Exanple 10 Exanple 11 0 Flatness ( thernal
shrinkage or winkle) O O INDUSTRI AL APPLI CAILITY In summari zing the
wor ki ng effect of the present invention, it is nmade possible to obtain a
cast i mgpddtruanhi £PPL SCNSBRITYN  producing a ceranic green sheet to be
enpl oyed in a ceramc capacitor, a |am nated inductor elenent and the |ik;
which is Bguppesr i hgatbar edrkapgar effegtsiofi ddve RIGTHROSE tivreRalPRg
favorabl e adhesi veness to a substrate film which is excellent in |
coat abt | i 5y maHlec grass b k¢ ukpy odridime| @asabtingy fdflm Hehighr dF UHdeh?
sheet; and which has high flatness never can be realized by any of
convepitddmalnd i lam ceyannst aitdeny sheelte AbPEr abBPLPYR A ufed PLHBECof
silicone conposition through conbinational use of heating treat nent  and
ul t r awaphettos rr adi banmatedatimsmctog) /¢ Mgnent - ardc v ndikir| MRAFenifs

used for producing a ceramc ?reen o . .
equipped with a cured ayer of a silicone compositien having

favorable adhesiveness to a substrate film; which is excellent
in coatability of ceramic slurry and releasability of the
ceramic green sheet; and which has high flatness never can be
realized by any of conventional film, by installing on the

substrate film, a cured layer of silicone composition through
combinational use of heating treatment and ultraviolet

irradiation treatment.



sheet and which conprises a substrate filmand a cured |ayer forned
tthereon of an addition reaction type silicone conposition containing a
phot osensitizer, characterized in that said cured |ayer is formed by
heat-treating a | ayer of a photosensitizer- containing addition reaction
type silicone conmposition in a coating anount expressed in terns of solid
content in the range of 0.01 to CCRPAPIHP at a tenperature in the range of
40 to 1209C, followed by a treatnent with ultraviolet ray irradiation. 2.
The cadtidy $2$%ipar IpABdudiind sl wepantlc fgredt adhising a2 corEPRG St @&l m 1,
wherein the substrate fil mconprises polyethyl ene terephthalate. 4. The
cast i f§ert MPdr WHisducTPBPELERF af cSypebhakhedt 1Mgcepd digngc¥bed diaxer or
2, wherein the addition reaction type silicone conposition conprises

pol yditREMRY Shegeate dfavdthgddivi oy repotipeastaPeufét i 6RBE §POEPSLtiomhe
casting filmfor producing a ceramc green sheet _according to Claiml_or
2, whé é‘itr?lt“ﬁé‘gadfgi PP8hHorERSH R Sy pef P AT 1T EonEZ @Onpdsitthdn EBAPr icwred

pol ydi.met hyl si | pxane _havi hexenyl groyp as a functjonal group. -5. The
casti%@yﬁ%qﬁﬁo °5?88u§?h3%§&ﬁ§EﬁﬁE¥§?e8n SR EEt Oéc%oPhPﬁﬁsF S AR or

2, wherein . dditi.on reaction.type i.liconpe conposition conprises a
nixtu?ggg% E@ﬁ?ﬁi%&?ﬁ%ﬁgi o%gﬁgFlp 9 E%é?ngsﬁf %%%%y1c%ﬂ%ﬁﬁﬂ%éo fhctd ona
group pol vdi Y. i e. hayi a Of 0 ngtional oup.
0r 4Pt R YORHLsi L oEade NaVGR 3 0L OHBy B2 LHNERODA U O
produgiendy 8o §erRym 6. 9r /mashget ANd MBLEReREPr $eenkhera$g&PS of 46aU PPI Ng

a substrate filmw th a photosensitizer-

120°C , followed by a treatment with ultraviolet ray irradiation.
2. The casting film for producing a ceramic green sheet
according to Claim 1, wherein the substrate film comprises

polyethylene terephthalate.

3. The casting film for producing a ceramic green sheet
according to Claim 1 or 2, wherein the addition reaction type
silicone composition comprises polydimethylsiloxane having a

vinyl group as a functional group.

4. The casting film for producing a ceramic green sheet
according to Claim 1 or 2, wherein the addition reaction type
silicone composition comprises polydimethylsiloxane having a

hexenyl group as a functional group.

5. The casting film for producing a ceramic green sheet
according to Claim 1 or 2, wherein the addition reaction type

silicone composition comprises a mixture of polydimethylsiloxane



containing addition reaction type silicone conposition thereon in a
coati ng anount expressed in terns of solid content in the range of 0.01 to
0.2 g/ma, thereafter heat-treating at a tenperature in the range of 40 to
120C, and irradiating the Ilayer of the silicone conmposition with
ultraviolet ray to cure the |ayer.

having a hexenyl group as a functional group and polydimethyl-

siloxane having a vinyl group as a functional group.

& . A process which is used for the production of a casting film
for producing a ceramic green sheet and which comprises the
steps of equipping a substrate film with a photosensitizer-
containing addition reaction type silicone composition thereon
in a coating amount expressed in terms of solid content in the
range of 0.01 to 0.2 g/m?, thereafter heat-treating at a
temperature in the range of 40 to 120°C, and irradiating the
layer of the silicone composition with ultraviolet ray to cure

the layer.



