DESCRI PTI ON ELECTRET AND ELECTROSTATI C | NDUCTI ON CONVERSI ON DEVI CE
COVWPRI SI NG THE SAME Background Technical Field The present invention
relates to the inprovenent of an Q®ESCF§ETRﬂN an electrostatic

i nducti on conversion device conprising the same. } Related Art
Conventionally, electrostatic induction conversion devices such as a
power generator or a mcrophone using an electret in which an

el ectric chaEgECTRETAND EEOTROSTATEMINDUOT IOBE ©ONME RSMEN ITHEVICE
proposed. For exanple, a fluorine-containing polyner described in

Pat ent Document 1 as bel ow carCOMRRISINGSTHEBAMEI al of the electret.
Pat ent Docunent 1: Japanese Patent Application Laid-Open (JP-A) No.
4-189880 However, when the conventional fluorine-containing polyner
is used, the density of charges to be injected into an el ectret
cannot BackgrekBdsed and the surface potential is insufficient. This
causes i%?d]'ll sadvant age that the conversion efficiency between electric
ener gy NGHEH¢ld energy in the electrostatic induction conversion
devi ce using el ectret canng

h g t i d. S Th t
et on 19 TS preeSa e AR et an 0 bRy B Yoma it ol o Shaingnd an
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conversion device conprising the sane. In order to achieve the
above-descri bed objective, an electret according to a first aspect
of .the Raugdd hpn i ncludes a m xture of a fluorine-containing polyner
having a ring structure in its main chain and a silane coupling

agent. 1 Accoc@hvihtiofaRy, Seleeftdstasiocatiuciort Renvartit ideiicekN8uch as a power
fluorine-containing polymer having a ring structure inits main

chai n nggneratdruntes micraphoney ugingum elgcaet imnehigh @unpelestrictdmargd &cinfezted in an
according to the first aspect of the invention.
insulating material have been proposed. For example, a fluorine-containing polymer
described in Patent Document 1 as below can be used as a material of the electret.
Patent Document 1: Japanese Patent Application Laid-Open (JP-A) No. 4-189880
However, when the conventional flucrine-containing polymer is used, the density
of charges to be injected into an electret cannot be increased and the surface potential is
insufficient. This causes a disadvantage that the conversion efficiency between electric

energy and kinetic energy in the electrostatic induction conversion device using the

electret cannot be improved.

Summary

The present invention has been made in view of the above conventional
problems. An objective of the present invention is to provide an electret whose surface
potential is improved and an electrostatic induction conversion device comprising the
same.

[n order to achieve the above-described objective, an electret according to a first
aspect of the invention includes a mixture of a fluorine-containing polymer having a ring

structure in its main chain and a silane coupling agent.
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According to a third aspect of the invention, the electret according
to the first or second aspect of the invention may include a silane

compound_bongggofding\t & R et RS GAGHBH, 1 G- EBERARS boRmer

the invention, t | 'uori ne-cont'al ni ng pol ymer aving a ring

st ruct WaRirigha tih§ sfatturé iRitd niay chgindmby #llidiea Cacytirbdp sl akd ?rou pin
polymer having a ring structure in itsS main chain in the electre

accor dithg eleztrebdcedrdingeofthe Sitsttazpkbt sftheasaationof the invention. | J
According to a fifth aspect of the invention, the fluorine-containing

pol ymer haviAegorlimg tgadshird @speet ofrthetisverdion, tHeelectralyadmrding to the first or
fluorine-containing aliphatic polynmer having a ring structure

i ncl udisegoas asphet ehtheoinygotiomtnuay includes arsiiane tosmpound baeded éetar earboxyl
according to any of the first to fourth aspect of the invention. An

el ectr &®@R-i c i nducti on conversion device according to a sixth aspect

of the invention includes the electret according to any of the first
to fifth aspbEFOBtng i 3 pgRect @‘ff?@cmventiemet%enﬁlQrﬂrYeommempﬁ@(mer
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| oadi n ™ . .S a diagramillustrating an exanple of setting
of poi %Sgggtf%féggérﬁ(reﬁnght of surface potentials. Fig. 3 is a graph

i/b'a‘JSt rati ”gAfc%Eb%gf"to CHARGE BsPECIC BRI SntEHOnOYNhE! ﬁﬁrfr%t&rﬁaiﬁﬁﬁb pBlymer
ki d “by

. 4 is a graph illustrating tenporal changes of charges hel
el ect r favirlg @Mithg SHuckture ifl- itsPmiath 8haibhABRbeCa dluaahe Bohtaitifg HIPAEEE BSlymer

used in a thermal stability test. Fig. 6 is a graph illustrating
resul t shaefngtdeng sruotare fHolldihg by dthereal oxygemeatehemtitsahain’chain in the electret
according to any of the first to fourth aspect of the invention.
An electrostatic induction conversion device according to a sixth aspect of the
invention includes the electret according to any of the first to fifth aspect of the invention.
Effect of the Invention
According to the present invention, there is provided an electret whose surface
potential is improved and an electrostatic induction conversion device comprising the
same.
@,
Brief Description of the Drawings
Fig. 1 is a schematic diagram of a corona charging apparatus used in a loading
test.
Fig. 2 is a diagram illustrating an example of setting of points of measurement of

surface potentials.

Fig. 3 is a graph illustrating temporal changes of charges held by electrets A and

Fig. 4 is a graph illustrating temporal changes of charges held by electrets C and



and B. Fig. 7 is a diagramillustrating patterned el ectrodes. Fig. 8
Is a schematic diagram of an apparatus for vibration generation test.

Det ai | ed Desqig p§ isoé‘séﬁérﬁéﬁ@afagfam%? a@%?%'éﬁtgg éB@JH(?Hiarfﬁ.@fT&Lsetéﬂﬁty test.

i nvention (hereinafter referred to a I ment) w

descri bed. AF@raligd grapt NeseaiRfiasng of theiRrinal BidVityd Rt 6t AbegdtRits A
formed of a material | containing a mxture of a fluorine-containing

pol ynmerarithBi ng a ring structure in its main chain and a silane
coupling agent. It is preferable that the fluorine-containing polyner
havi ng a ri ngigt? isca diagram illudratingpattesiad electrodies a car boxy group as
an end group. A silane conpound may be bonded to the carboxy group.
It is prefer&ig.e88 isrenscheraatic diegrare-of entapparaiys jon vibeationgenegation fest
structure inits main chainis a fluorine-containing aliphatic

pol ymer having a ring structure inits main chain. Further, it is

partic r| referable that the polyner is a fluorine-containing
al i phfitﬁj‘%aﬂ%qi &%F”Wéﬂﬂ ng a ring structure including an ether oxygen

oe ot i ne. BPPRTER AT Roy S BB ARGl ORI Pt o
COWOSiéé&?eEn%Bdﬁﬂ@ﬁngﬁllE’Qid%gcﬁ@ég.ai ns as essential ingredients the
0

fl uori ne-contai ni ng ymer having a ring structure in its main

chain, the d-8n6n5 e Md BRLBBARRERL, MEréRE Bldviddd YAdIEtEr I bPE material
PRiing RS R g

solvent, and a i ne-contal ning a proti

f 1.Uor i nemeARng! £ Igtup® b¥ @MuorihBednitAiRingO S RalimgPe Fihg st in fi’ main
ex}rrpl e, spin-coating the fluorine-containing polynier conposition for

coat | ng:haih and eogipmte colptingaigenendit kajsidlerable thEiehe Nastingcorrmungipdtymer
to the present enbodinent 1s suitable as the electrostatic induction

conver fiavingdavingestristiote iastsamaire th@inoncladels a cegbeoy group ah anendegiotip. A

an electric energy into a kinetic energy and a kinetic energy into

an el ectilahe cormuogind iy be bomdetiitodhé narboapigadup.ng pol ymer having a

ring structure in its main chainis a 3 polynmer soluble in a o

sol vent. An éiiargieterablertaat thendyarnescemtaiams: palymer hewitd adingpsryaiere in its

that is soluyble.in ft fl uorine-containing solvent and has a o .
main chain is a fluorine-containing aliphatic polymer having a ring structure in its main
chain. Further, it is particularly preferable that the polymer is a fluorine-containing
aliphatic polymer having a ring structure including an ether oxygen atom in its main
chain.

The electret according to the embodiment can be obtained by forming a film of a

() fluorine-containing polymer composition for coating which contains as essential
ingredients the fluorine-containing polymer having a ring structure in its main chain, the
silane coupling agent, an aprotic fluorine-containing solvent, and a fluorine-containing
alcohol as a protic fluorine-containing solvent. The film formation is performed by, for
example, spin-coating the fluorine-containing polymer composition for coating on a
copper substrate and baking it.

The electret according to the present embodiment is suitable as the electrostatic

induction conversion device, such as an actuator and a sensor, which converts an
electric energy into a kinetic energy and a kinetic energy into an electric energy.

Here, the fluorine-containing polymer having a ring structure in its main chain is a
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fluorine-containing aliphatic ring structure in its main chain. The
fluorine polynmer is preferably anorphous, but any fluorine polyner

may be rfbgﬁﬁelassélﬂﬁ& In tahescﬁ\rééslrﬁt al | 'rﬂiéﬁ'am;'gl% Rep }r%‘ﬁﬁ:lespraeﬂ ehRrphous

20% or Ss. Specl fic exanp of the anorphous perfl uoropol yner

i ncl udaaﬂgmggwnml WRBE _isObdciBIBd iRY o€ YMIGHIR-YOREINAR] | S6lvaiit and has a
CF2=CFQ( CF2) "CF=CF2(n=1-3); and honopol yners or copol yners of

per f | udh@binedomiairingy alipHatia- ingseurturg dn fitsuaraid thairdi O Jludfine polymer is
per fl uoro(4-net hoxy-1, 3-di oxol) and so on. A copol yner using two or

mor e nopreferakly anhenpbotis, Isutadrgoffyoriseepaipiner nfay bhérased asdopp by riee cryistdilinity
fluorool efin, such as tetrafluoroethylene, chlorotrifluoroethylene

and vi ngl30&enelessupreiferablys2Gloss Iggsef erable. In L~ the

cycl opol yneri zati on, honppol yneri zation, and copol ynerization, a

convent i onal ISpecifisoe¥amplien & tae emapbaus pedffuoropelymer igdieds af@yclic polymer

! e B AR e oF PO BB ot
gl N i N S
Do ! OATRE ot Bk I6A b 45 B BAR S o o oo

such aspBRidr! WOr Qish! ILATAGLNE @,rthBET T UGSANTLBF ORMhafuBfoolefin, such as
oal kan as pertii

pol yfl uorocyc conpounds suc orodecal i n,

E’Sjr)f | UGERSHrBBRYRIMR, ‘éhlo@@ﬁﬂ’lhb‘:‘?fe@r(y]feﬁ’eh 52&5 MrfyREENE BUEHPD RA86 breferable.  In

yfl uorocyclic ether conpounds 'suc

per f | uahe(&ruorirh&iiZaaidyd HmbrsNmeAz4tiotorarte ce polyaigtizatloh,0% conventionally
nol ecul ar wei ght pol yet her; pol ytl uoroal kane conpounds such as

per f | udinohex@ethododistlbsed irogP-anNp. 4pS89BBUfurestammie, can be applied.

per fl uor ododecane, perfluoro(2,7-di nethyl oct ane),

1, 1, 2-tri chl dothér,2ex@mples| afothecapratie, flubribeicontaining solvent that dissolves the
-trichloro-2,2,2-trifluoroethane,

1, 3- di divosing=containing, gojysigrahpvidgopr ipgnstructure in its main chain include the
1,1,1,3-tetrachloro-2, 2, 3, 3-tetraf |l uoropropane,

1, 1, 3, foMwipgeh| or o- 1, 2, 2, 3, 4, 4- hexaf | uor obut ane,

AR AR AT I R T e
Hperf lﬂgfb?sft%ﬁ%g?dm%thvl)b:eLn;enel H 2H, 2H6|p erfluor Ol11 ,%g'lg&riﬂuélromethy!)beniene;
polyfluorotrialkylamine compounds such as perfluorotributylamine or
perfluorotripropylamine; polyfluorocycloalkane compounds such as perfluorodecalin,
perfluorocyclohexane or perfluoro(1,3,5-trimethylcyclohexane); polyfluorocyclic ether
compounds such as perfluoro{2-butyltetrahydrofuran); a fluorine-containing low
molecular weight polyether;

polyfluoroalkane compounds such as perfluorohexane, perfluorococtane,
perfluorodecane, perfluorododecane, perfluoro(2,7-dimethyloctane),
1,1,2-trichloro-1,2,2-triflucroethane, 1,1,1-trichloro-2,2,2-trifluoroethane,

1,3-dichloro-1,1,2,2,3-pentafluoropropane, 1,1,1,3-tetrachloro-2,2,3,3-tetrafluoropropane,

1,1,3,4-tetrachloro-1,2,2,3,4,4-hexafluorobutane, perfluoro(1,2-dimethylhexane),
perfluoro(1,3-dimethylhexane), 2H,3H-perfluoropentane, 1H-perfluorohexane,
1H-perfluorooctane, 1H-perfluorodecane, 1H,1H,1H,2H,2H-perfluorohexane,
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1 H1H1I1, 21 2Hperfluorooctane, 1 H 1 H 1 H, 2H, 2H perfl uor odecane,
3H, 4H- per fl uor o- 2- met hyl pent ane, 2H, 3H perfl uoro-2-net hyl pentane, 1
H1, 1-dy L or 1 H1,6 3-dic I f C

dﬂ-‘ﬁﬁ‘[—l?fc I-‘P,?f-f,éll-l FH@rFﬂRfrB?éﬂaﬁe M@1?Pﬂqgkg?§ﬁ:ﬁeﬁrﬁﬂ%ﬁecane,

These apr'o torine-containihg solvents may be Use or as a

m Xt ur 4 4HY & dbio-2mdtRylhBREAe, @ W de range obHCIMBRHNToPeNeRf/Ipentane,
used. For exanple, a fluorine-containing solvent such as

hydr of | upn getiRaloré féEmE)oioprépicoebHel, 3-Hishlofopetlionsprepanal ni ng

solvent is a fluorine-containing solvent represented by a general

fornmul a of RThes&2Zaprutiefleofie-contairdingealveats hragnivd edeg alligrid vorasad kyikture.
group having 5 to 12 carbon atons which may have an ether bond and

R2 is dnladdition do theaachewidd kghggraupompaundsy nay bes usedbofoatexagple, a
When the carbon nunber of RL is 4 or less, it is difficult to

di ssol VklogngsioptainingKsolvent ngueh f asiohydrefleeieethari {gFE) nis srefarablee, The
whi | e, when the carbon nunber of RL is 13 or nore, it is

i ndust fluripe-centaining| solyentoist ai tuarine-centaiing seivenkrepresentes byrageneral

of Ra TRIBOE DT NEa B 1 ROPEaRPCbEnahey Pabfisomalg SN e 12
01 1 ho Cou Plagn RN mey hefloraiT el Poni s B g IReST el 29T Brous

thereofh vﬂﬁ P?@S%apt%rf éﬁ%sgal kyl group in which all hydrogen atons

of the a% group are substituted by fluorine atonms and a group in

| ch WO O \URE iy S5AGAAHBEP oP R 189 81 fids 1IQWRAIE 1S BfRShiveUS Bymer

ky) fluorine atons and one or nore hydrogen atons the al kyl group

are subseirigia BdoRYe-chbAtaifhgdifg stiRtlre OWARS, WhaM trie EdbehiMenidradPR%s 13 or

chlorine atomis preferable as a hal ogen atom other than the

fluori meor’, §tns industrizdly Riffigdit teosistalrkine iven, FASadsrerticecarbohirumber of Ry
hydr ogen atons are preferably substituted by the fluorine atons in

terms oé seleterlfroer aofngbefhy do dgen Theocarboh riumebercof Ré s prefieraplalekin 10,
group, nore preferably 80% or nore. The pol yfluoroal kyl group is

f ur t hermoegpreferBbly & tee7 poad tactbal kyl group. In the case where Rl has
an ether bond, the solubility is inhibited when the nunber of ether
bonds is excd$6irRalyiuaraaligd graue ieaieup tmuhishriwerorgnoreeydspgen aksngsf the

alkyl group is substituted by fluorine atoms. Examples thereof include a perfluoroalkyl
group in which all hydrogen atoms of the alkyl group are substituted by fluorine atoms
and a group in which two or more hydrogen atoms of the alkyl group are substituted by

fluorine atoms and one or more hydrogen atoms of the alkyl group are substituted by

./

halogen atoms other than a fluorine atom. A chlorine atom is preferable as a halogen
atom other than the fluorine atom.

In the polyfluoroalkyl group, 60% or more of the hydrogen atoms are preferably
substituted by the fluorine atoms in terms of the number of the hydrogen atoms of the
corresponding alkyl group, more preferably 80% or more. The polyfluoroalkyl group is
further preferably the perfluoroalkyl group.

In the case where R' has an ether bond, the solubility is inhibited when th.e
number of ether bonds is excessively large. Therefore, the number of the ether bonds
in R" is preferably 1 to 3, more preferably 1to 2. When the carbon number of R? is 6 or

more, the solubility of the polymer having a fluorine-containing ring structure is
5



in RLis preferably 1 to 3, nore preferably 1 to 2. Wen the carbon
nunber of R2 is 6 or nore, the solubility of the polyner having a

fluori ngst RO NG [l iggnibi fRNS [ Y afhON RS
Pr o er a1 1 Gy A D" BER AR Salo o7 or Delsire e LR S, ap et
When tF?ng‘l ecul ar weight of the fluorine-containing solvent is too

he

| ar ge, “viscosity of the fluorine-containing polynmer conposition

i s increased Vilhen fthe trhslectiae weightudll thet flusind-bentamingrediveay ithalarge, the
fluorine-containing ring structure is reduced. Therefore, the

mol eculviscosity gift thesflponirieecadithinirly Ealynoer tesiposition os dacreased nand farthidrethe
solubility of the polyner having a fluorine-containing ring

st r uct wadybilitiie of | ther ipodyrcemthavingfa fluarine-cantainérg oingai stiuciureolis ereduced.
is preferably 60 to 80% by wei ght. Preferable exanples of the.

f 1 uor i nEhessiore, Wengosenulanweioht isipeeferrbly di.0@hon dess. F(larayigo Hamprove the

F{ G2} ity oEy eerhey bec-MearEIe- Rty et G fiuorne cbntent of
F(CF2 CE3) CF2 (CF3) CF20CH3,. F 2 CH3

((OF3) > AR ERAISAB BINS B MED] FopBIFRICS® 80 oo g tite s Breferable examples
fl [ - tainj [, . 2CF3 i ti | |
e BSR4
pref or &l . T n

wel | “known ag GFRBOIRS - FRCES A SRR, | AR AROCRE FRER2)s0CH,

M%ﬁ(%{mcmi MRERY):® ,X@FQ)@@?_(OC@J%@F@F%]M;&S}y#(@izhb@@ls(idF%,'j@FZQBCHS,

t hoxysi | ane; di al koxysi | anes suc

y-chl ormmgﬂmﬁmf@mm@%c@o@m F(CF2)sOCH,CH.CH,
y- chl or opr opyl net hyl di et hoxysi | ane,

y- am nq@FgREIRGHIA,ACHend/B{CRN)E(CF2)4OCH,CHs.

y-am nopr opyl met hyl di net hoxysi | ane, N-(/3-am noet hyl)-y-am

i nopr opyl net Wraingre thesey sfllienres-coMainiry asoiveetshy I(CFy)@R(OCH3)CFCF.CF; s

i nopropyl et hyl di et hoxysi | ane,

y- gl ycinglielgity preferableny| di met hoxysi | ane,

y- gl yci dyl oxypr opyl net hyl di et hoxysi | ane, ) )

y- met hacryl oﬁ@%ﬁ%ﬁﬂhﬁllﬂnﬁcﬁmlﬁgwm HiddentberpllivingeneYsrs? wigrerange

oty di et Boxyst L ane. S TEL & e DoKks d ane
monoalkoxysilanes such as trimethylmethoxysilane, trimethylethoxysilane,

dimethylvinylmethoxysilane or dimethylvinylethoxysilane;
dialkoxysilanes such as y-chloropropylmethyldimethoxysilane,

-t y-chloropropylmethyldiethoxysilane, y-éminopropylmethyldiethoxysilane,
y-aminopropylmethyldimethoxysilane,
N-(#-aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-(#-aminoethyl)-y-aminopropylmethyldiethoxysilane,
y-glycidyloxypropylmethyldimethoxysilane, y-glycidyloxypropylmethyldiethoxysilane,
y-methacryloyloxypropylmethyldimethoxysilane, | methyldimethoxysilane,
methyldiethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane,
methylvinyldimethoxysilane, methylvinyldiethoxysilane, diphenyldimethoxysilane,
diphenyldiethoxysilane, 3,3,3-trifluoropropylmethyldimetoxysilane,

3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctylmethyldimetoxysilane or
6



met hyl vi nyl di met hoxysi | ane, net hyl vi nyl di et hoxysi | ane,
diphenyldinethoxysilane di phenyldiethoxysilane

3,3, 3-t I
ERRRA S i s R
or tetra- alkoxassﬂanes such y-am J\gg ?%tnﬁn?tgo%ﬂﬁne

tri-
3 3,4,4,5,5, 6, 6 7,7,8,8,9,9, 10, 10, 10- heptadecafluoro

OXysi | avlﬁmlnd;irbpylt-‘rreth@tyrsﬂaﬁé koxysi | ang8-aphlABetd§!)-y-aminopropyltrimethoxysilane,
y-am nopropyl trimet hoxysil ane, y-am nopropyltriethoxysil ane,

N- (/ 3- avi(parhing eiiy)-aamirgpropyitristhamshany,si | ang.mercaptopropyltrimethoxysilane,
N- (/ 3-am noet hyl ) -y-am nopropyl tri et hoxysi |l ane,

y- mer capgb'pldym’dypropyﬁnhmﬂmys y-glycidyloxypropyitristhoxysilane,
y-gl yci dyl oxyprop trlnethoxy3|lane
y-gl yci \dmatls@qwl@psgw(yprogyl’qm&qxaa@ne y-chloropropyltrimetoxysilane,

y met hacrﬁw yl oxypropyl tri met hoxy5| | ane, ) )
y- chl orBpiyplieth PP‘M@laé‘ﬁysHane pheaylfymethoxysiteogsi | ane, Phenyliriethoxysilane,

phenyl t hen Itrlethoxy5|lane 3, 3, 3-trifl uo ro
MLt A e R

2, 3 j 2334343%35%7% §8§r[gecgf?uco%c|)c i &Pé'x%ulan Tt hoé%si 435%6.6,77,8,8.9.0,
10, 10, ?@Hhﬂ%ﬁ%%ﬂgﬁ%&ﬁﬁh%&%ﬂﬁe | ane, ﬁ%@%éh%agﬁi 2[1 or

t et r aet hOXY'si c am née’type’si | ane c ng A0

| S'tleﬁ'ﬂéth‘b‘il la'n'ég agent having an aromatic am ne structure (When
\5} | ane cougﬂ ng agent is used, it is found that neither gelation

nor thi ckeni Nh Bforhatiehite® tyRRCaarevasLing iR atfctols 8 sméhéldé%ung agent
conpound. Wen the silane coupling agent s used, a structure w thou

an al kyhawirigpan ardihmtuagnﬂn@rs,trmeme‘QWHmrthatsuaﬁemdpmig absil .Ned, it is found
structure can be fornmed after the condensation reaction of

al koxyghbhaneithdihgelafion eort thickeetg isebkedy docecotareviea ini ther osisel )of aAtrialkoxy
preferabl e exanple of the aromatic am ne type silane coupling agent

i ncl udexmpanthoviten épe sians ewmmgaﬂwﬂiés ubed,on strbetues without an alkyl group
AASI(OR)(OR2) (OR3), -~ ArSIR4(OR )(OR2), or ArSiRAR5(OR ) [where

Rl to FERMngi@pendedrel Garbepr aloa aﬁ@d@@@élwlm%@érucwrﬁwargnb@uf@rmredaaﬁwr the
group havin to 20 carbo tons, Ar repres

0- am ndPhe 3?3%%J6F0t"§be‘ap ffﬁléo’%’ﬁﬁ%'ﬂﬁ es TiRIpEe, dPe’ hedt JRsistance can be
am nophenyl trd nmet hoxysi | ane, am nophenyltri et hoxysil ane,

am nop @ﬁ%/( )propoxysi | ane, am nophenyltriisopropoxysil ane,

am nopheny! et iyl g BRE NEXYAble™ 3 thRMRSHRAREVARRE Wit SHBRLYSEL @Ry agent
includes a compound represented by a general formula of ArSi(OR'YOR?)OR?),
@ ArSIRY(OR")(OR?), or ArSIR'R%OR') [where, R' to R® independently represent
hydrogen atoms, alkyl group or aryl group having 1 to 20 carbon atoms, Ar represents p-,

m- or o-aminophenyl group]. Specific examples thereof are as follows:

aminophenyltrimethoxysitane, aminophenyitriethoxysilane,
aminophenyltripropoxysilane, aminophenyltriisopropoxysilane,
aminophenylmethyldimethoxysilane, aminophenylmethyldiethoxysilane,
aminophenylmethyldipropoxysilane, aminophenylmethyldiisopropoxysilane,

aminophenylphenyldimethoxysilane,aminophenylphenyidiethoxysilane,
aminophenylphenyldipropoxysilane, and aminophenylphenyldiisopropoxysilane.

A hydrogen atom of an amino group may be substituted by an alkyl group or an
T



am nophenyl et hyl di pr opoxysi | ane,

am nophenyl et hyl di i sopr opoxysi | ane,

am noprﬁﬁﬁﬂgﬁsnyl di met hoxysi | ane, am nophenyl phenyl di et hoxysi | ane,

ani nophe phenyl di propoxysi | ane, and _

ami nophsayhRBENY| dhé@epr OPHLIgdd ane N R-diHHAGSRIPEhOkriakod A%  and
group may be substituted by an alkyl group or an "7 aryl group.

Exanpl e N-digietRylamined phéay M Sndidiakdy/saand o plnestiditior @ these, dr &venaikmine
N, N- di met hyl am nophenyl et hyl di al koxysilane. In addition to these, an
ar omat itgpegilavee  cypelirgy dgeret dencpbeddn A)BnPatatdMo.b®,d81 1816, for Saingple, may
No. 3,481, 815, for exanple, may be used. These silane coupling

agent s heaysdge used alone or in conbination. It is also preferable to
use partial cohydrolysates thereof. Further, it is also preferable to
use partial TheRgdilang squpling ageetsaney dedesrst Rloae @ inagambisativn.ngt is also
agents and tetraal koxysilane such as tetranethoxy silane,

t et r aetheiRyaRIe dRcUsh Palial £phypRRpates Hiereolandngtheheityis #sa Peefeablg to use
pr ef erabl e exanpl es, of, sil ane, coupling,agents which can j nprove

bdhesi ATl operycERlvSte; nef 1 1B r | SRR RERG BIATFe CoRPlTbu@dents  and
I mpai ring_the transparency.of the fluyorine:coptainin ol yirer .
et uadS e REnsTB80 SRR huAme e sliSe, RRRIYPIAl Pl Briongysiiane
i nopro ' V.S s - A r h ' ks :

v 2 naghsia MeR Ty XrErr e SRAIES Sl SEUBIE Kers, icn can
N-(, 6- ' % - ' r ' ) P . . .

L o B R e e TR BRI olymmer w{inpu imparing the
M noet Menspir | STHRE FRIVEL@IHONR p&DRer include: silane coupling agents having
N- ( S-am noet hyl ) -y-am nopropyl net hyl di et hoxysi | ane,

am nopkenamird ﬁmdpoeeyg.iv-anﬁmopram';lntaah@msliEané,ev-lawmﬁ)dopymethyldiethoxysilane,
am nophenyl net hyl di met hoxysi | ane, and

am nop lyeampinoprogyisinetthoxysilahene) and si | ane yeampidpngpdogeitddinethorysdane,
epoxy group (e.g. y-glycidyloxypropyltrinethoxysilane,

y- gl yciNtF-aryipeeipyi)yearminiopromyitimeatsoxysiiane,

y-gl yci dyl oxypropyl triethoxysilane, and i

y-gl yci%‘éﬂvﬁ@@gymﬁeﬁrﬁWO@T(HQW@QWH@%')QXWH@“&Si | ane coupl i ng agent

havi ng .an_am.no group is nore preferable. In particular,
al koxygﬁﬁ%ﬁﬁ'ﬂnqﬁ%’gyﬁ'd'adﬂ'né’mwl PEIY8am epoxy group is effective

];)(r)rev?oL -%%MS@%@QI@%&H’I ﬁ%gpééﬂr%{hy}ld}e’%wgla%e?ar b%)r%n(%l?éjrpyltiri%ethoxysilane,
aminophenyltriethoxysilane, aminophenylmethyldimethoxysilane, and
aminophenylmethyldiethoxysilane) and silane coupling agents having an epoxy group

f) (e.g. y-glycidyloxypropyltrimethoxysitane, y-glycidyloxypropylmethyldimethoxysilane,
y-glycidyloxypropyltriethoxysilane, and y-glycidyloxypropylmethyldiethoxysilane). The
silane coupling agent having an amino group is more preferable.

In particular, alkoxysilanes having an amino group or an epoxy group is effective
for a fluorine-containing polymer in which a carboxy group is previously introduced into a
main chain end or a side chain. In particlular, alkoxysilanes having an amino group or
an aminophenyl group is effective for a fluorine-containing polymer in which an ester
group is previously introduced into a main chain end or a side chain.

In the aprotic fluorine-containing solvent, trialkoxysilanes having an amino group

or an epoxy group are more likely to increase the viscosity of the liquid composition of
8



main chain end or a side chain. In particlular, alkoxysilanes having
an am no group or an am nophenyl group is effective for a

fluori r‘tﬁécggéﬁ?mrﬂ?ge%bﬁ[ﬁénti Bv%f“itﬁ'ﬁe alnd Stoe el&éoﬁ% ISy ey %%%p)éred to

i ntroduced I1nto a main chain end or a side chain. the aprotic

f1 uori n@amkerysiaRes havilg/ Pt sarhé ighb X RirheRahe Y BIRy ¥ taTkOR/HEREPt0 the
or an epoxy group are nore |likely to increase the viscosity of the

l'i qui d fu@minesddritainingf polmeh eolenmlity apretid fidb veicontefiing isbReAn i ib@er than
gel ate the sanme as conpared to dial koxysilanes having the sane

gr oups.thBuof delkoxtystased. ublHdarefpref wheh atikiisyysilaase sarbaudede it is preferable to
fl uorine-containing polynmer solution with aprotic fluorine-containing
sol ventaddsa lppatir fludrine-cataining salventk paisulatdydbe flTbdnetontajningafcohol.

trial koxysilanes are used, it is preferable to add a protic

f1 uor i ne- contlaithe ggse @f Wialkoxysianes tharsojukility is Nabee hew @snihat in the case of
al cohol., I n the case of dial koxysilanes, the solubility is not so | ow .
as t hatlripioxydlapgse oflowevey) ﬂ?&yﬁqlpﬁ'ﬂg’s.caﬂo\%/émpr@ sy uddding yac grotic

R L . W
d i b ; f dialk j \ L i,

deser | dnABOAe pobd SRS 1 8l B MR, B BGBEE e
the Cas\ﬁséﬁs‘t&rrdf%b%qw Eéﬁﬁ%sitiomﬁ%ott%esiphﬁi%-bﬁt élﬂﬁé | JA¢ Ctﬁ”tﬁﬁik%k lanes.
sol vent SUC|!1 as e uor i ne-cont al ni ng arcono oes HO? ave to e

\%hdged- TRRE YIRS protReddieeasifainthg’ sAG8SH SUEnCANHRENGIGHHREIMaRHRPERBASMoes

vhen it 1 s added. As descri bed above, when the protic

f1 uori neptaRveaobé@daded v eRbweseAdAg dndreasd en vidcosity B&n BeNfelibBly€lppressed
pol ynmer solution, the solubility of the silane coupling agent 'in the

fl uori neheoibiswboded pol yner solution can be increased. Further, an

I ncrease in viscosity and gelation which are considered due to the
reacti on bet vieetesdiibedi atanve, adwepl thegorotig dnosneaontainisg sphess éxladded to the
Exanpl es of the protic fluorine-containing solvent include the _

f ol | owiflvgsinefqoméaining- pelygir richdian, dba sadullity ofather sildneuepuplingangent in the
2,2,3,3, 3-pent afl uoro- 1-pro panol, 2-(perfluorobutyl)ethanol, )
er fﬂ%ﬂ@ﬁ&@}@'?@ﬂ%ﬂn?r solutipr £aN sy ipeEasEY et RHABET, an increase in viscosity

2-(p

2- (perfl uprodecyl)et hanol, 2-(perfluoro-3-methyl butyl)ethano 1, 1 .
o 17 F i B ERN bl 8 baditBed Al 15 e rerstlin BRiMESR henpiars colaling
E’ éHHhé%%ggggﬁ [?%E%&q?pr%%%h gfégaonl‘lple% o'?"tflle protic fluorine-containing solvent include

the followings:
fluorine-containing alcohols such as trifluoroethanol,
(D 2,2,3,3,3-pentafluoro-1-propanol, 2-(perfluorobutyl)ethanol, 2-(perfluorohexyl)ethanol,
2-(perfluorooctyl)ethanol, 2-(perfluorodecyl)ethanol, 2-(perfluoro-3-methylbutyl)ethanol,
1H,1H,3H-tetrafluoro-1-propanol, 1H,1H,5H-octafluoro-1-pentanol,
1H,1H,7H-dodecafluoro-1-heptanol, 1H,1H,9H-hexadecafluoro-1-nonanol,
2H-hexafluoro-2-propanol and 1H,1H,3H-hexafluoro-2-butanol;
fluorine-containing  carboxylic acids such as trifluoroacetic acid,
perfluoropropanoic  acid, perfluorobutancic  acid, perfluoropentanoic  acid,
perfluorohexancic  acid, perfluoroheptancic  acid, perfluorooctancic  acid,
perfluorononanoic acid, perfluorodecanoic acid, 3H-tetrafluoropropancic acid,

5H-octafluoropentanoic acid, 7H-dodecafluoroheptanoic acid and
9



2H hexaf | uor o- 2- propanol and 1 H, 1 H, 3H hexafl uoro-2-but anol ;
fluorine-containing carboxylic acids such as trifluoroacetic acid,

perf | “%l@%%ﬁﬁ%&o?&ﬁ&an%ﬁfééib‘,oélﬂﬁé%%?%é’ﬂ@&*ﬁrﬂa-c&%fﬂ(iﬁt?&%%%l%i&s; and

acid, per exanol ¢ acl d, pertfluoroheptanol c acid,

per f | ugneembasitsintg dsulfdifié f ldedsPnenanoif agiffiorfieiaiesari®sanddd and
acid, 3Htetrafl uoropropanoic acid, 5H octafl uoropentanoic acid,

7H- dodepaftadsrplie pdcotanasuifehid zongl 9 9H hexadecaf | uor ononanoi ¢ aci d;

am des of the fluorine-containing carboxylic acids; and

f 1 uori ne- contTaiesengoticfluornne-cantaitiing solveass trrayf belasedreidranes as feomixdure of
acid and heptadecafl uorooctanesul fonic acid. These protic

f 1 uori fevocmrmarenihegeafol vents may be used al one or as a mixture of

two or nore thereof. The concentration of the fluorine-containing ]
pol yner in a THexeeneenymtionof dhe dupgnefcootaining edyroern ini adgnixiire of theyagrotic
the protic fluorine-containing solvent is usually 0.1 to 30%

e S o b el
Lo 30 PRHVEIoR, RigfrRly ge toy 3% f ng%gg_ 18 Blendid’ SRl S e Shbe Codpiing
E i EgE i et ﬂSE Goni LBy ‘N.elsnﬁh?f'eﬁ?r%#ﬁf%jg? l@tr%af’réﬁpf?%ﬁeﬁdh?ﬁe? 100 arts by
ol vent oSt &) HEuigeeinfiho 'ouRERL | TG, Hehdfgc MR, BF the protic
¢ t hougdrife-caHeaRIngT ¥o16EMOt! B Hhix@re! MhFFQ&B¥ibqmjohﬁé-cléﬁ?dlniﬂé%léré?ﬁ%nd

bove, many changes and nodifications w becone apparent t0 those

ski | | edhbprbfiefigsrind-Boaming 8bIvEREISIRD 8O0, BeSEibmt bRsferbigd. 1 ® 30% by

intended to be illustrative and not limting of the Invention
def i nedweight.he appended cl ai ns. EXAMPLES Hereinafter, specific
exanpl es of the above-descri bed enbodi nents will be described.

However, t he Althesightthe exempiarp esbatimeht ofi the dnyendioathms tEemgdseribedabove,

el ectret according to the present exanple was produced in the

f ol | owimgny ghaegesand modifications will become apparent to those skilled in the art in view
of the foregoing description which is intended to be illustrative and not limiting of the

invention defined in the appended claims.

EXAMPLES
Hereinafter, specific examples of the above-described embodiments will be

(,J described. However, the present invention is not limited thereto.

Example 1
An electret according to the present example was produced in the following
process.
(1) Production of fluorine-containing polymer composition for coating.
Perfluoropolybutenylvinylether was dissolved in perfluorotributylamine at a
concentration of 13% and a polymer solution B was obtained. The infrared absorption
spectrum of the compression-molding film of the polymer dissolved in the polymer

solution B was measured. As a result, characteristic absorption derived from -COOH at
10



(1) Production of fluorine-containing polyner conposition for
coating. Perfluoropol ybutenylvinylether was dissolved in

perfl uo LMt e en i f- 130 . I
Bl Ut o B o g B g i i DB I [ thg polymer

conpr esgisslve® vihiol Wad mhedsurée Wit YWBErfRlioss2LaditdthatydieoRPAnNBdlution was
solution B was neasured. As a result, characteriStic absorption

derivedp.fBom - COOH at 10 1775 and 1810 cm -1 was observed. Further,

the intrinsic viscosity [q] of the polyner dissolved which was

measur ed wi t Hndhiseregaod r periubnaopplybetarahyinlylofher ds prediadd by cyalspoyniEsizing
In this regard, perfluoropol ybutenylvinylether is produced by

cycl opopsrteetobiutenylvimylethesr obut enyi vi{BFbeChRECROFEEFOEzR CF2CF=CF2) using
using diisopropyl peroxidicarbonate (éCI-&EZCHOCOO) 2) as a o

pol ynerdisapranylpeipxidigashonate e L((GHaL HRE GR)AnsAsablee palymasizatied fipdaior,

the initiator to form-CO-, and then hydrolyzing it to form - .
(O protstiaaiings an unaiBlenend Spreh BT gkt tor Torms gFOF and then

2- (perfl uprohexy hana| d 10.6 g of perfluorotributylam ne were
added t'?)‘/‘%%l')%'”g '{)%)eftpﬁg 'ga@grer solution B and further 0.4 g of ~vJ

éaé‘m;”gﬁ?f@?‘%ﬁf‘ﬁé@ﬁ&iﬁ%@ﬁ%ﬁ@béﬂgﬁe&ﬁépgﬁﬁﬁﬁéﬂ?r R 7 glor e

5. - , :

added 10 84, o b S ALPGNSRBeAHRngnel 2BET10 806 X bRHLBISHIbIIRRE were
ﬁaamj NORIGRRY | 16 | B1oxVg! | e theapopfifierl BRI, Bhiafl WARtHErxegaang  of
wLnl form pol yner solution C was obtal ned. Further, 0.4 g of

N-(, S aphmaedpisbyimetayitiReisgeyAid Wwak Reiiedl tharsto WahicAddgs niked 8Ad @ Gniform
of the polyner solution B, which was m xed and a uniform pol ymer

sol ut i grolimeasolutibh A waslobfa®)edA series of stacked filmform ng
operations of spin-coating the polyner solution A (/ on a copper
substrate of 437 andd Rréperflaomhds@)ethahdlchndnt®f ghef perildiototdbutytaniineOfere
rpm for 20 seconds and pre-baking at 100C for 10 m nutes, followed
by spi radssst torfif.8 goefrthe pipdyneeenlvtighBandifuotber Oght yaamiropsepdiniethaxysilane
pre-baki ng at 100C for 10 m nutes was . . .
was added thereto, which was mixed and a uniform polymer solution C was obtained.
Further, 0.4 g of N-(f-aminoethyl)-y-aminopropyliriethoxysilane was added to
84.6 g of the polymer solution B, which was mixed and a uniform polymer solution D was
Obtained.
(3)  Aseries of stacked film forming operations of spin-coating the polymer solution A
() on a copper substrate of 3 cm square and 350 um thick under the condition at 1,000 rpm
for 20 seconds and pre-baking at 100°C for 10 minutes, followed by spin-coating under
the condition at 1,080 rpm for 20 seconds and pre-baking at 100°C for 10 minutes was
repeated twice, followed by post-baking at 100°C for 1 hour and at 200°C for 1 hour and
a coating film having a thickness of 15 um was obtained. Charges were injected into
the coating films in the same manner as described in Example 2 and an electret A was
obtained.
Further, coating films having a thickness of 15 um were obtained by repeating
the series of stacked film forming operations including spin-coating, pre-baking,

spin-coating, and pre-baking twice and then post-baking in the same manner as
11



repeated twi ce, followed by post-baking at 100C for 1 hour and at
200C for 1 hour and a coating filmhaving a thickness of 15 m was

obt ai n%‘ésc@%% %ﬁ%vé"%fxﬁebmr%@ttﬁ@ goy]nger E&ﬁ}i&ﬁ’@ g the! gBtyrhBr EB%tigﬁ@ were

manner as ed i n Exanple an electret A was ~ obtal ned.

Fur t helyse@0pdshBetifdl). "SChages WvatetiRjeelettinto HeséToRfhYEIAs APt SBfle ianner
repeating the series of stacked filmform ng operations including

spi n- ceatdasgribed i Brlmple 2 adidiglectasts I'gnd Bntlery ebtaiiedn eegpaictigeland
t hen post-baking in the same manner as 11 descri bed above except
that the polynmer solution C and the polyner solution D were used,
respectively. Charges were injected into these coating filnms in the
sane ndroreparative ggsmplbed i n Exanple 2 and electrets C and D were

obt ai ned, respectively. Conparative exanple 1 As a conparative
exanmpl e, an &SetePEpaigiive sxampiacn alechet was Psedurgdon doe &lowing progess.
series of stacked filmformn erations of spin-coati ng t he ola/mer

E) ution B

sol uti éh B &ﬁe&'eé@aﬁackg%i&m?%ro NERPrAANS QI SPN-6oRINEHE RN SO

100C 1 S A E0mReT D8Rl gt LB e AP BT Aok RoBPT e rEBH g4 Bhoggem
ggg% 20 Skt Fi A oBp Mg TADRL 28 1B mibles. rBfovicy By PRlEEe Yy under
2 thi o fhe bafigHbn 2t 1,881 rilie 20 FREORIS AT braBicha B21ATE fof 1 iRtKE0 was

coat i NgahddtBH ithidel folRAERY @BB%f-bé‘lﬁng%%%bb@%F R HeX@ERdeat 2b0RE%oRA hour at
el anple 2

2| ectret’ B was obt ail ned. he | oading test of the electrets

A B, Ghe and &7 hespReesHLaABG cBalifie fifre IHaMg 8 thRkAESS f 161 g Was bBYdined.
a schematic diagramof a corona charging apparatus used in the

| oadi n@CHargés whse dijeosted into Fihg codting filar pethewantse manaet ad destribdd inrBxample
formed by coating the polynmer solutions A, B, C and D,

r espect? awd gn etacteet Boppepbtaimad.r at e (base el ectrode) 10 by corona

di scharge to obtain the electrets A, B, C, and D. The injection of
charges was perfornmed by using the copper substrate 10 as an

el ectraode and applying a high voltage of -8 kV between a corona

needl e EX8MH@ 2t he copper substrate 10 from a

The loading test of the electrets A, B, C, and D was performed in the following
process.
Fig. 1 shows a schematic diagram of a corona charging apparatus used in the
loading test. As shown in Fig. 1, charges were injected into films formed by coating the
s polymer solutions A, B, C, and D, respectively, on a copper substrate (base electrode) 10
by corona discharge to obtain the electrets A, B, C, and D. The injection of charges
was performed by using the copper substrate 10 as an electrode and applying a high
voltage of -8 kV between a corona needle 14 and the copper substrate 10 from a
high-voltage DC power supply 12 (HAR-20R5: manufactured by Matsusada Precision).
Negative ions discharged from the corona needle 14 were equalized by a grid 16 and
then poured onto the coating film and charges were injected. In this process, a voltage
of —600 V was applied to the grid 16 from a power source 18 for the grid. Further, the
coating film is heated to a glass transition temperature (Tg) or higher with a hot plate 19

to stabilize the charges injected.
12



hi gh-vol t age DC power supply 12 (HAR-20R5: manufactured by Mat susada
Precision). Negative ions discharged fromthe corona needle 14 were

equal i zed by;a Qﬁédggésﬁdﬁﬁa*ﬁ%]e,pogéﬁ\ﬂl%nbgﬁ : g%gé@g&é n%éﬁr‘\\}ﬁn 3Mfs  were

char ges were I nject I'S process, was

appl i e%o?&é—ﬂﬁar}@bhﬂn HimbspAedc BRVEAJSIAES@nkftionCat thB&efipetatufd! b 32090(5, at

the coating filmis heated to a glass transition tenperature (Tg)

hi gher thé tdledtritothiigat @oltdge tof S8 albV,| bAe fohethehfo=gyy iduirstidredf 3 2minurtes.
the present exanple, sanples of respective coating filns were

cor ona-THeneafest, the tampszibaei of ther samplisrwhbeetuonetd to @m atdindrg temperature.
tenperature of 120C, at the electric charge voltage of -8 kV, and

f or t hdhemsuifavg phienlials at Bfpohtaimatreticularmaitesaievery, 3 mre froenther eenfeeof the
of the sanples was returned to an ordinary tenperature. The surface
pot ent iféNsware gnepsuied Ysing a suifege apotgatidle meter énpdel g@Pr meanufaetured by
center of the filmwere neasured usi n%dgasurface otential pnet

( model Wpe@ﬁﬁ%ﬂ?@rwtbﬁavﬁﬁﬁﬂ%@@ %?ﬁ"@%‘?t dﬂmexwakea@‘gpoints of
t hereof was cal C!EJI a{:.ed An .eﬁgngée of 9 points of neasurenent set is
shomklrﬂ‘:ﬁ%ﬁ‘?mfn ﬁ% '?F?QP‘_,””;JB -f of the respecti veI coating fi Ll_ms

nder n ng. 9 [ .
and the. pot ohCrtaet meBiF bR Reeefile Slog e it ot siisbtion of
nour s 0B CUREE LEERTE Bl P95 6 cHIAE PSSR o over

repr es?iﬂﬁéu?’ﬂo%@@%ﬁr&i me and a vertical axis represents a surface
hg) ential. The surface potential is higher as the density of charges

hel d by the gied sifdes temporahehandis bfchiPges Reld w@éaergthe?ooalﬁﬂghnrhbXthe
el ectric charge density and the tenporal “stability of the electret

in whi ecretopsindeBE MaFigl X edhovidonty raxéd feprésente vacdigssedcimpandd vertical
those of the electret B of Conparative exanple in which am nosil ane

was naxistreprdserisrd barfage patentisl. apfire eatfa¢e potdtigl it higher rast the density of
el ectric charge density and the tenporal stability of the electrets

C and Dhaeges helday theielgaiwiets highel.e 1 shows val ues of the surface
potentials fqor the respective el ectrets when K the val ues becane

al most const At isaaRrRaTeREHBEY Big- chail thaeledria shares denpiémandphe temporal

stability of the electret A in which aminosilane was mixed were greatly improved as
compared to those of the electret B of Comparative example in which aminosilane was
not mixed.

Similarly, as is apparent from Fig. 4, both the electric charge density and the

ij temporal stability of the electrets C and D were greatly improved.

Table 1 shows values of the surface potentials for the respective electrets when
the values became almost constant after temporal change. As is apparent from Table 1,
surface potentials after the temporal change of all of the electrets A, C, and D are higher
than that of the electret B.
[Table 1]

Example 3

The electrets A, B, and C and D were subjected to the thermal stability test in the
13



surface potentials after the tenporal change of all of the electrets
A, C and D are higher than that of the electret B. [Table 1]
Exanpl & &skrets A B, and C and D were subjected to the

t her mal sta@?lof\dty test inthe 13 follow ng process. Fig. 5 shows a

schematic di pgy FBIwRE SPRAACUagees of BnldpparNesRledShaké lthéimal stability
test. As shown in Fig. 5, a counter electrode 20 was placed opposed

to el egégtet dsAhaneh inFif.c8,ecoiter Sicetbd®@Q0ches plased fﬁipﬁoéé@td bleatrets A and
formed by coating the polyner solutions A and B on the copper

subst r & fori@dbyy miscting chizsgbsirge thddiims femed by aoatipgdh¢ @olyneer solutions A
formed of each of the electrets A and B and the counter el ectrode 20.
VWhen eaol Bfort the coipertsubskate 40 dyRcoronastisahdrge.hahgesrasulip pechpagitoheas
fil mbeconme unstable, and charges _near the surface di sagpear by

di f f usf@meshel earh of the elesiestefyarthBrajsther eauaten eleetiede 2dutithen each of the
of Une Sastiets Al B mheriad shges feasidn iy N boRama RO Bfariche harges
oo 1 <" 5 B P R e . e SR STy e
5 ' ' .

i scnar§HEF AiGfedle,2 RO TAERET e Mindlbee G TRICRARUG B Bhon of the
et oP SFTA gl B"A00E RS I A hanAE O IR GORC R which flows

nuf agiows B &UALS! siBESYde wBSs used for the ammeter 22. Fig. 6 shows

gﬁe results of the thermal stability test for each of the electrets A

and B whi chThemefoRs, (Whileeee YrhpeidigreasTRapatios indickied.byba dshéd line in Fig. 5
apparent fromFig. 6, the thermal stability of the electret Ain

whi ch aydsninsicasse atasconstat spaedi(MpCavial the chagygamednt disthaigeaffrdrheach
el ectret B of Conparative exanple in which am nosil ane was not

m xed. oflilke edegiretmtfuard &8 wasempaakrgooss ta currexiit valee dlflesting tfromn (th€ B0uNnter
is higher than the tenperature at the peak position of the electret

B ( 145€jectigliec RO swithvsan immetes 2Rer mlthissngiasuramert; a weiceiasemetar @odel
Is high. The thermal stability test for the electrets C and D was

per f or ®8d 7 Manufastured by Keithléy) was used for the ammeter 22.

Fig. 6 shows the results of the thermal stability test for each of the electrets A and
B which was performed with the apparatus of Fig. 5. As is apparent from Fig. 6, the
thermal stability of the electret A in which aminosilane was mixed was improved as
compared to that of the electret B of Comparative example in which aminosilane was not

<») mixed. The temperature at the peak position of the electret A (185°C) is higher than the
temperature at the peak position of the electret B (145°C), which shows that the thermal
stability of the electret A is high.

The thermal stability test for the electrets C and D was performed with the
apparatus of Fig. 5 in the same manner as described above. The temperatures at the
peak positions of the electrets C and D are 176°C and 168°C, respectively, which shows
that the electrets C and D are excellent in heat resistance as compared to the electret B.

Table 2 shows the temperature at the peak position of each of the electrets.

[Table 2]
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apparatus of Fig. 5 in the same manner as descri bed above. The
tenperatures at the peak positions of the electrets C and D are 176C

and 168@(3;{1@%&? ibMRioW: éﬁéiréﬂbrﬁéggs that the electrets C and D are
excellent 1n heat resistance as conpared to the electret B. Table 2

shows the t enpeeidiiotieaivas TermedtonPasgibs® Bupstrecs dhadd of Fheek (Rigistered
[ Tabl e 2] 14 Exanple 4 (Vibration generation test) An el ectrode was

f or med {pademgtkddmavinep st thitlnea8 o0 edmPyy axpbr egipstitioadin braetesfaClkAu/Cr
having a thickness of 0.7 nm by vapor deposition in order of C/Au/Cr

(t hi ckn#sisknes@/ 30208Ghn), fotibwedwby pagtepaing by mhotplitlyography B shognapFig. 7.
as shown in Fig. 7. The pattern of the el ectrode includes a base

el ect r otke patt¢miaftthe elsstroge iptludes adeserglectuddec?d (widts 180 1ohepitehe 808rum)
t he upper. surface and a guard el ectrode 26. A series of stacked film

f or ni ngvoigerfatMe RN elecpt Andbaturkerintass gier aerdieleptrodeirger A srries of
ot oS0 SR s 0 S ot GEnsp R soCH0e8 vihr e
for 20 seconds a r e- baki at 100C for 10 m.n repeat e

o ce. GHIGIA byORsET B5RD Rsthncd gOe preibakngoa SR R0 BERS follpwed
hour a oat | | i : i I S .

obt ai n% ggﬁ‘ﬁ%@&u npb{j/ép @Ga \%/géé%%ﬁga\r& 3@8§s'ilpﬁaggﬂgﬁt%egé°{‘?’ Smgﬁx&@?{%'bak'”g at
patter o ' i G _

Fri m A et lar e VRisenpct it MBiohB8 Do UARIY of R FEF1 hour

100 d at 260°¢ Jor 9 HBUNARF a cbRRGYATRT (fim R)Dﬁh{/iflﬁg 4 thiBkdddd 81 B um was

ch only on the surface of the baSe el ectrode 24 was patterned "was
obt ai negshthineihe above process. The filmE was subjected to corona
di scharge treatnment in the sanme manner as described in Exanple 2 and
an el ectret fSdbseguiehity, FCu hwad n@parsiepbaited pat ethiei dilmofA -z6W0 pdttearsed by
obtained. A patterned Cr/Au/Cr electrode (counter el ectrode A) was
f or med photalithbarsphy, Whishbeas asedrasde roétabPynask. hdhnenfijma At Wag lsnbjestest to dry
0.7 Nm by the same process as described above. As shown in Fig. 8,
the filgiChNgising Q:qdasma ataneR e ofEGE W forc@itaar 0 minutasy alAspeliymer A
30 m By fixing the filmF and horizontally vibrating the counter
el ect r JRAAG il éﬁ]rai'%)ewmcb_rp Y °£‘nth§r§‘!ﬂ%@qen°fﬁh§. bape,elestiorls 24 was pattemed
w dth O\LaéL b%tamd %?/ t%leegtt)cg\lfec pﬁ)ecrées%?t LI'P:% film E was subjected to corona discharge
treatment in the same manner as described in Example 2 and an electret film (film F)
having a surface potential of -640 V was obtained.
A patterned Cr/Au/Cr electrode (counter electrode A) was formed on a glass
(\J substrate made of Pyrex having a thickness of 0.7 ym by the same process as described
above. As shown in Fig. 8, the film F and the counter electrode A were placed at
intervals of 30 um. By fixing the film F and horizontally vibrating the counter electrode A
in a direction of an arrow in Fig. 8 at 20 Hz with a width of 1.2 mm, an electric generating

power up to 0.698 mW was obtained.
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power up to 0.698 nWwas obtained. 15 CLAIMS 1. An electret

conprising a m xture of a fluorine-containing polyner having a ring
structure in its main chain and a sitpaAgsgoupl ing agent. 2. The

el ectret according to claim1, wherern the fluorine-containing

pol ynmer having a ring structure in its main chain includes a

carboxyl group as an end group. 3. The electret according to claiml

or 2 conpri siApgelactéd enfpASInpR AfixtbeNded udrine-contdifng payMiep hadingTéeing
el ectret according to any of clainms 1 to 3, wherein the

f1 uori retructure & its neain phhipnand dailamg cauplingoagdntucture in its nmain

chain is a fluorine-containing aliphatic polymer C~ having a ring
struct e i nTheslediet acharding & cl@ine 1ewbetair thanfluarindi-ogntamirghpolymer having
claims 1 to 4, wherein the fluorine-containing polynmer having a ring
st r uct @& Bng ptructyreai its wAK ehais inclades? cAeyhg@uR afaR ENG KER IR

pol ymer_ having a ring structure including an ethereal oxygen atomin
its maith chailhe eectiel ascedtingia gaine iR A rampising AiiAae sAMROINddonded to a

conpriﬁgﬁgnaﬁgﬂﬁhfctret according to any of clains 1 to 5. 16
4. The electret according to any of claims 1 to 3, wherein the fluorine-containing
polymer having a ring structure in its main chain is a fluorine-containing aliphatic polymer

(v having a ring structure in its main chain.

5. The electret according to any of claims 1 to 4, wherein the fluorine-containing
polymer having a ring structure in its main chain is a fluorine-containing aliphatic polymer
having a ring structure inciuding an ethereal oxygen atom in its main chain.

6. An electrostatic induction conversion device comprising the electret according to

any of claims 1 to 5.
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