DESCRI PTI ON ELECTRET AND ELECTROSTATI C | NDUCTI ON CONVERSI ON DEVI CE
COVPRI SI NG THE SAME Background Technical Field The present
invention relates to the inprovemggeRipfcyectret and an

el ectrostatic induction conversion device conprising the sane.

Rel ated Art Conventionally, electrostatic induction conversion
devi ces such as a power generator or a m crophone using an el ectret

in which an RLRCTRET AN® BEECT RO EATICIINDUETIONSCOANERS BN DEICE
have been proposed. For exanple, a fluorine-containing polyner
descri bed in Patent Docunment COPRISINGCRHEIBAMEed as a material of
the electret. Patent Docunent 1: Japanese Patent Application
Lai d- Open (JP-A) No. 4-189880 However, when the conventi onal
fl uorine-containing polynmer is used, the density of charges to be
i nj ect d3Agkgreunth el ectret cannot be increased and the surface
potential is insufficient. This causes a di sadvantage that the
conver steshinigd Figléncy between el ectric energy and kinetic energy in
the electrostatic ind ction,conv?rsio vice using the, el ectret
Eonp g

cannot be i &fesefinfyeption re EsURPTAVR i Oh aaSledegt and an
made inlvi ew, of Ilae fabove conven ionalgﬁrob.laﬁﬁ. An objective of the

pr esent® FeHRMPIGINAHG '?%%?Yﬁf?'&@ 165 EVTPEPINAHBE &2B15 f ace potenti al

is inproved and an el ectrostatic induction conversion device

conprising the sane.

3 Related Art

Conventionally, electrostatic induction conversion devices such as a power
generator or a microphone using an electret in which an electric charge is injected in an
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 fluorine-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.

In 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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In order to achi eve the above-described objective, an el ectret

according to a first aspect of the invention includes a m xture of a

fl uori ne- contaal-pi I ' | L0l '

L or e OBl H81 QRO 4s o I GERHRY YRS Tbr B nG Bl mer
the '”deoé‘ringfﬁrdct&f@rihﬁl@'rﬁé’iﬂtc?‘ia'm gﬂHEMHEVa EHBbRY godp 89an end group in

structure h itS main chain may 1 nclu a carboxy group as an

group itRe ehatieh aetoRiindrPledirdbadpedt betHd igbnfipect of the invention.
According to a third aspect of the invention, the electret according

to the first Agcordngne aathirdcispett bhthd inventiorthe®yedtrutldederding td @iefirst or
conpound bonded to a carboxyl group. According to a fourth

aspect setohtieaspectof il jinvemdiohl mayiindudera ailariengomploundrbdralednip a carboxyl
ring structure in its main chain nay be a fluorine-containing

al i phatgroup.ol ymer having a ring structure in its main chain in the

el ectret according to any of the first to third aspect of the

i nvention. Accordipgderalifeigrth @spert of theidpeantions thedlupriverpontainingheolymer
fluorine-contajning polymer having a ring structure in jits main chain
may be MEVINQBHNGeSIEdHEES i K main rﬂ%@m n3Yohs Aeliuaiingrertaininggliphatic polymer

structyre.includin n ethereal oxygen,atomin its maip chain . in the . .
ol cotr Heving s ring sdehima i) TS et SRR BMing sTaayist rcardiaL o G phwe irst1S third
i nventi on.e of the.| An tel ectrostati ¢ i nduction conversion device

accor diaﬁa FB ANSiRYEM Qgpect of the invention includes the electret

according to any.af ittgﬁaffiﬁl‘?tastp%é:{ iotfgﬁeaﬁﬂgﬁ{i%lgftﬁehﬂubﬁﬁfé—%h%{ﬂ?igﬁ,polymer

Ef fect of thé T'nven cording t presen nve

there ih%,vmgéitrﬁ\?dlsﬁugstﬁkeﬁ{ € AR PGir® H{cff ¥ @apm}cﬁﬁfei—@éntéﬁlirig;ﬁsi%’r\’ﬁagfé G\gmer

an electro nducti on conver si on Ice conprising t

Brief RSfldRtihg %tr%ﬁ:tdr@?n@ﬁéﬂg@ﬂﬁet’ﬁie%ai%_xyéer@aﬁﬁﬁmé heaiflicAEIAMtBE efectret
corona chargi ng apparatus used in a | oadi ng test. Fig. 2is a

di agr amccbtding tabhyof te fesatmfoirtf asprict ohthedhv@igtion.s of measur enent
of surface potentials.
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



Fig. 3 is a graph illustrating tenporal changes of charges held by
electrets A and B. Fig. 4 is a graph illustrating tenporal changes of

charges held Fllpg £1seL bérRafic ai;agré‘-m Qf'éh%})p%réﬁxs%s‘é@hﬁrﬂhbﬁngi S st.

an appar at us ed in a thernmal "stabili test. Fig. 6 1s a grap

i [lustrating Ffugése_vlsté gfPdpH MestrAgigrdsuls Wpithe therkfl stdbility s o 8l slkfets A
A and B. Fig. Is a diagramillustrating patterned el ectrodes. Fig.
8 is agpel®mati c di agram of an apparatus for vibration generation

test. Detail ed Description Herei nafter, an exenpl ary
enbodi ment oFid.eisi andiagrararillystatiag pattcened efeetroddst o as an
enbodi ment) will be descri bed. According to the enbodi nent,

there is provigidlisenseharoatiediagoamed anfapparatusrfoavibcatinnegenargtian test.
m xture of a fluorine-containing polyner having a ring structure in
its main chain and a silane coupling agent. It is preferable that the
fl uorine-containing, polymer having a ring structure in its main chain
i ncl uddetailedhPesgyiP up as an end group. A silane conpound may be

bonded to t h?—le(lz‘girn% éx ah 8;cjgrhplary embodiment of the invention (hereinafter referred to

as an embodiment) will be described.
According to the embodiment, there is provided an electret formed of a material
) containing a mixture of a fiuorine-containing polymer having a ring structure in its main
chain and a silane coupling agent. [t is preferable that the fluorine-containing polymer
having a ring structure in its main chain includes a carboxy group as an end group. A
silane compound may be bonded to the carboxy group.

It is preferable that the fluorine-containing polymer having a ring structure in its
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
3



It is preferable that the fluorine-containing polynmer having a ring
structure inits main chain is a fluorine-containing aliphatic

pol y Me o iaNd M sy blbNgn S b Uhvrg, | N A Se@hﬁlecﬁfr?%of!:ﬂ{élﬂﬁés A bfnorphous
particularly preferable that the polyner 1's a uor i ne-cont al ni ng

al i phateflRAbYIMMdiathad 8 rdofeblst K Clalr fudriMel-sshtamiR) 86NEAt OXN@Chas a
atomin its main chain. The el ectret according to the

enbodi f@btine@dntningt Aiphetciing etrotige dnfitd madh ohalr. UCTHa@lueAng Polmer is
pol ymer conposition for coating which contains as essenti al

i ngr edipegfesalilhenidrpbous)eut @mydiuniring gudymee mdyave nged asilong asrthe tonystallinity
inits main chain, the silane coupling agent, an aprotic

f 1 uori ime3¢Unerdiess,rrefarablyr0% andess. f | uori ne- cont ai ni ng al cohol as a
protic fluorine-containing solvent. The filmformation is performed

by, for exanPpecifisgExaniyes ohihe aerdarphous perflinopelymes ipeugens cyclic polymer
conposition for coating on a copper substrate and bakin

it.
The el obtaieed Hy Qyclpelymerizationy e@EzﬂC%Q%ﬁz)n@ﬁfCFg(nsTdrC%abné hemeplymers
| e ; . A "
Sensor ST RROUTINY t OF LRIy e APy Arosh nder dGRT gyl a or

e R AL 0 IR B APt M TR0 SR
| ubl ¢_J | t | fi . .

vort TudiRar, o e hn pRIRBET EURREE | BindfdRe, SRR, sughy e

P b AN TRISOE o  GoRE:

POl Y Mk dTRy ey o%%iﬁioh?%n%dlghpﬁeﬁféﬁir@'éﬂd’bbiéoiyﬁme?&%ﬁ@ﬁ, beésnventionally

preferably 20% or | ess. cific exanpl es Of the anorphous

per f | ughewal iMeRid distlosed i I5-A N6. mlsmse,rforleka'rrgﬁ@l, dah be applied.

cycl opol yneri zation of CF2=CFQ( CF2) nCF=CF2(n=1-3); and honopol yners

or copol yner futthepasfdmipes (i, tAedapretib filiotind-aintaining, solvent that dissolves the
perfluoro(1, 3-dioxol) or perfluoro(4-nethoxy-1,3-dioxol) and so on. A
copol yfiieoriogicoytaimiog opolyoves heviogess rinpestroftuie ial #9 madi eshedin einclude the
Further, a copolymer with fluoroolefin, such as tetrafl uoroethyl ene,

chl or ofellowin@$:oet hyl ene and vinylidene fluoride is al so preferable.

In the cycl opol yneri zati gn, honopol yneri zati on, and copol ynerj zati on,

a conventi onEPIVﬁUﬂmmﬁﬁ? [FOMRAESXER 3% PSBlURTAlRNZENEg gggtafiugfobenzene,
exanpl Furt her, exanpl e?

fluori ﬁé’@%@?@ﬁﬂ? _é%gsg%?ﬁerlenat_ di _sso?'i/e_s the fl &géiphgﬁlé%ﬁ%’r%thﬁ%enzene;
Pol | overytioRstidiiiatos: | cbBiebuhls! ° slfounds oudtibiSrlsliyamine  or
e
T o A D
per {| uebafrbhalexten ol PRBAkiGRS((utpdtrdtiyRBRA)EY 8l aMBFFR=lontaining  low

pol yfl uorocyclic ether conpounds suc

per f | uai@éularivelght poBleyteerof uran); a fl uori ne-containing | ow

nmol ecul ar wei ght pol yet her; pol yfl uor oal kane conpounds such as
per f | uor ohex poflupealianer ocamanendpesiichorasd e parfriorgeexdneor eaoiliecraoetane,
perfluoro(2, 7-di net hyl oct ane),

perfluorodecane, perfluorododecane, perfluoro(2,7-dimethyloctane),
1,1,2-trichloro-1,2,2-trifluoroethane, 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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1,1,2-trichloro-1,2,2-trifluoroethane, 1,1,1-trich lo ro-2,2,2-trifl
uo roethane, 1,3-d ichloro-1,1, 2,2, 3-pent af | uor opr opane,

1,1,1, 34 ﬂt-lrﬁﬂ?m-PZiQ (}"roéct'faﬂbr af | uor opr opaneqHM,H 1H,2H,2H-perflucrodecane,
, 3, 4- tetrachl oro-1, 2, 2, 3, 4, 4- hexaf | uor obut ane,

per | UGI-MHva%rﬂucﬁmtilYﬁétﬁylpéﬁbane 2H,3H-perfluoro-2-methylpentane,
perfluoro(1, 3-dirnethyl hexane), 2H, 3H perfl uoropent ane, 1

H- per f Nt dh@n&b.iGﬁOperfluoropropane or 1H-1,3-dichloroperfluoropropane.

1H perfl uorooct ane, 1H perfl uorodecane, 1H, 1H, 1H, 2H, 2H per f | uor ohexane,

1 H 1 H 1 H, These aprotie fluorkneocontairéng ldpManisHnidy, Bétusedf alabe aotexsaaanixture.

3H, 4H-per f | uor o- 2- net hyl pent ane, 2H, 3H-per f | uor o- 2- et hyl pent ane,

1H 1, 1injiagitionfertheaer apnigenange quqmsoun@wmabﬁwfus&drompample a

These aprotic fluorine-containing solvents may be used al one or as

mi xt ur duotine-ggataining seveRbssuch 8% dByfﬂré?ﬂB@r%Xh%for(b'(E@ddéS nﬁsﬁf%r@bi%ed The

For exa a fluorin -cont ain sol vent such as hydrof | uor oet her
ﬂlégr 'fled Oby a general

( HFE) ﬂggﬂ'i‘%ﬁéf‘%n@g ¥ent l§or5‘| HEant ﬁlﬂ'ﬂﬁ SOIVRK repLesen
SN O G B SEh bt BT Prad BB Bing 510 12
e B RIS R el s 46

When thﬁvﬁ@rpﬁ%%‘é 1 is 4 or less, it is difficult to
di ssol vé a~po avh ng “fluorine-containing ring structure,

while, when {ag r?ﬁfé’@ﬁrﬁ&‘rﬁ”ﬁl%hb@? oﬁﬁ”@ 4 3r MssMRM 8 dlfﬂﬁul‘t $o lnskidhid é%dlymer

dl}flcult to obtain the sol vent erefore, the carbon number

is sel galg d fladMTe-ConEmMing rlﬁgt@rub&reTm||@amh@ﬁ the! Ba@ondiurfBert @r R'is 13 or
preferably 6 to 10, nore preferably6to7and9tol . The

pol yf I wegreait ky indaistriafly idiffieulptoosiptaimthendatveritwo Therafore; iy dadeemurhbesof Ry
of the alkyl group is substituted by fluorine atons. Exanpl es thereof

i ncl udés aelpeted fromoal fapge grfda o i12. wHihehcarbbn pdnbeeof Rt"osnpren‘ferz{atbig.I 6 to 10,
al kyl group are substituted by fluorine atons and a group in which

two or maregraiatablydntoaf end 9db thhe al kyl group are substituted by
fluorine atons and one or nore hydrogen atons of the alkyl group are

substituted Bheraldieroalkygodp| ufea gtr%lrawruct)dvvpr@ raeeshydrogan ateme of the
t f pl t t h t fl t o

't he 281 &qﬂnﬁ%ﬁr@ttﬁa{?%ﬁ%& SPrior SIS RaP LR B rﬂhroalkw

g][ eI ﬁreaﬁg}%/q SUbﬁ't 4 u Hslrj gég&aﬁﬁlggnﬁpbgq}egél%ﬁutﬁ%:})g 1!1 LONme atoms

prefer %ﬁbya g%{?poirn ﬁ twyl‘ﬁr 8l ﬁk&'r% gﬁlahgrlns%fotﬂg dll@a gﬁé%gl;e suPstH‘uted by

prefer e per Gor'oal gro ere

an et h9[10#?1‘?:5‘%\ftoﬁ‘lg‘;"?rﬁno*)HQ'dr'rhéﬂ'~I gﬁjl‘@)?;'eﬁ' étﬁ%s"‘@? égﬁypgm ad sﬁ’% léted by

bopds i's excessiv ar ge e nu er 0 t her
in/al ha|dyesf ﬁbﬁ‘@ Mthbr&i@arﬁa flURriRelstefer ai)bbﬂoillnbchtgm WiRefdrasiecas Adulogen

nunber of R2 is or nore, the solubility of the polymer having a
fluori aﬁzrﬁ@ﬂh@nmanghé flogring atgrhure is
In the polyflucroalkyl 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 1 to 2. When the carbon number of R? is 6 or

more, the solubility of the polymer having a fluorine-containing ring structure is
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significantly inhibited. Preferable exanples of R2 include a nethyl
group or an ethyl group. When t he nol ecul ar wei ght of the

Fluori ResfacdalyThAbitea! vendfersbl 198 of 'RRINHIRIL ! th¥t

fluori r%gg contrg%ynlhngl%ol yner eca’;on%%amn ios [ n}:reaseg anﬂ L???ﬁjer()rt%neethyl
sol ubi Igir@ly of the polynmer having a fluorine-containing ring structure

I's reduced. Therefore, the nolecular weight is preferably 1,000 or

| ess. In ordqyh&® themieéeulahavsightubi tHe fludind-benmingeoemt iifdod large, the
fluorine-containing ring structure, the fluorine content of the

f1 uori wmsoosity afnihegflsarinecdntaming gobmadt gompositioBOR bigressedhtind further the
Preferabl e exanpl es of the fluorine-containing solvent include the

f ol | owisohsility of theFpPGEMNE0Cadjng-(CF@EIE-BontB(NGHR) MtiCHSructure is reduced.
F(CF2) 80CH3, F(CF2)90CH3, F(CF2)100CH3, H(CF2)60CH3,

( CF3) 2(hereiary, Ghermnoiesula(\@sight 0Cpee) ity 2 ,or less. In order to improve the
F( CF2) 30CF( CF3) CF20CF( CF3) CF20CH3, | F( CF2) 80CH2CH2CH3, ,

( CF3) 2@piubiiity ptthespaliaer heprmgaiiugrinesoeHaining ring structurgdfg fiupgse content of

A e B A T
o1 | B s Boltaind el PELUELAR 5RBNGRL! ona! V- knov o

e oy FAREFROSER) afSCTEHRHE R EfGEaoCH_ FiCPa0CH,
- ph o G PR D N O e e o e QBB (SR PERQC e
y-am nwm%b@i(mﬂaﬂi#@dapm)d:ﬁ F(CF2)sOCH,CH,CHs,

N41- am noethyl)-y-am nopr opyl net %??gllsrret hoxysi | ane,
N-(, 8- aCF9REFOH, CROTA MR POFRO(OF YIRS | ane,

y- gl yci dyl'oxypr opyl met hyl di net hoxysi | ane, y-gl yci dyl oxypr opyl net hyl di e
t hoxysi | ane, Among these fluorine-containing solvents, (CF3),CF(OCH3)CFCF,CF; is
particularly preferable.

Examples of the silane coupling agent include the followings, over a wide range
including conventionally-known or well-known agents:

monoalkoxysilanes such as trimethylmethoxysilane, trimethylethoxysilane,
dimethylvinylmethoxysilane or dimethylvinylethoxysilane;

dialkoxysilanes such as y-chloropropylmethyldimethoxysilane,
y-chloropropylmethyldiethoxysilane, y—éminopropylmethyldiethoxysilane,
y-aminopropylmethyldimethoxysilane,
N-(8-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-tridecaflucrooctylmethyldimetoxysilane or
6



y- nnet hacryl oyl oxypr opyl net hyl di met hoxysi | ane, net hyl di net hoxysi | ane,
met hyl di et hoxysi | ane, di nnet hyl di et hoxysi | ane, di et hyl di et hoxysi | ane,

m et hylav4 ' t il i ; : : .
m ot 1t AW %5 b 67 91410845 10 100 0-FEbiaMeKEAUBbE L AU dimétABRy Hane;

di phenyl di et lgxysb} angetta-dlkdxysildriesor opu@py! BBt hyl-hiidd srap§ithiABthoxysilane,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecaf | uorooctyl net hyl di net oxysi | aneor

3, 3, 4, 4-GmindprépyltritifeisBafe, 10, 10, 10NKerimideetiy)upartiespropylihutidixsitane,

hoxysi | ane;

t ri - or tN{g-ansihkethyiy-amirespropyltrietaokysilanepy | t r yratluaoyspropyitimethoxysilane,
y-am nopropyl tri et hoxysil ane, N-(fl-am noet hyl)-y-am nopropyl tri met hox
ysi | ang-glycidyloxypropyltrimethoxysilane, y-glycidyloxypropyltriethoxysilane,
N(f I -am noet hyl )-ly- am nopropyl tri et hoxysil ane, y-nercapt opropyltrimeth
oxysi | anaethacryloyloxypropyltrimethoxysilane, y-chloropropylirimetoxysilane,

-gl yci dyl oxypropyl tri nnet hoxysi |l ane, y-gl yci dyl oxypropyl tri et hoxysil a
%eg Y m%’thyltt}ilgtho%silane, yphenyltrir%e%o&ysilayne, ypropy phenyltrieth%xysilane,

y- ’met h%ﬂ’é}é'-t?iﬁhé)%%é’ﬁ%fn%étEQ}?éi ag)é}/si | ane, y- chl or opropyl tri net oxysi |l ane
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyltrimethoxysilane, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,
10,10,10-heptadecafluorodecyltrimethoxysilane, tetramethoxysilane or

- ) tetraethoxysilane;

An aromatic amine type silane coupling agent which is a silane coupling agent
having an aromatic amine structure (When the silane coupling agent is used, it is found
that neither gelation nor thickening is likely to occur even in the case of a trialkoxy
compound. When the silane coupling agent is used, a structure without an alky! group
having 2 or more carbon atoms and an alkylene structure can be formed after the
condensation reaction of alkoxysilane. Therefore, the heat resistance can be
improved).

A preferable example of the aromatic amine type silane coupling agent

includes a compound represented by a general formula of ArSi(OR')(OR?)(OR®),

p—

ArSiRYOR")(OR?), or ArSiIR‘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:

aminophenyltrimethoxysilane, aminophenyltriethoxysilane,
aminophenyltripropoxysilane, aminophenyltriiSopropoxysilane,
aminophenylmethyldimethoxysilane, aminophenylmethyldiethoxysilane,
aminophenylmethyldipropoxysilane, aminophenylmethyldiisopropoxysilane,

aminophenylphenyldimethoxysitane,aminophenylphenyldiethoxysilane,
aminophenylphenyldipropoxysilane, and aminophenylphenyldiisopropoxysilane.

A hydrogen atom of an amino group may be substituted by an alkyl group or an
7



met hyl tri et hoxysi | ane, phenyl tri met hoxysi | ane, phenyl tri et hoxysi | ane,

3,3,3-trifluoropropyltrimetoxysil ane,

3,3,4, , 6,7,7,8,8,8-tridecafl uorooctyltrimethoxysil ane, 3, 3, 4, 4,
olp.

s o e aWgoles & o % %% 0

0- hept adegiibsior OdREMTT | MBAAIQNY ST | FPR-diridtAPBRIRIREAVRABROXysilane  and
t et raet hoxysi | ane; An aromatic am ne type silane coupling

agent \WiNcim&thAaflih@sersfHethyrialReRilaRaY | additien @dse, afiaf@matic amine
structure (Wien the silane coupling agent is used, it is found t hat

nei t hertygrekidnen cooplindagésindeseribedl inkelSy RatenicHor 3eM8d815) fohexsmpte, may
of a trial koxy conpound. Wen the silane coupling agent is used, a
struct uneeused. hout an al kyl group having 2 or nore carbon atons and an

al kyl ene structure can be fornmed after the condensation reaction of

al koxysi | ane Thesersiifoe eouplieg lagents exsysheansed @eneher impembéwition. It is also
A preferable exanple of the aromatic am ne tyF%)e si l ane coupling agent

i ncl ud@seigraldapourre Papialsomyewiysates deerechl Ifeithen i isfalso preferable to use
A S i e B 8 b S g,
havi ng to 20 carbon ato Ar re reslents -, m or o-am noghenyl .

gr pup] _t%%%ggﬂ aBQM. eaga”feﬁg}rgg oXy Silgaey @qa&j@qxxsﬂane or tetrapropoxysilane.
o non S PSS AAIR R BLTANE S soers whicn co
i nophORL e PP E SRRl 3Nt MUBARRERKIATR ) pelhFer S Bfeiring the

gm ESBE%%’F% eny: (ﬁ‘:tﬁ?é@l&ﬁ%a}%ﬁgi@{aﬁﬁ@%ﬁ%aﬁ@@yBﬂ"‘ér?é BS¥IHd 888nts having
anm nopkgnyinite g (eS@Py-aptiySiobetiethoxysilane, y-aminopropylmethyldiethoxysilane,
y-aminopropyltrimethoxysilane, y-aminopropylmethyldimethoxysilane,
N-(8-aminoethyl)-y-aminopropyltrimethoxysilane,
N-(8-aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-(8-aminoethyl)-y-aminopropyltriethoxysilane,
N-(B-aminoethyl)-y-aminopropylmethyldiethoxysilane, aminophenyltrimethoxysilane,
aminophenyltriethoxysilane, aminophenylmethyldimethoxysilane, and
aminophenylmethyldiethoxysilane) and silane coupling agents having an epoxy group
! (e.g. y-glycidyloxypropyltrimethoxysilane, 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, alkoxysf]anes 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



A hydrogen atom of an am no group nmay be substituted by an al kyl
group or an aryl group. _ _ _ _
Exanpl ggé hexaaplahe | siasddthehtmauey ine nand ey lgeldtal W}‘s‘énﬁ@%%mpargﬁ to

N, N- di met hyl am nophenyl et hyl di al koxysilane. I n addition to these,

ar onat idialRe%y¥fahy P Bavingathe Lk graibesa FRithedaperdongslity bf ¢iflkoR@diaAks to the
No. 3,481, 815, for exanple, may be used. These sil ane

coupl i figiosigestiontaimingmlyraersalutioe with aprotiofitbriagicontainihgisehang @s lower than
preferable to use partial cohydrolysates thereof. Further, it is also

pr ef er dhdteot dialloxypitartdsal Tdehgfdra whan drialkokysilanke vare desdt, itb sd pssfembée to
coupling agents and tetraal koxysil ane such as tetranethoxy sil ane,

t et r aetadohg pratisrfeiosineteantaipingoentyent paiculamyribe fluerinesantaining al¢ohol.
preferabl e exanpl es of silane coupling agents which can inprove

adhesi ve propethe easerf diskexysianes-the solitiitids pot pedewias tgltin the case of
inpairiqggthe_transparencg@of t he fluorine-caqgntaining po

0 | ymer ,
i ncl uddralkpxysiianesupl HAweXgenthe mRpiftyacagnifo IgHBRYEY eby. adding a protic

Lo naR IR ok LR e TR AT B ine samo
N O T SRS S EL O S ylanes,  tomporal ncrease in he
NG| - STE8H Y o TR BB B R e EAanL g te case of tialkorysancs
an nophgpy! {Hd Eﬁﬁigqmiﬁle%t?iﬁmgn&m?ﬁﬂyéddh' & WSS ontaining alcohol does
anmi nophenyl nmet hyl di net hoxysiTané&, an

am noplee¥aBthHclhaid@xyHbvaDe), tRe th&bhsdth GRUBLHY 8aA IR FliabRVsdlshraBsed
epoxy group (e.g. y-glycidyl oxypropyltrinmethoxysilane,

y- gl ycimhdrox igaddgnd. met hyl di net hoxysi | ane,

y-gl yci dyl oxypropyl tri et hoxysil ane, and

y- gl yci dyl oxsragsgribet ndadiee ivheryibel protg fludtiee-sohtaiting @oblant ds adéed to the
having an amno group is nore preferable. In particular,

al koxy lupenesontaiming pelyamer soluwionu she rsadubilfyoxfyther silane sowplirgsagest in the
for a fluorine-containing polynmer in which a carboxy group is )
pr evi offgPiinesontainina Poliner solitem can Serneieased. aFyrther, @ndnereasg in viscosity

articlular, al koxysjlanes hayin n am no groyp or .an am nophenyl .
ar oup @ﬁdeg?'e??w@/'?érar& F?re%¥¢rﬁ§- &sﬁftai ﬁh\iengea&_ﬁgpn%%weﬁnmec g coupling
chai n, S08NE ¢ B Siebveesed | ERIIRE AL Th8 APalfh g TS pRing sofleht tlude
trialk lLanes..havi ng an am no group or an epoxy group are nore

l'i kel y(aé(%ﬁ:%”hg}r@s'e the viscosity of the liquid conposition of the

cxempl ary. eThAGHHERbnfAg! | M Aithiidk 0°l At qubfe AT oOMg ffhdifanl,

di al koxysi | anes having t . Furt t he sol ubi |1

trh al koxy 313, aupentdfRiotdla -propanbine 2g @Pﬂiid?blﬂ@tyﬁ@ih‘éﬁ%f,h%oﬂdcﬁrfhﬁﬁh%kﬁ)ethanol,

aprotic fluorine-containing solvent is |ower than that o
di al kogypetfuresoctyhethahel, e2-(péaeinotddealietndbl, apgsemuerdi3afiethytbuty)ethanol,

preferable to add a protic fluorine-containing solvent, particularly
t he fl det1HSH-tettadiuored -poeahol, . 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,
perfluoropropancic  acid, perfluorobutancic  acid, perfluoropentanoic  acid,
perfluorohexanoic  acid, perfluoroheptanoic  acid, perfluorooctanoic  acid,

perfluorononancic acid, perfluorodecanoic acid, 3H-tetrafluoropropanoic acid,

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



In the case of dial koxysilanes, the solubility is not so | ow as that
in the case of trial koxysilanes. However, the solubility can be

i npr ov erH-Rigxadkstafitioforirinotc Adid O mRResCsTharnbitle-88hieiihg cBASd:yAE beldsy and
the fluorine-containing al cohol in the sane manner as descri béd

above. fluarihbeonedringl sulfdrioxywidsainasicha 4 MdfudrometistsilfoRic hacid and

viscosity of the liquid conposition is not so significant as the case

of tri deptedesiafiiacemctarestiffoniveagid.oti ¢ fl uori ne-contai ni ng sol vent

such as the fluorine-containing al cohol does not have to be added.

However, t heTheseqaeotic flnosing-coptaiying moants eldyabé ysedmiors ©edswh anixture of

I s added. As descri bed above, when the protic _

f1 uori hewossmeiethate®ol vent is added to the fluorine-containing

pol yner solution, the solubility of the silane coupling agent in the

f 1 uor i ne- contf&erfapepbEliaR ©f dbe diurHRewantalaing A WasE i apnpdyrerof the aprotic

I ncrease i.n viscaosity and,gel.ation which are considered due to the

react | dHoRBEROBRATRE SSER négﬁﬁpr%c fik@)éW@sCQﬂiﬁmm Qlypitds siagally 0.1 to 30%

Exanpl gs, of. t he ot.c fluorine-cont aini | vent includg,the .

ol T owdgueioht Geterabif grs 20 el BBiebi o i B atbhit Rt Stane coupiing

2,2, 3, - I - nal., . 2= e

2" (por H1BF BL) s et L NRARY: prEtpBBH 01 dpREHBREbY Welont per 100 parts by

2- (perf c i 2 f + 3- Vi e , .

i o o G IET e AR corigii ' polgiRr s, TR BHINE SPRGe of fie protic

H, 7H- deghgpatlceptanihghsiléitah. theniktited6t ihexaste6a Hudahe-corftanfiLholvent and

2|_—)f hexaf | uor o- 2 propanol anq 1 H 1 H, 3K hexafl uor o- 2- put apol :

fluori rige @)ﬂfttoaﬂlutjrm_@élﬁgm'ﬁq s6lvbABBUED 236 5OPA BOWARGIRT beafer4bly 0.1 to 30% by

per f 1 uor opr opanoi caci d, per fl uor obut anoi caci d, per fl uor opent anoi caci d,

per f | uavedgistxanoi caci d, per f | uor ohept anoi caci d, per f | uor ooct anoi caci d,

per fl uorononanoi ¢ aci d, perfluorodecanoic acid,

3H-t et r af | uoAdthpughtle exemptary embodiment of the invention has been described above,
many changes and 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

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



5H oct af | uor opent anoi caci d, 7H dodecaf | uor ohept anoi caci dand
9H- hexadecaf | uor ononanoi ¢ aci d; am des of the fluorine-containing

car boxyl77s asd 481006 1f\ha'§rdb€ér\!é@lnt Funheg thil ihefHsic ersbe&tﬂrﬂrbfatﬁe polymer
trifluoromethanesul fonic acid and heptadecaf| uorooct anesul f oni ¢ aci d.

These plisddived WiHich rwwmﬁune@gmﬂolavg@ﬁmdﬂ@& betylisteshywlrofiga®y seition was
m xture of two or nore thereof. The concentrati on of the

fluorime28ontai ning polyner in a mxture of the aprotic

fl uori ne-containing solvent and the protic fluorine-containing

soI vent is u:trmdﬂxisyregartd,tmﬁrﬂoewpgolybutemd\gin]deﬁfeﬂiamrgdmeﬁ by @/Oﬁszbiymerizing
wei ght. The bl endi ng anount of the silane co(gc 2\m:lgent is 0.01 to

50 par tr@rfdiyorﬂ/@u@ﬁwlvmﬂ@th@rab| y 0.1 tdCso=phaR &Fg 2)per 100 using

parts b ght of the fluorine-containin ynmer. The bl ending

amount ﬁOPW@ykne@@xlelGﬁrwtﬂe &@Ha&z@ﬁ@&&@%&erﬁs i @ t RelymsHzgtienof initiator,

t he aprot| fl.uori ne-cong ai sal ven the_ protic

1 oor, WEREGReling: A5 uoHaLMm Sa°620%ST o aoshs, RGPk o JPEmerGOF, and then
to 30%b though t he exenpl ary enbodi ment of the

i nvent i rc\ﬂgzgﬁgétetﬁfaggép% above, many changes and nodifications

: . : t th
:‘Molrlagm ﬁ%@%ﬁéﬁ%r@%?‘%ﬁﬁﬁsﬁ%h% E‘BQB?{{Q %8§%tahl I :.Igt \rlia'?:lvvg a;denot

I f

erei nar't or , “apdb Y T RETORER Dot Anb L End e G BOE o bR e were
wi | | b%d@@acrtd)ecm ebwgvecsﬁ me RoRFREE  ISBHARN OB | Bndot firHErteg4 g  of

t hereto. Exanple An el ectret according to the present

exanpl g- mmdyr@ﬂnﬁ%y!d!etﬂtﬁ(yfsnﬁdéww@ad@lﬁa@%éﬁeto,(Whldﬂr WY Giikéd 2Bl a uniform
fl uori ne-contai ni ng pol yner conposition for coating.

Per f | ugobpoéydelttory Awvaey dletahed. was di ssol ved in

perfluorotributylam ne at a concentration of 13% and a pol yner

sol uti on B wds? gpohi héperilTorwheryliethadolabedr 13.500 tsfpperﬂunmtdbutyiwmne were
conpression-nolding filmof the polynmer dissolved in the poly

sol uti (ﬁﬁidBd\ithg“r@QertB@I polygner scétsfm B ajxbiusibeefidg |Vcamimmr<pwltmthoxysﬂane

derived from-COOH a
was added thereto which was mixed and a uniform polymer solution C was obtained.

Further, 0.4 g of N-(8-aminoethyl)-y-aminopropyltriethoxysilane 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 pum 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 pum 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



1775 and 1810 cm 1 was observed. Further, the intrinsic viscosity [(]

of the polyner dissolved which was neasured with a

perfl ura:e@ér%éwbbbwtdx@apﬂtrﬁtuhérﬁolﬁﬁbmspmﬁowa@ ghthe polymer ddlufich ® were
regard, perfluoropol ybutenylvinylether is produced by

cycl opaisgderaspentivaiar f Chargesuverayinjacted iitd ¢hie el HgAIMAGR2RESER®D manner
usi ng di i sopropyl peroxidi carbonate WCH3) 2CHO000) 2) as a

pol ynem@iszisctbed in Example 2 lanatelecteetsiGignd D wese abtaineh dedpedtivedy. f r om
the initiator to form-COF, and then hydrolyzing it to form - COOH.

(2) Production of m xture with silane coupling agent 4.7 g of

2- (perfl uorohexyl)ethanol and 10.6 g of perfluorotributylam ne were
added ®rapargtiye examme ol yner sol ution B and further 0.4 g of

y-anni nopr opyl met hyl di et hoxysi | ane was added t hereto, which was m xed
and a unifor @P@%@?@W&W'% i glestehReproduced in thefollpwing process.

T L O
1 R B SIS S5, AR TR e o S b
N-(9- agi nge %Qé’({)l%ﬂsy éﬁ@g?@-\%%?@# 344 3RO Y Sid %ﬂﬁt@@%}o@%@% a&;ﬁrﬁ-'cgagna funder

t he polyner "So I on was  mxed and a uni

sol uti ga, Poﬁ?iﬁoﬁ.téttqi 898 rom f%ﬁbO%e%SﬁH@%anpréﬁ af 166¢ B Bthinutes was
o) ng the poly er

oper ation Spi n-¢oat | mer sol'ution on a copp

Subst r adge1bd Iwic®, FEllbAN 64]‘%0%59&@!’1%?&@1@0"@%?& Aol SRNEE OGT r 1 hour at
1,000 rpmfor 20 seconds and pre-baking at 100C for 10 m nutes,

f ol | oweiek eyidsdfi theCrotbag andoe cokbtieg G didvirtd asthickn@89 of P18 AT wa@ obtained.
seconds and pre-baking at 100C for 10 mi nutes was repeated tw ce,

f ol | owmethadbgespwete jddtad irto the@Gafing filn hoine semde atarited @sfdesciibéd in Eaample
a coating filmhaving a thickness of 15 um was obtai ned. Charges were

i nj ect @dardan eldolret Bavbsgbtdines i n t he sanme manner as described in
Exanple 2 and an el ectret A was obtai ned. Further, coating

films having a thickness of 15 um were obtained by repeating the

series _of st]acked filmformng operations including spin-coating,

pr e- bak¥*APIRBi n- coating, and pre-baking twice and then post-baking

in the sanme nner ,.as, descri bed abov xeept .that the pol r .
so ut T on ¢ anBedsadBE toHeR B erERSNEY €+ Bhd P Hasgfifudd 1t the following
Chargegr%ﬁsg injected into these coating filns in the sane nmanner as
descri bed i'n" Exanple 2 and electrets C and D were obtai ned,

respectivel Yrig 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
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



Conparative exanple 1 As a conparative exanple, an electret

was produced in the follow ng process. (1) A series of stacked film
form ng oper @i gRe QPresehin-eahpRY Samped YEEr rédhabtiven hAimgd MARPCwere
substrate of 3 cm square and 350 gmthick under the condition at

1, 000 rcprarEhaesicintfospRario = balentheatordiish hothel forpéeratas, of 120°C, at
foll owed by spin-coating under the condition at 1,850 rpmfor 20
secondshanslepirie- bhargeg vattad® 0t +8r kY0 amidn fdre thendsadirgedtiadiohwot & minutes.
foll owed by post-baking at 100C for 1 hour and at 200C for 1 hour at

t he endhefeaftar, theteroperaidreaot e sampléd wasaretwrged tohar londianotertperature.
i.tmwas obtained. Charges were injected into the coating filmin the
sane ndmesurtacedesientigie @t Prpamisripageticulan patters evary stmm e thetcgnirydf the
Exanpl e 2 The |l oading test of the electrets A B,_ C, and D was

per f or A8 WATE HBEASHTRE WSRO p? crstace potential mefer {madahs?70; swaBHEaciwed by
di agram of a corona chargj.ng apparatus used i e loading test, As.
Choor 2 Riteog Eietramastand i rRoE Biaigol Was chltulated o ARy Ria af 0 Rpints of

t he polﬁmar sol uti d D, respectively, on a copper

ons A B, G.
subst r A LPTHELEN P%Q?rs@&&” 'fgz'gsﬁl'cor ona di scharge to obtain the
el ectrets A L1 . ; s
using the copl:gigrh gg‘u 'Sf‘rtﬂ%lé) QW% géé,pgﬁ{l\g?g% En(%@%%&&ae‘é%?@ﬁ%éeﬁ%gﬂﬁ%non of
vol t ageneh 4 ; ;
0 11 ordiCr S LRELERRE HEORD, AEFMe ot it SRBRE S PR AED over
Mat susqffe Bp 86 8b0Mourdlegati ve ions discharged fromthe corona needl e
14} were equalized by a grid 16 and then poured onto the coating film
and charges Wei.€3 sipws tertipotal chBhgePbPERSBes hekPby ageh of the8datig s (the
applied to the grid 16 froma power source 18 for the grid. Further,
t he coafeoctgets Aland B).hdatRig. 3, hodt@dal axisnspresentstaanglapadd time(arg) a aertical
hi gher with a hot plate 19 to stabilize the charges injected.
| n t he aisespmesentanpsarfasamotetialf The peeface epadentidlrig Highersasvéie density of
corona-charged in atnospheric air, under the_condition at the
t enper &hargesdneld hydheleqtrads ég bigher.c charge vol tage of -8 kV, and for
the | oading duration of 3 mnutes. Thereafter, the tenperature of the

sanpl es was A8t i§r #ARRArED! HRMHF d'ﬂ-r?arQOWetﬂ?ﬁe?lﬁFftﬁiPe‘?haf g8 dansitycand the temporal
Pont or SR PGt e i GG SufhpSBe. s B St Bate aroqbt bpbroved as

{ner cof lerb i RSBt Ve BRE B S bhRE silead fefiE Altagiang wes

shown i ﬁ‘iiﬁed 2. Further, sanples of the respective coating
films were kept under the condition of 20C and 65%H (rel ative

hum di ty) ane; ! t f t 4 ;

2500 hours. glhn&riﬁo‘%ﬁg hgﬂ)?{%@%ﬁé’[@m’rg’l chhgﬁ%egkgﬁ Qcﬁlﬁ'ggsa%ngp%@@ the
each OfteMFQral_@.ﬁébilﬁgoff'tﬁér'élebtrbﬁs @'%D%@e@r@é}ﬂ/ fiprovedFig. 3, a

hori zontal axis represents an el apsed tine and a vertical axis
represents aTabkf heRowstvahiasadf theéhaurfacef patentixls émt thal respedtivgheieciasts when
the density of charges held by the electrets is higher. As is
appar ethte Valoes Began albaish cohstaat efter teo prirak draingen s iAsyis apgatdrd from Table 1,
tenporal stability of the electret A in which am nosilane was m xed

wer e gsudacy potgitisleattersthedapmosal changess @lleff théelestrets Ac€, BndD are higher
Conpar ati ve exanpl e in which am nosil ane was not m xed.

Si mi | athgn thad of rexplestrebB. from Fig. 4, both the electric charge

densit nd . the tenporal stability of the electrets C and D were
greatlﬁ-&?ét’rﬁ)r‘I ved. . Tabl e 1 shows val ues of the surface
potentials for the respective electrets when the val ues becane al nost
constant after tenporal change. As is apparent from Table 1, surface
potentials after the tenporal change of all of the electrets A C

and D are higher than that of the electret B.

Example 3

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



[ Tabl e 1] Exanple 3 The electrets A, B, and C and D were subjected to
the thernmal stability test in the 13 follow ng process. Fi g.

5 shom&olagvﬁﬁ@@»f@degs di agram of an apparatus used in the thermal
stability test. As shown in Fig. 5, a counter electrode 20 was pl aced
opposed to eFixtd showé aaschdindtir diedrdwy dfrgregpparatushasee i thd theinal stability
films formed by coating the polyner solutions A and B on the copper
subst r &st. 1Astshover infagdd sz baunter elestradeduvas placeabeppdsed teaededtostavdand
of each of the electrets A and B and the counter el ectrode 20. Wen
each oB faimesl by injestingrcharges into thedilms, fooned dusceatingpihe polymies soiutions A
beconme unstabl e, and charges near the surface di sappear by diffusion

and t h@ndiRon theceenpercsisiate épdfnéaorqmat Hischags: eAse é’@W'bdi\a capagity was
R ans Bt SehdladBired Ty caie il ol AL TuBeRRRef o o
{enmor SISstOR Sret S heftedh shatiesdrinped in dop Bl tecome uistab s bl charges
{1 om olEHT Jhe Wa&%&@@%eﬁ%gﬁﬂg(cﬁ%%ﬁ)a%iﬁ%‘if&? $EeRT, Marfip R T the

reacur SoUb R SArGRL B BlsoCuEiehQEr ARsdiindns MnBIIBIAG, Sbildl difkah of the
was usefbdiis h§nd"§*€éﬁ‘ ezl%eas red_ by E’leegg]aggftpgté’?f%]g r%ﬁ%‘r‘l't R/élt%f wﬁﬂ:ﬁ flows

thermal stability test or eac of

per f or i@ M Soditer aleeabatd. of Fig. 5. As is apparent fromFig. 6
the ther mal stability of the electret A in which am nosilane was

m xed was i nfrhevsfored witiertpatespemtuleasdf @pottion intivatedby B difshed line in Fig. 5
Conpar ati ve exanpl e in which am nosil ane was not m xed. The

t enper atasriacadaset &t reedngtarst speea (APClrhim) ctheathaetie Anicl8# discharded)frem each
than the tenperature at the peak position of the electret B (1450),
whi ch ohdhe elérirets feandds s stesisured psaf current vabiter ieflowingsfraimgtihe counter
The thermal stability test for the electrets C and D was_perforned
with t Becigder 8Puwitat amigmmeten 22ne IR dhis manmiremented cnigseamarsee (Model

176 aa 1 {Beman et BERPEBNT WS SRBAACK et MEel 2 1 éi 2”‘2: and D

2 Shove t he FnBen vty tl“eir't?s{’fﬁsggﬁssﬁh iy RetdBrSof of fo clecti8 Aand

el ect r%tﬁlhic,lh-r\%g!s%e%iormed 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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Exanple 4 (Vibration generation test) An el ectrode was forned

on a glass substrate 28 made of Pyrex (registered trademark) having a

t hi ckngsan®le @ (K/ibraxiby genpedtioneeedi tion in order of G/ Au/ Cr

(thickness: 50/200/50 nm, followed by patterning by photolithography

as shown in Rirgelettrodbevpatoened oh dhilass etbsale P8ahadeofePyrexgregistered
el ectrode 24 (width: 150 gm pitch: 300 m which forns an el ectret on

t he uppedesnarkpdavingd aathigknedsedfei7r onte 2% .vapos eldpesitioh Bt acdezdof iAriAu/Cr
form ng operations of spin-coating the polyner solution A under the
condi t i(‘ztbﬁclﬁtes&; $0B0LHH o), fgub\s@@gnmﬂenun@bym@mlw@ompmwe shewntio Fig. 7.
m nutes, followed by spin-coating under the condition at 1,080 rpm

for 20 Ihecpatiemaithegelechake mrludes adbese@ledmdd 2 {widthidd0r wpepitett 300 um)
twice, followed b ost - baki at 100C for 1 hour and at 200C for 1,
hour _ aéIEN dekms ﬁé é)lepfrwf( @Fltﬁgﬁépﬂ%\ﬁ%@cﬁ I EkeTE QJeciiedendfas A series of
obt ai ned. , ubsequent | Cu_.was vaper-deposited on the filmA

ond” pastaskeda sy BB of "Shin<asina FBogokEier fekdPnnhshder the
The filmA. was subjected to.dry etchi usi 0 an RF

pover SPraugRat LI ERTdoh o Retafas dhdBrtahte’d AR T T A, fajowed
E) whi Y, rf.ac " b terned.

was obt%gi %@h %’%rﬁ P hg&é ov@gprg%@%tslé&ealthgﬁg Pﬁlr%ﬁ&tfév'gg@suﬁoect egﬁ{i cﬁ %gb%%h@ at
di schanggesr } SRR f?‘%% o

an el egt%?e? f??ﬁpnﬁ?hu:térﬁ w)aghréélgﬁtg a sﬁé’f@gg\g%?):bé’l |aIHa§%@(§%b®j%§np hour
O%a' Nefd at 200°C forPRIHARS R S doMNG filRl Gt AT Aalihg U tRCkSe R bf 6?errﬁ)was
was fornmed on a gl ass substrate nmade of rex having a thickness of

0. 7 pmobyaibb@. sane process as descri bed above. As shown in Fig. 8,

the filmF and the counter electrode A were placed at intervals of 30

m By fixi ngSubsefquémiyi- &nd wesr ivapor-daepysitedran i thg ffitra fowarderpatterned by
electrode Ain a direction of an arrowin Fig. 8 at 20 Hz with a

wi dt h ghofolithegraphy whisbtwag uged &rsaaimetap ovask. ug heofilon dogasmsuasted to dry

obtained. CLAIMS_ 1. An electret conprisi n&a m xture of a
f1 uori Géchip@using Qg RRAYaat aRawl mewerefntPO VY it o 7@ mingtesai A pRlMEr A

coupl | el MGG g ol b ogr e suriape & Bebiasa pleprate iag agieme

The ol 3% GO BHg AV GRERoR o 18 THToF 9aS BISHaY thdoroha distnarge

{1 uor | feGoahal MO ROLYRER DAL B RibLIG, BEHGILTPAAE Jhf SCBRERAENRND, F)
g aliphatic polyner havimg a“ring structure‘in

|5 iyl Burads pdRB] SCIGAS RSO BMaRbd 0 any of claims 1to 3

uori ne-contai ning polymer having a ring structure in

its main chainpaferfell! OFALNS- ERRHBUE! @Budler Rl8étEdP ) WIBS bavedDria glass
ri;ng structure including an ethereal oxygen atomin its main chain.

5. An elbstrateshati of PYeBIChavang 6ANicRASSOOF OIFVirs ©yaRsREIT prackBe as described

el ectret according to any of clains 1 to 4. 6. A nethod for

manuf a@bowvengAsnshedvactin dtig. Bptipr fimig: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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formng a filmof a fluorine-containing polynmer conposition for
coating on a surface of a substrate, the fluorine-containing polyner
conposition for coating containing qé g ntial ingredients

fl uori ne-contai ni ng polynmer having a #lﬁ@§structure inits main chain
and contai ning a carboxyl group as an end group, the silane coupling
agent having an am no group, an aprotic fluorine-containing solvent,

o 0oL AFCBEBECTRBNANA%, SRR RS atl iy naying.2 o
skl S L B L et

coupling agent having an amino group.
2. The electret according to claim 1 comprising a silane compound bonded to a
carboxyl group.
3. The electret according to any of claims 1 or 2, wherein the fluorine-containing
polymer having a ring structure in its main chain is a fluorine-containing aliphatic polymer
having a ring structure in its main chain.
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
having a ring structure including an ethereal oxygen atom in its main chain.
5. An electrostatic induction conversion device comprising the electret according to
any of claims 1 to 4.
6. A method for manufacturing an electret, comprising:

forming a film of a fluorine-containing polymer composition for coating on a
surface of a substrate, the fluorine-containing polymer composition for coating containing
as essential ingredients fluorine-containing polymer having a ring structure in its main
chain and containing a carboxyl group as an end group, the silane coupling agent having
an amino group, an aprotic fluorine-containing solvent, and protic fluorine-containing
solvent;

baking the film; and

injecting charge into the film.

7. The method for manufacturing an electret according to claim 6, wherein

the protic fluorine-containing solvent is fluorine-containing alcohol.
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