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1 POLYMERI C Pl EZCELECTRI C MATERI AL The present invention rel atftg‘g\t\g&@ﬁ’%ﬁ )
pol ynmeric piezoelectric material obtained by heat-electretizing'the nol de ,
product of a polymer conprising a polyester which. contains an aromatic !f
hydr oxycar boxylic acid residue and exhibits anisotropismin tHe ol ten
state. It is known to persons skilled in the art that a pol yneric
ferroelectric material can be used as a piezoelectric material or

pyroel ectric material when it is heat-electretized to give an el ectret

el enent. Known exanpl es of such pol yneric piezoelectric material include
“pol yvinylidene fluoride, polytrifluoroethylene, and pol yvinylidene

cyani de-vi nyl -acetate copol yner. These polyneric piezoelectric materials
are soft and can be easily nade into filmof |arge area. Because of the
good nol dability charact cPROEYMERDEC BIEZOELECTRIC MANTFRIAL pi ezoel ectric
materials do not possess, they are expected to find a w de range of
applications. However, these polyneric piezoelectric materials are limted
in tenperature at which they are used. This is because the piezoelectric

. property Is deWHé“bEééﬁﬁéhﬂn@éﬁ@i@ﬁdﬁélﬁkk%CE%r% Yol A ymer. I n other
words, the.direction of the dlgﬂle mopent b& %ge-nnlecular.chaln i.s changed
and frozeRlfFORISE LS Materiafabtained, by hegt-electretizing the

molded product of a polymer comprising a polyester which.
contains an aromatic hydroxycarboxylic acid residue and
R, exhibits anisotropism in the molten state.

R It is known to persons skilled in the art that a
polymeric ferroelectric material can be used as a
piezoelectric material or pyroelectric material when it is
heat-electretized to give an electret element. XKnown examples
of such polymeric piezoelectric material include
polyvinylidene fluoride, polytrifluoroethylene, and
polyvinylidene cyanide-vinyl acetate copolymer.

These polymeric piezoelectric materials are soft and can
be easily made into film of large area. .Because of the good
moldability characteristic of polymers the inorganic
piezoélectric materials do ﬁot possess, they are expected to
find a wide range of applicationms.

C

R

However, these polymeric piezoelectric materials are
limited in temperature at which they are used. This is
because the piezoelectric property is derived from the
high-order structure of the polymer. In other words, the
direction of the dipole moment in the -molecular chain is
changed and frozen when the polymer is heat-electretized.
Therefore, they cannot be used at temperatures higher than
about 140 to 160°C. |



Therefore,,K they cannot be used at tenperatures higher than about 140 to [

{ERR] . 2 In‘view of the above-nentioned problens, the present inventors

carried out extensive studies to devel op a new polyneric piezoelectric
mat & i al which can be used at higher tenperatures and can be easily

heat electretized. In their studies, -thegpresent inventors paid their

attention to the fact that a polyner that exhibits ani sotropismin the

nolten state, or a liquid crystal polyner, is easily nobile for

pol ari zation orientation. It was found,that the one containing an aromatic

hydr oxycar boxylic acid residue in the nol ecular chain has ‘the ani sotropi sm

of dipole. This finding l.ed to the present invention. Accordingly, the

present |nventlbn vékut of theaamowpﬁmemtqmnadxynﬂtkemsJﬁﬂhﬂ|p¢es¢mth S

+ obtained b e I- a I Ol )Ry 4l

pol yest er % ﬁ£°?g EEE%EE& Bgtsegﬁe%ggvgbtropléﬁ%o QH%%rf§BTé“

present aspo%mealﬁnpéeapglle@mm aaterdayl dviedd csm d:ﬁ tused at laxgiml c

hydroxycar@ewékstaség hﬁa' dup Wel eRst wetata@fé&rmmd N 1% fRéien
stat e, and/or g g HD ecul ar chai n.par. n?1 of units of an
udie t present 1nventors pa1d eir attention to the
" fact that a polymer that exhibits anisotropism in the molten
gtate, or a liquid crystal polymer, is easily mobile for
polarization orientation. It was found that the one
containing an aromatic hydroxycarboxylic acid residue in the
p g molecular chain has the an1sotroplsm of d1pole This finding

led to the present 1nvent10n

Accordingly, the present invention relates to a polymeric
piezoelectric material which is obtained by heat-electretizing
a molded polymeric product comprising'é polyester (referred to
herein ds ‘an "anisotropic polyester") which is present as:

' (1) a molecular chain entirely formed of units of an
aromatic hydroxycarboxy11c acid residue which
exhibit anisotropism in the molten state, and/or
(2) a molecular chain partly formed of units of an

| ~aromatic hydroxycarboxylic acid residue which
'\~) S exhibit'anisotrOPiSm in the molten state.

Each of the polyesters used in this invention is a
polymer composition which exhibits optical anisotropism in the
molten state and is capable of thermoplastic¢ melt-processing.
It generally falls under the category of thermotropic liquid
crystal polymer. :



aromati ¢ hydroxycarboxylic acid residue which exhibit anisotropismin the
nolten state. Each of the polyesters used in this invention iﬁgﬁ pol ymer
conmposi tion which exhibits optical anisotropismin the nolten”sta
capabl e of thernoplastic melt-processing. It generally falls under the

te and is:

category of thermotropic liquid crystal $olyner. 3 Pol ymers which form
the ani sotropic nolten phase have the properties of permtting t he pol ymer

nol ecul ar chains to assune regular parallel arrangenent in the nolten
state. The state in which nolecul es:are arranged in such a manner is

referred to aSPblﬂ?mbh:GUWthymkn thet anlstwt@pwlwbtemphauel hsver edeced
froma nononer as a Lan %%%b | a nflfurat% s a high.
ri gidity BFGRET Esl BhgPEXME (Wh@h IPé)gﬁl%e FRAT pf ?H‘th of chain

exten3|onaksuhegeegunamhpamaldeaxaahamgqmanﬂIxn the molkennstate. TiHhe

pol ari zatT on Using crossed ni cols e properties
can be derefetrned ﬁptﬁsatbslﬂzqy@ﬂaﬁﬁXSM§Ln&ﬁaﬁﬁxnm§Q#h4@ PeLYREer casi ons

by obser vj§ga #1528PbauBkaC % ol a@ mbBolrer Wit dfad M A WiA! OB6Rg, and
flat conf1gurat1on, has a high r1g1d1ty along the long axis of
the molecule, and has a plura11ty of chaln extension linkages
which are coax1a1 or parallel with one another

The propert1es of the anlsotr0p1c molten phase can be
determined by an ord1nary polarization test us1ng crossed
nicols. More particularly, the properties can be determined
with a Leitz polarizing microscope of 40 magnifications by
observing a sémple placed on a Leitz hot stage in a nitrogen
atmosphere. The polymer is optically anisotropic. Namely, it
transmits a light when it is placed between_the,brdssed _
nicols. When the sample is optically anisotropic, the
polarized light can be transmitted thfough_it even in a still
state.

The resin molded product of this invention is
characterized in that the anisotropic polyester contains units
selected from an aromatic hydroxycarboxylic acid residue and
an aromatic

'prOpertie§t8£?2§§ éﬂhéﬂtEBRbEug%'t%@ep@ﬁy§égﬂé;§§§§§afiy €ﬂ9¥raﬂ gordinary
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at mosphere. The polyner is optically anisotropic. Namely, it transnits g}l
Ilght when it is, placed between the crossedgnicols. Wen the sanple is

op caIIy anlsotroplc the polarized |ight gén be transmtted through it
everiin a still state. The resin nolded product of this invention is
characteri.zed in that the anisotropic polyester contains units selected
froman aromatic hydr oxycar boxyl i c acid residue and an aromatic
substituted derivative residue thereof. The hydroxyl group and carboxylic
aci d group sibstitiitpd ederindt ivebresiduet tHeareofl. diThe diyldyoxyl gheummoadati c ring,
and the hydroxyl group and carboxylic acid group may be on the sane
aromati c ri¢arboxyldief dcidegroun shenldc prefeyably rbecsultiadd tutededireactdy aphbbe d be
in the sane nol ecule of the aromatic cyclic conpound. The aromatic

hydr oxycar b¥eprbke aéngs Baditheshynoxyprasoupaand, caeboxytimmssth Brobmmeyeke of
one or nore kinds sel ected from hydroxybenzoic acid residue,
hydroxynaplﬂ"*‘u&f‘% %P&’P@é?%ﬂjé'inérﬂf fheferent Aropatic nhRgs- LI Aitken 9a#ese

resi due. aromatic sybstituted deriyvati e re5|du shou have the
Cobst 1t uent haToTHPLE b tBcENe BHE MRLETHIeaPY i gt o8 &‘h Pibls onpopd:

a0 0100 S St o SE A P SR Al MR oo
ani sotropi SéBmpL&d”‘QS':h;Eds‘AH’oft Qﬁe Scﬂb EH‘A li&mls 9{&8&&; 1’;‘&? hydroxybenzoic acid
residue, hydroxynaphthoic acid residue, and their aromatic substituted
k‘;_ derivative residue. The aromatic substituted derivative residue should
have the substituent group selected from functional group which imparts
the anisotropism to the intramolecular dipole momegt of the
hydroxycarboxyiic acid compound and is at the subsi;tution position to
impart ;qch anisotropism. In addition,.the substituent grouﬁ of the
aromatid'sﬁbstitutéd derivative residue is one which imparts the -
anisotropism t§ the dipole moment in the direction of the line
connecﬁing the carbon atoms on.the aromatic Eing to which the hydroxyl
group and carboxyiic acid gro;p are conn;cted, and is at the
substitution position to impart such anisotropism. Preferred examples

are those represented by the folloﬁing'rormulas (1) to (VII).

-0 co - ; (1)

| x‘ - :
_0_@4, (1)



aromatic substituted derivative residue is qge whi ch inparts the

ani sotropismto the dipole nonent in the diréction of the Iinﬁgponnecting;
t he carbon atons on the aromatic ring to which the hydroxyl gfoup and D
carboxylic acid group are connected, and is at the substitution position to
i npart such anisotropism Preferred exanples are those represented by the
following fornmulas (1) to (VIl). [ERR [ ERR] (wherein the group
consisting of [ERR], [ERR] and [ERR] and the group consisting O [ERR]

[ERR] and [ERR] are separated by a line which intersects at right ‘angles a
| i ne connecting the carbon atéas on the aromatic ring to which 6 the
hydr oxyl group and carbeXy]i.cl aci¥ group are-connecged at the center

t hereof ; each of said grouvf/ ] sel ected from hydro dh)and substituents
8L di pol e nmoment; and the sane group does not

which differ from one anot
contain those which di+fo®" frpm ohe another in the direction of dipole
monent.) The substituent Yrow; is sel ected fromone or nore of a cyano
group, nitro group, aldehyde group, carboxylic acid

o xs Y. co
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(whgréin the group consisting of X,, X,, and X, and the group consisting
of ¥,, ¥,, and Y, are separated by a line which {ntersects at right

angles a line connecting the carbon atoms on the aromatic ring to which
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ester, carpoxylic acid group, hydroxyl group, halogen, ami no group, imnno
group, al koxy group al kyl group, phenyl group, acyl group, sulfoxy group;
andh§ulf|de group. Preferably, it is selected from hydrogen, cyano group,
nitro group, acetoxy group, chlorine, bonine, phenyl group, alkyl group,
met hoxy gr-oup, am no group, and al kyl -subséituted am no group. The above
ment i oned nol ded pol yneric product nmay be a honopol ner or a block or graft
copolymer. In the latter case, the segnents of the anisotropic polyester
are copol ynerized in .the other polynmer which may not. be capable of

ol ari zati r n e 3 ol I?rt%f r f
gn aromat i 2“%‘;22%2%&55% Q%Ea'%g&% 0 yeltche%rcggl aqne S(r)r%;/nacry %teé@aﬁ%g

pol yal kyl eneh¢ c¢@RRERa Féeofhee&ﬁps&fr 8giid gIopes: ds sglasdedfitimed in
the other thedfepeashhé Eﬁb}é'ﬁ&tuehﬂ:s”ﬁr}nl&@l al1m@rsefcidm onee afictdidy eiform

or |nn1SC|b e form Those are unlfor |sper I bl e ar.e pr.efera
and their f@smPHEPgdeaﬁpo i& &' 3é§

sul f one, podlyﬁteyl fAitem ond anbj:hbkyhand:hieeldamudtalomt of Bipgid ynmnart whi ch
exhibits the anisotropismin the nolten state may be produced by a variety
of ester-formng processes. The nononer- conpounds can be reacted by nelt
aci dolysis in thThe substituent group is selected from one or more of a

cyano group, nitro group, aldehyde group, carboxylic acid

ester, carboxylic acid group, hydroxyl group, halogen, amino

'grou?, imino group, alkoxy group, alkyl group, phenyl group,

o/ acyl group, sulfoxy group, and sulfide group. Preferably, it
is selected from hydrogen, cyano group, nitro group, acetoxy
group, chlorine, bomine, phenyl group, alkyl group, methoxy
group, amino group, and alkyl-substituted amino group.

- The above mentioned molded polymeric product may be a
hom0polymer or a block or graft copolymer. In the 1atter
case, the segments of the anisotropic polyester are
copolymerized in the other polymer which may not be capable of
polarization orientation. :The other polymer is selected from
one or more of an aromatic polyester, polycarbonate,
polyethersulfone polyacrylate and polyalkylene terephthalate.

The anisotropic polyester may be contained in the other
thermoplast1c polymer. It may be dispersed in the mlsc1b1e
form or immiscible form. Those which are uniformly
d1spers1b1e are preferable, and their examples include aromatic



absence of any heat exchange fluid. In this pyocess, the nononers are
heated to forma nelt of reactants. As the réaction proceedsapthe solid

pol ymer particles begin to suspend in the nelt. In the final 9Stage of the_;
condensation reaction, the reaction system may-be evacuated to facilitate

t he renoval of volatile by-products such as acetic acid and water.. A slurry
pol yneri zati on process may al.so be enployed in the preparation of fully
aromati c polyesters suitable for use in the present invention. |In this
process, fpbeyesdkr d pplpchidbnate,0pbniataer Ishlrdite,f poIpahybateyeasd on in a heat
exchange nmedium In either of said nelt acidolysis and slurry:

pol yner i zpblyalkplenee $as=phthalkater gani ¢ nononeric reactants from which the
fully aromatic polyesters can be derived may be enployed in the reaction In
a nodi fied forfireomlyestar Bhiakseshifitsnthe Beisottopien igrithepmoitenhetatenoner

at anbient tenperature (i.e., in the formof their |ower acyl esters). The
| oner acymayrhsupsoduged hir af vardisty ofbesterzfermingcpranessedons. Preferably,
acetate esters of the organic nononeric reactants are enployed in the
reaction. Al s@hetFRRORER)COPRRIITAS, A3 becreacked By mekt @cidelysip i phe
esterifying t he carboEéJic aci d groug naﬁ be used for the reaction.

Typi cal ~efBpfcEsohL RN Hisat exghange Hnid. AR Hhs, BERPesH: Hiie  mORomeRE 3RS ¢

act dol ys! o 2¥ea Bo Yord £m2IE°SFPeadtants? Fotne radtsdh' fifSoetds tnd%son1q
bolymer particles'begin.to suspend in the melt. In'the_final stage of
the condensation feaction, the reaction sysﬁem-may be evacuated to . &./
facilitate the removal of volatile by-products such as acéﬁic acid and
water.

A slurry polyvmerization process may also be empioyed ;n the
"preparation.of fully aromatic. polyesters suitable for use in the present
invention. In this process, the solid produét is obtéinéd in the form

of suspension in a heat exchange medium.

In either of said melt acidolysis and slurry polymerization
-processes, the organic mdnomeric reactanfé from which the fully aromatic
polyesters can be derived may be employed in the reaction in a modified
form obtained by esterifying the hydroxyl group of the monomer at
‘ambient temperature.(i.e., in the form of their lower acyl'estebs),

~ The loweﬁ.acyl groups have preferably about 2 to 4§ carbon atoms.
Preferably, acetate estérs_of the organic monomeric reactants are
employed in the reaction. Also, the modified form (i.e., phenol ester)
formed by esterifying the carboxylic acid group may be used for the

_reaction.



di butyltin oxide), diaryltin oxides, titani ur§di oxi de, antinony trioxideﬁgﬁ
al koxytitaniumsi)icates, titanium alkoxides, alkali netal and al kaline
earth netal salt$.of carboxylic acids (such as zinc acetate), Lewis acids
(sith as [ERR]), and hydrogen halides and other gaseous acids (e.g., HJ).
The catal yst is generally used in an ampbunt of about 0.001 to 1 wt%
particularly about 0.01 to 0.2 w% based on the nononer. The aromatic
polymers suitable for use in the present invention are substantially

i nsol ubl e in ORYpIGY eRRUPIEILT 86 cabBEFREOLRaL LERbALSdIRUILRADLE ther use
in a solution processing. However, these polyners can be processed easily-

by the ordmgsf aci@dlysps %@sgimr pivcebsad Ahbuder 8 Qyetimioaiddd ¢siR ¥8Ers

are soluble in pentafluorophenol to sone extent. The aromatic pol yester

which i s paeheyyabliy onsésd ,i aidryetii oxeaés, BYCariuRNdivXiae 2 anEiddily- aver age

nmol ecul ar wei ght of about 1,000 to 200, 000, . preferably about 2,000 to

50, 000, pattrioxiday |aikekytitanium0Bitizatés DRAtadihum alkextdes, alkaldhmetay ahd
determ ned by gel perneation chromatography or other standard nethods which
need no polaykadring cdarthoretald usal tasofa carhdydic modks clsuchran 3dnc geetgd=)ar e
determ ned by infrared spectroscopy using-a conpression-nolded fil m sanple.
The nol ecubevispepids (augh apBF.Be ansk Bydnogen halidee andgekhesceasesus ragifdet hod

usi ng a solution of pentafl uorophenol. B _ :
(e.g., HCl). The catalyst is generally used in an amount of about 0.001

to 1 wt%, particularly abou£ 0.01 to 0.2 wt%, based on the monomer. '

Y, The aromatic polymers suitable for use in the present invention are
substantially insoluble in ordinary solvents and, therefore, they are
unsuitable for use in a solutién processing. However, these polymers
can be processed easily by theiOrdinary melt processing, Particularmly
preferred aromatic polymers are soluble in pentafluorophencl to some
extent.

The aromatic polyester which is preferably used in the present
invention have a weight-average molecular weight of about 1,000 to
200,000, preferably about 2,000 to 50,000, particularly about 3,000 to

(- -25,000.

The mqlecular weight may be determined by gel permeation
chromatography or other standard methods which need no polymer solution,
such as a'method in which terminal groups are deiermined by infrared
spectroscopy using a ¢ompression-molded film sample. The molecular
weight may also be determined by the light-scattering method using a

solution of pentafluorophenol.

o



The above- mentioned aromatic pol yester has gn I nherent viscosity (I1.V.) of '
at |least about 0.5 dl/g, for exanple, about¥0.5 to 10.0 dl/g.@ms neasured in
a 0.1 wt%solution in pentafluorophenol at 600C. The pol yest whi ch N
exhibits the anisotropismin the nolten state may contain anot her
ferroelectric substance. Such ferroelectric conpound enhances the
properties or the polyester used as a ferroelectric material. The

ferroel ectric conmpound may be inorganic conpounds; organic conpounds, or

pol ymeri c commruastve-hxiIphes apbmatie pODy€ABF ChaB0 BRI ent) FlBels1gyart Z,
| ead zirconate titanate, potassium hydrogen phosphate, bariumtitanate,
| ead tit&Iave) ofeatl leasbaibout |6.6hd1/g, nEab aixample,t Bbouwn Danttd abey davgonti um
bari um ni obate, [ERR], and [[ERR] (where [ERR] represents My, Co, Ni, M, or
Zn; and [2ERegasuepd daecat®. INGtE Eolutinn én Mntafkeorebkenalf at H®°0t gani c
conpounds include | ownolecular |iquid crystal conpounds, Rochelle salt,
and tri gl yci rfheupélnesterwbl einexhbbit=othe Anisotrapisarin itheirdleey state
conmpounds will be found in "Ekisho no Saishin Gjutsu" (Latest Technol ogy
of Li qui dragrseitaln)angphemstrralectime subsicnge ( KSyph terssekaatriand "Handbook
of Liquid Crystals" by K. Kel ker and R Hatz_(\Winheim 1980). Exanples of
the pol yrfOPPRUNdoRRIARGES i thel PRRPEpbLSHOf sthfh@ot grdted 8% & nyl i dene
fluoride, trifluoroethyl ene, "nyb%gen cyani de, and chlorogacrylaonitrile.
The pol y SEPEPCLSREERBAL ST A hi JneriarmerLaetrde, Rampopnd Aay, 5 JPBRINPi zed when -
it is for g?i to sheet or film After the. heat- electretizing, it my be
used i n (EPTERR ARt aPmRRy FoPaH S ofpapotinds | .
Examples of the inorganic compounds include quartz, lead zirconate k_j
titanate, potassium hydrogen phosphate, barium titanate, lead titanate,
lead niobate, lithium niobate, lithium tantalate, strontium barium
niobate, Pb(B,*B,)0,, and PbTi0,;+PbZrO;Pb{(B;+B.)0; (where B, represents
Mg, Co, Ni, Mn, or Zn; and B, represents Nb, Ta, Sb, or W).
Examples of the organic compounds include low-molecular liquid
erystal compounds, Rochelle salt, and triglycin sulfate. Explanations
on low-molecular liquid crystal compounds will be found in “Ekisho no -
Saishin Gijutsu"” (Latest_Teehnology of Liquid Crystals) by Matsumoto and
Tsunoda (Kogyo Chosakai) and "Handbook of Liquid Crystals" by K. Kelker #,;
and R. Hatz (Weinheim, 1980).
Examples of the polymeric compound include polymers and copolymers
of vinyli&ene fluoride, trifluoroethylene, vinylidene cyanide, and.
chlorocacrylonitrile.
?he polyester obtained in this invention is usually heat-
electretized when it is formed into sheet or film. After the heat-

electretizing, it may be used in the form of powder having polarization



10‘orientation. Thi s powder may al so be disggpsed into a thernosetting or
thernopl astic resihn. Exanples of the therno

resih, epoxy resitf melamne resin, urea resin, unsaturated polyester
resin, and al kyd resin. Exanples of the thérnoplastic resin include

pol yet hyl ene, pol ypropyl ene, pol ybutyl ene, pol ybutadi ene, pol yi soprene,

pol yvi nyl

pol ystyrene, acrylic resin, ABS resin, AS resin, BS resin, polyurethane,

acetate, polyvinyl chloride, polyvinylidene chloride,

Si | cone 1 egis@neddsURr ORhaS ok WY LB Be' AUNAGE Hhio BOLIRALDANGLS o

pol yet hyl ene ‘terepht hal ate,” pol ybuty

ene terep

pol yam de, gMardepa¥todiresipe, pol yvinyl al cohol pol yvi nyl et her,
pol yet heri m de, pol yam del m de, pol yetherim de, polyetherketone,

pol yet her sul f oNExanp@ey ! £ EheRmdscBbERY Fedh SHETiddesnanoll1d PeyeByb:8Ne

oxide. Preferred ones are aromatic polyester, polycarbonate, polyether
sul fone, patesas; edbBineDpbysa Kyure feshi,cphsdtarated polgester \Wesls, and

copol yners derived fromvinylidene fluoride, trifluoroethylene, vinylidene
cyani de, analkyllmeséacrylonitrile. In another usage, the conposite materi al

containing a heat- electretized powder may be further heat-electretized.

-

Examples of the thermoplastic resin include polyethylene,
polypropylene, polybutylene, polybﬁtadiene,-bolyisoprene, polyvinyl
acetate, polyvinyl chloride, polyvinylidene chloride, polystyrene,
acrylic resin, ABS resin, AS resin, BS resin, polyurethane, silicone
resin, fluoroplastic, cyan resin, polyacétal, pblycarbonate, |
polyethylene terephthalate, po%ybutylene'terephthalate, aromatic
polyester, polyamide, polyacryionitrile. polyvinyl aleohol, polyvinyl
ether, polygtherimide, polyamidéimide, pblyetherimide, poiyetherketone,
polyethersulfone, polysulfone; polyphenylene sulfide, and'polyphéﬂyléhé
oxide. ' - : |

Preferred ones are aromatiq.polyester. polycarbonéte, polyether
sulfone, polyacrylate, polyalkylene terephthalate, and polymers and
copolymers ‘derived from vinylidene fluoride, triflﬁoroethylene,
vinylidene cyanide, and chloroacfylonitriie.

In another usage, the composite material containing a heat-
electretiied'powder may be further heat-electretized. |

The heat-electretizing can be carried odt-by the method known tB
persons skilled in the art. Both sides of the sheet or film of the
polyester of this invention are treated for electric conduction, and a

voltage is applied to the shéet or film with heating. The voltage

ting resin include phenolic

o

ate, aromatic pofyester,
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The heat-electretizing can be carried outy ;by the method known to persons
skilled in the art. Both sides of the sﬁk or filmof thegpol yester of
this invention are treated for electric conduction, and a vOltage is
applied to the sheet or filmw th Heating. The voltage application may
be perforned continuously or. intermttently (in pulse). The Internittent
application in pulse is preferred for the ease of polarization orientation.
The object is achieved with m ninum heating sufficient to inpart kinetic
ener gy t haplizaties mpcbe peaforzati cmtinvasiyoor ikoermoveitdiye(folpalseat i on

i nversion, the heating tenperature should be higher than the nelting point
of the pdhydsternitsent applicatdopeimipulse tiheprrflearéd fororheorasmiodt i on t akes
pl ace very quickly because of the properties.of liquid crystal the

pol yest ePotANigRREAN privuasions. The\ediect He peltisaved adthrmindmumesting ain is
required, it is é)_ossibl'e to control the tenperature and the intensity of

el ectri c SpfEhcdentriho Hpartskinetin enersh it ecanssguihe PREAAERLN ai ned i n
this invgntigg may _be incgrgoraie% wkéh 3 variety of additives by the
met hod kABYT ¢8R peFEDRPERKPYTS PRLENH ZRRLOD, ApVersiany ddie; PRAldng kqmpgRature
| asti ci ti Ld | i ght,. ab nt 1 St at | t |

et ar daneoHo B 1 epre ke, tas PR arR, Polre e e ePbRakér AR ey ci ng
fib : . : | . : I :

bi ezocl ol a8EY Ent BEh et iEn AR ol Elle PR YA bl o) e
pr oduct Qgcéﬁsﬂo$b”%ﬁﬁefrgperties of liquid crystal the polyester originally

possesses. Where the polarized anisotropic strain is required, it is Qmj
possible to contro;_the-temperaéurg and the intensity of.electric Tield.

The polyester and-composite'product thereof obtained in this
invention may beuincorpbrated-with a variety of additivés by the method
knovwn to persoﬂs skilléd in the art. The additives include plasticizer,
antioxidant, UV light-absérber. antistatic agent, flame retardaﬁt; dye

and pigment, surface treatment therefor, and reinforcing fiver and

inorganic filler.

The present 1nvéntion provides a polymeric piezoelectric material '\,j
which }s obtained by heat-electretizing a molded product of a polyester |
which contalns an'aromatigihyqroxycarboxylic acid residue and exhibits
the anisotropism in the molten state and/or a polyester containing
partly in the same molecular chain a polyester which exhibits the
anisotropism in the molten state. The polymeric piezoelectric material
has several reatqres; It has extremely high heat resistance. The

molecqles are extremely mobile in the molten state beéause.the molecular



whi ch contains an aromatic hydroxycarboxylic acid residue and exhibits tpﬁ
_anisotropismin the nolten state and/or a yester containing partly In

" the.sane nol ecul af chain a pol yester which exhibits the anisotropismin the
mott en state: The polyneric piezoelectric material has several features.

It has extrenmely high heat resistance. The nolecules are extrenely nobile
in the nolten state because the nol ecul ar 12 chainis rigid. It is

qui ckly responsive to the heat-electretizing. Therefore, the polyneric

pi ezoel ect eh&1nR$ aftigdl. OfItt I8 juil enignresponbivedsoatHeahgat-edectteyinfng.
applications. It can be used In a hot environment above [ERR] in which the
ordi nary f gneratbeef the milyperdici piemietectalis matenbal lof thisdinventiemfibés used
as a heat-resistant piezoelectric material such as a pressure-sensitive

el ement, mavikdige wrdebytof applisationsi arktdearibe used AR dQb eWVARSRASSEr . |t
can al so be used as a pyro- electric material as an infrared sensor and

radi ati on sbexeoil50Getniyrdghethe andinapy fesRoelesselq potyrerdiedirt@rialse f ound

in "Fine Electronics and _Hi gh-functional Materials", edited b Eigaki (eme
Co., Lid., caunes beampd. p It16An beused e F‘S?'F’l"§s1"ﬁiﬁ“8e%’tﬁzP5’eﬁf¥r ® nor e
detail with reference to the foll ow ng exanﬁl es, which shoul dtnot i%@tic
construed B3tENiAliIUGH 3Hh@ BRYIUTEBTSEPALLIVE EHITeBh, HOYARYSH slgment. aco

transducer, and medical transducer. It can also be used. as a pyro-

eleéiric matérial as anlinfrared sensor and radiation.sensor. Detailed

\ e*plénations on these application will bg found in "Fine Electronics and
'lﬂigh-functioﬁal ﬁaterials"; edited by Higaki (CMC_Co.,_Lid., June 1983),

p. 168.

The invention is how described in more detail with reference to the

following examples, which should not be construed as limiting the scope

Example 1 _ . _

1261 parts by weight of u-acethybenzoig acid and 691 parts by
weight of 6-acet$xy-2fnaph£hoic acid were_pl;ced in a reactor provided
with a stirrer, é nitrogen inlet tube, and a dist;llaticn_tube. The
mixturé was heated to 250°C.under a nitrogen stream and stirred
vigofou#ly at that ﬁeﬁperature fqr 3 h and then at.280°c for 2 h while
aceiic ﬁcid was distilléd pff from ihe reactor. The temperature was
elevated té 3é0°c and the feeding of nitrogen was_stopped._ The pressure
in the reactor was redﬁced gradu#lly to 0.1 mmHg artep 20 min. The

mixture was stirred at that temperature under that pressure for 1 h.



1261 parts by wei ght of 4-acetoxybenzoic iggd and 691 parts by weight of
6- acet oxy-2- napht hoic acid were placed in reactor provid wth a

stirrer, a nitrogen inlet.tube, and a distillation tube. The m xture vvasu,

heated to [ERR] under a nitrogen stream and stirred vigorously at that
tenperature for 3 h and then_at [ERR] for 2 h while acetic acid was -

distilled off fromthe reactor. The tenperature was elevated to [ERR] and

t he feeding of nitro%en was st opped. The pressure in the reactor was
reduced gradulhe peswd

dng podrpenhedramdnprinsighel sepsith @TvR<! 88irred at that

t enperat ure under that gar-é's's'u'_re for 1 h. 13 .The resulting pol yner had an

i ntrinsi cdebpEpined; in pentafiugeopheng AthadcqnseprTRtiPP RF Qph aft603C.

Const it ut onarraEheaR ke TRt FRGHERS B Rane! Akt [ER

thick filmby using a T-die ‘extruder. Theggxtruder and T-die were set at
[ ERR] and [ERR] respectively. TheNyMTRyds stretched at a draw ratio of
1/10. Both sides AM\the.fil @@ W t h=st | ge¥ ByQvapor deposition.
The fil mwas he%g%chygp o] eFe C
(100 kV/cn) for 60m nutes. After .that, the filmwas cooled rapidly. The
esulLing tesingbecs g @10he? Bhehids! Sn0Uohan PEF roln by DtV
CGSesu and a pyroef‘gctggc&cg%stant 0 e5. 7 X TERR] [ERR]. n}A E'E‘I'l?gl%n[g
T-die extruder. The extruder and T-die were set at 300°C and 290°C

respectively. The tiim was stretched at a draw ratio of 1/10. Both.
sides of thé film werg.cbéted with silver by vapor'depositisn, :fhe £film
was heated at 260°C and subjected to the'appiicétién'of DC voltage
(100 kV/cm) for 60 minuteé. .After that, the film was cooled rapidly.
The resulting test piece had a piezoelectric constant d,,; of 8.5 x 10~*
CGSesu and a pyroelectric constant of 5.7 x 10-2° C/cm°K. _A'd,,
measured in the same hahner at 160°C was 10 x 10~° CCSesu.
Example 2

138.2 parts by weight of polyethylene terephthalate (having an
intrinsic viscbsity of 0.36) was added to 162 parfs by wéight of
polyeste; (having anlintrihsic viscosity of 0.77) preliminarily
polymerized'atx260°b for 3 hours in the same manner as in Exémﬁle 1.
The react;on was continued {n the sahe réactor.ét 280°C for h.hours with
vigorous agitation. The Eeaetion temperature ﬁés raised to 320°C énd
the feeding of nitrogen ﬁés stopped. The reacéor_uas evacuated to
0.1 mmHg after 15 minutes.. Stirring wés continued for 1 houf at this.

temperature and pressure.

ed to t'he application of DC voltage

>
;



measured in the same manner at [ERR] was 10 x [ERR] CGSesu. Exanple 2 138. 23!
parts by weight of:pol yet hyl ene terephthal atp4 having an intrinsic

viscosity of 0.36) was added to 162 parts by wei ght of polyester (having an

i nt ™M nsic viscosity of 0.77) prelinmnarily polynerized at [ERR] for 3 hours
In the sane manner as in Exanple 1. The reaction was continued in the sane
reactor at [ERR] for 4 hours with vigorous agitation. The reaction
tenperature was raised to [ERR] and the feeding of nitrogen was stopped.

e . T
Dont ar | uor disgrned £ pénseTigbhtndt of © PhopirarIAlas O \ER 2t 693G ng
ol yrer v o) b ROTRSIR, th RPN B RIS gy e a1

and 60 nol % of hydroxybe C aci ol C acl est piece

R e i A A T I G g B RS

The resul tifRgrb8abpRinete fad, a piezo- electric constant [ERR] O 9.1 x .
[ ERR] CGSesu and a pyroelectric constant of 6.2 x [ERR] [ERR]. A [ERR

measured in they $858 pIBEEISas dprepEFeéd iWothe same manner as in Example 1, and
it was heated at 200°C and sdbjected to the application of DC voltage
(100 kV/cm) for 60 minutes. The resulting test piece had a piezo-

\-) electric constant d,; of 9.1 x 10°® CGSesu and a pyroelectric constant
of 6.2 x 107!® C/em°K. A d,, measured in the same manner at 160°C was
12 x 10°* CGSesu.
Example 3 )

900 parts by weight of U4-acetoxybenzoic acid, 431 parts by weight
of 4-acetoxy-3-chlorobenzoic acid, and 690 parts by weight of 6-écetoxy-
2-naphthoic acid were placed in a reactor provided with a stirrer, a
nitrogen inlet tube, and a distillation tube. The miiture was heated to
250°C under a nitrogeh stream and stirred vigorously at that temperature

i‘). for 3 h and then at 280°C for 2 h while acetic acid was distilled off
- from the reactor. The temperature was elevated to 320°C and the feeding
of nitrogen was stopped. The pressure in the reactor was reduced |
graduallf to. 0.1 mmHg after 20 min. The mixture was stirred at that
temperature under that pressure for 1 h.
| The resulting polymer had an intrinsic viscosity of 5.0 as

determined in pentafluorophenol at a concentration of 0.1 wt¥ at 60°C.



12 x [ERR] CGSesu. Exanple 3 900 parts by wei ght of 4-acetoxybenzolc acid,
431 parts by wei ght of 4-acetoxy-3-chlorobenzoic acid, and 0 parts by

wei ght of 6-acetoxy- 2-naphthoic acid were placed in a rea€tor provided
with a stirrer, a nitrogen i-nlet tube, and a di-stillation tube. The m xture
was heated to [ERR] under .a nitrogen streamand stirred vigorously at that
tenperature for 3 h and then:at [ERR] for 2 h while acetic acid was :
distilled of fA {48k Rigee re8c PEFPareleln dhfetameupPannplsas|isy Bxaswle ol o[ B and

t he feeding of nitrogen was stopped. The pressure in the reactor was
reduced grtabighiepted ay. 29 GgndisuRiected e, theTiRpliratianeoh s ¥ltaged at
that tempgrature under _fhat. pressyre for h. The resultin ol yner. had an
e ner CCpBotEnd ert o8 HnuBeger dbsmestn fint LTS PLERS JpRR RS- 5
concentrat,i-opn .of 0. % at [ . -sl esi, pi repared in the
sane mam(rjlle °§réi°| ﬁoétg\é\rrt’)lae‘"‘lf’ggg!r} ft1%séﬁsgéasttue§$%lt% Fé&?}ﬁggﬁg%g Jsgé?‘éd to

t he appli [ -1C ge, (400 0 i Thead, ting
test pi eccgei’a é%r;‘a?%i ezgy%‘f!%ct%idé‘c%%a\squgﬁ!l% {%Eﬁ%%ao rﬂ%ﬁa&rxat[ Eﬁ%]ce Sesu and
a pyroel eg i fp-8opgdat of 5.9 x [ERR] C/cnK. A [ERR] neasured in the sane
manner at 1600C was 12 x 10- CGSesu. Conparative Exanple 1

Comparative Example 1

166 parts by weight of terephthalic acid, 166 parts by weight of
isophthalic acid, and 250 parts by weight of diacetoxymethylhydroquinone
were placed in a reacfor.provided with a2 stirrér. a nitrogen inlet tube, _ &‘/
and a distillation tube.. The mixture was heated to 260°C under a
nitrogen stream and stirrea vigorously at that temperature for 2.5 h and
then at 280°C for 3 h while acetic acid was distilled off from the
reactor. The temperature was elevated to 320°C and the feeding of
nitrogen was stopped.ﬂ The pressure in the reactor was reduced gréduaily
to 0.1 mmHg after 15 min. The mixture was stirred at that temperature
-under that pressure for t h. ‘

| The resulting polymer had an intrinsic viscosity of 0.87 as

determined in a 1:1 mixed solvent of tetrachloroethane and phenol at a L
concentration of 0.5 wt%.

The_resulting polymer was heat-electretized in the same manner as

in Example 3. The piezoelectric constant d,, was 9.2 x 10~® CGSesu -



166 parts by weight of terephthalic acid, 166 parts by wei ght of 33

i sophthalic acid, and 250 parts by wei ght of diacetoxynethyl hydroqui none

were; placed in a r éact or provided with a stirrer, a nitrogen inlet tube,
anda distillation tube. The nmixture was heated to [ ERR] under a nitrogen
stream and stirred vigorously at that tenperature for 2.5 h and then at
2800C for 3 h while acetic acid was distilled off fromthe reactor. The
tenperatuF%mMH§ 8l evated to [ERR] and the feeding of nitrogen was stopped.
The pressure ip the reactor was reduced radual ly to Q.1 nng%rafter 15 mn.
The mixture waBeskalyper obtained 1pFX3BPLE Jr Has IQFLY A6 WHEeMYe for 1 h.

i L?%EL aBihvRRetef a?cg‘é‘?fv ot fiEhc %L}%‘éﬁﬁaﬁ?"%&e‘zé Peasabe FhEdon of 0. 5
wo% T I
Buarpl o 375 pPRChiliine (5 ZREE AEh oy holiet ta&%%”gf sy
Exanpl e 4] Jéﬁni'?:gl e U5 fhakny PR 1S o ye%@emyﬁfor -

|ncorporate wth ceram CS po zirconate-titanate

whi | e heatpb&ﬂ,tﬁhﬁ[foﬁ&s e HadHadk Artd- a%eparmek Afinl BE WSERAR figy POWder

was 30 vol % in the resulting conposite material. The reésulting conposite
was made ipRess.a FIERRestl¥ifl Fil Ml ok NGtd HesBrPRte 1nTRRe rs%iub"tﬁdnﬂ@rf' I'm

was nade |nto a test piece in the sane manner
as in Example 1. The test pieces at 220°C yas subjeoted to the
- application of DC electric field (ébd kV/cm) for 66 minutee.l The
\,) piezoelectric constant d,, was 2.6 x 1077 CGSesu. |
Example 5 | o
The polymer obtained in Example 2 was made into a 50-um thick film
in the same manner as in Example h. The hot rolls were heated to 220°C.
The test pieces at 220°C was subjected to the application of DC electric
tield (200 kV/cm) for 60 minutes. The piezoelectric constant d,, was
2.7 x 10'7 CGSesu. |
Example 6 |
The polymer obtained in Example 1 was heated to 280°C using a'hot
\ press. While being held between copper plates, the polymer.at 280°C was
subjected to the application of bc electric field (100.kV/cm).for 60
minutes, foiiowed by rapid coolihg. .The resulting film underwent
cryogenic grinding at -60°C. There Qas obtained needle powder. The
powder was uniformly incorporated into polyacetal ("Duracon M-90“. a
product of Polyplastics Co., Ltd.) using hot rolls at 180°C. The amount

of the powder was 40 volg based on the resulting composite. The



as in Exanple 1. The test pieces at [ERR] gysubjected to the application '

of DC electric field (200 kV/cm) for 60 mn s. The pi erzTgbcl ectric
constant [ERR] was 2.6 x [ERR] CGSesu. Exanple 5 The pol ymér

4. The hot rolls were heated to [ERR] The test pieces at 2200C was .
subjected to the application- of DC electric field (200 kV/cm for 60

obtained in

9

Exanple 2 was made into a {ERR] thick filmin the sane manner as’'in Exanpl

!

m nutes. The piezoel ectric. constant [ERR. was 2.7 X Eﬁg CGSesu. Exanple 6
ctp (B ERAET KSR

The pol ynefeBEing camperleRAR @ade \fakoR 20 § % hAbtPrsEEss.

{0 the applieatinFtofOFe SREAPIReRCE RO ibErior of Thostotiedietd

o [ Ere. e B0 et B miG R R e Rl S RS e o

i ncorporatadezio@w%gghycg@gg%G['.E 40902 1 98% cBsBliRdUfhor &5%1'1 plggtics

Co., Ltd.)"using e anount of the po

based on the L es lj B O dnSERNS idrethe bBEvacetdy o dd rr%&y E1§nrY%5 de
into a [ERélzfe t_hllfécittr%?lgcm usl ngog o? -Epr%a}ses?. ;irheeg?ﬁ m 2? %0 was subj 'é'%?ed
to the apptpircatj@heogcddsuel ectric field (200 kv/cm) for 60 minutes in the
same nanner as in Exanple 1. The _

Example 7

_The electretized:hgédle powder obﬁained in Example § was
incorporated with'pOIy?;njlidene fluoride'resih-(KF-1160 made by Kureha
Chemical Co., Ltd.) using hot rolls in the samé manner as in Example 6.
Tpe amount of the powder was 56 vol% based qn the resulting composite.

‘. The test plece at 100fC was subjected to the application of bc eleptric
field (200 kV/cm) for 60 minutes. Thé piezoeléctric constant d,, ﬁas
1.5.5 10°7 CGSesu; :incidentally._the piezoelectric constanﬁhof the
polyvinylidene fluoride alcne measured in the same manner was 1.0 x 10~7
CGSesu. |
.Example 8 _

Thé polymer obtained in Exahple.! hnderwent eryogenic grinding at
-60°C. fhere was obfained néedle powdér; The powder was uniformly _
incorporated into pol&bﬁtylehe terephthalate ("Duranex 2002%", a pfoduct
of Poiyplastics Co., Ltd}) using hot roils at 230°C. The.amounﬁ of the
powder was 50 vol% basedlon the resulting comppsite. The-reéulting |
composite was made 1nto.a 50-pm thick ﬁest pigce using.a_hot press. The
test piece at 200°C was subjected to the applicationlof DC electric

field (200 kv/cm) for 60 minutes in the same manner as in Example 1.

S 4?0 vol %

~



pi ezoel ectric constant [ERR] was 2.2 x [ERR] esu. Incidentally, the 25
_pi ezoel ectric consfant of the polyacetal nmeas#fed in the sanme manner was
7.7 x [ERR] CGSesu. Exanple 7 The electretized needl e powder obtained in
Exaypl e 6 was i ncorporated with polyvinylidene fluoride resin (KF-1100 made
by Kureha Chemi ¢al Co., Ltd.) using hot rolls in the sanme manner as in
Exanpl e 6. The anount of the powder was 50 vol % based on the resulting
conposite. The test piece at [ERR] was subjected to the application of DC
el ectric firgd $16204 ebdii@Thohstan®l,]i el @S0 x Toe® We3eo®] eThéidenEINSt, Abke
[ERR] was 1.5 x [ERR] CGSesu. Incidentally, the piezoelectric constant of

t he pol yvi pyddo@eéctriit Usins8antilopneheTpoBibutfléne tocephdhzldtenfelsunes th Eh
CGSesu. Exanple 8 The pol ynmer obtained in Exanple 1 underwent cryogenic

gri ndi ng asageRRineFheas 8uasx abt™a! efesieedl e powder. The powder. was
uniformy incorporated into pol ybutyl ene terephthal ate ("Duranex 2002", a
product of ERmdptpl®stics Co., Ltd.) using hot rolls at [ERR]. The anount of
t he powder was 50 vol % based on the resulting conposite. The resulting
conposite was Fhelcpolymer qbtEmRY ihEsdmples? yrAscpade dnte) needtr powders inThe
test piece at [ERR] was subjected to the application of DC electric field

(200 kV/ cnfhe spnemannen 88sin Fxaneles § reanda i Porden wap,oads) tntp a test

pilece which was subsequently electretized. The piezoelectric constant

dy, was 3.8 x 10~° CGSesu.



The piezoelectric constant [ERR] was 4.0 x [ERR] CGSesu. Incidentally, the
pi ezoel ectric constant of the pol ybutyl ene terephthal ate suréd in the
same nmanner was 8.0 x [ ERR] CGSesu. Exanple 9 The pol ymer tained in
Exanpl e 2 was made i nto needle powder i'n the same manner as in Exanple 8,
and the powder was nade into a test piet® which:was subseguently .
el ectretized. The piezoel ectiic constant [ERR]"was 3.8 x [ ERR] CGSesu.

19 1. A polyneric piezoel ectric nmateri al mhlch

heat - el ectreti zi ng a rml ded pol yneric product Iﬂlﬂ!wn ﬂﬁllgm ester
(referred t‘oq':_zi "ani sotropic pol yester")c 18 pfesent as: (1)
a nol ecul ar n entl rer formed of units of. an aromatic hydroxycarboxylic

aci d residue which exhibit anisotropismin the. nol ten state, and/or (2) a

mol ecul ar chain, mrﬁéyyxﬁ@fi@dppézueléét@icaﬁaeéw&m Ghd qumﬁ@dc
acid residue which'exhibjiy anis 0 he nolten st Jpolyneric

B o on ot heahnateotr ot aiie 18 Rale st paLkper o BracRcin EomERH iR e 8
hydroxycqwmye@uexemmefetmndhmn|heseiﬁcaedahrUandeetabpﬁmr@cﬁyester">

hydroxybeRzQlE ¢! &é&éﬂé’“&s
(1) a molecular chain entlrely formed of units of an
aromatic hydroxycarboxyllc ac;d regidue which
exhibit anisotropism in the molten state, and/or
(2) a molecular chain partly formed of units of an

m/‘

i

aromatic hydroxycarboxylic acid residue which i,/

exhibit anisotropism in the molten state.

2. A polymeric piezoelectric material as set forth in
Claim 1, wherein the aromatic hydroxycarboxylic acid residue
is selected from one or more of a hydroxybenzoic acid residue,
a hydroxynaphthoic acid residue, and aromatic substituted
derivative residues thereof.

3. A polymeric piezoelectric material as set forth in
Claim 1 or Claim 2, wherein the molded'polymeric product is a
copolymer composed of the anisotropic polyester and one or
more other polymers selected from other aromatic polyesters,
polycarbonate, polyether sulfone, polyacrylate and
polyalkylene terephthalate.

4. A polymeric piézoelectric material as set forth in
Claim 3, wherein the anisotropic polyester is contained in the
other polymer(s).



“a hydroxynapht hoi ¢ acid residue, and aromatic substituted derivative 33—
resi dues thereof. .3. A polyneric piezoelectric material as set forth in
&Saim1l or Cla|ﬁ12 wherein the nol ded polynmeric product is a copol yner
conposed of the anisotropic polyester and e or nore other polyners

-&el ected fromother aromatic pol yesters, 22charbonate, pol yet her sul f one,

pol yacrylate and pol yal kyl ene terephthal ate. 4. A pol yneric pi electric
material as set forth in Caim3, wherein the i opi ¢ polyester is
contained in the other polyner(s). ~2.05. Apolyne ectric
material as set forth in Claim2, wherein the s ‘\ L‘Wﬁ of the
aromatl ¢ substituted derivative reS|due is one t he
ani sotropismto the intranol ecul ar di pol e nonent of t he hydroxycarboxyllc
acid conmpound and is at the substitution position to inpart such
anisotropism 6. A polyneric piezoelectric material as set forth in Caim
2, wherein the substituent group of the aromatic substituted derivative
residue is one which inparts the anisotropismto the-dipole nonment in the
di rection of g.healpodemerdenpidzonledtitéc amtentalatsngetonotthe f@rOagedtid;, ring to
whi ch the hydroxyl group and carboxylic acid group are

wherein the substituent group of the aromatic substituted derivative

residue is one which imparts the anisotropism'to the intramolecular

dipole moment of the hydroxycarboxylic acid compound and {s at the
[ substitution position to impart such anisotropism.

6. A polyﬁeric plezoelectric material as set forth in Claim 2,

wherein the substituent group of the aromatic substituted derivative

residue is one which imparts the anisotropism to the dipole moment in

the direction of the line connecting the cafbon.atczg cn the zroma2tie

ring to which the hydroxyl group and carboxylic acid group are

connected, and is at the substitution position to impart such

7. A polymeric piezoelectric material asfset forth in Claim 2,
{ wherein the aromatic hydroxycarboxylic acid residue is composed of one

or more kinds selected from the following formﬁlas {I) to (VII).

X; Y:
xl. Y. - ' E '

X, | | |
._o-ﬁgzz?_y; (o)

Co—



Qonnected and is at the substitution position to |npart such ani sotr.opi sm

ds

7. A polyneric piezoelectric material as s§t|forth in (]zujﬁfz whergln t he .

aromati ¢ hydroxycarboxylic acid residue is ose
selected fromthe following fornulas (1) to (VI1). [ERR 21. [ERR
(wherein the group consisting of [ERR], [ERR] and [31“"“% Imﬁm “t{“})
consisting of [ERR] [ERR] and [ERR] are separated b

intersects at right angles a(f;maconnectlng the carbon ‘at ns"on’ t he
aromatic ring to which the hydfoxyk,group and carboxylhb acid group are
connected, at the 22 cen dr p

hydr ogen and substituents wh
and the sane group does q@¢ C
another in the direction di

material as set forth in any o
group is

rof; each of said
iffer fromone another in dipole nonent;
atgsubstituents which differ fromone
|l e moment.) 8. A polyneric piezoelectric
Ctains 5 to 7, wherein the substituent

s Y.
AN N (m
BE®
-~0" Y:
X1 3
Y. Y |
(V)
—-(') ) & _
£ : (VI)
Y. Y3
—Oc Y.
Xy Yi
(Vi) -

(wherein the group consisting of X,, X;, and X; and the group consisting
of Y¥,, ¥,, and Y, are separated dy a line which intersects at right
angles a line connecting the carbon atoms on the aromatic ring to which

the hydroxyl group and carboxylic acid group are connected, at the

S is selected from



sel ected. fromone or nore of a cyano group, nitro group, aldehyde group,%?
carboxylic acid e$ter, carboxylic acid group, hydroxyl group, hal ogen,

gm no group, imno group, alkoxy group, alkyl group, phenyl group, acyl
g&kbup, sul foxy group and sulfide group. 9. A polyneric piezoelectric

material. as set forth in any of Cainms 5220 7, [ i tuent
group is one or nore kinds selected from cyano mum"ﬂ“mm;mﬂp acet oxy
group, chlorine, brom ne, phyenl group, alkly grdup® netHhoxy group, am no
group, and al kyl -substituted anmino group. 10. A polyneric piezoelectric

oup. f . ! ! A .
ol ecut ar St bt Eachibl: sHI) ErBuplC1RrLERRELRNCL RO BTSN
‘material &ndgubshituents hich difbesi AroRe0RB| aBathesdiat dipolse

heat - el ecigpifdrted)ard £he @&héogf@ﬁgcdeébméteéohﬁai’ﬁ%%bﬁ'ﬂtﬁ@ﬁ‘t@! Whidh
ferroelec%ﬁhg cog?ound. 23 é ., gglyaerlc Elezogl ctric materi al
as-set ford¥ffer AT, 9ne FPRERSH 1Rther dbEREELPRCO oﬁﬁBGﬁB memgRtodgani ¢
compound. 13. A polyneric piezoelectric material as set forth in Caim1ll,
wherein the ferg oel £l &P ROPIE2b8180 1O JELLF1 5P RS 0 £orth in

any of Claims 5 to 7, wherein the substituent group is

selected from one or more of a cyano group, nitro group,

aldehyde group, carboxylic acid ester, carboxylic acid group,
R T hydroxyl group, hyésegeay halogen eempeuwnd, amino group, imino
N\ group, ase-geups alkoxy group, alkyl group, phenyl group,

acyl group, sulfoxy group and sulfide group.

9. A polymeric:pieZOelectric material as set forth in
any of Claims 5 to 7, wherein the substituent group is one or
more kinds selected from hyd=egen, cyano group, nitro group,
acetoxy group, chlorine, bromine, phyenl group, alkly group,
methoxy group, amino group;'and'alkyi-subStituted amino group.

10. A polymeric piezoelectric material as set forth in
Claim 1, wherein the anisotropic polyester has a molecular
weight of 2,000 to 50,000. '

11. A polymeric piezoelectric material as set forth in
Claim 1, wherein the molded product (to be heat-electretized)
of the anisotropic polyester is one which contains a
ferroelectric compound. '



14. . A polyneric piezoelectric material as set forth in Cajm13, wherein
the i norgani c conpound is one or nore conpounds sel ected fr quartz | ead ~
zirconate titanate, potassium hydrogen phosphate bariumtitanate, |ead ;,ﬂ
titanate, |ead niobate, lithiumniobate, Ii Qm’umtant alate, strontium s
barium ni obate, [ERR], and*[:ERR] (where [ERR] represents My, Co, N,- M, -
or Zn; and [ERR] represents Np, Ta, Sb, or W. '15. A polyneric :
plezoelectrlc mat eri al as set forth in Cla|n112 wherein the organic
conmpound is Rochelle salt ar trigl - A polyneric

pi ezoel ectric material as.set fort mnﬂmz“ﬂ“ mﬂmerei n the organic
compound is a pol ymeric ferroelect Lerma A polyneric

pi ezoel ectric material as set forth in Claim12; wherein the organlc
conmpound is a | ow nol ecul ar. ferroelectric liqui d crystal conpound. 18. A

pol ymeric piezoe]ectric material as_set forth in-Caim16, wherein the

pol ymeric ferroel&ct fiR0Y Pf’&f'&‘i Bie7eelgntr 15 maksriakiagasets path da Ghadm 11,

vi nyl i dene quor* Sh t{lf|l&§? e;hylene V|nyI|dene cyani de, and

chl or oacryl SHeFPt1 &he fersge rﬁ"e?'é@“é&t?qm@%‘é{%erl al as set

forth in any pr egedi sheet. or film 20. A
pol yneric piezoe ectél °9ﬁ%?'q:’°| ﬁe?e]‘g%‘fﬂf’oﬁ% } 2% 1oftn Claim-11,

wherein the ferroelectric compound is an inorkanic compound

14, A polymeric piezoelectric materiai as set rorth 1n Claim 13, ~
wherein the inorganic compound 13 one or more compounds selected from L—/
.quartz, lead zirconate titanate, potassium hydrogen phosphate, barium
titanate, lead’ titanate, lead niobate, lithium niobate, 1lithium
'tahtalate. strontium berium niobate, Pb(B;-Bz)O,, and
PbT10, PbZr0, Pb(B, *B.)0, (where B, fepcesents Mg, Co, Ni, Mn, or Zn;
and B, represents Nb, Ta, Sb, or W).
15. A polymefic piezoelectric material as set forth in Claim 12,
wherein'tde organic compound is'Rochelle'salt'or'triglycin sulfate.
16. A polymeric piezoelectric matepial as set forth in Claip 12,
wherein the_organic compound is a polymecic tercoelectric material. L.J
17.' A polymeric piezoelectric material as set forth in Claim 12,
wherein the organic compound is a 1ow-molecu1ar ferroelectric 11qu1d
crystal compound.
18. A polymeric piezoelectric material as sec forth in Claim 16,
wherein the polymeric ferroelectric material 1; one or more kinds

selected from vinylidene fluoride, trifluorocethylene, vinylidene

cyanide, and chloroacrylonitrile.



any of ainms 1 to 18 which is in the form of pomder and/ or fiber. 21. A)ﬂ
pol ymeric pi ezoel ectric material as set forth in daim 19, wher ei n both
sides of the filnmy polyneric piezoelectric materi
eléplroconductlve film 22. A polyneric piéezoelectric material as set forth
in afy preceding Caim wherein the nol dedggpr oducu‘ummﬁﬂnm’ﬂmtlzed by
the application of direct current or both dlrect rent

A polyneric piezoelectric material as set forth in C ai m 20 Whetei.n the
fiber, if present, is in the formof short fiber. 24. A polyneric

plezoelectrlc nat he
" heat - el ectretlze M?i%?ﬁgé éé??&gﬁgfgg g’latgﬁqtaﬁ‘]egors%% 1f|°§5\tfbe‘|n
and/ or fi beranyg plrscpedzsngi Chatmhewhiehi bs 26. thepfoymeofc shieetoere Etirlim
material as set forth in Caim23, wherein the heat-electretized polyneric
pi ezoel ectric material is dispersed in a thernosetting resin. 26. A
pol ymeri c pi ezoel2@irid petymenicapiezoeleetRirnmatgrials aswiseteifiorthe imeat
el ectretlzechrgplammﬁ efoé‘éefé“ﬁhﬂ@ﬁeikalin' ¢he %B%S%Q b@waer and/or

thernnplastl ,re3|n
fiber.

21. A polymeric piezoelectric material as set forth in
Claim 19, wherein both sides of the filmy polymeric
T - piezoelectric material are coated with electroconductive film.

22. A polymeric piezoelectric material as set forth in
any preceding Claim, wherein the molded product is
heat-electretized by the application of direct current or both
direct and alternate current.

23. A polymeric piezoelectric material as set forth in
Claim 20, wherein the fiber, if present, is in the form of
short fiber.

24. A polymeric piezoelectric material as set forth in

Claim 20 or Claim 23, wherin the heat-electretized polymeric

\ piezoelectric material in the form of powder and/or fiber is
dispersed in other resin.

25. A polymeric piezoelectric material as set forth in
Claim 23, wherein the heat-electretized polymeric
piezoelectric material is dispersed in a thermosetting resin.

26. A polymeric piezoelectric material as set forth in
Claim 25, wherein the heat electretized polymeric
piezoelectric material is dispersed in a thermoplastic resin.



27. A polymeric piezoelectric material as set forth in Cl ai m 26, wherein
the thermoplastic resin is one which has a | ower nelting kdint thanthe

resin to be heat electretized. 28. A polyneriCCBLEEQELQQLLLQ_HBLeLiaI as ..
set forth in Caim26, wherein the ‘thernoplasti Sin is one or nore Kkindg

sel ected from pol yacetal , -polybutyl ene tggepht hal gt gmia . '
t erepht hal ate, vinylidene-fluoride, trifluoroet hv‘mnm"m““ cyani de,
and chloroacrylonitrile. 29. . A polyneric piezoel urater Fal * as. set
forth in Claim24, wherein the resin conposition in which the

heat -el ectreti zgd r.%'p%fy%ngff@eﬂfggoéfeégEige{n'a%g%ti'ail 8%t 5ot %th in
: Claim 26, wherein the thermoplastic resin is one which has a
lower melting point than the resin to be heat electretized.

_ 28. A polymerié piezoelectric material as set forth in
Claim 26, wherein the thermoplastic resin is one or more kinds
selected from polyacetal, polybutylené terephthalate,
polyethylene'terephthalate, vinylidene fluoride,
trifluoroethylene, vinylidene cyanide, and chloroacrylonitrile.
29. A polyméric piezoelectric material as set forth in Laf
Claim 24, wherein the resin composition in which the
heat-electretized resin is dispersed is further
heat-electretized. -




