DESCRIPTION RESIN COMPOSITION FOR WIPE COATING AND INSULATED WIRE
COMPRISING THE SAME 5 TECHNICAL FIELD The present invention relates to a resin
composition for wire coating. More specifically, it relates to a resin composition for wire coating which
is obtained by mixing a 10 thermoplastic polyester resin with a polycarbodiimide compound,
magnesium hydroxide and an inorganic porous filler. The present invention also relates to.a resin
composition for wire coating which is excellent i exttugdalility, heat deterioration resistance, abrasion
resistance, flame 15 retardancy and insulating properties, achieves low smoke-producing properties
and contains no halogen compound. BACKGROUND ART Heretofore, a material comprising polyvinyl
chloride 20 resin (B\MGC resin)iasshegrouset as eiwire coatingimaterial IR Crresmrasia mire coating
mater!al has e><_c¢_allent insulat_ing properti%ﬁr%%ilssi?ﬁép%g%ves However, w_hen the wire coa;ing
material comprising PVC resin is burnt after it is scrapped, it causes an environmental pollution
problem such 25 as the generation of a gas containing chlorine at the time of the disposal of the
scrappage. In the fie|¢ of transppftation such as automobiles and trains, wire coating materials are
desired to be light in weight and thin along with the weight reduction of a car body and the space
saving 30 of a wire all &%%ﬁwi@ﬁ%?@&i‘%né@i’@%\}éjﬁnéﬁgy?*Tﬁén,tﬁn dléfintbased hvatériaris’proposed
as an environmentally; friendly=wire goating materiat (refer4o Patent:Dosument 1) cAltheugh the
olefin-based material is .frtee frO(P an Snvironrgg tlzatrl1 0\!\|I t{ocr}qpriosbl%mtvelgel{ﬁ%ul %ng{ iinmexpgnsive, 2
an olefin-based material which |sosatis%arc?or%/ In terims of méchanica sfarengt and Sbrasioh fesistance
for the retuction’of the weight andrthitkresseof a wirercoating niaterialyis ot obtaimediyet.
SMeanwhile, a thermaplastic. palyester, fesin.aut of polyester sesins,which are engineeting plastic
polymers has been used as the above material other than olefins. Since the thermoplastic polyester
resin is excelleAtif st Fédistahed Abrasionésistariebs bREtricCprdpERies) 10 CHenTidal registance
and moldabilityand has low absarpyvity: and excellent-dimensional stability.bisiused, inka wide variety
of fields such as aéjtomobiles, electric andf electronicba ElPliances, insu!%tinnq mat%rials and OA
equipment. For éXamplé §in¢€ it HagThé above characteriste properties. it is’ discloS&d that it can
reduce theweiglattandthickness: of wirewcbating ywhilediretain @brasion resistancerefer to Patent
Document 2). However, the fyrther improvement.of the heat resistance, and meehapical praperties of
an insulating 20 material for wires has been desired in recent years. Then, to improve heat resistance,
there is proposed a material obtained by adding an epoxy group-containing additive to a thermoplastic
polyester resingrefertoReference Document 3). However, satisfactory heat deterioration resistance is
25 not obtained yet. To further improve heat resistance, there is also proposed a material qbtained by
adding a carbodiimide ESBOTHE S a thefRbpiastc poryddter F&iA (1?&2??01 Patert DSCUMEN 4).
However? when thei softering temperature:; ob the:30 carbediimideicampornd igylove tthatiis | the
molecular weight.of the polycarbodiimide is low, ther curs t e ioration
resistance degg:?'sl{él{?a‘s,r SE %o%asas#%v(ljll gt%r%gfir?\?é? gpr%ﬁﬁ %hgérL C%%L%%%%{é@g@%%é% I%%;%eg ?Fl%ore is
another problemrthatthielipolycarbodiitnide havfiesd iy 3 3efiening tefperatireisiddiered to a port
for injecting raw materiajs,af the-time ofpraducing @ cempesiton, thereby-making i impessible to
obtain industrially advantageous productivity. 5There is proposed use of a composition having
excellent heat rEsiHERE abrAsionTeSRtARCE a8 PERXHArCY 8hd hydrdlyBis YRS RTaREE: Which is
prepared2by adding agpolyester-hlack.copgolymersandnarganicrpprous fitteérand:a carbodiimide
compound to a thermaplastic polyester.resin, 10 as an insulated wire (refer to Patent Document 5).
However, the fﬁr?he{;glr%ppgr‘%vséjrﬁésr%tﬁof?r?susgtléngsﬁr%%%ﬁﬁe%elé de%ilreg.%(gi EelI—gl;r”)rt eor?there Is proposed
use of a compdsitioreivavirig: héatresistance, flameretardatcy iy drofysissresistancecarid.abrasion
resistance, capable-of;achieving low 15,smokespreducing praperfies and cantaining.ng halggen
compound, which is obtained by adding a polyester block copolymer, magnesium hydroxide, an
inorganic porods-filleraifd 4carbodiirf %%Fﬁiﬁbﬁﬁd%%ﬁ\é?ﬁ%blﬁ% E%I?/e%?é‘ﬁ%sﬁivds“é?n insulated
wire (referdo Patent Documertt 6) c20 oweaves,rsinee instllatingspropettiesrare .degraded by
magnesium hydroxide vygich isdadd 2d to, aﬁh@ve Io%/\ésmsok -pjgd%cingggqpﬁegties,atfej'mt{;rovement of
the insulating p?ége‘rﬁgs i$"desired (Patent Docu enPf) 5 (ﬁatenPDocurﬁénFﬁfz atent' Document 3)
(Patent Documént &) (Patent Documsent ) (Ratent:Dacumehnt6) 30 JRA 2009-249890-JP:A
2002-343141 JP-A,9:263685 JP-A,2007:211123 JR-A 2010-100724 JP:1\2010-121112 |
DISCLOSURE OF THE INVENTION It is therefore an object of the present invention to provide a resin
composition fofiité coatifig whick fs-excelientin extrtidability flexibility. Reat detetioration’ < -



resistance, abrasion resistance, flame retardancy and insulating properties, has low smoke-producing
~ properties and contains no halogen compound. The inventors of the present invention conducted 5
studies on flexibility and heat deterioration resistance and found that a polyester block copolymer
having a specific block length improves the flexibility aAd heat deterioration resistance of a
thermoplastic polyester resin. They also found that when a specific polycarbodiimide having a high 10
softening temperatureds afdded sa high:levelofiheat deterieratign resistance ¢an-be achieved without
impairing productivity. They further found that low smoke-producing properties can be achieved by
using magnesil?}ﬁ%gapdx?(%elhg\}iﬁé} %%%%Cl %Jpaarﬁ(ﬁ%sd% Qr%etreer3 \bfvllt‘%é)ﬁf‘ Fe%ufci)n]@ f@ |ensulating
properties. Theyalso-found that a highWevellof irsufatingipropertiescandbe'achieved byusing an
inorganic poroys filler having a %ggifwgglgcgi%gt_er. Further, they found that the deterioration of
physical properties, especially tensile elongation, caused by the 20 reduction of heat stability by
magnesium hydroxide it &i inorganié poPcusifiliertahibe supbressediby Gsing Eedmbihation of a
hindered phengl-based aatioxidant, andra; phosphorus;based-antioxidant: Thepreseatinvention was
accomplished based on these findings. 25Accordi%%to the present invention, there is provided (1) a

resin compositiGit for Wité Coafing Compridiry: tAf 160 Parts By Weight 6f & thériisplastié pofyester
resin (component A) havingcerferminal carboxybgroupresin cencentratibnraf not ntaretthan 20 eqg/ton
and an 30intrinsic viscosity. of 07,10 1.4 dllg; () 40,19, 150 parts.by weight of a.nalyester block

copolymer (component B) obtained by carrying out a transesterification réaction betweén 50 to 90 wt%
of a soft Ségment BohPonEAEB-1Y) and 56 16! TTWHBof B! 5 hardsegmdit(confsoient Bt 2vand
having an intringic.viscosity of 0:6 to; k.d.04/g-and a melting peipt of 199 to 230€, the gomppenent B-1
comprising 100 parts by mole of acid components consisting of 10 to 40 mol% of an 5 aliphatic
dicarboxylic acid“donfiohent having €tots BatbonBGHREhponet'B-1t4) 4nd 86 to 60 mol% of
isophthalic acids(cemponent-6z1+2) and 00, parts hymale ofianaliphatie exi(4diekhavyng 6tto 12
carbon atoms (companent B-1-3), andthecomponentB-2 comprisi 00. 10 parts by mole of
torephiialic acis (e BINGr: b 24) ind 100 Py fedre o A M s e e PaTe S0 4
carbon atbns (é6moréht 61222} C) 1ot té 1.0-parts by wsighitef & polyehrbodlirhidecdormpsund
having a softening {emperature af 504 of higher; 15, (D) 19 10, 30 partshy; weight of magnesium
hydroxide having an average particle diameter of 0.1 to 2 pm (component D); (E) 0.5 to 5 parts by
weight of an indrgaRit Porbus Rfei Haing’an average particle diameter of 0.1 to 1 pm 20(component
E); (F) 0.002 to 2.5 partschyewetght eha hindered phenepl-hasedantioxitlant écampanent F); and (G)
0.002to 2.5 parts b pvggiggte of a gh%sepcq%)rusl-cbgied ggti%xi%arét S(c%rpp((_;l)rqer{t_f1 CSEPJ.lZa A%:ording to a first
preferred aspegt ot the presen?lnventlon,atﬁeré IS p?ovﬁaeé a resin composition desiribed in (2),
wherein the compbrentD i$ surfate tredted witheat ldast onel sirface treatingeagent seéleeted from the
group consisting of higher fatty, acifs, anionic sydactants, 30 phosphgrie acid esters, coupling agents
and esters of a polyhydric alcohol and a fatty acid. According to a second preferred aspect of the

present inventi6iv, tAérsSE provitidd (3fatesmreBiipasifioh deser e innd) dr ()t Wierém the
component A is-atdeast 6oneitbepnoplastie polyester resinrsaleciediamthe groupcansisting of

polybutylene naphthalene dlcarbox%late %e?}r% S%oqunené éﬁl) and gg{lxgy}t){gene t%rgggghalate resin

(component A-2). 5ACC%VF§’I}§8 6a Fr%isprg erredyaspgé %rpjré)sren ifvention, there s 6rsc’)vided 4)

a resin carhposition déscribeddn ¢3)Fwherein the component A contains not less than 50 wt% of
polybutylene naphthalene dicarboxylate, resin (component As1)- 1oAccording,to a fourth preferred
aspect of the present invention, there is provided (5) an insulated wire which contains a conductor and
an insulating mateiip e6ated Girtheexdericsutfacedf the ashdutior? whereindhéHsifating material
is the resin compgsitinndeseribedrin anyone-0fils(l) 19 () - r rAccording:to-a fifth preferred aspect
of the present invention, there is provided (6) an insulated V}f{i{e described in gg wherein the thickness
of the insulating’ HatEHAIis0.01 t6 0" itk 20AEEotdIRg™ B 2 Sikth {Steraried ‘"*b'égfeo?&gkb(?esent
invention3 there-isiprovided { Aeandnsutated wire described tin {5), whiehrhalsea sheathvlayghon the
surface of the Insulafing, ateyial. The prsent inuention includes yse of Ihe resin 3. fompogition
described in (1) for coat%g _wire. The present invention includes a method of producing an insulated
wire by extrudifig tHe P&sif Eomposition described’in t1) oftortheestefidr surfageé ot & cerductor.
According to thigsmethod, apdnsulated wire, whichiis 30 excellentin flexibility . heat.detedoration
resistance, abrasion resistance, flame retardancy and insulating properties and hardly smokes is

obtained WhilethE Rod& o eanyimg SutTheE present IRENtBH Will b8 Heseribed Réreinbelow, it

is illustrative and not



restrictive and various changes may be made in the invention without departing from the technical idea
of the present invention_ BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a diagram for

~ explaining a method of carrying out an abrasion resistance test on a. molded article; Fig. 2is a
diagram for explaining a flame contact method in a londsmoke-producing property test made on a
molded 10article; Fig. 3 is a diagram for explaining a measurement method in a low
smoke-producing.prapertyfest made-on,a molded;adicle; and = o -Figo4 s diagram ferexplaining
a method of carrying 15 out an abrasion resistance test on an insulated wire. Explanation of reference
numerals 1. Refiprodating kifetic friction Tstét 2 MBaSreltent safipie’s L&l 204 it Ball 5.
Collection bottlen6 xTension dumbhel {IS0527dAdtype) 7. Burder(far UL BY)Bivantageous
Reflectance/transmiig:}ance meter (HR-100) 259.Insulated wire 10. Conductor 11. Insulating material
12. 90 sharp edge i3 Power supply 30 BEST MODE FOR CARRYING OUT THE INVENTION
(componerit A: thermoplésticepolyesterresing Tiie compermat Asis tal thernfoplastie pos/estariresin.
Examples of the, tharmoplastic.polyester tesin include & pelyetbylene-terephthalate fesin: palybutylene
terephthalate resin (component A-2), polyethylene naphthalate resin, polybutylene naphthalene

dicarboxylate résitt (Copdrent 281} ‘vollieyclokBxaie diméthiis terEphthadté! tésin Spolytrimethylene
terephthalate resin aad polytimethyleng-naphthalate: resimQutof these; polybutylene naphthalene
dicarboxylate resin argi f)p |){£’Ut}§|§n§ t{gr%)lﬂgh léate ares;%n@&cﬂg(r}n{pf_nse{]& éZ% reeprgéerrarb?l)é ;LLJrsied. The
content of the p%‘l%ﬁy ens wblnaphtﬁa%ne |caﬁ)ox§lia'te resin (éompo en 3fAf) IS preferably not less
than SO W%, more: préfesaldly netllessrthant6d wivs.© FaTha tebminahearboxyl grogp evacentration
measured in bepzyl alcohglat 33C, of fhe thermeplastic polyester, resin. 15 {(eamponent;A).ig not more

than 20 eg/ton, preferably not more than 18 eq/ton, much more preferably not more than 16 eqg/ton.
When the terminal carbbkyltgi6tip doneehtrafidriieMigiiet thah 26 eycHRAryet hidatetdisration

resistance canngs be ebtained: aven by usirgra palyearbodjimide compound:.c20 Therintensie viscosity

measured in orthochlorophenol ag%gic of the the%lfglaspc gg%is%er res!?O(gomponent A)is0.7to 1.4

dl/g, preferably () faosi.%ndlfgf ore pr?'((a:f%fab%‘?1 B0 1.4l Yen the initrinsic viscosity falls within
this rangé,a resim@ompnsdxmmr_iaw'n@emeuehtt heaﬁz&det_e@bl?aitimhwesist_aﬁt@mabrasion
resistance can 91&55%@9, and excellgnt extrusion, %—P&EXH?” beobtained. . component A-1:

polybutylene naphthalene dicarboxylate 30resin)  The polybutylene naphthalene dicarboxylate
resin (may be abbréiiatedas PBN Kareiffafter ds the'6omponeht A% Sarr bepretidcéd bysing a
dicarboxylic acid,compaonent essentially campesed-ofraphthaleredigarbexylicacid aadios 9 an ester
forming derivative of naphthalene,dicargox ic acjd and a %Jécol comEpotnent ngentiallr\lltco posed of
1,4-butanediol “FHie hapfthalenedicar &gﬁi abid Somponent is Mainly & 2, 6-naphithdlenaticarboxylic
acid or 2 Zenaphthatenedjcarboxydic acikdButanotherdicarboxyic acid nuyobe dsed iy combination as
long as characteristic_proper O, | i 3 les of athet oxylic:acid include
aromatic 10 dictlﬁﬁaaoxef/%é gﬁ%ﬁ%ﬁ%ﬁ?@%ﬁ%ﬁ%é ;%Eigigt%&ﬂ%c&gg&gf%é%ﬁpenyldicarboxylic
acid, diphenoxyetiearie:2 2 dicatbokyié aerlr dighenylstifordi11cgearboxylic abid and diphenyl
ether-4,4" -dicarboxylic acidaliphatic dicarboxydic acids ko such as adipic acid, sebacic acid, succinic
acid and oxalic acid, and alicyclic dicarboxylic acids such as cyclohexanedicarboxylic acid. They may
be used alone orin COMbINROH 6 o or more ahd can be é%h%gr(ﬁ)[} selected according to purpose.
The amouant of thesather carboxylkan20 acgid is preferabBotat-nidreithan 30 mol%, more preferably not

o . i R
more than 20 m é)t%%sﬁedD%Q: {lhrgety%al 9{ all the ﬁg_lg\cgwg%gté The ester forming derivative of
naphthalenedicarboxylic acid is mainly dimethyl

{Patent Document 4) JP-A 2007-211123

(Patent Document 5) JP-A Z2010-1006724

{Patent Documeni 6) JP-A 2010-121112
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provide a resin composition for wire coating which 1is

excellent in extrudapility, flexibility, heat deterioration



25 2, 6-naphthalenedicarboxylate or dimethyl 2, 7-naphthalenedicarboxylate. As long as characteristic
. properties are not impaired, the ester forming derivative of another dicarboxylic acid may be used in

" combination. Examples of the ester forming derivative of another 30 d carboxylic acid include lower
dialkyl esters of an aromatic dicarboxylic acid such as terephthalic acid, isophthalic acid, 4,4
-diphenyldicarboxylic acid, diphenoxyethane-4,4'-dicarboxylic acid, dphenylsulfone-4,4' -di carboxylic
acid and dipuenyl. J10.ether-4,4"dicarbaxylic acid, lower-dialkyhesters,of an-aligyclic dicarboxylic acid
such as cyclohexanedicarboxyleic acid, and lower dialkyl esters of an aliphatic dicarboxylic acid such
as adipic acid, sébadicPacid Ssutciric acidaid 5oxaltc dcid" They My he tséd Bidnesdrtin®s
combination of weiormore and may he arbjtrarily setectediaccording to purpose. The amount of the
ester forming derivative_of another qﬁicarboggjic&%d IS 1[prefep[;?bI:\t/nngt more I;[heél:n 38{2 Ig/%, more
preferably not more than 0 Moi%% 'haséd on the total of 1O all the ester flormingoaerlva Ives of
dicarboxylic acid$.udieAsmall amdunt of a earboxyhd atid earmponénithaving 356emotesfunctional
groups such as tHmelitie acld may be used, o A amall amaunt alan acid Anydride sgh s trimellitic

anhydride may be used as well. A small amount 15 of a hydroxycarboxylic acid such as lactic acid or
glycolic acid, orarPalkyl 85tek thefeof bl isdd and abitrarily elétied atcbfding 16 plrpose.

The glycol compenentis, mainly 4,4-butanediob but: anether glysel.compenent may beusedsin
combination as long 20 as characteristic properties are not impaired. Qne or more alkylene glycols
such as ethylengéogﬁq)?(%ol,t %Eprvf)%?/fénae g? Jc%%"ffi?prgﬁ)}lgﬁg ]é y%%ﬁ Jh%lo%%n&/?éfnlenalyi%%lgg
hexamethylene ghfcotdecantethylene glycel, tyclehexanedimethanol,adiethyteherglycol, triethylene 25
glycol, poly(oxy)ethylene glycol, paly(oxyjtetramethylepe glygol and paly(oxy)methylene, glycol maybe
used as the other glycol component and may be arbitrarily selected according to purpose. Further, a
small amount oPd polyhydiié alcohol edihponehi tich as'ylyddittmay b lised A& sRTEGEMeunt of 30
an epoxy compgungmay: also beruised. 7he amoeunt of thesather glygakeompongnt:is preferably not
more than 30 mol%, more prefera?y not more tk;ian 20 mot% basedt(%r; the tota{t#cl)f all the glycol
components. THé &molint of fiie giycdi cofpohentis prafsrabiy 191 Tt 1 4TS i¥ger than the
molar ambiint of the:aboverdicarhoxylic deid .or thessteriformifigudetivatiue of: aldicarbdxyliclacid.
When the amount of the glycol ¢ onent is less I , sterification or
transesterificatigr% ré“a}%t%%gdgge%ﬁg%gﬁsy%géggd é}%ggd%gn%%%%li%gw %n?%% Ilzgl(%noa%nt of the glycol
component is nidre i 1 4 Bifdes] thé Féactioh rate becoRiessidw thoagh Hid reds6m forahis is

unknown, and the ameunt of ady-produst suchias tetrahydrofuraparoducedfram,an gxgessive glycol
10 component becomes large disadvantageously. A titanium compound is used as a

polymerization BA{aRRF inthe préduétioh o PBN STiie titanfuri EdMpotng 1ed5s a pblymirization
catalyst is preferably @ tetraatky! titanatessuchias tejrasn-prepyl sitanate Hetraisoprepy AStitanate,
tetra-n-butyl titalngé[)e tgtrgzja_-csecbbruM tit%r}L (i,etgtrg-athbtggl tist%nate tseérgan-gexxll Stit%natae, tetracyclohexyl
titanate, tetraphényFt?tanate &r tetrafgenzy'titanate. A mixture of 1 t%ese may also be-used. Out of these
titanate compoids; isted-hapropyl titaheta I20 ttraisopropyltistate 2nd tetradrbitybiithnate are
preferred, and telffashutyl litanate.is mostpreferred: The amoupt-atthe titanjym.¢ampoynd is
preferably 10 to 60 ppm, more preferably 15 to 30 ppm as the content of a titanium atom in the formed
PBN. 25When t?]%cé?iﬁﬁ’éﬂt%ﬁﬁg e Sforh it fife fotR2d2 BN exceeds 60 ppm, the color and
heat stability of the thermaplasticyplyestet sesincorposition of thenpresent invention-detesiorate
disadvantageomﬁ)i. Vgh%g é@e cgrg)teng %fi$§ gi{tla ium aﬂ;ggn@iscnoat more tg%n loip m, ood 30
polymerization activity cannot be obtained and P (f\fhaV'i'hg su?ﬁci’enrﬁcfl hlgﬁlfljn]frlnsm iscosity cannot
be obtained disadvantagéouslyt PBN is'preférabhf prodieced throagtt astep Iorcdreyingsout an
esterification or transesterification, reaction .12 between.a dicarboxylic ggid component which is mainly

naphthalenedicarboxylic acid and/or an ester forming derivative thereof and a glycol component which
is mainly 1,4-butanedi6Pih $R8 prédened of & tianiuRPésmpband ahd 5. Stbsegtert”
polycondensation reaction:step.ithetemperatuye arthe, end of thesesterification or transesterification
reaction is in the range, of preferably 180 to 220C, more preferably 180 to 210C. When the
tomperature at 18 ond O e CAIeFAEAON ir 10 Fhmeme iR Foaaibn te FigHer thall 230G, the
reaction rate becomeshigherchgtthe dimount af aby-produetrsuchras tetrahydrofuran becomes large
disadvantageously. When the temparatyre is lower than 180C, the reactian dogsqipt proceed. The
reaction product (bisglycol ether and/or 15 a low polymer thereof) obtained from the esterification or
transesterification reactiotis préfedlsy polyeoRtERsEd under 'a reticed préssiite of nof nate than 0.4
kPa (3 Torr) at a temperature higher than the melting point of PBN and lower than 270C. When the
polycondensation reaction 20 temperature is higher than 270C, the reaction rate lowers and coloration
becomes marked disadvantageously. (component A-2: polybutylene terephthalate resin) The
polybutylene terephthalate resin (may be 25 abbreviated as PET hereinafter) as the component A-2 is
obtained from a polycondensation reaction between

terephthalicacidoraderivativethereofandl,4-butanediol oraderivativethereof. As long as the object of
tha nrecent invvantinon ic ot imbnaired another dicarbhoyviie acid ar 20 alvveal mav be connlvvmerized



Examples of the copolymerizable glycol include 1,2-propylene glycol, 1,3-propanediol,

- 2,2-dimethy1-1,3-propanediol, trans- or 15cis-2,2,4,4-tetramethy1-1, 3-cyclobutanediol, neopentyl

~ glycol, 1,5-pentanediol, 1,6-hexanediol, 1,4-cyclohexanedimethanol, 1,3-cyclohexanedimethanol,
decamethylene glycol, cyclohexanediol, p-xylenediol aad bisphenol A. If small in quantity, at least one
long-chain 20 diol having a molecular weight of 400 to 6,000, that is, polyethylene glycol, poly-1,
3-propylene glycol or polytetramethylene glygghmay bercopolymerized; These,copelymerizable glycols
may be used alone or in combination of two or more. 25PBT can be branched by introduqi@% a small
amount of a branching“dgerit SAltHoGdh theé tyise of thé' bfahétingagent is Rt irhited, tHmesic acid,
trimellitic acid, trimethyleletharie, trimethylelpropane ard pentaerythritol niay be:used.,30Fhe terminal
group structure of the obtained PBT is not particularly limited if the terminal ¢arboxyl, group
concentration is not m8r%e t%%lndzocganﬁ)éjnr}%%%sthg%rrlr%/&u%lo?g tgrgniggl %f/)dr%)gyfngc%ﬂpQr#af?1 be almost
the same, farger or smallépthanithedimeuritof atérminal darbokylcgrenp. Theserd4%efminal groups
may be capped by reacting, g.compoyind hayving reactivity to the terminahgroupgo mo1As for the

method of producing PBT, the dicarboxylic acid component and the diol component are polymerized
under 5 heating in the bFé3hce ok HpdfytonderBalioT Catalyst contaiing titaifiimS germanium or
3ntirrr:ony ijn ac%ordam@fvvi&fm ﬁa@%@@'ﬂ@%go{n@m‘c@% ﬁﬁ‘iifmﬁjb%'pf@dQdi:\é:@E%rOriQ\M@l%am?hm i%
ischarged to the outside of the system. Examples, of the germanium-based polymerizati atalyst 1
include%xides, hydroxigce%fﬂﬁgﬁc?exs%, a 5353 t’e%tgrcliélgC %eercl%lra%)e%ngfn grgergrﬁ%ncl:u(%wnﬁ%é% gﬁeqcl igcallyy
germaniuh® oxide, germanium hydroxide, germanitmi tétrachlorideiahd tetraprethoxyderdahium. In the
present invention, a corpeund such as amanganese, 15,2in¢.caldum.oLmagResium coripound may
be used in combination in the transesterification reaction which'is the previous stage of conventionally
known polycondensatién-and psfyebhderisatin &P a6 b carfied oat by using a phosphoric acid or
phosphorous acid ponmoyr}d)t@ @gﬁcﬁiykgt@ ;(alaﬁwa{caﬁmstaa;ﬁ@n,y@?maﬁmefw\a@atpaﬁmon
reaction. (component B: palyester block copolymer) The polyester .copolymer (component B) is
cd by carmyinG Bt ansbSioriEaion 1eA5r botkcen'50 15 80 w6 b1 & Softsegment

25 obtained by carrying bt adrdhsedterificatish reaction betweery Wt Of & Soft'segment

(component 9-1)7and S0ita 205Wt%0f ashard segroent (compoment 042).hydrhe pelyesterrgock
copolymer (component B) has an.intrinsic viscosity measured in orthochlorophenol at 35€,30 of 0.6 to
1.1 dl/g, preferably 0.7 to 1.0 dl/g,more preferably 0.8 to 1.0 dl/g. When the intrinsic viscosity is lower
than 0.6 dl/g, the therrkal’motion of a polymer chain becomes active due to the short polymer chain
with the result that,a thermal decompasitien, reactign:during extrusiopnrocessing ©f arheat: 15
deterioration resistance test is promoted, thereby deteriorating flexibility aﬁd heat deterioration

resistance. When the iRERSIOVidBoslty3s hiher Han 11517, the probability that hard s8fments

become adjacent to eagchoatherbetween;molecules or in the molecule becomes high with the result
that crystallization derived fr thg r[g segme tjﬂs R otgg gu}(ipg 4 Q gg %r'io_rgg%ré gesistance
test, thereby de(t?e[lrl}oratal{rig% égar? etét%?)fa?ién res%taﬁcé%.'I;'rl']C he polyésjter%ef‘ocﬁaéopéﬁymer (component B)
has a 10 melting pointét 1.90:t6 8000, sraferaBR 05 to 225¢: more preferably 200 to 220C. When
the melting pointds lowerdhan 190€, g heat decomposition reaction during a,heat-deteHeration
resistance test is promoted, thereby deteriorating heat deterioration resistance and when the 15
melting point is higher #idr 936628y stafiZAH6H WeFfived from the hard segment is promoted during a
heat deteripration resistanee tesinthereby: deteriorating: ieatrdeterisration resistarce. riescanstituent
segments of the polyester block, 20 copolymer (co nent B) are the soft segment.(component B-1)
and the hard sejggﬁre%ﬁégr%pon%reﬁrée-zi%We*géfnltgqneﬁ)%fiﬁ c%)mrp%snleﬁt B1 %%§G 'J[Col%é) wt% and the
content of the coampenéheB-27s 60)to 10 Mm% vaset: oRCTOTWE ofthestatak dfthe dompodrents B-1
and B-2. Preferably, the.content of the 25, compenent.Bliis 50,t0.80 Wik and the eonfent pf the

component B-2 is 50 to 20 wt%. When the content of the component B-1 is lower than 50 wt%, that is,
the content of tHé Eampsiient B=2 Tighér tHaf 50 Wide, ensite’ elohgatiohgretiy Ao Wers with the
result that flexihility sequired-for awire: eaating, 3Q- matarialds lost\Whenthe centent obthescomponent
B-1 is higher than J?OhWt?{?"' that if, the clonterg of tl}% _%mp%(]arét B-2 is lower than 10 wt%, sufficiently
high heat deteridration’resistarice and abrasion resistance cannot be ensured. 16 (component B-1:
soft segment) TheZoftcsegmentt(compenent B11) isfeompdased pf $00partsibymmelesoftan acid
component consisting pf 10 to 405 mol% of an.aliphatic dicarbaxylig acid component having 6 to 12
carbon atoms (component B-1-1) and 90 to 60 mol% of isophthalic acid (component B-1-2) and 100
parts by mole oflgf @liphatit alwldidl aving 6 t612 Carboh KtortE [Rononént B- £-8) 6When the
number of carbon atoms of the aliphatic dicarboxylic acid component (component B-1-1) is 5 or less,
the distance between carboxyl groups becomes short and the component is easily hydrolyzed, thereby
deteriorating heat deterioration resistance. When the number of carbon atoms 15 of the aliphatic
dicarboxylic acid component is 13 or more, flexibility becomes so strong that abrasion resistance
degrades. Isophthalic acid (component B-1-2) is used to improve the hydrolysis resistance of the

polyester block copolymer 20 (component B). Use of an aromatic dicarboxylic acid such as phthalic
acid or tearenhthalic arid in combination with iecaonhthaliec acrid for thice niirnnce iec narmiccihle if it iec within



10 component 3-1-1 is higher than 40 molt, that is, the content of the component B-1-2 is lower than

. 60 molt, a heat decomposition reaction during a heat deterioration resistance test is apt to be
promoted with the result of the polyester polymer deteriorates in heat deterioration 15resistance.
(component B-2: hard segment) The hard segmest (component 8-2) is composed of 100 parts by
mole of terephthalic acid (component B-2-1) and 100 20 parts by mole of an aliphatic cc,o-diol having

2 to 4 carbon atoms (component 812-2).nc 1 yd erephthaliciacid {gompenent,8;2-k)Hs uged i improve

the crystallinity and abrasion resistance of the polyester block copolymer (component 8). Use of an
aromatic 25 dicarBoxyfic a8id SUcPas 26 hdphihalenadicdroosyiic &yH& OF 44 diptenyidicatboxylic
acid in combinatioanwithnterephithalic acid ferthis-purpose is permissible4f i isswithinithe scope of the
present inventio(ndcljn thcgs case, the content of terephthalic acid is at least not less than 3060 molt,
preferably not less than 70 mo , p‘a{rﬁcularly preferably not less than 80 molt. The aliphatic
a,(8-diol having 2 to 4 carsorratonts {compohientBRr2)fis used to enhahce thé krystaliinity: 6f the hard
segment and ageelerate, the crystallization pf the; 48 hard segment, andexamples thereof include
ethylene glycol, trimethylene glycol and tetramethylene glycol, out of which tet,ram:ﬁ%glene glycol is
particularly preféfred” TRE Polyester bIdERTopolymer (Compthett BY cart BE Bobtaited b§ Tarrying out
a transesterificationreactiondetiveen ampotyester{ component Brk) fartheisoft,segmentwhich is
composed of the above softtsezgm[nl nt (component B-1) alone and a polyester for the hard segment
(component B- 'f\%ﬁ%%nl%%ompos d of the above hard segment (component 0-2) 10 alone under
reduced préssure while/the seation produdtds stitred :ant-heated 4 Hrecpreseridecopa catalyst. It
is important thaf this transesterification reagtjon,should be confinyed yntilthe melting point,of the
obtained polyester block copolymer (component B) becomes 2 to 40C 15 lower than the melting point
of the polyesterfor: e Rardesegmieht-Wherfthe reBuctivitofthé Mieffindg pbirtis 63 tRan 2€, the
obtained polymer. extihits:the charaeteristicrpropetiesdaf acmixtuie of thenpolyestes forthe soft
segment (component B-1') and %rhe polégster for the haEd Sengent 20(80 ponent B-Z'%rath%r than a
block copolymeland does not show sutfidiently High tensilé elongation. When the fedliction of melting
point is 40€ or riore tthe block length of the hard segment (component B-2) of the obtained polyester
block copolymer becomes 0o short, whereby satisfactopy 25 crystallinity is ot ebtained.and abrasion

resistance degrades. The heating temperature is not particularly specified but desirably controlled
to a range of 220M6EP70C Fo réQGCEtHE VisCosity' 86 that the obtainedpsiyesterblocopdifier 30 can
be fully stirred and elimjnatesan-adverse influenceaysheat deterioration angithepressure isdesirably
not more than 0.4 kPa (3 Torr). Examples of the transesterification reaction catalyst include
compounds co@ta%ngtﬁtaﬂiuﬁfr&é‘rmanium or antimony. 19 In this case, a catalyst deactivator such
as phosphoric acid, phdsphoralishacitdpphosphoriic aciEf phosphiaicacid or & dérvatieshereof is
added to deactivate catalyfic allity 5o as o prevent the trapsesterffication reaction from, 3 further
proceeding at the time of remelting. The t%)/pes and amounts of the catalyst and the catalyst deactivator
differ accordingitd thé typed) afbumtsand mMdtéddlar Wit r thepofyesterdor tHe $6fEsegment in
use (component;B:1) and-the palyestex for the hard segment in use (component B-2") 10 and also
various factors such as stirring conditions and temperature. Therefore, it is difficult to determine them
nonequivocally. THe fertiial Yroup- SiFadthrest the polysster biGck copolymer cdmponent B) is
not particutarly timited dout then15iterminalearboxyl gioup-conceatration thereotis preferably not more
than 50 eg/ton, more preferably not more than 40 eqg/ton,-much more preferably not mare. than 35
eg/ton. As the terminal fg%o%(%g)%&r% éoph%ee%ﬁéﬁgn B%g%r%%eg ?o@eﬁe?hg%%a%%tgt%ﬁggo%ﬁégl polyester
block copolymetrbetomes20chighier Thevaraalintof the teririinal ydroxst §Esup maybe almost the
same, larger or.gmallerthan the amount, of the,terminal carboxyl, group. These terminals may be

capped by reacting a compound having reactivity to the terminal groups. As for the method of
producing the polyestér o the 25 86ff sBEmeRt tcomporient B2EF 0r the'Soly&steF for the hard
segment fcomponest B«219) , the polyesters carybeeach obtained by cairying-eutian estedfication
reaction between a dicarbo>£ylic f‘%da%%@pmﬁ%tmaendrae Qiadrl Cfaonrréponaen(gl U{lgg{‘i Eg@t{@lgain the presence
of a catalyst coﬁ%ﬂﬁﬁé’%&m&rﬁ, 3 germanium or antimony in accordance with & predetermined
method, discharging byiproducediwater o fowercaleshol 2o the sutsidé. of the system, and
polycondensing the reagtion product under reduced prassyre while. it is stived and heated i the

presence of the catalyst. Examples of the catalyst 20 include titanium tetrabutoxide, germanium oxide,
germanium hydiéxide PGerfaifitmtettadifiofide aRd tetrarhbthoxygerianitift: THe catalysPéan be
deactivated by means of a catalyst deactivator such as phosphoric acid, 5 phosphorous acid,
phosphonic acid, phosphinic acid or a derivative thereof after the end of polycondensation. The
content of the polyester block copolymer (component B) is 40 to 150 parts by weight, preferably 50 to
140 parts by weight, more preferably 60 to 130 parts by 10 weight based on 100 parts by weight of the
thermoplastic polyester resin (component A). When the content is lower than 40 parts by weight,
sufficiently high flexibility cannot be provided and when the content LS higher than 150 parts by

wainht ahracion recictance dearadec dicadvvantaneniicelhy 18 (comnonent C: nolvearbodiimide



Examples of the polycarbodiimide compound (component C) include the Carbodilite HMV-8CA and

~ Carbodilite LA-1 of Nisshinbo Industries, Ltd. and Stabaxol P of Rhein Chemie 30Co., GmbH. The
content of the polycarbod i de compound (component C) is 0.1 to 10 pars by weight, preferably 0.3 to
9 parts by weight, more preferably 0.5 to 8 parts by weight based on 100 parts by weight of the
thermoplastic polyester 21 resin (component A). When the content is lower than 0.1 part by weight,
the effect of impreving heat deterigration resistance and abrasion resistanseisnatrsatistactery and
when the content is higher than 10 ,parts{:b weight, extrusion 5 processability marked| Ndet!geriorates
due to an incredse &It Yiskasity! thereb§ Rot obtaiting Sffidienty g tensilé etongation. The
softening temperature iof thre. polycarbodiimide compound (component C) is 50C or higher, preferably
60C 10 or higher, more preferably 70C or higher. When the softening temperature is lower than 50C,
the resin composition fuses under a hopper for supplying raw materials at the time of extrusion to
cause a shoot-uls; thereby making éxiiusion ditficilt/Sinéksit is difficult to produce a 15

polycarbodiimide compeungd having.a softgning temperature:higher thaa 420€,the-polycarbgdiimide
compound is of no industrial value. Therefore, the upper limit of the softening temperature of the
polycarbodiimd@& toffpotiid tEdMiPorérte) s substantially’ T20C ™00 (€ompdrierit 5 ‘magnesium
hydroxide) The main purpese of using magnesium hydroxide(eomponeat D) isio prouidedftame
retardancy, reduce smoking and prevent insulating properties fram being impaired. The 25 magnesium
hydroxide (com%ce)eﬁgr?t 17Illlaé%sLacﬁvpa?/]relePajr;g!gl“e ggr%éllégd%%&g?ﬁ}%ésarg by faﬂ%%e?gi rgﬂgt%ne?cattering
method of 0.1 te 2tprm Lpreferably 0.4 to 1.0 pm and rarely or seldom agglomerates. When the average
particle diameter is smafler, thaniQ 1.pm.spegialgrinding is required, therebybpesting 30,cost and
reducing an industrial effect disadvantageously and when the average particle diameter is larger than
2 pm; insulating"propeitids dtftade probatly tie T3 thetaggiomertid S magnésilifi tdffoxide in the
composition. Therspecific; surface area measured by a BET method of 22 each magnesium hydroxide
particle is not particular%(ilimitgd.%u%p&eifgrabal% to 18Xm%/% M@inghgﬂse%%%g, e ((::eIIIe_nt g%me
retardancy and insulating Sr'operjtles are oBtained. SPrefera ]ly, magnesium yé)rom e fcyomgonent D)
has a totdl Tontentofthe dhetalsicfrancicon e6mpoand s& maniganesd tempatind, & tobalt compound, a
chromium compaungd, a.coppgr cempaynd..a vanadjye.compound and a nickel compound of not more

than 0.01 wt% since the heat stability of the composition 10 is not deteriorated. Therefore, it is
preferred that maghResitmtcHicride 6r iagResiumt Rittate- 88 araf rhaterial of magnesium hydroxide
(component D) andiana alkadine substanee such as an alkali metal hydroxide, ammonia or magnesium
oxide should be purified. 15Magnesium hydroxide (component D) may be mixed with the composition
asitis in order to pr‘8\?i e flame retardancy and low smoke-producing properties without deteriorating
insulatingZzpropertiest Howeaver, it is preferred to treat magnesium hydroxide with a surface treating
agent before use. 20 The surface {reating agent is at least one selected from the group consisting of
higher fatty acids, anionic surfactants, phosphoric acid esters, coupling agents (silane-based,
titanate-based &ndTatimirtitn-Basedeantd dstersof’a pblyhyic alcohol and a fatty acid.Examples of
the 25 surface treating @agentwhichus, praferably used include higher fatty acids having 10 or more
carbon atoms sgch as itearic acid, erucic acidJr aimitic acid, IaugicRa_l“cli(ag d behenic acid, and alkali
metal salts of the: abov %?&haerﬁ(fﬁt{y%cﬁagf@uﬁfa e'6Stel salts of I11'1|gher Icohol such as stearyl 30
alcohol aad oleyl.alcohdlnanibaicesurfactants such as sulfate ester salts, amide-linked sulfate ester
salts, ester-linkﬁg 'sulfaEeO%Iség]rc%%@ ester-linked sulfonates, amide-linked sulfate salts, ether-linked
sulfate salts, ether-linked alkyl aryl sulfate salts and ester-linked alkyl 23 aryl sulfate salts and
amide-linked alkyl -aryl dulfate 8alis'6f polyéthyrehe glycol ether; phosphoric acid esters such as mono-
or di-esters of orthophosphorig,acid and.cleyl alcohol or stearyl alcohol, mixtures thereof, or acid type
5 or alkali metal salts or amine salts thereof; silane coupling agents such as vinyl ethoxysilane,
vinyl-tris(2-methoky-etho%y/sfiarie amima-methacryloxypropy! trimethoxysilane, gamma-aminopropyl
trimethoxysilane, 10 beta-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, gamma-glycidoxypropy
trimethoxysilangggg maﬁagr%gwq% t@@@t%ﬁ(simﬁtﬁ'@&e-b%ed coupling agents such as
isopropyltriisostearoyl titanate, isopropyl tris(dioctylpyrophosphate)titanate, isopropyl 15
tri(N-aminoethyl-aminsetayijtitdnate sndisopropylridecylberzenesufféayl titanate; aluminum-based
coupling agents such asacetaalkoxyalyminum.diisopropylate;; and esters, of a polyhydrc alcohol and a
fatty acid such as glycerin monostearate and glilcerin monooleate. To surface 20 treat magnesium

hydroxide with thecdhoveSsutface treating dient, B wet oPary irotEds Ko patse Hhidy be used. For
example, in the wet process, a surface treating agent in a liquid or emulsion form is added to and
mixed with magnesium hydroxide slurry mechanically completely at a temperature 25 of up to 100C. In
the dry process, a surface treating agent in a liquid, emulsion or solid form is added to and mixed with
magnesium hydroxide powders completely while they are fully stirred with a Henschel mixer under
heating or non-heating. The amount of the surface treating agent may 30 he suitably selected but

preferably not more than about 10 wt% based on the weight of the magnesium hydroxide. Means such
ac rineinA AdAehvdratinn arantilatinn drviina arindina and claccificatinn are crntahhy celerted and



(component E: inorganic porous filler) The main purpose of using an inorganic porous filler
(component E) is to improve insulating properties. The dielectric resistance of the composition tends to
lower as 15 the temperature rises. However, when a specific amount of the inorganic porous filler
(component E) is used, dielectric resistance becomes 8table even at a high temperature with
theresultofimprovedinsulatingproperties. The inorganic porous filler (component E) has an average
particle diameter 20 measured-by-a Jaser diffragtien seaftaringmethiod ©f 0<hto 1 pm, preferably 0.2 to
0.8 pm and almost never or rarely agglomerates. When thggé/era e qarti(t‘,ﬂr(;:- (yameter is smaller than
0.1 pm, a speciafgfitding process i reduired” Herehy' boosting’ cost ad reduding an industrial effect
25 disadvantageeus$lyhWhen<he aveéragesparticlecgiameteris fargerthan<l pim; 4héeffectofkimproving
insulating properties heco l.probably t Ig ti jnorganic porous filler in
the compositionr.el%%egque%llgfﬁas%g%% a%egqrﬁe s%%egé; %%%eg g%'%r%e%%%gﬁ g 30 inorganic porous
filler (componentE)ds hot particalaryspecified biit prefretably Aoeless thar 3 M2/t paftictiarly
preferably not lesgthan 5, m2/g. + 1 Thednorganic-poraus filler{campanent &} is. an ingrganic particle
having a small apparent specific gravity 25 as compared with the true specific gravity of a filler and a
porous structur® thefBih- Fhi natetial id'dassified a5 Micropdrsus; mésoporsi&or macroporous
according to thesizemof itg pote. Fired:-kaolin: zeokie rmesalite canthraciter 5Aeamed perlite and
activated carbon are used as the materials of these. Qut of these, fired kaolin is most preferred from
the viewpoints 6F aen% 8&3(%%% pl)jhoyes?cél pirél)lger%gg%a%gqnoogglgr%%oéfg Eﬁlgﬁ Eggl%% amorphous kaolin
produced®y firihglotkaolinpurified dythe Wet prodessiat abodtBeoené efiminatécrystal water and
destroying the original,crystal structures This-{reatment enhanecas-the,activity of kaglin and promotes
the adsorptive immobilization of a free ion, thereby increasing an insulating effect. 13The content of
the inorganic pordae fifiér {Eofponent E) is 0.5 to 5 parts by weight, preferably 0.8 to 4.5 parts by
weight, more preferablyrt ¢o deparisiby weight-based;on d00-partshy weightofthe thermioplastic
polyester resin (companent A). When the cantent is lower than Q.5 part by 20 weight, no insulation
property improvk(i)r%agn éffect iris,co tlé\%e tar? w e%%?#eﬁgoﬁ%%{:igﬁcg{ﬁ(ﬁ“tﬁgn% 5 §X%§ %?/I\l/vgi%ﬁ,ﬂtensile
elongatioh fowefs amddlexibilify)dégrades r{eompdriant: Anderst pheabdkased antibxidarit) 25The
main purpose of ysing a %i%g%@,_ phenel-hased.antiexidant is fo-improve theheat stapility,and heat

deterioration resistance of the resin composition for wire coating at the time of molding. Examples of
the hindered pHEtelBd¥ed ahfictiddnt 36k oripoASRH®) fitdhide a-t6doghert?, Bif/R/dfdiGtoluene,
cinnapyl alcohat,vitamin & octadegyt-3(3 S-ditettshuty-4ehysroxyphenyhpropionaieot be
2-tert-buty1-6-(3'-tert-buty1-5'-methyl-2'-hydroxybenzyl )-4-methylphenyl acrylate, 26
2,6-di-tert—butyf-gf(ﬁll, ﬁ?cgélmee}fheyriakﬁyﬁ}fngrﬁgﬁ%/l)%hgﬁ?ﬂ?%%?g;%%p%%lté%fﬁﬁo%%b%nzyIphosphonate
diethyl estér, 2,2'-methylbrebis{4-mmethyl 6-tertbatyt piienel)red in orthochlorophencl
2,2-methylenehis(4sethy 1:6-tert-butyjphenal), 54,4 :methylenebis(2,6:distertrbutylphenol). »
2,2'-methylenebis(4-methy1-6-cyclohexylphenol), 2,2'-dimethylene-bis(6-a-methyl-benzyl-p-cresol),
2,2'-ethy|idene-b?s@l-,é-&igtért-ﬂa&M&weﬁéﬁﬁé{?@ﬁ&wlf&le%é?-%iﬁ(ﬁrﬁiét@l-@%ﬁ-sﬁ@fﬁﬁ%b}’
104,4'-butylidene-bis{3-methyl:6-iert-hutyphenel); tiethylene: viscosity falls within
glycol-N-bis-3-(3-tert-buty1-4-hydroxy-5-methylphenYI)pr opionate,
D hexanotioNSE. (O H fiGen bt hy A B ey 18 froaioia =1 1ot neat
bis[2-tert-buty 1 <4 methyl-643<tert-batv bameth Vel 2-hyid rexylienzy b pheryd tere phthalate,
3,9-bis(2-[3-(3-tert-hutyl 4-hydroxy5-methylphemyDrop: o mo1dability can be
ionyloxy]-1,1-dimethylethyfl-2,4,8,10-tetraoxaspiro[5,5] 20 undecane, 4,4'-thiobis(6-tert-butyl-m-cresol),
4,4'-thiobis(3-metiyalesert-butylphenol), 2,2'-thiobis(4-methy1-6-tert-butylphenol),
bis(3,5-di-tert-buty1-4-hydroxybenzyl)sulfide, 4,4'-di-thiobis(2,6-di-tert-butylphenol),
254,4'-tri-thiobis(2,6-di-tert-butylphenol), 2,_2;thiodiethylenelg9i)s- 3-;3,5-di-t(_arg-buty1-4-hydroxyphe
nyl)propionate],'s ATBISHESCty fthid):-6 X 4-hY/aFoxs-8 BditeR: H‘!ﬁ fill o)1 3 5 3HE%ihE 50
N,N'-hexamethylenebis-(3,5-di-tert-buty1-4-hydroxyhydroc innamide),
N,N'-bis[3-(3,5-di-tert-butyl-4-hydroxYphenyl)bropi hydrazin s q
1,1,3-tris(2-methyl-4-h%¥%>&?ﬁé—¥§f—Bgty?rgﬁeeﬁﬁf%%%e{y% 8l8arpoxylate resin (may
1,3,5-trimethy1:2438:tisE3, badiaertasuty Bi-hydrokybé hzylbérzéRe; component A-1 can
tris(3,5-di-tert-byty1s4-fiydroxyphenyllisocyanurates - hoxylic acid component
tris(3,5-di-tert-buty1-4-hydroxybenzyl)isocyanurate, 51, 3,5-tris(4-tert-buty1-3-hydroxy-2,
6-dimethylbenzyfist tyafdrates 28 T 213(3 85 18- Uy A e kyphenyiptSpioif yiBxylethyl
isocyanurate and tetrakis[methylene-3-(3,5-di-tert- utyl-4-hydroxyphenyl) 10 propionatelmethane.Out
of these, octadecyl-3- (3, 5-di-tert-butyl-4-hydroxyphenyl) propionat e (typical commercially available
product is Irganox 1076 (trade name) of CIBA SPECIALTY CHEMICALS) is preferred, and all of these
hindered phenol-based antioxidants are easily



15 acquired. They may be used alone or in combination of two or more. The content of the

. phenol-based antioxidant (component F) is 0.002 to 2.5 parts by weight, preferably 0.004 to 1.5 parts
by weight, more preferably 0.005 to 0.5 part by weight 20 based on 100 parts by weight of the
thermoplastic polyester resin (component A). When thé content is lower than 0.002 part by weight, the
effect of improving heat stability and heat deterioration resistance is not obtained and when the
content is higherthan2:5 partsby weight; heatistability-25.andheat detericration yesistanceidegrade
disadvantageously, It is needless to say that when hegt. stj'? ility de radﬂesd tel?_.sile elongation lowers
and flexibility is10St. feomponeht G2 PROSHAGTUS based ahtioXidant) 30The main purpose of using a
phosphorus-based ahtioxidantilcamponent G) is to improve the heat stability of the resin composition
at the time of molding apd the heat deteriorafion resistance of the Jesin camposition far, wire coating.
28 The phosphorus-t ésecpan'tioxidant (componerit G) is selected from phosphorous acid,
phosphoricoacid; phosphérdustacia Phospheric dcid, esters thereof and a tertiary phosphine.
SExamples of the phasphite-compeund-inelide tiipnenyl phosphite, tristenylphenyhphogphite, tridecyl
phosphite, trioctyl phosphite, trioctadecyl phosphite, didecylmonophenyl phosphite, dioctylmonophenyl
phosphite, diisopropyIfdRopReryl Phosphite MoRaBuidigheny 1o phosphife; Aroriddecytdiphehy!
phosphite, mongeoctyldiphenyl phesphite, 2:2>metlylenebis(4,6-di-tert-butylphenyl)octyl phosphite,
tris(diethylphenyl)phosphite, tris(di-iso-propylpheny ite, tris(di-n-butylpheny. hite,
15tris(2,4-di-tert-butylpﬁ’exn5§ﬁ)% ésspﬁf?e?{]ne:é%q-%%tgfgt-?b%%tj?/{gk%r%y%é%o%g’r&;{ltcé}gd%t]e%@%%%agerythritoI
diphosphit€, bis{2 dadiktertsbutylpheryiypentactythritbldiphdsphite L ¢ acid, isophthalic
bis(2,6-di-tert-butyl4-methylpheny)pentaerythritol 20, diphasphite,
bis(2,6-di-tert-butyl-4-ethy|phenyl)pentaerythritol diphosphite, .
bis{2,4-bis(1-m§ﬁ'@?-ef-ﬁﬁéfﬁﬁgﬁﬁﬁ5ﬁen@l}b@hiﬁ%¥%ﬁﬁ¥oliﬁiﬁw%%ﬁhite, pheny! bisphenol A
pentaerythritol 25 diphosphite, tis(aenylpheay )pentaerythritol dighbsphite anhdrdieyclohexyl
pentaerythritol diphasphite, , . XIer Phosphite compgunds wihieh react with a dlbydre phgnol to
have a cyclic structure may also be Used- t xamplés thereofinclude
302,2'-méthylerebis(46-dider-butylpheny et di-terib sty phenglphosphitedt and oxalic
2,2-methylenebjs(4,6-di;ipst-bytylpheny )(2sterbuty 1+ 4-reethyiphenyd)phosphite and
2,2'-methylidenebisi4-methyl-6-butylphenyl octyl 29 phosphite. Examples of the phosphate
compound inclut Bl PREEPHHE Mrirmetiyi phos hatef icrdiipREspR&R, dripRénGIphBsphate,
trichlorophenyi pbesphate i tiiethyt Scphosphate,dipbenylcrasybphasphate adiphenylaienoosthoxenyl
phosphate, tributoxyethyl phasphate, dibutyl phosphate, dioctyl phasphate and diisopropyl.phosphate.
Out of these, tr%ﬁ%§§ldp¥1%%pqﬁ§[ep élr%%&) t?l‘?nee'thy %r{)ﬁﬁ‘h%%é‘ %reg Eﬁe%rge .ﬁb%@?ﬁp%%%?%%ec
phosphoigife coapiotindsingludé tetedkis( 214 di-tevtcbutyiphieny 0)-44-bipheaykenerdipkosphanite,
tetrakis(2,4-di ersbutylpheny):4,35Biphenylepe diphasphopite, sta1 of all the acid
15tetrakis(2,4-di-tert-butylpheny1)-3,3'-biphenyiene diphosphonite,
tetrakis(2,6-di-tERMBRiEyISRETy1)-4,4"-biphenylene diphosphonite,

tetrakis(2,6-di-tert-butylphenyl)+4; 3'-iphenylene20 diphospherite,
tetrakis(2,6-di-tert-hutylpheny1)-3,3'-hiphenylene diphosphonite, : )
bis(2,4-di-tert-bﬁffﬂff%\lf’é(%%/]l(f-ll)llfié ecnayf- ﬁé{‘ﬁjy 6ﬁosap%%$1ité? mainly dimethyl
bis(2,4-diztert-butydphrenyid )-3=pleryd phenylphosphionite y 28 bis{2 6xdi-n-butylpheny1)-3-phenyl-phenyl

p.hOSphO.mte’ b|§ (27 Q}?‘%%Q‘Q&%@!E@y g:)i%?:?&%?! E‘E'éenyhl%hofgﬁan'é% a@ﬂ aracteristic
bis(2,6-di-tert-butylpheny1)-3-phenyi-phenyl phosphonite. Tetrakis(di-tert-butylpheny1)-biphenylene
diphosphonitesiareFsis(di-tsrt-butylphdny LpheayicpheryF 30 phosphorites aresreferrdd, whd
tetrakis(2,4-di-tert-butylpheny 1)-biphenylene:diphesphapitesigidused in combination.
bis(2,4-di-tert-butylpheny1)-phenyl-phenyl phosphonites are more preferred. Preferably, these
phosphonite 30 compaRAARITAY b bised i SomBinatio WitFa phoSHite domRbuRE ARG an ary
group substituted by two oy maere: of. the. abdvelalkylgroupsa 1 kv IExamptes of the phosphanate
compound include dimethyl benzenephasphonate, di | . osphonate i yl
benzenephospﬁ%r?a%époX)MEGCérr?ﬁég 015 %%%eﬁigarg %%%éﬁr?g ?r?c u ei?%ihﬁﬁﬁgggh}?r%%
tripropylphosphirig; dributylphospiine tribetyiphosphine. triamylPhosphine, 10
dimethylphenylphosphine, dibyfylpbenylphasphine, diphenylmethylphosphine, diphenyloctylphosphine,
triphenylphosphine, tri-p-tolylphosphine, trinaphthylphosphine and diphenylbenzylphosphine. The
tertiary phosphitie!i& pAktitari sreferably A54ApRERyiphospHite: =< THEEE phdsphorus-based
antioxidants (component G) may be used alone or in combination of two or more. Out of the
phosphorus-based antioxidants, a phosphite compound or a phosphonite compound is preferred.
20The content of the phosphorus-based antioxidant



(component G) is 0.002 to 2.5 parts by weight, preferably 0.004 to 1.5 parts by weight, more preferably
- 0.005 to 0.5 part by weight based on 100 parts by weight of the thermoplastic polyester resin
(component A). When the 25 content is lower than 0.002 part by weight, the effect of improving heat
stability and heat deterioration resistance is not obtaingd and when the content is higher than 2.5 parts
by weight, heat stability and heat deterioration resistance degrade disadvantageously. It is needless to
say that when 30 heat stahility.degrades; jensile-elongation Jewers and flexibiitkisdost: an When a
phenol-based antioxidant (component F) and a p,hosph?r{us-base antioxidargit_(qonwone?t 0) are used
in combination, thé WeidHtratio-6FtRese cdmponents 1§ not 31 particiary inited a3T8ng as it falls
within the range: ofithe presentinventionl Howeversthe weight ratio jof thel phenolsbasedyantioxidant
(component F) to the phosphorus-hased antioxidant (component.G) is_preferabl more
preferably 3/1 t6 Cﬁ§ pséﬁﬁsézlgﬁy C|c3)r8ejTgrla%l)731 %%ﬁ to %E(B%ﬁtﬁ% tghtla;L r%a'ngz?ig%egf?eéé%# ?rﬁ%%\%ng heat
stability by-using:sécrabinatien ofthe phenol-basedsadrtioxidant (Componert ) Bhdfthen ©f
phosphorus-based, aptioxidant (campenentG) is:high.-10 (other-additives) . dhesresin eemposition
for wire coating of the present invention may be mixed with another thermoplastic resin and optionally
a plasticizer, arPinbryatiic fil&F thel tHahthe15-85mponért E, 4 Raioger free fame Fetardant, a
vulcanizing (crosslinking) @agent; iecpigment; an optical stakilizer,| gn-antistatie agent, ah antilocking
agent, a lubricant, a dispersant, a flowability imprqvin ent, a.r se.a n ting agent and
a neutralizer asn]gﬁg aqu%ﬁeéee? e%ég%fono?Ehgpé)lfgsé:ﬁ}?f;%gr?tiéghoiisOn%gt%}%”l%%irge%.%@%r:}%lgg%f%ri other
thermoplastic resin inchede=a ‘copolymier contaising etwlenes (reth)aeryiie wtitl éstef 6F Sfrene as the
main component. The amapnt.of the additive-orthe thermoplastic resin is-gensrally: 0:1,t6,50 parts by
weight based on 100 25 parts by weight of the thermoplastic polyester resin (compaonent A). (insulated
wire) The insulate@™wite of the present invehtisHiciNEs 305 thhdictor and aiinsufitind material
coated on the exterior stirfage ofithel cenductor asfconstituent elementside $Examples of the
conductor inclugde a copper wire, an aluminum wire and a glass fiber. wire. .The conductor maybe a
copper wire alone;-or (t)lvr\li%t%a%vi?ens or knitted I\r}v?r%s% %Zucsoen%!pgssecr o g blur%liﬁ/mo%vgreaéqﬁﬁle@ diameter
of the coriductor is préfetatsty 90k too2 mm 1 The conduetdr may hecplatedwith tineby hiotdipising or
electrolysis. The cross-sgctional shapeofithe qanductor is, ROt paly round-but 5 alsorstraight angular
obtained by slitting a copper plate or rolling a circular wire. The insulating material is the
above-describedieSint@inpositcitof the Presertinéntion. The insulating material should be coated
on the exterior surface of.the;10;eendusteroFhe exteriorsutface of the-conduetatmmay betcoated with
crosslinked polyeth)élene ar}éi furTer with the rgsin coggo&itio& g_fnthe OpreEera}lt in\é%ntion lo(glnthe exterior
side. The thickrié&s &?‘?ﬁe% (yaﬁﬁg o??ﬁngPe%?ﬁcorfﬁap%5|tlon 15%s pre%r%ly%.&f“to O.SSSmm, fhore
preferably 0.02 46 0:4 myadb ¢edude. theoweight And thitkness of the insutated Wire: Wherbthe
thickness of theingylaing materials smalgr thand.0) rame tis difieult to malpialp gbeasion
resistance and when the thickness is larger than 0.5 mm, the take-up diameter 20 of the insulated wire
becomes large GhBfeby-makiAgRE-difficit 36 hdndledt: T h%eiﬁé’lﬂélﬁﬂgf Risfterfdl Y&y consist of a single
layer or multiple, layers: 0} example, @ndnsulatechwire 10 higher devetlean be manufactured by forming
a two-layer structure and making the content of the polyester 25 block co olj}/mq{ ci‘omgonent B) or

e b ddteraral AETHE

magnesium hydr8ite 1EEMPEHeREE) hith deterforates Msuiting Properties in the'ikner layer
different fram that yixthie, outer layex of thehtwioslayen structure . ckhievinsulaiing matedabmay farther have
a sheath layer 30 on fhe syiface. The.spisaih laver inmadg-ofvinyl dhloride grpolyeihivlene, A plurality
of conductors coated with the resin co position of the present invéntion are twisted, and the outer
surface of the twistetPassemblyTRaY bercbvered With thie sHeath layet e B3Ct ed |igtinkratéd wire of
the present invention, cpmpases as.aibsulating matedaba resin compositiopavhichsis @xeellent in heat
deterioration resistance, abrasion resistance, flame retardancy and insulating properties, can 5
achieve low smoREREGEingG propérfies, 'contding My Halsge %%%po&hosglﬁ‘&%a ORiGh 18Vel of
tensile elongatian. hetefore;gvenwhern: the insulated.wire is mMade dightinweight landthim,xit is
excellent in mechanical s(’grerggéh and heat resistance. The jnsulated \g{iﬁ%gf the present invention 10 is
suitable for use"as’a Wire for vehicies such as automo iles, trains and airplanes. ' An example of
the method of producing tHevinsalated wirelWilrbe Explaimed> Askfown niéthod day- be usedito
produce the insulated, wire., Forgxa/mple, the insulated wire can be 15 manufactured by using a
general extrusion molding line to melt knead the resin composition of the present invention and
extruding the resin compB&it6rionto a Edndittor! W HAEhTYPE ki84der 6r & UBUBRESréw extruder
may be used for melt kneading. For example, a double-screw extruder is used in 20 the extrusion
molding line but a machine other than the double-screw extruder may be used. With this double-screw
extruder, the melt kneaded resin composition is extruded by controlling the temperature of the head
unit of the double-screw extruder to a predetermined temperature of 240 25 to 310C so as to coat the
conductor with the resin composition having an extrusion temperature of 240 to 310C. The

temperature for extruding the resin composition is preferably set to 240 to 310C. When the
tamneratiirea evereade 210C the recin eomnocition narthy decomnnceac nar 20 the moleaciilar weiaht of



Examples The following examples are provided for the purpose 5 of further illustrating the present

_ invention but are in no way to be taken as limiting. "Parts" in the following description means "parts by
weight", and "%" means "wt%". Physical properties were measured by the following methods. 1.
Measurement of resin characteristic properties 10(1) Méasurement of intrinsic viscosity (IV) After
0.6 g of the resin was molten in 50 ml of orthochlorophenol by heating, the resulting resin solution was

cooled to room temperaturete measure itsvisgosity at adempetature-of 35C by using-an: Ostwald
viscosity tube. 15 Theintrinsicviscosity (1V) of the resin was calculated from the obtained solution
viscosity data. (3} Meastfement ofterminal catbokyl group Chhdettratioh’ "= = This i3 thé equivalent
concentration ofi1 x21Q6-g of aderminal carbexylgreuprobtained byt melting 0 dlg oftipe26resin in 100
ml of benzyl aIcJoQoIl%nqutitg%tinrg @elogtﬁ%glgg resin solution.with.0.1N-NaQH by means of the GT-100
automatic titration apparatus ?of Mitsubishi Chemical Corporation). (3) Measurement of softening
temperatufe 25The sBfteninyg téfperatore Was aidasuréd afa ternpérature léfatisicrate of 20C/min in
a nitrogen atmasgpherehy. means. of a differgntialiscanging .caloimeter (D56« @ )-Bxtpidability

30Extrudahility was evaluated as 0O (satisfactory) when an additive did not fuse near a fee({gﬁgrt for

extrusion and a'shd6tiip dit Aot occhr A the titie bF fielt Kredding the Fe8if tSmpdsitioh”

pelletizing it underecerditions fvhichhwill he described herethafter and ast%e(@xtiusion:faidurs) 35 when
a shoot-up occurred and extrusion was impossible. (3) Flexihility and h loration resistance

A composition ﬁ’éﬂ% was n%.(S%ééf?ﬁ’%af a g:%%ﬁeﬁ]{eog %aﬁ%lgfggze o%%}égé%é%%: %I'%ﬁ 3?%y using
an injectiefi 5 molding neachife (Mitsubishi Heavy I AdGstres, 196 3 &t Roylinder temperature of 260C

and a mold temperature,of. 50C . The, tensile glonpgation retentign afte adry beatreatment was
calculated based on the following numerical expression from a tensile elongation measured by using a

test sample 10 Ghlchiwas 1efind 56¢ #t air diier for 96 hours @i e ih 2 83 SRR
environment for:24 howsstestisample after ardry-heat freatinent) and matensile elengatidrk pieasured
by using a test sample which was left in a 23C-50 %RH environment for 24 hours _(test sample before
a dry heat treat?njér?\%{]%ﬁ fge%%??e ?essttv&ea{é"}:éaarrr}leg outdts Fﬁjrﬁ rﬁ)i%n.ce ’ ZE ste ?o%rltlﬂsne ﬁ)urdaggrr\?%nt of
flexibility, }btesttstaple havirigea tensiterelongation-6f20-9% befdreahe efey hedtteathiéntawas judged
as 0 (acceptable).and a.test sample haying a tensile elongation of less than 20 % was judged as x
(unacceptable). 20 As for the judgment of heat deterioration resistance, a test sample having a tensile
elongation retefitior- 6ot 164an S0-FRAS fudged ds® {adteptdbid)? 3Rd A 86t sample having a
tensile elongatier tetentien: of lessihan 80 % was judged:as X (Unacseptaple)l 25 Fensile=elongation
retention (%) =100 x (tensile elongation after dry heat treatment)/(tensile elongation before dry heat
treatment) (6) A]?E)%siéﬁg rgéi%tsa%céﬁrhaenéi&rﬁpggﬁgﬁ Bgffest’ob Eigé{{% by & method v%ﬁ&%nv?/ﬁles’o be
describe@ hereinafterwas moided intd aseasie testisarmple(thickness of 4l mmadtal sidth of 30 mm,
length of 170 mm) y.ysing an jpigction mdol%ﬂwﬁﬁfl%. (80,MSP-5 of Mitsubjshi Heayy industries,
Ltd.) at a cylinder temperature of 260C and a mold temperature of 50C in accordance with 36 an ISO
527-1 method. ARcalbtasion resibtdrice testWaS Hade BR the'Bbtained terfsiiatest sampre Y using a
reciprocating dynamic-akrasion friction tester (AFT B0k OrienteeGe.c bid oJima:23G-H50%RH
atmosphere. This abrasion resistance test was carried out as shown in Fig. 1 by applying the abrasion
pin of the steel BEW%OJO?tﬁé"FeCﬁ%B@S gtg%‘amic abrasion friction tester to the test sample 1 from
above andmapplying a lodd=of 3 kg ta thectest samnpleso as te:priess the pin againbethedestsample.
While this load pag applied 10 to dhe (gt semple. de fesh sample was,cauped fo reainggate 200
times at a testing rate 0?20 mm/sec and a stroke width of 20 mm in the lengthwise direction so as to
measure its dyraraiErfistiorscostficient; ABHE dyfidmic fFiction tobfficiert beEoimes saaller, abrasion

resistance becomes. 15 higher. The dynamic friction-coefficient needs tobe:lessithandh {éhinsulating
properties The composition pellet obtained by the method which will be described hereinafter was

molded into a disk-K&%20- test Bample (diiméter of 50T tHitkiess of 37Him) &t A cylinder
temperatare of 26QE€randia arold temperature of SOCHby: usingcart imjectionmuoidingmachine (80 MSP-5
of Mitsubishi Heavy.Industrie LtHH JAfter this disk-like test sample was treated in 85C hot water for
240 hours and ﬁ&%‘ylv%ﬂpéé& %%ywn Qﬁﬁ\nv&i%%?é%?é&d@vnct%sf vas c%rried outont ‘?s 'tlesg':f sample in
23C oil by usingl assréakdoway tegterlii accordance with 16C60243. In this isolating property test, a test

sample having a break stigngth,of not.less thap A0 k\-was:judged as, 0-(aceeptable) and a.test sample
having a break 30strength of less than 40 kV was judged as x (unacceptable). (8) Low

smoke-producifig properties © 1 Fie Sdrfipositiornt pelistobt&ined bythe Mieth6d Which will be
described hereinafter was molded into a dumbbell test sample (based on ISO 527: |A type) at a
cylinder temperature 37 of 260C and a mold temperature of 50C by using an injection molding
machine (80 MSP-5 of Mitsubishi Heavy Industries, Ltd.). Flares were applied to the center of the test
sample which had been left in a 23C-50 %RH environment for 24 hours 5 by using a burner (based on
UL 5V) for 15 seconds as shown intFig. 2 and smoke coming from above the sample was collected in

a collection bottle (transparent heat-resistance glass bottle having a mouth inner diameter of 99 mm, a
harral



diameter of 106 mm and a height of 175 mm). Five minutes 10after collection, the total light
transmittance (%) of the bottle containing smoke was measured with a reflection/transmittance meter
(HR-100 of Murakami Color Research Laboratory) (D65 light source)) as shown in Fig. 3. A test
sample having a total light transmittance of not 15 les$than 80 % was evaluated as O (acceptable) and
a test sample having a total light transmittance of less than 80 % was evaluated as x (unacceptable).
2. Measuremempt.of gcharacteristic properfies of insulated wirer20(1) Tansile elongation of insulated wire
(heat deterioration resistance) A copper wire was extracted from an insulated wire sample produced
by the method WhHiIth-Will b descriBet Hereinafter b brabilide’a tibe-fike fest sampte touter 25
diameter of 1.94nm; innet diameter ©f 1.3 min slengthcaf1150cmm)nAfter theitest Sampkeiwas treated in
a 150C atmosphere in a gear.oven aging.tester for 96 hours, a tensile elongation t as conducted.
The tensile elopr?géﬁtﬁ)!%ﬂ%egtn Was ma egort%l the test sample lgt%a %er?slftfr? thg%f ?%q(%gr%r\%ingir}l%o
accordance with JIS!G:8005: 1A tast sample having srtensieaclongaticrt 6Pnot 88S than 200 % was

evaluated as 0 (acceptahle).and, a testsample having-a tensile elongation of lgss than 200 % was

evaluated as x (unacceptable). The tensile elongation is calculated from the following 38 expression.
Tensile elongafidii 04F 166 x {¢eridth ot %Wﬁg Lfter tehsile diBRgARGY test) - PERGH G et sample
before tensile elangation:test)]d(length-ofsaniale before tensilecbetangation test)(2) Abrasion
resistance of inTsuIat%drw'rgr - n;;ébragigg re%is anee test e\/vaisfrlng:gld‘(fe on an insulated wire produced
by the method Which will be' destribed hereinafter coating thickness of insulator of 0.3 mm, length 10
of insulatof of abott 66 e in Ainorivab temperatureratiospheredy tisiag afrdbrasiohltester. This

abrasion resistance.test,was.carried qut by applying the 90-sharp.edge-12 pfihe abrasign dester to an
insulated wire 9 from above and applying a load of 2 pounds (907 g) from the 90 15 sharp edge 12 to

press the sharp’B8ge agaihstthelinsdiated wite 0 TREFTsulated Wit § WEETRCPESHED i the
lengthwise diregtiemwhile thisilpad svas-applied ta.the insulated wike, 940 measure the niwabker of
reciprocations gggcles until the in%%lator llcgf.the in§flg8t§gtwgg l95wri\s gO warn, away sq }%%t the 90
sharp edge 12 Was CONTACtEd to a conductor 10'to cause a short cireutt. Xjramp or depecting a power
supply 13 and a short girclitris: cohhected betweén theeconductor- 1@ of the insbiated wire 91and the 90
sharp edge 12..The number ofreciprocafions(cycles) until g@@gﬁ%@wlﬁmé%w&my@- It must
be at least 150. 3. Production of PBN Production Example A-1: production of PBN (IV - 1.1) by
solid-phase polyiittizafiod 368E5D parts sEdréthy® 6-fpitnalRRg dicdrbbiiate’ 20050 barts of
1,4-butanediol gard 9.062part of tetra-n-huty titanate were injectedrintoa transesterficationreactor to
carry out a transesterification r%? tion for 11150 mi%utes V\ﬁh”e the trans%sterification reactor was heated
up to 210C. 39-THEH, thE OBtained reactioh product Was transfeiiedts a polySondehgation reactor to
start a palycondensation reaetions Fhespelycohdensationteaction wesdarred ot by gradually
reducing the insidg pressure pf (e halvegndensation reactarfigm-normal puespure (o 0.13 kia (1
Torr) or less over 40 minutes and elevating the temperature to a predetermined reaction temperature
of 260C at the same time and then maintaining the polycondensation reaction temperature at 260C
and the pressur(e:@p[@g,ggg@ @-Forr),10 for 40 mindtess After the: passage-efild0 minutes, the

polycondensation reaction was terminated and PEN was extracted in the form of a strand and cut into

chips with a cutter while it vak dooidd With \ateF: THEn' e €o1fd-piase polérization of the obtained
PEN was ¢arriedh 1S out atta: temperaiirelof 24 3Cagndka pressuré of OcdBooFee (- Tarrorkess for 8
hours. The intrinsic viscosity. and terminal carbaxyl group, concentration of the obtained PEN (PEN-1)
were measure&ér%&”s’ﬁgv%n%r{%gbfae 1 Ig?od%%{ilon Exgmpng-’Z: production of PEN (IV = 1.5) by
solid-phase polymetizhtior L i ¢ Acttanssstetifieationredetioh anecd polycenderisation $8action were

carried out in the.same manner-as i BraduetionExample 1-andthenithe selidphase pelymerization of
the 25 obtained PEN was carried out at 213C and a preésure of 0.13 kPa (1 Torr) or less for 15 hours.
The intrinsic visdo&fty and terhiinddarbBiii gF6h conceniation bf e GBtainsd PENY(PEN-2) were
measured@nd ghewn in fablerl: 30-Rroduetion Example A-3: production of PEN (IV= 0.5) by melt
polymerization P PEN-3) was obtained by.carrying out a transesterification reaction and a
polycondensation reaction fﬁptﬁg%sacrjﬁe %n%%ngf éy i BroLdlugéﬁg)% xg%ncp e Oexx%aéﬁtc 4%cthélt solid-phase
polymerization wasnoiearriedout.cTHE datrinsis wistosity ahd terfiinal catboxyl gfdup-contentration of
the obtained PBN were measured and shown-inTable 4. 41 -Rroduction Example A-3JHMS? STE 00?

OTZ OST ' ] _ _
2-methylterephthalic acid, 4,4-stilbenedicarboxylic acid,



1.009?0'1-'ri 01 00 su EEZ Production Example A-2 Z-N2d STE 00? OT? OST ET *0 09? Ofit 0
ET? 0061 T OT Eb? Production Example A-1 016 00? OTZOSTET 009? OrE 10 ET? 09f7 T T 91
Eb? ITTufl Parts by weight po uTVI ea)l

13

4,4-biphenyldicarboxylic acld, orthophthalic acid,
7, 6-naphthalenedicarboxylic acid, bisbenzoic acid,
bis (p-carboxyphenyl)methane, anthracenedicarboxylic acid,
4,4~diphenyl ether dicarboxylic acid and
5 4,4-diphenoxyethane dicarboxylic acid, and aliphatic
dicarboxylic acids and alicycllic dicarboxyllc acids such as
adipic acid, sebacic acid, azelalc aclid, dodecanedioic acid,
1,3-cyclohexanedicarboxylic acid and
1,4-cyclohexanedicarboxylic acid. These copolymerizable
10  dicarboxylic acids may be used alone or in combination of
two or more.
Fxamples of the copolymerizable glycol include
1,2-propylene glycol, 1,3-propanediol,
2,2~dimethyl-1, 3-propanediol, trans- or
15  c¢is-2,2,4,4~tetramethyl-1, 3-cyclobutanediol, neopentyl
glycol, 1,5-pentanedicl, 1,6-hexanediol,
1,4-cyclohexanedimethancl, 1,3-cyclohexanedimethancl,
decamethylene glycol, cyclohexanediol, p-xylenedicl and
pisphencl A. If small in guantity, at least one long-chain
20 diol having a molecular weight of 400 to 6,000, that is,
polyethylene glycol, poly-1l,3~-propylene glycoel or
polytetramethylene ¢glycol may be copolymerized. These
copolymerizable glycols may be used alone or in combination

£

of two or more.

25 PBT can be branched by introducing a small amcount of
a branching agent. Although the type of the branching agent
1s not limited, trimesic acid, trimellitic acid,
trimethylolethane, trimethylclpropane and pentaerythritol
may be used.

30 The terminal group structure of the obtained PBT is
not particularly limited 1f the terminal carboxyl group
concentration is not more than 20 eg/ton, and the amount of
a terminal hydroxyl group may be almoest Lhe same, larger or

smaller than the amount of a terminal carboxyl group. These



uUTN ulTN 5/TP eg/ton me41 PToe DTTAxOgjecTPeueTPWigdeu-9)? 1 ToTP9uPgng-/T Temperature
SIBIL Pressure Temperature ainssaad Temperature eulTl Terminal carboxyl group concentration
Melting point  Transesterification reaction Polycondensation reaction Solid-phase polymerization

42 4. Production of polyester block copolymer Production Example B-1: production of polyester block
copolymer having an IV of 0.85 and a melting point of 213C 135.8 parts of dimethyl isophthalate (to be

5 abbreviated asDM! Hg'iei@@@%@ £7Q.mol% t@eﬂ?ﬁ&f‘ %QOM%@E@E total af all acid,compenents),
69.6 parts of dimethylsebacic acid (to be abbreviated as DMS hereinafter) (30 mol% based on 100
Wt% of the total"6F4lltadid tBmponents) aRd™M 1870 parts bF Rexamethylene glycol (to be abbreviated 10
as HMG hereinafter) were subjected teertransesterification reactionrand iaa estesdfigationireaction in

the presence of 0.17 part of titanLttJm t((s\itrgﬁgtc#(ide1 (0.05 part by mole based on 100 parts téy mole of

the total of all tfie acid" 85“@88?%% sf”e\is acata ﬁ‘s , methanol and waterwerg Gistillec ofﬁf'l,néfindt 15

polymerization Was@n@e@ou@@&@@ag@erdﬂgtﬁ vacgmhmpmd@@ahﬂnedmahadto obtain a
polyester B-1-1.having an;| prinsic.viscosity of 0,89, {This polyester was fransparent and rarely

crystallized even after it was left at a high temperature for one day. 20Meanwhile, dimethyl
terephthalate (t6°He abbrevisfed as’ DMT heféinafter) antdetramethyiene §lyesi (o' BE abbréviated as

TMG hereinafter)were subjested toa transesierification reaction indhe same mananeras gescribed

above in the pr%:sencelof titar}iurghtetrapgtoxid,e g{(l)_. 440 %[art 25 by mole based ogtlof HPayts by mole
of DMT) as a ca*tpéf‘yﬁé?, and €o1ymeﬁz fon Was Carried 6ut tb ‘obtain 'ﬁlpzoaiyels?é}r B1-3 asv‘ing an
intrinsic viscosityrof! 092 andialmetingypointof225C.1Thengi86 partsbhyweight of thecpolyester 8-1-2'

was 30 molten af, 250C,, 70 parts by weight gf the polvester 8+1-1 was added g and reacted with the

polyester 8-1-2" under high vacuum at 250C for 1 hour and 10 minutes under agitation, and phosphoric
acid (1.5 times #rgertharthe yaglarafoungermanivm tetrachloride and

tetramethoxygermanium,
In the present invention, a compound such as a manganese,

15 zinc, calcium or magnesium compound may be used in

combination in the transesterification reaction which is the

previous stage of conventionally known polycondensation, and

polycondensation may also be carried out by using a

phosphoric acid or phosphorous acid compound to deactivate
20  the catalyst after the end of the transesterification

reaction.

{component B: polyester block copolymer)
The polyester bleock copolymer {component B) is
25 obtained by carrying out a transesterification reaction
between 50 to 90 wt% of a soft segment {(component B-1) and
50 to 10 wt% of a hard segment (component B-Z2).
The polyester block copolymer (component B) has an
intrinsic viscosity measured in orthochlorophenol at 35°C
30 of CG.6tcl.1ldl/g, preferably0.7tc1.0dl/g, morepreferably
0.8 to 1.0 dl/g. When the intrinsic viscosity is lower than
0.6dl/g, the thermal motion of a polymer chain becomes active
due to the short polymer chain with the result that a thermal

deccomposition reaction during extrusion processing or a heat



of titanium) was added when the content became transparent 43 to obtain a polyester block
copolymer B-1. The intrinsic viscosity, melting point and terminal carboxyl group concentration of the
obtained polyester block copolymer were measured and shown in Table 2. 5 Production Example B-2:
production of polyester block copolymer having an 1V ©£0.92 and a melting point of 219C A
polyester block copolymer B-2 was obtained in the same manner as in Production Example B-1 except
that 50 parts 10y weight of the-palyester.B-1-1" and. 50 parts by weight of the polyester B-1-2" were

used. The intrinsic viscosity, melting point and terminal carboxyl group concentration of
theobtainedpoly&steérbigekeopdlyimerB2 ret showirin Table 2°15 Brotiutlion Exampe-BIE: Hroduction
of polyester blogk eopelymer having=ain-1Vi,0::0:82 and a melting-pointofz207C 1 4 golyester block
copolymer B-3 was obtained in the e manner as in Production Example B-1 except that 80 parts
20 by woight of S SOl buter 61T ol 20 SRHE B} Weiaht of e Bl B & 1.5 Er& ULBA. The
intrinsic viscosity:metting pointand terminal.carboxygroeip concentraticrsofthelobtained:pelyester
block copolymey. B:3 are shown in Table,2. 25,Production Example BzA:prodygtion of palygster block
copolymer having an IV of 0.79 and a melting point of 167C A polyester block copolymer B-4 was
obtained in the s&nfe-RARREF a8 irf PrstUCHBN Example-BAiexcept tHato5 parts 36 Hy“Wéight of the
polyester B-1-1-anrd 5:partsdy-weight.ofithe polyester-B-1-2'were used: Ehe dHHASIE Viscosity,
melting point and terminal carbaxyl group concentration of the obtained polyester block copolymer B-4
are shown in Table 44 r%dﬁ}c(f%% x%ernpp%%g? pr%O ctiogn of po}l%)s %?E)B ok c%bo%?r?er%aving an v
of 0.63 and’a mettingipaintof 211Cf 1 9135:8parSof PN {70 riol% based or? 200 Wi%of the total of
all acid compongents).. 63 Rarisef DMS/(39-molv%, 5 ased an 109wt ot fheotal of all geyd
components) and 118.0 parts of HMG were subjected to a transesterification reaction and an
esterification reh&fidh ihthe‘preSerite st 017 pART titdritim tefrabutoRide (0 05 part Byahole based
on 100 parts bysmaele-efthe totahofalktheacid eompenents) 19 asa eatalystdnethanol and water
were distilled off, and polgmerizati n Was§arried‘ out at 260C under hi%h vacuum by a predetermined
56Iy

method to obtain‘a poIyaStelr 87511 Faling ah TritriR&id Viscosity of 6 62" This poly&stePwhsSransparent
and rarely. Erystallized eyercafter if wasileft<ds abahigh témperature for bhedayon deMéeaawhile, DMT
and TMG were sybiected (0.4 ransesteriication reaction i (16 same,manngr gs deseribed goove in
the presence of titanium tetrabutoxide (0.04 part by mole based on 100 parts by mole of DMT) as a
catalyst and 20 solrAéfRzettol6tthIn & pelyebterdr52r haviag Bndntiinsic Wséssityofa:é6and a
melting point of.223G;+ ancEhen, 30 parts by weight of the polyester 9-5-2' was molten at 250C, 70
parts by weight of the polyester 9-5-1' was added to and reacted with the polyester 9-5-2' under a 25
high vacuum of 0.13 kP4 (1 ToH) 4t 256 for 136t HRY 10 miniiteS UhdEFaGifatioh®Gid phosphoric
acid (1.5 fimes targert thaa:thecnalas amaumnt) obtitartitrm ) swes added aviten thenpontent beecame
transparent to obtain,a polyester block copolymer B-5, The intrjnsic viscosity, melting point and 30
terminal carboxéyl/flgrofijllf)gc(ipr{f?:gcr?trgtel’so%m(%p t e}(/)%ct)gll}ﬁgg %%?ye%:egr )bloc\g%cgpglé%%? %l%e S o&vﬁr}@in Table 2.
45 135.8 panspt DIV Z0rhaol% based 8A 106 itds! ofitetotal ofallcacibicomponents), t69.6 parts

of DMS (30 mo}gs-based on 100 wide.ef the,total of all acigh components),and 1.18:0 parts QEHMG were
subjected to a transesterification 5 reaction and an esterification reaction in the presence of 0.17 part

of titanium tetraBRAGGAE {0-65 Patkt B Mol Based bR 1005 by hidl& 6PiHe bt bf Alithe acid
components) as angatalyst; methanol-and waterwere distilled offrartpolymerizationyvas:earried out
at 260 under high vacuym 10 by,a predeteimined method fo gbtain a polyester B:6:1, having an
intrinsic viscosity of 1.047 This polyester was ransparen(f anEl rarely crys sllized’gven after it was left at
a high temperature foreme daynMeamitile, DMT dirfd TMG were sabjectéd tba tHtransesterification
reaction in the same;manney, as described abave in the: presence of titanjum tetrabytoxide (0.04 part
by mole based on 100 parts by mole of DMT) as a catalyst and polymerized to obtain a polyester
B-6-2' having afiintfinsiCvisedsity of 104 Ahd aimelihg pSirtief- 225 96 Theh. 30 pars bydveight of
the polyester B:6-2=was malten at250Cw1Q partsy:-weight of the polyesterB-6=4'1was added to and
reacted with th? po estegﬁ_—G-Z' Hsnd%rghigft]k\{aguum atchSOC fortl hotur agd %O minutes under
agitation, and phosphioric 5&id (1.5 fimés larger than'ths molar Amount 25 of fitariamy Was added
when the content becamédramsparent to Obtairka polyesteribtocki gopolynen3-<6: The intrinsic
viscosity, melting, paipt and terminal.carboxyl group gongenuation of the ghtained polyester block
copolymer are shown in Table 2. 30 Production Example 3-7: production of polyester block copolymer
having an IV of0'45 5fd -a melting point of 193C A polyester block copolymer 3-7 was obtained in
the same manner as in Production Example B-5 except that the 46 polyester B-5-2' and the polyester
B-5-1" were reacted with each other under agitation for 1 hour and 40 minutes. The intrinsic viscosity,
melting point and terminal carboxyl group concentration of the obtained polyester block 5 copolymer
B-7 are shown in Table 2. Production Example B-8: production of polyester block copolymer having an
IV of 0.67 and a melting point of 185C A polyester block copolymer B-8 was obtained in the



10 same manner as in Production Example B-6 except that the polyester B-6-2' and the polyester
B-6-1' were reacted with each other at 290C under agitation. The intrinsic viscosity, melting point and
terminal carboxyl group concentration of the obtained polyester block copolymer B-8 15 are shown in
Table 2. Production Example B89: production of polyesster block copolymer having an IV of 0.89 and a
melting point of 217C 164.9 parts of DMI (85 mol% based on 100 wt% of the 20 total of all acid
components), 34.8 parts of DMS (15 mol% based on 100 wt% of the total of all acid components) and
118.0 parts of HMG were subjected to a transesterification reaction and an esterification reaction in the
presence of 0.1V pAP e fARiIUAT tetrabtitdxidé @65 part by mole based 25 on 100 parts by mole of
the total of all the acid compenenis)=as-a eatalyst-methanot and watersweredistilted off, ard
polymerization was tg:arrti)ed out]at 26ij un%%r.h'gh Vvacuum bLy a Bgesdieé rm}inedo {:n%tgog lo é%)tain a
polyester B-9-17Ravifig an intrinsic viscosity of 0.91. This polyester was 30 transparent and rarely
crystallized>evendafter itfwas leftl atén highdempetature: for ioneadalyd!  corhens 80 gartsinpweight of the
polyester B-1-2. was molten at 250G, {0 R@&?n?}éw@iﬁht@ the polyester B-9-1' was,added to and

reacted with the polyester B-1-2' under high 47 vacuum at 250C for 1 hour and 10 minutes under

agitation, and phdsphdritiacie @5 timesqakyer Fidn e molard@motit of fitahfumy wis-ddéd when
the content became transparentdo gbtain, a pelyester blosk copalymen B9 ckhe intinsie-2 viscosity,

melting point and terminal carboxyl group concentration of the obtained polyester block copolymer
were measuredeir%J?Adwn in Table 2. Production Example B-10: production of polyester block 10
copolymerthaving an |\Wiof<0.88 andramedtingaqgointof 211 G t om 97 D parts oD MKBE hol% based on
100 wt% of the tatal of all asid camponents), 118.9 parts,of DMS (50.mol based gn 100.wt% of the
total of all acid components) and 118.0 parts of HMG were subjected to a transesterification reaction
15 and an estefificatiohreastich iftHeSTesEREE 610 1 79part BELIARTR AT tetrabiit6xide ®.65 part by

mole based on 199 haktsy mole o thetotglofallthe @cid cemppnents) as a-catalyst; methanol and
water were distilled off, and polymerization was carr‘iﬁqd ou'%%t 260C under Qigh v%fcuum go bsy a
predetermined fHetfidd t° 6btaitf'a Polyestet B-10-1"Having R iRtffigicviScosity ot U ot -Thi polyester
was tranggarent andirarely igrystallized evenaftey it was: teftatahighnteniperature for anecday. Then,
30 parts by weightofhe polvpsier Bu 2 was 25 mollen a1 2506, Z0 adts tiowelght gfihe polyester
B-10-1' was added to and reacted with the polyester B-1-2' under a high vacuum of 0.13 kPa (1 Torr)
at 250C for 1 h6é§d&rd* @ minutes under agitation, and phosphoric acid (1.5 times larger than the
molar amount of titaniumgW@Qﬂﬁwg@@&h@c@@gjﬂgﬂ&bg@mg franspateat to,obtair &pRolyester
block copolymer B-10. The Intrinsic viscosity, melting point and terminal % rboxyl grou%concentration

of the obtained pOTyESEFBIOHE CpaIGTHbT WETE TEAbUred A1t oWt i TABle 48 BrOLE AN
Example B311: predystinnof plyesterselock cepolymenhavingdaindyrafk 90 andzacimgltngspoint of
220C 184.3 parts_of | (95 maol% based 1%, of the_ 5 total.of all aci ents); 11.6 parts
of DMS (5 mol% %a%gg%%%foco \?V%%%Of?ﬁe %(%glg(g#] gfggé%o%%%%eﬁ%%%@gl%gg ggﬁs%nghMG were
subjected to a ttarseltdrification raattion andhdr esterifieation reae e irftheprésedcé bf 017 part of
titanium tetrabuggxide 0.0Fpartby.mole-based on 100,10 partsby male of the tatakof alldbe acid
components) as a catalyst, methanol and water were distilled off, and polymerization was carried out
at 260C under Figh RO bS & pracieterifindd niéthod 16 Oi‘)’fai#?ﬁ?il)}égfer@-ﬁﬁgihﬁ&vﬁﬁ% an
intrinsic viscosity-af),.90.rEiis pelyester sras B ransparentand tarelyrerystatized €ven after it was
left at a high temperature for one day. Then, 30 parts by weight of the polyester B-1-2" was molten
at 250C, 70 pallgfsE %yﬁ %v%%ﬁyof?ﬁé’ pgl?/ggte‘r’ %?fl-%l%wgg'saaded to and reacted with the polyester
B-1-2' under a 20 high actiumi 0H0ABkPax(luFati)eat 250@for:1chour and-10 mirutes dindér agitation,
and phosphori%%%&%é&ir@%%kaég%rntbéa the, mejar-amount gt titanium) was agdded when.the content

became transparent to obtain a polyester block copolymer B-11. The intrinsic viscosity, melting point
and 25 terminal'¢drbox{fFgradp %%réé?ﬁréﬁd“ﬁof%db?&iﬁ@& polyester BREKETpolyhérwere
measured and shownir Table 2 cRepduction ExamplerB-d 2 preductionsef polyestes bloek 3@
copolymer havin% an IV of 1.27 and a meltin\% oint of 222?3 \184.3epar}%‘g)f DMi (95 mol% based
on 100 wt% of fhetotal &f aif ggi%licdo*mﬁélnaen S ‘?Tl.% 6§’rts of DS 85{ mbl% based on 100 Wt% of the
total of all acid comporentskard 128 Opartsiof NECawere'subjected toa-transesterification reaction
49 and an esterification reactign in ifie presence,of,0,17 part of titapjym tetrabuoxide, (0,5 part by
mole based on 100 parts by mole of the total of all the acid components) as a catalyst, methanol and
water were distifled©ff and& polymetigdtion(wageafiied-olt at 260C éndet High dactism®y a
predetermined method to obtain a polyester 8-12-1' having an intrinsic viscosity of 1.32. This polyester
was transparent and rarely crystallized even after it was left at a high temperature for one day.
10Meanwhile, DMT and TMG were subjected to a transesterification reaction in the presence of
titanium tetrabutoxide (0.04 part by mole based on 100 parts by mole of DMT) as a catalyst and then
polymerized in the same manner as described above to obtain a polyester 8-12-2' having an
15intrinsic viscosity of 1.31 and a melting point of 227C. Then, 30 parts by weight of the polyester

Q_ 122" wac mnlten at 260C 70 naric hyv weiaht of the naolvvectaer Q-12-1' wace added to and reacted with



50 1.67 and a melting point of 234C. Then, 50 parts by weight of the polyester 2-13-2' was molten
at 250C, 50 parts by weight of the polyester B-1-1' was added to and reacted with the polyester
B-13-2' under 5 a high vacuum of 0.13 kPa (1 Torr) at 250C for 10 minutes under agitation, and
phosphoric acid (1.5 times larger than the molar amount of titanium) was added when the content
became transparent to obtain a polyester block copolymer B-13. The intrinsic viscosity, melting point

and terminal carboxyd 19:group congentration of the ebtained-polyester block copolymerswere
measured and shown in Table 2, Production Example 2-14: Eroduction of polyester block copolymer

having an IV of 6793 &tith & Tigiting Pdifit'of 221C 15607 ats By weight of tiie poljestsr 2-1:2' was
molten at 250CT 48 pafts-hy, weight of:itherpolyéster-31:=b'-was-added tocandreacted Rvith-the polyester

2-1-2' under a high yacuum of 0.13 kPa (1 Torr) ; 0Cfor 10 minytes u agitation, and
phosphoric acid %1g in';éeos |§§géﬁﬁ§ﬁ téer%g?eﬁ%t)rfgurﬁéorté ti?gni%lr% w s%d” e%%wﬁgn he content
became transparent &5 ebtain &opblyesterbloek copoRimer 2-14 THeintfnsieVis€esity? irfditing point

and terminal cagbaxyl group, eQncentration of the,ohtained-polyester black sepelymer werg neasured
and shown in Table 2. CL OE OOTb90 OOP OOT 990 EZZ, CL OE ET.0 OS?_ OOT Sb " 1SE
E61 Cs.1LO I$YECIEOE 1007 HON 51658 St o™d iFtEO TS AT O BUBC6gP'T "

deteriorates in tensile elongation and is not suitable for
use as a wire coating material. When the content of the
10 component B-1-1 is higher than 40 mol%, that is, the content
of the component B-1-Z 1s lower than 60 mol%, a heat
decomposition reaction during a heat deterioration
resistance test is apt to be promoted with the result of the
polyester polymer deteriorates in heat deterioration

15 resistance.

(component B~-2: hard segment)

The hard segment (component B-2) is composed of 1C0

parts by mole of terephthalic acid (component B-Z-1) and 100
20 parts by mole.of an aliphatic a,®-dicl having 2 to 4 carbon
atoms (component B-2-2).

Terephthalic acid {component B-2-1) 1s used to improve
the crystallinity and abrasion resistance of the polyester
block copolymer (component B). Use of an aromatic

2?5  dicarboxylic acid such as 2, 6-naphthalenedicarboxylic acid

or 4,4’ -diphenyldicarboxylic acid in combination with

within the scope of the present invention. In this case,
the content of terephthalic acid is at least not less than
30 60 mol%, preferably not less than 70 mol%, particularly
preferably not less than 80 mol%.
The aliphatic o,w-diol having 2 to 4 carbon atoms
(component B-2-2} is used to enhance the crystallinity of

the hard segment and accelerate the crystallizatiocn of the
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hard segment, and examples thereof include ethylene glycol,
trimethylene glycol and tetramethylene glycol, out of which
tetramethylene glycol is particularly preferred.

The polyester block copolymer (component B) can be

5 obtained by carrying out a transesterification reaction
between a polyester {component B-17) for the soft segment
which is composed of the above soft segment (component B-1)
alone and a polyester for the hard segment (component B-27)
which is composed of the above hard segment (component B-Z)

10 alone under reduced pressure while the reaction product is
stirred and heated in the presence cof a catalyst.

It is important that this transesterification reaction
should be continued until the melting point of the obtained
polyester block copolymer (component B) becomes Z to 40°C

13 lower than the melting point of the polyester for the hard
segment. When the reduction of the melting point is less
than 2°C, the obtained polymer exhibits the characteristic
properties of a mixture of the polyester for the soft segment
(component B-1’) and the polyester for the hard segment

20 (component B-2') rather than a block copolymer and does not
show sufficiently high tensile elongation. When the
reduction of melting point is 40°C or more, the block length
of the hard segment (component B-2) of the obtained polyester
block copolymer becomes too short, whereby satisfactory

25 crystallinity is not obtained and abrasion resistance
degrades.

The heating temperature is not particularly specified
but desirably controlled to a range of 220 to 270°C to reduce
the viscosity so that the obtained polyester block copolymer

30 can be fully stirred and eliminate an adverse influence by
heat deterioration, and the pressure 1s desirably not more
than 0.4 kPa (3 Torx).

Examples of the transesterification reaction catalyst

include compounds containing titanium, germanium or antimony.
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In this case, a catalyst deactivator such as phosphoric acid,
phosphorous acid, phosphonic acid, phosphinic acid or a
derivative thereof is added to deactivate catalytic abillty
30 as to prevent the transesterification reaction from
5 further proceeding at the time of remelting. The types and
amounts of the catalyst and the catalyst deactivator differ
according to the types, amcunts and molecular weights of the
polyester for the soft segment in use {(component B-17) and
the polyester for the hard segment in use (component B-27}
10  and also various facteors such as stirring conditions and
temperature. Therefore, it 1s difficult to determine them
noneguivocally.
The terminal group structure cof the polyester block
copolymer (component B) is not particularly limited but the
15 terminal carboxyl group concentration thereof is preferably
not more than 50 eg/ton, more preferably not more than 40
eq/ton, much more preferably not more than 35 eg/ton. As
the terminal carboxyl group concentration becomes lower, the
heat stability of the polyester block copolymer beconmes
20  higher. The amount of the terminal hydroxyl group may be
almest the same, larger or smaller than the amount of the
terminal carboxyl group. These terminals may be capped by
reacting a compound having reactivity to the terminal groups.
As for the method of producing the polyester for the
25  soft segment (component B-1’) or the polyester for the hard
segment {component B-2'), the polyesters can be each obtained
by carrying out an esterification reaction between a
dicarboxylic acid component and a diol component under
heating in the presence of a catalyst containing titanium,
30 germanium or antimony in accordance with a predetermined
method, discharging by-preoduced water or lower alcohol to
the outside of the system, and polycondensing the reaction
product under reduced pressure while 1t is stirred and heated

in the presence of the catalyst. Examples of the catalyst
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include titanium tetrabutoxide, germanium oxide, germanium
hydroxide, germanium tetrachloride and
tetramethoxygermanium. The catalyst can be deactivated by
means of a catalyst deactivator such as phosphoric acid,
5 phosphorous acid, phosphonic acid, phosphinic acid or a
derivative thereof after the end of pclycondensation.

The content of the polyester klock copolymer
(component B) is 40 to 150 parts by weight, preferably 50
to 140 parts by weight, more preferably 60 to 130 parts by

10  weight based on 100 parts by weight of the thermoplastic
polyester resin (component A). When the content is lower
than 40 parts by weilght, sufficiently high flexibility cannot
be provided and when the content 1s higher than 150 parts
by weight, abrasion resistance degrades disadvantageously.

15
{(component C: polycarbodiimide compound)

The polycarbodiimide compound (component C) 1s a
(coypolymer comprising a polyhydric isocyanate compound.
Examples of the above polyhydric isocyanate include

20 hexamethylene diisocyanate, xylene diisccyanate,
cyclohexane diisocyanate, pyridine diisccyanate,
2,4-tolylene diisocyanate, 2Z,6-tclylene dilsccyanate,
4,4-diphenylmethane diisocyanate, p-phenylene dilsocyanate,
m-phenylene diisocyanate and 1, b-naphthylene diisocyanate,

25 Cut of these, cyclohexane diisocyanate and 2,4—toiylene
diisocyanate are preferably used.

Examples of the polycarbodiimide compound (component
C) include the Carbodilite HMV-8CA and Carbodilite LA-1 of
Nisshinbo Industries, Ltd. and Stabaxol P of Rhein Chemie

30 Co., GmbH.

The content of the polyvcarbodiimide compound
(component C) is 0.1 to 10 pars by weight, preferably 0.3
to 9 parts by weight, more preferably 0.5 to & parts by weight

based on 100 parts by weight of the thermoplastic polyester
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resin (component A) . When the content 1s lower than 0.1 part

by weight, the effect of improving heat deteriocration

when the content is higher than 10 parts by weight, extrusion

5 processability markedly deteriorates due to an increase in
melt viscosity, thereby not cbtaining sufficliently high
tensile elongation.

The softening ftemperature of the polycarbodiimide
compound (component ) is 50°C or higher, preferably 60°C

10  or higher, more preferably 70°C or higher. When the
softening temperature is lower than 50°C, the resin
composition fuses under a hopper for supplying raw materials
at the time of extrusion to cause a shoot-up, thereby making
extrusion difficult. Since it is difficult to produce a

15 polycarbodiimide compound having a softening temperature
higher than 120°C, the polycarbodiimide compound is of no
industrial value. Therefore, the upper limit of the
softening temperature of the polycarbodiimide compound
(component C) 1s substantially 120°C.

20
(component D: magnesium hydrozide)

The main purpose of using magnesium hydroxide
(component D) is to provide flame retardancy, reduce smoking
and prevent insulating properties from being impaired. The

25  magnesium hydroxide (component D) has an average particle
diameter measured by a laser diffraction scattering method
of 0.1 to 2 um, preferably 0.4 to 1.0 pm and rarely or seldom
agglomerates. When the average particle diameter is smaliler
than 0.1 pm, special grinding is required, thereby boosting

30  cost and reducing an industrial effect disadvantageously and
when the average partlcle diameter is larger than 2 jpm,
insulating properties degrade probabply due to the
agglomeration of magnesium hydroxide 1n the composition.

The specific surface area measured by a BET method of
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each magnesium hydroxide particle is not particularly
limited but preferably 1 to 10 m?/g. Within this range,
excellent flame retardancy and insulating properties are
obtained.

Preferably, magnesium hydroxide (component D} has a

[l

total content of the metals of an 1ron compound, a manganese
compound, a cobalt compound, a chromium compound, a copper

compound, & vanadium compound and a nickel compound of not

10 is not deteriorated. Thersfore, it is preferred that
magnesium chloride or magnesium nitrate as a raw material
of magnesium hydroxide (component D} and an alkaline
substance such as an alkali metal hydroxide, ammonia or
magnesium oxide should be purified.

15 Magnesium hydroxide (component D) may be mixed with
the composition as it is in order to provide flame retardancy
and low smoke-producing properties without deteriorating
insulating properties. However, it is preferred to treat
magnesium hydroxide with a surface treating agent before use.

20 The surface treating agent is at least one selected from the
group consisting of higher fatty acids, anionic surfactants,
phosphoric acid esters, coupling agents (silane-based,
titanate-based and aluminum-based} and esters of a
polyhydric alcchol and a fatty acid. Examples of the

25 surface treating agent which 1s preferably used include
higher fatty acids having 10 or more carbon atoms such as
stearic acid, erucic acid, palmitic acid, lauric acid and
behenic acid, and alkalimetal salts of the above higher fatty
acids; sulfate ester salts of a higher aicohol such as stearyl

30 alcohol and oleyl alcohol; anionic surfactants such as
sulfate ester salts, amide-linked sulfate ester salts,
ecster—linked sulfate ester salts, ester-linked sulfonates,
amide-linked sulfate salts, ether-linked sulfate salts,

ether~linked alkyl aryl sulfate salts and ester~-linked alkyl
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aryl sulfate salts and amide-linked alkyl aryl sulfate salts
of polyethylene glycol ether; phosphoric acid esters such
as mono- or di-esters of orthophosphoric acid and cleyl

alcoheol or stearyl alcohol, mixtures thereof, or acid type

jo2l

or alkalimetal salts or amine salts thereof; silane coupling

agents such as vinyl ethoxysilane,

vinyl-tris(2-methoxy~ethoxy)silane,
gamma-methacryloxypropyl trimethoxysilane,
gamma-aminopropyl trimethoxysilane,

16 beta~ {3, 4-epoxycyclohexyl)ethyl trimethoxysilane,
gamma-glycidoxypropy trimethoxysilane and
gamma-mercaptopropyl trimethoxysilane; titanate-based
coupling agents such as isopropyltriisostearoyl titanate,
isopropyl tris{dicctylpyrephosphate)titanate, isopropyl

15  tri(N-amincethyl-amincethyl)titanate and lsopropyl
tridecylbenzenesulfonyl titanate; aluminum-based coupling
agents such as acetoalkcoxyaluminum diisopropylate; and
esters of a pelyhydric alcohol and a fatty acid such as
glycerin monostearate and glycerin monooleate. To surface

20 treat magnesium hydroxide with the above surface treating
agent, a wet or dry process known per se may be used. For
example, in the wet process, a surface treating agent in a
liquid or emulsion form is added to and mixed with magnesium
hydroxide slurry mechanically completely at a temperature

25 of up to 100°C. In the dry process, a surface treating agent
in a liguid, emulsion or scolid form is added to and mixed
with magnesium hydroxide powders completely while they are
fully stirred with a Henschel mixer under heating or
non-heating. The amocunt of the surface treating agent may

30 be suitably selected but preferably not more than about 10

wh% based on the welight of the magnesium hydroxide. Means

such as rinsing, dehydration, granulation, drying, grinding
and classification are suitably selected and carried out on

the surface treated magnesium hydroxide as required to obtain
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the final product.

The content of magnesium hydroxide {(component D) 1is
10 to 50 parts by weight, preferably 15 te 40 parts by weight,
particularly preferably 20 to 30 parts by weight based on

5 100 parts by weight of the thermoplastic polyester resin
(component A). When the content is lower than 10 parts by
weight, low smoke-producing properties beconme
unsatisfactory and when the content is higher than 50 parts
by weight, flexibility degrades.

10
{component E: inorganic porous filler)

The main purpose of using an inorganic porous filler
(component E) is to improve insulating properties. The
dielectric resistance of the compoesition tends to lower as

15 the temperature rises. However, when a specific amount of
the inorganic porous filler {component E) is used, dielectric
resistance becomes stable even at a high temperature with
the result of improved insulating properties. The inorganic
porous filler (component E) has an average particle diameter

20 measured by a laser diffraction scattering method of 0.1 to
1 um, preferably 0.2 to 0.8 um and almost never or rarely
agglomerates. When the average particle diameter is smaller
than 0.1 um, a special grinding process is required, thereby
boosting cost and reducing an industrial effect

25 disadvantageously. When the average particle diameter is
larger than 1 um, the effect of improving insulating
properties becomes small probably due te the agglomeration
of the incorganic porous filler in the composition. The
specific surface area measured by the BET method of the

30 inorganic porous filler (component E) is not particularly
specified but preferably not less than 3 m’/g, particularly
preferably not less than 5 m°/g.

The inorganic porcus filler (component E) is an

inorganic particle having a small apparent specific gravity
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as compared with the true specific gravity of a filler and

a porous structure therein. This materizl i1s classified asz

microporous, MeEsSOPOrous or macreporous accerding te the size

of its pore. Fired kaolin, zeollite, mesalite, anthracite,

5 foamed perlite and activated carbon are used as the materials

of these. Out of these, fired kaolin is most preferred from

the viewpoints of an effect on physical properties and no
coloration.

Fired kaclin is amorphous kaolin produced by firing

10 kaolin purified by the wet process at about 600°C to eliminate
crystal water and destroying the original crystal structure.
This treatment enhances the activity of kaolin and promotes
the adsorptive immebilization of a free ion, thereby
increasing an insulating effect.

15 The content of the inorganic porcus filler {(component
E) iz 0.5 to 5 parts by weight, preferably 0.8 toc 4.5 parts
by weight, more preferably 1 to 4 parts by weight kased on
100 parts by weight of the thermoplastic polyester resin
{component A}. When the content is lower than 0.5 part by

20  weight, no insulation property improving effect is obtained
and when the content is higher than 5 parts by weight, tensile

elongation lowers and flexibility degrades.

(component F: hindered phenol-based antioxidant)

25 The main purpose of using a hindered phenol-based
antioxidant is to improve the heat stability and heat
deterioration resistance of the resin composition for wire
coating at the time of molding.

Examples of the hindered phencl-based antioxidant

30 (component F} include oa-tocopherol, butylhydroxytoluene,
cinnapyl alcohol, vitamin E,
octadecyl-3(3,5~-di-tert-butyl-4-hydroxyphenyl)propionate,
2-tert-butyl-6-(3"~tert-butyl-53" -methyl-2' -hydroxybenzyl
) -4-methylphenvyl acrylate,



segment S-i 0a) (n()>1 Q)O-1>1-10ri..0Q4 00 a,0 53 Examples are given below. Compositions
were mixed in a ratio shown in Tables 3 to 5, each of the resulting mixtures was melt kneaded by
means of a double-screw extruder at 280 to 290C, and the obtained 5 kneaded product was ground to
a size as large as a rice grain, pelletized and dried withca hot air drier at 140C for 6 hours. Then, the
resin composition obtained by the above step was extrusion molded onto the surface of a tin plated
soft copper wire having-a-diameter-gh1.3-mm, w-a:ceatingthickness.ef 10 0,3mm: Aldice having a
diameter of 4.2mm anda nipple havingﬁhggmeter of 2.0 mm were %sed fore trggiém {nolding, the
i0

extrusion rate was’5 ti/mif, the et Miperatirs 6f grgﬁl}?nodse? Was'270 t0-290¢; and the
extrusion temperature,of B, igadnwas P80:t0:290Ct “Thetdhatadtefistictprlopestigstofribithe formed

thermoplastic pglyfsg%gggin%g@gwglgﬁigiﬂp{yfwsgejggggmckgurqulsgip&mglded article and insulated

wire were evaludted by the 4bove methods. The results are shown in Tables 3 to 5. Components used
are given Belové. . 20(coraponert Aitherrosiastic péljester tesim(€6mponent A-1: polybutylene

naphthalene digarpoxylateresin) BBN-11 palybutylene agphthalene dicarhexylate resin (Production
Example A-1) 25 PBN-2: polybutylene naphthalene dicarboxylate resin (Production Example A-2)

PBN-3: polybutyiehe raphtialené tieaidoxyfate TB&ih tBloduiction EXBRipi& A23) (component A-2:
polybutylene terephthalate resing3ORBE 14 mandiactured-By Rolyplastics Co., Ltd., trade name: 300

FP (IV of 0.69 cy/g2 Iqrgnd@%%clgr%%)g/_llgg%u(pé con ation of 20 3:9@9;}3 gqp&%qr%ent B: polyester block
ter i r 54 ’

copolymer) B-17 polyes ock copolymer (Production Example B-1) 54 B-2: polyester block
copolymer{Pro#luétiorr ExarpieeB2)PB3: olyester bibck dpotyinel (PYeditetion Example B-3) B-4:
polyester block;copglymerd{Rroduction Example B-4) B-5:

glycol~N-bis-3-{3~-tert-butyl-4-hydroxy-5-methylphenyl)pr
oplionate,
1, 6-hexanediol-bis[3-(3,5-di~tert-butyl-4-hydroxyphenyl)

15 propionate],
bis{2-tert-butyl-4-methyl-6-(3-tert-butyl-5-methyl-2-hyd
roxybenzyl)phenyllterephthalate,
3,9bis{2-[3-(3-tert-butyl-4-hydroxy-5-methylphenyl)prop
ionyloxyl-1,1l-dimethylethyl}-2,4,8,10-tetraoxaspiro{5, 5]

20 undecane, 4,4’ -thiobis(6~tert-butyl-m-cresol),
4,4"-thiobis(3-methyl-6-tert-butylphenol),

2,2’ ~thicbis{(4-methyl-6~tert-butyliphenocl},
bis (3, 5-di-tert-butyl-4-hydroxybenzyl)sulfide,
4,47 ~di-thicbis (2, 6-di-tert-butylphenol},

25 4,47 -tri-thicbis {2, 6~di~-tert-butylphenol},
2,2-thiodiethylenebis~[3~ (3, 5-di-tert-butyl-4-hydroxyphe
nyl)proﬁionate},
2,4-bis(n-octylthio)-6-(4-hydroxy~3, 5~di-tert-butylanili
ro)-1,3,5-triazine,

30 N,N’-hexamethylenebis- (3, 5-di-tert-butyl-4-hydroxyhydroc
innamide},
N,N’~-bis{3~(3,5-di-tert-butyl-d-hydroxyphenyl)propicnyl]
hydrazine,

1,1,3-tris(2~methyl-4-hydroxy-5-tert-butylphenyl)butane,



polyester block copolymer (Production Example B-5) 5 B-6: polyester block copolymer (Production
Example B-6) B-7: polyester block copolymer (Production Example B-7) B-8: polyester block
copolymer (Production Example B-8) B-9: polyester block copolymer (Production Example B-9) B-10:
polyester block copolymer (Production Example B-10¥ 10 B-11: polyester block copolymer (Production
Example B-11) B-12: polyester block copolymer (Production Example B-12) B-13: polyester block

copolymer (Production. Example,2-13) ,B-14- pelyester bleck-copelymer(Preductionxample B-14)

(component C: g%yf)akrj%ond;igg? compound)
tris(2,5-di~tert-butyl-4-hydroxyphenyl)isocyanurate,
tris(3,b5-di-tert-butyl-4-hydroxybenzyl}isocyanurate,

5 1,3,5-tris(4~tert-butyl-3-hydroxy-2, 6~dimethylbenzyl)iso
cyanurate,
1,3,5-tris-213(3,5-di-tert-butyl-4-hydrozxyphenyl)propion
vioxylethyl isocyanurate and
tetrakis[methylene-3-(3,5-di~tert-putyl-4-hydroxyphenyl)

10 propionate]methane. Out of these,
octadecyl~3- (3, 5-di-tert-butyl-4-hydroxyphenyl)propionat
e (typical commercially available product is Irganox 1076
(trade name) of CIBA SPECIALTY CHEMICALS) is preferred, and
all of these hindered phenol-based antioxidants are easily
15 acquired. They may be used alone or in combination of two
or more.
The content of the phenol-based antioxidant (component
F) is 0.002 to 2.5 parts by weight, preferably 0.004 to 1.5
parts by weight, more preferably 0.005 to 0.5 part by welght
20 based on 100 parts by weight of the thermoplastic polyester
resin {component A}. When the content is lewer than 0.002
part by weight, the effect of improving heat stability and
heat detericration resistance is not obtained and when the
content is higher than 2.5 parts by weight, heat stability
25 and heat deterioration resistance degrade disadvantageously.
It is needless to say that when heat stability dedrades,

tensile elongation lowers and flexibility is lost.

(component G: phosphorus-based antioxidant)

30 The main purpose of using a phosphorus-based
anticoxidant (component G) is to improve the heat stability
of the resin compositicn at the time of molding and the heat
deterioration resistance of the resin composition for wire

coating.



15 C-1: manufactured by Nisshinbo Industries, Inc., trade name: HMV-8CA (softening temperature of
71C) C-2: manufactured by Rhein Chemie GmbH, trade name: Stabaxol | (softening temperature of
40C) (component D: magnesium hydroxide) 20 D-1: manufactured by Kyowa Chemical Industry, Co.,
Ltd., trade name: Kisuma 5L (average particle diameter of 0.82 pm, specific surface area of 5.6 m2/g,
treated with a silane-based coupling agent) 0-2: manufactured by Konoshima Chemical Co., Ltd., trade
25 name: Magseeds ERA (average particle-diameteraf3.Q pan tSp@@iﬁ@@uﬁ@ﬁ@ area 0f3.4 m2/g,
inorganically treat% (tcogwgonent E:in rganlcgorou flll%r) l,:F 1 manufagtur %) BASE, trade

name: Translink 7 veraggﬁgrPc 8 diameter ofa((fé spe ¢ Surface ared of” %%m?/g) E-2:

manufactured by-BASE; trade mame: Salw@neésp@%(MGﬂgmfﬁamm@ diameterief 1¥3 pm, specific
surface area of 12.9 m2/g) (component F: hindered phenol-based antioxidant) 55 F-1: IRGANOX1076

of Ciba Specialty Chemicals Inc. (component G: phosphorus-based antioxidant) G-1: AUK Stab
PEP-24G 6f ADEKA Cérporations 567 X W ©yomhief commppond inglugs mgeieros

phosphite, tris(nonylphenyl)phosphite, tridecyl phosphite,
trioctyl phosphite, trioctadecyl phosphite,
didecylmonophenyl phosphite, dioctylmonophenyl phosphite,
diisopropylmonopheny!l phosphite, monobutyidiphenyl

10 phosphite, monodecyldiphenyl phosphite, monooctyldiphenyl
phosphite, 2,2-methylenebis {4, 6-di~-tert-butylphenyl)octyl
phosphite, tris(diethvliphenyl)phosphite,
tris(di-iso~propylphenyl)phosphite,
tris{di-n-butylphenyl)phosphite,

15 tris(Z,4-di-tert-butylphenyl}phosphite,
trisg{Z,6-di-tert-butylphenyl}phosphite, distearyl
pentaerythritol diphosphite,
bis{(2,d4-di-tert-butviphenyl)pentaervthritol diphosphite,
bis {2, 6-di-tert-butyl-4d-methylphenyl)pentaerythritol

20 diphosphite,
bis {2, 6-di~-tert-butyl-4d-ethylphenyl)pentaervthritol
diphosphite,
bis{Z,d4-bis{l-methyli-1l-phenylethyl)phenvyl}pentaerythrito
1 diphosphite, phenyl bisphenol A pentaerythritol

25 diphosphite, bis(nonylphenyl)pentaerythritcel diphosphite
and dicyclohexyl pentaerythritol diphosphite.

Other phosphite compounds which react with a dihydric
phenol to have a cyclic structure may aiso be used. Examples
thereof include

30 2,2’ -methvlenebis (4, 6-di~tert-butylphenyl} (2, 4-di~tert-b
utylphenyl}phosphite,

2,2 -methylenebis (4,6-di-tert-butyliphenyl) {(Z-tert-butyl-
d-methylphenyl)phosphite and
2,27 -methylidenebis (4-methyl-6-tert-butylphenyljoctyl
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phosphite.

Examples of the phosphate compound include tributyl
phosphate, trimethyl phosphate, tricresyl phosphate,
triphenyl phosphate, trichlorophenyl phosphate, triethyl
phosphate, diphenylcresyl phosphate,
diphenylmonoorthoxenyl phosphate, tributoxyethyl phosphate,
dibutyl phosphate, dioctyl phosphate and diiscpropyl
phosphate. Out of these, triphenyl phosphate and trimethyl
phosphate are preferred.

Examples of the phosphonite compound include
tetrakis (2, 4-di-tert-butylphenyl)-4,4' -biphenylene
diphosphonite,
tetrakis (2, 4-di~tert-butyvlphenyl) -4, 3’ ~biphenyliene
diphosphonite,
tetrakis (2, 4-di-tert-butylphenvyl) -3, 3" -biphenylene
diphosphonite,
tetrakis(2,6-di-tert-butylphenyl)-4, 4" ~biphenylene
diphosphonite,
tetrakis(Z?, 6-di-tert-butyiphenyl) -4, 3’ -biphenylene
diphosphonite, '
tetrakis (2, 6-di~-tert-butylphenyl)-3, 3" -biphenylene
diphosphonite,
bils {2, d-di-tert-butylphenyl)-4-phenyl~phenyl phosphonite,
big{2,4~di-tert-butylphenyl)~3~phenyli-phenyl phosphonite,
bis (2, 6-di-n~pbutylphenyl}-3-phenyl-phenyl phosphonite,
bis (2, 6-di~-tert-butylphenyl)-4-phenyl-phenyl phosphonite
and bis{2,6-di-tert-butyiphenyl)-3-phenyl-phenyl
phosphonite. Tetrakis (di-tert-butylphenyl)-biphenylene
diphosphonites and bis(di-tert-butylphenyl)-phenyl-phenyl
phosphonites are preferred, and
tetrakis (2, 4-di-tert-pbutylphenyl)-biphenylene
diphosphonites and
bis(Z,4-di-tert-butylphenyl}-phenyl-phenyl phosphonites

are more preferred. Preferably, these phosphonite
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compounds may be used in combination with a phosphite
compound having an eryl group substituted by two or more of
the above alkyl groups.

Fxamples of the phosphonate compound include dimethyl
benzenephosphonate, diethyl benzenephosphonate and
dipropyl benzenephosphonate.

Examples of the tertiary phosphine include
triethylphosphine, tripropylphosphine, tributylphosphine,
trioctylphosphine, triamylphosphine,
dimethylphenylphosphine, dibutylphenylphosphine,
diphenylmethylphosphine, diphenyloctylphosphine,
triphenylphosphine, tri-p-tolylphosphine,
trinaphthylphosphine and diphenylbenzylphosphine. The
tertiary phosphine is particularly preferably
triphenylphosphine.

These phosphorus-based antioxidants (component G} may
be used alone or in combination of two or more. Out of the
phosphorus-based antioxidants, a phosphite compound or a
phosphonite compound is preferred.

The content of the phosphorus-based antioxidant
(component G} is 0.002 to 2.5 parts by weight, preferably
0.004 to 1.5 parts by weight, more preferably 0.005 to 0.5
part by weight based on 100 parts by weight of the
Lhermoplastic polyester resin (component A). When the
content is lower than 0.002 part by weight, the effect of
improving heat stability and heat deterioration resistance
is not obtained and when the content is higher than 2.5 parts
by weight, heat stability and heat deterioration resistance
degrade disadvantageously. It is needless to say that when
heat stability degrades, tensile elongation lowers and
flexibility is lost.

When a phenol-based antioxidant {component F} and a
phosphorus-based antioxidant (component G} are used in

combination, the welight ratio of these components is not
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particularly limited as leong as it falls within the range
of the present invention. However, the welght ratio of the
phenol-based antioxidant {(component [} to the
phosphorus-based antioxidant (component G) is preferably 5/1
5  to 1/5, more preferably 3/1 to 1/3, particularly preferably
2/1 to 1/2. Within this range, the effect of improving heat
stakility by using a combination of the phenol-based
antioxidant (component F) and the phosphorus-hbased
antioxidant {component G) 1is high.
10
{cther additives)

The resin composition for wire coating of the present
invention may be mixged with another thermoplastic resin and
opticnally a plasticizer, an inorganic filler other than the

15 component E, a halogen-free flame retardant, a vulcanizing
(crosslinking) agent, a pilgment, an optical stabilizer, an
antistatic agent, an antiblocking agent, a lubricant, a
dispersant, a flowability improving agent, a release agent,
a nucleating agent and a neutralizer as long as the effect

20 of the present invention is not impaired. Examples of the
other thermoplastic resin include a copclymer containing
ethylene, (meth)acrylic acid ester or styrene as the main
component. The amount of the additive or the thermoplastic
resin is generally 0.01 to 50 parts by weight based on 100

25  parts by weight of the thermeoplastic polyester resin

(component Aj.

{insulated wire)
The insulated wire of the present invention includes
30 a conductor and an insulating material coated on the exterior
surface of the conductor as constituent elements.
Examples of the conductor include a copper wire, an
aluminum wire and a glass fiber wire. The conductor may be

a copper wire alone, or twisted wires or knitted wires
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composed of a plurality of wires. The diameter of the

conductor is preferably 0.1 to 2 mm. The conductor may be

plated with tin by hot dipping or electrelysis.

cross—-sectional shape of the conductor is not only round but

5 also straight angular cobtained by slitting a copper plate

or rolling a circular wire.

The insulating material is the above-described resin
composition of the present invention. The insulating
material should be coated on the exterior surface of the

10  conductor. The exterior surface c¢f the conductor may be
coated with crosslinked polyethyiene and further with the

resin composition of the present invention on the exterior

side.

The thickness of the coatinglof the resin composition
15 48 preferably 0.01 to 0.5 mm, more preferably 0.02 to 0.4
mm to reduce the weight and thickness ¢f the insulated wire.
When the thickness of the insulatingmaterial is smaller than
0.01 mm, 1t is difficult to maintain abrasion resistance and
when the thickness is larger than 0.5 mm, the take-up diameter

20 of the insulated wire becomes large, thereby making it

difficult to handle it. The insulating material may consist

Xa

The

of a single layer or multiple lavers. For example,

insulated wire of higher level can be manufactured by forming

a two-layer structure and making the content ¢of the polyester
25 Dblock copolymer (compenent B) or magnesium hydroxide

{component C) which deteriorates insulating properties 1in

the inner layer different from that in the ocuter layer of

the two-layer structure.

The insulating material may further have a sheath layer

30 on the surface. The sheath layer 1s made of vinyl chloride
or polyethyleﬁe. A plurality of conductors coated with the
resin composition of the present invention are twisted, and

the outer surface of the twisted assembly may be covered with

the sheath laver.

X2 *3
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The insulated wire of the present invention comprises
as an insulating material a resin composition which is
excellent in heat deterioration resistance, abrasion
resistance, flame retardancy and insulating properties, can
achieve low smoke-producing properties, contains no halogen
compound and has a high level of tensile elongation.
Therefore, even when the insulated wire 1is made light in
weight and thin, it i1s excellent in mechanical strength and
heat resistance. The insulatedwire of the present invention
is suitable foruse asawlire for vehicles such as automobiles,
trains and airplanes.

An example of the method of producing the insulated
wire will be explained. A known methodmay be used to produce
the insulated wire. For example, the insulated wire can be
manufactured by using a general extrusion molding line to
melt knead the resin composition of the present invention
and extruding the resin compositor onto a conducter. A batch
type kneader or a double-screw extruder may be used for melt
kneading. For example, a double-screw extruder is used in
Lhe extrusion molding line but a machine cther than the
double-screw extruder may be used. With this double-screw
extruder, the melt kneaded resin composition is extruded by
controlling the temperature of the head unit of the
doubhle-screw extruder Lo a predetermined temperature of 240
to 310°C so as to coat the conductor with the resin
composition having an extrusion temperature of 240 to 310°C.

The temperature for extrucing the resin composition
is preferably set to 240 to 310°C. When the temperature
exceeds 310°C, Lhe resin composition partly decomposes or
the molecular weight ¢f the thermoplastic resin lowers,
whereby bunchy foreign matter may be produced or the
abnormality of the outer diameter of the wiremay cccur. When
the temperature falls below 240°C, the thermoplastic resin

is not completely molten, whichmay result in a bad appearance
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or an extrusion failure.

Ixamples

The following examples are provided for the purpose
of further illustrating the present invention but are in nc
way to be taken as limiting. “Parts” in the following
description means “parts by weight”, and “%” means “wt%”.
Physical properties were measured by the following methods.
1. Measurement of resin characteristic properties
(1) Measurement of intrinsic viscosity {IV)

After 0.6 g of the resin was molten in 50 ml of
orthochlorophencol by heating, the resulting resin sclution
was cooled to room temperature to measure its viscosity at
a temperature of 35°C by using an Ostwald viscosity tube.
The intrinsic viscosity (IV} of the resin was calculated from
the obtained solution viscosity data.

(2) Measurement of terminal carboxyl group concentration

This is the eguivalent concentration of 1 x 10° g of
a terminal carboxyl group obtained by melting 0.4 g of the
resin in 100 ml of benzyl alcohel and titrating the obtained
resin solution with O0.1N-NaOH by means of the GT-100
automatic titration apparatus {(of Mitsubishi Chemical
Corporation).

{3) Measurement of softening temperature

The softening temperature was measured at a
temperature elevation rate of 20°C/min in a nitrogen
atmosphere by means of a differential scanning calorimeter
(DsCH .

{(4) Extrudability

Extrudability was evaluated as © (satisfactory) when
an additive did not fuse near a feed part for extrusion and
a shoot-up did not occur at the time of melt kneading the
resin composition and pelletizing it under conditions which

will be described hereinafter and as x (extrusion failure)
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when a shoot-up occurred and extrusion was impossible.
(5) Flexibility and heat deteriocration resistance

A composition pellet was molded into a dumbbell test
sample (based on JIS K 6251: No. 3) by using an injection
molding machine (Mitsubishi Heavy Industries, Ltd.) at a
cylinder temperature of 260°C and a mold temperature of 50°C.
The tensile elongation retention after a dry heat treatment
was calculated based on the following numerical expression
from a tensile elongation measured by using a test sample
which was left in a 150°C hot air drier for 96 hours and then
in a 23°C-50 %RH environment for 24 hours {test sample after
a dry heat treatment) and a tensile elongation measured by
using a test sample whichwas left ina 23°C-50 $RH environment
for 24 hours (test sample before a dry heat treatment). A
tensile test was carried out at 5 mm/min.

As for the judgment of flexibility, a test sample having

was judged as © {acceptable) anda test sample having a tensile
elongation of less than 20 % was judged as x (unacceptable).
As for the judgment of heat deterioration resistance,
a test sample having a tensile elongation retention of not
less than 80 % was judged as © {acceptable) and a test sample
having a tensile elongation retention of less than 80 % was
judged as x (unacceptable}.
Tensile elongation retention (%) = 100 x (tensile elongation
after dry heat treatment)/(tensile elongation before dry
heat treatment)
(6) Abrasion resistance
The composition pellet obtained by a method which will
be described hereinafter was molded into a tensile test
samplie {(thickness of 4 mm, total width of 30 mm, length of
170 mm) by using an injection melding machine (80 MSP-5 of
Mitsubishl Heavy Industries, Ltd.) at a cylinder temperature

of 260°C and a mold temperature of 50°C in accordance with

-PO T.0
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an IS0 527-1 method. An abrasion resistance tCest was made
on the obtainaed tensile test sample by using & reciprocating
dynamic abrasion friction tester (AFT-15M of Orilentec Co.,

Ltd.) in a 23°C-50%RH atmosphere. This abrasion resistance

:
N

Test was carried out as shown in Fig. 1 by applying the
abrasionpinof the steel ball 5@ of the reciprocating dynamic
abrasion friction tester to the test sample 1 from above and
applying a load of 3 kg to the test sample so as to press
the pin against the test sample. While this load was applied
i0 to the test sample, the test sample was caused to reciprocate
200 times at a testing rate of 20 mm/sec and a stroke width
of 20 mm in the lengthwise direction so as to measure its
dynamic friction coefficient. As the dyrnamic friction
coefficient becomes smaller, abrasion resistance becomes
15 higher. The dynamic friction coefficlent needs to be less
than 1.
(7) Insulating properties
The composition pellet obtained by the method which
will be described hereinafter was molded into a disk-like
20 test sample (diameter of 50 mm, thickness c¢f 3 mm) at a
cylinder temperature of 260°C and a mold temperature of 50°C
by using an injection molding machine (80 MS8P-5 of Mitsubishi
Heavy Industries, Ltd.). After this disk-like test sample
was treated in 85°C hot water for 240 hours and lightly wiped
25  with kimwipe, a breakdown test was carried out on this test
sample in 23°C ¢0il by using a breakdown tester in accordance
with IEC60243. In this isolating property test, a test
sample having a break strength of not less than 40 kV was
iudged as © {(acceptable) and a test sample having a break
30 strength of less than 40 kV was Jjudged as x (unacceptable).
(8) Low smoke-producing properties
The composition pellet obtained by the method which

will be described hereinafter was molded into a dumbbell test
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of 260°C and a mold temperature of 50°C by using an injection
molding machine (80 MSP-5 of Mitsubishi Heavy Industries,
Ltd.). Flares were applied to the center of the test sample
which had been left in a 23°C~50 %$RH environment for 24 hours
by using a burner (based on UL 2V} for 15 seconds as shown
in Fig. 2 and smoke coming frem above the sample was collected
in a collection bottle {(transparent heat-resistance glass
bottle having a mouth inner diameter of 99 mm, a barrel
diameter of 106 mm and a height of 175 mm). Five minutes
after collecticn, the total light transmittance (%) of the
bottle containing smoke was measured with a
reflection/transmittance meter (HR-100 of Murakami Color
Research Laboratory) (D65 light source)) as shown in Fig.
3. A test sample having a total light transmittance of not
less than 80 % was evaluated as ¢ (acceptable) and a test
sample having a total light transmittance of less than 80 %
was evaluated as x {unacceptable).
2. Measurement of characteristic properties of insulated
wire
(1) Tensile elongation of insulated wire (heat
deterioration resistance)

A copper wire was extracted from an insulated wire
sample produced by the method which will be described
hereinafter to produce a tube-like test sample (outer
diameter of 1.9 mm, inner diameter of 1.3 mm, length of 150
mm) . After the test sample was treated in a 150°C atmosphere
in a gear oven aging tester for 96 hours, a tensile elongation
test was conducted. The tensile elongaticn test was made
on the test sample at a tension rate of 200 mm/min in
accordance with JIS C 3005. A test sample having a tensile
elongation of not less than 200 % was evaluated as ©
{acceptable) and a test sample having a tensile elongation
of less than 200 % was evaluated as x (unacceptable). The

tensile elongation is calculated from the following

T-G



T-2 3-2 T-3 T-S Shoot-up Torque- over Tensile elongation Evaluation Evaluation Dynamic friction
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eRpression.

Tensile elongation (%) = 100 x [ (length of sample after

tensile elongation test) — {(length of test sample before

tensile elongation test)j/(length of sample before tensile
5 elongation test)
(2) Abrasicn resistance of insulated wire
An abrasion resistance test was made on an insulated
wire produced by the method which will be described
hereinafter {coating thickness of insulator of 0.3 mm, length
10 of insulator of abcut 60 cm) in a normal temperature
atmosphere by using an abrasion tester. This abrasion
resistance test was carried out by applying the 90° sharp
edge 12 of the abrasion tester to an insulated wire 9 from
above and applying a load of 2 pounds (907 g) from the 90°
15 sharp edge 12 to press the sharp edge against the insulated
wire 9. The insulated wire 9 was reciprocated in the
lengthwise direction while this lcad was applied to the
insulated wire 9 to measure the number of reciprccations
{cycles) until the insulator 11 of the insulated wire 9 was
20 worn away so that the 90° sharp edge 12 was contacted to a
conductor 10 to cause a short circuit. A lamp for detecting
a power supply 13 and a short circult is connected between
the conductor 10 of the insulated wire 9 and the 90° sharp
edge 12. The number of reciprocations (cycles) until a short

25 circuit cccurs is shown. It must be at least 150.

3. Production of PBN
Production Example A-1: production of PBN (IV = 1.1) by
solid-phase polymerization

30 315.0 parts of dimethyl 2, 6-naphthalene dicarboxylate,
200.0 partsof 1,4-butanediol and 0.062 part of tetra-n-butyl
titanate were injected into a transesterification reactor
to carry out a transesterification reaction for 150 minutes

while the transesterification reactor was heated up to 210°C.
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Then, the obtained reaction product was transferyed to a
polycondensation reactor to start a polycondensation
reaction. The polycondensation reaction was carried out by
gradually reducing the inside pressure of the

5  polycondensation reactor from normal pressure to 0.13 kPa
(1 Torr) or less over 40minutes and elevating the temperature
to a predetermined reaction temperature of 260°C at the same
time and then maintaining the polycondensation reaction
temperature at 260°C and the pressure at 0.13 kPa (1 Torr)

10  for 140 minutes. After the passage of 140 minutes, the
polycondensation reaction was terminated and PBN was
extracted in the form of a strand and cut into chips with
a cutter while it was cooled with water. Then, the
solid-phase polymerization of the obtained PBN was carried

15 out at a temperature of 213°C and a pressure of 0.13 kPa (1
Torr) or less for 8 hours. The intrinsic viscosity and
terminal carboxyl group concentration of the obtained PBN

(PRN-1} were measured and shown in Table 1.

20 Production Example A-2: producticn of PBN (IV = 1.5) by
solid-phase polymerization
A transesterification reaction and a polycondensation
reaction were carried out in the same manner as in Production
Example 1 and then the solid-phase pelymerization of the
25 obtained PRN was carried out at 213°C and a pressure of 0.13
kPa (1 Torr) or less for 15 hours. The intrinsic viscosity
and terminal carboxyl group concentraticn of the obtained

PRN {PBN-2) were measured and shown in Table 1.

30 Production Example A-3: production of PBN (IV = 0.5) by melt
polymerization
EBN (PBN-3) was obtained by carrving out a
transesterification reaction and a pelycondensation

reaction in the same manner as in Production Example 1 except
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that solid-phase polymerization was not carried out. The
intrinsic viscosity and terminal carboxyl group

concentration of the cbhbtained PBN were measured and shown

in Table 1.
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4. Production of polyester block copolymer
Production Example B-1: production of polyester block
copelymer having an IV of 0.85 and a melting point of 213°C
135.8 parts of dimethyl iscophthalate (to be

5 abbreviated as DMI hereinafter) (70 mol% based con 100 wth
of the teotal of all acid components), 69.6 parts of
dimethylsebacic acid {to be abbreviated as DMS hereinafter)
{30 mol% based on 100 wt% of the total of all acid components)
and 118.0 parts of hexamethylene glycol (to be abbreviated

10 as HMG hereinafter) were subjected to a transesterification
reaction and an esterification reaction in the presence of
0.17 part of titanium tetrabutoxide {0.05 part by mole based
on 100 parts by mole of the total of all the acid components)
as a catalyst, methanol and water were distilled off, and

15 polymerization was carried cut at 260°C under high vacuum
by a predetermined method to cbhtain a polyester B-1-1' having
an intrinsic viscosity of 0.89. This polyester was
transparent and rarely crystallized even after it was left
at a high temperature for one day.

20 Meanwhile, dimethyvl terephthalate (tc be abbreviated
as DMT hereinafter) and tetramethylene glycel (to be
abbreviated as TMG hereinafter) were subjected to a
transesterification reaction in the same manner as described
above in the presence of titanium tetrabutoxide (0.0440 part

25 by mole based on 100 parts by mole of DMT) as a catalyst,
and polymerization was carried out to obtain a polyester
B-1-2’ having an intrinsic viscosity of 0.91 and a2 melting
point of 225°C.

Then, 30 parts by weight of the pclyester B~-1-2' was

30 molten at 250°C, 70 parts by weight of the polyester B-1-1'
was added to and reacted with the polyester B-1-2' under high
vacuum at 250°C for 1 hour and 10 minutes under agitation,
and phosphoric acid (1.5 times larger than the molar amount

of titanium) was added when the content became ftransparent
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to obtain a polyester block copolymer B-1. The intrinsic
viscosity, melting point and terminal carboxyl group
concentration of the cbhtained polyester block copoclymer were

measured and shown in Table 2.

Production Example B~Z: production of polyester block
copolymer having an IV of 0.92 and a melting point of 219°C
A polyester block copolymer B-Z was obtained in the
same manner as in Production Example B-1 except that 50 parts
10 by weight of the polyester B-1-1’ and 50 parts by weight of
the polyester B-1-2' were used. The intrinsic viscosity,
melting point and terminal carboxyl group concentration of
Lhe obtained polyester block copolymer B-2 are shown in Tabkle
2.
15
Production Example B-3: production of polyester block
copolymer having an IV of 0.82 and a melting point of 207°C
A polyester block copolymer B-3 was obtained in the
same manner as in Production Example B-1 except that B0 parts
20 by weight of the polyester B-1-1" and 20 parts by weight of
the polyester B~1-2’ were used. The intrinsic viscosity,
melting point and terminal carboxyl group ceoncentration of
the obtained polyester block copelymer B~3 are shown in Table
2.
25
Production Example B-4: production of polyester block
copolymer having an IV of 0.79 and a melting point of 167°C
A polyester block copoiymer B-4 was obtained in the
same manner as in Production Example B-1 except that 95 parts
3G by weight of the polyester B-1-1' and 5 parts by weight of
the polvester B-1-2' were used. The intrinsic viscosity,
melting point and terminal carboxyl group concentration of
the obtained polyester block copolymer B~4 are shown in Table

2.
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Production Example B-5: production of polyester block
copolymer having an IV of 0.63 and a melting point of 211°¢C

135.8 parts of DMI {70 mol% based on 100 wt% of the
total of all acid components), €9.6 parts c¢f DMS (30 mol%
based on 100 wt% of the total cof all acid components) and
118.0 parts of HMG were subjected te a transesterification
reaction and an esterification reaction in the presence of
0.17 part of titanium tetrabutoxide (0.05 part by mole based
on 100 parts by mole of the total of all the acid components)
as a catalyst, methanol and water were distilled off, and
polymerization was carried out at 260°C under high vacuum
by a predetermined method to cbtain a polyester B-5-1’ having
an intrinsic viscosity of 0.64. This polyester was
transparent and rarely crystallized even after it was left
at a high temperature for one day.

Meanwhile, DMT and TMG were subjected to a
transesterification reaction in the same manner as described
above in the presence of fitanium tetrabutoxide {0.C04 part
by mole based con 100 parts by mecle of DMT) as a catalyst and
polymerized to obtain a polyester B-5-27 having an intrinsic
vigscosity of 0.66 and a melting point of 223°C.

Then, 30 parts by welght of the polyester B-5-2’ was
molten at 250°C, 70 parts by weight of the polyester B~5-1"7
was added to and reacted with the polyester B-5-27 under a
high vacuum of 0.13 kPa (1 Torr) at 250°C for 1 hour and 10
minutes under agitation, and phesphoric acid (1.5 times
larger than the molar amount of titanium) was added when the
content became transparent to obtain a polyester block
copolymer B-5. The intrinsic viscosity, melting point and
terminal carboxyl group concentration of the obtained

polyester block copolymer are shown in Table 2.

Production Example B-6: production of polyester block

copolymer having an IV of 1.04 and a melting point of 214°C
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135.8 parts of DMI (70 mol% based on 100 wt% of the
total of all acid components}, 6€9.6 parts of DMS (30 mcl?
based on 100 wt% of the tetal of all acid components) and
118.0 parts of HMG were subjected to a Lransesterification
reaction and an esterification reaction in the presence of
0.17 part of titanium tetrabutoxide (0.05 part by mole based
on 100 parts by mole of the total of all the acid components)
as a catalvyst, methancl and water were distilled off, and
polymerization was carried out at 260°C under high wvacuum
by a predetermined method to obtain a polyester B-6-17 having
an intrinsic viscosity of 1.04. This polyester was
transparent and rarely crystallized even after it was left
at a high temperature for one day.

Meanwhile, DMT and TMG were subjected to a
transesterification reaction in the same manner as described
above in the presence of titanium tetrabutcoxide (0.04 part
by mole based on 100 parts by mole of DMT) as a catalyst and
polymerized to obtain a polyester B-6~2' having an intrinsic
viscosity of 1.04 and a melting point of 225°C.

Then, 30 parts by weight of the polyester B-6~2' was
molten at 250°C, 70 parts by weight of the peolyester B-6-17
was added to and reacted with the polyester B~6~2" under high
vacuum at 250°C for 1 hour and 10 minutes under agitation,
and phosphoric acid (1.5 times larger than the molar amount
of titanium) was added when the content became transparent
to obtain a polyester block copolymer B-6. The intrinsic
viscosity, melting point and terminal carboxyl group
concentration of the obtained,polyester‘block copolymer are

shown in Table 2.

Production Example B-7: production of polyester block
copolymer having an IV of 0.45 and a melting point of 193°C
A polyester block copolymer B-7 was cbtained in the

same manner as in Production Example B-5 except that the
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polyester B~5~2' and the polyester B~-5-1' were reacted with
each other under agitation for 1 hour and 40 minutes. The
intrinsic viscosity, meiting point and terminal carboxyl
group concentration of the obtained polyester block

5  copolymer B-7 are shown in Table 2.

Production Examplie B-8: productiocon of polyester block
copolymer having an IV of 0.67 and a melting point of 185°C
A polyester block copelymer B-8 was obtained in the
10 same manner as in Production Example B-6 except that the
polvester B-6-2’ and the polyester B-6-1’ were reacted with
each other at 290°C under agitation. The intrinsic
viscesity, melting point and terminal carboxyl group
concentration of the obtained polyester block copclymer B-8

15 are shown in Table 2.

Production Example B-9: preoduction of polyester block
copolymer having an IV of 0.89 and a melting point of 217°C
164.9 parts of DMI (85 mol% based on 100 wt% of the
20  total of all acid components), 34.8 parts of DMS (15 mol%
based on 100 wt% of the total of all acid components) and
118.0 parts of HMG were subjected to a transesterification
reaction and an esterification reaction in the presence of
0.17 part of titanium tetrabutexide (0.05 part by mole based
25  on 100 parts by mole of the total of all the acid components)
as a catalyst, methanol and walter were distilled off, and
polymerization was carried out at 260°C under high vacuum
by a predetermined method to obtain a polyester B~9~17 having
an intrinsic viscosity of 0.91. This polyester was
30  transparent and rarely crystallized even after it was left
at a high temperature for one day.
Then, 30 parts by weight of the polyester B-1-2' was
molten at 250°C, 70 parts by weight of the polyester B-9-17
was added to and reacted with the polyester B~1-27 under high



8-B 6-fftr) 01-B 11-B ET-2 ET -8 | U 0-9 Component Acc A-) C (I) CLIOaF' 0 U Component C 61
N<I L6T 001 001 'XI'0BI 001

47

vacuum at 250°C for 1 hour and 10 minutes under agitation,
and phosphoric acid (1.5 times larger than the molar amount
of titanium) was added when the content became transparent
to obtain a pelyester block copolymer B-9. The intrinsic
5 wiscosity, melting point and terminal carboxyl group
concentration of the obtained polyester block copolymer were

measured and shown in Table 2.

Producticn Example B-10: production of polyester block
10 copolymer having an IV of 0.89 and a melting point of 211°C
97.0 parts of DMI (50 mol% based on 100 wt% of the total
of all acid components), 116.0 parts of DMS (50 mol% based
on 100 wt% of the total of all acid compenents) and 118.0
parts of HMG were subjected to a transesterification reaction
15 and an esterification reaction in the presence of 0.17 part
of titanium tetrabutoxide {0.05 part by mole based on 100
parts by mole of the total of all the acid components) as
a catalyst, methanol and water were distilled off, and
polymerization was carried out at 260°C under high vacuum
20 by a predetermined method to obtain a polyester B-10-1'
having an intrinsic viscosity of 0.91. This polyester was
transparent and rarely crystallized even after it was left
at a high temperature fcr one day.
Then, 30 parts by weight of the polyester B-1-2' was
25 rmolten at 250°C, 70 parts by weight of the polyester B-10-1°
was added to and reacted with the polyester B-1-2' under a
high vacuum of 0.13 kPa (1 Torr) at 250°C for 1 hour and 10
minutes under agitation, and phosphoric acid (1.5 times
larger than the molar amount of titanium) was added when the
30 content became tTransparent to obtain a polyester block
copolymer B-10. The intrinsic viscosity, melting point and
terminal carboxyl group concentration of the obtained
polyester block,copblymer were measured and shown in Table

Z.
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Production Example B~11l: production of polyester block
copolymer having an IV of 0.9%0 and a melting point of 220°C

184.3 parts of DMI {95 mol% based on 100 wts of the
total of all acid components), 11.6 parts of DMS (5 mol? based
on 100 wt% of the total of all acid components) and 118.0
parts of HMG were subjected to a transesterification reaction
and an esterification reaction in the presence of 0.17 part
of titanium tetrabutoxide {(0.05 part by‘mole based on 100
parts by mole of the total of all the acid components) as
a catalyst, methanol and water were distilled off, and
polymerization was carried out at 260°C under high vacuum
by a predetermined method to obtain a polyester B-11-17
having an intrinsic viscosity of 0.90. This polyester was
transparent and rarely crystallized even after it was left
at a high temperature for cne day.

Then, 30 parts by weight of the polyester B-1-2' was
molten at 250°C, 70 parts by welght of the polyester B-11-1'
was added to and reacted with the polyester B-1-2' under a
high vacuum of 0.13 kPa (1 Torr) at 250°C for 1 hour and 10
minutes under agitation, and phosphoric acid (1.5 times
larger than the meolar amount of titanium) was added when the
content became transparent to obtain a polyester block
copolymer B-11. The intrinsic viscosity, melting point and
terminal carboxyl group concentration of the obtained
polyester block copolymer were measured and shown in Table

Z.

Production Example B-12: production of polyester block
copolymer having an IV of 1.27 and a melting point of 222°C
184.3 parts of DMI (95 mol% based on 100 wit% of the
total of all acid components), 11.6 parts of DMS (5 mol% based
on 100 wt% of the total of all acid components) and 118.0

parts of HMG were subjected to a transesterification reaction



C -

x23 ST001 06 L )c2 bT 1001 001

o

10

15

20

25

30

49

and an esterification reaction in the presence of 0.17 part
of titanium tetrabutoxide (0.05 part by mole based on 100
parts by mole of the teotal of all the acid components) as
a catalyst, methanol and water were distilled off, and
polymerization was carried out at 260°C under high vacuum
by a predetermined method to obtain a polyester B-12-17
having an intrinsic viscosity of 1.32. This polyester was
transparent and rarely crystallized even after it was left
at a high temperature for one day.

Meanwhile, DMT and TMG were subjected to a
transesterification reaction in the presence of titanium
tetrabutoxide (0.04 part by mole based on 100 parts by mole
of DMT) as a catalyst and then polymerized in the same manner
as described above to obtain a polyester B-12-2' having an
intrinsic viscosity of 1.31 and a melting point of 227°C.

Then, 30 parts by welght of the polyester B-12-2" was
molten at 250°C, 70 parts by weight of the polyester B-12-1"'
was added to and reacted with the polyester B-12-27 under
a high vacuum of 0.13 kPa (1 Torr) at 250°C for 1 hour and
10 minutes under agitation, and phosphoric acid (1.5 times
larger than the molar amount of titanium) was added when the
content became transparent to cbtain a polyester block
copolymer B-12. The intrinsic viscosity, melting point and
terminal carboxyl group concentratiocn of the obtained
polyester block copolymer were measured and shown in Table

2.

Production Fxample B-13: production of polyester block
copolymer having an IV of 1.18 and & melting point of 231°C
DMT and TMG were subjected to a transesterification
reacticn in the presence of titanium tetrabutoxide (0.04 part
by mole based on 100 parts by mole of DMT) as a catalyst and
then polymerized in the same manner as described above to

obtain a polyester B-13-2’ having an intrinsic viscosity of
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1.67 and a melting point of 234°C.
Then, 50 parts by weight of the polyester B-13-2’ was
molten at 250°C, 50 parts by weight of the polyester B-1-17
was added to and reacted with the peolyester B-13-2' under
5 a high vacuum of 0.13 kPa (1 Torr) at 250°C for 10 minutes
under agitatricn, and phospheric acid (1.5 times larger than
the molar amcunt of titanium) was added when the content
became transparent to obtain a polyester block copoiymer B~13.
The intrinsic vigscosity, melting peint and terminal carboxyl
10 group concentration of the cbtained polyester block

copolymer were measured and shown in Table 2.

Production Example B-~14: production of polyester block
copolymer having an IV of 0.93 and a melting point of 221°C
15 60 parts by weight of the polyester B~1-2' was mclten
at 250°C, 40 parts by weight of the polyester B-1-1" was added
to and reacted with the polyester B-1-2’ under a high vacuum
of 0.13 k¥Pa (1 Torr) at 250°C for 10 minutes under agitation,
and phosphoric acid (1.5 times larger than the molar amount
20  of titanium) was added when the content became transparent
to cbtain a polyester block copolymer B-14. The intrinsic
viscosity, melting polnt and terminal carboxyl group
concentration of the obtained polyester block copelymer were

measured and shown in Table 2.
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Examples are given below.

Compositions were mixed in a ratlo shown in Tables 3
to 5, each of the resulting mixtures was melt kneaded by means
of a double-screw extruder at 280 to 290°C, and the obtained

5 kneaded product was ground to a size as large as a rice grain,
pelletized and driedwith a hot air drier at 140°C for 6 hours.
Then, the resin composition obtained by the above step was
extrusion molded onto the surface of a tin plated soft copper
wire having a diameter of 1.3 mm to a coating thickness of

10 0.2mm. Adice havingadiameter ¢f 4.2 mmand a nipple having
a diameter of 2.0 mm were used for extrusion molding, the
extrusion rate was 5 m/min, the extrusion temperature of a
cylinder was 270 to 290°C, and the extrusion temperature of
a head was 280 to 290°C. The characteristic properties of

15 the formed thermoplastic polyester resin, thermcplastic
polyester resin composition, molded article and insulated
wire were evaluated by the above methods. The results are
shown in Tables 3 tc 5.

Compecnents used are given below.

20 {(component A: thermoplastic polyester resinj
(component A-1: polybutylene naphthalene dicarboxylate
resin;

PBN-1: polybutylene naphthalene dicarboxylate resin
(Production Example A-1)

25  PBN-Z: polybutvlene naphthalene dicarboxylate resin
(Production Example A-2)

PBN=-3: polybutylene naphthalene dicarboxylate resin
(Production Example A-3)
(component A-2: polybutylene terephthalate resin)

30 PBRBT-1: manufactured by Polyplastics Co., Ltd., trade name:
300 PP O(IV of 0.69 dl/g, terminal carboxyl group
concentration of 20 eg/ton)

{component B: polvester block copolymer)

B-1: polyvester block copelymer {(Producticn Example B-1)
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B-2: polyester klock copolymer {(Production Exanple B~2)
B~-3: polyester block copoelymer (Production Example B-3)
B-4: polyester block copolymer (Production Example B-4)
B-5: polyester block copolymer (Production Example B-5)

5 B-6: polyester klock copolymer (Production Example B-6)
B~7: polyester block copolymer (Production Example B-T)
B-8: polyester block copolymer (Production Exanple B-8)
B-9: polyester block copolymer (Production Example B-9)
B~10: polyester block copolymer (Producticn Example 3-10)

16  B-11l: polyester block copolymer (Production Example B-11)
B-12: polyester block copolymer (Production Example B-12)
B-13: polyester block copelymer {(Production Example B-13)
B-14: polyester block copeclymer (Production Example B-14)
{component C: polycarbodiimide compound)

15 C—-1: manufactured by Nisshinbce Industries, Inc¢., trade name:
HMV-8CA (softening temperature of 71°C)

C-2: manufactured by Rhein Chemie GmbH, trade name: Stabaxol
I {softening temperature of 40°C)
(component D: magnesium hydroxide)

20 D-1: manufactured by Kyowa Chemical Industry, Co., Ltd.,
trade name: Kisuma 5L (average particle diameter of (.82 um,
specific surface area of 5.6 m°/qg, treated with a silane-based
coupling agent)

D-2: manufactured by Konoshima Chemical Co., Ltd., trade

25  name: Magseeds EP-1A (average particle diameter of 3.0 um,
specific surface area of 3.4 mz/g, inorganically treated)
{component E: inorganic porous filler)

E~1: manufactured by BASF, trade name: Translink 77 (average
particle diameter of 0.8 pm, specific surface area of 16.3

30 mi/g)

E-2: manufactured by BASE, trade name: Satintcne SP-33
{average particle diameter of 1.3 um, specific surface area
of 12.9 m%/g) —

{(component F: hindered phenol-bhased antioxidant)
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F-1: IRGANOX1076 of Ciba Specialty Chemicals Inc.
{component G: phosphorus-based antioxidant)

G-1: ADK Stab PEP-24G of ADEKA Corporation
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In Takbles 3 t¢ 5, it is understood that Examples 1 to
14 in which a polycarbodiimide compound {component C) having
a specific range of softening temperature was mixed with a
thermoplastic polyester resin having a specific range of

5 terminal carboxyl group concentration and a specific range
of intrinsic viscosity {(compcnent A} are resin compositions
for wire ccating which exhibit excellent extrudability, heat
deterioration resistance, abrasion resistance, flame
retardancy and insulating properties, can achieve low

10 smoke-producing properties and are industrially useful.
Particularly the resin composition of Example 1 has excellent
characteristic properties such as high abrasion resistance
and high flexibility.

In Tables 3 to 5, since PBN having high intrinsic

15 wviscosity was used as component A in Comparative Example 1,
torgue-over occurred at the time of extrusion, therebymaking
it impossible to obtain a wire coating.

Since PBN having low intrinsic viscosity was used as
component A in Comparative Example 2, the obtained resin

20 composition was inferior in heat deterioration resistance
and flexibility.

Since a thermoplastic polyester resin having a
terminal carboxyl group concentration cutside the range of
the present invention was used as component A in Comparative

25 Example 3, the obtained resin composition was inferior to
that of Example 1 in heat deterioration resistance.

Since the amcunt of the polyester block copolymer was
small in Comparative Example 4, the obtained resin
composition was inferior in flexibility.

30 Since the amount of the polyester block copolymer was
too large in Comparative Example 5, the obtained resin
composgition was inferior 1in abrasion resistance.

Since a monocarbodiimide compound having a softening

temperature pelow the range of the present inventlion was used
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in Cemparative Example 6, a shoot-up occurred at the time
of extrusion and satisfactory extrusion was impossible.

Since magnesium hydroxide having a larger average
particle diameter than the range of the present invention

5 was used in Comparative Example 7, the obtained resin
composition was inferior in insulating properties.

Since an inorganic perous filler having a larger
average particle diameter than the range of the present
invention was used in Comparative Example 8, the obtained

10 resin composition was inferior in insulating properties.

1t is understood from Comparative Examples 7 and 8 that
insulation properties and abrasion resistance are improved
by setting the particle diameter of magnesium hydroxide and
the particle diameter of the inorganic porous filler to

15 specific ranges.

Since the hindered phenol-based antiocxidant
(component F) and the phosphorus-based antioxidant
(component G) were not used in Comparative Example 9, the
obtained resin composition was inferior in heat

20 deterioration resistance.

Since the content of the soft segment of the polyester
block copolymer exceeded the range of the present invention
in Comparative Example 10, the obtained resin composition
was inferiecr in abrasion resistance.

25 Since the intrinsic viscosity of the polyester block
copolymer was lower than the range of the present invention
in Comparative Example 11, the obtained resin composition
was infericr in flexikility and heat deterioration
resistance,

30 Since the terminal carbozyl group concentration of the
polyester block copolymer exceeded the range of the present
invention in Cemparative Example 12, the obtained resin
composition was inferior in heat deterioration resistance.

Since the content of the aliphatic dicarboxylic acid
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component in the soft segment of the polyester block
copolymer exceeded the range of the present invention in
Comparative Example 13, the obtained resin composition was
infericor in heat deterioration resistance.

5 Since the content of the aliphatic dicarboxylic acid
in the soft segment of the polyester block copolymer was low
in Comparative Example 14, the obtained resin composition
was inferior in flexibility.

Since magnesium hydroxide {component D) was not used

10 in Comparative Example 15, the obtained resin composition
was greatly inferior in low smoké—producing properties.

Since the porous inorganic filler (component E} was
not used in Comparative Example 16, the obtained resin
composition was greatly inferior in insulating properties.

15 Since the intrinsic viscesity of the polyester block
copolymer exceeded the range of the present invention in
Comparative Example 17, the obtained resin composition was
inferior in heat deterioration resistance.

Since the melting point of the polyester block

20  copolymer exceeded the range of the present invention in
Comparative Example 18, the obtained resin compesition was
inferior in heat detericration resistance.

Since the content of the soft segment of the polyester
block copelymer was lower than the range of the preseht

25 invention in Comparative Example 19, the obtained resin
composition was inferior in flexibility.

Since the amount of the pclycarbodiimide compound
exceeded the range of the present invention in Comparative
Example 20, the obtained resin composition was inferior in

30 flexibility.

Since the amount of the polycarbodiimide compound was
smaller than the range of the present invention in
Comparative Example 21, the obtained resin composition was

inferior in heat deterioration resistance and abrasion
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resistance.

Since the amount of magnesium hydroxide exceeded the
range of the present invention in Comparative Example 22,
the obtained resin composition was infericr in flexibility.

5 Since the amount of magnesium hydroxide was smaller

than the range of the present invention in Comparative
Example 23, the obtained resin composition was greatly
inferior in low smoke-producing properties.

Since the amount of the porous inorganic filler

10  exceeded the range of the present invention in Comparative
Example 24, the obtained resin composition was inferior in
flexibility.

Since the amount of the hindered phenol-based
antioxidant exceeded the range of the present inventiocn in

15 Comparative Example 25, the obtained resin composition was
inferiocr in flexibility and heat deterioration resistance.

Since the amount of the hindered phencl-based
antioxidant was smaller than the range of the present
invention in Comparative Example 26, the obtained resin

20 composition was inferior in heat deterioration resistance.

Since the amcunt of the phosphorus-based antioxidant
exceeded the range of the present invention in Comparative
FExample 27, the obtained resin composition was inferior in
flexibility and heat detericration resistance.

25 Since the amount of the phosphorus-based antioxidant
was snmaller than the range of the present invention in
Comparative Example 28, the obtained resin composition was
inferior in heat detericration resistance.

When an insulated wire was produced fo evaluate its

30 charaéteristi&:properties, Examples 1 to 14 having excellent
resin characteristicproperties hadexcellent Insulatedwire
characteristic properties, and it 1s obvious that the
industrial affect of the present inventicn is overwhelming.

It was difficult to produce an insulated wire by using the



ICI) HOO O -04ilcf) -,---1 k CD 4--) Rla) k - COH 0 t4-1 itHO C.)cl, 1 Character- 1 istic properties of wire
68 In Tables 3 to 5, it is understood that Examples 1 to 14 in which a polycarbodiimide compound
(component C) having a specific range of softening temperature was mixed with a thermoplastic
polyester resin having a specific range of 5 terminal carboxyl group concentration and a specific range
of intrinsic viscosity (component A) are resin compositions for wire coating which exhibit excellent

extrudability, heat deterigration; resistanee; ghrasion fesistance, flame etardancy and insilating
properties, can achieve low 10 smoke-producing properties angare,industriall useful. Particularly the
resin compositibh GFEXAHIPIE 1! RdyexEéldht hafacteriStitproperties stchas AR bt AsiBh
resistance andhigh-flexibility. la Tables 349 5 sincesPENhaving high intrnsic 15wiseosityrwas used
as component A in Co,mparativ%\,lgxar,ng?|el1,t torqu -over Oé&rurrerdeast.th éi(gne 8fs %t%sril%n, Otitnereby
making it impossibieto obtailt awité &oating: Y - Since PEN having low intrmsic viscosity was used
as comporient AdmGomparative Examples 2 2theZobtained-rasin 202compesifion Was inferio¥ in heat
deterioration registance gnd flexibiiity.; ... $incga thermoplastic polyester resin hayjng @; tgrminal

carboxyl group concentration outside the range of the present invention was used as component A in
Comparative 25 Exafiie 3¢ thé BBt reshT e6impostion was infeéridt Torth AP Exampfe’t in heat
deterioration resisianeg, « - - p2iHEe the,amount of the-polyastes blacksaopalymer was:smaalk in
Comparative Example 4, the obtained resin compopsitio vgasdinfe.rior in pexibili;ﬁy. 3OSance the amount
of the polyesteFBIBRE CopSiymet Was o targe'in Comparative Exampie 5, the obtained fesin
compositian wasrinferior ik abrasionrresistance. obt Sineela ronbcantzodiinildercompound having a
softening tempgrature beloyy et@% r%qggseagfitg%gp&%w invention was used 69 in Comparative Example
6, a shoot-up occurr &at the time of extrusion and satisfactory extrusion was impossible. Since
magnesium hydroxide having a larger average particle diameter than the range of the present
invention 5 was-gsed.in Gempgrativexamplg 7, the obtained resin composition was inferior in
insulating properties. | Since an inorganic porous filler having a larger average art'cge diameter
than the range Of thé pre<eriRvstion wWas Géelit Cormparativ rﬁ’xea‘%jfﬁlg%,ltﬁgeeégb?gi% 80 resin
compositioh wasninfertorualinsulating propertiese t e r ltds ainderstocekfremaCompardtivesExamples 7
and 8 that insulation properlies and gbrasion esigfance ate imprayed by selingJbe paricle diameter
of magnesium ﬁydgroxm% and the particle diameter of the inorganic porous filler to 15specific ranges.
Since the hinddred pienoibased aatdxidantEoriporigit ¥y ahd the phosphoridtbasat &ftfoxidant
(component G)\were-nphused.in Gompajative Example:9 -the abtained resin 60RPDSiEN was inferior
in heat 20 deterioration resistance. Since the content of the soft segment of the polyester block
copolymer exc&&d8tHatange G iRd Bresent ifverftion in COMpArative Exampigad; the Sbtained
resin composition-wasg-inferior in abrasiorikesistances 25Since thedntrinsicrviscasityof 4he polyester
block copolymer lyvda%lé)wer th%nx@e range o{ the @reés%?t invention in Comparative Example 11, the

r?é:at deterioration resistance. 30Since the

obtained resin (‘f‘omposiﬁor@lt Was inferior in'i flex%:lﬁ]ty an
terminal carboxyl group concentration of the



polyester block copolymer exceeded the range of the present invention in Comparative Example 12,
the obtained resin composition was inferior in heat deterioration resistance. Since the content of the
aliphatic dicarboxylic acid 70 component in the soft segment of the polyester block copolymer
exceeded the range of the present invention in Comparative Example 13, the obtained resin
composition was inferior in heat deterioration resistance. 5Since the content of the aliphatic
dicarboxylic acid in the soft segment of the polyesggfﬁgli%gé( copolymer was low in Comparative
Example 14, the obtained resin composition was inferior In flexibility. Since magnesium hydroxide
(component D) Was notfusedsIQiincComparativeExamiple 15:theceitained resinconspasition was
greatly inferior inAgw smeke-preduci v%?%ﬁ{geéf = tRIDER A parous iparganic filler (component E)

was not used in Comparative Example 16, the obtained resin composition was greatly inferior in
insulating properties. 15SiREE fHtintinsitVisctssity of tHe poljéster block €opsfyfist exceeded the
range of the present inventien in-€omparative-Examples1 % the obtaineg/mesin cempasition was inferior
in heat deterioration relsisctan%e. Since the m$lting irbt 0}‘ the p Iygst&g Plopk 20 copolymer exceeded
the range of the presenpin}\%n |5r?invégr%%3ra%%e xample E.%, e obtamed resin composition was
inferior in heat déteriordtiororésisStarcet s bSinee dhé cohtent of thessoft segmehtafithe pobtyester
block copolymer was "?W&%H}ﬂ%@@ rgyg%mg{@n@gsgg}t %%@yr?%an in Comparative Example 19, the

obtained resin composition was inferior in flexibility. Since the amount of the polycarbodiimide
compound exceeded thEFaf§é bf thetpredértdRvéirionihComparative EXaniste 20, the obtained
resin composition was:infesipr ins 3gfexiility- ompoinee thesampuat.af the palycarbediimige compound
was smaller than the range of the preg,egt invention |{1 %9_51 arative Example 21, the obtained resin
composition was inferiof i h&&tdetBrioraticArediStAncs and abrasiofl 71 fesietanbe " " 5&ince the
amount of magnesiunvhydroxitie exceetled the fangeiof/ thespresentéaiveitigndn Comparatie
Example 22, the obtaiped regi composition was infetior in fiexibility. pSings the.amqunt of)magnesium
hydroxide was smaller than the range of the present invention in Comparative Example 23, the
obtained resin composifiort #&d GreBiPintaror i oW siokBhreducifg propetias-Sineéd the amount
of the porous inorganig filem 1@ excegdeg:the fange: of the-preseplinvention:in Gemparative-Example
24, the obtained resin composition was inferior in flexibility. Since the amount of the hindered
phenol-based antioxidant 8xceetied e t&g8 5 e présent inveHtionn 15T dthparative Example 25,
the obtained resin comipasitiarnwas inferiod indlexibility andhéatdeteriorationptesistangencle Since
the amount of the hindoe%ed rphgfol-ggsﬁej{jcantiog)@gng yas srrjl%!ler éh n thlezra(glgeb%c rEhe resent
invention in Comparative I‘é‘xampllep , the obtained résin E(ycor%poa ion Was ihferior ifi hea
deterioration resistancesOmPSIREE tRe Ambuntadtthel shesphutisbased antomdantiexcddded the
range of the present inventioniy Gomparative Example, 217,ithe abtained sesin compositiomwas inferior
in flexibility and heat deterioration resistance. 25Since the amount of the phosphorus-based
antioxidant was smallérthahdfeftandge of the'present imvertibhiif Tomp&refive ERanipid 28%the
obtained resin compogition wasdaferioninsheai deterioratior: rasistagee’ VWWhen an insulated wire was
produced to evaluate its 30 characteristic.propertigs, Examples 1 to 14 having excellent resin
characteristic p??p%rtigs' f]gt egéaeﬁgﬁt%irslsngate%j\i\fcf?}etcﬁ)aﬁgc eor?s}]ig%%ﬁ}ecfﬁég}q" agn% itis %%l\}%%s that the
industrial effect of the lpre'Ser invention is:dvearwhelinings itwas difficlll t6 producedirinsulated wire
by using the 72 resin composition:of Gomparative Examplel which was inferior in extrudability and the
resin compositions of Comparative Examples 4, 6, 11, 14, 19, 20, 22, 24, 25 and 27 which were
inferior in flexibilfty- SihBetRetasiAcdmMipBeititRs of 5 Contrative EXampiesc 131s PAYEnT2, 13,
15-18, 21, 23 and 26 were infetierdnat teast phelofheat deterforafionresistance cabrasiamresistance,
insulating properties an low smoke-producing properties out of resin characteristic properties,
satisfactory insulated wiré characteristic 10 properties could not be obtained, and these Comparative
Examples werel{@insatistdctory. Effect of the' Imvention The #esihrcompositionp ofthespresehtmnvention is
excellent;Lp in extrudahility, heat deterigration fesistance, abragjon tesistange flame fetardancy and
insulating properties. The resin composition of the present invention can achieve low smoke-producing
properties and containsAdRaldgeh compound. Therefore, the resin composition of the present 20

invention is suitabje far usezas @ resin forwiseispatingand bas-an extremely large effect. . 23 CLAIMS

1.A resin composition for wire ,cgating, comprising:
antioxidant” (component F); and

(5) G.002 to 2.5 parts by weight of a phosphorus-based



(A) 100 parts by weight of a thermoplastic polyester resin (component A) having a terminal
carboxyl group 5concentration of not more than 20 eg/ton and an intrinsic viscosity of 0.7 to 1.4 dl/g;
(B) 40 to 150 parts by weight of a polyester block copolymer (component B) obtained by carrying out a
transesterification reaction between 50 to 90 wt% of 19.a soft segment (component B-1) and 50 to 10
wit% of a hard segment (component B-2) and having an intrinsic viscosity of 0.6 to 1.1 dl/g and a
melting point of 190 to_230C, the comp B-1 comprising 100 parts by mole of acid components
consisting of 10 to 40 mo (%dé%'h%af alﬁ)%%ﬁt%éod}gaﬁbo%lib acid component having 6 to 12 carbon
atoms (component B-1-1) and 90 to 60 mol% of isophthalic acid (component B-1-2) and 100 parts by

mole of an aliphatic ajodiel having, 6 o412 carban.atoms-(component, B-1-3) rand thgicopapenent B-2
comprising 100 20 parts by mole of terephthalic acid (component B-2-1) and 100 parts by mole of an

aliphatic cc,w-diol Fd\ing 28 % EdrboR atém§ (Cdriponemt B22%: YC¥0.1%b 1Fparts BY weight of a
polycarbodiimide compound haviag arsoftening temperatare of bOC:aehigher 25{compenent,C); (D) 10

to 50 parts by weight of magnesi droxide having.an average particle diameter of 0.1 to 2 pm
(component D); (5)O .5%6%%&& é??%ig%%‘?%h ir?c#gg%ﬁ:cposrc%sfpﬁl?etcraéb%%{/in%%é)nsg\georléjg% particle

diameter of 0.1 to & pavi(coaporient &) ) 0:002 2 5spartsiby weight of & kindered piienot-based

antioxidant (compongent £ 1and (€).0.002 19,25 3afts by weight of a phosphorus-based antioxidant
(component G). 2.The resin composition according to claim 1, wherein the component D is surface

treated with at least one surface treating agent selected from the group consisting of higher fatty acids,
anionic_sm[factants, phqsp@@féggejd:esge@ ﬁ@ypkmcag;em&a@dtest_ela oha pﬂiyhydﬁi@@@@hpl and a
fatty acid. The resin comng)osmon accordin i_.tolcélaagrgtl 8}(}_(2%,_\_@/here|n tt%%c%rggoneg}tf |scgtrleast one

thermoplastic polyes &r Fe05|ﬁggl%%Fe rom the group consstmé}%?ragﬁj/ ﬁ/ ene haphthalene

dicarboxylate resinqesinpareht & Erand polybutylene terephtizalateiresi compoieriti-2he The
resin composition according fa claim;3, wherein;the compongnt A fontaing notless than; 50 wt% of

polybutylene naphthalene dicarboxylate resin {component A-1).  An insulated wire comprising a
conductor and an RSN HHdteRal COaEEt SR tHe ERtetibrsutface BTthe €Bhddctér, wherein the
insulating material is the resin composition of any one of claims 1 to 4.  The insulated wire according

to claim 5, wherein the thickness of the insulating material isélOl tot0.5 mm. érhe iHsuIated wire
according to claim 5 whi ehﬁ?%%he%ﬂ?%@%rlgn Ye SUiface of the ir?suﬁat?ﬁd“materVa SUSedf the
resin composition ofctainvtifoneodting acwirea ¥50. Aghethed ©f preducity an inswfated wire,

comprising extruding e s cOMROSILENOf claim 13 onip he.axteriar surface qf.a, gaadudgier.
A-1).
20
5. An insulated wire comprising a conductor and an
insulating material coated on the exterior surface of the
conductor, wherein the insulating material is Lhe reasin
composition of any one of claims 1 to 4.
25
6. The insulated wire accoerding to claim 5, wherein the

thickness of the insulating material is 0.01 to 0.5 mm.

7. The insulated wire according to claim 5 which has a

30 sheath layer on the surface of the insulating material.

8. Use of the resin composition of claim 1 for cecating

a wire.
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9. A method of producing an insulated wire, comprising
extruding the resin composition ¢f claim 1 onto the

exterior surface of a conductor.



