re3e# ' #nnolLs@X6T") ( - 1 TN K832 DESCRI PTION Catal yst for Preparation of
‘Pol yester and Process for Preparing Polyester Using the Catalyst 5

TECHNI CAL FI ELD The present invention relates to a catal yst for é& 3
preparation of a polyester and a process_for_preparing a pol yest &8 r?g
the catalyst. Mdrre particularly, the 10 present invention relates to a .
catal yst, for the preparation of a polyester, which conpri smm’ ,mmlmm
titani um conmpound and a specific phosph®CREPTDOPoOUNd, and al ﬂm’ mr
preparing a polyester having a good color tone (b value , usingihe.

catal yst, w thout requiri ng t he 15 add| tion of a cobalt conpound for

adj usting a col &Gatakst o PEY HRION Rokbyssten i

pol yet hyl ene ter epht hal agepapehyebly @%erfa%t P Y Ml Jdret hyl ene
terepht hal ate 20 and pol yt etranethyl €ne |y enpl oyed
fox fibers, filnms and other nol ded artlcles due to the excellent

mechani cal, pMEGHNI Cand xarepn cal performances thereof. As the process for

preparing pol yet hylﬁge 25 terepht halate, for exanple, there is known a
process in which a P oNRP R r el AeeRn ‘étﬁy‘Pé’ﬁélgSycébreSher of

t er epht galbl cdamabaamﬂmn aoﬂ crwgmlwéﬁe:zadr?dma dpﬁdsd@@s@ofagetsrg gggﬁ hls
prepared by di t t alic ,acid wt ehe co or
30 transesterlq‘b?/#tég%a ﬂll{% % &{ m’r g‘?%’bﬁtﬂﬁtttc‘éi?élysu*é
di net hyl 0t er epitassing: env@ntiian mﬁm@mm catalesc) i Hgrt Enepht haI | c acid
wi t h et hyl ene ppddia abd r d ed und [ a
reduced presslﬁ Egﬁth ?gseaﬁgiélo#gba%% %rﬂelrél;ac?&koég ? I% "E"p%%l 5t hat a
predet er m ned RN Ak afssquaﬁmophwmopm yeompdené, and
napht hal at e, raolgztdoemﬁ mdxerp&-é;ﬂxfmhj f@d;ft{) By ik PO ¥ \Ffﬁ% é&aéegglor

ces

t er epht haI ate prepare t he sane pr as descri bed

above. Qt’tee k(novw?th"hea)t t"}‘?e”t%atgﬁ a&tiés%nd”%wlﬁﬁa??q\ylbing hehe
resul ti h@ poI ywelstidricmr e fyreeatdha ithfdangmeart bfo# f‘édjﬁ/@@lx@% dheotétalygé, used

in the polycondensation 5 reaction described above e polycondensatlon
catal yst of polyethyl ene terephthal ate, an anti nony conpound is nost w dely
used. The anti %Qﬂﬂ%m catal yst has excel | ent pol ycondensation

catal ytic activity pyX etg]-_%rpool WatEc Oy A % he s

good col or ton (§r when the acntl rmn‘\{/]%jOl ou |séu %Jaeéﬁtq%éatle,

pol ycondensat P& Y@ﬁ@i thaddters RHY twinentnkene otécephelates, if

the res20ting amal mﬂlyecreﬁamﬁ mmwaﬂeﬁ: thSIUE (e Gy 0, 14 und a
15 spinneret f - rﬁlberzso :?q&n&ya];ng{ én%{t her e] ngtter sorrxtﬁgl n}géé)
merely referréd’td as ogi Ak Iméftd itk AR thrertehs to
cause a bendi ®gceldeste meehein iz ain! todry sielalem d trai et raskeh ihauadh t he
spi nneret, whitharle@gds to the occurrence of fuzz and/or breakage of 20

fi ber yarns obtained in the spinni ng step and/or the drawing step. It is

al so proposed to ud tAe PFEsssy dmgmr@ngca:t@whﬂm t han t he

ant i nords Corrpdmm@phahtalltaa:m! urbcaoEentitle ,f AheeNR Gin '
t et r abut oxi de 3\% n Sj n% such ﬂﬁit ani um conp ouncfmrt tatd; &b[Bove prorbl em

caused by the deposi t| S h P uﬁr’l’ercé’fnpfrd-rsé"gﬂt aFatetey kane e yastved,

whil e the reseistieng o;fo|tyempmnaﬂss| faciidl @OdYicad sy aldwo W ARGhed VAN JYP0I em
that the ther I a ecrease occurs. 30 To solve the
col oration prg%l é’%{e % C tgtg%%&?ﬁ (sé)rzfp(?d:l § b[ rﬁié'rftﬁtt}gt or is generally
added to the gStesdfyding W@wmln@dmdt el the leltdwyi leme @flgrc Al t lsugh t he

col or tzme (btvanhgektek il lay a2 r Ly d V. addi ng the
cobal t conpound,, there 35@’2}[1:%2% prroglsiéc ttﬁ%tt%trhe (f?: pgﬁ% 1i%he cobal t

conpound caus&Sifhe SUGEr RS ds]-f“&l’ilhl}’ t)Feé'tePthI#@aé@It)eesmtm@Iﬁhyﬂ@mcrease and

thus the resi gigeod ,obrt respalingererephthalic Q%@mﬁ%ht e} £
Japanese Exam Fﬂdt at ent Publi cati.on FK koky) .. 48-2229 zlyfsc% osgsﬁtqﬁeat

as another caf S?aﬁf'é'ﬁé’r REPSNCEr 18 BO €§P€Pnsteidt Amded 19y dresiices! can
be 5 used. A Mess'ap'aneae tBeapresdntat et aPpbllmtrllQ@tq&k@Ig@allygt 46 26597

di sclo t ha tan ed as yst for, preparation of a
polyessgf Fb&gé% a P eﬁ%%g %?#53 8%@88&5129F98H|Gﬁﬁﬁf&r&ﬁueéhaénﬁérd to
forminto a pé&kder p@ﬂNE@hyllnnteheapatthariapeocps&ytiﬁm@thyil@wec acid is hard
to store and e riQrate fore, the
above- nentlonggggggghgg?%?sahgtbélkkggk¥8%%&§%%% %ﬁgepﬁﬁggﬁﬁlglaFleld and
al so a polymer having a good color tone (b value) is hard to obtain, using
t he sanme. 15 Japanese Exam ned Patent Publication (Kokoku) ﬂm ﬁmﬂﬂm
di scl oses use of, as a catalyst for preparation of a polyes”mmm M“ t
obt ai ned by reactlng a titaniumconmpound with trimellitic acid.

Japanese Unexam ned Patent Publication (Kokai) No. 58-38722 20 d| scI oses
use of as a cat aI yst for _prepar at| on of a poI yester a pr oduct obtai ned by

o, . o .




(ORZ ) (RO)_(Ti 0k Ra (1) 20 ( OR3 ) in which formula ( I ) , Rl, Rz, R3
«and R respectively and i ndependently from each other represents an al kyl
group 25 having 2 to 10 carbon atons, k represents an integer of 1 to 3
and, when k is 2 or 3, two or three R2 and,R3 substituents may be the sane
as or different fromeach other, and a titani um conpound (2) obtained by
reacting the titani um conpound (1) of the general fornmula (1) wth 30

aromatic pol yc‘;&ré;sa%d GRCtis §ame epeoteds byst Besgenneadl abevayl a (11): (

COOH ),~ 35 (Il n whjch fornmula (I presents_an nte r f2to4
or an)hydrl deg ot2 thTet act d’%eﬁ ]f?\%w‘go{%t: % feaaﬁa“ fa ﬁ§ t a
phosphor us cormmﬂrmt;comﬁ)ot:ﬂwtremjatlsg ngthe‘sEest amen‘geea(btlyphnfﬂluenaed
conmpounds (3) f I a..( ) ; OH (
TP o 1 R YRS o 4P j  PRFELGee 850U, Tn; thE) potybohafiatich |
substitubed arl;ﬂacyrmrp qiemngb t abovecar Bantheopslyepndensatdobstit ut ed or
substituted aldul,gf @ypoha% einy ol getegﬁtmaee,lénl Anklifiorgt al yst of

the present invention ara ion o ester, in the reactjon
product of theCCtri‘E%WQmar%o‘ﬁ%% ndidehponERe (A)[' Snénﬁ'-%loﬁﬁo§ﬁﬂ‘@t°&§dcorrpound

conponent (B), c@taﬁﬁ@tw@snak@éltahwpb bbﬁabnaata.omobaltaawuat (mTI) in

terms of titaniumato ani u upd co

mol ar amount (HpY: V']'Wt%?ﬁst%? Bﬂgg %J?Eso ngg ¥t Hémé Sgﬁo%ﬁ‘é‘ S’I’ﬁ?ound
conponed®d (B) asgpoéfeobdrytanehin a range from 1:1to 1:3. In the catalyst
of the present inv p a f st.er i um
conpounds (1) of tﬁl—%#yé’@eé w%%] %ﬁg %?Ea: g‘rggg c%m@?:lul‘tﬁ cgf%f P ghlaflatsaht?lt?m

t et r aal koxi despobycomfiepsationi cahaﬂegtan@hﬁeﬁaamﬁﬁ%‘tﬂlﬁt &odtleyinan t he
catal yst of thﬁrﬁ%ﬁéﬁ“t THXE”E'S]?“1%%11%%@%%&%&%@ g@,t?feseeaoméester the

aromati c pol ycarboxylic acid he anhydri de t her eof
“are preferabl yc@étbé‘tl‘éﬂsi-YoﬁthrﬁEPpcf&éﬁ &, ltolnlgnﬁlllmietrl @rading @heninel litic

acid andspyrOWEbihﬁeEeﬁcféraﬁtél@nBlédhhdﬁ% tlteﬁ:eqtgn Rttt NP esatidlarterof
the present inventiogn F?E arati on gf ol yester, the titanium

conpounds (2) %?’Ee'b?“’é‘?%rﬁﬁ elZefrERe rG&’uét""s S@F'“PI’?@"’ttl EarEHE Y SRFSGTds
(1) of the forsl aebb$1ﬁeﬁhthbeeayonmt cause & &enplctlnygcq:hlmwoydelrmna@fds of

the formula (14}, oL Eglgge¥dtt93a&he§<%95d@ﬁ ARG WA of 211

to 2:5. In the ca resent 1 nvention Ao o a

pol yester, thewbh@bp eads tcnpbenegcpzreycef otfh & ufz@r mlde(om |hr)eaésrae9e of
preferably sel echgd {/E?HE”BBQE?&@&' :LHhQ%%h%%%nn%%o%tt Hrfp
nonot ri net hyl phosphate, nono-n-butyl phospha rnmonohexyl phosphat e,
monohept yl pho@ﬁﬁﬁt‘é? FnSﬁBoctyI phosphat e, nonononyl phosphate, nonodecyl
pEOSpEate rmnododectyél lﬁrﬁiﬁbabﬁopb@e@&@ ﬁwey,: a@t&&*ﬁtmydmwib S%M:llon
phosphat e, nongtetradec osphat en 0 enz
phosphat e, m)nS?ggégagcéﬁjgﬁeﬁ'&ar‘p%&?pﬁé‘t m9 50 r?g’t"ar%lll ﬁn sphate,
nono( 4- et hyl pheoybpuphos float exampie( 4|:tr1¢|taylll|mlner*qelt)rmnspha:tee When

mono( 4- dodecy! Hgﬁﬂﬁl )sugﬂoﬁptﬁtt%nljaﬁt 'E'?Jlno?tﬁ:to‘ﬁa O >eaus

phosphate, nono phosphat e, hos hat m)noant ryI
phosphate. In Pﬁetéﬁt é?@@ﬁléﬂoph@fp%rﬁphqﬂ%rﬁq cft?rf%rgrbﬁ‘b’ﬁéﬁﬁlw &’ a

p]9| %/ﬁstteri t hegba@el, Ohanedutie lrt%SZ%tFirn@f %atyleswtet 1|Gct§eettmetcb biblﬁ%féﬁiC]El on
o] e titaniu ound, conponen c risi.n east_.one .nenber_o

the titanium cgﬁgggﬁ gf & REY% (Prrrﬁﬂlzf)“kl r;%th%ﬂﬁgctﬁ’ fs"’g?ﬁ]s"% % th

t he phosphorusthenmumdde@rrmm@rst da)cumnprl sing at Ieast one menber of the
phosphor 25 conpoynds, ( f t.al

pr esent :anventl on fgr% %’roelg)aer ahleon o]’fo(}g’\r%icﬂ% (ﬁﬂtgglen{’heé :Egoaltoc |€né/c|§& oog‘Lc of
the titanium c@ﬁp@uw@lwrmmmwctmsmmra getgamluma&ddeﬂmqmr of the
titani um conpo gftetlhe e, Ig‘at(d )réddbe?.odygmmllb“;fé}{ e s 1) and the

phosphorus co corrponent conprisin |'east one nember of the

phosphor us conpeih@ighs)ther I’f&ﬂﬁﬂ AR Ve u%)r Slerdift PIIHGIHRS 16
C;Jrr}oound repL ef%@i{t%fi tlhfprfdvewlb@ (aldamg thd?ﬁ'i'obal:lt-rlc ﬁ%,( ‘ﬂl’ité(réf ol ~/
~/ol in iC or,nul a res tive ndent rom
cach ot HE | opPEIBRS % PAHAEn gty HF FAA KON 10F The S RERH Sy
aryl group havicmg:sﬁast ahe? wardral aﬁtmhml:ltry tchﬁe t:taéa:tqﬂtesﬁeﬂ hmbtr elsent

i nvention for aratlon e eact. & t he
titani um conpo e(ﬁﬁ?or?@r?([) t(hAﬁsD tsl{t Jl osp é(’)roﬁfs: %%‘g und ccg)nponent

(B) is produced at a reaction tenperature of 50 to 200C. The process of the
present invention for preparing a polyester conprises subjecting a

pol yneri zation starting material conprising at |east one nenber sel ected
from 20 esters of aromatic dicarboxylic acids with al kyl ene glycols and | ow

pol ynmeri zati on degree polymers of the esters to the pol ycondensation
reactl on |n t he presence of the cat aI yst of the pr esent i nventi on for

. Y . e o e Y b1 T T



5 1n the process of the present invention for preparing a polyester, the
.esteers of the aromatic dicarboxylic acids with the al kyl ene glycols may be
esters of terephthalic acid with an al kyl ene gl ycols and may be obtai ned by
depol yneri zi ng pol yal kyl ene 10 terephthal akes and transesterifying the
resul ting dinethyl terephthalate with the al kyl ene glycol. In the process
of the present invention for preparing a polyester, the polyal kyl ene

terephthal ate a@c&ﬁpéi@petaﬁer:bzadcﬁausbe a di scarded pol yal kyl ene 15
terepht hal ate nol ded articles an

aps .r.ecov
manuf act uring pr oce@%P%PeFﬁeEﬁéF‘}BFQyE P&% tHLTREARRS (?{oﬁcqlwg B‘{]ocess of
the present inygni2pe G9schospar thgta |ael ﬁasttale,r cheadlyiet! doe gl ycol s are
20 preferably selecte from.eth iy
t et r anet hyl enePHFHEHR! ﬂBoBgntay%oSV égF na’lﬁ%ﬁ‘a% Wd?r%gc g yc%q‘{ B8 the
process 6f theupeésenhlisnyedapeneter Eppagaecndatens padildcatipn

pol ycondensatl ig+2 f grakl NAWGEed idtami d YR dadH Heof
230 to 320C. T i§°{§§?ﬁ§: ?gr g §6B©8rgé%%tlﬁsﬁ%e%?h%(}nqzl%aprepare by the

process of theupeéséﬁt aj gespdYss. Trx W@Pﬁ@%ﬁr’er" for%e %he process
of the presentyhbRugBli 0An AR FoRheRt ;Qfocf‘e)é@:] | & itfaniRinG r@fdﬁﬁcﬁﬁ em of the

aromati c dicarboxylic acids with the | ycol.s a avin
intrinsic vischBaFByter £8¥Fo g ag(nggeﬁygﬁ'gﬁf% tg't? Q’f‘ﬁl}h eessss and
the cont eq;t of a%ﬁtt%'n‘i%h%@‘idh%smh@cﬁac@ yst%ﬂ@rarar Hme IpeddiesPoivesd er

pr epar ed y thé process of 35 present invention, an antioxi dant
conprising at Rléksdyore Kietesrias arieeno Thesiffiiry grie ahays-meptirned
conprises an apRyRhyRf 1% RbUTESS t¥d RS JAseth Ahd %cﬁi@&!ﬂial N 1&ESG -

9 of the polyester” The pol yester pr ared b the rocess resent
invention i s saffedlEsr & ROLIMGH Brkeng e‘qg T‘h%le‘h%

article of theppelyyeyt @btrylepar@gr@ ﬁﬁ'@ st,gnm:.ess of the present invention
i ncl udes_ bottl e-shaped artlcles shape rticles i ners
and injetlion nol ded 2RANE S EX W Pc?etme'ﬁ'r %“i}?]el%qtlt% ﬁg’g%hé;?n&ventr on
includes 10 a pol-yests® didtdosdy aiswedby axld icatalyssi fongpreparation
conprising the pol ester r epar.e n n,
extrudi ng the r‘?&l tay asl)%eeﬁp fhlbgd&#]%r%‘gg%%?%%%% {@a%ﬁ?ﬁeé e&?t\r!ﬁlgieﬁ
filamentary nelqompmdrmmu Wltm%lﬂelﬂ#fél%e% a Ppbs PAREFP 15 obt ai ned

by melting a refidkdmifdd %amrp@mé@@o@o wersser mepaaesiswzthe
process of theépresent mventq}g aextrudl n sheeg form
it

sol i di fy2fg t hEi8QseDHr4RR) Sy cél?%\%\fh tth%rr%’é%???h 1ORAPEWA filmin
bi axi al directigyisy SresAeBES pEddu mméwGoﬂﬂea%ﬁmmvEl\lﬁ'iC&hIhm

catal yst for pre aratr n_of P o pr v ri ses
a reaction pro "t”r)?rén?u%g%?r%%%%dé%%ggoneﬁ¥€?§?bﬂ gH sp or us
conpound 25 cormtmnht(yB)c;fvrhhlehne\ltlObethlequblhealteh yetgerteenéw The
titani um conpous '}rg: PNENt S LRE £”b§h€h§§t ﬁtﬂéésgést hengr 680t ting

i nvention conpri Ieas one nenber ;Selected from titani um conpounds
(1) repr@Sent ech)WQWee@%nléﬁ‘é? BuseEf HEEANEI FOARY EPP&Ni URREERHBERds (2)
obtai ned by reagiifgethg thpasienesenpaupHe Edloof tbhe genenel pboyestar(l)
with aromatic pol ycar boxgl ic acids represented by the general formula (IT).
35 In the formt% ¥e¢u3TedR1 R2, R3 and R4 respectively and i ndependent |y
from each ot her reprmﬁﬂheamoaékyUaganepethengmined Pateatb8nbateation
preferably 2 to 1 car o] eptks ,a epsoly 1 to 3
and, when Kk is g@ }Fals) @vvo I ??Eﬁgg %"Bgﬁégsﬁgﬁ'bg?. taugh)%ngtlgg E)fefat he sane
as or di Ber enttit@memchomphend vithha PbPARharpsl FOmpPuaer é§eﬁts an

integer of 2 to,a¢dy E£928§39h¥ greépasatlBa Bhoappeayesee&pounqt@@mganent
(B) used in the catafyst o 5resent i pvent i on | eagt. one

nenber of phospﬁ6¢u§h€§ﬁﬁéuﬁ8§b€- $t¥epEc &Rt BELhy O % gB&ePQiXFSFSFnﬁIS
(r11). 10 In th@e{-eéwtg (ﬂnbkbve%tbeabﬁeeatcaeatnwsmh&u proedssr, the
a

b d I I
Carbon atons.  FSARLARRS| PRLSEARAVFRG. £ 820 CAPBERCLToRe Lok dFPEPabl y 1

to 12 car3gon atonms. 15 In the reaction product of the titanium conpound

conmponent (A) a sSpho onponent (B) used in the

catal yst for prgggkggﬁgﬁg p%a&lg?l ;tggjfnjer o%\lct he present invention,

reaction nol ar rati oAnTiobecef of rbleaPramemtt inyeintiom isetes R¥1°Vt5'-|dt%1ﬁ| um
atons, of the 20 titani um conpound conponent (A) to a nolar anmount (np), in
terms of phosphorus atons, of the phosphorus conmpound conponent (B) is
preferably within a range from1l:1 to 1.3, nore preferably from1l:1 to 1:2.
The nolar amount (mli), in terns of titaniumatons, 25 of the titanium
conpound conponent (A) is a total value of products of nolar amounts of the
i ndi vi dual t| tanr um corrpounds cont ained in the t| tanr um corrpound corrponent

I Y oy T ] Y b1



Qr an anhydride thereof is conducted by m xing the aromatic polycarboxylic
acid or the anhydride thereof with a solvent to dissolve a portion or all
of the mxture in the solvent, adding dropwise a titanium5 conpound (1) to
the m xed solution, and heating the nixtgrg at a tenperature within a range
fromO to 200C for 30 mnutes or nore, preferably at a tenperature within a
range from 30 to 150C for 40 to 90 m nutes. The reaction pressure during

the reaction isatelydf,speei theablrgphiraittiec %Eda”%bﬂ%%éﬂgifﬂqﬂfﬂﬁ has a
ely fromthose

at nospheric pr re.,,The _sol vent e sel ect ed appropri at i
capabl e of dis§§$€iﬁalgrpBPP?oggngg¥f?oPn9 FoB&ad RSy 1afsuforsig: conpound
of the fornul angtt@roandnianhydoi dapeheneofin anerins 1pefayialilyy salact ed
from 15 et han . et h gl I i yl.ene gl ycol,, tetranethyl ene
gl ycol, benzeﬁ%eéﬁ% ééﬁgﬁg! ¥ﬁ§ ?egé ?%%Qnngrp |%55ﬁgtﬁu?4ﬁi iSFm
conpound>(1) t¥sSing hBRengatalpstycarboxylic acid of the formula (11) or the
anhydri de thereof ignhaogpspeChhhedk! ¥ag0pkl Al venh,

Phéo: 5 L ks ple %EE%Qne@QW&hghe‘Q§ﬂ%#%§% of

proportion of the titani um conpoun % I's too high, res
pol yester may BXRi BFESBBEr 1RYPBF1PBnECKN BrERETaSHioaniofg pPolyesberhand

| onered. On t hehotpeochspdorWiBe bResBhereniean ioh tias 'ﬁgyy ound
(1) is too | ow %gg Polyconden?EtFon Zﬁyreactio# may ha%hl 6?%%%3%?

Therefore, thePTEREEFGR HBLRP FAR) G265R1¥RE +ti t ani um conpound (1) to the
conpoundOof the forTbkacéthlyet blfietashpaesdatt Hakeak ion,preefrer abl y

controlled wthj g Lom 2/ 2/5. The r.eaction product obtained by
this reaction €%€p%55g88§i;gcg}éoiHEFESFédCPEPFﬁéePeécFP8ﬁ§ﬁ9ﬂ1E%OduCt
phosphorus conpbtind (3). Alternatively, the reaction product may be reacted
wi th the phosphorus npgu f Lof Wi r i.Qn, .product by
recrystallizatjon tﬁg?eog ?%téﬁggﬁvgﬁﬁpggéﬁ §§Q§8é?§ﬁe§%%§Fﬁ€PQ%<§§h8ﬁ

and/ or ethyl 35°38ktaPR. "ERPEReSBABSHREr f5omopsandyum Spmpounids ddner al
formul alfl I1) pepresentbe bhosRBOGESceaNPEERHLIAMRENENt - 13 ( B) , a
C6- C20 aryl group or a C, -C20 al kyl group represented by RS nay be
non-substituted or substituted with one or nore substituents. The
substituents include a cao®dxyl group, an al kyl group, a hydroxyl group,
and 5 an amino group. The |phosphorus conpound (3) of the formula (I11)

i ncludes, for exanp(rioymmmaldkytrphosphat es and nnnoarx& phosphat es such as
nononet Ryl phosphat e, nondet hyl phosphate, nonotri nmet hyl "phosphate,
mono-n-butyl 10 phosphat goripnohexyl phosphate, nonoheptyl phosphate,
nonooct yl phosphat e, nonononyl phosphate, nonodecyl phosphate, nonododecyl

phosphat e, non p hat e nQol eyl phosphatg, nonotetradecyl
phosphat e, nnn%%ﬁg%%%hpgggﬁﬁg?egIggn Ubﬁ??l%phﬁgﬁhﬁtéFSPeCtlvely and

nono( 4- dodecy! ipdepgndest bprofpbmt eachpabhérneepykbpbangl hnphokphageoup

nono( 4ebRyl ph | hesphat g, 4. yl ph phat e
nnno(4-dgdecyfg%%%gﬁ)Qpﬁgs%ﬁafg?gﬁénggéﬁer ghggéké?gpggn%gxﬁpﬁﬁgﬁﬁogﬁhéte,
nonobi phenyl ~ pHdsphabe: WBRBnkphkEhy| ophdsphupecanthreroRAtangiRbhosphat e.
These phOSphOFN@bQ@i@@@ﬁ@E”ﬂ&y”B&_EBeU§8ﬂeaE§n8rOH'@§§§e§§ ¢ shxeaap of two
or nore of theng for exanglﬁ a_ mxture of 8 nonoaﬁky, p ospﬁate wth a
monoaryl phospRat e 7 VBR BsFh2RhEmpROERRBPES (€npbtAdaedr Byuseactang

m xture of twotle wbtaniembeompotindhel) bdbethengahkyhlphespiabe (1§ with

pref erahlyy 25 i | %,Qr _nor e r referably 90% or
nor e, pgpticulgfﬁﬁaﬁggfggg ?§£§égg}géfgeﬁésnfﬁPEFﬁ?H$ﬁ§ B¥t5g5559¥§ra{
prepared from feemaieanitie conpound conponent (A) and the phosphorus
conmpound conponent (B), for exanple, by m xing the conponent (B) conprising
at 30 | east one nenber—Qf” 't he phosphorus conpounds (3) of the formula (I1)
with a solvent, to ":Fa vécgogbrrti on or all of the phosphorus conpound
conponent. (B) in the sgl/ent, adding dropw se the titani um conpound
conponeﬁp (A) to the mxed solution, and heating the r¢8i@ibtant reaction 35
systemat a tenperature within a range from50 to 200C, preferably from 70
to 150C, for one mnute to 4 hours, preferably 30 mnutes to 2 hours. The
reaction pressimeyhiéh- fdfmudsr (09t hg i LS5 ROk L.fLegably Iipmted
and may be an elevaﬁeg gressuret O?i tofgégéﬁggf% ?ﬂeigﬁggg%tbgtgngghgfic
pressure or reducRPrELdarecfotiniacsde. ef vbhs, fanmulae (Z82¢et BDE is

usual |y conducted at the 5 anbi ent atnospheric pressure. The solvent for

t he phosphorus conpound conponent (B) of the fornula (111) used in the
reaction for preparation of the catalyst is not specifically limted as far
as it can dissolve at least a portion of the 10 phosphorus conpound
conponent (B) and, for exanple, a solvent conprising at |east one nenber

sel ected from ethanol, ethylene glycol, trinethylene glycol, tetranethylene
gl ycol, benzene and xylene is preferably used. It is particularly preferred

o T — ——p—— -~ - o o N T o P T,



25 practicability of the polyester nmay decrease. In the process for
‘preparing a polyester of the present invention, the aromatic dicarboxylic
acid for the al kyl ene glycol ester of the aromatic dicarboxylic acid used
as the polynerization starting naterial,_i§ 30 preferably selected from
terephthalic acid, isophthalic acid, naphtHhal enedi carboxylic acid,

di phenyl di car boxyl i c aci d, diphenyl sul fonedi carboxylic acid,

di phenyl net hanedi catBdxyhi phaspilordisplenpousidh@bnsd WorTel
diphenoxyethanggéggrgﬁmFELco@cigoang 35 §i-h¥groggt$ﬁ%§§§%ﬁ{m%?%ﬁ%tft
Particularly, terephthalrc acit, °rSophtfafrEPRUngsa{d) represented by
napht hal enedi ceét®og§neradcidrandausgdinere preferably. The al kyl ene gl ycol
is - 17 preferably selected from ethylene glycol, trinethylene glycol,
tetramet byl ene gl ycol, neopentyl glycol and hexanet hyl ene glycol. Although
t he process for preparing the al kylene 5 glycol ester of the aromatic

di carboxylic acid an@/or the | ow pol yneri zati on degree pol ynmer thereof is
not specifically |i@®PedP—OHey are usual ly prepared by (gahjjecting an
aromatic di carboxylic acild or an esterforming derivative thereof and an

al kyl ene glycol or an 1008ster-form ng derivative thereof to the heat
reactioﬁoprocedure. For exanple, an ethylene glycol ester of terephthalic

acid and/or a 1w i iO r egs t her eof used as, t he
material of pol etmp‘%%ggéﬁ%@%&er Iﬁ?gél gt gzoéef%ge]gﬁroer%ﬁ)sar%op%@‘%u bteiteds
directly esteﬁ?%y?&%%?%ﬁ%&ﬁ@h%?Yg aEPEPwWheniagh§l ene2gl gasbonaapbmeessrof
transesterifyiagiendonest bt kyéd este t i i i.th.ethyl ene
gl ycol, or E‘FHd”é%fkﬁayﬁﬁﬁﬁgi°“‘$eg%?§%%€g? §|gﬁkngggéngh%Xﬁaﬁhgthic

acid. 20 Also a tri byl ycol ester of terephthalic acid and/or a | ow

po: y{reri'l'iﬂ] i on degrie me?aljﬂeteogf tlﬁélbﬂ:?eﬁégé ﬂﬁ{z@ﬁk%no%?r g rect]

pol ytri met hy e _prepared by a process of directly
esterifying t3re6ﬁﬁﬁgﬁp%pg%€d§v§$ﬂy??F%Ethﬁ?ehgeg¥?éﬁt%°a preduct of 25
transesterifyitif &itawiunl dompastércafpéeespht 88l 464 aché PhoBphs LBt hyl ene
glycol, or a pagssmPf I4d.0nr ti i ethyl ene oxide to terephthalic
aci d. The al kyl ene glcf/)cco es%%r?@oﬁgfheggxf% H%ndrf‘%g?‘ﬁoﬁﬂ:i-% i dmeh P br
the | ow pol ynét MR AR ee(™mO) polyberns ofiet bsaplumBytemnst abl, tAe an
addi ti o2@l corpigramium aidRIndli SeHbORYA at r izable with them
in an anount i-ril1 \@gﬁ& t hfe ﬁ%e% of the rﬁ)rg%gigo? C‘?ﬁ%%?%@%‘h?gi ﬁq}grfti on is
not substantially ipaited TR VBEHAELMD ab Hhe opkesphorys prefipoandy 5
mol % or 35 | eSSMpsgsatt ofB ) hies tpteferabd by wwiEREH Of rdhge agi &y compopgnt . The
copol yneri zablija ;addi ti onal conponent is - 18 preferably selected from
esters of acid conponents conprising at | east one nenber selected from for
exanpl e, aliphatic Bhdh8 iBraivstichrihepresent dnfart fxanpe, adi pi ¢

aci d, szhacic preiphraitdch 5 £ EWC i id,_and

hydr oxycar box Iicé@cid ,_ far e%ghple, ~-%33?g§§53%50| %RWQP%Rdi-bk&HE%zoic
acid; with a éhg?c |°r6'&‘§1?or(éﬂt FEmpieferphiy |sekacted fromeritatiaot ed from
for exanple, Aleitpraatlikox iz OaidHhatiyel and @naimiiss dinl f&@é@{}ﬁf for
exanpl e, alkybgqqﬂ#$ggqslo having two or nore constituent carbon atonmns,

1, 4cycl ohexanedi et hanol™,” neopentyl glycol, bisphenol A and bi sphenol S and
pol yoxyal kyl ene gl ydoltheachtaiyatr icfesthef privseast elrfrentieomboye nenti oned
esters For theragdidarqy JBY. be used algone, or. in a mxture 15
of two or nnrg of, the estéﬁ§2p$%§3§hnunﬂ §¥ﬁ%fﬁ§° 9 RLYERREC i s
preferably us8§i9§ 2Lcop Foemuda i (T Jarnshithe tehihy dhisleahimergaaae Wien

terapht hal i c priedeaathler sdlgeited #eme | Iy #sed. 3, 4516 st ar ti ng
mat eri al , recgg&\r.ed A .20 tereph'%wgtlgkgﬁ%cﬁeggﬁ‘?e&él&§w 'ng a

i,met hyl
pol yal kyl ene é‘B‘ﬁtlﬂréltalFe%Grl A0S\ YEemedrlditicnhaciisl agied aothtyaimier shy
depol yneri zi nghereofbove- nent i oned recovered di net hyl terephthal ate can be

used i he anount .of %, ss b on the mass of the total acid
conpongﬁi fron1whigﬁ fégt g*sggfstgfii EoRSERtutdyentiomhiforcase, the

t ar get ponaIRV?§ﬁ§a$éP@phﬁhal@Ddﬁestpmef&h@bhﬁtﬂa&wgﬁhﬁh@@@n@%rqghthalate.
It is particu I d material squrce for preparation
of a poIyeste??érgggsg%ggﬁgE$E%8#?§gs?§P§§§53r8 FﬁﬁtgﬁtﬁP&&Hbts, 30
recover ed pol §eEPEENEE| hlpr edushe fodmpdiayrndn wdtapshgeacoaaedci N t he
manuf act uri ng process of these products in view of effective utilization of
resources. The process of depolynerizing the recovered pol yal kyl ene
terephthalate to obtain dinethyl 35 terephthalate is not specifically
limted and any conventionally known process can be enpl oyed. For exanpl e,
a pol yester can be obtai ned by depol yneri zi ng - 19 the recovered

pol yal kyl ene terephthal ate by using ethyl ene glycol, subjecting the

depol yneri zation product to a transesterification reaction with a |ower

o o o o - . .



Lnitiate the polycondensation reaction. Alternatively, the solution or
'slurry of the catal yst may be added to the reaction system together with
the starting material for the preparation of the al kylene glycol ester of 5
aromatic di carboxylic acid, or after chagg%ng the starting material. There
is no specific limtation to the reaction conditions for preparation of a
pol yester in the process of the present invention. In general the 10
pol ycondensat i palyeacbosplis pedtier aifl yheoFdiaiad § e ALY, qyéytggrla
u

range from 23 C anbi e at nnps herlc ressure or ced
pr egsure (0.1 %ﬁgrégg ilgl\/g ?eg?%l%efno aé'oﬁﬁ‘ltl’rg’t Pdn Zotl‘o 1 thee ZitSove- ment i oned

conditions, for 15 fb 8be mahatlyst 0% Ithet b@el@l’e@(tei&v@fnttl% &r&sent

i nvention, opt rgacti r_exa trimethy
phosphate, is 1I)a dkilgltanes?e%c g)?’%% %gF gﬁx? 8% oFW%@pa{ﬁdu on

of a pol est er® A'F%% BB’E‘PéﬁaKWl)oﬁéeoprnﬁeeabﬂybeleies:&le&tf&dmifrom

anti oxi dants, mbhsnytey et pRQsﬁBﬁQébequnoEItfxgg Pﬂb@bﬂ%%tels, fl re %33%&21
onesregual’aft

bri ghtening a usterin ent s
def oaner s andg%el?%%rbhﬁgﬁrt’wgg gr §8H}e5h°pahe.teu| mpnphexlyd pd)loysemtaele,
preferably corm<am¢ﬂseatylelabbspheteenineﬁoaf:tﬁtm @be@h‘a@@”t moABh3nG1Ng a

hi nder ed phen abl ontained in a_content “of 1% by
mass or | ess |0¢1h€ Ze‘géngée flﬂgpﬁﬁﬁFenF‘OBPdPHSCé[&dP@‘P\‘F@@aéx?aeeds 1%

by mass 10t her én%x@ﬁ@tpmg Q}ncpspbaae pr mbhemleyat phbephuaki, tbftoﬁﬁtbtﬂ%aaﬁﬁyllt I ng

roduct is lo h he antioxid itself” The
20 hi nder ed pmﬁfb}%ﬁ%oﬁﬁtgﬁ&pﬁgﬁ égggtuéeﬁoflﬁgFﬂéy oP 8§P§Pt8fl t he

present |nvent’i“iﬂf’t:"a'rfi%e%%léeltleelﬂrehp&'aphate, m0n0(4-methylphen 1)
pentaerythrit ghésphiade 5[ Mok s( E-chiwﬁfphef?ﬂi?( ﬁﬂ3¥§§x8§¥phﬁ op| onat €] ,
eny

3,9-bis{2-[3-( but dr o propi o y] - 11d|rreth

ylethyl) 35 29431“%5’3’1 1%%’8%&&%??@‘595]'ﬂ%et:énéodecylpgenyl) phosphate,

i é g tlﬁs(fhmw&mywcplwgpﬁatertmbmbxy ENYy ha,d g@g Rhengl ”
rinme r oxyben Zén -

is sonmetine i gﬁg’o%c?%?%hé ¥1i gﬂhﬂ%ﬁ’}i‘%ﬁ%sén‘ﬁﬂ@l@@aatgrﬂe whi ch can

be put into u OE\M@tQhe b value is less than -2.0, the resultant

pol yester exhibits m s X I tone but a blujsh color tone
increases. 5 On the other %‘%\é&m%eﬁptﬁ% VEPERE X RERREIRN 0EO%| nee t he

yel | owi sh col ¥ SRATEOR 1RE r%s&@lﬂ?@t@m yelseereacmiemspsodtl@e pol yester
may not2be usgidﬂeﬁagar&l@ dﬁ@@_{ﬂé‘@b‘gy éusleg%: eli% f € The L val ue
resent hvah

of the polyes talne t he process of t t¥Bn is
preferably 82 C%rmp t?"'r eci %’Eﬁ'% c&'t brcf?f“%‘?Je?Jéi%tbﬂ‘? bsagt ome onembel eof he b

value is pref éﬁ’@olbylmrtﬂmm compngeld refm tHe Ofdemyl &, (BN DR £akh a

preferably fr t.he val ue of the polyester 15
obt ai ned by tﬁgﬁr%cée@séolq Vﬂteﬁlplfteﬁs/égr#woswgorm%nc%f?%o%sciﬁl%oq?m heB)

fol | owi ng nmanT&TPINEHIY 2t Leaff ong nembewlgksties plosphdngs at 290C under
vacuum2®r 10 uefdsar(CB ) Q)ﬁ Od‘}{@?dﬁoxqﬁh @ﬂa num plate, into a plate
form having a thi c?neﬁé_‘ mm The resultant 20 pl at e- shaped

pol yester test piece Sét PR IResent cewenttioon ed at 160C

for one hour m@ptarratmrbjodctaﬁbd@@wﬂrst@*é 'f@éd&%j PAIRN of fhe
|te S an ar

resultant pla r.test piece is place
plate for regt&ﬁgtsdlmg'gﬁg %%&iﬂe éﬂbeg’trre(tpe) PP inthat ienstedin® tone

of the surfacé‘eé‘Petrh@fpltélteeQ:ha;wdqumwndseaif RRE & g e @f)aqqq{d

pl ate i3 neaswnedhbk 3 oM I for exa Hunter's
col or-difference neter ergg 2(%‘%I ﬁf actur e? %’hqré%h}ﬂ’%? &PIPQY 30 The
intrinsic visCOBPOREHE (B SOMpadisdng mt H@qmtem nembat ldfn e not

specifically bhaset:@@rquUtc o@rn@fser | Y gt 1 0.
When the intri, ASH G qul scoadm% i s vv| (%Pn thltshwr gr?gfé‘{“q{%q Ifr%ﬁ

procedure is 45 |u§l €od& e eseated by dhe @Oe:mﬂtaal(rmﬂ by the
nelt shapi ng process has a hi gh nechanl cal strength. The intrinsic
viscosity is nore preferably within a range from0.60 to 0.90, and - 23

particularly preferably fromO0.62 to 0.80. The intrinsic viscosity of the
pol yester is nmeasured at a tenperature of 35C after dissolving the

pol yester to be tested in ortho-chlorophenol. 5 The pol yester obtained by
the solid phase pol ycondensation is often enpl oyed in general - purpose
bottles and, therefore, the polyester preferably has an intrinsic viscosity
within a range from0.70 to 0.90, a content of a cyclic triner of an ester
of the aromatic 10 dicarboxylic acid with the al kyl ene gl ycol of 0.5% by
mass or |l ess, and a content of acetal dehyde of 5 ppmor |less. The esters
fromwhich the cyclic trimer is formed include al kyl ene terephthal ates, for
exanple ethylene terephthalate trlnethylene terephthalate or 15
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15 treatnment in a dryer at 150C for 6 hours, nelt-extruding through a nelt
‘extruder at 290C into a sheet on a rotary cooling drum and solidifying the
sheet with quenching. Sanpling was conducted at the position free from
scratches on the surface of the resulting u]ndravvn sheet 20 and the haze of
t he sanpl e was neasured by using a turbidity reter, Mdel HD 1001DP,

manuf act ured by N ppon Denshoku K K. (8) Content of acetal dehyde A

pol yester sanple was freeze-dried, charged in a 25 vial and left to stand
at a tenperature of 150C f8r 60 m nutes, and then the content of

acet al dehyde in the sanpl &s/&%r ed by a head-space gas chromat ogr aph
manuf actured by Hitachi \ (9 clic trimer anmount 30 A pol yester

sanpl e s ground iﬁl‘é"‘%’ i nddrii\and Brd+8ed anount (avya ground sanpl e was
wei ghedwgnd di ssol ved i Y\a mal\ fount of a

hexaf | uor oi sopr opanone/ &nl®r of or th 8 xed sol ution, and then this solution
was diluted with chloroformto give a sanple solution having a fixed 35

concentration {®HOwigitht e6ymuTbi $19a0PRE A hj-ected, to gel

per meati on chr%gg%ggﬁ% éGEC <\BI\/bge AL%%@%%,S%ﬁ}%g&yura@di by Waters
Co.) and a low - tECEFEP ReFBhPtheacrRBReRaatSepar alllgladoupe peak
was det 8t ed. Meirgn2eho 0 aarpohi atbmsmer kA 599156'3.‘8?? wasiggt gr giyned
by using, as aistagesd afomdl i bration curve deterim néd om a standard
sanple of the cyclic 5 triner. (10) Thermal stability of film The value (A)
of the intrinsic vistosheycatahystagfathg presshedihivbmtrasd khe val ue (B)
of the intringpeydS£05bk Yol a0 ol rs.used to formthe 10
biaxially ori ngf ezyd filmwere ?re%ggg%%?eghd%!gﬁe?legcgéf’ﬂepf?é)lct PA) Fheas

cal cul at ed. The SHMIHR FRUPPYNE heoRBPRent (B3 ) - afd) Lhai phosphBeusange from 0
to 0.051Fs pardampbwaid yoSmpehé e i@ﬁtbsr&%dé&é‘?i th%,ﬁgg{,ge the sanple

havi ng th | - (A t hj 81 is slightl
iﬁ:‘“epigor ?nvﬁ%ﬁnré‘%l%ﬁ%%él%%y&gn%\ét é:gos(gn{)?ggﬁavirﬁgqthe val ue ((:3)S ?AI)§J ofy

nmore than 0.1 is i rfhe iprodess hef nehe qbﬁ@ééﬂzﬁYin&é&iéﬁyfé*'oérgﬁggf{xé a
of med Th

formed on spi Y1 ' r olyester sanple was f
chips, the Zorﬁraes@%?ts&agn#r%]ﬁ%ﬂvésrees TR %ﬁlMW%thtsm;ting

mel t - spun by &&%Ardidly IIRRIGHL g sk nheamt e nssmbe i §&1 ddt &9 ! §§O,Eavi ng a

hol e di20ret er egft ksl fMEradmae £t | e of 600 mmn.  for 2 days. The
hei ght of the layer of eposi i é%t?érrl;d(}”éﬁhécn goqut T Vﬁ)’eﬁ pHEfYlene t he 25
ext rusi on hol &dFYe RO iR riat e deyree paeyméie deighd of the

| ayer of the dspesist td htheTEl viediRishdit § f.a fii lament - shaped
stream of the %xttrhtéd%%t%g{;‘;%toef el t occltlcﬁ}{se eas iﬂjrprlerguﬂ? i TR r eased
formability of t he pOIyestat Ofhdthg LrespnBd mmnfHionffahepteperatfor he
deposit for me@fofheheodyiestiewy spinneret is an index of the formability of
the polamster. [Exappl j of titanium conpound: 35 In a 2
liter three- ngglég%gfié%glglkcfg{ pped%vﬁ &E;a BREARN Y o VRRGIR) thRE content s
under stirrin§; ot @yesteryl tartdnliting acforae eidrx AGidd Waf €
charged and the Eétanb%ﬂﬁawgﬂéﬁ%agliy" ed s And Sf1gn 41 gn;_g,f L1 Lani um

t et rabut oxi de _ypa Qr aq I a%ued to thé mxture to pr’eplélr ltlr"é?rke;?arent
sol ution of thée ?i ani t‘}% %ﬁﬁ FF iHeetiRfiodn@mgupdol inHevidiliafctlers, tdf s
sol ution willthe Brrepsiced itardoxy]ithazdkduicidaponehte dontanindd in the
concent3t i onpgh i ls it asured hy using fluorescencée X-tay. As
aresult, it %syg‘ggg?égﬁgﬁ‘aggtaﬁﬁngf"ﬁ §&5forus conpound: In a 2 liter

t hree- necked fl askIBqiihgpedoniesis aflGheepreskar Hinvieng ieantsgpt s under
stirring wthphephihtg 85 hy e.ql I, S charged, followed by
heating to 100C §4 th i;ii rrgioga.gfsﬁggrﬁ lzg(rﬁrgi \?gf%%;%l h W@ﬁ%@g‘gﬂérce,a‘:&&‘. §8g of
monol auryl phBSBhEF&Ph¥s Sgdgegedndrome torephitbalds dicddyl Ledphyhaeati ng
with stirringatbdpbhapAtBaldnkHap isobutison.Herei nafter, this

sol uti gg wil lagf r ef elroﬁed iongg aa?%%ﬁggr"gt ?g%b.’ B?‘ggﬁsé{?%ﬁaEP%é{@éFyst:
The t efper at uf dt FhRPBRYLER PBRAESBEROXBAdCoRCEds control led to 100C
wi th stirringdépbesylmgtbénedtcdBbafysobubbeq, Waspaeagyakbly added and,

after the co j t h di 4.0 this reaction systemwas stirred at a
t enper at ur e g?i%) %8¥g§'l%n§cggﬂrdf’BQEB%}’EFéaPﬁQlFéé@??‘)ﬁhiBeawédnande

titani um conplbimeld mowly ¢ titopPBepbeidsa&pgpound. The mixing ratio of the P1
solution to the TB 25 solution was controlled so that the nolar ratio of
phosphorus atons to titani um atons becones 2.0. The resultant reaction
product existed in the formof a fine deposit because the reaction product
is insoluble in ethylene glycol, and thus the reaction mxture was in the
30 state of white turbidity. Hereinafter, this catalyst dispersion will be
referred to as a "TP1-2.0 catalyst”. To analyze the reaction deposit in the
TP1-2.0 catalyst, a portion of the reaction deposit was used as a sanple
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15 coptrolled so that the nolar ratio of phosphorus atons to titanium atons
Yeconmes 1.5. Hereinafter, the resulting reaction mixture liquid will be
referred to as a "TP3-1.5 catalyst". [Exanple 4] 20 A catal yst was prepared
in the sane procedures as in Exanple 2, except that the conposition of the
TP2 solution and the additive anount of thé TB sol ution were changed as
follows. That is, 33.0 g of nonobutyl phosphate was dissolved in 627 g of
et hyl ene gl ycol w t Dn2%hkeairioee slisO o eR@r P4 .sal yfiqn. Then, 340 g of
the TB sol uti O$r$§§ gdded ?nlt he sol ut P%n%g%geﬁ?eqrng’tae&%lﬁ{l\t%g conducted to
prepare a react!o fi-REuPe PPAYGPECTThe R tiergphathiad ief adiel Ry @alti on to
the TB sol uti opbhainednbyoldkeedlymetrhat nhhe kRtled Of oshnor.us atons
to 30 titani unagaow pgigﬁﬁ 3 § Her ei ?aft?}%a%ﬁleeglﬁ t‘ﬁ‘%&lf’ﬁg’a%%?
mxture Liquid W | BeSTEFLRg ko580 tipg dimethytlalterephthalats.e 5] | n

a reaction vessel i hnwhhehpgoesegsobfanhet bykeea t33 nde¥itQlont gigbhthalic acid

ol i goner resi dgglepar $hyr gy b 1 xing 179 g of high-purity

t er epht hal i c ggidpggth§9é SBE?QEFEgYe%ggbﬁﬁgnguRéthﬁhér@@ﬁ&uﬁions Y. -
30 mai nt ai ned” HY2983Y kh@eACafBi wathathesphiyilenpr g3gube sasyf 8¢ at a
fixed rate in estets ogeNt@tEBRPRSYH € kb Lering e.aligoner, _and then
bot h conpound %ﬁrgées$§rif?§d ov§%°2@3%§r23§§ éﬁi???ﬁéePﬁegggﬁeﬁﬁoﬁnd

m xture g int react ﬁlQE sBY P?éyﬂéﬁﬁviﬁg paigelapdeathyl ene gl ycol
pr oducedOpy trﬁﬁﬁﬁmkﬁhalaaesoandeﬁﬁ&h@@sﬁégif?ﬁnelhﬁ@”?EEE?EERB reaction of

bot h conpoundsg f% j stem. and thus the reaction“was
conpl eted. The %éf%&#??%% ?%%£§€b$€% Whth oBhe oplkpienandlynelio
pol ymreri zati on degrEt ¥ie tproceserod| tiyenpresbus ORvahpednWag,W thin a
range from abqidegating - 1 he_.ester,oligoner obtained by this
esterificatiOQDréﬁztid% %é§§c a?%%%’i%ﬁ%.%%%%%%ﬂ&gggﬁtF%ﬁePEEBBXéhevste
anfl ?_. sgsz g O];'tjﬂda _ﬁmﬁ;d&%&@s&ﬁ$©andé@npﬁbﬁa)pwfleﬁgPl-t2.P) t
sol uti oh5Sprep p Ml dES 45X condensati on catalys
with the esterre(ytciﬁ%orrreeecgar\}/\h#qe sti réﬁlqrj]q? t%lssgr}@g% i DR LYRY eFF PR a
stirring w ngs, er or'§ st WG pPrec¢ess colf stlegwi se from 255 to
280C and, at tred yediy tdnee, tdepthd Bpcdd on pressure was reduced stepw se
fromthe anbient at erj gssure to 60 Pa and the pol ycondensation
reaction of the estlg}r)scgﬁ or(r:?g#e °€o%cﬂ%°t§%ﬁl’emf%nmmgfmt er and
elt hyl ene gl ﬁc@re@a@m& bRy diviees et )y e erisat et rERedd N e t he ers]t er
BrL?EZ??%gTdZg??ﬁﬁQF&?ﬁQQQﬂﬁﬁﬁﬁﬁﬂé%%%f%%%ﬁﬁééﬁ$ﬁ%ﬁf S R ene
monitoring a Mo¥&° pplH%Ed N i ene ralyep ni mppentiyle glaamsl Yhdyst em and
the reacti on hexamernhlydteed whszdihe pol yrmerization degree of the 30
resul ting pol yester.r hes _a desired degree. The reaction mxture in the
syst em was continugasﬁé%b PrEER Fﬁr&@&h T SORt ddiviep tient ifor of t he
reacti on vess@FePALdng &t padgeisten, then polecordeniad i Q. ;i Xt.ur e
streamesere gebirdrabey WohQucdpld B9 and.l e ey o lroglg?rég rgglj(él;‘é‘r" ar
pel l ets having a grﬁnu e_size of about IEMRSIATELENOE #ei0c bt S@dsiay (1V)
val ue of pol yet hyl EHE PEL¥EH{tRZ &fe the presesatctinvRnEienULE Wiephrey and
espect 1o the colgr fanes b b ovarasiaas G1VSRsPhe b valle was 1.0, Wth
respect to the colgr ne e L value was an val ue was 1.
respect to the catgpy%ﬁg Pﬂ#XFSESHCEH?PQFEdnby the proaessmogoreent ration
was 13 ppm angrésehé phospkabus eaaceah&éhEOBfW@?ciﬁﬁpggg é@e G cont ent
ne hy

was meagured OAPOS| R0 le with hydraz ) rat'etang subj ecting

t he de??rrpositg%lggggr ggugbgt 8%%%%&8&5?68?%%90( Reddp wi6h- The,

manuf act ur ed ByX¥ieaeholycodis) andhhamtaguahnentesykis gggfaggﬁ/g L@ Table 1.
i ye I

10 [ Exanple 6),% €os : pr Sl nple 5, po ene
t erepht hal ate wagI {:J?eo a?ggfgegggggggﬁé 9hgoﬁggnmﬁﬁﬁpﬂﬁsbﬁéﬁuéndeahei on
product (TP2-"2‘?”(‘)‘}9£BI fi%ﬁebﬁééagﬁdeihSERaeqbéeaBlwas ppRdoas1bhE,

pol ycondensati on 1Hncenel ysivagdeth { thereof was 0.593 g. The
Vo Lyestel MErERaLas BYIER

pol ycoEgensatéPgs eaction tine was CPhotese FhetP® val ue of

pol yet iyl ene X'eF epht half BER AN t hdP r dkki prhdan &t Ccompnbsi fg 58t andasbeogent ent
of di et hyl eneh-"gll%md(@Eﬁ)oit\lasorﬁ.p&m@yPﬂ@§§raM%hf%€lP§§tc Lo Lhe color

tone, the L v 8 e b _val ue s 0, h™fesp TrETS AR
catal ytic mtﬁ%ﬁ%t#a%n@?ﬁ h&r ﬁ?%%ﬁ%r@%nﬂ%tammﬂnmw and

t he phosphorus concentration was 15 ppm The neasuring results are shown in
Table 1. 25 [Exanple 7) In the sanme procedures as in Exanple 5,

pol yet hyl ene terepht hal ate was prepared, except that the
titani um phosphorus reaction product (TP3-1.5) solution prepared in Exanple
3 was used as the polycondensati on 30 catal yst and the charge anount

t hereof was changed to 0.413 g. The pol ycondensati on reaction tinme was

. a A r—- . . B o a - o, o



15 0.52 and the DEG content was 1.3% by weight. Wth respect to the col or
tone, the L value was 81 and the b value was 3.5. Wth respect to the
catal yst metal concentrations, the titaniumconcentration was 13 ppm and
t he phosphorus concentration was 14 ppm The neasuring 20 results are shown
in Table 1. (Conparative Exanple 4] In theZsane procedures as in Exanple 6,
pol yet hyl ene terephthal ate was prepared, except that 0.258 g of the TB
sol ution prepacédthe pwagpkeet.,and 0.335 g of the P2 25 solution were
separately charged, ﬁs t ﬁ %gl ycondensati on catalyst, in the reaction
system wi t hout reactPgPPRERSHPEHPESPATSChSY. thiee prologsmndensdid rasant i on
time was changétventit¢f dsnsuésed! HokheheesyH |
terephthal ate, jfpe .y ¥ value was 0.52 and t%e%gé(%%ggﬂné%?héo%v{}ggef 3% by
wei ght. Wth respect fo the color tone, the L value was 81 and the b val ue
was 3.0. SWth respehetmoltiedcaraliyiecotetat poNgeRLEat iy axle?b  gi um
concentration céds e and %pgsgl:lgs%gru%.concen;r Sti on s 13 ypm he
measuring results,are shown ih Tabl e 1. ' 35 FBOnpAFatAes Peiidesstiaped
Preparati on ofalé'%\f%19§t : Shfethehapad prodcdesesfasmed bxawpligeks angat al yst
- 34 was prepatpect tdgenpblibat agtip81pEtyl phosphate was used as the
phosphor us corrpound,ﬂi n rﬁl fﬁe of mpnol auryl phosphate. The anounts of the
conpoungg as used ahd tARIfedceFbhcEBnaft thaspresenthanygedtdsnf ahbowdess
38.6 g tri netpylyedosphaiberashdh s66HVEG | g0 yl ene gl ycol
with heating ((ﬁoﬁngﬂgﬁgn% and 435 g of thséj f'tll'%lggﬁgt Fo%e\%g Qgﬁgﬁgf"g t he
sol ution and the §eact dn-EsPROAGEESEIPrIRRL PRakYi bhet prpeeatupé whe 70C
and the react iRFfIeRe IRvenntohpuextFheingxthg A01tatjPo0kh Fﬁﬁﬁgnﬁgkﬂ“ on
phosp S

to the TB sol utdgp | S hat. th ar ratio o or
atoms to titanium a%%énsé:ﬁg%:%ﬁgﬂgg O&éie%é‘:ﬁ‘ég?g?,%liﬁ@e?‘ééﬁﬁmﬁétF eaction
m xture sol ution withe Heeldedrantiche atnaludd®S2. folpsatyst 1145 To anal yze
the reatbi on deposided by e I€AGE | ! ' e of the resultant
reaction sol utjon was fi%ter ed?é r%% gﬂ%ﬁeegl%g\%%@pﬁlﬁbgﬂ BBeni ng si ze
of 5 Vim therfeby To-TolF R PRacie dor Aeposi of ashe soésentand the
deposit was velshehtiarh, veteruding dihedie bei o apalysis pL.fhe el ement
concentrati on%da{)ié-r@fﬁ%%rgh% eaizﬁi on CﬁgrEOSit was congjuc]feﬂ in the sane
manner as described Above. T s AN And A ingiethe 6. 9% of
titani umand FREWhtenghushteorust i el mibipax it | Pi @i horus atons to
titaniuppatons was 1.9. 25 Preparation of polyester: In the sane procedures
as in Exanple 5 ol yet hyl ene terepht hal ate was prepared, except that 0.599
g of the TP5- ?.E@Igéﬁ Eygo%(ﬂﬁﬁﬁyoﬁ“%r%ﬂhr‘ﬁtﬁ ImNUENT BdOVeE operation was used
as a pol ycondensat imie caiwd t fdie { fion reaction tinme was
100 m nutes. | tsté% r%}&lt l)r?tisltflpol etﬁh%#egr?e%?}}ggt{#%alpa?ﬁéfe IRF e was
0.52 and the 8 co'r?t én < Of W& reaatiaregpusiuato ahe col or
tone, the L val§énian @rprinchedmpolent @ 2 ANgHbHRpa éo(?np;zgﬁld
catal ytag net @Ion%nc‘eqlr{cq@t)r atjyansy “;lq? tblt i um.concentration was "13 ppm
and the phosphorus _concentr'ation was 16 ppm®Sfite it e aids dalowar e
shown in Table 1. The 34 tandsm soampions dEcamponetit REgParstd am afhecat al yst :
In the same pragadyises oFs the By : | yst__was prepar.ed, except
that trinethyl gﬁog;hae%e was, used gg ng%&%g'tsogh)éroﬂ?r&(‘? ot ligRsH &€ of
nonol aur yl phB‘? e SCHRE a0 EFOR 0f t he conpounds as used and the reaction
conditions were chaigediam temoewnds231 A h sphat e _was
di ssol vgd in )'S_g%mglgf (8 hy gnelpgl ycol 5\,\,,3'[ %e%fgae{s'ielﬁlg%?%ég’s%{ﬁ%t ig(?ﬁ‘)erz?\rﬁ 435 g
10 of the TB solution 'was dffded to the solution and the reaction was
conducted at the h&itiengumespapatnde ¢ )706thohed bEaQTeia%‘EiPnEmEh%f one hour
: i

to obtain a reaehh ' h i Xieng, ratio of .the P2 so ion to the TB
sol uti on was contrgIﬂfnrepg&sngbtgRgtE ?%g] rérgl gper gePsTat $8rpHdepKdn uvishons to

titani um at onB¥BBRSHEsPRLYCapbpEYAALt 8cidsheepesskhiad boacheogekxad
solution wi |l feemugtenteqd.to as a "TP6-2.0 catalyst”. To analyze the
reacti%% deposi t i? tQE rgsultant TP6-2, 0 catal yst, a sanple of the

resul tant reacti on-20%86 bPFBRIAa$TY i | Rer &Rf/t R camd B fridsipmric tiandlng a mesh
openi ng si ze ahd5ihdepehbieneby Esomobhest r j epesit,as a solid,
and the depos%%o sh%@shed m@?h ﬁater andoggggd?égkéggﬂglggigiﬁyfthe

el ement conceht Pari 87 P9t AetPellll ERRBCRcaEPNSN BERBErebims2cbad6ct ed in
the sane 25 manner as descri bed above. As a result, the deposit contained
16. 0% of titanium and 20.9% of phosphorus. The nolar ratio of phosphorus
atons to titaniumatons was 1.9. Preparation of polyester: 30 In the sane
procedures as in Exanple 5, polyethylene terephthal ate was prepared, except
that 0.591 g of the TP6-2.0 catal yst solution prepared by the
above-nentioned procedures was used as a pol ycondensation catalyst. The

. . o ~ o~ . o ~ - b



\'~MNODOOO~-MMVMWLf 7. - 1. -1rlr-i1-1 i-~rl NH~~ ~~U Uro Up00OO | 70-~~CO N N . -~
M~ OA,~ ~ ~ ~ N Nt M*"AONNUWOOHHHHNN~~H ' WNHHH~at | 7t Ol ~00r-1 r-1rl N~ M
et'~ tflr W+~a~a~a~a~ro a~ro a~ro ~ro a~b a~ro ~r~.-Ilr-1.-IN ~if-I .-11-1
rkHr-INr~f. I r-lc~wwd wd syro a~b a. Agoa ro a~~S~C5C5CO 5C0 5(1) ~C0
~C0 ~CO i CWWWAU W W W W W W - 38 is apparent from Table 1, the
titani um phosphorus reaction product catalysts described in Exanples 1 to 4
of the present cambent iamnmr,elsmas@rrie@reritm ROl YirRIdgAt iy 1 rer_acpt:i ity alﬁ,lslpovm
in Exanples 5 {08 Qngrmgketkvt 3?‘&" gﬁzto Br epare a polyester 1'n an
amount snal | er than“t hat ~6f & co iGhn MPRBAOLRRE € Jtay yie |
al so remar kabl 9h?nﬁﬁ5@ea§h@rcdllcfrfeh‘aatoffrtohe eraemwotum pol yester as
conpared Wi th an anth t I stem /made of a sinple
mxture of a tjtani umm%ggcgegg‘%% élg’a &%ﬁ%‘ @or?ﬁbmeq%(éﬁm?e@]
Pol yet hyl-ene téreBﬁFﬁSFQPéY | P&t §.pr epar ed in the sane procedures as in
Exanple 5 and haV|nghgn h¥s o] ried. a mel t-spun to
produce an undrapn, 1 P anéﬁkbk‘;ﬁ/gr%o@%:@égge& %ngnft %Hm‘rllssed afd thee
undrawn yarn wag 6?‘&% Sf sher Bﬁﬁﬁ&ﬂtolaﬁemtdonocpm@du(sesaadfa\a’ast one
nul tifilament membespfoB3pRSsghex(36ch S.3h | e

P ﬁ lbBURAES | W;E ?eB QRN f%s [t|t1::;>§arrp| os

resulting poly hat arn are sho TabIcE
10 to 12] In eg&ﬁe,@g? 3%}1 121g a pol yet hyI ene terephthal ate yarn
was prod@ced in theIBah’eerrﬁqnmulas(IImIExar(bllee @é(&@@t t heh_ pol yet hyl ene

t ht hal at I to.8 d 25
Dol yet hy! ene. 51 Spht el at e pel FRr S e IN8pPERer BFOSPOReAas Sogt ARt

pol ymers and of2¥PenyaEass ar prefienpably $abbe12 chﬁbrrpaaabm%e bragpl es 7 to

10] In each ofalleypagadihye | s 3 et hyl_ene
te]r epht hal at e zﬁ ?J\Z\%S p?o}élﬁggﬁelﬁ %geﬁgaérgrﬁgﬁng}zgﬁgy RrEQSE'BF’éygl &Rcept

t hat pol yet hyl PheFIP8t e pellets obtained in each of Conparative

Exanpl e$51 to 4 werEnuskd ﬁéa@ﬁidﬁt j{béﬂéttSEe h |
properties of ¢ 4 thg%a?%gggf}gﬁskgh ouﬁ-QTabl e 2.

t
- 39 ~ba~ +~0 &EP&?QHJ; nfﬁslv erpf%ﬁpPomﬁ c@mpogpd-component. (B), ~N

b~~ ~~r~Wnb @@edommv\mmw\kfm pepapubich~df 1l
_a0ONN-" 1ULOU 04 Ex 4 ~Wi e peep o MWeah{dsidr of

| 00~O " ar 020a~~U~0W000., -  OF WOT T’lon’ IRpGtion molap ratio| myKmegab®0ot ~a
~00aDaNNp ~cr )Y af 2Mewat | R pu (Lnlt-;enmefltzeaMhm btomer, sAf the

. ~ot ovddc~t meﬁﬁﬁmzﬁ%m ( ~—~ONNG| O~ N OQJ.N
Qro~ro~~~~0 0 ) ke kW~ V%x@oﬁ%%tufﬁ)g?; %(I—lg%%)ar gount _ f M) 0o~~I
0, . T 0~ 0~T 0~1 0~ M@é%&hw KEPYRY VQﬁV‘!hWNQBPWIES*COIﬁpO@@d
[Exarfpl e 13] mmmﬂmmxemwmﬁwmewmwnpaems?@ f.‘POI{Ihg gagg manner
as in Exanple ﬁﬁn%é?é/}ﬁgesfaé‘r Véya%#e o) 64 were dr 180 or 3
hours and fed 1 n a single Scre (?‘?mje'r di aneter: 65 nm path
| engt h: 1000 nm r S SMRlea Y | aRQUITD (T lt esx) tédfherof helﬁgﬁp@ﬁag%ﬁsl n the

extrudezswas amtdhd gk a char t and’
controlled to 300C |c{l1 thagﬁv&‘?:lct%x%ﬁb&ﬁ éIcki.hﬂ‘éé‘&lharge ort® ?gfe tg%iywu%vas

mel ted by gradlfalByPAF Hefh Hboleﬂfﬁj AU st ddee tindmghiwml eedtarsivnn di e

for filmto fcucmpwundnjraiyn"teledéﬁ Ihltﬁuémlr@am | 90C in a
| ongi tudinal diyye tdcfp raw s tio of lIr;ﬁt)n({)ea rﬁ%ﬁnﬁnﬁ n,

drawn in a | ateral r%ar%&% Qﬁonlﬁ Gqftﬁm%dll,n(ﬁavm fllrr)
15 and then t Helegule s:eﬁ tatte anm\xmmloewfarmbd% mduhdd awnnelyest.er

filmhaypng aatn{&hﬁxkt:'”'esﬁq ‘%fefn% C‘fﬂbhﬁgﬁ}%l@er“ es O“'fl the resul ting polyner

and the filmare showl In gihe phosphorus
compound component (B) is a total value of products of

molar amounts of the individual phosphorus compounds
contained in the phosphorus compound component (B) and
the number of phosphorus atoms contained in a molecule of
35 the individual phosphorus compounds. The phosphorus
compounds of the formula (III) contain a phosphorus atom
per molecule, and therefore, the molar amount in terms of



20 In,each of Exanples 14 to 15, a polyethylene terephthalate fil mwas
‘produced in the sane manner as in Exanple 13, except that polyethyl ene
terephthal ate pellets obtained in each of Exanples 6 and 7 were used as

pol yet hyl ene terephthal ate pellets. The prgf)erti es of 25 the resultant
polymers and the filns are shown in Table 3. TConparative Exanples 11 to
13] In each of Conparative Exanples 11 to 13, a polyethyl ene terephthal ate
fil mwas produpkdsphotrhe sapms30fmeheend nas viiduE1amgy th

pol yet hyl ene tggegg{lggl %etR?l I etls obtai ned in ea?&ogp}%gr‘rlp@;%a IRre anpl es
1to 3 were used a gol yet hyFef8-f&r BPRPRA 2fe thel PoesPhIa spcopwmonings .of
the resultant filnsWaee shewneantiabl molar rat4d ml/Ag id RaMger than
~00000~- 10000000 0~gh A diig0t I%' | 1st ~Ma~hhh~0Ohhr ogwa~oyncuo, 0o, ~U~-Me
nM Oyo, . £7P04100000 0. aOOOOgg.QF]wa c~ﬁ%:"r°é§3r '6\3/'% F~ﬁog3156@4>‘éﬂb\ﬁ°6'muenﬁt tol~
N~ m ~ N°G-! r oSeMRPBODL 0 (ANWPPPOMPE W, 1arge; the~bblyektlelr ibbtiaineke0 ~0
~0 14WNWNWW WU VY Wising4€hel EX80PL$nd6 hylene_terepht hal ate pellets
obt ai ned in Exgn&l e ngveig treat ednétbiggysgr}ﬁ%g %f‘hd;’ég PPRE&r /Y OFo

sem crystal | i ze°%Re(BoY 3R BecoBeagtachighgepeaddsthpshemts rewikypace
crystal li zi ng mag hbeereduded NenohuthBehehegah§gi N i gen s flow at
160C for 4 ho%gla]fg hgéggg to,crystallize the ng'rrg??Ha%égt ﬁSﬁggPPBd, These
pel l ets were transter t'BTiémpa’cgkiW]chﬁ%rﬁPW :3pl tldlaphdse when the

| LPat i omamenemMo £ whize et 1 bastupetd ‘ d '
pol yner #2at i o estupetbepsuil &é‘@ﬁ\ﬁoﬁéﬁgigéﬁ’f BIFeﬁge?gltég

hase pol ycon i t J . Qi en gas_fl ow at
Iﬁours. lOThg regégﬁgin' ?Lll:hrr% ﬁg%ég%ﬁ%go‘%#g V%Bgt‘ﬂgtt}flﬁer?‘?/u%‘é{iﬂé eatahpst

resul tant pol yeR hi @O} ¥eeHeX haredec biennesadt 76A. maPeber OpSnEEEsihtt he
resul ting pol yethylehe ¢£tephihatah r h i abl e. 4. ing the
resul tant pol y€t hyl.ene terepht hal atlgo%:g?élefls? g%?é%o?ﬂf%éapfﬁuﬁgﬁbiﬁ t he
fol l owi ng manme?s  B& g HFaoil FPRPRH t comphrert at B) wasc Hudedt i Bafium

ni trogehSgas fietwradlleotbdees af ot e REmPHOC Hf@&ﬂiﬁrﬁetggré‘ﬂ@izgﬂ ?t mospheri ¢
pressure for 10 ay dryer and dried po y% hyl ene

Lgnoge%ge usi né; a,(% ( rar
terephthal ate Was fed to an T ecIR Ot i dF Hed Riihi betyaprapoidie and
malnuf Sct urfad %me G@traé’d:hc)xiadml;dtm éI&ﬁpt{p@aﬁ@éggg FoE Oef?am?leé
cylindrical pr, Vi ng: i ter o oyt 28 25 nm an 1nner
di ameter of ab u%@Qﬁ%né%%%g% %a%{’b% bottapatemt | Amerness
of 4 mm and a WESHhttidanbiutcSwepndslert i ten bondiét rawl lebx 26y ) 1 MEESn
t enper a20r e ofhadbGoct LN Pl i 60 Ip a primry

& e O SR R i fid

conpression tine of 3.0 seconds, ‘a cool1'ng of 10C and a
cycle tine of SRR HuLSehidt ithf el ivean tatom, card gsrefetdlsny of t he
body portion efseche ares Wlitaniyn eferabaiisk tden d Nesdd sl Godidze, the

acet al dehyde arwhj on and the cyclic trinmer content were neasured.
These results are showl in 35 Table 4. [Exanple 17] A pol yethyl ene
terepht hal ate pref 3@ rfditded uar dagippunds 42 ) wesablleoduetHd £ rSae

proced2®s as domgdoud® D ty tthat | y.et hyl.ene terephthal ate pellets
obt ai ned in Exanpl e 6 vvermtjap(\bl?seg. e(%])e Jn%af%%%lglerdg LG h ik a0 Uk e

4. 5 [ Conpar afAPRoBRETI(d9 P£ tdhel@eneradadieorsiulGongmyr atitte soaadies 14 to
16, a pol yet hylodiye atréiosgitikalsatiel Pl AHE %eriraﬁ.dltf%%dl lt('}fxs)sa”e Tanner as
alate pell'e

in Exanpl e 16, t, t hat pol.yet hyl ene t érepht Bt &hed in
Conpar at i ve Efé]% ?aggdf fg’etx%o\’gwer%’eu%d’m#ﬁ@ ROAY FEnRPrydsid tas igise cgthown

in Table 4. theigeneMalp fidrowld +1I)Nand khe—'ahtMdzid¥s trerenOaQe0 O O ~
20V Bty ety S ey Ll e il o
00000 v uhegimellitic agid @nd pyromeNliticNacid Mnd fnd9dei@edl Ui N o
o w thereof., It is more preferred to uge trimellitic
anhydride, which has good reactivity to the titanium
compounds (1), and the resultant polycondensation
35 catalyst has a high affinity with the polyesters.
The reaction between a titanium compound (1) and an

aromatic polycarboxylic acids of the general formula (II)




roNN~Ocf c~rnocnr~rom~0 0" 0000O0NWytl tOvy-I ~~N('~1
T~ r~l ~~Hr~ roral WWUWU-~UWOf~vat~~ar ~u~ W~ Hr~i ro
r~i ~rol r~mi wiuUw muU ~~ - 45 [Exanple 18] In the sanme manner as

i n Exanple 6, polyethyl ene terephthal at e_\/\qg prepared, except that 0.041 g
of petraerythritol-tetrakis[3-(3,5-di-tert-Bufyl-4 5

hydr oxypheny) propi onate] ("Irganox 1010", nmanufactured by C ba Speciality
Cheni cal s | nc. prwas addpuinticid RehaddonBy idict k?frﬂ?if{ﬂ n%l?% the
esterification g %ttii%“- c)In th%re ul ting. pol yet hyl erfe terephtharlate

pel lets, the |9 varue w0 ST PRts t°% Fhheamydridensherdet L 10
val ue was 81 aMdthhe Isolalens vias diisBolid ha RSREWGN tor t Cif ath#i c netal
concentrati onspy; I tsani t.ratj was, 12 ppm and t he phosphorus
concentration \/\ég&?grelpﬁﬁ tEFIr?esnglpo et I%ﬂod;lr{hgt ?Falaat‘élfp%ﬂio@s were fed
to the s f i GOFPREAG ddthutiond-her ouietes] & liut ith Exardl e idd) dhe

resul ting pol yaskehnre her s, I ue, . 0.62, the tensile strength was
3.7 cNdtex, the ulatoi nat e elttgﬁg)éatri\égxﬁ]v?/ag%%naﬁd %W%eﬁtré?ﬂ bty %Qﬂocél@ gn
mat t er deposit 88%on ’t AdPYteFnOFe Mok Preferativarmt @ H¥mpAddywenar ati on of

recovered di newhyhinenephnbal arem 200 +& qf50@tch3f|o‘§n%09|t36cc§|§0\¢@.sn %I}%r.ged ina

500 m separabkef 1.5 g9 of sodi.um carbonate and
pol yet hyl ene tgﬁgpkgagltggg gfleg%uc’f&nﬁlflirs}inﬁg theo Fe@CEPIHdts Inet wer e

char ged,}%nd tﬁéﬁctiIﬁéctaéﬂrweﬁé.mdrtedohnﬁh'tnay25emtxl@uraqlﬁmti '&%&%%’i;%%f&% 185C

by heating wt k{1kkNg. e re was.left to stand in this condition
for 4 hours. Agl:ggrbggsrt , TtEEesglcl)ﬁ?thg‘anget SPLERTRS APProprigtady Malamed

and the depol yhBPE2afrBAbleaeti dAsshérvénl waportipheiedalihe s asul ting
depol yneri zed ﬁé@gyghrwagmggn@ogifegt Fg\%\‘ggum %{;S%ﬁﬁ' gg% under reduced
e

pressure and 150 g of .et hél ene glycol was rec Uds{iIlf)e@®r an
fraction. Thi s°RBRAELERaERATSBEWt RBA wWaspirefedahilyhselecgedl 38 um

carbonatl® as aethahelifeehyilenecat t hanol was

further added,t%ga&ggg ihls’s r%gt igﬁim E?gpég\a&gegg gtlé’g%gt’ aliquid

t enperature of under ~the 4nBFehr BPRBSPRernd praesere for one hour,

thereby to - 46 GTbepreaetibe modaseshelbf b@at;hent&%aﬁ&hﬂncoiﬁggup sul tant
|

reacti on m xtufe I 4 iJtered through _a gl ass er. The
crude dinethylrtérg%hgﬁglgggﬁgg ?gégggc%ﬁk?ﬁgffFIPEdea§ Egaréeamuhao 5 100

g of nethanol , (hbated thespuhuduidei thedeot washottspesdribanifiltered

t hrough248 gl asbihité&l awai; h hj LLierin erations were
repeated tw ce lThe cr u?gi d?vn%%hsyﬁ\ggrggﬁtﬁggg%iél:%%l 8gt ggeoﬁlFﬁElW“l ter

was charged i " ¥RPEES | (L) b% HRYi kighndthesresudding potigesteduned

ressure of 6.&6hkbht erredl £68hd 0 , t | ect di net hyl
ltoerepﬁt hal at e P@v@réj g?&*e f?liz;ct?%é.agﬁeggﬁoﬁé?géﬁg%{ﬂesﬁ:f&i I(I':{Ie‘%dg:?ract iyon
47 Q.

col | ected was 4 ~The amount VFOGF ARt YoeRpHE®aPBEROY Bhah ndfigthe t he
distillation restaheumesompasud edl ) Abs atdd 1684 the i po MiSoRdGnsdDELL ECOVErY

rati o opsdi nmetdnd % by ss_based on the nmass of the
pol yest er char&ﬁiﬁ&%yiﬁﬁm%‘%%?hyl TPt Pal B Feashben by

distillation, Pift ot R ety | t Lt dryiroxgerepauid hal pt€o 26heasomisd @64 ed.
The purity of dfechectssierk di TEf v Ldlgd, was 99.9 by
mass or hi gherprggeelpaa%ﬁi on oef cét I éslfé %ﬁ%ﬁ%t%%%%%gd@col was m xed
with 3.5 g of “ono-n- ﬁo'btrﬁ%Jp]Iﬁaff H R B FInge fromady Uiss @ 4ed by 25
heating at 1200d greadtimmutmsiudio didtaingd Wy tH Ss etdwd eng, %é’%%e
solutiopg 40 @ I  glycol added and 3.8 g of titanium
t et r abut oxi degiv\%fse%l soi v@d&{%egdr)eﬁ%%mg%aé%*iﬂqrhﬁ'f”i’réaﬂ:tmﬁﬁmlan was
stirred at 126C™MRRUTD (A nut &slternehisee Ihe tiid andaws onREh d© @R, neact
wi t h nono- n- bitedc qdw syl SR it urry of catal yst

y &b e T ta%%ﬁ%uncfeﬁ) ﬁfltﬁﬁ PR g

contai ning the.reacti on,cgﬁoduct. con
slurry was 0. 3¢y SRS Sh PRSIk nesnys tailiyaghicof tHeremtianta of

phosphor us at God vient EctOree e dtorld ! HEtHY 12 LA IS a%gffﬁrg%&%ry p:; at ;on

of pol yest er fiber: In a reaction vessél equipped W

refini n§§di st %%%f}talt($ﬁ colum and a nethanol distillation - 47 condenser,
a mxture of 100 gIof tthee phecphered @ last qrigpRial t%gl tained by the
above mentioned . pr l'ycol, s mxed with

edyres, wth .70 of _ethylene g

1.64 g of the%'?l tgﬁ'%uﬂ#&ﬁésﬁﬁ?&dusmc & F?P,Spélﬁd'utshé’@mﬂﬁu@dr sarpicnenk

m xture was subjected to a transesterification reaction while heating it
from 140 to 240C. The reaction product-containing mxture liquid was
transferred to a pol ycondensation reaction vessel and the pol ycondensati on
reacti on was conducted therein under 10 hi gh vacuum of 26.67 Pa or |ower by
heating to 285C. In the resulting polyester, the Iv value was 0.63 and the
DEG content was 0.7~ by mass. The resulting polyester was formed into

o, N - e . - ..



Preparati on of polyester and fibers: In a reaction vessel equipped with a
stirrer, arefining distillation colum and a nethanol distillation 20
condenser, a mxture of 100 g of the recovered di nethyl terephthal ate and
70 g of ethylene glycol was mxed with 1.64.g of the titanium phosphorus
catalyst, and then this reaction mixture” whd Subj ected to the
transesterification reaction while heating from 140 to 240C. 25 The
reaction prodqu)qoatajncggagyltgggugobgthoe V@s gFﬁg gggg to a

pol ycondensati on_reaction yesSgl "and, in the vess condensati on
reaction was c5ﬁ§6@§§&tﬁﬁhgﬁ’ﬁﬁgWaVaéﬁuﬁPBfSEBSG¥tP§eérOFoﬁé Shyy thisedi ng it

to 285C. In thaélthsuwel g mrdnr?essnmstltﬁm%dt\é Yalm m&#%’u&&d@nﬁa ﬂ?del,DFG
content was O The resul.ting pol yester s faorned into pe ets
and dri ed. Thegr SE%H "Hg FrHcE® p@l”y@éb‘é’ﬂ GRS w\gia le@r R0 3nd

mel t - spi i ng pnoa@dnpegm@umroduce an undr awn fllanent yarn of 333 dtex/ 36
filaments, and the r r S ra |o of
4.0 to produce a drg‘\%% %u\*\q&t anetrcl:to‘ohg)é)\rﬁgkﬂa{\\?ﬁ é%r%?crd‘&ﬁt o(ff

dtex/ 36 fil anehﬂ§luﬂﬁ§:n§&§umptlerlemnmlawd shoaphat cEaldmed 5nonoary419

[ Exanpl e 21] PEﬁB@PWa‘t%@ %hcmeca%vwo%nk%rh hng hAW d o J GG ed

dinmethyl terep te was prepared rocedures as 1'n Exanpl e

19. 5 Then, 106 R I“@@@\Fé’rlé@tam%etﬂmsptl@rt@phmwrehm@ m xed Wi th
200 g oflmat er pabdphhrt% n‘mb'fn'dih%:fws losihed &3

hddptue,
hydr ol he t hyl .t I t hydr ol db
hZaI?nés'tﬁerFf‘éﬁI’%% Roginatas, Mot Ilygh% q%%\oI‘&s ; rztﬁéeto Y
250C wi th stir phrgpaadet, hawnoeiokecyll phospdad LSy I
dlstlINIed 3f:‘,r5gtlgr BI& r. Iﬁ ed'?:mgm i %?{I?e:jll ac to
mbAG6Y gl g'h I?\P%ttl mb % %%de%érllmp?&pgﬁjga

water in the resultin i'c aC| ter

total content Bhoépbéftﬁoxy@@lmlﬂ@eﬂy@élosp@aﬂ&r,am@lm(G-aindhcyﬂe)rlﬁ'mrqlamd

and di metshyl 2 re l4a i r sl m or
5 o BYGSBRAL R IS BN [ i 4

| ess based on g qass of terepht X resultl ng

terepht halic abf Y\?VEP@PY&)UWSMWISG‘O@QIH-@[WYM@WOIPmmr ged
and 20 m xed mbhoqacao@bbguph@nqlqe@qwsfpymle S @R AIAR1 at| o of
erii eth

'yl B
terephthalic a | er./ e h| s wat | ene
gl ycol slurry g‘ g@égﬁt E‘I&é W@i’teé’é'jlbyp hads r imQppnaphthyl
separ at or, thepbbyph@teolalndcmc@o@altémyfl tpduospintaltal.i ¢ %s@:lﬂmosﬁ?ﬁ:ms

f hyl I I ht h d
210, o120 o ePRLABE RS A LIS B Clled D IE SR N G

m xed with thi S¥sP@rey oft keeavy fos ezampdie t Iaenm@:sm@atqfo aoﬁndrmadpdytmal ic
aci d/ et hyl enepﬁb}éﬁﬁlat@f Wi ta%%%@%'v %h%%tp%@t%/ et '%ﬁ' %”%sﬁl' slurry to
hyl

66: 34. Prepar at cat al yst : ene gl ycol m xed wth
3.5 g of nono-R! BanPrb‘ﬁog é‘ngﬁ’d atrl? $5@cdy @ We& r%&fvé&%Pm@‘@tﬂmg
at 120C for 10meinbetresofTehkdd. The aubanallscyQS pﬁb@yh%&% qlgy ¢Rle £2R!ai1ivoN,

g of et ene ol, dded and t of titanium

t et rabu{%ém de \%&%égdl‘lg\ggl \?e(?poﬁttlﬁg % ﬁr ‘I“ﬁger'egmrtear&rerf@é:@qun IQ#st em
- 50 was sti rPédmatrelzmrftolcua@rrfmn@tresfeb:(abdazuaeeOt%heotfl el wixe@Heqund to
react with nono-n-b I teqa r I l.urr f th
catal yst, containi %E‘Mé cg?gg'?{é?oﬁs ?@gtp%r%d_rﬁgotﬁ t%g\r%nt}%%ggﬁtﬂé"n%é& OR'W%
catal yst 5 sl uFPPRASNS. 3@)b)?nﬁla§§eaﬁéoﬁﬁ’é1°ﬁﬁlsalcofmu@d( FPNPeRENd! (Bhe

content of phosplﬁOEbtam®IlQUBbfyOmtlthn@OI%h%nboﬁt ohnlehdni(wm 1‘6@ Pl

reparatjq)n of E ester _an flb rs; ?1 t he tere ht hal i
aci d/ et 1 ene § §§ Ob§ ZF s Pﬁ 3@%9 RTYS ngwd\?es@él ofqrhgped
with a stirrer foamnéfal HiTiag dnmlhl lal @biloeneql wan ddreod vieelah ek idinsiord laatli on

condenser, and st.erl i.0 0 condycted at . 270C.under the
pressure of 0. 8tfl\/‘lgh‘é %ﬁofkb%%hnut%g@%%ih e?oﬁ(g%&%ﬁgt@)hélnf the Srdvedtyl t ant
15 reaction ni REMEBY dreprdse theg thzlanhinas conpouacn edmponantetpar aour e of
250C and 100 g8k MA%eHCSRMEREBn!, e%ﬁﬁhthlé%lt'l‘ﬁ ¢he/ Lavh§RR I lr%%%&l%lnur ry

was fed thereinto under the anbi ent at nos i C pressure over ut es.
Then, the resuf¥SHEM é&ctal GR‘“IPIE%?GI‘% enid t ns gbrédged from B8 &st @00 Csat i on

reaction and hpaegdrubder firom arobrtantlswfquab@r bﬁepfn%%%et@ﬁ #Qugnut es.
e reacti St em was nal nt ai ned

During the reactlgﬁ hg Eﬁ ure in_t

at 250C. After PFEASEPARGYa nB eSh&Or ésiPPEdr r & @tF&ﬁcﬁF?PupéeSEGGeg of
the recovered 25 terephthalic acid/ethylene glycol slurry was fed to the
remai ning half by the same procedures as described above and the
esterification reaction was repeated. The abovenenti oned procedures were
repeated until the content of diethylene glycol in the reaction product
becones 30 constant. After the DEG content in the reaction m xture becane
constant, a hal f of the reactlon nlxture obtalned by thls esterlflcatlon

-, = o MY v o N o S a ~



15 250C and 100 g of the recovered terephthalic acid/ethylene glycol slurry
was fed thereinto under the anbient atnospheric pressure over 150 minutes.
Then, the resultant reaction m xture was subjected to the esterification
reaction and heated under the anbient 20 atpospheric pressure for 90

m nutes. During the reaction, the tenperat fe”in the reaction syst em was
mai nt ai ned at 250C. After renoving a half of the resultant reaction

m xture, 100 ggefrinRe t&@%ﬂéf?ﬁ%{)wléﬁe&qw lwlﬂ}ﬁ%dc%%%géibove

was fed to the 25 remaining half by the same procedures as descri

and the esteri Pecih @rt-er"@e?&q (ﬂ‘r’%%d@aﬂed’—‘) Thed #RAe pilr canbEenter e
repeated unti | ams@ﬁ@ﬁ@tﬂassuréhﬁ: RARid g¥sliigte bes e t‘&r'@tﬁnt
After the DEG cqntent he rea t.ion mxture]lbecame 30%&é)nsta , a half of
the reaction nﬁ%ﬁ)r’ a&?{] ed:et?sf SRR REE R LA N i h

transferr®d toaatqwln;tcatutmaiﬂtem peectsure vessel and 1.27 g of the

titani um phosphorus t t suI ng. reaction
system was heated to g he 3 Eh%ol ycosﬁ§ ens rﬁ Reent

conduct ed under(Bni ¢if \#dtﬁjtfmmul% (A Pa usred cnwerthe rrear:etxcmufdnant

pol yester, the % t.

- 53 The resulér}nt@gﬁfgg?ef %s%én%ﬁ%o%\{e%s andéadpl%?/ W&!ﬂ
resul ting drie@Spdiafesterd thQaretkissalyss @ écﬁaeﬁf- té® pextien spf ntherg step to
produce am und@mgud@f@%m@@@fco}%&t@(/ fAdd@nesdss. eﬁé}?’% %1 4ndrawn

5 yarn was drawn at a draw ratio of to pro uce a drawn |Iarrent
yarn having a &Y &hdumomhe igdng a(ﬁéﬁ#é" fANe ReRRer HRleftrd r e
results are sh@MharmlTatdtfhy&ene gl5kol; btrla:fééthﬂeﬂé TWdoR, NW m

ONKr oauhint oM CSHTINAG 05 LY st RBHSTE A POme A RS erably

phCADar oNO~ dedﬁmltl lSawtdmlan\Jty Wrw rodeYVas-~thel H - 95

CLAI M5 115A ca or. t |*&‘Pf"a3t§ a reaction
pr oduct %)? (A@gﬁﬁganltu%%%udr@&c@#p%nﬁt conp r|S|n %ﬁt(g?east one
menber sel ect eFRARYN T £ WmYHHHRIb e qql)yerset;ﬁresﬂeswtfewaolylx WW%
formula (1): ( OR2 )InlGHRY¥Badthiod)toR driep a(refﬁ?oﬁ o ¥ a1 é )
, R, R2, R3andRres f'}%;tlvel and 15|Cg§{)ndent ﬁfromeacho

represents an dIGHC Fodd hdvi TR FORP k(B kprsEhs s an
integer of 1 t@t&@’rﬂqrumemmpomdz aompbnén® @) tin egchdreask fBn system

bstit ffe
(S:gms)olungga( 2) ma‘th ain 4(]De%lby Feact] %hétdéh Xy tﬁﬁ tga‘{ta}{ﬁﬁ&gr%’g%%%&t (‘ﬁ £ tjtrPe
general formul &itaniyum conmonnd (ﬁqmith‘rtbowy) iandicihs plgpsElsenied by t he
general forml &drddund c@%or)en“h (%35) Jccﬁrlﬂ%lr éc‘j%\g}%f %]Oirégﬁﬂ:a(rlt ), m

represents an inte anh e aclds o he

r of
formula (11); glléﬁ Yy phdSAfFIRD d’tﬁﬁﬂiurﬁf*c’cﬂrﬂbné‘m orfpmsliasy aé!toqné?ast
one nenber of ahqwhoimswmg)o&mdeu{éﬁmmpw:s:@@t esif byhé heigeneaml fornul a

[rr): 3 0] V\,h f | RS
ga no%t-su St tut eg“ao‘ﬁmggbémg r}esrhq;s‘t I n IC Or%‘lffblﬁhé h‘fd &0 5’% rgs Bt)rs]

atons, or a norPAEMtIRUE eﬁtqms,Slnistthejtpitb@Hunsgrmmpdwm rrgaxﬂpd:merﬁf)
carbon at ons. Z(B)Tty_es c%t@éélxsgbf}prwﬂrrﬁ rétf%}n{ﬁff’f"rfoi YESEE 1 S éé,pé ding to

claim1l1, wherein, in e reacti’on product anium corrpoun

conponent (A) Q4P tREEFRTARHbriEOR ohpb il kdhponent (B), a reaction nol ar

ratio (nmri/np) of a7Hd afeilH {rdduot IdE LA Hf ad i dRLMHBAI S, of the
titani unhgorrpound co onent to a | ar amount (np), 10 In terns of
r g‘b\)’u

phospho at orfto™ Rﬂ THe {Phb unds)COmPQReMHE n( )
rangedf rom 1: 1|ntay be3.uskd Tdee (iod Eda/'&tl}fsm" ﬂimeqafé%aﬁltlzgﬁn ]?oipﬁi y;ast erI 0
according to c e e tit u 0 unds of the formula
are selected fr mrge]ﬁta%ugrfﬁ%te?lr%lig llc;ra]e% ATD% 1§39 1 h F LN
hexaal kyl diti tkihea geeans au@oasaagmr:fmgqﬁ eqmdmemtatﬁom m:ytamerar or
according to clgi r Doyl d t he
formul a él ) and It]?he a%%dﬁ&de%%%?% axe gﬂ;ect ed ]f%é% ps%lﬁal ic acid,
trimelli#Pc acﬁPPW’eﬁfﬁ%IWQQ‘bl%lRF%ﬁRFpr@ﬁéN i¥efeingd dPwnd anhydri des
thereof. S The:é‘@ﬁ}aéﬁ/aen:tﬁtmrepw&t@rt@ér 001 YBd 27580 A 8li A {Sh &) ai M
1, wherein the tltan:lu1 riﬁ:orﬁbgunq; (2) are(;]eactl on products of the
titani um conpodifddiy)d é”?‘t?r Vit EhRN &t AR ar boxyl i c
acids of the formula (11) or the anhydrides thereof at a reaction nolar
ratio of 2:1 to 2:5. 6. The catalyst for preparation of a polyester 30
according to claim1, wherein the phosphorus conpounds (3) of the formula
(I'11) are selected from nonomet hyl phosphat e, nonoet hyl phosphate,

nonot ri net hyl phosphate, nono-n-butyl phosphate, nonohexyl phosphate,
nonoheptyl phosphate, nonooctyl phosphate, nonononyl phosphate,



35 nonodecyl phosphate, nonododecyl phosphate, nonol auryl phosphate,
nmonool eyl phosphate, nonotetradecyl phosphate, nonophenyl phosphate,
nonobenzyl phosphate, nono(4 ., - 57 dodecyl)phenyl phosphate,

nono( 4- net hyl phenyl ) phosphat e, nnno(4-ethi phenyl ) phosphat e,

nmono( 4- pr opyl phenyl ) phosphate, nono(4-dodecyl phenyl) phosphate, nonot ol yl
phosphat e, nonoxylyl phosphate, nonobi phenyl phosphate, 5 nobnonapht hyl
phosphat e and mm@aaﬁhwbdm&&sm&@t% Gsehascalpl Be%ttafl%fsnore&?irfé' Phet a

pol yester accordin cl ai npr.ising a reaction product of the
titanium corrpoﬁﬁ&cg&ﬁﬁoﬁé'ﬁfjuf:&)'c@m%% raaqtd ol " URhRaY &€t he
titani um conpodidecaflyt Iueeﬂorarsulaac(alt)al&&ﬂ-@dﬁﬁa&huktg’ RS SvilshoMt h the
phosphorus co 0 risi one nenber of the
phosphor us conggégga%?gg Qﬁ ﬁ%@c&ﬁ.&rﬁpgrﬁd‘rﬁ% fgom]- & Ao gystem.
preparatidn of a poﬂylesltlelen@odamnrtgqfot&ﬂeaiant'b,lmroei ltrtéﬂepn*efaeltﬂ on
product of the t; ani sed east one
menber of the %?‘?ghl:t&%tﬂcg@rc%%% tclh%rﬁp%@e %chrgr%o’wteta Iﬁé represents 1
with the phospﬁéPGé‘C@oﬁ’ﬁogE‘G Edivaania ocmﬁomoaferm (1 Pela stompet sugrher
of the phosphopys Qoméglgrgd% e3h f @iygul 4l gggﬁ; 'ﬁ&ﬁs

conpound repres%‘:}t’i henfol Ieglf\ﬁehxh%ffo?r}rlu@gqt(adl&“ - 0"~~~ a(]]) 05 R7 (
V) 250 p~ \ © °rrﬁ‘ dﬁ)fdrlﬁulwé‘l(cth)k Iﬁ@rz%ﬁ?&fﬂ's rlgs il idigy and

i ndependemt | y bh@ﬁpﬁ@@hsobbﬁlpdu%ﬁr e@ﬁ é?Y'ccﬂfp%'-ﬂéﬂ}ﬁ;‘“dw 1?eatsoc Yhe
12 car at ons

carbon atons or Qup. havi n b .

cat al yst for pF‘SB‘g?ﬁu n%é"ﬁ E’hﬁ’éﬁ}l gf'lér ng&%%gft %ﬁ aﬁ%"&llamﬂé(rreﬁ n e
reacti on produosedf ashé&hel catialystanpound conponent (A) WI th the phosphorus
conpound conponent ) €S g0 I ce t i ure of 50
to 240C. 10. A pr ocggs ?‘ @%t%l?;@‘& Qh%olr%&?&g%% :%etﬁ"xﬁectl ng a
pol yneri zat i onté-ﬂ'-éﬂtlilﬁ‘gcﬁﬁtpé’ﬂnﬁll C@mmmesutng:ompmeastg @n:e lmaslteroraal ected

fromesteys of man@eRt b the t\itémunﬁ%ompo%n%r%%xﬂ JeC RHnflS M tf(} glikyl ene
glycols and a Igﬁlpg Q/rrerl zation degree pol yners of the esters(t
a

pol ycondensat i TERTESSNTE preddfc &St Phesrherasy sommaunst epar at i on
of a polyester campohammedBl)ncaamprdmdn@f oF Gltailwask ohed kljnli ofh&ny ocess

for preparing r ng cl i tani um at ons
contained in t hgg%%?h% cl%g\%lgnq‘gn %hﬁt afl q1a| %Ig)s q?“{e@ £0% based
on the total am@m@pum mepmemln@§doﬂoyt ttél@aladnmzte-melﬁmhrreai lﬁmmlu]ca a(CDVUb
conponengp cont gipNeg jign cfa@% PREYERG! gatipn 5 af"&fnflgta[m(tlng' al sé@e ely

re
process for prepari, yest er accordl ng )’V\/her

aromatic dicar EBS?‘yIlin%e@@“Gl?né}rlé’ $&108c eag b mhetrerramneh‘antc aatldkyl
i sopht hal i ¢ aciggoud5 nasphighal e&edlocerali%hl Iaq;o%fé' 9 rdicdtheny |4, e{%%édn{?
aci d, diphenyl sul fonedi boxy] i ¢ ;aci H henyl met hanedi car box c acid
di phenyl et her 8?’08?80)?% 5‘0' % d R dPB eﬁoxcg% %eﬂ@%&ﬂ?@%@@l &hhr
( 3- hydr oxyet hoxybenz airy lagirdup2GatdngTise tor aQess rbon Wt%m%rl ml@ypqlsyest er
accordi to cly r I|c aci alned by

s 0 oe@rTuke: AtORl Sd SRRRRIAS R ORE HoareR

depol ynerl zi ng a ne terephthal arPﬁe resul ting
di nmet hyl terepﬁPﬁ@P@tﬂd (34 Tﬁ‘@eplcmysftocomrtepa)mnrgg talnepol yester according
25 to claim 10t1‘&‘3§&%&n’7p§1@§ PRsS @ PU&‘?tdarr%'ﬁIe's%nﬁeﬁa b&”@hl d Cfoq:%tuq.sa W th

t he al kyl ene gﬁcolz axe ers of te ht hal ’'c aci

glycol s and ar é1¥ned38hrai ﬁ@&? S)?tééﬁéllﬁn@ﬁtévﬁéfm@l%l% @ﬁ’é)}tee"rt@ght haI ates
and transester pﬁ:}épa@‘eﬁhbyr esuhly &%é@aﬂie”‘hfa@Wa PRIt ny t(h

al kyl en I ycoI roces r prepar poJl yest er accor
claim1 (gr SEI Hlat fr&ep 5P elE{)h SeRd BEE éﬁﬁtd@lyéltees res 15 tyaaﬂerl zed
are di scarded poldyal kykdie teniaet ofl ameemledeﬁfartWeda%n&&d!cOF pol ymer 35

f t |
Cer opht hal at es S pa2apAT 1RO HEAE Hud BIRVIRRS o vl JBR KUSRESS Ry -y
- 59 to clai moy, faFepgiagtilee alang @rl@OQIhya@olps?aa:rtecsaé.ll@ctsadtlfsrf@mt@trlyyl ene

glycol, trinet B&S'l?ﬂt%rg (i:(fba:mta%:re%m?t hyl ene glycol, neopentyl glycol and
hexamet gﬁnene gl ycol process for preparing a polyester according

5 to cl 10, wher &Pn ﬁecﬁc?la}é’@ﬁdérfsé}tlﬁeo@rﬁé%’ttl dnvestd@nddered at a

tenperature of p&%@a&@t&%&cofl& p&l@@'s)t%&t EFR higr Qﬁ%raQQqu%%p@ﬂb%%ss as
clainmed in any _agne of yest er, accordl n to claim

To Wher el n_ 10 CPHECUAR SRPTEESAREN BV e orar as @y dF PRé (8

di carboxylic acids with the al kyl ene glycols and having an |ntr|nS|c

viscosity of 0.70 to 0.90 is 0.50 by weight or less and the content of

acetal dehyde is 5 ppmor less. 20. The pol yester according to claim18,

further 15 conprising an antioxi dant conprising at |east one hindered

phenol conpound in an amount of 1~ by nass or |ess, based on the anpbunt in
nmass of the polyester. 21 A nol ded article conpr|5|ng the polyester ‘as

s o Y o o A~ 2 ~ NN NN
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ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caI Polpl{l|rrrrrrvzeprity"|"y""" #aH###
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5 The polyester obtained by the solid phase
polycondensation is often employed in general-purpose
bottles and, therefore, the polyester preferably has an
intrinsic viscosity within a range from 0.70 to 0.90, a
content of a cyclic trimer of an ester of the aromatic

10 dicarboxylic acid with the alkylene glycol of 0.5% by
mass or less, and a content of acetaldehyde of 5 ppm or
less. The esters from which the cyclic trimer is formed
include alkylene terephthalates, for example, ethylene
terephthalate, trimethylene terephthalate or

15 hexamethylene terephthalate; and alkylene naphthalates,
for example, ethylene naphthalate, trimethylene
naphthalate or hexamethylene naphthalate.

EXAMPLES

20 The present invention will be explained in detail by
the following examples, but the scope of the present
invention is not limited by these examples. In the
examples, the following measurements were conducted.

(1) Intrinsic viscosity (IV)

25 An intrinsic viscosity (IV) of a polyester polymer
was determined from values of the viscosity measured at
35°C in an orthochlorophenol solution of a polyester
sample,

(2) Color tone (L value and b value)

30 A polyester sample was melted at 290°C under vacuum
for 10 minutes and was formed, on an aluminum plate, into
a plate form having a thickness of 3.0%1.0 mm. The
resultant plate-shaped polyester test piece was
immediately guenched in iced water, dried at 160°C for

35 one hour and then subjected to a crystallization
treatment. The resultant plate-shaped polyester test
piece was placed on a white standard plate for regulating
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10% P: & (3-- a{ 14Qfpdiced )and{shows that the llghtness of the test piece
increases as the numerical value increases, while the b
value represents a yellowness and shows that the
yellowness of the test piece increases as the b value
increases.
10 (3) Color tone (L value and b value) of film
A test piece was made by laminating five biaxially
oriented polyester films on each other and the resulting
test piece was crystallized by a heat treatment in a
dryer maintained at 160°C for 90 minutes, and then the
15 color tone of the test piece was measured by using a
color machine (model CM-7500 manufactured by Color
Machine Co., Ltd.).
(4) Metal concentration analysis
In the measurement of concentrations of titanium and
20 phosphorus atoms in the catalyst in the examples
prepared, a dried catalyst sample was mounted in a
scanning electron microscope (Model 8570, manufactured by
Hitachi Instruments Service Co., Ltd.) and the
concentration of titanium and phosphorus atoms in the
25 catalyst was determined by using an energy dispersive X-
ray microanalyzer (XMA, Model EMAX-7000, manufactured by
Horiba Seisakusho, K.K.) connected to the scanning
electron microscope.
In the measurement of the concentration of a
30 residual catalytic metals in the polyester, granular
polyester samples were heat-melted on an aluminum plate
and a molded specimen having a flat surface was made by a
compression press, and then the concentration of the
metals in the molded specimen was determined by using a
35 fluorescent X-ray analysis apparatus, Model 3270E,
manufactured by Rigaku Denki Kogyo K.K.
(5) Tensile strength and ultimate elongation of fibers
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preform for formation of a bottle, any one piece obtained

after 5 shots was taken as a sample and sampling was

conducted at a center portion in a longitudinal direction

of the body portion of a preform molded piece. The haze
10 of this sample was measured by using a turbidity meter,

Model HD-1001DP, manufactured by Nippon Denshoku K.K.

(7) Haze (undrawn film)

An undrawn film (sheet) having a thickness of 500 um

was made by drying granular polymer samples with heat

15 treatment in a dryer at 150°C for 6 hours, melt-extruding
through a melt extruder at 290°C into a sheet on a rotary
cooling drum, and solidifying the sheet with quenching.
Sampling was conducted at the position free from
scratches on the surface of the resulting undrawn sheet

20 and the haze of the sample was measured by using a
turbidity meter, Model HD-1001DP, manufactured by Nippon
Denshoku K.K.
(8) Content of acetaldehyde

A polyester sample was freeze-dried, charged in a

25 vial and left to stand at a temperature of 150°C for 60
minutes, and then the content of acetaldehyde in the
sample was measured by a head-space gas chromatograph
manufactured by Hitachi, Ltd.
(9) Cyclic trimer amount

30 A polyester sample was ground in a grinder and a
fixed amount of a ground sample was weighed and dissolved
in a small amount of a hexafluoroisopropanone/chloroform
mixed solution, and then this solution was diluted with
chloroform to give a sample solution having a fixed

35 concentration (50 g/liter). This sample solution was
subjected to gel permeation chromatography (GPC, Model
ALC/GPC244, manufactured by Waters Co.) and a low-



10% P: & ()--af 10%P: & ()--a{ 10%P: & ()-- "$%& (}aE),a{ 10%P: & ()--af
10% P & ()--Pa{ 10% P: & ()--%0 af{ 10% P: & ()--af 10% P: & ()-- (+/ 2468_?, a{
109% P: & a{ 10% P: & ()--af{ 10%P: & ()--a{ 10%P: & ()--a{ 10%P: & ()--af
10% P: & ()--a{ 10% P: & ()--89:;=?AfF& a{ 1QWP: & ()--a{ 10%P: & ()--af
10% P: & ()--af 10% P: & ()--a{ 10% P: & () ~- A ACFHIK=&, a{ 10% P: Ao af

10% P: & ()--a{ 10% P: & ()--a{ 10%P:& ()--a{ 10%P: & ()--KNOQRSTUpTSa{

10%{ 10% P: & (rls1eia 1HY0E KQ -£ ¥ c {4 Rids (depafaddt Bn& £he ak was
10% P& ()--af T0%P & () -—al 10% P & ( () 10%

a
10% P: & () - - af dedmated () -The cantept P ?)CY%%lJio’%w § H’FAsa §<§a{ a{
igoﬁ)g i 8‘ - aE w%i/cﬂpe@éﬂu&léd bﬁ{u%ﬂg GP:- & (3- zﬁ?nd@%&? & f}aiib{:atlon
% '()--a % (0 - ()--abc %,P --

10% P: & ()--a{ % eb‘%"(‘% ’a‘{ ‘% /E‘%‘“&a(%ta‘é a g/glﬁ‘“ 9?A8%§h|°}’ﬁ?m%)28a?{

trimer.

(10) Thermal stability of film

The value (A) of the intrinsic viscosity of a
biaxially oriented film and the value (B) of the

intrinsic viscosity of'granular polymers used to form the

10 biaxially oriented film were measured, and then a value
((B) - (A)) was calculated.
The sample having the value ((B) - (A)) within the

range from 0 to 0.05 is particularly superior in thermal
stability, while the sample having the value ((B) - (A))

15 within a range from 0.05 to 0.1 is slightly inferior in
thermal stability and the sample having the value ((B) -
(A)) of more than 0.1 is inferior in thermal stability.
(11) Layer of deposit formed on spinning spinneret

After a polyester sample was formed into chips, the

20 resultant chips were melted at 290°C and the melt was
melt-spun by extruding through a spinning spinneret with
12 holes having a hole diameter of 0.15 mm at a extrusion
rate of 600 m/min., for 2 days. The height of the layer
of a deposit formed on an outer periphery of the

25 extrusion hole of the spinneret was measured. The larger
the height of the layer of the deposit, the more a
bending phenomenon of a filament-shaped stream of the
extruded polyester melt occurs easily, resulting in
decreased formability of the polyester. That is, the

30 height of the layer of the deposit formed on the spinning
spinneret is an index of the formability of the
polyester.

[Example 1]
35 In a 2 liter three-necked flask equipped with a

means for mixing the contents under stirring, 919 g of
ethylene glycol and 10 g of acetic acid were charged and
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5 referred to as a "TB solution". The titanium
concentration of this solution was measured by using
fluorescence X-ray. As a result, it was 1.02%.
Preparation of phosphorus compound:
In a 2 liter three-necked flask equipped with a
10 means for mixing contents under stirring with heating,
656 g of ethylene glycol was charged, followed by heating
to 100°C with stirring. Upon arrival at the temperature,
34.5 g of monolauryl phosphate was added and the mixture
was dissolved by heating with stirring to obtain a

15 transparent solution. Hereinafter, this solution will be
referred to as a "Pl solution".
Preparation of ca t:

The temperature of the Pl solution (about 690 g) was
controlled to 100°C with stirring and 310 g of the TB
20 solution was gradually added and, after the completion of
the addition, this reaction system was stirred at a
temperature of 100°C for one hour to complete the
reaction between the titanium compound and the phosphorus
compound. The mixing ratio of the Pl solution to the TB
25 solution was controlled so that the molar ratio of
phosphorus atoms to titanium atoms becomes 2.0. The
resultant reaction product existed in the form of a fine
deposit because the reaction product is insoluble in
ethylene glycol, and thus the reaction mixture was in the
30 state of white turbidity. Hereinafter, this catalyst
dispersion will be referred to as a "TP1-2.0 catalyst"”.
To analyze the reaction deposit in the TP1-2.0
catalyst, a portion of the reaction deposit was used as a
sample and the sample was filtered through a filter

35 having a mesh opening size of 5 um, thereby to collect
the reaction deposit as a solid, the deposit was washed
with water and dried. The resulting reaction deposit was
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Furthermore, the reaction deposit was subjected to solid
NMR analysis. As a result, the following results were
obtained. In the measurement of Cl13 CP/MAS (frequency:
75.5 Hz), disappearance of peaks at chemical shifts in 14
ppm, 20 ppm and 36 ppm derived from the butoxide
10 structure of titanium tetrabutoxide was observed. 1In the
measurement of P-31 DD/MAS frequency: 121.5 Hz), a new
chemical shift peak 22 ppm, which has never been present
in conventional monolauryl phosphate, was observed. It
was clearly confirmed from these analytical results that
15 the reaction deposit obtained in this example contains a
new product obtained by the reaction between the titanium
compound and the phosphorus compound.
[Example 2]
A Ti/P-containing catalyst was prepared in the same
20 procedures as in Example 1, except that monobutyl
phosphate was used in place of monolauryl phosphate and
28.3 g of monobutyl phosphate was dissolved in 537 g of
ethylene glycol under heating (P2 solution) and then 435
g of the TB solution was added in this solution and the
25 resultant mixture was subjected to the reaction. The
mixing ratio of the P2 solution to the TB solution was
controlled so that the molar ratio of phosphorus atoms to
titanium atoms became 2.0. Hereinafter, the resultant
reaction mixture liquid will be referred to as a "TP2-2.0
30 catalyst”. The heating temperature for the reaction was
70°C and the reaction time was one hour.
To analyze this reaction deposit, a sample of the
resultant reaction solution was filtered through a filter

having a mesh opening size of 5 um, thereby to collect
35 the reaction deposit as a solid, and the deposit was

washed with water and dried. The analysis of the element
concentration of the resultant reaction deposit was
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5 [Example 3]

A catalyst was prepared in the same procedures as in
Example 1, except that the composition of the TPl
solution and the additive amount of the TB solution were
changed as follows. That is, 31.3 g of monolauryl

10 phosphate was dissolved in 594 g of ethylene glycol with
heating to prepare a P3 solution, and then 375 g of the
TB solution was added to the solution and the reaction
was conducted to prepare a reaction mixture ligquid. The
mixing ratio of the P3 solution to the TB solution was

15 controlled so that the molar ratio of phosphorus atoms to
titanium atoms becomes 1.5. Hereinafter, the resulting
reaction mixture liquid will be referred to as a "TP3-1.5
catalyst”.

[Example 4]

20 A catalyst was prepared in the same procedures as in
Example 2, except that the composition of the TP2
solution and the additive amount of the TB solution were
changed as follows. That is, 33.0 g of monobutyl
phosphate was dissolved in 627 g of ethylene glycol with

25 heating to prepare a P4 solution. Then, 340 g of the TB
solution was added in the solution and the reaction was
conducted to prepare a reaction mixture liquid. The
mixing ratio of the P4 solution to the TB solution was
controlled so that the molar ratio of phosphorus atoms to

30 titanium atoms becomes 3.0. Hereinafter, the resulting
reaction mixture liquid will be referred to as a "TP4-3.0
catalyst".

[Example 5]

In a reaction vessel in which 225 g of an ethylene
35 glycol-terephthalic acid oligomer resided, a slurry
prepared by mixing 179 g of high-purity terephthalic acid
with 95 g of ethylene glycol under the conditions
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10% P: & (9--A0oin the reaction Vessel whlle removing water and et ylene
glycol produced by the esterification reaction and the
oligomerization reaction of both compounds from the.
reaction system, and thus the reaction was completed.
The esterification degree was 98% or more and the
10 polymerization degree of the ester oligomer thus obtained
was within a range from about 5 to 7.

225 g of the ester oligomer obtained by this
esterification reaction was charged in a polycondensation
reaction vessel and 0.832 g of the titanium/phosphorus

15 reaction compound (TP1-2.0) solution prepared in Example

1 was mixed as a polycondensation catalyst with the ester
oligomer. While stirring this reaction system using a
stirring wings, the reaction temperature was increased
stepwise from 255 to 280°C and, at the same time, the

20 reaction pressure was reduced stepwise from the ambient
atmosphericpressure to 60 Pa and the polycondensation
reaction of the ester oligomer was conducted while
removing water and ethylene glycol produced by the
polycondensation reaction of the ester oligomer. The

25 polycondensation reaction time was 110 minutes.

The proceeding degree of the polycondensation
reaction was checked by monitoring a load applied to the
stirring wings in the reaction system and the reaction
was completed when the polymerization degree of the

30 resulting polyester reaches a desired degree. The
reaction mixture in the system was continuously extruded
through an extruding portion of the reaction vessel into
a strand form, then the extruded reaction mixture streams
were solidified with cooling and then cut to prepare

35 granular pellets having a granule size of about 3 mm.

The intrinsic viscosity (IV) value of polyethylene
terephthalate in the reaction mixture was 0.52 and the
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5 the phosphorus concentration was 16 ppm. The DEG content
was measured by decomposing a sample with hydrazine
hydrate and subjecting the decomposition product to gas
chromatography (Model "263-70", manufactured by Hitachi,
Ltd.). The measuring results are shown in Table 1.
10 [Example 6]

In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that the
titanium/phosphorus reaction product (TP2-2.0) solution
prepared in Example 2 was used as the polycondensation

15 catalyst and the charge amount thereof was 0.593 g. The
polycondensation reaction time was changed to 105
minutes. The IV value of polyethylene terephthalate in
the reaction mixture was 0.52 and the content of
diethylene glycol (DEG) was 1.3% by mass. With respect

20 to the color tone, the L value was 81 and the b value was
0.8. With respect to the catalytic metal concentrations,
the titanium concentration was 12 ppm and the phosphorus
concentration was 15 ppm. The measuring results are
shown in Table 1.

25 [Example 7]

In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that the
titanium/phosphorus reaction product (TP3-1.5) solution
prepared in Example 3 was used as the polycondensation

30 catalyst and the charge amount thereof was changed to
0.413 g. The polycondensation reaction time was changed
to 115 minutes. In the resultant polyethylene
terephthalate, the IV value was 0.52 and the DEG content
was 1.2% by weight. With respect to the color tone, the

35 L value was 81 and the b value was 1.8, With respect to
the catalytic metal concentrations, the titanium
concentration was 8 ppm and the phosphorus concentration
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5 titanium/phosphorus reaction product (TP4-3.0) solution
prepared in Example 4 was used as the polycondensation
catalyst and the charge amount thereof was changed to
2.277 g. The polycondensation reaction time was changed
to 120 minutes. 1In the resultant polyethylene
10 terephthalate, the IV value was 0.52 and the DEG content
was 1.3% by weight. With respect to the color tone, the
L value was 81 and the b value was 0.7. With respect to
the catalyst metal concentration, the titanium
concentration was 38 ppm and the phosphorus concentration
15 was 65 ppm.
[Comparative Example 1]
In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that a 1.3% solution
of antimony trioxide in ethylene glycol was used as a
20 polycondensation catalyst and the charge amount thereof
was 4.83 g and, furthermore, 0.121 g of a 25% solution of
trimethyl phosphate in ethylene glycol, was added as a
stabilizer, in the reaction mixture solution. The
polycondensation reaction time was 110 minutes. 1In the
25 resultant polyethylene terephthalate, the IV value was
0.52 and the DEG content was 1.0% by weight. With
respect to the color tone, the L value was 78 and the b
value was 3.5. With respect to the catalytic metal
concentrations, the antimony concentration was 250 ppm
30 and the phosphorus concentration was 26 ppm. The
measuring results are shown in Table 1.
[Comparative Example 2]
In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that the TB solution
35 prepared in Example 1 was used as a polycondensation
catalyst and the charge amount theréof was 0.258 g. The
polycondensation reaction time was changed to 95 minutes.



a{ 10%P: & ()--_.<a{ a{ 10%P: & ()--a{ 10% Pa{ 10% P: & ()--a{

W% P: & ()--a{ 10% P& ()--af 10%P: & ()--af 10% P: & ()-- jN2<a{ a{

10% P: & ()--a{ 10%P. & ()--af 10%P: & ()--af 10% P: & ()--a{ 10% P: & ()--Ao
N2<a{ a{ 10% P: & ()--Ao a{ 10% P: & ()--a{ &g?bP & ()--af 10%P: & ()--af
10% P: &f()--'oSSa{ a{ 10% P: & ()--a{ 10% P& ()--af 10% P: & ()--a{

10% P: & ()--(af 10% P: & ()--(af 1096P & ()--(a{ 10% P. & ()--!'%)*+, }aE) 3a{

10% P: & () - - af 140 i
10% P & 8--6‘{ I/;io%th%ae@rll&a%n% Wt horedd & aéﬁ%ty é%)-a{? IV value

10% P: & () - - a{ V86udP g %%%ana{wam% ¥ qu) -wegght. With
10% P: & () - - 23426P8jcN2 32 tal{e lﬁ%d% &dne,” dhel W0 Kid Jnaf{8 LOIAL: €hd ) - &
10% P& O --al (L% s 0 Shen Rbpeide 100 Qeaf fl a0a > & O --al
5 concentration, the titanium concentration was 13 ppm.
The measuring results are shown in Table 1.

[Comparative Example 3]

In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that 0.258 g of the TB

10 solution and 0.574 g of the Pl solution prepared in
Example 1 were separately charged as a polycondensation
catalyst, without reacting them with each other. The
polycondensation reaction time was 110 minutes. In the
resultant polyethylene terephthalate, the IV value was

15 0.52 and the DEG content was 1.3% by weight. With
respect to the color tone, the L value was 81 and the b
value was 3.5. With respect to the catalyst metal
concentrations, the titanium concentration was 13 ppm and
the phosphorus concentration was 14 ppm. The measuring

20 results are shown in Table 1.

[Comparative Example 4]

In the same procedures as in Example 6, polyethylene
terephthalate was prepared, except that 0.258 g of the TB
solution prepared in Example 1 and 0.335 g of the P2

25 solution were separately charged, as the polycondensation
catalyst, in the reaction system without reacting them
with each other. The polycondensation reaction time was
changed to 112 minutes. In the resultant polyethylene
terephthalate, the IV value was 0.52 and the DEG content

30 was 1.3% by weight. With respect to the color tone, the
L value was 81 and the b value was 3.0. With respect to
the catalytic metal concentrations, the titanium
concentration was 13 ppm and the phosphorus concentration
was 13 ppm. The measuring results are shown in Table 1.

35 [Comparative Example 5]

Preparation of catalyst:

In the same procedures as in Example 1, a catalyst



10% P. & ()--af 10% P: & ()--a{ 10% P: & () -- DEFGHI JKt X<a{ 10%a{
10% P: & ()--af 10%P: & ()--af 10% P: & ()--af 10% P: & ()--af 10% P: & ()--a{
10% P: & ()--af 10% P: & ()--KM\PQRTel ) <a{ 10% P: & ()--a{ 10% P: & () - - af
10% P: & ()--af 10% P:& ()--Ao (af 10% P: & g--TVX\ b_)<a{ 10% P: & ()--a{
10% P: & a{ 10% P: & ()--a{ 10%P: & ()--a{ 10% P: & ()--a{ 10% P: & ()--a{
10% P: & ()--bcfghijjN2<a{ 10% P:& ()--a{ 10% P: & ()--a{ 10@6P:&T()--a{

10% P: & () - - a{ waeYpRePaded Amxdémmotpi‘&sa:{ﬂ:ﬁ-/b\&ﬂ (@ho #fe 1988 Raded) - -

99%

10 P& () ai *HoR® Bt i on@%aa%ﬁ/ b & () al
10% P: & () - - WX s}ghﬂzt‘ea.{ e RYNtSs df 1 R:c&hpx)un@é d9% Fed {0d-tle

Y L 0 ' --a
10% P & ()-- a( ‘IO ( -f?igtf%'iﬁzé‘%% i Rl ) o
1096p:&;(%__a{ 10% P-8'q )9 trimethyl phosphate was dissolved in 537 g
of ethylene glycol with heating (P5 solution) and 435 g
of the TB solution was added to the solution and the
reaction was conducted. The reaction temperature was
70°C and the reaction time was one hour. The mixing
10 ratio of the P2 solution to the TB solution was
controlled so that the molar ratio of phosphorus atoms to
titanium atoms becomes 2.0. Hereinafter, the resulting
reaction mixture solution will be referred to as a "TP5-
2.0 catalyst".
15 To analyze the reaction deposit in the reaction
mixture, a sample of the resultant reaction solution was
filtered through a filter having a mesh opening size of 5

um, thereby to collect the reaction deposit as a solid,
and the deposit was washed with water and dried. The

20 analysis of the element concentrations of the resultant
reaction deposit was conducted in the same manner as
described above. As a result, the deposit contained
16.9% of titanium and 21.0% of phosphorus. The molar
ratio of phosphorus atoms to titanium atoms was 1.9.

25 Preparati o

In the same procedures as in Example 5, polyethylene

terephthalate was prepared, except that 0.599 g of the
TP5-2.0 catalyst solution prepared by the above operation
was used as a polycondensation catalyst. The

30 polycondensation reaction time was 100 minutes. 1In the
resultant polyethylene terephthalate, the IV value was
0.52 and the DEG content was 1.3% by weight. With
respect to the color tone, the L value was 78 and the b
value was 5.4, With respect to the catalytic metal

35 concentrations, the titanium concentration was 13 ppm and
the phosphorus concentration was 16 ppm. The measuring
results are shown in Table 1.
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5 a phosphorus compound in place of monolauryl phosphate.
The amounts of the compounds as used and the reaction
conditions were changed as follows.

25.7 g of trimethyl phosphate was dissolved in 537 g
of ethylene glycol with heating (P6 solution) and 435 g
10 of the TB solution was added to the solution and the
reaction was conducted at the heating temperature of 70°C
for a reaction time of one hour to obtain a reaction
mixture. The mixing ratio of the P2 solution to the TB
solution was controlled so that the molar ratio of
15 phosphorus atoms to titanium atoms becomes 2.0.
Hereinafter, the resulting reaction mixed solution will
be referred to as a "TP6-2.0 catalyst".
To analyze the reaction deposit in the resultant
TP6-2.0 catalyst, a sample of the resultant reaction
20 solution was filtered through a filter having a mesh

opening size of 5 um, thereby to collect the reaction
deposit as a solid, and the deposit was washed with water
and dried. The analysis of the element concentration of
the resulting reaction deposit was conducted in the same
25 manner as described above. As a result, the deposit
contained 16.0% of titanium and 20.9% of phosphorus. The

molar ratio of phosphorus atoms to titanium atoms was
1'9'

Pr i :

30 In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that 0.591 g of the
TP6~2.0 catalyst solution prepared by the above-mentioned
procedures was used as a polycondensation catalyst. The
polycondensation reaction time was 92 minutes. 1In the

35 resultant polyethylene terephthalate, the IV value was
0.52 and the DEG content was 1.3% by weight. With
respect to the color tone, the L value was 77 and the b



i.& ()-3 " L10%& ()-)10:P:al0: P:10: P:af 10% P: & ()--Ao !|""# Z99a{ 10%

S OF#1099& ()-3! " OF#10%& ()-3 ~OF#10%& ()-3  9F#10%& ()-3

COF#109%& ()-3 OF#10WV& () - 3#SEEEQF&GRHEO8zI ~"Pla MLO% ()- 10c ¢ 10c ¢
10c ¢ ! 9F#10% c & ()-3! OF#10%n n& ()-3.. 9F#109R& ()-3

X OF#109R& ()-30% # ' 5(6(7(8(?(zm Sla ! § $89&&& () - 102210221022

X' F#109R22& ()-! °F#10909& ()-! " F#109%& ()- F#10%& ()-2(@& J(R(y((wWJU3" Sla
11t #c10%& () - 3vA 1Qc TR0BK ) - AR CADIELE: (Yo 3 e #3103 "(): 3L f
10088 () -1 Y10ug8g () S((((1( Jutl Sta ) o e &é@fﬁﬂ% héedl

11" #c10%<& () SOPEFMGAE I d6 %l Yyt FosenovggRon ) wast ¥3 1008’ and3! t
#cl0%a& ()-3 xhel phogphdiisSkeorndeft Aot 08&%4 )18 Fn.  The measuring

“#c10% 1 & () - 3! 0%q& ().- 3! < .

#c109N& () - 3! rg%%z%e( )Q%W’#&fbt%ﬁ%}?)ls))y%&*' * *:%*pNla !!

$ #c109&&8) 3510% & ()-F4 MLO% & ()- 10BB 10BB 10BB! ( #cl09BB& ()-3! $
#C109B&& ()-3;**+ --.zX7Nla || 3$10%! & ()-F4! 3$10% & ()-F4

9 3$109& ()-F4B p 3$10%& ()-F4 ~ 3$109& () - F4!

3$10999& () - F4..009%A1111| [ NAda !!101010 ~3$109%& ()-F4 3$10% & ()-F4
N 3$109%& ()-F4 a 3$10%& ()-F4 " 3$10%& ()-F411102334{Z9NAda !! 10



193%10%& ()-3 " 93310%& ()-34 " 93%3109%& ()-34 93$10%& () - 34!
93$10%' ()-3 s 109%R& ()-4556678yWsNA4a !'! \ 93$10% ?{& ()- 3!
“93$10%& ()-3  93$10% & ()-3-! “93$10%& ()-3 93$10%& ()- 3!
k®93%$10%n& ()-388-9.9/90979: w. wha !! $§9%<&' )-33 $10%& ()-3
9" 10%& ()--10vTv1iOvTv1iOvTv ]93$10WTV& 93%$10%&' () - 3w ;

3<7=G="=={ YBW\/5a [H BYR T3 S ORI —3—$HO%+& {3 t  $10%& ()- 3
y $10%& ()-3 $10%e& -3——>9(@@m‘sza. I\/[LO/d(Y&'()-lOLlOUlOU ‘
f $10%& ()-3 a‘$:LO%EK)°.3-<\}a$‘B,O & () 3127 1$10 &3()\92%8{08(428 S2a ! !
psSLI09W W & () - 2!|f 1psHEQ%e\ &' )[-@ p Pps$#0%eed ) {2 ' |padlovi|t & () -2
\ ps$1098&' ()-2 JOC/a(Y&'I,{)?u:é]EF'GH HBH| ['NA4§ "100T0f10g
b' ps$10%& ()-2 |p|psHEW & ()-2 JpsHLO0%| " &' |() - 2 ps$10% & ()-2
ps$10%rY& () - 2BHI|HYHEHIIZ Y8 I [ L$TOE ()-4  LPIOY& () - 4-
L$10% & ()-4-! L$109R &|(&- 4!00 L$JDO & () ot | HLORK&' ()| % %\l NN| ZONAda | 1
L$10%& ()-4! a0 Lssés)o (L-f oK CLS10%K& ()24 f) ESL10U&: () -4
L$10%& ()-4 f° LB109& |() - #R0Qd0opPQT2a |17 $1095 ||&°() “21" $10%& ()-2 |
109%& ()-  MLO%{#| () -[fiT10T10T bl L$109 '&'(,-4JOO?S>Tv)7vT?a Il
T$10%W& ()-2 X «sﬂ>10°§6() 2 |p$109%& ()-2[ y| $109%&{ ()]21!" $10%
& ()-2!" " $10965& |§) - 2TIUNMZVBVOW WAWEL, "PLa | 109 ()|- & LQ//| 10/ 10/ /!
] "$10%/& ()-2 | Slow|o|ow|w|~|®|o|o|~]|~
2 A
iy
ol £ =
B G o
P o
o 8 ™ ™M o~ [y} © ™M (a2} ™ ™ ™
IS IR T R R I IS I e
W
B o
o L
N o (3}
> un [Te] wn Ve Tg} wmn [fa] n n wn
. - . o o o ’ . - . . oo
o 2
2 =
o 0
> gl _
e ~
B o | un n | 9 o | = |w v
ClRl S | o | ~|o | ® R
oV N lN IN N =~ >ININinl
Ovlalm vl || |2 @ |m|a|e
B P N
ole >E
m(D-—l
R
s
,Uom
RO 0
o
ol 4 e | o
Dy c| 0|0
— o ' v
3 o|lo|wn|o AlB|lE|e|e
R I PV I I I - = O = I I
v 0| o
| | | L& l=2lalalt ]}
w - o~ ™ < 0 0 n | w0
P =Y - VIR - R -1 7/ R N - VO -4
BB || B olm & | B E
Q x|+
Q @ | @
> | E
&
o |0 (0 [0 |0 |o
> b (> > |5 |5
Ts] O ™~ @ ' NfA N[ e N |H O
N N I R M IR FE R
oo | 0|0 |colnolcoeldococoe
- =] =t R e I e e I = I I I Y
HE
Mol oM | M| X gxgxgxgxgxgx
BlE | KN OCRHORMOMOMOMOM




$10%& ()-2! 0" $10%VE ()-2 f° $109K& () - 2AMKXhYYYYZX6 P/a | "9
$100FF& ()-3! 9 $10%we& ()-3! 9 $10% ! & ()-3 "9 $10%& ()-3! "9
$10%&' ()-3 9 $10%&' ()-3YZ[]=]"""{Z9,/10{?{ \ 9 $10%2{& ()-3 "9
$10%gv&’ ()-3! "9 $10% ()-3 g'9 SLOWE ()3 ]°9 $10%%& ()-3 9
$10%&' () - 3AAA_ aa@ 10{ ] u‘ $$10% : & (P8 & s$1090N& () -

SSI0NRE ()= 4 sS10%ad ()- 4 ' LOWFE ()- 107! 10{ ?{abbcdef {29,/10 f°
s$10%&' () - S$10%FSF:§S(3 érerbt §§3c119%9a]£i ¢ tﬁ@lg{@aﬁ% f%h BEHS
s$10%CNFN&() $$10% &' hhhhhu% o9& ()~ 10LCED LL
“3@10%. L& ()-l‘f %A)P%?%‘}C é!é% %) e93bhhad hlﬁ"‘ﬁ#ﬂw#e;sh[l to

R 0 0
B i e, %;;gfoweg/gﬂgﬂ; e Al
109%&: () - 05WP | TR 7015 1008 ?
possible to prepare a polyester in an amount smaller than
that of a conventional antimony compound catalyst, and
also remarkably improve the color hue of the resulting
polyester as compared with an antimony catalyst, or a
catalyst system made of a simple mixture of a titanium
10 compound and a phosphorus compound.
[Example 9]
Polyethylene terephthalate pellets prepared in the
same procedures as in Example 5 and having an IV value of
0.64 were dried and melt-spun to produce an undrawn
15 filament yarn of 333 dtex/36 filaments, and the undrawn
yarn was drawn at a draw ratio of 4.0 to produce a drawn
multifilament yarn of 83.25 dtex/36 filaments. The
properties of the resulting polymer and that of the yarn
are shown in Table 2.
20 [Examples 10 to 12])
In each of Examples 10 to 12, a polyethylene
terephthalate yarn was produced in the same manner as in
Example 9, except that polyethylene terephthalate pellets
obtained in each of Examples 6 to 8 were used as

25 polyethylene terephthalate pellets. The properties of
the resultant polymers and of the yarns are shown in
Table 2.

[Comparative Examples 7 to 10]
In each of Comparative Examples 7 to 10, a
30 polyethylene terephthalate yarn was produced in the same
manner as in Example 9, except that polyethylene
terephthalate pellets obtained in each of Comparative
Examples 1 to 4 were used as polyethylene terephthalate
pellets. The properties of the resultant polymers and
35 the yarns are shown in Table 2.
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[Example 13]

Polyethylene terephthalate pellets prepared in the
same manner as in Example 5 and having an IV value of
0.64 were dried at 180°C for 3 hours and fed in a single
5 screw extruder (inner diameter: 65 mm, path length: 1000
mm, residence time: 10 minutes). After the temperature
in the extruder was controlled to 280°C in the vicinity
of a charge port and controlled to 300°C in the vicinity
of a discharge port, the polymer was melted by gradually
10 heating and then extruded through an extrusion die for
film to form an undrawn film. This undrawn film was
drawn at 90°C in a longitudinal direction at a draw ratio
of 3.5 (monoaxially drawn film), drawn in a lateral
direction at a draw ratio of 4.0 (biaxially drawn film)
15 and then thermally set at 200°C to produce a biaxially

drawn polyester film having a thickness of 15 um. The
properties of the resulting polymer and the film are
shown in Table 3.

[Examples 14 and 15])

20 In each of Examples 14 to 15, a polyethylene
terephthalate film was produced in the same manner as in
Example 13, except that polyethylene terephthalate
pellets obtained in each of Examples 6 and 7 were used as
polyethylene terephthalate pellets. The properties of

25 the resultant polymers and the films are shown in Table
3.

[Comparative Examples 11 to 13}
In each of Comparative Examples 11 to 13, a
polyethylene terephthalate film was produced in the same

30 manner as in Example 13, except that polyethylene
terephthalate pellets obtained in each of Comparative
Examples 1 to 3 were used as polyethylene terephthalate

pellets. The properties of the resultant films are shown
in Table 3,
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[Example 16]

Polyethylene terephthalate pellets obtained in
Example 5 were treated at 160°C for 10 minutes, thereby
to semicrystallize the polymer by using a high-speed
5 system flow type crystallizing machine, and then further
treated in a nitrogen gas flow at 160°C for 4 hours,
thereby to crystallize the polymer, and then dried.
These pellets were transferred to a packing column type
solid phase polymerization column, where these pellets
10 were subjected to a solid phase polycondensation step in
a nitrogen gas flow at 215°C for 22 to 25 hours. The
reaction time was controlled so that the IV value of the
resultant polyethylene terephthalate becomes 0.760. The
properties of the resulting polyethylene terephthalate
15 are shown in Table 4.
Using the resultant polyethylene terephthalate
pellets, a preform was produced in the following manner.
5 kg of polyethylene terephthalate was dried in a
nitrogen gas flow at a temperature of 160°C under the
20 ambient atmospheric pressure for 10 hours or more using a
tray dryer and dried polyethylene terephthalate was fed
to an injection molding machine ("M~100DM", manufactured
by MEIKI CO., LTD.) and then injection-molded into a
cylindrical preform having an outer diameter of about 28
25 mm, an inner diameter of about 19 mm, a length of 136 mm,
a body portion wall thickness of 4 mm and a weight of
about 56 g under the conditions of a cylinder temperature
of 275°C, a screw rotational speed of 160 rpm, a primary
compression time of 3.0 seconds, a mold cooling
30 temperature of 10°C and a cycle time of 30 seconds.
Sampling was conducted at a center portion of the body
portion of the resultant preform, and then the IV value,
haze, the acetaldehyde concentration and the cyclic
trimer content were measured. These results are shown in
35 Table 4,
[Example 17]
A polyethylene terephthalate preform molded article
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was produced in the same procedures as in Example 16,
except that polyethylene terephthalate pellets obtained
in Example 6 were used. The measuring results are shown
in Table 4.

[Comparative Examples 14 to 16]

In each of Comparative Examples 14 to 16, a
polyethylene terephthalate preform was produced in the
same manner as in Example 16, except that polyethylene
terephthalate pellets obtained in Comparative Examples 1

to 3 were used. The measuring results are shown in Table
4.
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[Example 18]

In the same manner as in Example 6, polyethylene
terephthalate was prepared, except that 0.041 g of
petraerythritol-tetrakis[3-(3,5-di-tert-butyl-4-

5 hydroxypheny)propionate] ("Irganox 1010", manufactured by
Ciba Speciality Chemicals Inc.) was added to the oligomer
after the completion of the esterification reaction. In
the resulting polyethylene terephthalate pellets, the IV
value was 0.63. With respect to the color tone, the L

10 value was 81 and the b value was 1.9. With respect to
the catalytic metal concentrations, the titanium
concentration was 12 ppm and the phosphorus concentration
was 15 ppm. These polyethylene terephthalate pellets
were fed to the same fiber manufacturing process as in

15 Example 9. 1In the resulting polyester fibers, the IV
value was 0.62, the tensile strength was 3.7 cN/dtex, the
ultimate elongation was 23% and the height of a foreign

matter deposited on the spinneret was 5 pum.
[Example 19]
20 Preparati z i 1 t
200 g of ethylene glycol was charged in a 500 ml
separable flask and 1.5 g of sodium carbonate and 50 g of
a polyethylene terephthalate scrap comprising ground PET
bottles were charged, and then the temperature of this
25 mixture was increased to 185°C by heating with stirring.
The mixture was left to stand in this condition for 4
hours. As a result, the polyethylene terephthalate scrap
was melted and the depolymerization reaction thereof was
completed. The resulting depolymerized product was

30 concentrated by distilling under reduced pressure and 150
g of ethylene glycol was recovered as a distilled
fraction.

This concentrated solution was mixed with 0.5 g of
sodium carbonate as an esterification catalyst and 100 g
35 of methanol was further added, and then this reaction
mixture was stirred at a liquid temperature of 75°C under
the ambient atmospheric pressure for one hour, thereby to
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complete the transesterification reaction.

The resultant reaction mixture was cooled to 40°C
and filtered through a glass filter. The crude dimethyl
terephthalate collected on the filter was charged into
100 g of methanol, heated to 40°C and stirred to wash it,
and then filtered through a glass filter again. The
washing and filtering operations were repeated twice.

The crude dimethyl terephthalate collected on the
filter was charged in a distillation device and distilled
under reduced pressure of 6.65 kPa at a reflux ratio of
0.5, thereby to collect dimethyl terephthalate as a
distilled fraction. The amount of the distilled fraction
collected was 47 g. The amount of dimethyl terephthalate
remaining in the distillation residue was measured. As a
result, it was 2 g. The recovery ratio of dimethyl
terephthalate was 93% by mass based on the mass of the
polyester charged.

In the recovered dimethyl terephthalate refined by
distillation, 0.5 ppm of dimethyl 2-hydroxyterephthalate
was detected. The purity of the recovered dimethyl
terephthalate purified was 99.9% by mass or higher.

rati f t:

131 g of ethylene glycol was mixed with 3.5 g of
mono-n-butyl phosphate and this mixture was dissolved by
heating at 120°C for 10 minutes. To 134.5 g of this
ethylene glycol solution, 40 g of ethylene glycol was
added and 3.8 g of titanium tetrabutoxide was dissolved
therein. The resultant reaction system was stirred at
120°C for 60 minutes to cause the titanium compound to
react with mono-n-butyl phosphate and to prepare a white
slurry of catalyst containing the reaction product. The
titanium content in this catalyst slurry was 0.3% by mass
and the molar ratio (my,/m,) of the content of phosphorus
atoms to the content of titanium atoms was 2.0.
Preparation of polvester and fibers:

In a reaction vessel equipped with a stirrer, a
refining distillation column and a methanol distillation
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condenser, a mixture of 100 g of the recovered dimethyl
terephthalate obtained by the above mentioned procedures,
with 70 g of ethylene glycol, was mixed with 1.64 g of
the titanium/phosphorus catalyst, and then this reaction

5 mixture was subjected to a transesterification reaction
while heating it from 140 to 240°C.

The reaction product-containing mixture liquid was
transferred to a polycondensation reaction vessel and the
polycondensation reaction was conducted therein under

10 high vacuum of 26.67 Pa or lower by heating to 285°C. 1In
the resulting polyester, the IV value was 0.63 and the
DEG content was 0.7% by mass. The resulting polyester
was formed into pellets and dried. The resulting dried
polyester pellets were subjected to a melt-spinning step

15 to produce an undrawn filament yarn of 333 dtex/36
filaments, and the undrawn filament yvarn was drawn at a
draw ratio of 4.0 to produce a drawn multifilament yarn
having a yarn count of 83.25 dtex/36 filaments. The
measurement results are shown in Table 5.

20 [Example 20]
Preparation of recovered dimethyl terephthalate:

A recovered dimethyl terephthalate was prepared by

the same procedures as in Example 19,
Pr i £ tal :

25 0.8 g of trimellitic anhydride was dissolved in 2.5
g of ethylene glycol and 0.7 g of titanium tetrabutoxide
(0.5 mol % based on the molar amount of trimellitic
anhydride used in the preparation of the polyester
described hereinafter) was added dropwise into the

30 resultant solution. This reaction system was left to
stand in the air under the reaction conditions of 80°C
and the ambient atmospheric pressure for 60 minutes,
thereby to react titanium tetrabutoxide with trimellitic
anhydride and to age the reaction product. After the

35 reaction system was cooled to room temperature and 15 g
of acetone was added thereinto, the reaction product was
collected by filtering through a filter paper No. 5 and
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dried at a temperature of 100°C for 2 hours. The
titanium content of the resultant reaction product was
11.2% by mass.
Next, 131 g of ethylene glycol was mixed with 3.5 g
5 of mono-n-butyl phosphate and this mixture was dissolved
by heating at 120°C for 10 minutes. To 134.5 g of this
ethylene glycol solution, 40 g of ethylene glycol was
further added and then 5.0 g of the titanium compound was
dissolved in the solution. The resultant reaction system
10 was stirred at 120°C for 60 minutes to cause the titanium
compound to react with mono-n-butyl phosphate and to
prepare a white slurry of catalyst containing the
reaction product. The titanium content of this catalyst
slurry was 0.3% by mass and the molar ratio (my/m,) of

15 the content of phosphorus atoms to the content of
titanium atoms was 2.0.

Preparation of polvester and fibers;

In a reaction vessel equipped with a stirrer, a
refining distillation column and a methanol distillation

20 condenser, a mixture of 100 g of the recovered dimethyl
terephthalate and 70 g of ethylene glycol was mixed with
1.64 g of the titanium/phosphorus catalyst, and then this
reaction mixture was subjected to the transesterification
reaction while heating from 140 to 240°C.

25 The reaction product-containing mixture solution was
transferred to a polycondensation reaction vessel and, in
the vessel, the polycondensation reaction was conducted
under high vacuum of 26.67 Pa or lower by heating it to
285°C, In the resulting polyester, the IV value was 0.63

30 and the DEG content was 0.8% by weight. The resulting
polyester was formed into pellets and dried. The
resulting dried polyester pellets were subjected to a
melt-spinning procedure to produce an undrawn filament
yarn of 333 dtex/36 filaments, and the undrawn filament

35 yarn was drawn at a draw ratio of 4.0 to produce a drawn
multifilament yarn having a yarn count of 83.25 dtex/36
filaments. The measurement results are shown in Table 5.



1 10%& ()-0 109 ()-0! 109%& ()-0' 10%& ()-0 10%& ()-OS5WP ! iiiiiiirP3

1 109 ()-0!
109& () - O5WP !

109 ()-0 109& ()-O5WP !  109& ()-0 109& ()-Oiiiiiiius 1

' () - () - "()-0l  109& ()-0
109 ()-0! 109%& ()-0! 109 ()-0! 10%& () 0!
109& ()-OiiiiiiinQd 1 109 ()-0 109 ()-

10

15

20

25

30

35

[Example 21]

Preparation of recovered terephthalic acid:

A recovered dimethyi terephthalate was prepared by
the same procedures as in Example 19.

Then, 100 g of the recovered dimethyl terephthalate
were mixed with 200 g of water and this mixture was
stirred at 180°C and fed into a hydrolysis reaction
apparatus. The dimethyl terephthalate was hydrolyzed by
heating the liquid temperature in the hydrolysis reaction
apparatus to 250°C with stirring and then methanol
produced during this reaction was distilled off, together
with water. The mass ratio of terephthalic acid to water
in the resulting terephthalic acid/water slurry was about
1:1. The total content of 4-carboxybenzaldehyde,
paratoluic acid, benzoic acid and dimethyl 2-
hydroxyterephthalate in the resulting slurry was 1 ppm or
less based on the mass of terephthalic acid.

Next, 166g of the resulting terephthalic acid/water
slurry and 4150 g of ethylene glycol were charged and
mixed with each other in a centrifugal separator. The
mass ratio of terephthalic acid/water/ethylene glycol was
1:1:50. This water/ethylene glycol slurry of
terephthalic acid was treated by the centrifugal
separator, thereby to collect a cake of terephthalic
acid. The mass ratio of terephthalic acid/water/ethylene
glycol in the terephthalic acid cake was about
83:0.4:14.3, Furthermore, ethylene glycol was added and
mixed with this slurry, thereby to control the mass ratio

of terephthalic acid/ ethylene glycol of the terephthalic
acid/ethylene glycol slurry to 66:34.
Preparation of catalyst:

131 g of ethylene glycol was mixed with 3.5 g of
mono-n-butyl phosphate and this mixture was dissolved by
heating at 120°C for 10 minutes. To 134.5 g of this
ethylene glycol solution, 40 g of ethylene glycol was
added and thereafter 3.8 g of titanium tetrabutoxide was
dissolved in the solution. The resultant reaction system
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was stirred at 120°C for 60 minutes to cause the titanium
compound to react with mono-n-~butyl phosphate and to
prepare a white slurry of the catalyst, containing the
reaction product. The titanium content in this catalyst
slurry was 0.3% by mass and the molar ratio (my/m,) of
the content of phosphorus atoms to the content of
titanium atoms was 2.0.

Preparation of polyester and fibers:

200 g of the terephthalic acid/ethylene glycol
slurry was charged in a reaction vessel equipped with a
stirrer, a refining distillation column and a methanol
distillation condenser, and the esterification reaction
was conducted at 270°C under the pressure of 0.3 MPa for
240 minutes. After removing a half of the resultant
reaction mixture, the remaining half was maintained at a
temperature of 250°C and 100 g of the recovered
terephthalic acid/ethylene glycol slurry was fed
thereinto under the ambient atmospheric pressure over 150
minutes. Then, the resultant reaction mixture was
subjected to the esterification reaction and heated under
the ambient atmospheric pressure for 90 minutes.

During the reaction, the temperature in the reaction
system was maintained at 250°C. After removing a half of
the resultant reaction mixture, 100 g of the recovered
terephthalic acid/ethylene glycol slurry was fed to the
remaining half by the same procedures as described above
and the esterification reaction was repeated. The above-
mentioned procedures were repeated until the content of
diethylene glycol in the reaction product becomes
constant.

After the DEG content in the reaction mixture became
constant, a half of the reaction mixture obtained by this
esterification reaction was transferred to a
polycondensation reaction vessel and 1.27 g of the
titanium/phosphorus catalyst was added thereinto. The
resulting reaction system was heated to 285°C and the
polycondensation reaction was conducted under high vacuum



109 .10% ()-0 10%& ()-0 109 ()-05WP |  10%& ()-0 10%& ()-0jj jjj

(U8 109 109 ()-05WP |  109%& ()-0 10% ()-0 10% ()-0 |
Jlj(W&'()-Ojjjjjjde 10% 11 10% ()-0!! 10% ()-0! 10% ()-0 10% ()-0
109 ()-0 10% ()-0jjjjjj jsV4 10%! 10%& ()-0 10% ()-0 10% ()-0
109 ()-0 109 ()-05WP ! j"j$i%'j(j)jiLr I

of 26.67 Pa or lower by heating to 285°C. 1In the
resulting polyester, the IV value was 0.63 and the DEG
content was 1.0% by weight. The resultant polyester was
formed inteo chips and dried. The resultant dried

5 polyester chips were subjected to a melt-spinning
procedures to produce an undrawn filament yarn of 333
dtex/36 filaments, and then the undrawn filament yarn was
drawn at a draw ratio of 4.0 to produce a drawn
multifilament yarn having a yarn count of 83.25 dtex/36

10 filaments. The measurement results are shown in Table 5.

[Example 22])

Preparation of recovered terephthalic acid:

A recovered terephthalic acid was prepared by the
same steps as in Example 21,
15 Preparation of catalyst:

0.8 g of trimellitic anhydride was dissolved in 2.5
g of ethylene glycol and 0.7 g of titanium tetrabutoxide
(0.5 mol % based on the molar amount of trimellitic
anhydride used in the preparation of a polyester which

20 will be described hereinafter) was added dropwise to this
solution. This reaction system was left to stand in the
air under the reaction conditions of 80°C and the ambient
atmospheric pressure for 60 minutes, thereby to react
titanium tetrabutoxide with trimellitic anhydride and to

25 age the reaction product. After the reaction system was
cooled to room temperature and 15 g of acetone was added
thereto, the reaction product was collected by filtering
through a filter paper No. 5 and dried at a temperature
of 100°C for 2 hours. The titanium content in the

30 resulting reaction product was 11.2% by mass.

Next, 131 g of ethylene glycol was mixed with 3.5 g
of mono-n-butyl phosphate and this mixture was dissolved
by heating at 120°C for 10 minutes. To 134.5 g of this
ethylene glycol solution, 40 g of ethylene glycol was

35 added and 5.0 g of the titanium compound was dissolved in
the solution. The resultant reaction system was stirred
at 120°C for 60 minutes to cause the titanium compound to
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react with mono-n-butyl phosphate and to prepare a white
slurry of catalyst containing the reaction product. The
titanium content of this catalyst slurry was 0.3% by mass
and the molar ratio (my;/m,) of the content of phosphorus
5 atoms to the content of titanium atoms was 2.0.
Preparation of polyester and fibers:

200 g of the terephthalic acid/ethylene glycol
slurry prepared in the above mentioned procedures were
charged in a reaction vessel equipped with a stirrer, a

10 refining distillation column and a methanol distillation
condenser and an esterification reaction was conducted at
270°C under the pressure of 0.3 MPa for 240 minutes,
After removing a half of the resulting reaction mixture,
the remaining half was maintained at a temperature of

15 250°C and 100 g of the recovered terephthalic
acid/ethylene glycol slurry was fed thereinto under the
ambient atmospheric pressure over 150 minutes. Then, the
resultant reaction mixture was subjected to the
esterification reaction and heated under the ambient

20 atmospheric pressure for 90 minutes.

During the reaction, the temperature in the reaction
system was maintained at 250°C. After removing a half of
the resultant reaction mixture, 100 g of the recovered
terephthalic acid/ethylene glycol slurry was fed to the

25 remaining half by the same procedures as described above
and the esterification reaction was repeated. The above
procedures were repeated until the DEG content in the
reaction product becomes constant.

After the DEG content in the reaction mixture became

30 constant, a half of the reaction mixture obtained by this
esterification reaction was transferred to a
polycondensation reaction vessel and 1.27 g of the
titanium/phosphorus catalyst was added thereto. The
resulting reaction system was heated to 285°C and the

35 polycondensation reaction was conducted under high vacuum
of 26.67 Pa or lower. In the resultant polyester, the IV
value was 0.63 and the DEG content was 1.0% by weight.
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The resultant polyester was formed into pellets and
dried. The resulting dried polyester pellets were
subjected to a melt-spinning step to produce an undrawn
filament yarn of 333 dtex/36 filaments, and the undrawn
5 vyarn was drawn at a draw ratio of 4.0 to produce a drawn
multifilament yarn having a yarn count of 83.25 dtex/36

filaments. The measurement results are shown in Table 5.
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CLAIMS
1. A catalyst for preparation of a polyester,
comprising a reaction product of:
(A) a titanium compound component comprising
5 at least one member selected from titanium compounds (1)
represented by the general formula (I):
(OR?)
|
10 (R'0)—(Ti-0),~R* (1)
(OR?)
in which formula (I), R}, R?, R® and R* respectively and
15 independently from each other represents an alkyl group
having 2 to 10 carbon atoms, k represents an integer of 1
to 3 and, when k is 2 or 3, two or three R? and R?
substituents may be the same as or different from each
other, titanium compounds (2) obtained by reacting the
20 titanium compounds (1) of the general formula (I) with
aromatic polycarboxylic acids represented by the general
formula (II):
(COOH),
25
(IT)
in which formula (II), m represents an integer of 2 to 4,
30 or anhydrides of the acids of the formula (II); and
(B) a phosphorus compound component comprising
at least one member of phosphorus compounds (3)
represented by the general formula (III):
35 0
I
(R°0)—P-OH (I11)
|
OH
40

in which formula (III), R® represents a non-substituted
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or substituted aryl group having 6 to 20 carbon atoms, or
a non-substituted or substituted alkyl group having 1 to
20 carbon atoms.
2. The catalyst for preparation of a polyester
5 according to claim 1, wherein, in the reaction product of
the titanium compound component (A) with the phosphorus
compound component (B), a reaction molar ratio (mg;/m,) of
a molar amount (my), in terms of titanium atoms, of the
titanium compound component (A) to a molar amount (my),
10 in terms of phosphorus atoms, of the phosphorus compound
component (B) is within a range from 1:1 to 1:3.
3. The catalyst for preparation of a polyester
according to claim 1, wherein the titanium compounds (1)
of the formula (I) are selected from titanium

15 tetraalkoxides, octaalkyl trititanates and hexaalkyl
dititanates.
4, The catalyst for preparation of a polyester

according to claim 1, wherein the aromatic polycarboxylic
acids of the formula (II) and the anhydrides thereof are

20 selected from phthalic acid, trimellitic acid,
hemimellitic acid and pyromellitic acid and anhydrides
thereof.

5. The catalyst for preparation of a polyester
according to claim 1, wherein the titanium compounds (2)
25 are reaction products of the titanium compounds (1) of
the formula (I) with the aromatic polycarboxylic acids of
the formula (II) or the anhydrides thereof at a reaction
molar ratio of 2:1 to 2:5.
6. The catalyst for preparation of a polyester
30 according to claim 1, wherein the phosphorus compounds
(3) of the formula (III) are selected from monomethyl
phosphate, monoethyl phosphate, monotrimethyl phosphate,
mono-n-butyl phosphate, monohexyl phosphate, monoheptyl
phosphate, monooctyl phosphate, monononyl phosphate,
35 monodecyl phosphate, monododecyl phosphate, monolauryl
phosphate, monooleyl phosphate, monotetradecyl phosphate,
monophenyl phosphate, monobenzyl phosphate, mono(4-
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dodecyl)phenyl phosphate, mono(4-methylphenyl) phosphate,
mono(4-ethylphenyl) phosphate, mono(4-propylphenyl)
phosphate, mono(4-~dodecylphenyl) phosphate, monotolyl
phosphate, monoxylyl phosphate, monobiphenyl phosphate,
mononaphthyl phosphate and monoanthryl phosphate.

7. The catalyst for preparation of a polyester
according to claim 1, comprising a reaction product of
the titanium compound component (A) comprising at least
one member of the titanium compounds of the formula (I)
in which k represents 1, with the phosphorus compound
component (B) comprising at least one member of the
phosphorus compounds (3) of the formula (III).

8. The catalyst for preparation of a polyester
according to claim 7, wherein the reaction product of the
titanium compound component (A) composed of at least one
member of the titanium compounds of the formula (I) in
which k represents 1 with the phosphorus compound
component (B) composed of at least one member of the
phosphorus compounds (3) of the formula (ITI) comprises a
compound represented by the following formula (IV):

R‘—o—P/O\Ti/O \P—O—R7 v
/N o

in which formula (IV), R® and R’ respectively and
independently from each other represents an alkyl group

having 2 to 10 carbon atoms or an aryl group having 6 to
12 carbon atoms.

0 0

9. The catalyst for Preparation of a polyester
according to claim 1, wherein the reaction product of the
titanium compound component (A) with the phosphorus
compound component (B) is one produced at a reaction
temperature of 50 to 200°C.

10. A process for preparing a polyester, comprising
subjecting a polymerization starting material comprising
at least one member selected from esters of aromatic
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for preparatlon of a polyester as claimed in any one of
claims 1 to 9.

11. The process for preparing a polyester according
to claim 10, wherein the titanium atoms contained in the
catalyst is in an amount in millimoles of 2 to 40% based
on the total amount in millimoles of the aromatic
dicarboxylic acid component contained in the
polymerization starting material.

12. The process for preparing a polyester according
to claim 10, wherein the aromatic dicarboxylic acids are
selected from terephthalic acid, isophthalic acid,
naphthalenedicarboxylic acid, diphenyldicarboxylic acid,
diphenylsulfonedicarboxylic acid,
diphenylmethanedicarboxylic acid, diphenyl ether
dicarboxylic acid, diphenoxyethanedicarboxylic acid and
B-hydroxyethoxybenzoic acid.

13. The process for preparing a polyester according
to claim 12, wherein terephthalic acid is one obtained by
depolymerizing a polyalkylene terephthalates and
hydrolyzing the resulting dimethyl terephthalate.

14. The process for preparing a polyester according
to claim 10, wherein the esters of the aromatic
dicarboxylic acids with the alkylene glycols are esters
of terephthalic acid with an alkylene glycols and are
ones obtained by depolymerizing polyalkylene
terephthalates and transesterifying the resulting
dimethyl terephthalate with the alkylene glycols.

15. The process for preparing a polyester according
to claim 13 or 14, wherein the polyalkylene
terephthalates to be depolymerized are discarded
polyalkylene terephthalate molded articles and/or polymer
scraps recovered in the manufacturing process of the
polyalkylene terephthalates.

16. The process for preparing a polyester according
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23. A polyester fiber obtained by melting a resin

25 material comprising the polyester as claimed in any one
of claims 18 to 20, extruding the melt into a filamentary
form and solidifying the extruded filamentary melt.

24. A polyester film obtained by melting a resin
material comprising the polyester as claimed in any one

30

of claims 18 to 20, extruding the melt into a sheet form,
solidifying the sheet formed melt and drawing the
resulting undrawn £ilm in biaxial directions.



