;1 <=>?e3ePhsM f g4j dOkr 6sThsG 1 TN H731' DESCRI PTI ON CATALYST FOR
PRODUCI NG A POLYESTER AND PROCESS FOR PRODUCI NG THE POLYESTER BY USI NG SAME
5 TECHNI CAL FI ELD The present invention relates to a catal yst f&h_gggggeing
a polyester and a process for producing the polyester by using e

More particularly, the present invention relates to a catalyst for
produci ng a 10 pol yester, conprising a specific titaniumco
phosphor us conpound, i
good color tone (b value), and thus not needing an addition of a.gqhalt
conpound to regulate the color tone, by using the catalyst. 15 BACKGROUND

ART The pol yest ercaTaey$T cEORI PRODVOLNG AYPE@DNEESEERPANDAPRDEESBOFQRt hyl ene
naphthal ate, polYlTiimet Rucgne hes il Naldft.aid ROl Ald Bl | ene

t erepht hal ate, have exc fre=trecttar—car,  physrcat—ana ctiem cal
per f or m&nces TBC&NdCﬂhu§IEL@ widely utilized for various fibers, filnms and
other shaped artiches HELceXaTReANYY SM:ele dererihalale dox usual ly

produced by preparing n et yl enegl ycol ester of terephthalic aC|d and/ or
ol i goners of phedesisg ByPelyestiete@ndedt PrioCEsS ifoF mEpdudmobrthe

terephthalic gehdewirbl 8\ hws8nAltHeOlsanter. amdﬁét @faes:tﬁmlfaxqe}i,l @hd eaction

of a lower dialkyl ester of terephthalic acid, r ex net%y

t er epht hal at ePrﬁF?Hteﬂﬁyﬁéﬁéﬁ’F‘yE& ates o é‘a@talt YS- t% cﬁiét A& d with

ethylﬁnﬁprlde o@?dsﬁgftheapbrlﬁdhgﬁﬁrEye@gf&thyhemqumxﬁompﬁUﬂd;@hd a

terephthalic a nd/ or ol1go e ester in the sence a

polygerlzatloﬁg8§P§P§§§ ﬁﬁ&@gug%ﬂeaﬁge& SF@??&Peggf éﬁpéﬁ§V§¥%&%

t enperature, pau.ybstbe hakyngr iaz afoiodn cpladutonebt(d s luet)ar gatd ctéqusee of

polynerlzatlon 5 ls yl_gn Hhal, ne
8ﬁ d ggfilbgt aﬁ al ;%%*Pt AR @%ﬁgltﬂ %trn?r? DY W f'u%tueg +e

terepht hal ate ramethylene terephthalate ¢ e pro

process S|ntIahetGOﬁhattﬁBﬁblbﬁe@b&@@vehe catajystt. is well known that the
reacti qr rat eggfxbREuURB! X&Rri zation reactlon and the quality of the

resul tant polyester are greatly |nfluenceg t he e of. the catalyst for

the pol ynerizati onThBaPPLERSEEES s RETAISUIAK}¥Har POIVESNYIE S yst for the
pol yet hyl ene tereghthatate pbﬁy@mmyle@epnapﬁshaﬂatmospdmytmxme&hpﬂemed

b th h | 9 | t d
Che resul t ant EpoPOREPELaFE, SH8, BRD s BnBLARTERY (8 BRCHELELED, bale BU0
conpounds ar eeeapldget mechapérpder Phasicnlcandl ghemickd pesfiorgances

pol yesper i s ghaagant aggoysdbly! el 14heR 2oFelbribhENimbeRsocedng of the
resul tant pol yester 1Is contlnuously carried out for a long period, a

foreign subst3RgeotBeEofBrREYaATt1518Ecunul at ed around the nel t-spinning
orifice (which. forergexampseangelyethybeneetereptthalaseadsonshadeyf oreign

b h f d I ded
hrougn the. opFPRRGeRsKCERaRRrLRg: B REh TAEbBLyLR HBRYEDeImLC B

phenonenon of t@depbthakicnetidsenddorhelégnmerer pf &he eBteFeldi Ag
phenonmggon Caafﬁgﬁt0é§?&£9918£ttbuftgage@oarsekeeeeghtﬂahtcsae@dfwteﬁents

to occlr durin Elnn|n raw n Eroce ures. Nanely, .the .
shapi ng prope@t?Ybﬁn@%éY9@ ye@?eﬁnlénﬂéﬁﬁﬁﬂeal §Cﬁﬁé°§nFPﬁﬁﬁ§°Boﬂ§oand
Catalysg 25 féwérpéiaﬂﬁflzé%téﬂ eateéyabhehhetctaamdtheoaanampye,
conpounds, uti)ization of, titanium [.gxanple, titanium
tetrabutOX|de Eegﬁﬁéeg?ﬁﬁphVQQE ?ﬁe Vﬁggnggﬁ¥38ﬂﬁ88XE g rTﬁen i oned above
is enpl oyed, fé&cﬁioﬁleﬂtﬁéraphuhalacianldfwthh ethfilesebyidiegnasdbst ance

30 can,pe SO'tggpyggmggf% net BhEnGabRhYS aagffﬁéla &%db§a@¥gBFﬁ9ﬁatﬂcthat

t he regultant er-se | ow sh and exhi S a poor
stability to &eidnehdiey. OIDQQEEVeOfhéhabeseeﬁehﬁl§h@dPEGFSPFﬁg°§r6bIen1 35

general |y, a Gobohlr EPEPOURCoheaTlXEduhabe hNEeRELYESHRESArE BECahhe

yel | owi sh ¢ Is true t he col or tone_(apparent whiteness) of the
pol yest er canebevated3temm®¥@VEHebyuﬁF*inEhFhEOEBBﬁFtZEBﬁﬁBuHHO REB t he

polyester. §£mst§et£&?<§é &egabé 69”9@yf‘ﬂe§_@ﬂ§€§ohhe Algbi | thy of the
pol yest er to eat ltin ecreased_ an ihe resultggﬂ PoLgester
to be 88sily polyethylene naphthalate, polytrlmethy ene terephtha

and polytetramethylene terephthalate can be produced by a

process similar to that mentioned above.
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5 deconposed. As a titanium conpound for catalyst for the production of the
pol yester, it is known to enploy titanium hydroxide in Japanese Exam ned
Pat ent Publication No. 48-2,229, a- titanic acid in Japanese 10 Exam ned
Patent Publication No. 47-26,597. 'However, in the forner catalyst the
titani um hydroxide is difficult to puIverrfe "and in the latter catalyst,
a-titanic acid is easily nodified and is difficult to store and handl e.

Thus, both the catalysts %élirgn%%% $ |Q@Q%% E%%d%fﬂﬁ'fgﬂ 'd?hﬁﬁ i al use,
oly

and aIso t he catalysts are sel uce p ester havrng a good col or
tone (b vaIue)POAN@@rlﬁéﬁéﬁ@seeEﬂéﬁﬁﬁeénﬂaﬁém:qnﬂﬂhﬁxﬂ9ﬁm$hﬂarQ§¥Lﬁam58

di scl oses that pelpee@eet a2t grr@:ectlgy ﬁafaqerne@at 9N tHe ayidd JIF WRLOMPound
with trinellitic aﬁyﬁéls used as a catg for producing the pol yester,

and Japanese UR&kadvSédIpzt &he PGBWF‘@&P@SPPR& r@@°§8~°f‘2? Bocl dsef that a

product & ti tpailymeeerzaeuad Wlaﬁtblgrsmh(f%&hltih% e thy 1egabl e as a catal yst
for producing gt ﬁ é L Orue t hat botho Qhapép esses enabl e
the stability FrPH 88 9 §fePnF&P ﬁ¥|F|95°H8 6 D &EMINEET % 0 sone

ext ent. Howeveepppilbyedol becaose tdelyoekdsdbnds excefl liehnd cadhdltydritc pol yest er
i's unsatisfactgryy etttngotheoqgtnerrﬂz%eoﬁb YAldUh Ol st 30 P Yoi§ e TUST

be further inprovéed rther apanese Unéxam ned Patent Publication No.
7-138, 354 drsché§e§ gRFHoFRERE GPH§ .compl ex of a titanium conmpound with a

phosphorus conpoundna&eaee t@hé%tth@faﬂﬁﬁ6%9l&@mbb%d@ﬁ)&%ﬂtempiﬂyeﬂ [rsocess
35 enables the sta |I|t¥ t he res ItanttB est r to nel.tin heat to sone
RIY Bodivpsdied s

extent. HoweveP POH¥MEEEZRtigReCcataly
unsati sf act or ydibadv/hategeenswian thiae pheaphome&te&@mmmmmq;pnﬁnd@ﬁﬁeeuf

rent oned BboYEnkS r2IRLEURD phICEE3LE! X3! CBALARCLSIS AN PR TEy 35 2
oreign substance I'n-the es pol y ester pol hus I S problem
must be sol vedloDySCRESORE GFfﬁmElDNVENbBGHnAn ebjeomeabdth@dpresent

inventioggto p ggggﬁagtgaggkﬁﬁhdfQhepkgqgcgg?nﬁiﬂé %@i&%%ehQVhﬁQﬁ@agood

color 10 tone i ) ), ow cont ent orel gn substance an
excel | ent nel t ERGERGAt subabrnceyWidddbe pedesseds &p @Sodiciond f4G8ol yest er

by using the S@B’Eeﬂjhes@BQ‘t‘.ﬁn&”@nhleQ@Qﬁa@Elqut Gaad kaualklsaithed smtetatteof
cat al yst of theBBres i nve ucin

pal yest nd.t
process of the® e§8ﬁ¥m?ﬁv@ﬁ |oﬁxF5PdEB SEPHG% %BSI éFebschgtnGeP%e
catal yst. The ¢ahdkhswidl beerpfesert tnvastaobehdungr@ﬂu@pm@nbMeoﬁolyester

COMPI 1 5% @ 1 €81 YAB:PRATYCk 0b ahhRelhb2BbUT CORRONRL SAHRIRGN

conpri si ng at east one ne er selecte rou consi'sti ng of :
titani um conpoRR@BOoPENORcpRUSERt EQTHPLiRR @énérlarffﬁouaﬁdr repkage RE 25 R O

Ti- OR (1), m@lg sBu?aOfllmaW@hQE fker sukar( tﬂhnR@ @R e&eet-spaﬁtnahlgytan@r oup
having 1 to 10 _.carbon atons .and rﬁg ient% gnte
EL¥ng thfe

trtanruntconpoﬂﬁagleﬁ)pﬁPSﬁGBEBSby 8P aﬁF&?FE%#pS&n%@ (1)
of the fornul apblyestelr asodegredpd pgarhexphtdimaaydsomppuase ohdd lygtt.he

gener al jgwnula ("Aé a polymerization catalyst other than the antimony
compounds, the utilization of titanium compounds, for
example, titanium tetrabutoxide is suggested. When the
titanium compound as mentioned above is employed, the
problem of accumulation of the orifice foreign substance
30 can be solved. However, this catalyst causes a new

disadvantage in that the resultant polyester per se is
colored yellowish and exhibits a poor stability to heat-

melting.
To solve the above-mentioned coloring problem,
35 generally, a cobalt compound is mixed into the polyester

to erase the yellowish color. It is true that the color
tone (apparent whiteness) of the polyester can be



0 4, or anhydrides of the aromatic pol ycarboxylic acids of the formula
1), with (B) a phosphorus conpound conmponent conprising at |east one
menber sel ected fromthe phosphorus 10 compqunds (3) of the general formula
(rer): 0 ~RK)ym-' ~ ~ ~O+ 3-(mrv) (I11) Hyg 15 in which formula (111), m
represents an integer of 1 or 2, q represents an integer of 0 or 1, the sum
of mand g, (mnErB)iedi @)%{j-nﬁr}(l:ﬁg RAer %@b%&&.mc% uﬂwu{crs&é teded or

a

substituted ary rou vin 0 carbo or al I gr ou haV|ng 1
to 20 carbon BP Wgséﬁ% wh@ﬁﬁ%?ﬁﬁ'rééﬁ eff e

sane as ea]g:h chbg.l(iltydlofff emwtpoflw@t@acrtwtﬂwt lniB’ﬂetjpfg)ctaSSDe)f the present
I nvention for roauci ng _a ester np.r.l se pol.y e
pol ymeri zat i off F&PFﬁﬁé %d& %ﬁbfl?u&& p?%ﬁe(ﬁﬁf:gﬁéhﬁ @i ed 25

from the groudgecompioseidng of al kyl enegl ycol esters of ~aromatic

di functi onal carbo?ﬁlictq 195 And Pd%%gp@%r cg{gzggg(xé%n presence of a

catal yst, wherein e catal yst conp I ses reactio (A a
titani um conpbiREVESHPHNOFt thempalyiesdest, 3¢ Ilé;aéin%‘ﬁé %rﬂi@? Q| ected from

the group con%hahhagmoﬁuydtﬁ&x&meumncgwmm ERaniaEe etk by the general
formula (1): -6 0OR R O-~ i - 0OR (I ) 0R Din which

formula (1), Rublépesdeont §Oan 4zBI—I2yI22Qr,om3-tI1aAﬂmg: Brid tin JapaRnesm at ons
and p reoor eseﬁkﬁfﬂgedmﬁ&%nt bu &E_%(%lo%fn tohgtﬁglignwounds (2) produced

by react I ng t ani um conpoun rmfld (1) with aromatic 15
pol ycar boxyl i c-aci ﬂ@wleyﬁlresé-ﬁlt ddepforme rgeadradly Stortthe £ itaniug CooH )"

(11) 20 in whp garm&%' 3 o( dief iR u1RPLES PMY AL ANARAL iDL e tathhe®
anhydrides of The aromatic polycarboxylic acids of the fornula (I1), witht

(B) a phosphorasadgspound tddapdiee @c iclo nysr |eas1gyatm<251ﬂ3@dstartd1elsrenber

| ected f h h f I 0
Sh o oo t?‘% i ?%E Or%%q%%”ga%@”%%]n@ ° Ith\*ll\,n JHE tr{ Orﬁ%{%ﬂéé)
repr eseidi S analrat egér sefitabde Zorxg prr@grte%rh §-rt§hlﬁhmeajeru3ﬁ, rtsi alsq he sum
of mand q, (ghg 8%tah§s%s°%f% s@éd&ﬁpgﬁﬁﬁﬁﬁiéEE“%?F?&E%éf‘H

substituted aryl group”havi ng arbon ato 35 al kyl group havi ng
1to 20 carbo§°9ﬁ0ﬁ9lQﬁdtWW@h(ﬁ Védi€dent 2, the two R2 groups are the sane

as each other or dhﬁ%%reG%p%h%@bﬁ@&%ﬂ@ﬂ@a’Pd%ﬁ%t Publication
No. 59-46,258 discloses that a product obtained by a
20 reaction of a titanium compound with trimellitic acid is

-5 (COOH) "0 (Il) 5inwhhich formula (Il1), n represents an integer of
2 t
(11

used as a catalyst for producing the polyester, and
Japanese Unexamined Patent Publication No. 58-38,722
discloses that a product of titanium compound with a
phosphite ester is usable as a catalyst for producing the

25 polyester. It is true that both the processes enable the
stability of the polyester for melting heat to be
enhanced to éome extent. However, the color tone
(colorlessness) of the resultant polyester is
unsatisfactory. Thus, the color tone (b value) of the

30 polyester must be further improved.

Further, Japanese Unexamined Patent Publication

No. 7-138,354 discloses employment of a complex of a
titanium compound with a phosphorus compound as a
catalyst for producing the polyester. This process

35 enables the stability of the resultant polyester to
melting heat to some extent. However, the color tone of



the amount of the catalyst in terns of nolar anount in mllinole of
titanium atons contained in the catal yst corresponds to 10 to 40% of the
amount in mllinole of the aromatic difunctional carboxlic acids 5
contained in the polynerization-starting material. BEST MODE OF CARRYI NG
OQUT THE | NVENTI ON The catal yst of the présénf invention for producing a

pol yester conprises a reaction product of a titani um conpound conponent (A)
wi th a phospho 1 nt _( Is il L. be explained in
detail hereina #%r?8gﬁggggfaﬁféﬁggg%go&ﬁdgégﬁgé%gﬁpkfky'usable for the ,.
catal yst of the preEenthexvenei oWwhesnphespbosphpeust-consaipibar caslhdyssd
fromthe groupagofshelbhdaChbbvkalludind?o78aROURES cathibeR! Baented iy the
foll owi ng general fornmula (I): O R 20R"0--~Ti - OR, (1 OR pin
which fornul a ¥$YalRy FeprdseArsatndafRYP1§RoGHPAEFPRE 250208 10 carbon
atons, pseferabbyudthatbpeakbeneat paBymprieprasent ¢hag bibegen ahst be 3,
preferably 1 to g; nd titani um conpounds (2) obtained by reacting the
titani um conpotid¥®f1) of the general fornula (1) with aromatic

pol ycar boxyl i cDascesusgr esemted INYENT&EONol | owi ng general 30 fornula (11):

( COOH) n O(Il) 35 i.ch _for mul n n ,,aeger of 2 to
4, preferably 2 to ? %P aﬁ%ygfi gg gFg%héta%8%§9%§8§o%§cg?ng??ig aci d.

_ g _ The phospabelystodpsupdoduspogent poByeasell bavéngt Begoadarpdprof the
present jighvent L gRCOBPLLIGE )at ol 8%t cBRRARMBE asebectigd tueELhREe and
phosphorus conpounds (3) represented by the follow ng general fornula
(111): 5 0 ~R & expelleph-mgliipg) hpati1gtpRidityn £BEANAI RTOFRFF, IRY .
represents an ppbedeingf alpelyestdrl BPr asengstae sameger of 0 or 1, the sum
of mand q is 1 or 2h represents ag uBsub titutgd or subs%i%u;gﬂ aryl
group having 6 to 26"€aPBONCal6REICRFEr 8PABFY 63f'0 P03t 5PBBR%aPENE Meor
al kyl group havahglystooZOther boesébtatorentppef €pabbyocdutdng2acar bon

at ons, d whe S S ' ' t be the
sane as%gach o?ﬁgyéggggiggeréﬁg F?gﬁgggcﬁ%ogﬁgrEgﬁﬁggﬁsgpgggggéﬁng¥gduct of
the titani um cbEpAUAENGoRPORANESLAY WYt HSERE BShEspREPLYSEenp8NRARd conponent
(B), 20 usabl ecgagaysat aysheObrikBenkr ¢668htiBYERbIrORrbatcRhadéaieng the

pol yester, preferabr , in the reaction product of the titani um conpound
conponent (A) RP%HQF%ErpHBQBH&F8§ @oﬁﬁagﬁ&°809ﬁ8ﬂBﬁF PB), the ratio mii/np
of the anount of theafitantifatdupoedipeaniosenponlnti somprisiaty 2% a nol ar
anount ; of titaniumataons to _t u f e p ound
conpone%E (B) ;ﬁaFgrﬁgeopeggﬁglqugﬁggﬁt@%ﬁgoFk%h ggﬁgrgghg Sﬁgﬂgsg?ﬁ t he
range of from1:1 to 1:4tiwendupr ebmpabhysi(l)5represgnsedThy phease "an
amount (i) ofehBeatl kBRMaCcQARQUNd 30 conponent (A) in terms of a nolar
anpunt of titaniumatons” refers to as a total sum of products of nolar
amounts of individual titanium conpounds and the nunmbers of the titani um
atons per nol ecul e contained § ndqpdividyal titani umconpounds. 35 Al'so, the
phr ase Egn anount (np) of thel phosphoru$ conpound conponent (B) in terns of
a nol ar "anount of phosphorus htoms™ refers to a total sum of products of

R' O—— Ti- O —— R!' (I).
|
OR' P

— p—

30 in which formula (I), R' represents an alkyl group having
1 to 10 carbon atoms and p represents an integer of 1 to
3, and

titanium compounds (2) produced by reacting the
35 titanium compounds (1) of the formula (I) with aromatic
polycarboxylic acids represented by the general
formula (II):



_ g _ nolar amounts of individual phosphorus conpounds and the nunbers of

t he phosphorus atons per nol ecule contained in the individual phosphorus
conpounds. The phosphorus conpounds of the forrmula (I11) contain only one 5
phosphorus atons per nol ecul e of the indiygidual phosphorus conpounds. Thus,
in this case, the anmount of each phosphorus conmpound in terns of a nolar
anount of phosphorus atons is the sane as the real nolar anmount of each
phosphorus conmpound. 10 Wen tQﬁ’ eactlon nolar ratio mli/nmP is nore than

| ~I , namel y when the anmoupt—of { é”ﬁwtanlunlconpound conponent (A) is too
much, the resultant categ may r Y. cause the polyester produced by using
the catalyst to exhibit nsatisfactory col or {&heé (apparent whiteness)
15 and an insufficient heat resistance. Also, when the reaction nolar ratio

mli/nmp is less than 1:.4, nanel¥ when the anount of the tltanlunlconpound
conponeht (A)in svhiphsharnulang Fesult BAPTEBEAF§sENnaPteIRTbPE Anto ¢/

insufficient &LatéswgaﬁlaéélMftVhéoarbxhetpéogum%teabefc Uﬂe peliyesber tha0 The

titani um conpounds 0 general formula (1) usable for the titanium
conpound co iclﬁﬂe titani umtetraal koxi des, for exanple,
titaniumtetrabutoxsgle, atphaﬁpuarﬁetcampopndponmpenehttanmpnising at

t et r apr opoxi d titani t d a itnates, for
exanpl e, octgg??i PP i'tanRa egeggéE%gxggéﬁ ?hﬁlngghK¥k g Anong then1 t he
titani UMt et raahfowndses (3hi oh hheeganaigh feamuiauﬁylﬁa t he phosphor us
conpounds usable for the present invention are preferably enpl oyed.
Particularly, Titanium30 té&lrabutoxide is nore preferably enployed for the
present invention. The titani um co unds (2) usable for the titanium -
conpound conponent QR\ LIS prod”Eééyﬁg Yéacting thertitani um conpounds (1) &
of the general fornula (1) th 35 aromatic pol ycarboxilic acids of the
general formula (I11) or anhydrides thereof. The aromatic pol ycarboxylic
acids gf the g@nﬁhabhfﬁbﬂmhaa(kEIIandmthepresemﬁs anhydtiedes btliedeofr are
preferably selected fr i itic i h ti\c acid
and pyronelll%Ic aE.Hrgﬁﬁgg gh g§g§F %Eegg%%vé n%ﬁglgﬁgdggeﬁphhb h
Particul arly, (mrinqbblnsclanhyanlﬁe repiesehes ah psypstbbetedi®y to the

titani um conp n a t ukt agt opo Zakbal product to
A R LG IR %eét@e?%"*‘aiﬁ Perably

enpl oyed. ThealbﬁétgéﬁuéfhﬁﬁénﬂlﬁaﬁPu%PCSﬁﬁgﬁﬁdétPTf ﬁPFh ;8 Ho aronatlc
polycaQboxyllge 6bg8nek Qbetﬁ@h¥dblﬂésgf$E§§Oireaﬂb@es@méra@dem@m by mi xi ng
t he aronatlc carbOéé %c aC|d? anh tg%§ thereof into a solvent to
cause a portl F 91195 FPRE b0 §8Qr88xyllc aci'ds or the anhydrides
thereof to be solvedelprbhessobiemhe raeispgtl3nyeopiicse folfe priodagilng 2
conpound (1) #8%9e§@§6g%)6¥n§'i§se§ngoﬁ akhrig ihle ar %@Q&h@@l@aﬂﬂé‘h& at a

tenperature o m nu es or m)re pr éf er ab §te8'| Q;I SOC
for 40 to 90 AtALEABI MAteRdale§OMPEASiNFerd |§aﬁ6 QB@CFP eFe E&tHE
20 thez%eaCt'Pﬁoﬂr%ﬁ%ubeou@n&ohhiskea@tb@naaaglbae@u@bbaleetbysetﬁected

under the anbi ent atnnsp eri sol.ven nentloned
reaction may BECREFEE: &d PPS%%EH& ecégﬁggwglgfa&ﬁssol&ﬁnéﬁﬁ e?%%% a portion
or all anountthértbé danubengseskncke o5 af cramallastl | yheretime thehydri des

t hereof. The sog f.erably d t byl al coho
ethyleneglyco? L?ry t%fﬁé%l%e%cg rﬁ?&?ﬁ%ﬁephyggﬁg 3§0I benzene and

xyl ene. There is n@AQpe@l&ﬂ@amﬂwmtﬁpﬂ@@uﬂé CREPOSREL SOMBE 18N atati o of
the titgnium EBE@?UB% mbhpdirt Behle teanpeurdenel drded eomngiating of:
anhydr| es thereo However, if the proportiqn of the titaniu onpound (1)
is too high, the result&ﬁﬁaﬁdwﬁb§F@P°H§?se%HﬂblF §ﬁsﬁﬁ§§F¢ q?thory col or
tone and too hBWeza3Offloamiula 3T )t:enperature. If the proportion of the
titani um conpound (1) is too low, the resultant catal yst may exhi bit an
insufficient catalytic activity for pronoting - 11 the polynerization
reaction. Accordingly, the reaction nolar ratio of the titani um conpounds
(1) to the compounds of the formula (11) or the anhydrides thereof is
preferably 2/1 5 to 2/5. The reaction product of the above-nentioned
reaction may be subjected to the reaction procedure with the

above- nenti oned phosphorus conpound (3) without refining or after refining
the reaction product by a recrystallization thereof with a recrystalli zing
agent,



10 for exanple, acetone, nethyl alcohol and/or ethyl acetate . In the
phosphorus conpound (3) represented by the general formula (111) usable for
t he phosphorus conpound conponent ( B) , the C6-CZO aryl groups or Cl-Qa
al kyl 15 groups represented by Rz may have no substituent or one or nore
substituents. The substituents include, fof exanpl e, a carboxyl group,

al kyl groups, a hydroxyl group and an am no group. The phosphorus conpounds
(3) of the general 20 fornmula (111) are selected fromthe groups consisting
of , for exanple, phenyl phosphonic acid, nethylphosphonic acid,

et hyl phosphoni ¢ acid, propyl phosphonic acid, isopropyl phosphonic acid,

but yl phosphoni ¢ acid, tolylgho eni c acid, xylylphosphonic acid, 25

bi phenyl phosphoni ¢ aci d, napht phosphoni ¢ acid, 2 anthoryl phophoni c aci d,
2- car boxyl phenyl phosphoni ¢ aci d, 3-carboxyphenyl phosphoni ¢ aci d,
4-carbox5pheny|phosphgpi%}gdeq~gk30d' gxyphenyt phosphoni c aci d,

2, 4- di car boxyphenyl phosphonilc acid, 30|2, 5-di car boxyphenyl phosphoni ¢ aci d,
2, 6- di car boxyphenyl phosphoniijc acid, 3, - di cai boxyphenyl phosphoni ¢ aci d,

3, 5-di car boxyphenyl phosphoniic agrd, 2, 3,4-tricarboxyphenyl phosphoni ¢ acid,
35 2,3,5-tricarboxyphenyl phasphoni c acid, 2,3, 6-tricarboxyphenyl phosphonic
acid, 2,4,5-tricarboxyphenyl phosphoni ¢ aci d, - 12

2,4, 6-tri car bokyphehgh phosphbai ¢Iaci B, ysnusgeitespil milkydeigkoup having

met hyl phgsphi nj cegci @l cgEBYh PEASREI Bh& BCkEprLEORYS PRASPRLBLEraBEdL to

i sopropyl phosphi ni c_acid, butyl phosphinic acid, tolylphosphinic acid, 5
xnyIphosphini%ra%?@, bi phenyl phosphi ni ¢ aci d, di phenyl phosphi nic acid,

di met hyl phosphi ni ¢ aci d, diethyl phosphinic acid, dipropyl phosphinic acid,
di i sopropyl phosphi ni c acid, dibuatyl phosphinic acid, ditolylphosphin

acid, dixylyl phosphinic BtFani4® 8¥%58H8§§|bhbsaﬁ?gPEeﬂcPH,rganEng the
napht hyl phospht it enacindcompdtinds phd$ pbf nthe afodmnuPacar pboxypheaybphosphi ni c
acid, 3-garbo LNLG. ACI - yRhe p Lhic acid,
2,3-dicégboxy§%§g§€%%§§%§?2#cégﬁﬁg,gs?g?ggéggéog pﬁﬁéyggﬁggé inic acid, 15
2, 5-di car boxypferyupaoéphi ni c acid, 2, 6-dicarboxyphenyl phosphi nic acid,

3, 4-di car boxyphenyl phosphi ni ¢ aci d, 3, 5-di carboxyphenyl phosphinic acid,
2,3,4-tricarboxyphenyl pho i nj(€H)d, 20 2, 3,5-tricarboxyphenyl phosphinic

acid, 2,3,6-tricarboxyph osphinic acid,

2,4,5-tricarboxyphenyl ph ic acid, 2,4,6-tricarbpxyphenyl phosphinic
aci d, bgﬁ(z-carboxyphenyl sphinic acid, 25

bi s( 3- carboxyphenyl ) phosphi ni ¢ aci d, bi s(4-carboxyphenyl)phosphinic acid,

bi s(2, 3- di car boxyphéah| fehospai (IE) achdrepregents denathbRgphen§l 2 phdsphi ni c
aci d, b'5(2’5'ng§ﬁ99&¥PQ§EY$fPQR@DQ&SMSt@E'?ol?@arbox lic acids of the |
bi s(2, 6-di car boxyphenyl ) phosphi ni ¢ aci d, bis(3,4-dicarboxyphenyl)phosphinic
aci d, bis(3,5-#PERrbBXY EényV}Ehosphinic aci d,

bi s(2,3,4-tricarboxyphenyl ppbeshbrasccanpdund component comprising at
bis(2,3,5-tricarboxyphenyl ) phasphi ni Ci 3

bis(2,3?§-tric ?38§y§ﬂ8né?%gﬁgsgﬁFﬁFgegc?g?m ?he phosphorus

bi s(2, 4, 5-tri ceobpayplienyB) phbsphengenacad, fandula (IIT):

bi s(2,4,6-tricarboxyphenyl ) phosphi ni ¢ aci d. - 13 The preparation of the
catal yst fromthe titani um cofbound conmponent (A) and the phosphorus
conpound conponent (B) is carried out, for exanple, by mXxing the conponent
(B) conprising at |ea ‘bne—pﬁbsphéﬁhg)B-GGWpound(fgi)of the formula (111)
into a salvent to dissolve a Qg;tion or all anount of the phosphorus
conpounaoconponent (B) in the | vent; addi ng dropwi se the titanium
conpound conpopenth{éh Eotmulble(romiponentepBesanksuar; inhdgheabtnd ohe
resul tant reaction af _a. agur t 0 f CkLi on
time of 30 ninfifed %gpgégéﬁg%ré e%ggggggog?oslg%cgfo?hé gggchoﬂ %?ﬁeﬁéf 4
to 90 minutes. (hn+t@)s Leadtdon?,tRereepresrnthar] fUnsubshitditesh Q% the
reacti on pressur act.i,on b i edeQuUbgu Rressteeol0.1 to
15 0.5 MPa), o$u§ﬁglgﬁgégngkg§n%ggﬁgr?gggﬁgsguﬁg,Qgr8§§$oduced ressure
(0.001 B8 0.1 Ph¥ylpbgkropp h3wangy céPr?QdCBEPOBnEEPmFh@ngnﬂpﬁﬁt at nospheri c

pLessEr e. The §@byggéggsa I eEEOftwbhglz C@m@gnel ik ra;fre( Aehh@cyzagmé Sdm%adha other
phosphor us conpou 0 e for a ] r the cat al yst :
prepar ati on iggﬁoalf%ﬁ%FBH %609p88E3i8t§8FveﬁP§ as long as the solvent can
di ssol ve therein at |least a portion of the phosphorus conpound conponent
(B). Preferably, the solvent conprises at |east one nmenber selected from
for exanple, ethyl alcohol, 25 ethyl eneglycol, trinethyleneglycol,

t et ramet hyl enegl ycol, benzene and xylene. Particularly, the solvent

conprises a glycol conpound the sane as the glycol component from which the
target polyester is prepared.

0



In the catal yst-preparation reaction as nentioned 30 above, the m xing
ratio of the titanium conpound conponent (A) and the phosphorus conpound
conponent (B) in the reaction systemis established so that in the reaction
product produced fromthe titani um conpound-conponent (A) and the
phosphor us conpound conponent (B) 35 and contained in the resultant
catalyst, the ratio nT; ~nx, of the anmount of the titani um conpound
conmponent (A) in - l4théeamsunt afnbharcatelipstnin odérmst afi meilatons
contained in é@quQ”PR”ﬁgilﬁﬁ% Eookh€l@§998& 8} @E c8E9§RH8r“§nC%EB°“”d
conponent (B) terns o ar anoun orus atons
cont ai ned i n edkatvPporerresBPnds ta 50t he ﬁ@hg@fothﬁrémpmﬂt o 1:4. A
preferable reactippot®! 8F £RL! QrBRLETR a§fhﬁc£bsn5§nesr85x1 ¢ heikss The
reactlon product of the titani um conmpound conponent (A) ﬁ ﬁosphorus
conpound confPRPRiPEY i3 FE%IE?éHmFFbﬁ?Fh@nréEEFFéﬂgs?§FéﬁF?ﬁereof by way

of, 10 for emaﬂpfemoagceptCAﬁngﬁhcsedTn@HEaENOBNtieﬁtnent or, filtration

and the isol at ed reactlo r odu 0 refl

A Catayst for t nerBE oHGER CERCOPE  FBL pBFGRaRE, LiBpnE RN, LOF PEAAREIEE: on
product may b peiyeeﬂebycomprlseanpleeace¢oyspabﬁuztngf15 theandéamt i on
product from t 4 t rae t hyl al cohol
and/ or water, é°$§8%%§ ?é## 853 Ylgﬂ éﬂgg%ﬁ8§g EBHE cggalyst. In the
proces$0f or p¢@mn@nﬁgtth@)p@hy@btﬁﬁléfbgrégéh@lnﬁdehﬂuéﬁtaal

polyneri zati ogeséafhEpgrmaterial 20 conprising at |east one nenber sel ected
from al kyl enegfycol esters of aromatic difunctional carboxylic acids and

pol ymers” having a FB% HeGRB&UBf CRBPOHBI SaTPEReTE| (BdnkFaPlenépPEotheis
pol yneri zed I@at@gy@tesen@neopréb@nabgneeﬁembhoaeﬂpgabahyat 18asknohbe

ft t t d th th t of
Phe catal yst TRRPGF neepCRElar 2amnEhe " PRoHP| FRRDISEI0P BF( EhEARTAPons

cont ai néd the¢®mpowsdes(ablrebedsehtée bp 4b8 batddwdngt hentshadl nol ar
amount in nil%% ? ﬁe f\the aromatic 30 difunctional carboxylic acids
contained in e po |zat|on starting material. The catal yst amount is
preferably 10 to 25@6on thf_sane basis as nentioned above. |f the catal yst
is enployed in an anount of Iggs than 10% the effect of the catalyst for
pronoting the 35 polynerizatipn reactli on of the polynerization-starting
material is insufficient, thus the prloduction efficiency for the polyester
is insabficient andghys—apof yeser R5 havibg a target degree of

pol ymeri zation is not obtajned. Also| if the catalyst is enployed in an
anount of nore than 40% the resultant polyester has an unsatisfactory
color tone, (b value) and js @Ri'ghtly ol ored yell owi sh 5 and thus exhibits
an unsatisfactory utilizabrtity in practice. In the alkyleneglycol esters
of the aromatic dlfunctlonal carboxX |ic acids usable

pol yneri zat i ohRt WREFRgERETBLRAl 19 or Rt HERFGIRES AN an@“b]r P AV RNt i on
for praduci ng2tbe poly&sben atbﬁsarpﬂBEEEaHlyf&ntbl6nahrbanbak¢hsc pci ds -
are preferabl select ht ha agi d i | .
naphthalenedl 58§§P|§ % g££§9§ﬁe%£l |g3r 9fé§89ggg& 1 %8 i and
d|phenylsuIfoheﬂanaumoaympouadsd(2150Utpheﬁ9lbvhéﬁdtéaﬁ90299|élééﬂdum
d'phe“y'etherg 698é¥'k y26kdendi ghgEe xekaéméﬁaC@& O%YEhCaEBthlé”d
(3hydr oet hoxybe 0|c aC| nore préferably terephthalic_acid
naphthalenedlB@lh@&?bpéyéé?daCAﬁ§orePﬁésapk9ﬁehEgF9€of@léPElBHeﬂéPSSF}

sel ect gg fron}gpmgigykgﬁgglycol trimet hyl enegl ycol, tetramethyl eneglycol,
neopent yl gl ycol and hexanethyleneglycol The alkeleneglycol esters of the
aromati c difunctional carboxyucnanyds and/ or oligoners may be produced by
any process. Usually, t ey are produced 25 by heat-reacting an aromatic
di functional carboxylic(d or an ester-produm?gI erivative thereof with
an al kyl enegl ycol or an esiér-producing derivative thereof. For exanple,

et hyl enegl ycol ester of terephthalic acid and oligonmers thereof which are

used agsa Sta{ﬁ'&ghéﬁ @8&&&&3'( on, pH'¥§b?¥5§ﬂ€stﬁﬁe@HEéabﬁtSfWQ|kobﬂ

explalned bel ow. g are usual 'y’ produced by directl é eSterifying
t er epht hal i ¢ BEREEHR hYe?h?PeﬁegPFcéPhyéFlB?slﬁfeFB%t FPReEhG a | over al kyl

ester of teregalp@gtgoggqgcmhbmdethyIeneglycol or by addition-reacting
terephthalic 35 acid with ethyl ene oxide. Al so, trinethyleneglycol ester of

terephthalic acid and/or oligoners thereof which are used as a starting




- 16 material for polytrinethylene terephthalate will be explai ned bel ow.
They are usually produced by directly esterifying terephthalic acid with
trimethyl eneglycol, or by interesterifying a | ower al kyl ester of
terephthalic 5 acid with trinethyl eneglycol, or by addition reacting
terephthalic acid with trimethyl eneoxi de~ Fhe above- nenti oned

al kyl enegl ycol esters of aromatic difunctional carboxylic acids and/or

ol i goners t hereof, §%§ ﬁ@ ng ed t et her with other d|fund%#onal 10
carboxylic esters copol YHSrE: MRE SEEPERENS orfdd & fpr the

ol i gomers, as aataddstloﬁakheomw@memm 1mwamtummmmdmpﬁléubraﬂeméasﬂ dmess,
preferably 5 oL o b I I the acid
conmponent, ”PEEBégS%eléé%gg,%%%%a%%e %%OE %%r ggs %ﬂﬁ% cau e the effect
of the proceserPr?ﬁénﬁﬁés@Httmﬁvé@ﬂﬂdwlm@ @@mﬁn&ieﬁﬂnmuﬂalkk%ﬁbﬂed The
pr ef erablsy copol yneri zabl e addi ti onal conponent may be selected fromesters
of an acid conponent conprisifg at | east one nenber selected from for 20
exanpl e, aliphalic and cycloq i phatic difunctional dicarboxylic acids, for
exanpl e, adi pic aci d,g sebaci ¢ aci ¢cgmdl ,1,4-.cycl ohgxanedi car boxylic aC|d
and hydr oxycar boxylic aci ds, |f or exanple - (3hydr oxyet hoxybenzoi c acid and
p- hydr oxybenzoic acid with 2 . a glycol conponent conprising at |east one
menber sel ected fron1a|iphatic cycl oal i phatic and aronatic di ol conpounds,

for exanpl e, akkylgredl yeehsiBaykng )2 qr 0
1, 4- cycl ohexanedi net hanol , neopgnty)gls rgB&%F%gE%no A E%'egIéb endI S,

and pol yoxyal k¥r eAe5FPEEEENtS0aPr 1RKRIBE s CoPTt He ddiCesiim e @i idnal

conmponent s naylbeleﬂﬁ|deﬂzaié§£é§ént§ #n Mixd Wb Se OEut v 8F FBHELLbEEEaf.
The content of th; addi ti naI gpgnegbs in the COHF|yﬁEFS must. be in the
n 8s

above- ment i one8*¥an§&°"Pn Pﬂé"ﬁr f CBREOPr BLEMS i RF&TEISR Mo b 39
produci ng the pol gesben, atopsecedundkyd whbap hheicat al et 2i0s caddet i nto
t he pol riza st eri al y f stage before
the Start of - eEOs! BEERBAREL™S 8 32Y caR b RE SR an TR

di functi onal aebcﬁyﬁnGSaéndlathybenegI?Gothestwp &f gnowpsgmaprbehEheof

and the Cataly§5m@dghnlaQEOS@gBEeogaﬁl??egéﬁE'@goﬂugagﬁ dhegonventi onal
met hod. For exanple, after a 5 preparation of an arqmatic d| uncti onal

carboxylic ester isiBofPPef8aCtaCBoPEPABRtOPESERRY §i5RNd UacomMpOUngay be
added into thecpmgpaéatl@A)swstﬁnthéOpabaphoaugobbmpbuaatb@mpbaeaklqmo or

t he cat st ma added into Lon s bef or.e t e preparatlon
of the %6yarona aB |?unctF8%aFysgr8§x$% Pé? ?nh8§§P%éP”mIPﬁ t he
starting naterpabdeclaGtehetpelseatermgpnateraaﬂYLslﬁedhenteacheomeaction

system In the PBQQéﬁso@ftEQet@Eﬁﬁgﬁﬁ bBMEthQ”coﬁB@h@n&s(ﬂg Meq fhe
limtation to tge conditions for the Bro uction 15 of pol yest er

Preferably, thBPBEPYRERFzGPTBRUPEAEPT ﬂnPEtcaPPvedhﬁuFaaﬂoa“beW%ePatBP@ of
230 to 320C oramodet bbethebteptnatmosphpbundptenpvhendr (A)r educedms of

pressur for ex a to r under .th onbln tlons
of the 2€ove n%n rgﬁgd $O&ngraﬁup %dwaﬁﬁﬁ%t °§Eo$8:%§% §1 ggsure
for 15 to 300 nhnapberusncomEOpndcesspohenhe(bnesentemmsenﬁI@nmoﬂhg
reacti on syste p I éHKEHI { i Ot s f X | e,
trimethyl phosE gﬁgeaﬁ%%ré%er W t anot Slégidllttl'zlillggr exfa f)}Itmﬁ i
ant i oxi dant r i §7 oMRFe BT EEGTABAHr bF hgSabent ; 2f Pane- retardant

fl uorescent brightenh8gpRgeBE, ' dﬁlaﬁbeﬁtngmageaE t%eleﬁtbdae&eewmyddna
agent agg antl-foanlna agﬁnt at an¥ n_the 5 ¥est§ pr.oducti on
procedu Fur $RBPONERt s {R2| §Nr EGEIMS: 8 tﬁemedFBr PUPHe 30 tpSRPESFer
during the pol gesher peddusttonapraceduatg, samcofoprbdnetsegulmbﬂag agent

comprising at LSS&RFQ“anﬁﬁgﬁbléﬁéfc ?€a§%8ﬂ‘8éﬁ BLfia 'Hﬁdc%hgrhﬂﬂ ers
pi gments, for éxa ene ane |no raqul none and
phthalocyanlneObIueecbhbanmgmpﬁgﬁmﬁtBeramdlenblgaﬁpetasn@ﬁuencolor|ng
pi gnents nmay b?nﬁl?ﬁguh@t91£QﬁlﬁﬁaEBhBBuﬁM§te”‘ Al so, in the process of the

present invention for producin pol yester, a conventional cobalt - 18
35 lso, the phrase "an amount (m,) of the phosphorus
compound component (B) in terms of a molar amount of

phosphorus atoms" refers to a total sum of products of



cont ai ni ng i norgani ¢ bl ue-col oring pignent, which causes the nelting heat
stability of polyester to be decreased, is not necessary as a col or tone
regul ating agent to the polyester, and thus the resultant polyester of the
5 present invention is preferably substantially free fromcobalt. The
pol yest er obtai ned by the process of the %résent invention usually exhibits
an L value of 80.0 or nore and a b value of -2.0 to 5.0, determ ned by a
HUINTER col or 1 €€ BP! Shailliablle bn¥abiBrs lRabdditls Shd cide
resul t ant poI%%%?%rgﬁggﬁeghggit téo FOM/abmhi eness and thus may not forma
shaped pol yestwenbersiefethavphgspharyR ahPmenees medagsdiuicantHmas iidnl
use. Al so, 'ftﬁ@eill?dfl@.li.&lﬁ?lspbeé\%hb?ﬂ@ CgmBou}nﬁ%.re?I%Iet dpforesd er may 15
e ye

have too high a blueing effecC ereas th | owi,ng effect of the
pol yest er mayCPBPPBRASFaft ke, fPFmpha KIva)uEonsaddr @ aPe 0, the
resul tast polygssphofay exbmbi petonoleghla wel ke dgddffientaland t hus may

b bj d h d ' Lcall fyl,
ol yoster ar (PRrarieros BORERTbARe, *platc el b Tent Wi dhe riHE be e

i nvention, theathvphaspherpsetempbhpd82nokemmse ofner eodeaf eamehint 8% or
more, and th ks et @bl Ke- Lafle! Astthe PR RIALL adoudt G O
4.0. 25 The Epe%%ﬁﬁggﬁﬁ Bgég ue o% ?heapglygstef obf%ined by the process of
the present i|i®wehtPbaspBogusefAMRENBy the fol | owi ng nethod. Nanely, a

sanpl e 19f the pol ygréRr the FBhEedoatl ma1heMpakabung, A ggoﬁolt@thaYl?ﬁ!JUE for
a I CKNess

10 m nutes, the 30 polyester nme|t is fornmed into g plate havin
of 3.0 1.0 nﬁfbn'%gmﬁ MnWHﬁﬁlﬁLQt@mSHBF Pgnégﬁaﬁéng&FWbFQWRP Mt ming, the
pol yester pl agémpsnenel efl)i isi eeovwatenh, the cesudtapitatomtialydt ethyat 160C

for one hour, the drjed ate .l s subj.ected.to a.cr | i zaty 0 5 L
treat nent, th%a?ﬁgu#bﬁn?BEngéerpﬁpgggagoHyaugﬁg¥%§%§Vfﬁéggdggéﬁﬁ%rd
whi t eness andegkbibptoandiingasisbfhotory- codorditbher dregpansrdr whedBness) use
and t hgccol or neg.. o d e t S r UNTER
col or géffereﬁég %%t%?gpﬁﬁagﬁgﬁgRP§%6,?Eégg%ﬁﬁcﬁﬁwcﬁg%f%ka .éﬂ¥ﬁguiglyester
produced by theapgtdeBsHOLRrt FatpPeBedf, 518 nveREI BR2BoAE 4irnB2BERYt HheMal | y

no cobalt atopRedgmbdAE bEORhE €@kahilLfnNeompound icethpoaaltd (@NHcUKbo The

cobalt atom contajni polyester. is_disadyantageoQus,i.n that, st.e
exhibits a | oW“?r@#ti ﬂ@ehési“*@%&f}ﬁ FF?;%XE& S‘aéfa&’ﬁ?x}b eq"c@ olsngsgi.fy ('Iel‘{o T ase
"a pol yest er cahadyvhingad@isubygt fintri &hkeypmodusttdlon atforkdie meflgrestear a

pol yestgr producedmyyt | Qyi obalit GO u #A color
tone-r?@ulating aggﬁ% E?Egnggﬁygébpggﬁﬁgn?ggtgﬁyggga%}ﬁﬁiu;containing no
cobalt atons 8ermudd fZonbehblaebéeenthei sasandygBalcompowisund. Theref ore,

the polyester ghpdrehe (Rhe3ABLLLBYCRE AR TBY te@HadilksdlkRld, aqs derived
froma cobalt cohpound added to the ester far a .purpose other than the

a oly
pur poses of tRE2EBLEy F&ﬁéPéBGI&?F56%H§859d§ﬁdtﬁﬁ@“&é?hlyst. The pol yester
of the presentetpuebBbpebppiketier,abliyanfuhas et rapriopaixiafe ,s@nd tfidragiigm

articl.es having_an er.age parti Si f ~ re.jm 00
Bart: clzgs/g g#eggggtgéﬁéﬁgfhg‘nfio?g#(g% Lﬁé?f‘?‘&%'c?ﬁ?reﬁ?%}m?ﬁ%'m&t%%a{%’éoo L
particles/g otriessanbkeskagd bexaaflkyileditdtaniadeasel t Aiend rdigfoddture
and an 25 Incyegsgihh BRCk-RIREXILES! Unibf WalG SPHIYNG RIS ro are

significantly restricte e content o e foreign particles is nore
preferably 450hpapPhPEPBSrYSoFompeyndst vepbdsr &gy éﬁ’@r AP G0 PHIH AL/ g

or less. Tn theepglyeatablyf empopeasenbairtyeiliadly Widtaiidieated in a
nitrogen gas atnnsghere,gt a tenﬁerature og 290C f.or égigln es, éégﬁgably
the nuier of tBEEaRUEE*XIFCHABKBGRE PREERTAGLY: RIBISNPES £ iR RIS
limted to 4. Onegntiahents/ 1, 000 kg or | ess. When the breakage nunber of
the backbone chai ngy,gf | REARQKY B3lBLuIRILCT 3 hsdbiled ¢l (BRIl A 1, 000
kg or less, the defericoration o e polyest'er during the nelt-shaping
procedur es i scompoRpd spapPhessnt( Py ASsPrPdus@damy HeRSting dthani cal
properties ang; E%ﬁiﬁﬁl' ebmpedadal (e cthaped ganldralie fatdia | Py aviach The
above-nentloneé reakage _nunber of ,the hackbaone chai ns of. the pol yester

mol ecul38s i s ABPBabifr BPAYSBIrPo¥idicgaceaPerts HNOBENEFr | ess, still nore

.preferably 3£5rpgubvakenysol, a0Bykeides! esereot .t hahewlamatariof the
present inventiogn %Eere i limtation to t.he

, . _ T BisEy1o0l
vi scosity thePgé¥c2 BéVﬂbg g%é%gﬁ%#ihﬁfcgﬂqgﬁiﬁt Qﬁu%ﬂu;fgfléﬁﬁ(%he



10 polyester is preferably in the range of fromO0.55 to 1.0. Wen the
intrinsic viscosity is in the above-nentioned range, the nelt-processing
can be easily carried out and the resultant shaped article exhibits a high
mechani cal strength. The above-nentioned intrinsic viscosity of the 15

pol yester is nore preferably in the range d0 -+om 0.60 to 0.90, still nore
preferably fron10.62 to 0.80. The intrinsic viscosity of the polyester is

determned in a sol i n orthochl orophenol at a tenperature of 35C. 20
EXAVPLES The pr fﬁ%n hereqf 13reerrererably | sekecae@dfpgmt RBthaliew ng

exanpl es whi ch @y#d Notrimé ENdere taci@sStHdwind N1 6£OPSc 08 4k Ppresent
invention. In the exagfles t he Zﬁﬁtntrlqiép VI SCOS| t he color tone, the
e

{
titani um cont ey TN HFIS 13196 14ef P h tlb%r%?ev%smeat%a%ﬁi of
foreign matter sty ed Ravtiwibankyf | Exﬂmwnrmkimlémmydﬂﬂ@ethﬁhﬂ@hthﬂg geat

tabilit te th

SLa0111 1), 2 ek sred ety 5 A B o RISk D1 By granes
pol yest er pol yridre mm@mmMMGmaﬂmgnwwmtswmnmm a)fhi@hz

pol yester pol yngfs iy «F tphoeh! of ltiﬁa%cffé}deféelapof% tet rre 35C. 35

(2) Color tone (L value and b value A sa ted at a
t enperature of © rloyed 290C under vacuun1for 10 m nutes, the nelted pol yner

W?S formed int Oda plmtee ﬂ‘wa/df b dﬂﬁl&@aﬁﬁdﬁ{uﬁn Cborﬂp&nm% oM rwﬂwr%liwm
pl ate an |mm|at ly. after t rmn e pol.yner was, I api

cool ed |ﬂ0|ce Wt Bt %9u? oSt §HE g&ﬁ%%?ﬁ%s?%ﬁ ?Q%tlon
treatment at 18G® fus amerltm:ljrquti h:y (nrlysnlraj Iﬁlmachxpnﬁa/trmj o bieaveexpl e ed

on 2 plate havia s ANk A S P08 e 0T dLLL o ence

met er (HUNTER type c erence meter NOLTA
CO.) 10 ready fRSFtism Oaﬁwcﬁlt%@ﬁﬂhaarpa_lwnquo acidee of tlma pol ymer

plate surface . yRAHE L Hurds NS 1 Sl dirf ft@feerga\fa% T -3 {Ih?nd- val ue
represe and the |arger the L val uge, hi g ler t

Illance
brilli an]tci rloéﬁw e B RN QeIRugItk( %)hé%rté‘@ FLAENEA |3 ng

effect. (3) T| Irmaltu.mgcwﬁeerrteali‘tl@ai aliyaturbhet id Hdnpareiirntoofo agat al yst
conpound was determ ned b u5|n a fluorescent X-ragﬂneasurenent apparatus

(model : 3270 n#dQ°ByIRFGA umKnK £S20r (BPrREe| PrA§erabiysesbBli ty RSIOVEst er

pellets were p&@geqoiadagyeﬁxﬁu&ggp havi ng an outside dianmeter of 10 nm an
i nsi de di aneter of nn1and a length of 250 mmand imersed in a bath, in a

nitrogen gas at m)spﬁélr EheressEE gy therg At &9 SPardifloFastriftdian dience
in intriadic vitheosieay tdfort rpecemlumst ahda thel e dieinveem ef ore and after

Vi'scosi ty di {1 BRARAeL Y e (e Ua et GRS o ATSRRe e o
backbone chai nPressuxe - poﬂ%@sﬁ@ﬂVQQtnﬁbgcmhesap@Ne}m@mlnqyaﬂ.nﬂaytpmkyester
Porbr o “SaSiil, SendenBcaste Rl PR U SO e
3.07 x 10-' 3.@7Perfaon or a 1 amount of the compounds of the
25 formula (II) or the anhydrides thereof. The solvent is
preferably selected from ethyl alcohol, ethyleneglycol,
trimethyleneglycol, tetramethylenglycol, benzene and
xylene.
There is no specific limitation to the reaction
30 molar ratio of the titanium compounds (1) with the
compounds of the formula (II) or anhydrides thereof.
However, if the proportion of the titanium compound (1)
is too high, the resultant polyester may exhibit an
unsatisfactory color tone and too low a softening
35 temperature. If the proportion of the titanium
compound (1) is too low, the resultant catalyst may
exhibit an insufficient catalytic activity for promoting



- 22 in which equation, IVo represents an intrinsic viscosity of the

pol yester before the heat treatnent and IVl represents an intrinsic
viscosity of the polyester after the heat treatnment. 5 (5) Layer of foreign
matt er adhered around a neltextrudi ng orli'qg. A pol yester was pelletized
and nelted at 290C, and the polyester nelt” was extruded through 12 orifices
each having a hole dianeter of 0.15 nmm at a taking-up speed 10 of 600

mmn, for 2 gggspoI?ﬁegghghgogfrgabeygh of foreign matter adhered to the
perlphery of the extru orifice was neasured. The higher the

adhered foreign na@F@PrPéyggY'tﬁBelSﬁéFtﬂﬁé rediagt 3&d 0P % Hdeext r uded
fhlanentary st%eaﬁﬁu?5cehthadpoky¢sterFﬁelFﬁm@ﬁbgaﬁ;@gft?@d the | ower the
shapi n rope Q ol yester. . ei 0

Forei gn mmteFovadie' RS0 L EhE! aphaiEstes, REcRRLI s onales il 471

pol yest ér . (6;0Tﬁé5munﬁhe_oéatbiehgprpductcbésth@ AbsampMQnﬂiqnqﬁﬂyner in
an amount of }ggcgﬁoﬁﬁﬁggi§§°L§83ﬁ59e30t81t8F ?%é%l ar &%%% d the

resul tant sol utron was ere rough a polytetra Iuo oet hy en rane
filter havi ngthf apewengestienefl Bhogphayus grapevad dﬁ)ZWthﬂUGtradenark

T300A, 25 ”adfe?YanyAUIEQfgeF %efin@nbeﬁﬁgrébﬂE%lgk %§Qdﬁ@qe%yaar6dUCEd

pressure of 2.6 kPa. "The nunber of foréign particles Collected on the
filter was coEﬁFéMSE?lééFﬁﬁlaﬁ spereaf Withodcsperysihaliieiseneaantof the

forelgnopartlﬁbQSenam UeQf atbBeoRB! YNBENYAS atabliblakad/ 030 eEngpl e 1
Preparation o Iyst A) Ethyleneglycol in an anount of 2.5 parts by

wei ght was d|§§8?928 in 0.8 part by weight, and then into the resultant
solution, titaniunthethaebphospbderna aompooundt (35 okpledepaed by wheght &

(Correspond'”geh§5955f89hg%§ g§§f? 89a£$§e@8kaEhé up%gakrhr'%%hg&aaa

anhydri de) wa W se n the r reacti on system
was mai nt ai negcBPoReRENHB) at the 65‘8@(?#%4 BOOWPHUPESCi26 LYY i t ani um

tetrabQGOXIde%ﬁbﬁbstféﬁ?bééhtédaﬁ9Yﬂ*hﬂ@yEHHbé(héKEhﬁiﬁaE@@ﬁﬁléf éheduct .
Ther eaft er stem was, cool ed to room tenper.ature, and was

reactjo nE
T xed vi th 150BaPPEeo5URBEERESBES acotBROSUREEE BRCRESULAALE Gy oCoR £ at i on
was col | ect edekgmplet r at capberdldgredpat adky@npeoapsl, eaohyligo&kyfloigrdupour s.
The resultanta gagglgml roduct (titanium conmpound (2)) had a 10 titanium
content of 11%8%p P.97RER; 3.6 parts by wei ght of phenyl phosphonic
acid were dlssolveﬂhﬁnpmeipbarus compengds ¢OB)evfiytbregepesklby heating at

a_tenpepat urefeiméig ﬁfm)lgr@ eaiéétea’hfresﬁsuh&aﬁkoﬁbayE%agglsxeqag 3@l ution
in an anount of 15 134,5 parts urther_ a pa arts by

wei ght of et hEPENRYRPRAE, ahanY%PPﬂépgengtéﬁ%dsoWGFPMAPhQSBhB§#Fs by
wei ght of theaébayeetiRfilpRoeghbhianadid¢coppoeppliiphdsphenecdagsidl,ved. The

| t ant fi L itated t t f J120C f 20 60
T nutes to prbOUBECRY FBAEPY DA B ottt o FRAPPPRRCORTCBREStnd (2) wi th
phenyl phosphohdty dphdsphonket acitdl oxellytphesphofiia satdlyst (A) containing
the reggtion Bi?ﬂ&?&bﬁ%@s%ﬂ&ﬁi@eﬁciJhen H£ﬁ¥ Pﬁoéﬁﬁ?ﬁ§EaEXEH (A) had a

titani um conten lon O yest er
Ter epht hal i c @@thorﬁlahoahenhﬁ @¢l@662p9¢¥ OHylmbﬁgnipaﬁapé9ﬁ9Feﬁ@gﬁyco| in

an anmount of §5cQﬁbbﬁﬁﬁﬁeﬂ?lﬁﬁésﬁﬁéﬁléUQ&E&%e@ &9r98x9§hehyﬁpﬁahpﬁanlc

reaction mnth e g gt eélggrboxy gﬁ?&gﬁgsghonlc ac:.ge resul tant
2 ,4-dicarboxyphenylphosphonic acid,

30 2,5-dicarboxyphenylphosphonic acid,
2,6-dicarboxyphenylphosphonic acid,
3,4-dicaiboxyphenylphosphonic acid,
3,5-dicarboxyphenylphosphonic acid,
2,3,4-tricarboxyphenylphosphonic acid,

35 2,3,5-tricarboxyphenylphosphonic acid,
2,3,6-tricarboxyphenylphosphonic acid,
2,4,5-tricarboxyphenylphosphonic acid,



30 reaction product was placed in a polynerization flask equipped with a
refining distillation colum, and was m xed with the slurry of catalyst (A
as a polynerization catalyst, in an anmnount of 0.95 parts by wei ght
(corresponding to 20 x 10'3 nolars in terns of titanium 35 atons based on

t he nol ar amount of terephthalic acid) andl2 - 24 wth a color
tone-regul ati ng agent consisting of TERAZOLE BLUE i n an anount of 0.0002
part by weight, The resultant reaction systemwas heated to a tenperature

of 285C under £mé:8mTeRerRONFEEPREYEPHPEPEGNE C gL isl 3Phamuirhesahimniicer
heated at the abade- MeRhiyopRdsbRIRgEakUia,URERN 1phoatnGed PrRsre of 4.0
kPa (30 mmHg) for 13 ginubes: and.atiLI further heated at the
aboverent i onedPF SREEPAPGPEIPSF #5849 AGPRL ORNILPEOSRY Ind L A ppr essur e was
gradual 'y redubstiydpiospbinéactcad,sysleiphdspadindgi taatield, to conplete the
[ ask wae 2880 Log PRRSph Il il L LNy BRop BRI fE < Y0’ 37" iy The
resul tant pol yéépbenyaphasphanicnsrédvi démethylphospbddiclBclidg t est
results are shgye+h915h8 i es raty Exanples 1 to
4 In each of Eéggg%grgpgéggiéﬁgfggﬁgéréﬁPig?E%E%gsggq%:gq%fﬁgé Q%;alyst was
prepared by th BY183C| ACEYanBleuRtIARNSPIILyESt &C1lfas
prepared by theisalglpRoppReriyr 86ias Hnxkxanphesphigieeplcildhat the P/ Ti

nol ar rq&}o of ,the cata ﬁt nd.the anount t he cat%L st used in the

pol yest er prodﬁ%P?Bﬁeﬂﬁhé eﬁaﬁbﬁﬁctﬁci OSBaBBtEKERﬁ°?R FRBCe 881%he test
results are shambhralphbsphini&xaopie B-2arBospphahydphobpbdhdlyatidB) A

ot “phenyl phosphoar co3ey BtEhE EnSrp Rt YL T80k 00 Bt by h R b o8 paB e
sol ution. I|nto3%34,62pardicayboryphenpirhpepbingteaegtycol 30 sol ution, 3.4
esul t i react | an S e 8 Tt ure of 120C Tor 60
ninutesﬂ A mhi%e-éﬁ%%?éﬂ°§¥a ?QQtBﬁ?%PRiﬂﬁcaaF?@aniun1conpound (1) was

obt ai ned as a Za6adysarb&xypHéey Bbhiosyh batc aadbdfi t ani um content of 0. 3% by
wei ght. Preparatj on. I ter - 25. A pol.yester was prepared by the
same procedureg’%s@f§£E§%£g?%g§¥f%&%%%?l?h%ta?ﬁ%’cataIyst (B) produced by

t he above- nent 3 oPredipapoedypkenywshesphbyed asidhe pol ynerization catal yst.

The test resul3 53 p o hoiLbfySndapl shdspFKAID! fofaPr eparation of
| e W

polyestﬁr A rgfcgl n vessel e a refining distillation colum
was chafded wif h3 197EHEFREPRXY PheSRRiBiFedFde/ t erepht hal ate, 124
parts by wei gh?, df6ethyberiegtysioénplwh®s pRipde tadydyei ght of cal ci um

acetate; the chajged mxture was subjected.to an interesterification
reaction at a ?é%b%r% b?%ﬁ%)xgﬁkﬁf§i%9%ﬁp ?ﬁ&?e%%T?ant met hyl al cohol in a
theoretical 152 ghafttxycawzox vyl piyosplapoiataobd, t he reaction mxture

was added w t hy0g PD_PEE ey s phosphosi£qacid, to conplete a first
st age of reactipnegThen ?ﬁ%Pabdggb%eﬁiloned reactfon mxture was placed in

a pol ymeri zat i DE ¢ 3 2GRV IR W RHPSPR 3151 2 di sti | | ati on col umm, and 20
mxed with a pelyeicaabooyplaiyl pstossHibh5d i a@i@f the catalyst (A) slurry
prepared by the, s procedures .as | ample 1 in an anobunt of 3.2 parts
by wei ght (coﬁlessﬁ%rﬁﬁ C PR )ﬁﬁr%’a’?ﬁ%n?% ound (2) in

bis(2,4-dicarboxyphenyl)phosphinic acid,
bis(2,5-dicarboxyphenyl)phosphinic acid,

30 bis(2,6-dicarboxyphenyl)phosphinic acid,
bis(3,4-dicarboxyphenyl)phosphinic acid,
bis(3,5-dicarboxyphenyl)phosphinic acid,
bis(2,3,4-tricarboxyphenyl)phosphinic acid,
bis(2,3,5-tricarboxyphenyl)phosphinic acid,

35 bis(2,3,6-tricarboxyphenyl)phosphinic acid,
bis(2,4,5-tricarboxyphenyl)phosphinic acid, and
bis(2,4,6-tricarboxyphenyl)phosphinic acid.



terns of nolar anmount of titanium atons,of 20 x 10-3% 25 based on the
nol ar anmount of dinethyl terephthalate) and '~ a col or tone-regul ating
agent consisting of TERAZOLE BLUE i n an anount of 0.0002 part by weight.
The resultant reaction systemwas heated,,0_a tenperature of 285C under the
anbi ent atnospheric pressure for 30 mnutes and 30 further heated at the
above-nentioned tenperature under a reduced pressure of 4.0 kPa (30 mrHg)
for 15 m nutes t(’ﬁHé“ﬁ%EbéfE%i&@ﬁ5fOﬁhea@QE@%ny themi oRedeiparssmre of

the reaction systemwas gradual |y reduce and the reaction system was
still furtherCORRAE ﬁOWH@%*bVéBSa n%%n&&ofeﬁ‘ﬁ’évﬁt ﬁ?@pﬂ#allo ni nut es

whi | e agit at iggngddiferi©aaly ol systeied touepnpbet exthplegabyi mixihg the

fl ask, - 26 the final_jinside tenperatufe S 5 final inside

pressure wasqﬁﬂHPqﬁPY(L%m’99mﬁﬁ%sga ?Esﬁ??§?t°§§|§é§9§P5E§8 an intrinsic

vi scosi 5y of dbigdundhe3 ) esf tlsufosmeiat hBIppl yBtoer 8PEVEALWACIn 5 Tabl e

1. Conparati ve. %ﬁ?ée %&@P&;(eé}eélyvaémgﬁgpaggdtgg bhespaBBuBr ocedures as
% ep thato" as

in Exanmple 7, a polynerization catal i t.ani um

st
t et r abut oxi decarpownp| eyrerRnent (B tat Bh§stolverbnt éﬂfilaﬁddFHBWéﬁﬁunt of
t he cat?lysf éﬂéﬂ{i%gﬁg?ﬁxggﬁﬁ¢ﬁ§@ §@m§5ﬂénth¢Agnmuagoegethis catalyst in
terns of nolar amount of titaniumato ecame x 10- ase A
nol ar anount Qﬂmﬁﬁ¢ﬁ%?wiBléP%§ﬁ?ﬁ%fa?gg gﬁﬁgfﬁgt8P855F93§538%5ﬁS%EtﬁﬁﬁTable
1. 15 Eyanpl e 3 FLepag %'a n%kp;géré‘t@%y%t@rté\ POLYESESF NeSedd€GH egity the

sanme procedur as in 7 except that, as a polynerization catalyst,

the same catahFsio (Binstes ror atotrs, Eypapbeablyas028oedpldgefor The t est
results are shown in Table 1, Cbngarative Exanpl; 6 Eneparation of a :
catal yst (C) Teaeeien(iin@npfdtp deowdd BiBEbPTedPnt8ASakBa5EL8P 25 0.80 °

part by wei ghthépfeetfiyhoaspebofic| binitheioastbt ahe sehotion, poessupart by
wei ght of titaniumtetrabutoxide was_adde r L.Se e nesultant
reaction systﬁh?mﬁ%aﬁg+ﬁni%a¥h eaF?r5fﬁ§s§ng§8§% eprgﬁgug%b#gﬁ? th

at nospheri c pgessupe) pton thepembiene etm86pheuic6Pressures ©F Beact 30
titaniumtetrabytoxide with fri ht nhydride,gnd ;i;0,39@14kke reaction
product. Aftel® H%e?e%ﬁ?f%%rénég?hg&agﬁngfEtﬁé){egg?Léﬁ gysten?ﬁas cool ed
to room t enpecatuiedandt nirddrnwihf 2BbpantsabPoRPERLCoPrEEEVERe, and t he
resul tant precipitahlogoyeeneohkgstedsBy thkt eahpenenthqals coapurlisdmi

catalyst (O had a titaniumcontent .of 12%_.by. wei_ght . - Rr ration
of a %olygs%th% BBPFBEPEFSWES™BPERSr &4 b?ft%gesgggmﬁggbéééﬁésfggp?#%

Exanpl @07, exeephlybatprapaaapobyunesi nati damdaed ot speisd fdlsoveliventisoned
catal yst (C) was | gye n a G QRaC eRlaaliino R tan alshe aanount
of the catalygF %%ﬁgsg%r?hgmngogggt?gﬁlg§§§8 ?hat theléhnunt gf tﬁé

catal yst (C) partépnsoéf thel RhOGRBEENSOFOMPPARAFCTPOREMeddite 20 x 10- 3~

based on the g?%g&ram?wt t8k dbTpkhy! chbapenkekalaat deakd Bne memberesul ts
are shown in Table 1.
selected from, for example, ethyl alcohol,
25 ethyleneglycol, trimethyleneglycol, tetramethyleneglycol,
benzene and xylene. Particularly, the solvent comprises
a glycol compound the same as the glycol component from
which the target polyester is prepared.
In the catalyst-preparation reaction as mentioned
30 above, the mixing ratio of the titanium compound
component (A) and the phosphorus compound component (B)
.in the reaction system is established so that in the
reaction product produced from the titanium compound
component (A) and the phosphorus compound component (B)
35 and contained in the resultant catalyst, the ratio my, /m,
of the amount of the titanium compound component (A) in



Conparative Exanple 7 Preparation of a catalyst (D1 :° A catalyst (D) was
prepared by the sanme procedures as those for the catalyst (A) disclosed in
Exanpl e 1, 15 except that 3.6 parts by wei ght of phenyl phosphonic acid were
repl aced by 3.6 parts by wei ght of phenyl phosphite. A white-colored slurry
of the catalyst (D) was obtained. The slur¥4 thad a titaniumcontent of 0.3~
by weight. Preparation of a polyester 20 A polyester was prepared by the
same procedure% as in Exanpge 7, except th%§ as a polynerization catalyst,
the catal yst (PBFEPPolicBd™Byarha™elB e Mmemt diddHrtt ks Gertatmedyed in
an amount of 3ia paet sohponenghi A(jCebr edRoAGoNs tt @ fa YHY FhoypHatuHf
titaniunlatonsc% 25 of. 20 x 10-2 ggied on the | ar aqpunt of dinEtE¥I

t er epht hal at e) COPREUF s FOPRSAFP SHowf MR PdbPe ™R3 ATOMNYS P BXanpl e
8 A polyester whe phepphedubyatbmssapetpioeddineshas dompomemy g B), isxdapt

that as g pol y@ﬁ%i %QBPQno@aE‘ﬂ)}ﬁs 5 13¢odhanti rTP.r]¥>rter:c'ica hde Was SMployed, and
the content of the catalyst in the catalyst slurfry and the amount of the
catal yst slurrpokererasiabmidRedisoinhtbet hengsl af amdulie &f 3anti mony atons

contained in the catrabysba&tibhypPaguad] Bst efet @ i24nt ukDcdMfeRsRd on the
nmol ar anmount of 35 dinethyl terephthal ate. The test results are shown in
Table 1. - 2§°m?88F8t1(¥9veﬁﬁan§tP BFRRPFES SPMBPURS: SOMBIORSS/LTi(Bol ar

rati oAmount of isatiabjatedt from she veactioai bySakar theredfedyagaynwier of

baCkbOHQIFhain?EQeeQHHBfE,OE ESB%E%QuBQEtgghﬁﬁgktE &%h~t¥%%%%ént or,
filtration and the isolated reaction product may be
employed, without refining it, as a catalyst for the
production of the polyester, or the isolated reaction
product may be refined by, for example, recrystallizing

15 the reaction product from a recrystallizing agent, for
example, acetone, methyl alcohol and/or water, and the
refined product may be employed as a catalyst.

In the process for producing the polyester of
present invention, a polymerization-starting material

20 comprising at least one member selected from
alkyleneglycol esters of aromatic difunctional carboxylic
acids and polymers having a low degree of polymerization
(oligomers) thereof, is polymerized in the presence of
the above-mentioned catalyst.

25 In the process of the present invention for
producing the polyester, the amount of the catalyst in
terms of molar amount in millimoles of titanium atoms
contained therein is established at 10 to 40% based on
the total molar amount in millimoles of the aromatic

30 difunctional carboxylic acids contained in the
polymerization-starting material. The catalyst amount is
preferably 10 to 25% on the same basis as mentioned
above. If the catalyst is employed in an amount of less
than 10%, the effect of the catalyst for promoting the

35 polymerization reaction of the polymerization-starting
material is insufficient, thus the production efficiency
for the polyester is insufficient and thus a polyester



| ayer adher< aroun< elt- spinn: Exanple No. x'3%dl/ L b(eq./ 1 000
k(particles /orifi< ( m-~1

2. 0200. 64086. 01. 73. 0320521. 0200. 64085. 62. 23. 4290733. 0200. 64186. 02. 52. 73406E
xanpl e4 52.0 2.010 300.639 0.63985.4 85.2%55 3.22.3 3.6280 ., 3606

762. 0200. 64085. 04. 03. 0330872. 0200. 64085 247 23. 8380

, 982. 0200. 64085. 34. 44. 2400910. 5200. 64085. 47. 45. 7420923. 520Reacti on was not

carried OUt-3ﬁa9§ﬁ€aﬁtEQPgéﬂsdﬂgEeﬁabEi%@l merization is not obtained.
out . ' Conpa-42. 04507 64084. 17. 25.05209r at i ve5- 200. 64082. 19. 35. 97205Exanpl e6- 2

00. 64084. 25. 25188908%2tb2002624858L13S38MHII0SSH N0 230 FPIBYE RE FLIR0049 5
EX&?D'g 9 Pfeﬁﬁéﬁt4@3,0Ehﬁakgb¥§E8h§)pEQ bEQ@&QMﬁﬁﬂa1'ﬁﬁﬁhﬁﬁ%&%&tdﬁyz-5
parts by wei ght_ was dissol ve n 0. ar, eI 0 ri itic,

anhydri de; in?Bl?ﬁet?BgulﬁQnYaiHPdtPB ,1Fi§éﬁ£§ﬁgfbqﬂ%ﬂ%ﬁiﬁiﬁ&%ﬁy%ﬁpan
amount &f 0. 7aparthby erhgbitEcanr eaapandstgcttory muidliardbiiassd ion t he

nol ar anmount of é{lnellitic anhydri de) was added dropw se, the resultant

reaction syst T Was” i nt ai ned at a tenperature of 80C for 60 mnutes to

react titanium tet¥abthexrdbyhenrglBcodi meiteirsi ofarihedapaadiicc t o age the
reaction prodyeiundPeoRait 8arbbRG11826EHAR SLIHAD WRS L YY18hhd:A /A0Bn- - 29

starting material for the process of the present

10 invention for producing the polyester, the aromatic
difunctional carboxylic acids are preferably selected
form terephthalic acid, isophtalic acid,
naphthalenedicarboxylic acid, biphenyldicarboxylic acid,
diphenylsulfonedicarboxylic acid,

15 diphenyletherdicarboxylic acid, diphenyletherdicarboxylic

acid, diphenoxyethanedicarboxylic acid, and f-
hydroethoxybenzoic acid, more preferably terephthalic
acid and naphthalenedicarboxylic acid. Also, the
alkyleneglycols are preferably selected from

20 ethyleneglycol, trimethyleneglycol, tetramethyleneglycol,
neopentylglycol and hexamethyleneglycol.

The alkeleneglycol esters of the aromatic
difunctional carboxylic acids and/or oligomers may be
produced by any process. Usually, the they are produced

25 by heat-reacting an aromatic difunctional carboxylic acid i
or an ester-producing derivative thereof with an
alkyleneglycol or an ester-producing derivative thereof.

For example, ethyleneglycol ester of terephthalic
acid and oligomers thereof which are used as a starting

30 material for polyethylene terephthalate will be explained
below. They are usually produced by directly esterifying
terephthalic acid with ethyleneglycol, or by
interesterifying a lower alkyl ester of terephthalic acid
with ethyleneglycol or by addition-reacting terephthalic

35 acid with ethylene oxide.

Also, trimethyleneglycol ester of terephthalic acid
and/or oligomers thereof which are used as a starting



tenperature, and was mxed with 15 parts by wei ght of acetone, the
resultant precipitation was collected by filtration through a No. 5 filter
paper and dried at a tenperature of 100C for 2 hours. The resultant
reaction 5 product (titanium conpound (2)) had a titaniumcontent of 11.5%
by weight. Then, 5.6 parts by weight of 3, 5li ear boxyphenyl phosphonic acid
were mxed into 129 parts by wei ght of ethyl eneglycol and dissol ved by

heating at a 10 tenperature of 12QC f 10 m nute e resultant
et hyl enegl ycol mg%ﬁﬁt"ia&n fior R lytdimet g“rylfé‘f 59588 Slktl'tf{/i A% ght L WeRe f ur t her

added with 40 paplaihpdwiiegits.of Thely eirieyhesiegdlie @rodutkd by hbi rastdy ant
sol ution bqve nt.j.oned ti 0 und_(2)
15 were dISSO|§ggE§+?§ W§l %%g Pt%ggc%|§ﬁlsys %ﬁ%\Mﬁ%ﬁfﬁqi; é;rggi é

t enper at ur e of bY20Ctesess@riifivings a Aosflargwtlﬂgy]ﬁaﬁenwm terappdralic

sol utionof a gatal M%ttél(/ E)rlmh%.fe%gq%oiheo&a%} %’%#dl(d—:i)o Ydudomfad a

titani umcontent of_ 0, Prepar at i a po yest er
Ter epht hal i c aEPHePHtﬁﬁléﬁD@ﬁﬂdoW1$®6tﬁéﬂ@§ hyilengaititdeand et hyl enegl ycol in

an anount of 75 parTﬁebhbWngﬁanQb%eau@vﬁymﬁﬁﬁ?JYEbrﬁﬂéﬂéﬁd(Eﬁ'on
reaction with each_othe a. tenperatu of. .24 fhe resultant 25

reaction produft°Ra lﬁlg&Zanﬁlgnﬁ | G f¥&¥ﬁ1qq%ﬂﬁ<an QF SHePWaTs a
Ee;i ni ng di Ist i tharéof thynbe émqblwqedmtb@dat\lwtﬂﬁfvim ehédy mmj‘ndﬂtcﬁiaist
E) as oly 9n cat in.an _amount, 0 ar wei ght
(corresg'c?gdlngg g lfoei%ﬁ%FaF&PP%YFSF&E 5ﬁ V§%q;%@% %Bﬁy it of
tltanlun1atonsmbatedned ebeems| ar adugpmeats,t esepnt Raldit imniad) and with a

COLon, One- redebRbbAEnegeh SANa3LLRICS! 1 bEReAdR Bl ddd af Akii, 19/

0. 0002 part by we gﬁ resultant reaction syste
t enper at ure of S2B3E2HAder LRESanbRERE 99 AhSpdshari dodiags amoanttorof3ghe

m nut es; furth@élaeabmgoabnt, agolohEeaébQ%@‘%EE&%Q@%@II%%E@kﬁ&#ﬁ?cﬂﬁﬂ@r a
m nutes; and still further

reduced .pressure, of 4.0
heated 4t t he 3BHVE2HERt gﬁe%§?8ﬁﬁegét588 PGPCRES Rfn BHTSEE Y he
reacti on pressuneenhsogr adubkl gubetiaotdaddg tlegradedacti on system was

agitated, to ConplefﬁetﬁfeFF Eh%a §§Egpggg i%t'QEFWQ%n%ﬂngl E}%enkhe

i nsi de tenperature 0 e fiORaT T OACtT OF Presay
was 49.3 Pa (0M3dy hﬁ+§?le¢ﬁ@dré§9mtaﬁteﬁélQétﬁyl@ﬁédtsp@pﬁmH@Wate had an

intrinsic VISC@émpylgine ﬁéole&QtTBﬁetﬁéhbé@sgbu%c%ba $hew) irprTable 2.

Exampl e .10 to a ive each Qf anpl es 10

to gg a?g Cbnp%f%?? gﬁﬁﬁ@ilg £8 1§ ioeiegﬁﬁgec(ﬁffwag &P@Eﬁrgg by the
sane proceduredlaarboxylhe aatdéysEptE&xampEnaan&pﬁcaad1d lsepakyest er was
prepared by th§c§€n§ngrchdg%g§oﬁgxhge nggga?§§ggééggﬁb the P/ Ti nolar

rati o of the catalyst e anount o I'n the pol yester
producti on merhydhamgedrboxyhmeeaa$dshoﬂnrlaxE&bﬂe 2~B¥he test results are

102" e 2 by Ry LSRN Rt nchr DELA HARBr5EL S EnFoif, FRLups

3, 5- dicasboxypme@yy@bbsphmpbneaeidomp31b¢a§edpaueaaecohermé&bﬁrnutes to
Dol utton a4 perteetse ePeR, defefaPii St o Tillibstiag ity PEoRd G 080 e,
and the result@mmp¢@a@$voﬁ03ysxemphas agkyaecsegaycalsehpriaguie oof mp2eC f or
60 m nutes. Jl;] ?J:ﬂnQW §h4t{:?EiBﬁéﬁﬁhga%Hfth%o?f #eb Eﬂ't}{zi%;lgﬁbl?’o

was obt ai ned. e cata ution anlun1con 3% b
wei ght . Prepar%%$2#@%@laAp6F9e§%§9h9n01 S, and polyoxyalkyleneglycols,

30 or anhydrides of the esters. The additional components
may be employed alone or in a mixture of two or more
thereof. The content of the additional components in the
copolymers must be in the above-mentioned range.

In the process of the present invention for

35 producing the polyester, a procedure in which the
catalyst is added into the polymerization-starting
material may be effected in any stage before the start of



A pol yester was prepared by the sane procedures as in Exanple 9, except
that the catalyst (F) produced by 35 the above-nentioned procedures was
enpl oyed as the polynerization catalyst. The test results are shown in -
31 Table 2. Exanple 15 Preparation of a pplyester A reaction vessel
equipped with a refining 5 distillation colum was charged with 194 parts
by wei ght of dinethyl terephthalate, 124 parts by wei ght of ethyl eneglycol

and 0.12 partyhy M@iﬁﬁér?iaﬁibﬁiHéhéﬁ@bﬁtéf bheaebanged difunceiwaal
subj ected to an nteresterlflcggggn re ctlgn at a tenmperatyre of 220C, 10

after the re§%?¥%ﬁ¥y¥%?h9Flgre ePRIZYFREOPEERLAPE RN EYWES renpved by
evaporation, theréefrtand thatoaealastaddddny plroGedlrpamaybpeneiagirti el

onosEhr | 2k A7, 88 RbEYEpE1ohTLpBLEEE, O SESBLABST SRR

abovenent i onetH Was ™ p i'n a po yne rZation
equi pped wit hprepatahiog dfsanl havimehicobdfuncandnailxedrhoxylic ester

pol yrier i zat i ofy, cabahyategonsi sbilgigh bBCsSaLakysk GELatalyskomhaly

amount of 3.2 y wel g correspondi i unt of titanium
atoms of 20 xadded-ipbeethenprApardtaPnafifsfieMof t@i FEAKF 220 ter epht hal at e)

and a col or téﬁ@&ﬁ@ﬂﬂ&é%haﬁ 9688&16Hn5b§ttﬂ€ ebt AERAZOREYBLEE addean amount
of 0.0002 part by wei . The resul tantpﬁgactlog8 stemwas heated.to a

t enper at ur e o%n?%SEhﬁnHE?CPhQHaﬁEFEﬁF'a SpRef FEREEAL1PTX %0 thtnut es
and funpher hgpdwat b ameuﬁbeyenalzsanbakymmedeseeperabqeehemdautm eheduced

gagszgggrozh4 ?%Eg%gngéggEEgtg%rI ?Eag |o%%§y§§ wagggﬁagﬁa{Fé%?ggﬂced

and t he reactimbosybéeneaasieti systemt her heated at the above-nentioned f

tenperature for 30 &19h€%8?%8§?ﬁhbEetﬁﬁeb?kbeﬁtlns|§ﬁ%§5b°”tﬁ%§beqb )

conplete the reaction I na mperat ure was 285C
and the finalspecifiécplénitpbinastaotBepgopdisionsHgpr the peedueaden

pol yet Ryl ene 5§r€ﬂétpah9&§teed aﬁré?ekabﬂkostﬁeVbaqgﬁbEleELQn640 The test
results of the polyester are shown in Tab anpl e 16

Prepar at i on oteacp@oyessecanrpedyegteatmastpmﬁsaaéarﬁyOﬁh83§aﬁ9 BROCEdur es
(D) soluti on Shepdifaths Eﬁf’%ﬁﬁtia?féF‘é?ﬁ@%ﬁét EQPSE?%%' 8he Zesiee P L
are shown i n dogseupe, for example, .1 Pa to 0.1 Mpa, or under the
combined conditions of the above-mentioned temperature
20 with the above-mentioned pressure, for 15 to 300 minutes.
In the process of the present invention, the
reaction system is optionally added with a stabilizing
agent, for example, trimethyl phosphate and further with

another additive, for example, antioxidant, ultra-violet

P!
PO

25 ray-absorbing agent, flame-retardant, fluorescent
brightening agent, delustering agent, color tone-
regulating agent and anti-foaming agent at any stage in
the polyester production procedure.

Further, to finely regulate the color of the

30 polyester, during the polyester production procedure, a
color tone-regulating agent comprising at least one
member selected from organic blue-coloring pigments, for
example, ago, triphenylenethane, guinoline, anthraquinone
and phthalocyanine blue-coloring pigments, and inorganic

35 blue-coloring pigments may be mixed into the reaction
system. Also, in the process of the present invention
for producing the polyester, a conventional cobalt-



10 Table 2 ItenCatal stPro erties of of esterHeigh' P/ Ti Anount

of I ntri n- Col or Breakage_ The nunber of nol ar cat al yst si ct onenunber of of

forei gnforeicratiovis-backboneparticl esmatte: cositychai nsl ayeradher ear ouncm
el t-spi nn: Exanpl e(eq./ (particlesorificNo.x-3~dl/Lbl 000 k/(

' 92. 0200. 64086. 01. 52. 93005101. 0200. 63985- 88 03. 33006113. 0200. 63986. 22. 22. 63
348122. 0100. 64185. 32. 32. 32908Exanpl €132. 0300. 64085. 23. 03. 63609142. 0200. 6408
4.93. 62. 93407152. 0200.,64085. 24. 03. 63909162, 02Q0. 63985. 44. 14. 0410990. 5200. 64
085. 27.7~5.6 ~ﬂ?éta1G€8f§pén°if$6§l°5§éﬁéa€f’|18ﬁl%ﬁs PigTedtte MaEh fauses

vell2. O5React i eRewngli@hgehéaet edaExanmbrebZZpMWs%Q &b Be/ dzedi:e%éia@, 10
Exanple 17 Pregaratlon of catal§s Eth&leneg%&c i.n an a qf 2.5
| A 603C5arpoBy 2Ry

parts by weigh BOGaleGPEEEFYea® oﬁa nSy ﬁF%§ﬁ REN

anhydri de; intpolestesyl hadt thubuthenresuﬂaanmnpbéylealtMOnfde:hm an anount
of 0.7 payt by L . ndi,n

amount o tri nBLEPERE ARRERETARNGL B-kasz BT sAERLaRNTINY, (R Rl
reaction systeﬁphaétnaintained at a tenperature of 80C - 33 for 60

mnutes to react tikgpl FH&SFEEEQPUBB&@%W b Ehbgﬁ%'cb's% Yy gﬁe%%tt 0

age the reaction produc ereaffer actioh system was cool ed {0
room t enper at u-BYCBRAORaYSHR KLY ﬁFPHbESSpQPt§ 23 M@l@ﬁtagf 05 oFc B1ogife antch

resul t ant grecapbt ahn?a OES -~ f.obl eot Bdob%dféltbkfznaﬁteﬁnbyhhowlmmﬂl\l?ol?rfI I ter
aera rie a_tenperature or Q res n
Pegctio qbrodugfg%FFFﬁﬁrEWF 8ﬁpoug% %gg) hgalge #aﬁeﬁ §8ﬁﬁe P' F ff@% by
wei ght . 10.Thenesﬁlzaparpelygsmergmayoéxdnphenybphdgphanwmiwan@swem@d

di ssol ved in 1@%8%%& H%B"‘@bglﬂt OEhghQ&' le\é%gketg ﬁ%%' %%v%gg & ution

tenperature of m nut es tant eneglyco
in an anount ohlthwnlpanegSb§nd/eugmfu\1vasnf Qrﬁﬁéﬂcéédéée\mtlﬁlﬁﬁ@:pa-rft $hgy 15

wei ght of ethyhLepgghucel @8ds tHahhezr@SU'thé”&e%i&h%h@npoiy%s&%&‘ §1a'§ry
wei ght of the above-nentioned tltanlun1conpound (2) were dissolved.

resul t artS r eacRRBR &9t Bighad Bireinedesfest: whpsrasuitbeoyeliowing 60
mnutes to progdegeca beaeheoFopyésﬁét fbyt Be tLblvani wor2BeeQrpaurte(2) with

di phenyl phosphjnic.acid,. As t yel | sh tr rent solution of a
catal yst (Q mhs SBPﬁlﬁgdmo?ﬁegEF ?ySOfgp%ergﬁP F?E? YE5t&Ei 8RYhad a
titani um cont eekhdbi®. B@@bylgb|ghyelewpagaefGacbfaadp&hyesm@w 26t be

Ter epht hal i c aguggbetea 2 B}goaﬁét@aatafbx p54EtdBh139dusklyhened! ycol

in an anopunt o were subjected to an esterification
reactloﬁQMtrl§5€Be6tH@FyﬁﬁtﬁrtéﬁﬁéFéﬁure of 240C, the resultant
esterification produgt th@Spbh.f@@Gernpﬁoaﬁb¥ﬂeby2ﬁhéO@rBQeHsa%lf ezmi pped
vvitharefinin dlst%latiog ggé m/as mxed g at%l (G)
sol ution in anPhfBEHE SPVE™ é°Ba b@ V& ﬁtlECBFF H t8 2 ®10' 3
nol ar of a nolmprenpueteotbiyt 8Bi am noves badedhenbthelnelas prederabfly
terephthalic acid dawkt h o] Sorgoubayi gg agent consisting of
TERAZOLE BLUE IF’ll Qneﬁnéﬂ'ﬁf nBr& g’%f%PgB&g gaﬂ’ %y weight. The resul tant
reactlo@5systen1masTh@aPeHaiBeaaﬂénBeVaiB?eOSftESSEP&HGé%thQbéﬁBP@

the process of the present invention is determined by the
following method.
Namely, a sample of the polyester is melted at a

temperatufe of 290°C under vacuum for 10 minutes, the

30 polyester melt is formed into a plate having a thickness
of 3.0 £ 1.0 mm on an aluminum plate and, immediately
after the forming, the polyester plate is cooled in ice
water, the cooled plate is dried at 160°C for one hour,
the dried plate is subjected to a crystallization

35 treatment, the resultant plate is placed on a plate
having a standard whiteness and for providing a color



at nospheric pressure for 30 mnutes; further heated at the above-nentioned
tenperature under a reduced pressure 5 of 4.0 kPa (30 mmHg) for 15 m nutes;
and still further heated at the above-nentioned tenperature for 110 m nutes
while the reaction pressure was gradually reduced and the reaction system
was agitated, to conplete the reaction.” Werm t he reaction was conpl et ed,
the final inside 10 tenperature of the flask was 285C and the final

ti 49. 3 T | ly.et
{or opht hal at UhEE AR AU PPHET - P QholDF yusp B bherERTbb RoNEl B TAE. |
shown in TablsuBfadé 5§anbeeplaaetwaSImaﬁautbdphVaﬁlﬁ@NE%QHﬁPé§r13 to 16 In

each of Exanp tiv | gaad3 Ioraac@oalyy.st was
prepared by t%ffégﬁégc%é%gg%fe lmgaéilor ?ﬁgéggPaﬁ & ;%f% n Exanple 17 and a

pol yester was prepﬁh@dP9¥Y?ﬁée§aH§°6P6§€dBVe§thPFHC Seedmiine PEes&tept
that the P/ Ti;ipbREibAt EOnehihBesaBEahyEtEalapdnbheckanwntateinst I‘d@rdazteal yst
used in the polyester E roducti on meie change B &% t hose as sh I g?% e 3.
The test resuf¥QMa?eCShBintPRETHEPE §tlﬁﬁagﬁ ] 2°E@Pﬁwéﬁarat §P

cat al ygt H1 A?]ﬂbﬁ{{:@gﬁtﬁinifl@hﬁop%ébﬁeby1Bedghhdohnt1afg)elo®meglry¢¢iamth 4.4
parts by weight._ o i phenyl phosphi ni.c aci t r .10
mnutes to prBQ}H%SEego?ﬁg?gﬁg IﬁtgoYST?;ngFt %3 me|3ﬁﬁa Fﬁ% ib

et hyl enegl ycoéas8dlgotatompos&d4 pRhesphyaeei §bt pofl yeisttay gantaindng oxi de
vere aqded dr opL 6. 861 bNGo! E3HbA BNhEBRAC! R3S kBMaNER 1yRAkeg and

agitaté npera ure m nutes. A slightly yell ow sh
t ranspar ent sperugﬁchhtbPHFngmﬁléxﬂagyétCehﬁlﬁa§QN®9¥QHb&S hELATl yst

(H 35 sol Ut'@BnQﬁE'eaulhEQHl;UHbEHEt 88t a0bol &%rbia\&ﬁ.lo@“ca’d%fl@w alrion of &
pol yest er - 35 ol yest ér was E ared by the s ures as in ™
Exanpl e 17, eREBBtCPHEFlPﬁﬁgcﬁPaFQEF ngtBPSdGEE&Vﬁ§W& B§V%Eﬁ§ﬁﬁloned
pr ocedur es maﬁeﬁapbﬁgadcasauhecamb¢ﬁﬁalzamheme&atebyxme Pod ytesstterr esful t s
are sh 5 Table 3. Exa Prep i f oI ey 1" tion
vesselqEQU|ppEBemPFﬁsﬁnFenggﬁglapsPaVIg?ﬁ%ﬁqgogﬁﬁ%'maéxgﬂ%}é% Wi th 194
parts by wei gitomOaotobattt bphppendphtidedate, thes pedivestar Wsig of

etrhyl enegl ycgg gB‘ge otfheP2thally tHE! gh&: gEegabe YRACRI1E tde char ged

m xture was s ed to an | nterest ication reaction at a tenperature
of 220C; afteregﬁéaﬁéQHIﬁaﬁﬂtnéPHthﬁlEéﬁéﬂyﬁﬁ a theoretical 15 quantity

was renoved by eva@ﬁéabbwestae an%hIeO@r@séhlﬂ anmtadﬂeq:mﬁérabm part
by wei ght of phosphoric acid, gn&aete a fir gya of . g{lon Then
t he abdfPenent P8fied F@BEFPGnoﬁlfP&F §969§08@r 6%???@5 on flask
equi pped m‘tha@eEﬁan Qthbih'EH%E'QQ @Obﬁnﬂr %BQeZQﬂﬁﬁﬁﬁﬁ\Mdfla

pol yneri zati on cat t consisting o catalyst (G solution in an

anount of 3.25p&r §rby0&éﬁd§tOFcéﬁﬁéspoW@ﬁﬁgt@@ Forsign RFHHCIF titani um

atoms of 20 xo4@rdktbaged il tkhle toplsan paRwAl 1@fs /4 vt h)ésd telicxMutdeal at e)
and a col or tone-regul ating agent 25 consistin BLUE in an

of
amount of 0. 08§2ap§ﬁﬁtﬁf Fgitie Feetr QﬁpPgﬁt éﬁ??F ém was heat ed ;
to a tewerat iherehs283f madezr ptleesam emt tanerquitefsp;rprmmmoqeﬁum L

d f h
Teduced pressHFE SRORSG EARLY ?%5%& For S8 ate o S%%“"S‘é%r&hg“

reaction; andpattdclelse isngicge prefexedlyf 4t5l9e paEEdq 1a8 /9 Qe SRy
gradual Iy fedagﬁl #R%e! BecERaGgN 40s patiRLes/id lod Wddier heated at i he

above-nenti on erat whil e the reaction,systemis
YRR o

agitated to 35 conﬁPeF@etR@ lyesterort ﬁ%QJH59ﬁ%¥ﬁ<lQWﬁP?ﬁ9ﬂﬂ
t enper afgir e Waea233Ciand nheridgedl dgassiatmoyphsaw etwaes temperature of

290°C for 15 minutes, preferably the number of breakage
of backbone chains of the polyester molecules is limited
to 4.0 equivalents/1,000 kg or less. When the breakage
number of the backbone chains of the polyester molecules

35 is 4.0 equivalents/1,000 kg or less, the deterioration of
the polyester during the melt-shaping procedures is



- 36 49.3 Pa (0.37 mmHg). The resultant pol yethyl ene terephthal ate had an
intrinsic viscosity of 0.640. The test results of the polyester are shown
in Table 3. 5 Exanple 24 Preparation of a polyester A polyester was
prepared by the sane procedures as in Exanple 23, except that as a

pol ymeri zation catalyst, the catalyst (H %blution was enployed. 10 The
test results are shown in Table 3. Table 3 ItenCatal stPro erties of of

est er Hei ght P/ Ti. Anount, of | nt ri n- Col,or BreakggeThe
nunberofnnlarc5%8P§29§P8F3XeHﬁﬁﬁéﬁcﬁﬁgfang thus the mechanical

{oreignforeiCrptbpér31b30bh6neﬁérb?QbeSﬁBhbegffkhﬁCB&b@E¥ﬁyﬁﬁﬁmﬂkﬁ’E&ﬁDUnCnE
t - spi nn~Exanp articleso I cNo. x- 3 L Q

' 172. 0200. 6408138 %8§g§§9041§i‘ 8"816‘@%%%“%’ I565XP95 8’2’6@‘%46’8%"2‘? 22.8
3507E I202.0lobaekbene42h22n53667xaappolyester molecules is more

e212. 030G 6408 8 3508 2 0 4.13.8
4009242, gﬁoo 6§5§§e%§bgi g&éo%ﬁgggg%gﬁgggﬁogﬂg y% g@ 3%% dc%Qlaﬁlﬁéf%
520Reacti on waBrRéerabPl¥cBed pauilplesksy159005Rea6E d685%as not

effected. xanp el62. QASQhéiEBSyQZté5 s87Qhé §§e5éaﬁphﬁv%%t&b@pawwéﬂ@1ﬂH
catal yst (1) Trlneth¥ gneg ght was

|
di ssoi ved in 0"8 pRFF FaBFOPrFﬁ1FHF|&nﬁﬁﬁ9aﬁFd¥l§ﬁ851Fﬁto t he
resul t ant solutheneofutausuanzg teheabutoxndeclnlaﬁoa&mynbfoﬁh& 7 part by

ht i Q. I d th | t
Ur el 100 anpoud PR E NS BRREAZAPAIECe cREnE PaBUPEafe ORo e o Os hstem
was mai nt ai nedWhenathenpetainsécorig8ogsfivy 66 mhnthesaboveenen tiionad um
tetrabutoxide whhe! ! LE! hbitcoanhydiifs aad bg aaslagﬁca%éaguogugr%%wpt 5
n

Thereafter, the r actlon S erature, an
m xed with 15 bbﬁt§esylmnghﬁhépeacéfbh@letﬁéhftbéﬁﬂa ighemiegihpadicad was

collected by fitieagtRn tmh@uaboaehﬁenéléhéaeinaeﬁﬁé1én61§EbQQt9to& the
tenpera& e of 1 our s t ant Beactlon 1 V\gro u

t
(1 an dih conpBARISESSF AaqRars: PAREGRABOH: SRt thE- TNy verGRt - $ei© 3. 6
parts by wei gho. 90,phénylphosphpnefeaabﬂyméremdbsselted0|80131 parts by

wel ght of triret hyl sReal XEotnDYCNoaLEag; By 8! ERBCLBLYEE QL 180C 15 for 10

m nut es. The resultan trine yco |on I'n“an anount of 134.5
parts by wei gh€eth@sminedhép ada@élumtbh in 9§th@cb§compgﬁpoéf at a

tr|nethyleneglggﬁéaggg?rén %h§5Q§§ultant solution, 5.0 parts by weight of
t he above-nentron rtani um

20
EXAMPLES
The present invention will be further illustrated by
the following examples which are not intended to restrict
the scope of the present invention. In the examples, the
25 intrinsic viscosity, the color tone, the titanium content
of catalyst, the number of foreign particles, a layer of
foreign matter adhered around a melt-spinning orifice and
the melting heat stability, as mentioned above were
determined by the following measurements.
30 (1) Intrinsic viscosity
The intrinsic viscosity of a polyester polymer was
determined from viscosities of solutions of the polyester
polymer in orthochlorophenol measured at a temperature of

35°CC
35 (2) Color tone (L value and b value).
A sample of a polymer was melted at a temperature of



20 compound (2) were dissolved. The resultant reaction system was heated
and agitated at a tenperature of 120C for 60 m nutes to produce a reaction
product of the titanium conmpound (2) w th phenyl phosphonic acid. A
white-colored slurry of a reaction produ nanmely a 25 catalyst (1) was
obtained. The slurry of the catalyst (1) had a titanium content of 0.3% by
wei ght. Preparation of a polyester Terephthalic acid in an anount of 166

et ot were S0P ar wifed Satadi ooy TR hnfPeBT Rk ReakeelBRSmR, Ve o
tenperature Oﬁoﬁ’u@&: ihle. Eeg‘ih\tltm_@[‘ha(;%ﬁt 'ao%hﬁ'b%lé%fs W PlAceq ig i o

pol yneri zati on ask equi pped aréfining distillation col'um, and was
m xed wth thensalpmgnum paaieygnd(| )megédatséyaﬁiqmmrﬁmxm the

catalyst, in 59)amBENL18teOwds Eﬁb&élPYCoo‘le§8 1nW“§'L'd33htwa(t%3:”erBcpﬂec§ 0 a

nol ar anount of titanium atons of 10- 3% based on mol ar_ anount of

terepht Ral i c BtRES WAH ﬁPPHeﬁtEGIGP Poﬁéyﬁéééﬂ&MQEjQHyﬁﬁeQﬁﬂﬁﬂﬁuq%g of
TERAZOLE BLUE ¢ 60@%ﬂt e ©buP; 0002 étQYl?@%goéolﬁxg-e[?e geyl fant

reaction systen1mas ed to a’ tenp ure o e anbi ent

at nospheri c pptasedeofion Qﬁanenbavsngfarshendhedtwwlaenmm$ abmhdknentloned
t enperat ure e f kP 1% rand stil
further heatg@gﬂ'n?hg1 Qggég ?%?fé?éﬁg%egétgr ?g@ﬁ?g f nlnutes whi | e

the reacti on ptEESHPBCRaBEPAdUBPHGLS edGBeaoénd"@I‘#@ lbé’aéﬂlm'l'ﬂ/ﬁ%m was

agi tated, to gegayetertigel canti efe wialae&hg K8aGkl @hdVes vl JfeGhd he
i nsi de tenperaf re of 0C and th final, reaction pressure

was 15 49.3 F&° X‘H%’-‘ r@iBFFaﬁPrEBFﬁtS VRfePRFFERES BYe HRARA 2 n
intrinsic V|sdbﬁféyenée0m§8@r ThehbestvaeaeltEpaesewmmma|br£m¥ﬂaac%

Exanpl es 26 t d r 7 £ nples 26
to 30 and Cbn% ﬁeelggg 1 %B §§ gh% hagpéest r 3§§J§féﬁh?%d by the
sane procedurEBeakargeExahplb QalueXCEbe hhghetrhéhe/ diegreleaofrati o of the
catal ystg (1), ¥gfgﬂ&§ﬁgagggggtof the catalyst used in the polyester

production we d to those as shown in Table 4. The test results are
shown in Tabl €3%. ?StERaHﬁIGOBIGPFeﬁérQFFéhY§F catalyst (J1 A mixture of

153 parts by wei gh@h@f tE.EhHEﬁJﬂYESHEGh}éC@E Wi t:atéls}sl@aebﬁ\g@ Yanéeh@i of
pheny|phOSphInIC acl to p OVIde a

sol ution. Int%® ‘i%émb“ﬁga §¥ B§1Wé| ahf18?’5?HEeBFhifréﬁé’gf“?é‘&lurf&eﬁ‘t‘ﬁ on,

parts by wei gappatatusaqmadelet r aidomade wer8Iadd&dKdKopw se, and the
resul t gat reagtion a nd heated at a tenperature of 120C
for GOQEInutega o ¥§¥§§SHL§§§F§ %é%%on. acid 35 with titanium )

t etrabut oxi de. A whAPlgesstpsrpalipteryere. p3gcedoAnapnidd@sthéubeadgvimg
product, namehy éuﬁéiééyaiadeﬁéﬁ th@Dnﬁﬁ Ihelﬁgaabyahahékeﬁ %Erﬁ had a

t| tan| um cont en . par atl on O a p st er
LR R ST A Lsparation ol ePBakfe 58 %rcept that

pol yester was®P

the catalyst M%r&eéneapgoxeﬂo@éghéps DQLYE‘?bbéaﬁéP”w%ﬁwﬁés Thenbest

results are shown in Table e 32 10 Preparation of a polyester ~
reacti 88 vesskt. eth@péﬂeﬁﬁnﬂealﬂeinhrhgsépsVFBPQ?F@M o8| the Bed Yerdeged

W th 194 part;ﬁepyew@' BQEW@Endbﬂ?éPbﬂahér S?GEPaEﬁbehe$52tB%ratt§1e'ﬂX: Wi ght  of

trimet hyl enegl ycol and part hy wei ght of cal cium

mentloned above was determined. From the intrinsic

viscosity differences the number (equivalent) of the

breakages of the backbone chains of the polyester

30 molecules per 1,000 kg of the polyester polymer was
calculated in accordance with the following equation:

Breakage number of

backbone chains (eq./1,000 kg)

~1.30 -1.30
IVl Ivo -6
= —_— - —_— x10
{[3.07 x 10"} [3.07 x 10"} }



15 acetate; the charged m xture was subjected to an interesterification
reaction at a tenperature of 220C, after the resultant nethyl alcohol in a
theoretical quantity was renoved by evaporation, the reaction m xture was
added with 0.09 part by weight of phosphoric acid, to 20 conplete a first
stage of reaction. Then the abovenentionred®2eaction m xture was placed in a
pol yneri zation flask equipped with a refining distillation colum, and

m xed with a polynmerization catalyst consisting of the catal yst (I) slurry
in an anount oin3whighrequayioei ghv, 282 gresersponti hatrbnaiaoviscasdtmt of

titani um at onsepf t e _pafPy¥sifx3%ePa58d:A8 hBEMRL-RG AR S 16 met hyl.
terephthalate) and a color tone-regulating agent consisting of TERAZCLE

BLUE i n an anotf®refedtdodd bﬁFFlB§lﬁngﬁF°STﬁ¥ Pésﬁpﬁaﬁ91M%%ﬁqqn?§ﬁ%ﬁen1
was heated to eh80hée&pperadvuneneof 250C under the anbient atnnspherlc
pressurec for 3 urt her ed at., t he .above ntlon

Penperat tr 6 untel AFERTCRY FPESLEPCMaFLas o BRpk Rgr SHETTRA BT or oceed
the reaction; extradieg ohefiosi de pressure of the reactlon syst em was
gradual ly 35 reduced, apd the reaction systemwas still further heated at
the above-mentioned®t® ?%P%Féw?%rPﬁ&beﬁiﬁﬁgeénﬂhmﬁéted ako 2999Fr aBPAg t he

reaction systegpet P?@@t@feméb€ &&@CékQPudéH theolibask o b&qﬂﬂdéﬁ daed] de
tenperature was 250C and final 1nsid Eressure was 49.3 Pa (0.37 mHg) .

The resul tant %%Y&??l%e@%%?eﬂba@%F%ﬁh?%apa e RBd ak 5 tﬁ#ﬁPﬁsﬂP\ﬁRﬁﬁﬁnty
of 0.6780 The é¢£s600 esrhin, ofot he @a&yyester are shown in Table 4. Exanpl e
33 Preparation™of ol yest e pol yest er r epar ed

procedures as 10 |ﬂTﬁﬁa%%%%hg3$¥e&c%%Yefhgfa?ﬂgeégpaW?Et fdf nghp oyed
as the pol ynerthetperniphery yof . tihemebbuéxtradénghonafineTwbise mpasured.
Conpar ative Exanpl ergd ﬁa@ﬁéye§ﬁ@r 4687 84 CPaEEHgRY nbBEe2ATRYREOCEAY €S as

15 in Exanpl e 32, except as a E %nerlzatlon catalyst; ti'tani um
t et r abut oxi de M%%e%nﬁm%y%%Sl%%ﬂn@%eo ?y§¥t66ﬁ?€nﬁl&ﬁﬂeﬂﬁérinﬁﬁﬁ@agﬁ t he

cat al yst5sl ur ref vielse ool ot € 891 € hed bdrd angyinhnafl thbi &.oCJétraEYI%t In terns
of nolar anmount. of.titaniumato

based h I t
of i met hyl o vk B BEBCREE OB 4 Re S0t vE e " o hBaRS K Tabee ME 1B lh &
34 Preparationtldéd adhietgdtférdidetmatedhylapeyl ysoh paramespswunit ahe2. 5

parts by 25 we e i . wei ght of trinellitic
anhydri de and, é&%%d%$ﬁ%f%é #y £% ?J@Dggégfg¥anlun1tetrabutOX|de in an
amount of 0.7 ffart T@evﬁ#@ﬂﬁr(Q%rf@%%hﬁﬂlm@rtbcbeg mol ars based on the
nol ar appunt of triAeddmpie @ﬂhé/dééﬂﬁiei*\/aﬁna&'ﬁ'eQmQﬁQEV\b§91@0dm§7h@a%0

resul tant reactjon Ined _at a tenperature of 8 for 60
mnutes to reé%% f%ééLﬁngfﬂgE %i@%ﬁaﬁf?ﬂr?+?%§FPP?98 afR¥dfPge and to
age the react|xnsqﬂtnhmnsoﬂmm1@mems fiheeredcthooughisaem was cool ed to

Fesul tant preds Sy S EAPR R SE ol B 1B Y SELE hatEnd, R0 BEEATng, o
paper and driesii®é &f 3 -umrland enpdiasieter obf 1908 émr(ﬂrhdemarkTheTBesw t ant

reacti on product (titanium conpound (2)) had a titaniumcontent of 11.5 by
wei ght . 2%hen, made ey tADVANTRG ghtK of dhenytephpepabure afi 455 werdexriasol ved

in 131 parts t?b&ﬁ%éﬁ“pfgssure of 2.6 kPa. The number of foreign
particles collected on the filter was counted by using an
optical microscope, and the content of the foreign
particles per g of the polymer was calculated.

30 Example 1
Preparation of catalyvst (A)

Ethyleneglycol in an amount of 2.5 parts by weight

was dissolved in 0.8 part by weight, and then into the

. resultant solution, titanium tetrabutoxide in an amount
35 of 0.7 part by weight (corresponding to 0.5 molar$% based
on the molar amount of trimellitic anhydride) was added



tetramet hyl enegl ycol by heating at a tenperature of 120C for 10 m nutes.
The resul tant tetranethyl eneglycol solution in an anmount of 134.5 parts by
wei ght was further added with 40 parts by wei ght of 10

tetranet hyl enegl ycol, and in the resul tan§ solution, 5.0 parts by weight of
t he above-nentioned titani um conpound (2) Yere di ssol ved. The resultant
reaction systemwas agitated and heated at a tenperature of 120C for 60
mnutes. A Wﬂ&}ﬁ wgeredrﬁbw ueceatsawam ek G| Hd e diQwags obt ai ned.
The slurry of t 8 catal yst (K) had a titanium content “of 0.3% by wei ght.
Preparati on ofadnpalinedt et Zeteppelraktiuceacifd §0iCafioamédnmicfutkds qwart s by
wei ght and tetranet eneqgl ycol _i n_anou f ,1Q9 ri,s, 20 b%h%gi t were
subj ected to 5ﬁag§t gﬂﬁ?ﬁ:g{“i %ﬁtfggg%oac&%\% wﬂ'tg‘a@ﬁl& J‘taJt':zaa"? Jrcg%]ure of
240C, the resahtland agacthenrprotiion waeduicaced ’ﬂheraaqﬁiiqmmrtlze\ti on flask
equi pped with i t at.l ol JAede Wikt slurry
of cat a%yst (ﬁ?aé%ibﬂ Q?s%ﬁi *ZME% E'o%'ie?i gld,m}ocﬁ,ﬂ I'n an an‘oun{mo 0. 95
parts by wei gﬁ@xedoWiebpéﬁdPﬁgtﬁobX WGIlQﬁ\talﬁfurﬂCQﬁOfﬁ tadHl uPhet ons of 20 x
10-3 based onyt8818Bhar peaeuPtltafubﬁr et R1Ie AT )by Kk M £ 4k fors 0
tone-regul ati ng agent consi sting of TERAZOLE BLUE i n an anmount of 0.0002
part by wei ghdriea Ihearéempeaatureaotfl drﬁ>0§§251fem Rabohest.ed The a

tenperature of 25 under _t he ambi e er.d c p e nyt es;
further heat eﬁenggﬁggaBS%tﬁfgﬁt Pgﬁ 3% r}‘( JO olHndre u)cggx pr essure
of 4.0 WPa fotitBniumutesteandost iLlLl. 51%urbtyhme1Im ed at the above 35

ment i oned t enpérat nf O 1 u sure
was gradually redugfelg é % agggcgﬁn flhfcetg}e 5&‘%& o conpftzte t he
reaction. V\heﬁe%‘ﬁedﬁ-éﬁéﬂVﬁﬁ WS 1éérrﬁlaé‘tt§det W@%%’Eﬁ &S etpelenegkyenl the
flask was 250 a e r S 49 .3 er tant
pol yt et r anet hg eﬁga%grggph?hél t?g@%&%%g% I %’?lrjllﬁsu:bg \;ggcggl uft-g%

test results aesuihann enhyabheglycﬁdmsarlalttuw Bragsl eanﬂﬁmﬁt pwk yest er vvas
pr epar by t cedu t

pol yrreﬁ'l%zatl o?gca fTEapl[._g Fﬂe&gg f JVQ'S( g) ment | %r?%}q (r%\‘;&%prrp‘]adr |]</te@sb anpl e
6 was enpl oyebleaBBVeOfaﬁéhVﬂlénéatlxpyét: sk dit tded nef i tsofutipn,

catal yst sl UrBYoV\?ﬁrGQ%SIO%Q h&0olthahet e AN Oforddd st cedwst in terns
of npl ar anpbunt of ti.tani s, 20 310 3%.based on the rml ar

amount of t er EBMPARYPAC (4¢] Her?hgltgégtlvfegsul S FESIHIRNY FBFT+°
Corpar ati ve Exgepbf 72sPagRiaibioncol & chladlatsird s ABAcoal yst was

prepared by the sane procédures as in Example 25, except_ that 3.6 parts by
wei ght 28 pheh(| MaRBSBRI te REPEUERPROFEACHON REOWICE af palie st HANEIMNht of
phenyl phosphogbfpaahé- (é)wahtﬁ abaw%h%lswhromeoracalml gle:\ &vt@ﬁ@ld’éloféd vas
obt ai ned. The F 25 urr

f
wei ght . Prepaf5 FSM 8% é ﬁélt?eiﬁ&( psm&%gﬁonte ‘%ﬁ/ Q%‘ed{é%%e

pr ocedur es aswae EbamﬁhedZS TaecCspurtigab fathe pxdq&m:rstza(tmommdatal yst, the
catal yst (L) % yoh uwagogggbgygg |0n3%n er f 30 3.2 parts by weight
a

tltamu

correspondi ng a nD ar anoun of 20 x 10-3 based on the
mol ar &Pount of teRzpbanat Iresults are shown in Table 4.

Conpar at i ve Exanpl @e24p ﬁ@héleel xe&ae&nmesl e&em;te%ﬂonémq:m By ocedur es

as in Exanple 32, excet that, as_a polynerization catal
P weight ang ethyleneglycgl %n an amount of %% parts by

R Y

weight were subjected to an esterification reaction with

each other at a temperature of 240°C, the resultant

30 reaction product was placed in a polymerization flask
equipped with a refining distillation column, and was
mixed with the slurry of catalyst (A) as a polymerization
catalyst, in an amount of 0.95 parts by weight
(corresponding to 20 x 107 molar$% in terms of titanium

35 atoms based on the molar amount of terephthalic acid) and



- 43 diantinony trioxide was enpl oyed al one, and the anmount of the

catal yst was controlled to a nolar anount in terns of titanium atons of 20

X 10-3% based on the nolar anount of terephthalic acid. The test results

are shown in 5 Table 4. Table 4 ItenCatal ystProperties of Col

est er Hei ght P/ Ti Anount of I ntri n- Col or Br eakageThe

nunber of nol ar cat al yst si ct onenunber of of

forei gnforei g-~ratiovis-backboneparticl esmattercositychai nsl ayeradher~c' ~ar

ounanel t - spi nnWBtdMa € P@Fartang-aasu liane.ng Jaant seot ke iy of

" 252 0200. 68088k old EAU I0L H2UMRAKIB LD FHA3ANAA BP0 HHIBE A, 92

43405282. 0100. 68087. 31. 82. 52808Exanpl €292. 0300. 68087. 22. 03. 73709302. 0200. 67

986. 53. 02. 9350 FEEX 1320 EPESEIPD £YSAT0 895 AT e b B2 1EeMReBHOB L 0200

.70089.01.12.9 Bk 7 0 0z8B:d5¢- 9% = 2 ction was not
298@6 /0nagB0 R aﬁé%%nz Qaﬁggﬁgéiég 05’%%%%*%3??

effected. 192. O5Reaction was not effecte _ 87 54
956015ti .5 r30 minutes; further heated at the above-mentioned

ve2l-200. 68082 7 22 . oy - 2
0. 68084. 26. 83. %%%6’%%5%%0%?%7%8%%%? bt ol BB 130 mmkg)
APPL| CABI LI TY BPrudisngitndesst angssStdfll fargheseeatftemt diharrbavr-
process for produtidped RempRrIa@iresifitg 1N eandtey wh kolyestesad@ddmg an
excel l ent color__tone, a snmall content of, foreign tter and an excell ent

mel ting heat 1BFECENFE #3s: ¥y é’dtf@éid’.ceﬁjra%ﬁier, & €350 YL (B R ai ned
I n accordance wiaish agli¢aedces® conmplete ehentreactidh. | Miant ithe i s

advant ageous | Seliliof G MERCI L IE! LR THNGPRAGEMLE [ dde pol vest er

i's continuously carried out through d melt-spinning oriflice over a‘?ong

period, a foreifgaskaiiaer 2i85°adardedhenf anser Yesg8ibnSpaaeeiiet @agr ound t he
mel t spi nni ng grifice,w%n%7the pol yester exhibits an excellent form ng

property. - A48-3CER REG) 8 y e sespldant Re Y sihefedtat aonpri si ng

a reaction produgtridbic viscosity of 0.640.
15 The test results are shown in Table 1.

Examples 2 to 5 and Comparative Examples 1 to 4

In each of Example 2 to 5 and Comparative Examples 1
to 4, a catalyst was prepared by the same procedures as
in Example 1 and a polyester was prepared by the same

20 procedures as in Example 1, except that the P/Ti molar
ratio of the catalyst, and the amount of the catalyst
used in the polyester production were changed to those as
shown in Table 1. The test results are shown in Table 1.

Example 6
25 Preparation of catalyst (B)

A mixture of 153 parts by weight of ethyleneglycol
with 3.2 parts by weight of phenylphosphonic acid was
heated at 120°C for 10 minutes to provide a solution.
‘Into 134.6 parts by weight of the ethyleneglycol

30 solution, 3.4 parts by weight of titanium tetrabutoxide
were added dropwise, and the resultant reaction system
was agitated at a temperature of 120°C for 60 minutes. A
white-colored slurry containing a titanium compound (1)
was obtained as a catalyst (B). The slurry had a
35 titanium content of 0.3% by weight.
Preparation of a polyester



(A) a titanium conpound conponent conprising 5 at |east one nenber sel ected
fromthe group consisting of titanium conpounds (1) represented by the
general formula (1): 100 R R 0OTi - OR (I ) OR 15  -' in which
formula (1), R represents an al kyl grougu?aying 2 to 10 carbon atons and p
represents an integer of 1 to 3, and 20 titani um conpounds (2) produced by
reacting the titanium conpounds (1) of the fornmula (I) with aromatic

pol ycar boxyl i c aC'ﬁFpB@?é?%SBt @stmbbaraenes;althfeors@ﬂea dc)edux(equg‘l)
(I'1) in which formula n represents_an in

anhydri des oflﬂhEXQWBﬁﬁtﬂc 66F9E§r56§§|¢3ea€ﬁ&§ gﬁttH@X3 éiqﬂl)

with (B) a pheﬁahabaeecmeﬁeuadeeo@@eaeahr@@rm@ssl@ﬁ@l@tyédew e rrenber
selected fromt

hosphor us co ounds fornula (.
- 46 0 CRL) nPOTIﬂ“g tl@“(ﬁf?: é’Pll) &ge5gﬁﬁttmﬁe%r‘ﬂrlf&rﬁfea S(rﬂJ‘iWi‘} l”hn
represents anTablleget of 1 or 2, g represents an integer of 0 or 1, the sum
of mand g isgi 8E£§’7FZ represents an unsubstituted or substituted aryl
group havi ng arbon atons or al kyl group having 1 to 20 carbon
atoms and when m rBpepasaktion pliealpol¥@skergroups are the sane as each

other or differentaf Eeatt%ﬁhvet:,aell eaul‘p'bedcaetlelwsat deFinimegducing a

pol yester as clained in claiml1, erehn I'n %ﬁggtlo ro ct Qf t he
titani um conpBRELLoAESABNECLARD AR £ érﬁﬁgsﬁﬁﬁ 5 PagHSo Eoritnent
(B), awatio gt thredRPUNtepbphhBalitani mmcpawsn%ycwm@mtof( A) in terms
of a nol ar anDuBt of t tanbunhgtgnﬁ (mT; g Eo t he ?%$ of the phosphor us
conpound conpBRB¥LEPRFLIYHOLe P 4 RBF% PEmysAo 3% atons (np)
is in the rangeeehtér;onh@0chatged hittude Whe eab@bpye&cno mmodUC|ng a i
pol yester as clainmed in, claim1, wherein the tltanIUHICO oundig%%cof the'

formula (1) isnterestedificatind grEGH1CBNaEsAi FEBETAY

tetraal koxi deggt@gt eﬁbk%sh&lttahftaﬂ.éttas}1aadcaaohe&®alak>dhéﬁﬂdﬁlm es. 4. The
catal yst. for produging a erein the

r.as cl alne W?
ar omat il® pon83?BB%§V|¥a§cF8 °KthH¥ FBPRBF& GPP) 5% aﬁﬁ?ﬁ?lﬁgénFﬁ%?Bﬁﬁ are
sel ected fronwhbeagaedpwiehsosoongaek plt hehnghtaufd,pmgrrqrrm lactiid;, awi d,
hemnel litic acid,and ronel | i

yr, a I dri of
above- ment i on&g™ B&Fgg 8 flfﬁg 8§Fgﬁy§€ Fgac%ro u0|ﬂgé% po yes % as cl ai ned
in claimi1, whentinnetereat&noonmistporendes(Rlaged react iR ymeadeatsias t he

titani um conpeynds E&h%BPﬁ§5 EQﬁ BOE Eﬁlﬁb)dW%EHﬂﬂX%fHH“EHﬂdhn, and

pol ycar boxylic acid e anhydri des thereof in a
reacti &P nol amiggdi wish g: EOQBmErGZa 19“4?at6 Lyfe CORSASFNS &f flduci ng a

pol yester as eh&ampdti Nagl ailorty phepairedt by phespheielprowaaumeds as3)imnf

the formula ( e.selected fromthe.gto ngi s f:
phenylphosphohf8%83|d1 ﬁﬁtﬁ9|8H8¥Bﬁoﬁg 392 %%r%% % Vé%%ﬂ{
(corresponding to a content of titanium compound (2) in

terms of molar amount of titanium atoms of 20 x 107%%,

25 based on the molar amount of dimethyl terephthalate) and
a color tone-regulating agent consisting of TERAZOLE BLUE
in an amount of 0.0002 part by weight. The resultant

reaction system was heated to a temperature of 285°C
under the ambient atmospheric pressure for 30 minutes and

30 further heated at the above-mentioned temperature under a
reduced pressure of 4.0 kPa (30 mmHg) for 15 minutes to
proceed the reaction; and after the inside pressure of
the reaction system was gradually reduced, and the
reaction system was still further heated at the above-

35 mentioned temperature for 110 minutes while agitating the
reaction system, to complete the reaction. 1In the flask,



5 acid, ethyl phosphonic acid, propyl phosphonic.acid, isopropylphosphonic
aci d, butyl phosphonic acid, tolyl phosphonic acid, xylylphosphonic acid,
bi phenyl phosphoni ¢ aci d, napht hyl phosphoni ¢ aci d, anthoryl phophoni c aci d,
2- carboxyphenylphosphonlc acid, 10 3- carboxyphenylphosphonlc aci d,

4- car boxyphenyl phosphoni ¢ ami d, ' 2, 3- di carb8®yphenyl phosphoni ¢ aci d,

2, 4- di car boxyphenyl phosphoni c aC|d 2, 5-di car boxyphenyl phosphoni c acid

2, 6- di car boxyphenyl phosphoni c_ acid, 15 3, 4- dlcarboxyphen | phosphoni c aC|d
tﬁms{ém&

3, 5- d|carboxypﬁ@ﬁyf&W@épH&ﬁ%ﬁQﬂﬁQPP%?@¥WFQrWQﬁH%ﬁ&§b c acid,
2,3,5- trlcarbo&hQQQQy%ggggﬂﬁgp t phenyl phosphoni c
acid, 20 2,4,5-tricar oxyphenyl“%hogdpgﬂgnl%caga@{ dﬁ 9@{}?&%}’

2,4, 6- tr|carboxypheﬁ%@pmﬁﬁﬂ%ﬁﬁﬂizﬂQLYe%ﬁﬁﬁnﬂ%ﬂuﬁﬂﬂﬂﬁﬁﬁ#@ﬁ#@iVlSCOSltY
met hyl phosphi niog @CIsﬂlo et ephesthiish 13d b MNP INASHE P &r&Ckbwn in

i sopropyl hosphl hC, aC|d but yl phosphi ni ¢ aci d, tonIphosphlnlc acid, 25
xyl yl pho hlnlg d blphenylphosphlnlc aci d, di phenyl phosphinic aC|d

dinethylphospthm@aaemdNedgggﬂxﬂgbasphlnlc aC|d dlpropylphosphlnlc aC|d,

d||sopropylphosph|n|c i BQ% hi G i , d|t hos h|n|c
acid, dixylyl phosphl ni %Cl S&%Ibg'%é"y @%ﬁ%h&’sp i TR pd]yc“p akes

napht hyl phosphithi Exasipde élnt Iﬂﬂclemtomtm asad @olyrmmwmmaqﬁmu ni c
acid, 3- carboxggggﬂi pRheaRR [ %éﬂﬂﬁ qﬁgp

2, 3- dlcarboxyphen Iuosg ?nﬁ%h§€?Qd$ W$§: nggb xyphé#ﬂf sp |nf§ﬁ%C|d 35
2, 5-di ca]roooxypﬁé’ﬁi{rﬁgﬁoéﬁﬁl e é&i%lmtzoé d'-l PHoshmad ¢ aci d,

3, 4- di car boxyphenytkphoedhisd €hati Ghe amodbht %ﬁﬂl@r&@@ﬂmhrpm ni ¢
acid, 2,3,4-tricarboxyphenyl phosphinic acid,

2,3, 5-tri car boRfpREAPFpRBOBNtNOE Aditanizms adoms dmdsmey [RHeny Lol Hrased
aC|d 5 2,4,5-{4i b e SR s

2,4, 6- tr|carbo%&pﬁgﬁyﬂéﬁggpg%hnga%?da gmﬁ%%qbafﬁx¥§6ﬁgﬁy hosghlnlc aci d,
bIS(3 carboxypﬁ@ﬁ?ﬂ}ﬁhé§6h§hpvnaépdT&&l@(4 carboxyphenyl)phosphlnlc aci d,

10 bi s(2,53- dlcggggﬁgghgnyl)phosphln|c aci d,

bi s(2, 4-di car boxyphenyl ) phosphi ni_c aciﬁ bis£2 5-di car boxyphenyl ) phosphi ni c
acid, bis(2,6- d|cargéé?ﬁgéi%PFﬁﬁéséhﬁﬁ#

bIS(3 4- di car boxyphanpblpbesplri wiae @me@arba by the same procedures as

bi s(3, 5-di carboxy phog Lni.c
oS3 S oI BISRMLAP PO SRRELS sARLS g a porymerization catalyst,

bi s(2, 3, 5- tr|cahboﬁﬁpheqytﬁ@me$pthlelacrd as in Example 6 was
bis(2, 3,4 tricggpRoyygleny!l ) phosphinic acid,

bi s(2,4,5-tricarboxyphenyl)phosphinic acid, and 20

bi s(2, 4, 6- tricarbox?Bﬁeﬁ?PFpﬁé§Bﬁtﬁlér&c§§°W¢ iph&adpdeallyst for producing a
polyester as ctempedativel akAmpilewperei n the reaction product of the
titani um conmpound c onen% A) gnth t he.phos rus conpound conponent (B)

i s one produced at to 200C. 8. A process for
produci ng a pol yest 8rimetpitscngnhydrégeofvapokdyisepilyiedg ia an amount of

pol yner ixzat i ongSpar bhpg HytgéagthQHpéhﬁ 8023boh833! 2RESTRARCE RRhEGkE

from t he “group con5|st|na é ene esters ‘of “aronat i c
di functional c8PbBk¥PRe HcPlsPaRn BV|§8H§P§ PﬁeFé&ﬁn#Hmtﬁ@tﬁﬁé§§ﬁ6éd@f a

catal yst, whergas aaeeaaaabwiséorrahaseaearé@aqta% @@a&uqbnOEyéAbmawas

tit t t t
he' group consl&LnbaBher 21E| RERPRMEEAYBOAGE £0F ABRNAEEnEERySPRET¢Enor a

forml a (|)3 redSurf Bt R feHPératﬁrg bf 8@°é2fof éo)mﬁnut§§F¥o”ré§c%h'Ch

formula (1), represents an roup having 2 to 10 carbon atons and
represertds an thté@éﬁmotetrFEUEQXSdeaWdt i taamgnlésAagoandydridepaaduted by

reacting the taganing £eRPLYBHSHLILueE . t hRstarmiha &bhcw&bh ahQ”%th
pol ycar boxylic acids regresent ed by fhe 15 general formula % &
o (11) aging, reaction System was cooled to room te perature

and mixed with 15 parts by weight of acetone, and the
resultant precipitation was collected by filtration. The

35 resultant catalyst (C) had a titanium content of 12% by
weight.



20 in which formula (11), n represents an integer of 2 to 4, or anhydrides
of the aromatic polycarboxylic acids of the fornula (Il1), with (B) a
phosphor us conmpound conponent conpri sing at Ieast one nmenber selected from
t he phosphorus 25 conpounds (3) of the %Ufgr formula (111): v O~R)mTp
- ~OH 3-fmta> (I111) HA 30 in which forT (III) m represents an integer
of 1 or 2, q represents an integer of 0 or 1, the sumof mand qis 1 or 2,

RZ represents an ugsubstibiyiLadogr aSuhsillitgd aryl group having 6 to 20
carbon atons or al arbon atonms, and when m
represent 2, the 3B PROYRBtEroWPS RrePereds e the &ame RORGedBITes fa%er ent

from each Othfﬁ Eﬂaﬂplae7a”8&&b thhBQ C%%abY%bByMéﬁﬂﬂﬁtfﬁnfHHﬁHljﬁE%”“ n

mllinole of thtan um at ons ,cont.ai ned inthe )%%yst

corresponds tbn¢o2 8VRoPEBE L0REda RRkALYEH rhCI)I i ST ef?‘UJrTé’(r}%

di funct isonal ecathbdygti coacedteantiannadd mhieh@ampainref ztﬂie @wtHlargt nE)
rocess fo ned in claims8,

mat eri al . r i I ster as.b

wherein in th%ngggtW ﬁepF83ﬁ§ngg% %g ? IE)’\'(a%nlu égﬁﬁgﬂh &E%nent (A with
t he phosphor usatahpstindCgonpotentms( BY, me leat iamonintt o etrm:mmmf atoms
titani um conpound conponent ,(A) in terns of | ar anount | tani um at ons
(nli) to the 2RGAME éb % gﬁﬁ&ﬁu? 16h@bﬁg§ﬁﬂh éﬁé é r}H}ﬁterm; of
nol ar anount Qérepﬁggagaug atonB (np) is in the range of from1l:1 to 1:4.
10. Thg process for Brodu g éeste as Qlal%gﬂjﬁ claim 8, wherein
the ardfatic dlfunEP oGP tatFEULESsBIEC S RWPr&ﬁ T p consisting of 15
terephthalic eﬁmﬂgrasmgbtzahmglecad napht hal enedi car boxyl i ¢ aci d,

bi phenyl di car boxyl j phenyl i canboxylic acid, ’
di phenyl et herdi car FeBalde;dhRBENE BULLO0R arboxylic aC|d L

d|phenoxyethaned|c&rgek?ﬂvsta¢Dd wandp@gparnﬁdtweﬂh@xy%@wz@quaﬁuxemj. The

process for pp@dpgbsd @oEOkK%SESEaQ?sE|%hWEle@rgéﬂd“ﬁ% BMagHAlN 1t he
al kyl enegl ycols are selected frome trlnethyleneglyco

t et r anegPhyl en@¥F§eBI thakogeft PREEFCBY Hﬁ&gg§ Réx RRenAPLeSPRPRdIC. apdd The
process for pyefecreglacpal pgsBes parebabyedeu@hctl @Ifnp&en\yflelpﬁid’sbﬁlﬁ

pol ymeri zatiop reaction.i s _gar of 23 to 32 C. 13.
A pol yester pgoﬁﬁiga S§19ﬁ88pﬁggﬁ§¥ 8? ghglﬁgggg %gﬁyw@F & ‘to 12.
14. The polye%hershercyahaddainltbaunmlepnmhn¢ho¢o@taﬁnbyn@ea@malt conpound
and satisfies the ggggggggggh Egag'FFigg%gggn the polyester is nelted at a
35 tenperature of nutes, the nelt is forned into
a pl at @%havi ng a tAi BRAESSter was prepargd bymwhen SameaPFRCREMISISa S

i mredi atel y aiﬁeﬁxaﬂaglt:;onm ESlce hetpakyast ar plalwharu%arta@ndaat%qgﬂsetq inice
wat er, and theg is dr an g cteg go % r%%ta |izati.on treatnent at a
h) 5+21D) hé

t enper at ure of"gepRER dtice ove-mentioned
procedures was employed in an amount of 3.2 parts by

weight (corresponding to a molar amount of titanium atoms

25 of 20 x 107°% based on the molar amount of dimethyl ™
terephthalate). The test results are shown in Table 1.

Comparative Example 8

A polyester was prepared by the same procedures as
in Example 7, except that as a polymerization catalyst,
30 diantimony trioxide was employed, and the content of the
catalyst in the catalyst slurry and the amount of the
catalyst slurry were established so that the molar amount
of antimony atoms contained in the catalyst slurry was

adjusted to 27 x 107°% based on the molar amount of

35 dimethyl terephthalate. )
The test results are shown in Table 1.



5 one hour, then the crystallized polyester plate is placed on a plate
havi ng a standard whiteness for tuning a color difference neter, and the
col or tone of the polyester plate surface is neasured by using the col or
difference neter, the L value of the polye§§e£ pl ate surface is 80.0 10 or
nore and the b value of the polyester platé surface is in the range of from
-2.0to 5.0. 15. The polyester as clained in claim13, a satisfying the
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reaction system was maintained at a temperature of 80°C
for 60 minutes to react titanium tetrabutoxide with

15  trimellitic anhydride and to age the reaction product.
Thereafter, the reaction system was cooled to room
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1000 ethyleneglycol so utlon in an amount of 134.5 parts by
weight was further added with 40 parts by weight of £

ethyleneglycol, and in the resultant solution, 5.0 parts
by weight of the above-mentioned titanium compound (2)
15 were dissolved. The resultant reaction system was

agitated at a temperature of 120°C for 60 minutes. A
slightly yellowish transparent solution of a catalyst (E)
was obtained. The catalyst (E) solution had a titanium
content of 0.3% by weight.

20 _ Preparati of a 1 r

Terephthalic acid in an amount of 166 parts by

weight and ethyleneglycol in an amount of 75 parts by
weight were subjected to an esterification reaction with

each other at a temperature of 240°C, the resultant

ety
4
/ B

25 reaction product was placed in a polymerization flask
equipped with a refining distillation column, and was
mixed with the solution of catalyst (E) as a
polymerization catalyst, in an amount of 0.95 parts by

weight (corresponding to 20 x 107 molar% in terms of a
30 molar amount of titanium atoms based on the molar amount

of terephthalic acid) and with a color tone-regulating

agent consisting of TERAZOLE BLUE in an amount of

0.0002 part by weight. The resultant reaction system was

heated to a temperature of 285°C under the ambient

35 atmospheric pressure for 30 minutes; further heated at
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15 polyester was prepared by the same procedures as in
Example 9, except that the P/Ti molar ratio of the
catalyst, and the amount of the catalyst used in the
polyester production were changed to those as shown in
Table 2. The test results are shown in Table 2.

20 Example 14

Preparation of catalyst (F)
A mixture of 151.2 parts by weight of ethyleneglycol

with 5.0 parts by weight of 3,5-dicarboxyphenylphosphonic

acid was heated at 120°C for 10 minutes to provide a

25 solution. 1Into 134.6 parts by weight of ethyleneglycol
solution 3.4 parts by weight of titanium tetrabutoxide
were added dropwise, and the resultant reaction system

was agitated at a temperature of 120°C for 60 minutes. A
slight-yellowish transparent solution of a catalyst (F)
30 was obtained. The catalyst (F) solution had a titanium
content of 0.3% by weight.
Preparation of a polyester
A polyester was prepared by the same procedures as
in Example 9, except that the catalyst (F) produced by
35 the above-mentioned procedures was employed as the
polymerization catalyst. The test results are shown in
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complete a first stage of reaction. Then the above-
mentioned reaction mixture was placed in a polymerization
15 flask equipped with a refining distillation column, and
mixed with a polymerization catalyst consisting of the
catalyst (E) solution in an amount of 3.2 parts by weight
(corresponding to a molar amount of titanium atoms of

R

20 x 107°% based on the molar amount of dimethyl

20 terephthalate) and a color tone-regulating agent
consisting of TERAZOLE BLUE in an amount of 0.0002 part
by weight. The resultant reaction system was heated to a
temperature of 285°C under the ambient atmospheric
pressure for 30 minutes and further heated at the above-

25 mentioned temperature under a reduced pressure of 4.0 kPa
(30 mmHg) for 15 minutes to proceed the reaction; and
after the inside pressure of the reaction system was
gradually reduced, and the reaction system was still
further heated at the above-mentioned temperature for

30 110 minutes while agitating the reaction system, to
complete the reaction. 1In the flask, the final inside

temperature was 285°C and the final inside pressure was

49.3 Pa (0.37 mmHg).
The resultant polyethylene terephthalate had an
35 intrinsic viscosity of 0.640. The test results of the

polyester are shown in Table 2.
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I'N f y S&I1QUPHPH ) - Catalyst Properties of polyester Heigh
- P/Ti |Amount of|Intrin-| Color Breakage |The number|of
molar |catalyst [sic tone [number of|of foreign|foreit
ratio vis- backbone lparticles matte:
cosity chains layer
adhere
arounc
melt-
spinn:
Example L | p |(eq:/ (particlesjorific
No. (x73%) [(dl/q) 1,000 kqg)|/q) (um,
9 2.0 20 0.640 [86.0[1.5 2.9 300 5
10] 1.0 20 0.639 {85.8[2.0 3.3 300 6
11! 3.0 20 0.639 [86.2]/2.2 2.6 330 8
Example 12] 2.0 10 0.641 [85.3]2.3 2.3 290 8
13 2.0 30 0.640 [85.2/3.0 3.6 360 9
14} 2.0 20 0.640 [84.9|3.6 2.9 340 7
151 2.0 20 0.640 [85.2(4.0 3.6 390 9
16| 2.0 20 0.639 |85.4{4.1 4.0 410 9
9] 0.5 20 0.640 {85.2{7.7 5.6 420 10
Compa- ;
rative 10|/ 3.5 20 Reaction was not effected.
Example 11| 2.0 5 Reaction was not effected.
Preal 2.0 45 0.640 [84.0[7.2] 4.9 | 540 | 10
Example 17

Preparation of catalyst (G)
Ethyleneglycol in an amount of 2.5 parts by weight

15 was dissolved in 0.8 part by weight of trimellitic
anhydride; into the resultant solution, titanium
tetrabutoxide in an amount of 0.7 part by weight
(corresponding to 0.5 molar% based on the molar amount of
trimellitic anhydride) was added dropwise, the resultant

20 reaction system was maintained at a temperature of 80°C
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product (titanium compound (2)) had a titanium content of
11.5% by weight.

10 Then, 5.2 parts by weight of diphenylphosphinic acid
were dissolved in 136 parts by weight of ethyleneglycol
by heating at a temperature of 120°C for 10 minutes. The
resultant ethyleneglycol solution in an amount of
141.2 parts by weight was further added with 40 parts by

15 weight of ethyleneglycol and, in the resultant solution,
5.0 parts by weight of the above-mentioned titanium
compound (2) were dissolved. The resultant reaction

system was agitated at a temperature of 120°C for
60 minutes to produce a reaction product of the titanium

20 compound (2) with diphenylphosphinic acid. A slightly
yellowish transparent solution of a catalyst (G) was
obtained. The slurry of the catalyst (G) solution had a
titanium content of 0.3% by weight.

Preparation of a polyester

25 Terephthalic acid in an amount of 166 parts by
weight and ethyleneglycol in an amount of 75 parts by
weight were subjected to an esterification reaction with
each other at a temperature of 240°C, the resultant
esterification product was placed in a polymerization

30 flask equipped with a refining distillation column, and
was mixed with the catalyst (G) solution in an amount of
0.95 parts by weight (corresponding to 20 x 103 molar$
of a molar amount of titanium atoms based on the molar
amount of terephthalic acid) and with a color tone-

35 regulating agent consisting of TERAZOLE BLUE in an amount
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of 0.0002 part by weight. The resultant reaction system

was heated to a temperature of 285°C under the ambient
atmospheric pressure for 30 minutes; further heated at
the above-mentioned temperature under a reduced pressure

5 of 4.0 kPa (30 mmHg) for 15 minutes; and still further
heated at the above-mentioned temperature for 110 minutes
‘while the reaction pressure was gradually reduced and the
reaction system was agitated, to complete the reaction.
When the reaction was completed, the final inside

10 temperature of the flask was 285°C and the final reaction
;ressure was 49.3 Pa (0.37 mmHg). The resultant
polyethylene terephthalate had an intrinsic viscosity of
0.640. '

The test results are shown in Table 3.
15 Examples 18 to 21 and Comparative Examples 13 to 16

In each of Example 18 to 21 and Comparative

Examples 13 to 16, a catalyst was prepared by the same
procedures as for the catalyst (G) in Example 17 and a
polyester was prepared by the same procedures as in

20 Example 17, except that the P/Ti molar ratio of the
catalyst, and the amount of the catalyst used in the
polyester production were changed to those as shown in
Table 3. The test results are shown in Table 3.

Example 22
25 Preparation of catalyst (H)

A mixture of 147.3 parts by weight of ethyleneglycol
with 4.4 parts by weight of diphenylphosphinic acid was
heated at 120°C for 10 minutes to provide a solution.
Into 151.7 parts by weight of the ethyleneglycol

30 solution, 3.4 parts by weight of titanium tetrabutoxide
were added dropwise, and the resultant reaction system
was heated and agitated at a temperature of 120°C for
60 minutes. A slightly yellowish transparent solution
containing a catalyst (H) was obtained. The catalyst (H)

35 solution had a titanium content of 0.3% by weight.

Preparation of a polyester
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A polyester was prepared by the same procedures as
in Example 17, except that the catalyst (H) produced by
the above-mentioned procedures was employed as the
polymerization catalyst. The test results are shown in

S Table 3.

Example 23
Preparation of a polyester

A reaction vessel equipped with a refining

distillation column was charged with 194 parts by weight

10 of dimethyl terephthalate, 124 parts by weight of
ethyleneglycol and 0.12 part by weight of calcium
acetate; the charged mixture was subjected to an
interesterification reaction at a temperature of 220°C;
after the resultant methyl alcohol in a theoretical

15 guantity was removed by evaporation, the reaction mixture
was added with 0.09 part by weight of phosphoric acid, to
complete a first stage of reaction. Then the above-
mentioned reaction mixture was placed in a polymerization
flask equipped with a refining distillation column, and

20 mixed with a polymerization catalyst consisting of the
catalyst (G) solution in an amount of 3.2 parts by weight
(corresponding to a molar amount of titanium atoms of

20 x 107°%, based on the molar amount of dimethyl

terephthalate) and a color tone-regulating agent

25 consisting of TERAZOLE BLUE in an amount of 0.0002 part
by weight. The resultant reaction system was heated to a
temperature of 285°C under the ambient atmospheric
pressure for 30 minutes and further heated at the above-
mentioned temperature under a reduced pressure of 4.0 kPa

30 (30 mmHg) for 15 minutes to proceed the reaction; and
after the inside pressure of the reaction system was
gradually reduced, and the reaction system was still
further heated at the above-mentioned temperature for
110 minutes while the reaction system is agitated to

35 complete the reaction. In the flask, the final inside

temperature was 285°C and the final inside pressure was
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49.3 Pa (0.37 mmHg).

The resultant polyethylene terephthalate had an
The test results of the

intrinsic viscosity of 0.640.

polyester are shown in Table 3.

AR+ 94.0% 9409 () - (

5 Example 24
Preparation of a polyester
A polyester was prepared by the same procedures as
in Example 23, except that as a polymerization catalyst,
the catalyst (H) solution was employed.
10 The test results are shown in Table 3.
Table 3
Item Catalyst Properties of polvester Heighi
P/Ti |Amount of|Intrin-| Color |Breakage [The numberlof
molar |catalyst [sic tone number oflof foreign|foreic
ratio vis- backbone |particles jmattei
cosity chains layer
adhere
arounc
melt-
spinni
Example L b (eq./ (particlesjorific
No. _(x’%) [(dl/g) 1,000 kg)i/qg) (pm;
17 2.0 20 0.640 [85.5|1.8 3.1 320 4
18 1.0 20 0.640 {85.2]2.2 3.4 320 5
19 3.0 20 0.640 (86.2/2.2 2.8 350 7
Example 20 2.0 10 0.641 (84.4]2.2 2.5 300 7
PLe21] 2.0 30 0.640 [85.2|2.9] 3.7 380 8
22| 2.0 20 0.639 (84.9|3.8 3.0 350 8
23] 2.0 20 0.640 (84.4]4.1 3.8 400 9
24| 2.0 20 0.640 [84.1]4.0 4.0 400 10
o 13| 0.5 20 0.640 |84.2]7.9 5.3 410 10
rg?ﬁ:; 14| 3.5 20 Reaction was not effected.
15| 2.0 5 Reaction was not effected.
Example
16| 2.0 45 0.640 [83.0[7.4] 5.1 570 | 11
15 Example 25
Preparation of catalyst (I)
Trimethyleneglycol in an amount of 2.5 parts by
weight was dissolved in 0.8 part by weight of trimllitic
anhydride and, into the resultant solution, titanium
20 tetrabutoxide in an amount of 0.7 part by weight

(corresponding to 0.5 molar% based on the molar amount of
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trimellitic anhydride) was added dropwise, the resultant
reaction system was maintained at a temperature of 80°C
for 60 minutes to react titanium tetrabutoxide with
trimellitic anhydride and to age the reaction product.

5 Thereafter, the reaction system was cooled to room
temperature, and was mixed with 15 parts by weight of
acetone, the resultant precipitation was collected by
filtration through a No. 5 filter paper and dried at a

temperature of 100°C for 2 hours. The resultant reaction

10 product (titanium compound (2)) had a titanium content of
11.5% by weight. '
Then, 3.6 parts by weight of phenylphosphinic acid i

were dissolved in 131 parts by weight of

trimethyleneglycol by heating at a temperature of 120°C
15 for 10 minutes. The resultant trimethyleneglycol
solution in an amount of 134.5 parts by weight was
further added with 40 parts by weight of
trimethyleneglycol and, in the resultant solution,
5.0 parts by weight of the above-mentioned titanium
20 compound (2) were dissolved. The resultant reaction

system was heated and agitated at a temperatufe of 120°C
for 60 minutes to produce a reaction product of the
titanium compound (2) with phenylphosphonic acid. A

Vit

white-colored slurry of a reaction product, namely a
25 catalyst (I) was obtained. The slurry of the
catalyst (I) had a titanium content of 0.3% by weight.
' Preparation of a polyester
Terephthalic acid in an amount of 166 parts by
weight and'trimethyleneglycol in an amount of 92 parts by
30 weight were subjected to an esterification reaction with
each other at a temperature of 240°C, the resultant
reaction product was placed in a polymerization flask
equipped with a refining distillation column, and was
mixed with the slurry of catalyst (I) used, as a
35 polymerization catalyst, in an amount of 0.95 parts by
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weight (corresponding to a molar amount of titanium atoms

of 20 x 107°% based on the molar amount of terephthalic
acid) and with a color tone-regulating agent consisting
of TERAZOLE BLUE in an amount of 0.0002 part by weight.
The resultant reaction system was heated to a temperature

of 250°C under the ambient atmospheric pressure for

30 minutes; further heated at the above-mentioned
temperature under a reduced pressure of 4.0 kPa for

15 minutes; and still further heated at the above-
mentioned temperature for 110 minutes while the reaction
pressure was gradually reduced and the reaction system
was agitated, to complete the reaction. When the
reaction was completed, the inside temperature of the
flask was 250°C and the final reaction pressure was

49.3 Pa. The resultant polytrimethylene terephthalate

~had an intrinsic viscosity of 0.680.

The test results are shown in Table 4.
Examples 26 to 30 and Comparative Examples 17 to 20
In each of Examples 26 to 30 and Comparative

Examples 17 to 20, a polyester was prepared by the same
procedures as in Example 25, except that the P/Ti molar
ratio of the catalyst (I), and the amount of the catalyst
used in the polyester production were changed to those as
shown in Table 4. The test results are shown in Table 4.

Example 31

Preparation of catalvst (J)

A mixture of 153 parts by weight of
trimethyleneglycol with 5.0 parts by weight of
phenylphosphinic acid was heated at 120°C for 10 minutes
to provide a solution. 1Into 158.0 parts by weight of the
ethyleneglycol solution, 3.4 parts by weight of titanium
tetrabutoxide were added dropwise, and the resultant
reaction system was agitated and heated at a temperature
of 120°C for 60 minutes to react phenylphosphonic acid

with titanium tetrabutoxide. A white-colored slurry
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containing the reaction product, namely a catalyst J was
obtained. The catalyst (J) slurry had a titanium content
of 0.3% by weight.
Preparation of a polyester

5 A polyester was prepared by the same procedures as
in Example 25, except that the catalyst (J) was employed
as the polymerization catalyst. The test results are
shown in Table 4.

Example 32
10 reparation of a polyester

- A reaction vessel equipped with a refining
distillation column was charged with 194 parts by weight
of dimethyl terephthalate, 152 parts by weight of
trimethyleneglycol and 0.12 part by weight of calcium

15 acetate; the charged mixture was subjected to an

interesterification reaction at a temperature of 220°C;
after the resultant methyl alcohol in a theoretical
guantity was removed by evaporation, the reaction mixture
was added with 0.09 part by weight of phosphoric acid, to
20 complete a first stage of reaction. Then the above-
mentioned reaction mixture was placed in a polymerization
flask equipped with a refining distillation column, and
mixed with a polymerization catalyst consisting of the
catalyst (I) slurry in an amount of 3.2 parts by weight

Ara
£

25 (corresponding to a molar amount of titanium atoms of
20 x 107°% based on the molar amount of dimethyl.
terephthalate) and a color tone-regulating agent

consisting of TERAZOLE BLUE in an amount of 0.0002 part
by weight. The resultant reaction system was heated to a

30 temperature of 250°C under the ambient atmospheric
pressure for 30 minutes and further heated at the above-
mentioned temperature under a reduced pressure of 4.0 kPa
for 15 minutes to proceed the reaction; and after the
inside pressure of the reaction system was gradually

35 reduced, and the reaction system was still further heated
at the above-mentioned temperature for 110 minutes while
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agitating the reaction system, to complete the reaction.
In the flask, the final inside temperature was 250°C and
the final inside pressure was 49.3 Pa (0.37 mmHg).
The resultant polytrimethylene terephthalate had an
5 intrinsic viscosity of 0.678. The test results of the
polyester are shown in Table 4.

Example 33
Preparation of a polyester

A polyester was prepared by the same procedures as

10 in Example 33, except that the catalyst (J) was employed
as the polymerization catalyst. The results are shown in
Table 4.

Comparative Example 21

A polyester was prepared by the same procedures as
15 in Example 32, except that, as a polymerization catalyst,
titanium tetrabutoxide was employed, and the catalyst
content and the amount of the catalyst slurry was
controlled so that the amount of this catalyst in terms

of molar amount of titanium atoms is 20 x 107°% based on

20 the molar amount of dimethyl terephthalate. The test
results are shown in Table 4.
Example 34

Preparation of catalyst (K)

Tetramethyleneglycol in an amount of 2.5 parts by
25 weight was dissolved in 0.8 part by weight of trimellitic
anhydride and, into the resultant solution, titanium
tetrabutoxide in an amount of 0.7 part by weight
(corresponding to 0.5 molar$% based on the molar amount of
trimellitic anhydride) was added dropwise and the
30 resultant reaction system was maintained at a temperature

of 80°C for 60 minutes to react titanium tetrabutoxide
with trimellitic anhydride and to age the reaction
product. Thereafter, the reaction system was cooled to
room temperature, and was mixed with 15 parts by weight
35 of acetone, the resultant precipitation was collected by
filtration through a No. 5 filter paper and dried at a



V0% ()- YAOY& ()- YAO%& ()- YA0%& ()-A %0%& ()- %0%& ()- AF@ %0%

V0% ()-( YAO0Y& ()-( YAO%& ()-( Y0%& ()-G Al k/S' %F@ %0% %0%& () -

V0% ()- YAO0Y& ()- YAO%& ()-A Y0%& ()- Y%A0%& ()-  AF@ %0% %0%& () - (

V0% ()-( YAO0%& ()-( YA0%& ()-G Al k/'S %F@ %d0% %0%& ()- Yd0%& ()-
2 £

V0% ()- YAO%& ()-A YAOY& () -

10

15

20

25

30

35

temperature of 100°C for 2 hours. The resultant reaction
product (titanium compound (2)) had a titanium content of
11.5% by weight.

Then, 3.6 parts by weight of phenylphosphonic acid
were dissolved in 131 parts by weight of

tetramethyleneglycol by heating at a temperature of 120°C
for 10 minutes. The resultant tetramethyleneglycol
solution in an amount of 134.5 parts by weight was
further added with 40 parts by weight of
tetramethyleneglycol, and in the resultant solution,

5.0 parts by weight of the above-mentioned titanium
compound (2) were dissolved. The resultant reaction

system was agitated and heated at a temperature of 120°C
for 60 minutes. A white-colored slurry containing a
catalyst (K) was obtained. The slurry of the

catalyst (K) had a titanium content of 0.3% by weight.

Preparation of a polyester

Terephthalic acid in an amount of 166 parts by
weight and tetramethyleneglycol in an amount of 109 parts
by weight were subjected to an esterification reaction

with each other at a temperature of 240°C, the resultant
reaction product was placed in a polymerization flask
equipped with a refining distillation column, and was
mixed with the slurry of catalyst (K) as a polymerization
catalyst, in an amount of 0.95 parts by weight
(corresponding to a molar amount of titanium atoms of

20 x 107°% based on the molar amount of terephthalic

acid) and with a color tone-regulating agent consisting
of TERAZOLE BLUE in an amount of 0.0002 part by weight.
The - resultant reaction system was heated to a temperature
of 250°C under the ambient atmospheric pressure for

30 minutes; further heated at the above-mentioned
temperature under a reduced pressure of 4.0 kPa for

15 minutes; and still further heated at the above-
mentioned temperature for 110 minutes while the reaction

o
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of phenylphosphonic acid. A white colored slurry
containing a catalyst (L) was obtained. The catalyst (L)
25 slurry has a titanium content of 0.3% by weight.
Preparation of a polvester
A polyester was prepared by the same procedures as
in Example 25, except that as a polymerization catalyst,
the catalyst (L) slurry was employed in an amount of
30 3.2 parts by weight corresponding a molar amount of

titanium atoms of 20 x 107°% based on the molar amount of

terephthalic acid. The test results are shown in
Table 4.
Comparative Example 24
35 A polyester was prepared by the same procedures as
in Example 32, except that, as a polymerization catalyst,
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No . (x°%) |(dl/g) 1,000 kg)l/g) (pirm)
25 2.0 20 0.680 188.0|1.2 2.7 290 7
26| 1.0 20 0.679 {(B7.2/1.5 3.2 310 8
27! 3.0 20 0.681 {88.2/0.9 2.4 340 5
28] 2.0 10 0.680 |87.3/1.8 2.5 280 8
Example|29] 2.0 30 0.680 |87.2/2.0 3.7 370 9
30{ 2.0 20 0.679 [86.5/3.0 2.9 350 7
311 2.0 20 0.678 {87.0[3.2 3.5 400 8
32| 2.0 20 0.680 [87.1(3.8 3.8 400 7
33 2.0 20 0.700 [89.0{1.1 2.9 290 6
17} 0.5 20 0.680 |85.1|7.9 5.6 450 12
18/ 3.5 20 Reaction was not effected. i
19] 2.0 5 Reaction was not effected. &
Compa-
rative 20{ 2.0 45 0.679 [83.8/7.5 4.9 560 15
Example 21 - 20 0.680 |82.3{9.9 5.9 730 7
22 - 20 0.681 |84.0(6.2 5.3 580 9
23| 2.0 20 0.680 {84.2/6.8 3.6 550 10
24{(5b,0,) 25 0.679 |84.4[0.5] 3.5 380 52
10 INDUSTRIAL APPLICABILITY
By using the catalyst of the present invention and
the process for producing a polyester using the catalyst,
a polyester having an excellent color tone, a small
content of foreign matter and an excellent melting heat
15 stability can be produced. Further, the polyester

obtained in accordance with the process of the present
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20 titanium compounds (2) produced by
reacting the titanium compounds (1) of the formula (I)
with aromatic polycarboxylic acids represented by the
general formula (II):

(COOH)
25

P

(I1)

in which formula (II), n represents an integer of 2 to 4,
or anhydrides of the aromatic polycarboxylic acids of the
30 formula (II), with
(B) a phosphorus compound component comprising
at least one member selected from the phosphorus
compounds (3) of the general formula (III):
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15 compound component (B), a ratio of the amount of the

titanium compound component (A) in terms of a molar

amount of titanium atoms (m,) to the amount of the

phosphorus compound component (B) in terms of a molar

amount of phosphorus atoms (m,) is in the range of from
20 1:1 to 1:4.

3. The catalyst for producing a polyester as
claimed in claim 1, wherein the titanium compound (1) of
the formula (I) is selected from the group consisting of
titanium tetraalkoxides, octaalkyl trititanates and

25 hexaalkyl dititanates.

4. The catalyst for producing a polyester as
claimed in claim 1, wherein the aromatic polycarboxylic
acids of the formula (II) or anhydrides thereof are
selected from the group consisting of phthalic acid,

30 trimellitic acid, hemimellitic acid and pyromellitic acid
or anhydrides of the above-mentioned acids.

5. The catalyst for producing a polyester as
claimed in claim 1, wherein the titanium compounds (2)
are reaction products of the titanium compounds (1) of

35 the formula (I) with the aromatic polycarboxylic acids of
the formula (II) or the anhydrides thereof in a reaction
molar ratio of 2:1 to 2:5.
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35 2,5-dicarboxyphenylphosphinic acid,

2,6-dicarboxyphenylphosphinic acid,
3,4-dicarboxyphenylphosphinic acid,
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the presence of a catalyst, wherein the catalyst
comprises a reaction product of

(A) a titanium compound component comprising
at least one member selected from the group consisting
35 of:

titanium compounds (1) represent by the
general formula (I):
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reacting the titanium compounds (1) of the formula (I) N

with aromatic polycarboxylic acids represented by the

15 general formula (II):
(COOH)
(II)
20 in which formula (II), n represents an integer of 2 to 4,

or anhydrides of the aromatic polycarboxylic acids of the
formula (II), with

(B) a phosphorus compéund component comprising
at least one member selected from the phosphorus

25 compounds (3) of the general formula (III): _ i
]
(Rz)m - I‘) - (OH) 3- (m+4q) (III)
H,
30 in which formula (III), m represents an integer of 1 or

2, q represents an integer of 0 or 1, the sum of m and g
is 1 or 2, R® represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms or alkyl group
having 1 to 20 carbon atoms, and when m represent 2, the
35 two R? groups are the same as each other or different
from each other, and the amount of the catalyst in terms
of molar amount in millimole of titanium atoms contained
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|"#$%&'()*+ -./012345678Fhe process for produc1ng a polyester as
5 claimed in claim 8, wherein in the reaction product of
the titanium compound component (A) with the phosphorus
compound component (B), a ratio of the amount of the
titanium compound component (A) in terms of molar amount
of titanium atoms (m,) to the amount of the phosphorus
10 compound component (B) in terms of molar amount of
bhosphorus atoms (m,) is in the range of from 1:1 to 1:4.
10. The process for producing a polyester as
claimed in claim 8, wherein the aromatic difunctional
acid is selected from the group consisting of
15 terephthalic acid, isophthalic acid,
naphthalenedicarboxylic acid, biphenyldicarboxylic acid,
diphenylsulfonedicarboxylic acid,
diphenyletherdicarboxylic acid, diphenyletherdicarboxylic

acid, diphenoxyethanedicarboxylic acid, and $-
20 hydroethoxybenzoic acid.

11. The process for producing a polyester as
claimed in claim 8, wherein the alkyleneglycols are
selected from ethyleneglycol, trimethyleneglycol,
tetramethyleneglycol, neopentylglycol and

25 hexamethyleneglycol.

12. The process for producing a polyester as
claimed in claim 8, wherein the polymerization reaction
is carried out at a temperature of 230 to 320°C.

13. A polyester produced by the process as claimed

30 in any of claims 8 to 12,

14, The polyester as claimed in claim 13, which
contains no cobalt compound and satisfies the requirement
that:

(a) when the polyester is melted at a
35 temperature of 290°C under vacuum for 10 minutes, the
melt is formed into a plate having a thickness of
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3.0 £+ 1 mm on an aluminum plate, immediately after the

forming, the polyester plate is rapidly cooled in ice
water, and then is dried and subjected to a

crystallization treatment at a temperature of 160°C for
one hour, then the crystallized polyester plate is placed
on a plate having a standard whiteness for tuning a color
difference meter, and the color tone of the polyester
plate surface is measured by using the color difference
meter, the L value of the polyester plate surface is 80.0
or more and the b value of the polyester plate surface is
i; the range of from -2.0 to 5.0.

15. The polyester as claimed in claim 13,
satiéfying the requirement that:

(b) the content of solid foreign particles
having an average particle size of 3 pum or more is
limited to 500 particles/g or less.

16. The polyester as claimed in claim 13,
satisfying the requirement that:

(c) when heated in a nitrogen gas atmosphere
at a temperature of 290°C for 15 minutes, the number of
breakage of backbone chains of the polyester molecules is

4.0 equivalents/1,000 kg or less.
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