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(57} Abstract: A catalyst for polyester production which is a product of the reaction of (A) a titanium compound ingredient compris-
¢= ing a titanium compovnd (1) represented by formula (I) and/or a titanium compound (2) obtained by reacting the titanium compound
& (1) with either an aromatic polycarboxylic acid represented by formula (E) or an anhydride thereof with (B) a phosphorus compound

ingredient comprising a phosphorus compound represented by formula (IT1). A polymerization feed material comprising zn alkylene
&= giycol ester of an aromatic dicarboxylic acid and/or an oligomer thereof is condensation-polymerized in the presence of the catalyst

to obtain a polyester which has a satisfactory hue and excellent moldability and less forms a deposit on a spinning nozzle. (R!is Caq
o alkyl; pis 1 to 3; n s 2 to 4; R? is (un)substituted Cg 3 aryl or C; y alky); and m is 1 or2 and g is O or |, provided that m+q is 1 or 2).
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alkyl; pis 1to 3, nis 2to 4; Rerr] is (un)substitohedcbhpérdondryl or
Cerr] alkyl; and mis 1 or 2 and qis O or 1, provided that mtq is 1 or

2). [err] [err] [err] [err] 24 Decenber 2003 - 1. DESCRI PTI ON CATALYST.
FOR PRODUCI NG A POLYESTER AND PROCESS FOR PRODUCI NG THE POLYESTER BY USI NG
SAME TECHNI CAL . FIELD The present invention relates to a catal yst- for
produci ng a polyester and a process for préducing the polyester by using
the sane. Moire particularly, the present invention relates to a catal yst
for producing a polyester, conprising ggeC|f|c titani um conmpound and a
phosphorus conmpound, and a process fo ESF hitt the pol yester having a :
good color tone (b value), and thus not needing an addition of a cobalt

conpound to regul alarat RETCALR! pAGNFeTRY AUTRYEERER CALA Middcr BAFSEROUND ART

The pol yesters, particularl pol'yet hyl'ene terepntnar ate, poryetnyl ene
napht hal at e, polytrinethﬁﬁ%%%L—ﬁﬁiéﬁﬁ%ﬁgﬁ%E§ﬂ§h@lbéﬁ¥£§iﬁéﬁ§thyIene a

t er epht hal at e, TeoENIGMceIiBE&mt nechani cal, phyS|caI and chenlcal it
performances and 't hys e e ri Qus films .and
ot her shaped artlcles %r%s@&Q i V8B££+§ {%i ene eFEpﬁFﬁ V% £9% usual |y
produced by pr epiR qﬁ}ﬂﬂhaepﬁﬁwéﬁégry@@¢ QHRQQCQﬂS fpérephﬁhaim@ i d and/ or

ol i goners of trpbxyﬁgﬁérb%yausdhgeghee§5@g|flng@ Arteaalhely OfcHeerephthalic
sterification reaction of-a |ower

i a kyl ostor o S AArsrPioRCrRlAFEs "L Ao ALY G b hy P ORI Ral a o
wi t h et hyMeneglp@latester ,acompatsing ofsperidilt hdkhniani dompdind and a
et hyl eneoxi de, @sphorus compound, and a process for producing the
polyester having a good color tone (b value), and thus
" not needlng an addition of a cobalt compound to regulate_

the color tone, by using the C&t&let.
wad ) BACKGROUND ART A

The polyesters, particularly, polyethyléne
terephthalate, polyethylene naphthalate, polytrimethylene
terephthalate and polytetramethylene terephthalafe, have

excellent mechanical, physical and chemical pefformances
and thus are widely utilized for various fibers, films
and other shaped articles. ,

For example, polyethylene terephthalate is usually
produced by preparing an ethyleneglycol ester Sf 7
terephthalic acid and/or oligomers of the ester by a
direct esterlflcatlon reaction of terephthalic a01d with
ethylenelecol, or an interesterification reactlon of a
1qwer_d1§lkyl ester of terephthalic acid, for example,
-dimethyl terephthalate, with ethyleneglycol, or-a
reaction of terephthalic acid with ethyleneoxide,'and. .
then by polymerizing ethyleneglycol ester of terephthalic
acid and/or oligomer of the ester in the presence of a

, polymerizafion catalyst under ‘a reduced pressure at an
elevated temperature, until the polymerization prqductr‘
obtains a target degree of polymerizétion. Also, the
polyethylene naphthalate, polytrimethylene ﬁerephthalate
and polytetramethylene terephthalate can be prbduced by a

process similar to that mentioned above.



then by pol ynerizing ethyl eneglycol ester of terepht halgﬁe&m%rgggé

ol igoner of the ester in the presence of a polynerization catalyst under a
reduced pressure at an -elevated tenperature, until the polynerization
product obtains a target degree of polynerization. Al so, the polyethylene
napht hal ate, polytrimethyl ene terephthal ate, and pol ytetranethyl ene

t erepht hal ate can be produced by a process simlar to that nentioned
above. 24 Decenber 2003 - 2 It is well known that the reaction rate of the
pol yneri zation react E@nlandeltheknmaﬂntlyatoftl*t&e:eraeﬂiiloﬁﬁ&*atepaky%éef are
greatly influen e st f thep meriza |on
reaction step. %@g@i&r&??ﬁ%%{{?zg%%%{‘%nat ygi ef(%’uat &t g%'éngﬁg ant

t er epht hal at e, é’ﬁtll‘fﬁﬁg?rcéﬁﬁoﬁﬁ%l%t]ay elpstengege by téu@pltwedpfbehause t hey

ex|h| bi t EXCﬁ| | entitaaystytoe tps OgﬁteI)trVerleraﬂQJrN%%'cﬁbhogteBnd hbey rgsul tant
pol yester has o) r t one, ni mony conpounds are
enpl oyed as g ?gﬁg}:?z% oh %%Yaa% fec}fhé:\g%egﬁaﬁgﬁgyﬂyﬁfﬁest er is

di sadvant ageous terephbhaldibs, aa!wfeimoryplqumgmgmmsoae:éumes@f witlbkyresul t ant

pol yester is CO@hblUbJ?éc&'Ybé@étﬁé@dtK%l} ef;@lrlbat ekeag ﬁfc' Bgtai‘)élé?ée' gn
substance i s cohered and | at ar.ound t-spirnning orifice

a
(which. forei gR"SBB5tH n%%rvﬁ"ﬁ-l "ﬂ:Fe"rzé‘rtéﬂﬂedaPS §§8aﬁe§PiLFﬁeé Po YRS AT
subst ance herei haSterf)rQOQrIdObraruste:md he stream of the polyner nelt extruded

t hrough the orifice ﬁgw he | L..Db f d_to as bedng
phenonenon of poly t ﬁt}eerg e:éél:ﬂr?ahy g {“gogédg %I%e%lﬁ?ﬂ ed's
phenomenon causésP?%YWHﬁﬁtJtﬂn fCIa\Haflé’Séndtbﬁeaﬁégétéflt nelresmm id | anent s

to occur duri ngdiﬁl@dfmhﬁag:‘emﬂmlmgtﬂmi wﬂéﬁW'anﬁe@EQQEﬂHﬁ§§ PRIE Yurd R

shapi n ropert f i s de ant i’ npny conpound
cat gl ygt P Ag a 1¥% yﬂ%‘if]‘lﬁz% eo*ﬁtff:ﬁ l&?ﬁQP%E-HE\%u? '3 %ﬂf?h%ﬂu%oﬁriﬂ%o@nds

the utilization @mthdejma:cﬁmmm ﬁubsn:aneﬁaﬂml eohérédnandn t et rabut oxi de
s suggested. VefuhiExedd tARHE AHIPAUDS Hﬁ%g%}?ﬂ £ ADOVE oy oyed.

t he problemof accunul ation of the ori |ce forergn su
foreign substance will be referred to as an orifice

foreign substance hereinafter), and causes the stream of
the polymer melt extruded through the drifice to be bent
* (which will be referred to as a bending phenomenon of

- polymer melt stream hereinafter), and the bending
phenomenon causes formation of fluffs and breakage of
melt spun filaments to occur during the melt-spinning and
drawing procedures. Namely, the shaping property of the
polyester is degraded by the antimony compound catalyst.

As a polymerization catalyst other than the antimony

'ﬂcompéhnds} 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

' 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,

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



can be solved. However, this catalyst causes a new di %qy@d%gggzb@that
the resultant polyester per se is colored yellow sh and exhibits a poor
‘stability to heat nelting. To solve the above-nentioned col oring problem
generally, a cobalt conpound is mxed into the polyester to erase the
yellowi sh color. It is true that the col-or3 4one (apparent whiteness) of

t he pol yester can be 24 Decenber 2003 - 3 inproved by m xing the cobalt
conmpound into the polyester., However, the m xed cobalt conmpound causes
the .stability BPTPRed phbY yBiYXERY titheegbakd ampauaddntgetheased and t hus.

]E he r esu: t ant f.pakyﬁstef._t OHbBRe B&S) L%ehdﬁ@%@@%ﬁﬁlt%oﬁapbh&a”wﬁkgg”P}?%z’”d-
or catal yst , .. production t.he pol yester, it i's known to enpl oy
titani um hydr o%ﬁféllfjﬁt a%’gn@%% @(@rﬁ%teetf Pt t Bieditiiag t8nbRo. 48- 2, 229,
a-titanic aci ddeardapedhesed Exasr therl RetuditanRulpolyaisicer M. bd7¢26i697.
However, in thgefonpBiegatal yst the titanium hydroxide is. difficult to
pul verize and in the latter catalyst, a-titanic acid i.s easily nodified
and is difficult t®°s?orEraMihGrnReurthfer setrlyss &arathets are not
suitabl e for ppacducalon ndfisthe golyessteand izl S@ khbencababypisyare sel dom

produce a poly - .hawl . ol Qr. tone (b.valu so, Japanese
Exam ned Pat en?f%ﬁ%:ﬂ?@é%%%&é&i%p%ggs ig‘(}f gslélsdt ﬁéf’eﬁ-pr'oduct obt ai ned
by a reactionPablicatiemiNgm oMW Wollt itkindel htilciachdphsessised as a
catal yst for ‘produci ng ;T he pol t.er, .and Japanese_Unexam ned Pat ent
Publ i cati on Ngéxéﬂl%%& 7%9’%1 s%q%gtslggttll‘?&t N&'pggdggrsa?'t,i t ani um conpound
with a phosphite diewavan, usablhe foraecrarakpdystothprofluahngnthe - :
pol yester. 't hfaidiitnd Nl diotlddle RGOBGS9E2188a0hE LRCenSARLLLY of the
e nt.

pol yester for nelting heat to be enhanc to sone exte Wever,- the
color tone (certalxsnessitasfict heidedsl pant lpohpdstiedi snd usati sfactory.

Thus, the col of; #0610 Al HDr Ol Randle. Thus, both the catalysts
- are not suitable for practical industrial use, and also
the catalysts are seldom produce a polyester having a

good color tone (b value).

; Also, Japanese Examined Patent Publication

No. 59-46,258 discloses that a product obtained by a
reaction of a titanium compound with trimellitic acid is
used as a catalyst for producing the'polyester, and
Japanese Unexamined Patent Publication No. 58-38,722
disclqses that a product of titanium compound with a
phosphite ester is usable as a catalyst for producing the
polyesxer;_ It is true that both the processes enable the
étability of the polyester for melting heat to be
enhanced to some extent. However, the color tone
(colorlessness) of the resultant polyester is

'unsatisfactory. Thus, the color tone (b value) of the
polyester must be further improved.

‘ Further, Japanese Unexamined Patent Publication

- No. 7-138,354 discloses employment of a complex of ar
titanium compound with a phosphorus compound_as'a
catalyst for producing the polyester. This process
enables the stability of the resultant polyéster to
melting heat to some extent. However, the color tone of



pol yester mnust be-further inproved. Further, Japanese qﬂq? ) ent
Publication No. 7-138, 354 discloses enploynent of a conp %%hggggﬁaéitanium
conmpound with a phosphorus conmpound as a catalyst for producing the

pol yester. This process enables the stability of the resultant polyester
to nelting heat to sone extent. However, the color tone of _ 24 Decenber
2003 4 the resultant polyester is unsatisfactory. Furthernore, when:.the
phosphorus-contai ning catal yst as nmentipned above is enployed, the

catal yst per se is wusually retained, as a foreign substance, in the:

resul tant pol yester polymer. Thus, this problemnust be solved. D SCLOSURE
OF THE | NVENTItOR Aasvbfett riflvelséepr bsemsdtieddeitonyto provide a catal yst

for producing a pokyeshermdiay] RGed G808 fHoruk0BEn{dinidlii@htadykow
content of a forelgn.suqigﬁpce and anp ex e%!ent gekélng)heat stability,

~and a process *Fol BRI HYPE p6I TRRIYF Dy Wisi FTEneS s AR, SPha® o

above- nent i oneduebjEctetaindsh atst ai hexkyn tshdsteatal yot e t he present

~invention for pLgdughPgnstydletesheinénd thRNr eaesSpbildie mpkessat

i nvention for ﬁrodUC|ng a polyester by using the catalyst. The catalyst
of the presenFO'Hﬁgntion for producing a polyester conprising a reaction
product of (ApPISCLOEHRE ubl CRHFpANNENTOBDoOnent conprising at | east one

menber sel ected fr _ NSistd of - ti-fan] unds (1
represented by thegmg%ﬁ%% Q%‘kgrtﬁfrrll%l Ek%%é‘c@ﬁ%v&n&ﬁe #&%@8;%%1% n \(Nhi)Ch _ ,
formula (1), REtPEBFESENT PrAtugirg| 2 PO @R RGV1iDd 1d PP E&PBBH atoms and.

p represents asnen{Bgeslwd) 1l d Qow3co@ieht of a foreign substance and
' ‘an excellent melting heat stability, and a process for
producing a polyester by using the same.
The above-mentioned object can be attained by the
catalyst of the present invention for producing a
polyester and the process of the present invention for
producing a polyester by using the catalyst. The
catalyst of the present invention for producing a
éolyester cawprising. a reaction product of
{(A) a titanium compound component comprising at
least one member selected from the group consisting of:
titanium compounds (1) represented by the '

general formula (I}:

OR'
! |
R'O—-Ti-0——R'" (1)
| : l
v | OR! p

— p—

in which formula (I), R* represents an aikyl group having
2 to 10 carbon atoms and p represents an integer of 1 to
3, and

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

formula (II): .



tltanlun1conpounds.*(2) produced by reacting the titan ﬁﬂ% g&ﬂ§ (1) of
the formula (1) wth aromatic pol ycarboxylic acids represen he

general formula (I11): 24 Decenber 2003 - 5 - in' which fornula (II) , n

" represents an integer of 2 to 4, or anhydrides of the aromatic

pol ycarboxylic acids of the forrmula .(l1l), with (B) a phosphorus conpound
conponent conprising at |east one nenber selected fromthe phosphoric acid
conpounds. (3) of the general. formula (I111) 0 (-R) - P WE) 2 in which
formula (111), R2 represents an unsubstiguted or substituted aryl group
‘having 6 to 20 carbon atoms or alkyl group having 1 to 20 carbon atons, a
rati o of the amount. of the titani um conmpound conponent (A) in terms of a
mol ar anpunt  of tltanlun1atqm@dyﬂﬂ) to the anount of the phosphorus .
conmpound conponent (B) j of "a nol ar anmount of phosphorus atons ()
- being in the range of frlon-) 1 to 1:4. The process of the present invention
for producing a polyes conpri ses polynerlzﬁﬁﬁ)a pol yneri zati on- -
starting material - conpr|5|ng at | east one nenber . sel ected fron1the-group
consi sting ofinakdylctnegknadh €8t £l Su Heprak ic.d fi0 ar oxylic
aci ds and ollgogﬁ5§ Eggreo% fn fhe régeg%gﬁg n lﬂ%&f;} Qﬁ&h% ei'n the
catal yst conprises’a Feacty atge Pﬂ}Yﬁafb?%wﬁ%ﬁnﬁﬁyﬂﬁo@ﬁdtbenponent
conpri sing a?orﬂéé§t(5ﬁérwender selected fromthe group consisting of:
tltanlun1conpoundqggl)argﬁgf?ﬁggggigaﬁpbgﬂd c8££§ﬁéﬂtfé§33%1%lﬁ"ét 24
,Decenber 200§eaé toﬁé 6
member selected from the phosphonic acid

compounds (3) of the general formula (III):

. ' - 0o

| _
2 . —— . . A ’
(R?) P—(OH) —

in which formula (III), R? represents an unsubstituted or
substltuted aryl group having 6 to 20 carbon atoms or alkyl
group hav1ng 1 to 20 carbon atems, a ratio of the amount of
the titanium compound component (A) in terms of a molar amount
of titanium atoms (my;) to the amount of the phosphorus
compound component (B) in terms of a molar amount of

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

- The process of the present ihvention for producihg a
polyester comprises polymerizing a polymerxzatlon— .
starting materlal compr151ng at least one member selected

. from the group consisting of alkyleneglycol esters of
"aromatic difunctional carboxylic acids and oligomers
thereof in the presehce of a catalyst, wherein éhe.
catalyst comprises a reaction product of
(A) a titanium compound ‘component comprising at
least one member selected from the group consisting of
titanium compounds (1) represented by the
‘general formula (I}): |



in .:.which formul a (1) RI 'represents an al kyl, grou%4 d§)10

carbon at ons. angbp repregsents an integer - of 1 to , tltanlum
conpounds (2) produced -by-reacting the titanium conpounds (1) of the
formula (1) with, aromatic polycarboxylic acids represented by the general
formula (I1l1): in which formula (11), n represents an integer of 2 to 4, or
anhydri des of the aromatic polycarboxylic acids of the formula (I1.)( with
(B) a phosphorus conpound conponent conprising at |east one nenber
sel ected fromthe phosphonic acid conpourtds- (3) of the general formula
(rrr)y: .0 (R-) .---- P - (OH) In which. formula (111), R2 represents an
unsubstituted or substituted aryl group having 6 to 20. carbon atons or
al kyl group having 1 to 20 carbon atons, a ratio of the amount of the
tltanlun1conpound conponent -(A) in terns of a nolar anount of titanium
atoms (nl) to 'the anDunt,(f hgg,ph6§phorus conpound conponent (B) in
terms of a nolar anount-of . phoruys atoms ' (me) being in the range of
from1l:1 to 174, and 24" cember 2003 anobunt in mllinole of titanium
atoms contained in the g al y&i; §i; cefrdspongling teri0 to 40% of the amount in
millimle of the aromaticldi unctloral carboxylic acid contained in the .
pol yneri zati on-starting mafer {al .  BHST MODE OF CARRYI NG OUT THE | NVENTI ON
The catal yst of the present igwention for producing a polyester conprises
a .reaction produCt of a titanium eenpound conponent _..(A) -faith a

phosphorus cQ ent (B) ich will be explained in. det ai

herei nafter. }r}ﬁé"l{utqht éqﬂ%lacdﬁdouﬁ\ém%‘?ﬁﬁﬂﬁ@ﬁ @n). aEEHEI grovp havimg '
catal yst of .2He Arte Senthaitn edtioiiso AndO PP E L EE6s @it 4 %lﬁtz.rﬁﬁ.%er ‘@Emhegosel-ect ed
fromthe group ceRei sting of titanium conpounds (1) represented by the
fol l owi ng genera. formula (I )

tltanlum compounds (2} produced by reacting the
tltanlum compounds (1) of the formula (I) with aromatic
polycarboxyllc acids represented by the general
formula (II):- . _ -

(COGH)

(I1)

in which formula (II), n represents an integer of 2 to 4,
or anhydrides of the aromatic polycarboxyllc acids of the
formula [II)r w1th

(B) a phosphorus compound component compr151ng at
Least one member selected from the phosphonic acid

‘ compounds (3) of the general formula (III):
: 5 i
RY) — P — (O] ‘ |
(RY) . P — (OH) 2 (111

Ih which formula (III), R’ represents an unsubstituted or
Substituted aryl group having 6 to 20 carbon atoms or alkyl
group having 1 to 20 carbon atoms, a ratio of the amount of
the titanium compound component (A} in terms of a molar amount
. of titanium atoms ({mg;) to the amount of the phosphorus
compound component {B}) in terms of a molar amount-of
phosphorus atoms (m,) being in the range of from 1:1 to 1:4,

and



R Q.7 the . anpbunt of the catalyst in terns of nDIar -- -0
| OR P in which -formula (I) R represents an al kyl grog%ﬁ%a&?héﬁb to 10

carbon atons, ‘preferably 3 to 6 carbon atons, p represents an i nteger of L
to 3, preferably 1to 2,; and titanium corrpounds (2) obtained by reactrng
the titanium compounds (1) of -the general formula (1) with aromatic I
pol ycar boxyl.ic acids represented by the follow ng general--formla (11) :

(COOH)n in which formula -n represents-'an-integer. of 2 to 4, preferably 2.

to 3, or anhydrides of the aromatic pol ycarboxylic acid. 24 Decenber 2003 -
8 The phosphorus conpoun nd caonponent- (B) usabl e for t he cat al yst..of the '
present invention conprfif§edmountegst thfecaprls iselteaimed of amlislie

phosphor us . caﬂﬂﬂuﬁﬂSJ(amjﬂﬂnbgéeageqigyniﬁmegggdémgdﬂléiﬁggrg f rnula

(rrr)y: 0 (OHy h. f or.nul ( m,re resents an 1 nt €of 1 or
2, q represents a#t ?rl@es OB G E %‘t’te O$uft ofSmeERENY in @lllmolg R2

represents arf: uﬁ§9b@¥¥¥ﬁ%eddn&msubemakmbeﬂoxﬁmxﬂagi@up having 6:'to 20
car bon atonscogmgﬁg@abhx @ Boigm§g{%%$bato X &&ngghkxﬁﬁgﬁiup having 1 to

on a represents

20 carbon a#% ﬁre eraﬁéﬁ
an integer ‘o 51" MRRE; QB 5?53950W%yT&&33N%ENT§QHe as each other or -

di fferent fronteawheobhealybﬁ éﬁetﬁ@Q§ﬂééHhtp&§@HﬁE18ﬁ E?E ﬁkggﬁéfg§conpound

conponent (Aﬁ BBEQeEQSrpQS%BPQégé QQE é¥¥¥%n9%¥3833Q of a titanium
_* compound component.(A) with a phosphorus compound
'fcomponent (BY which will be explalned in detail
'herelnafter
. fThe titanium campound comporent (A) uSable for the
catalyst of the present invention comprises at least one
member selected from the group consisting of titanium
-compounds (1) represented by the following general
formula (I)
OR!Y
|
R' Q= Ti- 0 4+— R! ()
l
OR'. p

i

in which férmula (I), R‘represents an aikyl graup having
‘2 to 10 carbon atoms, prefefably 3 to 6 carhon atome, p
represents an integer of 1. to 3, preferably 1 to 2; and
fitanium compounds (2) obtalned by reactlng the tltanlum
compounds (1) of the general formula (I} with aromatlc
_polycarboxyllc acids represented by the follawing general
formula (II):

L{COOH)

21n whlch formula (II), ‘n represents ‘an lnteger of 2 to 4
preferably 2 to 3, or anhydrides of the aromatic
‘polycarboxyl;c acid.



usabl e as a catal yst of the present invention for pro i yester,
preferably, in the reaction product of the titanium c%@)é&%g%gg‘%@g’nent (A
with the phosphorus conmpound conmponent (B), the ratio nii/nP of the

anount of the titanium conpound conponent (A) in terns of a nolar anount
mli of titaniumatons to the anobunt of the phosphorus conpound conponent
(B) interns of a nolar anmount np of thsﬁhGrus atons is in the range of
from1l:1 to 1:4, nore preferably 1:'11.5 to 1:2.5. The phrase "an anount

(mr;) of the titani Uihé&OBMOMIH -0 N (A), i f I armount of
titanium atons” é?eriers %ﬁ s a total gtq}grﬁdo LB‘F%H%@??%? lﬁo?%?e a%.)rﬁ)d: s of
i ndi vi dual titafifbAt¥Eohpdurldte SreEseid AdvseEionf compriseamuneasneneer

nol ecul e cont ai mewben seéhetitedUalod ithanbUBseREPEYNESNpMS@s (e phrase "an
amount (m) of {he bhosphor co nd .conmponent _ ( in terns of a nolar
~amount of phosph%fus at ons™ ﬁée%ggﬁﬁgwén ggﬁpe§ﬁﬁ1gngﬁ%ﬁhkﬁ%§kﬁ 24
Decenber 2003 - 9 nolar anounts of individual phosphorus conpounds and the
nunbers of the phosphorus atdps per nolecul e contained in' the individual
phosphorus conpounds. _The phasphoruys .conpounds of _the fornula (I11)
contain only. one phégﬁEDFGE tons Bt smeirecul e of T¥hE i ndi vi dual
phosphorus conpounds. Thus, if this case, the amount of each phosphorus
conpound in terns of a nolar “ahount of phosphorus atons is the sane as the

real nol ar amount v?ﬁc éach uﬁosphor us conpound. \Wen the reaction nolar
ratio m/np i s Hore Jﬁ%]a%%rf{) 2 hamély %ggp’c'?l%e%%ﬁﬁ igrtegey ©ift anPdm
conpound conpoherd Yeprasenteo amuchteybe oeswuldant, catalynt o apauge the
ol or 1 ane (apba eIt Aek S SRg i el EE At RAapt BAPEFHICEd M so,
when the react3oht MHoMP PEVILGINT, FPne0i carkes atraws . prefeamblly whea - t he
anount of the tid annbonCapagNdoeORPRPEN rdY Hay P 1 SR, ctaESofleSL” t ant
catal yst my exhifig, aneasubhlcbeps gatalylic, activity for the”production
of the polyester. ‘
represents an integer of 2, the two R? groups may be the
same as each other or different from each other.
In the reaction product of the titanium compound
' component (A) with the phosphorus compound component (B),
usable as a catalyst of the present invention for-
producing the polyester, preferably, in the reaction
product of the titanium compound component (A) with the
phosphorus compound component (B), the ratio m,,/m, of the
amount of the titanium compound component (A) in terms of
a molar amount m, of titanium atoms to the amount of the
* phosphorus compound component (B) in terms of a molar
amount m, of phosphorus atoms is in the range of from 1:1
to 1:4, more preferably 1:1.5 to 1:2.5.
The phrase "an amount {m;} of the titanium compound
component (A) in terms of a molar amount of titanium
atoms" refers to as a total sum of products of molar
amounts of individual titanium compounds and the numbers
of the titanium atoms per molecule contained in
individual titanium compounds.
Also, the phrase “an amount (m,} of the phosphorus
compound component (B) in terms of a molar amount of

phqsphorus atoms” refers to a total sum of products of



The ti.tani um compounds (1) of the general formula (1) S[?‘EI f e
titani um conpound conponent (A) include, titanium tet-rééa %bggé()é:lf]or

exanpl e, titaniumtetrabutoxide, titanium tetraisopropoxide, titanium
tetrapropoxide, and titanium tetraethoxide; and al kyl titnates, for
exanpl e, octaal kyl trititanates and hexaalkyl dititanates. Anong them the
titani.um tetraal koxi des whi ch have a hlgh reactivity to the phosphorus
conpounds usable for the present invention are preferably. enployed

Part i oular| Y, ndidANnde @Y G20 SoRBEEBEEL Al AP leedror the

present invention t ani um conpound usa e t| tanium .
conpound conpdiEMern)of $he MQ@@&OEySré‘a@msn@elﬁHéolwttlmqmt@am?éuﬂas (1)
of the generaltﬁ@rmdlan(du)alvmgﬂm bQ[IBt EEmPohygal bomél,gﬂm@éj_dﬂ&&f the .
general formul a?{‘iél I r‘f"ﬁrlgydrfl ﬁ.ggi The "ar Oma]?b E!r)ol ycar boxylic
aci ds of the d& (Y 3%8 CTREBHD 00T 10 anhydri des
t hereof are prwf@ﬁtﬂlyl%@ltmse@eﬂfr oalphuhal $€ theithdividuwdl itic acid,
hemimel litic goiskRtuPWoRPndEl.C 2Rid, apg @@bydéa&es e tHRunt of

above-nentioned _aci.ds. Particul arl frinelliti hydride, which has a.
hi gh reactivi t§7%b RHRF RS SW@BH%SUﬁHSt%EI)‘S an % s AMORBG 8Ly | tant -
pol yneri zati orpnuszduniust @atexls bist thehsghe asftine tyeai trdoldre anmmh:t afit

pol yester, is N-Taxe] Me\VA he reaction of the titanium' conpounds
(1) with the %o tlc%10 (r:égrcboggfllg aci ds or the anhydrides thereof can

be carried out by rﬂfsﬁrhd'-htehé'e&%ﬁﬁﬁl BOBBY yEAF XY (B 1cl@Feorhanhydri des

thereof into a sp) \tﬁﬁtelt wheSeha afefiht OBt Othdl 41 dn e dwpm%boxyl ic
acids or the, anhyd t.her eof to. be ﬁol ved jun t he sol veralT addi ng-
e

dr opwi se t he t5RA othid TPY) *Pfike the Restirant SaFelVsh MRY t he
reaction nixt waiss the guigesterepgbdiced bR d crheS@atialyisés tor nore,

preferably at 36, +1%0: Gnls@t 140ak002P @61‘6’% €Sond N at;t}faarre‘%?cCWh&'%enEQQ'S eis

no specific resailéglfﬁédfflclent heat resistance. Also, when the
reaction molar ratio m,/m, is less than 1:4, namel& when
the amount of the titanium compound component (&) is too
small, the resultant catalyst may exhibit an insufficient
éatalylic activity for the production of the polyester.

The titanium compounds (1) of the general

- formula (I) usable for the titanium compound
component (A) include, titanium tetraalkoxides, for
example, titanium tetrabutoxide, titanium
tetraisopropoxide, titanium tetrapropoxide, and titanium
tetraethoxide; and alkyl titnates, for example, octaalkyl
tritigénatés and hexaalkyl dititanates. Among them, the
titanium tetraalkoxides which have a high reactivity to
the phosphorus compounds usable for the present invention
are preferably employed. Particularly, titanium
tetrabutoxide is more preferably employed for the present-
invention.

The titanium compounds (é) usable for the titaniqm
compound component (Aj is produced by reacting the '
titanium compounds (1) of the general formula (I} with
aromatic polycarboxilic acids of the general
formula (II1II) or anhydrides thereof. The aromatic

polycarboxylic acids of the general formula (II) and the



the reaction pressure, and the reaction can be suff|C|2qrﬁéc\én%f;?66§d under
t he anbi ent atnospheric pressure. The solvent for the above

reaction may be selected fromthose capable of dissolving therein a
portion or all anount of the conpounds of the forrmula (Il1) or the I
anhydri des thereof. The solvent is preferably selected fromethyl alcohol,
et hyl enegl ycol, trimethyl eneglycol, t et rakBt hyl engl ycol , benzene and .
xyl ene. There is no specific linitation to the reaction nolar ratio o e

L antum compouay ikt by b PRI b e fermula D oL L
?E;Iyd:‘ Isdtezot h?grg%glfihetFé%Hhh%c p@ﬁaﬂbstfaxnlnwlexlicbatlanan&lnsat i sfactory

col or tone and pg@oh@M@ti@f&@m%d SRRUALY B Lho! D PLOPOLLI NP1 L he

1 the rfesultant c
Lnsurticlent Cafargrie REFHORHRTln JRamouing 2aanbedias, JobEh HHs A he
pol yneri zation hég t¥©ﬁct$m£xﬂcﬁouﬁQe tuhanﬁ&acbbmﬁoﬂﬁéﬁr ta&acgnggras

oo ooy abmios o b s AL 0

nhydri des there
gboze ment i oned® 91&3 o"ﬁl"rfhytrlf‘e rﬁ?bﬂlééﬂédpt)éyeﬁ’eeream ire femedadur e Wi t h

t he above- nent i emplopédsphor us conpound (3) without refining or after

f t he reacti r ec talllzatlon thereof with a
:gclrgls?gl li zi ng. gfn}%é) %or ec{gr?%l gh {é%? TRTERHNAs ddHomikhdibe et hyI
acetate. In the? Eﬁég Rﬁﬂﬁ@9§ﬁleS?CLé@resemnemhﬂnydﬂraengmé&ébffOrnUIa
s or CL oL dHBXﬂéaobu% o9 R 2K fﬁgﬁéggﬂgtéga?Olﬁga§§§§§iiﬁent or

- ps rep sented
g;gu_pgro;mre SUDSE | %(uents %ﬁédgﬁbgg?f%‘éﬁt%n ale:) Lﬁﬂelveﬂﬁr toegampken a

carboxyl group, pc&;q@}qn Gro@ds, of Bhdr padycgriosy 1 iand i@y 3 REeJr OUP.
: ‘anhydrides thereof to be solved in the . solvent; adding

dropwise the titanium compound (1) into the mixture; and
heating the reaction mixture at a temperature of 0 to

200°C for 30 minutes or more, preferably at 30 to 150°C
~for 40 to 90 minutes.

| In the reaction, there is no specific restriction to
the reaction pressure, and the reaction can be
sufficiently effected under the ambient atmospheric
pressure. The solvent for the above-mentioned reaction
may be selected from those capable of dissolving therein
a portion or all amount of the compounds of the

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
molar ratio of the titanium compounds {1} with the
compounds of the formula (IT1). 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
‘temperature. If the proportion of the titanium
compound (1) is too low, the resultant catalyst may
exhibit an insuffieient catalytic activity for promoting



The phosphorus conpounds (3) of the gener aI formula (I 'ﬂﬂD&reﬁlePb&ﬁ ed from
the groups consisting of, for exanple, phenyl phosphonic ac

met hyl phosphoni c _
i sopropyl phosphoni ¢ aci d, butyl phosphonic acid

xyl yl phosphoni ¢ aci d, blphenylphosphonlq aci d,

acid, ethylphosphonlc aci d, propyl phosphoni c acid,
t ol yl phosphoni ¢ aci d,
napht hyl phosphoni c "aci d,

ant hor yl phdphoni ¢ aC|d 2- carboxylphenylphosphonlc aci d,
3- carboxyphenylphosphonlc acid, 4- carboxyphenylphosphonlc aci d, :
2, 3- dicarboxypﬁen&kﬁhmgghaatéoacrdactmerdicarboxyphenylphosphonic acid,

2, 5-di car bOXyphean@&%%la'iﬁB&? aghgd. regc@ugﬁ Gt %Q%m

3, 4- - di car boxyphenyl phosphoni ¢. aci d

3,4-tricarb

2,4, 6-tricarboXyphényl p

di met hyl phospHiefiteizg gr @

oxyphen

}h honic acid,
%ﬁgsphonlc aCId

2, GRBEBRBAS c (At P tfze FIRGUNEE 156X I¢eny| phosphoni ¢
gCId, 2,3, 6--ﬂdnmmamquypheﬁytp@O§mﬁ¥Hﬁidéﬁﬂﬂhereof is preferably 2/1

, 4, 5- trlcaer§yQ nyl&ﬁg:g%g@{foﬁbéékd

onrc a

B s Sheee et A gned
nethylphosphlﬁa@cﬁép@ mayhpephatpet e tﬂnthe geagihilophesphiediceawi. th

i sopr opyl phos plleNia®odelflent DUk ¥l PRASHIH Vs Qfdnq:outn‘al xlsehQEQHbﬁl-.C aci d,
xyl yl phosphi ni c _aci.d, blpthé|phO§ﬁhjnIC acid, = di phe

n Inic aC|d

ithe meackiog EFSSVPEh ¥phi ni c aC|d

di i sopropyl phasphiysitaladzdtidh btisdyeqhasipll ni ceagiy@talditohyl phesehinic

TR AR AL A

acid, 3- carb@ﬁ?ﬁﬁéﬁylphosphlnlc aci d, 4-carboxyphenyl phosphinic -acid.
2, 3- dlCarboxyphenytﬂheﬁéhpﬁb§pﬁ6&dh cd&p&mﬂkﬁQGQO&ﬁghéaﬁhEQQSBPI9&@ aci d,

SHEBELETOSEALIL B8 (usdbld ACHRRONRRERH oSl 20 .

component (B), the CG-C20 aryl groups or C,-C,, alkyl

aci d, dixylyl gh
naphthylphosp

2, 5--di car boxy
3, 4- dlcarboxy

d
%%b8§9§ﬁenylphosph|n|c

groups represented by R?® may have no'substituent or one

or more substituents. The substituents include, for

example, a carboxyl group, alkyl groups, a hydroxyl group

-and an amino group.

The phosphorus compounds (3) of the general

formula (IXI) are selected from the groups consisting of,

for example, phenylphosphonic acid, methylphosphonic

acid, ethylphosphonic acid, propylphosphonic acid,

isopropylphosphonic acid, butylphosphonic acid,

tolylphosphonic acid, xylylphosphonic acid,

biphenylphosphonic acid, naphthylphosphonic'acid

‘anthorylphdphonlc acid, 2—carboxylphenylphosphonlc acid,

'3-carboxyphenylphosphonlc acid,

~ 3,4-dicaiboxyphenylphosphonic

acid, 2,3-dicarboxyphenylphosp
2,4-dicarboxyphenylphosphonic
2,5-dicarbéxyphenylphosphonic
2,6~dicarboxyphenylphosphonic

3,5-dicarboxyphenylphosphonic

2,3,4-tricarboxyphenylphosphon
2,3,5~tricarboxyphenylphosphon
2,3,6-tricarboxyphenylphosphon
2,4,5-tricarboxyphenylphosphon

4- carboxyphenylphosphonlc

honic acid,
acid,
acid,
acid{A

“acid,

acid;

ic acid,
ic acid,
ic acid,
ic acid,



' 2,3,4-tricarboxyphenyl phosphinic acid, 2,3, 5- trlcarbgﬁxﬂgggmhpﬂ&iphln|c

acid, 2,3,6- trlcarboxyphenylphosphlnlc aC|d
2,4 5-tr|carboxyphenylphosphlnlc acid, 2,4,6-tricarboxyphenyl phosphinic

a&ia, bis(2 car boxyphenyl phosphi ni ¢ aC|d bi s(3- carboxyphenyl ) phosphi nic

aci d, bi s(4- car boxyphenyl ) phosphi ni c aC|d
bIS(2 3- dlcgrboxyphenyl)phosphlnlc bi s(2. l?4'11|carboxyphenyl)phosphln|c

| ) phosphi ni ¢
bi s( 2, 5-dicar boxyphenyl ) phosphinic bis(2, 6-di carboxypheny
bi s(3, 4- dlcarbogy@hgnyfgpggggé $%HKH??%§§EZQ%S?%§$ %g e %%§$os hlﬂl%h?gld

gf;?z 3ag|?r|cgg%g§ydﬁéﬁﬂﬂ Hﬁa;ﬂﬂﬁnﬁpcacbﬁs(QtBYBPh¢$BQImDKyﬁhﬁhylphOSphInIC
bi s(2, 4, 5- tr|capbogypﬁammﬂnhn&p?bﬂuq lbb§£3p§ﬁ€h5§%ﬁgﬁggx%%ﬂgnyI)phosphlnlc
Ci n - -
g?ggaraﬁfgg ofat caté#%?t rgﬁﬁgheg?%¥ﬁﬁﬁﬁﬁ? hinih ot component (A) - and
Phiavsonent, ( Biphenghphogshimic f@rd exanpl e, by

hosphor.us :
135 oo el bt SEs AN s,
amount  of the p nlﬁﬂ%#ﬁhg phinic acid, dlpropylphosphlnlc acid,

-diisopropylphosphinic acid, dibuatylphosphinic acid,
'dltolylphosphlnlc acid, dixylylphosphinic acid,

' dlblphenylphosphlnlc acid, naphthylphosphinic acid,
~anthrilphosphinic acid, 2- —carboxyphenylphosphinic acid,
3-carboxyphenylphosphinic acid, 4—carboxyphenylphosphlnlc
acid, 2,3- dlcarboxyphenylphosphlnlc acid,

'2,4- —-dicarboxyphenylphosphinic acid,
2,5- dlcarboxyphenylphosphlnlc acid,
2,6~dicarboxyphenylphosphinic acid,
3,4-dicarboxyphenylphosphinic acid,
3,5-dicarboxyphenylphosphinic acid,

‘2,3,4—tricérboxyphenylphosphinic acid,
2,3,5-tricarboxyphenylphosphinic acid,
2,3,6-tricarboxyphenylphosphinic acid,
2,4,5-tricarboxyphenylphosphinic acid,
2,4,6-tricarboxyphenylphosphinic acid,
bis (2-carboxyphenyl)phosphinic acid,
bis(3-carboxyphenyl)phosphinic acid,
'bis(4—carﬁoxyphenyl)phosphinic acid,
_bis(2,3-dicarboxyphenyl)phosPhinic acid,
bis(2,4—dicarboxyphenyl)phosphinic acid,

| bis(2,54dicarboxyphenyl)phosphinic acid,
bis(2,6-dicafboxyphenyl)phosghinic acid,
bis(3,4—dicarboxyphenyl)phogphinic acid,
bis(3,5—dicarboxyphenyl)phOSPﬁinic acid,
bis(z,3,4—tricarboxyphenyl)phosPhinic acid,
bis(2,3,S—tricarboxyphenyl)phosphinic acid,
bis(2,3,6—tricarboxyphenyl)phosphinic acid,
bis(z,4,5—tricarboxyphenyl)phosPhinic acid, and
bis(2,4,6—tricarboxyphenyl)phdsphinic acid.



conpound conponent (B) in the solvent; adding dropw se 4 td(}’%ﬁ
conpound conponent (A) into the corrponent (B) m xture; eatl ng the
resul tant reaction systemat a tenperature of O to 200C for a reaction
time of 30 mnutes or nore, preferably 60 to 150C for a reaction tinme of
40 to 90 mnutes. In this reaction, .thege.is no specific limtation to
the reaction pressure.- The reaction nmay be carried out under pressure (0.1
to 0.5 MPa), or the anbient atnospheric pressure, or a reduced pressure
(0.001 to 0.1 Pa), That pirspasatldy ofarhd erhtadtysindaom Kdeaihtapium

at mospheri ¢ pressihad IBfipSRbYEN]A HSAR] & il ﬂd@% HATRORRRpoLAY COMPTi Sing
t he phosphorus cOnpound % e. formul a\gﬁ for thg}y cat al
a

preparation | SOREPLIENE { b %% %?J’é@r?‘? Cll Exaqpliggn PYa R KRB sBP%ent can
di ssol ve ther %bﬁlpaheheaﬂﬂ aco:pvpristimg oft tihe grthesgh@hes pherpsund conponent

B Pr ef b t t | ected f
o exarpl o, SPRPPIARCDAbI OF AR TEHAT ycoﬁfﬁ??ﬁin%[‘%y%%ﬁf?c% A

t et ranet hyl ené’gls)%@éh’e apppybien a9 3d/} eourtgf dlicahPSPRREUS| vent
conprises a glyeehna0sBAPSRetbe(SAMEN ashd fb%]gz'eyﬂi)l seRiipenarbpliee whi ch

the target polyes s prepared. .In the cat reparation reaction as
mentioned, affx E“Fﬁ@ Hﬂ%x? Iﬁp?'é?ﬁioc%?p?%eélatt a(tpénl u% c%ﬁ‘pound conponent (A)
and the phosphompsneuhpbﬂh@mm)mlemnct Bleatiima hdier ggsuildansy seantign

est abl i shed so_t hat

{ d df h
compound  conpdR&htt f*g) aﬁﬁm‘?ﬁrae%?\’él%g%nfo q" u?,%}g gg%gﬁp’o’r "ﬁ?rﬁ)ﬂrﬁea”' um
contained in to*iegbeﬁl%ﬁééé 8§tr§$ﬁ/ét2pﬁéleefa%¥1y0 6 M soeE the amount of the

titani um conpoun onent Decenbér 2003 - 14 - ternms of a nolar
anount nii of rteuapénparrtam@n@ c%%t‘é?n%%mlrwtt% déhirdrien e@AFiPB -t he anpunt

of the phosphehése QQ”H@UQQeéﬂﬂi?@nBﬁhlt{aB)ldm ﬂ&rﬂm Qfea@ﬂmhapragauﬁé np of
t he phosphorus_ ato tal ne nge of

T oa g L cpgg %%B rescle | Yeqre
from1:1 to 1:*24€ A®BF&f8PaBFE %a%??rb]he i a Frmrerp its |n The range
of 1:1 to 1:390 Bhapaeacbrohhprmdbl1:¢n’ofattmnhetram Fnesewreungr a

reduced pressure (0.001 to 0.1 Pa), but is usually
carried out under the ambient atmospheric pressure.

- The solvent usable for the component (A) comprising
£he phosphorus compound (3) of the formula (IIT) for the
catalyét_preparation is not limited to specific solvents
as long aé the solvent can dissolve therein at least a
portion of the phosphorus compound component (B).
Preferably, the solvent comprises at least one member
selected from, for example, ethyl alcohol,
ethyleneglycol trimethyleneglycol, tetramethyleneglycol,
ibenzene and xylene. Particularly, the solvent comprises
‘a'glyQol compound the same as the glycol component from
:ﬁhichrthe target polyester is prepared.

-in the catalyst-preparation reaction as mentioned.
‘abové, 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
compohent (2) and the phosphorus compound component (B)
and contained in the resultant catalyst, the ratio my/m,
of the amount of the titanium compound component (A) in



conponent (A) with the phosphorus conpound conponent (Byp éé"#bgpb(?d:)ed from
the reaction systemthereof by way of, for exanple, a centri

sedi mentation treatnent or, filtration and the isolated reaction product
may be enpl oyed, wi thout refi ning it, as a catalyst for the production of
t he pol yester, or the isolated reactlon -product may be refined by, for
exanple, recrystallizing the reaction pro]oauc"t froma recrystallizing
agent, for exanple, acetone, nethyl alcohol and/or water, and the refined

product may be eaphoyes @Sn@.a&ataa!omtt niNokNe; PLASERSa L B RIQHUGIG, the
pol yester of resent invention, }/IITEI’I zation-starting

conpri sing at Ig%s O RIGST s‘@l)eé‘f’ea Fr%‘ﬁ?u%k?/#eﬂéglgfmphmers of -
aromati ¢ di f uncedmpaind ardowopleine (&89i ds aéﬂn@oéyr@rmlfﬁwmu@itl chiiegree of

olynmeri zati on I t f ITEI‘I ed in the presence of - the
poly tﬁé’ﬂﬂggﬁﬂa%hs Q% o8R8 cohfa PRl >, SPONERE (BIn1f oiD

above- rrentloned cat al In process o the | pre
- produci ng the P& 9& of I#éoélrréuht tef lihe catmitgfrabile treapsioh nol ar

amount in mllimolas et Tm@rf mgtgﬁ&h@w@en%q thgrepn,ig established at

10 to 40% based on # e 9 E:%mn arq_(;un#1 | inol es of "ihe aromatic.
di functional carboxylic acids coﬁfgflﬂcé 7 t't}f‘ﬁs‘ tl&tﬂw CPEPPBRAst arti-ng
materi al . The GARRASPSMtatBInwWikd the epeosiioru) dompithi¥tdorohbonsate(Basi s as

nmentioned abovgs ildoltahedCcatahyshei ScSOPISY t,of less. than’
10% the effect, of t he ‘cat al yst f((a)r E)rormtl%g},ét gﬁ’%&%{}%ﬁr |b§ aF#dnCt eact i on

of the polyneri 2 |e(3‘r?m§§5rtﬁn§enﬁ’éf§ 92t sedineniefionefreatnasttor,
production ef f ifdildweyiohorntihehpoi yebiesd irdotuhf prbattapdyt Bas a

pol yester 24 20 gt arget de e of _pol rrer|zat|on
i s not obtained. : %ﬁ g7 %—ﬁth é§C5€§¥ﬁ{}?§l S errpl Sy &8 Pﬁyﬁﬁ 5$r5 €of nore
than 40% the Pé?ﬁ’I“F&r‘rPanﬁyEB?ePolﬁﬁé@ﬁ‘a?F:umattlh@f asbdtayedcnémtiqsme (b
val ue) and is glroghickymeol bé efeyehédWyh fc&n@xtaﬂtﬁeex,@ial% 2 5

zin
unsati sf act or. [ t ractice en co E{ers of
the aromatic yt%% EEQ@QLLh gfoguc@ f%om a recrystall 1zlng ageg ‘ 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
comprising at least one member selected from
alkyleneglycol esters of aromatic difunctional c¢arboxylic
acids and polymers having a low degree of polymerization
(oligomers) thereof, is polymerized in the presence of
the above-mentioned catalyst.

En 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
difunctional carboxylic acids contained in the
polymerizationéstarting 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
polymerization reaction of the polymerization-starting
material is insufficient, thus the production efficiency
for the polyester is insufficient and thus a polyester



dlfunctlonal carboxylic acids usable as a polynerlzatla E%BEJ
4 Det

material for the process of the present invention for“proddcing e

pol yester, the aromatic difunctional carboxylic acids are preferably

selected formterephthalic acid, isophtalic acid, naphthal enedicarboxylic

aci d, bi phenyl di carboxylic acid, diphenilsulfonedicarboxylic aci d,

di phenyl et her di carboxylic acid, diphenyl ?hérdicarboxylic aci d,

di phenoxyet hanedi car boxylic acid, and  hydroet hoxybenzoic acid, nore

preferably teggphthiahi Ear@é{:dd@tﬁlfieé‘a&m 'y%{é‘%‘i'z%% Bﬁx)ils' ﬁo@%ﬂtafﬂe?@ the

al kyl enegl ycol s Are preferably Selected from ethy enegly
tri met hyl enegPyE8, lfeFP%n‘Ef‘Ei‘/}%‘ég}i%(%Iployﬁé’oﬂénﬁyl @T“?’éBF %f]d“ore
hexanet hyl enegh}&ﬁom%]’hehal kebeheplity Gl yes3irs hab hheuﬁégﬁﬁéfeﬁctory

di functional X acid n l.i g r.odu any
process. Usua %&Q% % %he?bé§eﬁﬁgé&ﬁgg s %qﬁﬁét?§r88§?r%% %%f§P6ﬁ§%

di funct.i onal éaﬂb@kyﬁl@XhébutsGﬁnanﬁéﬁﬂéﬁﬂgﬁoﬁwcungldeabwéxtyeulhereof with
an al kyl eneghyaekige.an ester-produci ng derlvatlve t hereof . For exanpl e,

et hyl enegl ycol ester te thalic .acid and ormers thereof which are'
used as a startlng(f ngE%r?£¥§¢%ﬁe?ﬁM%ﬂﬁI?fF@ﬁ@ f rE fit REPBRRIN I | be -
expl ai ned beﬂmﬂmn&heqnalecammmwyguqnammmsedsbplélaecalyobgmemiiqmiqp—

terephthalic geagt% "netoyi enegly Gle foclts B! @ﬁssgféé%yéng a | ower

al kyl ester of tere IcC acid  wt Iene col
addi ti on- reacﬂPH@nFé?Epﬁ?ﬁaP¥Q¢u%&ﬂﬁiRMQ:ﬁo ﬂﬁ?Féﬁe B&?d@romﬂﬁkﬁ
tri met hyl eneghy€ahcesbral oéa:tmmmtdmlcmasa@tc@ paadé@abpjﬂ gor@sisad her eof

whi ch are useg %m e§tﬁ§% 34%#? enbergisﬁéln8 - material for

pol ytri met hyl &Re t rep G'8el ow. They are usually
produced by dnﬁebth?le@%@Eﬁ¢$@@¥ﬁ}#&aﬂ@pﬂbhéhpbeayidlomtmpxyllc acid,

trereL hKI Fneghygﬁény%umyné@ic%ﬁﬁ@rmfcyh&qda | ower Sl kyl ester of
et R R EANARYY KMRAC PTG I8 S OER S
a'ky|enteyCOth&Eeﬂﬁpﬁ@noxyethanedlcarboxyllc acid, and p-

' hydroethoxybenzoic acid, more preferably terephthalic
acid and naphthalenedicarboxylic acid. Also, the:
élkyleneglycols are preferably selected from
ethyleneglycol, trimethyleneglycol, tetramethyleneglycol,
neopentylglycol and hexamethyleneglycol.

The alkeleneglycol esters of the aromatic
difunctional carboxylic acids and/or oligomers may be
produced by any process. Usuaily, the they are produced
by hea}—reécting an aromatic difunctional carboxylic acid
or an estef—producing derivative thereof with an
alkyleneglycol or an ester-producing derivative thereof.

For example, ethyleneglycol ester of terephthalic
acid and cligomers thereof which are used as a starting
material for polyethylene terephthalate will be explained
below. Theylare'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 terephthallc'
acid with ethylene 0x1de '

Also, trlmethyleneglycol ester of terephthalic a01d
and/or oligomers thereof which are used as a starting



aromatic difunctional carboxylic acids and/or oli goners, detég&ggrfzodgay be
enpl oyed together with other difunctional carboxylic esters

copol yneri zable with the above- nentioned esters or oligonmers, as an
addi ti onal conponent, in an amount of 10 nolar%or |ess, preferably 5

nol ar% or | ess, based on the total nolar anobunt of the- acid conponent, as
| ong as the additional conponent does notlfcatuse the effect of the process
of the present invention to be substantially degraded. The preferably
copol yneri zabl Liipn (of0) nent be sel ected. fromesters of an
aci d conponent em%g%)%%gi%r aﬁorﬁlp}’gcgéf“egﬁggéﬁﬁbg?rgaﬁ”él&?Je%lt? ol RS exanpl e,
al i phalic and c§ePbingrhadielowi f Gheyi enal usdatay bpxyduceddydsiidert 1@xanpl e,
adi pic acid, sebegdfirptid @idphthatys! b cay ol | ' nd

hydr oxycar boxyl i flrg:tj-d:;?é_jf or e%langl )«IEE Qggéﬁgg?%x% ﬁ%(ﬂftlgenrgeéllgcggi'doé:n'd-
p- hydr oxybenzoi & act & Wit - 4 g8l 1eBRpoRthy LeBher ik e raphtdwdicone
nmember . sel ect e¥cid ot ifpHatetbydeobgavcohatde Bndhddiidd celicing
conpounds, for gxeapy lKw-eneqlycol s, ' . ore carbon atons,

1, 4- cycl ohexanedi et higlnaollai,dqrégggeﬁ%ﬁg#é%@%ﬁyg?%%%eln%' A and bi sphenol S,
and pol yoxyal kyl enediBfc itOve-gensapyed; abky eneqkyaal @sterthefaddi ti onal -

C(ﬁrrponent s m]}/ammdm&dln@rtﬁaﬁamrcéﬁb@xﬁiﬁé hﬁ@ldﬁ édlmo@ dIﬁE%me%Qereth
The 'content o i tional components |In-the , copolyners mist be in the
above- nent i oned- ééa}%gogfﬁ.’ﬂax eeE}ng%g B?g?ﬂéelbr‘b’stghtoﬁ%’feﬁﬁf&ﬁcfiémal
produci ng t he poinhoRvdiic gsprosedopelymemivabld heiticathal whlovies added into

the pol yneri zatgeit-igndd B¢ erdober bl e effected.in any stage before
the start of 24 December e20(‘% - 17 - ?ﬂ?&%’l A it d friofad

ynerization'reaction of an

aromati ¢ di f unGIBIRRC teartBoRY PRORRE @%Iﬁ@l’@i@}lﬁ/w lesser poefanably gomer
t hereof, and t He nediaaity str- dddspgbps et esturhdaio e, e@aredmodt BY Ry
conventional ngihof npl g, e reparation of an aromatic

di functional car bggﬁ".ﬁ‘?["e‘g?’gf ngslgé)#rp‘%se?tehf? aéiocgl&ll?ﬁ"‘ nc8F‘p§’PﬁPF;/T§8?Sa
catal yst ray b&°tagfd¥dei #1'6 ehEept partdia dronestsewf tdbespapsent

invention to be substantially degraded.

The preferably copolymerizable additional conponent
may be selected from esters of an acid component
' comprising at least one member selected from, for
example, aliphalic and cycloaliphatic difunctional
dicarboxylic acids, for example, adipic¢ acid, sebacic
acid and 1,4-cyclohexanedicarboxylic acid, and
hydroxycarboxylic acids, for example, -B-
hydroxyethoxybenzoic acid and p-hydroxybenzoic acid with
a glycol component comprising at least one member
‘selected from aliphatic cycloaliphatic and aromatic diol
compounds, for example, alkyleneglycols having 2 or more
carbon atoms, 1,4—éyclohexanedimethanol, neopentylglycol,
bisphenol A and bisphenol S, and polyoxyalkyleneglycols,
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
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



pol ynmeri zation reaction, or the catal yst may be added qihﬁgr%ﬁﬁgtlon
system before the preparation of the aromatic dlfunctlona car boxylic
ester, together with the starting material or after the starting materi al
is fed into the reaction system In the process of the present invention,
there is no .specific limtation to the %ondltlons for the production of
the polyester. Preferably, the polyneriz&tlon reaction is carried out at a
tenperature of 230 to 320C or under the anbient atnospheric pressure or a

reduced pres%ﬁkﬁpdﬁ@he%&%ﬁ@h@n Qe&cgﬁoﬁqoﬁ énhgfbm ﬁ#“ﬁﬁ?hdé%iongqnb'ned

conditions of th ygve nment.i o erature wth ove- nenti oned

ed
pressure, for °B¥ ﬁFﬁGf@g kyl ?% Rl cﬁﬁﬁﬁftﬁrtQREQ%%ﬁﬂﬂﬂ¥ i nventi on,
the reaction testesf,i sndpthenabtylpsideadadid praicahidd ziayy beagemtriefior

exanpl e, LA S R S i R *s%{rﬁl%dd' el of o

exanpl e, antioxid ltra-vio ray-a sorb I ng age f 1%Eve- retardant
fl uorescent mﬁe@ﬂré##ﬁ@ adenl, aﬁ@ﬂ%%(ér(ﬂh@lrag@mnalc(ﬂ&anxaﬂec esgelrat i ng

agent and ant Ii<f Q@ﬁpl@téﬂ?nb abl@ayo@t@agesmnghﬁf ROlaeSg/s tPEaguUeki on
procedure. radgje % L u 1g;lte the color of the polyester, during
the pol yester S3uE8n ﬁ ’éa R G ok lsé:g"t’ﬂtatal ng agent . ¢
conpri sing. at Liodarsleronethanbeac’secbm,ctcad fhreo madragayrsitc nlalyudec akddeidng

pi gments, 1 or 1 neXARRLero8EPioh! 4 POCI] es@fcrp@ ?&g{]'ﬁ% GANLY gaui none

and pht hal ocyani ne hl ue=col ori ng %g gnents, ue coloring.
pi gnents may 5’5%& AREBREREORRE P XA é’%ﬁt%rsGogeﬁmeFfeWﬁFBcébg of
the present i ntamntiog mfaeérm&l)dcblﬁlmg:éﬂ‘letmlsyt%&ttﬂrng aatepvent fenakdcobal t

24 Decenber . q%%o tﬂ% ggg%ﬁ% &?5 é}é)rganl c bl ue-col oring pignent, which
eatsta y 0

causes the ne pol yester to be decreased, is not
necessary as a col éﬂ tbﬁepr@g%%mf\gtfmgmesmu Havepdlipast éherandsthqs t he

resul tant pol. )é%@tc%lef mﬂst@f@é@ntzo Iﬁn@@dmeﬁm@r eber %Bbypwaﬁée%ha' ly

free from coba ester rocess of-the preésent
f the polges er. Pregergb y, e po%ymer%zatlon P

reaction is carried out at a temperature of 230 to 320°C
or under the ambient atmospheric pressure or a reduced
'pressure, for example, 0.1 Pa to 0.1 Mpa, or under the
‘combined conditions of the above-mentioned temperature
‘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
ray—apgorbing agent, flame-retardant, fluorescent
brighteniné agent, delustering agent, color tone-
regulatlng agent and anti-foaming agent at any stage in
the polyester production procedure.

Further, to finely regqulate the color of the
polyester, during the polyester production procedure, a
color tone-regulating agent comprising at least one
nember selected from orgdnic Blue—coloring pigments, for
example, ago, triphenylenethane, guinoline, anthraquinone

- and phthalocyanine blue-coloring pigments, and inorganic
_blue—colorlng pigments may be mixed into the reaction
system. Also, in the process of the present invention
for producing the polyester, a conventional cobalt-



i nvention usually exhibits an L value of 80.0 or nore , of
-2.0to 5.0, determ ned by:a HUNTER color difference %@ﬁ%ﬁ%nﬁFy?ﬁ%?L val ue
is less than 80.0, the- resultant polyester nay exhibit too | ow a whiteness
and thus may not form a shaped pol yester article having a high whiteness
and useful in practical use. Also, if the .b value is less than -2.0, the
resul tant polyester .may have too high a bl&iei ng effect whereas the

yellowing effect of the polyester nay be low. Further, if the. b value is

more than 5.0, the resyl | yes u exhibit too high g yellow ng/
effect and thus may not_gfngmosrtp?%%?t %g{ffag@%é%grﬁ?gdﬁﬁﬂ%rhtbfﬂhmg} FESE8 1y
useful shaped Pif yettendahaad] stabdliky pél pedyester oduded dacuemsegsocess
of the presentisnventicvasdais hsval u81bs Eéﬁéeféagﬁl’a@'?n&ra tto THEE
preferably 83 Oéoﬂ%r%ﬂe n%n}?h%lb v%guerl s g}r:efgr aoly -1.0 10 4.5, nore
preferably 0.0 ¥04.0. Thé *de “qfid T BV aF BRE 0P RS IR YRSttt obt ai ned by
the process of RP¥RS§rtesanventivanticopriesedabey nsuiesh dyt td16 y fraldeo\Eiroa

nmet hod. Namely,sgbs@pl € of the polyester is nmelted at a tenperature of
290C under vacuumfor. 10 m nutes, the polyester nelt is forned into a

pl ate having.a thi cki¥s®olgestes obtaingd ohy abhel pifansn sifattheapgesent

i medi ately afimerertthieodf asiiangy theipotyesher RABRIE 95 @OV ¢ LBrbC8nd

wat er, the cool i-$ diied at 160C.for one hqur, the dried plate i's
subj ected to a‘%}i’ g’lt atuh ?Zti gﬁﬁ F?egfgén??g?%”}ee % é‘ntHUB]iTglReﬂchogl aced on

a plate havi ng i Larengsr BethRrt enéEsthadl foalye oid diewy dheal 60.04 Beeenber
2003 - 19 dif fereneantepelyesady ey esginnd {48 1R ¥ Janenekst Beqg
surface of the tq,‘luas'te was me&ured by _a BUNTER col or difference neter
(model : CR-200, " madé By RENEETR &0 Y 2Pl PO SR e ArtisdGc 8aVBYIt Re process
of the present higheitiitenesonaad nsseibkt antprddyiocn) eelal t Aakensidethwed
froma color teneynggauliathpgscohalt_< QH{E? T alt . atomcontaining
ol yester is disadvantageous in_that polyes eﬁe%%l%&l%t go&yr&g eﬁeﬁ"?Yng heat
poly ; g
stability and ihave too high a blueing effect whereas the yellowing
effect of the polyester may be low. Further, if the
b value is more than 5.0, the resultant polyester may
exhibit too high a yellowing effect and thus may not be
‘subjected to the production of a practically useful —
shaped polyester article.

In the polyester produced by the process of the
present invention, the I value is preferably 82 or more,
more preferably 83 or more, and the b value is preferably
-1.0 to 4.5, more preferably 0.0 to 4.0.

The L value and b value of the polyester obtained by

‘the process of the present invention is determined by the
following method.

Namely, a sample of the polyester is melted at a
temperature of 290°C under vacuum for 10 minutes, the
polyester melt is formed into a plate having a thickness
of 3.0 # 1.0 mm on an aluminﬁm 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

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

PR



easi |y deconposed. The phrase "a pol yester containing 25%%&%@ﬂ§¥§5&¥ no
cobalt atons" refers to a polyester produced w thout éenploying a cobalt

conpound 4s 'a color tone-regulating agent or a polynerization catalyst
and thus containing no cobalt atons derived fromthe above- .nentioned
cobalt conmpound. Therefore, the polyester the present invention may
contain cobalt atons derived froma coba?t conpound added to the pol yester
for a purpose other than the purposes of the color tone- regul ating agent
and the cat al ystrferehepabyest ecagy the. LmeeSaem thav ealloentphef efabhy has a

content of soljid forei part es haV| era t|c e size of -3 m
or nore I|n|t§3IF8C658 BaFtPchglﬁa Qﬁh¥1at%§N&§P E artlcle
content is |iMitfd@rescs0tepart (Bbaely cﬂR+2ﬂﬂ§ Mﬂd@ckagHIN@LTa Pkier for

the nmelt-shapi ng pﬁ%%596&§eﬁegraﬂro&ﬁﬁéé3 ﬂﬂél§¥3&e9%e§§uﬁﬁe' réfént
mel t- spi nni'ng procedure - are.sig |can restrlctgg ent f.the

foreign partﬁﬂW&?ﬁ%@nnﬁPBtBFB?e?%B?Ea%- T % 1°88 oPtPﬁgs eILYFF1 nore
preferably 40&xmarb|cb&skgtoneLeegulatuﬁqucqhﬂlwesbm@ouhdtheTpeeeehalt

i nvention, wh%QO h%%k%glb gbgbi%%%gﬁﬂggifﬁk%Rﬁggﬁi Sghs bacg ature of .

290C for 15 minu one chainfs -
of the poIyes@@ﬂYWﬁﬁééuBéblbétﬁlﬁ1%@ﬁlkaiLQQJhﬁﬁm @&B@ﬂﬂéﬁ! 800 kg or |ess.

Wen the. bre%lé%gqy ALEBRposEdl hemb@cgﬁm Ofﬁlﬂﬁﬁv@%tbhrecaﬁkﬁﬁﬁiﬁé

nmol ecules  is ents/ 0 or |ess deteri-oration of t he
ol yester dur N SEABHERLY o RRpFHES b LRt bd A7eT21 o Be RELVEB50S. -
S|gn|f|cantlypme@mcedtwdthndtthmpl®Ymngnaﬂunhaiﬂ compopadtaesaaodIQHe col or

tone of the Shﬁﬂﬁﬂﬁéghhﬁk n§as e?@ % Epﬁﬁ}méyr%a%agﬁecaﬁaigeeegnéreakage

nunber of the bac ne c ns~o ster nolecules 1S nore
preferably . 3.8h§éuFP&FéﬁF§P$ B@OCRBa¥ﬁ 4?9%? denimed drgm EF@f%P%B?y 3.5
equi val ent S/ 1n{é&(ilk>gear cbBatt tompiendol yrshtark,t Reeppotgsstenvent i on,

IS o sc%[eec' E‘a%ak%”kh%h??oﬁom%iﬂ Al ¥obat kS 428hkYae FRGLEOT -

Usual 'y, NSi C Vi SCOSI
from a cobalt compound added to the polyester for a

purpose other than the purposes of the color tone-
regulating agent and the catalyst. o ,
' The polyester of the present invention preferably

has a content of solid foreign particles having an

average particle size of 3 pm or more limited to

500 particles/g or less. When the foreign particle
content is limited to 500 particles/g or less, blockage
of a filter for the melt-shaping procedure and an
increase iﬁ back pressure in the melt-spinning procedure
‘are significantly restricted. The content of the foreign
particles is more preferably 450 particles/g or less,
Stlll more preferably 400 particles/g or less.

In the polyester of the present 1nvent10n, when
heated in a nitrogen gas atmosphere at a temperature of
290°C for 15 minutes, preferably the number of breakagg
of backbone chains of the polyester molecules is limited
to 4.0 equivalents/1,000 kg or less.A,When'fhe_breakage
number of the backbone chains of the'leYester molecules
is 4.0 equivaients/l,OOO kg or leés; the deterioration of
the polyester during the melt-shaping procedures is



polyester is preferably in the range of from0.55 to 12%,)(_}\@/e b@??ﬂdshe
intrinsic viscosity is in the above-nentioned range, K processi ng

can be easily carried out and the resultant shaped article exhibits a high
mechani cal -strength. The above-nentioned intrinsic viscosity of the

pol yester is nore preferably in the range of fromO0.60 to 0.90, still nore
preferably fromO0.62 to 0.80. The intrinsié® Vi scosity of the polyester is
deternmined in a solution in orthochl orophenol at a tenperature of 350C.

EXAMPLES The presgote iduanli oasihbebe 1 LORTs [ldistdataday the

fol l owi ng exanpl es which are not intended to restrict escope of the.
present i nvent i OrPPYFiEFe a@)@aﬁﬁ?egd?ﬁetoﬁ%t‘?ﬁ ridie shapassiaficiliee cenl or

tone, the titanbenmpomivedt. whecababysrﬁenﬁi’tﬂuéwfﬂl%a@gé‘ A@b@F B thel es, a

| ayer of forei er r und. a nmelt-spinning arifice and the’
nel ting heat st%b i it cggqﬂgntglgoﬁ{é RO e SUEIRhed B9 fhe fol L owi ng
measur enents. REBEqy livn$i- 8 ey évalentsihe 0% Monsic hesscosittiy lofioae '

pol yester pol yimrefaablgetesneagsvalsiome v I0asikd &% qfes%P' utions of the
pol yester . pol.yner ay %rtho hl o%ogh ol. measured at a enperature of
350C. (2) Col or toné (L vaP prﬁsﬂrﬁl@vﬁpt&oﬁol Fherewas
nelted at a terfserspegidicf llmilt&)ec@mbtm 2003 ntridkic29AE6cusdes vacuum for

10 minutes, then@ldogd D%Maﬂywaéhe fﬁéﬁ}%ﬁt &%c%'sﬁt& p’g‘vlcﬂ a thickness

of 3.0 10m*nor1é, an“al um num pl at e and, eformng,
the polymer pBRYeREEr 45 HF?f%B%tPJe‘ﬁ it thee TRagEr oft ﬁéoﬁtoﬁl BB-tpl 4t @- was

subj ?Clt fad tg amanstabLntzatmm& r@fdﬁﬁ(}lt)ﬁtlslﬁ(ﬁcg:h@r aQB@ehﬁHﬁ%:légédd
crystallized p ced on a at e .havin andar
whi t-eness and. ?LJ r‘ra%% ﬁei‘@ roé)asalgTJ’fneqr &fle B F@Fl?iﬂuﬂ?%ﬁl?ép@%o%ﬁ‘
di fference net éahe ﬁfsaéﬂtam-fzky@edrml@}ewpmmt@m) highdpeébanisel -and
E) he Hunteth v&h:l:@ngﬂd b ¥Re Usb&fe Ittt iAW htPL LS cSYEEAGE: YRS, Fogpyr ed
y using the C%o yester is more preferably in the range of from 0.60 to

0.90, still more preferably from 0.62 to 0.80.

The intrinsic viscosity of the polyester is

determined in a solution in orthochlorophenol at a

Jtemperature of 35°C.

EXAMPLES

The present invention will be further illustrated by
the following examples which are not intended to restrict
the scope of the present invention. 1In the examples, the
intripsic 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.
(1) Intrinsic viscosity

The intrinsic viscosity of a polyester polymer was
determined from viscosities of solutions of the polyester

'~ polymer ‘in orthochlorophenol méasUred at a'temperature of

35°C.
{2) Color tone (L value and b value}.

A sample of a polymer was melted at a temperature of -



difference meter. The L value represents a brilliance, 943lkREr 5 er the
L value, the higher the brilliance. The |arger the b val ueeh{gh% ﬁ%her t he

degree. of yellowing effect. (3) Titaniumcontent of catalyst The titanium
content of a catal yst conpound was determ ned by using a fluorescent X-ray
measur enent apparatus (nodel: 3270 made iy -RI GAKU K. K. ) (4) Melting heat
stability Polyester pellets were placed in a glass tube having an outside
di ameter of 10 mm an inside dianmeter of 8 nm and a | ength of 250 nm and
i mrersed i n a stk undea vathunoBsr geb ntilnms|erte #e129QCphbokmdéd WhEuUt es
tonmelt it. Adifference in intrinsic viscosity of the polpyester pel lets
bet ween bef or Ecamedafinge ghelheat haveag n@nthasknmtqbnbw abdv.d was on
determ ned. Fr r sc

Al EISEE althsCoRMLA ST PTLRCES érpa g,l%s he .

(equi val ent) of "t reakages o {he back al ns
mol ecul es per. %W%Q’Wet HéSpBPQ\E%%lérC%l%ﬂHV\H%e et e aﬁh@d gogled:

accordance Wi tﬂldﬂ& wfa@sl IsnwjegteQUabl e eakpe tHb alir Qfeneagkene chains
(eq./ 1,000 kg) 11 TVl 0 }%-6 3.07 x 10-" 3.07 x 10 24

Decenber 2003 16°2C2f°r|ﬂn$\m<wreqfdﬁ s tag izegy eodumeraplaker vasi c -

viscosity of giheoloyest @[Labéf Qéﬁlﬁdjl&a heaindd AptBitead ¥k foepresents

an intrinsic viscosity otaL g gg ]}/ester fter the heat tr tment (5)
Layer of foreigh net fef “alhet&taF Sy & (H%%diyﬁa&ﬂ

pol yester was qgélﬂeefemzedmaharrreltl@@eil at OPOD0 amehdd ey p!ﬂNp&&!AeconBI t was
extruded thr ouyghd? opl LheeSahdChne Hﬂ)éﬂ{&a:, R AP aThel ol fl at 2

t aki ng- up speed of “60Q- m i n,
polymer plate surface was measured by us;ng the color.

‘dlfference meter. The L value represents a brilliance,
end the larger the L value, the higher the brilliance.
The larger the b value, the higher the degree of
yellowing effect.
(3} Titanium content of catalyst
‘ The titanium content of a catalyst compound was
determined by using a fluorescent X-ray measurement
apparatus (model: 3270 made by RIGAKU K.K.)
(4) Melting heat stability

Polyester pellets were placed in a glass tube having
an outside diameter of 10 mm, an inside diameter ef B mm
and a length of 250 mm and immersed in a bath, in a

nitrogen gas atmosphere, at 290°C for 15 minutes to melt

it. a dlfference 1n intrinsic viscosity of the polyester
'pellets between before and after the heat-treatment as
'mentloned above was determined. From ‘the intrinsic
viscosity differences the number (equivalent) of the
breakages of the backbone chains of the polyester _
molecules per 1,000 kg of the polyeeter polymer was
'calculated ‘in accordance with ‘the followxng equation: .

:Breakage number of ﬂ

' backbone chains (eq./l,OOO kg)

. IV1 . -1.30 IVO -[.39 B
= — - |l——— x 10
3.0? x 10 13.07 x 10



The height of a layer of foreign matter adhered to r r f the
nmelt-extruding orifice was neasured. The higher the a %Eﬁ%@“?gr%¥§n mat t er
| ayer, the |ower the resistance of the extruded filamentary streanms of the
pol yester nelt to bending, and the |lower the shaping property of the

pol yester. Nanely, the height of the adhered foreign matter layer is a
paraneter of the shaping property of the $dlyester. (6) The number of
foreign particles A sanple of a polynmer in an amobunt of 100 ng was

di ssol ved in 204 ' [ r n nd the resul.tant, sol yti on was
filtered throughﬁgvﬁg%$ytetr fﬁo?@gtﬁ§$%§%9%%nbraﬁe Skt H&§Fﬁ§1§ﬁ :
opening size off3t QﬂkY%ﬁﬁﬂﬁnhﬁﬁﬂfeoﬁhE Bean treatmemt kand300A, - . nade by
ADVANTEC K. K.) m¢predaperat W rahs22CviedeEsidy b20UEE hdlASSU.L a@‘ 2 6
kPa. The nunberyof foreign . éﬁgtlcles collected on the Tilter-was counted
by using an- optlca m croscope, "and the content of the foreign .particles
per g of the pofYherlayey @ff dorstion. mExsapl ediePeéparalidm afe laat alyst A

Et hyl enegl ycol éftﬁﬁufﬁgnaﬂiﬂgEeZ 5 parts by weight was dissolved in 0.8
part by weight, "and then into the resultant solution, titanium :

t et rabut oxi de i n anfaRsuiyestef ®a$ paiittebyzmél gihd r(te:btrecesqmrKHU‘?g tend. 5

nmol ar % based o f t |1 drj S added 24
Decenber 2003 &ﬁ&%{}?e%t&mg hen hékggsﬁ?{laﬁ}f Zgr?}

mai nt ai ned at ‘d‘at"elrﬁgeraathﬁllé gfiagetefopf 60. h‘irrurtlesa’ctca traéaatg—t.upt aslplenm
tetrabutOX|de\Mﬂrﬁaakmmhhltm@raghagygde and to age the reaction product.

Thereafter, the reagti temwas_cooled to roon1tenperature and was
m xed with 15 partsq%§ %E| ﬁ% Elacg?%ﬁﬁ Ohdf PFR 91 ddhteshadbegedpteat i on

was col | ected Bpef Wﬂ@@lﬁeﬁ alﬁdthdrmeﬂt-aexiaruﬁrp;arcainﬂmeofwakOQl@afsQEea

hours. The resultamher aaghkon Qéogyg i
titani um cont erlt of %ie rg/o bgtS\m éI‘:I'G%{Ilenjg@lq:’l %blfnqwé’aﬁht og

phenylphosphonlc est
‘ of the polyester melt to bending, and the lower the

shaping property of the polyester. Namely, the height of
the adhered foreign matter layer is a parameter of the

anc of the extruded fllamentary streams

'A;shaping property of the polyester.
(6} The number of foreign particles
A sample of a polymer in an amount of 100 mg was
dissolved in 20 ml of hexafluoroisopropanol and the
resultant solution was filtered through a
polytetrafluoroethylene'hembrane filter having an opening

lsize of 3 pm and a diameter of 2.5 cm (trademark: T300a,

~made by ADVANTEC K.K.)} at a temperature of 25°C under a

- reduced pressure 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.

. Example 1
' Preparation of catalvst (A}

Ethyleneglycol in an amount of 2.5 parts by welght
was dlssolved in 0.8 part by weight, and then into the
resultant solution, titanium tetrabutoxide 1n an amount
of 0.7 part by weight (corresponding to 0.5 molars based
‘'on the molar amount of trimellitic anhydride) was added



were 'dissolved in 131 parts by wei ght of ethyleneglycg| : ing at a
tenperature-of 120C for 10 mnutes. The resultant et h%ﬂgﬁgéﬁr\%g#ddséol ution
in an anount of 134.5 parts by weight was further added with 40 parts by
wei ght of ethyl eneglycol, and in the resultant solution, 5.0 parts by

wei ght of the above-nentioned titanium_cgnpound (2) were dissolved. The
resultant reaction systemwas agitated at a tenperature of 120C for 60

m nutes to produce a reaction product of the titanium conpound (2) with
phenyi phosphoniropadisé. AThent eheokeseltast urdycoiomn sSaitdny stas(A) cont ai ni ng
t he reaction product, was obtained. The slurry of the catalyst (A had a
titani um cont &R IFesyRhy 2nERPHRET At BF@ paf a@%@n fer éopBH»‘Bg?%rto '

Terephthal i ¢ aGadt HidRAnANMRUREPALEEExPAE Wi dly £ MBIAN! t3kd aghlpyk-easgl ycol
in an anount of 7 arts were subjected tq an esterification -

' ht
reaction with 29%h&F &gﬁe?:gét r\égl?gﬁﬁﬂr%f?l‘?‘éc‘bf HFES e redtift ant  reaction

product. was plr@(a@d:uotm aylsmbyirrwa'szgobbadftcaskoorecpﬂr'rmmumirteh- andewasi ng
distillation -*f;fmwﬁ%d1\3/61?5&5%%39,3%&? P &l Hfa qgkal yst (A) as a
pol ynmeri zation. catal yst,. In_ an anount”of 0.95 parts by wei.ght }
(cor r espondi nFSHIFERE POSCABLARYAPR Yot neobeqtadhhivuhil&rsaoBadbd on the

ol ar amount. of L&y eANLNaLRpeaSkd) o ale. 1 SfeDageNbeno2A03 ~phg with a col or

tone-regul ati ng agent” consiSting o I'n"an anbunt .of 0.0002"
part by wei ghttestigantfgeactann predudon(systmimmasnpeoandd (29 )ahadnder at ur e

of  2851C under; +1:h8 yanBbaRbnat SBSphet By essigre for 30 minutes; further
heat ed at the above-nentioned .tenperature under a reduced pressure of 4.0

e
kPa (30 nmHg) - for TP6%i AuPeBaTERPEI YR ¢ hahaivdPE@spionie agdde-.
menti oned t enwereat diesbdredlfnnl But parvdibe wdigghiteadt iethylphegipcel was _
gradual |y redk_le,cegl&and the reaction system_was agitated, {o conplete-the
reaction. Vet €2 89cetoft WEBPRLADIET Rf 146G ASTddltBipRtef ur R& the

flask was 285'r@sandahlteethpabnegbetoDnNsPressa einvah adduatPas(0.3 7 mHg) .
The reSU|tantlBQK¥e%%%%shg9 %Qight 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) were dissolved. The resﬁltant reaction

system was agitated at a temperature of 120°C for

60 minutes to produce a reaction product of the titanium
cbmpound {2) Qith phenylphosphonic acid. A white-colored
slurty of a catalyst (A) containing the reaction product
was obtained. The slurry of the catalyst (A) had a
titanium content of 0.3% by weight.

Preparation of a polvester
Terephthalic acid in an amount of 166 parts by

wéight-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
reaction product was placed in a polymérization flask"
equipped with a refining'distillation column, and was;z
mixed with the slurry of catalyst (A) as a polymerizatibn
catalyst, in an amount of 0.95 parts by weight .
'(ébrresponding to 20 x 10 molar% in terms of ‘titanium

-: aﬁoms'bésed on the molar amount of terephthalic acid) and -



intrinsic viscosity of 0.640. The test results are sho |

Exanples 2 to 5 and Conparative Exanples | to 4 In eac\#aoq&ﬁx@%t?%d‘sz to 5
and Conparative Exanples 1 to 4, a catalyst was prepared by the sane
procedures as 'in Exanple | and a pol yester was prepared by the sanme
procedures as in Exanple 1, except that the P/Ti nolar ratio of the

catal yst, and the anount of the catal yst— 34ed in the polyester production
were changed to those as shown in Table 1. The test results are shown in

Table 1. Exanp r tjon of catal.yst (B) A mxture of 153 parts by

wei ght of ethyl gﬁg@ gch%% {'??n%".rf%uglﬁ%s%ﬁl a&(?i)"ﬁhtcoﬁﬁlﬁﬁéﬂyl Bhosphoni ¢ -aci d

was heated at TEBEZPBE BBUF Futas ampymtowifd@ .4080| pairenby weighd34.#hearts

by wei ght of th@eﬁhmibﬁﬂeﬁééﬁ%&qnfgyéﬁ%hp%as3héagéﬁt§ob¥ @@ﬁ?@éa -4 1dani um
i

tetrabutoxide were added dropwi se,” and the -resultant reaction system was
agitated a t a PEAPerdhdsate the ambdentortBOsphent gsresswts tiorcol ored shurry
containing a tigangupheoapornd ol oht ajped _catalyst . (B). The
slurry had a titanium crgar::tent of &eg%)%gyg&elitg%t ?gé‘f%p%?%ﬁ%%e%f a

pol yest er 24 DetEWBRFAYYER Undey aprseuges: prefasrerepat edl bia t (30 sauty)
procedures as EarExanmimutlesexaepistihat rhbeneat pbyséa (B) wrodussl by the

above- ment i oned, O£ | oyed t he pol rization catalyst. The
test results aré sﬁovvn |§'Se ?a&bl a%@%e °§n§?8 7 'é‘f)%r‘glf”r Ui S er A
reacti on vessel PEREF eI a4 t9raduadilivniraducdidsand | tlte oreaotiom syeteahar ged -

with 194 parts Yys Wi Dtited 3 cohbybtbetgONLEAL A1 SN, l%é}gr‘{lﬁeebgh\gfgggt of

et hyl enegl ycol and 0. 12 part by weight of calcium acetate;
mxture was subfeTEtPH 3Pae§n COF%’%&FsgveFP?i ta%idm remenaiza of tidwwperature
of 220C, afterfidex rnesyildgant aRdhihe a GRNO!-da 13 N §9L8LLEE! was
7.49.3 Pa (0.37 mmHg). The resultant polyester had an
intrinsic viscosity of 0.640. '
The test results are shown in Table 1.
Examples 2 to 5 and Comparative Examples 1 to 4

In each of Example 2 to S 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
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
Preparation of catalyst (B}

A mixture of 153 parts by weight of éthyleneglycol
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
solution, 3.4 parts by weight of titanium tetrabutoxide
were added dropwise, and the ‘resultant reaction system
was agitated ét 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

titanium content of 0.3% by weight.
Preparation of a polyester




guantity was renoved by evaporation, the reaction m xtuy d wth
0.09 part by weight of phosphoric acid, to conplete aliflieores&fgﬁ@?a e of
reaction. Then the above- nentioned reaction mxture was placed in a

pol yneri zation flask equipped with a refining distillation colum, and.

m xed with a polynerization catal yst cqn§i55t_i ng of the <catalyst (A) slurry
prepared by the sanme procedures as in ExXanple 1 in an-anmpbunt of 3.2 parts
by weight (corresponding to a content of titaniumconpound (2) in terns:
0; gpl a{ halrm';mt OL tplh i;{ﬁ?b;é%b@éﬂﬁﬁ Qf?ggr%dlgy%elé?ﬁ@obMémé@Ia@ armum]E
o] I met hyl - t erephthal at an r.tone-regul a agent consisting o
TERAZOLE BLUE 11 1ERaT B0 dnt eéFGB%oggigp‘é‘P? oA @Et{é]’grr%‘g‘?‘ﬁﬁ‘%ﬂd? W
reacti on syst ethavadbdveatedttiionadt pnpeedtte® wis 28ytloyptiars tihe anbi ent. .
at nospheri c -pr 1,00 ] an -t t : o
above-nent i onﬁ%ﬁ%@r@%ﬁ?g gﬁﬁé???' rgld‘ltlj%g%é%ferssure@%f%? Og}l%)lgél n30:,4m*r1-lg')
for 15 .ni nut esTakde ﬂ-rfoceed the reaction; and after the inside pressure

of''. the reanidmpresystem was gradual |y reduced, and the reaction system
was still further heated _at Lhgesaboye; oentioned tenperature for 110 .
m nutes whil'e agitati ' to conplete the reaction. I'n

the flask, 24 Decedb@eaghdan.- vegselheddipped iwkikie teaipdrididur e was 285C and
the final i ngidQ iNeISBHEcVREmAdwSs Pehd Fadd W) 194ThRuAes Wyt qlighel yester
had an intrinsic visc s’ité of .0, 640, Thle iest results of the polyester are
Shown in  Tabl®f SLMEHRSdr heFERNERRIPHE: 5io¢ RARRIRF WRIr ffared by the
sanme procedur estlpdeneglxaipbed7(. eXceatt thatwe ghta gbloaierivmat i on ‘ -
catal yst, titagpiumite b | I ' @ﬁq:-' tal yst .content
and t he armuntdaéoaf%trﬂ?é %{Elll:ga#&%bg?uﬂrq?%t&m% &%’%g‘zﬁo eécgkgoﬁfﬁg{ t he amount of
this catal yst intdresteridficabian asactiomfat id atenprrEttomse lwdc220°CH x 10- 3%

based on the Ml SRUNL .8 dhIBhOVhy} SLERIIDR A1 & (S ARSoarr esul ts are

quantity 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 polymefization
;flask equipped with a refining distillation celumn, and
mixed with a polymerization catalyst consisting of the
catalyst (A) slurry prepared by the same procedures as in
Example 1 in an amount of 3.2 parts by weight

{corresponding to a content of titanium compound (2) in
terms of 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 temperature of 285°C
under the ambient atmospheric pressure for 30 minutes and
further heated at the above-mentioned temperature under a
reduced préssure 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 110 minutes while agitating the

reaction system, to complete the reaction. In the flask, -



Pr eparation of a polyester A polyester was prepared by H'ﬁﬁec@ﬁl rﬂgd%cedur es
as in Exanple 7 except that, as a polynerization cat aFyst the sane
catalyst (B) slurry as in Exarrple 6 was enployed. The test results are
shown in Table 1. Conparative Exanple 6 Preparation of a catalyst (C)
Trimellitic anhydride was dissolved in an gpount of 0.80-part by weight in
ethyl alcohol. Into the resultant solutiofi, 0.64 part by weight of
titaniumtetrabutoxide was added dropw se, and the resultant reaction.
system was hel gpipn al ; er 1 ien t rospheric
pressure at a tglr}%ef%{iﬁ%ei%?%m%%o m mﬁaé{%t%q?egc% @1—[1 aﬁm

t et r abut oxi de WiPRi€e| REESFEFe warhy4h idPaand.t30 magie)t.he reactl on product

After the reaction aﬁﬂetf@supgé,ng pdR: gtee@ctﬂh g_tnetrlpl\q@_smcggé%e% {é)yroom

tenperature’ - and n]&xgg ﬁl arts by wei acetone

resul tant preci BFt atP &R Pcot't He t &P st 19 t@ﬁ@ﬁ’ly’?ﬁéerr%ﬁl?émn in
catal yst (C haBakleitani umcontent of 12% by weight. 24 Decenber 2003 -
27 Preparati oncgﬁ,egrgpiy@séﬁ[miﬁ Jal yester was prepared by the sane
procedures as 1n anpl e pt that, as a polynerization catalyst,

t he above--nenti onedAc%RJa}f%Fs‘%er( @awe@@gﬁ@ym 4he¢ thme pmoegdstes as
concentration. ahl Ekmu;almm,t em‘cetﬁte teaigl Wet a( Eblyﬁdeh‘&%éit}i\@zﬂ Loy | ed so

t hat the anount C in ter nmount of titanium
atons becone ZBP{I'a %ﬁ%ﬁ}o ase "(ﬁa? YRS Sf“gz%ﬁﬂt 8f’dd€%t?ﬁ/1talys
t er epht hal at e. qPRteRstanckediia @W@tsn@mhencaabllgst sl@onparat i ve Exanpl e
7 Preparation ofomtEstddHo Mhah Q@%abﬁéhnngfm@ﬁlgrgggﬁstpyu} N 5@Te

in

procedures as those for the catalyst (A) disclose ~except
that 3.6 parts dy N@haghtansfunthedy itpliesphunatomsi Hecame e20 epl]axf&i l:ta)séﬂ 6

parts by “B'ghtoﬂﬁtﬂﬂ“ﬂB@arpQ%§Bﬂkt%f dimethyl terephthalate. The test
results are shown in Table 1.

Example 8 .
Preparation of a polvester

A polyester was prepared by the same procedures as
 'in Example 7 except that, as a polymerization catalyst,
the same catalyst (B) slurry as in Example 6 was
employed.
The test results are shown in Table 1.

Comparative Example §

Preparation of a catalvyst {C)

Trimellitic anhydride was dissolved in an amount of
 0.80 part by weight in ethyl alcohol. Into the resultant
solution, 0.64 part by weight of titanium tetrabutoxide
was added dropwise, and the resultant reaction system was
held.in the air atmosphere under the ambient atmospheric
pressure at a temperature of 80°C for 60 minutes to react
titanium tetrabutoxide with trimellitic anhydride and to

‘age the reaction product. After the reaction and the
aging, the reaction system was cooled to room tempera%ﬁre
and mixed with 15 parts by weight of acetone, and the
‘resultant precipitation was collected by filtration. The
resultant catalyst (C) had a titanium content of 12% by
welght



A white-colored slurry of the catalyst (D) was obtaine had a
titani um content of 0.3% by wei ght. Preparation of a pgﬂygggﬁlpgﬂ%d{%yester
was prepared by the sane procedures as in Exanple 7, except that as a

pol ynmeri zation catal yst, the catalyst (D) produced by t he above-nenti oned
procedures was enployed in an anount of_ 342 _parts by weight (corresponding
to a nolar anmount of titaniumatons of 20 -x 10-3% based on the nol ar
anount of di net hyl terepht hal at e) The test results are shown in Table 1.
Conpar ati ve Exanpl @z@pArpg AS D& egpared by the same procedures as

in Exanple 7, except a I n
mp B JNFks@er wae %5&?& B Cataﬁﬁé gro@e@lﬂ B0y

trioxi de was enpl oye and t he con i'n the_catalyst

slurry and t héTafFemPLi6f 7vh éxcéEFaF%Fr sfoiIrd yP‘We‘ff%efésztaé’dioi“sﬁéﬁaééSSFhat t he
nol ar anount e abbvesmgnationedcoataiped (@) tdes aaipalopeid &lnur kYenas

adjusted to 2 % a of _

t er epht hal at e%‘i'?htjalg’tsiaé %?%ggtggt%{%g Ji {hg%qt olf qf%eée an‘ggF 5653 - 28
Table 1 Item S@a‘tra'llfywrpr gpatrpésedf S@ftlé%t erhejagmunt, PAETithaount of
Intrin-- Col olatBngakaqe)hennuebrE & "MbAEr CaiUYSloS It theRamnyebas. of of
foreign' foreign . ratio. vis- backbone. particles patter cosity chal ns

| ayer adher ed begodend@0 spilAnknhaErdnph etliequolay pawqund of ddimeitbyl o. x- 3%
dl/ b .1 0- Ootlég‘)ap/htﬁ'la]]ta 12.0. -20 -0.64086.01-.7:3.032. 05 21. 0. '

200. 64088 6 2 2. 3. 42907‘33 "0200. 64186. - 02. 52. 73406
The test results are shown in Table 1.

f A

Comparative Example 7

Preparation of a catalyst (D)

A catalyst (D) was prepared by the same procedures

" as those for the catalyst (A) disclosed in Example 1,
except that 3.6 parts by weight of phenylphosPhonic acid
were replaced by 3.6 parts by weight of phenyl phosphite.

" A white-colored slurry of the catalyst (D) was obtained.
The slurry had a titanium content of 0.3%'by weight.

‘ Preparation of a polyester -

A polyester was prepared by the same procedures as
in Example 7, except that as a polymerization catalyst,
the catalyst (D) produced by the above-mentioned
procedures was employed in an amount of 3.2 parts by
weight (corresponding to a molar amount of titanium atoms

of 20 x 10?% 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,
diantimony trioxide was employed, and the éontent of the

'Adétalyst in the catalyst slurry and the amount of the
catalyst slurry were established so that the molar- amount

of antlmony ‘atoms contained in the catalyst slurry was
adjusted to 27 x 107°% based on the molar amount of

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



| 42.0100. 63985. 4. 2. 52. 3. 2806 Exanp 52. 0-300. 63985. . 23. 5 e
62. 0200- 64085. 04.03.0 ..330'8 72.0200.-64085.24.23.818%§5ﬁ£g8beg§003
82. 0200. 64085: 34. 44. 24009 1.0.5200_64085.47.4'5" . 74209 23-.520Reacti on. was
not carried out. 3.2.05-Reaction was not carried out.

Conpa- 42. 0450. - 64084. 17. 25. 05209 rati ve5200. 64082. 19. 315. 97205

Exanpl e6- 200. 64084. 25. 25. 35908 72. 0200. 64084. 15. 8- 3. 6- 5309 8(Sh203) 25

0. 639 84.50.33.5 40049 27111.1 Exanple 9 Preparation of catalyst {El

Et hyl enegl ycol in an amount of 2.5 partss8by wei ght was di-ssolved in 0.8
part by weight of trinellitic anhydride; into the resultant solution,
titanium tetrabutoxide in an anpbunt of 0.7 part by weight (corresponding
to 0.5 nol ar % based on. the nolar amount of trimellitic anhydrlde)
added dropwi se, the resultant reacti 8aP5§skt em was nmintai ned at a

t enper at ur e of 80C for 60 minutes to react titaniumtetrabutoxide.with -

trinmellitifg anmtdnq'i de Gat@lyet agej t he I’B@@Et‘ﬂi’l&s{)l’oﬁdpﬁlyesteﬁ’rel’ea'f ﬂlﬁlighf; he
reacti on ‘gyst em walg/Bhollambuns: P\i@ﬁt?ﬂn{)eﬁelmer B2OPRge [TheOnu T at’ur d,
and was “ni W th®2 Saﬁae?%f‘salwt ht df tonR et jpEbex eéjafe Sprqimpforeign .
preci pi tafi oh was 8??ected by - giaptlon t hr g@ﬁﬁ§¥e' arﬁl?%q% tbgber and
dried at . ature jof 100C- hours. The Tesuljant reacahﬁgred
product ({i conmpoynd (2)) thad a titani urh contentj of laround
: R ‘ : B “imelt-... |
1 . . P R Jspinning
[Example . 1t 1b (eqd./ ~ |(particlesjorifice
0. _Ax7%)  {(d1l/qg} ; ~ 1,000 kgyl/g) {pm)
1] 2.0 <20 -] 0.640 [86.0[1.7 3.6 320 | s
2f 1.0 | . 20 0.640 [85.6}2.2] 3.4 290 7
, 3 3.0 20 0.641°]86.0|2.5| 2.7 340 _ 6
..14] 2.0 10 0.639 [85.4}2.5 2.3 280 6
Frampler i - 30 0.639 [85.2|3.2] 3.6 360 7
6] 2.0 20 . 0.640 ]85.0{4.0 3.0 . 330 8
{7] 2.0 20 0.640 |85.2]4.2]1 3.8 380 9
8f 2.0 20 G.640 [85.3{4.4 4.2 400 9
1] 0.5 - 20 | o0.640 |85.4]7.4] 5.7 420 9
2{ 3.5 20 : Reaction was not carried out.
A3f-2.0 5 " Reaction was not carried out.
Compa- (4] 2.0 45 0.640 §84.1]7.2 5.0 520 g
rative |5| - 20 0.640 |82.1|9.3] 5.9 720 5
Examplef6] - . 20 0.640 [84.2{5.2| 5.3 590 8
17] 2.0 20 0.640 184.115.8] 3.6 530 9
-B(Sbéh) 25 0.639 [84.5]|0.3 3.5 400 49

‘Example 9
o 'Pregaration'of catalyst (E)
: Ethyleneglycol in an amount of 2.5 parts by welght
 was’ dissolved in 0. 8 part by WE1ght of trimellitic
) anhydrlde, into the resultant solutlon, titanium
:tetrabutoxlde in an amount of 0.7 part by welght
:(correspondlng ts 0.5 molar% based on_the molar amount of
"trlmeilltlc anhydrlde) was added dr09w15e, the resultant
reactlon system ‘was malntalned at a temperature of 80°C .
'for 60 mlnutes to react_tltanlum tetrabutoxide with -
trimellitic anhydride and to age the reecfion;product.

Thereafter, the reaction system was cooled to room



11.5% by wei ght. Then, 5.6 parts by wei ght of 3 5-

di car boxyphenyl phosphonl c acid were mxed into 129 par tzé D&SW@P@%‘E"

et hyl enegl ycol and di ssolved by heating at a tenperature of 120C for 10

m nutes. The resultant ethyl eneglycol solution in an anount of 134.5 parts
"by weight was-further added with 40 parise -by wei ght of ethyl eneglycol,
and in the resultant solution, 5.0 parts by weight of the above-nentioned
titani um conpound (2) were dissolved. The resultant reaction system was.
agitated at a FeRpR¥AEWI® oInd2BE Méxedowiathulesparts by iwgidht ywdl | owi sh
transparent sohsiioRe Oftife Galsd S L( )cecwggtapmm@s Jbe st vyt (E)

solution had a titanl.um ont ent of aratl on of a

pol yest er Ter epht Fed X GF U9 aA Afount f6¥t§§6g?3%“1""?sa ARG Rt &nd

et hyl enegl ycol + kfp&rs@imuids afoos8 P@ft§ urdei e \&%rs%ﬁ%lte%sgt&enan
esterification reactlon ‘W'th - each other. at a .tenperature of

resul tant reaR¥PHH hrhtAnings COPREERC; 623) porg ribr At sHt fqondientegli pped
with a refini nglmsmb)} lvadiigm .col uim, and 'was mixed with the solution of -
catalyst (E) as a - ati n atal i anount of 0.95 parts by
wei ght (corres ond| ng g%rzdsz)?af %HDV8¥9/£FH ?e ’ﬂ'r?s‘of a nolar amount of -
titani um at onsd b Py lpbogpharbanacidfwers gpindvhlintmdi2®) pamgswith a -
col or - tone-r ey afd tht WSRchGPBRLLLAF1 Ohnd ERAMAE LWy IH2 22N 1 gmalena of -

0.0002 part by weight. ®The reSul tant reaction systemwas heated to a g
t enper at ure oft<r@BTahvde ofhd28/®i ko Hhtﬂtﬂ;@;tl%r-l cheessanétaot 30 m nutes;

further heated,g} 1294}1‘5@51@,%@1&50@9@%011 n an |50tre)%q. I;Se erature
under -a reduced ress m nu still
further heat SPigh% H@Saﬁ(‘ﬁéhﬁén?fi@ﬁ‘édw% étq}?r’cé ftt)’r wEL@h¥; ﬁ@t es whil e
the reaction pr@sswWmeqdlgeogr,addal iy tﬁé@@ﬂ;%ﬁ h1utgast,i 6N os akem was

agitated, to Coml ete the react When t act.ion was co t he
i nsi de t enper &UMELHYE etﬁféagkoﬁ%sm JCf"}ﬁfg qﬁgnﬁ%popgggpgpﬁ%r essure

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.

Preparation of a polyester
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
reaction product was placed in a polymerization flask
-equipped with a refining distillation column, and was
‘ﬁixed'with the solution of catalyst (Ej'es a
polymerization catalyst, in an amount of 0.95 parts by
weight (corre5ponding £o 20 x 10 molar% in terms of a
molar amount of titanium atoms based on the molar amount
of terephthalic acid) and with a color tone—regulatinq 
agent coﬁsisting 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 amblent

atmospher;c pressure for 30 minutes; fgrther heated at



was 49.3 Pa (0.37 mHg). The resul tant pol yet hyl ene hth had an
intrinsic viscosity of 0.640. The test results are sho ﬁe'@ﬁﬁé(ﬁ]?
Exanples 10 to 13 and Conparative Exanples 9 to 12 in each of Exanples 10
to 13 and Conparative Exanples 9 to 12, a catalyst (A) was prepared by the
sane procedures as for the catalyst (E) ingxanple 9 and a polyester was
prepared by the sane procedures as in Exanple 9, except that the P/ Ti
nolar ratio of the catalyst, and the amount of the catalyst used in the

pol yest er produthé c&bm—aemhanged temphostuss whdswn d nreditdd®e presEhget est

I h
:ne>s<'ltju£2 g¥elzloty2%art§§t§yqv?\él Hﬂ%zﬁét@hégene@%ég“%t%t fjo%")ﬁ%,eg:) "

wei ght of 3,5-dt &Sy PPRESpREAT £onek | thiper tamee foat lﬁ.@ommgr-ea_o

mnutes to prowidile trmolmtalceﬂonl ptesddfe qurwg}r%ﬁ(al\&%d Gldueled and the
on. 3.4 parts_b t, of titani.umtetrabutoxide

et hyl enegl ycol

wer e added dropl\'/ﬁ%sée loghﬁytsﬁgmr S]] ?g#a?%‘gtﬁ%r?oé%eéﬁ thes TRGFPEAPR at a
tenperat ure of WIEGCther ré@chiinat ess domplatght, wild dwissllet remppanente
Ctan um cont St B G199 BISuBRoi SR thRoRinal: BHAGHSh pBrGRRIET A
pol yester was maspdned by KhenamreHcprocenw &%s&&taﬂtﬂp&g&]&hylaneexcept

that the catal )ggtr %:@:h&ftﬁggcﬁgdbé(n frF@nﬁ'HﬁVﬁe] qned pr gcggpres was

enpl oyed as the merization cata tes LS & shown in 24

Decenber 2003 - &bF@S’Q reﬁh‘hﬁ)l@%@h@‘@paﬁaﬁﬁbﬁ%ﬂ a pol yester A

reaction vessehz:@@gll@ge OWI:bhlﬁ éxﬂi@ﬁn&&x@t&&ﬂe' Eabn@RegObudp y@s charged

wWith 194 parts by hg fdﬁéf(rretI’%ﬂnﬂ't 13# Hgal ate. 124 parts by wei ght of

et hyl enegl ycol and 5 par? Calldi AR 5OBParativee . char ged

m xt ure mas su@F@@PééStﬁ tp 12, a catalyst (A) was prepared by the same
procedures as for the catalyst (E) in Example 9 and a

-

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.
' 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
solution.'.Into 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)
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
the above-mentioned procedures was employed as the
polymerization catalyst. The test results are shown in



Interesterification reaction at a. tenperature of 220C @r et€0°03
resul tant nmethyl alcohol in a theoretical quantity was r 8 b
evaporation,' the reaction m xture. was added with 0.09 part by wei ght of
phosphoric acid, to .conplete a first stage of reaction. Then the above
mentioned reaction m xture was placed i-h 3 pol yneri zation flask equi pped
wth a refining distillation colum, and mxed with a pol ynerization

catal yst consisting of the catalyst (E) solution in an anpunt of 3.2 parts
by weight (cof#®&pofding to a nol ar anpunt of titanium atons of 20 x 10- 3%

based on the npkatipBnmumt of dimethyl - terephthal ate) and a col or

tone-regul ati ng ageE;}te ag_,o t| 39 ;0 OI RAZ_O_E BLUE i n an anount of 0.0002
part by weight. emwas heated to a tenperature

of 285C undér the aﬁrrme@qtmegﬁeﬂr equppped uvetiior BOfming es and further
heated at the @hoverJaaR e&q@mherraerahafee&nﬁftn alwdpa:@a; Hyesaugatof 4.0

kPa (30 nm—lg) o] tes ocee he reaction after t he

i nsi de pressur% 41 e?ré’yrle BhtglgiF‘Eﬁt * RRaRidY Wefjeqq'tfcétf‘ and the .
reaction systeeﬁlvre}&ragﬂylcolf antlher lpepbaetd oy wdiglthove-cweirtivemed
tenperature folodl d '%%tee%h‘é’?PE@ ﬁgk\t.ﬁ%é o d %ﬁg@&l ddPioxatem 1o

conplete the reaction. In the flask f1nal tenperature was 285C.
and the final 1mmtwefsaaelmsreadﬁl&limt(£ ﬁeﬁnpmi@ureThﬁ rzegad:t ant

pol yethyl ene ter RNl L8 had Buo LT | 5LEYT 9505 [oh Ol 0040, The test

results of the ést ér -are shown 5 - ‘
Exanpl e 16 Pr e?aeﬂrfd?tlrfdnwéﬁ §9P9V9ésb1éreva¥>®m1§ﬂem-erthHanqatéq;Medllbyurhe same
‘procedures as wdsr' dasRupLeth50 . 6¥CEREL g1t R g;;h%tflenaee&al ¥§t
t he -cat al yst le-ﬁl utro was rgg ace the cat aI st (he) olution.. The
test results . i¥gh| 8t29¢ Pkt %%‘fta“t%t Then the above-

' . mentioned react;on mixture was placed in a polymerization
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 melar 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

temperature of 285°C under the ambient atmospheric
'preesure for 30 minutes and fufther heated at the above-
mentioned temperature under a reduced pressure of 4.0 kPa
{30 mmHg) for 15 minutes to proceed the reactionj and
after the inside pressure of the reaction system was
gradually reduced, and the reaction system was still
ﬁurther heated at the above-mentioned temperature for
'iiOrminutesAwhile agitating the reaction system, to
"Complete'the reaction. In the flask, the final inside
temperature‘was 285°C and the final inside pressure wa$§:
49.3 Pa (0.37 mmHg).
' ‘The resultant polyethylene terephthalate had an
intrinsic viscosity of 0.640. The test results of the

_ polyester are shown in Table 2.



Exanmpl e xanp
ratio 2.0 .2

Th nunber ~of sic tone nunber. of foreign foreign
eIl cosity hans l'ayer adhered around dl/ 0.640 0.639

particles matter 30 12 2.0 10 0.641 85.3 2.3 2.3

| e Conpa- rative Exanple 10 P/Ti Amount of, ﬁl ar %El%ﬁd@/Col ;)r

0 1.0.20 Table 2 Pro ernes of of tester vvel o

639-:862 2 2 nelt- 86.0 85.8

backbone

11 3.0 20 O. : 0
290 13 2.0 30 0.640 85.2 3.0 3.6 360 14 2.0 20 0.640 84.9 15 2.0 20 0.64
85 2 16 9 2.0 o - 32 -
Ekamgle-lﬁ'
Preparation of a polyester
A polyester was prepared by the same . proéedures as
‘ i Example 15r except that as a polymerlzatlon catalyst
) _5_{.“the catalyst (E) solution was replaced by the
T catalyst (¥} Solution.
The test results are shown in Table 2.
o Table 2
10 o ) . : o
Iten] = - cCatalyst . ' Propertles of p01yester - Helght
P/Ti ount. of Intrin-| Color [Breakage |[The numberjof :
olar |catalyst ‘Jsic - tone fnumber oflof forelgnforeign'
ratio vis- backbone |particles matter
cosity | . chains - Payer
: adhered
around
elt- -

: : ] : spinning
[Example \ 1 7 i |p {(eq-/ (particlesorifice |
No. . . 1 (x7%)  |(dl/g) {1,000 kq)|/q) - {pm)

91 2.0 - .20 | 0-640 186.0]/1.5 2.9 300 5

3 1] 1.0 20 1 0.639 |]85.8l2.0 3.3 300 6

11 3.0 20 0.639 i86.2]2.2 2.6 330 8
IExanple 12 2.0 14 0.641 |85.132.3 2.3 2990 8
i FEY I 30 0.640 [8s.2[3.0] 3.6 360, 9
14 2.0 20 0.640 [84.9¢3.6 2.9 340 7
15{ 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
jCompa- . —
rative 10| 3.5 2¢ _ Reaction was not effected,
example i1} 2.0 - 5 - Reaction was not effected.
SRR 2.0 45 | o.640 f8a.0]7.2] 4.9 | s40 | 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 we1ght of trlmellltlc

.;?0

anhydrlde, 1nto the resultant solutlon, titanium E
tetrabutoxide in an amount of 0. 7 part by weight

'(correspondlng to 0.5 molars based on tlie molar amount of

trlmellltlc anhydride) was added dropwise, the résultant

_reactlon system was maintained at a temperatugé of 80°C



0.520 20 10 _3.. 520 11 2.05 12 2.-0 45 0.639 0. 6%8[%}g§® gg%ﬂbSS 2

spinning (eq./ (partlcles orifice 1,00.0 k 0 1..5, 2
7.7 3.3 2.9 3.6 4.0 5.6 300 /U 300 3 340 390 410 420 Reaction-was not

ef fect ed. Reacti on was not effected, 84.0 7.2
- 33 -

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 partslby weight of
acetone, the resultant precipitation was. collected by
“filtration £hrough a No. 5 filter paper and dried at a
‘temperature of 100°C for 2 hours. The resultant reaction
product (titanium compound (2}) had a titanium content of
11.5% by weight.

Then, 5.2 parts by weight of dlphenylphosphlnlc 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
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
Asystem was agitated at a temperature of'120°C‘for
60 minutes to produce a reaction product of the titanium
compound (2) with diphenylphosphinic acid. A sligﬁtly-
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 polvester
_ Terephthalic acid in an amount of 166 parts by
'welght 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
flask equippéd with a refining distillation column, and
was mixed w1th the catalyst (G) solution 1n an amount of

.

0.95 parts by welght (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-

regulating agent consisting of TERAZOLE BLUE in an amount



.4.9 '540 Exam |l e 17 Preparation of catalyst (G Ethylgneglycpl ip.an
anount of 2.5 parts by weight 15 was dissolved in 0.24E%F%“§Vﬁagpght of
trimellitic anhydride; into the resultant solution, titanium tetrabutoxide
in an anmount of 0.7 part by weight .(corresponding to 0.5 nolar% based on
the nolar anmount of trinmellitic anhydride) was added dropw se, the
resultant reaction systemwas maintained ¥ -a tenperature of 80C 2 6 6 {
m56 8897 99 10 10 24 Decenber 2003 - 3 3 - for SO ninuteshto react
titani umtetrabytoxi | t) el b tic hydride, and to e the reaction
pr oduct . Theregﬁtg'r{?@?%meﬁr}etacl{fi g%lgg}ns:fem@aﬁsg%%% Bt & $3%0me1 &t ure,
and was m xed vwah Héatpad tt by tweipgltbtofe acer®pw; dnde esul babient

Brd dricd ar o Soue ARl B eMnscrbb: b RutvEst ot din degtodoadt s on
product (titanithe cahgimentiopedagenperanianuodnt entresfucetl ph¥sisyreei ght .
Then, 5.2 part sobys veiight (o eBB§N¥bPhos i fiCedfitha W19 1dis53Qhued in 136
parts by MBIghthégtéﬁlgﬁ!%%%92%%%eumentioned temperature for 110 minutes
‘while the reaction pressure was gradually reduced and the
reaction system was agitated, to complete the reaction.

When themreaction was completed, the final inside
tgmﬁérature of the flask was 285°C and the final reaction
pressure was 49.3 Pa (0.37 mmHg). The resultant
polyethylene terephthalate had an intrinsic #iscosity of
0.640. -
- The test results are shown in Table 3.

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
. brocedures as for the catalyst (G) ih Example 17 and a
polyester was prepared by the same procedures as in
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
Preparation of catalvst (H)

A mixture of 147.3 parts by weight of ethyleneglycol
with 4.4 parts by weight of diphenylphosphinic.acid was
rheated at 120°C for 10 minutes to provide a solution.
Into 151.7 parts by weight of the ethyleneglycol
solution, 3.4 parts by weight of titanium tetrabutoxide
were added dropwise, and the resultant reaction syste@
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)

solution had a titanium content of 0.3% by weight.
Preparation of a polyesteéer




by heating at a tenperature of 120C for 10 m nutes. Th Ao
et hyl enegl ycol solution in an anount of 141.2 parts bysz\ﬁg’eg‘%'w)\%vas P_urther

added with 40 parts by weight of ethyleneglycol and, in the resultant .
solution, 5.0 parts by weight of the above-nentioned titanium conpound
(2) were dissolved. The resultant reacti o systemwas agitated at a
tenperature of 120C for 60 mnutes to produce a reaction product of the
titanium conpound (2) w th di phenyl phosphinic acid. A slightly yellow sh
transparent sol utianpolyestet arystprepansas byolthai sede phocslurey a¢ the
catalyst (Q | Yt agd-a i i e f 3%,y |

Prepar ati on o?ﬁaﬂ%glﬂgégt g?' T%}E%é ht H‘.‘é\‘ﬁtﬁ%&é %talt(r%l %ta %Enf)%g?g?%% kE)’?irt's by
wei ght and et kyPeABEVGTRENEIPRGH BRATRIVGTES7 YaSackpleyederghEhter e subj ect ed
to an esterifpeavhepizettdn ofatdlyst eaqheottber dbsaltenmaeeatiéenofn 240C,
the resultant  estegification product was placed in a polymerization flask
equi pped with arefining distillation colum, and was mixed with the

catal yst (G )Exampieéoh3in an anount of 0.95 parts by weight (corresponding

to 20 x 10-3 nol ar §4 8ha Aa Db lo AP WY1 vfs theirt @ani'um at ons based on the nol ar
anount of terephthalic acjd) and wth 3§ color  tone- regul_ ating agent
consi sting of TERAFEABEIR i RSP fsiiEPsd PEEBnBeFe38D329 3 4 - of 0.0002

part by wei ghtiisthelaebon taotunreacts @rh:a&ygsﬁewith/awlmepaeﬁstbyaqéﬁglrpter.at ure
of 285C underokh inﬂé@h t-te{@é : el Hrzgsg)%gg_sf% %giugégu(t)gs; further

heated at the above-mention enperat ure er a‘redu _pressure. of
4.0 kPa (30 nfFByleesdlyced muckd - 12ndasti by weigherofhealedumt t he '

above- nent i ongdet ga0Er alidlT¢hd9fedl Ml Kturet Gas Whblectbg £&aghi on pressure
was -gradual ly reduced and the reaction systemwas agitated, to conplete
t he reacti on. INYREASEERLFIGRLIVN RastderpRét adtemperatnee PHsIAEC;

Lenperature obetbe thaSiedAROGANG 1 HScOhBal 1heacLhOBropIEsEUr e Was 49. 3

Pa (0.37 nmHg). The resultant ol yethyl ene terephthalate had an intrinsic
visgosity of o%ahfty was removéé.oé ev%poration,pthe reaction mixture

was added with 0.09 part by weight of phosphoric acid, to
completé a first stage of reaction. Then the above-
mentionedsroaotion mixture was placed in a polymerization
flask equipped with a refining_distillétion column, and
_mixed with a polymerization catalyst consisting of the
catalyst (G) solution in an amount of 3.2 parts by weiéht
(corresponding to a molar amount of titanium atoms of

20 x 107°%, based on the molar amount of dimethyl
terephthalate) and a color tons—regulating agent
consisting:of TERAZOLE BLUE in an amount of 0.0002 part
Ey 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 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 minuﬁes while the reaction-system is agitated to
complete the reaction. In the flask, the final inside

temperature was 285°C and the final inside pressure was



The test results are shown i n Table 3. Exarrpl es 18 to %;“ja\eng 3atrve
Exanples 13 to '16 In each of Exanple 18 to 21 and Corrpara e arrpl es 13

to 16, a catal yst was prepared by the sane ;procedures as for the catal yst
(G in Exanple 17 and a pol yester was prepar ed by the sane procedures as in
Exanpl e 17, except that the P/Ti nolar ratio of the catalyst,.and the
anount of the catalyst used in the polyester production were changed to
~those as shown in Table 3. The test redtlts are shown in Table 3. Exanple
22 Preparatron of catalyst H A mixture of 147.3 parts by weight of -

et hyl enegl ycol 4wij @34(6r PRRhEqy )b_y wei ght of di phenyl phosphi nic acid was

heated at 120C.for esldltlgant Erovr a solution,  Into 151.7 parts by
wei ght ‘of the -et %/I ene of YPi Iege sterephthalate P8htatof titani um

tet rabut oxi.de - & I'e‘"édﬂe‘dsd%’p‘w o, Uaﬁrﬂd’ --. Thee'tesbstpsudnt sabei-on system
‘was - heat ed” and pyitested ade ahctwemier-a:imreewf 120C for 60 minutes. A slightly
yellow sh &r ansm@_gpl ution cont aining a catalyst (H was obtained. The

-catal yst " (H)-. solut ani um cont-ent of 0.3% by -wei ght .
- Preparation of a 0?5%%' et 3 - 35 A-polyester was prepared

by the sane procedur"’e8°]§§5t?ﬁ “BEaRptERred betbepsana procrinesat a yst (H) -
produced by t heimifasphenti onesppr deaduses pragnerplaayod asatber,

“pol yneri zat i-on-egs-ahyst stTh@, @3 bt {GSWhk Ser@18ysfOWN 1N Table’'3. Exanple 23

- -Preparatigg of "a Polr){g‘st resu«é@ctron essel ped wth a. refining. _
 distillati.;on col.um was c Wi f %E];ﬁpv?)er ght of dinmethyl
“terephthal ate, 124 parts by wei ght of h Ienegl ycol and 0.12 part- by
'vver ght of cal cium.acetate; -the chargér'a }'ﬁx{ure was subj ect ed tovvn ‘

ItemL Catalyst ' Properties of polyeSter
/Ti |Amournt of|intrin-| Color |Breakage |Fhe number]
. oler catalyst [sic tone |number ‘oflof. foreign)
fratio vis- - {packbone jparticles f
g cosity chains : T
Example A (eq./ J(particleslrifice
No. (x’%) j@ai/g | * [P 11,000 kehlra) {pm)
171 2.0 | 20 0.640 85.5 i.8 3.1 320 J 4
118 1f0 . 20 0.640 185.2{2.2 3.4 328 5
19 3.0 20 0.640 [86.2|2.2 2.8 350 7
. 201 2.0 10 4 0.641 [84.4(2.2 2.5 300 - 7
Exatiple }—— : -
. gl 2.0 30 0.640 {85.2{2.9 3.7 380 8
2?— 2.0 20 0.639 (84.913.8 3.0 350 8
- 1231 2.0 . 20 0.6440 8474 4.1 3.8 400 9
“ {24] 2.0 20 0.640 [s4.1]4.0] 4.0 400 | 10
Compa- 113 9.5 20 o 0.640 i84.2{7.9 5.3 410 . 1Q“
rative 14} 3.5 .20 - Reaction was not effected
] -.415]-. 2.0 5 Reaction was not effected.
.Exan.mle 1= . . .
y 16| 2.0 45 0.640 [83.0]7.4] 5.1 [ s70 | 11

15 - Example 25
' Pregaratlon of catalgst (Il . <.
Trlmethyleneglycol ln an amount of 2 S parts by
"welght was dissolved in 0.8 .part by weight of trlmllltlc
. anhydrlde and, into the resultant solutlon, titanium
. ?ﬁ -tetrabutoxlde in an amount of 0.7 part by welght '
) (correspondlng ‘to 0.5 molari based on the mdlar amount of



interesterification reaction at a tenperature of 220{:; 24‘;1‘fetc%FnbEh§063eSU| t ant
nmet hyl al cohol in a theoretical quantity was renoved by ‘evaporation, the
reaction mxture was added with 0.09 part by wei ght of phosphoric acid, to
conplete a first stage of reaction. Then the above nentioned reaction

m xture was placed in a polynerization flask equipped with a refining
distillation colum, and mxed with a'péf]yﬁeri zation catal yst consisting
of the catalyst (G solution in an amount of 3.2 parts by wei ght

(correspondi ng ti@ea 170k ar aathp&ﬁdéi dadd aMdun %if%{ﬁqi%fel,ZQhé 1Qs3% aRased on

t he nol ar anmount of dinethy terephthal ate) and a color tone-regulating

agent consi striergtabnTERSAEZGR B8t U imt imethminta dfenpe@@@Rreaptt 8HIC wei ght .
The resul tant reacti on e eated 1.0 a_ tenperature of. 285C under
the anbi ent atfrr?gs%tﬁegl%%%%egén\?%a?%?t% nn%urllnutteestrg%&tfoﬁfrltdﬁewlﬁ ated at the
above- nentiongdmeddpsiat anbydntde ang dgucae prhes Neaetdong pgokpat - (30 nMmHg)

for 15 m nut egpk@eRireeeedehbers £acid®yAnth wafd @odi1Re ikBSk-dempr essure of
the reaction systemwas -gradually reduced, and the reactiqQn system was

! g
still further SREREEFTHECr hANANERR-TEMRT dHdd tenp@rdtuPy FEAIPE10% ni nut es
whi | e the reaetietonsystbe resabtimt qordclpidatylcet eratsheol@actiednbyl n the

flask, the finghinside tﬂfgﬁ’gﬁ g% t%._ g;sfn%%@ @%ﬁ)e&h%nhi a%kebna'fds pressure

was 24 Decenber 2003 36 -49: e resul tant Pol yet hyl ene

t er epht hal at e teagezaturei af r 108 fors@osbuysof Ché4fesulfamt tesdctriesul ts of
t he. .polyester e.s | a I Pr. ration of '
Pol yester - irﬁ%@gs? g%%@%r%%@%& ‘%;@ﬁe%sa?ng £ 6%%@%@& ggnggnei%f
Exanpl e 23, edXdepft bMaweasghh. pol ynerization .catalyst, the catal yst (H)

solution -was enpl exed, 30s Jhecd a5y O SraPResRAMRoLBhTIARECaBia !
‘Wererdissolved in 131 parts by weight of ' )
trimethyleneglycol by heating at a temperature of 120°C
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
compound (2) were dissolved. The resultant reaction

system was heated and agitated at a temperatufé-of 120°C
for 60 minutes to produce a reaction product of the
titanium compound (2) with phenylphosphonic acid. A
white-colored slurry of a reaction product, namely a
_ 'catalf;t (I} was obtained. The slurry of the
- catalyst (I) had a titanium content of 0.3% by weight.
o Preparation of a polyester -

- Terephthalic acid in an amount of 166 parts by
weight and'trimethyleneglycol in an amount of 92 parts byr
weight were subjected to an esterification reaction with
each other at a temperatdre 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

polymerization catalyst, in an‘amount'of 0.95 parts by



Tabl e 3 itenCatal yst Properties of of esterkblght [ Ti A b 0
of Intrin- Col or Br eakagehe nunber of nol ar, atalyst5|ctonn%ﬂg%xpﬁlng?3
foreignforeign ratiovis- backbonepartlcles .-matter cositychai nsl ayer

adhered' around nelt- spinning Exanple(eq./ .(particlesorifice os

dl /1b1,000 kg)/g)( ) x % 172. 0200. 64085. 51. 83. 13. 204

. 18- 1. 0200. 64085. 22. 23. 43205- 193. 0200. 64085.2' 2. 22. 83507 Hxar apl e20
2.0100. 64184. 42. 22.53007 - 212.0300. 64085. 22. 93. - 73808

222.0200. 63984. 0 -2 0 200. 64084, 44, 13 8400
24+, 6200, 64084 S 15, CAUOD Lt 8908, Raoay. $956RE 39 otlﬁ"b“l““baatqffﬁu
143. 520React i onofas0 -x rateffasiedn th\eemoléﬁ amdufBReACEE AL W@ Q! '

ff t ed. EX 04 640 183.07,41" 570 | 1 Exanple 25 -
grega?at?on ofaca%§1y§%i ﬁﬂk ﬁﬁfléﬁ@ﬁr§88Pl?ﬁl%% %ﬁ%ﬁﬁnCQﬁSl%qug part's

by 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 minut8s; 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
3 49.3 Pa. The resultant polytrimethylene terephthélate
-had an intrinsic viscosity of 0.680.
The test results are shown in Table 4.
:Ekamples 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.

‘Examéie 3 _
Preparation of catalyst {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. Into 158.0 parts by weight of the

o ethyleﬁelecol solution,‘3.41parts 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



wei ght was dissolved in 0.8-part by weight of trimliti } and,
into the resultant solution, titanium 2f tetrabut oxi dezﬁge%%n'ég{)%ﬂt% of 0.7
part by' weight (corresponding to 0.5 nolar% based on the -nolar anount of
24 Decenber 2003 - 37 trinellitic anhydride) was added dropw se, the
resultant reaction systemwas naintainedqat a tenperature of 80C for 60
mnutes to react titaniumtetrabutoxide with trinellitic anhydride and to
age the reaction product. Thereafter, the reaction systemwas cooled to
room tenperakcvheaiaidgwahenrsedeivvh hpAddyat i sndneMeighiatalilysacet wae, the

resul tant precipitati.on d : 1) tration. h 5. .
filter paper %n ag?l%gd a?lﬁg S?lé%‘rggégt {er)g E(’)]fugfé%)(‘f[ﬁra %#ﬁ%&?gg ‘fﬁlélé?régul"t ant
reaction' . predult 3¢t PranedehEeonpound (2)) had a titaniumcontent of 11,5%
by weight. Then, 3pgepathsiby ¥Wei ghtoDfephenyl phosphinic acid were '

di ssolved in 131 parts.by weight of_ trinmethyleneglycol by heating at.a
Cenperatur e of 1208 PPAFESESH AT RroRHEST dO Thin AP, REPLRERED| 920l
sol ution in adnaBmanplef 2334e8cepttshdly Wt ghatadast f(UNt Wes audgédyesit h 40
parts by weighk @he LbLYREDYLEDEGLVESLa ARG, . | g defSylkantssgbation, 5.0
parts by weight of the above-nentioned titanium conpound (2) were - _
di ssol ved. Thé&hP¥SuRPaRBPLeéaltion systemwas heated and agitated at a
tenperature okx3aBCe Bor 60 minutes to produce a reaction product of the -
titani um c*0r_rpound-,_§2f -\gir"t :ghenyl phosphoni ¢ aci-d. A white-colored slurry
of a reaction product, was obtained. The slurry of
the catal yst (1) hadrgactiani veseehtequipged Bty weifghting Preparati on of
a pol yester Tergphthakienaghduhn @@smﬁqe@fmk@ﬁ Rar Pﬁrlﬂlé byelghinand
trimethyl enegl¥col, i n_an anount of 92 par sp?/ i gh ,wgre subjected to an
esterificatiofffr SAREEBYIWFERePRERM ¥t Serl 2t Iit@\r,‘:g’é’r ¥eaP8toPT240C, the
resul t ant reattrimethyddueylywasi phadedl. 1 mapolbynewizati ofi Ekaskum

acetate; the charged mixture was subjected to an

interesterification reaction at a temperature of 220°C;

- after the resultant methyl alcohol in a theoretical
quantity 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

. mixed with a polymerization catalyst consisting of the
catalyst (I) slurry in an amount of 3.2 parts by weight
(corr@gpon@ing 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
rby‘weight,' The resultant reaction system wés heated to a.
.;eméefétufe of 250°C under the ambient atmospheric

 :pfessure fbr 30 minutes and furthef'heated_at the above-
mentioned temperature under a reduced pressure of 4.0 kPa
for 15 minﬁtes to proceed the reaction; and afte: 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 -



equi pped with a refining distillation colum, and was giged Wi Sdshe
slurry of catalyst (lI) used, as. a polynerization cat aFyst, I'n"an anount of
0.95 parts by 24 Decenber 2003 - 38 weight (corresponding to a nol ar
amount of titaniumatons of 20 x 10-3% based on the nol ar anount of
terephthalic acid) and with a color tone-regul ating agent consisting of
TERAZOLE BLUE i n an anmount of 0.0002 pard ‘H{/ Wei ght. The resultant
reaction systemwas heated to a tenperature of 250C under the. anbient

at nospheric pressiegcing S ddyd8sn & grtgﬁr' hg - ti oned
tenperature under a reduced pr essu'rcra1 o? 4.0 kPaa‘%%?pfél%é m%n%?%\é%tgﬁ) ‘still
further heated B e Bhvvle- thentfiiondd inenger temperdturd Masrianoresandi | e
the reaction pregsus e, Yes; [l u d,t cli.on. system was
agitated, to-conplete the relact ?ngﬁ%s\qf\%gnﬁggeggfzéa%?i {)(ﬁaﬁ/asf“mrc}" | eted, the
i nsi de tenperature of'® HESW Rk wedyprbreshylere ferenhtytedettconadr essur e

was 49.3 Pa. Thetriasild anfscp@livyr brebhyhene trs eptddalaha diadarRpent rinsic
viscosity of O. . HNe. test results are.shown in Table 4. Exanples 26 to
30 and Conpar at?%ﬁ%%pl%s% f‘;‘ofdg 28 @?ﬁlga h of Exanples 26 to 30 and
Conpar at i ve Exdigamzlel B3 o 20, a pol yester was prepared by the same ‘
procedures as in Examigrd®iceXeePh bBaleitie P/ Ti nolar ratio of the
catalyst (1), -and tlgg g’q_;)unt of the cafalys used in the pol yester '
production were charh@¥5SthRos¥25sPTSRaRRd i by THif Same procedyrefedslits are
shown in Tabl e i Exawphel 8331 eRrepar ahaontind cadallyad (0J) wAsnexpUpbgedf 153
parts by wei ghtyOfid 1 ayle c | 5. arts wei ght - of .
phenyl phosphi ni ¢ ac) dﬂv?ng?;nheét gggg%{ ?éb%i#%? lgm-pﬁ r%:l?tsélg)ést Sr%r girye in
solution. Into T3 %arts by weight of the ethyleneglycol solution, 3.4

parts by wei ghtcorpalriattdRieURkafpl aput oxi de were added dropw se, and the
resul tant reaction,system yas a | tated an %ed at a tenperature of
t

he _
120C for 60 minutes’t BoresetophiRy| PRERPIRhitY ddiiey same procedures as
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

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
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
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
of acetone, the resultant precipitation was collected by
filtration through a No. 5 filter paper and dried at a



with titaniumtetrabutoxide. A white-colored slurry 24259%%%3&2"&%3 -- 39
containing the reaction product:, nanely a catalyst J was obtaine The
catalyst (J) slurry had a titaniumcontent of 0.3% by weight. Preparation
of a polyester A polyester was prepared by the same procedures as in
Exanpl e 25, except that the catalyst (J)4was enployed as the

pol ymeri zation catalyst. The test results are shown in Table 4. Exanple 32
Preparation of a polyester A reaction. vessel equipped with a refining
distillation tehpenanase chfr geefdnifiolr 29hopast s bieveeghitanf rHavationl
terepht hal:ate ar t | en col and rt by
wei ght of cal Féﬁqacgc }L‘JS'FQXJ‘ %P%nedd r%);}e El?%l \%ag'g“géﬁflé%t%%ng%&tan(p? ‘
interesterifidat ﬁénbYeﬂ‘éwlém at a tenperature of 220C; after the resultant

met hyl al cohol in @héﬂgozeslﬁﬁtswmélt@htm bﬁ@axﬁsheypﬁaﬁp@r@éwn ‘the

reaction m xture Wt 09 part b g hosphoric acid, to
conplete a fi W?Fes\f,i’a@ﬁog‘fe‘?e%tf%]n aﬁ%n B, eé\NE‘G rrentl oned reaction

m xture was plté@@améehﬁl@@égmézasy HeatfindSlkte@UkBRBEr W tihe 8of €1 d¥cNg’
distillation colum, and mxed with a polynerization_catal yst_ consi stl ng

of the catal ¥SF &P)mEPYFeS- | b %ﬁ?dl}ﬁ?tand'f tgtyapgthyleyeahy et
(COI’I’eSpondl ngollataofivl ArammnEmRintofoft | H3aNISUPagteNByOfe26hk W&s 3% based on
t he nol ar d t I ol or tone--regqul atlng
agent COI’ISI S p;ﬁgﬁéf %‘%C{%%L{ﬁ%rﬁgsn ?n%)"&ntgg 03 0002 part by weight.
The resul t ant tetaanpbhy bsreekicrk, gt da tt@earesgﬂ:penatembubiomﬁoc under

t he ambi ent asmsgagﬁs%ymw ebff Qﬁh@%bmv@uhaﬁt%ﬂe&%m@ﬁlm@at ed at the |

above- nentioned te reduce?1 ress!re of 4.0kPa for 15.

mnutes to pr&5@BRE e ‘?‘ba‘ﬁxf fo’t er [Re FePRLFARE pFRRSH R of t he

reaction systggsves \Gé@ldé:@iiiéfted %w%at@adattha £en ?éf&fhé&%ﬁ@z"@é still
further heated at the above-nentioned tenperature 110 mnutes while
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
caﬁalfét; in an amount of 0.95 parts by weight
.(Cdrfesponding 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 temperatﬁre

of-250°C'gnder_the ambient atmospheric pressure for <y
30'minﬁtes; further heated at the above-mentioned |
-téﬁpérature under a reduced pressure of 4.0 kPa for

15 ﬁihutes; and still further heated at the above-

'mentioned temperature for 110 minutes while the reaction



24 Decenber 2003 -- 40 agitating the reaction system 211%9%%@%&’% qt he
reaction. |In the flask, the final inside tenperature was an t he

final inside pressure was 49.3 Pa (0.37 mmHg). The resultant

pol ytrimethyl ene terephthalate had an intrinsic viscosity of 0.678. The
test results of the polyester are shown in Table 4. Exanple 33 Preparation
of a polyester A polyester was prepared-by¥2 ke sanme procedures as in
Exanpl e 33, except that the catalyst (J) was; enployed as the

pol yneri zation ¢ | yst. The.results are shown in Table 4. Conparative
Exanpl e 21 A poﬁu;gess &/erfe V&S ﬁfé‘%g? éyb§e$’ﬂ‘ée az?fécll prit SRR o4 sYEkeRxanpl e
32, except thatwasasagitsdlednetiozabinphetat thysteactidani Wheretthabut oxi de was
enpl oyed, and thsyoata! Vel Cgﬂgggggdangﬁéhfh r@eﬂgefz %:%@%%|¥EE slurry
was controlled so that the anbunt of this catalyst 1n tefns of nolar
amount of titarfiadakatwass 259°Q0axd 1% ivasedcant ibhe prekatramdamt of

dinethyl terep e. u in Table 4. .. npl e 34
Preparati on of f’%ﬁ;?} aI%i/asft #/F}%e%ggﬁégéﬁfe%%a%%aﬁ?eﬁt@& e&r?o%ﬁtregptﬂégégﬁrts by
wei ght was di sdBd&F iiRtgingspsr viggosktymet df- 100nel litic anhydride and,
into the resultant swleutiegR, reshans Uite t SidwabUiPXidad B .an amount of 0.7
part by weight ol %iggngkn 9 9 5 nol ar % based on the nol ar anount of
trimellitic anl‘ry(#h—(%—wars—aaﬁ%%—d% pw se and the resultant reaction
system was mai nt ai néd pdlyastenpeaat prepandd 8HC ther sBdempmotedutesraact ‘
titaniumtetraly exad@reweth bid | it d rjde,; .age action
pr oduct . There%:c ter, the reacti oﬁsgy%%%@nﬁ ﬁ};g?gﬁg’g@ﬁﬁ?g%ﬁq ?éﬁ%]ég?hre,
and was ni xed Witth CREAPERES (Y ReRytRnedrimGampReatine Fgspplane was

preci pitation wiplogekdeabedebyand i tlie atd ol s ewgheatNandSthi! dgsup@per and

dried at a 24 Eﬁ@%ﬂ@eEa€99§st slurry was controlled so that the amount
of this catalyst in terms of molar amount of titanium
atoms was 20 x 107°% based on the molar amount of
terephthalic acid. The test results are shown in
- Table 4.

.Comgarative Example 23
' Preparation of a catalyst (L)

A catalyst was prepared by the same procedures as in
Example 25, except that 3.6 parts by weight of phenyl
phosphite were employed in place of 3.6 parts by weigﬁt
of phenylphosphonic acid. A white colored slurry.
containing a catalyst (L) was obtained. The catalyst (L)
.8lurry has a titanium content of 0.3% by weight.

Pregaration'of a polyvester |

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
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
" A polyester was prepared by the same procedures as

in Example 32, except that, as a poiymerization catalyst,j



- 41 tenperature of 100C for 2 hours. The resultant r (?dgu
(titanium conmpound (2)) had a titanium content of ?@C‘#"%ﬁ'@?g Then,

3.6 parts by weight of phenyl phosphonic acid were dlssolved in 131 parts
by wei ght of tetranethyl eneglycol by heating at a tenperature of 120C for
10 minutes. The resultant tetranethyl eneglycol .solution in an anmount of
134.5 parts by weight was further add with 40 parts by wei ght of
.tetranet hyl eneglycol, and in the resul'tant solution, 5 .0 parts by weight
‘of the above- mantloned titanium conpound (2) were d| ssol ved. The resul tant
_reaction systerinsisiragyt atiecidadvdseanplbyd aléenpendttive agbuntl 2C f or- 60
mnutes. A whi tgaClt@n 9t Stddf EY¥n €118k NG, BolHALALNSE K e MRS o@bt ai ned.
The slurry of the cata (K) _had a_titani umcontent of 0.3% wei ght .
Preparati-on of té“i‘)‘b‘i%éfv:‘é?s T’ér 2Bt AAT'F Paseddor henRaki PEoBRt ﬂ% parts by
weirght ‘and t et rapgittphehegioidol The assamednlrofarkOShpar tia by wei ght were
subj ected g o ag.gpd @rification reaction wth each other at a tenperature
of 240C, t'he resultant reaction product was placed in a polynerization
flask equipped wth a refining distillation colum, and was m xed with.
‘the slurry of catalyst (K as a pol yFtiez4ti on cat aI yst, in-an anmount of
0.95 parts-by weight (corresponding to a m)l ar am)unt -of tltanl um atom; of

20 x-10-3 obaséﬁaul-_; hyls 5 Int

~ col or- tore\regul a&/ﬁf' ﬂ‘Enfcé’F‘t i .of

. 0.0002 pgrt\by weitfitr %ﬁ%lyrsés@l :

- tenperatyre \of 280C Unfder t he .

- -minutes; [furt\ier heated| at. the aeduced
pressure jof 40 kiPa for|.15 mn o furt hgr -above-
menti oned tenperagure for 110 nf nutes|while tthe react|fion 24 Dges 2003 -
42 Pressgur e wa gr-adu' ly redu:_ed ang ;h,br.\(aecét_ifon S}/ggrq:r}.]cles" B

o - (x7%) |(d1/q) 1,000 kqji/g) ~ . 1 (pm)
' 25| 2.0 20 0.680 {88.0f1.2] 2.7 290 .4 71 |k
26 1.0 20 0.679 |87.2|1.5 3.2 310 8
27] 3.0 200 - 10.681 |88.2|0.9 2.4 340 5
28| 2.0 10 0.680 |87.3|i.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 I86.5(3.0f 2.9 350 7
131 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
133] 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.
19( 2.0 5 Reaction was not effected.
o 20| 2.0 45 | 0.679 [83.8[7.5] 4.9 | - 560 _
"IEx.amplevZI N 1 0.680 182.3]9.9 5.9 . -730_‘
SRRl 20 0.681 [84.0]6.2] 5.3 580
) 23], 2.0 | 20 | o0.680 [84.2[6.8 3.6 . 550 -
24|(sb,0,) 25 | 0.679 |84.4]0.5 3.5 _38¢0
10 INDUSTRIAL APPLICABILITY

By using the catalyst of-the present invention and
the process for.produeing a polyester using the catalfbt,
a polyester havxng an excellent color tane, a small .
content of forelgn matter .and an excellent melting heat
LS . stabll1ty can be produced. Further, the polyester
obtained in accordance Wlth the process of the present



was agitated, to conplete the reaction. Wen the react] et ed,
the inside tenperature of the flask was 250C and the f%ﬁgﬁc\gﬁ%g ?%Hn
pressure was 49.3 Pa. The resultant pol ytetranethyl ene terephthal ate had
an intrinsic viscosity of 0.700. The test results are shown in Table 4.
Conpar ative Exanple 22 A polyester was prepared by the sane procedures as
in Exanpl e 25, except that, as a polynerization catalyst, the catalyst (O
mentioned in Conparative Exanple 6 was enpl oyed above, and the catal yst

content and theimvenmion ofs tdivaoaiaalepst ShUERNLWSe s ORti&0ld1rd rga d.hat the

amount of this ' S.20 x 10-3% terephthalic acid. Table
4. terms of ml%@%{%‘? tﬂ%c%ﬁ'l[%%‘rsﬂf% Eﬁgegoiﬁe?ﬁﬁrnﬁa‘”hﬁfdﬂ‘rﬂu The test
results are . COMparigd vatEthsiugh23 medpaspinohngforif et alvext avdong -
catalyst (L) piepps®d Dyrdhg mamRt8BOWMIsi AIRELESI 65 s rgnf@ﬁrrpl e 25,
except that 3. 6arpal{tstbc}/.v\e|. 2# ?‘f' E‘h nyl .,Ehosphlt,e wer e “enpl oyed in place
of 3.6 parts by Welbnt oafrob']% yih §Eﬁoﬁ?t‘:’ 3tPY. O iiqe dhéd slurry
contai ning a catalystte exddigst annedceThentafatyiig (dhopedtyr.ry has a
titanium content of 0.3% by weight. Preparation of a polyester A polyester
was prepared by the sane procedures as in Exanple 25, except that as a

pol yneri zation catal yst, the catalyst (L) slurry was enployed in an anount
of 3.2 parts by wei ght corresponding a nolar anount of titanium atons of

20 x 10-3% based on the nolar anmount of terephthalic acid. The test
results are shown in Table 4.



Conparative Exanple 24 A polyester was prepared by .the sg35® gg%{es as
I n Exanpl e 32, except that, as a polynerization catalyst, fﬁf%e 2003

- 43 diantinony trioxide was enployed al one, and the anount of the
catal yst was controlled to a nolar anount in ternms of titanium atons of 20
. X 10J3% based on the. nolar anpunt of - té& ephthalic acid. The test
resultp are shown'in -Table - 4 . Table 4 Ite- Catai. stProperties of
pol yester. .. Reight f forei gn P/ TX ount of Intrin- Color Breakage he
numbe, atter, olar atalyst sic tone nudBdd¥sf of foreig |layer ratio.vis-
. ackbone- partlcleg,adh@rcatalyst0$bky§haaﬂéfﬁgnﬁﬂpolyﬂétersQb&@t&glﬁéanp|e
S dl/Lb(eq / (éx¥géé%lé% product of
(A) a titanium compound component comprising
at least one member selected from the group consisting
‘of : ‘
' titanium compounds (1) represented by the

genéral‘formula {I):

OR'
|

R' O—— Ti- 0 —— R! (1)
| I
OR' P

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

titanium compounds (2) producéd'by
reacting the titanium compounds (1) of the formula (I)
with aromatic polycarboxylic acids represented by the

general formula (II):

(COOH)

(I1)

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 compound component comprising
at least one member selected from the phosphorus '

compounds (3) of the general formula (III}:




rifice o.x %,1 000 k/ (' 252. 0200. 68088. 01. 22. 729. 07
1-.0200.67987.21.53..2%10% 273.0-20-0.68188.20.92.-4340'2é(i)emer_nber2003
282..01.0.0.68087.31.82.52808 Exanpl e292.0 -300. 68087.22.0. 3. 73709
302.0200. 67986. 53. (c) 2. 93507 312. 0200. 67887. 03. 23. 54008
322.0200. 68087. 13. 83. 84007 332:. 0200. 70089. . 01. 12. 92906

170. 5- 200. 68085. 17. 95. 645012 183.-520Reaction was not effected.

'192. O5Reaction was not effected. ' onpa-'20" 2.0450.67983.8.7.54.9560 .15
Tative2.1200.68082.39. 95. 9730. 7 8xanpi €e22200. 68184. 06. 25. 358QQ . 23,

2.-0200. 68084. 26. 83. 6550- 10 24Sb- 0*% 25 . 0. 67984. 40. 53. 5. 38052 i 0 INDUSTRIAL-

: APPLI CABI LI TY By using the catal yst of. the present invention and. the.
process for producing.a pol yester using the catalyst a polyester having an

excel l ent:col or tone, snail - content of foreign matter. and an excell ent

. mel'ting heat J(ﬁ§ st abi; t_y oﬂ be produced. Further, the. polyester
..Obtained in- accordance W t I e pfocess of 1t1he present 24 Decenber 2003 -

‘44 - invention is advantageous in that even when the mel t - spinning :
procedure for the polyester is continuously carried out through a

mel t - spi niwig.car ebhee OV@Erif, | @ngeppesdpd, o8 BQE@AQﬂt'E%Bedr' f] adhered in a
the

very snall to around the nelt spinning orifice pol yest er

un
exhi bi t S5 t&&&?ﬁse?ﬁylf GERFAPPFSeft 0 2% Padenbarorooy alkgls CLAI'MS 1.
A cat al ysitodpohapf O§IUCItHeg 28 PAMYARS LRbMEONPI4-HiRJoF the amount of '

the titanium compound component (A} in terms of a molar amount
of titanium atoms {(my;) to the amount of the phosphorus
compound component (B) in terms of a molar amount of

phosphorus atoms (mpg} being in the range of from 1:1 to 1:4

.2, 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 COnSlStlng of
titanium tetraalkoxides, octaalkyl trltltanates and
hexaalkyl dititanates.

3. The catalyst for producing a polyester as
'clalmed in claim I, whereln the aromatic polycarboxylic
~acids of the formula (II) or anhydrides thereof are

- selected from the group consisting of phthalic acid,
. trimellitic acid, hemimellitic acid and pyromellitic acid
or anhydrides of the above-mentioned acids.



a reaction product of (A) a titanium conpound corrponen?ﬂ-ggggmbg}%m at
| east one nenber selected fromthe group consisting titanium - :
conpounds (1) represented by the general formula.(I): R 0 J P R in which
formula (1), ‘Rl represents an al kyl group having 2 to 10 car bon atons and
p represents an integer of 1 to 3, -and titanium conmpounds (2) produced by’
reacting the titanium conpounds (1) of the fornmula (I) wth aromatic

pol ycarboxylic acids represented by the general formula (Il1): (COOHn in
which formula (11), n represents an integer of 2 to 4, or anhydrides of
the aromati c pol ycarboxylic acids of_tgye_ fornmula (11), wth (B) a

phosphor us conpound conponent conprising at |east one nember selected from

t he phosphorus conpounds (3) of the dgeneral formula (111): 24 Decenber
2003 - 4 .6 . (R) -..Bg-- (rﬁel—&a&uy@tmhbﬁtpﬁoﬂﬁmmaa( Ipbollyes&&r reqpr esents an .
unsubst i tut ed o, aﬂ(‘%@t C gt AV nGOUD RV ENL b di oSO A O OF

al kyl  group havi-ng on atons, g ratio unt..of "the

titani um conpouﬁﬁecﬁﬁfd‘ﬂé’ﬁt Py “cltﬁ PEr FRE Jftantt £PmRRBAAS (10f ofit ani um
atons (nifl) to the Toewnwita ¢f) tviechplbspaomati c cpripomaErtosphboreerids( Bf i n

terms of a nol a&hénﬁwﬁul@f Iﬂh%%pfe%uamﬁt&&aeé Ner2@eNgni & thrtidnge of
from1l:1 to 1:4 catgn%/st fo%] grodum ng a polyester as clainmed in
n

claim1, wherei ﬂof?'fé ’ffﬁ BnPtint oo (1) of the fornula (1) is sel ected
fromthe group consisi.i-nghef catalyst fort ptodalingxadpslyasieaakly| o

trititanates anglaﬁlﬁé@alrl(wla@ht it mtrgﬁ.n the phosphonlc acid oanpourds (3)

of the formula (III) are selected from the group

' con51st1ng of: phenylphosphonlc acid, methylphosphonic -
-acid, ethylphosphonic acid, propylphosphonlc acid,
isopropylphosphonic acid, butylphosphonic a01d
tolylphosphonic- acid, xylylphosphonlc acid,
-blphenylphosphonlc acid, naphthylphosphoqlc acid,
anthorylphophdnic acid, ZucarboxyphenylbhoSphonic acid,
acid, 2 3-dlcarboxypheny1phosphonlc acid
2 ;4-dicarboxyphenylphosphonic acid, -
2 ,5-dicarboxyphenylphosphonic acid,

2, 6—dicarboxyphenylphosphonic acid,

) 3,4—dicarboxgphenylphosphonig acid,
3 ,5-dicarboxyphenylphosphonic acid,

2.3, 4-tficarboxypheny-iphosphor_xic acid,
2,3 ,.5~tricarboxyphenylphosphonic acid,
2,3,G—tricarboxthenjlphdsphoniq acid,
2.4,5-tricarboxyphenylphosphonic acid and
2 .4, 6-tricarboxyphenylphosphonic acid.



3. The catalyst for producing a polyester as clained byl Ebd%) wher ei n
the aromati c pol ycarboxylic acids of the formul a (TI? or an y

thereof are selected fromthe group consisting of pht halic acid, .
trinellitic acid, hemnellitic acid and pyromellitic acid or anhydrldes of -
the above-nentioned acids. . 24 Decenber 2003 47 ., The catalyst for
produci ng a :polyester as clained in claim1, whereih:#the ti:tani um
conpounds (2) are'’reaction products of -the titani umconpounds (1)" of .
the -fornmula (.r) ‘Wi th the. aromati.c’ pol ycarboxylic acids of the formula.
(11)" or the anhydrides thereof in-a reaction nmolar ratio of 2;1 to 2:'5.
5.- The catal yst for producing a polyggter as -clained in cIa|n11 wherein
t he phosphoni c acid conpounds (3) of the-formula, (I'11) are selected from

the group consisting h ' Ronic. -acid,. .
et hyl phosphoni ¢ -aci d, ghgnggﬁ%}leqﬂ%%?csg% n@ gg{)‘o ﬁlt.mahosphcml c acid,
but yl phosphonFdaaeed, in qﬁSFﬁl h fic %%l%?aci &Rt c theid, -

- bi phenyl phospchmanculamompona@mwmmmbhlﬁtmtde phcamﬁwuyl phophonl o oL
acid, Z--car b%&%BGM'&H&%%HEQ@'PB)aCisdone%f&i&@&ﬂ@%%é&&%@ﬁom c acid;. S

4- carboryphen osphoni¢c acid 2, 3- di car boxyphenyl phosphoni ¢ aci d, :
2, 4- di car boxy SeeRgFpHEp ISP ctaci®®’C2, . 5- di car boxyphenyl phosphonic -2 -

365dldcar ngyphenyl phos wheekess %oﬁﬂbaaéWwpbemyé@t@rsmﬁsmg
I car boxy p ggl _

2,3, 4--tt|car%b%3% eny &Rﬁgﬂbﬁﬁﬁﬁggébpgi&ﬂir ign Sg&f I&&gﬁgﬁ§fp%osphonic

acid, 2,3,6- ﬂq@éaﬁh%&ﬁfh ﬁ?’f‘ Wpl?&ﬁ‘b&ra%? Cte§ ﬁ’-’o‘“ the.group. . -

5--tr|carboxyphmmﬁbﬂhmﬁahbaﬁkyhenahkym@l ésﬂbrd5ofracemﬁmuyphenylphosphonlc

aci d. difunctional carboxylic ‘acids and oligomers thereof in
'~;the presence of a catalyst, wherein the catalyst
. comprlses a reaction product of .
. (A) a tltanlum ‘compound component comprising
.'at least one nember selected from the group consistlng
-pf:
titanium compounds (1) represent by the
-general formula (1)s



24 Decenber 2003 -48 :6- The catalyst for producing a EQb%Eé%S%riﬁﬁ3
claimed-in claimi; mhereln the reaction product of the, -titanium
conmpound, conponent (A) with the phosphorus conpound conponent (B)- is one
produced at a reaction tenperature of -0-to 200C. 7. A=process for, '
produci ng a pol yester"conprising.. "A step of polynerizing a
pol yneri zation--starting - -materi al conprising-at | east one menber-.
selected: fromthe. group. consisting -of, alkyleneglycol esters of
aromatic difunctional carboxylic- "aci ds- aHti- ol i gomers thereof in the, _
presence of a catal yst, wherein the.catalyst .Conprises a reaction -pioduct
of (A a titaniunt conmpound conponent: conprising at |east one nenber
sel ected fromthe group .consi-gting, . f titani um conmpounds (1) represent
by the general fornula (1): cenbgr 2003 49- in which formula ()=
Rl. represents an aIkyI group haNrng ‘to 10 carbon atons and p represents
an integer of 1 to .3, @ |Lﬁn|qgr inds Q% ) produced hy reactlng
the titani.um-conpounds F&) of the formgra- (1) - mnth aronmatic -
pol ycar boxyl i c aci ds represenied]by thef general formula (11):, (CCCH)‘
which formula:-(11), n represeptsQBn intleger of 2 to 4, or anhydrldes of
the aromati-c pol'ycarboxylic aetds of the formula (11), with (B) a S
phosphor us conmpound: conpanent.. conpri sin eas nber seIected from
Do Phospnor o otk i aarauLt Tt X ebrgBnehEs 1o il GRPVP-Repans vy -
P---% (OH :2. 2(¢¢|19 .carbon atoms and p represents an 1nteger of 1. to - L
3, qod

-titanium campounds (2) produced by
reactlng the titanium compounds (1) of the formula-(I)
with arematic polycarboxyllc acids represented by theA
oeherol formula (If):

. _{COOH), ' _

in which formula (II), n represents an integer of 2-to 4,
.or anhydrides of the aromatic polycarboxylic acids of the -
formula {I1}, with - ‘
. {B}) a phosphorus compound component comprising
at least one member selected from the phosphonn:aoni
. compounds (3)'of the general formula (III):

o

|

in which formula (III), R? represents an unsubstituted or

" substituted aryl group having 6 to 20 carbon atoms or alkyl
group having 1 to 20 carbon atoms, a ratio of the amount of
the titanium compound component (A} in terms of a molar amount
of titanium atoms {(myy) to the amount of the phosphorus
compound component (B) in terms of a molar amount of
phosphorus atoms {mg) being in the range of from 1:1 to 1:4,
and the amount of the catalyst in terms of molar amount ‘in

millimole of titanium atoms contained



in which formula (I11), R2 represents an unsubstituted r ed aryI
group having 6 to 20 carbon atons or al kyl group havi %%%ﬁ%b@dﬁ bon
atons, a ratio of the anount of the titani um conpound conponent (A)

terms of a nolar anpunt of titaniumatons (nfl). to the amount of - the ]
phosphorus -conpound conponent (B) in terms of a nolar amount of

phosphorus atons (np) being in the range of from1l:1 to 1:4, and the
amount of the catalyst interns of nolar gnount in .mllinole of titanium
atoms contai ned 24 Decenber 2003 .5 0 |n5[ € cat al yst correspondl ng-to 10
to 100 of the amount in nillinole .of .the aromatic difunctional carboxylic

acid containéd the tq'i'éabb?rtyrmrrgmqrﬂmflgtﬁft1|ongonmgero|fal:he alﬁﬁu;l:@e process
the aromatic . - -

for producing, I,y é l'aimed in claim7, wherein .
di f uncti onal % Q‘S‘]}i& zFeB?eHﬁ?r GH?‘E‘%'él‘ﬁer&ﬁs?I@th spuboxylldeepbibal ic.
acid, isopht hﬁqﬂé:aa-@ﬁ'd innthét bal pnect £ ioH 3G makic ey | di carboxylic

aci d, - di phenyl sul fonedi carboxylic acid, di phenyl et-her di. car boxyl ettt -
di phenyl et her di car box§4 FReaBracess p%mmlacmoa(myttec asi d, and f3~-

hydroet hoxyberdeidaedcid. claidhe, pr@l@@ﬁsi,{ Q{heorﬁq;ﬁ@trlg, 31@%)5%61%1 as
claimed in, chakP ;£ go1 g{agl gréhetlel I gneal ycal s .are  Selected from
thyl ereqgl y 9t ?“ﬁ%‘i GRgc8E,

et hyl enegl ycol trinme neopent yl gl ycol
and hexanet hffPEﬁBBF%MC i@lcfhelﬁﬁmlﬂoramldodum ng a pol yester as

claimed in cl aaphihaldh@cﬂ;gdrﬁérlb@grpm eI, Z%tlb@x%ngﬁa%h%ox fi&aULigd out at
a tenperature A palyester. produced € process as
claimed in aﬁQLhéggf‘é&Po'gectu W’Pclif“ ¢ Afddsol yester as claimed in claim.
-i 1, which cﬁhP%Fhlél?@%marmmgm@cadd daphefiytethbedienrbogiEn

that: (a) wh e nel.ted. at rature of 290C under
vacuum( f%)r 18&0{5‘ &%Hﬁéﬂetha“edlcarboxﬁw Sabd!

hydroethoxyben201c acid. .

9. The process for broducing a polyester as
claimed in. claim 7, wherein the alkyleneglycois are
‘selected from ethyleneglycol, trimethyleneglycol,
tetramethyleneglycol, neopentylglycol and .
hexamethyleneglycol.

"10.The process for producing a polyester as.
clalmed in claim 7, wherein the polymerization reactidn_
is carried out at a temperature of 230 to 320°C.

1. A polyester produced by the process as claimed
in any of claims 7 to '10.° S |

' 127 The polyester as clalmed in claim 11 whlch"
contalns no cobalt compound and satisfies the requirement
that:

' (a) when'the polyester is melted at a
temperature 6f_2905c under vacuum for 10 minutes, the

melt is formed into a plate having a thickness .of



melt is formed into a plate-having” a thickness-of 24 Dagribpheldfhs 3-0 f 1
mm.on an' alum num plate, imediately after the formng, the". polyester
plate is rapidly cooled inice water, and then is dried and subj ected to a.
crystallizaton treatnent at A tenperature of 160C for one dour, then the
crystallized polyester plate is-placed on a plate having a st andar,d

whiteners for tuning a color difference . neter, and the. color. -tone of

t he. pol yester -plate surface is neasursed by . usi.ng .the color difference -
meter, the |, value of the polyester plate surface is 80.0 .or-nore-and the
b val ue' of the : pol yester.plate surface is _in the range of . from-2.."0" .

to 5: 0. 133101ettiolnyfe$>heanAalﬁh@h{md laté‘}aimé&lateﬁfté Hngdhe .
equi renment t t.he gontent oi soI id forei .particles aving' an

aver age parti’ c‘?e i ‘-'Ji’et"(g‘l‘“3 Bog¥e§EeRoPeare 15| Hapd Yd:%becbakltlmetes/ g-or

| ess. 14. The ysiiamistaend &beal dsnddiedi andcbﬁlbjﬁcﬁédlﬁéya ng the requirenent
asat nmosphere at a tenperature of.

that: (c) whe d_in.a nitrogen. :
290' I C for. fgryrﬁetrﬂglﬁ atinp ﬁﬁﬁﬁg Br%a‘k‘%&&e%ﬁtﬂ%&:mﬁ)d@&?ﬁaﬁns of the
Do yest o P e SShénotﬁq”‘éﬁ%eaﬁme‘@o‘?’e%%&teo’t e @BTRER 0

hi gh resi st a\#ggglt %1%‘% eggghgéfg %?‘é? & ‘&b’s‘te&’rﬁ?é FHBUdTEnde Bt codiorni ng’
orifice whendifdergorgeneberi sall’mélthe;pmﬂ,or S:qne)dimeﬂtéopqlqle)gmﬁ zing an
aromatic di flgil@ﬁ;boaai-fﬁéé bpéyxhé&s@fé&i by atiés.] ;Ft %%I nbe%fig | %}%E‘Fgggc‘%%n |

ol i gomer there |n e p%ience of cat
product of ( rﬁo Jvested ﬁ@aéeTﬁwiﬂpﬂumd §2) 0of

W ih an or brghi E;E";;,ng?%‘?iﬁo‘%t‘“ ﬁ“"?‘* BoLRaLeLTBILiE cfcstapound (1)

anhydri de thereo dnponent. selected fromP
conmpound (3) -of - LiThe polyester as clalmed in claim- 1i,:

: satlsfylng the requirement that

T (b} the content of solid foreign particles
hav1ng an average particle size-qf 3 pim or more is
limited to 500 particles/qg or less. )

14 The polyester as Ciaimed~in_elahﬁ.mll,:
satisfying the reguirement that: S
(c) when heated in a nitrogen. gas_atmosphere

at a temperature of 290°C for. 15 mlnutesr the numher of
breakage of backbone chains of the polyester molecules is
4.0 equlvalentsll 000 kg or less



the formula (II11). [err] [err] [err] [err] [err] [erbhdRbmbetfigd |
Rlerr] = (err]-CJerr]Jalkyl group; p=1- 3, n=2- 4, Rerr]
substituted or unsubstituted Cerr]-Cerr]aryl or (Jerr]-Clerr] alkyl
group, m=1or 2, g =0o0r 1, and m+ q = 1 or 2]

- 52 -
ABSTRACT

A polyester having a good color tone, an excellent
forming property and a high resistance to cohesion of .
foreign substance around a melt-spinning orifice when the
polyester is melt-spun, is produced by polymerizing an
aromatic difunctional carboxylic'acid - alkyleneglycol
ester and/or oligomer thereof in the presence of a
catalyst,including a reaction pro&uct_of (A) é Ti
compound component including a Ti compound (1)-of
formula (I) or a Ti compound (2) produced by reacting the
Ti compound (1) with an aromatic difunctional carboxylic
;acid of the formula (IXII) or anhydride thereof, with (B}
‘a P compouna component selected from P compound (3) of
the formula (III).

row
1

R! O—_L—Ti—O——R' (I}
| |

| OrR'" - b
(COOH},
(1)
i
(K — P —— (OH) 31- tmwas
| _ (II1)
Hq .

[R* = C,~Cj,alkyl group; p = 1 - 3, n = 2 — 4,
R? = substituted or unsubstituted C,~Cy,aryl or C;-C,
; alkyl group, m = 1 or 2, g = 0 or 1, and m + g = 1 or 2]



