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Abstract: A catalyst for polyester production which is a product of the
reaction of (A) a titanium conpound ingredient conpris- ing a titanium
conpound (1) represented by fornmula (1) and/or a titani um conpound (2)
obt ai ned by reacting the titani umconpourdl {¢1) with either an aromatic

pol ycarboxylic acid represented by fornula (II) or an anhydri de t hereof
with (B) a phosphorus conpound ingrﬁg g g r|S|ng a phosphorus conpound
represented by formula (I11). A poly FPY f?%% Yeed material conprising an
al kyl ene glycol ester of an aromatic dicarboxylic acid and/or an oligoner

ther cof is condensauirafypp! yoRr bgthiiild he eioBenE Blp! Alyst Lo
obtain a pol yester I C J as a satls ag or : ability

and less forns a deposit =& err] al kyl'; p
Is 1to 3; n ISTQCHNKGHLIﬂﬁEmD] S (un)substltuted C[err] aryl or (Jerrj

alkyl; and mis 1 ormg: and aaks ;Qu@ht fon PEOVIHEM (Lhat at91§§t1for 2) .

producing a polyester and a process for producing the

polyester by using the same. More partlcularly, the
present 1nvent10n relates to a catalyst for produ01ng a
polyester, comprising a specific titanium compound and a
phosphorus 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, polyethylene

terephthalate, polyethylene naphthalate, polytrimethylene
terephthalate and polytetramethylene terephthalate, 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 df 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_d1elkyl 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 polymerizetion. Also, the
polyethylene naphthalate, polytrimethylene ﬁerephthalate
and polytetramethylene terephthalate can be prbduqed by a

process similar to that mentioned above.



Terr] [err] [err] [err] 24 Decenber 2003 - 1. DESCRIAFLANHAFTOBYST 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 catalyst for
produci ng a pol yester and a process for .producing the polyester by using
the sane. Mre particularly, the present_invention relates to a catalyst
for producing a polyester, conprising a specific titanium conpound and a
phosphorus conpound, and a process for producing the polyester having a
good col or tone (b vakuéy, wahdl khosn tiott needigegoicad Haltie0B Ok ha cobalt

conpound to reg%b@ ﬁer&?gt 8hofe 89? nQ%uyﬁngr 5ﬁf%atgfe%h50F§8P # Be. ART
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gther shaped ar &H8§1 l%&a%%#éiliﬁﬂﬁhﬁ gﬁﬁ?ﬁﬁlape is usually
produced by preﬁareﬁgtbﬁlétﬁyl@nﬂgﬂq&xﬂcqmgnﬂndsfarbemephthaaemya0|d and/ or
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- polymerlzatlon catalyst the resultant polyester is

disadvantageous in that when a melt- -spinning procedure of
the resultant polyester is continuously carried out for a -
-long period, a foreign substance is cohered and
accumulated around the melt-spinning orifice (which.
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
'-compéhnds} 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



pol ynmeri zation catal yst under a reduced pressure at an o48h&\%alRd 2003
tenperature, until the polynerization product obtains a target degree of
“pol ynerization. Al so, the polyethylene naphthal ate, polytrinmethylene
terephthal ate and pol ytetranmethyl ene terephthal ate can be produced by a
process simlar to that nmentioned above.- 24 Decenber 2003 - 2 It is well
known -t hat -the reaction rate of the polynerization reaction and the
quality of the ,resultant polyester are greatly influenced by the type of
the catalyst FBPTPVWEdpBY yRExinattisn "?Qh‘;?gﬁ swnpcepd Ante tpel ymeri zation

Caéa: yst f0|r t-bﬁlﬁgbyefhylmvéﬁf elﬂhib hreﬂ:@a?l iccﬁi&t:ﬂtm&%?hp%%ﬁoewéeér@h{“st
w dely enpl oy cause_they exhi bit excellent catalytic ‘property for
pol yreri zati 'on;gg%]ﬁ ffﬁ%-?%sﬁ‘%a%&‘becﬁ%tt& heats mel4db9 &8I B tone. .

However, when déereasednyndonpoundse aresudimppngy gdlgestarpebyparézaiipn
catal yst, the pgsuhbesdqpol yester is disadvantageous in that when a -

nmel t-spinning procedure of the resultant polyester is.continuously carried’
out for.a .long peffddl, FEE3WET iPmamdcafes catednstedoantihaccunul at ed

around the nel progacniony of i thepdWiseler, fier aisgknowhstansmpyby ! be ;
referred to as L e} ance.hereinafte and causes the
stream of the. po ?f?rie'%’ﬁ ‘%r%’i’{“?éu%g‘d%?%?‘éﬁé% FRaugpeR %8%8%9; bent (which
will be referregblicasion bendiqty nizesonenaitahicpabydeinnBhpasbseam -

herei nafter)," and the, Bendi enonenon_causes_forpation of fluffs and
br eakage of n%f%"%%%%%%nﬁeanqwgrﬁ@ml&agg&h Nﬂm?lﬁng;hég?ml,t - spi nni ng and
draw ng procedur es. Howaway, ithdtehdprmgrprepedygtotheheitpoiyester is :
degr aded by t hgydasitid®ns CONIAWRd +CababYsherfse2aR8! YIRELE Ao oo al yst

[

ot her than the ‘antinony conpounds; the utilization o ani um conpounds,
for exanple, ¢itakysin tetvidianioxiadddi $sseggédyenodithitadtved id tani um
conpound as negpiéened QY & 5 LMRl0 he ..prabl f,accunul.ation of
the orifice fore“lE gn sutﬁs.t ance ecgﬁdbégggﬂ%éd: Tﬁggévgg%gtwi’% TS causes
a new di sadvatadet Fuifablendoreppeshcapolipdssbripbruse, jand edlsor ed

yel I owi sh and theidati=l yastRO@IreSsadbint yrb@ub8ah 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



melting. To solve the above ment i oned coIorlng probIeQ% @gﬂgﬁ
cobalt conpound is mxed into the polyester to erase the yel OMAS% col or.

It is true that the color tone (apparent whiteness) of the polyester can
be 24 Decenber 2003 - 3 inproved by mxing the cobalt conpound into the
pol yester.. However, the m xed cobalt conpound causes the .stability of the
pol yester to heat nelting to be decreased and thus the resultant polyester
to be easily deconposed. As a titaniumganmpound for catalyst for the
production of the polyester, it is knowm to enploy titanium hydroxide in
Japanese Exam ned Patent Publication No. 48-2,229, a-titanic acid in :
Japanese Exafrhredepalbant milviesder ohs Nons f2sF@c597y- However, in the fornmer

catal yst the titanvyfthé¥flsQx d@ehStchdl Emdé‘;marufsocaﬂta/a{uzge caeelyatt he

| atter catalé h a-titani aC|d (S EfSIkg q&ﬁ gdla dis difficult to
-~ store and han8°e™tHuRCHA *heSc5TR e ‘A6t 61T Rl % 67 practical
i ndustrial usesgvahdyalsbaindgrh @&talPergnqne;uh§t60ﬂ¢prxnhnﬁ§ a pol.yester

- having a gooeeegheam&o}g&;{&t\éafl BE) ymé¥ SO.ThlADARRSE e duBat sat
Publ i cati on di scl oses” that a product obtained by a reaction

of a t|tan|unF8oHﬁﬂund with trinellitic acid is used as a catal yst for
produci ng t heDpSCROSURE , olmmtHE JAPBNESE@N Unexam ned Patent - Publicati on No.

58-38, 722 disclosgg Lh acftaotk”%ﬂﬁcgrgéeﬁﬂt%’?}e‘x&@lfif?”?&;ﬁl%x)@d%h a8 phosphite

ester is usable as a ca for producin is true that
both the proc&gsasvehabre Etrﬁelucsﬂabf‘lPcflﬁetﬁtetrhéaﬁblll?&t?é%‘)df 6P1REl ti ng heat
to be enhancednbomoa@l‘%)t ent .1okoweyednt tdre aC(ibﬁélc_T]xOrtﬂxbs(tQﬁbél’hﬁssness )

of the resul tagt polyesled s s dNRaLE SLAGHANEy THHR » LS SALOFoLone (b

val ue) of the po yes er her |npr Japanese
Unexami ned PaPeﬁﬂUF®b9|%mRQ&ﬁ¢Stﬁo bY'$38K85¢ﬁdﬁ§@Poses enpl oynent of a

conpl ex of a . titaphdMEAPRdivhtd sbRasphRr us SONDAA] bRS 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

—_ —_

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): .



catal yst for pradum.ng t he pol yester. This process e”%'[?&eb@%r%(ﬁb' lity
of the resultant pol yester to nelting heat to sone extent wever

color tone of _ 24 Decenber 2003 4 the resultant polyester is

. unsatisfactory. Furthernore,; when the phosphorus-containing catal yst as i
menti oned above is enployed, the catalyst per se is wusually retained, as a

f.orei gn substance, in the resultant polyester polynmer. Thus, this problem
nmust be solved. DI SCLOSURE OF THE | NVENTI ON An obj ect of t he pr esent
invention to provide a catalyst for progluci ng a pol yester having a good
‘col.or tone (b value), a |low content of a foreign substance and an

excel lent -nelting heat stability, and a process for producing a pol yester
by using.the sanme. The above-mﬁﬁﬁnoned obj ect can be attai ned by the

catal yst of the present ehtion for producing a polyester and the
- process of the present t| on for produci ng a_pol yester by using the
catal yst. The catalyst the present inventi ALt or produci ng a pol yester
conprising a reaction product ‘of (A a titanium corrpound conponent

conprising atin édsh eoentBaDErT FL1EGIRH t 0 |st| ng of: .
ti.tani um cony g%%ﬁ,(jpld o rg g}ptgd thgtsgﬁ%e?lgl géig‘%j(ﬁu r}(SI) Rgro oR |
Ti-0 R1in Tt é%/?rtéé:eﬁf’ Y‘éﬁrla?’kﬂlcgrﬁtﬂ}plSh&\ﬂ e 2 to 10
car bon atomsfé'ﬁa‘uﬂar ééiéseﬁ%shan integer of 1 to 3, and titanium

d 2 d d f th
conpounds.  (2) prqdéyced puogmdggﬂgunagcgﬁgm&@@oun S. gg) f‘o e

formula (1) h,argmatic car boxylic repr 6sal he general
formula (I )We‘tﬁtDSélgnﬁ b%’go%g TeCted trom the PhOSPhomc ac.td
: _ Compounds (3) of the general formula (III):

. ' : o

| _
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}): |



- 5 -.in" which formula (Il1) , n represents an integer pf ' r

anhydri des of the&onﬁt}c «pol ycar boxylic acids of the 2grf[())(%r(:f‘u grA'??Cﬁ) , With
(B) a phosphorus .conpound-conponent: conprising at |east one nenber
sel ected fromthé phosphoric acid conpounds. (3) of the general. fornula
(rrr)y o (-R) - PWE) 2 in which fornmula (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 ampunt of the
titani um conpound conponent (A) in terrs éf-a nolar-anount  of titanium
atons (nfl) to the anmount of the phosphorus conpound conponent (B) in
terms of a nolar amobunt of phosphorus atoms (np) being in the range of
from1l:1 to 1:4. The process of the present invention for preducing a
pol yester conprises pol yneri-:zing .a polynerization-- starting materi al
conprising at l'east one nefbef, sel ectjed fromthe group consisting of
al kyl enegl ycol esters of .aro i ¢ diffunctional carboxylic acids and
oligomers théreof in the predence of{ a catal yst, wherein the catalyst
conprises a reactionpprgdu¢t of; (4 _d titgni um gpppound conponent”
conprising at 1east one m¢nber seledqted fromthe group consisting of:
titanium conpounds (1) repfesented by the, general formula (I-): 24
Decenber 2003 Aft R .0 6jR®Rin .. mhich formula (1), R 'represents an
al kyl, group having 2 to :carbor-“atons. and p represents an integer -
of 1 to 3, gnd titani,umec ounds (2) produced by reacting the  titanium
conpounds (1) fﬁ9QHﬁi§,6Fﬁ'wﬁth?ggﬁ?ﬁﬁﬁqﬁ:a“p@@ﬁﬁ&rﬁéﬂypihaﬁkmms '
represent ed [ ticha(gersathaln atoms and p represents an integer of 1 to

3, and " .

. _ titanium compounds (2} produced by reacting the
titgnium compouqu {1) of the formula (I) with aromatic
polycarboxylic acids represented by the general
formula (II}: -
(COGH)
(IX)

in which formula (II), n represents an integer of 2 to 4,
or anhydrides of the aromatic¢ polycarboxylic acids of the
formula [I;),-wifh ' -

(B) a phosphorus compound-compgneht Qompris{hg at
Least one_meﬁber selected frpm-the phosphonic acid

© compounds (é) of fhe-general formula (III):
0 '

(RY) .— P — (OH) 2 (umy

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



formula (I'1).: in which formula (11), n represents an '@%ﬁﬂﬁf r%¢q§) or

anhydri des of the aromatic pol ycarboxylic acids of the” formu

(B) a phosphorus conpound. -conponent conprising at |east one member

sel ected fromthe phosphonic acid conpounds.(3) of the general for mul. a
(111): .0 (R~) --- P - (OH) In-which fornula (I11), R2 represents.an
unsubstltuted or substituted aryl group having 6 to 20 car bon-at'ons or
al kyl group having 1 .to 20 carbon ators7 a ratio of the amount of the
titani um cornpound corrponent {(A) in ternms of a nolar anount of - -titani um
atons (nmll) to the anmpbunt of the phosphorus corrpound conponent (B) in
terms of a nolar - anountthér ANONBELRE & eaf@#ﬁiY%tn@ﬂtnanqquf wd.arange of

from1:1 to Embuntarg Ml@&ﬁ@mebfZQ_Q@a@mwgtdﬂk W r%g % ttll'lt ani um
00

at ons cont ai th { a st cor onding tao 10 to g anount in
mllinole ?gg?%g%grgﬁﬁ.ég qﬁg gﬁ ° dPpBLy i 2HEPEt danal hieblien t he
polynerlzatldﬁ:§P8r@#QR§tﬁﬁIwawebtanESEakﬁIX§KﬂE EARRYI NG QUT THE | NVENTI ON

The cat al yst &t rese rQ ol.yester conpri ses
a .reaction gﬁé&hgﬁeg gﬁ @he EX?ﬂ@éPDzi 9#} CO) %% gnF <82 §§' faith a

phosphor us ¢ SUHQDECBEpgﬁBﬁ¥IW@DOQWu?ﬁE\MNWENEéQEXpIa|ned in. detall-
herei nafter. The ThetaatumyseoaQOﬂmg @@gﬂgﬁe@hvgﬁkluﬁagbe éggd%%

catal yst of th ﬁs % Cbnventlon cor ses at | east ~on selected

fromthe grolp®co OPEEF TNt ot QRiﬂSoQﬁﬂguFE)O?eﬁréééﬁﬂewmby t he

fol | owi ng geﬁ@@ﬁou“ﬂoﬁﬁﬂPgn@mt)(Ea wgth7a.mhesphaﬂnunéomﬁoﬁh@ catalyst in .

terns of nvldbmébﬁént [BY ¥htch 6111 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

o

R' Q= Ti- 0 4+— R! ()

l

OR'. p

i

in which férmula (I), R‘represente 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.



OR P.in which formula (I), R represents an alkyl group flaxihd, » 40 10
carbon atons, preferably 3 to 6 carbon atons, p represents an Integer of L
to 3, preferably 1 to 2,; and titanium conpounds (2) obtained by reacting
the titanium conpounds (1) of the general fornmula (1) with aromatic

pol ycarboxylic acids represented by the follow ng general formula (I11)
(COOH)n in which fornula -n represents ' an 8 nteger of 2 to 4, preferably 2
to 3, or anhydrides of the aromatic pol ycarboxylic acid. 24 Decenber 2003 -

8 The phosphorus coape! SOBANE Mo R) S the, cat.alyst of the
present inventiaon,c riuigwos at Ieag{o onengng%hggggéfﬂe&?édu E}%r%téoer the
phosphor us corrpSﬁﬁﬁgg%)%)o Pt RIAER thy WRELLER| 6ARBE1gencrtl ldagtmang
(111): 0 (OH) Hyerbenhsehedtordnfmn( lthk) Ehﬁbpﬁ@ffﬁ§eebﬁ%@@naglt(eg)er of2 1 Rgr .
2, q represents Lodeger or- 1, the sumo nd g, is 1 or 2, o
_represents. an uﬁggﬁés%tut eé%rt%seuggtjllltoﬁtlgg gﬁ?‘ﬁfag}gﬂﬂmﬁja’i‘/i%@‘to 20
carbon .atons, preferably 6 to 10 carbon atons, or al kyl group having 1 to
20 carbon atons, preferably @ to 12 carbon atoms, and when m represents

an integer of 2, the two R2 gtoups nmy be the same_as each other or _
di fferent from each (Sizhwg'r ._T?Pt‘ﬁé (%thi"anﬂpr oductLbf) the titani um conpotind

conponent (A) with the phosphorus conpound conponent (B), usable as a
catal yst of the present invention for producing the polyester, preferably,

in the reaction, prodyét. of the titani um conpound conponent (A) with the
phosphor us corrplort]m"émccloih*pftf’ﬁ 3 B I he™r BEPEC SR YD fintRIeramSudt o8f t he

titani um cﬁrrpouhd cc'mmﬁﬁ:mt(sA)ani integes of 0 o0l ArtldyMd JFlim @hdt it an:c um
) i ,
i Sy TR L 408 PSRRI SOTU SO (sl S O @
Yl group having 6 to 20 carbon atoms, preferably 6 to -
10 carbon atoms, or alkyl qroup having 1 to 20 carbon
atoms, preferably 2 to 12 carbon atoms, and when m
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



to 1:4, nore preferably 1:1.5 to 1:2.5. The phrase "an of the
titani um conpound conponent (A) in terns of a nolar an%un%&ht FE?%Sm um
atons" refers to as a total sum of products of nolar amounts of individual
titani um conmpounds and the nunbers of the titanium atons per nolecule
contained in individual titanium conpounds. Also, the phrase "an anount
(m) of the phosphorus conpound corrponén? (B) in terns of a nolar anount
of phosphorus atons"” refers.to a total sum of products of 24 Decenber 2003
- 9 nolar ano f I u %ﬂﬂ: fs of

t he phosphor us%?%l?mar%%?lt\g %;g&ngﬁgggpgltnggsggwwﬁe I di v rt%’ué’:\m gt%osphor us
conpounds. TheWEahstiushe PROSERASUST ataBS f BeFuraledyly quvhadingdoiRy one

phosphor us atomepﬁfdlmzcﬁm. ehelsphbeukNdbMpEuRds . phﬂwhﬁr&?mm.ounds .
Thus, in this case nt 0 achégggs ngéus co in terns of-a

nol ar anount of° ppch%r%p‘chorus etéfﬁfmu 2the®eal®Hol ar anount of
each phosphor@qﬁmmnﬂj atinsn pelfempdgcuiencfivthe irdiwidudlp is nore than

1:1, nanmely wheap xeu@wmp@tmtiae tirhasl UﬂhCQﬁTPQ%Ejse COMRONGRuntAbsi S t00
much, the result nt cat st cayse the % ster produced by using the
catal yst to iRh QaSrP '‘ROPG ylEoF%’F ¥ P AARRE Bless) and

an insuffici erphdu:{ﬁtomms:toamcas Ahesosambeast tite remEk ticdramMeam@untabifo
nmr,1/m is | esga&hg,mois Z}mﬁ%n%@ﬁ wigg. the anount of the titanium conpound

conmponent (A) t he resul’tant catal yst may exhibit an
insufficient catal%fqr té’@t |r\¢|aFV1F>Br mphar pFabie tieMofist Rergokast er . The

titani U(T CO‘rmowtd,Str(alr):l@t vﬁt{é@dﬁﬂéfﬁt};ﬂbunf:%fm%l@e (tilitatﬁa&ﬁl Q:d;u@foutlhe ti Itani um -
conpound comnponen incl.u itaniumtetra es, for exanp e, -
o um t o SOTTERARY @e 4 S Pugha Ehr SRRt (et

t et rapr opoxi dezaused tthe goilyestest paethosd dey mstmglﬂ&gd cattaiatses tof or .

exanpl e, Othﬁﬂiﬁﬁbléréﬁ'dﬁ%%%ﬁ%%a@ﬂgr295§?$¥y%oﬁgt{éﬁﬂﬁyéﬁ% W%QQEQGEB?WI the
titaniumtetra l_@{(OXI h have a g reacti vi t he ptltlosphorus _

conpounds usaf®e &8y IFRtSicdent PROEnfESEStance. Also, when

reaction molar ratio m,/m, is less than 1:4, namely when
the amount of the titanium compound component {A) 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 (At 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



are pnef erably enployed. Particularly,. titanium tet r%%é@é%%rbéoémre
preferably enployed for the present invention. The titanium conpounds (2)

usabl e for the titanium -conpound conponent (A) is produced by reacting the
titani um conpounds (1) of the general fornula (1) with aromatic

pol ycarboxilic acids of the general fornmula (l111) or anhydrides thereof.
The aromatic pol ycarboxylic acids of the §Bneral formula (11) and the 24
Decenber 2003 - 10 anhydrides thereof are preferably selected from
phthalic Acid, ghhkaekkkkl £La6) imelditic acid and pyronellitic acid
and anhydri des of .the above?férg%(gf o‘%%%nprfci%e ?.b(ilyarsﬁ' eGrar] EFO‘PrPIPf'é?Mlth c
anhydri de, whi cRCRgs 5rimfillhtieareidi themimetlia ttict anianag@npounds (1) and
enabl es the repyrbaallpelyn@éidaidonoiyedyabst geexhibii a high . affinity
with the resul tg-ggdgol yggjt:?ré jn%rlpr ef er.abl P e?rr%fc'ogg%i.%%‘éer %’i?ﬂ‘?dofr t he
titani um' conpounds (1) W rhYE Yar drafed Lpsigcarbyiyide, aditth dag ke
anhydrides therBégh remcbéviey riedieutibpniuni BempBENASE OB ifhd enables

pol ycarboxyl i c tR&i g8s@1 + &Y . reof into ol vent to cause a
portion or all -of the‘éﬁolycarll%%xy |cltzraa%|l§§ BF_OFH%? E‘?a?fﬁi/’d?:‘i"dé’s higdy eof to
be sol ved in t h8*E6RVERt VI dihe Tesudpanserohrestenni s monfroud y( 1) i nt 6
the m xture; anemphesa¢dng the reaction mxture at a tenperature of 0 to

2000C for 30 m nutesp- .. preferably.at 30 to 150' C for 40 to 90 '
mnutes. In the. react] o*ﬁ%% elrog1 |%§ ﬁges%%g??f‘&mr%%‘?i?‘?‘ﬁ’tq%rf I)o withe theact i on

pressure, and tWePRERET iRSH-¥ATboxyligf actdenot ytied fadielt idedek hkeoambi ent
atnospheric presswe.cathe esDlovenbyf RExih Ve SR oned reaction. nay be
sel ected fromt igcf"s capable of. di sgﬁl vin gtﬁgér)eﬁ alﬁ:orptolq'gﬁa oﬁﬁl‘ém)unt
of the conmpounds ot the HSATdAES( FRPT et t Hetarhyanlivesd: theceube ahe
solvent is pr ey oSeladdt ed thenpelnyirisdeahiad acatdrybenegbycol ,

trimet hyl enegl yrydditdsammhrbengbyso! s o RENF ENE (ahd yl ene. ere is no
specific limtation to the reaction I A solvent; ag‘qmg
: ropwise 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 15(¢°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 (II). or anhydrides thereof.
However, if the proportion of.the titanium ¢ompound (1)
is too high, the resultant polyester may exhibit an
unsatisfactory color tone and too low a éoftening
‘temperature. If the proportion of the titanium
compound (1) is too low, the resultant catalyst may
exhibit an insufficient catalytic activity for promoting



nmol ar .ratio of the titanium conpounds (1) with the corpgGuy ¢
formula (I11) or anhydrides thereof. However, if the proportlon
titani um conmpound (1) -is too high, the resultant polyester may eXthIt an
unsati sfactory color tone and too low a softening .tenperature. |If the
proportion of the titanium conpound (1) 1hs_too |OM/ t he resul tant catal yst
may exhibit an insufficient catalytic activity for pronoting 24 Decenber
2003 - 11 the polynerization reaction. Accordingly, the reaction nolar
rati o of the tlie avilymecdrpbandsrédgtiant he conmpounds of the formula (I11)

or the anhydrides %@o@ﬁﬁnbiy?rgﬁér@%é’t%% mo %failog%% fgaction product

of the above-nentigned reac e subj ected e reaction procedure
with the abovéir@MiughEamPpRBEBAOF Lk %%H%ERNRPWHBUQQﬁIﬂéuﬁherefln|ng or after
refini ngl It he rfeamtilan (pttm]gtmt thy mhy@ﬁm@é adHdmdf B &J&i@f@ﬁfalb tgl/a - ol
recrystalli zi ent to al cohol 3nd/ or: et

acetgte I'n t&% & sphgpﬁsgégﬁggﬁg ?5%€% qiéﬁﬁigéd&?’yﬁg lagﬁaral fornura
(1'11) usabl e frgactien Eﬁﬁsbﬁoﬁuh:@@hﬁbdnd1ﬂunnn@mﬁﬁbn(Bﬁpcederéﬁwfﬁm aryl

groups or Cl-G2Q ableye-meheyBSed éﬁﬁﬁufﬂktabdﬂ%uﬁﬁy(B§V%l@aoaubst'tue”t or

one or nore su%gtltuents The su stjtuents I ncl ude, for. exanple, a-
car boxyl groufSidyd groapser & ) 1t FERCtiond PARANAENBY gRoup. The
phosphor us comm@m@ﬁ&a@%}zatlbhet@ﬁrmﬁfﬂwﬂﬂnrﬂﬂﬁbc&&bhhl&ﬁelﬁg|Q &g, fromthe

groups consis g% or e, vl phoni g ,acid t yIphosphonLc
acid, ethylph%?%honlcplgfdagéegyé gﬂbﬁﬂgégﬁ<jan%/85p?88n$phosphonic' _

aci d, butyl ph&sgkasee acid, tonIphosphonlc acid, - xyl yt phosphoni ¢ acid, .
bi pheny! phosphoni ¢ rackde pa@@@mwm QPTG ez@l)dre efs,egwapbppb@@l ¢ acid,

2 oo b PRSP BRTkS &) oo, LRI RISSEROE i
2, 4- di car boxygeapphphéspBbni thadfdC, aryl groups or C1—Cm alkyl
groups represented by R?® may have noﬁsubstituent 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, 4- carboxyphenylphosphonlc
acid, 2,3-dicarboxyphenylphosphonic acid}
2,4-dicarboxyphenylphosphonic acid,
2,5-dicarbéxyphenylphosphonic acid,
2,6~dicarboxyphenylphosphonic acid{A

_ 3,45dicaiboxyphenylphosphonicuacid;
3,5~dicdrbqkﬁbheﬁYiphosphonic acid} ,
2,3,4-tricarboxyphenylphosphonic acid,
2,3,5-tricarboxyphenylphosphonic acid,
2,3,6-tricarboxyphenylphosphonic aéid,
2,4,5-tricarboxyphenylphosphonic acid,



2, 5- di. car boxyphenyl phosphoni ¢ acid, 2, 6-dicarboxyphen cid,
3, 4- - di car boxyphenyl phosphoni c. aci d, 3 5--d|carboxyphéﬁgﬁgﬁgggﬁ%ﬁ¥% aC|d
2,3, 4-tricarboxyphenyl phosphonic acid, 2,3,5-tricarboxyphenyl phosphonic
acid, 2,3, 6--tricarb0xypheny|phosphonic acid

2,4,5- trlcarboxyphenylphosphonlc acid, 24 Decenber 2003 - 12
2,4,6-tricarboxyphenyl phosphoni ¢ acid, pheH&kphosphlnlc aci d,

nethylphosphlnlc aci d, ethylphosphlnlc acid, propyl phosphinic acid,

|sopropylphosphgnqcsagffh ggg%? A ¢i.d | yl phos h|n|c aC|d
xyl yl phosphi ni c aC|d b| %%nyl hos%§%%|§b§8géc a%l% @ phidigi d,

dlnethylphosphlﬁ?% achet Y%ﬁ@ﬂ%ﬁﬂlﬁﬁﬁsﬁﬁﬂﬁvceéhyuphd$mhnmy¢pmmsnhlnlc aci d,
di i sopr opyl phosphopy]:pm;durﬁjdola@tml pﬁ@éﬁbbpy gﬁlhmgétégiyd phOSphl nic

acid, dixylyl phgsphi ni . qt I p g | njc ac
napht hyl phosphi nlppa@d’g&& hA© Illgiho E¥$ ’dn"Z %‘é’r‘:box henyl phosphi ni c
p yl'p p P yp yl'p p
acid, 3- carbox§¥#¥%ﬁhﬁﬁﬂhﬂﬂmcnﬁelde|d;pﬁen@lﬁhﬂg@ﬂummxith&phln|c aci d.
2, 3-di car poxyprenahAInde! doiaZ: 4 PRHAANAT PROSREI T ac d,
2, 5- dlcarboxyp hi ni,c ,aci d 0X eny d‘ hi ni c aC|d
3, 4- di car boxyph&H %% Phiaigcpgid, 3d5p§99y# mwgnitarid @iedsiphi ni ¢ aci d,
' 2,3, 4-tri car bokjswemdpyiotpkbhiiniacadid, 2@y igiaihmamienyl HhOSph'n'C
acid, 2,3, 6-trigayy aay Lhppogphy ni dlé)
2,4,5-tri carbox eﬁ?%%%bgp |n|c§ggad &lféif BSEEHMISX A5HEmy | phosphi ni ¢
c!d bi s(2- cd ﬁhﬁ%ﬂﬂ%@ PPBﬁBébﬁ%ﬂléca@Achapﬁﬁnﬂlphaamwmmi¢phemyl)phosphln|c
aci d, bi s( 4- Gﬂﬁhﬂﬁﬁ@h&@ﬁhlﬁh@sﬁﬁiﬁlCziﬁafbox hos hi
bIS(2 3- dlcarbqy %&# RE *nlch car o gn P}Ehos ﬂfnlc
bi s(2, 5-di car box ohen <PRIRTR “b‘r%(%éirdu G&%WQ’E’@WV}E esphinie
dlcarboxyphenylphosphlnlc acid,
'2 4- dlcarboxyphenylphosphlnlc acid,
2,5- dlcarboxyphenylphosphlnlc acid,
2,6~dicarboxyphenylphosphinic acid,
3,4-dicarboxyphenylphosphinic acid,
3,5-dicarboxyphenylphosphinic acid,
‘2,3,4—tricarboxyphenylphosphinic acid,
2,3,5-tricarboxyphenylphosphiﬁic 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~carboxyphenyl)phosphinic acid,
_bis(2,3-dicarboxyphenyl)phosPhinic acid,
bis(2,4—dicarboxyphenyl)phosphinic acid,
| bis(2,54dica;boxyphenyl)phosphinic acid,
bis(2,6-dicarboxyphenyl)phosphinic acid,
bis(3,4—dicarboxyphenyl)phogphinic acid,
bis(3,5—dicarboxyphenyl)phOSPhinic 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.



bi s( 3. 4-di car boxyphenyl phosphi ni ¢ bi s(3, 5-di carboxyph aci d,
acid, acid, acid, acid, acid, bis(2,3,4- tr|carboxy%%eﬁggﬁﬁﬁosﬂﬁfnlc

bis(2,3,5-tricarboxyphenyl)phosphlnlc bi s(2,3,6-tricarboxyphenyl phosphinic
bi s(2, 4,5-tricarboxyphenyl phosphinic bis(2,4,6-tricarboxyphenyl)phosphinic
acid, acid, acid, acid, acid. and 241Pecenber 2003 - 13 - The
preparation of the catalyst fromthe titanium conpound conponent (A) and

t he phosphorus conpound conponent (B) is carried out, for exanple, by

m xi ng the conponefhe(Brepardtich nef athe awmdtaloysd ﬁh@gpﬁ@ﬁu§ltancbmpound

(3.). of the ( 5533 n or all -
anount of theE%ﬁgBBﬁgrEéﬁ%%%%%ﬁnaaggﬁgﬁggﬁ%iﬁ%l |nI¥%é%§g 9225 addi ng

dropwi se t he COMPRALH EBhpbEncREoHD ST RlTe CdnPorens ERY
mxture; and keabbagnthen)esohpaisingact i lasts ysiee phatsphotrasper at ur e of 0

to 200C for a rea t{.Qn 3 e pref ly..60 to 150C
for a reacti8f %ﬁ%go{gzngf Q@% %%#ﬁé&ﬁ 6% thls%1§%c$?§%ﬂg ¥?here IS no
specific I|nlﬁaﬁﬁeﬁvﬁoatH@r¥EQ%t¢¥Nﬁ%#eﬁﬂﬂﬂﬂ? ofThbe PROSPEATREY be carried

out under pr e%%%@uﬁ@ dokiPon8n® MPR)in fhd e lamhitgntadatings pheplespr essure,
or a reduced, .S u uaI%% carried out under

fe
t he anbi ent at" SﬁgPPé&Br%%@%?%Péhﬁﬁ?%§ﬂ?é§u‘ {s fF t he conponent (A)
conpri sing th@mpbaspho(3$ Bbxpored {18) hﬂaﬁﬂngfuhanneﬁuétﬁnﬁ tepcthen

systém at a temperature of 0 to 200°C for a reaction time

of 30 minutes or more, preferably 60 to 150°C for a
reéétion time of 40 to 90 minutes. In ‘this reaction,
there is no specific limitation to the reaction pressure.
'The reaction may be carried out under pressure (0.1 to
0.5 MPa), or the ambient atmospheric pressure, or 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
the phosphorus compound (3) of the formula (IIT) for the
catalyét_preparation is not limited to specific solvents
as long as 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
'whichrthe 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



catal yst. preparation is not limted to specific sol Ve%ﬁ}es@ bIeP%b:)as t he
sol vent can dissolve therein at |least a portion of the osphorus conpound
conponent (B). Preferably, the solvent conprises at |east one nenber

selected from for exanple, ethyl alcohol, ethyleneglycol,
trimet hyl enegl ycol, tetramethyl eneglycol, . benzene and xyl ene.
Particularly, the solvent conprises a gl I” conpound the sane as the

gl ycol component from which the target polyester is prepared. In the

catal yst - prepar eét® Laf i asn®Rhki Aneds +aPOYennt Do M XiNg Satip of the
titani um_corrpouild co:g)onent A) and the phosphorus corrpounci3 corrpoﬁient (B
in the reaction 3y&femIP IPdnéa §Bet pBeuRth ehethe phasehiostspr oduct
produced from t¢empétrshioompoomnaunid) conpenedtof A it %omﬁ@_sgpqus :

conpound conpongid KiR)soHHId<C I Ln.the resultant catalyst, " the,ratio
nrl/np of the ﬂgepué\t St the t(al@tbglrsn gﬁwn{é%ﬁ%%unﬂl COpSIERCAERE i(R) 245 DERenber

2003 - 14 - term® g Ifafrafodal &Fi Lof. t ik amiefnratdes reantdbned in the
conponent (A) trolde mrmont, o t De PhosRNYatye GEMRQYNE COOpoOnent (B) in
terms of a nol ar an%f{%]rggcgfiont he Bh‘f?rfph rtﬁsﬁat,orrs contalned in the .
conponent (B) is in e rangs of ~Proft 199 thF 4204 SPBPIBRE reaction’
nol ar ratio nili9MPILIty (Rlewighgehef plodpharuls Ionboeinde @otmbonept ogeipt  of

the titani um caPaEH ateamReBANEheArc i rus -conpound gconponent
(B) is isolat efdof_rom the reaction, s%/%\%{ern% %Sgé?ns%&%\%%fog?pw%ro %ampl e,
a centrifugal sedi MNEFont PERFRERIIR Sedimantation sngatmentser at ed
reaction produdtilitaptien engl thedisol dtelitraftiRion@roducasnayceéal yst for
the productio polk r i,sol ated reaction_ -product nay be
refined by, fo%ng%g?r%?é, Q%‘de{g(r%gtg ﬁ%{l J'tt'hea%r Salt SEYﬁgoﬁﬂEt_tli“? om a
recrystal | i zi n@TRGERtIRoPE BRANPPEYekalt ome, tinet igblakedhobaanitbor wat er
and the refingdodueduntynby beremed awed RY axeabibkySteck Sﬁggafgfﬁ:ss.for
produci ng the Q%%ygggg%igg_ -DEesen i nvention, a Eolyner zation-starting
material conprising at T ea%t°one * SECEYEERLELBMNI aR RGP R col
esters of ar onB¥PEPdPFufcetomal mefripoxydlicohol 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



aci ds and pol ymers having a IOM/degree of polynerizati
thereof, is polynerized in the presence of the above- %%EF%%%Q%Q%E{aIySt

in the process_of the present invention for -producing the polyester, the

anount of the catalyst in terns of nolar anount in mllinoles of titanium
atons contained therein is established at 10 to 40% based on the total
nmol ar anount in millinmles of the ar ond@t +¢ —di functi onal carboxylic acids

contained in the polynerization-starting material. The catal yst amount is

preferably 105@;3@%@9&8&8@@&@@% ;ﬁﬁo})&{}hz@&?g %QO 8¢ &étéﬂgﬁ&at al yst
9

I's enpl oyed i n_an amgunt 0of | esS than 10 ect o the catalyst for
promoting t he®ig8ryiér Fbat Fohatvdltioemrioned 8 ¢repRERt off W i ng

material is imsahf l40%¢nthethé§uli|i&tprplﬂq@slt@i‘ a%fsl eghenay¥atiofadherpol yester

S |nsuff|C|ent 1and %sz ?pra %SGK? ﬁpgie 1y F°?ﬁﬁeéa¥%fﬁ%'qg§a t ar get

degree of polynerlza I'S. no alne
enpl oyed i n. aRndnibbne ekhibies Qmuﬁﬂﬂﬁﬁ%sﬂﬂ@§oﬁesutnémzabalyt$txn' has -an
unsatisfactor praeekee.tone, (b value) and is slightly colored yellowsh

and thus exhibits sat ctor t|||zab|I|ty n- practjce. In the
al kyl enegl ycol estgPsgg %%yg ol Eﬁﬁﬁﬁ@tpénﬁb CcaFPBRYtF ¢ aci ds usabl e

as a polynerldafunntlenaltma@boxa&xu|&d1dhousbbéepaeceS§oD§méf&z¢ﬂ1ﬁﬂyu
invention forg 59@!85”&a%@?1 ?Iy SStUsle g@gﬁgroggtkﬁ hﬁté 1 ned i.onal

car boxylic aC| 5 are sel ect orn1tereg c acid,
i sophtalic acﬁﬂvenﬁéﬁﬂtﬁ%?eﬁ%ﬁﬁ%%&Qﬂ) Hjie @odyedtesi phbayrERRREOXYl i ¢ aci d

gl pEeny: sulh f oaedaat bexyl i @aﬂ%:d{llcdﬁl&ﬂ@@ylaQEhgi:gEéﬁé%D%Y%éFe@écg g
I pheny et herdi_car X pneno e anedl car poxyl 1 c acl an
g % Qgrg Ehafﬁc a%ﬁi! y&% ﬁé h?ﬁé

h
hydroethoxyben20|c acta, -hore acid and
napht hal enedi @apbbkylece‘ém@rbwmc taI%d:abkyhenzgﬁyc@tlso}grlei@reeﬁehabl y

sel ected fronulghgﬁygg@gfaﬁéalcgﬂgdyyqaﬁlg@gglycol t et ranet hyl enegl ycol ,

gfgg:?fglglycglpﬁeny egherélégég“¥¥£4%og01£hed?£ ghgfgghggéaca£§é¥f f%f the

acid, dlphenoxyethanedlcarboxyllc acid, and fp-
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 ac1d‘
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



di functional carboxylic acids and/or oligomers may be R&ﬁ%&&sgrﬂima”y
process. Usually, the they are produced by heat-reactlng an arofatl c

di functional carboxylic acid 6r an ester-producing derivative thereof with
an al kyl enegl ycol or an ester-producing derivative thereof. For exanple,

et hyl enegl ycol ester of terephthalic acid and oligoners thereof which are
used as a starting material for polyethyllne terephthalate will be

expl ai ned 'belom/ They are usually produced by directly esterifying

terephthalic acj, C nteresterifying a | ower

al kyl ester of tere %%]h |c acﬂg;r)'{L Etﬁyg?ﬂ Bﬁ’éﬁ?i}’é}b?{%?e pyiil be .

addi tion-reacti ﬁﬁp%%*fe%ﬂ]tb%]lqvc Ebeyt Mehuenhmgnpr@okmm A shirectly -

trimethyl enegl y@@ieﬁﬁﬁﬁné)fté Eﬁ@ﬂ%h}@bl gcggl Qltgngfﬂﬁe&w&q{?grﬁct&er eof
eri a

which are used astarti Iﬁ}fz :
pol ytri met hyl end? 1&g phthal ated “Wid P We’éx?}%%?%%ﬂt%lfbﬁmteﬁwt&aélﬁsual | y

produced by di raetd yﬂltefsttz;rlmfe)hhm'genegkphcbhal ot Beidddidion reacting
trinmethyl enegl yedtepithalik iLgr @&Eﬁriﬁ hglérgé’@ é%l kyl ester of
|

terephthalic acid wth trinmethylene tion reacting
terephthalic acid wiif t@%ﬁ‘?%h@ﬁﬁ‘#d@lkﬂ\%ﬂ%kﬁﬁ@h@ﬂtame@f

a: kyl enegl yC(ﬁ| m&mfdlfmmbnaldciﬂmiypi@la@hﬁ§3;&ﬁdﬂ(jo<}:]c 21id% m@?'g/ or

ol i goners ~ther mpLo ether wit er di fynctiona

car boxylic esters copdl “%S’r ?’zaﬁf“éf ‘Eg?%%e%éfltﬁbﬂﬁWedléé‘PéFéoaﬁl

ol i goners, as mmxhl@ngbte@ﬁpoqpqumemmbmmwﬁh athel Qbamlear % or | ess,
preferably 5 riitis batsrsbased P&Aé@st%é' U QU of the acid

conmponent, as |o ditiona onen oes cause the effect
of the process cﬂ’“%t eé@n?nl 1"‘i’\‘)‘é‘1"1‘£”idi’]ft300 B@]s%}ﬁsmntlleélslrypdegeadeéiy The

preferably copd ymﬁlalrzabtreladdytb@s;\@cﬂ QoMioneita Nab1ke sebaatedst LA
esters of an agid L QIR ng £ cQ i I, J easi. .ane sel ected from
for exanple, ali phall ¥ a+ én%t ?tc dlafdséﬁgtlogﬁgecoﬂP(?ﬁfaBBx PFe
acids, for examfite Ca&&PpFEeaE fiec die Rydagssn@f the present

1, 4- cycl ohexanddiveatboxy kbcbacsahs otk 1 d1dr egaaideaxylic acids,. for
exanple -0- The preferably copolymerizable additional component
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



hydroxyethoxyben20|c aC|d and p- hydroxyben20|c aC|d mngﬂ_ ﬁh¥99603
conponent conprising at |east one nenber selected froma (N

cycl oal i phatic and aromatic diol conpounds, for exanple, aIkerneegcoIs
having 2 or nore carbon atons, 1, 4-cyclohexanedi nethanol, neopentyl glycol,
bi sphenol A and bi sphenol S, and pol yoxyal kyl enegl ycol s, or _anhydrides of
the esters. The additional conmponents T be enpl oyed al one ‘or in a

m xture of two or nore thereof. The 'content of the additional conponents

the present i %P%&?%@"W O D P i a6
the catal yst 93284 ﬁF L‘?’g%”%& | SH-2% 2% 13Ty o HdBEral may be

ef fected in arshesteade Iaef:lorthet batslpst-add Mg RDeoerdiRire? MY bel Carriilbd

pol ymeri zati on, [ | f unct rboxyl.i ¢

aci d- al kyl ene& ycoﬁ’t o8 e?gg?ggﬁigﬁi olgr%&é#herﬂé%]%xa g)alt e aP(:Q:}{'teét:l yst addi ng
procedur e nayFB@P@éﬁﬁﬂéﬂ °§u?nb?r%W@¢%ﬁnﬂéﬁﬂﬂQ#WﬂnaﬁHQﬂﬁboxﬂdnCeﬂé#ﬁre

after a preparsaidomiplelean ar 8Bkt fosli dtineiiona |0§Q{ RxediiyG tealag’ bel S
conpl eted, a 3@{ tlon ar Iurr of _a. catal HQ%h %ﬁ added into the
preparation sy$tER ¥§°st ?tpﬁ p%ﬁ??ﬂ%ﬁl é¥ &Y%t %or the catal yst
may be added polymegheatéact reactisn empr bdformttdly sir apyr dlei addetl t he

aromet i ¢ di funeliconale eaaéem'%t 4! bd A Nele Wbt 5 o8 B! LAY

material or after the startin erital 1s reaction system
In the proces§r8WaFH€ SF@EBﬁFl??ﬁ%ﬁﬁ%EPPxﬁﬁﬂﬁw?ﬁ@9rhot°9§5@@FfWéthl €ati on
to the conditisenstiog mheepiatust i oftaf dihe felitasiematlraker abl ¥edt he

polyrrer|zat|or1nt %ﬁ%’?@ E%lSﬁféig%eé““ at a tenperature of 230 to 320C or
under the anbi ent a Rerie SsSure or a reduced pressure, for exanple,

0.1 Pa to 0.1 Ma, I@rtbﬁder0@¢ﬁﬁ chridie avr smndi umwngtabnbhéhabevesnsqtloned
tenperature \wikbikhe @bﬁyeamIweaaeor&ﬁmrtq,onfsorfo@th% PREalLRYLES.

t he process of _th ent inventio actl n system.s optlonally
added with a QFaBsP ?Piﬁesﬁ Ent P??#lﬁﬁéiﬁﬂ TRy 2ghdSPhat e and
further with raaethen agdiitveed fait @@ranlt%mp@}tawfbd@@t 239l thazyped et
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
member 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-



ray-absorbing agent, flame-retardant, fluorescent br'%ﬂiﬁﬁ%ﬂ%eﬁgﬁﬁi’

del ustering agent, color tone- regulating agent and anti-T0amng agent at
any stage in the pol yester production procedure. Further, to finely
regul ate the color of the polyester, during the polyester production
procedure, a color tone-regulating agent conprising at |east one nenber
sel ected from organic blue-coloring pigment&%,-for exanple, ago,

tri phenyl enet hane, gui noline, anthraqui none and phthal ocyani ne

bl ue-col ori ng pioMEN S j.nar gani bl.ue-coloring. pignments may be m xed
into the react i%n s%/%?e%qqlﬁi%%,n ?n%ﬁﬁg_ﬁggggéggo’f’l%ﬁ%&% g'g}é]rﬁsni i on
for produci ng tHee gititetehiead esabdaditsnal pobrester Bedenbinci2GG@d, 18
cont ai ni ng i norg@nict tlairseeirgr R0 aPEeIBR! todbi fO;CRASESy dJimtTRIS iRg heat
stability of poléhte%é e?r]erto beé. Elcr e%%ed _ iz not necessary ds a col or tone
regul ating agert o the © pory&dHsr FhgnfeeRltarhePr BT 1o hdhfest er of the
present inventipFesentprigfengblop dgbpreficrably $uleetdwwimidobartece fTba

pol yester obtaiggghly the process of the present invention usually exhibits

an L value of 80.0 aor, nore and a b value, of -2.0 to 5.0, determ ned by:a
HUNTER col or - di f f erélfc @o¥ester| potagnedyay tehe preesss indh 8@ Oreshat

resul tant pol yeistwwntimn exhiabily eebBibovs aanhi teamss Ao . lohes mBYeNghqgf orm

a shaped pol yest g antj.clg having a Qig whi teness and useful in practical
use. Also, if tsalh_e Va‘{) valte | s'bl ggSSf an‘?‘?"z‘?’a‘,‘“ﬁfg YesauIHtUMFRp'SF’38§t er nmay
have too hi gh #ififfsiargeerrEer - whef ebbe thevykie ovi rigssefthent 80f. 0t hehe |
pol yester may heedulwanktupblebstbl hf ePhM M ds 1HY & Renel Eﬂg
resul tant pol ter ma xhi bit too high el | owi ng effect ana thus na
pol yester iy o, Rapl gy - Y
not be subjected tdthé gr q0%t P oR"OFCA B-RT &N 13 iisdrubavingpad
pol yester arti dligh mhitkeepsl gadt esefubdicairdnritded pisecesaleb,t he tpeesent
invention, theyd wahieikSiRLef ef ?IyZS@ Qly, oyt re _preferably 83 or
more, and the b value is, prefera 4 0H1% f%flt%Fep%}é’FgFgﬁl 9.0 to
Yy
4.0. The L val d&V&nd°p Daphed oPlepbnpotffadtewhetnegisnstiebyellowing
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



the process of the present invention is determ ned by t foll ow

nmet hod. Nanely, a sanple of the polyester is nelted at %%?ggﬂrr’lgg?g?#e of
290C under vacuum for 10 m nutes, the polyester nelt is forned into a

pl ate having a thickness of 3.0 1.0 mmon an alum num pl ate and, _

I mmedi ately after the formng, the polnygﬁtgr plate is cooled in ice

water, the cooled plate is dried at 160C for one hour, the dried plate is
subjected to a crystallization treatnent, the resultant plate is placed on
a plate havi rg fFeslcntdandtebi Feaggstandidorany aedicdgoa €eher oc24thecenber

2003 - 19 difference r rea for use and, the ¢ one.of the -
Sortace of i nSunEte e thE bPAEY ok MERANG W A HufirekOBEA8E ot
(nodel : CR- 20@iffedenicg NENSETANGER): TOR-Hlyaesder byr ¥GVOBEADLYOt he process

of the present inveati8lyeeRkai PRogthsd Ay idld prioeeeabalt tAbOpBedest ved
froma col or tone-regulati ng,cobalt conpound. The cobalt atom containing
pol yester is diVERARTaG8BEEIPA FRBT LR ALY M eRPGi s 25OPEWRELTFhg heat
stability and firom easbllprdeoneposgdlafiirey plutada ‘campouydst eTheoadbaht ng
substant i al Iy Bo,CRAlL At ATEnol FLELS: L A AAAERElocRLOTHCERN t hout
enpl oyi ng a cSha compounc 48 color _ tone-regul 261 r]g.agen or a -
pol yneri zat i opcdaesitest exhabitausd tontes iy Meadobaprbiatsisandrived from
the above- . nRildiaRedeeshipbte80MPENE doh RS e‘fao_rgfblérblé%erbbSﬁﬁéﬁﬁi@@ t he
present invention maé.gﬁgt ain cogatt t ons, dee:f ve fromi\ co{_)alt conmpound
added to the ﬁb‘ﬁ?&?ﬁ‘ F3-0F 8° PoPpos et ier GoT&TS 7€ BuPBG¥BESBF the col or
t one- regul at ipnpdagedt vahtlotheenplayisd .a 'cobiedpolopapbendofst Aecplresent
i nventi on pref o o] ' sl DALt i€ haykng an
aver-age parti é%ren%gfr%gng?t%n% gésﬁ%r%@I%%c%lgé{e%%a%%(?ﬂpgr%lag seis:/g?{%r | ess.
When the for eitgisp&ePtaiBingoRP PPt |3AT dlord vsdo fpap: tBPeBPEVRT Iess,
EI Oﬁkage of ,@dniﬂihﬁlédf 0bbkhe SehboshBpI NMhdyeFeRdyr ehandodfest8Er€Ase in .
ack pressure i t = SpL NNk C r r Lgnifica stricted.
The cont ent oftht%hérggrggik Jﬁﬁ{?%g?tk{;&glrgépicgoqﬁoaren %rc%faertagltéh%gé%%‘{ (?cl es/ g or
| ess, from a cobalt compound added to the polyester for a

' purpose other than the purposes of the color tone-

regulating agent and the catalyst. '

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,
stili more preferably 400 particles/g or less.

" In the polyester of the present invention, 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



still .nmore preferably 400 particles/g or less. in the “ﬁﬁ%ﬁﬁ%rﬁﬁ&ihe
present invention, when heated in a nitrogen gas atnDsphere

tenperature of 290C for 15 m nutes, preferably the nunber of breakage of
backbone chains of the polyester nnlecules islimted to 4.0

equi val ents/ 1,000 kg or |ess. Wen the. breakage nunber of the backbone
chains of the polyester nolecules is 4.0 @qU|vaIents/1 000 kg or less, the
deterioration of the polyester during the nelt-shaping procedures is 24 :

Decenber 2003 sf&lﬁ&aitfyyce@%uléeé&ré&&e&@é‘%}é‘%eéﬂﬁg%%ﬁha”' cal

properties and the color tone of article can roved. The
above- nent i onePHIREIEHSGS Andbéheorolne t%%r@\%tﬁlw%fawl}golcyest er

nol ecul es i s nove imprefveidabl wha. 8beq&m&kﬁ&:ﬁéd1 l:QcQafh Ohun®es o%t khk more
preferably 3.5 equiyvale 0 ess. ester of the -
present invention, A %th% }IS 89 lég%l?o cYEfStrﬁ’:[ ﬁojﬁﬁ'ﬁﬁgﬁg MR nsic .

Vi scosity t HerRIst er@Q}é(I I3y8 ?HelVﬁ%fPIﬁWbQﬂOsd@smy lefsst,hetipdl peseer is
preferably in tﬂ}ﬁaﬂe’ﬁwﬂyoﬁ Br@quﬁ_)v5ﬁeﬁ@s/11 DooMeg REN g intrinsic
viscosity is in thelalb% e t|oP £ t he nelt pr ocessi ng can _be
easily carried out and Fh@ %Eﬁ fant %ﬁ%%l@v%lﬁptst eRpghS
mechani cal - sttempeeiflne lindvet hemtionde iimtyiimsiic viseosity of the

o el Ty oonerionl ol BN LG, | Do "ANIRI LATDLG0yl B TndD; SLILL MO

preferablyfromcglé(GZtO‘ e intrinsic viscosit € polyester is
det er ni ned i n- 2%BPFEREN 17 nPEFE #HRMH b ridpHéo IraallgeaOft &xpar 8t bbetof 1360C.
EXAMPLES The pri#heanthienyentingiai \Hscfl%ﬁﬁérl’ tikefini kheShbaledmBY+ibhed
fol | ow ng exa wh ended to restri, t he,scope of the
present i nven?;@(??}l%e ItpE ﬁgftﬂ%’}()égés[ﬁ?eq St Pen§9§1§?'588§?f'98 5 B 28 or
tone, the ti taﬁlh@nfééﬁi‘éﬁﬁt ohaped aytsiiclet pxhdbiiber aohifbr meghapheaicl es, a

| ayer of forels@rlreﬁ@ther @H@eé&%@-rn@dﬁqo%eﬁehht%@h%b”@a.@éb%iﬁf <'5’£‘dtl?‘%
mel ti ng heat s&) ?‘ L % as nentione ve were determ ned he follow ng
measur enent s. ?’?’ P %FI hej %S Y 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 meaSUred 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 -



The intrinsic viscosity of a polyester polyner was detzﬁ@@ﬁ;@ﬁ'.%erﬁ(ﬁ@‘
viscosities of solutions of the polyester .polynmer in orthochlorophenol

nmeasured at a tenperature of 350C. (2) Color tone (L value and b value). A
sanple of a polynmer was nelted at a tenperature of 24 Decenber 2003 -- 21
290C under vacuum for 10 m nutes, the neltied polyner was fornmed into a

pl ate. having a thickness of 3.0 1.0 nmon' an alum num pl ate and,

i medi ately after the formng, the polyner plate was rapidly cooled in ice

water, the coa®xte phase wasuswbiectEd fihur e,y HiR! hieddledopollyRat-npas at
160C for one hour, the crystallized polynmer plate was .placed on a plate
havi ng a st andamneshiindive s padatief bavipmkd nghackndss af {3 4 ende Ometrepn

(HUNTER type ' [ er. : - e NCL CQO.)
ready for -use.,-ca'(-Ha(r%‘r %“ﬂ'guhﬁﬁgr%%ggg[ ulemlg?lgf%t%%?u%g%r% %dyﬁgﬂ -rl); Ste
surface was nEdSUFEF BY Ak HESt RRPEdlvreoRled etenike mat@r, e copdede
represents a lplidtd aaee subdedteletdas gerydthel 1i ol ish dhedieghesdt he -
brilliance. Thel a%ger the b value, the higher the degree. of vyellow ng
effect. (3) Tit*hFufPEoRRRNOW]- cfeﬁeawfé’tstﬁﬁgltZie@aﬁP&aﬁn@énpéﬁteowaa cat al yst

PR g AL e e L R R T I T
appar at us (nodel ;. e . K. : tin eat. stability
Pol yester pel I“}s@tks“\ﬂeraeig’?gﬁegxfﬁeﬁe%?eas’gé[‘%ﬁe( RAty t’%ﬁ" E@Qrde di anet er”
of 10 mm an ididifggedicénmeserofn@dein arRI-200 emgide dfy 2EMAIMAAKCG . ijymer sed
in a bath, inRady £L0088e92anat (RS PRI Gr & folilg 1P VIO 8% kel §
it. Adifféerence I'n intrinsic viscosity oﬁ t he -polyester pellets between
before and af PI¥RE Rdatet PRAEfARMIWaR MepsHISshd AMsdve e eellerni ned.
From t he i ntridififerevicecastéy. di fierenaasd hepgraderi s eqwraheahrepf the

breakages, of Ui Bapkiansee ek, Arhle Al Sfler TR QSR BEo, 000,
equati on: Brefkggdangabethefb value, the higher the degree of
yellowing effect. :
(3} Titanium content of catalyst
‘ Thé 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 df B mm
and a léngth of 250 mm and immersed in a bath, in a
nitrogen gas atmqsphe:e, at 290°C for 15 minutes to melt
it. Aidiﬁﬁgrgnce in intrinsic viscosity of the polyester
'pellets bgtween befo}e and after the heat-treatment as
Imentioned above was determined. From‘the-intrinsic
viscosity differences the number (equivalent) of the
breakages of the backbone chains of the polyester _
moleculesAper 1,000 kg of the polyeéter polymer was
'calculafed?in accordance'wifh‘the following equation: .
| :Breakége:pumber of . ﬂ
“ badkbbheﬁchains (eq./1,000 kg)

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



backbone chains (eq./1,000 kg) -1.30 1V, -1-1 TV 1 x 10-"
3.07 x 10 24 Decenber 2003 - 2 2 - in which equation, ? ?é}:grapgrs%g)gs an
intrinsic viscosity of the polyester before the heat treatnment and IVl
represents an intrinsic viscosity of the polyester after, the heat
treatnment. (5) Layer of foreign matter adhered around a rrelt- ext rudi ng
orifice.. A polyester was pelletized and-m¥ted at 290C, and the pol yester
melt was extruded through 12 orifices each haV|ng a hole dianeter of 0.15
nm at a taking 0 da The hei ght, of a | ayer
of foreign rrattjé?nglgaﬁ%?ge t?%tl Iyvg‘r?e Leg b RS &Sﬁﬁsé?ﬁ‘/flce
was measured. Shet IFﬁ’g?fé]quSﬁ@ra@ﬁ?éPéG ﬁibﬁe%gﬁtrrareetmﬁﬂa’yeamd t:ﬂa | oner the

resi stance of thepexdenidedf |;anmm1tsal'cyv§b&6§ﬁ!’e¥ 8f the polysst etr to

bendi ng, and t hapi ng property of the polyester: Na y, ‘the
hei ght of hehg?zl%ered: ftg%ea}tgnr?%%atter | ayer is a paraneter of the shaping

property of the(pbl Jestas off @predignnnabeerobdhered gargard i<lresltA sanpl e of

a polymer in arb;agmng)fory}qc@g was dissolved in 20 m of
hexaf | uor oi sopr-opanol and the resultant solution was filtered through a.

pol yt et raf | uor oet hyIPerI@lry‘@@ttleanUaﬁl peéitehaze@gamm mpEredigt fwecof addgm and
a dianmeter of Zun A 0 b VANTE

tenperature of ZSC(Hl?na’tirs&Eg%nﬁ‘ uceggpF@%EE% héoﬁqké? oﬁglﬁt‘???bgﬁc
foreign parti dlEEno A deledddamehert pFt@r lﬁ\asmcoa,mweotdmmgsupg saeedopt i cal

m croscope, andft rﬁ&)ocw&r@.ﬂt ebrt beghpseign . particles per g of the polyner

was cal cul ated. Exanple aratl n of catal st A Et hyl enegl ycol |n an
anount of 2.5 partsq%' &gl h%p ?ayer of fogE1gn matgér a&%é&e

the perlphery of the melt-extruding orifice was measured
_ The higher the adhered foreign matter layer, the
: lower the resistance of the extruded filamentary streams -
of the polyeéster 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 .
'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 in-an amount
of 0.7 part by weight (corresponding to 0.5 molars based
‘'on the molar amount of trimellitic anhydride) was added



was di ssolved in 0.8 part by weight, and then into the,,r | ol ution,
titaniumtetrabutoxide in an amount of 0.7 part by weizgj4 e%g@ggrp%(]s(%ondi ng
to 0.5 nol ar% based on the nolar anount of trinellitic anhydride) was added
24 Decenber 2003 - 23 dropwi se. Then the resultant reaction system was.
mei ntained at a tenperature of 80C for 6Q.m nutes to react titanium
tetrabutoxide with trinellitic anhydride™ and to age the reaction product.
Thereafter, the reaction systemwas cooled to roomtenperature, and was

m xed with 15 g dey weheht tBé seshdpenanteddieion eStdtaantyapr eci pi tation
was collected by filtration and dried at a tenperature of 100C for 2

hours. The r&&dtaifededdt PokeBPEYRERT ¢t 7% o808 TmEesnPBUREPEDES ¥Rd a
titani um cont efac?f thitaniUnbyewRhBhitoxIieNyich 61 i RInGRrobie

henyi phosphoni c. aci d e 'dissolved i 131 rts hy wei ght ~of
oY pmor Pro Mo, 39 gl The ot R o oot o stk e o Wenot es. The

resul tant et hyleamdglopcelyssemutvbencooled avowmin dferidd akurarnt andywasi ght was

further added .. Q. harks ' . of . e y:eé].gg.j |, +cand in the
e %Jqécﬂo,lg Ptggtgfgeg?%h%%féﬁ]h% a o%%grrlgntt?%ned titanium

resul tant sol ution, .0 parts . Y )
conmpound (2) W&sdidaadopyegirthatiesurramotriebbdy fidtadtias apftated at

a tenperature ff; 2%% B%eﬁtBeEhEHir&So%O @6‘?}1%‘%2 Bi&\%ionmﬂé"d““ of “the
titanium conpoun ) Wi th™ phenyi phosphonl c acid. Ite-colored slurry
of a catal yst reAnléentaraaagiochepredect oft praduot compougidt 42nedhadha slurry
of the catal ysti +ei)i vbadofitbhtageum COPtEnt,Of gk 3% by weight. Preparation
of a polyester Terephthalic acid in an @nount” of 166 parts by weight and
ethyl enegl ycol' in 37€8modnf BREYS BRIYSIBYE QUeiRAn¥i&heseippdc: 881¢o an
esterificati owereadiiseplwetthineadh pahes by weighmperfakttheleheddPeolt he

resul t ant re%ct' on product was EI aced in asfol%rreri zation flask equi pped
with a refini g dC&HFPaffo ESFRFRATAENY Uastd CnfREd i PROEHRS sI ) of

catal yst (A assalpehymechyatheflycal adyBition MrRmERGIhtobs0. 95 parts by .

. _ ) o . ;
wei ght  (corr 300adi0g.£01,80,%: 403 R A0 dikt UdRPlrikh! 30 Pllkes by
: weight of ethyleneglycol, and in the resultant solutiomn,

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

system was agitated at a temperature of 120°C for

60 minutes to produce a reaction product of the titanium
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 -



atons _based on the nol ar anmount of terephthalic acid) 2003
- 24 wth a color tone-regulating agent consisting of ﬂgﬁé@g%ﬁ% in an

anount of 0.0002 part by weight. The' resultant reaction system was heated
to a tenperature of 2851C under the ambi ent atnosphere pressure for 30

m nutes; further heated at the above-nentioned .tenperature under a reduced
pressure of 4.0 kPa (30 mmHg) for 15 minu®ést and still further heated at

t he above- nentioned tenperature for 110 mnutes while the reaction

pressure was gr I Ly C and the reaction system was agitated, to -
conpl ete the reg'g;diﬁo% © Qy %ne ree%uqt R ANEIBEnEPEFeEt1RAT nsi de |

t enper at ure of FHBAZPPESRLV&ESMBS@ @it o Di.0aD2r pacti bp peeghtr e TS
.49.3 Pa (0.3 7regtiglanTheesosttt afs Al %8St Akabad 28 a' fe&&l{}&?!ﬂ@ Y et sity

of 0.640. The test results are shown in Table 1.
Conpar at i ve ExaRBPe&s yndey Ahen aghéRnsf aEnospher? pmeﬁtmml feanpar at| ve

Examples | 10,80 fifatalyshie PiRadapY (hlC 3308 fLOESAISS 2 in
U?Ié% as in

Exanple | and a E %ester was_prepare proce
Exanpl e 1, exceptTPREECHHR WdRr r"f’olrz%ducﬁét Péeéﬁurﬁeotaé ab yk®a 63U notiy)

amount of the cébal yStmlmstﬁeds i reridhetpally egt€hePr RENELH 05 e E Ahnged to’
those as shown t res s are sho n Table 1. . Exanpl e
6 Preparation oTé{l:l%% ig-g}%&tgr#%t i) 1ll 1@%“55‘??3%&1%1?%tr‘?ﬁ0t10n '
et hyl enegl ycol P’&\?%ﬁu%&?ﬂaﬁarﬁ@dblﬁlﬁm ghtuoed pardytipd osphonien agiskanas

heated at 120C s é@lﬁat@& exd eoh F)Q\é'tgetﬁ‘es)%é@ﬁ - R, 1 6 parts by

wei ght of thee %Ign%rg col s i.on arts by weig titani um
tetrabutoxi de WeFe"H ) ?ée‘jané ?hénﬂ%%uwlﬁﬁﬂr#% |Q3‘-n thest em was

agitated a t a fEagIenAldI@sof ARH0GE ofF i B0 Niduy E.‘L%n§ t ? Cg' red S' U”y
cat a

containing a tllhanl um compound (1) was obtaine
slurry had a ahifim Cor7e AREED - 0. BBE byesil yint ooy lapiertay cbmdofana
pol yester 24 Detetthiarsi20@3 scosity 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 at a temperature of 120°C for 60 minutes. A
white-colored slurry containing a titanium compound (1)
was obtained as a catalyst (B). The slurry had a
titanium content of 0.3% by weight.

Preparation of a polyester




- 25 A polyester was prepared by the same procedures
except that the catalyst (B) produced by the above- me%til eﬁgﬁ'%%?%%éadures

was enpl oyed as the polynerization catalyst. The test results are shown in
Table 1. Exanple 7 Preparation of a polyester A reaction vessel equipped
with arefining distillation colum vas . harged with 194 parts by wei ght
of dimethyl terephthalate, 124 parts by wWei ght of ethyl eneglycol and 0.12
part by weight of calcium acetate; the charged mxture was subjected to an

interesterification RAGEseBraljad beEPered U Slhe 224He plajdéa{uzté@,e akesul t ant
met hyl al cohol, |nat eoreti cal was_renoved by evaporation, the
reaction m xt ur EXAP1&dded &kFERt0 E%@‘Ep{é}?{? Byt @'ﬁtﬂ% %ﬁf@%r%ftb acid: to
conpl ete a firtdte sttaye-okntéaoctioprodadurehevadosmeplogatd iamdthe eact i on. .
m xture was -pl 1§9nér'12%5&8'ny[¥§§h%9& on Tlflér a5Ks L APEGs At el iRl NG -

di stiIIatlon m xe a polynerization catal yst con5|st|ng
of the  cat alﬁ )1-sl urry prepared by the same procedures as in Exanpl e
1 in an anountg 0fmpd 2 7parts by weight (corresponding to a content of

titani um conpound o] unt of titaniumatonms of 20 Xx
10-3% based-on t(Pzr)e aiari8hBeol HBLALe | terephthalate) and a col or
t one-regul ati.ng agéniregendPst vagsel TERDERE WBLUE 2 jfehinifitbunt of 0.0002

part by wei ghtdlsﬂlqlh%a@ht éBlumﬁeﬁﬁél@ﬁ‘aﬁd@&%Wﬂﬁﬁ%ﬁ&ié By2 wedGRer at ure
of 285C underodﬁt0 ’ﬁnt atrTB grlc pogsure f m.nut e further
heated at the egg‘ﬁ GREGP Eﬁ% theur ;ﬂf:ssure of 4.0
kPa (30 mﬂ—lg)eﬁhyrleh@g&ynoﬂ.eandoo p? coaed m)hevengmtlam camduafter the -
inside pressurg Qf e }"F FB gao 1§1¥1§f§%5¥@551%:gé%@d %d educed, -and the

ur ove-

reacti on system was S'tl er heated at th rrentl oned
tenperature f arnth]:(ésmemutfésam,{hoheragctmln Nt td etemmacttinre HESLAELCE 0 -

Cor’rpl ete the r 1%'?“ (?:%e Eggéﬂ%a L?xﬁgt?%f &coet‘lnbfrugoep?*;heoretlc (?L final

i nsi de tenperaei
quantlty 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-

' mentloned reaction mixture was placed in a polymerlzatlon
flask equipped with a refining distillation column, 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
é 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, -



‘inside pressure was 49.3 Pa (0.37 mmHg). The resultant 23‘21&:8&5&[26!]%0' an
intrinsic viscosity of 0.640. The test results of the polyester are shown

in Table 1. Conparative Exanple 5 A polyester was prepared by the sane
procedures as in Exanple 7, except that, as a pol ynerization catalyst,
titaniumtetrabutoxi de was enployed, and_t ?g catal yst content and the
anmount of the catalyst slurry was controlléed so that the anmpbunt of this
catalyst in terms of nolar anmount of titanium atonms becane 20 x 10-3% ~
based on the nokgs ampynt ; f ; gl nE, l.at-e~ The fest_.results are
shown in Table 1. Exanpl el8 %Dr epag? %ro&r\tq{)r%og}a%gl%tgs?e?ni %%?y%’ﬁ was - -
prepared by thelBaageppbessiresvas 498 Peaandl.€77 mewggpt that, as a B
pol ymeri zati on cat al yﬁé,reglbptmep At o) 25 UnkY-; a8 LNy . 6- was
enpl oyed. The test rgg Its_are shomc/fw/t@i:n Tabl e 1.‘51%l &%&?‘%ﬁ?v‘é@%@nﬁ 6
Preparation of 3-c3t @St TS TH\INSHITHILS QAfhFde @OLXEStars3De valpyh kn

amount of - 0.80Tpate by weight in ethyl alcohol. Into the resultant

solution, 0.64 pahbaby Wed Gt 0f1did anium tetrabutoxi de was added
dropwi se, and the resultant raer%éﬁﬁsth. systemwas held in the air

at nospher e under the® DI S Racparegr bysthe samg propedwtes esf 80C
for 60 mnutes i Eeamble t7 ! anidept alhadhubexbdpoMiBri LA FELA | ¢4 R dri de

and to age the i t. JAfter the reaction and the aging, the
reaction systen?%g%gic%tg’f&ee}r%g%%@é{rﬁ Sepér Sf"Bﬁ8Yegﬂdaﬁ$xEﬁevﬂ”Fﬁ tarts by
wei ght of acet offeteltd antk theeagionantt ofr sbeprhatilpatwatucoy vt ed by

filtration. Thecon®@ssltentscCamaly $hel @holiad 8¢t Lhapi iy Yo diz?o DY
wei ght. 24 Decenber 2003 - 27 Prepaer at ioon o? a po?ygg%%frlﬁA@gor} ;q/"eeéﬁ]%r was
prepared by t he*SdiRlas casdurte9fasitaniEnanpbss 7Theeamep2o tharo *adbased

pO'Y"EriZationl&ﬁ“@ﬂé“ﬂblar amount of 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

weight.



t he above--nentioned catalyst (C) was enployed and the24(baetcgﬁ1$glt2 03
concentration and the anount of the catalyst (C) slurry were controlled so
that the anount of the -catalyst (C) in terns of nolar anmount of ‘titanium
atons becone 20 x 10- 3% based on the nol ar anmount of di nethyl
terephthal ate. The test results are shawm+n Table 1. Conparative Exanple
7 Preparation of a catalyst M A catalyst (D) was prepared by the sane
procedures as those for the catalyst (ﬁo di sclosed in Exanple 1, except
that 3.6 parts by \Beiegk tphetec acid were replaced by 3.6
parts by weight of AP%%'}_){;'QSEES}SE}QQ Erepé&:é\@ be- O W ?rlércre)ﬁug'iaf §§30/ by

0

catal yst (D) was obtai_néd The urr ad a titanium content o

wei ght . Preparidt Eg@mpres 7 poP§€§PErt¢?%oI?%s%e9° IRe 1rzdtdodd CBf et et same
procedures as thenaboaephentioasdephtibpst agCp wd Yy lickaid andcahal yst, the
catalyst (D) Readiged %&Qﬁtggixsn "4’ R Ln LA HaTLSUBLOYEY [ an

anount of 3.2 correspon nolar anmoun t ani um
atoms of 20 %@urgyswmﬁséenéﬁo h@dmath@mmﬂ agfoutitmetthyphe

t er epht hal at ekatBhgstest)r eaukbemar & Shovdr | dnddll &£l .¢itGARAr atbis Exanpl e
8 A pol yester was prepared by the same procedures-as in Exanple 7, except
that as a pol pesomeaiZfon é&t&l?gﬁed @nahh¢nmh¥axramnundeowaﬁlaﬁﬁhyied and
the content of./ mghthgggggyst in the catalyst slurry and the amount of the
cat al yst slurry re establi'shed so that the npol ar-anount of antinony
atoms cont ai ned i nTPRe teEEaF§SPLIEF URFS SREWD o) Fakd® tlo 27 x 10- 3% based on
t he nol ar anowahpai-atdiveeERyhpier gpht hal ate. The test results -are shown in
Table 1. 24 Decenb 8 -Table Ite Cat al yst Properties- of of
ester eight . P/Ti BrepdRdtiofi’o g'éat eakage he nunber f nol ar
catal yst sic tone AumB&alyst bp)f@@%lgwﬁpﬁnﬁinhﬂ1the B&meoprocsduba@kbone
particles pat&gr those for the catalyst (A) disclosed in Exaiple 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.



cosity chains | ayer adhered around spinning Exanple cl es
orifice 0. x-3%dl/ b .1 0-00 kg) / ( ]. 12. 0. -20Qg%e°ém£’8'%d3

- 0. 64086. 01- 7 3.032.05 21.0. 200.6408S. 6-2. 2. 3. 42907
33.0200. 64186. - 02. 52. 73406 | 42. 0100. 63985. 4. 2. 52. 3. 2806 Exanp

52. 0- 300. 63985. . 23. 23.6360. -7 - e 62.0200-64085.04.03.0 ..330'8
72.0200. - 64085. 24. 23. 8180. 9 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. Corgsa-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(Sb2C8) 25 0.639 84.50.33.5 40049 27111.1
Exanpl e 9 Preparation of catal yst {El Et hyl enegl ycol in an anount of 2.5
parts by weight was dissolved in 0.8 pabk¥epy weight of trimellitic™ -
anhydri de; -into. the resultant solution, titanium tetrabutoxide in an.

amount. of . 7 paett Cretiad s t (corresmm@enqm@o& thiéstl’e%basedi{eéﬁhtt e
mol ar anol of tP(ﬁPII$m¢QPtaﬁﬁ}ét¥tnﬁ Coker -alfdeakadres [Thies sumbdrfr esul tfant
- : .‘molar catalyst s@c_ tone jnumber. ofjof furE1gnfore1gn.
ratio . : vis— backbone- jparticles jmatter
' " Jecosity . chains {layer
’ adhered
laround
Lmelt-..
q - . . , : T Jspinning
JExample \| . . 1t 1b (eqd./ ~ |(particlesjorifice
0. : 1. Ax7%) {(d1l/qg} ; ~ 1,000 kgyl/g) {pm)
1] 2.0 .20 -1 0.640 [86.0]1.7 3.0 320 | s
21 1.0 .20 0.640 |85.612.2 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
Framplerst— o 30 0.639 [85.2{3.2] 3.6 360.- 7
6] 2.0 20 . 0.640 185.0{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 6.640 [85.3{4.4 4.2 400 9
1] o.s 20 | o0.640 |85.4]7.4] 5.7 420 9
2{ 3.5 20 : Reaction was not carried out.
13§ -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
Examplef{6{ - . 20 0.640 [B4.2{5.2] 5.3 590 8
17] 2.0 20 0.640 §84.115.8] 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



reacti on systemwas maintained at a terrperature of 80C %6 1 pues to
react titani umtetrabutOX| de with trinellitic anhydrl mPS ge the
reaction product. 'hereafter, the reaction systemwas cooled to room 24
Decenber 2003 -- 2 9 tenperature, and was m xed with 15 parts by wei ght of
acetone, the resultant precipitation was ppldected by filtration through a
No. 5 filter paper and dried at a -tenperature of 100C for 2 hours. The
resul'tant reaction product (titanium conpound (2)) had a titanium content
of 11.5% by wepEherathes, ad wWigr rdxpd wethhiS opaBt$-by weight of

di car boxyphenyh@Bosdioni e addsh wamne @rée@ i BAO1dR % PRrdS1 N R of
et hyl enegl ycol tenperature of 120C for 10

a,Ed di ssol ved ué%eheatl n a

mnutes. The r E5UFEaHton & ¥Col sSF&F?BnP?W%rP%ﬁ%F&edofatlfM 5 parts
'by weight waéexwémr@dﬁecm\w&hfé@ paﬁ&ﬁc&v wegfiies%fltaﬁtthxbse'é%ycol
and in the resul t'ant solution, 5.0 parts the above-mentioned
titani um conpoRFRAYS (mm%mveendmé) s/e%%ﬂit%m*%l*i‘%b?éﬂ sendedite@fnas.
agitated at a tenpernat wﬁgﬁt 120C for 60 mnutes. A . slightly yellow sh

transpar ent- sol.uti of talyst,(E tained. The catalyst (E)
olution had a ti tgltrh um %cééﬁtper%%oPg' Lg&/g"‘ﬁé 9\£ % Preparation of a

poI yester Ter e@iﬂmqwmwllph%ﬁhemgnacm (535 p@r}t%ﬂ Bntondi2ghpaze

et hyl enegl ycolpy %@@W%ﬁ@iflggleéﬁ?éél b¥nd V@1 SHY 1 MR ByS HY8G5HGd ak0zan

esterification reactiorw th “each at a tenperature of 240C, the

resul tant redeanrarahsuct W29°9| terd ¢ miaytsisynefhgareenlthnsk equi pped

wth a refini n dg{\aasm t i on of

r@tl'g}l e{c_}lﬁtec'oci SSQUEE'BH a odﬂ€<9(95 fo3t4 5 ?)%6%8558

catal yst (E) as rization catalyst, Inh an anmount o arts. by

wei ght (corr emtng’atso Epgtheroaddad| with i 40 trawhs ¢ asimbitapfanount of

titani um at orrEetb@sLe;iae@rlybm nmahar ianenat refil date pRAliioh ,a6i.d) papdswi th a

I t | at t f T OLE BLUE t of
00002 part P hAiGEE Fho PecAPORRT I RLEYTS R el BE L ©

t enperature oﬁv%(du&rs@éwetihe Ahbi e@sultant 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'as 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—regulatinqe
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



at nospheric pressure for 30 mnutes; further heated at aﬁk;gcgnp%ﬁEQOOS -
0 the above-nentioned tenperature under a reduced pregé reoSF 470 kPa (30
nHg) for 15 minutes; and still further heated at the above-nentioned
tenperature for 110 mnutes while the reaction pressure was gradually
reduced and the reaction systemwas agitafed, to Conplete the reaction.
When the reaction was conpleted, the inside tenperature of the flask was
285C and the final reaction pressure was 49.3 Pa (0.37 mmHg). The

resul tant pol yetiy|abmee-tmemgplonkedl depphadtare i midénsi oot residrnesehir8. 640.
The test result S} 5ign e 10 n arative
Exanples 9 to f%fa{ﬁjeacmngp E%gﬁﬁlgérlb to 'g%%ﬁ'%%ﬁﬁ%%gﬁi%ggggggnples 9
to 12, a catal y2&32%59 atadhsr épavednytiared srampaistatia &orad ominhees.
catal yst (E) i nwhiXamphe $eatdidn pobyestevaRyRIRRANS fuded 8afCthe
procedures as i, aé%x%gﬁre %é except tegt(%he / Ti.. nol.ar ratio of .the -

catal yst, and the anountysr Lh¥RatatiRteds P iGPRE e ditFeLEFEAPRAuUCt i on
wer e changed t dWhévwddeageshbinni was Tadrhel & edlhehee sinsieeultienpatatahewn i n
Table 2. Example .14 Preparation.of, catalyst (F).A m xture of 151.2 parts
by wei ght of et%tiltéhr?egflrl?%gl Hag; gRouS @WS@F?’? 5%/“%\@ GRECHfon pressure :
3, 5- di car boxyphersy49h8s phoiid c37 aehklg Was Heatreduatah20Gofigeth@1ahautes to
provi de a .sol ytjd,.on. 13 r ) j ght. of .et hyl.enegl, ycol Sol ution
3.4 parts by mg%%h”hgbaggfénﬁ%%1%@t%%%%%g¥ﬁégqsﬁéﬁé%§d§gdBdgéémjse, and the
resul tant reacti on IP&t ERFtwESSEEES A’ diowa tlanfebdeuRe of 120C for 60

m'bPU_t _esd AT'-hsl i@?@%wia&giw eRatb lésf§t t@byﬁo(gg/ \Qfas
obt ai ned. The. cataly S ion had a titanium content .o . 3% by
wei ght . -.'Preparat%gneé?ﬁapgo §%§é¥as/*%nﬁQyégtépgkﬁgmBFEﬁBFEﬁ by the sanme
procedures as ExanpERanpl £0912 excxepttalyst t(A9 watapyepatéd pyotheeshmyy the
above-nentione%rgbgggggge§swg§ragg;Q%§%g§§téggé Eglﬁggﬁbigtgogh&qgalyst.

The .test results are shown in 24 Dec
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 catalyvst (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



- 31 _Table 2. Exanple 15 Preparation of a polyester react i on sel
equi pped with a refining distillation colum was char g?g [%Cghbf'é%e{@;ts by

wei ght of dinethyl terephthalate, 124 parts by weight of ethyl eneglycol
and 0.12 part by weight of calcium acetate; the .charged m xture was
subjected to an interesterification reactlien at a. tenperature of 220C,
after the resultant nethyl alcohol in a theoretical quantity was renoved by
evaporation,' the reaction m xture. was added with 0.09 part by wei ght of
phosphoric aci §2btg 2- conplete a first stage of reaction. Then the above
ment i oned reackxampXa xture was placed in a polynerization flask equi pped
wth a refining digh@ I%%%g%np%%ugn oD Stgixed with a pol ynerization

catal yst consisting~o e - ution in an amount of 3.2 parts
by wei ght (corresgorrfiastiog yessedr eanbpped ofith tanfefimions of 20 x 10-3%
based on the rd|syi@nRuRn ebidnielhYl chhgge@hfiah af €1 gk 1HPhkRlight -
tone-regulathgfa ent onsysthng Ef TERAZOLE BLUE in an anount of 0. 0002
part by wei ght- SSuEERPIFEALAESn Lo R IRLHERE ' #5a tenperature
of 285C under etteylanisicdycodt apsdphlelRcpapt espweidlor SO calwites and further
heat ed at the ghovg-..Mak essure of 4.0
(Pa. (30 mig) Tar s e e e g e A e B T er he

i nsi de pressurieirasteniéacaitdnnsystetiomsat gi achrgbd na tredu ofid 2 28Ad; t he
reacti on syste 5, stil tthe at ed. at. the, above- nent,i.oned

et otur 21 SR el Lout SRhChalFL o0 Blndfio 0GIIANTY
conpl et e t he rawdttidy. vas rhEovedsky everdyatalon ndilde raagionamirguras 285C
-and the final yasizdRieRr G3EH 6. 98Sharéd by i dift 35 PHIBpholIe LesH! t apt

pol yet hyl ene terephthal ate had an_ ingrinsic, viscosit f0,640. Thé test
results of t'h&onﬁg'jeﬁgstaeflﬁ‘é Sho#R ¢h Feate - Zz'lrsr\ﬁé{é:%ﬁerab?@% - 32 10.

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 (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
'preésure for 30 minutes and fufther heated at the above-
mentioned £emperature 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
ﬁurthér 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.



Exanpl e 16 Preparation of a Pol yester -A polyester mas hﬁ% ?%the sane
procedures as in.Exanple 15, except that as a polynerl .
the catalyst (E) solution was.replaced.by the catalyst (F) solutggn
test results are shown in Table 2. | tem Cat al yst Exanpl e xanpl e npa-.

i Ti - 2.0-.20 1.0 20
tive Exanple 10 P/'Ti Anount of nolar catalyst ratio
;Zbig 2 Prongrnes of of tester weight |Intrin- Col or Breakage The nunber
~of sic tone nunber of foreign forelgn yJ s-- backbone particles matter
cosity hans | ayer adhered around dl/ 0.640 0.639 11 3.0 20

0. 639:- 1862 2 2 W;It-1§610 85.8 . 30

Preparation‘of 4 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
a catalyst (¥} Solution.
The test results are shown in Table 2.

Table 2

10 o . . : o
Iten] = - cCatalyst . ' Propertles of p01yester K Helght
P/Ti ount. of Intrin-[ Color Breakage Fhe numberiof :
olar |catalyst ‘Jsic - tone fnumber oflof forelgnforeign'
ratio vis- backbone particles matter
. cosity | . chains - Payer
' adhered
around
elt- -

- : . : spinning
[Example 1 , (eq./ (particYeslorifice
MNo. . -\ 1% Wdi/gy d B L P kGo0 keylig) 1 qumy | "

- 91 2.0 - .20 1 0.-640 186.0]1.5 2.9 300 5

3 1] 1.0 20 1 0.63% ]85.8]2.0 3.3 300 6

' 11{ 3.0 29 0.639 i86.2|2.2] 2.6 330 8
[Example 12 2.0 10 0.641 |85.132.3 2.3 230 8
1 13] 2.0 30 0.640 {85.2]3.0 3.6 360, 9

14 2.0 20 0.640 [84.9¢3.6 2.9 340 7
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_‘ 20 . Reaction was not effected,
:Exampie 11} 2.0 5 - Reagtion was not effected,
e 12] 2.0 45 ] 0.640 |8a.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
- : anhydride; into the resultant solutlon, titanium <.

'tetrabutox1de in an amount of ¢. 7 part by weight
'(correspondlng to 0.5 molars based on tlie molar amount of
trlmellltlc anhydride) was added dropwise, the résultant

':?0'.' _reactlon system was maintained at a temperature of 80°C



12 2.0 10 0.641 85.3 2.3 2.3 290 13 2.0 30 0.640 85.2 :}4 2.0
20 0.640 84.9 15 2.0 20 0.640 85.2 16 9 2.0 0.5 20 20 fg[gﬁgn%gﬁgg} 11 2.0

5 12 2.-0 45 0.639 0.640 0.640 85.4 85.2 spinning (eq./ (particles
orifice 1,000 k 01..5, 2.9203.64.04.1 7.7 3.32.93.64.05.6 300

/U 300 3 340 390 - 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

.
i

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



410 420 Reacti on-was not effected. Reaction was not e cted, 8 7.2
.4.9 "540 Examle 17 Preparation of catalyst (G Ethyl éﬁ SF?'@BP %A‘W%

amount of 2.5 parts by weight 15 was dissolved in 0.8 part by weight of
trinellitic anhydride; into the resultant solution, titanium tetrabutoxide
in an amount of 0.7 part by weight . (corresponding to 0.5 nolar% based on
the nmolar anmount of trimellitic anhydride)34vas added dropw se, the
resultant reaction systemwas naintained at a terrperature of 80C2 6 6 {

mS5 6 8897 9P 40 03 nutes to react
titanium tetrabut o(il d%@zw%% rEi rrefllglﬁfql c gtrll%y%?? {Q‘%\’}ﬁ ”Eeoac g€ F S5t i on
product. Ther ewds eheatdre reacttcopespstem vAS289% ethded LBMambeBREr at Ure,

he .resul t ant
g?gcy\%lst eTti(gﬁ &%IH‘O%&P%C% }cfl%s\ﬁ%felg???a{s orﬁlc"?‘:‘l?%%gﬁ%‘hrwr fegtede@thaper -
and dried at a the above- mentloned temperature under a reduced pressure.
of 4.0 kPa (30 mmHg) for 15 minutes:; and still further
heated at the above-mentioned temperature for 110 minutes
‘while the reaction pressure was gradually reduced and the
reaction system was agitated, to complete the reaction.
When themreaction was completed, the final inside
temﬁerature 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 catalyst (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




tenperature of 100C for 2 hours. The resultant reactio i tani um
conpound (2)) had a titaniumcontent of 11.5% by me|g24tﬁ?%qggkgk% parts

by wei ght of di phenyl phosphinic acid were dissolved in 136 parts by wei ght
of ethyl eneglycol by heating at a tenperature of 120C for 10 m nutes. The
resul tant ethyl eneglycol solution in an $gnynt of 141.2 parts by wei ght was
further added with 40 parts by weight of ethyleneglycol and, in the

resul tant solution, 5.0 parts by weight of the above-nentioned titanium "
conmpound (2) were Hipsb?estbr'mnsrgﬁﬂﬂansd bye&tiei samey pronedaseagas at ed at
a tenperature;qf 0 e cf.of the
titani um conﬁguﬁ%gggié ﬁﬂﬂ%y 5ﬁg§bei%%%%§ F% ?gﬁ ?Qoﬁﬁﬁg& %%||OMASh
t ranspar ent sGPBt?BﬁV%Tm%P%%&%ﬁ RIQEINES W@Et&mﬁééye¢hésthPry of the

catal yst (G §6Eyﬁ1em]zhlﬁﬂoxﬁi catammm vt el toredud¥sbyruesgbin in '
Preparation o% ﬁ RO yester Terephthalic acid in an anount of 166 parts by
wei ght and et enegrycol in an amount of 75 parts by wei ght were subjected
to an esterifﬁﬁampéﬁaiéactlon with each other at a tenperature of 240C,

the resultant estﬁfgéggggi@m‘ygqggﬁi3&@% Qlaced in a polynerization flask
equi pped with a refrnrn istiTTation ¢olunn, . an was . m xed with the

catal yst (G) solu§|5ﬁa$%ﬁ?ﬂ1zﬁﬁﬁﬁﬁ S igrss ﬁ&FPsabﬁeﬁéPﬁﬂg (correspondi ng
to 20 x 10-3 dbbai¥atien mulammmasnichafrgeidt sdichmiat oparbaskeyd weidghwe nol ar

anount of terg a tipg agent-
consi sting of ?Eﬁgg%téggqb%; I'n aﬁﬁ%ﬁgﬁnggg4gée nggr&gggég 4 - of 0.0002
part by melgh?thYﬁén?@%XGQ%uﬁm4ébéﬂi@ﬁr§y§UeWﬁlﬂh§ h€aceliciwma tenperature

of 285C under stbeaespiend: clﬁiz?lﬁplﬁﬂ.ﬁdt%r@r 688UEAbHEELE pbnyhes; further
heated at "the above-nention tenperature under a reduced pressure. of

4.0 kPa (30 niPgFreseentfifaticss reasdion pt putenperahese cof a229%e

above- ment | onggLLNBRS el d-bf HANFINUAESNOWNE heal BRobEBELLED Pressur e
was gradually reduced and re%gylon system was_ agitated, to, conplete

the reaction. 9U9RERT ¥rﬂ?§eﬁﬁﬂqv eE&PﬁFéFéanrtEEefF%%?t%?%lmﬁﬁture
was added with 0.09 part by weight of phosphoric acid, to

complete a first stage of reaction. Then the above-
mentloned reactlon mixture was placed ln a polymerlzatlon
flask equipped with a reflnlng_dlstlllatlon column, and
_mixed with a polymerization catalyst consisting of the
catalyst (G} solution in an amount of 3.2 parts by weight
(corresponding to a molar amount of titanium atoms of

20 x 107°%, based on the molar amount of dimethyl
terephthalate) and a color tone—regulating agent
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 reection-system is agitated to
complete the reaction. In the flask, the final inside

temperature was 285°C and the final inside pressure was



tenperature of the flask was 285C and the final
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results are shown in Table 3. Exanples 18 to
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“The test ‘results are shown in TabI e 3 Exarrpl e 23 Preparation of a
-Pol yester A reacti.on vessel.. eqU| pped \'ﬂ‘Pt?t refining di stl I I at [ on col um
was chargea W L]H:ethE‘* Fb&‘thi?yéty wght Propertles of polyester _

_ /Ti [Amourt oflIntrin-| Color [Breakage [The number]
olar catalyst S%C tone |number ‘oflof. foreign)
fratio vis- backbone jparticles .
g cosity chains : T
Example lteq./ . (particlesrifice
No. (x’%) j@ai/g | * [P 11,000 kehlra) {pm)
17| 2.0 29 0.640 85.5 1.8 3.1 320 4
118) 1.0 20 0.640 185.2{2.2 3.4 320 5 -
19§ 3.0 20 0.640 [86.2]|2.2 2.8 350 7
i} 20] 2.0 10 0.641 [84.4]2.2 2.5 300 7
Exatiple }-— . -
. 21] 2.0 30 0.640 |85.2{2.9 3.7 380 8
22§ 2.0 20 0.639 {84.9/3.8 3.0 350 8
- 23] 2.0 20 0.646 [84.4{4.1 3.8 400 -9
T j24f 2.0 20 0.640 [84.1]4.0] 4.0 400 - 10
Compar 113 e.-s 20 0.640 |84.2{7.9 5.3 410 . 10 -
rative 14} 3.5 .20 Reaction was not effected
i - .115]-. 2.0 5 Reaction was not effected.
_Examl_:)].e 1= - - -
y 16| 2.0 45 0.640 [83.0]7.4] 5.1 [ s70 | 11
15 - Example 25

"welght was dissolved in 0.8 .part by weight of trlmllltlc

20

anhydrlde and, into the resultant solutlon, titanium
-tetrabutoxlde in an amount of 0.7 part by welght '

(correspondlng ‘to 0.5 molar% based on the mdlar amount of

was 493
trinsic




of dinmethyl terephthalate, 124 parts by weight of eth | d 0.12
part by wei ght of calcium acetate; the charged nixturez%ggggﬂﬁﬁg%Q%ﬁ t own

interesterification reaction at a tenperature of 220C, after the resultant
met 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. Thén”thé above nentioned reaction

m xture was placed in a polynerization flask equipped with a refining

distillation golijm,:8RE Fh¥&Hide | Neds RRAME AR Y2 Cahal xgsu%eaﬁicsti ng
of the catalyst (G solution in an amount of 3.2 parts by weight 7
(correspondi ngerotaonnkgs tamowas Biintd medmatonemper2@urel 0£3%9°dased on

t he nol ar armouynt. of, di. l, .t ht hal at.e nd.a,.cql qor. tone-requl ating
agent consi s#?’r]rg%({))f %Eﬁ%ﬁﬁo Bﬁ)%gf nt%laé}lealrlr)omun edcgfabél%ﬁ@‘dﬁlepg?‘ttk by wei ght.
The resul t ant tréaetlilanisysnbydyade hand eib tagen thee meacsione pyPdRE5C under

the ambi ent atpiesRRerce, PhESSEALtioN ALHHNWLRS ¥ dduibheboheat ed at the
above- nentioned tengerat-ure under a}fﬁrdeu_c d pressure_of 4.0 kPa_ (30 nmHg)
for 15 minut e$®PEePAGBEEd #RS YRADHHH “%HS‘ I PR ESh BYi WeiLgBtpPEssure of

the reaction -ay:ettenewas‘he gresubht dyt rpckcigd taanient hesr eadlecsedybyem was
still further digated;gh &Hfo@gg.vg-ﬁ@.ntg P LLHFA! U0 (Rl eqldl ginut es

while the reaction systemis itated to conplete the reaction. t he
flask, the finempersitdee 0£nH@0El (tior BaboB85C amblet hesfil baht i msactelqpr essur e

or epht hal at o SEg R teiratta faotedf () b 3R LhACt o RAF L P% s

the. .polyest@d.atebgheahkohh. Table 3. Exanple 24 Preparation of a

Pol yester - A pol mﬁghgr3\A@sp@f@@aaye%@gﬁth%fs@m%nyﬂF%@ﬁH&ﬁ%caécian
Exanpl e 23, except thatlasda,rpoiﬂmrl zatl.on .c,a&lal yst, the catalyst (H)
sol ution -was"YExfl Gyggoived 1 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



10. The test results are shown in Table 3. | Table 3 |t2ﬁ[)52a talys perties
of of esterHeight /Ti Arount of I ntrin-Col or Breakagehe nu il ber 5&&9 .

nol ar, atal ystsi ctonenunber' of of foreignforeign ratiovis-backboneparticles
.- rratter cositychai nsl ayer adhered' around nelt- spinning Exanpl e(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. 93; 83, O -2 0 200. 64084, 44, 13. 8400
24,0200, 64084754700, CAO0TE BT 8908, Raoga. SOBRE o9 otitgplu atang ‘|
143. 520React i onofazo -x notefdaaiddn th\eemoléﬁ amauﬁéP@EgC{aéféb%\g%ﬂQi
ot on of UBLE) 18 S8 WRoh8Y Undlre3ifatlng AP Sordisting

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



Trimet hyl enegl ycol in an anpunt of .2-.5 parts by weight, [y&ﬁm(gieg%%ved in

0.8-part by weight of trinmlitic anhydride and, into fhe resultant
solution, titanium 2f tetrabutoxide in an anount of 0.7 part by' weight
(corresponding to 0.5 nol ar% based on the -nolar anmount of .24 Decenber
2003 - 37 trinellitic anhydride) was added_dropw se, the resultant
reaction systemwas naintained at a tenperature of 80C for 60 mnutes to
react titaniumtetrabutoxide with trinellitic anhydride and to age the
reacti on prodeehtaihiegeahtereatbiot epedddt s sdrahywas catalledtt 0 wasm

tenperature, ; m x | a laht; of . .one e
resul tant pr e??’%ia\f{g?fién \%gg“‘g%f??%g?gd{%iﬂu#ﬁ '%Hrhéit %or?l'?%r%gﬁglhc%%fltS
filter paper &#&dOdRfeliyaweadhtenperature of 100C for 2 hours. The resultant

reaction' product pirbbhaBtiBhCOAPRUBSI §L3dehad a titaniumcontent of 11,5%
by wei ght. Then, 3.6 parts_by weight of ienyl phosphi nic _aci.d_were .

di ssol ved in 131 pAr Pgagﬁsﬁg%ﬁ?sg?m?ﬁ ﬁ?xltg'heegﬁp oP By CHEEEF g at a

t enper at ure ofinlE@empfler 230 skeepesthdhethestdtalnstt rifewhyl enpgbyedl

solution in a@saﬂgn%:09§mé§§z§t9§ﬁtéatpé/lj}'ﬂ.ght'l‘ﬂ’@ﬁ:esfturrtegﬁfl.tédgfg wi th 40
parts by wei ght of rimet hyl enegl ycol and, in the resultant solution, 5.0

parts by wei gfbc¥P £ReTaBdGednenti oned titani um conpound (2) were

di ssol ved. Thexaeplkt gnt reaction systemwas heated and agitated at a

t enper at ure of 120 - fgli,' O minutes to produce-a reaction product of the
titani um conmpound {2 acid. A white-colored slurry
of a reaction prodacreantirehyvassehtedyippqdwitds aoltediinéadg The slurry of

the catalyst Glkchadagibht apiuih CRa eéﬁafl;{e@-w?i%’rpﬂ@@eFQm:s b GRagRE 1 on of
a pol yester Ter eght hal IE acid anount_of 166 parts wei ght and
c

din b ,
tri met hyl enegP¥cBrmFRNY Eﬁﬁﬁﬂlﬁt}b?af@‘?e'paﬁ% Wtﬁ/\éﬁygl‘i’fﬂ\ﬂ@hogubj ected to an
esterificationrimathydanaglipcobagid od he? mrta Hyemedighttuné ob1240K, t he

resul tant reaghb@giR’ OUHE! cHABg LA AR L b 3Ol HiTRYd ARG @B Lhask
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 mospheric pressiegcing & vdud8@sn Lyskbgr bs - ti oned
tenperature under a reduced pr essu'rcra1 o? 4.0'kPaauf.glgpfé:LtSé 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

resultant reaction,s shemyas a | tated an he?é,ed at a tenperature of

120C for 60 ni nut est §OHESETChnERY | PRORBITShiRY i€ SHWet REPFEARF&Fn a5

t et r abut oxi de. iR Wpiar@leoBdr edxseptrryhat, 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



24 Decenber 2003 -- 3 9 containing the reaction produ

catalyst J was obtained. The catalyst (J) slurry had ghFngﬁ?§#¥¥%ntent
of 0.3% by weight. Preparation of a polyester A polyester was prepared by
the sane procedures as in Exanple 25, except that the catal yst (J) was
enpl oyed as the polynerization catal yst4iThe test results are shown in
Tabl e 4. Exanple 32 Preparation of a polyester A reaction. vessel equipped
with a refining distillation colum was charged with 194 parts. by wei ght
of di nethyl teeephrhahaeeot 15@090arfios By hweirght Dhe tesurtdnd ereegitionl and
0.12 part by I r.ged XLure vas su ected
Lo an’ i nt o e SESRNREC P EBRR LT o AR A0 HER RS g bl BotBS ¥ The
resul t ant netﬁ}l5élbﬁh@¢lg%ta theoretical quantity was renoved by

evaporation, the r@aehl g, 6“[25&%@ byﬂaﬁelaﬁﬁe@prmng)zgﬂoﬁaﬁénm aeight of
phosphoric aC|d 8 E? 3 a%é%TSt st'age of, on. Then the above-
ment i oned rea¥EF8n ﬁ?ﬁ? % wH RAF 55 By &ty rP ation flask equi pped
with a refini @gtéhﬁéth&%ﬁ@@lfé& UMY g ind %ed aWk bRparRehy&es zaigeen -
cat al yst conS|st|2§ the "catalyst (I) slurry in an_anount of 3.2 parts

by weight (cdPFesPoRtiNEtEo o holasHifcit terTaResRY iRNAILIROLI 20 x 10- 3%
based on the aauatlaﬂnﬂmtamﬁambuﬁﬁinﬂ 13u4ersephaifial By eywe dghit awas! or '

tone--regulatﬁpgtﬁggngddg %&£EE5929%§g§%UE in an amount of 0.0002

part by wei e resu rea i on f em~was ﬁeated to a tenperature
of 250C undert?héaﬁﬂbhﬁ#ﬁn%ﬂlﬁﬁﬂﬂuﬂﬂnﬁ igr ébsuresndtasd sehutisnand furt her

heated at thesabopgrtseny i@shd enpanat @mv@nﬁsh@oﬁséweﬁgaﬂﬁsure of -
4. 0kPa for 15 nlnut X after the, inside

S % oce d t he react n; )
pressure of tﬁ8mPEEB$ bn Fﬁﬁua? r?EB ERRE EERCEIRP reacti on

syst em was stsgbtéww@ra@ﬁ@é@h aaid e teboye- @EEM@@E&&M atigeg for 110

m nutes whil e 24 Decepber 2003 --
for 60 minutes. whlte colored slurry contalnlng 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 TERAZQLE BLUE in an amount of 0.0002 part by weight.
Thé-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



agitating the reaction system to conplete the reactioBypd.-BmbBeaddsask, the
final inside tenperature was 250C and the final inside pressure was 49.

Pa (0.37 nmmHg). The resultant polytrinethylene 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 the sane procedures as in Exanple 33; 4xeept that the catal yst (J) was;
enpl oyed as the polynerization catalyst. The results are shown in Table 4.
Conpar ati ve Ex t he sane procedures as

le. 21 A polyester.was prepared. b
in Exanpl e 32, %%x%sesp"fret N&t %S‘%&agéfyﬁﬁg?%g i P i iRaction sxstam
t et rabut oxi de WS ergitatedl, &edcthpleteatystreamntant amer kdeanount of the
catal yst slurry i e} ha h I.s..catalyst in
y Yedst i SO0 bRl 180einal nt | fn?%z ?)é'xmledﬁgf&;#uﬁre e ltX?

terms of nolar amount of titaniumafons is ased on he nol ar
anmount of di netfhdsk arespRORAC ared e fiestl reesuliba aresshownwasn Tabl e 4.

25 phr s by e ont as pecopukiin bl ASLY SO NG AHATRE Yor BpEaffp .
anhydride and, haft &1t Hetrdsaieani seoFitY ot @4%%hi um tetrabutoxide in an
anount of 0.7 part Imheweeght refaDtsesponstidieh tid Grap1@lsar % based on the
Fosul tant reacGRaRRRive HEeBRIE A N1 ") 2 b amper ature of 80C for 60
mnutes to react tiPapodyesterakas oxiemared thy tutiamelaniet proasbydes desand to
oom emper at Ure. Taeie. 20 bR b e e P T G PR GPALI b
resul t ant precitgﬁ’et é’taité\lﬂ\rgﬁ/’és(ﬁblrf‘%‘&?%‘ﬁp?ﬁ/ if jJompamadd vehEsagala Novas £l ter

paper and dri e’@rr@loare%aﬁegerrb&deﬂO@ cathllyste iy anaf tA00&nd@iit 2
hours. The resyel apk £eRELLOD s LAY Glad IddATH TSP TROMRL (2R DASh &

titani um content ) o 7
- 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



11. 5% by weight. Then, 3.6 parts by weight of phenyl ph wer e
di ssolved in 131 parts by weight of tetranethylenegl y%glp&%ghh (?dn%g at a
tenperature of 120C for 10 nminutes. The resultant tetranethyl enegl ycol -.
.solution in an anount of 134.5 parts by weight was further added wi'th 40
parts by weight of .tetramethyleneglycol, and in the resultant sol ution,
5 .0 parts by weight of the above- mentl%ned titanium conpound (2) were

di ssol ved. The resultant reaction syste was agitated and heated at a
‘tenperature-of '120C for 60 ninutes. A white-colored slurry containing a
~catal yst (K) wasanbimngetyiokide skasr Eyptﬁyqdhelm&t,alayéttt(d()amhmd: @ftitani um

~content of 0. 3%@%&/@199& wasPasMoatlé@mcpfa Ao Washe¢ ikerephy kalic acid in
an anount of 166 parts b ght ang tetranet hyl enegl ycol in an anmount . of

109 parts . by \EéF@‘h‘t““\/\éF‘é"%l?ﬁj ?;t’%d“t% Baredserrite ralanmeudetdfon with
each other at aetrespéndicreridl 2d@Creéheresastd taaet sh@actinon product was
pl-aced ing Ppokyprs igzation flask equipped with a refining distillation

col um, arid was nixed with..-the slurry of catalyst (K) as -.a pol ynerization
catal yst, in an.anount of 0.95 parts by weight (corresponding to a nolar
‘amount of titaniumatonms of 20 x 10T&%4sed on the nol ar amount of
terephthalic acid) and vmth ‘a _col or tone requl ating agent ‘consi sti ng of

TERAZOLE {RLUE Item ¥ w- esThe- 1 esUHeEgitt
~ reacti on [syst em wgt nEF3 o anbi enf
. at nospherfi ¢\ pr essyit ;T;gg ?f{aa SQ iy _a_u'; -;Tgé‘n -i oned
- tenperatyre ynder Rodf K& 1.Q -nu.»-_ Payad pti I
- further Heat at the apove- me1t I oned ature fdr Nadigss™y | e
t he react]i on DT_;enfoe' 2003 -| 42 pHessurejwas gradual |y redemechaghd t he
reactioni{syste s agitated o. conpl ete the reactifon. Wen ek~ refacti on
was conplieted, the insilde tenpefaturepof—they flgsk vas %_%g(rge mgg[i nal
reacti on jgsessur vvas 49. 3Ra.  [[hesgesukt arit i) Oﬁt @J YT eTfe (pm) |-
terephthgrate® Tos| 2.0 | 20 0.680 [88.0{1.2 290 .1 1|
' 26[ 1.0 - 20 0.679 |87.2]|1.5 3._2 310 8
27] 3.0 20° 0.681 |88.2[0.9 2.4 340 ]
28] 2.0 10. 0.680 [87.3|1.8 2.5 280 8 -
Example|29} 2.0 30 0.680 |87.2]2.0 3.7 370 9
30} 2.0 | 20 0.679 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 2990 6
17| 0.5 2¢ 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.
compa-. 1551730 45 0.679 |83.8]7.5] 4.9 | 560
;,Ei;;fevzl - 720 to.680 fe2.3l9.5] 5.9 | 730"
SRRl 20 0.681 [84.0]6.2] 5.3 580Q
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 T Stablllty can be produced. Further, the polyester
obtained in accordance Wlth the process of the present



had an intrinsic viscosity of 0.700. The test results TabI e 4.
Conpar ative Exanple 22 A polyester was prepared by theaés‘lgjrre;cg%'\rgégg%r es as

i n Exanpl e 25, except that, as a polynerization catalyst, the catalyst (O
mentioned in Conparative Exarrpl e 6 was enpl oyed above, and the catal yst
content and the ampbunt of the catalyst slyfry was controlled so that the
anmount of this catalyst in atons was 20 x 0 3% terephthalic acid. Table
4. ternms of nolar ampbunt of titanium based on the nolar anount of The test

r esu: ts aE e) Cohmeemt iae E(Wa&xt%@elamepahathaﬂ @féen/\ql@&i alH@tmé’Peil a
catal yst (L rocedures as jn e 25,
except that 3. é %ﬁﬁﬁ%? %nut%%nf%o%hgﬁgl Pobﬁgg At t &5 v%‘?‘étléﬁﬁuéat% in place

of 3.6 parts byC%’elf hposghtnepianinyg dritide aadmoedosiqurry
containing a Ceﬁ@&w (d—)fd&%ig(hbhﬁ‘t'ﬂﬁg i3heqpet&d Vel 4 Wer lslllt{a% hals 2
pol yest er

titani um content of ,0..3% Preparati on of a poly ster

was prepared by AR & aﬁ’é‘@d%?‘&sm it PRIERLRS| @F B Coy cast thgat as a

pol yneri zati on R@t)@%mr exfitiditst ahyskcél)est ufsymives mpedted i N an anount
of 3.2 parts by weight corresponding a nolar anount of titanium atons of
20 x 10-3% based on the nol ar anbunt of terephthalic acid. The test
results are shown in Table 4. Conparative Exanple 24 A polyester was
prepared by the sane procedures as in Exanple 32, except that, as a

pol ymeri zati-on catal yst, 24 Decenber 2003 :



- 43 .diantinony trioxide was enployed alone, and the aygpmbr 268

catal yst was controlled to a nol ar ammnt|nterm;oft|tmnumatmm of 20
. X 10J3% based on the. nolar anount of terephthalic acid. The test
resultp.are shown in -Table - 4 . Table 4 Ite- Catai. stProperties of

polyester. .. Reight f foreign P/ TX ount 45f A ntrin- Col or Breakage he
nunbe, atter, olar atalyst sic tone nunber of of foreig layer ratio.vis-
. ackbone- partlcles adher. -.:-- 03|tycha|nsarpunt mel t- spinning Exanpl e

s dl/Lb(eq./ (particle$ rifice o.x %, ELgddSc/ (' )

252.0200. 68088. 01. 22. 72% Q&at26yst- f6209r6388fn@1aEﬁbljﬁﬁﬂ&i comprising.

273. 0- 20- 0 68188 20,,92. 4340’ %82 01. 0. 0.68087. 31. 82. 52808 -
reactlon produac

(A) a titanium compound éomponént 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)
) | |

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 '

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}:



Exanpl e292. 0 - 300. 68087.22. 0. 3. 73709 302. 0200. 67986. 53

312. 0200. 67887. 03. 23. 54008 322. 0200. 68087. 13. 83. 84007 HDecettibePFo03

332. 0200. 70089. . 01. 12. 92906 170. 5- 200. 68085. 17. 95. 645012 183 520React|on
was not effected. 192. 05Reaction was not effected. ' onpa-' 20

2.0450. 67983. 8. 7. 54. 9560 .15 rative2.1200.68082. 39. 95. 9730. 7

8xanpi €22200. 68184. 06. 25. 358CB 23, 2.-0200.68084. 26. 83.6550-10 24Shb 0 f25
. 0..67984. 40. 53. 5. 38052 i 0 | NDUSTRI AL APPLI CABI LI TY By using the catal yst of

the present invention and. the process for producing a polyester using the.-

catal yst a polyester having an o&%l1ent color tone, a snail - content of
: foreign matter and an excellent nelting heat 1,5 stability .can be
produced. Further, the, polyester obtained in accordance with the process
of the present 24 Dec er 2003 - 44 invention is. advantageous. in that

. even when the; )t- s nnlggfpgocedure for the polyester is contlnuously
.carried out -through a melt- Spihni Ag orificemoyver a long period,.a foreign
‘matter is adhered in a very snmall  amount to around the nelt spinning
orifice, and the polyester exhibits an excellent formng property. 24

Decenber 12083 ch- £4rdul LLAIMS, #. rApsatdleesSthnf OhsMAdUSiRg &, pol yester
conprisin ctiaon product of (A) a titanium conpound conponent
stifured

conpri sif ALY SERBRL¥VIIW) Ected2d rambrReagpu okt i ng  of
titani ungonpauntsy (IL)ta epr esesdedtbist he raenebal cforadc(Ly: R 0

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.



J PRin which formula (1), Rl represents an al kyl groggzﬂéghmgr agod 0 10
carbon atons and p represents an integer of 1 to 3, and titanium conpounds
(2) produced by reacting the titanium conpounds (1) of the forrmula (I)
with aromatic polycarboxylic aci ds represented-by the general fornula
(Ir): (CcooH)n in which formula (I1); n represents an integer of 2 to 4, or
anhydri des of the aromatic pol ycarboxylic acids of the fornmula (Il1), with
(B) a phosphorus conpound conponent conprising at |east one nenber '
sel ected fromthe phosphorus conpounds (3) of the general formula (111):
24 Decenber 2003 - 4 .6 (R) - P- Q) 2 1n which formula (I111), R2
represents an unsubstituted or substituted aryl group having 6 to 20
carbon atons or alkyl group having 1'to 20 carbon atons, a ratio of- the
anmount of ‘"the ti tam‘ym @ﬁﬁp@&ﬁﬂy@@ﬁﬁoﬁqﬁodﬁé\inq £ tperlmaseér agmol ar anount.

of ‘titani um at ogp, (Tl ):of Qi @%@Eem dr3C  POGTRAC Bﬁg GRIPQd component

(B) in terns of anDun hor,us at ons" nB el ng :.n the range

of from1:1 to 39 r%?c tigg E%RQH9f§t°FoF SrddariHy empensdsi ) 25 ¢l ai med
in claimi, whetbénfétverlt Kanuunmc@hpoawuha@1¢ pflycalrbokpt bl acids) of s

sel ected from t'gge 9{&%1@0@51 ﬁtdrnsihef anﬁyéﬁabymﬂeﬂﬁe@ahmw%%ueat aal ky!
trititanates and. . hexaal k t tan . The catalyst for producing a
pol yester as cl'&tAed 4H® P5|%1 fe %hgreln the aromatic pol ycarboxylic
acids of the fornula s.( Titheotatalhydr ifdesptdbicdak argulgﬁﬁﬁa&tad fromthe

group consisti ngégim@&thﬁ'a& gcid’whetr'é 1HEHd ?h%sgtbgm %&%33 ci d and

cenber.

pyronel litic aci he .abov [ oned
2003 47 of the formula (IIT) are selected from the group

con51st1ng of: phenylphosphonlc acid, methylphosphonic -
-acid, ethylphosphonic acid, propylphosphonlc acid,
isopropylphosphonic acid, butylphosphonic a01d
tolylphosphonic- acid, xylylphosphonlc ac1d,
-Eiphenylphosphonic acid, naphthylphosphoqlc acid,
anthorylphophdnic acid, ZucarboxyphenylbhoSphonic acid,
ac1d, 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—tficarboxyphenyiphosphogic acid,
2,3 ,.5~tricarboxyphenylphosphonic acid,
2,3,G—tricarboxthenjlphdsphoniq acid,
2.4,5-tricarboxyphenylphosphonic acid and
2 .4, 6-tricarboxyphenylphosphonic acid.



, The catal yst for producing a :polyester as clained i @#ﬂk 003
wherei n-the titanium conpounds (2) are' reaction products 0 e titanium
conpounds (1)' of . the -fornula (.r) wth the aromatic pol ycarboxylic
acids of the formula (I'l)' or the anhydrides thereof in'a reaction nolar
ratio of 2;1 to 2:5. 5.-" The catalyst for producing a polyester as -
-clained in claiml1, wherein the phosphonic acid conpouids (-3) -of
the-fornula, (Il1l1) are selected fromthe group consisting of:
phenyl phosphoni caci d,- net hyl phosphoni c.. -acid, ethylphosphonic acid, " .
propyl phosphoni ¢ aci d,  ‘i-sopropyl phosphoni c ‘aci d, . but yl' phosphonic acid,.
t ol yl phosphoni ¢ aci d, xnyIphosphoniQ4@cid - bi phenyl phosphoni ¢ acid,,
napht hyl phosphoni c aci d. anthorylphophonlc aci d, ‘

Z--carboxyphenylphoxphqﬂfccggéﬁystii-gaapg ﬁ ﬁ Gglci d, R
4- car bor yphenyl phosphoni ¢ :aci d ?p e os honlc aC|d _'g-.n*
2, 4- di car boxy SHEAPEHNYY FHEAT L adigrein 'Sh?jllieé’tc5699 §Ephbfi c 2.

, 6- di car boxyphdrphpiwe cquiponingd: cQMpohedmcanboﬁyphehylmﬁmﬁgﬁmmnsc

3, 5-di car boxy RRapBLRE QpeHbAE 88k 1 is B8Rk Uprodiled, atagikbaction ‘ '
2, 3, 4--tt|carboxyphenylphosphonlc aci d, , 3, 5--tr|carboxyphenylphosphonlc

acid, 2 3, 6-i@ﬂpéﬁﬁﬁw%y5ﬁbﬁy¥®h%%bﬁonlc acid, .2,4 ,
5--tricarboxyphenyl pho&p@aabssgqcﬁ: Prddudiy &pbmyggfapmewhﬁ@osphom C
acid. 24 Decenber gogﬁ eproigm ?ﬁzﬂrfgg Cg},gkxéhé %&Gmgéggeﬁ% aaﬁakngter as,

cl ai med-in cla|n1| uct y
conpound, co F“lTSB\)atxM}“FﬁSF I‘%pepmﬁﬁﬁrﬂ%lec(’fﬁﬁpgﬁ?fﬂ ‘iﬂ?rrﬁSﬂBHt (B) is one
produced at - a donadsi g di:‘emkyhemgelel 8star20fCardmatiixpr ocess for,

producing a p@ﬁ%ﬁb@iommakﬁbmm "#135CPndl010GbNERE | AidiRo? in
pol ymeri Zatl Or}:heStp%E:éex{]& I}aa catalyst, wvherein the catalyst )
. comprlses a reaction product of .
. (-A) a t:_tanlum ‘compound component comprising
: at least one nember selected from the gz:oup consistlng
-of:
titanium compounds (1) represent by the
general formula (1)s



conprising at |east one nenber. selected: fromthe. gr N Precerh &?0@@ ng -of
al kyl enegl ycol esters of aromatic difunctional carboxylic- s and

ol i goners thereof i.n the, presence of a catalyst, wherein the catal yst
Conprises a reaction -pioduct of (A) a titaniunt conpound conponent: _
conprising - at- | east one menber sel ected fromthe group consisting . of
titani um conpounds (1) represent by the general fornmula (I): 24 Decenber

2003 49- in which formula (I)-', RL. represents an al kyl group-having 2 to °

10 carbon atoms and p represents an integet?of 1 to ..3,, ‘and titanium
conpounds (2:) produced by reacting the titaniumconpounds (1) of the
formula- (1) - with aronmatic pol ycarboxylic acids represented by the
general formula.(l1): (COOH).[in: whichrjformula (11), n represents an
integer of. 2 to 4, -or-anhydrf d&Rof tHe aromatic pol'yearboxylic acids.-of
the formula (1), with (B) alphsphoruys conpound conponent conpri sing- at
| east one neEnber sel ect: romt Q aci corrpounds (3) of the
general formula (111): %dlb ’P?Pp@ Yo (%—!) éq)

(1), R2 represents an uns’ub,tlkut ed gr substltut ed aryl group having 6

to 20 carbon atons or alkyl grawp'havijpg 1 to 20 carbon atons, a ratiq.of .

t he anount -of the titani um ceapound nponent (A) in terns of a nolar

anount of titanjum.at mrl1) t he amount of the phorus conpound.
conponent (B) i n-t eFHE! ff"% Pr%% éI)afrrﬁurﬁepd:feseBﬁﬁsﬁhd’r]E?%a

G5REP (Rifsking in

(111 ) in which fo,rrml'a;-i'_‘;

the range of frointe 11& garban atows tamd BRnoepresshtehen categest dfniteons .of . -

nmol ar anount in 3méﬂd nol e of titanium atons contai ned 24 Decenber 2003

-titanium campounds (2) produced by
reactlng the titanium compounds (1) of the formula-(I)
with arematic polycarboxyllc acids represented by theA
geherel 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:acni
. compounds (3)'of the general formula (III):

|

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



.5 0 in the catalyst corresponding-to 10 to 100 of the?’ﬁ&b@hﬂepzé’ﬂé l'inol e
of the aromatic difunctional carboxylic acid contained in the

pol ymeri zation-starting material. B. The process for producing a polyester -
as clained in claim7, wherein the aromatic difunctional acid is selected
fromthe group consisting of "terephthalic acid, isophthalic acid,

napht hal enedi car boxyli ¢ acid, biphenyldicarboxylic.acid, - .

di phenyl sul f onedi car boxyl irc acid, diphenyletherdicarboxylic it .. : :

di phenyl et her di car boxyl i ¢ aci d; " di phendx &t franedi car boxyl i ¢ acid, and f3~-
hydr oet hoxybenzoi c acid. :.The process for producing a polyester -as :
clainmed in, cl&ikre Fatalygtecer nesfrmdahiyt£negkyCM S Af ey Selgpied: from -

et hyl eneglfycol_-’,n' %@_'fi&t‘hfenggtiﬁcol. ;. - terranet hyl enegl ycoT, neopent yl gl ycol -
and hexanet hyl'e .e&l yOBIe 26 Fhe proRatic iéifyicidwialy canbolyddtencas -
clai med in cl &o#tainedhénethet pelpnéyirdtzalidinrgant hRllerix1carri ed out at
a tenperature of 230 to- 320C. 11. A P’Ol yester produced by.the process as -
claimed in any of cl& fBe7P¥ecedp. ran: privicsiglg espodyestelraaaed in clai m
-i1, which colgadmes he €ehal t7,COMRERETh WHE SHldnsities ol REnEeggha EMENt
that: (a) when.the;po LEL 51 lt.ed at a tenperature_of 290C under
vacuum f or 10%%&Huf‘gs%x§ﬁ%€é?re?f&?st DrIeyR 85255 30ehavi ng” a

t hi ckness- of S%*ERBERBLEC 2803d 8. begpiithahicomedd, al uni num pl at e,

i medi at el y ahtphthhkehod 0éagbokEio mdceﬂi?ﬂaea&qaﬁcsé???g%g% %a,,firliégtege 'nt“ '

:a'feA ;Agtrgtra,r a?ﬁ?gﬁ%ﬁ?i%%]é’ér}ﬁé’%«%agr ﬁd%&,i%;::?gﬂdt'geacf;gts;ﬁ i zed pol yester
plate o plactibmaloriesicarigd sl avidy ddipheopeshinaisumoxy o of
ils measur ed gg/ﬁ%‘gf H%Pé}?%r_{e&g@ %rat.l c%ifcgfgﬁ%‘g&iﬁefl&é?",&t %SI[,?" val 5e of the
pol yester pl abgdeeethmerhen®oOid 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
cla_ime.d in claim 7, wherein the polymerization rea'ctidn_
is carried out at a temperature of 230 to 320°C.
11.A polyester produced by the process as claimed
in any of claims 7 to -10. | o o
' 12, The polyester as .cla'ime_d in claim 11, which
contains no cobalt compound and ;étisfies the requirement
that: _ . '
(a) wlien't-he polyester is melted at a
temperature 6f_ 290°C under vacuum for 10 minutes, the

melt is formed into a plate having a thickness .of



.or-nore and the b value' of 'the :polyester.plate surfagcbiibet foddre range
of . from-2.."0to 5 : 0. 13.The polyester As clained in claim 11,

‘satisfying the requirenment that: (b). the content of solid foreign.
particles having' an average partlcle size of 3 gmor nore is limted to
500 Particles/.g or less. 14.The pol yester as clained - in. claim. »
satisfying the requirement that: (c) when heated in a nitrogen..

gasat nosphere at a tenperature of 29Q.!'d¢3 for. 15 m nutes, the nunber 0]

br eakage of backbone chai ns of the polyester nolecules is 4.0

equi val ents/ 1, 000 kg or |ess. ABSTRACT A pol yester havi ng a goeod col or-

tone, an excedl@nt 1 fnmrmnngnplamnmihum pﬂaeehlﬁl&né&faéépﬁc&é% Gofaesi on. of
t ol yester is

foreign substance, arogl gelt S orifice when {) _

mel t-spun, is Pro %ﬁypﬁ PP zP @t niS FIddly ereledt rtﬁecarboxylrc;

acid - alkyl éa‘ﬁe@lyfcdnd &hear J.andtmedohngom édes@ofo iy the presence of ‘a - .-

cat al yst, |nf]udln actlon groduct of (A).a Ti_. conpound.component . .

i ncl uding a TI-¥cdr & P &Fe ?B?ﬁﬁl%t(?)t%WP%FQ#uﬁﬁnﬁﬁnﬁﬁﬁ°92ﬁ0produced

by reacting tdme hﬁumo@eundhélb;rygtalnﬂz@dqg@g : E{ﬁ%fﬂeo'l%l q@r&g@xyl ic
mnt .

d of th f [ h f
2ghpogent gelecteha %onbév i an é% é) {ﬁkP%%ﬁrﬁﬂ§1§HWﬁQﬁ a[épﬂggFerr]
[err] [err] 1F§ﬁFFnFérm?t?EFr]n@eth¢ ¢01§mnudne:dﬂ(ﬁhd-pﬂlg@@kahkyl group

p = % - ﬁ £EC8T t uhghitut
d er r] C[ er r Era - s - er rié (ifree%!r&]%éd tw % q{gu% : f&- d'i%feaegcﬁ _
and m+ q = ]the lue of "the polyester plate surface is 80. 0

Qr moyxe and the b value of the polyester plate surface is
1n the range of .from 2.0 to 5.0. ' :
L;The polyester as'clalmed ln clahm 11,

: satlsfylng the pequirement that: ' '

T (b} the content of solid foreign particles
hav1ng an average particle size-of 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 lees





