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The present invention relates to a catalyst fér‘the
preparation of a polyester and a brocess: for preparlng a
polyester using the catalyst. More partlcularly, the
10 pPresent invention relates to a catalyst, for the

15

- preparation of a polyester, which comprises a spec1f1c

titanium compound and a specific phosphorus compound, and
4 process for preparing a polyester having a geod color

tone (b value), using the catalyst, without requiring the
addltlon of a cobalt compound for adjusting a color tone.

BACKGROUND ART

Polyesters, particularly polyethylene terephthalate,
polyethylene naphthalate, polytrlmethylene terephthalate
and polytetramethylene terephthalate are widely employed
for fibers, films and other molded articles due to the
excellent mechanical, physical and chemical performances
thereof.

As the process for preparing polyethylene
terephthalate, for example, there is known a process in

which a reaction product comprising an ethylene glycel
. ester of terephthallc acid and/or a low polymerization

: .degree ‘polymer thereof is prepared by - dlrectly

30 -

esterifying terephthialic acid with ethylene glyeol, ar .
transesterlfylng a lower -alkyl ester of terephthalic
acid, such as dimethyl terephthalate, w1th éthylene
glycol, or reactlng terephthallc acid w1th ethylene oxlde

and the- reactlon product is polycondensed under a reduced

- pressure in the presence of a polymerization. catalyst so

35f

.that a predetermined palymerlzatlen degree is attalned
:also polyethyleneAnaphthalate, polytrlmethylene |
.terephthalate and polytetramethylene terephthalate are

the followi ng general fornula (1) and a titanium
represented by

fO||OM/Ing general fornula (1) or an anhydride t her eof
QW ng genera

C



CATALYST FOR POLYESTER PRODUCTI ON AND PROCESS FOR PRCDU@%U@%mﬁ%E@ﬁfTER W TH -
THE SAME -. TECHNI CAL FIELD The present invention relates to a catalyst for
“the preparation of a polyester and a process:for preparing .a polyester
usi.ng the catalyst. -Mre particularly, the 10 present invention relates to
a catalyst, for the preparation-of a polyester, which conprises a specific
titani um conpound and a specific phosphorus? conpound, and a process for
preparing -a pol yester having a good color tone (b value), using the
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: sometimes merely referred to as spinneret foreign matter)

is deposited thereby to cause a bending phenomenon of a
_molten polymer stream extruded through the spinneret,
which leads to the occurrence of fﬁzz-and/or'breakage of

20 fiber'yarns obtained in the spinning step and/or the
drawing step. ' o

It is also.proposed to use, as the polycondensation

catalyst other than the antimony compound, a titanium
compound, for example, titanium tetrabutoxide. Wwhen

) 25 using such a titanium compound, the above problem caused
by the deposition of the spinneret foreign matter'can be
solved, while the resuiting polyester itself is colored
yellow and a new problem, that the thermal stability of
the melt decreases, occurs.

30 ' - To solve the coloration problem, a cobalt compound

' as. a color tone adjustor is generally added to the
'polyester, thereby to reduce the yellowish tone.
-Although the color tone (b value) of the polyester is
certainly improved by adding the cobalt compound, there

35 arises a problem that the"addition'of the cobalt compbund '
causes the thermal stability of the polyester melt to -
decrease and thus the resistance of the polymer to
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catal yst has excell ent polycondensation catalytic activity and the

pol yest er obtai ned by using the sane has 10 a good col t& Jareag, 20486wever ,
when the antinmony conpound is used as the polycondensation catalyst,
there arises the followwng problem That is, if the resulting polyester is

“continuously nelt-spun for a long time, around a 15 spinneret for melt

spi nning, foreign matter (hereinafterd sonetines nerely referred to as
spinneret foreign matter) ‘is deposited thereby to cause a bendi ng

_phenorrenmbcﬂ;ip@giap(l,ﬁegopggggggFat ream extruded through the spinneret,

whi ch | eads t‘ﬁ%é_he occurrence of fuzz and/or breakage of 20 fiber yarns
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Cas-- ansddtelvsat akyshef Qi RLERArati on of a polyester, titaniUm hydroxide
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" can be _use

| so, Japanese Exam
47- 26594 $t¥3s@sPehureri hamiogae goeah dmlonisash@s(R ¢at@bystsfor
prepar dtdoh 06 ob@aDRl YESIRY- tnEOWRYRl, 1n the former process, titanium
pydroxide js, hard to forminto a powder while, in the latter process., JO
cc-titani c aciRf TS RarironedoPatantd Fadlie HocausEKdHtoks) No.
59-46258 dlsgloses use of, as a catalyst for preparation
of a polyester, a product obtained by reacting‘a titanium
compound with trimellitic acid. Also, Japanese
. Unexamined Patent Publication (Kokai) No. 58-38722
20 discloses use of, as a catalyst for preparation of a.
polyester, a product obtdined by reacting a‘titanium -
compound with a phosphite ester, Although the thermal
stability of the melt of the polyester is certainly
- improved to some extent by this processes, the resulting
polyesters have insufficient color tane. Therefore,
further a improvement in the color tone of the polyester
- is required. e

i

N Furthermq;e, Japanese Unexamiﬁed Pdtent Publication
(Kokai) No. :7-138354 proposes use of'a'Comblex of a

30 Atitan-ium cemp‘ourig:l. with a phosphorus compound as a-

catalyst for the preparation of a polyester. Althéhgh
1_:he> thermal stability of the melt of t-h-e:-polye,s_i:er is
_éé;#ainly imgrqved to some extent by_this.procéss, the
résglting-polYester has an unsatisfactpré color tone.

DISCLOSURE OF THE INVENTION

i

:, &n.embodiment of the present invention is to provide a



likely to' deteriorate. . Therefore, the above-nentioned  catalyst-is not '
suited for use in the industrial field and also a pol yfelenyay, 6a good
color tone (b value) is hard to obtain, Using the sanme. Japanese Exam ned
‘Patent Publication (Kokoku) No- 59-46258 discloses use of, as a. catalyst

~for preparation of a polyester, a_pgpduct obtai ned by reacting a titani um
caonpound wi'th trimellitic acid. Al so, Japanese Unexam ned Patent. .
Puinca%LgQaé;bgai% No. 58-38722 disclose use of, as a catal yst for
prepara Shr fpol yhet preparpiddcCio Ol Al )Y, T eagl.i a titanium
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process&s, t't“:ﬁ‘l'e_ %‘é‘guﬁi Abso sppeyéeterinhanerinasubthsi ¢4k, C LR, tOne.
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_Unexanined' atent PUbtH¥SEi on (Kok-Ai-) No. 3-08354 proposes use of a
conpl ex of &hd Bbdvet AR wi.t h. a phosphorus compound as a
phospharus. ¢ &,9zvaqnd ag%gggnggg%%ﬁﬁg?lT%%bYH%“bF@%ﬁwathUhtbé a pol yester.
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the prg%g_ng Jdvention is fo prBvite at TEnIieeryv RBO6a-caaleat Alryst , . for
the préparation® St a Rrdivgeserer compiichinfas r8actgRAd, SRIQE $1ﬁ-”e (b val ue) and
contains -<less foreign nmatter and is- also superior in thermal stability
when being nelted, and 'a process for preparing a polyester using the

,”qgtalyst. The above enbodi ment can be attained by the catal yst of the

| present invebtddonaf od tphepar abm@duel & er, and..the process of the
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 fspect of “the present I nve EFGR9pLEPrU&d tandamabyspouhgs (1)

- : :ep;esented by the general formula (T):

- (OR?)
% P _ (Rkn—mri-onrﬁ‘ (1)
E - {OR")

%n which formula (1), R?, R?, R’ and R respectively and

_ | ;nd?pendentlyﬂfrom each other represents an alkyl.gioup
25. ' having 2 to 10 cafbpn_atoms, k represents an integer.of T
to 3 and, when k is 2 or 3, two or three R? aﬁd-R3 |
substituents may be the same as or different from eaéh
'che:, and‘a titanium,compound (2% obtéinéd by reacting ‘
the titanium compound (1) of the géeneral formﬁla (Ii with
aromatic polycar
formula (IT):

h . ({:OOH)m
35 - . T

“in which formila (Irj,

boxylic acids represented by ‘the general

(11)

. W Fepresents an integer of 2 te 4
:- or anhydrides of the acids of the formula {II) ; and. ‘

P



preparation of a polyester, conprising a reaction product of: (A a.
titani um compound conponent conprising of at | east onts dawniaey 2608 ect ed
fromtitani um corpounds (1) represented by the general. formula (1): (OR2)
"(OR3 ) (1) in which formula (1). R, R2, R3 and R4 respectively and-

i ndependently from each other represents an al kyl. group 25: having 2 to 10
carbon atonms, k represents an integeb of | to 3 and, when -k is 2 or 3,
.two or three R2 and R3 asubstituents nay be the sane as or diffe f rent

romeach th r, ni,um conpound (2) . Chtai ned by reacting the
titaniu gﬁﬁd 11 ?B %kﬁgeﬁﬁrQPungrﬁﬁPBoPﬁﬁﬁ\ﬁquqﬁﬁwqgmﬁtc

pol y- cap%%ﬁﬁ %Q%E¢ﬁs°fe@h@gehoedSbyompeugaaeqah depyradehtdd by - © (COOH ) m

,3 5 inthbi gdnéed M@rhuld Jrrrytn "represents an integer of .2 tod, or
anhydrldes of the acids of the ?ornula (T1) ,. axial . 16 January 2006 -

- B) -a phosphorus conpound conponent. conprising at ' |east menber of
-phesphor us. conpounds (3) represented. by the general fornmula (I111):
(R50)-P-.-CH I OHfl) in.rh-ich formula (IIl), R5 represents- a

non- substi tugefo)-ep—swbstituted aryl group having-? to 20 carbon atons, or
a non--substituted] or substituted al kyl group h 5'5@ Ito 20 carbon atonE_

1 51n the catal yspgdi scl osed for preparation of.a polyester, in
the reactlon product of the tltanlun1conpound conmponent (A) and the

phosphor:us
i which formula (III), R® represents a non- substituted
or substituted aryl group hav1ng 6 to 20 carbon atoms, or
- @ non-substituted or substituted alkyl group having 1 to
20 carbon atoms.,
15 : in the catalyst disclosed- for
preparation of "a polyester, in the, reactlon product of
the titanium compound component (A) and the phosphorus
-compound component (BY, a reaction molar ratio (my/m,} of
a molar amount (my), in terms of titanium atoms, of the
20 titanium compound com
. P ponent (A) to a molar amount {m,),
in terms of phospherus atoms, of the phosphorus compound
component (B) is preferably within a range from 1:1 to
"1:3.
) in tehe catalyst disclosed for
‘25 ' preparation of a'polyestef, the tltanlum compounds (1} of
the formula (I} are preferably selected from titanium
tetraalkox1des, -octaalkyl trltltanates and hexaalkyl
dltltanates

s
pa—

in the cataiyst disclosed for )
30 _preparatlon of a polyester, the aromatlc polycarboxyllc
ac1ds of the formula (II) and the anhydrlde thereof are
- preferably selected,from phthallc a01d trlmellltlc acxd,
'hemlmellltlc acid and pyremellitic acid are anhydrides
| thereof -
35 . In the cat:alyst disclosed for
preparatlon of a polyester, the tltanlum compouﬁds 2y
o are preferably- reactlon products of the tltanlum
B cempounds (1) of the formula (I) with the aromatlc



conpound conponent (D)', a reaction nmolar ratio (m/m) of _a nolar. anount
(m,), in terms-of titanium atons, of the 20 titani um thigrasnd2@snponent

'(ﬁo-to a nolar amount (np),. in terns -f'phosphorus atons, of the

phosphorus conpound conponent (B) is preferably within a range from~:1 to

~1:3. In the catalyst disclosed for '%? preparation of a polyester, the
_ titani um conpounds (l).of the formulPa™(|I) are preferably selected from

titanium tetraal koxides,.octaal kyl-trititanates and hexaal kyl
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hosphat phosph VRN
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-propylpphqybbab@DS@@ﬁbeé Behe 1 é h8 § Zﬁe monot ol yl
phosph ﬁo 0 Y L ﬁh Bgate nnnobl hen bs ﬂ
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&P SC|O§@@n¢t@lyl phosphate, monoxylyl phosphate, monoblphenyl
‘ phosphate, mononaphthyl phosphate and monoanthryl
phosphate
;nrthe catalyst disclosed for _
preparation of a- polyester, the reaction product is
20 preferably one obtained by a reaction of the titanium
compound component (&) comprising at least one member of
the titanium compounds ‘of the formula (I) (in which k'
. represents 1) with the phosphorus compound component (B)
_"comprLSLng at least one member of the phosphorus
compounds- (3) o6f the formula (IIX1).
In the catalyst disclosed for

Ny

Jpreparatlon of a polyester, the reaction product of the
titanium compound component (A) comprising at least one
member of the titapium compounds of the formula (I} (ln‘

-30 - which k represents 1)y. @nd the phosphorus cobmpound

- component (B) comprising at. least one member of the
phosphorus compounds A{3) of the formula (III) preferably
_1ncludes a compound represented, by the formula (IV):



i ' ct is referably one
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menber of the titani um conpounds oCO ound conponent (B) comprising at.
represents. |y and Lpe phosgnorus compound co (3)-"of the formula (111).
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A second aspect of the bresent invention provides a process for
Preparing a polyester comprising subjecting a polymerization starting
material comprising at least one member selected from esters of
aromatic dicarboxylic acids with alkylene glycols and low

polymerization degree polymers of the esters to the polycondensation
reaction in the presence of the catalyst

pPolyester as defined above.

for preparation of a

25 In the.process disclosed for

preparing a polyester, the titénium atoms contained iny
the cataiyst are'préferab}y in an amount
og 2 to-49% Eased on’ the total amount
-~ the aromatic dicafboxylic acid. cempon

¢, in millimoles,
« in millimoles, of
ent contained in the
30 . . polymerization starting material. A
i ;'In the process disciosed for ‘
p;éparing'a polyéster,.the'aromatic diCarquYlie acid is
. .preferably selected from terephthalic acid} isophthalic
acid, naphtﬁalenedicarboxyliC'aﬁid,-diphenyldiCarbdxyLic
35- aeid,.diphenylsulfoﬁedicarbbxglic acid,
o dipheny1meﬁhanedicafb6xylic‘acid, diphenyl ethler
aicarboxyliq acid, diphehoxYethanedicarbo‘yiiehacid and

!ﬁ+hydroxyéthoxyben¢oicﬁacida
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he process disclosed for .preparing a polyester, t
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- aced, dlphenyl ether t carboxyl e acid,. dip h- enoxyet hanedi car boxy. - | .
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s e SR L BE Y P e et

may be Tk il agematiccl es and/ or

- pol yner §b?%59°X¥bé6vé¢eds|W1thetm@nwmmymﬁnduynyasxﬁﬁm bhe polyal kyl ene

I r-ef er. abl ected
?lr}(xlsteﬂ%'%%yco ‘g‘?g%’(ﬂ‘egt’éi’r dep W‘Ieé‘ﬁ@l@lgy@@llyadd@rie&nql gl ycol alnd Cer
hb&anetmﬁxﬂmhgﬂqimﬁesIinahEraﬁQég%érQE§§hgs%ﬂe éqf§fﬂlng a polyeste

erabl’y. con a tenperature of

th ol
238 pto 3%80 b\t éﬁ) fwfﬁ L@séﬁKYﬂﬁﬂénHLM¢koV|des a pol yester

ter epht hebeees. of nebREpRERSESS diy Eﬁ%&%‘i“f I aRLepard &w@i%?’ggéer -the

P d ove. In the polyester prepared by the
:B;ggg;gi¥2§£ﬂ§;§FQgﬁ;;;g;iﬁﬁéﬁﬁlgggkiclkyiners of esters of the aromatic

) ene terephthalate to
dlcarboxy1|c acids t 7
be depolymerizéd may be a discarded polyalkylene

- 15 terephthalate molded articles and/or polymer SCraps

recovered in the manufacturlng process of the
polyalkylene terephthalates.

In the process disclosed for
Preparing a polyester,- the alkylene glycols are

20 preferably selected from ethylene glycol,- trlmethylene

glycol, tetramethylene glycol, neopentyl glycol and
.hexamethylene glycol. '

In the process disclosed for

preparing a polyester, the polycondensationIreactiOn is

gﬁﬁ pfeferably.cqndqcted at a temperature of 230. to 320°C.

A third aspect of the present invention provides a polyester
‘prepared by the process as defined above.

In the polyester prepared by the process disclosed, the content
of cyclic trimers of esters of the aromatic dicarboxylic acids with
the alkyleﬁe glycols and having an intrinsic viscosity of 0.70 to
0.90 is preferably 0.50% by mass or less and the content of
acetaldehyde is preferably 5 ppm or less.

In the polyester prepared by the process disclosed, an
antioxidant comprising at least one hindered phenol compound

preferably further comprises an amount of 1% by mass or less based on
the amount in mass’



t he al kyl ene glycols and having an intrinsic viscosity of 0.70 to" 0.90 is
preferably 0.50% by mass or |ess and the content of atedaludeh3ds s
preferably 5 ppmor less. In the polyester prepared by the process

di scl osed, an antioxidant conprising at |east one hindered phenol conpound
preferably further conprises an amobunt of 1% by mass or | ess based on the
amount in mass 16 January 2006 -9 of the polyester. The pol yester prepared
by the process disclosed can be used for the preparation of a nolded
article. A fourth aspect of the present invention provides a nol ded
article conprising the pol yester as_glefined above. The nol ded article of

t he pol yest repared by the process . disclosed may include bottl e-shaped
articl@%,te%ggf Yeh&bed articles, formed containers and injection nol ded
articles. 'Tﬁ@erngﬂdQQtearpxqﬂaeedlbxﬂtbsentocassidaeblmhedacgnﬂb¢e8$&d'fbtber

obt ai nefde P-opBLAdiBE & Legbiudmberial, conprising the polyester prepared by
t he process di scl osed, extruding the nelt into a fil amentarc}/ form and

sol i di fyi ngPt H¥TERt3REEY T4 Fﬁ?rEFfﬁeéi*"'?t NEVEntignt PYAHASE e @P1d%d t he present
i nvent movi qleovéngas s tngpohy gstigestdd berdatihadnabvby nelting a resi n materi al

compri sing ke AOlPskelcAscdal] osshaAhayG, gxiLiding heompld Tnto a

filamentary form and |d| e extru t. The nol ded
articl éli‘élr?sFﬂd‘laleé“Caluﬁél W’sttlérsﬁalpleﬁ vbtiglaed Sb?etTF@PP?%@rél‘Fje%ﬁrn mat eri al

conpr i gbiged benpahyastan mﬁaamd mdYdédertpEReess di scl osed, extruding the

melt into aTgheeEdf rr’rhé:,l lscly| n atnhg S u%l%tafcg)rlrr\e\dthergeIf_LLband drawi ng t he
resul ting undrawn T1FrmiAc biaxiar ditectTons. 2 A%kt aspect of the

_pr esenePiaipentonepriogi dexesdnpoitpadpércomprisingbtias medydsterel ting a resin

- materi ﬁieﬁiaQBBrByS'tHQ ;IJ&%e@Q'cM%&i@ged asxdehi Rednabue, igxd ruding the nelt
into a sheet f‘;{/v%] SO|IdIf g%the sheet fornmed nelt and draw ng the

F esul t PR BREFSACTT A FoL S AKATA AP reCER Uit TLRERST CREDBER CARRYI NG OUT
THE | NVENTI ONiThe xgtat yst therppesepariatveonical peoyiokyestrel yefterhe present

i nvent k%rcgﬂmlnéﬁsbﬁm@@ﬁd Q”r@éﬁdhlgéeﬁél%&!&%‘i&éﬂﬁ@%@?@&éﬁ) and a
phosphor us conpound onent (B), described’in detail
bel ow. a’]ﬁjefé_ﬁ Iayo%ogx ruding the melt into a fllamentary form and

solidifying the extruded filamentary melt.

The molded article can include a polyester film obtained by
melting a resin matexrial comprising the polyester prepared by the
process disclosed, extruding the melt into a sheet form, solidifying
the sheet formed melt and drawing the resulting undrawn film in
biaxial directions.

A sixth aspect of the present invention provides a polyester
film obtained by melting a resin material comprising-the pblyéster
“{ﬁ as defined above, extruding tﬁe melt into a sheet form, solidifying
the sheet formed melt and drawing the resulting undrawn film in
biaxiai directions. -

BEST MODE FOR CARRYING QUT THE INVENTION

The catalyst for preparation of a polyester of the present
invention comprises a-reaction product of a titanium compound {A) and
a phosphorus compound component (B), which will be described in

detail below.



-9a- The titanium conmpound conponent (A) used in the catal yst of the
present invention conprises at |east one menber sel ect®anueni2006i t ani um
conmpounds (1) represented by the general formula (I) and titanium conpounds
(2) obtained by reacting the titanium conpounds (1) of the general fornula
(I') with aromatic. pol ycarboxylic acids represented by the general formula
(rr). Inthe formula (1), R, R2, R3 and R4 respectively and independently
from each other represent an al kyl group having 2 to 10 carbon atons,
preferably 2 to 6 16 January 2006 - 10 carbon atons, k represents an
integer of 1 to 3 and, when k is 2 or 3, two or three R2 and. R3
substituents may be the same as or  different fromeach other. In the
formuta (11), mrepresents an integér of 2 to 4, preferably 2 or 3. The
phosphor us éBppdtntl Eorperrant ¢mpopsed (Rh uded tmtthbysitadyst g present

I nvent ipeBsaANpfivERSoRlcdnBatdesORe 1d3BI0GI. RERBOSPILLES £QpPoOUNds (3)
represent edtg);_/a t.he the formula (l111), R5

nlumccgﬂene{rl I té?rrmlaéqlll). I n. 1),
represents a nof- substitut dd’ orePSEBRT Ut e PargAnegr by HaYA g’ 6 to 20
carbonaatons, preferably 6 to 12 carbon atons, or an alkyl group having 1

to 20 car bop; MR, cb8hIRNLY cbrhOned By CALRON, ALQNS ; L L e reaction
product of tﬁg h:%t ani ym conpound conponent (A)" and the phosphor us
of;

conpoufid r¢s nbt (BF ITEaLi FPrHee cHY arydt arepatireplvsrrbrrydtica

pol yeseeidpfreptdpenpeddonthe peeatdlomprsular €ant.i on nolar ratio m/np of a

nol ar amoungy, (Ll Yormdufat B MBROf i argngn&agggdctgfef he 20 titanium conpound
conponent (A) to-a nol ar anount m% in terns of ﬁ{hosphor us atons, of the
‘phosphoPIRPEEEFHIYN G-t SAFD IFERE T (BPTREeT b erldll yarmiuphiaviagr Argel®rom 1: 1 to
711 3, noasbaur ef@isabpyederaml2leb s 1: 2. The nol ar anmount (nil;), in terns of
‘titaniumatons, 25 . of the titanium conmpound conponent (A) is a total

val ue of products of nolar anpunts.of the individual titanium conpounds
contained .in the titani um conpound conponent (A) and the nunber of.
titanium atons contained in a



the reaction -not ar” A 7
‘amount of the ttilteardame cospm ndhi £ EOr@on et o Al adECOPRS L 00 | arge, the

mol ecul e of the individual titanium conpounds. The nol aqGJ%g an%{%, in.
terns of phosphorus atoms of the phosphorus conpound conp &Y Is a

_total val ue of products of nolar anpounts of the individual. phosphorus

conpounds contained in the-phosphorus. conpound conponent (B) and the
nunber of phosphorus atons contained in a nol ecule of 35 the individual

‘phosphor us conpounds. The phosphorus cor?p&t?nds of the formula (Il11)

cont ai na phosphorus atom per molecule, and therefore, the nolar anount in

terms.of 16 JanuarorRdfombpsphesysesbors f 1he %@Pigkdya,gopgogg(gor‘gﬁ\ﬁ'
conpounds i's equal %o t nol ar anpunt of_the p?; sphorus conpounds. Bn
2t /YO i | thire Rhamd R’1subksitientahmayt be

pol-yest er obt ai ned | ng. the re ting catal yst may exhi bit poor color.
tone (b-val ue becorrelgyt%%él’gor L}elaanéﬂ)n'e 'ﬁe’:ﬁp%’%%‘?%?%n%’é 1nE59ee e€deckd.

‘on the ot®er hdndprgferabiy r2amtidn nolar ratio mi/m is smaller than

C1:3, that is, when _ f _the tiftanium conpound conponent (A)
becones too smal |, t‘l?ﬂee]g%at ’gi y{}l_ucé)_acc |Rﬁl{'§f§ &%%ﬂ%fgum NS et 3 ykhe
‘to.'the pol yest &2t@aditctafort e ame santreinmt insufddmpeides The Téd 20| s

ds (1) . aferdeq | _ for. the titanium
component (&) ok iie 0 Ao Srboille (0D 1O SIERRL BY | thei um

t et r abut oxi de; getnleﬂ::fﬁ 4y @ lopoxi de, titani um tetrapropoxi de and

_ titaniurd@etraet hoximde tandoaala ti1@n3t 68, rbeL-SXATR & nogct aal kyl

trititanates a lLky] dititanates. Among “these titani um conpounds,
titaniumtetr agﬂﬁ)%%ﬁ%?st,é/mrcﬁ%%}@eéﬁﬁﬁ A&HquR thavdas & Ho gHbsphorus. -

scompound conp6AhonuSE®NS) Fhefereddyt 6 e Parbod et er@blan  used,

and titani umt g uygt%; € S, U ven . ore. preferably. . The titanium
- conpounds (2) u'sagl e f u% 'hc-ﬁm’llht%"(a(1 Nie 'ﬁozga'rb W'CW%I(YAF &
- obt ai ned by’ r edét Fﬁ@"bﬂnt &vom#A- conpounds (1.)-of the general fornmuta (1)

with aramtic pol year boxy 'ﬂe%x_c%ciio%sp‘ifoc%l%et e a-,fi%rafrﬁ”i'q%hgog@?or :
. S 0

or ‘'the titani um

anhydride thereof. The aromatic pol ycarboxylic aci .
formul a(l1) and°FRE&ERYy dAi}dE8Y: Rdee hosphiozmsp commaatild) comipepteadt: f(Eym

pht hal ic apid,useandhlkhbcc@&hdysthgﬁkmyﬂéﬁ&f&ﬁ%adi6@“&{Eﬂfyggééﬁjd% acid
and a”“Ydf'deéthe present inventidn,'a_reaction molar ratio my/m, of a
molar amount (m,), in terms of titanium atoms, of the
20 titanium-compound compornent (Aj to a molar amount (m,),
in terms of phosphorus atoms, of the phosphorus compound
component (B) is preferably within a range from 1:1 to
‘133, more preferably from 1:1 to 1:2. -
o The molar amount'(mﬁ),'in terms of titanium atoms,
25 of the titanium compound component (A) is a total value
- of products of molar amounts.of the individual'titanium
compounds contained in the titanium compound éomponent
{A) and the number of titanium atoms contained in a
| . molecule of the individual titanium éompounds. The molar
30 - amount, in terms of phosphorus atoms of the phosphorus
. compound component (B) is a total value of produc%é‘Of
molar amounts of the individual phbsphorus compounds
contained in the phosphorus compound componeﬂt ({B) and _
| the number of phosphorus atoms contained in a molecule of
35 . the individual phosphorus compounds. Thé phosphorus '
compounds of the formula (III)_cdntain‘a phosphorus atom
per mqlecule, and therefore, the molar amount in terms of

el



thereof .. It is nore preferred to use trinellitic anhydr bg' i28616has good
reactivity to the titani.um conpounds (1), and the resul

. pol ycondensation .35 . catalyst has a high affinity with the pol yesters.:

- The reaction between a titanium corrpound (1) and an aromatic

pol ycarboxylic acids of the general forrmula_(II) 16 January 2006 or an _
: .anhydrl de thereof is.conducted by m xing “tHé -aromatic pol ycar boxylic acid.
~or the anhydrl de thereof. with a solvent to dissolve a portion or all of

the mxture i @hbf?o@fﬁﬁ:lu\éelﬁtonﬁtﬂdjﬂ"gﬂfg W%@uéit]?ﬂbggﬁ &8@81%?%?%&% to

“the m xed solutllon ar]s the m xture at a ureW|
range from0 to S,66u8 PIoyRsy L b*ﬁ%féh‘a%mroaw'&acmeppendtmre

- within a range fromWdent d:h]eS&@afdtrloﬂrD il 9 FROLS 68, /mTNes %Q%éh ressure
I ent

~during the reagtijon, ts 10,speci,ficall |mted andrra

at mospheri c prqeséurg%trﬁe soﬁt\?pélntct M%‘él%%t‘é‘éﬁa%?%ﬂ%t@lwww
‘those capabl e EPM@OBEIItyi(A) degomeisortcar laiﬂg@I the NSEEFSHH &r AP n &,
conpound of th%gf A57HA thi! )re%l%’lnaa'lfc% thereo,‘é:',],eb“d IS prefera 'y

sel ected from 15 ethanol, ethyléene HF \RRAL color .
t et r anet hyl enetg§PgcéPb, Vﬁéﬁfeh@cmsxwoendaf@m) raea:tttm el ré$i s Oabe t he

titani um conpomag bel)yebackhe a laC yli,c. aci.d of the formula
"(11)-or.the anhégrl de ghefeof |gﬁg§?‘es§[etgil E:Pfa( ?I rﬁ}f ed® %We%r when

the proporti on"3FeFhE3EiPafndife 18oRPBAAGE( it-}'lains 1t-60 Hihgtt, ltShewrmﬂulﬂhmg

pol yest &0 nay amwhibi bfpehe edkaniuAneordule ér.;p
pr.0 ortlorﬁ:%c?)(; t he t@ﬂanl um co e%%%d

| owered. on- thgm?%ﬁ]er F V\/;rq g t-he
(1) istoolo e'poly CSHE &n¥’ f’f"oﬁc SXLILY ofc thiheh HRER Hemd \Catrakyatd. -

i le\er efore, thet‘Pehbel palyeskter pabducaﬁohhee@dﬁ@ruﬁﬂ rﬂé)ti%dflﬁléilfer{@e
- Controled within a8 Bikphial cbRBABIK (13 IS et maRleed
by thi-s reactib®* nhle bElgenéijeﬁﬁmyOgndj compodniemtt Ha ) dariliveie \Mitﬁhrﬁ.um

phosphoin8s copperagdikexided), t gppa t ti9 y be
reacted with-the ggfﬁgho%ugycogégu%§#§¥ af t&g}taﬁﬁﬁ er%p “ﬂ: t|on '

product by recrys zE?FBﬁlf’ﬂEF@BPXFﬁea td land m mm@mumiee dmet hyl
al cohol and/ort.etdmyium tetraethoxide; and alkyl titanates, for example,

_octaalkyl trltltanates and hexaalkyl dltltanates. Among
. these titanium compounds, tltanlum tetraalkox1des, whlch
20 . ‘have good reactivity with the phosphorus compound
component used in the present invention, are preferably
used, and titanium tetrabutOXLde is used even mnore
preferably.
The titanium compounds (2) usable for the titanium
25 compound component (A) are obtained by reacting titanium
 ‘compounds (1) of the general.formula (I) with aromatic
polycarboxylic acids of the general formula (IT) or an
anhydride thereof. The aromatic polycarboxylic acids of
. the general formula (II) and the anhydrides thereof are
30 preferably selected from phthalic ac1d, trimellitic acid,
' hemimellitic acid and pyromellitic acid and anhydrides
‘thereof. It is more preferred to use trlmellltlc
-anhydride, which has good reactivity to the titanium
compounds (1), and the resultant polycondensation
.35  catalyst has a high affinity with the polyesters.
' The reaction between a titanium compound (1) and an
'a;omatic polycarboxylic acids of the géneral formula (II)

P



35 acetate. in the phosphorus conmpounds (3) of the gene (L)
used in the phosphorus conpound conponent. 16 January Zgéléanua%igb&taB , a

- C5-C20-aryl group or a - Ca-C20 al kyl group represented-.by Rs may be
non-substituted or substituted with one or.more substituents. The
substituents include a-carboxyl group, an alkyl group, a hydroxyl group,
.and 5 "an am no group. .- The phosphorus coround (3) of the fornula (111)
Jincludes, for exanple,.nonoal kyl phosphates and nonoaryl - phosphates such.

2 Tononet |- RSy O oS P ohe onfiauBRad By TR B nghbBER e
monooct yl. phosparféfg ﬁ‘b 1?996‘5%1:9 @ClMDdbbylanbydspﬁat ehemoﬁdodécyl
phosphat e, ".monata v Mt@ ATSHOPEEYS P &ﬁEEBﬂtSr geRohgt padecy! |
‘phosphat e, hosphat e, nonobennyl

Iror[)no(lo4 dodecyl ?‘%% gn ‘éemf'm z%t%@ﬁﬁéﬁ?l § phbgphame rmno(4-
“et:hyl phengl ) - pmmmtmd ttbmtﬁdl mfemwimr%iu@mﬁphaﬁ& heating tPe

nmono( 4- dodecyl te m)notol hosghate nonoa '
phosphat e, nonobi'p enyl phos rYg’p 5ﬁ6§6h5¥@maﬂdtﬁoﬁﬁﬁnﬂhryl

phosphat e. Thesf@lbﬁ’dhmwmjseﬁe)zcmqmm@réﬁyrmlysga al gempeprtised as a
m xture of two yiQlhprL §re, 08,8 ronoal Kyl
phosphat e mnth“%%gghoarifgn#1 ate eﬁﬂﬁgﬁ%gf pﬁ%s%ﬂo?bguﬁﬁﬁpounds
are used in a m 1QQMPRﬁSﬁﬁﬁQaduﬁ&ﬁﬁﬂtheﬁreamkaomhasmmnbalkyI
phosphat®) i s prspletyiafilon 12 L_l_SiQ{Q_ﬂ t
preferably QO%W{Jr 1m)re f)y I C Ieglr %ﬁ%rﬁ‘%%tﬁl %%ﬁ&;t n%&&?ﬁérﬁﬁféc :
. ‘The catal yst | &5 ant Mk Qxﬁﬂi%ﬁkﬁ%ommmrmpwliﬁﬁlgnﬂrome
:(pg;)sphor us conphmse: capableniof( Bh;ssd‘lQﬁ tﬁi@cﬁctﬂyhn g Xi oy the OﬁFg)rlen]E
E conpri sing §AS nmenber e, phosphor Us corpounds o)

the fornula (P@)tce%%taﬁ: as"‘(ﬂ‘)\?g:nf’ taoc(ﬂ%r\ﬁe of Jdte i kprmilal (I1) or i ave
phosphor us conﬁ@@ﬁ@h@@hpdﬂeuwoﬁB)amm,um8pﬁﬁﬂeﬁﬂﬁly éﬁt&dﬁb&rﬂﬁﬁhse t he
titani urmgponpog@@gaglgqpo%q:rﬁ 164k gﬁtycorle x,ed Ol]rl#fi?ogglr heating the

%

- resuttant reaction 35 systémat éra rfrom50 to
200C, . tetramethylene glycol, benzene and xylene.

The reaction molar ratio of the titanium compound
(1) to the aromatic polycarboxylic acid of the formula
~ (II) or the anhydrlde thereof is not spec1f1cally
20 limited. However, when the proportion of the titanium
- compound (1) is too high, the resulting polyester may
exhibit poor color tone and the softening point may be
lowered. On the other hand, when the pf0po£tion of the
titanium compound (1) is too low, the polycondensatiOn
25 . reaction may hardly proceed Therefore, the reactlon '
- molar ratio of the tltanlum compound (1) to the compound
of the formula,(II)ror the anhydride thereof is
ipreferably controlled within a range from 2/1 to 2/5.
7 - The reaction product obtained by this reaction may be
s 30 direct;y subjected to the reaction with a phosphorus
7'compound (3). Alternatively, the reaction product may.be
reacted with the phosphorus compound (3) after purifying
~the reaction product by recrystallization thereof in a
solvent such as acetone, methyl alcohol and/or ethyl
- 35 acetate.

In the phosphorus compounds. (3) of the general
formula (III) used in. the phosphorus compound component



preferably from70 to 150C, for one mnute to 4 hours, r 30
mnutes-to 2 hours. The reaction pressure 16 January 206§J§%ﬁﬁ?ggrqng t he
reaction is not specifically limted and nay be an elevated pressure -(0.1
to 0..5 MPa), the anbient atnospherlc pressure or reduced pressure (0.001
to 0. 1 MPaj, and the reaction is usually conducted at the 5 anbi ent o
‘at nospheric pressure. The solvent for thé'hﬁ%sphorus conpound conponent
(B) of the formula (I11) used in the reaction. for preparation of the = -
catalyst is notys cafccqj Va i farcag it di ssol ve at Ieast a
portieon of the (10P?§ ggrua}sﬂ%fonﬁ%ou atz%rr%orfe%tz Eb‘?% PTG exanpl e, -
sol vent - conpri sTAFaFerEa< 1 PHnR r%ibé?e w%tﬁlélﬁﬁxnnl;edetmasmibstietthtyé@ne .
gl ycol, tr'”EthWiem60@éYQﬁ|moréeéﬁEQEEQMEEGE 9'¥ﬁ@'sugggigpﬁn%%d%§3& gg LS
n

preferably use% b artlcularly greferred to use, a
‘the same conpouhd™3% ? %ﬁo?ﬂe nyebkylcgrpvRent hYdﬁDlicgrohe,pahﬁester
is finall$ prepaueﬂnlnongrﬁwpreactlon for -preparation of the catalyst, a

ratio of the titani 0 component (A) t he phosphorus conpound
conponent (B) in tth%%ééﬁbé”h%ﬁ%ﬁe%?m@%ué éé?aﬁfl %dfgﬁmpﬁat(lﬁiﬂhe

. reactlog producingfudes, fox mmmb@npmwnda}:mlwop?agpﬁtﬂ;?gngnahﬁoﬁgg%spmorus
: onpo ul {an ata eact1on
conpound conp "sﬁmsé@tge§ &i'}fsdﬂu%h&l?&ﬁ)ff 1& Sfah {4,1?%3%

.nol ar ratio n; anpun at ons,

“the titanium 2% ﬁg%éﬁﬁﬁﬁ#(ﬂﬂﬁﬁ#ﬁ%ﬂe¥h¥1tEhQﬁmbabe,amomo%néhptyln terns of :

phosphori@ at orghosghdhie, Qﬂﬁ'&ﬂ’f&f referably
% HE BRI T ra%?ﬁgér%l éﬁ%sp%ag -

wthin a rangeé%;on1%ﬁé. q{ and nore pre 2‘ The
reaction product o1°THe ] SRR S0 MRARRPHEOL cmmte(mqnwie@ylhe
. phosphor us corrmdlﬂablmmmormfﬁoc{@)ecyl dEpRBEs], %ﬁgfal?ﬁf lﬁ'ﬁ €>
By R mans suchens i ey bﬁicﬁ?oﬁé@w?t & Eétﬁe”ésaetéeﬁ%é@é’é‘@éééiﬁm
y a neans such as Ce i
" before ref|nln@hQQRhﬁﬁﬁﬂﬂm“ﬂqbeﬂdFi:ﬁhdﬁﬁﬁﬂﬁﬁﬁ*hdﬁﬁ¥44d5555§@ fe y be
o by Lonb AT R GG e, oA
: thylphenyl) phosphate, mono(4-propylpheny1} phosphate,
mono(4 dodecylphenyl) phosphate, monotolyl phosphate,
_monoxylyl phosphate, monoblphenyl phosphate, mononaphthyl
phosphate and monoanthryl phOSphate. These phosphorus
- 20 compounds may be used alone or used as a mixture of two
or more of them, for example, a mixture of a monoalkyl
phosphate with a monoaryl phosphate. When using the
- phosphorus compounds are used in a mixture of two or more
members of them, the monoalkyl phosphate is preferably
25 - used in a prOportlon of 50% or more, more preferably 90%
or more, particularly preferably 100%, of the mixture,
The catalyst is prepared from the ~titanium compound
rcomponent (A) and the phosphorus oompound component {B),
for example, by mixing the component (B) comprising at
3Q ~ least one member of the phosphorus compounds (3) of the
' ‘formula (II) with a solvent, to dlssolve a portlon or all"'.-
of the phosphorus compound ‘component (B) in the. solvent,
-adding dropwise the titanium compound component (A) to
the mixed solution, and ‘heating the resultant reaction
35 7 - system at a temperature within a range from 50 to 200°C,
preferably from 70 to 150°C, for one minute +to 4 hours,
preferably 30 minutes to 2 hoﬁrs. The reaction pressure



16 January 2006 5 refined product may be used as the caqglgﬁ , the
reaction product-containing reaction mxture nmay be- direc

‘catal yst-containing m xture without separating the reaction product front-
the reaction system In an enbodi nent of the catal yst of the present
.invention for preparation of a polyester, a reaction product of the
tit-ani um conpound conponent . (A) conpr|5|nd4(ﬂ at |'east one nenber of the
titani um  conpounds (1) of the formla (1) "(in whichk represents 1) with -

the 10 phosphordis t@@pomodr@oap n§ s ( c ne_15 20
menber 8f tﬁe q? y horfs co ouﬁgﬁo%stﬁ%tfggBEF§i§?}?§ hgﬁiusgdggé
hY's

~catalyst. Int Dt BIYERted R 2SEFPoh0ploliach - bf MPaR, theanmhnenbnpoundﬂ

conponent comrammmrieqsrememﬁbﬁédeéeahﬁgéé%%?éUQS@H@Sﬁgdé pf the
s us

formula (1) (i C r esents. 1) and the
‘conponent (B) conptlgéég %ﬁg atsyf gﬁ? ohd RFhat gY Fﬂ@d“%ﬁoépﬁ rb%econpound
of the foPnul a @Mbignt retnelkphericoppessdreepr esented by the

~above-nentioned for I the formula
(1V).,. respectivel ;&H@ E{éidl\oecflep Poeh%ll’?y ﬁ%ﬁ?g‘gﬁﬂso??fg?o‘ﬁ%r‘é%‘éﬂ?n%t al kyl
.group having 2 &) @f i dipmwhs, (W bhused déni vie fé@cﬁltlomyf@fle of R, -

R2, R3 and Ra Q@rdgierdiicidemQumaing dé-%romt Ss%%sﬁ?%a Y ngpgecﬁ

to-12 carbon atonms, which, is 25 -derive
phosphorus  coffodifF (@8 it Ban é!a?t?a‘?%‘te c@hthﬁmﬁhgatmution af utighosphor us

conpoundi®epr es;ﬂrﬁs;ﬂtcbsué Reonfpund Q:orﬁpéﬁeﬁ'@s{@ higi é’:%slnﬁ_:éf‘c(?t iyity and
t he pol yester gh 3#)u5|n t he sane has good’ 16w b 30
val ue) and-t he cont t reng dﬂ%ﬂlb%t%ﬁle(mﬂﬁ dxgrelic

‘trimer of ‘an e§¢®mnﬁlﬂtutﬁmmmnu|g1ydb1;uﬁxpm@ﬂ5?fgﬁéiégy&éﬁkylene gl yco

,-are-sutficientké 2 i d al so has, practicaj 'y satisfactory .
pol ymer perfor mr?cfjgg}@t lIeI?tl t%}é‘L ;}%enzbe § R ke iR ametar vy

preparation of “&eol yddt ds, HﬂﬂiMQQLﬁﬂlyﬂgrufﬂﬂmmkuSxaaﬁﬂnoundtﬂﬁpresented
by the 15 nul asolVents theCsnRPldbmpound as that of the glycol

component from which the polyester is finally prepared.
In the reaction for preparation of the catalfst,_a_
~ratio of the titanium compound component (A) to the
_ phosphorus compound component (B) in the reactlon system
20 is established so that in the reaction product of the
titanium compound component {A) and the- phosphorus
compound component (B), contained in the resultant
,catalyst, a reaction molar ratlo npphn of a molar amount
-y | _ {(n,), in terms of titanium atoms, of the titanium
R A 25 | compound component {(A) to a molar amount {(my} in terms Of-
' . phosphorus atoms, of the phosphorus compound component
(B) is preferably w1th1n a range from 1:1 to 1:3, and
more preferably from 1:1 to 1:2.

N The reaction product of the titanium compound _
30 component (A) with the phosphorus compound component (B)
may be used as the catalyst for preparatlon of a

polyester after being separated from the reaction system
by a means such as centrifugal sedimentation treatment or
filtration and before refining. Alternatively, the

_35 ' separated reaction product may be refined by
"recrystallization from a,recrystalllzer such as acetone,
methyl -alcohol and/or water and then the resultant




furthernore, a pol

.t‘he aromati c: dlca box |ic.aci used.as the

16 January 2006 - 16 - contained in a proportion of 50% y _2866nnre,
and nore preferably 70% by mass or more. In the process prepari ng

_a.polyester.of the present invention, a polynerlzat[on starting_naterial
~5 conprising at least one ne b | fr mer se ected omal kyl ene glycol -
esters of aromatic dicarboxylic acids and | ow 'polynerization degree

pol yners. (ol igoner) thereof is pol. ycondeﬁ§ed In the presence of the

“catalyst described -above.. The amount in millinoles |n terms of titanium .
10" .atoms of tfl&aﬁllaiéﬁ)t&todiﬂ:@@n Qb i dd t"’}%! s so Lhat it
corresponds to 2 to 40% nore pﬁferfﬁ %I q:[l | :}ﬁgﬁ)

preferably- 10 £&300O" U tsont aa?fﬁid’fﬁ neraomuqn mmtesre)fmat}hdaearonat ic

~.dic.arboxylic chmettﬂqnmmmtas:@tcmmq,g@adaﬁagﬁug@ Y& LWl Al ting
material. \Wen g %ﬁg %Kﬁﬁﬁ{ anount, i s | ess than 2% the reaction-pronoting
effect of the ’t e B RepdliGto d o, HieoF eRckign. systen.

pol ymer![zﬁt i on 'star tfﬁmgm]imémchlmaray dfeadne dalzigillfgfsltcbefntthea etg&% .
preparation effji éaya y ecqone |nsu ficient an

iy ymo fr?g%ﬁ%g%}ey req% FoRPHESESE 0t RS Mhy- not be
obt ai ned. On #§& |0fhé;r1i!d2 titem itume contpaiuysit c@n@mtenﬂq@e)ds:cﬂl%mtﬁ@ "
resul ting pol. y@ft Qft MR s R inedfb NS 'tﬁlf a%&%f%%tlﬁl%' % @gl;@s (b val ye) and

a.yellowi sh co and the 25" practicabi

decrease.- In tﬁgepﬁ85@§§afdﬂ)pdéﬁammﬁghakpé@pegsentsf1uhw1tmr¢$ent
i nventi ohg thep&b@@&btﬁsdb%ﬁbgﬂhﬂlb%m%%h@n OQthﬁom%EE% %) ea%t§ﬁﬁ e of
S

i za
material, is 30°PPEfePibitPes: épﬁerPﬁoﬁPﬁ§Péﬁﬁtﬁ§Itbeaépﬁmuﬂ@oﬁﬁﬂﬁalee

Cadid, naphthaleaedlaarhheyba&aagsdn di phenyl di carboxyl ¢’ acid,
_'d|phenylsulfonedlcaEQO{ﬁk

cg%aQYst, the reaction product of the
titanium compound component comprising at least one
15 . member of the titanium compounds of the formula (i) (in
which k represents 1) and the phosphorus compound
component {(B) comprlslng of at least one kind of the
_phosphorus compound of the formula (III) includes a
compound represented by the aboveumentloned formula (IV).
20 In this case, R® and R’ in the formula (IV), respectlvely
and independently from each other represent an alkyl
group having 2 to 10 carbon atoms, which is derived from
any one of R', R?, R? and R‘ of the titanium compound (1),
~or an aryl group having 6 to.12 carbon . -atoms, which 1s

oy
28 ~derived from thé substituent R® of the phosphorus

compound (3). The catalyst contalnlng the
tltanlum/phosphorus compound represented by the formula
(IV) has a high catalytic activity and the polyester
prepared by using the same has a good color tone (low b

30 . | value) and the contents of acetaldehyde, residual metal
and a cyclic trimer of an ester of the aromatlc
‘dicarboxylic acid and alkylene glycol are sufflclently
low for practice, and also has practically satlsfactory

o polymer performances. .

35 . In the catalyst of the present invention for
preparatlon of a polyester, the titanium/phosphorus
compound represented by the formula (IV) is preferably



di phenyl net hanedi car boxyl i ¢ acid, Bi phenyl ether dicar ~acid.,
dlpﬁenoiyethanedlcarboxyl|c acid and 35 0- hydroxyethoxyggﬂ 2§§§d
~Particularly, terephthalic acid, isophthalic acid and .

napht hal enedi carboxylic acid are used nore preferably. The alkylene egcoI
1s 16 January. 2006 -- 17 preferably selected from ethylene glycol,
trimethyl ene. glycol, tetramethylene glycbﬁ,-neopentyl glycol and
*hexanethylene glycol. Although the process for preparing, the al kyl ene

I t i.C X i.d.and/or-the | ow
pg: ))iffgl’l gzt ?gnﬁcﬁm&gﬁé@{ pt%g)%l% Oﬁfo % S BRIy H9FR ¢ RRd { hey
are' usual ly pr@ﬁ%@@;&fe%mgﬁ%@mmmrﬁt&@?;ar ngyl ic-acid or an
ester- formng. deri wg vy ﬂﬁﬂ .
_ester- form ng derivative there to éﬂ:‘%@aat read p%ﬁ% psr%%’%o%{leﬁhq:or
exanpl e, an et h{% &5 joglenddny, o palamest ﬁaupm adiad-tainolf owatae xmith oo
~polyneri zﬁtloncfbﬂ@frd%ml@olaytmreats&ero@@ R as B LR Yl Phpalyethyle

terephthal ate by a- process of directly -esterityrng

I ared
t er epht hal i c a%?‘éf \%I B FS&ECR Sfe 3 ¢ gicgrbexydisy atOrle?sz@Ithrlldwl ng a
it o eQDéymetlza&ahapﬁbb&chpaﬂggmﬁgttgq&efggﬁ?hg#¥§§%CIgy Also a
- f 14N ene
 ?£?ﬁ§fﬁyFene ggbgggagggggﬁd qpe hPﬁﬁS%@ceaSFd &ﬁdF@FaéﬂQﬁNqﬁﬁ%ﬁﬁW¥&atlOn
degree pol yner & ﬁ§ﬁeofTh@sambgna31a maﬂéumaﬂeef1pot¢kmsﬁeﬁhkhgmmlum
~terepht e ate aeaasbefpeaeaes@a?gs@ REo8estsgh Gbr eetlep esher 11 ng

terephthalic acid with trineth gl'yco
-trangesterlfylﬁﬁ ty Féﬁé?daﬁQyF ast ét §Drreﬁephdhat002atbd4OW|thore

tpimet hyl ene gbyéﬁbrabll aspeecsss, Ohndddiin Mot 8aGHLRA LN TP 3G 0qx! 0

t hthaI| e al kyl ené est er aro
' g?oa?é§§y||c a ﬁdFB h@mEBRFpégyWéﬂﬂiﬂ?FSﬁ @8gthe azomasligner of

- asboxyascaacaddebinpbakneogBapgnhedangt hge di carboxyl ate
el qu DLe wLEn T O e Aaoun n 3h|ch the effect of the

process ot ¢ nePReELpkLly BERLATud RBRHT Y o1 WheRy thapsntearsts or
exanpl e, of 10a®meNnY, ¢ less, tpaafé%abtyeSraBbt&bﬁLpromotlng effect of
- the catalyst on the polycondensation reaction of the
_polymerlzatlon startlng material may become insufficient
" and the preparation efficiency of the polyester may
20 become 1nsuff1c1ent and, furthermore, a polyester having
a desired polymerization degree may not be obtained. On
the other hand, when the catalyst amount exceeds 40%, the
resultlng polyester may exhibit an unsatisfactory color |
‘ tone (b value) and a yellowish color, and the
”i)- 25‘ - practicability of the polyester may decreasé.
' 'In the process for preparing a polyester of the
present invention, the aromatic dlcarboxyllc acid for the’
'alkylene glycol ester of the aromatic dicarboxylic acid,
used as the polymerization startlng_materlal, is
30 preferably selected from terephthaliC'acid; isophthalic
acid, naphthalenedicarboxylic acid, diphenyldicarboxylic
acid, diphenylsulfonedicarboxylic-acid,
_diphénylmethanedicarboxylic acid, diphenyl ether
- dicarboxylic acid, diphenoxyethanedicarboxylic acidland
'.35 . P-hydroxyethoxybenzoic acid. Particularly, tereéhthalic
acid, isdphthalic acid and naphthalenedicarboxylic acid
are used more preferably. The alkylene giycol is



35' less, based on the-total. nolar anount'of the acid %epgonent The

. copol ymeri zabl e addi tional- component .is 16 January 2006 w”ﬁ?@?%rably
sel ected fromesters of acid conponents conprising at |east one nenber:

sel ected from for. exanple, aliphatic and alicyclic dicarboxylic acids for
exanpl e, adipic acid, sebacic acid and 1, 4- cycl ohexanecarboxylic acid, and
hydroxycarboxyllc aC|ds for exanpl e, . P-- hydroxybenzoi ¢ acid or

p- = oxybenzoi ¢ aC|d ' mnth a glycol conponent conprising at |east one nemnber

sel ected fron1 Q8% | e aI|p ti-c, cycloaliphatic and. aromatic dial -
“conpounds, for P gﬁﬁﬁgqg PRIESSS, ga Qﬁy HLYGRL ort risrethpkane t uent

car bon -at ons, Ql¥co&yctehemmmﬁﬂ@ﬂemhagabconeopﬁﬁ; nigy cgusgnfnol A and

bi sphenol- S ang Qghggﬁ e%%lﬁﬂ % ycol s and anhydr |des 0 the esters. The
above nentioned esters or t i'ti onal conmponent may be used al one, or

fin anmixture 15 of Alkboughnthe pirockssesoar @ref.hﬁ:ﬂfg)lﬁﬁe A1k ene
addi ti onad - congeyesy bste&-efo%f %hleya#%ﬁ&tl% dicH r‘g%g& ' Za“cﬁ” A e

"wWithin the above rang teraphthalic acid
~ terephthal ate 1PY Be Hm8§ltzﬁ§l§!1adtegﬂfgempéﬁm@|r theqwodfr eids chdmt hyl 20 -

terephthalate ehbatredabyydanglienl thiy. geeg%'ﬁf%@% SPipal ate or

recovered tereg hali¢ acid obt ai néd e- nent i oned
recovered di nme H%FecFéP@pﬁ?héF&WétéSndﬁéaﬁéanhiqIﬁ?kﬁnﬂﬂﬂanﬁeghywrby Mass

_based on the néesming abematabeaehdr@amrpaaanbnf RARyMineh A ddie folyest er
S const(;uted thﬁmE t he % ge% g | yal kyl'ene tereéphthal ate is
preferab pol JRERYT ERE™ grgﬁﬁfﬁa pe Ppr§PtF@@IQﬁ§¢'5F€$EF#§U to

‘use, as the npre¢edureource for preparation-of a polyester,, recovered.
PET bottles, recovepgf EibkgiePrafu Govered pol ter film
prooducts and polyner scrap Sie angggylégehg Xﬁﬁ&f&@? Fyﬁ process of

" these products e¥?P@?%ﬁﬂé¢ éﬁ#éc@ndéontalEgutpoﬂymbrneamummeﬁegfhe process:
i et hyl, 3 y”‘érléﬂgzﬁ %éﬁﬁh%ﬁﬁﬁ?ifgﬁfeggéﬁ?*ﬁ%é IS riairas Relvsf1a™ "
convent i*Gnal I y protesarean Eaﬁﬁﬁlbyeé PFoFess of dlrQCtly
' -esterifying terephthalic acid with ethylene glycol, a
' process of transesterifying'a lower alkyl ester of
,terephthallc acid with ethylene glycol, or a process of
_ addltlonwreactlng ethylene oxide to terephthallc acid.

20 - © Also a trimethylene glycol ester of terephthalic
acid and/or a low. polymerization degree polymer thereof
usable as a material of polytrlmethylene terephthalate
lcan_be prepared by a process of directly esterifying

5 terephthalic acid with trimethylene glyeol, a process of
T 25 'transesterlfylng a lower: alkyl ester of terephthalic acid
.~ with trimethylene glycol, or a process of addition-
reacting trimethylene oxide to terephthalic acid.

The alkylene glycol ester of the aromatic
7 -dlcarboxyllc acid and/or the low polymerization degree
30 polymer of thejester may contain, as an additional
component, another dicarboxylete ester copolymerizable
with them in an amount in which the effect of the process
of the present inventien is not substantially impaired,
o for example, of 10 mol % or less, preferably 5 mol % of -
-35 less, based on the total molar amount of the acid
component ,
The copolymerlzable add1t10na1 component is



exanpl e, a-polyester can'be obtained by depolynerizing. 16 Januaré 2006 -

19 the, recovered polyal kyl ene terephthal at.e by - u3|ng cho

subj ecting the depol ynerization product to a transesterlflcatlon reactlon

with a lower alcohol, for exanple, nmethanol,. refining the reacti.on

m xture, 5.thereby.. to recover a |ower aIkyI ester of.terephthalic acid,

‘ subJectlng t he Iomer al kyl ester to a tIr esterification reaction with an

-al:kyl:ene.--glycol, - pol ycondensing the resultlng phthalic acid/alkylene

gl ycol ester. Also the process-. of. recovering 10. terephthalic acid from

t he .recover ed ErﬁﬁﬁﬁﬁblYtéeéphthdlétemlesmetssp&cabﬂdﬂdqmponnﬁ&m and any

conventlonal p alic acid can be
EBRBEESHRY RE mésgt BRE_RKARRLCseqad el salifa

recover ed by recovei i ng tereg Gon ni xture
' obtai ned byt h8*33p 9waﬁ§l§§?§#PfEB§ta hCFGAGFldncmyhmayk}dea01ds for

recrystallizat egammhoadeﬁsieoaciddl sbbhbaki aRiEPLRed gnd heat-hydr ol yzing
dlnethylfgerephthiPﬁte with water .at a_high tenperaturé -under hi gh :

pressure.” In i P8 ?§§“€8ﬁf§9§¥31FnaC%€reBﬁﬂhéVﬂ@Q%YQ§HﬁﬂK¥hﬂﬂjdgﬂdSma

- above- nent i one 0 n f- 4- carboxybenzal dehy.d

par at ol ui ¢ aci gogbggé@? écP HngB%? ﬁgoﬁ’g %ygfloQﬁ ErEFRTITAZE idy
“preferably 1 p@htbralGQSCOAJsompohentoobmprleﬁnqna&n&bﬁﬂt,kﬂkﬁﬂhﬁhﬁhﬁte i s
“preferably’  vkihbgraar 20 (EQI bxblioraROR1 8B 105 BY esgg{;W N Degd

prepared by directl g esterifying tere icraci
above- ment i oned*PRB é§sde@hcampauk9$enéogl96@mpénd pdmyd@m@em@¥q9hlua

resul t anto esteﬁaviﬂgtBﬁo%@%@ﬁefebn;@ﬁf@&éhegca BBBY%%‘?:{ ofy le present

i nvention, a cataié ¥ dded to the 30 Eo Xnerlzatldn §tart|ng
faterial at an eg ley an

iR YC1dRex 3Rt g Be ThanobeghaAPRRLYL ShECH)y bisRbesal dn and
feaction of thblsphemalls dnaapbnyukyﬁlnyldnélgyyeagsgbﬁgohnggaeﬁd@394§g
er eo so thereis nolimtationto

"~ the | | I

thg ngﬁggf o %?%éggﬁgocé ?y%?OV%OTé§ QQEﬁpﬁﬁteﬁﬁtéPr t&&aring the
aromatic dlcarﬁ@&yt enati dompbhghtneayl heolisedt ealone,seolrutinon aixPutig y of
t he' Can|yStoﬁﬂﬂwQecfdﬂggetSftQﬁerS@Eéan S¥RbeThokig" 8% {12

. additional component is preferably used in a

oopolymerlzatlon amount within the above range.
When téraphthalic acid and/or dimethyl £erephthalate
is used as the stertiog_material, recovered dimethyl
20 - terephthalate obtained by depolymerizing a polyalkylene
terephthalate or recovered terephthalic acid obtained by
-udepolymerlzlng the above—mentloned recovered dlmethyl
terephthalate can be used in the amount of 70% by mass
«~) - . based on the mass of the total acid component from which
' 25 ﬂ‘the polyester is constituted. ‘In this case, the target
polyalkylene terephthalate is preferably polyethylene
terephthalate. It 1srpartlcularly preferred to use, as
‘the material source for preparation of a éolyester,-
recovered PET bottles, recovered filter products,

30  .recovered polyester film products and polymer scraps
generated in the manufacturing process of these products
in view of effective utlllzatlon of resources.

The process of depolymerizing the recovered
o polyalkylene terephthalate to obtain dimethyl

35 terephthalate is not specifically limited and any

conventionally known process can be employed. For
. example, a polyester can ‘be obtained by depolymerizing



- 16 January 2006 - 20 initiate the pol ycondensation reagti.on.

Alternatively, ‘the solution or slurry of the catalyst ﬁ %5"%89@% to the

reaction system together with the starting material for the preparat|on
- of the alkylene glycol ester of aromatic dic.arboxylic acid, or after
charging the starting.material. There is. no specific limtation to the
"~ reaction- conditions for preparation of a p®lyester in the process of the
present “invention. In general the polycondensatlon reaction is preferably
. tonducted at- a +hleRer gtur 3 range fro %?0 to 320C under the 15
. -anbi ent atnDspherlc FydERS
" under a- conbln&thddeﬁb @ﬂqcaﬂqveum§ebmmmgjth%natﬂoxymﬁrigu??éhtﬁkgggct
- t ntion opti.ona
~minutes. _In the %r%&%éﬁeglf&q% %i%ﬂ f%%ﬁ% ﬁﬂﬁﬂ[) Lovier At %h?%fthe

‘reaction.” stabillizer
- reaction systeﬁP&te&ﬁ%?@@ag@e¢hammé, ga@mmmﬂg(nheﬂreaqmﬂq&ﬁmfxtuféﬁo

~ optional Iy, Oth@Efebymlber@%@%%ﬁcs aS§lGeted 1 e §ht eéﬁ:?ﬁ)gfj%ggzsegpethl t Jpyhol et

& ePé? LatePy (¢S . MPa) of

20 -absor bers retardants, fluorescent
del'ustering ag@Fhlg-e E8PIPCESNG. teguilewesg addan: esteteftearters and ot her

additives are- ﬁt&ﬁées@&&hﬁ@@b&&bh,rebﬁ%lﬁﬁl%@%%e%nP%@%§€¥H%: %gﬁéﬂnsaﬁﬁ
Ieast one nmenber n antloxbdant contain a _hi nde ]? cohpound
“preferabl yP c&ﬁfﬁpﬁgasﬁﬁgat EnERY Gﬂng%PF%hﬁd§§ GC gl Yl&ﬂ%he

'polyester Wieglybelcestent oAltbe- &Hei proeessewFeedsolértdhdm

ot onerds by crAePAERaTiBL AR AT BR spel Relaberal Slimethu Eeuting gronue

i's_|'owered by erro

_hindered phenoteseppthadater iannboxEpact fisedlyn tihd teal yvest einpf ‘the
t t e f ,
phesent inven bgﬂvﬁﬁEﬁBﬁ % %gsgggglﬁ?g:?e Fep 4—For example,

pent-aerythritol-tetra

" hydr oxyphenyl )E%ﬁpb‘n‘aﬁé}c QngbF§PZbF3r9§OV§mdbbyyIredzoverlng dimethyl
“hydr oxy. 5- net hﬁbﬁb@ﬁihhlﬂé@él ePYIMOX K- ée&ct%ﬂe}ﬁy&%&'&yb}at%ined by the

ecane, 1,3-tris(2

2,4,8,1 wetra xas
© 4. hydroxy-5-teff B g%ﬁ%?%?? ﬁ?ﬁnﬁeaﬁtéoﬁ PYi HEdRg 2 Tecrystallization
2,4, 5 trIS(3 Smethodr andbatyhk- 4ihyﬂ1maybenzmekheazeaad heat-hydrolyzing

dimethyl terephthalate with water at a high temperature
~under a hlgh pressure. In impurities contained in
terephthalic acid obtained by the above-mentioned
20 proCeee,'the total content of 4-carboxybenzaldehyde,
paratoluic‘acid,_bEnzoic acid and dimethyl |
hydroxyterephthalate isg preferably 1 ppm or less. Also
the content of monomethyl terephthalate is preferably
‘ within a range from 1 to 5000 ppm. The polyester can be
25 = prepared by directly esterifying terephthalic_acid
'~ recovered by the above-mentioned process with.en'alkylene
glycol and polydondensing.ﬁhe resultant ester. ‘
In the process for preparing a polyester df the
Vpresent invention, a catalyst may be added to the
- 30 polymerlzatlon starting material at any stage before the
beginning of the polycondensation reaction of the
‘aromatic dicarboxylic acid alkylene glycol ester and/or
the low polymerization polymer thereof, and also there 1s
no 11m1tat10n to the manner of adding the catalyst. For
-35_' example, after preparing the aromatic dlcarboxyllc acid
alkylene glycollester, a solution or slurry of the
catalyst may be added to the feéction syStem, thereby to




16 January 2006 -21 1,3,5-tris(4-tert-butyl-3-hydroxy-2 &
dlnethylbenzene)-isophthalic acid., triethylene glycol 1 Janwmyzooe
bi s[ 3-(3-tert-butyl -5-nethyl -4--hydroxyphenyl ) propi onat e

" 1,.6~hexanediol --bis [ 3-. (3, 5--di-tert-butyl-
thdroxyphenyl ) propi onate], 2,2-thin-diethylene-bis.][3-

(3,5--di-tert-butyl -4- hydroxyphenyl)prop;onate] and

. octadecyl-=[3-(3,5-di-tert-butyl-4- hydroxyphenyl)proplonate] These
hi nder ed phenol.- hased antioxi dants and thi oet her-based secondary

antioxi dants 1604&}ake ﬁP@f@P&BP?Q@%&?Q&;Qﬁ(ﬂﬁﬁﬂtxnn4m1Rlﬁﬂnnﬁtlvd!jhough
the- manner of aHeé BeluleoabeyesTRRyoREd rﬁ%y i ,oxi dant
to the reactiop,nixture. i s not speC|f|caII I|n19E§? I's pré&giéﬁfy

added at any §P595989%ERB F¥§EETs épﬁﬁﬁhﬁﬁawaﬁhﬂuha(ﬁtaﬁtnnqamaterlal

tr. ansesterlflfarlmherpaepa@atmbntBQ e3iel la 1yARHO Y 1 yRACId b Al before
To finel'y-regulate the col or

th l t.ed
toﬁepgfy?ﬁélfgétﬁﬁ ?gcag gégsx igggﬁg %toR§ AEFRTa G Bdhttheonpri si ng

‘at 20 | east ongtaskidag. m9§9§¢aéd from organi c blue pignents, for exanple,
azo-, triphenyl et hapg I pgl nt i.none

~ pht hal ocyani ne- based prengﬁtggaﬁgscﬁﬁég %ﬁﬁ?ﬂéﬁﬁ?ﬁ)ﬂﬁﬁgﬁg TEATHOMdded to

_the reaction §9§9éﬁi88?|ﬁ@rtﬁﬁeﬁﬁﬁﬂﬁﬂﬁﬂl@ﬁ @r@@dd@ﬁ&eaf1mh&hmﬂguﬁﬁg§s 25-

“In the DFOCESSoﬁfthBepEégéﬁﬂt1h0éﬁ€&bﬁ” &h 1 Ngpgssary to use, as

ent, . ingrg ué pi gnment cont ai ni ng,

t he-col qr, tone-r ulaaﬁ g ag
~for exafpl e; CBB ?on Rept ﬁﬂs§§aFﬁé°ﬁeR§ Pﬁéﬁﬁiﬁbdwabpmdupt@ﬁ tahte &

pol yester- to ﬂempeﬁaeur88wﬁtnﬁﬁterahgﬁoﬁ&%ﬁ 230ersf abpe Ctg%d%%iggﬁyester
ally

'fobtalned by th SSe of resent ~ invention is substantl
f:fom cobal t . §m$%§ g B&e
“invention, thetQ QaluﬂPas oeasuded hycambhﬁhe&oﬁ o€0kak- AbbiRLARAE ioned

_calorineter |scg§§§£i% govgopr ﬁD{% ﬁ ngP the b value is usually wthin a

R aPﬁ@ﬁsB§etﬁ€ peouesd pressurep(fsdnPa

range fr%n1 2.0to 5 Fhe polyester is less than
80.0, ad> the mhlteﬁ%s%h%f9¥¢@£$%sgftahe poeypesteinventdon, Ovptibnddly,

lJanuary 2006 -a2Peaction stabilizer, for example, trimethyl phosphate,

Tis. added to the reaction system at any stage of the
preparation of a polyester. Also, optionally, one or
“more members selected from antioxidanﬁs, ultfaviblet

_ 20: absorbers, flame retardants, fluorescent brightening

' ~agents, delustering agents, color tone—regulatlng agents,

defoamers and other additives are mixed. Partlcularly,
the polyester preferably contains at least one member of
an antlox1dant containing a hlndered phenol compound is

28 ~preferably contained in a content of 1% by mass or less

.in the polyester. When the content of the . additives
exceeds 1% by mass, there sometimes arlses a problem that
~ .the quallty of the resulting product is lowered by
thermal deterioration of the antlox1dant itself., The
-30' hindered phenol compound for antioxidant used ‘in the
' ‘polyester of the present invention can be selected from-
pentaerythritdl—tetrakis[3-(3,S;dietert—butYI~44
‘ hydroxyphenyl)propionate], 3,9-bis{2-[3-(3-tert-butyl-4-
‘t hydroxyus-methylphenyl)propionyloxy];l,lédiméthylethyl}-
35 - 2,4,8,10-tetraoxaspiro(5,5])undecane, 1,1,3~ -tris(2-methyl-
4 hydroxy 5-tert-butylphenyl)butane, 1,3,5- ~trimethyl- -
2,4,6-tris(3,5- dl tert-butyl-4- hydroxybenzyl)benzene,



IS sonetine inpossible . to obtain a high whiteness nD]d artlc e whi ch - can

be put into use. Wien the b value is |less than -2.0,

pol yester, exhibits -a low yellow sh-col or tone but a b|UISh color tone

i ncreases. .on the other hand, when the b value exceeds 5.0, since the -
~yellowi sh color tone of the resulting polyester increases, the-polyester

may not be used to prepare a practicably -upgeful nolded article. The L

val ue ~of the pol yester obtained by the process of the present 10 invention .

is preferably 82 or nore, and. particularly. preferably 83 or nore, while.

the b value is! p?e5e?§b$94"ﬁPFﬁrh03YﬂaﬁgéYﬁr9Hyr2 6-to 4.5, and

particularly Qiﬁéﬁﬁ?bﬁénﬁéﬁ@bngphﬁhﬁlgc EE&dL ¥liden ?ﬁ@n%hﬁggc¥ﬁlue of

t he polyester 05 processo. f thé present 1 nventron ar
~measured in-thBfb ﬁrﬁﬁhﬁéfl ﬁaﬁ@t9¥1a4saﬁﬁr@xaphepﬁé)p@myésmékeds
nFlted at 290C1u6d&éx?ﬁ§dﬂ6&t§&st@ (B]BEHQStéEd -bi+ 3Lqed O?han alurlnur1
“plate, ingo a prm havin nes e resultan
20° plate@ihapegY §%g$%?y?$§F°§F88§tP§ ﬁwée&LéPepﬁeﬁggﬁéﬁéd bis{ 3ced :
wat er;, dried a(31sedi;berbabuhgmp4ahgdrbgyphenyu@pteglbaaaeqrﬁﬁhalIlzatlon
treat nent . The, L gt | 3t g- qr test piece is placed on a.
AR e e an ekt

white standard diffference neter 25 and, - then,
t he col or tonehbﬁr@ﬁﬁph@ﬁf&&ErgplphetpﬂateThehaphdndekydsphenbdsbapedce on

‘the standard. péﬁ%fbkfd@ﬁ@é“éﬁg @MlBeEHEQrbgﬁéﬁ Bg@Sﬂdg?go?h%ﬁé?édak%ﬁnolta

exanple, . Hunter's color-difference net manu ure
Co., Ltd? 30 Tméyl?ﬁrP¥%¥%r@P§Eo§§?9 8f eheopbipatien therkef.present

invention is not speTikéSgh! ¥hbi mhhedr Bytaaalnereﬁéraﬂb¥eﬂhh k&oﬁed
r@ngefro Intrinsic VISCOSIt IS Wt

‘ m 0.
~range, the ne5?1n§%ﬁ%$H@hﬁ?ﬁﬂe%ﬁ?ﬁdl§nEé9¥F93EBnEBCFE8 EﬁGCFhQnsWé§§Er35
~article obtainksl fyt tsweckticshipi bmptedesithas préf@babmycﬁaﬂbaaht '

.60 To 0,00, 2 YERE I EAS iabSeBleurt EUPLAPOB LAk PR 2B HFo om 0. 62
to 0.8015 The |?ﬁ@@$ﬁﬁtﬁ&i§t@@t19ﬂoreaﬂbzpnl9esthe esteeaﬁmcadlon
reaction, and before the polymerization reaction is
completed. .
To finely regulate the color tone of the resultant
polyester, color tone-regulating agents comprising at
20 least one member selected from organic-blue pigmen£s; for
' example, azo-, triphenylmethane-, quinoline-, 7
-anthraquinone- and phthalo¢yanine—based pigments and
_;inorganic blué'pigments can be added to the reaction -
system during the preparation procedure of the polyester,
25 In the process of the present invention, it is not
‘necessary to use, as the color tone—regulatinguagent,‘an
-inorganig blue pigment containing, fot_example, cobalt
‘which causes the melt thermal stability of the polyester
' to decrease, as . a matter of course. Therefore, the -
30 polyester obtained by the process of the present
“invention is substantially free from cobalt.
In the polyester obtained by the process of the
‘present invention, the L value as measured by a Hunter's
‘color-difference calorimeter is usually 80.0 or more and
35 “the b value is usually within a range from -2.0 to 5.0.
When the L value of the polyester is less than 80.0, as
'the_whiteness of the resultant polyester is too low, it



~at'a tenperature of 35C after dlssoIV|ng the polyester to be tested in

ort ho- chl or ophenol. The: polyester obt ai ned. by the sol i d1$Haary 2006

pol ycondensation is often enployed in gener al - purpose bottles and, 7

t herefore, the .poryester,preferably has an intrinsic viscosity within a

range from0.70.to 0.90, a' content of a cyclic triomer of'an ester of the

aronatic 10' " .- dicarboxylic acid with the apkyl ene glycol. - of 0.5%by nmass
-l ess, "and ‘a ‘content of ‘acet al dehyde of 5 ppmor |ess. hTEeiestersffronyg

mhlch the cycli,c triner-is forned_ include alkylene terephthal ates or

exanpl e, et hyl dife SOMEHHIR HARASS1RlG ke IPfteral e hdsh b idtenes's Imolded

hexanet hyl. ene’ 'atxe:r]en[u hﬂi]ﬁﬂ'ﬁ,celﬁ:ﬂ(b@J ﬁ?ﬁ:ﬂqm ha|yﬁ{&§ tl%éhqlg e‘gr?e(ﬁg@lfs

et hyl ene napht tri y na al ate or hexane

napht hal at e. %% néc]e‘ﬁ}h ﬁ:ﬁ'ees P&imqqe%@’@@ﬂ?%%eﬂ low |

detail by the ﬁr@lﬂlmmnajl excdrgd es:md)uiuti lze kHcedph :m‘olldler:iﬁr%qﬁcrééﬁl@éll ion . ‘

is'-not Tgmte 1£X es,. the oW N .

rreasurerre5nt s mgfgxgﬁguc{egg % ﬁ') r?lr %r@% C 21131 ISP a9, %'Ar?’r'?ﬁ‘?l nsic -

viscosity (1V) the Xed&%ﬁfercqjaiwmﬁe WS tdha ererauie:drfg{ (pnlgd;sm of thte 7

" ViscoSity nmeasynededls QSCtHen?@'] %%e% FHLLL Dol yester

sanple. (2) Col or tonéa ‘L val ﬁﬁ% g{&ra) O%lﬁi%yeseto:b zPr%ﬁ %\e

el ted at 290CPERGEACARIVMSEHHL T ldesu Badisle waFeommath 1wn ah &eini num

plate, into applgested BHAMINME Pyt ft'h%k@)%%%e%fs %fojth% rg?e esdlft resultant

plate-s ed polyester test piece was nredi atel y quen |n i ced water,
1gri ed a{]ﬁEGOC 118 e85 160: Woﬁezfﬁ&ap&é'n 82, Bre MOEE® it 18l @AEhiAulazky on

t reat nent. Theprefehﬁabrlly |8|3ab&= aiam&e;l dwnlaqlljﬁe&h@rbtgc?ggeoh%c%mﬁ@%ed on
;aiwhite stand l;at ating n -

a’ color - di ffe(ra‘(rf-,{('jr%cgl %et%er gﬁ& lfl’i’lmerri %\‘}’al PARLIE UG Lhe surface
- of the plate-shipferpbllyefrom ot tpi dcO. was rreasured by a' Hunter'

color-differencé negpge ER puiaat ur Lt d. The L
val ue rre%ns t he Iltgrﬁlt nesg%qgg %El Wtstﬁtghg- ?qtlﬁgy 1 i’%lgpfe% HE test pi ece.
_ obtained by the process of the present invention are

measured in the following manner. Namely, a sample of
the polyester is melted at 290°C under vacuum for 10
,mlnutes and is formed, on an alumlnum plate, into a plate
form hav;ng a thickness of 3.0%1.0 mm. The resultant
20 _plate-shaped polyester test piece is immediately guenched
' in iced water, dried at 160°C for one hour and then
‘subjected to a crystallization treatment. The resultant
'plate—shaped polyester test piece is placed on a white
. standérd_plate for regulating a color-difference meter
25  and, then, the color tOne'of'the surface of the plate~
'.'shaped'polyester test piece on the standard plate is
measured by a.color-difference calorimeter, for example,
Hunter's color-difference meter CR~200 manufactured by
. Minolta Co., Ltd.
30 The intrinsic viscosity of the polyester in the
' . present invention is not spec1flcally llmited but is
preferably within a range from 0.55 to 1.0. When the
intrinsic viscosity is within this range, the melt-
‘shaping procedure is easily conducted and the shaped
35 article obtained by the melt shapingvprocess has a high
' mechanical strength. The intrinsic viscosity is more
preferably within a range from 0,60 to 0.90, and



i ncreases-as-the numerical val ue increases while the byg\val ik ééwgesents a
yel l owness and shows that the yellowness of t he test plece I mcreases as
the b value - increases. 10 (3) Color tone-(L value and b val ue) of filmA -
test piece was nade-by lamnating five biaxially oriented polyester filns
on each-other and the resulting test piece was crystallized by a heat
treatnment in a dryer mai ntai ned at 160C-fa8 90 minutes, .and then the 15
~ color" tone of the test plece was neasured by using a col or 'machi ne(nodel -

- CM-7500 manuf act uy,ed chi.ne Co ) Metal concentration
analysis in th a%é%s&q&?g% BRefEnARIN rfaﬁqnbr% %‘? ‘%‘?_tén‘%‘hm and 20 = - -
phosphorus. at ons i n Thee-igetralnssitc ivi sidees imxargl eshe PPePpeeter didrmégdsured
cat al yst sanpl g ecir mcro ope l\/bdel -S570,
23S JIMRLER L, B SSRGSl S ity Ser

manuf act ured by trument's Servic

concentration &° fe &fshachid ;ﬂmmﬂ@m@mmoh t he 25 cat aI yst was

- determ negl by usingqia A gyrs%'t% aMlén (XMA, Model
EMAX- 7000, nanuf gﬂtured by l@I—élorl ba Sel 0 Ifcé ?ﬁn éed to the

- scanning ' el ecPA n g of %m@mﬁ gt QWWH’@&¢M of a
30 residual ‘cabaltytilies nRig/ a:uéireifl&eF}O't)h%SéﬁﬂyeéJ{@f‘ U £ o PAL ﬁ%&é SRl es

- were heat-neltg% on an alunlnunlgp gggﬁ a nol ded ‘speci hen "having a fl at

surface was made By s L% SHSicESd W it a d:r?d‘qeheﬁ?‘f%eoc%cfé?lt(?a?t?orﬁof
the netals inconcemtl ded aspycilien twdmedeiod rﬂrﬂ&i’sﬁé& WS Nched &%ﬁém escent
- X-ray. ang}ysi sq , I E cture ki Kogyo

K. K. (S?ﬂjTenm I geg'?rlbg)n R angﬁdl t%l%%glt &hg 85(3‘&' Aol cﬁc!lif"%/cﬂemr‘gtak%’% iry. 2006
- 25 The tensPRESsOred@sis amtdulat contendl afgadetralafehyde et 5 wpme or
measured in acggigdancenhy s cr 1S:11013. (6),Haze
_ (bottle body porti: 09) tetétteri% Ek%‘b%l‘ah g:%% B{én%é;c&%ﬁnerﬁnllaﬁ ngorg?g% '

preform for fotRELHER @Flké(ll%‘tet térepéﬁgaén@e@:ecf@mmm& aftthyrleneshot s
was taken-as ategephehandtedMRriRgthelene terephthalate or

15 hexamethylene terephthalate; and alkylene naphthalates,
for example,. ethylene naphthalate, trlmethylene
| naphthalate or hexamethylene naphthalate. :

EXAMPLES ,
20 The present invention will be explained in,détail by
the following examples, but the scope of the present
- invention is not limited by these examples. In the
examples, the'following measurements were conducted.
. {1) Intr1n51c viscosity {IV)
- 25 An intrinsic v1sc051ty (IV) of a polyester polymer
‘was determlned from values of the v130051ty measured at
' 35°C in an orthochlorophenol solution of a polyester
. sample. _
‘ (2) Color tone (L value and b value) _
- 30 : A polyester sample was melted at 290°C under vacuum
: for 10 minutes and was formed, on an aluminum plate; into
a plate form ha#ing a thickness of 3.0%+1.0 mm. The
'resultant plate—shaped polyester test piece was
1mmed1ately quenched in iced water, dried at 160°C for
~ 35 one hour and then subjected to a crystallization
'treatment. ‘The resultant plate-shaped polyester test
'plece was placed on a white standard plate. for regulatlng



“conducted at a center portion in a |ongitudinal directiqguaﬁkxyngpody
- portion of a preformnolded piece.. The haze 10 of this sanple was nmeasured
by using a turbidity meter, Mdel HD 1001DP, manufactured by N ppon
Denshoku K. K. (7) Haze (undrawn film, An undrawn film (sheet) having a
t hi ckness of 500 pm was nmade by drying granul ar pol ynmer sanples w.th heat
.15 treatment in 'a dryer at 150C for' 6 hour, melt-extruding through a
~ nelt -extruder at 290C into a sheet on a rotary cooling drum.and R
_ solidifying the shegirMife Ui -Sappling was conducted at.the_
position free from . scratches owé%%sgur %B%u% “thd ﬁegﬁ'E?nﬁnanBrgﬁﬂ“e
sheet 20 and t I Hd¥e Birfaqe sfihe \phabteashaped byoligesgen téstbpdeby = -
meter, nodel Higragl EHIMrd BB 30 tHIEk 0V NLOPOP_ 4 PERS K, (8 ent’
~of acetal dehyde egfol.estergﬂiaqplégagg ?P%@gggd?¥§§§9§ﬁ§?5%8t?% QREQQB .
vial and left (BREAEMed hyedddiakia £of, 150dC fBhe6D valneatmeananthéhen
- the conteft of lacgitaledshyiRl ishdWie tEPLge WBSGHERSLY €ds b bead- ' gas
~chr omat ogr aph ig&g%j%gtured Q%!Fﬁtachj,[Ltd. %%)_Cy%%icft?P%eggggnéﬁgggo A
pol yester sanpl'é was grodd H1¢ RGGTHSARL arrilue rseerapdunvhbleathecbnd
- sanpl e was wei glddicantbpdiesepiteed vallbowigdd MMDUsHowé fhat the - I'.
hexaf | uor oi soprRRARRRE/LN r I xed solution, and then this solution
“was. dil uted mmgﬁﬂ‘ch|05%?§%33%% $%ﬁ§ B P LT RTDreha B P avRived 35
~eoncentration AHN¢*FASESer). This sanple solution was subjected to ge

~ perneatipm chrq?gtqgﬂgﬁhxoggggL!M%¥%$ gﬂéﬂé}%;fgébqggugff%ured by Waters

"Co.) and .a low 16 January -2 I ntrinsic, Vviscos of ' granul ar
-pol'yners used to fofmt@%¢ PLefer Was rederthy aminaibing tfivé biaxidhkyval ue
. (A) of the intbiriented YebYe®f £3 10ty ¥4 i€ i . val ue
. £B) ‘of the nol §§§Itar we?gﬁt? frgct it%i was _s?pda?h a%ﬂﬁ%?{ieé%%gﬁgsmgi;@lgg

det ected. The e RES6F Y28y Crystadildged bi i heatpltereakmenfetn M ned by

using, as-a stdmyerdmadntalinbakicon 60cy vrdeiemimacd f e stapdaid
sanpl e ofs the gy§hiCione of the test piece was measured by using a
' color machine (model CM-7500 manufactured by Colo
Machine Co., Ltd.). .
. (4) Metal concentration analysis

| 'In'the measurement of concentrations ofAtitanium'and
20 phosphorus atoms in the catalyst in the examples
prgpared, a dried éatalyst sample was mounted in a
scanning electron microscopeA(Modei 5570, manufactured by
| Hitachi Instruments Service Co., Ltd.) and the '
wff) _ concentration of titanium and phquhorus atoms in the
’ 25 | catalyst was determined by using an energy dispersive X-
ray microanalyzer (XMA, Model EMAX-?OCO, manuféctured by
Horiba Seisakusho, K.K.) connected to the scarnning
electron microscope. '
| In the measurement of the concentration of a
30 residual catalytic metals in the polyester, granular
polyester samples were heat-melted on an aluminum plate
and a molded specimen having a flat surface was made by a
compression press, and then the concentration of the
metals in the molded specimen was determined by using é
‘.35 _fluo;escentlxwray analysis apparatus, Model 3270E,
'mangfactﬁred by Rigaku Denki Kogyo K.K. :
(5) Tensile strength and ultimate elongation of fibers



10 b|aX|aIIy oriented filmwere nmeasured, and then a vahg§anfarg Bog (A))
was cal cul ated. The sanpl e having the value ((B) - (A) wthin the- range :
fromO to-.0.05 is particularly superior. in thermal stability, while the -
sanpl e having the value ((B) - (A)) 15 within a range from0.05. to 0.1 is
~slightly inferior -in thermal stability and the sanple having the val ue |
((B) - (A) of nore than 0.1 is inferior=iA3thernal stability. _(11) LaygT“ 
of ‘deposit forned on spinning splnneret 20 After a polyester sanple was

formed into chips. ke doasuhLANLEhRS veLe IRl fed gt 290 and the el

was nelt-spun_by extru t hrough nni
- having a hol e GiBRESeresE Geﬁsuﬁﬂﬂbunaa§0nnﬁanne widite tife Gifbdedars, for. 2

f
days. The hei ght hayghs @f eposit fornmed on an outer. periphery o
thg 25. extrus?onsﬁgﬁgaaf ﬁhg gp?%ggggt was neasured. The |arger the hei ght

of the layer of®¥nEagepébettlehboslyr ®oxtilsendi ng phenonenon of a

fil arrent.S5shaped st ragmeef thBebe i innd R0 o0l i¥EHA e Info I of Y,
resul ting: |ﬁ %-ltyqﬁﬁ t he polyééterofﬁéﬁgls a‘?he 30

hei ght of the Pﬁ‘?g?r{?fs %Pﬁegaﬁﬁ*%l?nr Sfréd PoFtlife ghmng Piggambrtained an
|ndex of the fathebibi thobt’ whe tpWeyesisela sampAladllsdiPPBiptdan of

t1tani um comoupghagBel g2l LEGE cthEeenecked ) acle eaupped Wih o - neans

f or. m xing the . contents under
g.of acetic acP8 F\bﬁeb@ﬁxrgeﬁtand o Japrafpra0tdlded pheddl. | e hddd er

hree-nagked fdaskneguspRete bl feall ZRARG (1Y 4 NG sONEN S ynder

stirring with heatlna m xture was' st
tetrabut oxi de ¥@delgiBulaP )P agBanufacthsedi byulNéppon Deeysraki R.Ranspar ent

- sl ution of th@?j|ﬁaﬂeuphﬁafggﬂnglgﬁ’ethyIene gl ycol . Hereinafter, this

_solution will be referred to, as a solution” : . The titanium
- fluorescence X-ray. Ansuadreuulf;lmt(abeet)OB%v1nBrap&habmmégy JdH GV QU'S
conpound, ‘'was made by drying granular polymer sampleés with heat
15 treatment in a dryer at 150°C for 6 hours, melt-extruding

through a melt extruder at 290°C into a sheet on a rotary
'coollng drum, and solidifying the sheet with quenching.
'Sampllng was conducted at the p051t10n free from
.scratches on the surface of the resultlng undrawn sheet
20 and the haze of the sample was measured by using a
turbidity meter, Model HD-1001DP, manufactured by Nippon
Denshoku K.K.
(8) Content of acetaldehyde
) _ | : A polyester sample was freeze-dried, charged in a
3 25  vial and left to stand at a temperature of 150°C for 60
' . minutes, and then the content of acetaldehyde in the
sample was measured by a head-space gas chromatograph
manufactured by Hitachi, Ltd. ‘
{9) Cyclic trimer amount
- 30 A polyester sample was ground in a grinder and a
'flxed amount of a ground sample was welghed and dissolved
in a small amount of a hexafluorplsopropanone/chloroform
mixed solution, and then this solution was diluted with
chloroform to give a sample solution having a fixed
35 - concentration (50 g/liter). This sample solution was
subjécted to gel permeation chromatography (GPC, Model
ALC/GPC244, manhufactured by Waters Co.) and a low-



15 656 g of ethylene glycol-was -charged, followed by hegtjng.,- éﬁo 00C with
~stirring. Upon arrival at the tenperature, 34.5 g of nono aur phosphat e
was added-and the mxture was dissolved by heating with sti rri_ng to obtain
a transparent solution. Hereinafter, this solutionwill be referred to as
a "P1 solution". Preparation of catalyst: The tenperature of the P1
~solution (about 690 g) was controlled te 2606-C with stirring and 310 g of
the TB 20 sol ution was gr'adual | y added and, after the .conpletion of the .

addi tion, thisg irred at a tenperatuyre of 100C for
one hour to corrp‘:)lq%t%t'ej %1} | o %Lé{'%evﬁa? heePR¥aketnfREnpbanBeakdwase

phosphorus cof§d@sdedrhe 'Dh%(lqrgltmt cobhfa tdwec Pic sai:ﬂﬁ‘e@nlhothgesgﬁpgé

sol ution was -comls def@dns t rat phosphorus atons to
titani um atons becorrgﬁe;{éd]rﬁgey l?%s‘ﬁ‘t ant g ééc?n%%r‘af oﬁug?fé]RFéFéﬂnl n the
Fo

form of a fineSY¥¥ genesk firqm r%a‘ttamialpi cslarp Lé sof nehe LBy e1id

et hyl ene Egl ycolkriamed .t hus the reacti.on mxture was in. the 30 state of
vvhlteturbldlt)(10 I_naf hls catalyst di spersion will be referred to
as a "TP1--2.0'C § 458 ©F Hellbacti on deposit in the TP1--2.0

catal yst, a porti onThia vh&uleea(@t)l fo dﬂw)&dtr\’!%sﬂ.se‘ﬂl&? & and the.

sanple was fil 0 t 35 havi.ng a nmesh enllag size of 5 m,
thereby to col Fgétﬁ'dia&?ig gggc r‘# éﬂ&ﬁn e StHue Wlk Qeplet was vvashed

with water anleFFéESquhElSGgslnhyngafr eptnulad eROSe MR Sud&d J@d UBS M 2@%6 T

2 8 suljjeect edbtig apgahys I sl concentra ion using an XMVA
anal ytical nethod x As ¥ bél%tte%e ﬂggdr;r?’al Lo eI 1R nral tfé'fﬁfhrﬁ arrluss. 4%

of phosphorus. (tHe TTDK%P) Wasi é’adi!urllﬁctgphorus atons to titanium atons was

2.1. Furthernore,.Thées m et hal t ecte to sol i.d NMVR
saig VIREP ! vale YW YA S e

analysts. o SAERbrahs FoLOHI . e derg,, O marm chhmalts a
- chemni cal shi ftstalmlﬂtyppwh126 Rh& aatpie BRANIGSS ivvRd JJ108 rﬁa b“;g&stﬂe 10
Eirgitggfwgg ?&%@ﬂiﬂ”&tf§é§8u%gé'd% %ﬁsagb%ervls ;fléﬁyiy|¥§¥2£;2r in '
_ quency e
- thermal stability and the sample hav1ng the value ((B) -
(A)) of more than 0.1 is inferior in thermal stability.
{11) Layer of deposit formed on spinning splnneret
After a polyester sample was foimed-inté chips, the
20 - resultant chips were melted at 290°C and the melt was
melt-spun by extruding through a spinning spinneret with
12 holes having a hole diameter of 0 15 mm at a extrusion
rate of 600 m/mln., for 2 days The height of the layer
- of a deposit formed on an outer periphery of the
25 : extru51on hole of the splnneret was measured. The larger
‘the height of the layer of the deposit, the more a
bendlng phenomenon of a fllament-shaped stream of the
extruded polyester melt occurs easily, resulting in

decreased formability of the polyester. That is, the

30 ‘helght of the layer of the deposit formed on the spinning
spinneret is an index of the formablllty of the
- polyester.
 [Example 1]

: .P‘reb,aratiqn of titanium compound:

35 - In a 2 liter three-necked flask equipped with a
means for mixing the contents under stlrrlng, 919 g of
ethylene glycol and 10 g of acetic acid were charged and-



_.additive anou

' I
chem cal shift peak 22 ppm_ which has never been presenyg jhflifFPByGNL 1 ona
monol auryl phosphate; was-observed. It -was clearly conflrneéﬁ?ron1these
“analytical results that 15 the reaction deposit obtained in this exanple
contains a new product obtained by the reaction between the titanium
'conpound and the phosphorus conmpound. [ Exanpl e 21 A T|/P-conta|n|ng
. catalyst was prepared in the sane 20 proc@dures as in Exanple 1, exoept _
~ that nDnobutyI phosphat e was. used in place of rmonol auryl p?ﬁsphate ?n20|_

28.3 g of nonobyty phat.e S 32 e | ene gly
under heating ml% J—"%%?E?Eo%%ts r%r‘lisﬂ CF rtﬁ Eﬁeg?géot; Thas added
in this soluti ﬁtﬁﬂﬁutﬁé‘lgs W@@ulgtr@muai\bﬁ lmhiamsi:cswl;eciﬁd:d:fe t&tewa- :

a P I on

reaction. The pgbisheg hatidngbakihd f%cﬁhospzp%ft R O L Ft SRR

controll ed so that nmol ar ratio o orus
“becane 2.0. HetBi ﬁﬁ#‘Y@?net AeYFedul té‘l@trelﬁ@é’dﬁron thde ol utiimn dvidill {bebe

referred5 o asrafé¥Pad2+6 36 aa!'&'BY%blut_E.'ﬂﬁl"heat'I‘H@ él%m_rorlgé];:’ szfeo'[ hlt 29
reacti on was rea was one. hour

reaction dep03|%’)t?c%ﬁ'gﬁ‘%1 f8n09 h lsr§g§1t&m@IW%ﬁnﬂQﬁﬁ%ﬁﬂQHQKM¥$MEQ
filtered throufhuerescence Harayg aameahr@@mnwng:&lm%gﬁlEhz@ t hereby to
collect ..35 theak : 1S.. and the ‘deposit was washed
~with water and o?leo y SRS GeTHoMnd. concentration of the
resultant reaction. Iﬂeﬁoglilﬁﬁ§ thxee&amaxeﬁ T0e6k e@uﬂxmmnhguﬁ?ed in_the
sane nanger a&né@néxmlﬁlékméscént%ﬁ%%' hndfetr et aisn edwgt D fied “t,a”' um
and 21.2% of g horus. The nolar ratio o Rosp RoT s et ani um
atoms was 1. 9. % eeEEY#PBStQFY§91MH§SpF@p§B@d;|ﬁqﬂiawa@ﬂbypmeaednges

as in Exanpl etd, 1wbephtbagtnbelﬁgrrpogpbhoar ofi vihe Epkh%O't % a%ﬂiiet he
das foll 81, 3

g of nonol aury 4%% %H%Eéﬁ%ﬁ% 3 m58998§t22W§§4a§d@ﬂ éﬁﬁyﬁéﬁemgﬁyﬁue with
heating to. pr6@@5edzsﬁﬁﬂsedubyoheaamﬂgth&ﬂh3§51%rﬁhgtQ% oB@a§%|Ht'opeggflon
 ﬁ?g$Sr;Q5f2ﬁ|Zggéﬁéégkgwg 58Put €85! CBeri3RaER g%?Ct%gstgo wtlon will ‘be

: referred to as a "pPl solutlon".

Pre aratlon of catal st:

_ The temperature of the P1 solution (about 690 g) was
_ . controlled to 100°C with stlrrlng and 310 g of the TB
20 solution was gradually added and, after the completlon of
—the addition, this reaction system was stirred at a
temperature of 100°C for one hour'to complete the
reaction between the titanium compound and the phosphorus
compound. The mixing ratio of the P! solution to the TB
25  solution was controlled so that the molar ratio of
" phosphorus atoms to titanium atoms beComes 2. 0} The
resultant reactlon product existed 1n the form of a flne
de9051t because the reaction product is insoluble in
, - ethylene glycol, and thus the reaction mixture was in the
30 state of white turbidity. Hereinafter, this catalyst
-_dlsper91on will be referred to as a "TP1-2.0 catalyst".
To analyze the reaction deposit in the TP1-2.0
catalyst, a portion of the reaction deposit was used as a .
sample and the sample was filtered through a filter

e

‘35‘ having a mesh opening size of 5 um, thereby to collect
. the reaction deposit as a solid, the deposit was washed
with water and dried. Thé_resulting reaction deposit was




mxing ratio-of the P3 solution to the TB sol ution was 16 JSARY dhdecd SO
‘that the nolar ratio of phosphorus atonms to titanium atonms beconmes 1.5. N
Hereinafter, the resulting reaction mixture liquid will be referred to as-
a "fiP3-1.5 catalyst". [Exanple 4] 20 A catal yst was prepared in the sane
..procédures as in Exanple 2, except that tgg conposi tion of the TP2

selution and the additive amount of the TB®Sol'ution were changed as .
~follows. That is, 33.0 g of nonobutyl phosphate was di ssolved in 627 g of

et hyl ene gl ycokubijebtas m@ahwag_ PIEP R 2IRMSPL Wb Rlend PP 0340

the TB sol utign add I.n lution and the reaction was con t ed

“to prepare a r%ﬁc?ﬁgn iﬁﬁﬁgal $ﬁ€$0dﬂuahﬁn§uﬁﬁfq¥ﬁqcﬁ%ﬁc@$@ﬁ¥me@olutlon

‘to the TB: sol U2i 0k wdsticantug laed 9%.tatost fzﬂﬁ@t%ﬁ@tlrggﬁtﬁpéphorus
nafter e

' 30 t ones
oaction, mixt EEoiP ol BRRSBRCBES, SeMEed ¢ LA e VR A Dt
[ Exanpl e 5] - | ﬁuathempmml vhes e ot ivini éde;ﬁm%ﬁtg wis &hlﬁ{)é;ﬁ%@i‘eto 3&;1I1ro]dg
- ; | y__pre
%G of eL?SEtﬁ’S*?I ?ngigglﬁhi par oSBT bt iu g DAY Whes "nder
the conditions ﬁﬁaﬂaﬂﬁary EOGBemmea@urmmemmmqﬁaﬂka CBY MG upitherquesrnyent

tnospheric presssrezyypeaika é*ar% i:'ex%(% &d B2 éu{%gaei‘
ahllep stlrrPn the§§?waoﬁergp§gd i hen bqth cghpoun S Ver e éﬁ¥§$$¥led 6Ver

in the reacti. oP r Bltcdl BPRyGeRivEs: ifgiom theurbntgxide rring t he
reacti od0m xt wbrucéasel oﬁhtheahimvrt@gr\a%@bx&laﬂa iy e rda t N8y the

anct on aysr dieEaEkbiln B8 Pg1 PRI b A TR Gy & et on
“dégree was 98%hkemieakb ahufthpeakozﬁoppmar whdtmmamgreﬁ@mfbééiﬁ st
ol i gomer. thus f@t@oﬂﬁgnﬁ@éngﬁtﬁbﬂoﬁah@?gepg AR B L Qpserved. 1t
was clearly confirmed from these analytical results that
15 the reactlon deposit obtalned in this example contalns a
new product obtained by the reaction between the tltanlum
compound and the phosphorus compound. '
{Example 2]
A Ti/p- contalnlng catalyst was prepared in the same
20 procedures as in Example 1, except that monobutyl
phosphate was used in place of monolauryl phosphate and
 28.3 g of monobutyl phosphate was dissolved in 537 g of
-ethylene glycol under heating (P2 solution) and then 435
g of the TB solution was added in this solution and the
25 - resultant mixture was subjected to the reaction. fThe -
© mixing ratio of the P2 solution to the TB solution was
controlled so that the molar ratio ofiphosphorus_atoms to
titanium atoms became 2.0. Hereinafter, the resultant
_ reaction mixture liquid will be referred to as a "TP2-2QO
30 ' catalyst". The heating temperature for the reaction was
70°C and the reaction time was one hour.

RV

‘To analyze this reaction deposit, a sample of the -
‘resultant reactlon solutlon was filtered through a.fllter

_ ~having a mesh openlng size of § pm, thereby to collect
.35 | the reaction depos;t as a solid, and the dep051t was
washed with water and dried.. The analysis of the element
_concentretion of‘the resultant reaction deposit was



225 g of the ester oligoner obtained by this esterif icaf e hHk ON WaS
charged in a polycondensation reaction vessel and 0.83§bd%g¥é?%gbé,
titani um phosphorus 15 reaction :conmpound (TP1-2.0) solution prepared in
Exanple 20 1 was mi xed as - a pol ycondensation catalyst with the ester o
oligormer. While stirring this reaction sxs5§n1using a stirring-wngs, the
reaction tenperature was increased stepwi $§€ from 255 to 280C and, at the .
- same time, the reaction pressure was reduced stepw se fromthe anbient
- at nospheri cpr eseondactied ArPaenddie MO Ngdensat kRanpieagt i 0fsoh the
~ester. oligoner. ~gondyct ed whi | e vi ng wat er and et hyl ene gl ycol

pr oduced by.thggggb%ycg#ﬁﬁﬁﬂﬁﬁ%ﬂ?Qe‘§3ﬁ5ﬁ'ft%?EP%QTe?nﬁl'QoﬁﬁerThe 25
pol ycondensat i Phosploriuen t iThe wesl ad O at inites . phdfshorasegdbng degr ee of

2'the.pOlyCO“de”%QEbﬁﬁth%ﬁ&hﬂﬁ :phfcked by nmonitoring a | oad applied to
“the " stirring wngs in the reacti on systemand the. reaction  was conpleted-

when-t he Dol yrer i zalEF@mpdgr d of . the 30 resulting pol yester reaches a

~desired degree. The &) ) 2.1 . SY, nti-auously .
“extruded  throygh an E?E%r%t} i ng.msegr tgilger#%écpﬁleﬁr%g‘%{%%\ﬁévégg%?dﬁlﬁ?% a\{% in
strand form tﬁgﬁmpﬂé dxt CFFEPY ¢4t dhenicampes stieraneft weeeTBDI i difi ed

. with cooling asdlukéencaind ahey eRRIE: R HiuHlaloPelhetfshayi, i@’hqf&né“ e
si ze of about'ghgglédTg #nérinsic_ﬁgfcoahtyééﬂzg val ue of ﬁ%@%&t yl ene
terephthal ate \n-tHE%r 85cPotoMSet urddtast . o 1Pk meng L 2006 . -
31 contléht of pipephypltenvayl ydsisolREQ iwnsid Wody @ﬂ@ﬁlenWéi\k’yé@ﬁQ@p@hto
“the col or toneg, ‘ | 3 t.he..b val ue.,was 1. t h_respect
t.0 the catal yflilgaeng?gl 3%'%c'g‘ril.(t:%‘%lt%rea'é]a‘l ?rlsg,sc-)tlﬁlg:ﬁqﬁ'anar'lﬂnv@b e%ﬁ i%h & 13
~ppm and t he phBsprRéBESoBoWeEn BdgEdotanddhel 6:qiprh iom endBGie ard &t ionas

Gecoimon ! on praseerotctosn e b upr b o LG SRS L

by Hitachi, UP4F}RITRE ARaSH! TAE Fas siodaitdan dimovirhe M apdlutdion [WBanpl e

6] . in ise saneoptooklsdesoathal BRIRA T UMW S plSEEP YNl alE, was

prepared, excegitgggﬁmtggoms becomes 1.5, Hereinafter, the resulting
reaction mixture liquid will be referred to as a "TP3-1.5
catalyst”.

[{Example 4] ‘

20 - : catalyst was prepared in the same procedures as in
Example 2, except that the composition of the TP2
solution and the additive amount of the TB solution were
changed as follows. That is, 33.0 g of monobutyl

| phosphate was dissolved in 627 g of ethylene glycol with

25 . heating to prepare a P4 solution. Then, 340 g of the TB

7 . solution was added in the solution and the reaction was
conducted'tolprepare a reaction mixture liguid. The
mixing ratio of the P4 solution to the TB- solution was
controlled so that the molar ratio of phosphorus atoms to

"

30 ,;itanium atoms becomes 3.0, Hereinafter, the resulting
reaction mixture liquid will be referred to as a "TP4-3.0
~‘Catalyst". 7 S
[Example 5]

_ In a reaction vessel in which 225 g of an ethylene

- 35 'iglycblete:ephthalib acid oligomer resided, a slurry

' .p:epayed by mixing 179'g of highQPUrity terephthalic acid
. with 95 g of ethylene glycol under the conditions




‘titani um phosphorus reaction product (TP2-2.0) solutiony ﬁ'l&’ﬂ
Exanpl e 2pmaspused as the polycondensation 15 catal yst an@ ﬁ%rge
amount thereof was 0.593 g. The polycondensation reaction tine was changed
to 105 mnutes. The 1V value of polyethylene terephthalate in the :
reaction mxture was 0.52 and the content of diethylene glycol (DEG was
-1.3% by mass. Wth respect 20 to the col of ¥bre, the L val ue was 81 and the
B value was 0.8. Wth respect to. the catalytic netal concentrations, the

Sttt concémntaiati Dmawsail 22 e aRfabReaplRespkoy gaggatration was 15
' pbn?n%ﬁg]neasurgégi&ﬁfd%?éaaregghomn in Tgﬁp é? ggo Ex iep$TS?Hthed
same procedur e ' E%én%l%l%e p6§9@th9lén@ltepgsnthamasp eae phepere

| t. t hat thest:tnﬁ WHONSEDGSREE, I 828t tRBnPEBYHCE o pBRARAs wb a0l Uti On
'S?gggred i n EX o1y e t he pol ycongensatloﬁ E§§Bcg g%yst and the

é% used
‘charge anmount .t éﬁf:ﬁﬁi‘@ﬁﬁﬁgg diPRrS Py 18t4rTiRg FhpyEeAgbhcat Rbnture
reacti-on %i-me m@stﬂamnpatt1¢n3ﬁéﬁSen1ﬁmiBé rémobmﬁgraaub&aaﬁdpe£gfﬁéxéene

| at div DEG cont
i gnt. Wi T8 B’% RS O Loeaifsitre {3, Eonat on adtine b
val ue was 1. 8. lQQ)re&mtnema¢§tbothetem903ﬁdenffaﬁl@ﬂé the

55%32?5”"2088”?%@l‘ﬁ&%fé"ﬁf%@“%*e%é‘ﬁ*ﬁ#%3%%@%#5“%%%?%% fidTabl e 1.
. [Exanpl e 8] |n%e§%1ﬁ%&%§i%@% wanpBe er mporgeahg! the

.terepht heo az e3wg&ylﬁfelﬁﬁta{a§%on Qi@éﬁf& dtcflﬁttﬁéaen%ls%é%aam%g%ﬂgwm% U3b££f&éé°“
':Bgfsgghdélgat|8ﬁ% %9 z#%?é) YOUHoUNECt her eof was changed to

21277 g. The pol ycor?dén@atoﬁ)rttreamﬁteu‘lh <$hli|@ct>ru\@§ ?\B@?i\glﬁgdlbiéotm%%@oméu;ﬁz'-
- | t e re t halat.e val u

" e Dea Sont enBEtBINIRNEP £ d A EBN XBtlS bn  RabebrehndeiRat o
~.L.val ue was 81rgagtilos waﬁaaiem . 832 vgtdsfres@eeitamumnlsueo Syt
cmetal corgent r 2bh@Rd o @ dgiid! Pt &Y 141 901 885, 28, PRIy A6 éxample

| concentrati,on
_ ph0sph0rus i was mixed as a polycondensation catalyst with the ester

oligomer. Whlle stirring this reaction system using a
_stlrrlng wings, the reaction temperature was 1ncreased
stepwise from 255 to 280°C and, at the same tlme, the
20 reaction pressure was reduced stepwise from the ambient
atm03phericpressure to 60 Pa and the polycondensation
reaction of the ester ollgomer was conducted while
removing water and ethylene glycol produced by the
- polycondensation reaction of the ester oligomer. The
VA 25 = polycondensation reaction time was 110 minutes.
B - The proceedlng degree of the polycondensatlon
reaction was checked by monltorlng a load applied to the
“stirring wings in the reaction system and the reaction
was completed when the polymerization degree of the
30 resulting polyester reaches a desired degree. The
| reaction mixture in the system was contimiously extruded
through an extruding portion of the reaction vessel into
a strand form, then the extruded reaction mlxture streams
_ were solidified with cooling and then cut to prepare
35, granular pellets hav1ng a granule size of about 3 mm.
| The intrinsic viscosity (IV) value of polyethylene
.terephthelate in the reaction mixture was 0.52 and the



15 , was 65 m [ Conparative Exanple 1] in the sane pro‘%eﬂ ze)ﬁsi._n
Exanpl e 5; ngyetherne terepht hal ate was prepared, except P%it al 3. E

solution of antinony trioxide. in ethylene glycol was used as a 20
‘polycondensatjon catalyst and the charge amount thereof. was 4.83 ¢ ﬁn?,
~furthernore, 0.121 g of a 25% sol ution of _ $£yfephyl phosphate in et yhene )
glycol,.was added as a stabilizer, in the Teaction mxture solution The
*po]ycondensation reaction time was 110 minutes. tn the 25 resultant

hyl ene t exaphéihal af edibbRyl ¥n¥ahiecwas (pRe ggd tgg PEG cont ent Vias -
' goggfhyymnght W.ih respect ?% t he go 6F tdne § He"L1vAPuBYWEESSS and t he
b val ue was. 3. Sl (FRFRE EcFotBh?hﬁoéﬁFaprpe ﬁb@ab vedneewasasBiloaad t he -

anti nony concerithath onalas @58 pp0130wiﬂﬂ EB$98595?BOEP%beggﬁfgiiétE%gaYas .

lts are wn.in ara
g? Fﬁnlhlhgane procégQFegfégsfn ﬁb?@nﬁump8P9§?H§Féﬁé°ntEﬁéphﬁhapmtendas
prepared 5exceﬁt Oﬁﬁhpﬂﬁﬁs@¢m¢em@rat35npwaﬁauedppm Exanel 8g& %@ﬁggﬁgd
The ol Yeondontl MR et Vo) B0 Ehe' 8o MRNE WL IF FPhedS 100, oty

o | ycondens |on reactlo t1hme
"2886 P? % 3 l@y whirekingsthe decEmpopieisdn, ppoauethybeggs

t er epht hal at e Wm&QMEﬂﬁﬁﬁébhﬁxﬁﬁﬁﬂeihaﬁﬁg 788, ngﬁu%?ﬁtJ?%gagf hl,

K tt cat tic net a| concent rat I on
\évoﬁl(r:]e;lte fgtelcon \%é‘éih i’ W“%&%u??%l%seressmensmmmblembl e 1.

hal ate, the IV
ar at@ ve Exanpl  FBanpié he) r esul t ant polyethylene t er epht |
'£g?ﬂg was 0. 52ngn Eﬂ G content S 1.3%by.weight. Wth respect to
the color tone, thel vgi YRS RS ol it FeRlel 9. Falyedliyleme P1 -

“sol.ution prepaﬁ@@aghth&lﬁhﬂﬂwa@_piﬂpaﬁﬁﬂﬁﬂé&@éytG@@%ﬁagggﬁ gther e
Dol yeondensat | S eataid ARlos I e EACANLIDRIY (B 22 N0 o

ol ycondensa

Bol zet hyl ene t BFEpRTeAl dite E’tampllal Z/a'réue werd 1ds el oty ddralddea sy ent

was 1.3%shy wetghalyWdt lind the charge amount thereof was 0.593 g. The
polycondensation reaction time was changed to 105
minutes. The IV value of polyethylene terephthalate 1n
the reaction mixture was 0.52 and the content of
‘dlethylene glycol (DEG) was 1.3% by mass. With respect -

20 to the color tone, the L value was 81 and the b value was

0.8. WwWith respect to the catalytic metal concentratlons,.
the titanium concentration was 12 ppm and the phosphorus

concentratlon was 15 ppm. The measuring results are
shown in Table 1.

25 [Example 7]

In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that the
tltanlum/phosphorus reaction product (TPB 1.5} solution
prepared in Example 3 was used as the polycondensation

130 catalyst and the charge amount thereof was changed to
0. 413 d. The polycondensation reaction time was changed
to 115 minutes. In the resultant polyethylene
‘terephthalate, the IV value was 0.52 and the DEG content
was 1.2% by weight. With respect to the color tone, the
35 . 'fL value was 81 and the b value was 1.8, With respect to
.the‘catalytic_metal concentratiohs, the titanium
Jconcentration was 8 ppm and the phosphorus concentration

s



respect- to the color tone, the L value was 81 and the b,.val ue v 3. 5.
Vvtﬁ'respect to the catalyst netal concentrations, the f?H@PHQQQ%y%
~concentration was 13 ppm and . t he phosphorus concentration was 14 ppm The.
- neasuring 20 results are shown in Table 1. [Conparative Exanple 4] in the
“same ‘procedures as in Exanple 6, polyethylene terepht hal ate was prepared,
except that 0.258 g of the TB solution prégared in Exanple 1 and 0:335_9

- of the P2 25 solution were separately charged, as the pol ycondensati-on

ccatalyst, in thad eagddpPn Sshnd LMo I & i Lhem with g other..
The p)cl)l ycondensat | on(ﬁr_éeact i 'on ?‘lgar%g Was c%a%gie%g%}%ls??ﬁrhd%sfg?h%etﬂe
~resultant: pol yet hyll&¥%@mRXs dbht hal ate, the IV value was 0.52 and the DEG

tent 30 was 1.3%ghy e ' BPReStad & : 0 -
\C)glnug“nwas -BYH-an thomy ﬁ\% ?fmm%\g%&oém th raeésgleﬂc{_}%%%%eé'c %]f%/%&cy ir_r%rf%l
';concentrat{ons??Qﬁé§%ﬁ§¥ﬂEQMﬂaﬁuﬂﬁﬂﬁﬁ?@ﬂ4(ﬁ¥QQE¢fm#%ﬁnﬁhﬁm{the phosphor us
P e Loy A i oephe %ﬁdﬁc{@lﬁiﬂécﬁ;ﬁq t he s'adng Spr octgi ur e§535
[ Conparative E l.e. 5] . Pre ration of catalyst: _ €
i[ n garrpl e 1, Eg%%tagfleystl Eg( ary "*ﬁﬁ)é‘sﬁ/\&% tﬂ?eer%?]éﬁx”@@b‘bﬁﬁtit%t .
di -n--butyl phegpedystwandidde cimrde mmmg:dnihh%&?ﬁ? of ,
monol auryl. - phesphat T Of.s conmpounds. a _ .
react i on,ycongi ?.gﬁg %ér_e%%%gﬁgﬁeé{%%&qp §§a§ g Ot _ttlﬂ%'réﬁﬁllctlﬁf_tﬁﬁﬁlat e
was di ssol ved FR 339 Juirytes .ot By dde glemditanitt Ipdigattyde@b. sol ution) and

- 435 afo the EBrephthiadateas jdd i the action gas
'cohdgct ed. The rga?{hilton té:rrpe,rat u(rig, V\.t‘%slub%%(ya;\gd ﬁé—&gg&! (?r#’(’[‘elcr%'m one -
hour. The nixi K% fatito bar edghts sHlifh sesneathdoTR heplomlicon b, the

‘control led so Lhatlukee vl L oald enel IDRASOMES 3075 §lel AN AP
’ ?S?g?idzi g,. als_lgég'l' %%%Eﬁ&f.tgm%&%if%&dcg%ﬁ%%ryzé%é‘i@é’éﬁﬂbn deposit in
‘the reaction @PReengragisanplas 6B topm reesl than phioedHordd TInddrirWaon
‘ 15 °  was 65 ppm. | ' '
[Comparative Example 1] _
in the same pfocedures as in Example 5, polyethylene
_terephthalate was prepared, except that a 1.3% solution
of antimony trioxide in ethylene glycol was ﬁsed as a
20 polycondensation catalyst and the charge amount thereof
.~ was 4.83 g and, furthermore, 0.121 g of a 25% solution of
trimethyl phosphate in ethylene'glycol,,was added as a
stabilizer, in the reaction mixture solution}f‘The
- polycondensation reaction time was 110 minutes. 1In the
L 25  resultant polyethylene terephthalate, the IV value was
B | ©0.52 and the DEG content was 1.0% by weight. With _
respect to the color tone, the I value was 78 and the b
value was. 3.5. With respect to the catalytic metal
| concentrations, the antimony concentration was 250 ppm
.30 and the phdsphdrus concentration was 26 ppm. The
measuring results are shown in Table 1.
[Comparative Example 2} '
In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that the TB solution
35 bPrepared in Example 1 was used as a pochohdensation |
catalyst and the charge amount theréof was 0.258 g. The
polycondensation reaction time was changed to 95 minutes.




fi-ltered through a filter having a mesh opening size of J e
coll'ect the reaction deposit- as a solid, and the dep05|€ nguﬂégﬁid wnth
wat er and dried. The analysis. of the el enent concentrations of the

resultant reaction deposit. was conducted in the same nmanner as descrlbed-

above. As a result, the deposit contained 16. 9% of titanium and 21.0% of
- phosphorus. The nDIar rati o of phosphorus 3 oens to titani um atons was 1'9ﬂ

25 Preparat|on of polyester In the same. procedures as in Exanple ?he

' xcept that_0.599 -
.gggygtgngPglyst SO :utlon preparé%f£§£$ﬁ§eﬂﬁoE%gﬁBBF%?iﬁﬁermﬁgeu§8dvé%uﬁ
pol ycondensat i dfRE# a$3 sand Thee %@&w’o&den\eak LDF3%e1apm@m ht[rel Wﬁl\}\égo

I'n th @&%t e io! I alate e r ue
g1ggtgﬁd tﬂe [E??%onteﬁ?9m£§9f¥§§gﬁ €8§e %ﬁ@ t R LPRcPRE 8 a?ﬁetﬁ%lﬁr
tone, the L val{R'YRVI8 arl- t HElgh U@$B@CUB$05the oathlyespendtad the

cat al yti c5net alccifeaoneanidr} ians. ti{ﬁh{ﬁﬁ&&bﬂ#% ggg@fgﬁawégn iﬁs 13 ppm-

and the phos r us concentratlon was e neasuri ITS are
shown in gablg € fPFUNHRY 2R0BLLS e S?QEﬁpamdfabbeE&anple 61 :

Preparation of cat alucsdmpdfaﬁhﬂesﬁfmn @C:? flures as in Exanple 1, a catalyst

was prepared, excepty t q% trlnet ate was used as a. phosphorus

conpound i n.pl ace of 1
usreTg and the réfanenhth@cmcb twmgm@sa:@dlﬁf‘@ﬁﬁb Elﬁiﬁ QVS258 9g 709 e T8 |

Rt o0 oS RARE e Suft S MP ! bl e S oY e ! dhothe
~heatin

' sgl uti gn and t Fesampde ok |WWWM§edztmm¢m ehsaaat |pig13t@cﬁmw@5§rmﬂ)mil ZOC
for. a reactlonc’raltmycg‘t JORE tHHE QR0 ufﬂ’lén‘?%?ﬂl?'% réﬂ %H%% t e m rg

ratio of the P2 u ntothe TB so I on was con €the.
" nolar ratiao of P cﬂ%’ofﬁ'rﬁf‘r PO TSRS RPN itide Ut ok Meuores. 2. Ih the
Herei nafter, thesm@mdnﬁIpphyﬁﬁﬂyMﬁhdﬂ@@¥b§ﬂﬂﬂglé¥b\Mﬂﬂe Be & &L to as

a " TP6- 29 cat § Y3t i LA Ha Sl 3] 0 RSt 1 n the éﬁf‘ﬁ"
respect to the color tone, the I value was 81 and the b
value was 3.5. With respect to the catalyst metal

_concentrations, the titanium concéntration was 13 ppm and -
the phosphorus concentration was 14 ppm. The measuring
20  results are shown in Table 1. '
[Comparative Example 4] 
In the same procedures as in Example 6, polyethylene
terephthalate was prepared, except that 0.258 g of the TB
solution prepared in Example 1 and 0. 335 g of the P2
25 solutlon were separately charged, as the polycondensation
. catalyst, in the reaction system without reacting them
with each other. The polycondensation reaction time was
changed to 112 minutes. In the resultantfpolyéthylene
 terephthalate, the IV value was 0.52 and the DEG content
30 was 1.3% by weight. With respect to the color tone, the
L value was 81 and the b value was 3.0. With respect to
the catalytic metal concentratlons, the titanium
concentration was 13 ppm and the phosphorus concentration
. was 13 ppm. The measuring results are shown in Table 1.
35 [Comparative Example 5)
Preparation of égtalyst:

In the same procedures as in Example 1, a catalyst -

aﬁ'h’e“ FHeAmR ke o thelyerivlent as |



- TP6-2:0 catal yst, a sanple of the resultant reaction
Y e 9%? rr*%ereby to

“filtered through a filter having a nesh opening size of

~collect the reaction deposit as a solid, and the deposit mas washed with
-water and dried. The anal ysis of the el ement concentration of the
resul'ting reaction deposit was conduct ed |% the same 25 Manner as

- descri bed above. As .a result, the deposit éont ai ned 16. 0% of tltanlun1and N
"2@[996of phosphorus. The nolar ratio of phosphorus atons to titani um-atons

~was  1.9. Prepafasi igprepird) Vestept . §9a£”dibﬁ’-}§&9§19§>ﬁ anggla,as s Fﬁarrpl e.

5, “pol yet hyl ene r t hal ate was prepared, except
: TP6p2 % ca%/al y S stg'f%tffr}b‘?ﬁ%tl’%‘ﬁe‘ﬁo ‘t"ﬁ@ h%ol?%a%n?foﬁ@ﬁC’léﬂ@E dures was.

‘used as-a . pouynnnﬂﬁﬁ&ailth@?&mb?ﬁts Jheth?gézﬁ?2§§8§?%%Fgfgéaﬁ?ﬁge?%'”E_
‘vafugzmg;nugegi, Jfﬁ%%%ﬁéf %@%twgg %g By Ri SPOV@th respect to .
" the ‘col or3t one, the35Aﬁﬂgmnﬁwﬁrﬂﬁbﬁhmﬂtﬁhn#pﬂﬁtdaﬁaﬁralfegﬁved3ﬁn S??g%|ums
\évg?rcgn? r a:/Y E)E Q‘*g‘i@% pl;[o&%r%h?% osp o%ﬁisn%oﬁ%@ﬁ%’lg‘?gbﬂn&aénégﬂ%rrg The
measuring.  reffl tehentB SRhtion wm eadded Ito DANM HEL 0l 6h >adasher 1t ~t oN
-1 UDCC) NCOr - r ¥ i h Wa@%oﬁdﬁét@Mﬂ@oﬂ'@Qéﬁfon Ofemperature was -
) y *+0. -tofntoN%Q}oe%%d‘the reactlon time was one hour. The m1x1ng
10 ratio of the P2 solution to the TB solution was ,
controlled so that the molar ratio of phosphorus atoms to
Y : “'titanium atoms beqomes 2.0. Hereinafter, the resulting
o reaction mixture solution will be referred to as a "TPS5- -
2,0 catalyst™. .
15 - To analyze the reaction deposit in the reaction
| _mixture, a sample of the resultant reaction solution was
filtered through a filter having a mesh opening size of 5

. um, thereby to collect the reaction deposit as a solid,
and the deposit was washed with water and drled. The
20 analysis. of the element concentrations of the resultant
reaction deposit was conducted in the same manner as
described above. As a result, the deposit contained
16 9% of titanium and 21.0% of phosphorus. The molar
e _ ratio of phosphorus atoms to titanium atoms was 1.9.
| 25 = Preparation of polyester:

: In the same procedures as in Example 5, polyethylene
terephthalate was prepared, except that 0.599 g of the .
TP5-2.0 catalyst solution prepared by the above operation

. was used as a polyCondensation catalyst. The

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

35 . concentrations, the titanium concentratlon-was”13 ppm and
the phosphorus concentration was 16 ppm. The measuring
results are shown in Table 1.
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[Comparative Example 67
Preparation of catalvst:

In the same procedures as in Example 1, a catalyst
was prepared; except that trimethyl phosphate was used as-
5.  a phosphorus compound in place of monolauryl phosphate.
L The amounts of the compounds 'as used and the reaction
conditions were changed as follows.
25.7 g of trimethyl phosphate was dissolved in 537 g
of ethylene glycol with heating (P6 solutlon) and 435 g
.;10 0f the TB solution was added to the solution and the -
reaction was conducted at the heating temperature of 70°C
f.j_ for a reaction time of one hour to obtain a reaction
o mixture. The mixing ratio of the P2 solution to the TB
solution was controlled so that the molar ratio of
15 phosphorus atoms to titanium atoms becomes 2.0.
' Hereinafter, the resulting reaction mixed solution will
be referred to as a "TP6-2.0 catalyst". _
) To analyze the reaction deposit in the resultant
TP6-2.0 catalyst, a sample of the resultant reaction
20 solutlon was filtered through a filter having a mesh

opening size of § um, thereby to collect the reactlon

deposit as a solid, and the deposit was washed w1th-water'

‘and dried. The analysis of the element concentration of

the resulting reaction deposit was conducted in the same
25  manner as described above. As a result, the deposit

| contained 16. 0% of titanium and 20. 9% of phosphorus. The
molar ratio of phosphorus atoms to tltanlum atoms was
1.9.

Preparation of polyester::

30 In the same procedures as in Example 5, polyethylene
Aterephthalate was prepared,-except that 0.591 g of the
TP6-2.0 catalyst solution prepared by the above-mentioned
procedures was used as a polycondensation: catalyst. The

_ polycondensatlon reactlon.tlme was 92 minutes. In the
35  resultant polyethylene terephthalate, the IV value was
.0.52 and the DEG content was 1.3% by weight. With
respect to the color tone, the L value was 77 and the b
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value was 5.9. With respect to 'the catalftlc Ihetal
concentrations, the tltanlum concentratlon was 13 ppm and
the phosphorus concentration was 16 ppm . The measuring.
results are shown in Table 1. | o
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reactivity as
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shown in Exanples 5 to 8 and make it 5 possitble to prepare a pol yester in

an. anount snal | er —than that of-a conventional ‘antinopny conpound catal yst .-,
and al so renmarkapljy i the cql or | hug of [t he ref i ngl pol yester as
conpared w th an fn dtcal ysd | @r{ an {cat alla/ctc,sysct m,npde of a sinple
mxture of a titahi brgyougy |agdd a, hgsmprqg . (Exanple 9]
Pol yet hyl ene ter eph gt @ peP| jets |prepar gdri hiti he~ | ocedures as in
.Exanpl e 'S and havirjg aj|l V yal ue off 0! 64 jwerge diied t-spun to
produce an undrawn |15 fiframent—yar-of1333—dtex-36—+ s, and the
undrawn  yarn wasf qrawsjat- a drjaw natip of{ 4.0 tg pr dr awn
multifilament yarin |0B B 25| & elxP36 T.i | &rgnBs| “The> i es of the
resul ting pol yner San‘d [Hat! ofethe' yaPni “arleeshowd @ - 2. 20 [ Exanpl es
10.to 12] In eachf BEpnples 10 t¢ 12} a |pol yethyl ene }terjephthal ate yarn .
was. produced in tlid salld mahner] as|in | Exgnpl F 9, exicepy that pol yet hyl ene
terephthalate pelﬁgts EbbLa ned i njeach off Exanplles [6-t® 8 were used as 25
pol yet hyl ene tere%tth Yt &. hed | lebos | &hp Spriagef & ¢ af @ { Kz iresul t ant
pol ymers' and. of -flehe ygarins are [shown ip Tablp 2. (Conpardtive Exanples 7
to 10] .In each (]15;';“1 onpdrat{ve F)(aqn’)lp 71to 10, ia 30 pol ydthyl ene: :
“terephthalate yar| was (Jrodjiced i njthel sarfe jranper.] as{in [Exanple 9
~except that - pol ygeiygens :
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terepht hal ate pellets obtained in each of Cbnparatlve F{g | es %Jto 4 were
“used as pol yethyl ene terephthal ate pellets. The proper 2006
-resultant polymers and 35 the yarns are shown in Table 2. . 16,January .
-39 m43 vr~~440m' (r) toG'rnrn o $4 A 43 Hx.0o 0 4)
C4NNHN(1U)N, Or-1 N OlL~[~mi "mDU) =~ v. 28 On<4M oOtotl a o ~- .¢c ~r

‘As'is appareht'from_Table'l, the titanium/phosphorus
reaction product catalysts described in Examples 1 to 4
of the present 1nventlon are superior in polymerlzatlon
_react1v1ty as shown in Examples 5 to 8 and make it
5 - ‘possible to prepare a polyester in an amount smaller than
~that of a conventional antimony compound catalyst, and
also remarkably improve the color hue of the resulting
"polyester as compared with an antlmony catalyst, or a
'catalyst system made of a smmple mixture of a tltanlum
io compound and a phosphorus compound.
. | | [Example 9]
s - '~ Polyethylene terephthalate pellets prepared in the
' ' | same procedures as in Example 5 and having an IV value of
0.64 were dried and melt-spun to produce an undrawn
15 .filament varn of 333 dtex/36'f11aments, and the undrawn
yarn was drawn at a draw ratio of 4.0 to produce a drawn
multifilament yarn of 83. 2S-dtex/36 filaments. The
’prOpertles of the resultlng polymer and that of the yarn
_ are shown in Table 2.
20 {Examples 10 to 12]
' In each of Examples 10 to 12, a polyethylene
terephthalate yarn was produced in the same manner as in
Example 9, except that polyethylene terephthalate pellets
obtained in each of Examples 6. to 8 were used as

T polyethylene terephthalate pellets. The properties of
' - the resultant polymers and of the yarns are shown in
Table 2.

[Comparative Examples 7 to 10}

‘ In each of Comparative Examples 7 to 10, a

30 'polyethylene terephthalate yarn was produced in the same
manner. as in Example 9, except. that polyethylene
'terephthalate 961lets obtained in each of Comparative
Examples 1 to 4 were used as polyethylene terephthalate
pellets. The properties of the resultant polymers and

35 the yarns are shown in Table 2.
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40 [Exanple 13] Pol yethyl ene terephthal ate pellets preparea sane
manner as in Exanpl e 5 and having an’'lV value of ri " at 180. Cfor 3
hours and fed in a single screw extruder (inner dianeter: 65 mm path
‘length: 1000 nm residence time: 10.mnutes). After the tenperature in

- the extruder was controlled to 280C in the49|C|n|ty of a charge port. and
“controlled to 300C in the vicinity of a discharge port,. the polyner was

nelted b radual |y , E&%m g and. then extruded through an extrusion
die for ¥|Pn1to forn1an Jﬁ%ﬁqWJnflln1 This undrawn filmwas drawn at -90C in.

a | ongi tudinal diredqigethylens serenhithalite geleboaprepayedr annthel n),
drawn in a- |at%ﬁﬁe rnrRGL Q0 58 E&éﬂ ‘%réuéﬁh aé&&b(gﬁafba+éY%gr§ﬁm film

15" and then ther IIy set ' at ' C to produce bia

pol yester -film} H’&r& iigehéds ]&0 5 faE Irhouys opedt fed mﬂ aheingle
'-resultlngSpOIymEEGWNéﬂﬂrhdeﬂlvﬁﬂﬁér'dﬂﬁﬁﬁtéfl-%§”£h3d%$ﬁglate ?h141§39 15)

hyl ene tere [ m was
produced 1n t nEGARESHITGS dTa Bt e e fomperajnzac

| terephthal ate qmeltlrl]m salmuzaieredzam mﬁrd{l@(%&f)ﬁ@f@%@%ﬁﬂf{sﬁﬁﬂan ,

oo eurt she | B M B, S BiSIE EloEA B A

13] “I'n each of. oéoepalrl@em,rgemtes tixe tp@llvnﬂar avapakgbtéy|iyegradually

terephthﬁmate h%h%qh@a%nﬂrQﬂ%&?%ﬁﬂ%ﬁd@ﬁfﬁﬂ?%ugh an extrusion die for

: fllm to form an undrawn film. This undrawn film was
:Yj- - drawn at 90°C in a lengltudlnal direction at a draw ratio
) | ' of 3.5 (monoax1ally drawn film), drawn in a lateral
'_d;rectlon at a draw ratio of 4.0 (biaxially drawn film)
15°  and then thermally set at 200°C to produce a biaxially

| drawn polyester film having a thickness of 15 pm. The
properties of the resulting polymer and the film are
.shown in Table 3. |
_ ~ [Examples 14 and 15) :

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

o ‘polyethylene terephthalate pellets. The properties of
T 25 the resultant polymers -and the films are shown in Table

[Comparatiﬁe Exemples 11 to 13)

In each of Comparatlve Examples 11 to 13, a
'polyethylene terephthalate film was produced in the same

- 30 ~manner. as in Example 13, except that polyethylene

‘terephthalate. pellets obtained in each of Comparative
Examples 1 to 3 were used as polyethylene terephthalate
pellets. The propertles of the resultant films are shown
in Table 3, '
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0 WWWJ f7U W16 January. 2006 - A2 - .10. [Exanple 16] . Polyethyl ene
t erepht hal ate pel |l ets obtai ned in. Exanple 5 mere-treated at 160C for 10
mnutes, thereby to semicrystallize the polymer by. using a high-speed
_systenlflom/type crystal lizing nachine, _anéZthen further nltrogen gas flow
at a tenperature of 160C under the TR e :

: [Example 16] _ _
Polyethylene terephthalate pellets obtained in.
Example 5 were treated at 160°C for 10 minutes, thereby
. to semicrystallize the polymer by using a high-speed
.5 . system flow type crystalllz1ng machlne, ‘and then further
treated in a nltrogen gas flow at 160°C for 4 hours, |
.thereby to crystallize the polymer, and then dried.
These pellets were transferred to a packing column type
. . - solid phase polymerization column, where these pellets
'~101.‘ were subjected to a solid phase polycondensatlon step in
R ” a nitrogen gas flow at 215°C for 22 to 25 hours. - The
']7)5"2,7"  reaction time was controlled so that the IV value of the
' - -resultant polyethyleneAterephthelate becomes 0.760. The
properties of the resulting polyethylene terephthalate

15 are shown in Table 4. o

‘ ' Using the resultant polyethylene terephthalate
pellets, a preform was produced in the follow;ng manner.'

5 kg of polyethylene terephthalate was dried in a
_ ' nltrogen gas flow at a temperature of 160°C under the
: 20l ambient atmospheric pressure for 10 hours Oor more using a

' 'tray dryer and dried polyethylene terephthalate was fed
to an injection molding machine {"M-100DM", manufactured
by MEIKI CO., LTD.) and then injection-molded into a 1
cylindrical preform having an outer diameter of about 28

25 ﬁm, an inner diameter of about 19 mm, a length of 136 mm,
' - a body portion wall thickness of 4 mm and a weight of

about 56 g under the conditions of a cyllnder temperature

of 275°C, a screw rotatlonal speed of 160 rpm, a primary

. compression time of 3.0 seconds, a mold cooling

30 temperature of 10°C and & cycle time of 30 seconds.

o Sempling was conducted at a center portion of the body
_portlon of the resultant preform, and then the IV value,
haze, the acetaldehyde concentration and the cyclic )

‘ itrlmer content were measured. These results are shown in

'35  Table 4. -

o [Example 17]. .. |
A polyethylene terephthalate preform molded‘article

P
Lt



160 rpm a pri@S

anbi ent at nospheric pressure for 10 hours or nore u5|ng1§Ja&k§Y2gﬁger and -
drled pol'yet hyl ene terephthal ate was’ fed - to.an injection nolding nmachine -~
("M 100DM'; manuf actured by MEIKI co. , LTD.) and-then injection-nol ded
into a cyllndrlcal pref ormhavi ng an outer dianmeter of about 28 resultant
pol yet hyl ene- terepht hal ate becomes 0.760. The properties of the

resul ting- pol yethyl ene terephthalate are difown in Table 4. Using the

resul tant polyethyl-ené teérephthalate ‘peltets-,: a preforntmas produced in
the fol | ow ng RPN 65 y I t Ia evms ried in a
freated in a n|trogéﬂ?dé&é?lﬁﬁvéggJéﬁﬁ?'%Pgﬁé%%€$€ QS QmPgechtallize
~the. polyner, &EFedent ﬁeﬂPIYQ¢R¥%£®@It@tephkhel&tanpékleed bbtaipadki ng
col um type solig PRaaS P WeFd 2844@D t ell et wer e
subjected to a: souhgathfe poIycondensa??%ﬁn@?%%@?%ﬁgapﬁgﬁ%gge%kg §h??’owat
215C for 22 to Y5 ‘The reaction time was controlled so that the IV
~'val ue of bhe 25 mm [mmgumtw@rmtaﬁpmsamw,olﬁgmn a length of 136 mm

- a-body portion wall Agﬁss Q n 3% gf about 56 g under the
. conditions of a ggglnder e ?WR%E EﬁV% Jom %%r%%/F%téﬁroﬁal speed of

etduniares suezrenhttsalﬁté Brefenmndeas apﬁ@didcédoh.h nghao

at & cont er Slrsﬂe?%nq‘%ﬁ"ﬁtcy%? eSO B, PR AR BB RO e

the 1V val ue; YSEAP %%ﬁﬂ&ﬂ (ph%ﬁtﬂﬂdrkn|Qﬂmgamhtﬁeecﬁthple$rlner
content were maRsw %reThtfé%‘?i resigld Sl ﬂ%"}: a‘ﬂgé
17.]. A pol yet yl ene terephthal ate preform (F%Péﬂtl f@ %%Gﬂanuar 566

.10 was producedin the-sane procedures.as in Exanple.16, .except that
fpblyethylene t er epht hal ate pel lets obtained in Exanple 6 were used. The
‘measuring' results are.-shown in Table 4. (Conparative Exanpl-es”14 to. 16]
1n each of Conpar ative Exanples 14 to. 16,.a polyethylene terephthal ate
~preformwas produced in the same manner as in Exanple 16, except t hat

" pol yet hyl ene -

B
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‘t’he sane nmanner as in Exanple 6, polyethylene terephthal ate was prepared :
except.that 0.041 g.of petraerythritol-tetrakis[3-(3,5.-di-tert-butyl-
hydr oxypheny) propi onate] ("lIrganox 1010", manufactured by Ciba SpeC|aI|ty
Chem cals Inc.) was added to.the-oligoner45a%ter the conpl eti on of
‘the:sesterification reaction. In the resulting pol yethylene terephthalate
‘pellets, the IV V|é§%ﬁw§ : Wth respect to the color tone; the L 10"
val ue was 81 and. __Ruﬁ as 1. 9. with respect to the catalytic netal
‘concentrati-ons, truinithﬂﬂSﬂWE(mﬁnnﬁur&ﬁlxn1Ex&mﬂxbrﬁungw&yethy¥¢m3phorus

~concentration é,%%bﬁéhﬁ% i ueﬁ) ¥y &g @r&p&t_ I"@I@,;f é)eg)kets V\ere

fed to the same manu rocess a
petraerythritol-tetr 1s[3 {3,5- 1—tert—buty1 o
5 ‘;'hydroxypheny)proplonate] ("Irganox 1010“5‘manufactﬂred by

Ciba Spec1a11ty Chemicals Inc.) was added to the ollgomer
after the completion of the esterification reaction. In
the resultlng polyethylene terephthalate pellets, the IV
, value was 0. 63. “With respect to the color tone, ‘the L
10  '}.va1ue was 81 and the b value was 1.9. With respect to
_ _ ~ _the catalytic metal concentrations, the titanium
ell"' - concentration was 12 ppm and the phosphorus concentratlon
was 15 ppm. These polyethylene terephthalate pellets
fwere fed to the same fiber manufacturlng process as in
15 _ Example 9. In the resulting polyester fibers, the IV
value was 0.62, the tensile strength was 3.7 cN/dtex, the
ultimate elongation was 23% and the height of a foreign

matter dep051ted on the spinneret was 5 um.
: : [Example 19]
20 Preparation of recovered dimethyl tergghﬁhalate:
| 200 g of ethylene glycol was charged in a 500 ml
separable flask and 1.5 g of sodium carbonate and 50.g of
a polyethylene terephthalate scrap'comprieing ground PET
7y - 'bottieerweré charged, and then the temperature of this
) 25 . mixture was increased to 185°C by heating with stirring.
' The mixture was left to stand in this condition for 4
‘hours. As a result, the polyethyiene terephthalate scrap
‘was melted and the depolymerization reaction_thereof was
_ completed. The'resulting depolymerized product was |
30 condentrated_by distilling under reduced pressure and 150
' g of ethylene glycol was recovered as a diEtilled
- fraction. .
This concentrated solution was mixed with 0.5 g of
‘sodium earbonate as an esterification catalyst and 100 g
35 of methanol was further added, and then this reaction
mixture was stirred at a liquid-temperature of 75°C under
the ambient atmospheric pressure for one hour, £hereby to



15 Exanple 9. in the resulting polyester.fibers, the |'Vig jxflagoo@s O - 62,
the-tensile strength was 3.7 cN dtex, the ultimate elongation was 23% and

"the height of a foreign -matter deposited on the spinneret- was 5 [ Exanpl e-
~19) 20 Preparation of recovered .dineth.l ter hthalate: 200 g of ethyl ene

gl ycol was charged in a 500 ni separable. flask and 1.5 g of sodi'um
carbonate and 50-g of a-pol yethyl ene' terepfit hal ate scrap. conprising ground

“PET"bottl es were charged, and then the tenperature of this -25 i xture was

i ncreased to 1 i ng tjrrd.ng.. . The mxture was left to stand
i n-thi-s condi t%&@%rﬁéi%%%%rfg&%sﬁgélqgﬁ?ﬁ%gceprgﬁ%/’e?rhyI ene terepht hal ate
scrap- was mel ted afidve resadgeinmaeacdtiioon rdedatieo washerapiedvdso 40°C

conpl eted. ' Thedesultddianlons iaz%(%a%fspéﬂg%té%s Hhe UGEI [ Ffck 1

di sti'l li.,ng under reduced .pressure and 150 ~ethyl’'ene glycol .
recovered as ‘atfrsBhihad ate galilgetethion dde dithtar wam|changedetnte xed
with. 0.5 § of 190digiRfacimmicl ,ahedt Sty idfd eatd R SaldtadteanhdP0; g, 35

of methanol was further added, and then thig reaction mxture was:stirred
at a liquid tefp §hﬁﬂaé¥¥%ﬁﬁfqiﬁgépugph€ Sntf RIS AR prid®ure for

~one hour, 't her siashingl GniafidrterdR6 opedtt ioe Wil hepddansasigiéfi cation
reaction. The resul { ti L xt-ure wa ogled to.40C. apd filtered -
: .H%% dfﬁ?% d%%.gﬁm%ﬂ%ﬁ%ﬁﬁiﬁi%tﬁiﬁﬂﬁqég%ﬁﬁﬁélon the

t hrough a glass.-filter. € Ccru _
col | ect ed. on' t Hé ltien slaswvehagigedgda iantdd stdd g tdfonmetehaind arteatiack 1 D1d0C:
and stir1@d {0l ireduclier g ulld b3 §d ¢5Nic0a 01,58 i LA 893N

The .washing and filtering Operations were repeated tw ce. The Cr

" dimethyl terepRrRal &#ereby ot sgldpcthdimpthydr terepitthaetd mma |
dijstillation devised1ard ¢radribad 1@nendaountdeeed Hy Qﬁ%—lﬁihl(l{d G i e at
a a

aref lux ratig therehy to collect dinethyl terep ate as

' f 0.5,
“distilled f-racFP§&9°fﬁé1 ¥s5ut G t fledrBomnte @5 Sigatdyl dqnandiidr ke 47
. g. The anount okrdimdniylint ehepdtibalidietibaneriittd Wadd eedisiivdd at i a

i met Pyt T or phetiiave ada5a% By mibl GRCRISsY dRtined cinamyl
terephthalate was 93% by mass based on the mass of the :
polyester charged. : ' |
) In the recovered dimethyl terephthalate refined by
distillation, 0.5 ppm of dimethyl 2-hydroxytér9phthaléte
20 -was detected. The purity of the recovered dimethyl
‘terephthalate purified was 99.9% by mass or higher.
Preparation of catalyst:
| 131 g of ethylene glycol was mixed with 3.5 g of
mono-n-butyl phosphate and this mixture was dissolved by
25 - heating at 120°C for 10 minutes. To 134.5 g of this
- ethylene glycol solution, 40 g of ethylene glycol was
added and 3.8 g of titanium tetrabutoxide was dissolved
therein. ' The resultant re&ctionisYstem was-stirred at

et

120°C for 60 minutes to cause the titaﬁiﬁm compound to

30 react with mono-n-butyl phosphate and to prepare a white
slurry of catalyst containing the reaction product. The
titaniﬁm‘content in this catalyst slurry was 0.3% by mass
and the molar ratio {(my, /m,) of the content of phosphorus

' ~ atoms to the content of titanium atoms WaS:250-‘ )

35 = Preparation of polvester and fibers:

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



~ polyester charged. In the recovered di nethyl terephthal g g;58fi 8ess by

distillation, 0.5 ppmof dinmethyl 2-hydroxyterephthal ate 20 was detected. -
The purity of the recovered dinethyl .terephthalate purified was 99. 9% by -
mass or. higher. Preparation-of catalyst: 131 g of. ethyl ene glycol '
was-m xed with 3.5 g of nono-n-butyl phosphate and this m xture was

_di'ssolved by 25 heating at 120C for 10 i lites. To 134.5 g of this 30.
“ethyl'ene glycol solution, 40 g of ethylene glycol was  added and 3.8 g of

At1tanrunytetra@ghaéhg@rmﬁgcgggfﬁggegf 156" g Be The E%EBUE?@&!&?H@%H&gbund_-

systemwas stirred at 12 _ 60 .m nutes”to_cause the titaniumco
to react withtRbRABEEDBARYE PRbapREHebYEnEheoapPEpament inmede Preiaadurest,
catal yst contawftng7p6hg beagthPPeREOogUstol TN@ast iaBUUPICHER i dehi s

catalyst slurry, was.0.3%Db Ss, - and. the | ar ratio (n4j/ng) of the
conte%t of.phogﬁﬁoiﬁgané%ﬂzgﬂgﬁpPﬂﬁuﬁoﬁ?EﬁHgSF'tPFSnFHﬁPaﬁ&ﬁ§\Eﬁ§QE¥W135

_Preparatison of mpetyeet easasdbiébeed: tonaatranekiseerigssalk ieainprd ivn h a

“stirrer, a re hfi@ggg5§ihﬁlf£'gg?ﬁfégg?t%8g4g’ t hanol distillation 16.

January 2006 47 “COndERsSer; a mXx 3¢ the recovered di nethyl
terephfhalate,obtaiﬁbq_b?achgoabpvedheh%ConEdipipged&xeare\MﬁdmidV@ag of
chylene 9'yCOﬁraM@%efkéﬁdt$‘$h%&lﬁ?oﬂd@ﬁSaEESntEbgekﬁghpg%%%%ﬁr%%d the
catal yst, and then this reactio xture was subjected to a _ T
transest erifi cBP1BFOREaRERBRON regptianhwasi agndtctednthegetin @Y The

reactiongpr odukighOvsendinNgs N2 &} &7 ephi aHi Yowes b&r-ﬁe%%ge%ot 28%°Cc. 1In
pol ycondensati g n-
‘conduct ed ther%ﬁﬁ Tnae
285C. In thg m?s-gd:tbﬁﬁgnpod_:ragsm e'!%libjﬂeméé/s?/m gﬁev\@ésﬁléﬁngn@otl s tldEG
content was O. .. The re I ng_pol.yester-,. —was fqr
~pellets and dr%%%.¥?ﬁ§a$e%%€?i%%fﬂ?%% ngo?gég er PBFI EPS ,
- a mel t-spinni rgetyeptds pelheosiuceransubjieanad! tbanentlyaspinhidds sdepx/ 36
20 filagents, 880} Eudddsa indtddePL1 XRERL P 8PN335 Brex/36

reaCtign vessel and the, polyconhdensati reacti on was

189 P S3keEm BRe2EVeYapieorapoRe 6 3ppngeiieng to -

med into. -
“\iél’-@gs GEitect ed to

filaments} and the undrawn filament yarn was drawn at a
" draw ratio of 4(0 to produce a drawn multifilament yarn
‘having a yarn count of 83.25 dtex/36 filaments. The
measurement results are shown in Table 5. ' '
20 : [Example 20]

Preparation of recovered dimethyl terephthalate;

7 A recovered dimethyl terephthalate was prepared by
the same procedures as in Example 19. |
Preparation of catalyst:

25 . 0.8 g of trimellitic anhydride was dissolved in 2.5
- g.of ethylene glycol and 0.7 ¢ of titanium tetrabutoxide
(0.5 mol % based on the molar amount of trimellitic
anhydride used in the preparation of the polyester
described hereinafter) was added dropwise into the
30 resultant solution. This reaction system was left to
stand in the air under the reaction conditions_df 80°C.
‘and the ambient atmospheric pressure for 60 minutes,
thereby to react titanium tetrabutoxide with trimellitic
anhydride and to age the reaction product. After the ‘
_ _35 reaction system was cooled to room temperature and 15 g
of acetone was added thereinto, the reaction product was
collected by filtering through a filter paper No. 5 and



draw ratio of 4.0 to produce a drawn nultifilanment yarn16ma§gz®6yarn
count of 83.25 dtex/36 filaments. The Preparation of recovere
di net hy3t er epht hal at e; neasurenent results are shown in Tabl e 5. [Exanple
20] "A recovered dinethyl terephthal ate was prepared by the sane procedures
as in Exanple -19. Preparation of catalyst: 25 0.8 g of .trinellitic
anhydri de was dissolved in 2.'5 g.of ethy#k&ne glycol and 0..7 ¢ of o
C.titaniumtetrabutoxide (0.5 nmol % based'on'thefnnlar annun: of - 4 .”“béd
“trimellitic S eparatio 1, ester escri
~herei-naf-ter)- wa@?i%rgdgg %r g%vldprséétﬁqﬁ% tcgé @%ﬁ cgﬁr[ aét:e“‘g‘blf%tlo?}h €This. - -
reaction syst efikasiugf 1COtItten§:t &fd the tﬁ@lﬂlt&;ﬂﬂldﬁ)&d&]ﬂaf qaﬁisdhﬂﬁofée‘%;t ![ gns
of . 80C and thajanki spheric pressure for m nut es e :
react tltanlunsﬁe??aEQIF%%%Pdg with trinellitic ~anhydride and to age the
reaction product. ANEEttHAS13Y cfa@tivi enstdimomds wamieiked widm 3.5 g
tenperat use. an%fl&ogg_no.bu@@qt% waddat tgjﬁfselﬁﬁuf@ew#acg{%g&‘pé&duct B

|l ected filteringt filter paper : anuary.

5006 48  © 15 B NSRTIEM l%w%ém RS 4 hAG ohirk Drofirtists at a
‘tenperature of etbyCeher g2yoalr Sollitdor, tWIngaf:(fg-_t]merg i1 |‘éﬁ§“ﬁ aggl
. reaction : .pro 1 ZW of ., e

was nixed Wit h(}gl%he\éﬁ%fjdﬁgné t{)f%/%nq’sﬁ)osgpf?ﬁ é:h:%d"‘t >5;(/ was :
- di ssol ved by IdéétSDrlge§t i adef soliGimmut ethe 'Esslﬂ;haﬁlwdzééad&lcgl sﬁﬁé‘tyé;@geg-_
glycol sgjutio 4 et,hyligne gl I yrther added ,an en

gf yt he t:Ig}[ ani u%ago%gﬁggd 2l 1%?35%@%‘3 8 iilh &5 B9 SRUSHd t?'E'estu]rtté’afh’t“m |
reéaction. systERMPOUREs tot F—"ﬁlaélé} aftltllz@)'@ﬁcbm-wtmlmplmsphatmm&i tHe

titani um- corrp?@aga&-a REARL LW %hu&"f}odl-%% SOUDA AN he G Prepare a

‘white slurry of_ cat st containing“the reac on pro Sitani um
" content of-thi §eé‘§f’ép sProdugitry Gidmgpmeentant thehhjl&archmst

(nrll rm) of ti Bamrmm aTaQrTB B&S by. hash R aheOmofarP Haked e(rmTaj}{.j yf lgers:
15 the content of phosphorus atoms to the content of
titanium atoms was 2.0,

Preparation of polvéster and fibers:

In a reaction vessel equipped with a stlrrer,.
‘ reflnlng distillation column and a. methanol dlstlllatlon
20 condenser, a mixture of 100 g of the recovered dimethyl
terephthalate and 70 g of ethylene glycol was mixed with
1.64 g of the titanium/phosphorus catalyst, and then this
‘reactlon mixture was subjected to the transesterlflcatlon'
reaction while heating from 140 to 240°C.
o 25 - The reaction product-containing mixture solution was
o ; transferred to a polycondensation reaction: vessel and, in
the vessel, the polycondensation reactlon was conducted -
under high vacuum of 26.67 Pa or lower by heating it.to
285°C. In the'resdlting polyester, the IV value was 0.63
30 and the DEG content was 0.8% by weight. The resulting
'pdlyester Was formed into pellets and dried. The
resulting dried polyester pellets were subjected to a
melt—splnnlng procedure to produce an undrawn fllament
yarn of 333 dtex/36 filaments, and the undrawn fxlament
35  yarn was drawn at a draw ratio of 4. 0 to produce a drawn
‘ ‘multifilament yarn having a yarn count of 83.25 dtex/36
filaments. The measurement results are shown iﬁ_Table 5.



In a reaction vessel equipped with a stirrer,.a reflnlﬂgzg{ % @tion
colum and a. net hanol distillation 20 condenser a mxture o g of the
recovered di met hyl 25. terephthalate and 70 g of ethyl ene glycol was mxed-
with 1.64 g of the titaniun phosphorus catal yst, and then this .reaction
‘m xture was subjected to'the transester|f|i§t|on reaction while heating
~from 140 to 240C. The reaction product-confdi fii ng mi xture solutlon was _
transferred to a pol ycondensation reacti-on vessel and, in the vessel; the
pol ycondensat i on rquMamplgﬁnppnducted ‘under hij gh vacuun1of 26. 67 Pa or
| ower by heatleg?lt tQ. 285 I n the resultlng polyester t he 1V val ue was
0 63 30 and the bk Lok gLqe%ered, Lerephthanic 5t |ng pol yester - :
, formed into peR eiescarect et |c’adnet‘H}ﬂ tr&se%ﬁﬁm.aéifé %@ Y r%fv\%d%l ets
‘mere subj ect ed re too produce an u

fil arrentJ - yar rilzth%f ggglgeg&&%gg&lfé%ganenlt% AHP e Imdrawn il anent .35 yarn -
~was draw? at. a. dr awThgii.o 180 4 @& dhw Gmnrsrﬂ'eﬂ aim“eﬁhyllﬁeré;ﬂlfﬁﬁal/@tiiéf\ -
- having a yarn gal mQ! t £ éggy1 emen esults -
are SﬁOWﬂyl n- Tg@ &e?gﬁgr?ﬂaz?y %06 iy Q}fe%xlﬂxee afdtion of

recovered tare® Ertlﬁﬁfaflc atcil§0 & @é@o\f@%dfd:r% den@neqﬁﬂ hetaxteion

s, prepar ed Pypranatasne puecalican,s idt BRI z"fo%g"%}r%&&f
T R S S G S oo

appar at Uf) Theappeethyk ter oricakdith \m;%gaﬁl,r Iay,t%,eq:ﬂt@h 250C t#}hgt: ,r?:“ng .

“tenperature in r action a us to W

' angpthen nethaﬁgpgug¥gd§%éghguF$ﬁ Fﬁ§§tﬂgﬁbgp idiled 19ty diagether

"t oget her -~ wi t hwikhevateThe Rhesmaatsi oradfict efem&e@wtqlaqcim Ta%q_dt/\ezéclerwdgsrﬁ gﬁt |
: h I e tota
o o Doy poEAnERe, EEsASEPUOLEL o 03I ol Bl i A A .

of 4-carboxybenzal deh K
hydr oxyt er ep. ht har at B ?ntPﬁé1r€§9¢ﬁPﬁg0§l&ﬁcerasmqumaﬂmehﬁdeys based on

- the masa5of tepaphtbahie asid, DBKLoib66@:9f ahle difR\hly1ng.terephthalic
_ aci d/ wat er hydroxyterephthalate in the resultlng slurry was 1 ppm or
less based on the mass of terephthallc acid.
_ Next, 166g of the resultlng terephthalic acrd/water
slurry and 4150 g of ethylene glycol were charged and
- 20 mixed with each other in a centrifugal separator. The
S mass ratio of terephthalic acid/water/ethylene glycol was
1:1:50. This water/ethylene glycol ‘slurry of
-terephthallc acid was treated by the centrlfugal
Separator, thereby to collect a cake of terephthalic
“) 25 - -acid.  The mass ratio of terephthallc acid/water/ethylene
dglycol in the terephthalic acid cake was about
83:0.4:14.3, Furthermore, ethylene glycol was added and
mlxed with this slurry, thereby to control the mass ratlo
of terephthallc acid/-ethylene glycol of the terephthalic
30 ‘acid/ethylene glycol slurry to 66:34.
Preparation of catalyst:
' 131 g of ethylene glycol was mixed with 3.5 g of
mono-n-butyl phosphate and this mixture was dlssolved by
' heating at 120°C for 10 minutes. To 134.5 g of this
35 = ethylene glycol solution, 40 g of ethylene glycol was
added and thereafter 3.8 g of tltanlum tetrabutoxrde was
dissolved in the solution. The resultant reaction system




slurry and 4150 g-of ethylene glycol were charged-and ngqﬁpﬁgéﬁ&gneach.
other in a centrifugal separator. The mass rati.o of terep c

aci d/ wat er/ et hyl ene glycol was 1:1:50. This water/ethylene glycol slurry
of terephthalic acid was treated by the centrifugal separator, thereby
to. collect a cake of terephthalic 25 -acid. The mass ratio ofterephthalic
~aci d/ wat er/ et hyl ene egcoI in the terepht%%ITc aci d cake was about .
83:0. 4: 14. 3. Furthernore, “ethylene’ egcoI was added and mnmixed with this

slurry, ther eb%akos@.‘i@"'r@al :;JtthaCI d 2 i@ m?.fn QIeRM hal j £, at%egé:j? W §pe

gl ycol of the. terephthalic 3 th l'ené g ycol sIurry to
Pr epar at i-on ofCEQPﬁpyéttolSﬁagtoﬁlébhwp@ﬁengbVGGﬂ W@@ﬁphﬁﬁt\mud1ﬁb559 of .

mono- n- but yl pb@é@h@eeaaﬂﬁlkel%1ﬁk&§ub@ Was diagsakywqd @ﬁnt d‘ &E 120 c
for 10 m nutes, To, 134 g his_ 35 eth |.ene gl ycol” sol ution, 40 g
~ethytene glycof® ﬂﬁglgﬁdgﬁ QH&ttheggﬁfFéF 18“9©&Pﬁﬁ“ﬁm%ﬂnﬁﬁ%ﬂrQEﬁﬁkﬂﬁﬁke

was di ssol vedsinrrigewasl 0L3anbyThasseaunkt ahke meae&*&exgka In§ dgnuary .
2006 - 5 0 - S at .1 60 m, nute cause ani um
conpound to. rggg Ebpiggﬁnéfn%ggfgﬁoﬁﬁgs8ﬁ8F3 %ﬁd%Pﬁ ﬁQQﬁﬁﬂﬁa%gvmlte

slurry of the tatanjysm atomsaiwasng.Che .reaction product. The titanium
content in thig,g E§h¥§bn EU Bi Wag e %ﬁ%b¥1 $3.and the molar ratio

(mom nm) of the conten or us content of titanium

atoms was 2.°0. PrepgpﬁtEoﬁfthBoF?€§Péﬁha&ﬁ§ peidrethylene oflnded

terephthaic aemteﬁhwhgn@hagbéa%nlﬁ %bﬁ&'&!owa%e%@%rlg%i peldl T 'aO”
vessel equi pped, w.t a refinpln Istillation ¢ Iunn an

methanol  di st"r‘H"a{:FBn @oﬁﬁgﬁé‘éf‘g Ql’tﬁtl‘-lliéagéf’@r erilagn énd é’a@ﬁt&@n%s
“conduct ed at 2d9€cibllatibhecpndensee , 0hng. Sh&/Pésftehfa&ﬁﬂdw&%%ctﬁdxﬁr

e ot i nedvaf bRBeRERH. bR a7 47 c BRSEE RN, Seitur e ad MocodRador

t erepht hal i c -a24@/mihytene ghfter skmovingaa hedf bifeidientr@sidaint he :

anbi ent 18! MOSPRELEE; BheRTHEErY CEnLOReRhIHE AT nlRE vak haliGTY Y Seaction

mxture was temperature of 250°C and 100 g of the recovered
terephthalic acid?ethylene glycol slurry was fed
'_therelnto under the ambient atmospheric pressure over 150
ninutes. Then, the resultant reaction mlxture was

20 sub]ected to the esterlflcatlon reaction and heated under
the ambient atmospherlc pressure for 90 minutes.

During the reaction, the temperature in the reaction
system was maintained at 250°C. Aafter remo#ing‘arhalf.of
the resultant reaction mixture, 100 g of the recovered

L 25 terephthalic acid/ethylene glycol slurry was fed to the

| - remaining half by the same procedures as described above
and the esterification reaction was repeated " The above-
mentioned procedures were repeated until the content of

_ dlethylene glycol in the reaction product becomes

30  constant.

' After the DEG CQntent:in the reaction mixture became
constant, a half of the reactionemixture‘obtained by this
esterification reaction was.transferfed to a-
polycondensation reaction vessel and 1.27 g of the

35 titanium/phosphorus catalyst was added thereinto. The
resulting reaction system was heated to 285°C and the
.polycondensatiOn'reaction was conducted under high vacuum



- dtex/ 36 fil ament

20 subjected to the esterification reaction and heated {fggfanidtpeanoi ent:

~‘atnospheric pressure for 90 minutes. During the reaction, the tenperature
in the reaction systemwas naintai ned at 250C. After renovi ng a half of -

the resultant reaction mxture, 100 g-of the recovered 25 terephthalic -

aci d/ et hyl ene glycol slurry was fed to the remmining half by the sane

procedures as described above and the eSté&fification reaction was

repeat éd. The above- nentioned. procedures wer e repeat ed until the content "

of diethyl eneoql ?eQle7i Bt e I‘]_Qﬁ&atrl egaq!ﬁ ec nst.ant. After
t he DEG content in the reacti on 'm xtdre beca n%q-' cons htal?‘? of the

Creaction.' i xCGFBILENG RO NGF et thes (1dF valom ivars r(b.a&:?t iz velse DEG
ot ferred t tealky Gadangat on he 35
ransferred tocantpaly nea Iugfnpfquﬁ,tﬂ %%5@%%%% Of ¢ S o

‘ti.tani.um phosphorus ,catal yst .was added .t her ei nt o ng Fe

system was heaf S§"E§ 3PEECCRIPS Rad %on%étﬁ%ﬂﬁ%tdmdmas
- conduct ed undepohyghteacuhlip%wé&@&rubj&({@d tol a %@195-—3%{1 a?lrf’ 1 ower

by. heating to | ti ng polyester, the s 0 63 and
the DEG cont eéggg&dh?e%% By E)%@% %‘Fh '%é"s"*“‘!r’( aﬁtﬂ%ﬁaé?n\% 33%r med _
into chips anddtekéas fhéamesmbbanmddrthmh e yﬂﬁiﬁ:&%ﬁ'ﬁﬂ%ﬂ’@ﬁe e qeded

to a nelt-spingragn BEogsed r e undrawn fil nt yarn of 333
. P Q%&nga(lg}% rg)%%fl I %neﬁ’tr a°F \ﬁa Tffhwn ‘at a draw

ratio of 4.0 tBUEtbgagemsnar AN RAVERG Rayern cpant oy g3y 25 Wtreac/@rmnt of

83.25 dtiéx/ 36 filhmemoss. The measuvement sy ,
[Exanple 22] .Pre \zig t|on of ecovered tte:re ht t]ftt!t% % ams?i]m%]reco g’r &d '

terephthalic aci d ?Jﬁr by the sane steps as in Exanple 21.
" Preparation of® ionOoB cobvblredeltkireiphtARNYEr heg gyas dissol ved in

2.5 g of ethylene 'I t.ani um.t et rabut oxi de (0.5 nmol %
based on the nol ar grr%%%{wg?gfl tﬁﬁgpﬁ%—flélllgnﬁ{f&ﬁl Yesubegragech®ypitdear at i on
of a pol yesterSWcﬁtQDSV\ﬁSIJ.beEBlampﬂ.ebEd herei nafter) was added dropw se
to thisis Preparation of catalyst:

0.8 g of trlmellltlc anhydride was dlssolved in 2, 5
g of ethylene glycol and 0.7 g of trtanlum tetrabutoxide
{0.5 mol % based on the molar amount of trimellitic

' anhydride used in the preparation of a polyeeter which
20 will be described hereinafter) was added dropwise to this
solution. This reaction system was left to stand in the
air under the reaction conditions of BD°C and the ambient
atmospheric pressure for 60 minutes, thereby'ro react
titanium tetrabutoxide with trimellitic anhydride‘and‘to
25- - age the reaction product; After the reaction system was
. cooled to room temperature and 15 g of acetone was added
‘thereto, the reaction product was collected by filtering
'through a filter paper No. 5 and dried at a temperature
"of 100°C for 2 hours. The titanium content in the
30 resulting reaction producr was 11.2% by mass.

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

. ethylene glycol solution, 40 g of ethylene glycol was
35 ~ added and 5.0 g of the tltanlum compound was dlssolved in
the sclution. The resultant reaction system was stirred
-at 120°clfor 60 minutes'ro‘cause the titanium compound to



sol ution. This reaction systen1mas left to stand in t he 15 3Ly s the
reaction conditions of 80C and the anbient atnospheric press e or 60
minutes, thereby to react' titaniumtetrabutoxide with.trimellitic
anhydride and to 25., age the reaction product.. After the reaction systen1
was cooled to’ roon1tenperature and 15 g of acetone was added thereto, the .
.reaction product. was collected by filteri®d ~through a filter paper No. 5
“and dried at:a tenperature” of 100C for 2 hours The titani um content “i'n

‘the 30 resultipg n. dyct.,; ol mass, [Next, 131 g of .
- ethylene glycol %ga‘?niig 'm§v|f18 HHsb “gi g#no%.é e Bt l?d'"‘ﬁﬁ%ﬁeeg%r’fﬂut’qﬁ s
m xture was d|%%BF@%dOfb?ahééfﬁﬁgCéptﬁiﬂenﬁbmhkoneamﬁmun piodiizk . 5 Mheof
this = ethyl enet Pt ¥6OhmSEbHELRR, o40- f e ded and
5.0-g of the tit n£u$00ﬂ$oun o tallg’sgl EQéE,gt& %ih‘“‘\‘:(‘\tg’JoI‘ygtag’S %#&"
‘resul tant - reac??@ hgme EagaE%PrKQd. - ht of 2blref gensenti ot phosphewse t he
tltanlunﬁconpomnﬁmsOthtHéndaﬁieﬁQOBf-tﬁ%an&ﬁﬁC%tﬂhbhw%Eﬂ%j%‘bUty|

phosphat e and b8 g 'Qatalyst containing the
_reaction prod 6 catal yst slurry was'0.3%

by -mass and the-nnzeﬁ gaefotheﬂténﬁbhﬁhaihbeaeQaVe&h bn@h QARAQYUs atons
to the contentg t Pre ratl ester and

~ fibers: 200 g o?ﬁ %? éggéﬁ%éﬁa?ﬁc%ggl§P8Fﬁngﬁ§1 Pr°§l S MEF&r ed

in.the above rEIE Qﬁﬁmﬂ%r%céﬁ@@bsonevessehaegudppedawueachle&e&mﬁgla

equi ppedowi t h Besinid@ dige il ! thhkag n t.hanol

distillation cond nse€ e%%tan é§§2?| 8%§g§|%hhréa@%F%%h&gndgggﬂaéggdogt

270c under -t hé® i%ﬁﬁﬁ?a%ﬂ 4038 epherfigabiannuesstionf ves cemsctgdaat

“hal f.of the reasmm nhdeACthONpAeNEUEE, of bhg ﬁﬁﬁatak_—ngezha!raflﬁ‘ﬁﬁ%s”a' nt ai ned

~at a tenperat 15 250C and 1 e recovered tere
aC|d/etherne%g égﬁgﬂQX*@gw%dh?gg 8ﬁeFE?nF859ﬁHéﬂgtH§30§#§Pemuxture:

at nospheri ¢ pridesuremaireind S0a b nuae?maihealnébeatr gs Ebﬁtﬁ@%‘atﬁi‘%t b@g h
m Xt ure S S e Lflcatlion reacti eat ed under - e
10 e b Hhd 040 EFLEAL HERbYBPed BokpPRsRaLd _

 anbient 20 atnospheric press re Creaction, the
tenperature|I?qqﬂ¥3ﬁhﬁﬁﬁnﬂl9%&@@bn$h@£rmnwmsafeddtheréSﬁEb Ahder E£RBDVI ng

a hal f of ambient atmospheric pressure over 150 minutes. Then, the
resultant reaction mixture was subjected to the
esterlflcatlon reaction and heated under. the amblent

20 atmospheric pressure for 90 mlnutes.

Durlng the reactlon, the temperature in the reaction
system was maintained at 250°C. After removing a half of
‘the resultant reaction mixture, 100 g of the recovered
terephthalic acid/ethylene glycol slurry was fed to the
25 - remaining half by the same procedures ae described above
- and the esterification reaction was repeated. 'The above
procedures were repeated until the DEG content in the
reactlon product becomes constant. .
. After the DEG content in the reaction mixture became
30 constant, a half of the reactlon mixture obtained by this
esterification reaction was transferred to a
polycondensation reaction vessel and 1.27 g of the
titanium/phosphorus catalyst was added thereto.  The
resulting reaction system was heated to 285°C and the
- 35 polycondensatlon reaction was conducted under high vacuum
of 26.67 Pa or lower. In the resultant polyester, the IV
value was 0 63 and the DEG content was 1.0% by welght '



~the resultant ‘reaction mixture,.10,0.9 of the recovered, t%|F€P%
- acidlethyl.ene .glycal slurry. was fed to the 25 . renalnlng y the S
- procedures as described-aboveé and the esterification reaction was.
repeated,. ‘The above procedures were repeated until the DEG content in the-_
- reaction product becomes constant. After the DEG content in the reaction
_fnrxture becane 30 constant,. a half of thedBeacti on i xture obtained

ane

- by'this “esterification reaction vvas . transferred to.a- -pol ycondensatron

react.ion vesse n of &t hos hor us ¢ was added
t hereto.: The " ?gguﬁf%ggiﬁg%c% 1%% ? dufi'o0 aﬁ%ﬁﬁ ‘?‘Pl -

pol ycondensat i 85iedact Tae mmt@damdmlyasﬁemqmﬂm&tﬁfwéﬁem Pa or .
“lower. In the. gag ki-aal e Z nd the  DEG -
content . was. 1. g werrdgw %ﬁgtnus?ﬁdélg&@h%?r es?% '?%o%?es?%“fa%s
formed into peftéef¥edtdyagn of 3313n61t9r’e/§iﬂ thidgpmpnitesl, poigcsherupdtiwes .
" wer e ‘subjsect edyaﬂnawael draspi R T%QcﬁiaﬁpxtaQ:ﬁ QRIGE, @%&@f@d\ﬁbefé@{%ﬁﬁ _
a draw

f 333 dt I ts, th : d t N
310 of 4.0 tBUBFAIRERE Y YR ® MATS Pl rihes s 25 yaremebhint of

83. 25 dt ex/ 36 filbmemhss. me nmnrrermﬁt reRslllts D shaw im Taple. § 16 -
January . 2006.5 4 - Nr. O..rl 000 V eG N 4 ONN tD mm td ninto 14 :



oEN ao00 -

%D

y 2006 55

-4 Hid WK WW 1.6 Januar
conprising a.

i den(4) .U:co rn
_)|
titani um conpound conponent conprising

preparati on of a polyester,
(A a.

_ c;Orl NONNTINn NO
1. Acatalyst :for.

reaction-product of;

CE6'NNATto NiNkmr-INT1 O
W o 10

54

E se o f 8TE | T | TE z 08 0T €970 | zz eTdwexy
¢ N 4 L€ 0"LL 62 | 6°6L o't |£9°0 | 1z erdwexs
£ | 92 L'E 6°9L r 1-08 - 80 €90 | 0z eTdwexy

_ _w | -1 B8'E L*9L 1'e | 8'6L - 870 €9°0 | 61 wamamwm

Amd) ol dg) [ (xe3p/NP) | enTea q- | onyea q| ontea 1| (s8ew Aq %)

3easuurds uo uoTyebucTe | Y3b . o | 1 | ,
peatsodep aejien PR abyexys _ . : . _ AT
] Az TTenD n.u.mw S ) . } , AzrTenb TeowATog —

5. oTqel




jat -Lfeast;one'nenber sel ected from titanium conpounds éé) represented by
/the general ' formula (1): (1) in which formula -(l)y, R, Janans2006ra .
/ respectively -and 15 rode end-tl 20 -.25 en y fromeach other represents
* an’alkyl. group  .having 2 to 10 carbon atons, k represents an integer of
‘}P to 3 and,. when k is 2 or 3, two or three R2 and R3 substituents nay he
/the same as or different fromeach - other, #&tani um conpounds (2.).
~.obtained by reacting the titani-umconpounds:(1) of the general formula (1)
“with- aromatic pol ycarboxylic acids represented by the general fornula
“(I'l): in which fOrnHJa (11)y, mrepresent LISt eger of 2 to 4, 30 or
anhydri des of the acids o& ¢aealpsukar(blinadid (B phosphor us conpound
conponent  CoNPIdckigiG s @} Ifaféag@e nenﬁé?:%Fag%géé or s % EPP¥GAEsT¢ 3)
represented. by the genéi&u of nut 3 (PYPfucssofe . on .in which formula
(11''), R5.represents a nof} substitanben l6od384aHY . .or substituted
~aryl. group havhmglédg%:aﬁéxﬁg%gbfuég§-_Qr--%:nonrg§%g§9?§gtg mprising :
,fsubstituted'aké&l- roup ravin 1 to '%E)%%f AMatskaniom Tompoands yet ) f or
preparation.of "a 58 ? % by dreneral cfarmula yhgrein, in the reaction
product of the titanium conpound conponent (A) wi'th the phosphorus
conpound conponent (B), a reaction nolar ratio (nfli/nP) of a nolar anount
- (mrj , in terns of tit%ﬁ%ﬁn1atons, of the titani umconpound conponent
(A) to g | ar- amoung,(ui). . in terns of phosphorus atons, of _
-the.phqggﬂgrus conp&%ﬁgr"&gﬁﬁﬁheﬁf (B) iswithinaranggfromi:1 to 1:3.
3. The,cataIySt,for.prepaﬂagion_of a.pol yester -"according to claiml,
sherei n the titani um cong8fds (1) ' -

-and R* resPedtiVely-ahd
epresents an alkyl group

k represents an integer of i‘
two or three R? and R®

15 indepegdently from each other r
‘having 2 to 10 carbon atoms,

tq 3 and, when k is 2 or 3,
substituents‘may be the same
lgther, titanium compounds (2)
| 20 titanium compounds (1) of the
| gromatiq polycarboxylic acids

formula (11):

g , _ (COOH),, .
B (©/ S o

in which formula_(II),im.represents an integer of 2 to 4
. . . r

as or different from each
obtained by reacting the
general formula (I) with -
represented by the general

30

or anhydrides of the acids of the formula (II); and
. (B) a phosphorus compound component comprising
at leastrone member of phosphorus compounds (3) |
tepresented by the general formula (III):
35 . 0 |
: o
(R°0)~P—0OH (I11)
. - OH
40 H -

in which formula * rep
ormula {II;), B. Teépresents a non-substituted



-of the formula (1) are selected fromtitanium tetraal ko al kyl
Jtritit.anates and hexaal kyl di titanates. 4.. The catal ?/‘)sétﬂﬁﬁa %reégar ation
of a polyester -according to claim 1, wherein the aromatic pol ycarboxylic
acids of the formula (I1) -and the"anhydri,des t hereof. are selected from - -
phthaiic acid, trinmelliti.c acid, -heminellitic acid and pyroneilitic acid
-and .anhydri des thereof. 5. The cat al yst 4 &6 preparation of a pol yester .
" according to claim i1, “\Wher &i n the titani umconpounds (2) 25 are reaction -

. products of thgyti 0 the formula (1) with the
aromatic pol ycgfbg%%ma% S o'%])gftét'e‘gqu)r% T40g| ¢ - 0020t perbenyatones or
t hereof at a réafengFubsdiituted m: cfuts titwted Salkyl a'{agulgaﬁgé,%ﬁé {oLs

preparation of 28 palr¥est &to s30 according to.claimd, wherein t
phosphorus conmpounds (3)- "} the formula. (I II) are selected from

mononet hyl - phosphafe; nBiGetantalysds freat @remmtidiietdaﬂlap{mmr‘]@%@r
at e

. mono- n- bty phoebbatlﬁ FneNwl 1B eFRA t
~ monooct yl phospg g ngnononyl phosphat €. ﬁé’S m)n%lo% g‘f’a hﬁ%’ph‘g‘f%‘i“‘:t of
- nonododecyl . ph6ep g&a Do camRARR l%%fti?m@t nﬁhbovmylk it g shorus

monot ét r adecy| cphpephdt epmpomem@pheny, .a peEEnQ; hate ‘
eCY')phenyl hos %ateolbaetr&a/ (M /5 0

nmono(4 16-Januar d
mono( 4--ret hyl p eﬁ{nyig pﬁmspﬁgt csn'or'i'tﬂ %Eftﬁflﬂpﬁehytqnms@ma -ofrotchoe
(4-propyl pheny 1tpﬁo§1§hapa%pomﬂoc©mlaomilﬂ:c | phedy |3 m

‘phosphatte, nonpxyid¥tmBh8spP bi_pheny hat e, nor‘iétphthyl
phosphat e and nonoair:ttuﬁrgg Eﬂ Bh‘g?ﬂ% R’ e Efagt] ﬁ'{))E’stpl"f‘fb';rp %I‘}&quflﬁ a

_pol yester- accoTERPRgenb. ERa WlWl(@bnpr Bsineqge rfamnt i1ar p;rd)(iugt of the

titani um corrpound corrpongﬁé éé);agggp’r Tg{rn%r%%)ar%%%ﬁq( o:}e i etress?:]:ert \hmet ]

. ti'tanium conpg or. nu
t he phosphorus ‘h%% ‘80 8ABnL /. E"B)?I'@Gﬁprtlhg rtgtatnﬂwasion@m::mnt]qr) of

the phosphmﬁjstle@nﬁ@mdfsa(3}[)oﬁréhge&@b%haf%w )tlt%.nlu}hhe cata![yst for
e reaction

- pr epar aison Oft@c acco o cl.aim7, wher
' product of the %:lht?%%?% Co?rf) gggﬁmﬁ6ﬁéﬁfla@ﬁﬁe@o@dsé&xoalkyll east one
ltltanates.
4, The catalyst for preparatlon of a polyester
accordlng to claim 1, wherein the aromatic polycarboxylic

acids of the formula (IT) and the anhydrides thereof are

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

| 5. The catalyst for preparation of a polyester
cy according to claim 1, wherein the titanium compounds (2)
’ -?5 . are reactlon products of the titanium compounds {1) of
| the formula (I) with the aromatic polycarboxyllc acids of
"the formula (II) or the anhydrldes thereof at a reaction
molar ratio of 2:1 to 2:5.
6. The catalyst for preparation of a polyester
30 according to claim 1, wherein the-phosphorus compounds
(3) of the formula - {III) are selected from monomethyl
phosphate, monoethyl phosphate, monotrimethyl phosphate,
mono-n-butyl phosphate, monohexyl phosphate, moncheptyl.
| - phosphate, monooctyl phosphate, moncnonyl phosphate,
35 - monodecyl phosphate, monododecyl phosphate, monolauryl
-phosphate, monooleyl phosphate, monotetradecyl phosphate,
tmonophenyl phosphate;, monobenzyl phosphate mono{ 4~




menber -of the titani'um conpounds. of the formula (I) i n16xgghlgé}?,lgodj@presents _'
| with the phosphorus conpound conponent (B) conposed of- at. [east one : .
menber of, the phosphorus compounds (3) of the formula (I111) conmprises a

20 conpound represented by the following formula (1V): 25 .6 /O. /\ RQ-P

- Ti P--C=R7 .. (1V) in which formula (1V), R6 and R respectively and-

i ndependently from each other represents-arsal-kyl group having 2 to 10 ,

carbon atons or an aryl group having 6 to .30 12 carbon atonms. 9. The & =~

catal yst for pr ion of a polyester according to claim1, wherein the
reaction pr oducf 'o%('%{]f?é)%‘?'?}fgrﬁ?rﬂﬁg%%un’BOEBKTﬁUHEHFY%N)‘eWi-h phesphate, -
|tohosph0 [ us ¢ ?W&Wnﬁﬂ ﬁ?ﬁogﬁﬁ?’@épdﬁéﬁs ( ﬁpﬁoﬁfﬁ?ﬁéﬂ?l?S |
‘tenperature o : , rocess for preparing a pofyestef,
conpri-sing _su%j.jlil.lg)c.s{é}l rfé%’ p%%%s%@%‘%%ﬁfg?ﬁﬂ’ghggﬁﬁ?%gﬁﬁ?r cBapetelvy at

| east one nmenmb@&has@hatiend Mokt krshod pha bapt mﬁn&lﬁiﬁwl YpRO9phate, 8

di carboxyd i ¢ agothenddH: 1R} KY ' 0 1d-a_l ow polymerization. degree
pol yners of the estner% thél a}g po %%%e%@%ﬁﬁ%%o?ﬁg%ﬂ’grP’%/?F‘Q%tppr esence of
the catal yst for prédparatiiéh Grtad Yt yeer eprepachbiordot ma apyl peetof
claims 1 to 9. attorfiegoriesesis fipri rd‘%ﬂﬁ’é' sa-pol ) accordin 0 :
-claim 10, - wherein ttg% ti.tani umlat 0 2 con %ﬁ]élggi% %%%éa%gt%’?é‘g‘fc?so n an
amount in m|limol €8 G2 FATRPUL SPRAPSMe th) aFompiaing i leaswol es
of the .aromat i engomémberb @y Itihe aciithrrium ebo e dAathd Ned b8 14 )

pol yner ijzat i onsst akti-no rial. ,12.. The, process for preparing a p ester
according to é?a?ﬁnﬁa%g' w\/\%ﬁ’éjie%etnﬁég zf'r'or?ﬁ'ttﬁl TR QLU i pgund

sel ected from FERPRRERAl i(B)aciotpr iissiohtadtal icasiciche Wematd@ the
G oneiyt oo o BAPEEAEESSPESRHERNEY U206 S i G380 ¢ aci o,
di phenyl ether di c8rboxfitiec CatRdysdi glesnpuemadratsbr arbax o lyeasiar and
R | ‘according to claim 7, wherein the reaction product of the
15 titanium compound component .(A) cofnpo-sed of at least one
meml_:;e.r of the titanium compounds of the formula (I) in
which k represents 1 with the phosphorus compound
;cpmponent (B) composed of at least one member of the
phosphorus compounds (3) of the formula (III) comprises a
20 COmpqund r-ep;esented by the follb‘wing formula ({ IV‘):

/O\Tl/O\P--o ?
N N\

25 . )

RO

'J:.n which formula (IV), R® and R’ respectively and
-independently from each other repreSents an alkyl group

| 'having‘z to 10 carbon atoms or an aryl group having 6 to
.30 12 carbon atoms. -

_ 9. The catalyst for preparation of a polyester
according to claim 1, wherein the reaction product of the
titanium compound component (A) with the phosphorus
‘compound component (B) is one produced at a reaction

35 “temperature of 50 to 200°C. - | '

' 10. & process for preparing a polyester, comprisiné
subjecting a polymerization starting material comprising
at least one member‘selected'from esters of aromatic



o 1- hydroxyethoxyben20|c acid. 20 13. The process for prem@Jémguﬁzﬂﬁiyester;
" according to claim12, wherein te'rephthalic acid is one obtained by ‘
depol ynerizing a ponaIkerne t er epht hal at es' and ‘hydrol yzing the-resul ting
di nethyl terephthalate. 14. The process for preparing, a polyester
according ‘25 to claim 10, wherein the esters of the aromatic dicarboxylic
~acids with the al kylene glycols are esterssgf- terephthalic acid with an
“al kytene glycols and are  ones obtained by depolymerizing polyalkylene

terephthalates ransesterifying,the resulting 30 dinethyl terephthalate
" with the aIkyI EV%Eﬂ lic ped eﬂ%#%c@bbYIQMepgbp@mlmgamdp@ly@ﬁter , o
according .to pbmwmehizatrbh B £ Y, ephthal ates to
be -depol yner i z%d are scarded ol ar?étfm%gét% ep g?%a‘f‘é’% |¥ed articles
and/ or pol yrer o3 §’5‘(ry§§'§ é‘p@ig #Plih@nﬁhﬁ:fmwnc@ qafodesscatﬁlyshe
-.pol yal kyl ene- tépe‘pbmw:aataes.onl@:f Hepdrpesssr &8 O LRdd n_\g‘F rgo (iyr? StEF

~according 16 J@@g§&¥ 40Q6 %9 to claim 10, wherein the alk gl'yco s -are
selected fromet ene. g ycoI tri met hyl ene. gl ycol , , tetranethylene

gl ycol, neopentyl gllyleol Tél@dplrm @mrx&@a@nﬁg .a Ipoly e Prasess iy
preparing -a pokyestgimdqQor ¢iy mhereln t he oI condens |on

reaction is. condgcted at a tenperature
prepared -by t hE2pRO¥ESs 18s 18 gopegounty Eahynx)lnlemﬁlezs a2 Jiﬁ;tm%lbasﬂe% The
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The nolged article accorrln gFQhaﬂ}%n%C%%e Lsophthalic” acid, .
ph halenedlcarboxyllc acid, diphenyldicarboxylic acid,

dlphenylsu1foned1carboxy11c acid,
'dlphenylmethanedlcarboxyllc acid, dlphenyl ether
,dlcarboxyllg acid, dlphenoxyethanedlcarboxyl1c acid and
f-hydroxyethoxybenzoic acid.

20 13. The process for pPreparing a polyester according
to claim 12, wherein terephthalic acid is one obtained by
depolymerlzlng a polyalkylene terephthalates and

| | hydrolyzing the resulting dimethyl terephthalate.

:ﬂfsﬁ P Co 14. The process for preparing a polyester accordlng>

l25 - to claim 10, wherein the esters of the aromatic
dicarboxylic acids with the alkylene glycols are esters
of terephthalic acid with an alkyléne glycols and are
- ones obtained by depolymerizing polyalkylene
terephthalates and transesterifying the resulting -
30 dimethyl terephthalate with the alkylene glycols.
| 15. The process for preparing a polyester according
to claim 13 or 14, wherein the polyalkylene
terephthalates to be depolymerized are discarded
-polyalkylene terephthalate molded articles and/or polymer
~“35 scraps recovered in the manufacturing process of the
polyalkylene terephthalates.

16. The process for preparing a polyester according



- sel ected fron1bott|e shaped articles, sheet-shaped artnngﬁumihgmyalryj

- “tol dedcont ai ners-"and i nj ection nDIded articles. 23. A polyester fiber

" -obt ai ned by nelting.a resin 25 material conpr|5|ng t he pol yester as-ol ai ned
i.n-any one of claims 18 to 20, extruding the nelt into a filamentary form.

‘and solidifying the extruded filamentary nelt. 24. A polyester film :

- obtained by nmelting.a resin material congqstng the pol yester as cLalned

~dneany one 30 of clains 18 to 20, extruding the nelt into a sheet form
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:.represented by the generaT or an an ereo mnth (B)
‘a Bhosphorus CFsBErd (% ?e%@@@%ﬁ@éﬂrﬁyoﬁhé3geher520 £ormul a (III)
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"OH Awherein R al kyl group, 2
to 4, and R6= ]él§ﬂE%t?4?n%£i%#gimﬁ 1Quﬁgtwuted Cs- - C?0 aryI group or a

C6- C20 al kyl. groupi®. The polyester according to claim 18, wherein
.10 the content of cyclic trimers of esters of the aromatic
_ dicarboxylic acids with the alkylene glycols and having
‘ ¢_' an intriﬁsic viscosity of 0.70 to_0;90 is 0.50% by weight
' ‘ or less and_the content of acétaldehyde,is 5 ppm or less.
- 20. The polyester according to claim 18, further
15 ‘comprising an antioxidant comprising at least one
hindered phenol compound in an amount of 1% by mass or
less, based on the amount in mass of the polyester.
- 21. A molded article comprlslng the polyester as
claimed in any'onexof claims 18 to 20.

20 22. The molded article according to claim 21
selected from bottle—shaped articles, sheet-shaped
artlcles, thermally molded- containers and 1njectlon
molded articles. ’

23. A leyester fiber obtained by melting a resin

25 - -material comprising the‘polyester as claimed in any one

i of claims. 18 t0i20, ektrudiﬁg the melt into a filamentary
form and solidiinng the extruded filémentary melt.
_ 24. A polyester film obtained by meltlng a resin
material comprising the polyester as clalmed in any one
30 of claims 18 to 20, extruding the melt into a sheet form,
solidifying the sheet formed melt and drawing the
resulting undrawn £ilm in biaxial directions.





