TNF-V682 DESCRIPTION MANUFACTURING METHOD OF
POLYETHYLENE TEREPHTHALATE (Technical Field) The present
invention relates to a manufacturing method of polyethylene tergphthajate
from which a molded article with low acetaldehyde content and cyclic
trimer content can be obtained without being accompanied with
deterioration of a hue. Acetaldehyde may possibly become a cause for an
offensive smell or a stench apmsayrpessibly degenerate a flavor of the
contents and in using a polyethylene terephthalate molded article, may -
possibly bring adverse influences. (Background Art) Polyethylene
terephthalate is widely used upon being molded into a fiber, a film, a
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properties and chemical properties. Such polyethylene terephthalate can
be usually manufactured by using, as starting materials, an aromatic
dicarboxylic acid such as terephthalic acid and an aliphatic diol such as
(TeFESE §IyThE Ebncretely, polyethylene tere- phthalate is manufactured
by first subjecting an aromatic dicarboxylic acid and an_aliphatic diol to an
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iow acetaldehyde content and cyclic trimer content can be
obtained without being accompanied with deterioration of a hue.
Acetaldehyde may possibly become a cause for an offengive smell
or a stench or may possibly degenerate a £flavor of the contents
and in using a pclyethylene terephthalate molded article, may

possibly bring adverse influences.

(Background Axrt)

Polyethylene terephthalate is widely used upon being
molded into a fiber, a £ilm, a sheet, a bottle, a cup or a tray
because of its excellent mechanical properties and chemical
properties.

Such polyethylene terephthalate can be usually
manufactured by using, as starting materials, an aromatic
dicarboxylic acid such as terephthalic acid and an aliphatic
diol such as ethylene glycol. Concretely, polyethylene tere-
phthalate is manufactured by first subjecting an aromatic

dicarboxylic acid and an aliphatic diol to an esterification



glycolation reaction (melt polycondensation) in the presence of a
polycondensation catalyst. Also, if desired, after the melt
polycondensation, solid phase polycondensation is further carried out,
thereby more increasing the molecular weight. In the manufacturing
method. of polyethylene tere- phthalate, an antimony compound or a
ermanium compound has hitherto beeﬂ used as ahgol cond(Eensati
fife
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manufactured by using a germanium compound as a polycondensation
weGialyst has good transparency and low acetaldehyde content and

oligomer content. But, since 2 the germanium compound is expensive,

there was trvolved aupeobtemithat the menufactiring cositof podyethylenes -
phthalate, an antimony compound or a germanium compound has
hitherto been used as a polycondensation catalyst. However,
polyethylene terephthalate manufactured by using an antimony
compound as a polycondensation catalyst was inferior to
polyethylene terephthalate manufactured by using a germanium
compound as a polycondensation catalyst with respect to
transparency and heat resistance. Also, in éarticular, for
drink bottle applications and packaging materials Zor
foodstuffs, it 1s also demanded tc reduce the acetaldehyde
content in the resulting polyethylene terephthalate.
Furthermore, there is a thought that TLhe antimony compound has
fear in hygiene.

On the other hand, noct only the germanium compcund 1is
free from fear in hygiene, but alsc a polyethylene
terephthalate molded article manufactured by using a germanium
compound.as51polycondensation,catalyst has good transparency

and low acetaldehyde content and oligomer content. But, since



terephthalate becomes high. Furthermore, in recent years, an aluminum

compound is proposed as a polycondensation catalyst of polyethylene

terephthalate. But, an organoaluminum compound is not comparable to

the germanium compound but is still relatively expensive; and it is known

that a part of water-soluble aluminum salts are neurotoxic so that fear in

hygiene remains, too. Now, it is also known that a titanium compound has
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terephthalate and is hereinafter often referred to as "Cy-3". 3 There is a
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an oligomer formed during
salts are neurotoxic so that fear in hygiene remains, too.

Now, it is also known that a titanium compound has an
acticon to promote a polycondensation reacticon of ester; and
titanium alkoxides, titanium tetrachloride, titanyl oxalate,
orhtotitanic acid, and the like are known as a pclycondensation
catalyst. Moreover, since the titanium compound 1is not
problematic in hygiene and is cheap, a number of investigations
for utilizing the titanium compound as a polycondensation
catalyst are made.

However, in the case where the titanium compound is ussed
as a polycondensatien catalyst, there was involved a problem
that the acetaldehyde content or oligomer content in a
polyethylene terephthalate chip and its molided article is high
as compared with polyethylene terephthalate obtained by using
a germanium compound as a pelycondensation catalyst. A major

component of the subject oligomer is a cyclictrimer of ethylene

terephthalate and is hereinafter often referred to as “Cy-3".



polyethylene terephthalate molding adheres as a white powder to rollers
of stretching equipment or rollers of heating equipment and stains it; or a
problem that an oligomer becomes a foreign matter in a powdered state
and stains a dyeing liquid at the time of dyeing working. Also, likewise at
the time of fiber manufacture, at the time of film fabrication, there is
involved a problem that an_oligomer stains rollers of equipment of every

kind; or:pfobletn thatRiPSiigomer Balsed™ prodtt Gétedt’stefids 0 2
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terephthalate is studied, and a number of proposals have been made. For
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of reducing the oligomer content by a solid phase polycondensation
f imethogk suai-healing palyethydene ferephtialate in-a highavaicsum stade eat s

not higher than its melting point. Also, Patent Document

involved a problem that an oligomer stains rollers of equipment
of every kind; or a prcblem that an coligomer causes a product
defect such as so-called dropout 1in a magnetic tape.
Furthermore, at the time of molding of various other moided
articles such as ahollow container, anoligomer becomes a white
powder te stain a molding die or adhere to a surface of the
molded article, whereby a molded article with a normal
appearance is not obtainable. Inaddition, there was a.problem
that an oligomer generated at the time of stretching processing
or heating prccegsing acdheres to a die or the like, whereby
transparency of a molded article is more remarkably hindered
due to transfer.

In order to solve these problems, a method of reducing
the oligomer content in polyethylene terephthalate is studied,
and a number of proposals have been made. For example, Patent

Document 1 and Patent Document 2 propose a method of reducing

the oligomer content by a solid phase polycondensation method



3 proposes a method of reducing the oligomer content by a solid phase
polycondensation method of heating polyethylene terephthalate in an
inert gas atmosphere at a temperature of not higher than the melting
point. In the case of reducing the oligomer content by this method, there
is brought an effect for reducing the amount of generation of a white

owder with respect to polyethylene tere- phthalate having a relatively
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drink, it is also simultaneously demanded to reduce the acetaldehyde
notonentin Pelyethylene teraphthalate, Ratent Document 4 describes that

the amount of acetaldehyde and the amount of an oligomer formed at the

time of maldiag bydeeating:pelyethylgnererephthplater afienthensolidy this
phase polycondensation with water can be 5 reduced. But, in the case

newhere, the-polycandersatian-catalyst fiscnotfa germanitin gompowadbhut o £
an antimony compound, an

generation of a white powder with respect to polyethylene tere-
phthalate having a relatively high oligomer content in
polyethylene terepht-halate. But, with respect toc poly-
ethylene terephthalate having a relatively low oligomer
content in polyethylene terephthalate, not only the effect for
reduc.ing the amouﬁt of generation of a white powder cannot be
exhibited, but also the amount of generation ¢f a white powder
may possibly increase conversely. |

Also, in the case where polyethylene terephthalate is
used Vas a packaging resin for foodstuffs, especially drinks,
since acetaldehyde contained in polyethylene terephthalate
may possibly influence flaver .properties of a drink, it is also
simultaneously demanded to reduce the acetaldehyde content in
polyethylene terephthalate. Patent Document 4 describes that
the amount of acetaldehyde and the amount of an cligomer formed

at the time of melding by treating polyethylene terephthalate

after the sclid phase polycondensation with water can be



aluminum compound or a titanium compound, the effect is not exhibited

at all. Incidentally, as a method of reducing the acetaldehyde content or

the oligomer content in a polyethylene tere- phthalate molded article,

Patent Document 6 and Patent Document 7 propose a method of adding

an alkali metal salt or an alkaline earth metal salt. But, only by this

method, the acetaldehyde content in a polyethylene terephthalate molded
regitici8ds condiderably Rghéf ik i ﬁ%ﬁo@% S tBrephtiraIKe tatyst

. resulting from usm}g.a ermanium %orﬁeﬁungnasgggigﬂ%taéyst. Also, Pagent
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poT?ycon ensation cata?yst, poly- thy ene ter alate ‘having a Tower
a}ge}galg%@y g:c%rltfr_lt in a molded article than that at the time of using a
S onventional titanium catalyst is obtainable. But, even in this method, the

acetaldehyde. content in amolded adicle s higher.than dhat N.e 21 genyde

polyethylene terephthalate resulting from using a germanium as. the

cdralayst (Batept Dogymepkb)-JF-ArA8:101462 (Patent DooWnen) tere-
JP-A-51-048505 (Patent Document 3) JP-A-55-189331 6 (Patent

pkg%%f%%% AndRof:3-4483Q (RatentleammentabaRatent Nad  patent

Document 7 propose a method of adding an alkali metal salt or
an alkaline earth metal salt. But, only by this method, the
acetaldehyde content in a polyethyleh@ terephthalate molded
article is considerably higher than that in polyethylene
rerephthalate resulting from using a germanium compound as the
catalyst.

Also, Patent Doccument 8 reports amethed in which by using
a compound obtained by reacting a titanium compound and a
monoalkyl phosphate as a polycondensation catalyst, poly—.
ethylene terephthalate having a lower acetaldehyde content in
a molded article than that at the time of using a conventional
titanium catalyst is obtainable. But, even in this methed,
the acetaldehyde content in a molded article is higher than
that in polyethylene terephthalate resulting from using a
germanium as. the catalyst.

{Patent Document 1) JP-A-48-101462

(Patent Document 2) JP-A-51-048505

(Patent Document 3) JP-A-55-1808331



(Patent Document 6) WO 05/023900 (Patent Document 7)
JP-A-2004-010657 (Patent Document 8) WO 03/008479 (Disclosure of
the Invention) (Problems that the Invention is to Solve) An object of the
invention is to overcome the foregoing problems accompanying in the
conventional technologies and to provide a manufacturing method of

polyethylene terephthalate which is suitab obtaining a molded article
with a(l ﬁ/tgggt;fgje%%%nc%n%gnt. g/lé‘arglas %(‘)a]rég!oqwng. the Problems) A
problem of the inventian is_to.provide p thylene terep I a
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contegb%r%qerq%s 8@9:9989’@ L&e.é? _%gerogo/%\éegg“@ foregoing problem, the
made

present inventors extensive and Intensive investigations. As a

result,(%QE%\f{%wlg(g@thi% ofJ{pgg %@ggggggﬁpn in detail by using

a specified compound containing a titanium atom and a phosphorus

atom, jthas.Beemfoungthat the problem can,be solved by obtaining
polyethylene terephthalate whose carboxyl terminal number and intrinsic

viscosity are strictly 7 controlled and solid phase polycondensing it,
leading to accomplishment of the invention. That~is, the problem of the
( pnventipniiscconeerasd withoa gianufacturing method of polyethylene

terephthalate and can
{Problems that the Invention is to Solve)
An object of the invention is to overcome the foregoing
problems accompanying in the conventional technologies and to
provide a manufacturing method of polyethylene terephthalate

which is suitable for obtaining a molded article with a low

acetaldehyde content.

(Means for Sclwving the Problems)

A problem of the invention is to provide polyethylene
terephthalate, a molded article of which has low acetaldehyde
content and oligomer content and has a good hue.

In crder to solve the foregoing problem, the present
inventors made extensive and infensive investigaticns. 2As a
result, on review of a condition of melt polycondensation in
detail by using a specified compound containing a titaniumatom
and a phosphorus atom, 1t has been found that the problem can
be sclved by cbtaining polyethylene terephthalate whose

carboxyl terminal number and intrinsic viscosity are strictly



be solved by a manufacturing method of polyethylene tere- phthalate
including a step of carrying out melt poly- condensation by using a
compound represented by the following general formula (1) as a
polycondensation catalyst to obtain melt polycondensed polyethylene
terephthalate having an intrinsic viscosity of from 0.48 to 0.53 dL/g and a

cotr?r%'%h £y %‘é@ ber 3%5—%@ 1@ é% é@éﬂi&;}}{s %%n? d.a step of further

solid phase polycondensing the me con olyethylene

ac@gﬁmlﬂgmﬁe}pﬁog@nﬁﬁgjid.iﬂ%%ggy-_ condensed polyethylene

terephthalate having an intrinsic viscosity of from 0.70 to 0.86 dL/g. R
O-PTeO\ROR( 1Al 10001 bR, KR dhederegeing-oeneral femulady: tn

R1 represents an alkyl group having from 2 to 12 carbon atoms.]

a RHHADeunere, itis preferablethat in aay siep-ofdhe- palygthdans e and can

terephthalate manufacturing process, a metal salt containing at least one

reatepr selected fromithe oreupud copsigting etisagdiupopetassiimaad tere -
cesium is added. (Advantages of the Invention) The invention is

pheencesned wittca magthad fer reary- facturing pelyethyleneterepiithalatel y-
under a specified condition by using, as a polycondensation catalyst, a

coﬁiagmmmnpbgndMghdsﬁnmemmamajgmmam@mb@omp@mam:ing
geggggl formula {(I) as a peolycondensation catalyst to obtain
melt polycondensed polyethylene terephthalate having an
intrinsic viscosity of from 0.48 to 0.53 dL/g and a terminal
carboxyl number of from 14 to 22 mmol/kg; and a step of further
solid phase polycondensing the melt poclycondensed
polyethylene terephthalate to obtain solid phase poly-

condensed polyethylene terephthalate having an intrinsic

viscosity of from 0.70 to 0.86 dL/g.

[In the foregoing general formula (I), Ry represents an alkyl
group having from 2 to 12 carbon atoms.]

Furthermore, it is preferable that in any step of the
polyethylene terephthalate manufacturing process, a metal

salt containing at least one atom selected from the group



is less feared in hygiene as compared with an antimony compound or an
aluminum compound. According to the subject manu- facturing method, it
is possible to obtain polyethylene terephthalate capable of manufacturing
a molded article having low acetaldehyde content and low oligomer
content comparable to polyethylene terephthalate resulting from using a

ermanium ¢ mgoamd as a glé(ggn%%nsati n catalyst. Besté\é %es for
© gr}iiol’injgr@utot%e I(rjlvéﬁlt%’n)%%e mvéntmna%%e?gﬁﬁgénr eschi e% in detail.
The polyethylene terephthalate in the manufacturing method of the

invention is polyethylene terephthalate in which a major repeating unit

(nihereafis an ethylepe terephihalaig unit. The term "major” as referred to

herein means that the unit accounts for 80 % by mole or more and not

more ghan 100,%by polesin t@@rf@@%%@&ﬁ Whits-copstitdingieror manu-
polyethylene tere- phthalate. Accordingly, in the polyethylene

£ alerephthalate of (theinvention, theremandernelfrom(ita-20 26 byyaeleri o4

may be 9 copolymerized with other copolymerization components than
cothe: ethylene tesephihalate:conpanentdnxamples ekatherst, a titanium

copolymerization components as referred to herein include unsubstituted
coatsubstitutetdsophthaliczacid, naphthalgne rdicdrhaxybaacithd and which
diphenyldicarboxylic acid, diphenyl ether dicarboxylic acid,

i sdiprrenylsalfark dicarboxydiceaeid, dimplerakyethanediearborplicyacidypound
succinic acid, adipic acid, sebacic acid, azelaic acid, decanedicarboxylic
orgcidh aluminum compound. According to the subject manu-
facturing method, it 1is possible to obtain polyethylene
terephthalate capable of manufacturing amclded article having
low acetaldehyde content and low oligomer content comparable

to polyethylene terephthalate resuiting fromusing a germanium

compound as a polycondensation catalyst.

(Best Modes for Carrying Out the Invention)

The invention i1s hereunder described in detail. The
polyethylene terephthalate:hltheznanufacturing:nethodcxfthe
invention 1is polyethylene terephthalate in which a major
repeating unit thereof is an ethylene terephthalate unit. The
term “major” as referred to hereinmeans that the unit accounts
for 80 % by mole or more and not more than 100 % by mole in
the repeating units constituting the polyethylene tere-

phthalate. Accordingly, in the polyethylene terephthalate of

the invention, the remainder of from 0 to 20 % by mole may be



cyclohexanedicarboxylic acid, trimellitic acid, pyromellitic acid, or lower
alkyl esters thereof, lower aryl esters thereof or ester forming derivatives
of acid halides thereof, tri- methylene glycol, 1,2-propanediol,
tetramethylene glycol, neopentyl glycol, hexamethylene glycol,
decanemethylene glycol, dodecamethylene glycol,

1 4-cgéilohexa edimethanol, dieth(%ene glgcol triethé/lene

, lycol,
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mvention, It IS necessary to use a compound represente e fohowmg

unf9fD %@i@ﬁ%ﬁ p%yCQL@BQ'Eﬁ%QS)lPe gakalyst, Eyrtharmare, Ik s preferred {o

use the poly- condensation catalyst in an‘amount of from 1 to 50 ppm

di*&%%%?o%?ﬂ*ﬂ% RRlyethylane. terenbinalate obtained bythe %@Eﬁ%@?ﬁﬁf Hher

polycondensation in terms of a'titanium atom concentration. The

d1GQIPREERA which begomes; the-pplyeandensation saialysf cap becfof, qi-

- example, manufactured by heating a titanium compound and a
phRhesphReris cempernd dx 2 Hycal @sh selvent i thalcease dbepic acid,

compound which becomes the subject polycondensation catalyst is

scbhiained asca depositza the glycak RIQ-PHR-OQR €4) ddPdX WAL 1acid,
cyclohexanedicarboxylic acid, trimellitic acid, pyromellitic
acid, or lower alkyl esters therecf, lower aryl esters thereotf
or ester forming derivatives of acid halides thereof, tri-
methylene glycel, 1,2-preopanediol, tetramethylene glycol,
neopentyl glycol, hexamethylene glycol, decanemethylene
glycol, dodecamethylene glycol, 1, 4-cyclohexanedimethanol,
diethylene glycel, triethylene glycol, tetraethylene giycol,
polyethylene glycol, dipropylene glycol, tripropylene glycol,
tetraprcpylene glycol, polypropylene glycol, di(tetra-
methylene) glycol, tri(tetramethylene) glyccl, polytetra-
methylene glycol, pentaerythritol, and 2,2-bis(4-B-hy-
droxyethoxyphenyl)propane.

In the invention, it'is necessary To use a compound
represented by the following formula (I) asaapélycondensation
catalyst. Furthermore, it is preferred to use the poly-

condensation catalyst in an amount of from 1 to 50 ppm based

on the polyethylene terephthalate obtained by the solid phase

10



O O [In the foregoing general formula (1) , R1 represents an alkyl group
having from 2 to 12 carbon atoms.] The two RI groups in the general
formula (I) are each independently an alkyl group derived from the
titanium compound or an alkyl group derived from the phosphorus
compound, and preferably an alkyl group having from 3 to 6 carbon

toms. Examples of the titanium compound which is.used for ,
trat ;
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Thtgt@%ﬁ#ocﬁ%% wﬁﬂggﬁnﬁs@aﬁgBr%oé*ig%’l%giga%ﬁgg@arsar%paoe%%st can

titani tetraethoxide, titanium tetra- methoxide, a

bet,et%ks(@%&x&fsyo%@Mge@&ewwg%@a%%kig (21 4:zhexanedionatohq

titanium complex, a tetrakis- (3, 5-heptanedionato)titanium complex, a
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acetonato)fitanium complex, a diisopropoxybis(acetyl- acetonato)titanium

caGAMPlaxs a-aiRRroRexybIs{acE: Biaceionato)iBRLER GMBIeXndensation
dibutoxybis(acetylace- tonato) titanium complex, titanium

cadinydroxyhisglysetate. ttanium difystisexybisglyeclatey titarsam
dihydroxybislactate, titanium dihydroxybis(2-hydroxypropionate),titanium
lactate, titanium octanediolate, titanium dimethoxybistriethanol aminate,
titanium diethoxybistriethanol aminate, titanium dibutoxybistriethanol

aminate, hexang@thy! dﬂt@]@, hexaethyl dititanate, hexapropyl
diRtﬁgate?ﬁégjﬁT]\ /ﬁ———OR1 (1)
O O

O o)

[In the foregoing general formula {I)., Ry represents an alkyl
group having from 2 to 12 carben atoms.]

The two Ry groups in the general formula {(I) are each
independently an alkyl group derived from the titanium
compound or an alkyl group derived from the phosphorus compound,
and preferably an alkyl group having from 3 to & carbon atoms.

Examples of the titanium compound which is used for
manufacturing the polycondensation catalyst include titanium
tetrabutcxide, titanium tetraisopropoxide, Titanium
tetra~-n-propoxide, titanium tetraethoxide, titanium tetra-
methoxide, a tetrakis(acetylacetonato)titanium complex, a
tetrakis (2, 4-hexanedionato)titanium complex, a tetrakis-
(3, 5-heptanedionato) fitanium complex, a dimethoxybis-

(acetylacetonato}titanium complex', a diethoxybis({acetyl-

i1



dititanate, hexaphenyl dititanate, octamethyl trititanate, octaethyl
trititanate, octapropyl trititanate, octabutyl trititanate, octaphenyl
trititanate, a hexaalkoxy dititanate, and an octaalkyl trititanate. Also, as
the phosphorus compound, monoalkyl phosphates such as monoethyl
phosphate, monopropyl phosphate, monobutyl phosphate, monohexyl

hosphate,.mon | phaosph ono- dec Ii e r _
ac%ﬁgsp%géz,tﬁoﬁglgl%% ph%ggﬁgft%?{znd %onoét&gﬁa%ﬁé%%%%;gayn%tyl
acTonpRbenyl phosphate are. preferable. Sugh a phgsph %§9@p@ygqa?e~

may also be used as a mixture, and for example, a combination'made o

£y XIS Of & m%gﬁw}nphmk}@i%@pd r%onoa@hsaxloq!@p@@g%@%@pgce-

preferably enumerated. Above all, it is especially preferable that the

+ oidtdredis constitited-skeh that a ratioofithe monogied phaskhateds 99+: ¢,

% by mole or more and not more than 12 100 % by mole. Also, examples

 10kheglygohwhich s ysed psdhe solvent: tumanufactiingdhgnisiactate,
polycondensation catalyst of the general formula (I) include ethylene

+ 1glyeal:prapylene ool detran methyene glycok hexamethyleneuglycattate,

and cyclo- hexanedimethanol. It is preferable that the glycol which is used
t ilnamanufacturingribel polycoadensatiomdatalystisree glyeol thiessame t@sanoc 1

the glycol which is used as a starting material of polyethylene
amtenefiithalatetterbeumaniifathurad bys tsing the sobjectpolpdendendation. um
diggggggbistriethanol | aminate, hexamethyl dititanate,
hexaethyl dititanate, hexapropyl dititanate, hexabutyl
dititanate, hexaphenyl dititanate, octamethyl trititanate,
octaethyl trititanate, octapropyl trititanate, octabutyl
trititanate, octaphenyl trititanate, a hexaalkoxy dititanate,
and an octéalkyl trititanaﬁe.

Also,'as the phosphorus compound, monoalkyl phosphates
such as monoethyl phosphate, monopropyl phosphate, monobutyl
phosphate, monohexyl phosphate, moncoctyl phosphate, mono-
decyl phosphate, monclauryl phosphate, monooleyl phesphate,
ahd monotetradecyl phosphate, and monophenyl phosphate are
preferable. Such a phosphorus compound may alsc be used as
a mixture, and for example, & combination made cof a mixture
of a monoalkyl phosphate and monophenyl phosphate can be
preferably enumerated. BAbove all, it isespeciallypreferable

that the mixture 1is constituted such that a ratico of the

‘monoalkyl phosphate is 90 % by mole or more and not more than

12



The polycondensation catalyst which is used in the invention can be
manufactured by a method in which three of a titanium compound, a
phosphorus compound and a glycol are simultaneously mixed and
heated, or a method in which a solution of a glycol of each of a titanium
compound and a phosphorus compound is prepared and these glycol

1 cSPldtions aremixed and heated. Of these, the latter method is preferable.

hén‘the féaction temperature in manufacturing the polycondensation

ooty Ra B dheala) Ierneta ey DR AR TR (0L pUSS DIAPLOGREh

sufficiently, or the Teaction may y require an excessively long time.

1 AgGordngly. jtis preferable that the seaction s usyally, cartigd.qut &t e ra1
temperature of from 50Cto 200C, and it is preferable‘that the reaction is

£ oel%ﬁ’ﬂ%P'@PQ%R@@@%F%Q&Q%QD%‘@%@%é BAWSo1, tetra-

Concretely, when ethylene "13 glycol is used as the glycol, the reaction

mdEMpeialre ?q&t&xably fram:2QC 19, 180€, andiwhen hexagmethylengc: o-
, the

glycol is use reaction temperature is preferably from 100C to 200C.
heAlsaeWheR sHeh aiglycotisiused.dife reactionttimae isease preferablydn is

the range of from 30 minutes to 2 hours. When the reaction temperature
usigdoa highaatwikertthei reaction timelis dom tbngs deteriorationsdfithe is a

manufactured poly- condensation catalyst occurs, and therefore, such is
glnatopretérableadsop in ramufaichuring mindycbﬂdeﬁsmionsca&alyﬁarting
material of polyethylene terephthalate to be manufactured by
using the subject polycondensation catalyst.

The polycondensation catalyst which is used in the
invention can be manufactured by a method in which three of
a titanium Compound, a phosphorus compound and a glycol are
simultaneouslymixed and heated, or amethod inwhich a solution
of a glycol of each of a titanium compound and a phosphorus
compound is prepared and these glycol solutions are mixed and
heated. Of these, the latter method 1s preferable.

When the reaction temperatuxe‘in manufacturing the
polycondensation catalyst is the normal temperature, the
reaction may not possibly proceed sufficiently, or the
reaction may possibly require an excessively long time.
Accordingly, it is preferable that the reaction is usually
carried out at a temperature of from 50°C to 200°C, and it is

preferable that the reaction is accomplished for a reaction

time of from one minute to 4 hours. Concretely, when ethylene

13



upon reaction of the titanium compound and the phosphorus compound,
a molar ratio of a phosphorus atom to a titanium atom (phosphorus atom
molar amount/titanium atom molar amount) is preferably 1.5 or more and
less than 2.5, and more preferably 1.7 or more and less than 2.3. When
the molar ratio is less than 1.5, physical properties of polyethylene
TR o e e Ao (o S ord 1€ BreLehe Corshy i
pound is present.  Conversely, when

th mo% ratio is 2.5.Qr.more, a_.polymerization_rate of polyethylene
DX TEPAAIAE FE) Ty st o o ySieA Sopeas o 1veol

18P0} eeat iene terephthalate mmay, possibly gh%odéé%%%% ue fgihe mater

that a'large amount of an unreacted phos s compound Is present. A

2 o%ﬁ%@ cantaining, as.a depasit, tB%(fBB’EOEQe lign %ﬁ&%éﬁ%‘é‘l@ﬁinﬁﬂm

y such an operation which is used in the invention may be used as a

1 sCRIAYstfor mapsfaciuting: palyethyensderephthataieias: i stands withauts .

being subjected to solid-liquid separation. On the other hand, after

wheeparating therdepositapd the selvent by santrifugasionendilations theion
thus separated deposit may be purified and used as the

t 1 pelydandensatiomegtalyst: &sia specifie. pufificatonmaathbel; therectandiey -

enumerated a method of carrying out recrystallization by using acetone,
cometnd aalcotmol oraaiixed solwventrsf, methstl atdohot Andavaterich is not
preferable.

Also, in manufacturing the polycondensation catalyst
upon reaction of the titanium compound and the phcsphorus
compound, a molar ratic of a phosphorus atom to a titanium atom
{phosphorus atom molar amount/titanium atom molar amount) is
preferably 1.5 or more and less than 2.5, and more preferably
1.7 or more and less than 2.3. When the molar ratic is less
than 1.5, physical properties of polyethylene terephthalate
may possibly be deteriorated due to the matter that a large
amount of an unreacted titanium compound is present.
Conversely, when the molar ratio is 2.5 or more, a
polymerization rate of pelyethylene terephthalate may
possibly become slow, or physical properties of polyethylene
terephthalate may possibly be deteriorated due to the matter
that a large amount of an unreacted phosphorus compound 1s

present,

A liguid containing, as a deposit, the polycondensation

14



Since the foregoing polycondensation catalyst which is used in the
invention can be easily separated from the glycol by using a filter, a
chemical structure thereof and a titanium atom content in the subject
polycondensation catalyst can be analyzed by solid NMR and XMA metal
guantitative analysis after the separation. On the other hand, since the
~unreacted titanium compound and the phosphorus compound are soluble
caipa ey eoIt a 1aRFofinreation Ranie d&temined sy andlyZigia:n the
titanium atom concentration or a phosphorus atom caon- centrati%%in the

1 0fifate €5 pBRENnt AR maRGfacttifingpolfaiti et terephth 804 RG the 9
foregoing polycondensation catalyst, it is preferred to use th .
po&&?% I ge%%%tioﬁ%ﬁ?%%‘s%ﬁﬁa%%agmoﬁlﬁlt of from® ﬁjng% Sp‘ﬁ%%é%‘é% ob &9
lyethyl t thalate obtajned by th lid I i
suEEone erephnate QoAnSd by g S8l Pigse pOCRIESER.,

Aalycondensation catalystis preferably ysed in a0,amount of from-3 4925, ,
#L5pm, And more p?e? Y I ' ém

ppm, erably from 6 to 20 ppm in‘terms of"a titanium at

oCencenationn the inally obrained.solid pRASEHQlY, coNdensed; 1 o4 and

polyethylene terephthalate. In carrying out an operation for adding a

useMpoUnd;containing atleastane atom of sediyay, potasgium-Aand cesium -

as described later, it is especially preferred to use the polycondensation
pucatalystini A apounbrangingremdto 2:ppmaWhentBe a method of

polycondensation catalyst is used such that it is contained in an amount
ca@B8fing out recrystallization by using acetone, methyl
alcohol or a mixed solvent cof methyl alcchol and water.
Since the fgregoing polycondensation catalyst which is
used in the invention can be easily separated from the glycol
by using a filter, a chemical structure therecf and a titanium
atom content in the subiject polycondensation catalyst can be
analyzed by solid NMR and XMA metal quantitative analysis after
the separation. Cn the other hand, since fthe unreacted
titanium compound and the phosphorus compound are soluble in
the glycol, a rate of unreaction can be determined by analyzing
a titanium atom concentration or a phosphorus atom con-
centration in the filtrate component.
In manufacturing polyethylene terephthalate using the.
foregeing polycondensation catalyst, it is preferred to use
the polycondensation catalyst in an amount of from 1 to 50 ppm

based on the polyethylene terephthalate obtained by the solid

phase polycondensation in terms of a titanium atom con-

15



ppm or more, a polymerization rate of liquid phase polycondensation or

solid phase polycondensation may possibly become too fast, or the

polyethylene terephthalate may possibly become colored strongly. On the

other hand, when the polycondensation catalyst is used in an amount of

less than 1 ppm, a polymerization rate of liquid phase polycondensation

or solid phase polycondensation may possibly become too slow, orthe
C By Ontimsatibh FEAGORUSEs féthrotdeFararAdRht it rispetfio 1S

metal atoms in the resulting polyethylene terephthalate §a concentratjon

PTG REED atbrHS Bthet AP HE TEHHuMCatb o preferalsly nBPord Harfore
10 , and ferab t than 5 . Incidentally, it Id
o R et B ot N E T RO E et & TR Al tom

time of polycondensation reaction, For that reason, the.addition of the _
nwg? lé/ c;l/u?ma%c%/rbalf O 86151&8 SOllCP }8 ﬁqseem&?ly

conc[e Cﬁ lOP 111 .
polyconaensation Catalys e cdrrie In any step

cd@%%%?lszeg%g]ﬁ%ti%%ﬂzyﬁeel%g Sﬁ%rgg h%IHg %par%&i%n %@Prg[i]ng out an

Yy
esteri eactioir stép, a liquid phase polycondensation step; or other

opieRERIF0s e yhple of the polyeondensation gatalystmay be.added in. o,

a reactor all together, or the polycondensation catalyst may be dividedly

o faddedsing regstor s themanufactwingmethodf polysthylene-cr, it is

terephthalate of the invention is hereunder described in more detail for

e SEFY stepy (Starting raaterigls)Jeuitherperns, e mandactyrngAmethedofi n
polyethylene
an amount ranging from 5 to 25 ppm. When the polycondensaticn
catalyst is used such that it is contained in an amcunt of 50
ppm  or more, a polymerization rate of 1iquid phase
polycondensation or solid phase polycondensation may possibly
become too fast, or the polyethylene terephthalate may
possibly become colored strongly. On the other hand, when the
polycondensation catalyst is used in an amount of less than
1 ppm, a polymerization rate of liquid phase polycondensation
or solid phase polycondensation may possibly become too slow,
or the polycondensation reaction does not proceed at all. Then,
with respect to metal atoms in the resulting polyethylene
terephthalate, a concentration of metal atoms other than the
titanium atom is preferably not more than 1C ppm, and more
preferably not more than 5 ppm. Incidentally, it would be
better that the foregoing polycondensation catalyst is present

at the time ¢f polycondensation reacticon. For that reason,

the addition of the polycondensation catalyst may be carried

16



terephthalate in the invention is described in detail. The polyethylene

terephthalate can be manufactured by poly- condensing mainly

terephthalic acid or its ester-forming derivative and ethylene glycol by

using the foregoing polycondensation catalyst. As an aromatic

dicarboxylic acid component, terephthalic acid is mainly used, and

besides, its ester-forming derivative can be used. The "ester-forming
ouderivafive” aseBforcE® RerdinhfeXrealeweR AkGRestEn &b\ def aRyit 1 ng

ester, or an acid halide. Incidentally, it is desirable that the terephthalic
s 1405d ¥r s W8T AbARmgS teRvative REksed ihisifamount 6RE5 s5 by Thek: 2

.or maore and not more than 100 % by mole, and preferably 90 % by mole
LI hibRDERE st TiSTRHER 1969 by nidle 6’&588}6‘?&66@%% rote 47 the

of the aromatic dicarboxylic acigd component. It is desirable that the
A P S AR 0 T o B b RS 3P BTetdndt Rzotor

ore than 100 % by mole, and preferably 90 % by mole or more and not

T or 10 6 By mole sl o A00 s B B of (e AnsAate ol

.component. ample_ of cturi Q t

oSSR A SreTpIs ol pMacteg poslens IBERIIAELY o

pcigiail{Starting %'HEQ%H%B%@&'QQ step) Eirst of all.Jpmapufaciuring: cunde -
polyethylene tere- phthalate, terephthalic acid and ethylene glycol are

described in more detail for every step.

{Starting materials)

Furthermore, the manufacturing method of polyethylene
terephthalate in the invention is described in detail. The
polyethylene terephthalate can be manufactured by poly-
condensing mainly terephthalic acid or its ester—-forming
derivative and ethylene glycol by using the foregoing
polycondensation catalyst.

As an aromatic dicarboxylic acid component,
terephthalic acid 1is mainly used, and besides, 1its
ester-forming derivative can be used. The “ester-forming
derivative” as referred to herein means a lower alkyl ester,
a lower aryl ester, or an acid halide. Incidentally, it is
desirable that the terephthalic acid or its ester-forming
derivative is used in an amcunt of 80 % by mole or mere and
not more than 100 % by mole, and preferably 90 % by mole or

more and not mcre than 100 % by mcle based on 100 % by mole
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esterified. Concretely, a slurry containing terephthalic acid and ethylene

glycol is prepared. This slurry preferably contains ethylene glycol in an

amount of from 1.2 to 1.8 moles, and more preferably from 1.3 to 1.6

moles per mole of the terephthalic acid. This slurry is continuously fed

into an esterification reaction step. For the subject ethylene glycol, a part

of ethylene glycol which has been distilled off from a reactor and
ohdbbveraPiran estémication feaction StbF ORRPIGE phase 15 desirable

polycondensation step as described later may be used. (Esterification
Chaaclise stép) Hshe esterificaton Yeaction step, Ametiodin Which 218 BALe

esterification reaction is carried out at one stage while self-circulating the
O L3R PRSUGE WA A 8&Rr-ifiCatior? Ye H4or ordfheatiéd ERhith b

or more ester- ification reactors are connected to each other in series and

by, RedferitdiohTedkton 3¢ Shifay Caftidd Subwiid Sef-GrRuftting the’” *
reaction produyct is preferable. In all of these methods, the esterificatian

oY eBEih (B baih h NG ook U ERAHER athyiie SREOFLS Of
refl%xe w@% remaovi water f%%ed b‘étehz? esrggﬁfé atitg)g rea%tion in

heSutsiae the esqerific%?%%i' feactor Of reactors 89 arec @lng coldmn. Witk 9

td B8 %‘éﬁ%ﬁ'ﬁ% reagl %88”91&991‘%195&%%8‘%&%?%?@8@ 'Siescribed

continuously carried out at one stage culating the reaction

; (Praduct; in general, it is

(Starting slurry preparation step)

First of all, in maﬁufacturing polyethylene tere-
phthalate, terephthalic acid and ethylene glycol are
esterified. Concretely, a slurry containing térephthalic
acid and ethylene glycol is prepared. This slurry preferably
containg ethylene glycol in an amount of from 1.2 to 1.8 moles,
and more preferably from 1.3 to 1.6 moles per mole of the
terephthalic acid. This sliurry is continuously fed into an
esterification reaction step. For the subject ethylene glycel,
a part of ethylene glycol which has been distilled off from
a reactor and recovered in an esterification reaction step or
a liguid phase polycondensation step as described later may

be used.

(Esterification reaction step)

As the esterification reaction step, a method in which



preferable that the reaction is carried out under a condition that a reaction
temperature is from 240 to 280C and that a reaction pressure is from
atmospheric pressure to 0.3 MPa. Though the reaction temperature of the
esterification step may be first carried out in a low-temperature region
within this range, the final esterification reaction temperature is regulated
preferably at from 250 to 279C, more preferably from 265 to 276C, and
alnBSisreferably Toih AP P5C 1 Phe >fifal SestétificatioRtEadigine whiie
temperature” as referred to herein means a reaction temperature at a
st o fimte 8- CtBpldioh JFTRE BSRMifidREEN MEActidh-Step™in Bfls ©SteT-

. esterification reaction step, ethylene glycol 19 and terephthalic acid are
Forbr Eihyle

1 e stich thEEE iidTar Mo St e'glycbHS terapthfic BRitSs fom ™~

'11'2 t%l.S and g£eferabl¥ from 1.3t 1.53. When the %nufacture iS .
LT1Ca on.rea O%-S 3re COPH@CQEE t? e%? O er 1Tl sberdles and
carried out’in a continuous system, it IS preferable that as describe

r%"g‘%‘é%é%f%“é‘ﬁ’o%" “%23 %‘fi{:‘ i%tﬂy'?.%e ghygehand éﬁe rEEPEIE‘["eLIi& AGIAIS hite

prepared n advance an at the molar ratio in the subject slurry is

< Afjusted s pgito fall within the.foregaing range.. When the manufactyre is, 3

carried out In a batch system, it is preferable that the molar ratio is

o Fegulated seasdedall within the foregoingiranoednclusive otethyleneq out

glycol or terephthalic acid to be added on the way of the esterification

urigastign-isadditiontoefvene: alycet mpddarephthadic agid-presenti the 1e
reactor at the beginning
removing water formed by the esterification reacticon outside
the esterification reactor or reactors by a rectifying celumn.
With respect to the reaction condition under which the
esterification is continuocusly carried out at one stage while
self-circulating the reaction product, in general, it is
preferable that the reaction is carried out under a condition
that a reaction temperature is from 240 to 280°C and that a
reaction pressure is from atmospheric pressure to 0.3 MPa.
Though the reaction temperature of the esterification step may

be first carried out in a low-temperature region within this
range, the final esterification reaction temperature 1is
regulatedpreferabhyatfrom25011>279ﬁh more preferably from
265 to 276°C, and most preferably from 273 to 275°C. The “final
esterification reaction temperature” as referred to herein
means a'xeactioﬁ temperature at a point of time of completion
of the esterification reaction step.

In this esterification reaction step, ethylene glycol

19



of starting the esterification reaction. By carrying out the esterification
reaction within this molar ratio range, it becomes easy to control an
intrinsic viscosity value or a terminal carboxyl number value of melt
polycondensed poly- ethylene terephthalate as described later within a
prescribed range. In this esterification reaction step, it is desired to carry
out the reaction such that a rate of esterification reaction is usually 90 %

angt mGrECpreterbly 96 9 8r Aidte BREhGtHhdrethan 18098 mbreratio of

preferably 95 % qr more and not more than 100 %, and further preferably

G mBrY SRk ot mEreERRAT 366 5628y Adjuisting e reaction - 1 27
t t d reflux, 20 ratio of ethylene glycol at the time of thi .
o GNBATCalén  EAbionS (18 potEbl 15 Eons B HE-SHAINAl Eafbey) o= 7r* e

ouncur:[lltl)eart (%fé?}%fg&/g&@/%pg%rrﬂepgt %I%teﬁggt]@énrea li)éﬂ\%%arz%egs described
polycondensatlon reaction. Sd, when these condition ranges are

pﬁ?gxl‘i’%g%lg)e Intginsig i’hsfa?ﬁszity %‘@%{{%"éﬁégb'ye%ﬁ%%ee‘“ t?ﬁéﬁé@ﬁ and

ase’ polycondensation step. sterification reaction step, an

v SSLEificAtign reactign P£°g‘.&%&§§§%‘? N teraphthalate ohgomen) of e motar

terephthalic acid and ethyleneglycol is obtained. A polymerization degree

£ s gthylepederephithalate pligomer Jignreferaplyfram 310 221MA8 thin

preferably from 4 to 10, and most preferably from 6 to 10. The ethylene
cHerepiitalate, gligamer obwined indberforeaning eslerifisation readiout in
a batch system, it is preferable that the molar ratio is
regulated so as tc fall within the foregoing range inclusive
of ethylene glycel or terephthalic acid to be added on the way
of the esterification reaction in addition o ethylene glycol
and terephthalic acid présent in the reactor at the beginning
of starting the esterification reaction. By carrying out the
esterification reacticn within this molar ratio range, it
becomes easy to contrcol an intrinsic viscosity value or a
terminal carboxyl number value of melt polyccondensed poly-
ethylene terephthalate as described later within a prescribed
range.

In this esterification reaction step, it is desired to
carry out the reaction such that a rate of esterification
reaction is usually 90 % or rﬁore, preferably 90 % or more and
not more than 100 %, more preferably 95 % ér more and not more

than 100 %, and further preferably 97 % or more and not more

than 100 %. By adijusting the reaction temperature and reflux
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step is subsequently fed into a polycondensation (liquid phase
polycondensation) step. The polymerization degree of the ethylene
terephthalate oligomer can be controlled by properly adjusting the
foregoing ethylene glycol/terephthalic acid molar ratio, esterification
reaction time, reaction pressure and reaction time, thereby adjusting the
rate of ester- ification reaction. When the polymerization degree range of

r ahisethlefié herephthdlatecaligohheFReSidBdOthe iitAngie Mdcsitgation
may not possibly increase in the later liquid phase polycondensation step.

r e ffuid® PhasetpotycdriteRsatcn SepF P1ENeY, inthe tigalr pridsecarboxyl
polycondensation step, the ethylene terephthalate oligomer obtained in

nFE G FERIGT IR HBF IS POFRONIBNSEe T HIPpreSente b et
foregoing polycqndensation, catalyst upon heating at a temperature of a

PG BOMLD B 9 et Tarephthatate” bf WiGhE" Sna Hot higrdh tHanoes
a decompositign temperature of polyethylene terephthalate (usually fror

=340 G5 3800 Shder K redlicad Brassurd 1t S dasiabi that 156 po- 2L

e e s e e oo ot e e

eneg ycofgen ated by the nsation outsi

reactog, The diguid phase polycondensation step.may becauied. ppf ina 1 on

single tank or may be carried out dividedly in plural” tanks. For example,
ruhen the liguid,phase polycandensatiofe rephthalate oligomer) of
terephthalic acid and ethylene glycol is obtained. A
polymerization degree of this ethylene terephthalate oligomex
is preferably frém 3 to 12, more preferably from 4 to 10, and
most preferably from 6 to 10. The ethylene terephthalate
cligomer obtained in the foregoing esterification reaction
step is subsequently fed into a polycondensation {liquid phase
polycondensation) step. The polymerization degree of the
ethylene terephthalate oligomer can be controlled by properly
adjusting the foregoing ethylene glycol/terephthalic acid
molar ratio, esterification reaction time, reactlion pressure
and reaction time, thereby adjusting the rate of ester-
ification reaction. When the polymerization degree range of
this ethylene terephthalate oligomer is deviated, the

intrinsic viscosity may not possibly increase in the later

liguid phase polycondensation step.

(Liguid phase polycondensation step)
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step is carried out at two stages, the polycondensation reaction in a first
tank is carried out under a condition that the reaction temperature is from
245 to 290C, and preferably from 260 to 280C and that the reaction
pressure is from 100 to 1 kPa, and preferably from 50 to 2 kPa. The
polycondensation reaction in a final second tank is carried out under a

condition .that.the reaction temperature is from 265.to 30 nd
o R TATLI RS SO AT cAesp, the

etggjgekgooégég Paand,rreferahly from 500,10 30, Ba. BY.properly o oo

sting the polycondensation reaction temperature, polycondensation

; f'eaction pressure and 22 polycondensation reaction timethe jotrinsic.c ¢

viscosity of the resulting melt polycondensed polyethylene terephthalate

tris GMERlled 50 as o fall withinthe followingrange. {r%%erﬁ@l%% at a
ably n

reaction fime of the polycondensation step is prefer ot more than

t =242 minutes, ardinare praferakly nrotbmqye than ROQ apiautes-BdrEms Dite
a residence time within the polycondensation reaction tank. Polyethylene

o rietephthalate candre thupmanuiaciused bydigingsthesforegeinge rature of
polycondensation catalyst. The polyethylene terephthalate obtained in this

pohglyeordensation step isusually cagled whileraxtiudingina priten) statéer
and then cut to obtain granular (chipped) polyethylene terephthalate. It is

a neeessary thatthesrasealting golyethylede terephthalatehwes ativitrnsigoly-

condensation reaction is carried out while distilling off

unreacted ethylene glycel and ethylene glycol generated by the

polycondensation outside a reactor.

The liquid phase polycondensation step may be carried
out in a single tank or may be carried cut dividedly in plural
tanks. For example, when the liquid phase polycondensation
step 1s carried out at two stages, the polycondensation
reaction in a first tank is carried out under a condition that
the reaction temperature is from 245 to 290°C, and preferably
from 260 to 280°C and that the reaction pressure is from 100
to 1 kPa, and preferably from 50 to Z kPa. The polycondensation
reacticn in a final second tank is carried out under a condition
that the reaction temperature is from 265 to 300°C, and
preferably from 270 to 290°C and that the reaction pressure
is usually from 1,000 to 10 Pa, and preferably from 500 to 30

Pa. By properly adijusting the polycondensation reacticn

temperature, polycondensation  reaction  pressure and

22



viscosity IV corresponding to the range of from 0.48 to 0.53 dL/g and a
terminal carboxyl number corresponding to the range of from 14 to 22
mmol/kg. Preferably, the polyethylene tere- phthalate has an intrinsic
viscosity corresponding to the range of from 0.48 to 0.52 dL/g and a
terminal carboxyl number corresponding to the range of from 17 to 22
mol/k%ﬁWhen.the intrinsic viscosity is less than, a lqwer |imit of this

PYARGE 17618 RSt prsHlon 15t ABfortRatioh S GoWtEHAG o 4 '
=888 e ime of conveyance of the poleliens, erephibalatcichip

orin the ycondénsation step, “or a pro e fime of

e %89%’&“?‘5&00%0”%%”?’%‘%‘__[‘1 23 [eagtion %Qm??égggﬁﬁfﬁg”ﬂ%%{‘ge :

a reduction in the productivity. For that reason, 1t is pre t the

Iﬂe*{@@&vaiﬁ%%wfep%gsm%}? {ergphihalate is Nigh as, far as-Rassiple: -

But, when the intrinsic viscosity exceeds an upper limit of the foregoing

1 Jangecthers is,caused aproblem that the acetaldehyde ﬂBQérc:%%iferably

trimer amounts in the polyethylene terephthalate after the soli ase

nd0lmeszation anrhthe polyethyene derephiralate malded articlen@rgithin
high. Also, when the terminal carboxyl number is less than a lower limit of

+ribe foragping ranges the aeetaldehyde: santent lnthe polyetiydanesthyiene
terephthalate molded article is high; and when the terminal carboxyl

t anapbehexceed-an tpparhlimitahtheforegoiy sgnge ithe eyalictiraeicing
content is high. Also, in the polycondensation reaction, a phosphorus
polycondensation catalyst.

The polyethylene terephthalate obtained 1in this
polycondensation step is usually cooled while extruding in a
molten state and then cut to obtain granular (chipped)
polyethylene terephthalate. It is necessary that the
resulting polyethylene terephthalate has an intrinsic
viscosity IV correspending to the range of from 0.48 o 0.53
dlL/g and a terminal carboxyl number corresponding to the range
of from 14 to 22 mmol/kg. Preferably, the polyethylene tere-
phthalate has an intrinsic visgosity corresponding to the
range of from 0.48 to 0.52 dL/g and a terminal carboxyl number
corresponding to the range of from 17 to 22 mmol/kg. When the
intrinsic viscosity is less than a lower limit of this range,
there 1s caused a preoblem that deformation or powdering of a
chip occurs at the time of conveyance of the polyethylene

terephthalate chip or in the solid phase polycondensation step,

or a problem that the time of the solid phase polycondensation
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stabilizer such as trimethyl phosphate may be added at an arbitrary stage
in the polyethylene terephthalate manufacture as the need arises.
Furthermore, an antioxidant, an ultraviolet light absorber, a flame
retarder, a fluorescent brightener, a matting agent, an orthochromatic
agent, a defoaming agent, other additives, or the like may be blended in
ethylene terephthalate. Moreover, for the purpose of .improving and

pol
*e4{Sisting aMtieBithe rediifing PoRRtHyidNe whephthdBid Andiganie he

blue pigment such as azq compounds, triphenylmethape compounds
DI dorpoutidd anthis. GERGSE Compodids. Brd S thabeyaife £

. _compounds, an inorganic .24 béue
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e
necessary that the po alate obtain oregoing

arigiidhase poly-ccondensation siep is further provided for salidiphase ) oy

polycondensation. The granular polyethylene terephthalate to be fed into

e selid phase. polycandensatian step-may-he fediipio-theRqlidhasg the

polycondensation step after preliminary crystallization upon heating in
pAdMANES Bl 3= temperaiiyedawer than thedemperaturasin the £asg Wheigase

the solid phase polycondensation is carried out. This preliminary

porystallizatien step ean bercarripdogithylene terephthalate molded
article are high. Also, when the terminal carboxyl number is
less thana lower 1imit of the foregoing range, the acetaldehyde
content in the polyethylene terephthalate molded article is
high; and when the terminal carboxyl number exceeds an upper
limit of the foregeing range, the cyclic trimer content is high.

Also, 1in the polycondensation reaction, a phosphorus
stabilizer such as trimethyl phosphate may be added at an
arbitrary stage in the polyethylene terephthalate manufacture
as the need arises. Furthermore, an antioxidant, an
ultraviolet light absorber, a flame retarder, a fluor.escent
brightener, a matting agent, an orthochrcomatic agent, a
defoaming agent, other additives, or the like may ke blended
in polyethylene terephthalate. Moreover, for the purpose of
improving and assisting a hue of the resulting polyethylene
terephthalate, an organic blue pigment such as azo compounds,

triphenylmethane compounds, guincline compounds, anthra-

guinone compounds, and phthalocyanine compounds, an inorganic
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by heating the granular polyethylene terephthalate in a dried state at a
temperature aof usually from 120 to 200C, and preferably from 130 to
180C for from one minute to 4 hours. Also, such preliminary
crystallization can also be carried out by heating the granular
polyethylene terephthalate at a temperature of from 120 to 200C for one
minute or more in a steam atmos%gere, a steam-containing inert gas

o Ltcspier ar etk Gas-AIOspHERE oF ai&ih-Caitafiing at® =dced in

atmos;ghere or u}qder circulation of such gas. T heqtingcgmf is
=1 rch Cllf (= the manuractunin 3 qﬁ O oLVeE e% tere-
preferably oné minute or more and not more-than ours, more
ref a ly 30 minutes or more and not more than 10 hours, and most
P preﬁarably one hour or more and not more than 8 hours. It is preferable
that the preliminarily crystallized polyethylene terephthalate has a degree

of crystallization of from 20 to 50 Incidentally, a so-called solid phase

(gj%QMQ;? Q§g’ti% [??h%p@eq@g@ggylgggﬁqrephthalate does not

proceed by this preliminary crystallization, and the intrinsic viscosity of the

preliminarly Crysialized,Rolyethylenc.terepiithalate is substapiially thg 1 ene

same as the intrinsic viscosity of polyethylene terephthalate after the

¢ diguiichphase pelyspndansationAdifferepee hetween the, Intrasigse poly-

viscosity of the preliminarily crystallized polyethylene terephthalate and
cdhadnisinsicanscesibof the polyetdene jerephthataterbeforethed phase

preliminary crystal- lization is usually not more than 0.06 dL/g. With
paggpectdensation. The granular polyethylene terephthalate
to be fed intc the sclid phase polycondensation step may be
fed into the so0lid phase polycondensaticon step after
preliminary crystallization upon heating in advance at a
temperature lower than the temperature in the case where the
solid phase polycondensation is carried out.

This preliminary crystallization step can be carried cut
by heating the granular polyethylene ter@fnhthalate in a dried
state at a temperature of usually from 120 to 200°C, and
preferably from 130 to 180°C for from one minute to 4 hours.
Also, such preliminary crystallization can also be carried out
by heating the granular polyethylene terephthalate at a
temperature of from 120 to 200°C for one minute or more in a
steam atmosphere, a steam-containing inert gas atmosphere, an
inert gas atmosphere or a steam-containing air atmcsphere or

under circulation of such a gas. The heating time 1is

preferably one minute or more and not more than 20 hours, more
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the degree of crystallization of polyethylene terephthalate, since itis

recognized that a density in a completely crystalline state and a density in

a completely amorphous state are 1.501 g/cm3 and 1.335 g/cm3,

respectively, the degree of crystallization can be calculated by measuring

a specific gravity of the resulting polyethylene terephthalate sample by a

density gradient tube, etc. The solid phase polycondensation step is
PEBhOsEd Of A Tebibhe StgaCaRdaRe regdtisiytempesatutd is frsimsroend

to 230C, preferably from 195 to 225C, and more preferably from 26 200
9§ D2BES R L gRLiYabRInEEHe SHlidHEseA RSy NedndsHeatibhddtey idours -

carried out in an inert gas_atmosphere of nitrogen, argon_or carbon .

dioxide Gas Br Biffers TP a teoHditidtthiat & TeAetsh preds FreYis rbm * 2¢¢

200 kP 1 kPa, ferably f t heri to 10 kP )
D B R LT A R e D e e Y S heRLA™ OF

as is.desirable as the inert gas to be.used. The rgnuga{ lyethylene
£ éjr%pt‘lzt algt% o%?aiﬁe’d vig I13%10%:361“ SO ‘;Lcl:’L b’ﬁas% p%%/cgﬁ er%‘%ti%ﬁr%’%ep r%g)a/‘ S€

be subjected to a water treatment.as the need arises, This
PR e LY ARG T G By Py ylah g ace dose

ndbthalate inig cantact yith walef ; §team, @ SIGamContaining; iert gaspr e

steam-containing air. It is necessary that'an intfinsic viscosity IV of the
1ihysi obtained.grapular plyethyleng, terephtbalate i5fromQ. 70 rystaiiized
polyethylene terephthalate 1s substantially the same as the
intrinsic viscosity of polyethylene terephthalate after the
liguid phase polycondensation. A difference between the
intrinsic vwviscosity of the preliminarily crystallized
polyethylene terephthalate and the intrinsic viscosity of the
polyethylene terephthalate before the preliminary crystal-
the degree of crystallization of polyethylene terephthalate,
since 1t 1s recognized that a density in a completely
crystalline state and adensity ina completely amorphous state
are 1.501 g/cm® and 1.335 g/cm®, respectively, the degree of
crystallization can be calculated by measuring a specific
gravity of the resulting pelyethylene terephthalate sample by
a density gradient tube, etc.

The solid phase polycondensation step 1s composed of at

least one stage, and the reaction temperature is from 190 to

230°C, preferably from 195 to 225°C, and more preferably from
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to 0.86 dL/g. Furthermore, it is preferable that the polyethylene
terephthalate after the solid phase polycondensation has a terminal
carboxyl number of less than 15 mmol/kg. The terminal carboxyl number
is more preferably 0 or more and less than 15 mmol/kg, and further
preferably from 5 to 12 mmol/kg. The manufacturing process of
polyethylene terephthalate including the foregoing esterification reaction
2 Utep diqdidPRase pélyéondénsation seeptdritsolidphagéid phase poly-
polycondensation step can be carried out in any of a batch system, a
CRRCEHtMEBUS S§8teh? of 2'CortinuBls syBtet WhHAF 27fR AffRiehere

viscosity of the polyethylene terephthalate after the solid phase
ofdiydonafifiBatich E9BsS thar 7619 G 1Ot prétraibte 8&%&&3% fhader a

strength of a polyethylene, terephthalate molded article ohtained elt
SRS Bt DTy ERE SRR TS Acod g DA DIt et 22"

or whitenjng of the appearance may possibly occur jn applicatipns
g B S A B oP b e IS on e ciher toia, HH6425°
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yethylene tere ay possibly lose toughness

o2And;became brittle. ar ciystallizationgate maypossibly become slow.

Also, what the terminal carboxyl number of the polyethylene terephthalate
after the solid-phase polysendensationds 48,ramel/ka 0k MOrgpisidted via

preferable because the cyclic trimer content may possibly increase. In
sudHes te ragulatenthedepminal caRMWhtion step may be subiected to
a water treatment as the need arises. This water treatment
is carried out by bringing the granular polyethylene tere-
phthalate into contact with water, steam, a steam-containing
inert gas or steam-containing ailr.

It is necessary that an intrinsic viscosity IV of the
thusobtainedgranﬁlarpolyethyleneterephthalatejisfromO.?O
to 0.86 dL/g. Furthermore, it 1s preferable that the
polyethylene terephthalate after  the solid phase
polycondensation has a terminal carboxyl number of 1e$s than
15 mmol/kg. The terminal carboxyl number is more preferably
0 orzﬂofe and less than 15 mmol/kg, and further preferably from
5 to 12 mmol/kg. The m@nufacturing process of polyethylene
terephthalate including the foregoing esterification reaction
step, liquid phase polycondensation step and scolid phase

polycondensation step can be carried out in any of a batch

system, a semi-continuous systemor a continuous system. What
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number of the polyethylene terephthalate after the solid phase
polycondensation at less than 15 mmol/kg, it is important that melt
polycondensed polyethylene terephthalate having the foregoing intrinsic
viscosity and terminal carboxyl number is obtained in the liquid phase
polycondensation step and that the solid phase polycondensation step is
carried out in an inert gas atmosphere at a temperature of the foregoin

Ehang@ biRder arédsife ot e foregdifig Rehpee fitidémally: iy arnthalate

technologies of the present application, it is preferred to add a compound
2 Iddttainiitg 012571645t BREADAT OF S6daAT: otadsiuntand'deriifiin 0 dL/g

) %)ol ethylene tereghth late until it is molded in a concentration of from 2
1
0

BophF HER8 bF sUSTE Higtal S mih 158 BoNethylefie Po1yethylene
terephthalate. Metal salts other than sodium, potassium or. cesium do not
tes%?é%rtﬁ%%%%vé“ z?ul] %‘? ectaTEF%é:c?Luecin %E%lﬁ é?al%é’hf&%lcton]fé CgG&n of

alt.is used, when

SUBStantiny cltor é e
oS0 sat e polassium salt or.a cesum satis used whenthe oo

cenﬁatlon of such a metal atom elis
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O SRR b cCBt, A when ST Pt ot I At af St
=peeedingsh W?%@ﬂ%ﬂé‘%@%ﬁf@ﬁm HEPeTAIoN Qh 15 )cc

reign matter in the polyethylene alate molded article occurs. In
ortherisual polyathvigne  terephthalatepanyipetyring-process.ginee dhe o s 6

amount of the metal salt charged at the time of addition is contained in

dithg is not preferable because a polyethylene terephthalate
molded article may possibly lose toughness and become brittle,
oracxystallizationrateméypossiblybecomeslow. Alsoc, what
the terminal carboxyl number of the polyethylene terephthalate
after the solid phase polycondensation is 15 mmol/kg or more
is not preferable because the cyclic trimer content may
possibly increase. Inorder to regulate the terminal carboxyl
number of the polyethylene terephthalate after'thé solid phase
polycondensation at less than 15 mmol/kg, it is important that
melt polycondensed polyethylene terephthalate having the
foregoing intrinsic vis;osity'and*terminal carboxyl number is
obtained in the liquid phase polycondensation step and that
thesolidphasepolycondensationstepjfscarriedoutjjlaninert
gas‘atmosphere at a temperature cf the foregoing range under
a pressure of the foregoing range.

Incidentally, in the technologies of the present

application, it is preferred to add a compound containing at

28



polyethylene terephthalate as it stands, by taking into consideration this

point, the amount of addition at the time of manufacture can be calculated

such that from 2 to 25 ppm of the metal atom is contained in the resulting

polyethylene terephthalate. In order to contain the foregoing at least one

atom of sodium, potassium and cesium in the polyethylene terephthalate,

it is preferred to add at least one metal salt selected from the group
LedtsishiRy dF aletiesO carBbnatas A YRl (Grthete Boutadiee g L ene

preferable, namely it is preferred to use sodium acetate, potassium

CRRhtb b RGN B dcdtatd: S AL E6forbte AdditiBH FHEtHOR BT SuSh & X
diym, potassi i tal salt, though the metal salt can b

2 e i ahy AITFARY S(@b OTiRE PoBiere hephineiaer i Y -2"=

_ facturi , h | saltis added at the liquid phase _.
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ly be generated, and suchs not preterable. Also, w e me

aSALIS aoded directly. ina pawdered-farm af g, timg of melt mmalding, pat, ¢

only the adhesive amount may possibly become non-uniform, but also the

orORERUONMapessibly hegome complicatsd-d akingdnto, cansideralioneta1

these points, a method of contacting with a metal salt-containing solution
atafterithesalidphase-pely=cendensaliomsten ixpieferably emaneraigsh, an

Furthermore, as
effect for reducing the acetaldehyde content is not sub-
stantially brought; and when such a metal salt is added in an
amount exceeding 25 ppm, molding abnormality such as the
generation of a foreign matter in the polyethylene tere-
phthalate molded article occurs. In the usual polyethylene
terephthalate manufacturing process, since the amount of the
metal salt charged at the time of addition is contazined in the
polyethylene terephthalate as it stands, by taking into
consideration this point, the amount of addition at the time
of manufacture can be calculated such that from 2 to 25 ppm
of the metal atom is contained in the resulting pclyethylene
terephthalate. In order to contain the foregoing at least cone
atom of Sodium, potassium and cesium in the polyethylene
tgrephthalate, it is preferred to add at least one metal salt
selected from the group consisting of acetates, carbonates and

sulfates. Of these, acetates are preferable, namely it is

preferred to use sodium acetate, potassium acetate or cesium
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the metal salt-containing solution, though a liquid capable of dissolving

the metal salt therein in an adequate concentration can be used without

limitations, an aqueous solution is preferable because its solubility is high

and a solvent is easily available. Also, as the contacting method, any

method of a batch system or a continuous system can be employed.

When the batch system is employed, there can be enumerated a method
agf yiHiéh a solution of such a metal salt and the polyethylene

terephthalate after completion of the solid phase polycondensation are

chargéd if API6EESTE 90 et @ aha Hidugftintd BotrECtHithRRARS SLum

other. ,Alternatig/;ly, when the continuous system is emplo%ed there can .

OTh CERGMBrAREE mtHod inwRICA Bt UGS Solffidn of 8lch %a A 1
It is.continuously fed countercurrently or concurrently and brought into
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Incidentally, since the cy content and the aceta e content

T e e I
cAdiusiing hen intensic Mscosity Vaftardhe Beltpalcondensatioanden 1s
not preferable. Also, when the metal salt is added directly
in a powdered form at the time of melt molding, not only the
adhesive amount may possibly become non-uniform, but also the
operatioﬁ may possibly become complicated. Taking into
consideration these points, a method of contacting with a metal
salt-containing solution after +the solid phase poly-
condensation,étep is preferably enumerated. Furthermore, as
the metal salt-containing sclution, though a liquid capable
of dissolving the metal salt therein in an adeguate
concentration can be used without limitations, an agueous
solution is preferable because its solubility is high and a
solvent is easily available. Also, as the contacting method,
any method of a batch system or a continuous system can be
employed. When the batch system is employed, there can be
enumerated a method in which a solution of such a metal salt

and the polyethylene terephthalate after completion of the

solid phase polycondensation are charged in a processing
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before the solid phase polycondensation or the condition of the solid

phase polycondensation or the like. Then, according to the manufacturing

method of the invention, it is possible to regulate the acetaldehyde

content and the cyclic trimer content in the polyethylene terephthalate

obtained by the solid phase polycondensation at less than 15 ppm and

not more than 0.40 % by weight, respectively. The acetaldehyde content
A prsterabliyhot MbreEiEn 8 pprhCandmiore preferdbiythot fdfe theirGer -

m. Alsq, the cyclic trimer content is preferably not more than 0.38 % by

Aﬁ&%éﬁé%ﬁ&%&m BRCr 4l it o8 4R4R 51 B$8s BySiaighY She there

- "palyethylene terephthalate" as referred to herein includes polyethylene

AR e oAy B o Aot TIE T B Rt CF such
salt-co ainina(’;(Ji olution aggmac olggtlpgq[ene ?r - phthala(tt%-made molded
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W
manufacturing method of the invention is excellent in hue an

v diansparency.and low in the.agetaldghyge contant and the Gy:3 i%(o%tﬁ%yed

and is useful as'a molded article material for bottles or other drin

orARPlicaUONs, {tjs preferallethatthe palysthylengterephifialate iger hod in

thoroughly dried before manufacturing a molded article, and it is
widreferable dhate 03dNG ks eartied oslk abademperatute offram 129 tafi0kaq,
fellowed by drying af an adequate temperature is the most
excellent.

Incidentally, since the cyclic trimer content and the
acefaldehyde content in the polyethylene terephthalate are
usually reduced in the solid phase polycondensation step, it
is possible to deal with it by a me£hod of adjusting the
intrinsic viscosity IV after the melt polycondensation and
before the solid phase pclycondensation or the condition of
the solid phase polyceondensation or the 1ike. Then, according
to the manufacturing method of the invention, it is possible
to regulate the acetaldehyde content and the cyclic trimer
content in the polyethylene terephthalate obtained by the
solid phase polycondensation at less than 15 ppm and not more
than 0.40 % by welght, respectively. The acetaldehvde content
is preferably not more than 8 ppm, and more preferably not more

than 6 ppm. BAlsoc, the cyclic trimer content is preferably not

more than 0.38 % by weight, and more preferably not more than
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in an air atmosphere or an inert gas atmosphere or under circulation of an
inert gas. A test tube-like molded article having an outer diameter of 28
mm, an inner diameter of 19 mm, a length of 136 mm and a weight of 56
g can be obtained by preparing an adequate die and molding the
polyethylene terephthalate obtained by the manufacturing method of the
invention at a molding temperature of 300C. Its detailed shape is a
0 .geherallydiollowe egidrical Tfape jonevélnd Bl @hkch ieeesddiraate” as
substantially 32 hemispherical shape. It is also possible to regulate the
r eeetd@ehyde coRteht ARd the eyEmeRimerdditentihne testCiiiliked Late
. molded article at less than 13 ppm and not more than 0.40 % by weight,
inypgpecivelyy THid fsthe SHRé fevel BS in “d idldéd Grticle bPEoRBhyIdie2 1

terephthalate obtained under an optimum condition by using .a

S SbnveRfidrat geRfhaniuii teomBBund AR%he Ight oP el SE0VE: HGordifg=e ™
tothe i tion, iti ible to, facturg thyl hthalate ,
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nJeimanium compound and whichJs frge ffom fear in hygiene as

compated with"an antimony compound’or an aluminum compound. The
subject polyethylene terephthalate is able to manufacture a molded article
having a low acetaldehyde content and a low cyclic trimer content

(@W?ble to polyethylene tere- phthalate resulting from using a
germanium compound as a poly-

Thus, the polyethylene terephthalate obtained by the
manufacturing methed of the invention is excellent in hue and
transparency and low in the acetaldehyde content and the Cy-3
content and is useful as a molded article material for bottles
or other drink applications. It 1is preferable that the
polyethylene terephthalate 1s thoroughly dried before
manufacturing a molided article, and it is preferable that
drying is carried out at a temperature of from 120 to 180°C
in an air atmosphere or an inert gas atmosphere or under
circulation of an inert gas.

A test tube-like molded article having an outer diameter
of 28 mm, an inner diameter of 19 mm, a length of 13% mm and
a weight of 56 g can be obtained by preparing an adequate die
and molding the polyethylene terephthalate obtained by the
manufacturing method of the invention at a molding temperature
of 300°C. Itsdetailed shape is a generally holliowcylindrical

shape, one end of which is closed in a substantially
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condensation catalyst. This fact is greatly meaningful in industry.

(Examples) The invention is described below in more detail with

reference to the Examples. Analytic evaluations in the respective

Examples and Comparative Examples were made in the following

manners. (1) Intrinsic viscosity (IV): 33 0.6 g of a polyethylene

terephthalate sample was dissolved under heating in 50 cc of
hegiRBrSphErdL arfd 8s onte cbﬁleﬁ}ﬁ%r%%%%%%gtgn regulate the

o-chlorophenol solution of polyethylene terephthalate. An intrinsic L
2 ARy WAL CaRLRGIEH e o SolaHiGA Visddsit) of (& SuBlicr Soltr 2

s measured under a temperature.condition of 35C by using a

A e e oy T B Eartgi! B (CUyR e more than

0 .%yﬁt@ﬁ{%ﬁ‘g%s%eéﬁ%qt:%égﬁe;&m E’f'ﬁ 1Was puverized and a%{&%iesei%%eig neds n

and the e alco oE/'foIIowed 6y neutralization fitration

a gﬁ]c?@@%%'ﬁ@cﬁ%d%lggl ¢ @ﬁaé%%\@%%%}(ggﬂ%%dé%@ﬂned under

numerical value per unit weight of polyethylene terephthalate, thereby

arCalSylaing A teuninal carboxy) ”%‘1‘%{%(3%0@@4%%@%%) CORIERLA un

polyethylene terephthalate sample was freeze pulverized, charged in a
cofi@landheld at 150C for 60 minutes.

In the light of the above, according to the invention,
it is possible to manufacture polyethylene terephthalate by
using, as a catalyst, a titanium compound which is cheaper than
a germanium compound and which is free from fear in hygiene
as compared with an antimony compound or an aluminum compound.
The subject polyethylene terephthalate is able to manufacture
a molded article having a low acetaldehyde content and a low
cyclic trimer content comparable to polyethylene tere-
phthalate resulting from using a germanium compound as a poly-
condensation catalyst. This fact is greatly meaningful in

industry.

(Exampies)

The invention is described below in more detail with
reference to the Examples. Analytic evaluations in the
respective Examples and Comparative Examples were made in the
following manners.

(1) Intrinsic viscosity (IV):
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Thereatfter, a gas in the vial was analyzed by Hitachi's head space gas
chromatography, thereby calculating an AA content. (4) Analysis of
concentrations of contained metal atom and phosphorus atom: A dried
polycondensation catalyst slurry sample was set in a scanning electron
microscope (SEM, S570 Model of Hitachi Instruments Service Co., Ltd.).
The sample was quantitatively analyzed by an energy dispersive X-ray

micro @nalyZér (A2 3B HoifTas ERIEX- BHEH cohRected R SENES

thereby calculating a titanium atom concentration and a phosphorus

igB ISt entahdn 15 tre PolycBnddnSatich-cataly_t SEMIE With F85pedten
to a catalyst metal concentration in polyethylepe terephthalate, a granular
OGRS noB e GH BIHNE BIEtE 1 RRUTER WSt on of
repared.a molded article having a plane by. a compression,press,.and
pc%@ r?o \dﬁé naﬁzjrtic%3 wak qjcﬁ%ar?tf?a %\/ély agﬁyzjéa%“?la ﬁﬁ&es‘%e%??érﬁ was

ca%@%a@e%gogﬁ %&%ﬁ;% i Uilgz?yé’lf’1 A l?? 5Q9YQ o %}ge') 43 Gyglic %g:’g% Lion

conten hylene terephtha ateysamp e was pulverized by a

asp‘:*n'é’%;s'%elfeé fixegamount of %"rr‘la%hu""%sé%%%t‘l"’@'%@ae%fa%%f’@%‘{;"eﬁ%ﬁer?g an
sample was once cooled with a small amount of a

siexaflgroisoprepangl/ichigroform mixed solution and diluted with

chlooformin a fixed concentration (50 g/L). Thereafter, this solution was

( 2subjested 1o gelpenmgafionchismatagraphy (GPC, Waters' ALC/GPC
244 Model), thereby detecting peaks of

A polyethylene terephthalate sample was pulverized and
precisely weighed, and then dissolved in benzyi.alcohol,
followed by neutralization fitration with potassium hydroxide.
The titrated value was reduced into a numerical value per unit
weight of polyethylene terephthalate, thereby calculating a
terminal carboxyl number.

(3) Acetaldehyde (ARA} content:

A polyethylene terephthalate sample was freeze
pulverized, charged in a vial and held at 150°C for €0 minutes.
Thereafter, a gas in the vial was analyzed by Hitachi’s head
space gas chromatography, thereby calculating an AA content.
{4y Analysis of concentrations of contained metal atom and
phosphorus atom:

A dried polycondensation catalyst siurry sample was set
in a scanning electron microscope (SEM, S570 Model of Hitachi
Instruments Service Co., Ltd.). The sample was quantitatively

analyzed by an energy dispersive X-ray micro analyzer (XMA,
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components appearing in a low molecular weight region. On the other
hand, a cyclic trimer (Cy-3) in polyethylene tere- phthalate was quantitated
on the basis of a calibration curve determined from a standard sample of
the Cy-3. (6) Polymerization degree of oligomer: A sample of an
esterification reaction product obtained by the esterification step was
sampled, and the amount of a carboxyl terminal group was measured by
HoF dthad of Matde "85 et AP fAnal. ERM S&tE ™22, Page F8% (1966 LY

ext, the, sample of the esterification reaction product Waaodissog/ed |n s

CAeXAtEGrotsbptopanat amd tiis SBILTBR WAL diarititated for the

of a hydroxyl terminal grou usi 1BC§VMR. Furthermore, a number
R R T B e e P T

hydroM E%r;r:%lalsl ﬁ%ﬁ) atnct)j r%dugg% into a polé(@aqizegion dergclwgget(ggn i

Analysis o atom Content in E%Iyetﬁylene ter%%%?ha ate:

pog%%eéﬂ f@ﬁéeﬁ%?x@%}]ﬁ%’!e%ﬁ%é%r%%i%%ﬁﬂe%% el Ptmelteq

hloroform solution, to which was then a ce amount of a 0.5

o0y Mple, hydrechipricAcia agiegus solytian. fallowed by shaking apd ge

extraction. A solution of the resulting aqueous phase was analyzed and

a rquantitated oy, @ £-23Q0, Modelatomis absartion-phalomelgr of Filfachi aeq
High-Technologies Corporation. [Referential Example 1]

article was quantitatively analyzed by a fluorescent X-ray
device {(3270E Model of Rigaku Denki Kogyo Co., Litd.).
(5) Cyclic trimer (Cy-3) content:

A polyethylene terephthalate sample was pulverized by
a pulverizer, a fixed amount of which was then weighed, and
the weighed sample was once ccoled with a small amount of a
hexafluoroiscpropancl/chloroform mixed solution and diluted
with chlogoform in a fixed concentration (50 ¢/L}). Thereafter,
this sclution was subjected to gel permeation chromatography
(GPC, Waters’ ALC/GPC 244 Model), thereby detecting peaks of
components appearing in a low molecular weight region. 0On the
other hand, a cyclic trimer (Cy~23) in polyethylens tere-
phthalaté was quantitated on the basis of a calibration curve
determined from a standard sample of the Cy-3.
(6) Polymerization degree of oligomer:

A sample of an esterification reaction product cbhtained

by the esterification step was sampled, and the amount of a

carboxyl terminal group was measured by a method of Maurice,
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In a catalyst preparation tank equipped with a stirrer, a nitrogen

circulation conduit and a heating unit, 21 parts by weight of ethylene

glycol was charged, to which were then gradually added 0.023 parts by

weight of acetic acid and 0.162 parts by weight of titanium tetrabutoxide

while mixing and stirring. The catalyst preparation tank was held at 50C

for 2 hours to obtain a transparent ethylene glycol solution of a titanium
eteofdpouh@#his soluition i Heteindfer RAEPed B 10 RPUIBT/EFeXt, the

solution". As a result of measuring a titanium concentration in this
SFFHEC SolthiEn B g a%Riotescarta R raf thetraMEm tamtent iRRlved

. found to be 1.0 % by weight. Furthermore, in a separate catalyst ,

i rBpERtioN AR SRS Vit £8firrér Bohiff8gerT tBulAfidn BoHYhi Eht <
a heating unit, 17.57 parts by weight of ethylepe glycol was charged a

£ ot B 90 Whike MR A A0 D T4 DS B e g
of mono-n-butyl phosphate. The contents were mixed Eg){ dissolution__ . g

F{ider NBRfg IS S TR S sUBREr Sl ol prebaraton i e ™
whole of the, previously prepared 0 S I e

R e e A R A B S B e

-, Qne I%Olgotﬂ%%@gg%@g@{ing [eaction between the titanium compound
and t

e phosphorus compound. The subject reaction product was present

(Bs afine depasilya a; cloudy staleThissolution;is bereinaftes sefpmradtoene
as "TBMBP catalyst solution”. From a part of this solution, the

terephthalate:

A polyethylene terephthalate sample was formed into a
1 % by weight o-chloroform solution, to which was then added
‘a2 twice amount of 2 0.5 % by mole hydrochloric acid agueous
solution, followed by shaking and extraction. A sclution of
the resulting aqueous phase was analyzed and quantitated by
a 7Z-2300 Model atomic absorption photometer of Hitachi
High~Technolecgies Corporation.

[Referential Example 1]

In a catalyst preparation tank equipped with a stirrer,
a nitrogen circulation conduit and a heating unit, 21 parts
by weight of ethylene glycol was charged, to which were then
gradually added 0.023 parts by weight of acetic acid and 0.162
parts by weight of titanium tetrabutoxide while mixing and
stirring. The catalyst preparation tank was held at 50°C for

2 hours to obtain a transparent ethylene glycol solution of

a titanium compound. This solution is hereinafter referred
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fine deposit in the solution was separated and purified, and as a result of
various analyses, it was confirmed that this fine deposit is a compound
represented by the general formula (l) and a compound wherein R1 is an
n-butyl group. [Example 1] In a complete mixing-reactor where 450 parts
by mass in average per unit hour of an ethylene terephthalate oligomer
retained, a slurry prepared by mixing 358 parts bfy mass per 37 unit hour
t ftfightiptnty teféphtfidirtacid dhtl 39055aHSDY *niRIPEr it Robr 61U
ethylene glycol was continuously fed with stirring in a nitrogen
Cathigsphére BﬁdéPa%hﬁitWKéﬁ §° 758 et athisphen@ o rescent
ressure. An esterification reaction was completed for a}htheq)retical
li

X_Bé@?éIEnEgetirﬁéWWr?h(é%&&%F of 3 d e WhifePdidRilling off wates’ S+ 90E -

in the esterifijcation reactioanEand e%haereneagl col outside the

generghed{ SYMOre, 1 S rate Ca reparation tank
reactor. ﬁ PhIS Iﬁme, a raPe (E)af es?é}r?flca 10N calcu a¥te omp[ﬁe amount 0?

water generated in the esterification .reaction was 98 % or.mo .
o E 51 Do et o o e NG o ™
a \ﬁgéz{% QULS FP79-54759§8%‘E§ bam%&ﬁﬁh%fﬂ@ém&%{spp}%@ was

oligomer~ obtainéd in this esterificatiOn reaction was successive

criAnsleTeddnia a.noyeandonsalion 19aclen A, and4 RAKECRY 8% adeq
perunit hour of the TBMBP catalyst solution as prépared in Referential

o .Brample dves charged as apalycandensatighosphate. The contents
were mixed for dissolution under heating while stirring. In
the subject catalyét preparation tank, the whole of the
previocusly prepared TBT/EG solution was gradually added.
Thereafter, the mixture was stirred and kept at a temperature
of 120°C for one hour, thereby completing a reactlion between
the titanium cecmpound and the phosphorus compound. The
subiect reaction product was present as a fine deposit in a
cloudy stéte. This solution is hereinafter referred to as
“TBMBP catalyst scolution”. From a part of this solution, the
fine deposit in the solution was separated and purified, and
as a result of various analyses, it was confirmed that this
fine deposit is a compound represented by the general formula
(I} and a compound wherein R; is an n-butyl group.

[Example 1]

In a complete mixing reactor where 450 parts by mass in

average per unit hour of an ethylene terephthalate oligomer

retained, a slurry prepared by mixing 358 parts by mass per
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catalyst thereinto. A polycondensation reaction was carried outin a
molten state while keeping the reaction temperature and the reaction
pressure within the polycondensation reaction tank at 276.5C and 60 Pa,
respectively and removing water generated in the polycondensation
reaction and ethylene glycol outside the polycondensation reaction tank.
At this time, a residence time within the polycondensation reaction tank
Ulids a@e—ﬁn%t&l%&éaﬂéﬁ thé Féattiondproduétnithintie 188 parts by
polycondensation reaction tank was continuously extruded in a_strand
mas‘fa?té’%rﬁ%léﬁs%ﬂa}g@ S&dtiont ‘88&&11%5%%/5{1%? S0 thBH Q0P to obtd 1
granular polyethylene terephthalate having a sijze of about 3 mm.
R RTonE ert A (AP B TR bofy Sidng Lon Repe 2t

tere hthalate) had an IV of 0.492 dL/g and a terminal carboxyl numper of
rﬁrﬁouw%ﬁs el v e bk Felo? gation

talg%evgausnger o ;{% F(; of nltrqgeen aettllﬁgcifors hf%gﬁ C%ng é[ thin

sequently, fhe: %ry a pglyethﬁene terep ate was ch arge
r?et”{%@iéft‘éype Solig phases polycpndgnsatiomdayice and suiblected fo f‘ated

solid phase polycondensation reaction under a reduced pressure of 0. 1

1 KRa AL 222C fer 27 hours. By using this polystbylene g% aséhé{?i%l%ﬁ@'&he

completion of the solid phase poly- condensation (soli

redcondensedgplyethylgae tere-phihalate) sa preformineldedartielgl ated
was molded in the following method.

from the amount of water generated in the esterification
reaction was 98 % or more, and a degree of polymerization of
the formed ethylene terephthalate oligomer was from about 5
to 9.

450 parts by mass of the ethylene terephthalate oligomer
obtained in this esterification reaction was successively
transferred into a polycondensation reaction tank, and 4 parts
by mass per unit hour of the TBMBP catalyst solution as prepared
in Referential Example 1 was charged as a polycondensation
catalyst thereintoc. A polycondensation reaction was carried
out in a molten state while keeping the reaction temperature
and the reaction pressure within the polycondensation reaction
tank at 276.5°C and 60 Pa, respectively and removing water
generated in the polycondensation reaction and ethylene glycol
outside the polycondensation reaction tank. At this time, a

residence time within the polycondensation reaction tank was

180 minutes. Thereafter, the reaction product within the
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5 kg of the polyethylene terephthalate was dried by using a plate type
dryer for 5 hours or more under a condition at a temperature of 160C
under atmospheric pressure in a nitrogen stream. The dried polyethylene
terephthalate was injection molded into a cylindrical test tube-like molded
article having an outer diameter of 28 mm, an inner diameter of 19 mm, a
length of 136 mm and a weight of 56 g by an injection molding machine
PQEKE200E Motel Rarbfctured tyRissef PSR thausStHELE 0 X8 Ef%ﬁ)j in
at a cylinder temperature of 300C and at screw revolution number of 160
2 Fhnk RS aPrintary. prIBSURARAE BF 3% SBELHRE a2 Aiet mipératifd 6 2nd

10C for a (%cle of 30 seconds. In view of the matter that a le is

oA 5 by B LT IS BELH DEAATIBIGEd BRI The GEsp="1rg

tube-like malde ticle is referred ta as o#ded preform".@yi trinsic
2 B T o mBE: T At Lo PL PRt (melt

ontent,.a K atom content and other _material pr rties of ea faF
pogl contiense h?fggge%g}ga%]ﬁtﬁe Eer?ﬁ]}é ha?aqpee) na8 ancflvoo 0.492

[2X0) p%?ye alates t polycondensed polyethylene

dr%Zi'ﬁ@éh%'agee%q S94d phase polycandensed polysthylene /v o

phthalate) and molded preforim are shown in Tables 1 and 2.

[Example, 2],/ polycondensation ceastior lé’é‘ﬁfiiérﬁ%d OULIHNESAME & was

manner as in Example™1, except that'in Example 1, the esterification

crrﬁégéqug%@eﬁﬁt&é%v&%:gﬁ%@ g%%%@zzogen at 160°C for 5 hours
and dried. Subsequently, the c;ystallized polyethylene
te.rephthalate was charged in a tumbler type sclid phase
polycondensation device and subjected to a solid phase
polycondensation reaction under a reduced pressure of 0.13 kPa
at 225°C for 27  Thours. By using this polyethylene
terephthalate after completion of the sclid phase poly-
condensation (solid phase polycondensed polyethylene tere-
phthalate-) , a preform molded article was moclded in the
following method.

5 kg of the polyethylene terephthalate was dried by using
a plate type dryer for 5 hours or more under a condition at
a temperature of 160°C under atmospheric pressure in a nitrogen
stream. The dried polyethylene terephthalate was injection
molded into a cylindrical test tube-like molded article having
én outer diameter of 28 mm, an inner diameter of 19 mm, a length
of 136 mm and a weight of 56 g by an injection molding machine

(FN-2000 Model, manufactured by Nissel Plastic Industrial Co.,
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thereby obtaining melt polycondensed polyethylene tere- phthalate having
an 1V of 0.489 dL/g and a terminal carboxyl number of 19 mmol/kg.
Material properties of each of the resulting melt polycondensed
polyethylene terephthalate, solid phase polycondensed polyethylene
terephthalate and molded preform are shown in Tables 1 and 2. [Example

3] A polycondensation reaction was carried out in the same 40 manner as
Ltid BxampleY 1enapr (hefRrERaMpR Al theCestRficatici et olution

temperature was changed to 273.0C, thereby obtaining me
ool et orie e B AHeT Hor T BTG 570,18 disgonds

and a terminal carboxyl number of 22 mmol/kg. Materi I§roperties

f
2ttt Bthé FRRGHMG Ml Polycdridehied hofytrylede t HoRaniias- =
viseoxl’l do%h%%ee poél%(;cog 9 etpéf%ei% QOQ/C%E);I%FE é:é%%gg%%'?ﬁel % rfg %‘9'8'% dmolding

preform aré shown in s1an polycondénsation

neactionwag,carried.aut in the,same; manner.as in Fxample. L except Ihat o
d

in'Example 1, the “esterification reaction temperature was changed to

22438 and thatdhe melt golycondensatign terapgrature was changed to
277.5C, thereby obtaining melt polycondensed polyethylene terephthalate

having,gn J\/0f 0. 520 dl/g anlia terminalcarhosl '&%@Q@%?fllﬁumber, a
mmol/kg. Material properties of each of the resulting melt polycondensed
ripalyethylene-terephthadate; om content, a K atom content and other
‘material properties of each of a series of poelyethylene
terephthalates {(melt polycondensed polyethylene tere-
phthalate and solid phase polycondensed polyethylene
terephthalate) and molded preform are shown in Tables 1 and

2.

[Example Z]

N polycondensation reaction was carried out in the same
manner as in Example 1, except that in Example 1, the
esterification reaction temperature was changed to 273.5°C,
thereby obtaining melt polycondensed polyethylene tere-
phthalate having an IV of 0.489 dL/g and a terminal carboxyl
number of 19 mmol/kg. Material properties of each of the
resulting melt polycondensed polyethylene terephthalate,
solid phase polycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and 2.

[Example 3]

A polycondensation reaction was carried out in the same

40



solid phase polycondensed polyethylene terephthalate and molded
preform are shown in Tables 1 and 2. [Comparative Example 1] A
polycondensation reaction was carried out in the same manner as in
Example 1, except that in Example 1, the esterification reaction
temperature was changed to 272.0C, thereby obtaining melt
polycondensed polyethylene tere- phthalate having an IV of 0.491 dL/g
NP teffinal CarbORTP 4% ndmb&FE mbiity. Méte%’éﬁﬁ%jp%rtlés of-he
each of the resulting melt polycondensed polyethylene terephthalate,
eSs"b%Jp%’a%é%Wéoﬁ%%ﬁ%é&%oﬁ%ﬂ%ﬂéﬁé‘ﬂéi%pﬂﬁ%lét}é%ﬂ)eﬁ’n&aea73 0°c,

preform are shown in Tabl s 1an ({n arat ve E am

HStiytbhdenshtion ta4ctifit was &5 r‘é‘d saﬁP ha ﬁ‘r?ér%%em reres
le 1, t that | terificati ti
E&aﬁpg{ exceg 1a ni\l]:_xaé’r; e %; §L(ZS%1 ?%1 Ieg?n |g|n reaction boxyl

}: fnlna&
empera tre' was anged to’ po ycon efisation

EF iperature.) Vﬁag%yet dto ﬁg@eﬁ%h ?atgﬁégé)g}at@@g eIt oacn ?f the

condensed fehe terepht ingan IV o O 544 d

reagm 5%{81'%g§%fb%i Jumber of 1y mmolikg. Material properties,of 1 o+ |

each of the resulting mélt polycondensed polyethiylene terephthalate,

soolid pB%%%@“W@Bﬁ@@@Q&&tW!ﬂEe@H sphthalateand,moldedce andg
preform are shown in Tables 1 and 2. [Example 5] In a complete mixing
nd€aeler where 4R0 pastsdmassin Taples 1 and 2.

[Example 4]

A polycondensation reaction was carried out in the same
manner as in Example 1, except that in Example 1, the
esterification reaction temperature was changed to 273.5°C and
that the melt polyccondensation temperature was changed to
277.5°C, thereby obtaining melt polycondensed polyethylene
terephthalate havingan IV of 0.520dL/gand a terminal carboxyl
number of 18 mmol/kg. Material properties of each of the
resuliting melt polycondensed polyethylene terephthalate,
éolid phase polycondenséd polyethylehe terephthalate and
molded preform are shown in Tables 1 and 2.

[Comparative Example 1}

A polycondensation reaction was carried out in the same
manner as in Example 1, except that in Example 1, the
esterification reaction temperature was changed to 272.0°C,

thereby obtaining melt polycondensed polyethylene tere-

phthalate having an IV of 0.491 dL/g and a terminal carboxyl

41



average per unit hour of an ethylene terephthalate oligomer retained, a
slurry prepared by mixing 358 parts by mass per unit hour of high-purity
terephthalic acid and 190 parts by mass per unit hour of ethylene glycol
was continuously fed with stirring in a nitrogen atmosphere under a
condition kept at 274.5C under atmospheric pressure. An esterification
reaction was completed for a theoretjcal residence time within the reactor
nugke Ro@ws wifile UrstHingloff WREEgeRdralREPRE Tt HiF estériffiGftionof the
reaction and eth%/Iene glycol outside the reactor. At this time, a rate of

regydificdiontaitulaed YRhe Eantd mEAt R B e TSPAE 88 45 T/

or more, and a degree of pol izat] the f d eth
SRS IARE. GTGONET AR aBUr (0 5 750 parts By MRG e 27

@tgélgne terfeghthalgtee olig[:jcc))&ner, gb&aﬁ;@ﬁ% iSn ?isa%s eEjfication reaction
e u€5e655|vrerpy Yransferred'inio a polycondensation reaction tank, and 4
parts Mass per yfnit Q}?U{HOEEE‘@Q BMBP catalyst solution as prepared

in Ref réjﬁ%%?ﬁxamp e TWas charged as a polycondensation catalyst

thereigte?g%?n%egﬁaeﬂ%%ﬁm [eaction wag caried outin g, malten glate o

while the reaction temperature and the reaction pressure within

naigolygandepsagion feaction tank at.276.5G apd 60, Pay.sespectively <he

and removing water generated in the polycondensation reaction and

e selbylene glycal outside the,polycondensation seactian Lk HLinis ligre, &

residence time within the polycondensation reaction tank was _
that the melt polycondensation temperature was changed to
278.3°C, thereby obtaining melt polycondensed polyethylene
terephthalate having an IVof 0.544 dL/g and a terminal carboxyl
number of 17 mmcl/kg. Material properties cof each of the
resulting melt polycondensed polyethylene terephthalate,
solid phase polycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and Zﬂ

fExample 5]

In a complete mixing reactor where 450 parts by mass in
average per unit hour of an ethylene terephthalate oligomer
retained, a slurry prepared by mixing 358 parts by mass per
unit hour of high-purity terephthalic acid and 190 parts by
mass per unit hour of ethylene glycol was continuously fed with
stirring in a nitrogen atmosphere under a condition kept at
274.5°C under atmospheric pressure. An esterification

reaction was completed for a theoretical residence time within

the reactor of 4 hours while distilling off water generated
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180 minutes. Thereatfter, the reaction product within the polycondensation
reaction tank was continuously extruded in a strand state from a
discharge section, cooled with water and then cut to obtain granular
polyethylene terephthalate having a size of about 3 mm. This melt
polycondensed polyethylene terephthalate had an IV of 0.492 dL/g and a
_ terminal carboxyl number of 17 mmol/kg. This melt polycondensed .
1h50ERyIERE terepRthaPate GRS T 48 Ly BRIRZd arfder Biteliftiontdrs +4e the
nitrogen at 160C for 5 hours and dried. Subsequently, the crystallized
R hylorB 16 B IEE was ERAREEN SR eha GEE i e e ted

°&%Bgogdﬁgsﬁt‘%?lé"%véceﬁ?% Sgrbp'g fed to 3 splhdphase. . ang ce
* po ycon%ensaﬁon féaction under & reduced pressure of O°f3 KPa ™ &t %E%é

o grgrsﬁfg;ggr%é;éfgﬁ%giU@@ng%e aqueainsoLipD, was adde bR a e

=
yethylene terephthalate by spraying such that a potassium

oF tgg}n%qpt%tgn_fl}%ﬁo%g%e@e dgrephthalate was 8 ppm. Thereafter,

rying was carried out to obtain solid phase polycondensed polyethylene

terephglg@aﬁg%.rgge@g\g% & preform melded adicle was, maldeddniies ome -

same manner as in Example 1. An intrinSic viscosity, a terminal carboxyl

odimberga (| atemontant a Pialom sonterts ads atom;sentent-and gther: v
material properties of each of a series of melt polycondensed

t reolyethylena terephthalate,and selid phase palycondensec polyethyenerts
terephthalate and molded preform are shown in
by mass per unit hour ¢f the TBMBP catalyst solution as prepared
in Referential Example 1 was charged as a polycondensation
catalyst thereinto. A polycondensaticn reaction was carried
out in a molten state while keeping the reaction temperature
and the reaction pressure within the polycondensation reaction
tank at 276.5°C and 60 Pa, respectively and removing water
generated in the polycondensation reaction and ethylene glycol
outside the polycondensation reaction tank. At this time, a
residence time within the polycondensation reaction tank was
180 minutes. Thereafter, the ﬁeaction product within the
polycondensation reaction tank was continuously extruded in
a strand state from a discharge section, coceoled with water and
then cut to obtain granular poiyethylene terephthalate having
a size of about 3 mm. Thisimelt polycondensed polyethylene
terephthalate had an IV of 0.492 dL/g and a terminal carboxyl

number of 17 mmol/kg.

This melt pelycondensed polyethylene terephthalate was

43



Tables 1 and 2. [Example 6] A polycondensation reaction was carried out
in the same manner as in Example 5, except that in Example 5, the
esterification reaction temperature was changed to 273.5C, thereby
obtaining melt polycondensed polyethylene tere- phthalate having an IV of
0.489 dL/g and a terminal carboxyl number of 19 mmol/kg. Material

properties of each of the 44 resulting melt_polycondense%ﬁg)l ethylene
crigrdphiAalars sofla plaseEpdigésrdensepolsiRyicie & ﬁ%’#@%t%%%rs

molded preform are shown in Tables 1 and 2. [Ex pleef%] A
anﬁoIy@Bﬁ&gnsatio%ulké%%ﬁb’ﬁ%%ydarritelaeouf:rﬁﬁﬁé%%arﬂ%ez anR&rHIS Y e
Example 5, except that in Example,5, the esterification reaction. .
R AE Lo ERANGRIFE T 08! terbhy Sbang R SoLid phase

olycon enseig polyethylene tere- phthalate havi n IV of 0.483 dL/
o TETIRAl (B0l F e B2 TRy Hatival Sropdtagofase

poggﬁgo?ﬁ&é'%sg suling melt %}ﬁcsqgﬁgsgdr ealxsga:g%g%raﬁggt@gggﬁa kPa

phase polycondensed polyethylene terephthalate’and mo

acPrglom s shown, In Tables,L ?B%s :L%%W!%@a%&OQC%?QQSQS%%%*Cion

wrs
reaction was carrleé)out In the same manner as in Example 5, except that

wai2e7%ag@ée 3rihe esterification reaction jerpgtatue wasiehangediOee by
spraying such that a potassium atom content in the polyethylene
terephthalate was 8 ppm. Thereafter, drying was carried out
to obtain solid phase polycondensed polyethylene
terephthalate. Thereafter, a preform molded article was
molded in the same manner as in Example 1.

An intrinsic viscosity, a terminal carboxyl number, a
T1i atom content, a P atom content, a ¥ atqm content and other
material properties of each of a series of melt polycondensed
polyethylene terephthalate and solid phase polyccndensed
polyethylene terephthalate.and molded preform are shown in
Tables 1 and 2.

[Example 6}

A polycondensation reacticn was carried out in the same
manner as 1in Example 5, except that in Example 5, the
esterification reaction temperature was changed to 273.5°C,
thereby obtaining melt polycondensed polyethylene tere-

phthalate having an IV of 0.489 dL/g and a terminal carboxyl

number of 19 mmol/kg. Material properties of each of the
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thereby obtaining melt polycondensed polyethylene tere- phthalate having
an 1V of 0.494 dL/g and a terminal carboxyl number of 15 mmol/kg.
Material properties of each of the resulting melt polycondensed
polyethylene terephthalate, solid phase polycondensed polyethylene
terephthalate and molded preform are shown in Tables 1 and 2. [Example
9] A polycondensation reaction was carried out in the same 45 manner as

T e 5'hlcept MFAREENIGE 5PhEY EstatitiGhiion réa&ign-a+at=-
temperature was changed to 273.5C and ,that the melt polycondensation
Ao R R B 5 S MBIy o g Heh e [SEe. and
olycondensed polyethylene terephthalate having an.JV of 0. 520 dL/g

mo@r#c% 59 té)rlfn(airf:‘é)lrcgﬁélr 5§ylsgt{fr"ﬁge% ﬁ?ggnfﬁgllgg. é%e?iél properties of

each of the_resulting melt polycondensed polyethylene terephthalate,
solid g‘r%éaém ?ﬁcoﬂ%ensed polyethylene terephthalate and molded

prefor 31g g@%‘ﬁ(ﬁé_@x Jables 1 and 2. [Fxamples 10.ang; 11] in £xample 9y

the amount of spraying of the potassium acetate aqueous solution was

maghanged,$o as.to ﬁﬁgﬁﬁl\@'@pf dhe potassiumeatam contenbindhes,  the

polyethylene terephthalate as shown in Table 2, and thereafter, drying

e 2¥a% sarried:out to.obiain splid-phase pelycendensedmalyeifylenetete-oec,
phthalates. Material properties of each of the resulting melt

 hralyeondenseslipolyethytene:terephthadatesrsalid phase/pelyylene tere-
phthalate having an IV of 0.483 dL/g and a terminal carboxyil
nunber of 22 mmol/kg. Material properties of each of the
resulting melt polycondensed polyethylene terephthalate,
sclid phase polycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and 2.

[Example 8]

A polycondensation reaction was carried ocut in the same
manner as in Example 5, except that in Example 5, the
eéterification reaction temperature was changed to 274.9%°C,
thereby obtaining melt polycondensed polyethylene tere-
phthalate havingkan IV of 0.49%4 dL/g and a terminal carboxyl
number of 15 mmol/kg. Material properties of each of the
resulting melt polycondensed polyethylene terephthalate,
solid phase polycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and Z.

[Example 2]

A polycondensation reaction was carried out in the same
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condensed polyethylene terephthalates and molded preforms are shown
in Tables 1 and 2. [Examples 12 and 13] In Example 9, a sodium acetate
agueous solution or a cesium acetate aqueous solution was used instead
of using the potassium acetate aqueous solution, the amount of spraying
was changed so as to have a value of the alkali atom content in the
polyethylene terephthalate as shown in Table 2, and 46 thereatfter, grying
MARAS EarfSd ot to"ORE Solid phast BBy coridhset polstifere °1 1€
terephthalates. Material properties of each of the resulting melt o
e Foycondensed pbRR IR tEFESHTRLIATSS "Stlid PRESE Botyeridenséy®
polyethylene terephthalates,and molded preforms are shown in_.Tables
S S R ootk e A o cor SRR oA FanclaR A Cagag o

S T N S R T T S D

neens
con eesterification react
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ng 4 parts by mass per unit hour of the TBMBP catalyst solution as
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by mass germanium dioxide/ethylene glycol solution and 1 part by mass
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mass in terms of a phosphorus concentration) were charged.
sdiurthepnares theclycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and 2.

[Examples 10 and 11]

In Example 9, the amount of spraying of the potassium
acetate agueous solution was changed so as to have a value of
the potassium atom content in the polyethylene terephthalate
as shown in Table 2, and thereafter, drying was carried out
tc obtain solid phase polycendensed pelyethylene tepe—
phthalates. Materialpxopertiescﬁfeadnofthexésultingn@lt
polycondensed polyethylene terephthalates, solid phase poly-
condensed polyethylene terephthalates and molded preforms are
shown in Tables 1 and 2.

[Examples 12 and 13]

In Example 9, a sodium acetate aqueous sclution or a
cesium acetate agueous solution was used instead of using the
potassium acetate agqueous solution, the amount of spraying was

changed so as to have a value of the alkall atom content in

the polyethylene terephthalate as shown in Table 2, and
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melt polycondensation temperature was changed from 276.5C to 277.0C,
thereby obtaining melt polycondensed polyethylene terephthalate having
an IV of 0. 510 dL/g and a terminal carboxyl number of 26 mmol/kg.
Finally, the solid phase polycondensation was carried out at 220C for 23
hours instead of carrying out it at 225C for 27 hours. Material properties
of each of the resulting melt polycondensed go}./ethylene tere- phthalate,

thsdiiephasE pofyebhaensEpofyEtRyiEhe f¥ie- 4P phthafaté artP bt

preform are shown in Tables 1 and 2. Table | Kind of Melt polycondensed
POdIRPAMEESSSly coRdenSsd  Eatlvst pdifemyndteiditinalate a-ertal
Sgusbyege seote b UL Oy prok ik e
SJSNEE2 82 20168, Sple A ToUER 32 100 100 Exaple.
ST B A , Fe IR e oo
Ta%%%g 1§ Oazlé4 8.1 Example 11 TBMBP 0.520 18 0.770 8.4

[Comparative Example 3]

A polycondensation reaction was carried out in the same
manner as in Example 1, except that in Example 1, the conditions.
were changed as follows. The esterification reaction
temperature was changed from 274.5°C to 277.2°C; and instead
of charging 4 parts by mass per unit hour of the TBMBP catalyst
solution as the polycondensation catalyst, 6.8 parts by mass
per unit hour of a 1 % by mass germaniumdioxide/ethylene glycol
solution and 1 part by mass per unit hour of an ethylene glycol
solution of phosphoric acid (5.5 % by mass in terms of a
phosphorus concentration) were charged. Furthermore, the
melt polycondensation temperature was changed from 276.5°C to
277.0°C, thereby obtaining melt polycondensed polyethylene
terephthalate having an IV of 0.51C dL/g and a terminal carboxyl
number of 26 mmol/kg. Finally, the solid ©phase
polycondensation was carried out at 220°C for 23 hours instead
of carrying out it at 225°C for 27 hours. Material properties

of each of the resulting melt polycondensed polyethylene tere-

phthalate, solid phase polycondensed polyethylene tere-
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Example 12 TBMBP 0.520 19 0.774 8.2 Example,13 TBMBP 0.520 18
0.772 8.4 Comparative Example 1 TBMBP 0.491 26 0.762 - Comparative
TBMBP 0.544 17 0.740 - Example 2 Comparative Ge02 0.510 26 0.747
15.0 Example 3 48 Table 2 Solid phase polycondensed Alkali metal
Molded preform polyethylene (Kind) terephthalate Ti P Content IV AA
Cy-3 (ppm) p m (ppm) dU (ppm) (wt Example 1 9 13 0 (K) 0.658 10.4

ph@%@le;anﬁrédz 7944 (Rfé%%ﬁﬂiﬁ%é%l%ﬁ@eéﬂ 9% (Ky6876-
12.1 0.37 Example 4 9 12 0 (K) 0.691 10.9 0.35 Example 59 13 8 (K)
0.659 6.1 0.33 Example 6 10 15 8 (K) 0.665 6.5 0.29 Example 7 8 14 8

Tzll€)10.673 4.6 0.37 Example 8 9 14 8 (K) 0.657 5.8 0.26 Example 9 9 12
8 (K) 0.691 5.4 0.35 Example 109 13 5.5 (K) 0.698 7.1 0,36

Kind of Melt polycondensed Solid phase polycondensed
catalyst polyethyiene terephthalate | polyethylene terephthalate
v CcVv IV CcvV
(dL/g) (mmol/kg) (dL/g) (mmol/ka)
Example 1 TBMBP 0.492 17 0.752 -
Exampie 2 TBMBP 0.489 19 0.754 -
Example 3 TBMBP 0.483 22 0.762 -
Example 4 TBMBP 0.520 18 0.769 -
Example 5 TBMBP (.492 17 0.752 9.7
Example 6 TBMBP 0.489 19 0.754 10.4
Example 7 TBMBP 0.483 22 0.762 9.7
Example 8 TBMBP 0.464 15 0.751 8.5
Example 9 TBMBP 0.520 18 0.769 8.2
Example 10 TBMBP 0.520 18 0.774 8.1
Example 11 TBMBP 0.520 18 0.770 8.4
Example 12 TBMBP 0.520 19 0.774 8.2
Example 13 TBMBP 0.520 18 0772 8.4
Comparative | gypp 0.491 26 0.762 ;
Example 1
Comparative | rgypgp 0.544 17 0.740 .
Example 2
Comparative | o0, 0.510 26 0.747 15.0
Example 3
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Example 11 9 13 2.5 (K) 0.694 9.2 0.37 Example 12 9 13 9 (Na) 0.666
8.50.36 Example 139 13 9 (Cs) 0.668 7.3 0.34 Comparative 10 14 0
0.680 12.2 0.41 Example 1 Comparative 9 15 0 0.663 17.5 0.61 Example
2 Comparative 0 * 20 0 0.689 9.7 0.39 Example 3 *: Though the Ti atom
content was O ppm, the Ge atom content was 55 ppm. 49 CLAIMS 1. A
Tabn@nufacturing method of polyethylene terephthalate including a step of
carrying out melt polycondensation by using a compound represented by

the following genergbfiarpadta: (I) asia polycondegnsation catalyst to obtain
melt polycondenspdypoigethytene tersihitinatste] having %Igétéiﬁﬁé?orm
viscosity of from OR8PS E dL/g and &kefminal carboxyl number of from
14 10.22 mmol/kg; Tﬁfﬁp mﬁl@ﬁﬁnf furt 'n:rgqnllrl nha&%m@n&m%
melt polycondens Jd polyethyfene tere HW@W tainsolid‘phase =¥
“O!‘y’CGndcn 15 Qp’p‘ "H’ ‘y’!cq:':g’cp terep Ith(’:(lil)at f |u ou 1 || Yt g??p%\lslb JDIQ;IVTU/I)
fream@er0 ta O. 869dL/g: R O-PLO\TP-OR ) 11 0038 O 010.4 0.31
Example 2 10 15 0 (K) 0.661 12.7 0.33
Example 3 8 14 0 (K) 0.670 12.1 0.37
Example 4 9 12 0 (K) 0.691 10.8 0.35
Example 5 9 13 8 (K) 0659 | 6.1 0.33
Example 6 10 15 8 (K) 0.665 6.5 0.29
Example 7 8 14 8 (K) 0.673 45 0.37
Example 8 9 14 8 (K) 0.657 58 0.26
Example 9 9 12 8 (K) 0.691 54 0.35
Example 10 g 13 5.5 (K) 0.698 7.1 0.36
Example 11 9 13 25(K) 0.694 9.2 0.37
Example 12 9 13 9 (Na) 0.666 8.5 0.36
Example 13 9 13 9 (Cs) 0.668 7.3 0.34
Comparative 10 14 0 0680 | 122 | 041
Example 1
Comparative 9 15 0 0663 | 175 | 061
Exampie 2
Comparative
Example 3 0= 20 0 0.689 97 0.39

*: Though the Ti atom content was 0 ppm, the Ge atom content was 55 ppm.
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wherein Rl represents an alkyl group having from 2 to 12 carbon atoms.
2. The manufacturing method of polyethylene terephthalate according to
claim 1, wherein a titanium atom content in the solid phase
polycondensed polyethylene terephthalate is from 1 to 50 ppm. 50 3. The
manufacturing method of polyethylene terephthalate according to claim 1,
wherein the step of melt polycondensation includes an esterification
reaction step, and a rate of esterfficafitift reaction in the esterification
reaction step is 90 % or more. 4. The manufacturing method of
polyethylene terephthalate according to claim 1, wherein the step of melt
polycondensation includes an esterification reaction step, and a final

1-esterificdtioR 1o AE0SH AT S1EILTE e BSIMTBhS Feackioh Seap 1 -2t

. fram 250 to 279C. 5. The manufacturin etho? of polyethylene b )

i ASHRAAS SEEGHITG 15 Sl T VBRI e HEp ST TRaIE L o0 by using
lycondensation _includ ificat] tion st dad .

e e e M P e
terificati tion step is f -6, The, turi

asglsé;ga:dﬁa o1& agslo%%c? IS4 %@g'?j?n{% df)@gfyqﬁ%@?#%:l%%ﬁ%%sed

C e =]
yer\ﬁyPene terephthalate” acc g to claim1, wherein the'step o

poemtgg@r?% nggﬁ@é%hﬁ%HQ%%aﬂﬁi?{gicéﬂoEﬁ%@%@%gepi%%%%ity of

ylene glycol and terephthalic acid as Starting materials, and an
£-RHVIENES £6 0.53 dL/g and a terminal carboxyl number of from

14 to 22 mmol/kg; and a step of further solid phase
polycondensing the melt polycondensed polyethylene
terephthalate to obtain solid phase polycondensed poly-
ethylene terephthalate having an intrinsic viscosity of from

0.70 to 0.86 dL/g:

0
/'1"1\0/1>~—0R1 (D

wherein R; represents an alkyl group having frem 2 to 12 carbon

atoms.

2. The manufacturing method of polyethylene terephthalate
according to claim 1, wherein a titanium atom content in the
solid phase polycondensed polyethylene terephthalate is from

1 to 50 ppm.
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glycol/terephthalic acid molar ratio used in the esterification reaction step
is from 1.2 to 1.8. 51 7. The manufacturing method of polyethylene
terephthalate according to claim 1, wherein the solid phase
polycondensed polyethylene terephthalate has a terminal carboxyl
number of less than 15 mmol/kg, and from 2 to 25 ppm of at least one
atom selected from the group consisting of sodium, potassium and
cesium is contained in the solid phase polycondensed polyethylene
terephthalate. 8. The manufacturing method of polyethylene terephthalate
3 .according eI 7 CWReRIN e RN aksT B5hfaRt e Sofid@phagdate
polycondensed polyethylene terephthalate is from 5 to 25 ppm. 9. The .,
aGRaRafAIRRE R of Py EthyIEne t@F@%%@é%Ee&réfﬁaﬂg%ﬁ%ti?n
wherein in containing at least gne atom selected féom the gouR  __io of

Inconiisting BF sotfitm: potS&ith? Bnd CaSiunT Th the $BIid phase

olycondensed polyethylene tere- phthalate, at least one metal sglt
; t
548 é@té]ﬂi(fiao%%rr%l]%ac%}%:é%%njgnof%:%tgt%a%,ecralr JO%%FelsoaIfndt Stlrates s °-°F
. adg%edoin an_arbitrary step of the polyethylene terephthalate manu-
5 5 O nore. .
faCturing process. 10. The manufacturing method of polyethylene
terephthalate according to claim 7, wherein in containing at least one

atom 52 selected from the group consisting of sodium, potassium and
4. The manufacturing method of polyethylene terephthalate

according to claim 1, wherein the step of melt polycondensation
includes an esterification reaction step, and a final
esterification reaction temperature in the esterification

reaction step is from 250 to 279°C.

5. The manufacturing method of polyethylene terephthalate
according to claim 1, wherein the step of melt polycondensation
includes an esterification reaction step, and a degree of
polymerization of an ethylene terephthalate oligomer obtained

in the esterification reaction step is from 3 to 12.

6. The manufacturing method of polyethylene terephthalate
according to claim 1, wherein the step of melt polycondensation
includesanesterificationreactionstepusingethylenéglycol
and terephthalic acid as starting materials, and an ethylene
glycol/terephthalic acid melar ratioc used in . the

esterification reaction step is from 1.2 to 1.8.
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cesium in the solid phase polycondensed polyethylene tere- phthalate, an
agueous solution of a salt containing that atom is brought into contact
with the solid phase polycondensed polyethylene terephthalate. S3

7. The manufacturing method of polyethylene ferephthalate
according to claim 1, wherein the solid phase peclycendensed
polyethylene terephthalate has a terminal carboxyl number of
less than 15 mmel/kg, and from 2 to 25 ppm of at least one atom
selected from the group consisting of sodium, pctassium and
cesium 1s contained in the sclid phase polycondensed

polyethylene terephthalate.

8. The manufacturing method of polyethylene terephthalate
according to claim 7, wherein a titanium atom content in the
solid phase polycondensed polyethylene terephthalate is from

5 to 25 ppm.

9. The manufacturing method of polyethylene terephthalate
according to claim 7, wherein in containing at least one atom
selected from the group consisting of sodium, potassium and
cesium in the solid phase polycondensed polyethylene tere-
phtﬂalate, at least one metal salt selected from group
censisting of acetates, carbonates and sulfates is added in
an arbitrary step of the polyethylene terephthalate manu-

facturing process.

10. The manufacturing method of polyethylene terephthalate

according to claim 7, wherein in containing at least one atom

52



selected from the group consisting of sodium, potassium and
cesium in the sclid phase polycondensed polyethylene tere-
phthalate, an aqueous solution of a salt containing that atom
is brought into contact with the solid phase polycondensed

polyethylene terephthalate.
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