DESCRI PTI ON MANUFACTURI NG METHOD OF POLYETHYLENE
TEREPHTHALATE: ( Techni cal Fi el d) The present
invention relates to a manufacturing nmethod of

pol yet hyl ene terephthalate fromwhich a nol ded
article with | ow acet al dehyde content and cyclic
trimer content can be obtained w thout being
acconmpani ed with deterioration of a hue. Acetal dehyde
may possi bly becone gg%f an of fensive snell or
a stench or may poss?%? e%éﬁ%?ate a flavor of the
contents and in using a polyethyl ene terephthal ate
nol ded article, may possibly bring adverse

e R R e it e

fiber, a film a sheet, a bottle, a cup or a tray
because of its excellent nmechanical properties and
em cal propertles Such pol yet hyl ene
(TngPéEH%hEFS@G can be usual |y manufactured by using,
as starting materials, an aromatic dicarboxylic acid
sucEhaPreFaphrNgnte cactrelanesa al Phafaetyr ohg spdiod
as ethylene glycol. Concretely, polyethylene
of nadnegittNedret éeirephbhafateuleen binifdhr 3 mosdsideatt hglawith
aromati c dicarboxylic acid and an aliphatic diol to
lowancestédihiydat icomtangaciidncyol for nramépweondent can be
condensate (ester |ow polynmer) and then subjecting
obt&bhadvovtiontebe ¢ agdensateard D@ wlegl §60bal boit 1 eacts hue .
(melt polycondensation) in the presence of a

Ace@@ldéﬂ?d@ﬁtﬁs@l b88s €81 plslome b Shiudd rdesd 685l €8 smell
the nelt polycondensation, solid phase

or PLLYERUSNFA gﬁasé%i rdé@,ernéaﬁewé edfpa%@rbﬁefe@wmre@ms
i ncr easi ng t nol ecul ar wei g In the

and "BYG %%é'ﬂ@lg@é%r% tRAla e Rgﬁﬁgﬁ%géfe, may

an antinony c or a germani um compoun
r e a ndensati on catal yst.
pos%%%gge%?lggl%%?%Sgenén %§§%§%%a|ate manuf act ured by
usi ng an antiony conmpound as a pol ycondensati on
catal yst was inferior to polyethyl ene terephthal ate
nuf actured, by using a germani um conpound as a
(Bagiog v aun %E tion catalyst with respect to
' trans arenci?and heat reS|stanQe

parkPcUFERY1¢0? HRTRRR B]aﬂ?‘éeaﬁﬁl W&élﬁlé’nélsﬁﬁidupon being
ackaging materials for foodstuffs, it is also
mol%%%ﬁ&éd 2t 5lPeduce T8, o ethelehydboEsAterR qUP PR tray
resul ting polyethylene terephthal ate. Furthernore,
becapee eof sl thotghtenthateahisaniara l m@p@mmmdwa@emcal
fear in hygi ene. On the other hand, not only
propdet ges mani um conpound is free fromfear in hygi ene,
but al so a pol yethyl ene terephthal ate nol ded article
mangdiclct upedybyhyudeng a tgeramrtihencoirpotdd abea usually
pol ycondensati on catal yst has good transparency and
manthfacaeetal Behyde negntent st ohg gREEErEaNEeNEn Biomatic
si nce
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



t he germani um conpound i s expensive, there was
i nvol ved a problemthat the manufacturing cost of
pol yet hyl ene terepht hal ate becones hi gh.
Furthernore, in recent years, an al um num conpound is
proposed as a pol ycondensati on catal yst of
pol yet hyl ene terephthal ate. But, an organoal um num
compound i s not conparable to the gernaniun1conpo nd
regsilars t&t foFTy 8| aPrveFFeExFeRLrieatanteT ey sl%d?ﬁ#wmer)
that a part of water-soluble alum numsalts are
anchethotodWiwrting teap iohyyidsie Feraphpsateodo a de-
Now, it is also known that a titani um conpound has an
glyactliagni dro rpeoiobe  angbt yoolidersdi et icgdctinobhefpresence
‘ester; and titanium al koxi des, titanium
of tepbaghbatiefeatt bhanytadxat at el sy, htigt deabiredacifiier the
and the |like are known as a pol ycondensati on
me 16at dloMStconManeavebn,Si BeeiBhephhbani pun gkt Son  is
not problematic in hygiene and is cheap, a nunber of
FurteStd gation for widddiz) nghtdhe 1dtani;ug e ond:As ar
a pol ycondensati on catal yst are nade. ' ,
wei?%. ver, in the case where the titani umconpound is
Sed as a pol ycondensati on catal yst, there was

i nval ved a problem.that the t,al dehyde_ ¢ or. a
ol i GhEeh%oﬁ¥%¥ﬁé%Q$U§jﬁgiy@?ﬁ@ﬁghégfeﬁggﬁ?ﬁgﬁggéecFﬁ%%e
nqﬁéés nol ded .article is high as conpared with . dh
Ph ity FEnE "t &PEBHt RATRDEREDPE! el DI Lk Grpound has
_germani um conpound as a pol ycondensation catalyst. A
hlt%ﬁr&ro BERPORERE BT A REISGRPEErSGIFAganeRt YR  cy cIqHEveT,
trimer of ethylene terephthalate and is hereinafter
polyetdy learetpsgrhbhasateymagnuliactured byrRgipgj an gntimony
probl em that an oligoner present in a polyethyl ene
compeugght #al &t epehy pordense ol vyomataflgsed’aiur ithgerior to
pol yet hyl ene terephthal ate nol di ng adheres as a white
polyewterl ene tekkphshefastrrinhi ngtegd pnention & gdmranium
of heating equi pnent and stains it; or a problemthat
compudld goser becbyesndedoaelgn mattérsicn wa powdespdcet to
state and stains a dyeing liquid at the tinme of
trafpQiaRG el kindg heAlts@eskickewcse atlibe in eaefiduler, for
' manuf acture, at the tine of filmfabrication, there
drihk | p¥ekved ap?meh@m:hgat 280 ObhERABINS! AhdtSe ¥ DAl Lr Sor
of equi pnment of every kind; or a problemthat an
fooglstt%%r,_ GaUSES A P elittindef 6 SURLAS IRO-Lald Lichyde

ropout in a nagnetic tape. Furthernore, at the tine

| di_ng var.i er I r.ti.cl
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stain a | di.ng_di.e or her.e rfac f . th
PurBeR iR R ErEe e ey o ot s e, pofbobe nas
_ nornmal appearance is not obtainable. In addition,
Ieat'fhérlneh\?dﬁgeé)eproblemthat an ol i gomer generated at the
time of stretching processin% or_ heating processing . .
adh@Pe§h€o°5h8FehBPdth@OFiR@,Ymﬁ%?e%@¢$%%&ﬁﬂnﬁ%ﬁﬁﬁﬂ%ﬁ 15
a nolded article is nore renmarkably hindered due to
freer adgfogy . fear in | mysridere t o Byl veldteser privbl kaislykene
met hod of reducing the oligonmer content in
terpphyébhiytentct éeephttiallatre2nsf sttt edl byvarsi rag ruydienani um
of proposal s have been made. For exanple, Patent
combBeewFEat sl pangcBaventaRocuneat a 2y pr opesgcadnetdrotbOfency
reduci ng the oligoner content by a solid phase

andPobyeerdensatien Aehhede Lfa Beabbnar R erat, since
terephthalate”in a high vacuum State at not hi gher
than its nelting point. Al so, Patent Docunent 3
proposes a nethod of reducing the oligonmer content by
a solid phase pol ycondensatd on net hod of heati ng
pol yet hyl ene terephthalate in an inert gas atnosphere
at a tenperature of not higher than the nelting
poi nt .



In the case of reducing the oligoner content by this

nmet hod, there is brought an effect for reducing the

anmount of generation of a white powder with respect

to polyethylene terephthal ate having a rel atively

hi gh ol i gomer content in polyethyl ene terephthal ate.

But, with respect to polyethylene terephthal ate

having a relatively |ow oligoner content in .
thpopgemEpiafe coateptichalsatexPeivtienl ythevwee efdecintotved a

reduci ng the anount of generation of a white powder
prohhant bbaéxhitiig edpaiputactwsontche amwunt obf polyethylene

generation of a white powder nay possibly increase
teeophersthye becomedl BOghin the case where _

pol yet hyl ene terephthalate is used as a packagi ng

resi futoheFAOHS! Ul Sxe@SPeGIAlAY, & BRSIMiSACompound is

acet al dehyde cont ai ned in pol yet hyl ene terephthaFate

prB?é!sé’@S%j@ ¥ i1 pencefdavorm prgpsilkes o ﬁ?%géﬂﬁylene

It 1s also simultaneously demanded t0 reduce
v et P ectT s BeS¥FRAY PRl ERb A" S5 noc
coffEt B YIS e i atR ULl 80 L1 darer 01 TBC. e,
e B T 1 B9 L A o

t he pol ycondensati on catal yst is not a germani um
Sa%%%p%ﬁ%d“%®¥o%®xéﬁt?ﬁn%%a%oﬁ%%ﬁhﬁ? oo b e TRAR I0S, too.
conpound or a titanium conpound, the effect is not
exhi¥ed atisldlse known [thgitdéntaltppiugs camgetngdhas an
reduci ng the acetal dehyde content or the oligoner
acthbm em prer ipoly gtdiyandersedgiprhaleacs impl dédester; and
article, Patent Docunent 6 and Patent Docunent 7
titpropos e lxoxetdeed ofi taddiong: atnratikabs i deet dlitsaltl orabate,
al kaline earth nmetal salt. But, only by this nethod,
oritihe: bceaiad dehydeacontent i kanaaepalowet Bylepelycondensation
terephthal ate nol ded article is considerably higher
catd@pst hat Mok cpelaret hyl ene t@éeMﬁ@{M'&@ﬁthhag is not
fromusing a germani um conpound as the catal yst.
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usi ng a conpound obtained by reacting a titanium

fofoﬁ@fyfgiﬁcﬁldtﬂen%ricﬁ%lnliﬁh @&&3@1@%«:@ S & olycondensation
pol ycondensati on catal yst, pol yethyl ene terephthal ate

| acet al dehyde content in a nol ded
ca3f0 i MR

that at the tine of using a conventiona

tit C;gg}cataly t is obtginaq5§.t8 t..even in tqgs 4
met Hod',~ the %Ee'@&?&eahgyed"é’ Tonteht “rheR D) dEEP AT ditelse
i s _higher than that in polyethyl ene terephthal ate

25 PoBal PP RGP PaRCISrnGE 8 JEF banP i Gdrahe RIRGE Problen

(Patent Docunent 1 JP- A- 48- 101462 (Pat ent Docunent,
'thajz) the acetaldehy e content or oligomer content in a

peclyethylene terephthalate chip and its molded article is high
as ccmpared with polyethyiene terephthalate obtained by using
a germanium compound as a polycondensation catalyst. A major
component of the subject oligomer is acyclictrimer of ethylene

terephthalate and is hereinafter often referred to as “Cy-37.



JP- A-51- 048505 (Patent Docunent 3) JP-A-55-189331
(Pat ent Docunent 4) JP-A-3-47830 (Patent Docunent 5)
U.S. Patent No. 5,017,680 (Patent Docunment 6) WD

05/ 023900 (Patent Docunment 7) JP-A-2004-010657
(Patent Docunent 8) WD 03/008479 (Disclosure of the

I nvention) (Problens that the Invention is to Sol ve)

There 1s a problem that an oligomer present in a
polyethylene terephthalate chip or an cligomer formed during
polyethylene terephthalate molding adheres as a white powder
tor 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 liguid
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 eguipment
of every kind; or a problem that an oligomer causes a product
defect such as so-called dropout in a magnetic tape.
Furthermoré, at the time of molding of various other moided
articles such as a hollow container, an oligomer becomes a white
powder to stain é. molding die or adhere to a surface of the
molded article, whereby a molded article with =z normal
appearance is not obtainabie- In addition, there was a problem
that an oligomer generated at the time of stretching processing
or heating prccessing adheres to a die or the iike, whereby
transparency of a molded article is more remarkably hindered
due to transfer.

In order to solve these problems, a method of reducing
the cligomer 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 methed of reducing

the oligomer content by a solid phase pelycondensation method



An obj ect of the invention is to overcone the
foregoi ng probl ens acconpanying in the conventi ona
technol ogi es and to provide a nanufacturing nmethod of
pol yet hyl ene terephthal ate which is suitable for
obtaining a nolded article with a | ow acetal dehyde
content. (Means for Sol ving the Problens) A problem
of the invention is to provide polyethyl ene

of theapinh e thy lesled g raphitbRé age m.a;ﬁlqgé}swa@wum state
acet al dehyde content and ol i gomer content and has a

at good Hiugned mhendet stve$ving p@entor@g@mngPptebteﬁpcument
the present inventors nade extensive and intensive

3 drvesidgatnaiitd AS Beducing the oligomer content by a solid

phase polyéondensation 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 amocunt of
geheration of a white powder with respect to polyethylene tere-
phthalate having a relatively high oligomer content in
polyethylene terepht-halate. Bult, with respect to polyf
ethylene terephthalate having a relatively low oligomer
content in polyethylene terephthalate, not only the effect for
reducing the amouﬁt of generation of a white powder cannot be
exhibited, but also the amount of generation of a white powder
may possibly increase conversely. |

Alsco, in the case where polyethylene terephthalate is
usedAas a packaging resin for foodstuffs, especially drinks,
since acetaldehyde contained in polyethylene terephthalate
may possibly influence flavor ‘properties of adrink, it is alsc
simultanecusly demanded to reduce the acetaldehyde content in
polyethylene terephthalate. Patent Document 4 describes that
the amount of acetaldehyde and the amcunt of an oligomer formed

at the time of molding by treating polyethylene terephthalate

after the solid phase polycondensation with water can be



result, on review of a condition of nelt
pol ycondensation in detail by using a specified
compound containing a titaniumatom and a phosphorus
atom it has been found that the problem can be
sol ved by obtai ning pol yet hyl ene terephthal ate whose
carboxyl term nal nunber and intrinsic viscosity are
strictly <controlled and solid phase pol ycondensi ng
rediuged eadiuty i thccoapt msierEnthefrolye ongeaseiténn catalyst
Thetis, the problemof the invention is concerned
is whdh a nenufsadtmr iognpetihdoot pol yeetthylogyye compound, an
t erepht hal ate and can be sol ved by a manufacturing

2 1umihed @fngolyetdyy lend teer emhideapatiad, nehadefifeat stemot
of carrying out nelt poly-condensation by using a
ex d d,y+ epriesented by the foll ow ng general folLmula
I) as a pol ycondensation catalyst to obtain nelt

po'%ﬁ%ﬂ%ﬁﬁﬁﬁgj.,!&%t9¥$§9ﬁo&Q£§Qﬁﬁﬁﬁyfﬁ +havi Ag- ehyde

intrinsic viscosity of from0.48 to 0.53,dL/g and a
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p o rther so ase pol ing the
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an alkaline earth metal salt. But, only by this method, the
acetaldehyde content in a polyethylehe terephthalate molded
article is considerably higher than that in polyethylene
terephthalate resulting from using a germanium compound as the
catalyst.

Alsc, Patent Document 8 reports amethod in which by using
a compound obtained by reacting a titanium compound and a
monoalkyl phosphate as a polycondensation gatalyst, poly-
ethylene terephthalate having a lower acetaldehyde content in
2 molded article than that at the time of using a conventional
titanium catalyst is obtainable. But, even in this method,
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-55-189331



[I'n the foregoing general foLmula (1), Rl represents
an al kyl group having from2 to 12 carbon atoms. ]
Furthernore, it is preferable that in any step of the
pol yet hyl ene terepht hal ate manufacturing process, a
netal salt containing at | east one atom sel ected from
the group consisting of sodium potassium and cesium
i s added. (Sunmary of Inventlon¥ In a first
aspéeatenhePecimepiod) deB-A-RafdPalt uri ng nethod of
pol yet hyl ene terephthalate including a ste

car rpahgnauboneienpobycnden8atEBh 89 usi g’ 680
conpound represented by the foll ow ng general formul a
(1) (@stanpobyeondansali o 6a7a4P$800t 0 obtain nel t

pol ycondensed pol yet hyl ene terephthal ate having an

'ntr?ﬁ%bﬁtVb§€Qﬁbh¥ of frrom-0048-0006533 dL/g and a
tern1na carboxyl nunber of from 14 to 22 nmol / kg;

and %a%% cEHJ heg,sqbi d3pbase7pol ycondensing t he
”E|t ycon ense polyethylene terephthalate to

obtaln sol i d phase pol ycondensed pol yet hyl ene
terepht hal ate having an intrinsic viscosity of from

0.7 : - |
(D’i%cl%sgl%eo 0%6 t%u nvgéz‘rl ZrODSRA' ' 001_1 00(1)

(Problems that the Invention is to Solve)

An object.of'the-invention.is to overcome the foregoing
problems accompénying‘in therconventional'technologies and to
provide a manufacturing‘methodiof polyethylene terephth@late‘

which is suitable for obtaining a molded article with a.low

acetaldehyde content.

(Means for Solving the Problems}

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

In order to solve'thé foregoing problem, the present
inventors made extensive and in£ensive ihveétigationsJ As a
reésult, on review of a condition of melt polycondeﬁsation in
defail by using a specified compound containing a titanium atom
and a phdsphorus atom, it has been found that the problem can
be solved by obtaining polyethylene terephthalate whose

carboxyl terminal number and intrinsic viscosity are strictly



wherein RL represents an al kyl group having from2 to
12 carbon atons, and wherein the solid phase
pol ycondensed pol yet hyl ene.terephthal ate has a
‘term nal carboxyl nunber of |ess than 15 nmol /kg, and
from2 to 25 ppmof at |east one atom sel ected from
the group consisting of sodium potassium and cesi um
is contained in the solid phase pol ycondense : £
conpabyéekylank sekiphPRaPat &0 YCRIVENAGEs of the o thd T
I nvent i on) The invention is concerned with a
acceebhaghirentnafutaet anvegtpohyet hyl ene terephthal ate
under a specified condition by using, as a .
pol ygardessaiHio proallayst, tiee tinvemtaenc SATEITE TARCCHL th
i s cheaper than a germani um conpound and which is
a m£g§§agggggggkﬁ5@ygﬂQﬁep@ay@amgaeeé netéparhamieemd can
- conpound or "an al um num conpound. According to the
subj ec nuf ELPG, PRhHOoGethbdi 3fp@sdykkbylens tere—
be &t W%#;P y%tﬁ%ﬁgne t%rep?thalate capabl e of _
manuf act uri a_nol de tigke haw owut melt poly-
Pht&@&@&ﬁdeﬁ?ﬁQg%%ﬁgeﬁ% %& %1OM/oIigo@§?K%ontent
conpar abl e to_ pol yet hyl ene_ t.e gl atepesit tild owing
CON@Q@%@E&QﬁgbgiﬁgPﬁﬁﬁiﬁépﬁgﬁﬁgd% as a polygondensation
catal yst. (Best Mddes far Caryying.Qut 1Eovery i®Rhin
genprali feamtilen (T %%ﬁ%éﬁﬁé?xﬁgé%¥¥%ﬁ' |ﬁgggt%$¥. The
pol yet hyl ene terephthal ate in the nmanufacturi R
me et hod yobntirasedy ep@ 1 6rt P XL HaP y WP&%&agglrﬁgph al st e
in which a major repeating unit thereof ,is_an .
intﬁijméieneritsenoepmyhatfaﬁéomngt 4874 G- Alngj BP9 HseT minal
referred to herein neans that the unit accountsff [ iher
a8 byunbke of fromelAntd A8 O EKT hARNDE GHhHy - mote " ®
in the repeating units constituting the polyethylﬁpe q
soli&f ephithalat e poAgeardiengiiyig i nthike pBByEt hyBhgrondense
terephthal ate of the invention, the renai nder of from
0o1d,d13,#0% by dreitiag dve  topoblyhein zew it hPbERRr poly-
opol’ymeri zation conponents than the ethylene. _ o
colfLep hapatecegrRaRents rdpanpi st of hovhng an ntrinsic
copol yneri zati on conponents as referred to herein
. 1 ncl u uasHbst i § W @d-oro spipsat.feif ed i sophthalic
Vl%ﬁﬁ%ﬁgﬁaﬁﬁtﬁgﬁgne di carboxylic acid
di phenyl di carboxylic acid, diphenyl ether
di carboxylic acid, -di phenyl sul fonedi carboxylic acid,
di phenoxyet hanedi cagboxylic acid, succinic acid,

adi pi c angQ\sgbgei ~aci d, el aic éﬁbd, :
¥ car boxylic

0 3 rbo _ylic acid Cy hexan

ac?%, t Ff?it\épld,lpyronellitic acid, or |ower
al kyl egters thereof, [pwer aryl esters thereof or
ester formng derivatives of acid halides thereof,

trimethyl ene glycol, 1,2-propanediol, tetranethylene
gl ycol, neopentyl glycol, hexanethylene glycol,
decanenet hyl ene gl yco

|, .dodeca ylg£n 1

(11, dhe QIR I GoRETRan o 70 Stnﬁ%r'en% gﬁ%%%ﬁts an alky

triethylene glycol, tetraet ern% | ycol ,
grpopybafyhenérginy@oltC dPpFEpyrené Gﬂﬁcgl, tripropyl ene

gl ycol, tettaprOpyl ene glycol, polypropylene qglycol,

di (tem‘:anemyshseme}tgmycpr?fﬁrapﬁét %’%ﬂ‘éti\{&@é%)%gep of the

gl ycol, polytetranethylene glycol, pentaerythritol, fal
po2hdtBy2zhies (derRphtdradatet hoxyphea¥hy PropARRCESS! a meka

In the invention, it is neCessary to use a conpound
saherresanted Ry dheidobt ovhagatonmskedectpdagram the group

pol ycondensatl on catal yst. Furtheinore, it is

preferred to use the poly-condensation catalyst in an

amount ~of from1 to 50 ppm based on the pol yet hyl ene

terephthal ate obtained by the solid phase

pol-ycondansation in terns of a titani umatom

concentration. The conpound whi ch becones the
pol ycondensation catal yst can be, for exanple,



RIOP,Cl) ThC"0 00 [In the foregoing general fo(l),
121 represents an al kyl group having from2 to 12
carbon atons.] The two Rl groups in the genera
foEnda (1) are each independently an al kyl group
derived fromthe titani um conpound or an al kyl group
derived fromthe phosphorus conpound, and preferably
an al kyl group having from3 to 6 carbon atons.
COEGAMGIES Bf PREETt aRP LT ToMHbGHIf SRTicH ils G8EE S or
manuf acturi ng the pol ycondensati on catal yst incl ude
titanium_tetrabutoxide, titaniumtetraisopropoxide,
(SEamyy At SPFEChIBRbpoxi de, titani um tetraet hoxi de,

tltaﬁlQﬂ1f§f§@nggb@ét¢eth@re is provided a Hmnufacturlng
tetraki s(acetyl acetonato)titani um conpl ex,

netdOrake s ( PoAYRERYABEF o EPLTH AP M Gd}ﬁﬂ”é%énqa a step of

catrefraki s&3¢ S-hept aprdiveratehkktabhumeonpliayy a compound
dlnethoxyblséace Iacetonato )titani um conpl ex'
reRrEERE%GHI St ceftfy:‘ry Logdemdnat o%mﬂaﬁ%unﬁwaex as a

podlyb&@aéa@@xy@hS( agehyl,stacebonabertht ankum cg&ng/@&nd@nsed
ropox¥b|s acet acetonat o) titani um conpl ex,

po&ﬁﬁﬁ%’%%?s EE%PK}F% tbhabdY 0¥ aff url EBHPFER, VlSCOSltY of

fricht aniagm € hydpexyhi/sgl el at @ erbiihali WArboxyl number of
di hydr oxybi sgl ycol ate, titani um di hydroxyhi sl act at e,

Exeme 3 uh? dF Ry aFeYEEE @2¢hyRir 8k9Br 6pi driditid)er, solid pnase

potlybaﬂuuﬁbh@gt atenet i t am um ochanedbRhat £=atit aBLYBYhylene
nmet hoxybi stri et hanol am pate, titanium
te&?@?ﬁ@?}ﬁF%trF%tﬁ%ﬁ@Pnanﬁﬁéﬁg 'RE23Mi @@lycondensed poly-

etdivhuhexybi signeidana agkAaye, ahexamtindi di tiitkanatiey or
hexaethyl dititana e, hexapropyl dititanate,

frraxpatyFod?t$¢ & hexapnenyl dititanate,
oct anet hyl trltltanate, octaethyl trititanate,
octapropyl trititanate, octabutyl trititanate,
octaphenyl¢y|t|tan aj.e. ahexaal koxydi ti tanate, and an

%StaMfFﬁi '//tLaﬁafé3ﬂ OR;

(T)

wherein R; represents an alkyl group having from 2 to 12
carbon atoms, and wherein the solid phase polycondensed
polyethylene terephthalate has a terminal carboxyl number
of less than 15 mmol/kg, and from 2 to 25 ppm cof at least
one atom selected from the group consisting of sodium,
potassium and cesium 1is contained in the solid phase

polycondensed polyethylene terephthalate.



Al so, as the phosphorus conpound, nonoal kyl
phosphat es such as nonoet hyl phosphate, nonopropyl
phosphat e, nonobutyl phosphate, nmonohexyl phosphate,
nonooctyl phosphate, nonodecyl phosphate, nonol auryl
phosphat e, nonool eyl phosphate, and nonot et radecyl
phosphat e, and nonophenyl phosphate are preferable.
Such a phosphorus_conpound nay al so be used as a

( g&%ﬁ%ﬁ*ﬁﬁﬁ'FB? é%ggBFé?né conbi nati on made of a

m'hxtm{]ee oinaelm%mal k%’(b pgﬁﬁﬁfaﬁt@dandﬂ%mnzghenwﬁﬁhoq for
osphate can be prefera enyner at ed. ove all, it .

m @%fﬁé%i%gl WHRSTERATE e %aﬁia%ﬁur‘@Q% a speclflied
caenstiidnut ed sughnfhatza ratigoDfcdien®Aqankylkatalyst, a
phosphate is 90 96Qy ngée or nmore and not nore than ,
LG Py GReUNd Whigso Ty anitEE of T gl §eofeTmanium
coMpcind satsedhasnt e sadaentehhedBidf agtlldnrg dhecompared

Qﬁ%ycondensation catagést of the general fo ula I%
withel wife efRYIBRBY gl FEBPCUBFPopyitend Tyl y@opminum  cofipound.
adgir@ariet by enecgl weolicchexamufiybeneighycabthaad it  is
~cycl ghexanedi net.hanol, It. is preferable that the
pog‘iy%%?&le whe c P8 s elC T Re aintA Bt t GPFRGIERelate capable of

ma@?ﬂfﬁ@ftﬁh\%ﬁ@ﬁt gonmga%@diys§rt§cpe glnssahngt h_&o;&arffﬁcéﬁallbéhyde
co is ysed as a starting material o
c%ﬁ% ﬁﬂdleﬁé”‘t SlPITREl SPEHEG ThE° ﬁﬁf‘ﬁi?uF@dPBQYethYlene
teiSiph@ hiahe tsubjeeetl tpaky corge ngatOm Caddhatstum compd®d as
pol.ycondensation catal yst which is used in the
2 B RCRER"EAR1 BB ﬁ%%%%%‘iur ed by a nmethod in which
three of a titani um conpound, a phosphorus conpound
and a glycal are simultaneouysly nm xed and heated, or
(Bﬁsﬁe%"lﬁgﬁsi %O%Féﬁrfél%%l?}ﬂi’r oot WGYES’ of each of a
titankeumeesmoidid apd ik RARSRROr dss GOMAUNEni Sletail. The
repgrﬁd and the%%p%lycol sol utions are m xed and
PHISEESCBF (HESE TR Gttt MBEhJE L aglerépdpethod of
chwheantBati @actiON darpehglivhe | Def@fhfiactadd ndnt N@hich a
pol ycondensati on catal yst is .the normal_tenperatuye,
neBs e O o ot LPREPbI ¥ T Ut eRH Bk Te O BREPY ChaLate
uleﬁ: A heer eachi omagay"fass h:bﬂérk@qu%b eh%ﬁe.ﬁ%ﬁﬁé&ﬂl%etb{at the
.ong tine. Accordjngly, it is preferable that the
““ﬁgagﬂt‘i‘iﬂﬁ“ﬁ? Cdfal':'3 Earti &Pt “ht ST eAPEr AT RS then
100r ogn 50L w@1200C, atrk i traosaphiaberables t kahsttheuting the

reaction is acconpljshed for a reaction tinme of from
oo ST hBPE t o GoRBHPERSEREaT o el AP Gty aneth O the

poghzsé@ﬁhfliaﬁeus:@@‘egsit?heagfayr@;fl ,tHeh el iiveaedilcon thed ﬁmainder

tenperature_js, prefera rom 50C to 150C, an en

thgfgﬂe3h§Pe%é @I?%d?o%%l%§%&¥éthe reaction
tenperature is preferably from 100C to 200C. Al so,
when such a glycol is used, the reaction tinme is nore
preferably in the range of from30 mnutes to 2
hours. Wen the reaction tenperature is too high, or
when the reaction tine is too long, deterioration of
t he manuf actured pol y-condensati on catal yst occurs,
and therefore, such is not preferable. Al so,
i n manufacturing the pol ycondensation catal yst upon
reaction of the titanium conpound and the phosphorus
conpound, a nolar ratio of a phosphorus atomto a
titani um at om (phosphorus atom nol ar anmount/titani um
atom nolar anount) is preferably 1.5 or nore and | ess
than 2.5, and nore preferaldlay 1.7 or nore and |ess
than 2.3. Wien the nolar ratio is less than 1.5
physi cal properties of polyethyl ene terephthal ate may
possi bly be deteriorated due to the matter that a
| arge anount of an unreacted titani um conpound is
present. Conversely, when the nolar ratiois 2.5 or
nore, a polymnerization rate of pol yethyl ene
t erepht hal ate may possi bly becone sl ow, or physica
properties of polyethyl ene terephthalate may possibly



cat al yst obtai ned by such an operation which is used

in the invention may be used as a catal yst for
~manufacturing polyethylene terephthalate as it stands

wi t hout being subjected to solid-liquid separation.

On the other hand, after separating the deposit and

the solvent by centrifugation or filtration, the thus

separated deposit maybe purified and used as the

co@@i%{ﬁ@ﬁi&waﬁtﬁrb’cla&ﬁlcya@blyﬁerazspéohfdcun};pma'lﬁsc‘aba@rthe
met’hod, there can be enunerated a nethod of carrying

ctiedECrystiabliZai 408 byomsbieh@acet omxangridy| of other
al cohol or a m xed sol vent of nethyl al cohol and

co%@){;ﬁ{le&g{z%jr% S;&gﬁﬁoﬁgﬁ"tg 05 800LRErPORY €ONERNAEAN Ghclude

s.used In the-invention can be easily

separated fromthe. glycol . by_ usi i , '
un%nﬁgffﬁjc%qt% r%t%{ﬁés‘?:hyute %sn A A didd&l, Fphthalene

ereo I'tani um at om

content_in the subject polycondensation ca i
di gy yie @By sBE B R B b XA e %Cléifja!%?ﬁ%{q’@g&her
anal ysis after the separation, On the oth%? hand_,Ld di—
dictreex e uacdtet ediPRERART Tk DR Irife @ctdr dim
phosphor us conpound are soluble in the glycol, a rate
phafoxyrErotddrcazpo bl Yetafid nedCh} NaRaf§2Rn @& PLC acld,
titani um atom concentration or a phosphorus atom ,
selsoncent aaidpn éaeﬂHQCHlanﬂﬁda(ﬁﬂﬁﬁﬂﬁé%qarboxyllclnaCldr
manuf acturing pol yethyl ene terephthal ate using the
cyd Dsiegainegl pol Asnogens atdidn catedysttid acild, pwfarglddtic
to use the polycondensation catalyst in an anount of
acid 0®rll &9 PQ 1M basedsothdtw Nollypethyd eyieesters thereof
t erepht hal ate obtai ned by the solid phase

or p@é&’&@“f’&ﬂ%ﬂ':& Offc vk €1 8s O£ adid am lded ofhaospt, tri-
- centration. Furthernore, the pol ycondensation

t i f i wofvif 1,
B AT S e e g
f a tjtanium-at \nCaAt Fation. i i
bl LR el teenn
- gl%%%fﬁgéggégéﬁ%%glégég éliﬂgofyt %?lﬁ]—g £1 3hEQ8nE @ methanol,

fhg a east one at om of

| di ¢ . . : : _

1 S eper MG Tpr BF SFFEd EB LD T b6l et aaRear Sh oL
catal yst in_an anoynt rangin ﬁronlS ta ZSEF m eW‘f”col

pol ¥Rt ol s AadROat | SHPESR @@gg e d SRR T

contai ned in an anmount of 50 ppmor nore, a .
tepolynery kené ondkacelof PPhﬁPH?BH%%%epogiﬁﬁﬂﬁens%ifEﬁFra_
or solid phase pol ycondensation may possibly becone =
metiopl dms) , gdycbhe potletetylaansydreasit Hal ¥l nayolytetra-

possi bly becone colored strongly. On .the other hand,
methigredde polysondepsatbenythratyst isndsed,Pnbas(4~P-hy-
anmount of less than 1 ppm a polynerization rate of
drbk et Kb &n D] yeepdassation or solid phase
pol ycondensati on may possi bly becone too slow, or the
pol yﬁ?”@ﬁﬁSQEQQEtE%@&t 1@ idoafedusagrocesdusd al tompound
Then, wth respect to netal atonms in the resulting

reﬁ:?%g ertzg%tlﬁ 2)&81%%5 rf&?ﬁ&ﬂﬁ e, rAutancenttat benyebnABhahtion

an the trtaniumatomis’ preferably not
than_10 d : -
ca oot nei BEAEAETO Y wioul Ho G BerTEr L Rt o Te POy

foregoi ng pol ycondensati on catal yst_is prese t
CO@@%@S@¥1®%I9%%%%%%Ea%?dﬂlFEﬁ@P%oﬁ? Eﬁ?mtagFjggéggﬁ;Bgsed
the addition of the pol ycondensation catalgst nﬁycPeh
on ddre ped yesuy lencanyrepephat atAeogined by the solid phase

: pol ycondensati on, nanely a starting slurry
preparation step, an esterification reaction step, a
i qui d phase pol ycondensati on step, or other steps.

Al so, the whol e of the poly%%ndensation cat al yst may
be added in a reactor all together, or the

pol ycondensati on catal yst may be dividedly added in a



of the aromatic dicarboxylic acid conponent. It is
desirable that the ethylene glycol is used in an
amount of 80 % by nole or nore and not nore than 100
% by nole, and preferably 90 % by nole or nore and
not nore than 100 % by nol e based on 100 % by nol e of
the aliphatic glycol conponent. An exanpl e of
manuf act uri ng pol yet hyl ene terephthal ate by using

pot oceRAthakteocacid aeﬁmet@ﬁlsn@rgémxum.atmmhebane@ematlon
descrlbed in detail. (Starting slurry preparation

B0 d whidd He@¥nadl khel PolphbfiaghsEti@n catalyst can
?yé%%%?eﬁ%:%erephthalate ?e?gphthallc acid and

| e&eangh%/col Q{Uﬁf et g;?dhgggﬂﬁgeé edl)ﬁarﬁLﬁ[{ Wokbound

et byl
®eontaiHing terephthalic aci yl ene glycol is

o rangrep ré?%qugﬂégﬁ%%ﬁ§é %ﬁ%%{%ﬁéy gpngaéng f%éﬁﬁ:e”%n.that

nore preferably from1l.3 to 1.
c=08r iR RamPeU B Thits CRs 0 s%mc? @F&n?is&sa%m
into an esterification reactlon steE For 't he subj ect
capehybenésgphealined pare SEPefh éReThPYEOYCHhi ch has
been distilled off froma reactor and recovered in an
esterification reaction step or a |liquid phase
pol ycondensation step as described | ater may be used.
(Esterlflcatjon L/ﬂptlon step) As the esterification
g tep ff met h |ch apigsterification
rebctio %eﬁ%eﬁigat oné stage while
sel f-ci ulgﬁlng ction product within an
esteriffkation reactorOor a nethod in which two or
nore esterification reactors are connected to each
other in series and an esterification reaction is .
simlarly carried out while self-circulating the
[If @80 ifdreRfodtidC bengrpiefermble. (IN, &l repredmsles an alkyl
met hods, the esterification reaction is carried out

gr elﬁan_ﬁ@nﬂirbﬂnOB dpder whibbnethyheng gl ycol is
| uxed while renoving water forned by the

est e i b | BN J:eAGtd Om QW Sifidhe exhenilhi qabi ere each
reactor or reactors by a rectifying colum. Wth

1n<ﬁ§§@§c§ n{? theg r %@L@c&/‘longf@&g' td om e Whi 6hhd heitarium

eri |ca ion is contlnuously carried out at one

corh 8964 WY f.le aﬁ%yfl éJf* %g%té:'l%& ?ﬁﬁﬁl%%t bl?&s;ﬁﬁc?ﬁyghomb%und, |

neral that the reacti

arr unde a. condi t r tkQ
ang GRS RROTe PO F15 200 P FH0C LEAOT At cat TR DAEomS
pressure i's nDs her.i ¢ pressure . o
ThoutfFe ?e%gtF rEOBOPHE éé%%?if?cgfﬁgnfor
step nay be first carrled out. in a l m#te erature
mapeER SR MR A the Fod VcaRgen st i R&F2 ¥FEH Giats Gﬁtamum
reaction tenperature is regul ated preferably at from
teR6gow 0o 2VAE, nomeqﬂﬂ#%ﬂabl?etréﬁ$QBBOP%XQ¢%C afdtanium
nost preferably from 273 to 275C. The "fina
retesd-en+pirepdkbder eadthonunelrpéracihekids  r fispnsynt getra-
herein means a reaction tenperature at a point of
methé®i @f, canpl &l on Ofaddiey Bstet ofidta)t Drenpact complex, - a
st ep. In this esterification reaction step, ethylene

'teﬂi‘%/}gfé 2@%&%&98&8%1:6 ackdnang UsedpBagh thattedrakis- -
ar ratio of ethylene egcoI to terephthalic acid

(3,{,@ é’ &eglcg ?ﬁtl@ggl%ef et E%Yeﬂcir omdl. 3 digetn®xybis-

nanu reirs carried In a contl nuous

(a%¥€£f%%%%wa§o§%af;${}aﬁ%ﬁt%?ﬁ%%%‘%?ﬁifé%%e%ﬂwgols ggetyi-

terephthalic acid is prepared in advance and that the
nolar ratio in the subject slurry is adjusted so as
to fall within the foregoing range. \Wen the
manufacture is carried out 3h a batch system it is
preferable that the nolar ratio is regulated so as to
fall within the foregoing range inclusive of ethylene



ratio of ethylene glycol at the tine of this
esterification reaction, it is possible to contro
the term nal carboxyl nunber of the polyethyl ene
t erepht hal ate obtained by the nelt pol ycondensati on
reaction. Al so, when these condition ranges are
deviated, the intrinsic viscosity nmay not possibly .
increase in the later |iquid phase pol ycondensation
acegta@gpato) titanByn t hicompdesni f i €at | OhlFeREPPORYRT 2R CRAY L~
esterification reaction product (ethylene
acdterepih hal td el wh | goremplefx t er epht hafii enagidpangois (ace-
et hyl ene glycol is obtained. A polynerization degree
tyIfcddta et vl eneidrer ephitdiadat e ol | gobetokgbps edesapl yce—
from3 to 12, nore preferably from4 to 10, and nost

torf%ﬁﬁ:t ei:?tbiﬂlﬁzﬁ 0@0@(@1@3:{10 tThenethy! eneviesepbt Hgl at@late,
ol |goner obtained in the foregoing esterification

tids Qﬁyconghgﬁgexg}%l?iﬂg { EE' Yed &ijnuﬂft@ll@ydroxyblslactate,

satl phase pol ycondensat i on)
t
bR PP ?rebﬁ?éia%%%E?%B%%P%F?eatéé;“a%?l%aﬂe%?ctatef
B R e e R

reaction pressure and reaction tine, .thereb

amigeg it | R ERETF all CoPoBIPaSt I ER o Ir SXEARE i
the pol ynerjzation degree range of this ethyle

dibudrespit el ket AT Yore P 6 at BFXARRENYAL 1| %‘FﬂctanatEr
viscosity may not possibly increase in the |ater

hesldapiivl phdsel potgtonddresapoerst epdititepe e phasexabutyl
pol ycondensat i on step) Next, in the liquid
diphesetpol yrordersat 1 odistepnathe e@h¥m@ﬁbyl trititanate,
terephthal ate oligonmer obtained in the esterification

oct=zatyon tstiep thnapel, y cotdepsedyl n g ifresdrnce oftaletyl
foregoi ng pol ycondensati on catal yst upon heating at a

t ritterpetadalr ecobpacAphtd Mg poimdtof apodyetiyd:anéititanate,
terepht hal ate or hi gher and not higher than a

andlegomosiiiem tepperadamies of pol yet hyl ene
terepht hal ate (usually from 240 to 280C) under a

redyced, PressHEe hbiphSr8Sidmbt end alonban gyl phosphates
pol y-"condensati on reactlon |s carrled out |

A S Shepsd oo
phdSH 3l Ty B AR thhaﬁsnpswgfngﬁggﬁageg mono-

e carr n a sin

rled ut, divi de L ur al tanks a

de eI i o gs%lra& R Brrepbs T erbSphare,
carried out at two stages, the pol den

and GRS GRTRASCY | 1BROFaNR S5 Car PEHoBUF indepogPhate aze
condition that the reaction tenperature is_from 245

PreiegeG - arfth G 6f ShaSPROrIEMCeRsP 1e2868 andOt Rat BBRe &S
reaction pressure is from100 to 1 kPa, and

a ngrgferebland rigm 50 12 kPa. Cdﬂﬁ@mlﬁbﬁ@éﬁsﬁfﬁ gnmixture
reaction in a final second tank is carried out under

of aaCaathictilty 1t hetio ddbtes e ashdomarempengtiurehdspoHatenm @85 be
to 300C, and preferably from 270 to 290C and that the

prép@ﬁ}bpg chiessUred.s usdaklarfr omik &9t 01Dy Baerapdble
preferably from500 to 30 Pa. By properly adjusting

thé’@etﬂgl gﬁ%%%saﬁé Ofk act PB4t epar %‘hlérteaa ratio of the
po ycon ensati on reaction pressure and

' I, i 9 t r e
rofP ST IR PEEER P it o1 peBRaRneetp T more then
polyethylene terephthalate is controlled so as to
fall within the follow ng range. Incidentally, the
reaction time of the polycondensation step is
preferably not nore than 240 m nutes, and nore
preferably not nore than 200 mnutes in terns of a
residence tinme within the pol ycondensation reaction



reaction becones long, resulting in a reduction in
the productivity. For that reason, it is preferable
that the intrinsic viscosity of polyethylene
terephthalate is high as far as possible. But, when
the intrinsic viscosity exceeds an upper limt of the
foregoi ng range, thereiscausedaproblemthat the
acet al dehyde and tricyclic trimer anmounts in the
10%d%y@ﬁrw¢ﬁ%e terephthal ate after the solid phase
pol ymeri zati on and the pol yet hyl ene terephthal ate
mol delsar exketelaseohichl. gl eol wikieh ihasedras fdle solvent
carboxyl nunmber is less than a lower limt of the .
in emegeicigiriangehe e vacetdd rdedyiden cenhtgépttiarl the general
pol yet hyl ene terephthal ate nol ded article is high;
foRdiahen 1helbes rﬂ'tﬂ*%ll&ﬂi goxyb1nupbesy exceedycan, tetra-
upper limt of the foregoing range, the cyclic trinmer

COMEM 110G,  hexaMbEAyikReth oncondensat i @fcio-
mereaction,%%gghosphorﬁéastabylizgr gﬁ%ﬁias trinethylp

ospho ! ! o
he%%}?ejcg ! Ay, be 12 ggg?%féyagti?'{m&@ agﬁ,ec'ogeg ch is

_ ene ter éph ate manufacture as t
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brightener, a mattjng ent, an orthochrojmatic agent..

G1 g Qiof o FAmgBAt EBL Aay CAdd T ARGS, T or i b 39 K Tt ine
be bl ended in pol yethyl ene terephthal ate. Mreover,

mateRiahe HRPpEeE gt P RpF BVFRETARY2ESSFS enaaau%astb‘ffed by
the resulting pol yethyl ene terephthal ate, an organic

usHaet s ginte &fu P s Ay Pt ds2 td ¥ fheny| met hane
conpounds, qui noline conpounds, anthraqui none ]
conpndsy L npen gt frat bey asiate Ivspotnds: Bn 1A6Agadl cthe
bl ue dye, or other orthochromatic agent can al so be

inwgdebn can heaoteon: fatc tre dremufaacetnicdg 1 st agéchf three of
pol.yet hyl ene terephthal ate. (Solid phase _

a thadarciondensaiduan, sttephosphorud mddpeuindventli englitolsare
necessary that the polyethylene terephthal ate

sirQbted neshd Ty ke BorrrpBEAB-8], @t § mehase in which a solution
pol y- condensation step is further provided for solid

of Rhape, Rl wWronrdensatd ant i The jgmanvmpbupal ¥ethy| eResphorus
terephthalate to be fed into the solid phase

cor§951¥r§c9rl%eﬁ§@ LPBaStER 1Rk Fed QEPuED@n§(Hﬂéjﬁﬁ&@%eand
ol ycondensation step after "prelimnary

heddP! Aldd 23LiQN YpN 1NRALINGdh RUMANGE L B e
enperature Tower than the tenperature in the case
where the_soli d _phase p ti.on j.s . ied
out o AL IR POLAGEPEERRE. LA A S L g e
be carried out by heating th ranul ar pol yet hyl ene
POYEGUHHTHA AP | REEOUrFEd 'St at Boat AP emper i B, £he
usual |y from 120 to 200C, and preferaply from 130 to
reagoeY oA AP BN@IRTIRE t BTARGEr SSUN Ko Ryl o the
prelimnary crystallization can also be carried out
redytheat Pay (s Gradll ARdpépet 1y | execEeiEphyhadlgte htme-
a tenperature of from 120 to 200C for one m nute or
Acomré&inagly, steans apreSpheipbe dhstedhecopatathpngibsnepstally
gas at nosphere, an inert gas atnosphere or a
caStRAMGONLA Bl REgmBkEaalFBspher ecprsorades ZOOTWY adoAt is
of such a gas. The heating tine is preferably one
prd¥ Sk Ot I € 1aNG- et i & 4 Rtk oA 1RRUES, FBRI @ reaction
preferably 30 m nutes or nore and not nore than 10
tir@@%rfsfﬁeﬂdoé{%ﬁtinﬁrt%fﬁéa@lh}ﬂu%.e. h@Hﬁcf:Pét pe.and, Behylene
nor e an ours. I't is preferabl®e that the
prelimnarily crystallized pol yethyl ene terephthal ate
has a degree of crystallization of from20 to 50 %
I ncidentally, a so-called gdid phase
pol ycondensati on reacti on of pol yethyl ene
t erepht hal ate does not proceed by this prelimnary
crystallization, and the intrinsic viscosity of the



200 to 225C. It is desirable that the solid phase
pol y-condensation step is carried out in an inert gas
atnosphere of nitrogen, argon or carbon di oxi de gas
or others under a condition that a reaction pressure
is from 200 kPa to 1 kPa, preferably from atnospheric
pressure to 10 kPa because oxi dati on deconposition
can be suppressed. A cheap nitrogen gas is desirable
glyzok nks i Herl g8s TG BB NFSEd. the Treadpllny Leppgrature 1s
pol yet hyl ene terephthal ate obtained via such a solid
prefhasa jpol froon déi€at  ohS 8tep aray whensbbgeveslyiena glycol
water treatment as the need arises. This water
is tuseat, Meht rsacat ohetemtdrdyuds iingbagfehebyyafmdmrl00°C to
pol yet hyl ene terephthalate into contact with water,
20®eam1 dost fREhCONERI Bi §UyEBEr £ 50868e8) the reaction time
steam containing air. It is necessary that an
is dbE ?%}é eoYhBEOSid eV rahgkhss tivisn gbt ai Mede granal Bburs.
pol yet hyl ene terephthalate is from0.70 to 0.86
whddtbge éﬁé%ﬂ%ﬁpe‘ﬁth%epigt%roa@ifbt Rtk &€ the reaction

pol yet ene terephthalate after . the solid phase

R A AL R ARG o
. 0 ;
cofBe ST BB o8 R LA £52, L08R, 08, MK noc

q@nuf cturing process of polyethylene terephthal ate
PIS4fcidttirg the foregoing esterification reaction step

i quid phase pol ycondensati on step and solid, phase

pol yeéfte isatTIHI &3 S eHi behe o %ﬁ%%?n%tia%& oRtalyst

batch system a sem -continuous systemor a
upQ@ontariowen sg5t 6he WAEENIFe GIRAGHES AnA st pyophorus

the polyethyl ene terephthal ate after the solid phase
comiycbndanshal o tilo PEssPhhRgrhorre aftyry tpsa fAdf-anium atom

preferabl e because the strength of a pol yethyl ene
(pherpdphtiralzdtce nolldedametitl eidbtaimert dy medlatr pobdinhy is

of polyethyl ene terephthal ate may possi bly becone
prdhatfdlicilent pratonhidrehileg sobhthe? appearanceenpyeferably

possi bly occur in applications requiring transparency
1. A% hoaxebahld ecae thenl bke. @Ghdhelnt helahandcivhat less

the intrinsic viscosity exceeds 0.86 dL/g is not

thdd af &y abig, hecause paliket Ryl 9e@ybehgmehaat@£@phthalate
nol ded arficle may possi bly | ose toughness and becone

ma;préﬂéstsli%lfrbea roestial Rt IQR Rl @ nEB%aPeESI Bh¥t a large
bécone sl'ow. Al so, what the term nal carboxyl nunber
Ah ol yet hyl e l;at e e li
aﬂm%&%Se%ﬁglf%%n eﬁ%%?ﬁ%%{igq%%gﬁ%%ﬁlggﬁgﬁuhgre§?s g%?sent'
r ef er-abl e hecau the cyclic _tr.imer._content y
Co Wﬁﬁﬁﬁ%%] iﬁgF%ﬁséﬁl nngﬁ‘é? tﬁ?ﬁﬁgbuﬁgtegf e g?n?ﬁg ro@
car boxyl nunber of the pol yethyl ene terephthal ate
PO A7l G0l | TP hastt pobytORSKLSEF on- S PoCRetheR 1Y
15 mmol / kg, it _is inportant that nelt pol ycondensed
PogsGilet MPCEHE BeP¥phPRabaY B fal ikPRIE 56y BgoPRgYethylene
intrinsic viscosity and term nal carboxyl nunber is
T exopttei el t n ntehve ploisgudiod Yphases per yebadedsitg &9 shepmatier
and that the solid phase pol ycondensation step is
thaara i e @t athouan cfieet gaseatiedpbkesphtdras compound is
tenperature of the foregoing range under a pressure
prégeﬁ$e f oregoi ng range. Incidentally, in the
technol ogi es of the present application, it is
prefented ilio-a8da aneagpUnd opsai Pl RGhAbo1yEEA8ENnSRLIion
at om of "sodi um potassium and cesium in pol yet hyl ene
terephthalate until it is nolded in a concentration
of from2 to 25 ppmin ternms of such a netal atomin
t he pol yet hyl ene terephthaliate. Metal salts other
t han sodi um potassium or cesium do not substantially
have an effect for reducing the acetal dehyde content.
Even if a sodiumsalt, a potassiumsalt or a cesium



acet at e. As a concrete addition nmethod of such

a sodium potassiumor cesiumnetal salt, though the

metal salt can be added in any arbitrary step of the

pol yet hyl ene terepht hal ate manufacturing process,

when the netal salt is added at the |iquid phase

pol ycondensati on stage, deterioration of the hue of

pol yet hyl ene terephthalate or a reduction in the
CaﬁQIYStOﬁHEE$ﬁédOhyrﬁﬁﬁﬂI&H]dpﬂmqﬂmﬂmlﬂhﬂCWElQGHGEdIed the

and such is not preferable. A so, when the netal salt
int&naddgd iy edld yukada foweer edt £0L:8t atfdhenbhiEaeturing

nmelt nol ding, not only the adhesive anmount may

poﬁgééwwngecegﬁeﬁ%ymé@r msbuty alsQide 9pehaLkONbeing
y possi b beconme conplicated. Taking into

suﬁf\?ﬁtgﬁr%' %%:J %fﬁ%gﬁtﬁ'dms%r% SaﬂfEJ}Pd A, COM aﬁ%hé‘g hand,

net al ai ni t1on after the sol
hase con tion te refer
afgﬁﬁ%@éﬂ%ﬁ: gg ‘f%orseltsgg tthkiep alengq?y%/ SBRTAFRAR atlon
sol.ution, thou uid ca e of, diss V|n t
o P T O | Ot RE SR A A R BaF 2 o f&ﬁd and

be used w t hout I|n1tat|ons an aqueous solution is
used efas albie bEeAUSENAEESabEaBi | §3y2+85thi gh Afd a3 specific
solvent is easily available. Also, as the contacting
pumef hodt iany meshidd Gharchateh BysEEMEraaCont iTrigyed of
system can be enpl oyed. Wien the batch systemis
caenployediutt heeergahabéieabirenatisd asieghcd:dterghi chieghyl
sol ution of such a netal salt and the pol yethyl ene
altenephthakahexafit eolconpl ef i natbilthkcsindl daphaseter.
pol ycondensati on are charged in a processing device
and Hreughind mo@egenhacboM/tbnaaabadibercatalyst which is
Al ternatively, 'when the continuous systemis

ns&mloxed ihheneisancde rﬁf‘@lﬁ%rldtyege?aﬁ@t@@dficﬁn WhieCB1ycol
an aqueous solution of such a netal salt is

b %%f}!ﬂgﬂa%ﬂye{eda CALRE ELEULY ARt Yr OF hGQBEMT 48t ¥18Rdium
brought into contact with the polyethyl ene

atcgrﬁrc,ecﬁjf%d&?f! 655’9 R sﬂF%%E%%%c%?%%ﬁéﬁg?ﬁQl,al’gall%ﬂ ®an be

Sprayed onto the 80 ] !
Al A e

an ade t.e tenp re | t he, nost excelle

th?n@@&é%? ,'SI %e ﬁhﬁqch?Paﬁeﬁﬁﬁﬁﬁegh RETERESC
acet al deh de conte in eth

<1 o bRt FRifR @Egﬁa PhOREREEES Firmnd q spkagde 1o

pol ycondensation step, it is possible to deal with_it

thwlézqsaé{ had-ate adjusiqatg e CPRtYS e erii 8e8Y grpyyzing
after the nelt pol ycondensation and before the solid

a phaseipol yeortensaredhiretithe Tondi HheFPHPO e &P dCcon-
phase pol ycondensation or the |like. Then, according

cenoraheonannf Abe uE i hgraee hodmpbnehe.- i nvention, it is
possible to regul ate the acetal dehyde content and the
cyclig tannBiceonientpd nyditey paly etdndrérialate using the.
t erepht hal ate obtai ned by the solid phase

foPOLYERRUEHS b8ReAbate5S dheaL 5t ppm and prelr ¥Rl to use
than 0.40% by wei ght, respectively. The acet al dehyde

th& gﬁﬁlg}m%x}&erpéae&%@@a%éaﬁ%tﬁ%eaﬁ %%u%tp@ﬁ\ flézﬁd 15 &0 ppm

y not nore than 6 ppm Also, the cyclic

S T T T
o R RS 8 B 8 e TS o

i medi ately after contactlng with the foregoing netal
sal t-containing solution and a pol yet hyl ene

t er epht hal at e- nade nol ded afglcle obtai ned by a later
i njection nolding nethod or "ot her nethod, too.

(Q hers) Thus, the pol yet hyl ene terephthalate

obt ai ned by the nanufacturing nmet hod of the invention



hem spherical shape. It is also possible to regulate
t he acetal dehyde content and the cyclic trinmer
content in the test tube-like nolded article at |ess
than 13 ppm and not nore than 0.40 % by wei ght,
respectively. This is the sane |level as in a nol ded
article of polyethylene terephthal ate obtai ned under

cer?ff}té’&ﬂdr[mmﬁ‘%%@ﬂetr&n%&ebYtq% %Eﬁ@&[ﬁ/ B4Rl catalyst is
ger mani um conpound the Iight of the above,

t t
oo BRI A SRS B ot
SRR 2k LU EomRRUTS W0 S0 5y TR o
o TS SO YA PO 0t commound o,

terephthalate is able to manufacture a nolded article

coriiany 09 bt deetaitachserkbhtéateanda CoRLYYER ©ut an
trimer content conparable to polyethyl ene

oparertepint Halratddi g Uk tdamp duromn Gl rRg re ge eftaheaat one atom
conpound as a pol y-condensation catalyst. This fact

of Isodireat |yotrresningfahd i oes hdustry deEExabpbiedpter, it is
The invention is described belowin nore detail wth '

espeefienanc eredetrhed Exan e shApallyibdondevabuabhodstabyst in
the respective Exanpl es and Conparative Exanpl es were

an aﬁeantnrért@lr{fkmw Bg:draeqsm (Wher] BREI®S] condensation

viscosity ( 0.6 g of a polyethylene

catls qry%@t halate mlt%awagtdhgsebﬂgglﬂmem %%agmeancnof 50
cc of o chl orophenol and then once cool ed, thereby

. ppr obt S e% AEJ Rg&lﬁnﬂ £SOl ution, ofof_pol LAl e%ase

tereph trinsic viscosity was caltul at ed

pola%:gos%-fé&s%{ S U S s
Ter
becg ng an b %o e Stl\lléscor?wqbk&f \% Fgﬁgpﬂghalate may

- ter hthalate was Iver and IS

POy HeHC CHRa q%@?ed% storvBdvin By CapEbRGndy When the
foll owed by neutralization titration with ot assi um

polprdnsiarde tithe CRLBAYEEd 1PalrFE WA PRAIBEREDFntD H8SS than
nunerical val ue per unit wei ght of golyeth ene ,

1 ppey epHalerd zathorebyte € di 2@y ifyP aﬁ@rﬁﬁﬁwondemamn
carboxyl nunmber. (3) Acetal dehyde (AA) content:

cr sclid phase polyvcondensation 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 10 ppm, and more

‘preferably not mere than 5 ppm. Incidentally, it would be

better that the foregoing polycondensation catalyst is present

at the time of polycondensation reaction. For that reason,

the addition of the pelycondensation catalyst may be carried

le



A pol yet hyl ene terephthal ate sanple was freeze
pul veri zed, charged in a vial and held at 150C for 60
m nutes. Thereafter, a gas in the vial was anal yzed
by Hitachi's head space gas chromat ography, thereby
calculating an AA content. (4) Analysis of
concentrations of contained nmet al at om and phosphorus
at om ried polycondensati n catal urr
v AT GxePsat s Ao LE BRI e ReraR %%pae #d¥ring
(SEM S570 Model of Hitachi Instrunents SerV|c
s 1YRTY P ePRTS [Sidih - Shas a&uEﬁﬁetrétful\?é‘ﬁ}o&n5?925608y55ﬁpr a
energy di spersive X-ray mcro analyzer (XMA,
1ligqyird paBseaMp TOUEE MRl 9N £6RRecPe@TNETSEMPS heddlsyp, the
calculating a titanium atom concentration and a
whallfos pHdreuso dyormdensehi paciadm Livs ttivey pel ydtarriénsat¢aptor
cat al yst sanpl e. Wth respect to a catal yst
allretalgetdraent pat i thei rnogiiolyetdyt enel drer ephtlialsat epag  be
granular sanple was heat nelted on an al um num pl at e,
diviraMhi Ldda@si 4 henrpsepar ed Bhaohaedr asth el g haviigs of
a plane by a conpression press, and the nol ded

polk etﬂrg}zeery@stgy@ghthgiwsl yranghyzedvhytaoh! uQr eseeflinger
ray deV|ce (3270E Model of Rigaku Denki Kogyo Co.,

deéﬂﬁi !ﬁ AN 1% Jﬁgﬁﬁoﬂ<é%é9 condent . A

ene terephthal ate sa s pul verized by a
pulverlzer a fixed anount of mhlch was then wei ghed,
and the wei ghed sanple was once cooled with a nal

St unt of_.a heﬁifluor0|sopropanol|chloroforn1n1xed
<6l DR ted with chldroformin a fixed

b O F T e FEREEOh R Db GG aThy (CBE ST Tene

Waters'. ALC/ GPC 244 Model)), thereby detectin eaks
ter@@%@&mt@ e amvivg Fif T %Sovéemré@@daﬁn\@?gﬁﬂl The

i 0 On the other hand, a cyclic trinmer 3)
pol;y gtymhmeenéef:@péﬁhﬁﬂ»altat ec%s%&udﬁﬂ‘#%%‘é%u ¢ Bel poly-
basis of a calibration curve determ ned froma
corglearsdaral Bample derepdtOplic (BFiPobymertiszagopr—forming
degree of oligomer: A sanpl e of an
dergstegriivid catidonetbgéenen prpdott lmbt aisded byhtheforegoing
esterification step was sanpled, and the anount of a
polgatdaar s dteiran nadt gnoutp. was nmeasured by a net hod of

Mauri ce,

As an aromatic dicarboxylic acid  component,
terephthalic acid idis mainly used, and besides, its
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. Incidéntally, it is
desirable that the terephthalic acid or its ester-forming
derivative 1s used in an amount of 80 % by mole or more and
not more than 100 % by mole, and preferably 90 % by mole orx

[=)

more and not more than 100 % by mole based on 100 % by mole

17



et al. [Anal. Chim Ante, 22, page 363 (1960)]. Next,
the sanple of the esterification reaction product was
di ssol ved i n hexafl uoroi sopropanol, and this solution
was quantitated for the amount of a hydroxyl term na
group by using 13C-NVR Furthernore, a nunber average
nol ecul ar wei ght was determ ned fromthe both anmounts
of a hydroxyl term nal group and reduced into a |

of pbeyarehalif oh alegrew liq FFiAndgReRenE - allkalF detkiable
atom content in polyethylene terephthalate: A

thaiolyet bghgnentegéphthal atve sshnpl enwesodot ed 8i0nkoby molie
% by wei ght o-chl orof orm solution, to which was then

or agdedaadt wocemapputhawfl® G bymby enpbadhyde dehblor v co0 %
aci d aqueous solution, foll owed by shaking and

by @xteagtimhre Argohetl Abrefridie roesel bi ng B ecus phases
was anal yzed and quantitated by a Z-2300 Model atomc

Fopy ph i c0h Hicbachiorddghntechngl QAigs1e of
By %g%%%p%%igﬁg %%g?g%ggfiglygxanple%a] I n i

a
oA TRl A AR AR L i
co BRSO o85SIV S0 LR YR SIRLAEE o1

. of acetic acid and 0.162 parts by weight of titanium
ln‘@@?@&ﬁutoxide while m xing and stirring. The catal yst
preparation tank was held at 50C for 2 hours to
obtain a transparent ethylene glycol solution of a
' titani um conpound. This solution is hereinafter
(Steaftdnde ¢ 1 W@ YaPrerRIEG O8oI1SHEPAn" . As a result of
measuring a titaniumconcentration in this TBT/EG
sol gtirett byfusiing alfl soyestariundnaypothethyianpumere-
content was found to be 1.0 % by wei ght.
phtRalter, nore rapghthhaslegar ste ¢ atald/ stetgrglparat iolyaank are
equi pped with a stirrer, a nitrogen circul ation
esteariddicd .andandweatd g, uai &lul?ydegpardisiby wegdphtdfalic
et hyl ene gl ycol was charged and heated to 120C whil e
acist bhfi &thyIonajiciroras s asitesk €A 47 Tearst 81 by rwai ghteofbly
nono- n- butyl phosphate. The contents were m xed for

cor@z88Q] BEhoNeHBderyheat hngh which@ tSb£ ridRL . bred hes moles,
subj ect catal yst preparation tank, the whole of the

ancggxg:‘ﬁem&é’fﬁ% ed- BT EG 50l yt Eopcwas geadudlilyy of the

ed. Thereafter, the mxture was stirréed and kept

ter%%ﬁ%ﬁ%?ﬁﬁg%ﬂﬁyfe 9£i%Zgghiggnfgecgﬁgimu$ﬁ§i§bﬁed infto an

a reaction betwe the titani umconpound
and .t.he . phosphorus conpound,. The subject.r L
oS CE as prESERT 4ok 1 PE" dQgosTL TRt & LV daty 91vool-

state.. This.,solution is hereinafter referred. to as_. .

= D3aMEE CAPHISOr SONaPToNE: Chy Bt copap L ibr L eS SFF from
solution, the fine deposit in the solution was

a rgpphPat B HREPIRIFT a8, 2ARP R af YA seaFarciustep or
anal yses, it was confirmed that this fine deposit is

a laguomppbRder ppresentensbyirhes§eneral deoehipad (13tamdray
a conmpound wherein Rl is an n-butyl group.

be used.

(Esterification reaction step)

As the esterification reaction step, a method in which

18



[ Exampl e 1] In a conplete m xing reactor where
450 parts by nmass in average per unit hour of an
et hyl ene terephthal ate oligomer retained, a slurry
prepared by m xing 358 parts by mass per unit hour
of high-purity terephthalic acid and 190 parts by
mass per unit hour of ethylene glycol was
an GO d pUpUsL i ded M I 3 ik bRGrE Badoht L4948 stage while
at nosphere under a condition kept at 274.5C under
LC:pre e eritj pon, ti.an _
SR T e e s e
..reactor of 4 hours_while distillij ff water
st T eBiri e Sucarrrroali o PBSeR: GrOahE nors: sreer
. _glycol outside the reactor. gﬁ]this tinme, a rate of
lf%%%%%??i%%ﬁ‘?%%é\r@u@?@&% HPhe>G eHiThWgegres and
generated in the esterification reaction was 98 % or_
annefeerafdcatdenr s6a6E 18l yiferi Fatiadn ofca e $brpel while
et hyl ene terephthal ate oligomer was from about 5 to
se@f-circulatidG(lpameadiy omaesoghicthes etgferable. In all
t erepht hal ate ol i goner obtained in this
of edteera fietdtdden rteaceésbarwascsutorsstastyon danshenried out
into a pol ycondensation reaction tank, and 4 parts by
und@s s Eefidini én hede rofhidie . TBYBRnead st isataflivedashile
prepared in Referential Exanple 1 was charged as a

reR®OF YEQRENSAticomcabel yisé ddresei Atdatidn reaction outside
pol ycondensati on reaction was carried out in a nolten

thSkate Wil e tkeepiag-t be Jreash ep -k peratitier ahty Eheumn.
reaction pressure within the pol ycondensation

Wi{ﬁa%!s%cttangoatth%76rée§c@fgn6%&9&iﬂi‘%§peﬁﬁh¥§! YoraNdh the

renpvi wat er generated 1 n the polycondensati on

Ctj et . I ' h :
CELORA0Y %, R ERBLY e oM SRS opo spase while
sidence tine thin t cond ion, .

' e pol ensatjon r t .
sl SR A b Fhtestriaria Ve e Ragergas T e 5o
oduct wi.thin the ol ycandensat.i on reaction tank ...
PTG TohE I TRGUSTS EXET 0ol 1h 4 et Pana E(IReET FoRPadition
di scharge section, cooled with water and then cut to
thaptai reypahen dreprA At HE ene Pereptthaiat’® haverg abat a
size of about 3 ram This polyethyl ene terephthal ate
red ¢l en ppT yeonERns2di polyetROFRRBTE6r BERERAr Gt B Had MP2-
an 1V of 0.492 dL/g and a teimnal carboxyl nunber of
Thayghirble/ kgaction tempgiratvale opdiycoAtienségcation step may
pol yet hyl ene terephthal ate was crystallized under
be diirmatl atairon saf omitt Logenl et~ 180G faruse heyisramdthin this
dried. Subsequently, the crystallized polyethyl ene
ran@s ephtikzal af 2 Was saharigadati an t wabbetohypeergatature is
phase pol ycondensati on devi ce and subjected to a
4 G PRASE RN GODHENSAL $ 90 dLBFHIONTHREGS r B 2GR om
re%ﬁ%ssurgégf O.lB%EPa at 225C for 27 hoursifo using3
263 % PRYCLONIANG. LeLeRntLhalat e Rbhel £ORBLe! | Ot sinal
he 'solid phase pofy-condensation (solid phase
yEOD d y t-hal a pref
s D S LB L e SRR, B B Bup e RERhin
5 kg of _the polyethylene terephthalate was dried b :
mogyT iy SR AarD. FODROAPSBFErSh DRt o brt HoF & fundBpLgLon
condition at a tenperature of 160C under atnospheric
of prig st e T hE BCHT P OGRSt +@RANT“Fhe dried pol yet hyl ene
terephthal ate was injection nolded into a cylindrica
t estin UBels d&t sl deh taral e dHanvim§tar o lene glycol
di aneter of 28 ram an inner dianeter of 19 nm a
| ength of 136 mm and a weight of 56 g by an injection
nmol di ng machi ne (FN-2000 Model , manuf actured by
Ni ssei Plastic Industrial @5, Ltd.) at a cylinder.
tenperature of 300C and at screw revol uti on nunber of
160 rpmfor a primary pressure time of 3.0 seconds at .
a die tenperature of 10C for a cycle of 30 seconds.

esté
po



An intrinsic viscosity, a term nal carboxyl nunber, a
Ti atomcontent, a P atomcontent, a K atom content
and other material properties of each of a series of
pol yet hyl ene terephthal ates (nelt pol ycondensed
pol yet hyl ene terephthal ate and solid phase
pol ycondensed pol yet hyl ene terephthal ate) and nol ded
prefoint are shown in Tables 1 and 2. [Exanple 2]
and pergebhbehtat #ohdr aaet veedweis artitiadd outolar thetio of
same manner as in Exanple 1, except that in Exanple
etHyléhe @sterl ftiocatah:ephrtéadﬁjcoactiénp@rﬁim g ago 1.8, and
changed to 273.5C, thereby obtaining nelt
prPotygendensad 1nal yet hybenewhern epid hahatfe chaviengsanat¥ied
of 0.489 dlig and a term nal carboxyl nunber of 19

oum EkGontBl 85k ngﬁler ttess ofregachpol e tesybbbfgbed
nmel t polycondenseg pol yethylene terepht hal ate, solid

| d |
préwﬁggdpgrg?%?ngg?gggﬁgﬁﬁﬁin %ﬁbles 1 ggglaugkanple
redlpft ROl Yeonasnsal 'poérxgagaeﬁae% '1139 AR5 FRr %hgdtﬁggggr%}@&ar

manner as except t
ool T TSGR L SR B0, SRR AL 88 s

pol ycondensed pol yet hyl ene tere hal ate havin nlyv,

th%ffcormﬂm/r@naﬁd aWPEPnjF}ﬁ%Im%%‘EE% SHE T ER T rgfegpout in
nmol / kg. Material properties_ of each of the resulting

a RefehpdlyEeRdedded pobyeipyrahe tBREpAIRaMAIET st 1S
phase pol ycondensed pol yet hyl ene terephthal ate and

regwl afeed prefsLcafel SHowphin Habl|feyepoing zanpexipplesive
4] A pol ycondensation reaction was carried out

of igtitiersagtymahner tasaphtbednipl ecld exbepaddhdton fhe way
Exanple 1, the esterification reaction tenperature

of was: ehargéditet 233. 5 @ndon Hat atiiétmehttc ethylene glycol
pol ycondensation tenperature was changed to 277.5C,

and hereiphobildinbagdnet &s ot yeondensedcpot yat hiyleheginning
terephthal ate having an IV of 0. 520 dL/g and a

of IRidAMalg eBEhoxyd rivider i of L& did/ kosy Maefyilg out the
properties of each of the resulting nelt

es@@wfﬁagﬁféﬁdr@%w&ﬂyLq@@ﬁlhert@ﬁ@t haliatre r50ld d-phgse it
pol ycondensed pol yet hyl ene terepht hal ate and nol ded

be%rﬁégf&%etéhemtkaﬂ%@ &Sl Ad 2. { LUPAAEYBie or a
anpl e

pol'ycondensati on reacti on was

pl ¢ t _

te%%f Ptk SRR o0et ! PiETPL s nsen oty
t h d, to 272 th bt

B SRR BrLad So Byt L B na o & HegPHg oed

ragge]V Of 0.491 dL/g and a terninal carboxyl

In this esterification reaction step, it is desired to
carry out 'the reaction such that a rate of esterification
reaction is usually 90 % or ﬁore, preferably 20 % or more and
not more than 100 %, more preferably 95 % or more and not more
than 100 %, and further preferably 87 % or more and not more

than 100 %$. By adjusting the reaction temperature and reflux
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nunber of 26 mmol /kg. Material properties of each of

the resulting nelt pol ycondensed pol yet hyl ene

terepht hal ate, solid phase pol ycondensed pol yet hyl ene

t erepht hal ate and nol ded preform are shown in Tabl es

1 and 2. [Conparative Exanple 2] A

pol ycondensation reaction was carried out in the sane

manner as in Exanple 1, except that .in Exanple 1,.the.
rafkp b § 4RO B ot ehsetdfgr 8fmé§léh§§§%al%catlon

273.5C and that the nelt pol ycondensation tenperature
reggslehanyedicorereidde thserahit wsbt diltt ngeweipal carboxyl

pol ycondensed pol yet hyl ene terepht hal ate having an |V
numgihe D of 544 whlyetamd ene eeraralthedeiexybtainbdrbioftheg7nelt

mol / kg. Material properties of each of the resulting
poTgtdn@oh yconsie read tpony et hykeneticer epbtbalcatdd,t isol ranges

phase pol ycondensed pol yet hyl ene t erepht hal at e and
ardDlded pref or phar e rfhowisid Fabkesityangh@. rlftxappbeibly

5] In a conplete m xing reactor ere 450
inPALL Se by, MBSS J Ly &Y el Age PESnANU thhoptoierdib eldly | ang,

terepht hal ate ol i goner retained, a slurry prepared by

m xi Fﬁg? §§!§§%f%cd cébQ%%c%QE%Q@gﬁ,gﬂlgéggiPP%&éyion

tere i c aci an arts by nmass per unit hour

of_ et hyl ene.glyco s- conti puousl it Lrring

re g S U ogAT s b pRe ot et T on Reopbhetd of
274. 5C under at nospheric_pressure. esterifjcation

tefdiitioh ag T BlecE FBrL S8 neB o al o1 cOP MRS P
time wwthin the reactor .of 4 hours while distilli

pobfe et JeAePaEeC T itﬁlltsh%t}ég%%??fqec?ﬁﬂh&?% Pgﬂgomer
and et hyl ene gl ycol outside the reactor. At this

is mundermhlat 160 dsteridi E@micoORTEAPERPAY B PR ¢ He d8meand
manner as in Exanple 1 was 98 % or nore, and a degree

mogpf potyEerhkat foamof tire ¥b nekhetdyhehene terephthalate
terepht hal ate ol i goner was from about 5 to 9.

ol A5@uqar ¢ist dynerhstn ofhe hEorthiyi rnecteeephihatraoe reaction
ol i goner obtained in this esterification reaction was

st Spldcessh yedyert t anSkeer {edo ianpol scpoliyoeatensatliiguid phase
reaction tank, and 4 parts by mass per unit hour of

pol{eo 1M easal ystepol urhen pas vaeepaned onn degree of the
Referential Exanple | was charged as a

et PPl ¥EOondensatinan s¢at 3k Ygbnt hefi BOzodtrolled by properly
pol ycondensati on reaction was carried out in a nolten

ac Pl e WhiL e %@?@b@gn{gﬂ%&?ﬂ%ﬂ@l”gi;%@?}’@ét’é@lﬁ@li@eacid

eaction pressuré w thin the pol ycondensation

mo#%@%&hﬂﬂnt@Q%eﬂﬁfgzgtéggaFgaégigﬂ'jﬁﬁip E%%b%,ﬁﬂgssure

nmovi ng water generated I n the polycondensati on

eaction and. .et hyl cql ,.out.si_de _
and oREusRashot i  CACTTBY Chh L Ar S, Fage of ester
._residence tinme within the polycondensation,reaction
1] R Ging o6 Tt BESRTHER CBP Y EPE THA TRA G B “3Rge of
product within the pol ycondensati on reaction tank was
thipntg Hublly Saried d e strlafPsat & 5 r Gmvaaced, the
di scharge section, cooled with water and then cut to
inobimé e gr bpedatt poryet hgt epeseebephiharagechagi rcalater
size of about 3 mm This nelt pol ycondensed
1igol y epihydenecl erepidhadaten haden 1V of 0.492 dL/g
and a term nal carboxyl number of 17 mmol/kg. This
nmel t pol ycondensed pol yet hyl ene terephthal ate was

(Liguid phase polycondensation step)
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crystallized under circulation of nitrogen at 160C
for 5 hours and dried. Subsequently, the crystallized
pol yet hyl ene terephthal ate was charged in a tunbler
type solid phase pol ycondensati on devi ce and
subjected to a solid phase pol ycondensati on reaction
under a reduced pressure of 0.13 kPa at 225C for 27
hour pot assi um acet ate aqu s _sol.ution. was_added
U oSt 1. ORSERnyhRae For EpRORaratE: 6] S‘?epr the
sprayi ng such that a potassi um atom content in
ethypl 2% hylsifP ireHthaPat 8°Wes sOBpAT "FHergaf t'té‘re “ester-
drying was carried out to obtain solid phase
if ot ybonderseid Pol ety e pe Livacsstsnraicatie. tirepeaseres of
a prefoLm nol ded article was nolded in the sane
therafioeegasngnpBlaaphaebsation caAmliystr iupgirc heating at a
viscosity, a term nal carboxyl nunber, a Ti atom
t et £nlire @ P aahefttagt gnint aKpatl gactgikest tandpbthelate
mat eri al properties of each of a series of nelt

or PAlgHeondensed-ppl yethyt gne 4 i iatieraRdmgelkhbdure of
phase pol ycondensed pol yet hyl ene terepht hal ate and

polg%%&%ﬁepﬁg 1[(;% r}toé@" h%u-gﬁqf?frgamaﬁgo 2‘to [2%)@3619' t?nder

ycondensation reaction was carried’ out
[ a r as a C hat,;n 1v—
2 e S PR o Ficaty ontr ona o B et Spire POLY

an ed to 73 5C, thereby ai
g RS E b1 VB 11 - et opiinal e M 47 /<7

9 and a termna rbox
an RS TG t%ml%ﬁ o e chartr et e
resulting melt condensed olyethylene
POREG I At @ £ %%ﬁ%ﬁ%§§3 'ﬁﬁ%ondensed pol yet hyl ene
tere hthalate and nol ded preform are shown in Tables
@ Limdghpire sg PolycondgnsgijoongéiPatifgn e carried
reactlon was carried out in the sane manner as in
ocutbianp| eiBglexaspt orhagy i Beawpled sutigigvidedly in plural
esterification reaction tenperature was changed to
tar#3. 0€ort lkeeraipy eobtvhieni ngemilitiupdl pbendensésicondensation
pol yet hyl ene terephthal ate having an 1V of 0.483 dL/g
stegndia teymmial catbexyl cwunmsernges, 22 mopbkgcondensation
Mat eri al properties of each of the resulting nelt
redied gondeasetr poliethy Eene- + ps@phithahdte, a sohnidd tpbasehat
pol ycondensed pol yet hyl ene terepht hal ate and nol ded

thé)rr%fa%rt'l"d’i‘lr eapawa iR Tablaso sand 2. 2bb@mhe }_gl'eferably
A pO ycondensat| on reaction was carried Out in the

%@%ﬂ@%@o‘a?l LRqBxpli8, o, r £XGERE &JlaetséﬁeE{%”EIrSm 100

e esterl cation reaction tenperature was

to ? c’onabr%s%edt%lgﬁ e’% E?Fﬁ% ohtajpLng el bol condensa’\cllon

ene terephthalate having an

4 d nd ate al b XY f
rearﬁ;cowrkm Ei\/étlg? asfe%?%p iﬁessg“ egcé o"pypﬁe F%‘su%ﬁdmlon
mel t polycondensed polyethylene t er epht hal at e,
thathaskepdlSASriRehse8™BBT §EERTI érfe f%‘?répﬁ@%al%ﬁe?’éﬁd: and

nol ded preformare shown in Tables 1 and 2. [Exanple
prefjerably from 270 to 230°C and that the reaction pressure

&o %%nerateg by the

is usually from 1,000 to 10 Pa, and preferably from 500 to 3_0
Pa. By properly adjusting the polycondensation reaction

temperature, polycondensation reaction  pressure and
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A pol ycondensation reaction was carried out in the

sane nmanner as in Exanple 5, except that in Exanple

5, the esterification reaction tenperature was

changed to 273.5C and that the nelt pol ycondensation

tenperature was changed to 277.5C, thereby obtaining

nmel t “ pol ycondensed pol yet hyl ene terepht hal ate havi ng

an IV of 0.520 dL/g and a term nal carboxyl nunmber of
polgcArgENRL1INAIES A1y bpert it ortebepiofvipkesity of the

resulting nelt pol ycondensed pol yet hyl ene
regelephghakateposgbbdcphase poliyethsgersedtpokpbthylene is

t erepht hal ate and nol ded prefoimare shown in Tables
codtandlad [&xamy esclOfand 1#}thin thd nfXadmpliedd, range.

t he anmount of spraying of the potassium acetate

In@gHeAYSs 189! Uth O MRS IChARGRE 80 @S IR RNkt ep
t he potassium atom content in the polyethylene

1 s L oFEPOL DA a1, @5 SROWA -i\no T8bl 812 e AN I NGIRRT beEFerably
rying was carried out to obtain solid phase
noPRYLONGENS %ﬁo%&%&%?é’ | £n& 1 qepht Q%}@% SPencMUG Bi<hin
properties Of each o tTe resﬁitlng el t
ol ycondensed pol yet hyl ene terephthal.ates, sqlid
£nBhadko pEry COhtONLEY pot YEE TSP ene THHepht hal AB6¢=kRELene
nol ded preforns_are shown in Tables 1 and 2. ,
tef@%ﬁbf‘gﬁtﬁf%a’eﬁﬁms maDUPEICrF Yelglng suf GrFeeind
acet at e aqueous solution or a cesium acetate aqueous
PO LPFORABAS WakClised-F hEtead of using the potassium
acet at e aqueous sol ution, the anmount of spraying was
chanffed spobdcthvhene atoaspbibplahe apkbRin@gfonin this
content in the polyethylene terephthalate as shown in
poTabbedensandon tHmedfst espaddyi ngohasd warké ektomding in a
obtain solid phase pol ycondensed pol yet hyl ene
molesephttadlcat @sd Miteay | alit priopepbiesnofgmaciiaf thbipped)
resulting nelt pol ycondensed pol yet hyl ene
poleseiphl bad attesrergalial phase potycondensedsary that the
pol yet hyl ene terephthal ates and nol ded preforns are
reShowing N Jablesh¢land 2cef&pRppLabtye Exanphke 3intrinsic
A pol ycondensation reaction was carried out in the
viSEHE: FRMECASdShIRAMR @ oliheXegRyet Hatsidh Xamke 0.53
1, the conditions were changed as follows. The

oL S SO0 BR5 011 RSS2 O] g hng

r ' r,of t at t Lt a
o O S RERY 4 o Er YL TE A Ro e FRere
hhni hou% of a1l %)b¥'nass er ma, iun1dioxideQ§IQ¥l e, .
P %P?fc%?es ftit Fon “and 1 %par t7 by Hhss’ pet unit ot o
an et hyl ene_ gl ycol solution of phosphoric acid .5 Y
rare Lo 8 ot 0P 82 HoCBROFLE SRR Aoy e paToe T
charged. Furthernore, the nmelt pol ycondensati on
CoF ettt e tRasenaReR 513?1021727 5© t6 WYl Ogg- When the
thereby obtaining nelt pol ycondensed pol yet hyl ene
inteiepht halsmes taviisglaas | Vhat D lsverdiigiamE &his range,
term nal carboxyl nunber of 26 mml/kg. Finally, the
theot i ik plrasedal pcohdenstbabndedsrat idord oo wler22QCof a
for 23 hours instead of carrying out it at 225C for
chiZ/ besnss bat ehical ipcoRe teesvefamasho df thBepolyethylene
resulting nmelt pol ycondensed pol yet hyl ene

te%@é@ﬁ?&f@&@%ﬁp@f ¢ PRaSR P yeandensetprlaidvil angrep,

ere-
or a problem that the time of the solid phase polycondensation
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pht hal ate and nol ded preformare shown in Tables 1

and 2. Table 1 Kind of catalyst Melt pol ycondensed

pol yet hyl'ene terephthal ate Solid phase pol ycondensed

pol yet hyl ene terephthal ate
reaction becomes long_, resulting in a reduc_tion in the
p‘roductiﬁity. For that reason, it is preferable that the
intrinsic viécosity of poclyethylene terephthalate is high as
far as possible. But, when the intrinsic visceosity exceeds
an upper limit of the foregoing range, there is caused a probliem
that the acetaldehyde and tricyclic trimer amounts in the
polyethylene terephthalate after the solid phase
polymerization and the polyethyiene terephthalate molded
article are high. .Aiso, 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 foregoing range, the cyclic trimer content is high.

Also, in 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 fluorescent
brightener; a matting agent, an orthochrcocmatic agent, a
defoaming agent, other additives, or the like may be 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, guinoline compounds, anthra-

guinone ccmpounds, and phthalocyanine compounds, an inorganic
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IV (dug) CV (mml/kg) 1V (dug) CV (mmol /kg) Exanple 1
TBVMBP -

blue dye, or other orthochromatic agent can also be added in
a reactor at the manufacturing stage of polyethylené tere-

phthalate.

{Sclid phasé polycondensation step)

In the invention, it is necessary that the polyethylene
terephthalate obtained in the foregoing liguid phase poly-
cpndensation step is further provided for solid phase
polycondensation.) The granular polyethylene terephthalate
to be fed inte the solid phase polycondensaticon step may be
fed into the solid phase polycondensation step after
preliminary crystallization upon heating in advance at a
temperature lower than the temperature in the case where the
solid phase pclycondensation 1is carried out.

This preliminary crystallization step canbe carried out
by heating the granular polyethylene terephthalate in a dried
state atla temperature of usually from 120 to 200°C, and
preferably from 130 to 180°C for from one minute to 4 hours.
Alsc, suchpreliminary 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 atmosphere or
under circulation of such a gas. The heating time is

preferably one minute or more and not more than 20 hours, more
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0.492 17 0.752 Exanple 2 TBMBP i10.489 19 0. 754
Exanpl e '3

preferably 30 minuteé or more and not more than 10 hours, and
most preferably one hour or more and not more than & hours.

It is preferable that.the preliminarily crystallized
polyethylene terephthalate has a degree of crystallization of
from 20 to 50 %. Incidentally, & so-called solid phase
poelycondensation reaction of polyethylene terephthalate does
not proceed by this preliminary crystallization, and the
i'ntrinsic viscosity of the preliminarily crystallized
polyethylene terephthalate is substantially the same as the
intrinsic viscosity of polyethylene terephthalate after the
liquid phase polycondensation. A difference between the
intrinsic viscosity of the preliminarily crystallized
polyetﬁylene teraphthalate and the intrinsic viscosity of the
polyethylene terephthalate before the preliminary crystal-
lization is usually no% more than 0.06 dL/g. With respect to
the degree of crystallization of polyethylene terephthalate,
éince it is recognized that a density in a completely
crystalline state and a density in a completely amorphous state
are 1.501 g/cm® and 1.335 g/cm’®, respectively, the deéree of
c;ystallization can be calculated by measuring a specific
gravity of the resulting polyethylene terephthalate sample by
a density gradient tube, etc.

The sclid phase polycondensation step is composed of at

least one stage, and the reaction temperature is from 180 to

230°C, preferably from 185 to 225°C, and more preferably from
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200 to 2255C. It is desirable that the solid phase poly-
condensation step is carried out in an inert gas atmosphere
of nitrogen, argon or carbon dioxide gas or others under a
condition that a reaction pressure is from 200 kPa to 1 kPa,
preferably from atmospheric pressure to 10 kPa because
oxidation decomposition can be suppressed. A cheap nitrogen
gas is desirable as the inert gas to be used.

The granular polyethylene terephthalate obtained via
such a solid phase polycondensation step may be subjected to
a water treatment as the need arises. This water treatment
is carried out by bringing the granular polyethylené teré—
phthalate into contact with water, steam, a steam-containing
inert gas or steam-containing air.

Tt is necessary that an intrinsic viscosity IV of the
thusobtainedgranﬁlarpolyethyleneterephthalaUaisfromO.?O
to 0.86 dL/g. Ffurthermore, it is preferable that the
polyethylene terephthalate after  the soiid . phase
polycondensation nas a terminal carboxyl number of leés than"
15 mmol/kg. The terminal carboxyl number is more preferably
0 orxmofe and less than 15 mmol/kg, and further preferably from
5 to 12 mmoli/kg. The manufacturing process of polyethylene
terephthalateincludingthefOregoingesterificationreaction
step; liquid phase polycondensation step and solid phase
polycondensation step can be carried out in any of a batch

system, a semi-continuous system or a continuous system. What
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the intrinsic viscosity of the polyethylene terephthalate
after the solid phase polycondensation is less than 0.70 dL/g
is not preferable because the strength of a polyethylene
terephthalate molded article obtained by melt molding of
‘polyethylene terephthalate may possibly become insufficient,
or whiténing' of the appearance may possibly occur in
applications requiring transparency as in a bottle or the like.
On the other hand, what the intrinsic viscosity exceeds (.86
dL/g is not preferable because a polyethylene terephthalate
molded article may possibly lose toughness and become brittle,
cn:acrystallizationrateméypossiblybecomeslow. Aiso, what
theterminalcarboxylnumbarofthe;miyethyleneterephthalate
after the sclid phase polycondensation is 15 mmo;/kg Cr more
is ﬁot preferable because the c¢yclic trimer content may
possibly increase. In order to reguiate‘thé‘terminal.carboxyl
numberof1ﬂuapolyethyleneterephthalateafterthésolidphase
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 liguid phase polycondensation step and that
the solid phase polycondensation step is carriedout in an inert
gas_atmosphere at a temperature of the foregoing range undexr
a pressure of the foregoing range.'

Incidentally, in the technologies of the present

application, it is preferred to add a compound containing at
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least one atom of sodium, potassium and cesium in polyethylene
terephthalate until it is molded in a concentration of from
2 to 25 ppm in terms of such a metal atom in the polyethylene
terephthalate. Metal salts other than sodium, potassium or
cesium do not substantially have an effect for reducing the
acetaldehyde content. Even if a sodium salt, a potassium salt
or a cesium salt is used, when _the conéentration of such a metal
atom in the polyethylene terephthalate is less than 2 pﬁm, an
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, moiding abnormality such as the
generation of a foreign matter in the polyethylene tere—
phthalate moldéd article occurs. In the usual polyethylene
terephthalate manufacturing process, since the amount of the
metal szlt charged at the time of addition is contained in the
polyethylene terephthalate as it stands, by taking into
consideration this peoint, tThe amount of addition at the time
of manufacture can be calculated such that from 2 to 25 jsysiul
cf the metal atom is contained in the resulting polyethylene
terephthalate. 1In order to contain the foregoing at least one
atom of sodium, potassium and cesium 1in the polyethylene
terephthalate, it is preferred tc 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 azcetate or cesium
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acetate.

As a concrete addition method of such a sodium, potassium
or cesium metal salt, though the metal salt can be added in
any arbitrary step of the polyethylene terephthalate manu-
facturing process, when the metal salit is added at the liguid
phase polycondensation stage, deterioration of the hue of
polyethylene terephthalate oxr a ‘reduction in the poly-
condensation reaction may possibly be generated, and such is
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, amethod of contacting with a metal
salt—-containing solution after the solid phase poly-
condensation étep is preferably enumerated. Furthermore, as
the metal salt-containing solution, though a liguid capable
of dissolving the metal salt therein in an adequate
concentration can be used without limitations, an agueous
sclution is preferable because its sclubility is high and a
selvent 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 sclution of such a metal salt
and the polyethylene terephthalate after completion of the

solid phase polycondensation are charged 1in a processing
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device and brought intc contact with each Aother.
Alternatively, when the continuous system is employed, there
can be enumerated a method in which an agueous solution of such
a metal salt 1is cOntinuously fed countercurrently or
concurrently and brought into contact with the polyethylene
terephthalate, or a method in which the solution is sprayed
ontc the polyethylene terephthalate. Moreover, a method in
which an agueous solution of such a metal salt is adhered,
followed by drying af an adeguate 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 pclycondensation stép, it
is possible to deal with it by =a meéhod of adjusting the
intrinéic viscosity IV after the melt polycondensation and
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
is preferably not more than 8 ppm, and more preferably not more
than 6 ppm. Also, the cyclic trimer content is preferably not

more than 0.38 % by weight, and more preferably not more than
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0.35 % by weight. The '“polyethylene terephthalate” as
referred to herein includes polyethylene terephthalate
immediately after contacting with the foregeing metal
salt—containing solution and a polyethylene  tere-
phthalate-made molded article obtained by a later injection

molding method or other method, too.

(Others)

Thus, the polyethylene terephthalate obtained by the
manufacturing method 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 is preferable that the
polyethylene terephthalate 1s thoroughly dried before
manufacturing a molded 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.

.AtesttubewlikenmldedarticlehavingEulouterdiametér
of 28 mm, an inner diametfer of 19 mm, a2 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 300°C. Its detailed shape is agenerallyhollow cylindrical

shape, one end of which is closed in a substantially
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hemispherical shape. It 1is alsc possiblie to reguiate the
acetaldehyde content and the cyclic trimer content in the test
tube—like‘mqlded article at less than 13 ppm and not more than
0.40 % by weight, respectively. This is the same level as in
a molded article of polyethylene terephthalate obtained under
an optimum condition by using a conventional germanium
compound.

In the light of the above, according to the invention,
it is possible to ménufacture 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 compqund 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 Atereﬂ
phthalate resulting from using a germanium compound as & poly-
condensation catalyst. This fact is greatly meaningful in

industry.

(Examples)

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

(1) Intrinsic viscosity (IV):
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0.6 g of a polyethylene terephthalate sample was
dissoclved under heating in 50 cc of o-chlorophenol and then
once cooled, thereby obtaining an o-chlorophenol solution of
polyethylene terephthalate. An intrinsic wviscosity was
calculated from a solution viscosity of the subject solution
as measured under a temperature condition of 35°C by using an
Ubbelohde’s wviscometer.

{2) Terminal carboxyi number {CV)

A polyethylene terephthalate sample was pulverized and
precisely weighed, and then dissolved in benzyl alcohol,
followed by neutralization titration 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 (AA) content:

A polyethylene terephthalate sample was freeze
pulverized, charged in a vial and held at 150°C for 60 minutes.
Thereafter, a gas in the vial was analyzed by Hitachi’s head
space gas chromatography, thereby calculating an AA content.-
(4} Analysis of concentrations of containgd metal atom and
phosphorus atom:

A,driecipolycondensation.catalyst slurry sample was set
in a scanning electron microscope {SEM, S570 Model of Hitachi
InstrumentsSérviceCo.,Ltd.). The sample was quantitatively

analyzed by an energy dispersive X-ray micro analyzer (XMA,



Sol i d phase pol ycondensed pol yet hyl ene terephthal ate
Al kali netal (Kind) Mlded preform Ti (PPrn) P (PPm
Cont ent

Horiba’s EMAX-7000 Model)_ connected to SEM, thereby
calculating a titanium atom concentration and a phosphorus
atom concentration in the polycoﬁdensation catalyst sample.

With respect to a catalyst metal concentration in
polyethylene terephthalate, a granular sample was heat melted
on an aluminum plate, from which was then prepared a molded
article having a plane by a compressicn press, and the molded
article was gquantitatively analyzed by a fluorescent X-ray
device (3270E Model of Rigaku Denki Kogyo Co., Ltd.).
(5) Cyclic trimer (Cy-3) content:

A polyethyvlene terephthalate sample was pulverized by
a pulverizer, a fixed amount of which was then weighed, and
the weighed sample was once cooled with a small amount of a
hexaflucroisopropancl/chloroform mixed sclution and diluted
with chloroform in a fixed concentration {50 g/L). Thereaftier,
this solution was subjected to gel permeation chroﬁatography
(GPC, Waters’ ALC/GPC 244 Model), thereby detecting peaks of
components appearing in a low melecular weight region. On the
oﬁher hand, a cyclic trimer (Cy-3) in polyethylene tere-
phthalaté was quantitated on the basis of a calibration curve
determined from a standard sample cf the Cy—3;
(6) Polymerization degree of cligomer:

A sample of an esterification.reaction product obtainéd
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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et al. [Anal. Chim. Acta, 22, page 363 (1960)]. Next, the
sample of the esterification reaction product was dissolved
in hexafluoroiscpropanol, and this solution was quantitated
for the amount of a hydroxyl terminal group by using Be-NMR.
Furthermore, a number average molecular weight was determined
from the both amounts of a hydroxyl terminal group and reduced
into a polymerization degree.
(7) Analysis of alkali metal atom content in polyethylene
terephthalate:

A polyethylene terephthalate sample was formed into a
1 % by weight o-chloroform solution, to which was then added
‘a twice amount of a 0.5 % by mole hydrochloric acid agueous
solution, followed by shaking and extraction. A solution of
the resulting aqueous phase was analyzed and guantitated by
a Z-2300 Model atomic abscrption photometer of Hitachi
High-Technologies 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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to as “TBT/EG solution”. As a result of measuring a titanium
concentration in this TBT/EG solution by using a fluorescent
- X~ray, the titanium content was found to be 1.0 % by weight.

Furthermore, in a separate catalyst preparation tank
equipped with a stirrer, a nitrogen circulation conduit and
a heating unit, 17.57 parts by-weight of ethylene glycol was
charged and heated to 120°C while stirring, to which was added
0.147 parts by weight of mono-n—butyl phosphate. The contents
were mixed for dissolution under heating while stirring. In
the subject catalyét preparation tank, the whole of the
previously prepared TBT/EG sclution was gradually added.
Thereafter, the mixture was stirred and kept at a temperature
of 120°C for one hour, thereby completing a reaction between
thé titanium compound and the phosphorus compound. The
subject ﬁeaction product was present as a fine deposit in a
cloudy stéte. This soiution is hereinafter referred to as
“TBMBP catalyst solution”. 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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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
in the esterification reaction and ethylene glycol outside the
reactor. At this time, a rate of esterification calculated
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 thereinto. 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 €0 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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polycondensation reaction tank was continuously extruded in
a strand state from a discharge sec'tion, cooled with water and
then cut to obtain granular polyethylene terephthalate having
a size of about 3 mm. This polyethylene terephthalate (melt
polycondensed polyethylene terephthalate) had an IV of 0.492
dL/g and a terminal carboxyl number of 17 mmol/kg.

This melt polycondensed polyethylene terephthalate was
crystallized under circulation of nitrogen at 160°C for 5 hours
and dried. Subsequently, the c;ystallized polyethylene
térephthalate was charged in a tumbler type solid phase
polycozﬁdensation device and subjected to a solid phase
p_olycondensation reaction under a reduced pressure of 0.13 kPa
at 225°C for 27  hours. By using this polyethylene
terephthalate. after completion of the solid phase poly-
condensation {solid phase polycondensed polyethylene tere-
phthalate’) , a preform molded article was molded in the
following method.

5 kg of the polyethylene terephthalate was dried by using
a plate type dryer for 5 hours or mere 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
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 melding machine

(FN-2000 Model, manufactured by Nissei Plastic Industrial Co.,
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Ltd.) at a cylinder temperature of 300°C and at screw revolution
number of 160 rpm for a primary pressure time of 3.0 seconds
at a die temperature of 10°C for a cycle of 30 seconds. In
view of the matter that a bottle is obtainable by blow molding
this test tube-like molded article, this test tube-1like molded
article is referred to as “molded preform”.

An intrinsic visceosity, a terminal carboxyl number, a
Ti atom content, a P atom content, a K atom content and other
material properties of each of a series of polyethylene
terephthalates {melt ©polycondensed poilyethylene tere-
phthalate and sol.id phase poilycondensed polyethylene
terephthalate) and molded preform are shown in Tables 1 and
2.

[Example 2]

A polycondensation reacticn was carried out in the same
manner as in Example 1, except that in Example 1, the
esterification reaction temperature was changed to 273.3°C,
thereby obtaining melt polycondensed polyethylene -tere—.
phthalate having an IV of 0.48% diL/g and a terminal carboxyl
number of 19 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 3]

A polycondensation reaction was carried out in the same
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manner as in Example 1, except that in Example 1, the
esterification reaction temperature was changed to 273.0°C,
thereby obtaining melt polycondensed polyeéhylene tere-
phthalate having an IV of 0;483 dL/g and a terminal carboxyl
number of 22 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 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 polycondensation temperature was changed to
277.5°C, thereby obtaining melt polycondensed polyethylene
térephthalatehavinganEVcﬂf0-520dL/gandaterminalcarboxyl
number of 18 mmol/kg. Material properties of each of the
resulting melt polycondensed polyethylene térephthalate,
solid phase polycondenséd polyethyleﬂe terephthalate énd
molded preform are shown in Tables 1 and Z.

{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 0.481 di/g and a terminal carboxyl
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number of 26 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.

[Comparative Example 2]

A polycondensation reaction was carried out in the same
manner as in Example 1, except that in Example 1, the
esterifiﬁationreactiontémperaturewaschangedtx>273.5%2and
that the melt polycondensation temperature was changed to
278.3°C, thereby obtaining melt polycondensed polyethylene
terephthalate havingan IVof 0.544 dL/g and a terminal carboxyl
number of 17 mmol/kg. Material properties of each of the
resulting melt polycondensed polyethylene terephthalate,
solid phase polycondensed pclyethylene terephthalate and
molded preform are shown in Tables 1 and Z.

[Example 5]

.In a complete mixing reactor where 450 parts by mass in
average per unit hour of an ethylene terephthalate ocligomer
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 estérification
reaction was completed for a theoretical residence time within

the reactor of 4 hours while distilling off water generated
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in ‘the esterification reaction and ethylene glycol outside the
reactor. At this time, a rate of esterification calculated
in the same manner as in Example 1 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 thereinto. 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 pclycondensation reaction tank was
180 minutes. Thereafter, the ﬁ:eaction product within the
polycondensation reaction tank was continucusly extruded in
a strand state from a discharge section, cooled with water and
then cut to obtain granular polg./ethylene terephthalate having
a size of about 3 mm. Thislmelt polycondensed polyethylene
terephthalate had an IV of 0.492 dL/g and a terminal carboxyl
number of 17 mmol/kg.

This melt polycondensed polyethylene terephthalate was
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crystallized under circulation of nitrogen at 160°C for 5 hours
and dried. Subsequently, the crystallized polyethylene
terephthalate was charged in a tumbler type solid phase
polycondensation device and subjected to a solid phase
polycondensation reaction under a reduced pressure of 0.13 kPa
at 225°C for 27 hours. A potassium acetate aqueous solution
was added in the resulting polyethylene terephthalate by
spraying such that a potassium atom content in the polyethylene
terephthalate was 8 ppm. Thereafter, qrying 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
Ti atom content, a P atom content, a K atem conterit and other
material properties of each of a series of melt polycondensed
polyethylene terephthalate and solid phase polycondensed
polyethylene terephthalate‘and molded preform are shown in
Tables 1 and 2.

[Example 6]

A polycondensation reaction 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 c¢btaining melt polycondensed polyethyiene 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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resulting melt polycondensed polyethylene terephthalate,
solid phase polycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and 2.

[Example 7]

A polycondensation reaction was carried out in the same
mannher as in Example 5, except that in Example 3, the
esterification reaction temperature was changed to 273.0°C,
thereby obtaining melt polycondensed polyethylene tere-
phthalate having an IV of 0.483 dL/g and a terminal carboxyl
number of 22 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 8]

A polycondensation reaction was carried out in the séme
manner as in Example 5, except that in Example 5, the
esterification reaction temperature was changed to 274.9°C,
thereby obtaining melt polycondensed polyethylene tere-
phthalate having'an IV of 0.4%94 dL/g and a terminal carboxyl
number of 15 mmol/kg. Material properties of each of the
resulting melt polycondenséci polvethylene terephthalate,
solid phase polycondensed polyethylene terephthalate and
molded preform are shown in Tables 1 and 2.

[Example §]

A polycondensation reaction was carried out in the same
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manner as in Example 5, except that in Example 5, the

esterification reaction temperature was changed to 273.5°C and
that the melt polycondensation temperature was changed to
277.5°C, thereby obtaining melt polycondensed polyethylene
terephthalate having an IV of 0.520dL/g and a terminal carboxyl
number of 18 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.

[Examples 10 and 11]

In Example 9, the amount of spraying of the potassium
acetate aqueous solution was changed so as to have a vaiue of
the potassium atom content in the polyethylene terephthalate
as shown in Table 2, and thereafter, drying was cafried out
to obtain "solid phase polycondensed polyethylene te;e—
_phthalates. Materialproperties(ﬂfeadnoftherésultingn@lt
polycondensed polvethylene terephthalates, solid phase poly-
condensedﬁolyethyleneterephthalatesandnwldedpreformsare
shown in Tables 1 and 2.

[Examples 12 and 13]

In Example 9, a sodium acetate aqueous sclution or a
cesium acetate agueous éolution.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
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polyethylene terephthalates and molded preforms are shown in
Tables 1 and 2. |

[Comparative Example 3]

A polycondensation reaction was carried out in the same
manner as in Example 1, except that in Example 1, the conditionsr
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 germanium dioxide/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
phoesphorus concer_lt.ration) 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 0.510dL/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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) O 0 RiOP,.PORC) 0 00 [In the foregoing
general folLnul a (I) Rl represents an aIkyI gr oup
havi ng. fron12 to 12 carbon atons.] -

CLAIMS

1. A manufacturing method of polyethylene terephthalate
including a step of carrying out melt polycondensation by usiﬁg
- a compound represented by the following general formula (1)
as a polycondensatiocn catalyst to cbtain melt polycondensed
polyethylene terephthalate having an 1ntr1n31c v1sc081ty of
from 0.48 to 0.53 di/g and a terminal carboxyl number of from
14 to 22 mmol/kyg; and a step of further sclid phase
polycondensing ~the melt polycondensed polyethylene
terephthalate to obtain solild phase polycondensed poly-—
ethylene terephthalate having an intrinsic viscosity of from

0.70 to 0.86 d_L/'g:

O
/ \‘Pu—-—-—-
Rlo P\ /Tl\ ORI
R |
O O

(I)

wherein R;represents an alkyl group having from 2 to 12 carbon
atome, and 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.

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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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
_,e_sterification re‘actién 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

esterification reaction temperature in the esterification

reaction step is from 250 to 279°C.

5. The manufactrur_ing method of polyethylene terephthalate
acdording.to claim i, whe‘re.in t+he step of melt polycondensation
includes an estefification reaction step, and a degrée of
polymerization ‘of an ethylene tere-ph‘thalate oligomer obtained

in the esterification reaction step is from 3 to 1Z2.

6. The marmufact*urin'g method of polyethylene terephthalate
according to clai_m 1, wherein the step of melt polycondensation
includes an esteiification react_ion step using ethylené glycol
and terephthalic acid as starting materials, and an ethylene
glycol/terephthalic acid molar ratio used in the

esterification reaction step is from 1.2 to 1.8.
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7. The manufacturing method of polyethylene-terephthalate
according to claim 1, wherein a titanium atom content in
_ the solid phase polycondensed polyethylene terephthalate 1is

from 5 te 25 ppm.

8. The manufacturing method of polyethylene terephthalate
" according to claim 1, wherein in containing at. least one atom
selected from the group consisting of sodium, potassium and
cesjium in the soiid phase.polycondensed_polyethylene tere-
phthaléte, at least one metal salt selected from group
consisting of acetates, carbonates and sulfates is added in an
arbitrary step of the polyethylene terephthalate manu-

facturing process.

' 9 The manufacturing method of polyethylene terephthalate

according to claim 1, wherein in containing at least one atom
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selected from the group consisting of sodium, potassium,and
cesium in the solid phase polycondensed polyethylene tere-
phthalate, an aqueous solutionfdf.a salt containing that atom
is Erought into contact with the solid phase polycondensed

polyethylene terephthalate.
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ABSTRACT

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

The _prpblem of the invention can be sclved by a
manufacturing method of polyethylene terephthalate including
a step of carrying out melt polycondensation by using a compound
'represented by the fecllowing general formula (I). as a
polycondensation catalyst to obtain melt polycondensed
polyethyle.ne terephthalate having an intrinsic viscosity of
from 0.48 to 0.53 di./g and a terminal ca_rboxyl number of from
14 te 22 mmol/kg; and a step of further solid phase
polycondensing the melt polycondensed polyethylene
terephthalate toc obtain solid phase polycondensed poly-
ethylene terephthalate having an intrinsic viscosity of f.rom

0.70 to 0.86 dL/g.

-
0 ' O
[In the foregoing general formula (I}, R; represents an alkyl

group having. from 2 fto 12 carbon atoms.]
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