1 11461 5SPECI FI CATI ON POLYCONDENSATI ON CATALYST FOR PRODUCI NG POLYESTER
AND METHOD FOR PRCDUCI NG POLYESTER USI NG THE SAME 10 Technical Field

The present invention relates to a pol ycondensation catal yst for producing
pol yesters, a nethod for producing such a catalyst, polyesters obtained
usi ng such a pol ycondensati on catal yst as well as a nethod for 15 producing
pol yesters using such a polycondensation catal yst. Background Ant461

Pol yesters typified by polyethyl ene terephthal ate, pol ybutyl ene 20

t erepht hal ate and pol yet hyl ene napht hal ate excel in nechanical and chem cal
properties, and are used in a wide variety of fields including fibers for
clothes and industrial materials, filns or sheets for packaging nmaterials
or nmagnetic tapes, bottles, which are hollow nol ded articles, casings of

el ectsic or electronic appliancepE@mel©ihennt ypes of nol ded 25articles or
conponents. Certain representative polyesters, nanely, polyesters
conposed of aromatic dicarboxylic acid conponents and al kyl ene gl ycol
conponent s RYIIEIONITRASIATMENIGATAVERTaBOROP e HYICang: reiephtralpat e, are

duced by first ' bi s(2- hyd t hy DX ht hal at BHET d
o1 - gorer s $NISMEITRD e BRAD U Be: Slel ¥ BB L NG A Fori Bl woen

terephthalic acid and et hyl ene glycol or transesterification of dinethyl
terepht hal ate and et hyl ene glycol, and then subjecting themto

nel t 1Bol ykeshatrddfiebh i n vacuo at high tenperatures in the presence of a
pol ycondensati on catal yst. As such a pol ycondensati on catal yst for
produci ng pol yesters, 35 antinony trioxide is heretofore w dely known.

- Antinmony trioxilde presgntangentbypselalesdh 4 solywexdensitien aatalyst 661 excel | ent

catal yf[ i cbl@&hbl\ﬂgt Yol ng?ﬁ’mia{}rmﬁ)rgﬁr@&h?%sﬁgﬁ ‘a Ezﬂ:%lfg%age}ﬁ’s}:mt i mony
metal is precipitateéd during polycondensation of raw natetial’s for
pol yest erobtaigvedbysimeks weh #irely @sulenisatiopolatebitsdrasdarckered methodhierr esul ting

pol yest efy b 3ubory pUiyARE &Y RoithtRch FbARRUBREANEE S atalyst.
Background Art

Polyesters typified by polyethylene terephthalate, polybutylene
20  terephthalate and polyethylene naphthalate excel in mechanical and
chemical properties, and are used in a wide variety of fields including
fibers for clothes and industrial materials, films or sheets for packaging
materials or magnetic tapes, bottles, which are hollow molded articles,
casings of electric or electronic appliances, and other types of molded
25  articles or components.

Certain representative polyesters, namely, polyesters composed of
aromatic dicarboxylic acid components and alkylene glycol components as
major constituents, such as polyethylene terephthalate, are produced by
first preparing bis(2-hydroxyethyl)terephthalate (BHET) and oligomers

30  containing the same by an esterification reaction between terephthalic
acid and ethylene glycol or transesterification of dimethyl terephthalate
and ethylene glycol, and then subjecting them to melt-polycondensation in
vacuo at high temperatures in the presence of a polycondensation catalyst.

As such a polycondensation catalyst for producing polyesters,

35 antimony trioxide is heretofore widely known. Antimony trioxide is a



Thus, it is known that such an al kali as sodi um hydroxi de or potassium
hydrOX| de is nmade to be present in a r:eactl on systemtogether with a

catal yst in production of polyester so’that coloring of the polyester
obtai ned may be prevented (see a patent literature 1). Also in the case of
an antinmony 10trioxide catalyst, it is known that when it is used together

With a ceftiaiydtarfiiditis ohe sPdidine @zﬁ'ucie 08Bdcd 1At thaliesic hbaviRel Réwkane of
pol yest er. bt ai ned c¢ be | roved 1zeee a. patent literature 2). However, in

recent ydhrds SRImeRYe t ri OxPERIP L. | AEPERY 1T ° 1di 1§ HE6Y) tat&bel opnent  of

a catal ysdufﬁﬁg@omco@ﬂbhgﬁﬂwnhﬁ&ahﬁ&mamw&d polSbderths HEdy maihsdhbon, as
a pol yconden atl on catal yst_for_ producing gol yesters hy ester int er change

of di met HyFUtiarepRbYRATat daakened Hy Erter iy ar, Palnesierdf soprapbsEad for
exanpbe, gthcRleiznt ARftantsge a patent literature 3), and tetraal koxy
titanium (see a patent literature 4). In recent years, it is proposed to

use as a pol ycdidenstals oo eatArystcinas glkall op safiwm kodnpeidad®r20whi ch i s

obt ai ned faya bW eHoh YioRg i snaaaltyma@%ééiﬁ il @eatat;o%n Jlé%ﬁl' thpxirde i@ obt ai n
hydr oxi des of titanium and then heating the hydroxi des at a tenperature of

30- 350C taoC%féhgﬁ&ﬂatpécéh@tlmyf Phk eskareso( cra@trerrﬁ of theepayeistes ostean@lda) The
titani umgat e&;s%é‘feﬁéd(iséecg 9@&1@1 stﬁgvlsl éé@ﬂ%tl’?ea o2 b B

pol yneri zation activity, on the other han yesters %t al ned
. usi néosuéhloeii%mtaiﬁ%attawylsn@vmiﬂeaﬁ ohed it & beedc‘mg@ﬂe@t yaihl opertaind have

probl ens ., 4fiads stoﬁ?meaJx‘i‘ é%ﬂﬁ'dé(n degr.ated A0 691 oF Eglﬁ\ggt%@ oSN gr e

nel t - nol ded, as wel ey are m?erlor to transpare I'n or
- sol ve su@hHMWe’éésmﬂma@ﬁ@dhm@we 2. cdH ol grstr, vmlredfemtsrestmtatsal ned by

addi ng an,; ?ﬂH&g’Jﬁﬁ)ﬁldgtl'squ Qient%ﬁ 138'1%15 etdre@gﬂ)p% CL faangat% s%q'%l ngfs

solution o roxi e SI aneously to an aq jueous sl urr
particl estndfmensbhé debasaevastm‘h as magnesi um hydr oxi de or hydr ot aI cite to

hydreokyze tit ra |detof f. of .titanic acid on
the ST aces oMb fsaaLoP ot Ra Threfi8or BN Lha PG  hat on
literat umeh@ﬁ?@rs Hﬁbevﬂveur;teat:lsmgemﬁdlmephpldmépm:ﬂatqomh@/eﬁtﬁme glsicoly such a

catal yst ., the esters _obt d ve h WhICh tl|]: _be inproved.
I'n additi'Bh° %ee%mﬁ’o¥yct§:o%aer§§5}pq iy‘é(nitéfarniagﬁ (& & 2A baﬁaf r?p@r ature and
under a madmerhapk@e,sunen1urh (b i@umechttlhnatrahhe ol )Iﬁ&feéénff prareditiia part
degr ades b gg reacti onsé‘po al bl A due to the c é st used. SEPat ent
literat urpe ORI 3 PAY PPAERIALYT £ ﬁfraes%]i a}i;l FOFPPYRL [ Pat ent
[itee@t umchidh is) b Bri D46 -H3I 301 o Radi en t]lﬂatrﬁﬁﬂlt hgled 4 br R A48 HKQQR e[ Bat ent
liter aturﬁ }1 JP- A- éfOl 6t4377 10[11 g g liter atur}e ‘?] ‘%@A_ 2001414885
[Patent PP driraxifies pA s A BB 188587 Bl Tgs el Bt TR HEES HvBnt i on Probl ens
to be Solky@gehptuirbiof BOVEITWKON dehydrate and dry the same (see patent
literatures 5 and 6).
The titanium catalysts as described above have in many cases a high
25 polymerization activity, but on the other hand, the polyesters obtained using
such titanium catalysts are found to be colored yellow, and have problems in
that they are readily degraded and colored when they are melt-molded, as well
as they are inferior to transparency.
In order to solve such problems as mentioned above, a catalyst which is
30 obtained by adding an agueous solution of titanium tetrachloride and an
aqueous solution of sodium hydroxide simultaneously to an aqueous slurry of
particles of a solid base such as magnesium hydroxide or hydrotalcite to
hydrolyze titanium tetrachloride to form a coat layer of titanic acid on the
surfaces of the particles of the solid base is proposed (see a patent literature

35 7). However, also in the production of polyesters using such a catalyst, the



15 The present inventors have made intensive research in order to
sol ve the above nentioned problens in %I ved in the conventi onal

pol ycondensati on catal ysts for produci’hg polyesters, and as a result, they
have reached the present invention. They have obtai ned a 20pol ycondensati on
catal yst by adding an aqueous solution of a titaniumhalide to an aqueous
slurry i poldseb-spaithifeddesa @f hae $QlibK sPASL uak Be dinPREYEd Mhoa difiba! yze the
titani um hal i de in the absence of a water soluble alkali, thereby to form
on the sUFFSLBAVEIndsIsetionds carrigd|ond 2haskich Cauterpriyisranst vptani ¢ acid in
a predet eeahhady £QBE N EN I8l PEHANhe D AR 180 th asepa ke 2@biaye further
found that the use of the catalyst nakers it possible to provide poI yesters
whi ch havédarticgiooreeiladvaer ghe catalashigti-pol yneri zation activity while

i nhi biti ng,degnadal Qe 9fjmwel gggtzqqg fornmed possibly by side reactions due
to the catal yst used, and which have hue remarkably inproved and hardly

suf fer cdPatdniditguetre &}h]epr AaH080dddradat i on during the nelt-nol ding.

Ther ef or qpafetntq&eggltququcjp ng&JgL%S\Aﬁventl on to provide a pol ycondensation
catal yst for producing pol yesters ich exhibit high catalytic activity and
provi de PBRisatiiesatpire i r k4H157 0PApr oved hue al though it contains no
anti mony.plfet5i@ zﬁerlE'B?rJEQQJ %1 F& g4he invention to 35 provide a method
for produ0|ng such a catal yst yesters obtained using 4 such a

. cat alyst [Patratditerathod & ofP- 6rmﬂhg8€fﬁ)l yesters using such a

pol ycondqﬁggetnltqgeggttuq.!ayﬁtJP Neadss-4 9 ? ve the Problenms 5 The

i nvention provides a polycondensation catalyst for producing polyesters by

- an esterlflcatlon reactlon or a transesterification reaction between a

di car boxyl.i.g .agld % ‘?T ar: form ng derivative thereof and a glycol, the
polycondensa ron ca elng obt ai ned by hydrolyzing a 10 water sol uble
tit ani umPeobpoundo bn Sd’leadﬁ@eﬁmelmfelﬁlmt er soluble alkali in an aqueous
sl ur in which particles of a solid base are di spersed, thereby to formon
the surface of the particles of the solid base a coat |ayer of titanic acid
in a content Gfhd porsetintonbidspidtes mhylevieit ghdivi nekedrgh nf odddltoper 100

parts by f the s lid 15The nvent on al so provjides a nethod
For proditiiicrie DeT B aHume Brridara e e ThHouGer T BokYest or o by an
esterifi paljcondeasstibonadilydtt fanpesd eihkigeaidNors eacd ko batipethed

di car boxgl ic acid an ester-for m(gg dgfl S@I‘fve t hereof and a gl ycol, the

met hod c ﬁﬁ?lrgflﬁ%ecﬂ)t/}d? BTG NG I SRkt £i4AtAA €onpound i n t he

abserxe @Blg&:o\ﬂ/ataﬁéaﬁ@ﬁQJalﬂbly%t&%ﬁﬁdldgﬁa@@q@lﬂbﬁ@%hﬁwﬁ bY al itaviueh particles
of a sol bdé}?i se are di spersed, there o.formon the surface. of the

particle IR TE BAFEOBHE raycl&a‘ffilrféyew%eleﬁ iof #nidihbree pre diguntent of
from 0. 1t¢ @y80oIRak tthehlys Bu@ hall et B M Qbsell D2 Pk ak@P sBAIHIE NKaei ght of

the solid base. The invention further provides as a preferred enbodi ment a
ereby to form on the surfaces of particles of solid base a coat layer of

titanic acid in a predetermined content in relation to the solid base. They

25  have further found that the use of the catalyst makers it possible to
provide polyesters which have a high molecular weight at a high
polymerization activity while inhibiting degradation of polyesters formed
possibly by side reactions due to the catalyst used, and which have hue
remarkably improved and hardly suffer coloring due to thermal .

30 degradation during the melt-molding.

Therefore, it is an object of the invention to provide a
polycondensation catalyst for producing polyesters which exhibit high
catalytic activity and provide polyesters with remarkably improved hue
although it contains no antimony. It is a further object of the invention to

35  provide a method for producing such a catalyst, polyesters obtained using



25met hod for produci ng a pol ycondensati on catal yst for produci ng pol yesters
by an esterification reaction or a transesterification reaction between a
di carboxylic acid or an ester-form ng derivative thereof and a glycol, the
met hod conprising hydrolyzing a water soluble titanium conpound in the
absence of a water soluble alkali in an aqueous slurry in which particles

of 30a sehicH Daswinste Gidspersedd foherelycli HOrmRsthensuntrge of the
particles of the solid base a coat layer of titanic acid in a content of

from 0. 1 PP BRISRFREOBCARIYSHt in terns of TiO2 per 100 parts by weight of
the solid base, filtering an aqueous slurry of the thus obtained particles
of the sqlid base having on the surface the coat |ayer of titanic acid to
obt ai n aé&kes tB5olEeshinfreemsake with water and drying the cake to obtain
an aggregate, 5 and disintegrating the aggregate. The invention still
further provides a nmethod for producing polyesters conprising preparing

ol i goners conpriesinggniips ErgHides yap ®yLynés et otaigdy s jodlvgiesar boxyl i ¢

acid by an)askerd B%%%tésg@rirfﬁﬁ@fdnope&rti% of hanafst &blid LaldPRe4&A%E | on of
the aromatic dicar ox%(ld;c acid or an ester-formng derivative thereof and

an al kyl &séwgey cotticaabekstliencidub) e tesher fdreniolgi ¢rpomerigve ghereof and a
mel t - pol yeanqdensatbRfdodhe As {ti Y LEMMEE BLM ﬁ‘fkﬁ Bﬁgu 1 %1 uumin the
pr esence%gf the pgi)%gn _%nssatl(lglgr? c;g?’a'(‘yst %(?ﬂgn I'one %g%%ﬁi/e. y &%ﬂ&adw tion to
- the Hbovevatentspbridd,titandumvenppondpnoihiedalsscacpolfyrewineer sblivdilaedkalsi ng t he
pol ycondepsat L Ly -Fn%ﬂ%-i {L . bt ai ned by the
met hod rrentsdl on‘g‘ge(g%ggiélﬁ%fl ec mg]&? ﬁgcqi?%@gﬁﬁ%glﬁﬁiggé X&shgpf%gé&
- pol ycondéhsathiore fatmby she fsorfgreodudiengaipollyest ehe ackdrdisng taattlager
| nvent! 0ge kR BHERNAL alchaldn OB ALOLY LYo BYGLALY LG Antahel AR P! ©
titani um conmpound’in e absence of a wat 8r Kolrubl e  alPkal i in an aqueous
slurry i AiGhipeh 198r patkdy wkightsol fld: basé base. di spersed when a coat | ayer
of Zpgi tanic afﬂedi ivsenf or map on Otvq(geggrfg%dﬁfo t hredp%rl'{i %I es of the solid
base ” It has besn T AaC Y 08% 2P tReh %% RCEFYS 2unexpect edl y nmakes
it possi bbydoadpnexiide catphisydst eroditialy hasestehs Gy ambecuificatien ght at a
hi gh pol yner.ization activity.while inhibiting degradation. of the polyester
formed. LU oh Shaanehra i e RABR T ingeBietn & diear b bl
ester-forming derivative thereof and a glycol, the method comprising
hydrolyzing a water soluble titanium compound in the absence of a water
20  soluble alkali in an aqueous slurry in which particleé of a solid base are
dispersed, thereby to form on the surface of the particles of the solid base a
coat layer of titanic acid in a content of from 0.1 to 50 parts by weight in
terms of TiO2 per 100 parts by weight of the solid base.
The invention further provides as a preferred embodiment a
25  method for producing a polycondensation catalyst for producing polyesters
by an esterification reaction or a transesterification reaction between a
dicarboxylic acid or an ester-forming derivative thereof and a glycol, the
method comprising hydrolyzing a water soluble titanium compound in the
absence of a water soluble alkali in an aqueous slurry in which particles of
30  a solid base are dispersed, thereby to form on the surface of the particles of
the solid base a coat layer of titanic acid in a content of from 0.1 to 50 parts
by weight in terms of TiO2 per 100 parts by weight of the solid base,
filtering an aqueous slurry of the thus obtained particles of the solid base
having on the surface the coat layer of titanic acid to obtain a cake,

35 washing the cake with water and drying the cake to obtain an aggregate,



25 Enbodinents to Carry Qut the Invention The pol ycondensati on catal yst of
the invention for producing polyesters_by an esterification reaction or a
transesterification reaction 30 betweeh a dicar boxylic acid or an
ester-formng derivative thereof and a glycol is such that it is obtained
by hydrol yzing a water soluble titanium conpound in the absence of a water
sol ubl e aiﬂﬁaﬂisihtbga;@tﬁfguﬂm@g@lelgraw in which particles of a solid base are
di spersed, thereb toformlgp surface of the E%rtlc s .of the solid
base a coat e@ prention still fGesther pravidsscemetbed 397 PFOMURE to 50 parts
by wei ghtpolljﬂestt@iﬂﬁoﬂifpu-@l@ p@@ﬁaﬂa@@ ﬂ@éérﬁe@c%b&mn@hs(ﬁ fihexwalkd base.
Accor di nggto the invention ere are nentioned, as a sor base, oxides or

hydr oxi d&S'OS ndBPRamATE %PFW’H@%%PC“H B PRdiSher 1§10951t0i‘1e"ce)ﬁ°6‘l°nc‘b‘nﬁ05| te

oxi des t hesgafste Pl @deH Ofe REVH HRe amﬁatlcedlamwmza&&%mm 5 thorium
anong ot hers, and conposite oxides thereof. These oxides and conposite

oxi des n&yirefqmning dedvinsve theeepfianthan dkylensugcak andcrdsbnat e.
Accor di ngluy)?] edthes $Rb loﬁgeﬁl%@s%%@&a}b&ycw@&ga@l&mt 'arli’ﬁ'ﬁtﬂe%éﬁ%k'@es

oxi des and hydroxi des_of magnesium calcium strontium barium alum num
and zi nc 2rgnanégaaplighofacsiyen inxhaayeantchytitoxpdsondensridon ketakyghnpl e,
10 rragne%émlgxgg%wg cal cium oxi de, strontium oxide, barium oxide, zinc
oxi de, and a conposite oxi de such as hydrotal cite. Anong these, nagnesium
_ hydr 8%i de and Inyadditidrete thapbopamdwubaed.ytheriefentiod. provides al n t he

i nventio ol}éét@?'fg;r?%fﬁ ‘%ﬁlﬂg t&%&{cﬁ&@&&é&s@@io‘iﬂnﬁﬁlgﬁ Iﬁll%ﬂ?ﬁ%%ﬁtatecﬂm)%y t he

general fornula nnis a nu stying e ¢ondition
- 0 < n s 2ndSyclelestet ahtainadiy tannisshoBtragnddped eboeganpl e, by hydrol ysis
of a certain kind of titanium conpound as described |ater. When the content
of coat |ayer fornmed of titanic acid is less than 0.1 20 part by weight in
terns of Effe@? dfrtheelmteindivit o 100 parts by wei ght of the solid base, the
resujting catalyst has a low catalytic activity so that it fails to provide
hi gh” nol ecul ar wei ght polyesters in a high productivity. Wen the content
of coat | ayer Tlor pelycohdens@moc cacalysi Sompredidiap mlygaet aicbyrdimigght in

terns of R in relatlo 0,1 Y, ight. of the solid e, 25the
reSul ti ngﬁ%ofl§%%iflgfl 18ass“|° El&éd?éﬁggg%lﬁg lHinygﬁ/dg P 7 Saeer c?ﬁé‘?@%e to the
cat al yst tita@dumhédrepbtind Snphedisedce afich Rasehsslubid hlleali tpraeveguedws

ddi t th L ti t ' di | I to t I
et or | or SR Bub PP A EESIh ©o0 4561 Ve SHOBREAR BAC 6 SIYSEYBT Fne

i nvend i onithaiobtai n:eﬁ)rmedwn ok &l rs@ihr Yezd eNGf ﬁle\/\@ﬁﬂ:ﬁd%@blﬂbh@ sb'nitdam.cuam clenmpound
in the agse ce o V\ﬁEa&r sol ublg al kali i an ueous._.sl ur i.n which
Oé‘é’ldu B

particl eS?3f°% e A48 W OtPUpR Astad abyst u‘f éF%ﬂléirIBa Sf“? om5 to

100C, pr gbesiabd yo bromdes pely4Qter @he&ehus bthil@ribRR Ul News ikt pgea afighhe

articles of the solid base oat r of titanic idin a content of
1E)r om 0. 1PP rg@rlﬁaletog zbcs};lw dﬂlﬁ‘? hn]fué)rlﬁ@ tg gradation ofa(‘he polyester

formed, and which has a hue remarkably improved.
25

Embodiments to Carry Out the Invention

The polycondensation catalyst of the invention for producing
polyesters by an esterification reaction or a transesterification reaction
30 between a dicarboxylic acid or an ester-forming derivative thereof and a
glycol is such that it is obtained by hydrolyzing a water soluble titanium
compound in the absence of a water soluble alkali in an agqueous slurry in
which particles of a solid base are dispersed, thereby to form on the surface
of the particles of the solid base a coat layer of titanic acid in a content of

35 from 0.1 to 50 parts by weight in terms of TiO:2 per 100 parts by weight of



35 Ti2 per 100 parts by weight of the solid base. In nore detail, for
exanpl e, the pol ycondensati on catalyst6of the invention is obtained by,
whi | e nmai ntai ning an aqueous slurry of the particles of the solid base at a
tenperature of from5 to 100C, preferably from25 to 40C, adding to the
aqueous slurry of the particles of the solid 5 base an aqueous sol ution of
a water sakuwhlal batani um conpound in an anmount of fromO.1 to 50 parts by

wei ght in ter of Ti r.100 parts by weight of the solid, base, in order
to hydrol yze P:%%C%&f%go%%gﬁﬁb?ge?ﬁpl?ﬁn %C"’o‘r?p’g‘ﬁﬁaloinﬁdt fe aa*if%lbq'ngés%f a wat er
sol ubl e alxkdds or h@lkokSles WSiatgaN@lived esirtdhomebile iatkalihg atheanebyoto forma
coat | ayer of t{tanjc id on the suyrface of 10t he paﬁticles_of the solid
base, filCEHNY %ﬂxgﬁaiﬁage% BFr st alHEBEMi 2 Pesl A RRRE S AT Y AR t hus

obt ai ped thaviuig, amdmeotier§ aged kb peedde d:aMes tRérdoift amhesaekdsoa @bt ain a
cake, washing the cake mﬁtp water and drying to obtain an aggregate, and
di si nt egrcaﬁl??j‘”i%‘éx‘gﬁar"é@é @10 P& substatiHient VRctsald saeams 283 00nate: wat er

sol ubl e tAdcaRiithgdScormanntbadd p AdtcuampiRakides, sUCHhR%itldd Al 4R s oxides
tetrachl oride, salts of inorganic acids such as titaniumsulfate and

titani um3hid pafeexidas 0§ mFznssgam; cakipgs stueniBE. tharanny M oRan weand

titanat es;isscih @S xhilARVY ;ARAR YR 9% aliRlBox AN i%@ﬁge,tfﬁ?%ﬁanghé,ani um
hal i des such as titaniumtetrachl oride are preferred. 20According to the

_ i nveRPi ofRagresiam hydredde. erstuerde, eoantivay oxids harami exidei @itcs for med
on the sukiACe i aRYuhp&difS ot NRISHL WY aPEEReitR PheUSiLEM Ned amount of

aqueous sol ution of a water soluble titanium conpound i's added to an
aqueous dPFRSEIBM hFdryafeiacidebydfotahrite o dapbisalandy wydfolgde the water

sol ubl e ti taniLmieonpaushd Nitde ahseaces plqa W@t Rhnfeaclilbe al kali

thereby to forma coat layer o on the surface of the

parti cl esepteseseddly thepaewreral formulghat is, according to the invention,
addi pg an aqueous sol ution of a .8, .sQiubl e titani um conpound to an
aqueous slurry of the particles of the solid base thereby to hydrolyze the
wat er soMUtHre1n int End wmnclorpeamstying 30e kendbgende< of < &£. witwrh sdltanie al kal i
t her eby : . yer. Qf ti.tan| ] e . surface t he

parti cl etsagb% Q%ﬂ]eb%s(glﬂ%gn%g’s@ ﬁ%grlﬁsﬁltgdgkﬁlg’a%ﬁ?%sgg8%%5‘3%3{% ?bnncp(g) a water
sol ubl e titeamiumneeoppouddstdesanibegquiedes sl urry of the particles of the

solid base wt ddi n er, sol uhl e alkali to the agueous slurry, and
hydrol yzing t r}gg\g\éttglre Csoéllqﬁ‘g? \é\?fg?%ta%iyﬁ% %*5‘“88&%&%‘.“ agdA]ch%P (s.li%ﬁantdjoit he
i nved®i opart hg watgdrt isoieublseofdl'Kad in kslaaiomatei 08 @lauwbd By atdight of ohpri si ng an

o kel LAl S STERL e AN LS SREELAL S LS S B
| east onéo plroVvidehhigh mabekular wrdghSs Polgsters in a high productivity. When
the content of coat layer formed of titanic acid is more than 50 parts by
welght in terms of TiO: in relation to 100 parts by weight of the solid base,
25  the resulting polyester easily degrades possibly by side reactions due to
the catalyst used while it is produced, and has hue little improved. In
addition, the resulting polyester is readily colored due to thermal
deterioration during melt-molding.
The polycondensation catalyst of the invention is obtained by
30  hydrolyzing a water soluble titanium compound in the absence of a water
soluble alkali in an aqueous slurry in which particles of the solid base are
dispersed at a temperature of from 5 to 100°C, preferably from 25 to 40°C,
thereby to form on the surface of the particles of the solid base a coat layer
of titanic acid in a content of from 0.1 to 50 parts by weight in terms of
35 TiOz2 per 100 parts by weight of the solid base.



S5rubi dium and cesium The water soluble alkali is typically a water soluble
al kal'i conprising at |east one alkali netal element selected fromlithium

sodi um and potassium The water sol uble alkali includes hydroxides,
car bonat es and hydrogen carbonates. Accordingly, representative exanpl es of
the water soluble alkali include |lithium 10 hydroxide, sodi um hydroxi de and

pot assi um hydrlximdee detail, forAsxadepty, ithed dlat@idemmghesduml yyidrfohiede i s one
of the sali ases preferaply used in the invention. nesi.um hydr oxi de
nar dl'y arseSrBaESE USRI G ah it MR ito e Whegmes: urn

hydr oxi depdisiclisedf glse aoKdlbadehaseieapdratwatErfreml sihb € 00F Capiafarglolypound i s

added to an ods slurr f magnesi um hydroxi de to . hydrol yze .t he wat er
S0l ubl e P mnTe iR AEnEoaRe Y i BOHRETh Y e HrgHO PRy o8 Setitle: ray
unavosqabjagrfegﬁrssqhvegg isnlultthﬁadsf urw%terhkjm\l\&wﬁryitﬁmhn‘ aomrp_@g@daimoahmt of

magnesi um roxjde dis in the slurry is not_consider as a water
solgubl e aﬁrRéTl?t Phg’[‘)ﬁé Oi'ﬁg%ﬁﬁi RFts ‘I“‘Pi%lglsﬂﬁl H%dtedgé‘%of @1(3% %‘F%ﬂﬁ%lpﬁrﬁaﬁesi um
hydr oxi dew@izhlydrat alotid Baselharetier €o BARoBizet 1R Rhefesdladlpakyerngdensati on
catal ysts accordjng . to %he invention is such that it conprises particles of
magnesi urfiPFRRRYEK He thadbrgnenot fet dteadetakle alkadathpbyerugnpema ¥ate acid in

a cont entsolhblerAmMa0i, 1ht e BOtPIES abdb 8L 9L of Bith8idTRci@ ol kKL sREMcAQQ parts
by weight of 25 nagnesjum hadr oxi de. Anot her preferred pol gcondensatl on

- cat alt{st thedurdiches ebthneohfrasei Ghtaring ageneqateaus tluebnpf thesariglest al cite

par ti cl esrhavidagidopaddiBhis SHEia68 1 GRRL AYEEuhict itharbst Al dn a content
of fromO0.,1 to 50 ggrts by weight in terns of TiQ2 per 100 parts by wei ght

- of hydr ot®al%ti¢ 8ciBenabbriged aakel Wrphine thapeke Mash ofatengadsUrP AT oxi de i s
obt ai ned,obkQIn &% WP Ezaty %Wafs"iliﬁﬁe?g'rﬁgin%ntkﬁﬂbfgﬁ%a%&l ution of a

wat er - sol ubl e magnesi um salt such as magnesi um chl ori de or nagnesium
nitrate with ahh&lekarg meadipngs svakumphsadebiiee ager apdvdie ditapker eby

Precipi { bl RONeSLHILKALAXE dGon A ABMERYS (SLUICRYohe RaNL 6f e of
magnesi um 35hydroxi de is obtained, for exanple, also by dispersing

parti cl esnprgargc paytresielmaRyidieon hdesiiatmperd. titwnmanizgtenstsplrry of
particl es,.of ,RONESI 0X] i ai r.al.k.zi an aqueous

sol uti on%cl)ggg wat g? Ssghr%ﬁdégﬁggﬁ%g?{ﬁ%%éltﬁ%%a?%s gﬁ&gla%e{;;lén@?he aqueous

sol ut i on astmanyamnerxdeotubded prgmesthares dithnamg anlidékahéh aayiteeineut ral i zed

at the 51:591%‘%&31%(& 29k 9ne, of ythem may be added to the other. The
particles of nagnesi umphy roxide may be derived fromany source. For

exanple, they 4mprdmgpontler iobirdinedithy ipudoréanizithgt waturakoareyer gfowder
00,2114 MU FELEL 2R, USRS o p e kel
contain @!neébﬂeahiinﬂéteahohnt afiageond sakitsermbl aasapossilbbk titanium The
v o 21 SLAS RS0 01 PRS00, gL, atel et e plysandsgeat on
| ayer of hyidt-alyize thei Wata prlabéy ailbhyiurepoasenied ibyhe R®sence of a water
25  soluble alkali thereby to form a coat layer of titanic acid on the surface of
the particles of the solid base.
That is, according to the invention, adding an aqueous solution of a
water soluble titanium compound to an agueous slurry of the particles of
the solid base thereby to hydrolyze the water soluble titanium compound in
30  the absence of a water soluble alkali thereby to form a coat layer of titanic
acid on the surface of the particles of the solid base means adding an
aqueous solution of a water soluble titanium compound to an aqueous
slurry of the particles of the solid base without adding a water soluble
alkali to the aqueous slurry, and hydrolyzing the water soluble titanium

35 compound.



15fol  owi ng general forrmula (1): M+1-.M+. (01-02An' xin nH20 (1)
wherein M2+ denotes at | east one divalent netal ion selected from M2+,
Zn2+ and Cu2+; M denotes at |east one trivalent netal ion selected from
Al 3+, Fe3+ and Ti 3+; An- denotes at | east one anion selected from 8042-,
CP, 20 C332* and 011-; n denotes the valence of the anion; x is a nunber

satisfying theagondidd ontle fn¥ertidh,XheaRdtdn §SudlNUMRAL iSati sfeyi ng the
condi tion cular, the hydrotalcite pref ffr ably used

m.<2.. .. In partj
T the | AYBHREGHARY SRPE IR BE QG H NP LG B oD A gm0 e NSNS TRl 3+,
and An- iva{eBdiuble- Akali2&sHehishydeptalcide sEp! gﬁ%géz@ Pynishg general
formula (I I%ﬂ#_s ,Ipﬁefeer ably used 2+1. , A13+. (01) 2( 2-)./2 nmH20 (rn)
wher ei n XS _W@édﬁp@%1‘%%_%@@5la%hlf‘lﬁbs@%ﬁbi%’ﬁéﬁﬁlaﬂbve: Al t hough
such g hydhodidlnCiah@ deSi@AST I'Vh AVAlL 2RI LAS o8 MR K] BH P OIUGHer i t 30 can be
produced, | f necessary, by a conventlonalli.knomn net hod, e.g. a
hydr ot herseaitbifetl ks, compiging: apbeasiemeriliiadi metal elemmnd srdetiod from
pr oduci ndi ek keshelimAGEPLALNGILA. { N d RYEA! LORLEOTREARSRccAROUCE I Ng. an
esterification reaction or a transesterification reaction between a
di car boxyideosided. errhamadss andflordioggnderboattare theoedingds and a gl ycol in
the preseape.LhihfiveRAEANISNSALLANSALAMYRIa IEICIIEH: 1 AROve.
In the invention, exanples of the dicarboxylic aci incl ude'a i phatic
 di catBoxyideonicied sodiengisdroaiticoynd wotasiismabidyoxjdet ari ¢ acid, adipic acid
and dodecanedi ' i.d hej r form [ [ such as
5di al kyl est erAs:fagn ¥%¢%%§tt%|&’cm :éggélboxy Bﬁ%%%g{:qed% @%%{)P}% :Seé@& t?é%gs
-t er epht hareterabldus¢d dphbhdnventiond dalzmaphtrihblénexide derlbx issolesi d and
their ester: m i j . .as hal kyl est.ers n_the.invention,
exanpl estlrgfwgtt%% g?&goﬁo:r%’ﬁduggeslelf%ﬁ%%é ‘gb‘%\%o ?g%erscl)‘ﬁy }é%%r_od‘ll%é ?Secp
di et hyl ene gbglecdbaser et hyveher ghlpbdtd tithuiwhenengbyedlis added to an
1, 4-¢cycl { l... 10Anpng -t he .exanpl es .proyi ded ,abaov for
exam%?(e, %Qﬁ)égrrg g%:lmé 203?1%8@[5?1&1%@?" §°}§11518htogigyfleollgﬁ%}/ifﬂ%ﬁ8‘5858913{}31?sopht hal i c
aci d and traphtinadoemeowh ¢.az boxed amoaak df ahe mpaghesia hydseddasnahe

gl yool - avdenetnna gy Tar tarle sPuler it g teet SuEh e bR RV 8t her ot or o,
in the i memdsonm spbeixfide dexanpddsn ohe pleher iseth Ped needt idsad Aol e
pol yet hylsc(?puebht:3 %ﬁﬁﬁqtigatlh%tiedve%%l%pm yl ene terephthal ate,

20 The solid base is preferably magnesium hydroxide or hydrotalcite.
Therefore, one of the preferred polycondensation catalysts according to the
invention is such that it comprises particles of magnesium hydroxide
having on their surface a coat layer of titanic acid in a content of from 0.1
to 50 parts by weight in terms of TiO2 per 100 parts by weight of

25 magnesium hydroxide. Another preferred polycondensation catalyst
according to the invention is such that it comprises hydrotalcite particles
having on their surface a coat layer of titanic acid in a content of from 0.1
to 50 parts by weight in terms of TiO2 per 100 parts by weight of
hydrotalcite.

30 An aqueous slurry of particles of magnesium hydroxide is obtained,
for example, by neutralizing an aqueous solution of a water-soluble
magnesium salt such as magnesium chloride or magnesium nitrate with an
alkali such as sodium hydroxide or ammonia, thereby precipitating
magnesium hydroxide. An aqueous slurry of particles of magnesium

8356  hydroxide is obtained, for example, also by dispersing particles of



pol ypropyl ene terepht hal ate, pol yethyl ene napht hal ate, pol ybutyl ene

napht hal at e, pol ypropyl ene napht hal at € and pol y(1, 4-cycl ohexane di net hyl ene
terepht hal ate). 20However, neither the dicarboxylic acid or its
ester-formng derivative nor the glycol or its ester-formng derivative is
lithited to the exanples |isted above. Further, the resulting polyester is
not |i m tiedghesitire hedasmildesnshater. alohen ahna genarsasluray pohyestkes of
represented by .pol yethyl.ene terephthal ate 25 has been produced. b ny of
he Tor | g Rg sEeh S e SRy SRy i 00R A g dr Bt SLinre hai gh
ol i gomer sy gientsail whlrgmtba c afoh egknividned (BKEIE, bye aqlebeekoRsi®f bf hcati on of
a dicarboxylic acid represented,b erephthalic acid and.a gl ycol

repr esent“é%teﬁf@?lﬁ])‘?l I@ﬁgnﬁF%’BIS?“a%ﬂé &b ¥ At e HBP%agh@rdga‘%lﬁw

maljt - pol f@ﬁ;ﬁdﬁm@@,tdmé Bffrtll_‘i@rﬁpm%lﬁc@d@id 8o 80 !aelf%lcondersat ion cat ﬁ' yst
under a hi vacuum gt - a tenperature to yie ol yester with a
desired m)lgec ‘?pf?véflﬁlrﬁs;oga‘%&gae?nfg@hgédé%‘ﬂﬁi%‘F‘ﬁd)ep& pﬁ‘é AELTFWe t he

f or egoi ngoletd0diroRek HWpI®| 1RGH! Bhy Wl G dd dIaIBEd 69 Hah BHiRthd REtural

af orement i oned BH(E%; by a transesterification of a dial kyl terephthal ate

r epr esent%d8 ByP QT Ht PRA2 1P e Syhr piiratieinhan A qglepas| masne e salit ed by

et hyl ene sglyi§oh widRhSHREACT | AYwRer OltiGAMBNSLIO thild tHB by Pelsscandensat i on

in the presence of a_polycondensation catalyst under a high vacuum and at a
. hi ghlP enpef@reriBm By jrefide gopdtipesr adkafitnetpldasir amaiiteeupmels ght . Al so
in the inwgpiyion, a polyester having a desired nol ecular 5 weight can be
obt ai ned by producing | ow nol ecul ar wei ght ol i goners containing the BHET

. mentioned her el b8y 8retabgite needfoy erapmtdtiredl dne edtthestieféredat i on

reaction Qfy ARS8 SLEh! Jétﬁ?}ét@’&oﬁﬁﬁ%ﬁg’ba&{lﬁ 4 BERyIVDIRCHE NG i Ne o8l | gorrer's
to melt-polycondensation in the presence of t%e o?rycon ensation cat al yst
of the inbestirbireundert fadfirgh itaniaracahds arefgrablyhigiresenpst by the in the

conveat i . lescri bed above. For exanple, polyethylene
EALL ALY Yok BONE: (BN B1 f

terephthalate 1S pro as follows. In accordance with an ordinary
net hod, as conventi onal M**krbin(OFwAtahet mBEerOwei ghb ol i goners cont ai ni ng

BHET can ke i I | . hal_at e gne gl ycol
t oget her %r%%%at%@%te ¢ gﬁghg%%g%é@g%%%%g%g yt;llg Sl‘%;let%gg(glrﬂg%@%f %r , heating
t hem undém?aandr@at’; plEsdenaet atrleast ond énvhbget netalatorasaletdedxirbmnper at ur e

whi | e di sk I ng _ofifaet hanpl fromthe reaction syst The greg. of
pol yneri E%t P g'lr? o] (Pltdhrlt-;-1 o’I“?goc?reenroée? g&&%%%lqri/e ﬁ%lotnos%l%ﬁ{g fL m ? 4nec;%§s:sar Y,
t he 2@acti@i amy (Wé;codducteasdhendeenps ef shie enidiiex ieaatimhe camib®yingaced by

reasur | nggAengBuT oL 27t hagol s Lhed e g Lication 1ok 10 1
enpl oyed< 2.ow nol ecul ar wei ght ol i goners containing BHET can be obtained by
eding ereohy ol 6ca5hs) AOGh IV e slicol, ol arsoeter, and teat [ ng
I n the dsneltthydoestlettefincahidnMeasMen, M* ik \Ipr, efief abl & COs;adde previ ousl y
pr ep% eds!lgl\llvhydrotalcite represented by the general formula (II) is preferably
used:
Mg2*1-xAl3*:(0H)2(CO032)x2 + mHz0 - -+ (II)

wherein x and m have meanings the same as those mentioned above.
Although such a hydrotalcite is easily available as a marketed product, it
30 can be produced, if necessary, by a conventionally known method, e.g. a

hydrothermal method, using proper materials.

The method for producing polyesters according to the invention
comprises conducting an esterification reaction or a transesterification

reaction between a dicarboxylic acid or an ester-forming derivative thereof

35 and a glycol in the presence of the polycondensation catalyst described



nol ecul ar wei ght ol igoners containing BHET together with raw materials into
a reactor and carry out the direct esterification reaction in the presence
of the | ow nol ecul ar wei ght oligomers. Subsequently, the thus obtained | ow
nmol ecul ar wei ght oligonmers 30are transferred to a polynerization reactor
and are heated under reduced pressure to a tenperature not |ower than the
mel ti ng pdioRt. of pol yet hyl ene ter epht haI at e (typi cally 240 to 280C). Thus,
the oligonmers areg subj ectedtonet nsatj on . e unreacted
et hyl ene gl yco]Ial B e W Uhe®HPRE® 1Fﬁ PO 1 H 1P§%Ef ofib hnte
di stil | edlioffbdxy0in 4dies Eaﬁaﬁiplﬁfmecswtseﬂ&bﬁﬁc URHE ] UPAMik Qlck dda Dibid REidvi scosity
of the nol teg%%e%ge nts or dl@ 12 necessity, the polycondensation

[

react i on ATy @Hﬂ’&’ﬁ’ 15y aﬁﬁl thepr apteri P}/méPgrdé’ab‘fadﬂ‘éesaﬁchcﬁ%ngl ng

t he rBaCtdlﬁmﬁI%ﬁ@fﬁtaWdeaﬁd}ﬂaﬁEQﬁ@é’f]ﬁmﬁﬁfc'aﬁ%!li ¥xéMp8afdy beaciphthiien the
viscosity of the reaction m xture reaches a gredeterm ned val ue, the

pr essur e 3&4uisePBRhaldc aeuhperd nardh thade mpicssbewlinackkapdIthaeri zat i on

reactor iegtéeidHnkied aauaaﬂ%é@hcﬁra%%léﬁ@%m&l@lé“tr&%@lﬁ%u&ben the
resulting polyester is discharged fromthe reactor, for exanple, in the

f or m of setXﬁm«R}eseééhealycaﬁulapyl% eHuleneElycahd ronylene gbical.pakthstlsne
Accor di n%w&lg&qetm@%'gweoﬁb%@%%%tﬁ&caaé{ﬁﬂq @Qy&l%%kﬁﬁb&n%{ SeeRNtYy Fril

of from /g can be obtained in e pol ycondensati on
- catalyst for prouees hbe sopyusieemyosidednabdiey don smmméy, pomaaded to a

reacti on systeRy hen; sl LRch LLSELALRAL Ol saGkl AN 0T, hRasisest er i cati on

reaction for thé production o I'goner $ cont ai ni ng is carried
- out, or apdithatancelliganbyxitiec addeara pratheallzasteidors blysamrbhenli¢ @wd»

nol ecul aran‘ﬁealgc%%r% %ﬁ%’dﬂ Sué §s elﬂfxgﬂ%.r g§&rlﬁ?8%ﬁ]%n%%%ggdlyac (Pgl?l ' on

reaction after 't mers are obt ai ensat 1 on ca al yst
for prodayeeg m‘@lw“e&la%éyotseﬂms thes ehtcobn may be added to a reaction system

as i{gis, or 'ﬁ‘h@é’fo@g ﬁ{wgﬁisgnh %%d%nsa use o8 oflpre eur’rgt erial, and

added to a reaction sys cata t he |nvent| on
can be r @atidspens B}Eéuéedometaymgi Mbhthaﬂaparpﬁolgbhay],enettlayéldmlaj;hgecoI, o)

that it t h cata s add t regacti syst em when
di rect e?%e}pH ﬁfpgi I}eo% Ijr%?httll gan “or? p{%%gis Cetit t&%f’ﬁ?g% progaélclfygﬁn or the
product i mphﬂ:halraetepbolg,@rmpslarmnhaphtmwd-l&ﬁdipﬁnlg@ﬂr ni@dldhdxanthe

pol ycondﬁ %Ithol taI %ﬁf he invention is used usually in an 25 anount
wthin t eF? }1 5 to 1x101 parts by nol per 100 parts by nol

of tde di car bd'I((y\.lrda@el‘amleﬁit}m’r ultesdmtrew)ﬂm Atidgo0BE asat i ‘f@rxhlfx%d When t he

anmount of; the pol co den nf:? of. the inventio | ess t han
1x10-5 paFtasey 260 240 %esbéy rGnE e U S BoRgt e Gailtor it s
ester- foemm@l@kehlsvai wevasedurtlha chbakytlten pblpstyr isSna@hnhltgal tgnough
and 30 th,ﬁeref orellt Haﬁ elfl npossi ble to obtain a desired hi gh nol ecul ar
wei ght pbi§ESEBPIeHRIPHE 2 Her hand, when it is nore than Ix10'1 parts by

mol , the resullhiggepal, y@@bgfesﬂraryr deefted By theydmlylshabitddhthalate
Thes%ol yﬁ g}[engat IO@MS St al yst L e 1| erentl on exhibit cat alr3r/1t| % Iactl vity
i d18f ALEFHPMEE L 2t RB% © r‘f& Jelatipn yoihedEr RARet i aRMREIsingsas nel t
pol ymer i gaédw@iingllowemele RAGE wdib8E i Rb&erb REnEAAh Y SheCARr BB cHER M ed
BHET by a direct esterification of a dicarboxylic acid represented by
terephthalic acid and a glyeol represented by ethylene glycol, and
subjecting the oligomers to melt-polycondensation in the presence of a
30  polycondensation catalyst under a high vacuum at a high temperature to
yield a polyester with a desired molecular weight; and a method
comprising producing, like the foregoing method, a low molecular weight
oligomer containing the aforementioned BHET by a transesterification of a
dialkyl terephthalate represented by dimethyl terephthalate and a glycol
35 represented by ethylene glycol, and subjecting the oligomers to



13 for the production of polyester. The pol ycondensati on cat al yst
of the invention contains no antinony as an ingredient. Therefore, it does
not nmake resulting polyesters darkened or it does not contam nate resulting
pol yesters as 5foreign substances. In addition, it has catalytic activity
equal to or higher than those of catal ysts containing antinony as an

i nlgr edi e(rjlhehnfblgacﬁhctrrrm;aitﬁ&l potlyestesancl dita gyBebheaehsdtien cb/bﬁl@@geL t he

pol y- condensati on ,cat a 0 vention is not i sonous_ an ence

Dot o S s BRICPR R BraBbr) dovie B et tubte FY pidlaia BROFBLE TAY B

10t ranses:teeiuefdj maldcnar eacghon of a dicarboxylic acid or its ester-formng
derivative and lLycol ,. i.s presyned that the aci di taIyS|s of
titanic acid iSﬁF‘g %53%%5’?@“&3 yewies Heiye at‘ge "ngbogﬁW 24roup of a

di car boxytdéighachd KHolbﬁaSn@&lb@rplfdﬂru@uﬁ@l&erﬂlM@EhMﬁ‘ L OigMmkaiddigeat t ack of the
gl ycol to the car l\l:j)_jgnyl bon easy and SI nmul t aneousl y accel erate the

di ssoci at°8hRIgEng t%wfﬂﬁ{ﬂr@ésléelteﬁ@ pieee by griel 1Rateymenéodsd.  However

when the @eddidteatdhYsnSe éa%tfog%lshra%gst&rﬂﬂ@éﬂlm%gcﬁweaﬁ@@%hons
probably occur to cause a degradation reaction or col oration of the

resul ti ngUpBaEst ehe oligomers tpymekd-prlysomdansaiian ¥ b pragenssl siddrdensat i on

cat al yst QfiydiRlen¥ERhi QRaNAT ASHR fivestichedhdd e a%gﬁ%ch%‘@%nﬁ%@d of
titanic acid on the 20surface of particles of a solrd base, i.e., magnesium

hydr 8%i ddigh thydese e ethe peneas idoraldndaioysl magmere descariod Ak i s
rendered moder aig.e 3R 13S palﬁ%ﬁgrbqlef fkyhenbiate (aGRbASledIRET MOy cONt Al n an

al kal i rret al in an anount ppm or nore, and result of synergetic
- effect of ntﬂr?éﬂtwqeemﬂms orhingrynpledboilans m‘gsmmm@:eétm@mméwvng hue nuch

i mproved Iﬁélegépaqt@é ohgome '3 m\fﬁfn B?EFPQH%%%%&&' b?f%\gﬁlnr%

pol ycondensation ca %/' Uch as compounds anti nony, mani u
titani umdlmerﬁhblr t%uenhit @ﬂmtﬁm}l%eth»slede tedyet! hege thierrhw ithea p@tglaghdeﬂsatl on

g?t aj yst a‘l&%g} HYELN %Qﬁtéi q rteﬁgbc é?%}{gls gotg)f QIE u%,ay%%& Fgészsfu}” merit

use of ycondensat i on he |nven i'on ected. In
addi ti on reacﬁt Hmstgaet;helaaqozh@sﬂnaruﬂasnmmmpoumdfhnhydb@llhsl@oﬂfogethmlvv| th the
pol ycond t Y, t nt i o that .the r I i | yester
has an i 2%0}2 thgqﬁ(eégﬁl%gts?bslt?ﬁl hﬁlélﬁggr gppéﬁmerﬁ%/aetﬁ lllo?]%}%‘g n(%%%oéégcrl bed
with refes aauellbrmpamlarbbes lbel dMeh@mmt@,r thd headtiveentayobe icsndotteld mted to

t hose ex L85, nthe oIIovmn nd Co aratlv t he

intrinsi %W\E/%ll S(P(%es 131/leof y%a?tégn §a8 lﬁéad\%é( m%ﬁ%ﬂ?@d 9 a@(@?’&?@gnce wth

| SO 4B 284 etduadol Idmt@hbd)r W&s Efmaﬁllffc%ﬂhdjﬁlﬂgoas 45udlljzfahm1nr95%1pe col or

di fference net nuf act ur ed Suga Te(s5 G{]Slt r urre?t s.Co., Ltd.).
L P01

S
The neani ngs oﬁli‘%féav%ﬂlﬁ%t e rification r%\% SR s tl8He™RI S HET f ol | ows.
The val uevedfht dlipsmeak lc&ﬂtaanluhgM}EIES‘Scamblehbtaiﬁ@dQ)fy ﬁebalﬁ@w@phthahc

acid and ethylene glycol into a reactor and heating them, if necessary
under pressure, while distilling off the water formed. In the direct
25  esterification reaction, it is preferable to add previously prepared low
molecular weight oligomers containing BHET together with raw materials
into a reactor and carry out the direct esterification reaction in the
presence of the low molecular weight oligomers.
Subsequently, the thus obtained low molecular weight oligomers
30 are transferred to a polymerization reactor and are heated under reduced
pressure to a temperature not lower than the melting point of polyethylene
terephthalate (typically 240 to 280°C). Thus, the oligomers are subjected
to melt-polycondensation while unreacted ethylene glycol and ethylene
glycol resulting from the reaction are distilled off from the reaction system

35  under monitoring of the viscosity of the molten reactants. According to



10attri butes of color, that is, lightness, saturation and hue. Larger the
value of L*, it shows nore white, and . gmaller the value, it shows nore

bl ack. The col or of white has a value '6f L* of 100, while the col or of

bl ack has a value of L* of 0. The values of a* and b* are called a
chromaticity index, which indicates hue and saturation. Negative val ues of
a* show Ibgeeany, i p&lyposdddsioplaesishamy gél.caNagatdueayvatingsa of b* show
bl ue, while_ O?it%ve val ues show yel | ow. Reference Exanple (Preparation
of aqueod)éuéfla ¥ 9 T2 GHRghas amFdr DX 672208 (LeBPeRAt He WS PEFSEEE in a

reactor, qpithhhennléach teRhiod Mihbh BQUERUSsiSPlUthORREtioRGQSLEMN Chl ori de
and 8.4 L of, 14.3 I /L aqueous solution of sodi um hydroxi de_were_ added

si mul t and6ashss pHErEet TR dstalrei e PreeTwEsricductigniis ditep et Aad théact i on

was cendyalesat inl I0CpbBIm OriRa NOHNS actdICist 48 - RBE b REch TRINSSIMyhHydr oxi de
was collected by 25 filtration, and washed with water. The obtai ned cake

was suspefidBditipasa: 82s-aghhent Beprespaii@saprligeiesus dethargedfiramgitesi um

hydr oxi dgehb@ay RY & HAREENH @l @Rn0bf 4i23nd/ ko1cRET S ERCEH: X AARLE atnd
30(Preparation of aqueous slurry of hydrotalcite) m xed solution of 2.6 L
of 3.8 n’é’ﬂ‘ﬁlﬁoafal‘l@omél%fél uticsar G gnmgiiesiumndinf.at eokvedtex batingfam. 85 nol / L

aqueous L | ] i S L on s ofy 2. of 9.3
nmol / L aqﬁgglgébfs?:g‘ll l&%?%hy%pg%?uﬂmb%g? gi}? g‘%/gﬁgﬁ%%&){tl% 9&]21 lgihr?rsoﬁf t aqueous
. sol utPon of scthaunrrB3ondeboniare catrlyshddedrednuingavdpedieys pbtle reactor with

A R A L v
_filteredreasdon ve f@bnag?ﬂ'@nifm@mmmhé@ Wi hrovataron of t}efdgbiadmpm}ﬁ/veri zed
50. 3611200 HHe P a3 E s P I A LR R MO A0S BAARAEMEER L eos
slurr y ofréhglldomtsabtximeNl(lmwmgnaleco?memetatﬁ o)lrigmhelli)ergfml)other |
15  subjected to polycondensation reaction after the oligomers are obtained.
The polycondensation catalyst for producing polyesters of the invention
may be added to a reaction system as it is, or it may be dispersed in a
glycol used as a raw material, and added to a reaction system. The
polycondensation catalyst of the invention can be readily dispersed in a
20  glycol, in particular, ethylene glycol, so that it is preferred that the
catalyst is added to a reaction system when direct esterification reaction or
transesterification reaction for the production of the oligomers containing
BHET is carried out.
The polycondensation catalyst of the invention is used usually in an
25 amount within the range of from 1x10'5 to 1x10'! parts by mol per 100 parts
by mol of the dicarboxylic acid or its ester-forming derivative used. When
the amount of the polycondensation catalyst of the invention is less than
1x10°% parts by mol per 100 parts by mol of the dicarboxylic acid or its
ester-forming derivative used, the catalytic activity is not high enough and
30 therefore it may be impossible to obtain a desired high molecular weight
polyester. On the other hand, when it is more than 1x10°! parts by mol,
the resulting polyester may be poor in thermal stability.
The polycondensation catalyst of the invention exhibit catalytic
activity in solid state polymerization and solution polymerization as well

35 as melt polymerization. In each case, therefore, the catalyst can be used



Exanple 1 (Preparation of polycondensation catalyst A) 100.018 L of aqueous
solution of titaniumtetrachloride (69452 g/L in terms of Ti02) was
prepared. 9.0 L of the aqueous slurry of magnesi um hydroxi de (123 g/L)
obtained in Reference Exanple 1 was placed in a 25-L capacity reactor.

Then, the aqueous solution of titaniumtetrachl oride was added dropw se to
t he aque(fusthélpnbgtuoh&onmgnmﬂsjambhydr oxi de over 150. 02 hours. After

conpl eti on of e d| ti n s, conduct ed for hour, thereby a coat
| ayer of titanic a%? \9\%@ ‘i‘%ar%%’erﬂ %W\llvaﬁt Ogﬂ? bf&ven()tf(”bé?ﬁa&%éwof nmagnesi um
hydr oxi demtiﬁhengrmmbhgratﬁdnaq@bmfsiwm Yicet nparh hké esswWiktirmgnesi um

hyd de h th f f t i d filt d
020 obA 4oL R AT oK Reer SR e v bl ERATE T ¥ obtain an

aggr epat dorclipe sﬁi@gt@@@dﬁ VIQSa@Hlsiorﬂlt eghated Aty Qyﬂldﬂyaaq@@nys@ndensati on
catal yst A gf %Q vent The content of coat layer .of tjtanic acid in
the pol ydBRBeh "t”ilcS 0g&fP F%”t yStSLondpHE NG AR B D YRS 2 1Rt nhy e ght  per

100 part sabyp wei @hbobfestBgNesihusR RYRLeXie. M2¢E5-aduehd gplywf pol yester a)
43 g (0. 26 go of terep hthallc acid and 19 % (0.31 nol)_of ethylene glycol
wer o pI ac8yef ﬂS%tl?%;&ef%lryst 2h AN LN YRR AN ST P PTG hLRBEDRBER t o

prepare a sl urthysheApr&BIRIdd bCablyRBLd e hih s WAFi ReIJoFdIRYiPves 4 hours
while the tenperature in the reactor was kept at 250C and the relative 30

_ press¥r e thaREF toT tcRboR TRSSHIvEY ¢ica gregdaralinasik epttaesteripumengs. 50 g of

the thus gebiwaithedah@w aBlEE Uk 3% \P@é&%dqlh'angréclmscattﬁwé gEkRdnio a
pol ycondensati on reactor held atp C and nor nal pr essure under a nitrogen

. gas at modsHeieto poadippie. igsa é«e@ﬁa@éud bip dicapletsylngy oo podzs difagb ok plc

35pol yCO’&@ﬁP%@-Etsoé‘s,t%ﬁf@fﬁﬁﬁg 'ﬁefl‘?e"a%n?é thOm2 kW0 he £:tQ1R OQQBE %lpé/olrf‘alth%er 100
16 parts by nol of the terephthalic acid conmponent suy{ecte to the

pol ycond@ﬁslmmdrgarbﬁneqwlwfbsgnylf@neotrwernacoph@ agp iheyligeesiaddedito t he
pol yggnd 11¢8N kBB e %&%SﬂHgﬂ&Lyméﬁ%ﬁem%é}ew@-h'eﬂ ffie.igact or was

i ncrease rom 250C to 280C over ours. This tenperature was 5 nmaintained
and the greslyaieisies steceathdasdralde didaryagiessoreatdy ancabbotute pressure

of 40 Pag%g%da]t QI‘?%acéﬁ\Ph'o‘% c,IoEélsath P& v &@ﬁt{?@cg e@?&' heating was

conti nued For additiona ours us ensation reacti on was
carried out. Afterprémimed thatsingr tdfe pﬁecgmﬂgmtdensatalmt oéalm ion, the

pressur elh\rr]erh{l‘?n %%sraeﬁagtf‘? st%&tur%t b n% a eea {rrrrl%l t?ésur & r,’klll trogen

gas. The resulting pol yester was stran ormtﬁr ough an
out | 2@ openiatg Etpdrhizlbotvt amodid lbd&ee neaaphmrgneihmsltychmdl&mel cool ed rapidly

ond Ut BR8P ek eepakl ol B R athaseel oo o
and as a second feature the catalyst does not contain an alkali metal in an
amount of 200 ppm or more, and as a result of synergetic effect of the two
features, high molecular weight polyester having hue much improved is

25  obtained.

However, any conventionally known polycondensation catalyst such
as compounds of antimony, germanium, titanium, tin or aluminum may be
used together with the polycondensation catalyst of the invention in the
production of polyester unless the merit of use of the polycondensation

30  catalyst of the invention is affected. In addition, if necessary, a
phosphorus compound may be used together with the polycondensation
catalyst of the invention so that the resulting polyester has an improved

heat stability.

35 BEXAMPLES



(Preparation of polycondensation catal yst B) 0.016 L of aqueous
solution of titaniumtetrachl oride (6%42 g/Linterns of Ti02) was
prepared. 9.0 L of the aqueous slurry of magnesi um 20 hydroxi de (123 g/L)
obtained in Reference Exanple 1 was placed in a 251 capacity reactor. Then,
t he aqueous solution of titaniumtetrachl oride was added dropw se to the
aqueous slurry of magnesi um hydr oxi de over 0.2 hours. After conpletion of

t he addition, ei s conduct ed for 0 t hereb er of
e aer T DAl O PR AGR e 1R BTt ey bttt x S b R ek

hydr oxi déwowldhert fittSanerﬁMleds aqumuﬁeeIturthys@Ex@ﬂlrpuwl €k Ofhie MRONERIgUM

hydr oxi d$ havi on Egﬁel r surf oat |l ayer.  of titanic aci cdgywas'fi |tered
to obtai HEPBRIES ARHEO A §ﬁ’é’ © 5 {45 WREEYSIC KGOty SYERIi n an

aggr egat ebtaintkd hap Iﬁ@&@@ﬁrlﬁgﬁcﬁl&\@ﬁcedb@ﬂ}ﬂlggrﬁiﬁjl bherelyde pagvi de a
30 pol ycondensatl on cat alé%/st B of the |nvent| on. The content of coat | ayer

of titaniReHH§di WP p gbféﬂﬁ‘@ﬁsté’tple&‘? %fatiglfwcel%etteer(r%)?opﬁl 02, was 1.0

part by wWehghtacRefed 89 sq@gateeé}yrryg%mmn@é gwgnes) um hydroxi de. (Production
of polyester b %condensatl on catal yst B was used, and
ot herw se in thee 3Baddpes ﬁﬁﬁhervaéeesast hpl @ 1anp o yastaer 8Bt 4Fned. The

intrinsigolid@sVi %%Sr‘atlylead}fh’c?e! 9£11éc9'aql§l§tnte@§ ihBEs, oks 8f prd (pplyester are
shown in Table 1. Exanple 3 5(Preparation of polycondensation catalyst C)

. 1.6 0of adhibsies sotdlet.omadfist ighanesn setwuditmpndehys9. hargar the terns of
Ti 02) wasprepared;; 9wk n?életéilﬁu?éq‘é%ﬂuénﬁillé{ t¥e szalﬁ@gi@es‘ﬂo% fyde oxi de (123

g/ L) obtained in Reference Exanple 1 was pl aced '25-L capacity reactor.
- Then, thélagueolise selantdforhof has anialne pb Fal,frﬂlQQr Vﬁlellthmgloefdlfédaékopw se

to the AGHCHTaBlIbf 1> Off JTROPESLUMAVE OXL g 1V EFe EallolSoh Bh SicifprPl €t on

of the addition, agelng was con uct ed hour, er eby coat ]layer of

titanic aeﬁ@x,vmhldlbmrbdam hhe agdra‘aaeeabbnpaﬁ‘{q&altese viluragriex eihydr oxi de.
The i%‘usg‘ﬂ% R P8de ?8‘&5 v%lH%£ 3r§h9$v RArt II@\%%&J e H’ms}]r?er egr oxi de

having o €ir sur ceacoa er of titanic acid was fi to obtain
a cake, tHuleakeitivesvakasisedhon Whllwat er, and dried to obtain an aggregate,
and then the aggregate was disintegrated, thereby to provide a

pol ycondensati on catal yst C of the invention. The content of coat |ayer of
titanic &iﬁifehdmet]ﬂmaxppllg/dondensati on catalyst, in terns of Ti02, was 10

parts 20 100 parts b ht. of pm hydr oxi de.
( Product |(P¥ep raq g@?%‘rle%ljsp fu”y &ﬁ%g %&ilvgbhg@g ﬁ? on catal yst C was
used20 and ot her woefemtrmtvhes paae:dranaekaasrExadhenl] 6.pdL yséetmr;l/ﬂvas

obt al ned,  The. LILIADE Setl SCOSLLY, A 00! 9 5ORS. §F 11 Mol IS QRS0

solution of sodium hydroxide were added simultaneously thereto with
stirring. Thereafter, a hydrothermal reaction was conducted at 170°C for
0.5 hours. The thus obtained magnesium hydroxide was collected by

25  filtration, and washed with water. The obtained cake was suspended in
water again to prepare an agueous slurry of magnesium hydroxide (having

a concentration of 123 g/L).

Reference Example 2
30 (Preparation of agqueous slurry of hydrotalcite)

A mixed solution of 2.6 L of 3.8 mol/l, aqueous solution of
magnesium sulfate and 2.6 L of 0.85 mol/LL aqueous solution of aluminum
sulfate and a mixed solution of 2.8 L of 9.3 mol/I, aqueocus solution of
sodium hydroxide and 2.6 L of 2.54 mol/L aqueous solution of sodium

35 carbonate were added simultaneously to a reactor with stirring, and then a



Exanpl e 4 (Preparation of polycondensation catalyst D) 8. 0 L of aqueous
solution of titaniumtetrachloride (69.2 g/L in 30 terns of Ti02) was
prepared. 9.0 L of the aqueous slurry 15 magnesi um hydr oxi de (123 g/L)
obtained in Reference Exanple 1 was placed in a 40-L capacity reactor.
Then, the aqueous solution of titaniumtetrachl oride was added dropw se to

t he aqUGQg_Shﬁ%kHélﬁﬁapfea[@Qﬁﬁﬁria'ér@o'ﬂ)ﬂ@l‘&:@éﬁ de rever 4P 2hping. After conpletion
of the additio agei ngi was conducted for_ 1 hour, 35 thereby a coat |ayer

of titanic aciAtGASOPEHABERGH hKeeaGFPae shorepattneplagrrivas §livdghesi um

hydr oxi d&nd the obtahR@dtRus Rt 3l eddafdHeorsts! Wil #fd pantdcbes 1of _
magnesi um hydr oxi de havi ng on their surface a coat ﬁer of titanic acid
was filtéredidohssiiplcise bakee areomrocatinasMaashled WHYH e, and dried to

obtai p am pzAgor e%eeh%'@Malc}i?@rvta@%L%%g%lﬁg@tiﬁ_vy\?t%rQ:b%irgﬁggé Qh%ﬁ]iuebngreby to

provi de a pol ycondensati on catal yst of the invention. The c ent of coat

| ayer of stprmhelhudrataicite Heaporye opmiendatiion a0 g9, in terms of Ti 02,
was 50 parts by weight per 100 parts by wei ght of magnesi um hydr oxi de.
(Production of polyester d) 10The pol ycondensati on catal yst D was used, and
ot herw sé¥amphelsame manner as Exanple 1, pol yester was obtai ned. The

intrinsiqpyj I f t{qus obt ai ned pol yester are shown

i n Tabl eq1¥éQ%%%Fggg%?bgégga%ggp%ﬁt% Béhycondensati on catalyst E)

_ 0.7210 of aquedu8l®dl oft 2 uecfs sdlusivinue tiedmiach teiadblqéde 46YLLe/Lnint er ns of
Ti 02) wa pafr 0] f e 0 slurry of -hydrotalcite.(100 g/L)

obt a nea PR o B st SV T Ko S BE B S E0C o

- Then, t héyalgueoles(123 gl abtofndd traRietiencnet Rxchhpld tevaasladded dR6dw se to

t he aque lLurr f hydrotalcite over ours.,.Aft.er conpletion of the
addi t i ongggagﬁtﬁgreﬁgorwn té ’3 Crot uﬁost?f?ﬁ,laf’ ﬂeoietﬂ)@néuglog?tggg\}?fé’rmgef titanic
aci d was War agddeddropeisutd doeaqhiepas tlwlressfahapyehiairahedtexidEheret hus

obt aj ped qus sl yr of rticl of .hydrotal cite 25havin their
oor thEe  PEBERUR e R B BRI B Cad T D fising S Bopa oaregdRE 1"t he
cake was hwasheélde wiblyha wad ielrayeand tirdrad dcdd ebisalonmad @gghegatficeasfd t hen t he

aggregate w di sintegrated, there to provide a pol ycondensati on cat al yst
E of theﬂaﬁ@séh%% ?Jiln]fn %@Sb‘{fﬂt}@’r‘f{;oéf&%oat layer of titanic acid in the

pol ycondensat iThe el @bysdincimd o’ Qlirdy 02parasletbfpahsea@dnby wWei ght per
100 part s, B oAt idk o Lt 2uthacy o Lo ay st oP Rt nid SeiSeh €1 red to
20  obtain a cake, the cake was washed with water, and dried to obtain an
aggregate. The aggregate was disintegrated to provide a
polycondensation catalyst A of the invention. The content of coat layer of
titanic acid in the polycondensation catalyst, in terms of TiOsz, was 0.1 part
by weight per 100 parts by weight of magnesium hydroxide.
25  (Production of polyester a)

43 g (0.26 mol) of terephthalic acid and 19 g (0.31 mol) of ethylene
glycol were placed in a reactor, and stirred under a nitrogen atmosphere to
prepare a slurry. An esterification reaction was performed over 4 hours
while the temperature in the reactor was kept at 250°C and the relative

30 pressure based on the atmospheric pressure was kept at 1.2x10% Pa. 50 g
of the thus obtained low-molecular weight oligomers was transferred to a
polycondensation reactor held at 250°C and normal pressure under a
nitrogen gas atmosphere.

A slurry was prepared by dispersing 0.0025 g of the

35 polycondensation catalyst A (3.9 x 10'% mol, 0.015 parts by mol per 100



The pol ycondensati on catal yst E was used, and otherw se in the same nanner
as Exanple 1, polyester was obtained. The intrinsic vi scosity and

col or tone of the thus obtained pol yeslt er are shown in Table 351. 19
Conpar ative Exanple 1 (Production of polyester 0 Pol yester was obtained in
the sane manner as Exanple 1 except for 5using 0.0114 g (3.9x105 nol, 0.015

parts by pmks BOrméDOf s tSrephtARlic Rleid @bRRRLRAL IsabAGkEd sskhected to
pol ycondensati on) of antinony trioxide instead of pol ycondensatl on cat al yst

A The i MYYHEICEREOESIIRL AN TR IOt onkhep, thfesupty Vot addrebitpbhgest er
are ShOVWbdlﬁco-Eﬂﬁlr@a%}onlfba@@@ﬂ)ar@&ﬁ%@u@ﬁ@lwltﬁe dekiPeeRalRl i0hOfcactor
pol ycondensation cataly of aqueous solution of titanium
t et rachl ofigerqrggsed émm|?r$0t erigs2&° GI’PUQI) 3draus. 6 Thiptemgasoigesviut i on of
sodi ug hyfls iadhee %%thQ/ﬂiésQuI’@m Qa0 B R RESPBF 6y r@ 40 dn Of
aqueous slurry of magnesium 15 hydroxide (123 g/L) obtained in Reference
Exanpl e Bhgakuis presduraoh495°4 ogaipacity reactor. Then, the aqueous sol ution
of titaniyym,t etWﬁﬂ@'t‘HEé gﬁe&@&ew&s ﬁ%ﬁ@yﬁleﬁog%;&% ﬁfds%eﬁh Mehydpoxi de were
added dropw se at the sanme tine over a perio ours to the aqueous
slurry ofaddatinasi mwpﬂydn@xu dérisp asm@hcanmmmrt heactidre weesuartiedgo et ur ry
had a pH 1| our to
form a ciare] s gl et of e BOHlcbhina L iBp TeHbiin B8, PR Ohn b0 U
. hydr é%i deeactor was Taimnisdstooitran alepk cagqueous tls hitrogenfzapar flihel wsubfing

magnesi u n. t su c f ot [ id was
filter edrB k[%éjgtg ,l[“gaesn@l th%%mlélsg\%éls r{c{ ?0 %h?qf%h Lg%% le rqpéacrjltlgg gtﬁ%
- obt ai ned U@ﬁcaggxfet@)atleam d|'1§1m$1e'gndt\ed$ cbh]eﬂetzgpldbr pnd)\cludepmwdmg

pol ycond%%?ﬁéstgnﬁt%g{[e ys'tl‘he 1 t]llnSIC v1s]c0%1t¥ an%ll o1&t ga S8t hoep £& al yst thus

obt ai ned coat Tayer o el par?s by wei ght
in terns od)taihe@lZdeesm Par $1so vy m/éi‘agﬂe lof magnesi um hydr oxi de.
30( Prpduction of polyester Q) The pol ycondensati on cat al yst F was

used, "and otherw se in the same nmanner as Exanple 1, polyester was
obt ai ned .ExEheplenfri nsic viscosity and col or tone of the thus obtained

pol yest er(PaerpearSa ion ofgoigf%ghﬁensatlon ccga s";%)i ve Example 3
0.016 L of aqueous solution of titanium tetrachloride (69.2 g/L in
terms of TiOz) was prepared. 9.0 L of the aqueous slurry of magnesium
20  hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor. Then, the agueous solution of titanium tetrachloride
was added dropwise to the aqueous slurry of magnesium hydroxide over 0.2
hours. After completion of the addition, ageing was conducted for 1 hour,
thereby a coat layer of titanic acid was formed on the surface of particles of
25 magnesium hydroxide.

The thus obtained aqueous slurry of particles of magnesium
hydroxide having on their surface a coat layer of titanic acid was filtered to
obtain a cake, the cake was washed with water, and dried to obtain an
aggregate, and then the aggregate was disintegrated, thereby to provide a

30 polycondensation catalyst B of the invention. The content of coat layer of
titanic acid in the polycondensation catalyst, in terms of TiOsz, was 1.0 part
by weight per 100 parts by weight of magnesium hydroxide.

(Production of polyester b)
The polycondensation catalyst B was used, and otherwise in the

35 same manner as Example 1, polyester was obtained. The intrinsic



(Preparation of polycondensation catalyst G 0.72 L of aqueous
solution of titaniumtetrachl oride (69. 4 g/Linterns of TiO2) and 0.72 L
of aqueous sol ution of sodi um hydr oxi d (100 g/L 5 in ternms of NaOH) were
prepared. 5.0 L of aqueous slurry of hydrotalcite (100 g/L) obtained in
Ref erence Exanple 2 was placed in a 25 L capacity reactor. Then, the

aqueous sakeddignagll doldaninent gl ach @lsﬂadﬁeawlie,f&eﬁqy@@ﬁgwsloalnum@l@ of
sodi um hydr oxi de were added dropwi se at the sanme tine over a period of 2

hours to Yhe aqueous slurry of hydrotalcite in such a 10 manner that the
resul ting slurry had a pH of 9.0. After the addition, the slurry was aged
for 1 ho%é} orn1a coat layer of titanic acid on the surface of particles
of hydr ot The thus obtai ned aqueous slurry of particles of

hdeOBa|QP&@pQﬁM&&QoP%ohﬁ%nﬁHhEQﬁ@n%a@Qﬁ%tk@yef of titanic acid was
filtered, the obtai ned cake was washed with water, and dried, and the

obt ai ned aggreda@éJ&%§QH?%H%ﬁQkﬁ%ﬂ%&ft%%@ﬁé@}eh@ﬂbﬁﬁvﬂﬂéﬁ%QQEﬂWGbndensat|on
catal yst {Gms of Tlozb ;@vaéﬁsraﬁlxaon@e@mf an gaa@rwssglgﬁby%f%&g%{é@@gm the

content of coat titanic acid was 10 parts in terns of
Ti 02per mrpaﬁes g\&)g’rhtamedwydﬁ@f@e@@e@xamgtwiomﬁ:pla@ndon p8bylest er h)

The pol ycc%%mg] LQlC AR NS G SRR NRED1. A0 ALBEIYLEE (ddabRR, manner

as arrp e yest er was O Intrinsic VISCOSI ty an col or
. tonelbdf ﬂﬁ@s@ﬂdgddbpaWWdepbww@gue@uasbnshoﬁhnaanmabhehydl@Sde@weCé!or Tone

legh in goulsl QR gmﬁétﬁﬁ'j bt Phe addition, ageing was conducted for 1 hour,

thereby a coat layer of titanic acid was formed on the surface of particles of
magnesium hydroxide.
The thus obtained aqueous slurry of particles of magnesium
15 hydroxide having on their surface a coat layer of titanic acid was filtered to
obtain a cake, the cake was washed with water, and dried to obtain an
aggregate, and then the aggregate was disintegrated, thereby to provide a
polycondensation catalyst C of the invention. The content of coat layer of
titanic acid in the polycondensation catalyst, in terms of TiQOsz, was 10 parts
20 by weight per 100 parts by weight of magnesium hydroxide.
(Production of polyester c)

The polycondensation catalyst C was used, and otherwise in the
same manner as Example 1, polyester was obtained. The intrinsic
viscosity and color tone of the thus obtained polyester are shown in Table

25 1.

Example 4
(Preparation of polycondensation catalyst D)
8.0 L of aqueous solution of titanium tetrachloride (69.2 g/L in

30 terms of TiO2) was prepared. 9.0 L of the aqueous slurry of magnesium
hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 40-L
capacity reactor. Then, the aqueous solution of titanium tetrachloride
was added dropwise to the aqueous slurry of magnesium hydroxide over 10
hours. After completion of the addition, ageing was conducted for 1 hour,

35  thereby a coat layer of titanic acid was formed on the surface of particles of
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magnesium hydroxide.

The thus obtained aqueous slurry of particles of magnesium
hydroxide having on their surface a coat layer of titanic acid was filtered to
obtain a cake, the cake was washed with water, and dried to obtain an
aggregate, and then the aggregate was disintegrated, thereby to provide a
polycondensation catalyst D of the invention. The content of coat layer of
titanic acid in the polycondensation catalyst, in terms of TiOz, was 50 parts
by weight per 100 parts by weight of magnesium hydroxide.

(Production of polyester d)

The polycondensation catalyst D was used, and otherwise in the
same manner as Example 1, polyester was obtained. The intrinsic
viscosity and color tone of the thus obtained polyester are shown in Table

1.

Example 5
(Preparation of polycondensation catalyst E)

0.72 L of aqueous solution of titanium tetrachloride (69.4 g/L in
terms of TiOg) was prepared. 5.0 L of the aqueous slurry of hydrotalcite
(100 g/L) obtained in Reference Example 2 was placed in a 25-L capacity
reactor. Then, the agqueous solution of titanium tetrachloride was added
dropwise to the aqueous slurry of hydrotalcite over 2 hours. After
completion of the addition, ageing was conducted for 1 hour, thereby a coat
layer of titanic acid was formed on the surface of particles of hydrotalcite.

The thus obtained aqueous slurry of particles of hydrotalcite
having on their surface a coat layer of titanic acid was filtered to obtain a
cake, the cake was washed with water, and dried to obtain an aggregate,
and then the aggregate was disintegrated, thereby to provide a
polycondensation catalyst E of the invention. The content of coat layer of
titanic acid in the polycondensation catalyst, in terms of TiO2, was 10 parts
by weight per 100 parts by weight of hydrotalcite.

(Production of polyester e)

The polycondensation catalyst E was used, and otherwise in the
same manner as Example 1, polyester was obtained. The intrinsic
viscosity and color tone of the thus obtained polyester are shown in Table
1.
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Comparative Example 1
{(Production of polyester f)

Polyester was obtained in the same manner as Example 1 except for
using 0.0114 g (3.9x10'5 mol, 0.015 parts by mol per 100 parts by mol of
terephthalic acid subjected to polycondensation) of antimony trioxide
instead of polycondensation qatalyst A. The intrinsic viscosity and color

tone of the thus obtained polyester are shown in Table 1.

Comparative Example 2
(Preparation of polycondensation catalyst F)

1.6 L of aqueous solution of titanium tetrachloride (69.2 g/L in terms
of TiO2) and 1.6 L of aqueous solution of sodium hydroxide (99.6 g/L in
terms of NaOH) were prepared. 9.0 L of aqueous slurry of magnesium
hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25 L.
capacity reactor. Then, the agueous solution of titanium tetrachloride
and the aqueous solution of sodium hydroxide were added dropwise at the
same time over a period of 2 hours to the aqueous slurry of magnesium
hydroxide in such a manner that the resulting slurry had a pH of 10.0.
After the addition, the slurry was aged for 1 hour to form a coat layer of
titanic acid on the surface of particles of magnesium hydroxide.

The thus obtained aqueous slurry of particles of magnesium
hydroxide having on the surface a coat layer of titanic acid was filtered,
the obtained cake was washed with water, and dried, and the obtained
aggregate was disintegrated, thereby to provide a polycondensation
catalyst F.

In the polycondensation catalyst thus obtained, the content of coat
layer of titanic acid was 10 parts by weight in terms of TiOz per 100 parts
by weight of magnesium hydroxide..

(Production of polyester g)

The polycondensation catalyst F was used, and otherwise in the
same manner as Example 1, polyester was obtained. The intrinsic
viscosity and color tone of the thus obtained polyester are shown in Table
1.



c\i in,-1 c6tolIntrinsic Viscosity (dL/g) O co OCd Co 6 COC9 6 Ca CD 6
t--1 COd 20

Comparative Example 3
(Preparation of polycondensation catalyst G)

0.72 L of aqueous solution of titanium tetrachloride (69.4 g/L in

terms of TiO2) and 0.72 L of aqueous solution of sodium hydroxide (100 g/L
5 in terms of NaOH) were prepared. 5.0 L of aqueous slurry of hydrotalcite

(100 g/L) obtained in Reference Example 2 was placed in a 25 L capacity
reactor. Then, the aqueous solution of titanium tetrachloride and the
aqueous solution of sodium hydroxide were added dropwise at the same
time over a period of 2 hours to the agqueous slurry of hydrotalcite in such a

10 manner that the resulting slurry had a pH of 9.0. After the addition, the
slurry was aged for 1 hour to form a coat layer of titanic acid on the surface
of particles of hydrotalcite.

The thus obtained aqueous slurry of particles of hydrotalcite having
on the surface a coat layer of titanic acid was filtered, the obtained cake

15 was washed with water, and dried, and the obtained aggregate was
disintegrated, thereby to provide a polycondensation catalyst G.

In the polycondensation catalyst thus obtained, the content of coat
layer of titanic acid was 10 parts by weight in terms of TiOz per 100 parts
by weight of hydrotalcite..

20  (Production of polyester h)

The polycondensation catalyst G was used, and otherwise in the
same manner as Example 1, polyester was obtained. The intrinsic
viscosity and color tone of the thus obtained polyester are shown in Table
1.

25
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Pol ycondensation Catalyst -t Pg 0 Q 1.4 Antinony Trioxide 1-i 4.> a 0 as
k rril d 0 aacdXCACO. !4 aogok riTil 1 0 a0 al

As clear from the results shown in Table 1, the use of catalyst of the
invention in production of polyester provides a polyester having almost the
same high molecular weight as that of a polyester obtained when antimony
trioxide is used as a catalyst (Comparative Example 1) while inhibiting

5 degradation of polyester formed.

Furthermore, the polyester obtained according to the invention has
a value of b* much smaller than that of a polyester obtained by using a
catalyst which is obtained by hydrolyzing a water soluble titanium
compound in the presence of a water soluble alkali to form a coat layer of

10 titanic acid on the surfaces of particles of a solid base (Comparative
Examples 2 and 3). That is, the polyester obtained according to the
invention has a value of b* which is reduced nearly to a value of b* of a
polyester obtained by using antimony trioxide as a catalyst, and hence the
polyester obtained according to the invention is remarkably improved in

15 hue as yellowing is inhibited.



X 41 in a) a5 of k ril 22 As clear fromthe results shown in
Table 1, the use of catalyst of the ig%ention i n production of polyester
provi des a pol yester having al nost thé“sanme hi gh nol ecul ar wei ght as that
of a pol yester obtained when antinony trioxide is used as a catal yst
(Conparative Exanple 1) while inhibiting 5degradati on of polyester formned.
Furt hernore, the pol yester obtai nedcgggergling to the invention has a val ue
of b* much smaller than that of a pol yester obtained by using a catalyst
whi ch i s obtained by hydrolyzing a water sol uble titanium conpound in the

presence of a matghposRldilledsatioal dathd, fabipRogeahel PIsEsRl phOshtanic acid
on the surfaces of particles of a solid base (Conparative Exanples 2 and
3). That epterifipatipp|rpastier W Afanseshedbealiag reactine Heivéabion has a val ue

of b*s Whigehh s ki aduced o?ea@{\lzé'teEQ‘o?‘mYﬁé we rRfathe QferBoPoh¥EStBIcoP Rl Ned by
using antinony frioxide as a catalyst, and hence the polyester obtained

accor di ngotxromidenisatientdagaliiss hesnaobanined bphydedyiing Bhueteassofebleowi ng is
| nhi bi te@!itan%ém%%u?d in the a]bse’ﬁc@%lf%(:@@g&n&ﬁrubpéﬂ'aﬁ?&l??ﬂ%ﬁl L gteqloduci ng

pol yester by an esterification reaction or a transesterification reaction
bet ween al®rdiigavbaosdybiectiaeisdfor selnd éstserarkolimp eigedethievaby ve fotrmranf and a
gl ycol , ondgnsaj | i | by: 1 al yzkng a water
sol ubl e %P%asﬁi?t%%%comouﬁ%ft?%egﬁgqgézsteoﬁia:ﬁ%% %%\ﬁ ga(r%%sro ui{]% Efejl{lglicg ilgi n an
~aquebus shuampuinh ofifah Qartbitd psrisfbawsethidirtbeseareTdDsper I8 rddeeby to

_ formon f f_t ticles of the solid base a coat |ayer of
“~titanic %g%gﬁlt%gﬁg% Sé)rlrloqﬁlr)]gge(rjf from0.1 to 50 parts by weight in terns of

- Ti2 per 100 parts by weight of the solid base. 2. The
pol ycondensat ipn tal yst accordin o,.claim1l,. erein the .sol i se is
Pahest um by Tt BplytondEREh A% R A Ml p I (ORRAH SRES7 1 B
to cl ai msdlidiesreeismbbeesam thyldaseides hydrotal cite.
15
3. The polycondensation catalyst according to claim 1, wherein the

solid base is hydrotalcite.

4. The polycondensation catalyst according to claim 1, wherein the

20 water soluble titanium compound is a titanium halide.

5. The polycondensation catalyst according to claim 4, wherein the

titanium halide is titanium tetrachloride.

25 6. The polycondensation catalyst according to claim 1, wherein the
water soluble alkali is a water soluble alkali which comprises an alkali

metal element.

7. A method for producing a catalyst for producing polyester by an
30 esterification reaction or a transesterification reaction between a
dicarboxylic acid or an ester-forming derivative thereof and a glycol, the
method comprising hydrolyzing a water soluble titanium compound in the
absence of a water soluble alkali in an aqueous slurry in which particles of
a solid base are dispersed thereby to form on the surface of the particles of

35  the solid base a coat layer of titanic acid in a content of from 0.1 to 50 parts



4. The pol ycondensation catal yst according to claim11, wherein the 20 water
sol ubl e titanium conpound is a titani hal i de. 5. The

pol ycondensati on catal yst according to claim4, wherein the titanium halide
is titaniumtetrachl oride. 256. The pol ycondensati on catal yst according to
claim1l, wherein the water soluble alkali is a water soluble alkali which
conpri sesyaReRikain tdreiabf ©l@npat 108.pAtswlyhogigherofphedutidigas. cat al yst for
produci ng pol yester by an 30esterification reaction or a
transesterification reaction between a dicarboxylic acid or an

ester-formng SjerTHé-tnilé/&loﬁhﬂﬂb@ﬂil@nﬁb &l Gy ¢Okvhetdi@ m@tm 1698PEd Si ng
hydr ol yzi gﬁa wat sol ubl e .tjtani um conpound in the absence of _a water

sol ubl e Pl anthesurfaee gl the arlicies ahiknsplad bprescdn GOULCUB IS H Wase are

di spes se@ohf@&ﬁbg the thAsMHR ddiep §w1£1%§%f%etsrmdpaa§é Eh€m10én 3REhe sol id
base a coat |ayer of titanic acid in a content of fromO0.1 to 50 parts 24

by wei ghtsuitﬁ?opetrh?scw Iryep opéitanonagisr isstibiprodi gt otdpinek cakt it base.
8. The nethodaee@ diaRer tQi&d, aidA fhe Wﬁ%ﬁfera d08 608 id @%ShtdeSafar med on the
surface of the particles of the solid base, an aqueous siurry 5contai ni ng
the thus obtained particles of the solid base having on the surface the
coat |ayer of di t'PH%]Qn@t%ﬁ dRoF it Eaite og%t %1{@%18%@ sofidsdied wi th
water, dried, and the obtalne8 aggregate is disintegrate 9.
 The M@t hoererssondi hydrexideai m 7 or 8, wherein the solid base is 10
. magnesi um hydr oxi de. 10. The nmethod according to claim?7 or 8,
- wherein the solid base is hydrotalcite. 1511. The nethod according to claim
7, wherein t heIQNat'Ehe so thbHexcepr dimiguim dempolnd 8i shereint biné aphifdiasdes
12. The ﬁﬁgordlng to claim7, wherein the titaniumhalide is

etrac

titani um oride. 20 13. The method according to claim?7,
wherein the mater soluble alkali is a water soluble alkali which conprises
an ah,l’(all met g'}et od accord114 oAclg?rtnh’P, L Mo duc' aq @oqlu FSt er which
conpri ses preparln Siers ¢ npri'sing blg% dro ) ers of an

aronatlctdanammomyhpcua¢ndabynanuasmeﬂnhacatlon reactlon or a
transesterification reaction of the aromatic dicarboxylic acid or an
ester-form ng derivative thereof and an al kyl ene glycol, and then
nel t - pol ycondemsi rbh¢ he:thbil geoerdinigntd daipr esenceciafthichet poluye drdieksat i on
catalyst % h %e rature in vacuum
1tan1u tetra 011d
20
13. The method according to claim 7, wherein the water soluble

alkali is a water soluble alkali which comprises an alkali metal element.

14. A method for producing polyester which comprises preparing
25 oligomers comprising bisthydroxyalkyl) esters of an aromatic dicarboxylic
acid by an esterification reaction or a transesterification reaction of the
aromatic dicarboxylic acid or an ester-forming derivative thereof and an
alkylene glycol, and then melt-polycondensing the oligomers in the
presence of the polycondensation catalyst at a high temperature in vacuum

30 according to any one of claims 1 to 6.

15. A polyester obtained using the catalyst according to any one of

claims 1 to 6.

35 16. A polyester obtained using the catalyst obtained according to



30according to any one of clains 1 to 6. 15. A pol yester obtained
using the catal yst according to any ong of clains 1 to 6. any one of
clains 7 to 13.

any one of claims 7 to 13.



