| ECO50043 Bi odegr adabl e |i near random copol yester and process for preparing
it and use of the sanme Technical field The present invention relates to a

bi odegr agabdogssl i near random al i phatic/aronmatic copol yester, in particular,
to a bi odegradable aliphatic/aromatic copol yester of high nol ecul ar wei ght
and narrow nol ecul ar weight distribution, and to process for preparing it
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polybutylene terephthalate (PBT), polypropylene terephthalate (PPT) as
engineering materials have been widely applied to various fields in daily life of
human, which can be made into various materials such as fibers, beverage
bottles and films. However, these polymers substantially cannot be degraded in
nature, and can be very resistant bacterial or fungal attack . Until now, no
bacteria or enzyme is observed to be able to erode pure aromatic polyesters
(PET, PBT). These polyesters are difficult to be degraded in water. The service
life of PET can be up to 16-48 years, and PET fiber can exist in human/animal
body for 30 years. Thus, “white pollution” resulted from these polymers is one
of fatal disasters facing human, and it is urgent to develop biodegradable
materials. Aliphatic polyesters are getting more and more attention owing to
their excellent biocompatibility and biodegradability, non-toxicity of polymers
and degraded products thereof, and etc. They have been applied to biomedical
materials (skeleton fixing and supporting materials, drug controlled-release
materials, nerve guide and artificial blood vessel, suture line and etc.) and
environment-friendly materials (trash bag, shopping bag, food packaging,
dishware, agricultural mulch film, domestic bottles and jars, fishing gears and

etc.). However, compared with aromatic polyesters as engineering materials, the



| ECC60043 use of aliphatic polyesters as materials are limted due to their
defects such as |ow nelting point, weak nechani cal property and high price.
Ther ef or g5codobe  devel opnment of al i phatic-aromatic copol yesters, which

conbi ned the excellent use and processing properties of aromatic pol yesters
with the excellent biodegradability of aliphatic polyesters, is a hotspot
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distilled fractions come out, it is difficult to prepare a high-molecular weight
product, and in general only the product having a molecular weight of tens of
thousands can be prepared. Owing to the low molecular weight, the mechanical
properties of the product can hardly meet the standard in term of
non-degradable materials that are widely used at present. Thus, it becomes more
important to prepare a high-molecular weight copolyester product having
qualified mechanical and processing properties. In U.S. Pat. No. 5,817,721,
5,889,135, 6,018,004, 6,046,248 and 6,114,042, BASF AG set forth that the
addition of an anhydride, ether or isocyanate having multiple (at least three)
functional groups reactive with polyester as a chain extender can obviously
increase the weight-average molecular weight (may be up to one hundred of
thousands) of the obtained copolyester, but the number-average molecular
weight is not increased to such an extent as the weight-average molecular
weight, and the molecular weight distribution of the product substantially
becomes broader (3.5-8). The obtained product has a long-chain branching
structure, which goes against further processing. Moreover, the chain extender

added is directly linked to the long chain of the polymer, which makes the
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added is directly linked to the long chain of the polynmer, which nmakes the 2
| ECO60043 pol yner's structure becone conplicated and inpure, and it is also
hard to hgosopgnoved. The preparati on of the pol yesters prepared by

pol ycondensati on, such as polyethyl ene terephthalate (PET), polybutyl ene
terephthal ate (PBT) and pol ypropyl ene terephthalate (PPT), undergoes two
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di carboxyl Theacidt#lyst systems used in the preparation of polyesters by
polycondensation are diversified, almost concerning all subgroup A and B
elements in Periodic Table of Elements except for halogen elements and inert
elements. Those having the best catalytic effect may be generalized into the
following three kinds: Ti-series, Sb-series and Ge-series. Ti-series element as
catalysts has high catalytic activity, but the polyester product obtained has poor
stability and yellow color. When Sb-series element is used as catalysts, the
polymerization reaction goes steady. At present, 80% polyester products are
prepared by using Sb-series catalyst at home and abroad. However, since Sb
element is not in favor of environmental protection owing its toxicity, the
service field of the polyester products prepared thereby is limited. Ge-series
catalyst is one kind of polyester catalysts having the best comprehensive effects,
but it cannot be widely used due to its high price.

In U.S. Pat. No. 5,817,721, BASF AG discloses a biodegradable polyester,
which is obtained by mixing batch-wise aromatic dicarboxylic acid or
ester-forming derivatives, aliphatic diol, and aliphatic dicarboxylic acid or
ester-forming derivatives, and allowing the mixture to react in the presence of

Sn compounds, Ti compounds and the like as esterification, interesterification
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ester-form ng derivatives, aliphatic diol, and aliphatic dicarboxylic acid
or ester-formng derivatives, and allowng the mxture to react in the
presenceRhsoosPr i conpounds, Ti conpounds and the |ike as esterification,
interesterification 3 | ECO50043 and pol ycondensati on catal ysts. As discl osed
in US6, 018, 004, US6, 046, 248 and US6, 114, 042, the preparation processes of
pol yest { carried out by two-steps in two
poIyner?gggrgxﬁgﬁﬁgﬁsgggg{@%?$¥¥?y, adipic acid is esterified with
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obtaining an esterified product. Then, the eSterified product as above

obt ai negrepatiatieirhyprocessggtdfabal gestehd)in BASFaIG efre aimdstly awdrheid toa,nab?
(TBOT) are simltaneously added to another reactor, and after finishing the
i nt er estwoistepatindwd polgareribatian auBdclaviase Faystlgmdipdeagodss esterified with
pol ycondensation in vacuum The nol ecul ar wei ght of the pol yester product

obt ai nedi,4-butancdiadh(BIHO) numtibe- prescape @il Houldzoctesitghas (Avicatakistgtheveby 1
x 104, gnd t he wei ght - average, nol ecul ar mei%ht bei ng about 3 x 104. If an
anhydr i @btalpimganestertlagd mnosluedy ilmgnnthei esterifiad psaduct aseahove ebtamed,
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distilled’fractions), e esterified or interesterif product and
pol ycongrhgdtide) ethéabyssocyanate having multiple (at least three) functional groups

reactive with polyester is added as a chain extender to the aforesaid second step,
the weight-average molecular weight of the obtained copolyester can be
obviously increased, but the number-average molecular weight is not increased
to such an extent as the weight-average molecular weight, and the molecular
weight distribution of the product substantively becomes broader (3.5-8).

Currently, the preparation of polyester by polycondensation generally
includes three reaction stages, i.e., esterification, interesterification and
polycondensation. In general, monomers and esterification or interesterification
catalyst are simultaneously added to a polymerization autoclaves; after finishing
esterification or interesterification (which is determined upon the distilled
fractions), the esterified or interesterified product and polycondensation catalyst
are simultaneously added to another polymerization autoclaves for
polycondensation in vacuum.

The preparation of polyester by polycondensation is a relatively mature
process route. Currently, the compounds of Ti, Zn and etc. and the compounds

of heavy metals such as Pb, Sn, Sb and Cd are mostly used as catalysts at the



are simultaneously added to anot her pol ynmerization autocl aves for

pol ycondensation in vacuum The preparation of polyester by pol ycondensation
is a rel gkhy@hy mature process route. Currently, the conpounds of Ti, Zn
and etc. and the conpounds of heavy netals such as Pb, Sri, Sb and Cd are
nostly used as catalysts at the 4 | ECO60043 stages of esterification,
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toxicity, thus the usé field of the polyester products obtained is I'imted.
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difficult to be widely used owing to its high price. Thus, it is a hotspot
for stusgme topeitgshers theluserfield ofethel pplpestey ghrochicts yabytasysd am lnanitety
good effect and low price. In recent years, the use of rare earth(RE) .
conpounddtheught geysanits oxeda catadipsty systerar has telatively dretten efitent, dhds
abr oad. &ere are many relevant _techniques with respect to the pretparati on
of pol ydsiikultiée be wadebyr nsed msving tedtshigh priee. glhugnt is eohetspat for study
EPO, 626, 425 _and CN1,.446, 837A. In the patent _applicatiqn No. CN1,112 573A,
Eni chenil @@lyest@aup,duat@ct%é@y eE(Plé 48EVe Catﬂi-}@E ﬁV@Eﬁmgi%Yl%gﬁﬁdrﬁﬁe@%@nd
netal salt, netal conposite salt or salt-containing conplex as catalyst,

t her eby! OBtHilffng a thernmopl astic aromatic pol yester having hi gh resistance
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application No. CN1,112,573A, Enichemu Co., Italy, discloses the use of
La-series metal compound, their metal salt, metal composite salt or
salt-containing complex as catalyst, thereby obtaining a thermoplastic aromatic
polyester having high resistance to degradation at molten state. In European
patent application EP0,626,425, La-series metal composite salt is used as a
catalyst for producing a thermoplastic aryl polycarbonate/aryl polyester
component, with the thermoplastic component obtained having improved
mechanical, thermal and electrical performances and relatively higher stability.
In Chinese patent application CN1,446,837A, a La-series metal catalyst for
preparing polyester is disclosed, said catalyst including components R1 and R2,
wherein R1 is La-series metal halides and/or La-series metal complex, and R2 is
La-series metal hydroxide, and the mixture of both can enable the
interesterification to carry out rapidly and stably.
Our country is enriched with RE elements, accounting for about 80% of
world reserves. Although it is well known that the use of RE compounds as
polyester catalysts can increase the rate of polymerization, the concrete process

and the apolegamy of catalyst are yet to be further studied. In the technique of
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wherein RL is La-series netal halides and/or La-series netal conplex, and R2
is La-series netal hydroxide, and the m xture of both can enable the
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with RE el enents, accounting for about 80% of world reserves. Al though it
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JP2,004,018,674A2, and so on. As above described, the catalyst systems

commonly used in polyester still have the various defects appeared in the

preparation of polyester, such as resulting in product of yellow color and serious
side reactions.

To sum up, the existing catalysts for polyesters have many shortcomings
including low polymerization rate, serious side reactions, toxicity, product of
yellow color and etc. Apart from these, the shortcomings such as complicated
operation process and relatively broader molecular weight distribution of
polymerized product further exist in the technique of preparing biodegradable
copolyesters.

The object of the present invention is to obtain biodegradable copolyesters
of high molecular weight and narrow molecular weight distribution.

Another object of the present invention is to provide a process for preparing

polyester in the presence of a RE compound catalyst component.

Description of figures
Fig. 1 is IH NMR spectrum of copolyester product of DMT/ADP = 1/1 of
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pol yneri zed product further exist in the techni que of preparing

bi odegr adabl e copol yesters. The object of the present invention is to
obt ai n bipglgaradabl e copol yesters of high nol ecul ar wei ght and narrow

nol ecul ar wei ght distribution. Another object of the present inventionis to
provi de a process for preparing polyester in the presence of a RE conpound

catal ys ﬁaﬁﬁﬁ iption of figures Fig. 1 is IH NVR spectrum of
copolyegygp pro H@Fegﬁ i/ ADP = 1/1 of 6 | ECO60043 the present invention.
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ppn), a and d respectively correspond t orfopol yreri'zed chain gnent s,

and ¢ rp?n?)ﬁtd waldyd cwspeepvedy teoreensdudro BethapelymetigedntBain SegMIns, b
(0]

ratio e two nononers in the polymer is 50:50, and the chain Segnents
wher e t hrd ¢ respeetorety catirespond toicopoliyntereaed chiae segneentst The niglar ebtibhe
total polynmer chain segnents, which illustrates that the copolyester is a
st at i st of ¢he ywa amalwomespahytirerpolsimer s 56:3Geand thetahain segments where the
pol y(butyl ene adipate). Fig. 3 is the structural fornula of poly(butylene

t er epht H&DatRYNOMESS dme@t&dmkrwaﬂur@ach @rther aae¢owot ViosudPlenef the total
terepht hal ate-cqQ-hutylene adipate).. Fig. 5 js the DSC curve of the, .

copol yePP&ymer gthaln sggmeatsrwdagh Inssrates thatshe gapolyestarels awatisidgatiye

term "bi odegradabl " used herein refers to that, under the action of
m cr oor E’d?ﬁ‘g% C%P@Efmgr-c_orrpoun_d i s deconposed into carbon dioxide (C02),
therei n anbigehibiim et Yorbitla QERBRA S Tk AiBHsTat 1 o copbl yester
described PRI & f {i%e Btructural formula of poly(butylene terephthalate).
Fig. 4 is the structural formula of poly(butylene terephthalate-co-butylene
adipate).

Fig. 5 is the DSC curve of the copolyester product of the present invention.

Contents of the invention

The term “biodegradable” used herein refers to that, under the action of
microorganism, organic compound is decomposed into carbon dioxide (CO,),
water (H,O) as well as mineralized inorganic salt(s) of element(s) contained
therein and new biomass.

The biodegradable aliphatic/aromatic copolyester described herein is a
random and linear aliphatic/aromatic copolyester, which comprises the

following structural unit:

I i I I
O*éCHz%p—C—(CHz)ﬁ—C - o——(CH2 o—c@—ca—
y

wherein m is an integer of 2 to 10, n is an integer of 0 to 8, p is an integer of
2 to 10, m, n and p being same or different, x is an integer of 1 to 10, and y 1s an

integer of 1 to 10. Preferably, m is an integer of 2 to 4; n is an integer of 2 to 4; p
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random and |inear aliphatic/aromatic copol yester, which conprises the
followng structural unit: 01l - 4CH2 C(CHZ Cl x Oherein mis an integer
of 2 to KBesofkzi s an integer of O to 8 p is an integer of w2 to 10, m n
and p being same or different, x is an integer of 1 to 10, and y is an
integer of 1 to 10. Preferably, mis an integer of 2 to 4, n is an integer

of 2t Oilélém aneém@oﬁ?’ 4 x 3 abf‘ﬁﬁ%@é&%{f Ptda ébt}%‘l/d&% nél'tnhn%rg@%lé{ g)ff L1623
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100, 000- 300, 000 g/ nol ;" and 1ts nol ecul ar I ght difstribution is TI.2-3,
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a nelting tenperature range of preferably 20 to 185 and a gl ass

t enper awmﬁhoﬂistp'rlnitdamnliw.%}o, preferdblyThs-Bi ddegr adabl e copol yester

descri bed herein can be used for preparing profiles, filns, fibers or
coatings. The babphgtiedmiomatiopotgpelyasteravidegchibgid hereul daswea gmettangbe
prepared herein by adding a RE conpound as catalyst _as well as controllin
the feetemperatuse ﬁﬂiﬁ@&e@ﬁ/p@fﬁr@l@nﬁ' MY tonel iy and prglasss teaperatuaes oifn
t he absencge of. any chai xt ender. The product obtained has a nol ecul ar

wei ght Bl abbfrg§16¥:ﬂ3§s than 3, and is in a linear structure. The
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molecular weight can be prepared herein by adding a RE compound as catalyst
as well as controlling the feed ratio of monomers/catalyst and the relevant
process parameters in the absence of any chain extender. The product obtained
has a molecular weight distribution of less than 3, and is in a linear structure.
The compositional structure of the copolymer can be strictly controlled via
adjusting the feed ratio, so that a statistically random copolymer can be
prepared.
The present invention further relates to a process for preparing polyester,
which comprises the steps of:

1) adding the following monomers and an optional catalyst component
Catl to a reactor to carry out interesterification and/or esterification: (a)
aromatic dicarboxylic acid, ester thereof, anhydride thereof, or mixture thereof,
(b) aliphatic diol, alicyclic diol or mixture thereof, and (c) aliphatic dicarboxylic
acid, alicyclic dicarboxylic acid, ester thereof, anhydrides thereof, or mixture
thereof;

wherein the molar ratio of the monomer (a) to monomer (c) is 0:100-100:0;

2) prepolymerizing the reaction system obtained in step 1) under vacuum,;
and

3) adding a catalyst component Cat2 to the prepolymerized product

obtained in step 2) to carry out polycondensation under vacuum, thereby



whi ch conprises the steps of: 1) adding the foll ow ng nononers and an
optional catalyst conponent Catl to a reactor to carry out

i nt erest gbshdseati on and/ or esterification: (a) aromatic dicarboxylic acid,
ester thereof, anhydride thereof, or mxture thereof, (b) aliphatic diol,
alicyclic diol or mxture thereof, and (c) aliphatic dicarboxylic acid,

alicycl bﬁ\%lh‘fﬁgttﬁéﬁés‘ir P@ly@s%?* t hereof, anhydrides thereof, or mxture
ere

t her eof ; n the nolaf rafio of the nmonomer (a) to nmonomer (c) is
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under vacuum and 3) ding a catal yst conponent Cat2 to the prepol yneriz

product of the @iomgoundst@@rr&)talsoTi:,aSb yneluZ npahdowridanesttheresfider vacuum
t hereby 8 | ECO50043 obtaining the desired polyester; wherein, the catalyst

conponent bt tatayselcarhponenoniati2 igrselpctashdrom nhe gfoumecansipingdsf dhe
metals Ti, Sb and Zn, and m xtures thereof; the catalyst conponent Cat2 is
sel ect edompounds off Rip nweial dtnngndf mikturesotipeneods said R Erematall bnabing
m xtures thereof, said RE netal Ln, being _selected fromthe group consisting
of La- seelcetedl Biommt the sgrowp vonatstingndf naaiseries rleswentsyhea and Y and
al i phatic/gr.omatic copol yester is prepared, in the step 1), the aromatic
nmonomer COEIDIRA{1OSy rS‘foi(-eact with the diol nonomer (b), followed by adding
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with the diol monomer (b) followed by adding the aromatic monomer (a).
Preferably, in the step 1), the catalyst component Catl, and the monomers (a)
and (b) firstly react by adding them to a reactor, followed by reacting with the
monomer (c) to be added. The latter is more favorable to the sufficient
proceeding of interesterification and esterification.
In one embodiment described herein, the monomers (a) and (b) along with
Catl are firstly added to a reactor, and undergo esterification or
interesterification at a temperature of preferably 150-230°C. When the distilled
fraction as collected attains above 90% of its theoretical amount, the monomer
(c) was added to the system, which thereafter undergoes the second-step
esterification or interesterification at a temperature of preferably 160-250°C.
Then, the system enters into the next step of prepolymerization when the
distilled fraction as collected again attains above 90% of its theoretical amount.
The above two steps of esterification or interesterification may be carried out
under atmospheric pressure, vacuum or superatmospheric pressure condition,
preferably under atmospheric pressure.
Preferably, the prepolymerization of the step 2) is carried out at a
temperature of 190-250°C and a vacuum pressure of 200-600 Pa, preferably
200-300 Pa for 1-3 h, preferably 1-2 h; or the step 3) is started after the small



I n one enbodi ment described herein, the nononers (a) and (b) along with
Catl are firstly added to a reactor, and undergo esterification or

i nterestgehdhisgation at a tenperature of preferably 150-230C. Wen the
distilled fraction as collected attains above 90% of its theoretical

anount, the nononmer (c) was added to the system which thereafter undergoes

br e or alS e 56, (RAGAIL £ \RiteBbiohSSEARAL] L he tRaClioh LTBAL B & 2)
prepol ygrs hEAbsPBovisIRtEReey A ghted £ thathiperatucodbl Eeictfbire@kBppEbAsTNL.

above 90% of its theoreti'cal anpbunt. The above two steps of esterp?l catlon

or intefrestey B catal pst camprnafrCattlivaddedndetheatamsiiesystepiessur e, .
vacuum or super at nospheric pressure condition, preferably” under atnospheric
pressure. I eher sy, 3),htherppblioomiensation isf catreedt ent 23t ias temrporatireuofat
a tenperature of 190-250C and a vacuum pressure of 200-600 Pa, preferably
200- 300preferablyl 200+ 3 006 emuneypreferablyo2 20r280C€) @) d ia vacaune preksere ofe

small 9 | ECC60043 npl ecul es (including the unreacted ponomers) in the

react i oprehesably 513@0 da, anorapsefeiably <300 Baecfar prefetabbu3abd.t he

t enper at uggéﬁf fraction is kegt constant. In step 3), catalyst conponent
Cat2 is a pressukes concernad dheraim ane gange PIesSWES. t he pol ycondensat i on
is carried,out at a tenperature of r ef.erab 2Q0- 300C, nore preferabl

50 580C. A BINE16ALUIGTBY & QRFIALEI ARG IGPIED. BoANE-pIaRsss [MePEdaDES
200 Pa, for pref.erab -8 h. Al pressur ncerped therein are uge

or esour oD HEREbEATidtaln. Che BERIRPRAY: 220R00EaeF PRMTRE itgpdltSasme
prepari pg cqﬁkgester descri bed herein, i.e., the steps 1), 2) and 3) are
carried ohq the sane autoclave. In one preferred enbodi nent of the

b 52 CegPORISHOTEER T\ BT Pl Prodlsd OescREBicrk . MERAr o
(a) +(c) pfaReBiorddther (a)/thbrdmeP)(c) AseH G653 5, preferably 35:65-60:40; the
molar ratio of the monomers (a)+(c)/monomer (b) is 1:(1.0-3.0), preferably
1:(1.0-2.0), more preferably 1:(1.1-1.5), even more preferably 1:(1.2-1.4); and
the molar ratio of the catalyst system/the monomers (a)+(c) is 1:(500-10,000),
preferably 1:(1,000-3,000).
In one preferred embodiment of the process described herein, the monomer
(a) is selected from the group consisting of p-phenylene dicarboxylic acid, ester
thereof or anhydride thereof, preferably terephthalic acid or dimethyl
terephthalate; the monomer (b) is selected from the group consisting of C,-Cs
aliphatic diol, Cs-Cyo alicyclic diol and mixtures thereof, preferably
1,4-butanediol, 1,3-propanediol or ethylene glycol; and the monomer (c) is
selected from the group consisting of C;-C;, aliphatic dicarboxylic acid, Cs-C,o
alicyclic dicarboxylic acid, ester thereof, anhydrides thereof and mixtures
thereof, preferably adipic acid, sebacic acid or succinic acid.
In one preferred embodiment of the process described herein, the monomer
(a) is selected from the group consisting of terephthalic acid, ester thereof,
anhydride thereof or mixtures thereof; the monomer (b) is selected from the

group consisting of C,-Cs aliphatic diol, Cs-C,, alicyclic diol or mixtures thereof;
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1:(1.0-2.0), nore preferably 1:(1.1-1.5), even nore preferably 1:(1.2-1.4);
and the nolar ratio of the catal yst system the nononers (a)+(c) is

1: (500- 1008y, preferably 1:(1,000-3,000). In one preferred enbodi nent of
t he process described herein, the nonomer (a) is selected fromthe group
consi sting of p-phenyl ene dicarboxylic acid, ester thereof or anhydride

th fq
rononer Ay HeCHRHomEEeN s Kl %egfﬁlﬁ)gqﬁgﬁﬁ%ogﬁ?@?%mﬁﬁﬁ 48, geter
C5-Cl O ﬁiexebfl hfh¢deldextiserdoft o ﬁ?lxttﬁﬁéseﬂiere@'feﬁﬁr\ﬁhﬁoh thet nivlazn@@icPbf the

1, 3- pr opanedi ol of et hyl ene gl yco he nmononer ( ) is selected from
the gronmmmmrs(a)im@ﬁoﬁ&rcl(@ahs p(faﬂii) @595 pxamdl c thei daolds- Chto of the
alicyclic dicarboxylic acid, ester thereo dri des thereof and m xtures
t her eof mgnethers§ay+a)/mioncmed (b3apdcil el ; é’mRref/ rablycimivheai,dhel modaeratio
pr ef erred enbodi ment of the process described herein, the nongoner (a) is

sel ect e@ fthemnonen@ero(@)/(m)uﬁ 2316 )3 - aée)pandanhuecrmﬂan ratist ef théenenémers

anhydrlgggf eof or mxtures {hereof, the nononer (b) is selected fromthe
group ¢ (& m@n@m@z( Salilp alileSdi ol, C5-ClO alicyclic diol or mxtures

Lot T ot ndTyONEIDES TR EmBImEntnaf éﬁé DEQaaRS: doseriRed daerean. ke faatalyst

(oo eT con] me'nctgﬁ%ﬁt[' ﬁe%%crt?tg't froth e erORpneRas g HoNOK e Mo s

(12% %5)21\4@% %‘é‘? v arld) Whixlres ihdFRoR ARl SERecBEC T ont 2ld.Ckrdlp; ¢
121, gméltsuhgos% BEFUAL SRR IO STON, 5! AMFrRARE 58 AESSEALSR el ine

the cat rponen I's sel roup consistin

M OR2' )2§de@soxant1M Wd&sart‘i'ta‘ﬂlﬁfrtom gg@?rrr?%r% etflfe’réBf y rﬁ@fee? Felfa

the group cdnS|st|n titanium a , anti nony acetate,

acet at egelechéd frorlesheaprbiiPnycohdisieg Oft aBirdBuyl d@ﬁhoﬁtéfﬁb}ﬂeesltﬁ@élﬁﬁfm

nore preferably
isopropoxide, titanium dioxide, antimony trioxide, antimony acetate, zinc

acetate and mixtures thereof; and the catalyst component Cat2 is selected from
the group consisting of RE-metal’s inorganic halides LnXj;, carboxylates
Ln(R,COO0),, alkoxides Ln(OR,);, aryloxides Ln(OAr);, acetylacetonates
Ln(a.a.)s, hydrates thereof and mixtures thereof, preferably selected from the
group consisting of RE-metal’s inorganic halides LnXj, alkoxides Ln(ORj)s,
aryloxides Ln(OAr);, acetylacetonates Ln(a.a.); excluding samarium
acetylacetonate Sm(a.a.);, and mixtures thereof;

Preferably, the molar ratio of Cat2/Catl is 5:95-100:0, more preferably
1:3-3:1, even more preferably 2:3-3:2;

In which, the RE metal Ln is preferably selected from the group consisting
of La, Ce, Pr, Nd, Td, Yb, Dy, Sm, Sc and combinations thereof, more
preferably selected from the group consisting of La, Ce, Pr, Nd, Sc and
combinations thereof;

X is a halogen ion, preferably chlorine ion or bromine ion, and a.a. is an
acetylacetone group;

R, and R’ are selected from C,-C; alkyl, Ry, R;’ being same or different;
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selected fromthe group consisting of tetrabutyl orthotitanate, i titanium
i sopropoxi de, titanium dioxide, antinony trioxide, antinony acetate, zinc
acetate gpgoxtures thereof, and the catal yst conponent Cat2 is selected
from the group consisting of RE-netal's inorganic halides LnX3,

car boxyl at es Ln( RI COO) 3, al koxi des Ln(CRZ) 3, aryloxides Ln(CQAr)3,

acetyl acetRna% ff RyMard §€I%te5yﬂbﬂ5 @;bnséi ﬁé}?}lgal@ E‘E"tﬁéﬁﬁ {eeest different,

preferably & rom group ¢ 0 S i norganic

hal i deS?i:é'[@abB} x| FRDPrdpIRZh Dbutydror @x)E@m yL:n(OAr) 3, acetyl acetonates

Ln(a, a,) 3 excl udi ng samari um_ acetyl acet o m(a, a,)3i and m xtures

thereof ; PAef eisablseletteel ndfirem r a€i<Cpf a@kz/kl C@xibstsuﬁeaS phen ,l referabl
preferabl 1:3-3: 1, even nore preferabl 3-3:2; In which, E net al

i s pref 2iaudistesebatykd- mmhylpieelgybup%buwlphengfl of La, Ce, Pr Nd, Td, Yb
Dy, Sm Sc and conbi nations thereof, nore preferably selected fromthe
group consMsis metal TiaSbaer Zmy, andix i$Q,ahar 4conbi nat i ons t her eof : X is a

hal ogen i on, prefer ny chlorine ion gQr_ _bromne ign, and_a, a, .is

acet yl acet Bh&Ong pii err@ Grabrdiman @Enbetpmcfe%ndcxcrdae@lkgznemRihematabatng
sanme or different;

R2' bei ﬁ@%lﬁrcaﬂr fl% gofﬁqteg Ff?énbﬂa% E;ouﬁiceqrisﬁéﬁﬁtgregﬁ%? 'Bmw&tth@tlganate,

2. o - HeanigRSPPROREKS Lﬁﬁ%‘}fl' ity aptenpny’ oS et antipotugiciat,

00 3 el g R fu@?@' TR BT RSk,

o el R B I3t “Bah il {61 1! FROEEARK! dliddd TS BbSyletesog

the cat phyRY C@@)S’,”Eﬂéoﬁﬂteg Lﬁ(@?iz‘%t&ﬂ/lomdes Ln(OAr);, and mixtures thereof;
and the molar ratio of Cat2/Catl is 2:3-3:2;

in which, the RE metal Ln is selected from the group consisting of La, Ce, Pr,
Nd, Sc and combinations thereof, and X is chlorine ion or bromine ion;

R, is ethyl or propyl, and R, is isopropyl, n-butyl or isopentyl;

Ar is 2,6-di-tert-butyl-4-methylphenyl or 4-butylphenyl.

The catalyst used herein is a single-component catalytic system of non-toxic
or low-toxic RE compounds, or a multiple-component composite catalytic
system of RE compounds and other metal compounds, which is favorably used
for preparing biodegradable aliphatic/aromatic homo- and co-polyesters. The
catalyst system may thus be a single-component Cat2, or a multiple-component
composite system of Cat2 and Catl.

The RE compounds as the catalyst component Cat2 of the catalyst system
described herein may be prepared by the methods of synthesizing or treating RE
compounds as disclosed in the prior art, e.g., the methods disclosed in the
documents «J. Inorg. Nucl. Chem.» (1962, 34, p387), «Polymer» (2001, 42,
p7511), «Inorganic Chemistry» (1970, 9, p2505), and «J. Chem. Soc., Chem.
Commun.» (1983, p1499), as mentioned in the following Examples.

The compounds of Ti, Sb and Zn as the catalyst component Catl of the
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fromthe group consisting of RE inorganic halides LnX3, carboxyl ates
Ln(R1COO) 3, al koxides Ln(OR2)3, aryloxides Ln(QAr)3, and m xtures thereof;
and the pebagssratio of Cat2/Catl is 2:3-3:2; in which, the RE netal Ln is
selected fromthe group consisting of La, Ce, Pr, Nd, Sc and conbi nati ons
thereof, and X is chlorine ion or bromne ion; RL is ethyl or propyl, and R2

is isop c I i : IS =gl < - -4 I
or 4 burarareL Syt deeritab ARt md bltecmiteheiafirotiote, & HRANORAT
system ge feNo ANk Exghg%l@gftoxi ¢ RE conpounds, or a nultiple-conponent
conposite catalytic system of RE conpounds and ot her netal conpounds, which

i s favorabUnlessidedteficdrethaiwige bilrdgercdnbies @h@fkﬁi?@h@é@ dretn hegall end

co-pol yesters. The catalyst system nay thus be a singl e-conponent Cat2, or
a mul ti thebaspofiergigh¢onposite system of Cat2 and Catl. The RE compounds as
the catal yst conponent Cat2 of the catalyst system described herein may be
prepar ed bAll thee pabloddiaris syenthenediarg incorperdtedgh&einclorpefertncesin their
disclosed in the prior art, e.g., the nmethods disclosed in the docunents
ul. | noegtirelycfor dhgurpeseso62, 34, p387), <<Pol ymer>> (2001, 42, p7511),
"I norganic mstry>> (1970, 9, p2505), .and "J. .Chem _So¢., Chem
Commun. >> Tﬁ&gnpdﬁgn@dablleagopefmsaﬁédeschrlgﬁg h@]enrghasgh@m‘é@ngfn@turesz
compounds of, Ti , Sb and Zn as the catal yst .c anent tl of the 12
ECC30043 chl A5 PN, HeEATad 0 NScbSRICE AT AaaNcs Gweb 85 Ghapn Gataader aad
menti oned i‘f‘ th[Fl f ol | o]\é,\n nge Exa(g)l es. Unless identified otherwi se, the
per cent %&j‘@é 126 NG GQOYSSITHRIQIUCTISPWS, on the basis of weight. All the
publicatio i.ene i nc 0 herein for refenence in their
nti rety fop) Both Ao BublBer AECHRG AbE B! ysdhek dnbleRie Woldfiseot the
has the hblywiBe be8HULESare obviously increased, with a molecular weight
distribution being less than 3;

3) the compositional ratio of the copolyester product can be strictly
controlled by adjusting the feed ratio of monomers, the compositional ratio of
the copolymer is substantially equal to the feed ratio of monomers;

4) the copolyester product is in a long chain random linear structure, which
is in favor of degradation and combination of excellent properties of two
homopolymers; and

5) the copolyester product has mechanical properties up to or exceeding
those of LDPE product, a relatively broader use temperature range (with better
performances than those of the product having same components disclosed in
U.S. Pat. No. 5,889,135 to BASF AG), and excellent processability.

The present process for preparing copolyester described herein has the
following features:

1) the operation process is simplified by using a single-autoclave operation;
the side reactions are reduced, and the polyester product’s color is obviously
improved;

2) the catalyst system used herein is a high-efficiency, non-toxic or

low-toxic catalyst system, which can obviously increase the polymerization rate
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1) as being prepared in the absence of additives such as chain extender and
stabilizer, the copolyester product is pure; 2) both the nunber-average and
wei ght - aytessag¢ nol ecul ar wei ghts of the copolyester product are obviously
increased, with a nolecular weight distribution being less than 3; 3) the
conp05|t|onal ratio of the copol yester product can be strictly controlled

b d ] f
copol ynontth i ERIVESHAERL 0B iR Eredipd BRALOMELS 3-8 119 (Ompdri€on
copol yeglifd ti Qivele-E6ni r?eﬂtot'iﬁhrﬁﬁﬁﬁ o 'da"ﬂﬁ st@lhu a8 thé’%'aﬁ'ib tirfei N

favor of degradation an conbl nation of g I ent %{op rties of

honopol gfreincreagthg) thoe veeipditygwéraig eprl@@lééums weidtat)i ¢he ﬂfmﬂbéfia&%réget 0
or exceeding those of LDPE product, a relatively broader use t enperat ure

range (widlechbdrt Welgheﬂfwhmpogseﬁbﬁ@rbduee iofalsdanpreabed, wacthi itg madecular
conponents disclosed in . 5,889, 135 to BASF AG) and excel | ent

pr ocesswwight distTivaitpore smitbgingcersaden, meana\rhﬂ]g, theprtactsoe icodese s btaady,

herein has the follow ng features: 1) the operation process is sinplified

by usi n@ndeﬁsﬂgﬂ@batcmtmﬂedper ation; the side reactions are reduced, and

t he pol yester product's_color.is Vi ousl i mproved; the catal yst. s em

used het oi i) 4hg RAQiecuiar oveHEhL 0% e cﬁglyrag'ﬁzpdwptr@ %1@ t ceam| toybwté

whi ch can obvi gusl rease t neriz nr 1 43 mnth
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the single en |umco cata S t the sane tine
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course Lyt having an aliphatic/aromatic molar ratio of 35-100:65-0, and the
polyester product obtained thereby can be completely biodegraded within eight

months.

Mode of carrying out the invention

The raw materials used in Examples of the present invention are as follows:

DMT: dimethyl terephthalate, CP degree, Beijing Xingjin Chemical Plant,
China

ADP: adipic acid, AP degree, Shanghai Chemical Reagent Co., China
Medical Group

BD: butanediol, AP degree, Beijing Yili Fine Chemicals Co., Ltd, China.

SCN: succinic acid, AP degree, Sanyi Chemicals Co., Ltd, Shenzhen city,
China.

Acetic acid: 50%, Beijing Chemical Reagent Co., China

Stearic acid: AP degree, Beijing Chemical Reagent Co., China

Tetrabutyl orthotitanate: CP degree, Beijing Chemical Reagent Co., China

Zinc acetate: AP degree, Beijing Chemical Reagent Co., China

RE oxides: a purity of 99.5%, Beijing Xinhua Reagent Factory, China

RE chloride hydrates: CP degree, Beijing Xinhua Reagent Factory, China
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and easily to be controlled; 3) the nolecul ar weight of the polynerized
product can be obviously increased in the absence of any chai n extender;

t hus, thgcpalyester product is pure, and free of additives such as chain
extender and stabilizer; and 4) the process described herein is particularly
suitable for preparing polyester having an aliphatic/aromatic nolar ratio

f 35-100: %% Q; | i b :
0 @%-ﬁi-téﬂgbﬁgﬂ#fl%e%ﬁglg{]etﬁlggg LS_ d,g‘S‘ohe{ SOCHARICH Reagent

conpl et el y bi odegrade rrying ou

i nventi oy, TORiAGWIEHi €4l Grgupsed i n Exanpl es of the present invention are as
follows: DMI: dinethyl terephthalate, CP degree, Beijing Xingjin Chenica

Plant, ChisoprépRnokd At degeeel, B&Hine CleemiShlaPiiia, Chiewa cal Reagent Co.

Chi na Medi cal oup BD: butanedi 6l , AP degree, Beijing Yili Fine Chemcals
Co., Ltd, Sbdiem: Bejng lndonigcChendicahR etmmeCogdnyd., CGidmacal s Co., Ltd,
Shenzhen city, China. Acetic acid: 50% Beijing Chem cal Reagent Co., China
Stearic aclHe arcthegisedorBdefarnginthgnreleivaR¢éadata i0o.cxathples Tt theupyesent
orthotitanate: CP degree, Beijing Chem cal Reagent Co., China Zinc acetate:
AP degr B/ CTHEOR jatig aSHOHQ&WBS. Reagent Co., China RE oxides: a purity of 99.5%
Bei jing Xi,ﬂﬂua Reagent. Factory, Chi naqjjlichl ride hydrates: .CP _degree,

Bei i ng Xi hRGCo@mpasitiopatyppoasnis ofsthepodyvaer are determined by nuclear

R S T e R e
Sodi um o BeL}d Mid iV MR EP L RorRetde M MR 5o Mi¥A%t 25°C, with CDC,
as solvent, and TMS as internal standard.

The molecular weight and molecular weight distribution of the polymer are
determined by gel permeation chromatograph (GPC) using Waters-208
instrument (Waters 2410 RI detector, a flow rate of 1.5 ml/min, and a
temperature of 30°C), with THF as solvent, and the molecular weight calibrated
by styrene standard sample.

The viscosity number (VN) is determined in a 0.005 g/ml polymer solution
of o-dichlorobenzene/phenol in a weight ratio of 50/50 at 25°C, according to the
test standard GB/T 17932-1999.

The yellow index is determined by using TC-PIIG full-automatic
colorimeter according to the method described in GB 2409-1989.

The glass temperature (T,) and melting temperature (T,,) of the polymer are
determined by differential scanning calorimetry (DSC) using Perkin Elmer Pyris
1 analyzer, each sample being heated from -100°C to 250°C, and undergoing
heating and scanning twice, with the heating rate of 20°C/min.

The tensile property of the polymer is determined according to the method
described in ASTM D638-03.

The biodegrading characteristics of the polyester are tested by
embedding-in-compost process. Polyester sample is hot pressed to form a film

(10-20 um), which is then cut into sample pieces of 2 cm x 2 cm, the sample
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The nethods for determining relevant data in exanples of the present
invention are as follows. The conpositional conponents of the polyner are
det er mi ngdoshuz nucl ear nmagneti c resonance (NVR) using Bruker Avance DMX500
nodel superconductive NVR spectroneter ("H NVMR 500 MHz) at 25C, with CDC13
as solvent, and TMS as internal standard. The nol ecul ar wei ght and nol ecul ar

. ht . . - n | . 1 .
o o, B bl el B £ U e RESTRBRAERDI, mpd

flow rafierpithd . dulblifaridish dRdpat ih&IREr actilsatdr BAGer d@ﬂs‘@aﬂﬁfeﬁ%e&%ﬂgﬁ@”ﬁnd

and the nol ecul ar weight calibrated by styrene standard sanple.

vi scosi hymidmye THe/hNumiglitieiskeptad abous %%génd/tihﬂe n@mlgem*tus@lislkbpﬂ at 68 +
o-di chl orobenzene/ phenol in a weight ratio of 50/50 at 25C, according to the
test stARdardhericight d3sesa0Ptherbampde ipiecendex desermiredripeemdigallyi ng
TC-PI1G full-automatic colorineter according to the nethod described in GB
2409- 1989. Ex.@rrmlasS tenperature (Tg) and nelting tenperature (Tm of the

pol ymer ar determ ned by differential scanning caloripetry (DSC). using
Perkin El nfhe@lfcswmg &Rdmp s%@ r Jlgmpoasyated nemeafg?mcﬁ@mh@émmntszséc,
and undegrgoin heating and,scanning tw ce, with the heating rate, of

200/ m niNETRECSRHSIVETRIoFer Al H1C eRamplesrisie mergly dHisHadives RldigrRstede

met hod d?scribeg iﬁ ASTM %38- 03.. The bi odegradi ng characteristics of the
pol yest & IIREIRG LQ LHE RICSERY IAEHAONS. conpost process. Pol yester sanmple is

not P eomest L LB HRaSS, Bon Q6L bl e SR AATRLS BL S,
cul L oo B B SRR c PR Rt st afen

temperature.

Examples A1-6  Preparation of RE catalyst component Cat2

Example A1  Preparation of anhydrous lanthanum chloride (LaCl;) (cf. J.
Inorg. Nucl. Chem., 1962, 34, 387)

10 g La,0O5 was dissolved with excess amount of HCI. The obtained solution
was concentrated by heating (temperature > 100°C) prior to adding metered
NH,CI (the molar ratio of NH4Cl/La,O3 was 3/1) to it. The excess acid was
evaporated by carefully heating (temperature > 100°C), thereby obtaining a
solid of LaCl;.nH,O+NH,Cl. The solid was milled before being added to a
quartz sublimation tube, and then the tube was vacuum supplied till a pressure
of less than 5 mmHg. The tube was slowly heated to 400°C in a tubular furnace,
with the vacuum pressure held for 1 h. The sublimation tube was cooled down
to room temperature under vacuum , argon was filled to the sublimation tube
before taking off the sublimation tube, and then under the protection of argon
the solid in the sublimation tube was shifted to another sealed tube ready for

use.

Example A2  Preparation of lanthanum acetylacetonate La(a.a;); (cf.
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hum dity. The humdity is kept at about 50% and the tenperature is kept at
58 2C. The wei ght | osses of the sanple pieces are determ ned periodically.
Exanpl esigckhg; f ol | owi ng exanpl es further denonstrate the preferred

enbodi nents of the present inventions. Al the exanples are nerely
illustrative, not interpreted as limting to the present inventions. Unless

|dent|fpggyﬁﬁ9 @O§e42quqlsyﬁqgginvolved in the preparations of the

catal ysts -or pg%yester are al nduct ed under atnDspherlc pressure or

anbi ent RPN HilethrEs @t e SRk, § 4T ?Oﬁanu 218 TPk ? %{g@@l‘?ed

Cat2 Exanple A1 Preparation of anhydrous

I 'norg. With 50GmeWatet362%btdn a3&ylutich 91 LeddEsolmsigh §15Qie\iﬁg dvopw RecREsto a
amount of HCl. The obtained solution was concentrated b eat i ng

(t enper $0unk aque@ﬂ@@blptlmr s2 ofaiditylpoaeore €¢0.6 N CbH. thmqﬂ)l éfrher solutiort as
NHACL/ La2CB8 was 3/1) to it. The excess acid was _evaporated by carefully
heat i ngmixedprastsiireed at1@O), tenpertturabarad 2 Ny KOH ovasi adided to it until the
LaCl3. nH2ZO+NHACI .. The_salid was m |l ed before being added to.,a quartz

subl | mesolatiianubad apH ohdh ke reweomelxtaw @mr@npnge%iprecmplwtpmﬁslsa(@eac)of
| ess than 5 t ub 00Cin.a t r furnpace,
with t NBASEER .@«r@gﬁé 8fehong adout gw&eﬁaia %was. Siatnah ?t@mrymgimn
to roon1tenperat$bg under vacuum , argon was filled to the sublimation tube
bef ore VAR fre sublimation tube, and then under the protection of

argon the SO|Id in the sublimtion tube was shifted to another seal ed tube
ready for wuse. Exanple A2 Preparation of |anthanum acetyl acetonate La(aac)3

Hask, LSt (3 47 g er aopngi RiZaaPadlpt e (€07 1ibrd "GifediS 070,

9(1), 2505-2510)
In a 250 ml three-neck flask, 0.02 mol anhydrous RE chloride was dissolved

with 80 mol isopropanol by refluxing under heating. The obtained solution was
cooled down to room temperature, to which a solution of sodium isopropoxide
(obtained by dissolving 1.349 g sodium with a mixture of 20 ml isopropanol and
65 ml benzene) was dropped with rapid stirring. After finishing the dropping,
the solution was refluxed by heating for 4 h, and then cooled down followed by
standing for overnight. The resulted solution was filtered with G4 sand-core
filter bulb, the obtained filtrate was distilled to remove solvent, and then about

15 g of RE isopropoxide powder was obtained after drying under vacuum.

Example A4  Preparation of RE tri(2,6-di-tert-butyl-4-methylphenolate)
(cf. Inorg. Chim. Acta, 1987, 139, 183-184)

0.5-0.8 g of anhydrous LnCl; was exactly weighted and added to a
polymerization ampoule under the protection of argon. According to the molar
weight of LnCls, the demand of 2,6-di-tert-butyl-4-methylphenol was calculated
based on a molar ratio of 1:3.

An exact amount of 2,6-di-tert-butyl-4-methylphenol was added to a flask
having a branch tube (through the branch tube argon is charged) under the
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with 50 M water to obtain a solution sl1, said solution sl being dropw se
fed to a 50 m aqueous solution s2 of acetylacetone (5.63 g, 56.2 mol).
The sol ufd-gydp@s M xed was stirred at roomtenperature, and 2 N KOH was
added to it until the solution had a pH of 7. The reaction m xture

cont ai ni ng a precipitate of La(aa)3 was stirred and filtered. Then, about 4

I%r g];)alr_g I on 1%’17\&@? %ﬁd&%g“ﬁ{lkﬁc%grrmorg Wﬁonﬁgamgﬁléﬁ‘%) I n
a 250 ”bbhflheﬁ §6hitidh a?gftep z%lfd eReBy. dgrs‘b‘dﬁuﬁ? f’l‘i@ dﬁ?%egét%ﬁok Y§Hom

wi th 80 i sopropanol by re ng under heating ta| ned sol ution

was  cofdrpfef@itie tforradnhteREhat biibble prodiced drp ﬁié‘%h?fhdéf of oklé Wadiym, A

i sopropoxi de (obtained by dissolving 1.349 g sodiumwi th a mxture of 20

i sopr ophitide ofirgbdibin Wabeomirmiowsly sddeded judige whethesthe reagioAiat been

finishing the dropping, the solution was refluxed by heating for 4 h, and
then coobmtpldtedy f ol thereblyby obitaimingy f ca ov@HFght .sofutionesul 08d ssbdiuimn
was flltered with G4 sand-core filter bulb, the obtained filtrate was
di sti | | 8cbdo-teetrbusybdtmathylphenolate. about 15 g of RE i sopropoxi de powder
was obt ai neldl after drying under vacuum Exa Ie A4 Preparation of RE

e

tri(2,6-di{ ranlbyrﬂmumwhywpﬂ@htﬂchms shdted tacr 90 onl singletrgck geactiono,
éﬁf’;#ﬁfﬁegﬂ?oﬂ S aHor c.'ﬂﬂéﬂ?%wﬁeLB?@%eﬁ’??oﬁﬂ&“ L¥g§@‘13“teﬁﬁr3f‘d to s sadivanar
0 8 Vi G e
( h;;)ugwﬁgl Sttt IEBPAISAR oPERL0H%EEbY uleheRt %m%g:%é?f? i ei“b’f:og
ol ut | ofeactfor Bodytt 813&@5559 & %%?ﬁl%%“ﬁiﬁ&%?%% b, P TilePs fy iStifted
under vacuum remove solvent. Then, the desired RE
tri(2,6-di-tert-butyl-4-methylphenolate) catalyst was obtained after drying for 1

h under vacuum.

Example AS  Preparation of RE stearate

A calculated amount of Ln,O; was weighted with a beaker, to which a
suitable amount of distilled water was added followed by excess amount of HCI,
and then the system was heated to dissolve thereby obtaining a transparent
solution s3. Excess stearic acid was weighed with another beaker, to which a
suitable amount of anhydrous ethanol was added to obtain a transparent solution
s4 when heated. The solutions s4 and s3 were added in sequence to a 100 ml
round flask, to which 10 mg a phase transfer catalyst tetrabutylammonium
bromide was charged followed by a magnet stirrer. A condensation tube was
connected above the flask under the protection of nitrogen atmosphere. The
system was heated in an oil bath of less than 100°C by magnetic stirring for
about 5 h. The lower clear liquor was separated with a separatory funnel, and

further evaporated to dryness.
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tenperature for 2-3 h until no bubble produced on the surface of the sodium
A little of sodiumwas continuously added to judge whether the reaction had
been copplselsed, thereby obtaining a THE solution of sodium 2,

6-di -tert-butyl - 4-net hyl phenol ate. The anhydrous LnC 3 wei ghted was shifted
to a 50 m single-neck reaction bottle followed by the THE sol ution of

il od, T IEAGTC FrefalR G I RECaEte  dg Yo agner Chett £ 190!

for 2-3)4agg7-g%9) reaction product obtained is centrifugally filtered, and
the filtrate is distilled under vacuumto renove solvent. Then, the desired

RE tri(2,H)d dfeatRBuoxtidd-washdiseobned avith §00as50%sactticiaesd svlution.

drying for 1~ h under vacuum Exanple A5 Preparation of RE stearate A

cal cul apdterarsmoving mo20dfrdre volwghitelly wistillingeatk?6°C ahehRENsalt shytalined e

amount of distilled water was added followed by excess anmount of HCl, and

t hen t hwasylseatedwis 79ed 563G ¢ddpending ardifbyemtboRAE hiungea vaansparamt then
solution s3. Excess stearic acid was wei ghed with another beaker, to which a
sui t abl drigddithtcosrstamhydight, themabylohtasniagrde cormgspaindingtR Eragetatent
solution s4 when heated. The solutions s4 and s3 were added in sequence to
a 100 mM round flask, to which 10 ng a phase transfer catal yst
tetrabutyl(gmmni um brom de S %har ed.fol Ifovved by a magnet. stli rrer. A
condensat i GAMRAATNEs Exapnple Ak Pagparationr ofjapelygsier WHA pingletorpogent
nitroge.g. at{gjsghere. The systemwas heated in an oil bath of |ess than 100C
by magn } catadyst v ng for about 5 h. The I ower clear |iquor was separated
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24, 637'@%%).59 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck flask.
Under the protection of nitrogen, the system was heated with stirring till
refluxing. By controlling the reaction temperature at 160-220°C, methanol
evaporated was collected. After finishing the collection of methanol, the system
was vacuum supplied and heated, and then underwent polycondensation at a
vacuum pressure of < 200 Pa and a temperature of 220-260°C for 10 h. The
obtained product had a yellow color and a viscosity number (VN) of 67 ml/g.

Comparative Example A2 Preparation of a copolyester with a
single-component Ti catalyst

78 g (0.4 mol) dimethyl terephthalate, 86.5 g (0.96 mol) butanediol and 0.17
g (0.5 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck flask.
Under the protection of nitrogen, the system was heated with stirring till
refluxing. By controlling the reaction temperature at 160-220°C, methanol
evaporated was collected. After finishing the collection of methanol, 58.5 g (0.4
mol) adipic acid was added to the system, and the system was continuously
heated with stirring till refluxing. By controlling the reaction temperature at
180-240°C, water evaporated was collected. After finishing the collection of

water, the system was vacuum supplied and heated, and then underwent
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10 g of a RE oxide was dissolved with 500 mMl 50% acetic acid sol ution.

After renoving nost of the solvent by distilling at 75C, the RE salt
obt ai nedigcygss heated to 75-150C (depending on different RE) under vacuum
and then dried till constant weight, thereby obtaining the correspondi ng RE

acetate. Conparative Exanple Al Preparation of a polyester with

si ngl e- W i Ly di h h 2
(1.4 m)?)6 ut anendsla-(gorgﬁé(}a 8 %Cﬁgﬁ?gpé%sw Tt_étgggu%l! ta???%o??@ﬁ teurker%gg
added t220-260°@1 fdir eeOnelgk fihrskobtdiddr pAsIWsOt Relsi 0pelbwli tayemad hg
systemwas heated with stirring till refluxing. By conttolling the reaction

t enper ahuntbataté@@R2A0]craldrndigheMpof .68 xd6* com eightchvabizermbiedslarng
the collection of nethanol, th system was vacuum supplied and heated, and
t hen undeighttMyplofcdn2@nxal 0on and @ mekeoniapressghte (ﬁf;trﬂ;uﬁ@ﬁ Ba Y das
tenperature of 220-260C for 10 h. The obtained product had a yell ow col or
and a vdetarmingdloyfeP()VN) of 67 nl/g. Conparative Exanpl e A2 Preparation
of a copolyester with a single-conponent Ti catalyst 78 g (0.4 nol)

di rethyl terephthalate, 86.5 g (0.96 nol) butanediol and 0.17 g (0.5 mmol)
tetrabutyl orthotitanate wefe dded to a 500 ml three-neck flask. Under the
pr ot ect | orCOMPAEAtHFEXamR es@g"tem was heated with stirring till refluxing.

s col 1 ectba O Pt TreBbi ik 808 HEamm) Buardyieh 61108

wth st{0rPngn it ; dehkiig! “KEghiiRe: nhdh D PEERD R PRRELS abaliEi *
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| ECEE 006 nRALKCALITOS S P BREMBLERHIE O rER SR Byl e

a reaction temperature at 160-220°C, methanol evaporated was collected. After
finishing the collection of methanol, 58.5 g (0.4 mol) adipic acid was added to
the system, and the system was continuously heated with stirring till refluxing.
By controlling the reaction temperature at 180-240°C, water evaporated was
collected. After finishing the collection of water, the system was vacuum
supplied and heated, and then underwent polycondensation at a vacuum
pressure of < 200 Pa and a temperature of 220-260°C for 7 h. The obtained
product was light yellow, and had a number-average molecular weight M,, of
3.08 x 10, a weight-average molecular weight M,, of 6.21 x 10% and a
molecular weight distribution of 2.02 (as determined by GPC).

Comparative Example A4

78 g (0.4 mol) dimethyl terephthalate, 86.5 g (0.96 mol) butanediol and 0.11
g (0.32 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck flask.
Under the protection of nitrogen, the system was heated with stirring till
refluxing. By controlling the reaction temperature at 160-220°C, methanol
evaporated was collected. After finishing the collection of methanol, 58.5 g (0.4

mol) adipic acid was added to the system, and the system was continuously
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nunber - aver age nol ecul ar wei ght MI, of 2.68 x 104, a weight-average

nmol ecul ar weight MWof 5.29 x 104, and a nol ecul ar wei ght distribution of
1.97 (aspcgiglser mi ned by GPC). Conparative Exanple A3 78 g (0.4 nol) dinethyl
terephthalate, 86.5 g (0.96 nol) butanediol, 0.11 g (0.32 nmol) tetrabutyl
orthotitanate and 0.073g(0.17mmol ) | anthanum acetyl acetonate were added to

500 . £ L aske U kO Pfthai
heated e HEEH IR HinAR I RS B SRt ORing (e, LEART, tefperethenatas
t o6 73 Akt ALY

he col 070 of Wathass Do e RIS LS TR L2 Bufd 7 il
syst em [antahhen agetyacersnaentab weldddtoded ggsw'nh lafdr finigiing thle ¢etléctkong.

By controlling the reaction tenperature at 1 240C, water evaporated was
col | ect efl. watdrerA fiemrairdpghehsysieinh emtasonacfiunatserpplidd and theeateds anak then

suppl i ed and heated, and then underwent polycondensation at a vacuum

pr essur enderweneopobPacandensateapenht ar evasinanomessuforof K 20@ Hat @mdda
product was |ight yellow, an had_a nunber - aver age nol ecul ar wei ght Mh of
3.08 x temmperatise ght 230e2692Crintedh al heeoltaingyl productiwasiwhitezrandihad a
nmol ecul ar ight distrihution of 2 02 (as.determ ped by. %(tPC). Conpar ati ve
Exanpl eNAMORS-gvemgs mﬂti)ecufarewmght ﬁdlegﬁéhgﬂ%a@ 0" g veeighteagaggimolecular
but anedi ol. .1 0,60. 32 amol ), tetraputyl orthatitanate were ad to a
S00°nt PiegaE i 5588 K U80S ke aprBp e ISR (SaIoUURE o) sterh as
heated with stirrin H\ refluxing. By controlling the reaction

t enper a&lﬁ Mpeﬁe%yg%%@ nmet hanol evaporated was col |l ected. After finishing
the collection of methanol, 58.5 g (0.4 nol) adipic acid was added to the
system and the systemwas continuously 20 | ECC60043 heated with stirring

till refl upgd yaeontrolling the reaction tenperature at 180-240C, water
evapor at egﬁ\%gglpclgl‘?zct ed, and then 0.073 g (0.17 muol)

136 g (0.7 mol) dimethyl terephthalate, 126 g (1.4 mol) butanediol and 0.10
g (0.29 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck flask.
Under the protection of nitrogen, the system was heated with stirring till
refluxing. By controlling the reaction temperature at 160-220°C, methanol
evaporated was collected. After finishing the collection of methanol, the system
was vacuum supplied, heated, and reacted at a vacuum pressure of 400 Pa and a
temperature of 220-260°C for about 1 h. Thereafter, 0.073 g (0.17 mmol)
lanthanum acetylacetonate was added to the system, followed by allowing the
system to polycondense at a vacuum pressure < 200 Pa and a temperature of
220-260°C for 5 h. The obtained product had a white color and a viscosity
number (VN) of 141 ml/g.

Example A8

78 g (0.4 mol) dimethyl terephthalate, 86.5 g (0.96 mol) butanediol and 0.11
g (0.32 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck flask.
Under the protection of nitrogen, the system was heated with stirring till
refluxing. By controlling the reaction temperature at 160-220°C, methanol

evaporated was collected. After finishing the collection of methanol, 58.5 g (0.4
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| ant hanum acet yl acet onate was added to the systemafter finishing the
collection of water. Afterward, the system was vacuum supplied and heated,
and t hengcsspsler went pol ycondensati on at a vacuum pressure of _< 200 Pa and a
tenperature of 220-260C for 7 h. The obtai ned product was white, and had a
nunber - aver age nol ecul ar weight M of 3.84 x 104, a wei ght-average nol ecul ar
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added to a 500 m{ three-neck flask.” Urdder the protection of nitrogen, the

syst em \86-D4At€EY wirtdr svaporaed wds cotlected naftéy feesthing! theg cohlectieacioifon

tenperature at 160-220C, nethanol evaporated was collected. After finishing
t he col iater,otheofsystehmmwhs vheuspstsupphied, \neated) sanbl ieadtedeatt @d vagngm

reacted at a vacuum pressure of 400 Pa and a tenperature of 220-260C for
e 1o e Sy ey § o1 o oy o o LhE.eyatm 5 polycongente at-a
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till re(ds“dé@miﬁ)édclﬁ’?@PU)i. ng the reaction tenperature at

Example A9
The process conditions were the same as those in Example A8 except that
0.055 g (0.17 mmol) neodymium isopropoxide was used instead of lanthanum

acetylacetonate.

Example A10
The process conditions were the same as those in Example A8 except that
0.14 g (0.17 mmol) lanthanum tri(2,6-di-tert-butyl-4-methylphenolate) was used

instead of lanthanum acetylacetonate.

The parameters characterizing the copolyesters respectively obtained in
Comparative Examples A1-A4 and in Examples A7-A10 are listed in Table Al
and Table A2.

Table Al Influence of the addition of RE compound on the preparation
of polyester

No. RE compound | Polycondensation | Viscosity number | Yellow

time (h) VN (ml/g) index
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180- 240C, water evaporated was collected. After finishing the collection of
wat er, the system was vacuum supplied, heated, and reacted at a vacuum
pressur epefsof®0 Pa and a tenperature of 220-260C for about | h. Afterward,
0.073 g (0.17 mmol ) | ant hanum acetyl acetonate was added to the system

fol | oned by—atHowng Lhc oyotcult poyeondense—apt—a—vacutmpressure 200

Pa and a tdg flor 6 h.,The obtai ned oduct te,
and had a mrjnen’g)h?ptaaver age ngtl ecul ar| wei ghthM' of 4.53 x %4, a wei 9}1?’” aver age
mol ecul ar vieigghfpM APf | 1. 02 x 105,] and a nol ecul ar wei ght distrfibution of
2.25 (as (et erm ned by GPC) . ExanpteAS—The protess conditions werethe
sane as thaseyamyp Fexgﬁpl e ARqgxrept| that {.055 g| (0.17 ggol) neodyfrsum
i sopr opoxi de was usea inmstead of Tanmthanum acetytacetonate, Exanpie Al0 The
process conditions were the sane as those in Exanple A8 except that 0.14 g
(0.17 mml ) lanthanumtri(2,6-di-tert-butyl-4-nethyl phenol ate) was used

i nst eadTabld aAhaninflaceice! axfettheataddition paraametrerat RE&r a@@lgp(ﬂmcb ohe the
copol yesters respectively obtained in Conparative Exanpl es A4 and in
Exanpl epolgmamaémn Df@t)@d)lyﬁst&libl e Al and Table A2. Table Al |Influence of

the additjign of RE c¢ und on t he eppsat 1 on _of ster R
corrpoundPo]lecondensatr:&D f()snc%lgnqer Oﬁgﬁber@ﬁo l\ﬁg%fﬁ%/me’( nX%@PVﬁz

| ECO60043| Conpar ative cmmpoaldiied106761. 2| ESatiopl e MW/M index
time (h) )
Comparative | Non-added 10 2.68 529 |1.97 75.5
Example A2
Comparative | Added along with Catl 7 3.08 | 6.21 |2.02 58.1
Example A3
Comparative | Added after 7 3.84 | 8.88 |2.3] 49.5

Example A4 interesterification and
before polycondensation
Example A8 Added after 6 453 |10.2 |2.25 479

prepolymerization and

before polycondensation
Example A9 Added after 6 812 | 16.3 |2.01 40.1

prepolymerization and

before polycondensation
Example A10 | Added after 6 7.76 | 15.3 | 1.97 41.2

prepolymerization and

before polycondensation

Examples B6-B11

Taking as example the preparation of copolyesters having an
aliphatic/aromatic molar ratio of 1:1 (DMT/ADP being 1:1). In the catalyst
system, Catl uses tetrabutyl orthotitanate or zinc acetate; and Cat2 uses
different RE compounds.

78 g (0.4 mol) dimethyl terephthalate DMT, 86.5 g (0.96 mol) butanediol
BD and a Catl component (which may not be added) were added to a 500 ml

three-neck flask. Under the protection of nitrogen, the system was heated with
23



Exanpl e A7Added514141.5 Table A2 Influence of the addition manner of RE
conpound on the polynerization of copol yester No.Addition manner of

REPol ycongdek ecul ar wei ght Yel | ow conmpoundsnsati onMiM vM', /M ndex tine (h) n
Conpar at i veNon- added102. 685. 291. 9775. 5 Exanpl e A2 Conpar ati veAdded al ong
with Call 73.086.212.0258.1 Exanpl e A3 Conpar ati veAdded

f 73 84113 ; i b i o
pol yeondanang, AIF R AR e ST e T S ThaGBbh Ty r e &1 160,2205C
andbe pichahot SSRTRLI P SBRIAIATRS: ATl 1RGROTodD oF methanol,

prepol yneri zati on and before of condensation Exanpl e Al OAdde

af t er 67586 5. AL49Mbl) AdiprpatidDPaiviagraddied beftheesyaens;antd nhelsystem was

Exanpl es B6-B 11 Taking as exanple the preparation of copolyesterS having an
al i phat continaoesiy hedted naithostitrihgl til DNMEfABANRei By Tobtrolling hthec atadtysh
system Call uses tetrabutyl orthotitanate or zinc acetate; and Cat2 uses
di f f er etamperatourp Atnti80-240YC( vatergyaphnatedywas ecdjtatadl A feDfimishéng the
(0.96 rmlf but anedi ol )
collection of water, the system was vacuum supplied, heated, and reacted at a
vacuum pressure of 400 Pa and a temperature of 220-260°C for about 1 h.
Afterward, 0.17 mmol of a Cat2 component was added to the system, followed
by allowing the system to polycondense at a vacuum pressure of < 200 Pa and a
temperature of 220-260°C for 7 h. The catalyst components Catl and Cat2 used
as well as the performances of the copolyester products obtained are listed in
Table B1.

Table B1 Performances of copolyesters prepared by different catalyst systems

No. Catl/Cat2 Yellow | Molecular weight

index M, M,, M./M,
(x10%) | (x10%
Example B6 0.11 g tetrabutyl orthotitanate/0.073 g | 37.2 6.82 14.0 |2.05
lanthanum acetylacetonate
Example B7 0.11 g tetrabutyl orthotitanate/0.063 g | 39.5 4.98 109 |2.18
lanthanum chloride hydrate
Example B8 0.5 g zinc acetate/0.055 g neodymium | 3.8 46.1 57.6 1.25
isopropoxide
Example B9 0.5 g zinc acetate/0.13 g neodymium | 5.4 30.8 55.7 1.81
tri(2,6-di-tert-butyl-4-methylphenolate)

Example B10 | O/scandium stearate 11.7 8.24 13.4 1.63
Example B11 | O/yttrium acetate 6.5 5.95 11.8 1.99
Example B12

78 g (0.4 mol) dimethyl terephthalate DMT, 86.5 g (0.96 mol) butanediol
BD and 0.11 g (0.32 mmol) tetrabutyl orthotitanate were added to a 500 ml

three-neck flask. Under the protection of nitrogen, the system was heated with
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BD and a Cat1 conponent (which may not be added) were added to a 500 mi

t hree-neck flask. Under the protection of nitrogen, the system was heated
with 23 JsEGEHO043 stirring till refluxing. By controlling the reaction
tenperature at 160-220C, nethanol evaporated was collected. After finishing
the collection of nmethanol, 58.5 g (0.4 nol) adipic acid ADP was added to

o : t ( e DP aose
ot u Saripgnell REBKFETIG o BEIIAL Y, YedebRciethbBratrbial 4 d0-200°C,
evapor ahf4hwas] eVapdehedl wdd eblliecidATer fiRiisikeld 8¢ i tinR o methgnol

system was vacuum supplied, heated, and reacted at” a vacuum pressure of 400

Pa and 47t2mpe0 A niel)ofuldini@eedf SCNboas adddd toAtMeeSY@tfe@ln, @nd’themsys@ima
0

Cat 2 conponent was added to the system followed by allowi ng the systemto
pol yconumsseortinaovsbylweaped ssithestofring 2110 refluxinga By eopdrel imge thé ré2ei860C
for 7 h. The catal yst conponents Catl and Cat2 used_ as well as the

per f or ntgmaperature red b&@fﬂ%%@e wates cevaporabechiwiasl cadkedtedt évften firlishing the .
Tabl e B1 Performances of copol yesters prepared by different catal yst systens

No. Cat | ¢@Heotens ofwwsatesuithe sysitgnt wardaarmmmeupplisd, bagted a0d masipdet a

act yi A¥ACUNEL BIESTSIel 460003 tnl @ demmuaprcpl RAU-2805LLfor gds Alterward,

acet at DGO 8 o(Rddavhiand. SeodRmIEn SSOPLIRIERELas EadipctGolies systere

fr (o, eleodsrt O G R 5y Rrdnab-pelycendanse # ao@ruum rgasure of < 200

stearat palaf& & tdipétafite of 220-260°C for 7 h. The obtained product was white,
and had a number-average molecular weight M,, of 5.41 x 10, a weight-average
molecular weight M,, of 1.11 x 10° , and a molecular weight distribution of 2.05
(as determined by GPC).

Examples B13-B23
Homo- and co-polyesters having different aliphatic/aromatic molar ratios are
prepared by using a catalyst system consisting of Cat2 lanthanum

acetylacetonate and Cat1 tetrabutyl orthotitanate (1:1).

Example B13

136 g (0.7 mol) dimethyl terephthalate, 126 g (1.4 mol) butanediol and 0.10
g (0.3 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck flask.
Under the protection of nitrogen, the system was heated with stirring till
refluxing. By controlling the reaction temperature at 160-220°C, methanol
evaporated was collected. After finishing the collection of methanol, the system
was vacuum supplied, heated, and reacted at a vacuum pressure of 400 Pa and a
temperature of 220-260°C for about 1 h. Afterward, 0.13 g (0.3 mmol)
lanthanum acetylacetonate was added to the system, followed by allowing the

system to polycondense at a vacuum pressure of < 200 Pa and a temperature of
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Exanpl e B110/yttrium acet at e6. 55. 9511. 81. 99 Exanple B 12 78 g (0.4 nol)

di met hyl terephthalate DMI, 86.5 g (0.96 nol) butanediol BD and 0.11 g
(0.32 mMpkisodsgt rabutyl orthotitanate were added to a 500 ml  three-neck
flask. Under the protection of nitrogen, the systemwas heated with 24

| ECO60043 stirring till refluxing. By controlling the reaction tenperature
at 160- G t evaporated was collected. After finishing the
coIIect?%g %? ﬂggﬁgggbf 47.2 g (0.4 nol) succinic acid SCN was added to the
system and the system was continuously heated with stirring til

refluxing. By controlling the reaction tenperature at 180-240C, water
evaporatedEnaﬁuﬂeHB¢4ted. After finishing the collection of water, the
system was vacuum supplied, heated and reacted at a vacuum pressure of 400

Pa and a tESpe .8rmodj d22miReb@rcphthalate M 26rgvit 34 ntbl)dutgnedidliamdnd). )3
neodym um i sopr opoxi de was added to the system followed by allow ng the
syst em gd Opd¥ yoomeld ristradutyl vathotitanaée suere added teoa SOﬂéhmﬂt}memﬁderﬂm]m e
of 220-260C for 7 h. The obtai ned product was white, _and had.a . . )
nunber - Biglergéheopretectionnefgnitnagesy, theisysteou, waswbegiad avithagéirring till

L Sl ool g SeBacag: 4o b T

o S SRR S Bla T Bk CRotu SEraS R s

tor ept v PSSE e B3I Rkl GBI Bnabd sBstend R Sls¥ones)

of i ¢ reoihGRISHE REARA, S SHERl T SEMIRiRG RS contRitfind, dReBfeAdiion "

contr ol {dfifetdifiré SACT 804G PE WUl Svipotats 4P5s BHAAB8! After finishing the
collection of water, the system was vacuum supplied, heated, and reacted at a
vacuum pressure of 400 Pa and a temperature of 220-260°C for about 1 h.
Afterward, 0.16 g (0.37 mmol) lanthanum acetylacetonate was added to the
system, followed by allowing the system to polycondense at a vacuum pressure
of <200 Pa and a temperature of 220-260°C for 4 h.

Example B15

The process conditions were identical with those in Example B14 except that
the amounts of the monomers and the catalyst components were changed as
follows: 117 g (0.6 mol) dimethyl terephthalate, 86.5 g (0.96 mol) butanediol,
0.09 g (0.26 mmol) tetrabutyl orthotitanate, 29.0 (0.2 mol) adipic acid, and
0.116 g (0.26 mmol) lanthanum acetylacetonate.

Example B16

The process conditions were identical with those in Example B14 except that
the amounts of the monomers and the catalyst components were changed as
follows: 87.0 g (0.45 mol) dimethyl terephthalate, 108 g (1.2 mol) butanediol,
0.11 g (0.32 mmol) tetrabutyl orthotitanate, 44.0 (0.3 mol) adipic acid, and 0.14
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evaporated was collected. After finishing the collection of nmethanol, the
system was vacuum supplied, heated, and reacted at a vacuum pressure of 400
Pa and ajgctswsper at ure of 220-260C for about 1 h. Afterward, 0.13 g (0.3
mol ) | ant hanum acetyl acet onate was added to the system followed by
allowing the systemto polycondense at a vacuum pressure of <_ 200 Pa and a

t enpera 232 mA%ol) EW&@Q%t etbpiat . Exanple B 14 155 g (0.8 nol)
di et hyg erephthatate, 120 g 1%@ ?S %ut anediol and 0.13 g (0.37 muol)

tetrabutyl orthotitanate were added to a 500 ml three-neck flask. Under the
protection of nitrogen, the systemwas heated with stirring till refluxing.
By control ExampleeBi&action tenperature at 160-220C, nethanol evaporated
was collected. After finishing the collection of nmethanol, 13.0 g (0.089
mmol ) adi pl beguiogesasoanditionsovere idestieah watldthose Hy&mmphsBleﬁbexcmbﬂsaty
heated with stirring, till refluxing. controlling the reaction

t enper athe @meuntp odathe manemessapsada %’1@ oatalysbl caiepements 1 were ichiangesy ashe

‘f‘ vaculRIpRSs of & 40- 4 aoobs CametEy| dapan el eot @302280 05 aﬁﬁg%ﬁ%ﬁe%&oft

A

s%/ts'ta (ra\r%abg]oq Igo(kgégﬁ1 f)otiwlith a@ﬁfﬁf{f’g fgb%gﬁ(fg ‘gl)\é\&? 1§?9§§%E@$)$2)3Lére
C Ex B15 T

condrt 810 s BN IERBE A Fodly SO ARk anpl ¢ 14 oxcept that  the amounts

of the nmononmers and the catal yst conponents were changed as follows: 117 g

(0.6 nol) dinethyl terepht hal ate, 86.5 g (0.96 nol) butanediol, 0.09 g

(0.26 mol ?ﬁ? ? orthotitanate, 29.0 (0.2 nol) adipic acid, and 0.116
g (0.26 mmf( ant hanum acetyl acet onate. Exanple B 16

The process conditions were identical with those in Example B14 except that
the amounts of the monomers and the catalyst components were changed as
follows: 58.0 g (0.3 mol) dimethyl terephthalate, 81 g (0.9 mol) butanediol, 0.11
g (0.32 mmol) tetrabutyl orthotitanate, 66.0 (0.45 mol) adipic acid, and 0.14 g

(0.32 mmol) lanthanum acetylacetonate.

Example B19

The process conditions were identical with those in Example B14 except that
the amounts of the monomers and the catalyst components were changed as
follows: 58.0 g (0.3 mol) dimethyl terephthalate, 108 g (1.2 mol) butanediol,
0.10 g (0.3 mmol) tetrabutyl orthotitanate, 88.0 (0.6 mol) adipic acid, and 0.13 g

(0.3 mmol) lanthanum acetylacetonate.

Example B20

The process conditions were identical with those in Example B14 except that
the amounts of the monomers and the catalyst components were changed as
follows: 58.0 g (0.3 mol) dimethyl terephthalate, 122 g (1.35 mol) butanediol,
0.12 g (0.35 mmol) tetrabutyl orthotitanate, 110.0 (0.75 mol) adipic acid, and

0.15 g (0.35 mmol) lanthanum acetylacetonate.
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The process conditions were identical with those in Exanple B 14 except that
t he anobunts of the nononers and the catal yst conponents were changed as

fol l ows: ;8039 (0.45 nol) dinethyl terephthalate, 108 g (1.2 nol)
butanediol, 0.11 g (0.32 muol) tetrabutyl orthotitanate, 44.0 (0.3 nol)
adipic acid, and 0.14 26 |1 ECO50043 g (0.32 nmol) | ant hanum acetyl acet onate.
Exanpl e B 17 The process conditions were identical with those in Exanple B
14 except that the anmounts of the nononers and the catal yst conponents were
changed asgxﬁﬁhﬂ@wg2178 g (0.4 nol) dinethyl terephthalate, 86.5 g (0.96
nol ) butanediol’, 0.12 g (0.34 mmol) tetrabutyl orthotitanate, 58.5 (0.4

nol ) adi plTh@C}h@ceé@doﬁdlﬁong werasfdenmdal watht fiasseniraEXianh Egl@quaéﬁce x| e
B 18 The procéss conditions were identical with those in anpl e B14 except
that ttie amoohts of the monomers and thee caealgrsysiompmmmsrtwemrohamlg@dgad
as follows: 58.0 g (0.3 nol) dinethyl terephthalate, 81 g (0.9 nol)

but anedfallows: B3O. Ogg(@ 22 | dimethydbtergphthalate, ﬂQBage(l g6nml) butanediol,
adi pic acid, and 0.14 8W€§0 32 mmol ) Ianthanun1acekylacetonate Exanple B 19

The pr 0Qd¥: gol aﬁtmm@ mbutyﬂuor&wtﬂmame,t 884k (06 melimdipBLacekand O
t he annunb éf th nmers and tre cat al yst conponents were changed as
fol | ows® (Bg2 %nlamn%@q{y aGedpBAit.-hal ate, 108 g (1.2 nol)

but anedi ol , 0 10 g (0 mol ) tetrabutyl orthotitanate, 88.0 (0.6 nol)

adi pi ¢ aci d, and 0.13 g (0.3 mml) | anthanum acetyl acet onate. Exanpl e B20
The pr ocesE %on iteézgs were identical with those in Exanple B 14 except that
t he anount noners and the catal yst conponents were changed as

follows: 58,0.9,68s8 BRMHBHIEHEY id &N ose TP EXalp RPBTY éxcept that

but anedi ol
the amounts of the monomers and the catalyst components were changed as

follows: 26.1 g (0.13 mol) dimethyl terephthalate, 108 g (1.2 mol) butanediol,
0.11 g (0.33 mmol) tetrabutyl orthotitanate, 132 (0.9 mol) adipic acid, and 0.15

g (0.33 mmol) lanthanum acetylacetonate.

Example B23

The process conditions were identical with those in Example B14 except that
the amounts of the monomers and the catalyst components were changed as
follows: 146 g (0.75 mol) dimethyl terephthalate, 108 g (1.2 mol) butanediol,
0.11 g (0.33 mmol) tetrabutyl orthotitanate, and 0.15 g (0.33 mmol) lanthanum
acetylacetonate.

The copolyesters obtained in Examples B13-23 are analyzed, with the results
being listed in Table B2.
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0.12 g (0.35 mmol) tetrabutyl
and 0.15 g (0.35 mmol)
The procgsgoaeondi tions were identical

orthotitanate,
| ant hanum acet yl acet onat e.

110.0 (0.75 nol) adipic acid,
27 | EC050043 Exanpl e B21
with those in Exanple B 14 except that

t he amounts of the nononers and the catal yst conponents were changed as

follows: 39.0 g (0.2 nol) dinethyl

t erepht hal at e,

108 g (1.2 nol)

but anedifghle 19209 Prdfardéidiroind ! HeeOphhatict@Rabe.
adi pi c acPde: and O. 12%9 (0. é)mﬁr?sﬁgﬁt 'ﬁgngéﬂl ac'eegflli%ag)gt 8%@9&68321%@%?}%%2
The pr ogiﬁ‘grmrwmb@gﬁj@ﬁapréﬁggti cal with those in Exanple B 14 except that
t he anmopnts of tfhe mononmgrs and the cat atystconponent § were changed—as
fol I owst N26. 1 g |(\elardeedpl |)Melpmret hiMolar eatiepht haCameositions | dqlepular waighy
butanedj ol , 0. 1% 0. 33 WPl ) talohed VI of thet tidbet &, (198 (1], 9 MM
adipic pcid, and 0.15 g |(0.33 ) | ant hanum acetyl agcet onat’el. ]":')ga I'e B23
The progcess condi®BRES wer & i dent PEHMHRC h t hBYE™S™n” Exanpl e B [1#1&kcept t hat
the amounts of thHBMTOADPE Sonainets | BrRotwat al yst ts were changed as
followsf 146 g (|0.75 nol) tdi met hyl tzigﬁw ate, 108 g (1.2 npl)
but anedj ol , 0.11 g (0.33 ‘fmol) { &eYLE orthotitanate, and |0.15 ¢ (0.33
mol ) | ant hanum| acetyl adetwlystt e The copol yesters obtained in Exanpl es
B13- 23 aég al y W th it resul,ts being|listed in|Takle B2, .28
| ECO500¢4 EEI e ég%’r epar altlﬂgn amn bperfor mance par amnet erngi' of conpdl yesrf’de'rs
having Bt erent| conpositlional ratios No.Mlar feedMblarMlar ratio
of Conposg tiingial Mebgeul ar &ighy 1.5 90/10 n.d. nd.  |nd

Bl4

Example 75/25 1500 1/1.2 75/25 n.d. n.d. n.d.

B15

Example 60/40 1172 1/1.2 60/40 n.d. n.d. n.d.

B16

Example 50/50 1172 /1.2 50/50 6.20 12.6 2.03

B17

Example 40/60 1172 1/1.2 40/60 6.15 11.6 1.88

B18

Example 33/67 1500 1/1.3 35/65 6.08 13.6 2.23

B19

Example 29/71 1500 1/1.3 30/70 6.21 13.2 2.12

B20

Example 25/75 1540 1/1.5 25/75 6.31 11.9 1.89

B21

Example 13/87 1560 1/1.2 13/87 6.50 13.4 2.06

B22

Example 0/100 1140 1/1.6 0/100 6.48 12.0 1.85

B23

‘n.d.: since the sample cannot be completely dissolved in THF solvent, its

molecular weight and molecular weight distribution are not detected.

Example C1
87.0 g (0.45 mol) dimethyl terephthalate, 108 g (1.2 mol) butanediol and
0.11 g (0.32 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck
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rati o ofrati onononersnolar ratio of Mo (x104) MMV M'

nononer sof aci d/ di basi cpol yner (x104) ( DMI/ ADP) nononer sal cohol ( DMI/ ADP)
t o( DMI+ARR)+#,BF cat al ysts Exanpl e100/011701/2100/0n.d. "n.d.n.d. B13
Exanpl €90/ 1012001/ 1. 590/ 10n.d. n.d. n.d. Bl4

Exanpl e75/ 2515001/ 1. 275/ 25n.d. n.d. n. d. B15

33%: gg%%g% ﬁq%?%f)gd@%g}f%gng%mﬁ&e system was heated with stirring till

Exanpl ef’&’l@)@ﬁ%28§-é’6ﬂfr§)@ﬁn SiHe 6deaRBidtl Gemperature at 160-220°C, methanol
Exanpl €33/ 6715001/°1. 335/ 656. 0813. 62. 23 B19

Exanpl eé@é@dﬁz&@dlms%@dl&@e&ll@ftéﬁ-ﬂﬁisﬂZﬂg the collection of methanol, 13.0 g
Exanpl e25/ 7515401/ 1. 525/ 756. 3111. 91. 89 B21

Exanpl e(@®0891500d01). 2d3pR7@Gd1va. fdd&P2o the system, and the system was
Exanpl e0/ 10011401/ 1. 60/ 1006. 4812. 01. 85 B23 en.d.: since the sanple cannot be
conpl et eoptiduessly daeatedTMEthobtiering itilk neflusdnigar Byeicgmtralingrathec ueaction
wei ght distribution are not detected. o
temperature at 180-240°C, water evaporated was collected. After finishing the
collection of water, the system was vacuum supplied, heated, and reacted at a
vacuum pressure of 400 Pa and a temperature of 220-260°C for about 1 h.
Afterward, 0.10 g (0.32 mmol) lanthanum isopropoxide was added to the
system, followed by allowing the system to polycondense at a vacuum pressure

of <200 Pa and a temperature of 220-260°C for 7 h.

Example C2

The process conditions were identical with those in Example C1 except that
the amounts of the monomers and the catalyst components were changed as
follows: 78 g (0.4 mol) dimethyl terephthalate, 86.5 g (0.96 mol) butanediol,
0.12 g (0.34 mmol) tetrabutyl orthotitanate, 58.5 (0.4 mol) adipic acid, and 0.11

g (0.35 mmol) lanthanum isopropoxide.

Example C3

The process conditions were identical with those in Example C1 except that
the amounts of the monomers and the catalyst components were changed as
follows: 58.0 g (0.3 mol) dimethyl terephthalate, 81 g (0.9 mol) butanediol,
0.11g (0.32 mmol) tetrabutyl orthotitanate, 66.0 (0.45 mol) adipic acid, and 0.10

g (0.32 mmol) lanthanum isopropoxide.

Example C4
The process conditions were identical with those in Example C1 except that

the amounts of the monomers and the catalyst components were changed as
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Exanple G 87.0 g (0.45 nol) dinethyl terephthalate, 108 g (1.2 nol)

butanediol and 0.11 g (0.32 mml) tetrabutyl orthotitanate were added to a
500 m tkggeoAeck 29 | ECO50043 flask. Under the protection of nitrogen, the
systemwas heated with stirring till refluxing. By controlling the reaction
tenperature at 160-220C, nethanol evaporated was collected. After finishing

the col lkgAbban 98 oot @.@ha&idﬁn&tbﬁt@%@ﬁﬁwe?gi(ﬁ & e£inig gﬁﬁﬁcﬁfbdi@l,

the system and theSsystem cont1nu eate stirri

ref | uxi 0010 By(6:30ninbly Rerdlistyl exhoitandienBRIG VRN ]) Hifp RAGA MEHE0.00 g

evapor ated was col | ect’ed. Aftgg finishing the <collection gf wat er, t

system (\6_53 m@ulu)ﬂamhahiueﬂ,is@%m idod reacted at a vacuum pressure of 400
Pa and a tenperature of 220-260C for about 1 h. Afterward, 0.10 g (0.32

mol ) | ant hanum i sopropoxi de was added to the system followed by allow ng
the systemto pol ycondense at a vacuum pressure of <_ 200 Pa and a
t enper at ur ExampleoC260C for 7 h. Exanpl e C2 The process conditions were

identical with those in anple O except that _the anmpunts of the nononers
and the cal&©yRFOGES m%mr@nﬁgéwaéwt}\ouh%@sm Egagnpl%. éh@xyept that

et abu e BRPHAS icinfie mogodnets anoMd cAta0B ceompansiits, Were fhangrsl s
T AARHICE O3 G R T 00 00 B
and e 3 VO IR HEEA SIRFRAD, IR0 38 o AdistorRl. and
el abUi ) O 95 B R0 Sighiad P ¢ et o, and 0,10 (002

Example C6

The process conditions were identical with those in Example C1 except that
the amounts of the monomers and the catalyst components were changed as
follows: 39.0 g (0.2 mol) dimethyl terephthalate, 108 g (1.2 mol) butanediol,
0.09 g (0.26 mmol) tetrabutyl orthotitanate, 88.0 (0.6 mol) adipic acid, and 0.08
g (0.26 mmol) lanthanum isopropoxide.

The copolyesters obtained in Examples C1-C6 are analyzed, with the results
being listed in Table Cl1.
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The process conditions were identical

with those in Exanple C except that

t he anbunts of the nononers and the catal yst conponents were changed as 30

1ECC50043.f@bksows: 58.0 g (0.3 nol) dinethyl

but anedi ol ,

0.10 g (0.3 nmol) tetrabutyl
adipic acid, and 0.09 g

(0.3

nmol )

t erepht hal at e,
orthotitanate,
| ant hanum i sopr opoxi de.

108 g (1.2 nol)

88.0 (0.6 nol)

Exampl e C5 The

process o] e
D 0oeSS THBIE | rBr AL AR Sk PR RIS W RSt Havihl
foll O‘A’Sdlﬁgr&ltgcdlﬂp%sﬁ@bhaﬁt@ﬁbﬁyl ter epht hal ate, 122 g (1.35 m)l)
but anedrot5—7612 —35 ot tetrabutyt—orthotitgnate, 711609 (675 noh)
adi pi ¢\gci d, | R (pee(jL QHO&SC%LVJe@Qt hanum(i;sopr mOXI degExanml e £8. Tq(g
process Condltl ons Were I'dent | th-thpse—in Exanpl'e G—excgpt—tthat
anounts of thgidronoRer s maRdrtdevcat @lyst cRen S e cggl@[%gecgm lete
fol lote: 39,0500 3 hol Y dreat il et eph halatQﬁﬁlcwﬂg (2 mdiy |
but anedi ol , | Gofdher§ ( Pof2 6pdiied )(xtogt raiyt y| orthotitanate,| &80 [(@)6 [ndgrdation
adi pi¢ acid, [and 0.08| g (0.26 mmol|) | ant hanum|i soprlopoxi|de. The
copol yest er s | adiBEADBd| B1/BRYanpl es G1-C6 are anal yzed, w tjh the |resul @y
being|listed|in Tablel C. 31 I|EC050043 Table C|1 Prgparatj on and perif or mance
par angEgnple of 60/40e coppbogest er s| mivi jngl. di f { ed.ent| -BonPAss2 i |[a3al  r|a8s os| 240
No. Mol ar feedConposit] onaMl eclul ar \wei ght TgT. Tensil eTinme [for rgtio of 1 nol an
rati oMeMMWM M (C) (C) St rengt hStirai nclonpl et & nonaner saf
pol ymer (x105( x10) ( MPa) (%9 degr adat i ogn ( DMT{ ADP( BT/ BA)|' ( day))

Example | 50/50 50/50 718 | 156 217 | 283 | 1295 | 287 874 120

C2

Example | 40/60 40/60 6.73 15.0 223 -370 106.7 | 23.8 940 30

C3

Example | 33/67 35/65 7.31 17.7 242 40.1 | 408 13.6 972 25

C4

Example | 29/71 30/70 6.72 162 241 47.1 203 10.6 1204 15

CS

Example | 25/75 25/75 815 | 157 1.93 460 | 427 | 105 1100 |15

C6

“. BT is aromatic chain segment, and BA is aliphatic chain segment.

®h.d.:

since the sample cannot be completely dissolved in THF solvent,

molecular weight and molecular weight distribution are not detected.

T, indicates glass temperature. Ty, indicates melting temperature.

its

By characterizing the polymer’s structure with 'H NMR, it is found that, taking

Example C2 (DMT/ADP =

1/1) as an example, as shown in Fig.

1 in

combination with the single peak character in GPC and the sole melting peak in

DSC, the copolyester is a typical random copolymer and conforms to statistical

distribution law.
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Exanpl e60/ 4060/ 40n. d. bn. d. n. d. - 18. 5154. 233. 2688240 C1

Exanpl €50/ 5050/ 507. 1815. 62. 17- 28. 3129. 528. 7874120 C2

Exanpl e4f(609649/ 606. 7315. 02. 23- 37. 0106. 723. 894030 C3

Exanpl €33/ 6735/ 657. 3117. 72. 42- 40. 140. 813. 697225 C4

Exanpl e29/ 7130/ 706. 7216. 22. 41-47. 120. 310. 6120415 C5

Exanpl e25/ 7525/ 758. 1515. 71. 93- 46. 042. {)&1pAg0015 C6 a: BT is aronatic chain
segnent, and BA is aliphatic chain segnent. bn.d.: since the sanple cannot
be conpl et e] yAdiraadbwedihsar Hipleati€aromdtic "edselyledtermendtithapdnipnligedlthe
wei ght distribution are not detected. T. indicatées glass tenperature. Tm

i ndi cat fsllowlingrgrucmpal anit:e. By characterizing the polyner's structure
with "HNW, it is found that, taking Exanple C2 (DMI/ADP = 1/1) as an
exanple, as shown in Fig. 1 in conbination with the single peak character
in GPC and the sole neltig peak © DSC, the copolgester_is a t@pical
random copol yfrer ;andy conflprns to Bthtistical _distr i aw. [B2\ 1EC050043

Cains 1. @nﬁﬁmzrprez@ CH ri ses
the follow ngy structural unit:" (04/¥XH\0 0'0 11

wherein m is an integer of 2 to 10, n is an integer of 0 to 8, p is an integer of 2
to 10, m, n and p being same or different, x is an integer of 1 to 10, and y is an
integer of 1 to 10; and

wherein the copolyester has a weight-average molecular weight M,, of
100,000-600,000 g/mol, and a molecular weight distribution of 1.2-3, as
determined by GPC.

2. The copolyester according to claim 1, wherein m is an integer of 2 to 4, n
is an integer of 2 to 4, p is an integer of 2 to 4, x is an integer of 1 to 3, and/or y

is an integer of 1 to 2.

3. The copolyester according to claim 1, which has a weight-average
molecular weight M,, of 100,000-300,000 g/mol, and a molecular weight
distribution of 1.5-2.5.

4. The copolyester according to claim 1, which has a melting temperature
range of 20 to 185°C.

5. The copolyester according to claim 1, which has a glass temperature of
—55to -7°C.

6. Use of the copolyester according to any one of claims 1-5 in profiles,
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CCHZCLI \_(ocH20 mis an integer of 2 to 10, nis an integer of 0 to 8, p
is an integer of 2 wherein to 10, m n and p being sane or different, x is
an integeio@bssl to 10, and y is an integer of 1 to 10; and wherein the
copol yester has a wei ght-average nol ecul ar wei ght MV of 100, 000- 600, 000

g/ nol, and a nol ecul ar weight distribution of 1.2-3, as determ ned by GPC.

2. The ¢9pyY ﬁ’&él@%%@é’ﬁﬂ%@g to claim1, wherein mis an integer of 2 to 4,
n is an infeger of 2 to & pis an integer of 2 to 4, x is an integer of 1

to 3, and/or y is an integer of 1 to 2. 3. The copol yester according to
claim1l1, which has a wei ght-average nolecular weight MANof 100, 000-300, 000
g/ mol, and A Avprecdsarforesygithesdiiagra polyestenfcdmprisifig the Stepsadpol yest er
according to claim1, which has a nelting tenperature range of 20 to 185C
5. The copol Jpadeéingcthe dohlpwing imonmomenshantd ansoptighas scatehysér evmponent
-55 to -7C. 6. Use of the copol yester, according to any one of clainmg 1-5 in
prof i | e§atB3to E@oseAADTf o nEATHY et iptetestanifigation. andipscesterifaeation: (a)

Rt I I LR A WE R
B T o AR N O U
a1 i eyl pfidh Qe diABo s IRECRLIA. TRt Shefeof hh fddaRf ot Sor Tkt e
t her eof thereof,
wherein the molar ratio of the monomer (a)/monomer (c) is 0:100-100:0;
2) prepolymerizing the reaction system obtained in step 1) under vacuum,;
and
3) adding a catalyst component Cat2 to the prepolymerized product
obtained in step 2) to carry out polycondensation under vacuum, thereby
obtaining the desired polyester;
wherein, the catalyst component Catl is selected from the group consisting
of the compounds of Ti, Sb and Zn, and mixtures thereof;
the catalyst component Cat2 is selected from the group consisting of the
compounds of RE Ln and mixtures thereof, said RE Ln being selected from the

group consisting of La-series elements, Sc and Y and combinations thereof.

8. The process according to claim 7, wherein a catalyst component Cat2 is
added after the temperature of fraction is kept constant in the reaction system of
step 2).

9. The process according to claim 7, wherein, in the step 1), the catalyst

component Catl, and the monomers (a) and (b) firstly react by adding them to a

reactor, followed by reacting with the monomer (c) to be added.
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wherein the nolar ratio of the nononer (a)/nmononer (c) is 0:100-100:0; 2)
prepol yneri zing the reaction systemobtained in step 1) under vacuum and
3) addi ngcesouat al yst conponent Cat2 to the prepol ynmerized product obtai ned
in step 2) to carry out polycondensati on under vacuum thereby obtaining
the desired polyester; wherein, the catal yst conmponent Catl is selected from

the group CPO.Si"Pl’i? ;glioéﬁsst Hécﬁfﬁ’i@%g@l?c?ﬁi 17 SPhardnZthe aAtb 13y X4 & Sof the

t hereof; the cata componen is selected fromthe group consisting

of the neoweRIerdG)indRomeraid 8010056535 etie raalsr REtion ofeilg meheaiad

fromthe group consisting of 'La-series elenents, Sc and Y and conbi nati ons
t her eof (a)8(cJimoponnesth ascbi(di0d. 0 andihe Moldrameinof thetcatalyst spseonéhe
Cat2 is added after the tenperature of fraction is kept constant In the
react i omanemens ¢4)+t)dp IZIgBO.-l(TJﬁOQ)r. ocess according to claim7, wherein,
in the step 1), the catalyst conponent Cat I, and the nononers (a) and (b)
firstly react by adding themto a reactor, followed by reacting with the
nononer (c),io_he added. 34 | ECO50043 10. The process according to.claim?7,
wher ei n thelirolﬂw PAOCESHf GG mgnmmc‘?la(ra)/ nY| e(lb)tflﬁsﬂmféﬁofaimﬁf r'Pt‘ﬁe

mol ar ratio of the mononers, .(a)s£! n r (b) is 1:(1.0-3.0); and the
nol ar rQiqrbowprt(ﬁs/rﬁgpﬁ%(@y@tﬁtﬂi@%-momrs (a)+(c) is 1:(500-10, 000).
11. The process according to claim 10, wherein the nolar ratio of the
nononer (a)/ nmononmer (c) is 35:65-60:40. 12. The process according to claim

10/ et LMD ockalt . ldifg «TRIATE! 36 MR TR RO gl of the
5 ﬁ)e”ﬁncjl) girogr}(im%%s g?ﬁ(ﬁbg%@norﬁér (B9 R AC S 5950 HhRInRar &i G oFthehRARI

system/the monomers (a)+(c) is 1:(1,000-3,000).

13. The process according to claim 12, wherein the molar ratio of the

monomers (a)+(c)/monomer (b) is 1:(1.2-1.4).

14. The process according to claim 7, wherein the monomer (a) is selected
from the group consisting of p-phenylene dicarboxylic acid, ester thereof,
anhydride thereof, or mixtures thereof, the monomer (b) is selected from the
group consisting of C,-Cg aliphatic diol, Cs-C,, alicyclic diol or mixtures thereof;
and the monomer (c) is selected from the group consisting of C;-C,, aliphatic
dicarboxylic acid, Cs-C,q alicyclic dicarboxylic acid, ester thereof, anhydrides

thereof or mixtures thereof.

15. The process according to claim 14, wherein the monomer (a) is
terephthalic acid or dimethyl terephthalate; the monomer (b) is 1,4-butanediol,
1,3-propanediol or ethylene glycol; and the monomer (c) is adipic acid, sebacic

acid or succinic acid.

16. The process according to claim 7, wherein the monomer (a) is selected
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nmononers (a)+(c)/monomer (b) is 1:(1.2-1.4). 14. The process according to
claim?7, wherein the nononer (a) is selected fromthe group consisting of
p- phenyl gaesogh car boxyl i c acid, ester thereof, anhydride thereof, or

m xtures thereof; the nonomer (b) is selected fromthe group consisting of
C2-C6 aliphatic diol, C5-Cl10 alicyclic diol or mxtures thereof, and the

mononer fidh fhe ggé@%tsétﬁlsﬁéﬁflgt b t&fe@éﬂhﬁﬁﬂ%@lﬁi RGtEY t e@'f?aﬁ’hhﬂgfri'gdoﬁ% ¢hereof

di carboxylic ac -Cl10 al Pcyclic dicarboxylic acid, estér t

anhydr i desmittieesaheesof)i theuhesndhrire@®). islSeletihed Fﬁ@ﬁﬁ%ﬁe%ﬁ)}frﬂb@@siﬁi yfm
y

14, wherein the nononmer (a) is terephthalic acid or dinet t erepht hal at e;
t he nonGiyeCs @iphatid ddehut afedi aicyclic dipl opanediuoes echersdiy bty yeohonrrd
t he mononer (c) is_ adipic acid, sebacic acid or succinic acid. 16. The
pr ocess(@ctsoseleated dramathe groupaasisisting ofbadipic acayl, esterethereef] @ashydride
| ECO50043 frogmthe group consjisting of terephthalic acid, ester thereof,
anhydriﬂ&ﬂﬁﬁiﬂédfﬂxgﬂeﬁﬂhﬁﬂe@g t hereof; the nononer (b) is selected fromthe
group consisting of C2-C6 aliphatic diol, C5-ClO alicyclic diol or mxtures
t hereof; and the nononmer (c) is selected fromthe group consisting of

nh t her reof. 17. The

S?L;Lésaéiﬁwﬁﬁﬁgé a¥eEeas rdadTaiRg: & FlaD l,a»%rne&“;e?% fseﬁ&ﬁrm%mf the
: ) : 5 .

()] monBiRE) (B RadShid? Gl CTS RS AR Bog! ki, TRABTH the

wher ei Nt O%I@{(%_pﬁ)(%)%@&rﬂg%ﬁz?gqe[_l(. )/ mononer (c) is (25-65):(35-75),

and the nolar ra (a)+(¢)/ mononmer (b) is 1:1.2-1:1.5. 19.
The process according to claim?7, wherein the catal yst conponent Cat 1 is
sel ected fromthe group consisting of MOR2')X, MO, MRL' COO,, and

m xtures thpgedfhe process according to claim 17, wherein the molar ratio of the
monomer (a)/monomer (c) is (25-65):(35-75), and the molar ratio of the

monomers (a)+(c)/monomer (b) is 1:1.2-1:1.5.

19. The process according to claim 7, wherein the catalyst component Cat 1
is selected from the group consisting of M(OR;’),, M,0,, M(R;’COO), and
mixtures thereof,

the catalyst component Cat2 is selected from the group consisting of RE
metal’s inorganic halides LnX;, carboxylates Ln(R;COOQ)s, alkoxides Ln(OR;)s,
aryloxides Ln(OAr)s, acetylacetonates Ln(aca.)s;, hydrates thereof and mixtures
thereof,

and, the molar ratio of Cat2/Catl is 5:95-100:0;

in which, X is a halogen ion, a.a. is an acetylacetone group,

R, and R, are selected from C;-C; alkyl, R;, R;’ being same or different,

R, and R,’ are selected from C;-Cg alkyl, Ry, R,’ being same or different,;

Ar is selected from C;-C, alkyl substituted phenyl, and

M is metal Ti, Sb or Zn, and x is 2, 3 or 4.

20. The process according to claim 19, wherein the RE Ln is selected from
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the catal yst conponent Cat2 is selected fromthe group consisting of RE
netal's inorganic halides LnX3, carboxylates Ln(RLCOO) 3, al koxides Ln(OR2) 3,
aryl oxi desodops OAr ) 3, acetyl acetonates Ln(a, a,,)3, hydrates thereof and

m xtures thereof, and, the nolar ratio of Cat2/Catl is 5:95-100:0; in
which, X is a halogen ion, a,a, is an acetylacetone group, Rl and RI' are

sel ect eghé rg?ﬁh%céﬁsi%ﬁ% ofALa, Bk, PEiNd, SRIEYY, Sthe8e and2cafttbiRationse
selected from C3-C6 al kyl, R2,” R2” béing’ same or differént,; Ar is selected
from Cltli#reafkyl substituted phenyl, and Mis netal Ti, Sb or Zn, and x is
2, 3 or 4. 20. The process according to claim 19, wherein the RE Ln is

sel ected from 36 | ECO60043 the group consisting of La, Ce, Pr, Nd, Td, Yb,
Dy, Sm Sc and conbinations thereof. 21. The process according to clai m20,
wher ei n t he2 REThe procrsserecardingrto ¢laemy?Oupvieenesn shien Fol.nLis, sadectert frowm,
Sc and conbi nations .t hereof. 22, The process according to claim19, wherein
the cat H1§ groupisurdskingef La, (£, 4, é\%‘ﬂeﬂcf&f@iﬁﬂw scthereefi ng of
titanium al koxide Ti (OR2')x, antinmony acetate, zinc acetate, zinc oxides,
antinony oxides, titanium oxides, mxtures thereof, the catal yst conponent

SRABREEAL RN OT AR NI TR e o
cr! U 1 SBCLT BES B55L 00 SR B B B RA0 5 R £ hrgemony
SoPent e, S afhid U SSRGS, R BORR et
wher ei ntﬁé}‘%o@?t 1l is tetrabutyl
the catalyst component Cat2 is selected from the group consisting of RE
inorganic halides LnX;, alkoxides Ln(OR;);, aryloxides Ln(OAr)s,
acetylacetonates Ln(a.a.); excluding samarium acetylacetonate Sm(a.a.)s;, and
mixtures thereof,
wherein, X is chlorine ion or bromine ion, R, is isopropyl, n-butyl or
isopentyl, Ar is 2,6-di-tert-butyl-4-methylphenyl or 4-butylphenyl;
and, the molar ratio of Cat2/Catl is 1:3-3:1:

23. The process according to claim 22, wherein the Cat 1 is tetrabutyl
orthotitanate, titanium isopropoxide, titanium dioxide, antimony trioxide,
antimony acetate or zinc acetate,

and the molar ratio of Cat2/Catl is 2:3-3:2:

24. The process according to claim 7, wherein the catalyst component Catl
is selected from the group consisting of tetrabutyl orthotitanate, titanium
isopropoxide, titanium dioxide, antimony trioxide, antimony acetate, zinc
acetate and mixtures thereof,

the catalyst component Cat2 is selected from the group consisting of RE
inorganic halides LnX;, carboxylates Ln(R;COO);, alkoxides Ln(ORj)s,
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orthotitanate, titaniumisopropoxide, titaniumdioxide, antinony trioxide,
anti nony acetate or zinc acetate, and the nolar ratio of Cat2/Catl is

2: 3- 3: 2: 1g&dsoosThe process according to claim7, wherein the catal yst
conponent Catl is selected fromthe group consisting of tetrabutyl
orthotitanate, titanium isopropoxide, titaniumdioxide, antinony trioxide,

antlnnnﬁnﬂ@gﬁ@é§1jg(mgr% 2GeiPhaxanesnhgrebfs thereof, the catal yst conponent
e

Cat2 is selected fromt group consisting of RE inorganic halides LnX3,

car boxyl at esnd,nthid &GDaB ratibkek Cae2/Ca1G8223-332; | EC050043 ar yl oxi des
Ln(OAr) 3, and m xtures thereof, and, the nolar ratio of Cat2/Catl is

2: 3-3:2; i ninwihaoh, the REELmis se@ltedtfmtﬁﬂmgr@ep gonspsteog sifstangeoPr] Nd,
Ce, Pr, Nd, _Sc and conbinations thereof, X is chlorine ion or bromne ion,
R is eSﬁﬁanﬂomlmlWMOl‘F&th@GD%propyI b-butyl or isopentyl, and Ar is
2,6-di-tert.- byt 4- et hyl phenyl or butylphenyl. 25. The process according
to claim ngﬂﬂﬁnﬁﬂﬂbOEt Qﬁnﬂﬁlqgaand 3) are carried out in the same

aut ocl ave. rocess or.di.n wher ei n chai n ext ender
o R i sy PoR BrapybaRS S i95bramylap-Dufy! OF Ropentds, &
Ar is 2,6-di-tert-butyl-4-methylphenyl or 4-butylphenyl.

25. The process according to claim 7, wherein the steps 1), 2) and 3) are

carried out in the same autoclave.

26. The process according to claim 7, wherein no chain extender is added in
any of the steps 1), 2) and 3).
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