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

bi odegradabl e |i near random aliphatic/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
and use of the sane. Background art At present, aromatic polyesters such as
pol yet hyl ene terephthal ate (PET), polybutylene terephthalate (PBT),
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t hese pol yners substantially cannot be degraded in nature, and can be very
resi stant bacterial or fungal attack . Until now, no bacteria or enzyne is
observed to he able to erode pure aromatic pol yesters (PET, PBT). These
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weight distribution, and to process for preparing it and use of the same.

Background art

At present, aromatic polyesters such as polyethylene terephthalate (PET),
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



and degraded products thereof, and etc. They have been applied to bionedi cal
materials (skeleton fixing and supporting materials, drug controlled-rel ease
materials, nerve guide and artificial blood vessel, suture line and etc.)
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engi neering materials, the | use of aliphatic polyesters as materials are
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abroad, mainly including Ecoflex from BASF AG., Germany; Eastar Bio from
Eastman Co., USA; Bionelle from Showa Co., USA (whose resins are provided
by Showa Highpolymer Co., Japan, and SK Chemicals Co., Korea), Sky Green
BDP from SK Chemicals; Biomax from Dupont Co., and etc.

Since these copolyesters are prepared via polycondensation, in which
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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and vacuum polycondensation of the esterified or interesterified product. The
two steps are generally carried out separately, and two polymerization
autoclaves are needed therefor.

The catalyst systems wused 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



esterification or interesterification of terephthalic acid or ester-formng
derivatives thereof with aliphatic diol, wherein the esterification is
carried out at high pressure, and the interesterification is carried out at
at nospheric pressure; and vacuum pol ycondensation of the esterified or
interesterified product. The two steps are generally carried out
separately, and two polynerization autoclaves are needed therefor. The
catal yst systens used in the preparation of polyesters by polycondensation
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di carboxylic acid
interesterification between DMT and BDO, the system undergoes

polycondensation in vacuum. The molecular weight of the polyester product
obtained is not high, the number-average molecular weight (M,,) being about 1 x
10°, and the weight-average molecular weight being about 3 x 10%. If an
anhydride, ether or isocyanate 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
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or ester-formng derivatives, and allowng the mxture to react in the
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In recent years, the use of rare earth(RE) compounds as catalysts has been

widely concerned by scholars at home and abroad. There are many relevant
techniques with respect to the preparation of polyester using La-series metal
catalysts, e.g., CN1,112,573A, EP0,626,425 and CN1,446,837A. In the patent
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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art are titanium alkoxide, alkyl tm germamum oxide and etc., for example,
tetrabutyl orthotitanate, titanium isopropoxide and etc. as disclosed in [0 Nihon
Yukagakkaishi(1 (1999, 48(9), p911-915), European patent EP1,106,640A2, and
Germany patent DE19,923,053A1, n-butyl tin as disclosed in Korea patent
KR9,709,332B1, germanium compounds as disclosed in Japanese patent
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 1H NMR spectrum of copolyester product of DMT/ADP = 1/1 of
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In recent years, the use of rare earth(RE) conmpounds as catal ysts has been
w dely concerned by scholars at honme and abroad. There are many rel evant
techni ques with respect to the preparation of polyester using La-series
nmetal catalysts, e.g., CN1, 112,573A, EPQ 626, 425 and CNI, 446, 837A. In the
patent application No. CNI,112,573A, Enichemu Co., Italy, discloses the use
of La-series netal conpound, their netal salt, nmetal conposite salt or
salt-containing conplex as catal yst, thereby obtaining a thernoplastic
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Fig. 2 is the structural formula of poly(butylene adipate).

Fig. 3 is the structural 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:

T 0 I I
o—QCHz%p—c—(CHz)n—c —to—{ch, o—c—@»caf
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 is 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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5 polyester preparation, there still exist many shortcom ngs such as
conplicated operation process and relatively broader nol ecul ar wei ght
distribution of the polynerized product. Thus, it is desired to provide a
process for preparing polyester using novel RE catalyst system and capabl e
of sinplifying the present polyester preparation process and reducing the
occurrence of side reactions. At present, all polynerization catalyst
systens used for preparing biodegradable aliphatic/aromatic copol yesters by
pol ycon ' i Iy ' - [ ; N,
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p911-915), European patent EPL, 106, 640A2, and Gernmany patent

DE19, 92300184:600;000 g/mialn paefedably dOODOO-3KE), QA0 p/neal; andRits7 amlsceiat,
gernaniunxcqggpunds,as,disclosed I n_Japanese patent JP2,004, 018, 674A2, and
so on. regighbdistabutiongsd, 2thopredeabytl . 3vsdens commonly used in pol yester
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of yelggﬁﬁgﬁggm_gggoquc Apart fromthese, the shortcom ngs such as

conpl i cat eration process and rel atively broader nolecul ar wei ght
di stributiPhe Biodegradable copolyester described herein can be used for preparing

profiles, films, fibers or coatings. The biodegradable copolyester having high
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 (¢) 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



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 bi odegradabl 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
cat al yst conponent. Description of figures Fig. 1 is |H NV spectrum of

copol yester product of DMI/ADP = 1/1 of 6 the present invention. In the
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When an aliphatic/aromatic copolyester is prepared, in the step 1), the
aromatic monomer (a) may firstly react with the diol monomer (b), followed by
adding the aliphatic monomer (c); or the aliphatic monomer (c¢) may firstly react
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



Fig. 5is the DSC curve of the copol yester product of the present invention.
Contents of the invention The term "bi odegradabl e" used herein refers to
that, under the action of mcroorgani sm organic conpound is deconposed
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i nt egerlmstep 3)o catalysti coraponent §éat? af atlded t8;thardaction siystem. i nt eger of 1 to
2. As determ ned by GP§'K met hod, its wei gh,t-aveirnayge nol ecul ar weight My, is
100, 000- 6d0, tw siepod), Hremalysopdensatonn-18ocamosl guiort artemnerafieeoll ar

vl o0 LS AABaR0ek, Sl BERSHBR 520 D0 b SR SASHE DI
20 to 1815e?era%'19 @3@()‘?&?, thGf® ﬁf@fe%‘t?lyoé 200 Pa, for preferably 3-8 h.

All pressures concerned therein are gauge pressures.

A single-autoclave operation may be adopted in the process for preparing
polyester described herein, i.e., the steps 1), 2) and 3) are carried out in the same
autoclave.

In one preferred embodiment of the process described herein, the molar ratio
of the monomer (a)/monomer (c) is 0:100-65:35, 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-Cy 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;-Cy, aliphatic dicarboxylic acid, Cs-Cyg
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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preferably -55 to -7C. The bi odegradabl e copol yester descri bed herein can be
used for preparing profiles, filnms, fibers or coatings. The bi odegradabl e
copol yester having high nolecular weight can be prepared herein by adding a
RE conmpound as catalyst as well as controlling the feed ratio of
nmononer s/ catal yst and the rel evant process paraneters in the absence of any
chai n extender. The product obtained has a nolecular weight distribution of
|l ess than 3, and is in a linear structure. The conpositional structure of

t he copghdnike menohreryk) iissklectedfroml g gicup ednsistinggof hdipieestidatster so
that a statistically random copolyner can be prepared. The present

i nvent i thereof, tandrydredeatleerepd or mixewes thereofr ipavhieh, gheymelan rationof the

O o masorro 1o A0S0 44 B TR an optd ope

o R 0 o TG AE LRI Y. PPt

0 o 1 Oy BRG0P GBI S BB B sPb YN Bmersor

e P Rdtohed (9) LI myrer () o tonore (o) 1 £ 200,100,

and In one preferred embodiment of the process described herein, the catalyst
component Cat 1 is selected from the group consisting of M(OR;’),, M,0,,
M(R,’COO), and mixtures thereof, preferably selected from the group
consisting of titanium alkoxide Ti(OR,’),, antimony acetate, zinc acetate, zinc
oxides, antimony oxides, titanium oxides, mixtures thereof, more preferably
selected from the group consisting of tetrabutyl orthotitanate, i titanium
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.);, hydrates thereof and mixtures thereof, preferably selected from the
group consisting of RE-metal’s inorganic halides LnXj, alkoxides Ln(OR,)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, R;, R;’ being same or different;

1n



3) adding a catal yst conponent Cat2 to the prepolynerized product obtained
in step 2) to carry out polycondensation under vacuum thereby 8 obtaining
the desired polyester; wherein, the catal yst conmponent Catl is selected from
the group consisting of the conpounds of netals Ti, Sb and Zn, and m xtures
t hereof; the catal yst conponent Cat2 is selected fromthe group consisting
of the conpounds of RE netal Ln and m xtures thereof, said RE netal Ln
being selected fromthe group consisting of La-series elenents, Sc and Y

and  conbiRapnANR, 1 R %@Iecttc\r!]%qhoﬁﬂ@ld?p fa@kylglla{pl(tg’; bre}gg?ahkeﬁk diffegent,

prepared, in the step 1), aromati ¢ nononer irstly react with

t he di opreforablygy Re b$ isdpriopyhend-tutyl ediopentyk al i phatic mononer (c); or the

al i phatic nononer (c) may firstly react with the diol nmononmer (b) followed

by addi ng Ahe i&r odelectedrordomnr (G)rCs Pallaydr apubstituted hepleryd, 1)preferably

CaL a1 YSh, ANt Pl b ad LB e () (el reast by

e, T ARl T, G B AL 4oa e Surf e ont proceeding ef

e oo ohe Rt cabARimini e 06 brotes kst it e e

pr ef er aphinpbrén? el i¥ReledtBe fEbHt thel @bup consisting of tetrabutyl orthotitanate,
titanium 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 inorganic halides LnXs, carboxylates
Ln(R,;COO)s, alkoxides L.n(OR,);, aryloxides 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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fraction as collected attains above 90% of its theoretical amount, the
nononer (c) was added to the system which thereafter undergoes the
second-step esterification or interesterification at a tenperature of
preferably 160-250C. Then, the systementers into the next step of
prepol yneri zati on when the distilled fraction as collected again attains
above 90% of its theoretical anmount. The above two steps of esterification
or interesterification nay be carried out under atnospheric pressure,
Vacuum gitafy &% 3R e PhERSH rlaf Wb bioflercial TGNRALY ad GGHEBEHRNEr | C
pressure. Preférably, the prepolynerization of the step 2) 1s carried out at
a tenpgreafollevifg E3Anisles 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
smal | 9 rdnkesalidentifiedl athienyisd;dhapeseentagesrandmatios used hereirare abnonyst em
of step.,2). are _.alnost conpletely evacuated and the tenperature of fraction
is keptﬂEﬂWEﬂ&ﬁfﬁWﬂB%Lstep 3), catalyst conponent Cat2 is added to the

{empor at ursdne mytdicatfut Akudlondsbd ot APLRE Tharklh, £ S CE Bt koD

pressurgﬁlﬁlte&,%iafaﬁr ses 300 Pa, nore preferably < 200 Pa, for preferably

3-8 h. essur oncerned therein are gauge pressures. A
si ngl e- aut : ' radiaye i inBr bRg
ol yeot o1 e DY EEbLOCopBY for RO Herklie i RE Tjloding BARIE Lt 11

the same 1) as being prepared in the absence of additives such as chain extender and
stabilizer, the copolyester product is pure;

2) both the number-average and weight-average molecular weights of the
copolyester product are 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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autocl ave. I n one preferred enbodi nent of the process described herein, the
nolar ratio of the nononer (a)/nononer (c) is 0:100-65:35, preferably
35:65-60:40; the nolar ratio of the nmononers (a)+(c)/nononer (b) is
1:(1.0-3.0), preferably 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 systenithe
nmononers (a)+(c) is 1:(500-10,000), preferably 1:(1,000-3,000). In one
preferred enbodi nent of the process described herein, the nononer (a) is

sel ect gy kghé B L hGar exy li hehic st er
e cor T B e B L T h B an Coffbdtist

t er epht withathe; sihpke-conpoient hitahfuraelotapednd rcamalybes gstenn ataheisamd tings
C2-C6 aliphatic diol, C5-Cl0 alicyclic diol and m xtures thereof,

pr ef er abf yincteasihgt dhedivegight-ayepagpamalecilaor veeighitentheyl yumberaverage

nmononer (¢) i.s selected fromthe group cqonsisting of -Clo.aliphatic
di car bom?ﬁ?%ﬂ&f: W@lgﬁsocﬁltbe polyestar; Iércmlou@arlb@ign m@crzsésac,(f,s @gt]}b itstmeleqilar

o St ol S8 o IBhSleanBU LR D GBSkt sBSRES! o
tor opni Hd ERTEE BB ool e o™ Gty de-t her eof or m xt Ures. t her eof
ol o o6 (RORRARES Sfeight b e BORHACHRPA! BlodMetCabERoBVIRARY | ©
increased in the absence of any chain extender; thus, the polyester 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 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

14



and the nononer (c) is selected fromthe group consisting of adipic acid,
ester thereof, anhydride thereof or m xtures thereof. In which, the nolar
ratio of the nononer (a)/nonomer (c) is (5-75):(25-95), and the nolar ratio
of the nononers (a)+(c)/nononmer (b) is 1:1-1:2. Preferably, in which, the
nolar ratio of the nononmer (a)/(c) is (25-65):(35-75), and the nolar ratio
of the nmononers (a)+(c)/nmononer (b) is 1:1.2-1:1.5. In one preferred

enbodi ment of the process described herein, the catalyst conponent Cat 1 is

sel ect ed f%eraitmt-aﬁgpgﬂgglegiggpgﬂopf o;vg ?%%'tr%e, '%%gha%/@hémL Reépdnt

m xtures thereof, pr cted € grou consisting o I'tani um
al koxi d€oli Chif MediamIGﬁmnp acetate, zinc acetate, zinc oxides, antinony
oxi des, titanium oxides, mxtures thereof, nore preferably selected from

t he group Isopsoparolg AR degreggBeiyingoChenticallBlang, CGhinat ani um i sopr opoxi de,
titanium dioxide, antimny trioxide, antinony acetate, zinc acetate and

m xtures tIRGIHHL: Banmg”ﬁm)i@agé%gml%r%@aﬁﬁnt Casdtds, GBIt ed from the

Cn( A1 000 3116 REors Toh dpierminiig 1V Vi datioln) SXAmpey| Gk hanhresent
the or B SRR I Re. metal” o i norgani c hai i des Lnx3, al Koxi des
Lo 3, TR mpgamorat indonea st hetgstne: I udrnined B Hiprare )
of Cat 2tiainktics Pestnaide: O(NMRY pusimgy aBsuker Avance DMX500 model
superconductive NMR spectrometer ('H NMR: 500 MHz) at 25°C, with CDCl,
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 pum), which is then cut into sample pieces of 2 cm x 2 cm, the sample
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1:3-3:1,even nore preferably 2:3-3:2; In which, the RE netal Ln is
preferably selected fromthe group consisting of La, Ce, Pr, Nd, Td, Yb,

Dy, Sm Sc and conbi nations thereof, nore preferably selected fromthe
group consisting of La, Ce, Pr, Nd, Sc and conbinations thereof; Xis a

hal ogen ion, preferably chlorine ion or bromne ion, and a,a, is an

acetyl acetone group; R and R' are selected fromC -C3 alkyl, R, R' being
sanme or different; 11 R2 and R2' are selected from C3-C6 al kyl, R2, R2

bei ng spieeesso dithrredhire erpbetided ih\a citBuresdishqrarokied withr dopososoil samént vl ;
Ar is selected fromCl-C4 al kyl substituted phenyl, preferably

2, 6- di - thent theucyltune idishyis pprethintooan anpubgioshengér constanteemperatursband Zn,
and x is 2, .3 or. 4. In gne preferred enpodi ment_ of the process described

her ei n,h‘ﬂlﬂ?édléﬁ-tth9§kum Bpinkept ata outg(é"gu, apddhertenmparagirgs kspt8hsssti ng
of tetr t orthetitanate titanjumisopropoxide, titaniymdioxide,

ant | morg-er 1 bs RIERL SR §F thelsaBle PlacRS B Bl EFined no ity ner cor : and
t he catalyﬁﬁzﬁggﬁgnent Cat2 is selected fromthe group consisting of RE

I norgani c A4HRS LnX3, carboxylates Ln(RLCOO) 3, al koxi des Ln(OR2) 3i

?;ygog' g:eZI;'ﬁé‘T%bk%ng%rﬁbl‘éyﬁﬁ%hélhﬁéﬁﬁfﬁstrﬁé‘%b NSreferel ébbdirfenfbt/ Catl
the present inventions. All the examples are merely illustrative, not interpreted
as limiting to the present inventions.
Unless identified otherwise, each steps involved in the preparations of the
catalysts or polyester are all conducted under atmospheric pressure or ambient

temperature.

Examples A1-6  Preparation of RE catalyst component Cat2

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

10 g La,0; 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 NH,Cl/La,O; 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(aca.); (cf.
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in which, the RE netal Ln is selected fromthe group consisting of La, Ce,
Pr, Nd, Sc and conbinations thereof, and X is chlorine ion or brom ne ion;
Rl is ethyl or propyl, and R2 is isopropyl, n-butyl or isopentyl; Ar is
2,6-di-tert-butyl -4-nmet hyl phenyl or 4-butyl phenyl. The catal yst used herein
I's a single-conponent catalytic systemof non-toxic or lowtoxic RE
conpounds, or a nultiple-conponent conposite catalytic systemof RE
conpounds and ot her metal conpounds, which is favorably used for preparing
biodegrp@g@hg;@@ququq@qqom@lsy honb- and co-pol yesters. The catal yst
system may thus be a single-conponent Cat2, or a nultiple-conponent

conposi t e Inys28thmi thteeneckdflaak] LaCle 7RO (Brddug,d?. 3¥smirhel Joaasidyssiolved
conponent Cat2 of the catalyst system described herein nay be prepared by

the rretwmsS(bmls\yaE‘eretgi Ql?]hagn arS_OtlulﬁaniSrlg sad i@@mmmldbemg drepwissetedito a he
e N e
o100, MRSt e g tangeciifiy MR OREVER ad dRITS; o 188700

Z t . : { '
nor o ' SQyEBLHAEL BT THe felctiot nhiRfure ot AtthE Y pRCipRRCATLARE)
ggl ess (wasRrtirfddandiirsredsThehhabogt 4enoPBagaald wad bbfaineddfigrdryingig all

vacuum at 60°C.

-]

Example A3  Preparation of RE isopropoxide (cf. Inorg. Chem., 1970,
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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the basis of weight. Al the publications nentioned are incorporated herein
for reference in their entirety for all purposes. The bi odegradabl e

copol yester described herein has the follow ng features: 1) as being
prepared in the absence of additives such as chain extender and stabilizer,
t he copol yester product is pure; 2) both the nunber-average and

wei ght - average nol ecul ar wei ghts of the copol yester product are obviously

i ncreased, with a nolecular weight distribution being |ess than 3; 3) the

conposi ?‘rSfé%h ?;xablf” bn ! if vigeA! ZG%F’TH’F%%nf:%sbﬂuééfddCWlﬂa sﬁgr?ﬁéCth' ed

by adjusting t r'at1 o of mononers conpositronal ratio

copol ynmghbtaig atmﬂua@hl aAfer egdidingt exédi é@@ﬂlmafth@ glutipnof@icted 4t fdsin

copol yester product is in a |long chaln random | i near structure, which is in
favor oftemipgratiat fon2ahd untrbnoavulshlegiroekicet| amthe supﬁlcelafst}m‘ sadiom. A
honopol irrers and 5) the copol yester cgoduct has mechani cal properties up to

or excediftla® aqddgm wasuzmmmmmlyta dr & Ardgeewh emh@atm reacsianchpd heeor e
range (w th bet orman(‘b’:t t.han thoseéﬁégi guct havi ng a
corrponeﬁP@RiF ’ose q:rﬁ: Yu. s.of83ining, 4 gg 5 t oBAERNAG) O and S@duEn ent
rocess for preparing co oI ester described
P oce okl FIRIBE g ARGRe. O Prevari o copoly
The anhydrous LnCl; weighted was shifted to a 50 ml single-neck reaction
bottle followed by the THF solution of sodium
2,6-di-tert-butyl-4-methylphenolate, to which argon was thoroughly filled. The
system reacted in an oil bath of 80-90°C by magnetic stirring for 2-3 days. The
reaction product obtained is centrifugally filtered, and the filtrate is distilled
under vacuum to 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 A5  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 HCl,
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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1) the operation process is sinplified by using a single-autoclave
operation; the side reactions are reduced, and the pol yester product's
color is obviously inproved; 2) the catal yst systemused herein is a

hi gh-efficiency, non-toxic or |owtoxic catalyst system which can
obviously increase the polynerization rate 13 with the pol ycondensati on
tinme being reduced from10 h to 3-8 h in conparison wth the

si ngl e-conponent titani um conpound catal yst system at the same tine of

i ncr easi n@)&diﬁﬂlféemt PrepaaRiGIPLERE atetddé 9N, Jfl?ldi‘gﬁpﬁicia@h%ﬁgel%z
nol ecul ar wei ght of the poI yester product is aI SO increased, wth'its

mol ecul 24, 63®Bi63X) di stribution not being broaden; neanwhile, the reaction
course is stead¥ and easily to be controlled; 3) t he nol ecul ar wei ght of
Of

the pol ymdQ geaf gr Bdl exxidarivas dmsnlaadlwlth A0Pead 630 ¥ acatic atidnsadutibnany
SUch aSABEATRMOYIBEIEI0SART DESBANCRLDY AilnE e Ji‘é"e@c&geé’lzeé,sam Shdined ci n
ai i phac Ver AR g 1D ??Kﬁi%vqi’fé'g”%@(’ﬁf?e“ ) BHOS y3Pyum. and, e
car ryi ror i HIFRAngaRs oiiERETHER Sy oBLARGRE AR ot PoRABERE aBBBteT. D eaent
invention are as foll ows:
Comparative Example A1 Preparation of a polyester with single-component
Ti catalyst
136 g (0.7 mol) dimethyl terephthalate, 126 g (1.4 mol) butanediol and 0.20
g (0.59 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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DMT: di nethyl terephthalate, CP degree, Beijing Xingjin Chem cal Plant,

Chi na ADP. adi pic acid, AP degree, Shanghai Chem cal Reagent Co., China

Medi cal Group BD: butanediol, AP degree, Beijing Yili Fine Chemcals Co.,
Ltd, China. SCN succinic acid, AP degree, Sanyi Chem cals Co., Ltd,
Shenzhen city, China. Acetic acid: 50% Beijing Chem cal Reagent Co., China
Stearic acid: AP degree, Beijing Chem cal Reagent Co., China Tetrabutyl
orthotitanate: CP degree, Beijing Chem cal Reagent Co., China Zinc acetate:

AP degr g6lycBaideh8stidh el Galabeast re§§hr &hi 220ty eP% %?% a el érgbﬁref of9- 5%

Beijin X| nhua Reagent Factory, I na chTor| d tes: eqgr ee,
Bei | i ng220:3602(Refigent OFdst oThe %tamedmpeocﬁml wastwm Aanckt mapmenol
CP degree, Shanghai Chem cal Reagent , mg Medi cal Group | sopr opanol :
AP degrn@mbemqwen@mmiﬁcalarmraréxt MhuofaZ 68odiima Beightrgvaiageamoléhdar cal
Reagent na Th ods f? determ nin reI evant data _in

exanpl e%’elﬁht wa@ﬁS%h? Xj h&enﬂﬂ nd ameleeulan| weight Mrdribvtiessiofi b4 (as
corrponecrilt%3 of. cl{lgyp@%;ﬂ are determ ned by nucl ear

termine

Comparative Example A3

78 g (0.4 mol) dimethyl terephthalate, 86.5 g (0.96 mol) butanediol, 0.11 g
(0.32 mmol) tetrabutyl orthotitanate and 0.073g(0.17mmol) lanthanum
acetylacetonate 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 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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magneti c resonance (NMR) using Bruker Avance DMX500 nodel superconductive
NVR spectroneter ('H NVR 500 WMHz) at 25C, with CDCl3 as solvent, and TMS
as internal standard. The nol ecul ar wei ght and nol ecul ar wei ght distribution
of the polynmer are determ ned by gel perneation chromatograph (GPC) using
Waters-208 instrunment (Waters 2410 RI detector, a flowrate of 1.5 m/mn,
and a tenperature of 30C), with THE as solvent, and the nol ecul ar wei ght
calibrated by styrene standard sanple. The viscosity nunber (VN) is

deter rﬁn@ﬁeanw@chosﬁﬁing/ml RAliRg. S@jltﬁdrﬁfollﬁfg @hé"l@:ﬁbﬁbﬁbﬁﬂﬁéﬁ&m@ﬁw in
a weight ratio of 50/50 at 25C, according to the test standard GB/ T

17932- 1980-240°€ ywialtmwelvapexated vesecalleetddbyand ithgn TG:0N3 @ {017 antmwipt i c
col ori neter accordlng to the method described in GB 2409-1989. The gl ass
t enper atantkanumg)acetylagstanaig wamhpdded to the sygteon afites fpushing the @oll@m@m ni ned

by diffeprenti al anni alorinmetr DSC) usin erKin Pyri
anal yzes aieh AIFETReithe MEPRY Was RACHT SpPISECANd hcaiederd Haen

heatin n h,t f tensjle
pr oper (Y ‘?r‘? Hi1Febbosaghinl ??edi’i@%ﬂd.m?ﬁg% T e VA
po T onpehaniiieoP 2902968C 0r o b AU E bbb ER J%" ochit? Was ¥ARLE arl Balitat o
ng-1 n- conpos pr ocess. ester sa ress o forma
f ' | m number-average molecular weight M of 3.84x10% a welght -average molecular
weight M,, of 8.88 x 10°, and a molecular weight distribution of 2.31 (as

determined by GPC).

Example A7

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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(10-20 m), which is then cut into sanple pieces of 2 cmx 2 cm the sanple
IS pieces so obtained are enbedded in a culture dish packed with conpost
soil, and then the culture dish is put into an incubator under constant
tenperature and humidity. The humdity is kept at about 50% and the
tenperature is kept at 58 2C. The weight | osses of the sanple pieces are
determ ned periodically. Exanples The follow ng exanples further
denonstrate the preferred enbodi nents of the present inventions. Al the

exanpl emad) adipreehyid Wassaddedvio, thoisystene pndt g sgstelm nivas R ritihudigly
present inventions. Unless identified otherw se, each steps involved in the
pr epar ah¢atad with stirringt tllysefluxingo dBy econtroding dhe reactiont tamperidure at

RE cat af S0r24lknonarer exARORSIANpIES AOIISCBhr Alion TBHSAIE e o] REHOR M
o 01! 95t SH) sk s PR b SIS RS g Sen el ol ke,
a0 op st PR, Pacard a (et of 2 IE0OCTROF e IR Aot
Lacis. np 0D RSP i Raiture Acktylab BRIARY, RHL400E0, © (Rl 4y,
followed by allowing the system to polycondense at a vacuum pressure < 200
Pa and a temperature of 220-260°C for 6 h. The obtained product was white,
and had a number-average molecular weight M, of 4.53 x 10*, a weight-average
molecular weight M,, of 1.02 x 10°, and a molecular weight distribution of 2.25

(as determined by GPC).

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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quartz sublimation tube, and then the tube was vacuum supplied till a
pressure of less than 5 nmHg. The tube was slowy heated to 400C in a
tubul ar furnace, wth the vacuum pressure held for 1 h. The sublimtion
tube was cooled dowmm to roomtenperature 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 sublinmation tube was shifted to

anot her seated—tube—ready—for—use—bExampte—A2Preparat+-en—ef—tanthanum
acet yl acet onata,4-afaa, )S;Ngtcafdded 16 Pol yngr, 200, 42, ¢6511-7506);hn @ 250 n
t hr ee- neck flasﬁ LaC13. 7H20O (3.47 g, 9.37 mmo|) was dissolved wth 50

water to ottgk;ﬁmﬂeml utlon sl, said solution s| being dropwi se fed to a 50
m aqueous [solution sZ of acetylacetone (5.63 g, 56.2Z nmnol ). | The sol ution as
m xed was st Exanggle A7 ﬂoom&ﬂdimperatur e, &ind 2 N KOH wa4l added|td1ist until the
solution had a pH of 7. The reaction mxture containing a precipitate of
La(a,a,)3 was stirred and filtered. Then, about 4 g of La(aac)3 was

bt ai ft dr i [ t, . 60C. EXx t f R
fﬁoz‘i ook Sk?eeé%fryﬂnﬁﬁ:reénceoiiv mtﬂg]lgﬁélt;?z@(?aa %dos)/?s é%d)e %%‘r"‘?ﬁ‘l’%g@oﬂfhz‘; |
ree-n 82( L [ ouS chl oride was di ssolved W no
i sopr opﬁﬁ ﬂéﬁ_&(ﬁ? %IX Shet ing - .

MARERESS ]

b

No. Addltlon manner of RE | Polyconde | Molecular weight Yellow
compounds n.satlon M, | M, |MJ/M index
time (h)

Comparative | Non-added 10 268 [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 |2.31 49.5

Example A4 interesterification and

before polycondensation
Example A8 Added after 6 453 1102 | 225 47.9
prepolymerization and

before polycondensation
Example A9 | Added after 6 8.12 | 16.3 | 2.01 40.1
prepolymerization and

before polycondensation
Example A10 | Added after 6 7.76 | 153 | 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
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cool ed down to roomtenperature, to which a solution of sodi umi sopropoxide
(obtained by dissolving 1.349 g sodiumwi th a m xture of 20 m i sopropanol
and 65 m benzene) was dropped with rapid stirring. After finishing the
dropping, the solution was refluxed by heating for 4 h, and then cool ed
down followed by standing for overnight. The resulted solution was filtered
wth 4 sand-core filter bulb, the obtained filtrate was distilled to
renove sol vent, and then about 15 g of RE isopropoxi de powder was obtai ned

af ter deyirligy WiHeElvias mMByExwitollifig tHepaidio®tetipdfature at 160-220°C,
tri(2,6-di %gert but yl -%@rret hyl phenoll gt e) (cf. Ingr gp |rr$1 aActa 1987, 139,

183- 184inethandl. & aparhteth wad coletbedl 2 fiters fiaistrinigytheecglieetdon rof ma‘;dmhalp a
pol ymerization anpoul e under the protection of argon. According to the nolar
wei ght $8.5.8€03 maly adépienacids ADB vas added mtthesystﬁmhgndrtbacﬂysm was

cal cul ated. bas n_a ol ratlo of. 1: An exact anpu

2, 6- di -Gt nwajy heatednyridheHaring Jilk died g s Va§RntrF?£m1&gth§ BEGHM t ube

(throu t he ofl, der 7, Brot ci'on f
b gon. RERAT @&%PW%@"% Bl SRAPHRNA A GolRidt AR SISt Bhe, &
solutio qug
t enper a urééqc?ﬂ hﬁ&h nt i I g@vakz{lﬁgz‘%hgbyﬁﬂf Elg%g%(f’?%lg% ré?&gﬂeats%dl um
A it t{gofimspeissitast 400t Pﬁumdﬂayt@ﬂg@ﬁbﬁ@el(&[C'QQ(M'@O*”@rfdﬂ‘ﬁbéﬁﬁqt hon had
been conpleted, thereby obtaining a THE sol ution of sodium
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 B 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 8.24 134 |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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2, 6-di-tert-butyl-4-nethyl phenol ate. The anhydrous LnCl 3 wei ghted was
shifted to a 50 m single-neck reaction bottle followed by the THE sol ution
of sodium 2,6-di-tert-butyl-4-methyl phenolate, to which argon was
thoroughly filled. The systemreacted in an oil bath of 80-90C by nagnetic
stirring for 2-3 days. The reaction product obtained is centrifugally
filtered, and the filtrate is distilled under vacuumto renove sol vent.
Then, the desired RE tri(2,6-di-tert-butyl-4-nethyl phenol ate) catal yst was

obt ai negtipfi@rtildraefhixihg! By dontreiingy dee yehctisanimip&atire par p60-2200C, RE

stearate A cal cul ated armunt of Ln203 was weighted with a beaker, to which a
sui t abl methanol evapoiiated Wasi cwlaleetedzvaf’sftadcﬂ'ﬂds]ﬂmg dv@doﬂycamne@ﬁnwthaml of
HCl, and then the S%sten1mas heat ed to di ssol ve thereby obtaining a

transpaftérd g dbflumiodh suscinm @ssd SEhawas adder wasthgesysiem, and the system
2"t ans BRIt 15 headad iR Sttingaimethidna, Byneosiolfedbetenctiatded |
cat Zfﬁﬁfé}ﬁﬁ?ﬁaigﬂ% SR8 A0 vl S e et B SRS CATT LR RENE e

stirrerg E@GHE&S%&&“ th phere“&%he Systs:"l%ij/l?ed MRedte é‘nd‘?@&étephﬁta?h of

pr ot ect I on of nitrogen atno ’héat e In an Ol

l'ess t hgacd@RpRssTRIBEU00 B iand 20 PEratab@@f 201260R€ foreh, AReFward)uor
was separated wth a separatory funne
0.055 g (0.17 mmol) neodymium 1sopropox1de 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 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 Catl 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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further evaporated to dryness. 18 Exanple A6 Preparation of RE acetate (cf.
J. Inorg. Nucl. Chem, 1962, 24,637-639) 10 g of a RE oxide was dissol ved
with 500 M 50% acetic acid solution. After renoving nost of the solvent by
distilling at 75C, the RE salt obtained was heated to 75-150C (dependi ng on
different RE) under vacuum and then dried till constant weight, thereby
obt ai ning the correspondi ng RE acetate. Conparative Exanple Al Preparation
of a polyester with single-conmponent Ti catalyst 136 g (0.7 nol) dinethyl

t er epht P20 DGO ALESr 4 W 1. 4 nol ) butanediol and 0.20 g (0.59 mol) tetrabutyl
orthotitanate were added to a 500 ml three-neck flask. Under the protection
of nitrogen, the systemwas heated with stirring till refluxing. By
controlling the reaction tenperature at 160-220C, nethanol evaporated was
col | ect ed.Exgmple Bildi shing the collection of nethanol, the system was

bressur o OPSE30 Pl auiethEhissrag tialatss 120¢E 6bad oD butancdinkandf L ned

Do s R PR, P E el pBHBESh 4 X 1 FAehEfk Fahonen

iy ;g;gltpgla r ‘fhef _pgatébtﬂﬁi JofdinTlbB¥h, tRECHNBA] AkEs BSaredIwith 9GQirfRlg till
refluxing. By controlling the reaction temperature at 160-220°C, methanol
evaporated was collected. After finishing the collection of methanol, 13.0 g
(0.089 mmol) 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, 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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g (0.5 mmol) tetrabutyl orthotitanate were added to a 500 ml three-neck
flask. Under the protection of nitrogen, the systemwas heated with
stirring till refluxing. By controlling the reaction tenperature at

160- 220C, net hanol evaporated was collected. After finishing the collection
of nmethanol, 58.5 g (0.4 nol) adipic acid was added to the system and the
system was continuously heated with stirring till refluxing. By controlling
the reaction tenperature at 180-240C, water evaporated was collected. After
fi ni shi ggOt3Zenmmbl)dantleamah acwykicetdrmtesyst em was vacuum suppl i ed and

heat ed, and then underwent 19 pol ycondensation at a vacuum pressure of <_
200 Pa and a tenperature of 220-260C for 10 h. The obtai ned product was

yel | ow, aglg had, a nber - aver age nol ecul ar wei ght M of 2.68 x 104, a

wei ght - av %@P%B&%I ar weight MWof 5.29 x 104, and a nol ecul ar wei ght

400 o B0 TR R O
0. 32 |
cetyl by SuidihTis Wt e ShoRGHlCrR Bl (RETLARBT RSB Wl YR as
pr ot ect fellows! 78! £1(09# ol PaieeAMteshitRaed 86, 5he 0196 il bianeaignxi no

By controlling th reaction te ratute at 160-220T, net han evapor af ed
was col 0elx gq0.3% hanol tetighitpd otthetitahites S8 (04 mslhadipic fidHamd 0018 nol )
adi pic acid was added to

g (0.34 mmol) lanthanum acetylacetonate.

Example B18

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 system and the systemwas continuously heated with stirring till
refluxing. By controlling the reaction tenperature at 180-240C, water
evaporated was collected. After finishing the collection of water, the
system was vacuum supplied and heated, and then underwent pol ycondensation
at a vacuum pressure of 5 200 Pa and a tenperature of 220-260C for 7 h. The
obt ai ned product was |ight yellow, and had a nunber-average nol ecul ar
weight M of 3.08 x 104, a weight-average nol ecul ar weight M of 6.21 X
104, and a nolecular weight distribution of 2.02 (as determ ned by GPC).
Conparative Exanple A4 78 g (0.4 nol) dinethyl terephthalate, 86.5 g (0.96
nol ) but a@gﬁmpleaﬁ@lo. 11 g (0.32 nmmol) tetrabutyl orthotitanate were added
to a 500 M three-neck flask. Under the protection of nitrogen, the system
was heat edl'né procasisraandgtions weneadentaicabwithy thaset indEx ample 14 exceptothat
tenperature at 160-220C, nethanol evaporated was collected. After fjinishing
the col thecamyninds ofethapononers and sha catalyst sompenerisqwese changed: ast he

07 ) S5 B A e BB T4 O it
Ceepor ShE8 VTP ORI 0 PR R PSED 9 R gD B B 0

nder webt O B R e of <_ 200 Pa and &
Example B22

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: 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 resuits
being listed in Table B2.
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tenperature of 220-260C for 7 h. The obtai ned product was white,
nunber - aver age nol ecul ar weight M of 3.84 x 104, a wei ght-average nol ecul ar
wei ght MW of 8.88 x 104, and a nol ecul ar wei ght distribution of 2.31 (as

determ ned by GPC).
(1.4 nol) butanedi ol
added to a 500 mi

Exanpl e A7 136 g (0.7 nol) dinethyl
and 0.10 g (0.29 mmol) tetrabutyl
t hree- neck fl ask.
system was heated with stirring till

t enper alable B2 16@rega@tioretanedn perfornameapathmaters obf

the coll ection of nethanol,
r eact eddliferant/a@nlpﬁspmenahramﬁ 400 Pa and a

t he system was vacuum suppli ed

and had a

t erepht hal at e,
orthotitanate were
Under the protection of nitrogen,

refluxing. By controlling the reaction

126 ¢

t he

yedibi$ fhafviﬁg shi ng

heat ed, and

t enperat ure of 220- 260C for

added {0 he ‘sybue ol 9ia by M B g | FEPSYEPL ﬁiew'wé"‘ﬁfn.ﬁ”fii bt a
vacuum |pr essur e| rtio {00 Raatend a| menepers at ur ¢ mofar raRAP- PROE1G*pr ML,
obt ai ned producl mbaged Wik e cO| Qiu/dHade a Vi §5§9§grty nunber §'1\B4) o[f 141\ m /g.
Exanpl ¢ A8 78 ¢ 4 ) dinmeth terephthalate 6|5 g (0{96 mol)
but anedi ol and o@iT/Aﬁ‘%( @%?n%o%iﬁOh?letrabutW ADR bt tanat e| wer e [added|to a
500 m three-neck flask.|toUnder @MT+{aDoYBRYI ON of ni trogen, { the system was
heated mwith Sj[i rrﬂi ng t LI Icatalg,gg‘l u?<i ng. By controlling|the reaction
t enper ature at t60-220C el manpl

Example 100/0 1170 12 100/0 n.d. nd. nd.

B13

Example 90/10 1200 1/1.5 90/10 n.d. n.d. nd.

B14

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 1/1.2 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 6.21 132 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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evaporated was collected. After finishing the collection of nethanol, 58.5 g
(0.4 21 nol) adipic acid was added to the system and the system was
continuously heated with stirring till refluxing. By controlling the
reaction tenperature at 180-240C, water evaporated was coll ected. After
finishing the collection of water, the system was vacuum supplied, heated,
and reacted at a vacuum pressure of 400 Pa and a tenperature of 220-260C
for about 1 h. Afterward, 0.073 g (0.17 nmol) | anthanum acetyl acetonate was

added t flploeUndet ¢He grb%dtmw Qﬁtl%r%‘gﬁwt}'i@s E@ﬁ%é@ﬁbh&@wlmgﬂﬁﬂg%ﬂ?t a

vacuum pressure < Pa and a tefpefature of 220-260C for

obt ai nertfluxifgctByasontrolléng tred rbaction nemyserasyes age 160-2200@r methahbl M of
4.53 x 104, a weight-average nolecular weight MWVWof 1.02 x 105, and a

m;l ecul avapm‘age% vda$tcoullmtecbnﬁd‘terzfm&shlngﬁtheetceﬂhmtlen :osf r@tt)ancﬁxdri}pﬂr)] eg A9
T Ex A

0. 055 oULBRY7mel) it rAcith WaSpPAdGN: to thes SN sk ABCoRySIBM HABM
e AR By IEA R SR T A IDIE DR
Uri (2. Spdlhnbobl e i YR ABAEY WHRer BV 1ot €11k SRR AR

acet yI ac
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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The paraneters characterizing the copol yesters respectively obtained in
Conparative Exanples Al -A4 and in Exanples A7-Al10 are listed in Table A
and Table A2. Table Al Influence of the addition of RE conmpound on the
preparation of polyester No. RE compound Pol ycondensation Viscosity nunber
Yellow time VN (m /g) 22 Conparative Not added 10 67 61.2 Exanple Al
Exanpl e A7 Added 5 141 41.5 Table A2 Influence of the addition manner of RE
conmpound on the polynerization of co of ester No. Addition nmanner of RE

Pol yconfislldhbes8lGrrg (@.iwmolYQiithgt QB@?MH&Ia@@,aIIOQ Q%P(YSI.MMBI)I Bufneddsix
time (h) n Conparative Non-added 10 2.68 5.29 1.97 . Exanpl e A2
Conpar abij Meg A0 Berhrabbrigtabuity Catthotitanais, 88 01(®6aRobBadipiEasithland8.09 g

(0.3 mmol) lanthanum isopropoxide.

Example C5

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, 122 g (1.35 mol) butanediol,
0.12 g (0.35 mmol) tetrabutyl orthotitanate, 110.0 g (0.75 mol) adipic acid, and
0.11 g (0.35 mmol) lanthanum isopropoxide.

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 C1.
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Conpar ative Added after 7 3.84 8.88 2.31 49.5 Exanple A4

I nteresterification and before pol ycondensati on Exanpl e AS Added after 6
4.53 10.2 2.25 47.9 prepolynerization and before pol ycondensati on Exanpl e
A9 Added after 6 8.12 16.3 2.01 40.1 prepolynerization and before

pol ycondensati on Exanple Al 0O Added after 6 7.76 15.3 1.97 41.2

prepol yneri zati on and before pol ycondensati on Exanples B6-Bl1l Taki ng as
exanpl e the preparation of copolyesters having an aliphatic/aromatic nol ar
ratio o DMp) | : St q@ﬁm

t et rabu??lgleéglhot i %&?@ ﬂ;?néiél%rf%ﬂcﬂg%%étlip ﬁanrgletcfi;;rtézo usese%?ﬁ%gtee&ht g
corrpoundisfferéﬂtgoﬁﬁpdsitiohhl datied hyl terephthalate DMI, 86.5 g (0.96 nol)

but anédi ol Dand aJCatt conponent (Whi ch y not be added) werer added 1o
500 m Not hr eemel@ C ket | @8dtpositiolzd eVoldll@wdphOt €ct i grr, of | mj t r ogeigie t he syahemppas
heated with | 23
ratio of | | molar ratio | M, M., MM, | (CO) O Strength | Strain | complete
monomers of polymer | (x10% | (x10% MPa) | (%) degradation
(DMT/ADP) | (BT/BA) (day)
Example | 60/40 60/40 nd® | nd nd. -185 | 1542 | 332 688 | 240
C1
Example | 50/50 50/50 718 | 156 217 | -283 | 1295 | 287 874 | 120
C2
Example | 40/60 40/60 673 | 150 223 | -370 | 1067 | 238 940 |30
C3
Example | 33/67 35/65 731 | 177 242 | 401 | 408 | 136 972 |25
C4
Example | 29/71 30/70 672 | 162 241 | 471 (203 | 106 1204 |15
C5
Example | 25/75 25/75 815 | 157 193 | 460 |427 |105 1100 | 15
C6

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

’n.d.: since the sample cannot be completely dissolved in THF solvent, its
molecular weight and molecular weight distribution are not detected.

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

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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stirring till refluxing. By controlling the reaction tenperature at

160- 220C, nethanol evaporated was collected. After finishing the collection
of nethanol, 58.5 g (0.4 nol) adipic acid ADP was added to the system and
the systemwas continuously heated with stirring till refluxing. By
controlling the reaction tenperature at 180-240C, water evaporated was
collected. After finishing the collection of water, the system was vacuum
suppl i ed, heated, and reacted at a‘:%gfwggtpressure of 400 Pa and a
tenperature of 220-260C for about terward, 0.17 mmol of a Cat2
conponent was added to the system followed by allow ng the systemto

pol ycondense at a vacuum pressure of <_ 200 Pa and a tenperature of

220- 260C f or 17 A .ramdpen dinear @hiphatigiasomelin somdy¢sternavhish zompeiges the wel | as the
perfornances t he I ester products obtained are listed in Table BL.
Tabl e Bl Perf8 ﬂgﬁgéﬁu 6Bgryesters prepared by different catal yst systens

No. Catl/Cat2 Yellow Ml ecul ar wei i ndex M | Mo\ (x104 x104 Exanple
B6 0.11 g tetrabu yI ort hot &aanat elP. 73 37. 216 4“ 2.05 | anthanum
acetyl acet onat e d:Iez-ﬁD-OZ-ﬂ:QHg‘)'t P OrERYy i tARGTfe/ 0. 063 g 39.5 4. 98

10.9 2.18 | anthanum chl oride hydrat'& Exanple B8 0\
neodym um 3.8 46.1 57.6 1.25

wherein m is an integer of 2 to 10, n is an integer of 0 to 8, p is an integer

g zimc acetate/0.055 g

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

—55t0-7°C.

6. A profile, film, fiber or coating comprising the copolyester according to

claim 1.
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iso ro oxide Exanple B9 0.5 g zinc acetate/0.13 g neodymum5.4 30.8 55.7
1.81 tri 2,6-di-tert-bu |-4-meth 1 henol ate Exanpl e B10 0/scandi um stearate
11.7 8.24 13.4 1.63 Exanple B11l 0/ triumacetate 6.5 5.95 11.8 1.99

Exanple B12 78 g (0.4 nol) dinethyl terephthalate DMI, 86.5 g (0.96 nol)

but anediol BD and 0.11 g (0.32 mml) tetrabutyl orthotitanate were added to
a 500 mM three-neck flask. Under the protection of nitrogen, the system was

heated Wi th 7 24 psédeks fdrOsyintHdsizirf théxdopglyeki¥r 600kl 1,iddgnprivéng gacti on
tenperature at 160-220C, nethanol evaporated was col l ected. After finishing

t he coIIectl%mmdﬁ-nethanol 47.2 g (0.4 nol) succinic acid SCN was added to

the system gn ddtn?% tlfely§olfao 1H§arono né[rg %{8US| trllc?aﬁ 8taa3{stt hgﬁ%p'ﬁh%r'&ng till

ref | uxi ng. con eaction wat er

evapor at ed veglaeld fat®dto '%ﬁir?rouftllﬂﬂeﬁe@teﬁﬁc&thﬁl aﬁdell esitdifcutioh: Y@t er, the
system was vacuum supplied, heated and reacted at a vacuum pressure of 400

Pa and a terﬁy@mamrdeca@boqbg @@bcpsmsrthireﬁf axhy dride thereo) apsmixgure0. 17 mol )

neodym um i sQpr.o i S h | | owi ng the
Systom to paroeahatldpnafe Rb etk data TR i erdloa BE afthdle, enperat ur e
of 220-260C dl@i‘l’ng}h}C 3-516 @pé)ﬁ!h@e&jicﬂbeﬁylfct al¥fas et tRereoRHANDAIIA
nunber - aver age nol'ecul ar weight M of 5.41 x 104, a wei ght-average

thereof, or mixture thereof,

wherein the molar ratio of the monomer (a)/monomer (c) is 13:87 to 90:10;
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; and

wherein the copolyester is synthesized with the absence of chain extender.

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 (¢) to be added.
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nmol ecul ar weight M,, of 1.11 x 105, and a nol ecul ar wei ght distribution of
2.05 (as determ ned by GPC). Exanpl es B13-B23 Honb- and co-pol yesters
having different aliphatic/aromatic nolar ratios are prepared by using a
catal yst system consisting of Cat2 |anthanum acetyl acetonate and Catl
tetrabutyl orthotitanate (1:1). Exanple B13 136 g (0.7 nol) dinethyl
terephthalate, 126 g (1.4 nol) butanediol and 0.10 g (0.3 nmol) tetrabutyl

orthotitanat. v&Ereepﬁdéﬁsdaé@rdangaa ¢thint I, eghdreiakiht! @dlar ratipdgr thehe protection
of nitrogen, the systemwas heated with stirring till refluxing. By
controlI|nglpﬁ@ﬁﬁ@aGQﬁ@W“W@ﬁpéﬁaﬁui%8§ﬂolé@3§2@®’ﬂ%ﬂ@héﬁ@?(ﬁéﬁﬁporated was

col | ected. AGLefm{L LS IRoMRCR) ieqli 905 6. HBIAEINar LIS SYgEe™. Vs

vacuum suppli e cuum pressure o 0 Pa and a

t enper at ur e @falg? QyREQAChE ﬁfonametst(am(tﬂ)lsﬁxf(swwm())0 13 g (0.3 mml)
Ianthanun1acety|acetonate was added to the system followed by allow ng the
systemto pol ycondense at a vacuum pressure of < 200 Pa and a tenperature

O e P20 2OG oot acgBEIRYE B 1Okl B ola B s

tetrabutyl onhbithérd(@mmbRomer &) aitees60:48. 500 ni three neck fl ask

12. The process according to claim 10, wherein the molar ratio of the
monomers (a)+(c)/monomer (b) is 1:(1.1-1.5), and the molar ratio of the

catalyst 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,-C¢ aliphatic diol, Cs-Cy, alicyclic diol or
mixtures thereof, and the monomer (c) is selected from the group
consisting of C;3-Cyo 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.
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Under the protection of nitrogen, the systemwas heated with stirring til
refluxing. By controlling the reaction tenperature at 160-220C, nethanol
evaporated was collected. After finishing the collection of nethanol, 13.0 g
(0.089 nmol) adipic acid was added to the system and the system was
continuously heated with stirring till refluxing. By controlling the
reaction tenperature at 180-240C, water evaporated was collected. After

finishing thg, Thelpréeks actording@d Elaim TH&/hsxsst 81 METory@ MY seiefddi ed, heat ed,
and reacted at a vacuum pressure of 400 Pa and a tenperature of 220-260C

for about 1 from Thf:tgi@%mnSlGIlfn%O@ t¢roplghalinra¢iyl, esien thenenh askydridgcet onat e was

added to the we al |l owi n ol ycondense at a
vacuum presst&fxgXF tuﬁ?fot%ﬁﬁleo&n ea{n?lbor%eég(gﬁdsrée% (grzp 61860 ?&p 4 h. Exanple
B 15 The pr O&ﬁﬁéuﬁgaﬂc JQRspNRicadibdenta, Ealllcyealé kid1 ke seixtulesnarmRke B 14 except
that the anounts of e nononers and the catal yst conponents were changed

as foll ows.anlilt?le gn((I@’n&rr(o] is s¢legtedHydm tthe gmmpha)lnaltsmg 8badipiy {0d,96 nol)

but anedi ol , gof( W %ﬁ)‘srabut ort otitanate, 29.0 (0.2 nol)
adi pi ¢ acid,® 14 g IH}IXT acetyl acetonate. Exanple B
16 The process condl tions were identi cal W|th those in Exanple B 14 except
that the anpbunts of the nononers and the catal yst conponents were changed
as follows:1B7TH grocessdacconding do niditny 16t eheeit el atodar B8 of the. 2 nol )

but anedi of, monomer (a)/monomer (c) is (5-75):(25-95), and the molar ratio of the

monomers (a)+(c)/monomer (b) is 1:1-1:2.

18. The 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;COO),, alkoxides
Ln(OR,);, aryloxides Ln(OAr),, acetylacetonates Ln(a.a.)s;, hydrates
thereof and mixtures thereof,

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

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

R;and R’ are C;-C;alkyl, Ry, R,' being same or different,

R;and R,' are C;-Cgalkyl, R, R, being same or different,

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

M is selected from the group consisting of metal Ti, Sb and Zn, and x is 2,

Jord,
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0.11 g (0.32 Mol ) tetrabutyl orthotitanate, 44.0 (0.3 nol) adipic acid, and
0.14 26 g (0.32 mmol) | ant hanum acetyl acetonate. Exanple B 17 The process
conditions were identical with those in Exanple B 14 except that the
anounts of the nononers and the catal yst conponents were changed as

follows: 78 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 pi ¢ aci d,20aMe Prddess gecoRing taelaim 19 anhdtaimuie REELY iagddctsifrém Exanple B 18
The process conditions were identical with those in Exanple B 14 except that

the amounts B¢ 818D nesisisting efhd-a Hee.cBr.aNdstTd oporddnt Smaebe aManged as
follows: 58.0 g. I i methyl terephthalate, 81 g (0.9 nol) butanediol,
0.11 g (0. Scfng.%lrté%ogﬁtsé erré%t'ﬂtyl orthotitanate, 66.0 (0.45 nol) adipic acid,
and 0.14 g (0.32 nmol) | anthanum acetyl acetonate. Exanple B 19 The process
conditions were identical with those in Exanple B 14 except that the
amount s of thle Therpoeasssacoeddingéo clatnaR)svherempbe &4t bn wesedectéthirgmd as

but anedi of . T Rie¥gSpoRate AEFS Cpr bl R RbaiaRsEEa 0 (o) 6 ol )
adipic acid, and 0.13 g (0.3 mml) | anthanum acetyl acet onat e.
22. The process according to claim 19, wherein the catalyst component Cat
1 is selected from the group consisting of titanium alkoxide Ti(OR,"),,
antimony acetate, zinc acetate, zinc oxides, antimony oxides, titanium
oxides, mixtures thereof,
the catalyst component Cat2 is selected from the group consisting of RE
inorganic halides LnXj;, 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,
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Exanpl e B20 The process conditions were identical with those in Exanple Bl4
except that the anounts of the nononers and the catal yst conponents were
changed as follows: 58.0 g (0.3 nol) dinmethyl terephthalate, 122 g (1.35
nol) butanediol, 0.12 g (0.35 nmmol) tetrabutyl orthotitanate, 110.0 (0.75
nol) adipic acid, and 0.15 g (0.35 mml) | anthanum acetyl acetonate. 27

the catalyst component Cat2 is selected from the group consisting of RE
inorganic halides LnXj, carboxylates Ln(R;COO),, alkoxides Ln(OR,)s,
aryloxides Ln(OAr);, and mixtures thereof,

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

in which, the RE Ln is selected from the group consisting of La, Ce, Pr,
Nd, Sc and combinations thereof,

X is chlorine ion or bromine ion,

R, is ethyl or propyl, R, is isopropyl, b-butyl or isopentyl, and

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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