A furan ring-containing polyester elastomer and preparation process and use
thereof

Technical Field
The present invention belongs to the technical field of polymers, and in particular relates
to a furan ring-containing polyester elastomer and preparation process and use thereof.

Background of Art

As a solution to the shortage of fossil resources such as petroleum, the use of renewable
biomass resources to synthesize various monomers and polymers is a new direction for
the development of the chemical and energy industries. Bio-based polymer materials can
effectively reduce environmental pollution and promote sustainable development.
Typical bio-based polymers include polylactic acid (PLA), polybutylene succinate (PBS),
and polyhydroxyalkanoates (PHA). Compared with petroleum-based polyethylene
terephthalate (PET) and polybutylene terephthalate (PBT), they have poor heat resistance
and mechanical properties. The fundamental reason is the lack of rigid aromatic rings in
the molecular structure. 2,5-Furandicarboxylic acid (2,5-FDCA) is one of the 12 most
promising bio-aromatic platform compounds selected by the U.S. Department of Energy.
Compared with terephthalic acid (TPA)-based aliphatic-aromatic copolyesters, biomass-
derived FDCA-based aliphatic-aromatic copolyesters not only have comparable
thermal/mechanical properties, and are expected to replace petroleum-based aromatic
platform compounds such as terephthalic acid to synthesize high-performance bio-based
polymer materials, but also have potential biodegradability and are an excellent
environmentally friendly material.

PBST (poly(butylene succinate-co-terephthalate)) is a new type of aliphatic/aromatic
copolyester. It is a new type of biodegradable polymer obtained by chemical modification
on the basis of polybutylene succinate (PBS). It retains the biodegradability and good
thermal properties of PBS, and at the same time has the characteristics such as excellent
mechanical property, high melting point and high crystallization rate of polybutylene
terephthalate (PBT). It is a biodegradable material with great potential. The properties of
PBST copolymers are closely related to the ratio of aromatic copolymer units to aliphatic
copolyester units and the average sequence length.

Summary of the Invention

The present invention provides a furan ring-containing polyester elastomer. A furan ring
monomer of bio-based origin is introduced into a polyester material as a fourth monomer.
An aliphatic-aromatic copolyester material with excellent mechanical property and
degradation property is obtained through an esterification-melt polycondensation method.
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The copolyester has excellent thermal/mechanical properties related to the composition,
exhibits the characteristics of an elastomer within a certain composition range, possess
an excellent resilience, and has potential biodegradability.

The first object of the present invention is to provide a furan ring-containing polyester
elastomer, comprising a reaction product of component (a) furandicarboxylic acid and/or
ester thereof, component (b) aromatic dibasic acid and/or aromatic dibasic ester,
component (c) aliphatic dibasic acid and component (d) aliphatic dihydric alcohol;

the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (c) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) is 1:(0.4-1.8), preferably 1:(0.4-1.2);

the elastomer has an elongation to break of >1500%, and an elastic recovery rate of
greater than 70%, preferably, the elastomer has an average elastic recovery rate of not
less than 80%, more preferably, the elastomer has an average elastic recovery rate of not
less than 90%.

According to the present invention, the furan ring-containing polyester elastomer has a
weight average molecular weight of greater than 60,000, and a molecular weight
distribution of 1.6-2.3; preferably, the furan ring-containing polyester elastomer has a
weight average molecular weight of greater than 100,000, and a molecular weight
distribution of 1.6-2.0.

According to the present invention, the furan ring-containing polyester elastomer has an
elastic self-enhancement ability, preferably, the furan ring-containing polyester elastomer
has an elastic recovery rate of greater than 85% when the stretch ratio is 500% or higher,
and an elastic recovery rate of greater than 90% when the stretch ratio is 800% or higher.
According to the present invention, the elastomer has a tensile modulus of 10-75MPa and
a tensile strength at break of 4-20MPa.

According to the present invention, in the furan ring-containing polyester elastomer:

the component (a) is at least one of 2,5-furandicarboxylic acid, dimethyl 2,5-
furandicarboxylate, diethyl 2,5-furandicarboxylate;

the component (b) is selected from Cs-C,s aromatic dibasic acid or aromatic dibasic ester
compounds, preferably at least one of terephthalic acid, terephthalic acid ester,
1sophthalic acid, and isophthalic acid ester, more preferably terephthalic acid;

the component (c) is at least one of C,-C;g aliphatic dibasic acids, preferably at least one
of sebacic acid, succinic acid, and adipic acid, more preferably at least one of succinic
acid and adipic acid,

the component (d) is at least one of C,-Cs dihydric alcohols, preferably at least one of
ethylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, 2-methyl-1,3-propylene
glycol, and neopentyl glycol, more preferably 1,4-butylene glycol.

According to the present invention, by using a specific ratio of a furan ring-containing
component (a) and an aromatic ring-containing component (b), a certain amount of furan-
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based polyester segments are formed in the system, and the crystallinity of the polyester
i1s regulated, so that the copolyester has excellent resilience and exhibits the
characteristics of an elastomer.

The second object of the present invention is to provide a process for preparing the above-
mentioned furan ring-containing polyester elastomer, comprising: subjecting component
(a) furandicarboxylic acid and/or ester thereof, component (b) aromatic dibasic acid
and/or aromatic dibasic ester, component (c) aliphatic dibasic acid, component (d)
aliphatic dihydric alcohol to esterification reaction, pre-polycondensation reaction, and
final polycondensation reaction in sequence to produce the furan ring-containing
polyester elastomer. According to the present invention, the preparation process
specifically comprises the following steps:

(1) subjecting component (a), component (b), component (¢) and component (d) to an
esterification reaction under the action of a first catalyst;

(2) when the esterification rate reaches 92-98%, a pre-polycondensation reaction is
carried out under the action of a second catalyst;

(3) subjecting the reaction system obtained in step (2) to a final polycondensation
reaction to produce the furan ring-containing polyester elastomer.

According to an embodiment of the present invention, in the process for preparing the
furan ring-containing polyester elastomer:

the component (a) is at least one of 2,5-furandicarboxylic acid, dimethyl 2,5-
furandicarboxylate, diethyl 2,5-furandicarboxylate;

the component (b) is selected from Cs-C,s aromatic dibasic acid or aromatic dibasic ester
compounds, preferably at least one of terephthalic acid, terephthalic acid ester,
1sophthalic acid, and isophthalic acid ester, more preferably terephthalic acid;

the component (c) is at least one of C,-C;g aliphatic dibasic acids, preferably at least one
of sebacic acid, succinic acid, and adipic acid, more preferably at least one of succinic
acid and adipic acid,

the component (d) is at least one of C,-Cs dihydric alcohols, preferably at least one of
ethylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, 2-methyl-1,3-propylene
glycol, and neopentyl glycol, more preferably 1,4-butylene glycol;

the first catalyst includes an organic titanium compound and at least one compound
containing antimony, germanium, zirconium, stannum, magnesium, cobalt, aluminium
or zinc, preferably includes an organic titanium compound and at least one organic
stannum compound; wherein the organic titanium compound is selected from tetrabutyl
titanate, tetra-n-propyl titanate, tetra-isopropyl titanate, tetraethyl titanate, and titanium
glycolate, the organic stannum compound is at least one of stannous octoate, stannous
oxalate, dibutyltin oxide, butyltinhydroxide-oxide, dibutyltin diacetate, dioctyltin oxide,
and butyltin tris(2-ethylhexanoate); based on 100 parts by weight of the total amount of
the first catalyst, the organic titanium compound comprises 45-85 parts, e.g. 55-75 parts

3



or 75-85 parts; the organic stannum compound comprises 15-55 parts, e.g. 25-45 parts or
15-25 parts;

the second catalyst is at least one of lanthanide series metal compounds, preferably at
least one of lanthanum chloride, lanthanum acetylacetonate, neodymium isopropoxide,
and lanthanum stearate.

According to an embodiment of the present invention, in the process for preparing the
furan ring-containing polyester elastomer, in step (1):

the ratio of the total amount by mole of component (a), component (b) and component
(c) to the amount by mole of component (d) is 1:(1.05-4), preferably 1:(1.2-2);

the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (¢) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) is 1:(0.4-1.8), preferably 1:(0.4-1.2);
the used amount of the first catalyst is 0.01-1%, e.g. 0.1-0.3% or 0.05-0.2% by weight of
the total of component (a), component (b) and component (c);

the conditions of the esterification reaction are as follows: the esterification temperature
is 130-210°C, preferably 150-190°C; the reaction time can be 1-5 hours, preferably 2-3
hours; the reaction atmosphere is a protective gas, e.g. nitrogen gas.

According to an embodiment of the present invention, in the process for preparing the
furan ring-containing polyester elastomer, in step (2):

the used amount of the second catalyst is 0.01-0.5%, preferably 0.05-0.2% by weight of
the total of component (a), component (b) and component (c);

the conditions of the pre-polycondensation reaction are as follows: the reaction
temperature is 150-220°C, preferably 190-210°C; the reaction time is 0.5-2.5 hours,
preferably 1-1.5 hours; the vacuum degree is 600-5000Pa, preferably 1000-2000Pa.
According to an embodiment of the present invention, in the process for preparing the
furan ring-containing polyester elastomer, in step (3), the conditions of the final
polycondensation reaction are as follows:

the reaction temperature is 210-260°C, preferably 230-250°C;

the reaction time is 1-5 hours, preferably 2-4 hours;

the vacuum degree is<300Pa, e.g.<150Pa, or<50Pa.

According to the present invention, the process for preparing the furan ring-containing
polyester elastomer can adopt the following specific preparation procedure:

step 1: in the presence of a first catalyst and a protective gas atmosphere, component (a),
component (b), component (c), and component (d) are subjected to an esterification
reaction in an esterification reactor, and introduced into a polycondensation reactor for
the next reaction when the esterification rate reaches 92-98%:;

step 2: in the presence of a second catalyst, the product from the esterification reactor is
introduced into a pre-polycondensation reactor for polycondensation, and a vacuum
reaction condition is gradually established so that the vacuum degree is maintained
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between 600 and 5000 Pa. The reaction is carried out for a certain period of time and the
resulting pre-polycondensate is introduced into the next reaction;

step 3: the pre-polycondensate is reacted in a final-polycondensation reactor, and the
vacuum degree is controlled at <300Pa to finally produce a furan ring-containing
polyester elastomer.

The third object of the present invention is to provide use of the above-mentioned furan
ring-containing polyester elastomer or the furan ring-containing polyester elastomer
obtained by the above-mentioned preparation process in biodegradable materials.

In the present invention, the furan ring of component (a) and the benzene ring of
component (b) have certain structural differences, which makes the two acids different
in electronegativity, aromaticity and thermostability. FDCA 1is a m-electron-rich
heterocyclic system, and has an aromaticity less than PTA. Due to the influence of the
oxygen atom of its own aliphatic ring, the electrophilicity of the carboxyl carbon in
FDCA is weaker. FDCA has two carboxyl groups with a certain bond angle, and therefore
it is a polar molecule. The furan rings on the repeating units of the aliphatic-aromatic
copolyesters synthesized from the two acids are asymmetric, making the chain segments
difficult to flip. At the same time, the furan ring has a permanent dipole moment because
the positive and negative charge centers do not overlap, thereby generating electrostatic
force, which increases the interaction force between chains, increases the chain rigidity
and decreases the mobility of the chain segments. The prepared furan-based polyester
shows the superiority of the asymmetric rigid ring structure in mechanical, thermal and
barrier properties. Therefore, the present invention adopts a specific ratio of a furan ring-
containing component (a) and an aromatic ring-containing component (b) to form a
certain amount of furan-based polyester segments in the system, thereby regulating the
crystallinity of the polyester, so that the copolyester has excellent resilience, exhibits the
characteristics of elastomer, and has excellent fatigue resistance and elasticity self-
enhancement effect.

A bio-based furan ring-containing polyester elastomer of the present invention, which
can be prepared with bio-based raw materials, will partially replace the application of
traditional petroleum-based elastomer materials, thereby reducing the consumption of
petroleum materials and achieving sustainable development of resources; and it not only
has good thermal and mechanical properties, but also has potential biodegradability.
Compared with the prior art, the present invention has the following beneficial effects:
(1) The present invention adopts an approach of adding monomers into the reaction
equipment in one shot to carry out a continuous reaction to prepare a high molecular
weight, random copolymerized, furan ring-containing aliphatic-aromatic copolyester
elastomer, which is a narrow distribution, high molecular weight polyester elastomer.
Preferably, the polyester elastomer has a weight-average molecular weight of greater than
100,000 and a molecular weight distribution of 1.6-2.0.
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(2) By optimizing the catalyst system and polymerization process and controlling the
feeding ratio, the present invention can produce a polyester product having a
copolymerization unit ratio consistent with the feeding ratio. By adjusting the ratio of the
furan-based monomer to the aromatic-based monomer, furan-based polyesters with
different aromatic unit compositions can be obtained, which provides aliphatic-aromatic
copolyesters with good toughness and resilience characteristics, thereby obtaining
copolyester elastomers that meet different use requirements and further expanding their
application areas.

(3) The present invention does not require the copolymerization of soft segments and
hard segments to obtain an elastomeric material. Instead, it only requires the combination
of the furan-based monomer to the aromatic-based monomer in a specific ratio to achieve
the precise control of the resilience performance of the resulting polyester material.
Furthermore, the polyester material can become an ideal bio-based elastic material for
use under repeated load conditions, and has excellent fatigue resistance and elasticity
self-enhancement effect.

(4) The preparation process provided by the present invention is simple to operate and
has strong process controllability, thus providing a novel process for preparing
degradable thermoplastic copolyester elastomers, and the process is prone to realize the
industrialization of products.

Description of the drawings

Figure 1 is a hydrogen nuclear magnetic spectrum of the furan ring-containing polyester
elastomer obtained in Comparative Example 1;

Figure 2 is a DSC spectrum of the furan ring-containing polyester elastomer obtained in
Comparative Example 1;

Figure 3 is a hydrogen nuclear magnetic spectrum of the furan ring-containing polyester
elastomer obtained in Example 1;

Figure 4 is a DSC spectrum of the furan ring-containing polyester elastomer obtained in
Example 1;

Figure 5 shows cyclic tensile hysteresis loops of the furan ring-containing polyester
elastomer obtained in Example 1 under 100-1400% strain conditions;

Figure 6 shows the elastic recovery rate versus stress curve of the furan ring-containing
polyester elastomer obtained in Example 1 under 100-1400% strain conditions;

Figure 7 shows (a) the elastic recovery rate and (b) the corresponding tensile modulus
and dissipated energy of the furan ring-containing polyester elastomer obtained in
Example 1 during 10 consecutive stretching cycles at 300% strain condition;

Figure 8 shows cyclic stretching curves of the furan ring-containing polyester elastomer
obtained in Example 1: (a) stretching curves for 1st to 10th cycles at 200% strain, (b)
stretching curves for 1st to 10th cycles at 300% strain; the curves in the figure are
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stretching curves for 1st to 10th cycles from top to bottom;

Figure 9 is a DSC spectrum of the PBST copolyester obtained in Comparative Example
3;

Figure 10 1s a DSC spectrum of the PBSF copolyester obtained in Comparative Example
4

Figure 11 is a stress-strain curve of the PBSF copolyester obtained in Comparative
Example 4;

Figure 12 shows a before-and-after comparison of the tensile resilience performance of
a sample strip of the furan ring-containing polyester elastomer obtained in Example 1:
(a) a photo of the strip before rebound, and (b) a photo of the strip after rebound;

Figure 13 shows a two-dimensional X-ray diffraction pattern (a) and a corresponding
one-dimensional XRD pattern (b) of Example 1 at different stretch factors;

Figure 14 shows a comparison of XRD patterns of the example and comparative example
samples.

Detailed description

The present invention is described in detail below in conjunction with specific
embodiments. It is necessary to point out that the following examples are only used to
further illustrate the present invention and cannot be understood as limiting the scope of
protection of the present invention. Some non-essential improvements and adjustments
to the present invention made by those skilled in the art based on the contents of the
present invention still fall within the scope of protection of the present invention.

This application discloses the following technical solutions:

1. A furan ring-containing polyester elastomer, which comprises:

(F) a structural unit derived from furandicarboxylic acid and/or ester thereof;

(T) a structural unit derived from aromatic dibasic acid and/or aromatic dibasic ester;
(S) a structural unit derived from aliphatic dibasic acid;

(D) a structural unit derived from aliphatic dihydric alcohol;

wherein the furan ring-containing polyester elastomer includes the following structural
unit combinations:

SDS, representing a structural unit derived from aliphatic dihydric alcohol (e.g. butylene
glycol), the dibasic acids adjacent to two ends of which are both structural units derived
from aliphatic dibasic acid (e.g. succinic acid);

TDT, representing a structural unit derived from aliphatic dihydric alcohol (e.g. butylene
glycol), the dibasic acids adjacent to two ends of which are both structural units derived
from aromatic dibasic acid and/or aromatic dibasic ester (e.g. terephthalic acid);

FDF, representing a structural unit derived from aliphatic dihydric alcohol (e.g. butylene
glycol), the dibasic acids adjacent to two ends of which are both structural units derived
from furandicarboxylic acid and/or ester thereof (e.g. furandicarboxylic acid);
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SDT/TDS: representing a structural unit derived from aliphatic dihydric alcohol (e.g.
butylene glycol), the dibasic acids adjacent to two ends of which are a structural unit
derived from aliphatic dibasic acid (e.g. succinic acid) at one end and a structural unit
derived from aromatic dibasic acid and/or aromatic dibasic ester (e.g. terephthalic acid)
at the other end;

SDF/FDS: representing a structural unit derived from aliphatic dihydric alcohol (e.g.
butylene glycol), the dibasic acids adjacent to two ends of which are a structural unit
derived from aliphatic dibasic acid (e.g. succinic acid) at one end and a structural unit
derived from furandicarboxylic acid and/or ester thereof (e.g. furandicarboxylic acid) at
the other end;

TDF/FDT: representing a structural unit derived from aliphatic dihydric alcohol (e.g.
butylene glycol), the dibasic acids adjacent to two ends of which are a structural unit
derived from aromatic dibasic acid and/or aromatic dibasic ester (e.g. terephthalic acid)
at one end and a structural unit derived from furandicarboxylic acid and/or ester thereof
(e.g. furandicarboxylic acid) at the other end;

wherein on the basis that the total amount of the structural unit combinations SDS, TDT,
FDF, SDT/TDS, SDF/FDS and TDF/FDT is 100 mol%,

the amount of the structural unit combination SDS is 21-28mo1%;

the amount of the structural unit combination TDT is 2-9mol1%;

the amount of the structural unit combination FDF is 6-15mo1%;

the amount of the structural unit combination SDT/TDS is 13-28mol%;

the amount of the structural unit combination SDF/FDS is 22-38mol%; and

the amount of the structural unit combination TDF/FDT is 9-14mol%;

preferably,

the amount of the structural unit combination SDS is 23-26mo1%;

the amount of the structural unit combination TDT is 2-8mol%;

the amount of the structural unit combination FDF is 6-14mol%;

the amount of the structural unit combination SDT/TDS is 13-26mol%;

the amount of the structural unit combination SDF/FDS is 23-37mol%; and

the amount of the structural unit combination TDF/FDT is 9-13mol%:;

more preferably,

the amount of the structural unit combination SDS is 23-26mo1%;

the amount of the structural unit combination TDT is 2-8mol%;

the amount of the structural unit combination FDF is 6-14mol%;

the amount of the structural unit combination SDT/TDS is 14-26mol%;

the amount of the structural unit combination SDF/FDS is 24-36mol%; and

the amount of the structural unit combination TDF/FDT is 10-13mol%.

2. The furan ring-containing polyester elastomer according to technical solution 1,
comprising a reaction product of component (a) furandicarboxylic acid and/or ester
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thereof, component (b) aromatic dibasic acid and/or aromatic dibasic ester, component
(c) aliphatic dibasic acid and component (d) aliphatic dihydric alcoholdihydric alcohol;
the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (¢) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) 1s 1:(0.4-1.8), preferably 1:(0.4-1.2).
3. A furan ring-containing polyester elastomer, comprising a reaction product of
component (a) furandicarboxylic acid and/or ester thereof, component (b) aromatic
dibasic acid and/or aromatic dibasic ester, component (c) aliphatic dibasic acid and
component (d) aliphatic dihydric alcohol;

the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (¢) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) is 1:(0.4-1.8), preferably 1:(0.4-1.2).
4. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-3, characterized in that in the determination of tensile properties
according to GB/T 1040.1-2018, the elongation to break is >1500%, preferably >1600%.
5. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-4, characterized in that the elastic recovery rate is greater than 70%.
6. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-5, characterized in that the weight average molecular weight is
greater than 60,000, and the molecular weight distribution is 1.6-2.3; preferably, the
weight average molecular weight is greater than 100,000, and the molecular weight
distribution is 1.6-2.0.

7. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-6, characterized in that the average elastic recovery rate is not less
than 80%.

8. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-7, characterized in that having an elastic self-enhancement ability,
preferably, when the stretch ratio is 500% or higher, the elastic recovery rate is greater
than 85%, and when the stretch ratio is 800% or higher, the elastic recovery rate is greater
than 90%.

9. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-8, characterized in that the weight-average molecular weight is 9-
15x10% the number-average molecular weight is 5-10x10%, the molecular weight
distribution is 1.6-2.3, the weight-average molecular weightxthe number-average
molecular weight is 50-120x10°%; preferably, the weight-average molecular weight is 10-
14x10% the number-average molecular weight is 5-9x10*% the molecular weight
distribution is 1.6-2.0, the weight-average molecular weightxthe number-average
molecular weight is 60-110x108.

10. The furan ring-containing polyester elastomer according to any one of the preceding
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technical solutions 1-9, characterized in that in the determination of tensile properties
according to GB/T 1040.1-2018, the tensile modulus is 8-75 MPa, e.g. 10-75 MPa, 8-25
MPa, 10-16 MPa.

11. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-10, characterized in that in the determination of tensile properties
according to GB/T 1040.1-2018, the tensile strength at break is 3-20 MPa, e.g. 4-20 MPa,
3-8 MPa, or 4-6 MPa.

12. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-11, characterized in that in the determination of tensile properties
according to GB/T 1040.1-2018, there is no yield phenomenon.

13. The furan ring-containing polyester elastomer according to any one of the preceding
technical solutions 1-12, characterized in that the furandicarboxylic acid and/or ester
thereof is at least one of 2,5-furandicarboxylic acid, dimethyl 2,5-furandicarboxylate, and
diethyl 2,5-furandicarboxylate; and/or,

the aromatic dibasic acid and/or aromatic dibasic ester is selected from Cg-C;g aromatic
dibasic acid or aromatic dibasic ester compounds, preferably at least one of terephthalic
acid, terephthalic acid ester, isophthalic acid, and isophthalic acid ester; and/or,

the aliphatic dibasic acid is at least one of C,-C;s aliphatic dibasic acids, preferably at
least one of sebacic acid, succinic acid, and adipic acid; and/or,

the aliphatic dihydric alcohol is at least one of C,-Cg dihydric alcohols, preferably at least
one of ethylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, 2-methyl-1,3-
propylene glycol, and neopentyl glycol.

14. A process for preparing the furan ring-containing polyester elastomer according to
any one of technical solutions 1-13, comprising: subjecting component (a)
furandicarboxylic acid and/or ester thereof, component (b) aromatic dibasic acid and/or
aromatic dibasic ester, component (c) aliphatic dibasic acid, component (d) aliphatic
dihydric alcohol to esterification reaction, pre-polycondensation reaction, and final
polycondensation reaction in sequence to produce the furan ring-containing polyester
elastomer.

15. The preparation process according to technical solution 14, characterized in that the
preparation process specifically comprises the following steps:

(1) subjecting component (a), component (b), component (¢) and component (d) to an
esterification reaction under the action of a first catalyst;

(2) when the esterification rate reaches 92-98%, a pre-polycondensation reaction is
carried out under the action of a second catalyst;

(3) subjecting the reaction system obtained in step (2) to a final polycondensation
reaction to produce the furan ring-containing polyester elastomer.

16. The preparation process according to any one of technical solutions 14-15,
characterized in that:
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the component (a) is at least one of 2,5-furandicarboxylic acid, dimethyl 2,5-
furandicarboxylate, diethyl 2,5-furandicarboxylate; and/or,

the component (b) is selected from Cs-C;g aromatic dibasic acid or aromatic dibasic ester
compounds, preferably at least one of terephthalic acid, terephthalic acid ester,
isophthalic acid, and isophthalic acid ester; and/or,

the component (c) is at least one of C,-C;s aliphatic dibasic acids, preferably at least one
of sebacic acid, succinic acid, and adipic acid; and/or,

the component (d) is at least one of C,-Cs dihydric alcohols, preferably at least one of
ethylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, 2-methyl-1,3-propylene
glycol, and neopentyl glycol; and/or,

the first catalyst includes an organic titanium compound and at least one compound
containing antimony, germanium, zirconium, stannum, magnesium, cobalt, aluminium
or zinc, preferably includes an organic titanium compound and at least one organic
stannum compound; and/or,

the second catalyst is at least one of lanthanide series metal compounds, preferably at
least one of lanthanum chloride, lanthanum acetylacetonate, neodymium isopropoxide,
and lanthanum stearate.

17. The preparation process according to any one of technical solutions 14-16,
characterized in that:

the organic titanium compound is selected from butyl titanate, tetra-n-propyl titanate,
tetra-isopropyl titanate, tetraethyl titanate, and titanium glycolate; and/or,

the organic stannum compound is at least one of stannous octoate, stannous oxalate,
dibutyltin oxide, butyltinhydroxide-oxide, dibutyltin diacetate, dioctyltin oxide, and
butyltin tris(2-ethylhexanoate); and/or,

based on 100 parts by weight of the total amount of the first catalyst, the organic titanium
compound comprises 45-85 parts, e.g. 55-75 parts or 75-85 parts; the organic stannum
compound comprises 15-55 parts, e.g. 25-45 parts or 15-25 parts.

18. The preparation process according to any one of technical solutions 14-17,
characterized in that in step (1):

the ratio of the total amount by mole of component (a), component (b) and component
(c) to the amount by mole of component (d) is 1:(1.05-4), preferably 1:(1.2-2); and/or,
the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (c¢) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) is 1:(0.4-1.8), preferably 1:(0.4-1.2);
the used amount of the first catalyst is 0.01-1%, e.g. 0.1-0.3% or 0.05-0.2% by weight of
the total of component (a), component (b) and component (c); and/or,

the conditions of the esterification reaction are as follows: the esterification temperature
is 130-210°C, e.g. 150-190°C; the reaction time is 1-5 hours, e.g. 2-3 hours; the reaction
atmosphere is a protective gas.
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19. The preparation process according to any one of technical solutions 14-18,
characterized in that in step (2):
the used amount of the second catalyst is 0.01-0.5%, preferably 0.05-0.2% by weight of
the total of component (a), component (b) and component (¢); and/or,
the conditions of the pre-polycondensation reaction are as follows: the reaction
temperature is 150-220°C, e.g. 190-210°C; and/or, the reaction time is 0.5-2.5 hours, e.g.
1-1.5 hours; and/or, the vacuum degree is 600-5000Pa, e.g. 1000-2000Pa.
20. The preparation process according to any one of technical solutions 14-19,
characterized in that in step (3), the conditions of the final polycondensation reaction are
as follows:
the reaction temperature is 210-260°C, e.g. 230-250°C; and/or,
the reaction time is 1-5 hours, e.g. 2-4 hours; and/or,
the vacuum degree is<300Pa, e.g.<150Pa, or<50Pa.
21. Use of the furan ring-containing polyester elastomer according to any one of technical
solutions 1-13 or the furan ring-containing polyester elastomer obtained by the
preparation process according to any one of technical solutions 14-20 in biodegradable
materials.
Definitions:
(1) Elastic recovery rate:
Specimens are made into dumbbell shapes with a neck having a width of 6 mm and a
thickness of 0.5 mm. At room temperature, the specimen strain is fixed at 300%. A
specimen is stretched to 300% at a rate of 100 um/s each time and then returned to zero
stress at the same rate. The stretching is repeated 10 times. The recovery rate is calculated
according to the following formula, and the final result is the average value of each group
of specimens.

€ —E(N)

€ —E(N—-1)
wherein g, 1s the maximum deformation in each stretching, €,(N) 1s the deformation of
the specimen returning to zero stress after the Nth stretching, and €,(N-1) is the
deformation of the specimen returning to zero stress after the (N-1)th stretching.

(2) Weight-average molecular weight (Mw), number-average molecular weight (Mn) and
molecular weight distribution (Mw/Mn) are measured and calculated according to GB/T
36214.

(3) Tensile modulus (E), tensile strength at break (cb), elongation to break (eb), and yield
stress (also known as yield strength, cs) are calculated according to the method specified
in GB/T 1040.1-2018.

Test methods and test conditions used in the present invention are as follows:

GPC test: The molecular weight and molecular weight distribution of two raw materials
are characterized using a PL-GPC220 gel chromatography instrument from Polymer
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Laboratories, UK.

NMR test: 'H NMR is performed on a Bruker AMX300 Fourier transform NMR

spectrometer with deuterated chloroform (CDCl5) as solvent and tetramethylsilane (TMS)
as internal standard at a resonance frequency of 300 MHz.

Mechanical properties:

A sample for the tensile and rebound test is prepared by compression molding using a
CARVER-4533 press from CARVER, USA. The compression molding temperature is

200°C, and a melt is kept at 5 MPa for 6 min and then quenched in an ice water bath.

A tensile and rebound test is carried out using the INSTRON-5965 tension meter of
INSTRON Company of the United States. The stretching rate is 50 mm/min, and each

component is tested 5 times.

The yield stress and the elongation at break are calculated according to the method

specified in GB/T 1040.1-2018.

Elastic recovery test: the strain is fixed at 200% or 300%; a specimen is stretched to 200%

or 300% at a rate of 100 pm/s each time and then returned to zero stress at the same rate;

and the stretching is repeated 10 times.

Incremental elastic recovery test: a specimen is stretched to 100% for the first time and

then returned to zero stress at the same rate; for the second time, stretched to 200% and

then returned to zero stress at the same rate; for the third time, stretched to 300% and

then returned to zero stress at the same rate; this process is not stopped until the 14th

stretching cycle is finished.

The raw materials used in the examples and comparative examples, unless otherwise
specified, are known in the prior art, for example, they can be directly purchased or
prepared according to the preparation methods disclosed in the prior art.

Example 1

156¢ of 2,5-furandicarboxylic acid, 166g of terephthalic acid, 236g of succinic acid, and
540g of 1,4-butylene glycol were added to a reactor to form a slurry, and 0.6g of tetra-

1sopropyl titanate, 0.2g of stannous octoate, and 0.5 g of lanthanum acetylacetonate were

added. In the presence of a nitrogen atmosphere, the temperature was gradually increased
to 190°C to carry out an esterification reaction. When the esterification rate reached 98 %,

a pre-polycondensation reaction was started, and vacuum reaction conditions were
gradually established. The pressure was reduced to 1kPa and the temperature was

gradually increased to 210°C. After reacting for 1.5 hours, a polycondensation reaction

was started. The vacuum degree was controlled below 150 Pa and the reaction was

carried out at 245°C for 3 hours to finally produce a copolyester (denoted as PBSTF-3).

GPC test showed that the PBSTF-3 copolyester had an Mn of 8.0x10% an Mw of
13.2x10%, and a molecular weight distribution of 1.66.

DSC test: The temperature corresponding to 5% weight loss of PBSTF-3 copolyester in

N, atmosphere was 353°C, and the thermal decomposition temperature was 400°C.
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Nuclear magnetic resonance test showed that in the PBSTF-3 copolyester, the molar ratio
of succinic acid:terephthalic acid:furandicarboxylic acid was 49.7:25.2:25.1, and this
composition was consistent with the feeding ratio.

The test of tensile properties showed that the PBSTF-3 copolyester had a tensile modulus
of 15.2MPa, a tensile strength at break of 4.1MPa, and an elongation at break of >1700%.
The elastic recovery rate after the first stretching was more than 70%, and there was no
yield phenomenon, which proves that the sample had the characteristics of an elastomer,
and the average elastic recovery rate was about 90%. As the strain increased, the stress
continued to increase, the hysteresis loop area enclosed by the stress-strain curve
gradually increased, and the tensile modulus and the dissipation energy gradually
increased too. The hysteresis loop of single cycle recovery was relatively small,
indicating that the stretching energy dissipation was relatively small. As shown in Figure
6, as the strain increased to 1400%, the elastic recovery rate still gradually increased,
indicating that it had elasticity self-enhancement effect. As shown in Figure 7, during
continuous stretching cycles, the dissipation energy gradually stabilized to a lower value,
showing good fatigue resistance.

The hysteresis loop of the first cycle curve was significantly larger than those of
subsequent cycle curves, indicating that the sample underwent permanent deformation
after the first stretching, likely due to significant changes in its internal condensed-state
structure. In contrast, the hysteresis loop's area of the subsequent cyclic stretching varied
minimally, suggesting little change in elastic recovery rate and implying that the sample's
structure remained stable thereafter.

The two-dimensional X-ray diffraction patterns at different stretching factors showed that
the orientation structure of the polymer chain became ordered and crystallized as the
stretching factor increased. As the stretching factor increased, the intensity of the
diffraction peaks increased, and the formation of crystalline micro-regions would cause
the overall cross-linked network to become denser, providing physical cross-linking
points for the elastomer and a self-enhancement performance for the elastic resilience.
Example 2

218.4g of 2,5-furandicarboxylic acid, 99.6g of terephthalic acid, 236g of succinic acid,
and 540g of 1,4-butylene glycol were added to a reactor to form a slurry, and 1.0g of
tetra-n-butyl titanate, 0.5g of lanthanum chloride, and 0.2g of stannous octoate were
added. In the presence of a nitrogen atmosphere, the temperature was gradually increased
to 190°C to carry out an esterification reaction. When the esterification rate reached 98 %,
a pre-polycondensation reaction was started, and vacuum reaction conditions were
gradually established. The pressure was reduced to 1kPa and the temperature was
gradually increased to 210°C. After reacting for 1.5 hours, a polycondensation reaction
was started. The vacuum degree was controlled below 150 Pa and the reaction was
carried out at 245°C for 3 hours to finally produce a copolyester, denoted as PBSTF-4.
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GPC test showed that the PBSTF-4 copolyester had an Mn of 6.0x10% an Mw of
10.1x10% and a molecular weight distribution of 1.71.

Nuclear magnetic resonance test showed that in the PBSTF-4 copolyester, the molar ratio
of succinic acid:terephthalic acid:furandicarboxylic acid was 49.7:15.1:35.2, and this
composition was consistent with the feeding ratio.

The test of tensile properties showed that the PBSTF-4 copolyester had a tensile modulus
of 13.7MPa, a tensile strength at break of 4.9MPa, and an elongation at break of >1600%.
The elastic recovery rate after the first stretching was more than 70%, the average elastic
recovery rate was about 85%, and there was no yield phenomenon, which proves that the
sample had the characteristics of an elastomer.

Example 3

184¢ of dimethyl 2,5-furandicarboxylate, 166g of terephthalic acid, 292.3¢g of adipic acid,
and 540g of 1,4-butylene glycol were added to a reactor to form a slurry, and 1.0g of
tetra-n-propyl titanate, 0.5g of lanthanum chloride, and 0.2g of stannous octoate were
added. In the presence of a nitrogen atmosphere, the temperature was gradually increased
to 190°C to carry out an esterification reaction. When the esterification rate reached 98%,
a pre-polycondensation reaction was started, and vacuum reaction conditions were
gradually established. The pressure was reduced to 1kPa and the temperature was
gradually increased to 210°C. After reacting for 1.5 hours, a polycondensation reaction
was started. The vacuum degree was controlled below 150 Pa and the reaction was
carried out at 245°C for 3 hours to finally produce a copolyester, denoted as PBATF.
GPC test showed that the PBATF copolyester had an Mn of 6.3x10% an Mw of 11x10%,
and a molecular weight distribution of 1.85.

Nuclear magnetic resonance test showed that in the PBATF copolyester, the molar ratio
of adipic acid:terephthalic acid:furandicarboxylic acid was 49.1:25.4:25.5, and this
composition was consistent with the feeding ratio.

The test of tensile properties showed that the PBATF copolyester had a tensile modulus
of 12.1MPa, a tensile strength at break of 5.3MPa, and an elongation at break of >1600%.
The elastic recovery rate after the first stretching was more than 70%, the average elastic
recovery rate was about 80%, and there was no yield phenomenon, which proves that the
sample had the characteristics of an elastomer.

Comparative Example 1

31.2g of 2,5-furandicarboxylic acid, 299g of terephthalic acid, 236g of succinic acid, and
540g of 1,4-butylene glycol were added to a reactor to form a slurry, and 0.6g of tetra-n-
butyl titanate, 0.2g of dibutyltin oxide, and 0.5g of lanthanum acetylacetonate were added.
In the presence of a nitrogen atmosphere, the temperature was gradually increased to
190°C to carry out an esterification reaction. When the esterification rate reached 98%,
a pre-polycondensation reaction was started, and vacuum reaction conditions were
gradually established. The pressure was reduced to 1kPa and the temperature was
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gradually increased to 210°C. After reacting for 1.5 hours, a polycondensation reaction
was started. The vacuum degree was controlled below 150 Pa and the reaction was
carried out at 245°C for 3 hours to finally produce a copolyester, denoted as PBSTF-1.
GPC test showed that the PBSTF-1 copolyester had an Mn of 9.2x10%, an Mw of
16.4x10%, and a molecular weight distribution of 1.76. The temperature corresponding to
5% weight loss in N, atmosphere was 360°C, and the thermal decomposition temperature
was 406°C. Nuclear magnetic resonance test showed that in the PBSTF-1 copolyester,
the molar ratio of succinic acid:terephthalic acid:furandicarboxylic acid was
49.7:45.3:5.0, and this composition was consistent with the feeding ratio. The test of
tensile properties showed that the PBSTF-1 copolyester had a tensile modulus of
71.1MPa, a tensile strength at break of 18.5MPa, an elongation at break of >1328%, and
a yield strength of 8.5MPa. It had no excellent elasticity and resilience performance.
Comparative Example 2

110.4g of dimethyl 2,5-furandicarboxylate, 232.4g of terephthalic acid, 236g of succinic
acid, and 540g of 1,4-butylene glycol were added to a reactor to form a slurry, and 0.6g
of tetra-n-butyl titanate, 0.2g of dibutyltin oxide, and 0.5g of lanthanum acetylacetonate
were added. In the presence of a nitrogen atmosphere, the temperature was gradually
increased to 190°C to carry out an esterification reaction. When the esterification rate
reached 98%, a pre-polycondensation reaction was started, and vacuum reaction
conditions were gradually established. The pressure was reduced to 1kPa and the
temperature was gradually increased to 210°C. After reacting for 1.5 hours, a
polycondensation reaction was started. The vacuum degree was controlled below 150 Pa
and the reaction was carried out at 245°C for 3 hours to finally produce a copolyester,
denoted as PBSTF-2.

GPC test showed that the PBSTF-2 copolyester had an Mn of 5.1x10% an Mw of
12.6x10%, and a molecular weight distribution of 2.25. Nuclear magnetic resonance test
showed that in the PBSTF-2 copolyester, the molar ratio of succinic acid:terephthalic
acid:furandicarboxylic acid was 48.7:36.1:15.2, and this composition was consistent with
the feeding ratio. The test of tensile properties showed that the PBSTF-2 copolyester had
a tensile modulus of 29.2MPa, a tensile strength at break of 8.2MPa, an elongation at
break of >1352%, and a yield strength of 4.6MPa. It had no excellent elasticity and
resilience performance.

Comparative Example 3

424¢ of terephthalic acid, 330g of succinic acid, and 650g of 1,4-butylene glycol were
added to a reactor to form a slurry, and 0.4g of tetra-isopropyl titanate, 0.2g of dibutyltin
oxide, and 0.9g of lanthanum acetylacetonate were added. In the presence of a nitrogen
atmosphere, the temperature was gradually increased to 220°C to carry out an
esterification reaction. When the esterification rate reached 98%, a pre-polycondensation
reaction was started, and vacuum reaction conditions were gradually established. The
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pressure was reduced to 1kPa and the temperature was gradually increased to 230°C.
After reacting for 2 hours, a polycondensation reaction was started. The vacuum degree
was controlled below 150 Pa and the reaction was carried out at 250°C for 5 hours to
finally produce a copolyester, denoted as PBST.

GPC test showed that the PBST copolyester had an Mn of 5.4x10%, an Mw of 9.3x10%,
and a molecular weight distribution of 1.72. The test of tensile properties showed that the
PBST copolyester had a tensile modulus of 94.6MPa, an elongation at break of >602%,
and a yield strength of 10.0MPa. It had no elasticity and resilience performance.
Comparative Example 4

436¢g of 2,5-furandicarboxylic acid, 330g of succinic acid, and 650g of 1,4-butylene
glycol were added to a reactor to form a slurry, and 0.4g of tetra-isopropyl titanate, 0.2g
of dioctyltin oxide, and 0.9g of lanthanum acetylacetonate were added. In the presence
of a nitrogen atmosphere, the temperature was gradually increased to 191°C to carry out
an esterification reaction. When the esterification rate reached 98%, a pre-
polycondensation reaction was started, and vacuum reaction conditions were gradually
established. The pressure was reduced to 1kPa and the temperature was gradually
increased to 200°C. After reacting for 2 hours, a polycondensation reaction was started.
The vacuum degree was controlled below 150 Pa and the reaction was carried out at
235°C for 5 hours to finally produce a copolyester, denoted as PBSF. GPC test showed
that the PBSF copolyester had an Mn of 6.9x10%, an Mw of 11.9x10%, and a molecular
weight distribution of 1.71. The test of tensile properties showed that the PBSF
copolyester had a tensile modulus of 31.1MPa, an elongation at break of >1138%.
Mechanical test showed a slight yield phenomenon, with a yield strength of 2.2MPa,
close to that of elastomeric materials, and an elastic recovery rate of less than 50%.

Test Example

Characterization of sequence structures in furan ring-containing polyester elastomers

"H NMR experiments were performed on an Agilent 600 MHz DD2 nuclear magnetic
resonance apparatus, the solvent was CDCl3, the sample concentration was about 35%
w/v, and the test temperature was room temperature. The latency time of the hydrogen
spectrum was 10 seconds, the pulse was 45°, and the sampling number was 16.

The peaks at 1.60-2.10 ppm in the hydrogen spectrum correspond to the proton peaks of
the two middle methylene groups in the butylene glycol unit, while the peaks at 4.00-
4.50 ppm correspond to the proton peaks of the two methylene groups adjacent to the
oxygen atoms in the butylene glycol unit. The splitting occurs due to the different
dicarboxylic acids adjacent to the butylene glycol. The sequence distribution is calculated
based on the areas of the split peaks at 1.60-2.10ppm and 4.00-4.50ppm. The peak area
at 1.71ppm corresponds to the SS sequence, the peak area at 1.98ppm corresponds to the
TT sequence, the peak area at 1.92ppm corresponds to the FF sequence, the peak area at
1.93-1.97ppm corresponds to the TF/FT sequence, and the peak area at 4.07-4.20ppm
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corresponds to the ST, SF and SS sequences. The Dmfit software is used to perform peak
fitting in this region to obtain the peak areas of ST, SF and SS. The peak area of SS
corresponds to the SS sequence. The peak areas of ST and SF are multiplied by 2 to
correspond the ST/TS and SF/FS sequences, respectively. The percentages of different
binary segment sequence structures can be obtained by dividing the corresponding peak
area of each sequence by the sum of the peak areas of all sequences, wherein SS
represents the dibasic acids adjacent to two ends of butylene glycol are both succinic acid;
TT represents the dibasic acids adjacent to two ends of butylene glycol are both
terephthalic acid; FF represents the dibasic acids adjacent to two ends of butylene glycol
are both furandicarboxylic acid; ST/TS represents the dibasic acids adjacent to two ends
of butylene glycol are succinic acid at one end and terephthalic acid at the other end;
SF/FS represents the dibasic acids adjacent to two ends of butylene glycol are succinic
acid at one end and furandicarboxylic acid at the other end; TF/FT represents the dibasic
acids adjacent to two ends of butylene glycol are terephthalic acid at one end and
furandicarboxylic acid at the other end.

The results for percentages of the binary segment sequence structures in the furan ring-
containing polyester elastomers prepared in examples and comparative examples are
shown in Table 1.

Table 1. Percentages of different binary segment sequence structures in examples and
comparative examples

Test Sample | ¢q TT FF ST/TS |SF/FS | TF/FT
Example name

Comparative PBSTE-1 | 24.0 216 0.4 43.6 53 5.1
Example 1

Comparative | pporp s 244 134 |29 341|147 | 104
Example 2

Example 1 |PBSTF--3 |244 |73 6.9 24.6 24.5 12.2
Example 2 |PBSTF-4 (247 |3.0 129|146 |344 104

Table 2 shows the mechanical properties of the copolyesters prepared in Examples 1-2
and Comparative Examples 1-4.

Table 2. Comparison of mechanical data of samples in Examples 1-2 and Comparative
Examples 1-4

T I

est Sample | g Vipa) | on (MPa) | &5 (%) 5. (MPa)
Example name

Comparative | o 94.6 9.8 602 10.0
Example 3

Comparative | prore |71 18.5 1328 8.5
Example 1
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Comparative | ppgre ) |29, 8.23 1352 46
Example 2

Example 1 | PBSTF-3 15.2 4.1 >1700
Example 2 | PBSTF-4 13.7 4.9 1628
Example 3 | PBATF 12.1 5.3 1601  —
Comparative | oy o 311 127 1138 22
Example 4

wherein E: tensile modulus; oy: tensile strength at break; €,: elongation to break; os: yield
strength

As shown in the XRD comparison data of Figure 14 for examples and comparative
examples, the introduction of the fourth monomer, furandicarboxylic acid-based
compound, in the present invention changes the crystallinity of PBST. With the
increasing amount of the furandicarboxylic acid-based compound, the crystalline peaks
of PBST first gradually weaken and then strengthen, accompanied by significant changes
in thermodynamic properties. This indicates that the rigid furan-based polyester chain
segments generated in the system disturb the structure and crystalline arrangement of the
PBST polymer chains. The sequence structure data of the copolymers in Table 1 show
that after the addition of the furandicarboxylic acid-based compound, a certain proportion
of furan-based and aromatic-based units are linked to form two-component units FT/TF,
which affects the molecular chain arrangement and regularity of the polymer PBST,
thereby influencing its crystallinity. The arrangement of the polymer sequence structure
directly influences the various performance characteristics of the polymer material
during use. In the present invention, only when the four component units are present in a
specific ratio does the product exhibit non-crystalline (or weakly crystalline) behavior in
an unstretched state and induced crystallinity upon stretching. This provides the material
with excellent chain entanglement and crystalline micro-regions as physical crosslinking
point, endowing the material with elastomeric properties, superior resilience, outstanding
fatigue resistance, and elasticity self-enhancement effect.
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Claims

1. A furan ring-containing polyester elastomer, which comprises:

(F) a structural unit derived from furandicarboxylic acid and/or ester thereof;

(T) a structural unit derived from aromatic dibasic acid and/or aromatic dibasic ester;
(S) a structural unit derived from aliphatic dibasic acid;

(D) a structural unit derived from aliphatic dihydric alcohol;

wherein the furan ring-containing polyester elastomer includes the following structural
unit combinations:

SDS, representing a structural unit derived from aliphatic dihydric alcohol (e.g. butylene
glycol), the dibasic acids adjacent to two ends of which are both structural units derived
from aliphatic dibasic acid (e.g. succinic acid);

TDT, representing a structural unit derived from aliphatic dihydric alcohol (e.g. butylene
glycol), the dibasic acids adjacent to two ends of which are both structural units derived
from aromatic dibasic acid and/or aromatic dibasic ester (e.g. terephthalic acid);

FDF, representing a structural unit derived from aliphatic dihydric alcohol (e.g. butylene
glycol), the dibasic acids adjacent to two ends of which are both structural units derived
from furandicarboxylic acid and/or ester thereof (e.g. furandicarboxylic acid);
SDT/TDS: representing a structural unit derived from aliphatic dihydric alcohol (e.g.
butylene glycol), the dibasic acids adjacent to two ends of which are a structural unit
derived from aliphatic dibasic acid (e.g. succinic acid) at one end and a structural unit
derived from aromatic dibasic acid and/or aromatic dibasic ester (e.g. terephthalic acid)
at the other end;

SDF/FDS: representing a structural unit derived from aliphatic dihydric alcohol (e.g.
butylene glycol), the dibasic acids adjacent to two ends of which are a structural unit
derived from aliphatic dibasic acid (e.g. succinic acid) at one end and a structural unit
derived from furandicarboxylic acid and/or ester thereof (e.g. furandicarboxylic acid) at
the other end;

TDF/FDT: representing a structural unit derived from aliphatic dihydric alcohol (e.g.
butylene glycol), the dibasic acids adjacent to two ends of which are a structural unit
derived from aromatic dibasic acid and/or aromatic dibasic ester (e.g. terephthalic acid)
at one end and a structural unit derived from furandicarboxylic acid and/or ester thereof
(e.g. furandicarboxylic acid) at the other end;

wherein on the basis that the total amount of the structural unit combinations SDS, TDT,
FDF, SDT/TDS, SDF/FDS and TDF/FDT is 100 mol%,

the amount of the structural unit combination SDS is 21-28mol%;

the amount of the structural unit combination TDT is 2-9mol%;

the amount of the structural unit combination FDF is 6-15mo1%;

the amount of the structural unit combination SDT/TDS is 13-28mol%;
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the amount of the structural unit combination SDF/FDS is 22-38mol%; and
the amount of the structural unit combination TDF/FDT is 9-14mol%;
preferably,

the amount of the structural unit combination SDS is 23-26mol%;

the amount of the structural unit combination TDT is 2-8mol%;

the amount of the structural unit combination FDF is 6-14mol%;

the amount of the structural unit combination SDT/TDS is 13-26mol%;

the amount of the structural unit combination SDF/FDS is 23-37mol%; and
the amount of the structural unit combination TDF/FDT is 9-13mol%;
more preferably,

the amount of the structural unit combination SDS is 23-26mol%;

the amount of the structural unit combination TDT is 2-8mol%;

the amount of the structural unit combination FDF is 6-14mol%;

the amount of the structural unit combination SDT/TDS is 14-26mol%;

the amount of the structural unit combination SDF/FDS is 24-36mol%; and
the amount of the structural unit combination TDF/FDT is 10-13mol%.

2. A furan ring-containing polyester elastomer, comprising a reaction product of
component (a) furandicarboxylic acid and/or ester thereof, component (b) aromatic
dibasic acid and/or aromatic dibasic ester, component (c) aliphatic dibasic acid and
component (d) aliphatic dihydric alcohol;

the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (¢) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) is 1:(0.4-1.8), preferably 1:(0.4-1.2).

3. The furan ring-containing polyester elastomer according to claim 1 or 2, characterized
in that the furan ring-containing polyester elastomer has 1, 2, 3, 4, 5, 6, 7, 8 or 9 of the
following features:

(1) in the determination of tensile properties according to GB/T 1040.1-2018, the
elongation to break is >1500%, preferably >1600%;

(2) the elastic recovery rate is greater than 70%;

(3) the weight average molecular weight is greater than 60,000, and the molecular weight
distribution is 1.6-2.3; preferably, the weight average molecular weight is greater than
100,000, and the molecular weight distribution is 1.6-2.0;

(4) the average elastic recovery rate is not less than 80%;

(5) having an elastic self-enhancement ability, preferably, when the stretch ratio is 500%
or higher, the elastic recovery rate is greater than 85%, and when the stretch ratio is 800%
or higher, the elastic recovery rate is greater than 90%;

(6) the weight-average molecular weight is 9-15x10%, the number-average molecular
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weight is 5-10x10%, the molecular weight distribution is 1.6-2.3, the weight-average
molecular weightxthe number-average molecular weight is 50-120x108; preferably, the
weight-average molecular weight is 10-14x10%, the number-average molecular weight is
5-9x10%, the molecular weight distribution is 1.6-2.0, the weight-average molecular
weightxthe number-average molecular weight is 60-110x108;

(7) in the determination of tensile properties according to GB/T 1040.1-2018, the tensile
modulus is 8-75 MPa, e.g. 10-75 MPa, 8-25 MPa, 10-16 MPa;

(8) in the determination of tensile properties according to GB/T 1040.1-2018, the tensile
strength at break is 3-20 MPa, e.g. 4-20 MPa, 3-8 MPa, or 4-6 MPa; and

(9) in the determination of tensile properties according to GB/T 1040.1-2018, there is no
yield phenomenon.

4. The furan ring-containing polyester elastomer according to claim 1, characterized in
that

the furandicarboxylic acid and/or ester thereof is at least one of 2,5-furandicarboxylic
acid, dimethyl 2,5-furandicarboxylate, and diethyl 2,5-furandicarboxylate; and/or,

the aromatic dibasic acid and/or aromatic dibasic ester is selected from Cg-C;g aromatic
dibasic acid or aromatic dibasic ester compounds, preferably at least one of terephthalic
acid, terephthalic acid ester, isophthalic acid, and isophthalic acid ester; and/or,

the aliphatic dibasic acid is at least one of C,-C;s aliphatic dibasic acids, preferably at
least one of sebacic acid, succinic acid, and adipic acid; and/or,

the aliphatic dihydric alcohol is at least one of C,-Cg dihydric alcohols, preferably at least
one of ethylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, 2-methyl-1,3-
propylene glycol, and neopentyl glycol.

5. A process for preparing the furan ring-containing polyester elastomer according to any
one of claims 1-4, comprising: subjecting component (a) furandicarboxylic acid and/or
ester thereof, component (b) aromatic dibasic acid and/or aromatic dibasic ester,
component (c) aliphatic dibasic acid, component (d) aliphatic dihydric alcohol to
esterification reaction, pre-polycondensation reaction, and final polycondensation
reaction in sequence to produce the furan ring-containing polyester elastomer.

6. The preparation process according to claim 5, characterized in that the preparation
process specifically comprises the following steps:

(1) subjecting component (a), component (b), component (c) and component (d) to an
esterification reaction under the action of a first catalyst;

(2) when the esterification rate reaches 92-98%, a pre-polycondensation reaction is
carried out under the action of a second catalyst;

(3) subjecting the reaction system obtained in step (2) to a final polycondensation
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reaction to produce the furan ring-containing polyester elastomer.

7. The preparation process according to claim 6, characterized in that:

the component (a) is at least one of 2,5-furandicarboxylic acid, dimethyl 2,5-
furandicarboxylate, diethyl 2,5-furandicarboxylate; and/or,

the component (b) is selected from Cs-C,s aromatic dibasic acid or aromatic dibasic ester
compounds, preferably at least one of terephthalic acid, terephthalic acid ester,
isophthalic acid, and isophthalic acid ester; and/or,

the component (c) is at least one of C,-C;g aliphatic dibasic acids, preferably at least one
of sebacic acid, succinic acid, and adipic acid; and/or,

the component (d) is at least one of C,-Cg dihydric alcohols, preferably at least one of
ethylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, 2-methyl-1,3-propylene
glycol, and neopentyl glycol; and/or,

the first catalyst includes an organic titanium compound and at least one compound
containing antimony, germanium, zirconium, stannum, magnesium, cobalt, aluminium
or zinc, preferably includes an organic titanium compound and at least one organic
stannum compound; and/or,

the second catalyst is at least one of lanthanide series metal compounds, preferably at
least one of lanthanum chloride, lanthanum acetylacetonate, neodymium isopropoxide,
and lanthanum stearate.

8. The preparation process according to claim 7, characterized in that:

the organic titanium compound is selected from butyl titanate, tetra-n-propyl titanate,
tetra-isopropyl titanate, tetraethyl titanate, and titanium glycolate; and/or,

the organic stannum compound is at least one of stannous octoate, stannous oxalate,
dibutyltin oxide, butyltinhydroxide-oxide, dibutyltin diacetate, dioctyltin oxide, and
butyltin tris(2-ethylhexanoate); and/or,

based on 100 parts by weight of the total amount of the first catalyst, the organic titanium
compound comprises 45-85 parts, e.g. 55-75 parts or 75-85 parts; the organic stannum
compound comprises 15-55 parts, e.g. 25-45 parts or 15-25 parts.

9. The preparation process according to claim 6, characterized in that in step (1):

the ratio of the total amount by mole of component (a), component (b) and component
(c) to the amount by mole of component (d) is 1:(1.05-4), preferably 1:(1.2-2); and/or,
the ratio of the total amount by mole of component (a) and component (b) to the amount
by mole of component (c) is 1:(0.9-1.05), e.g. 1:(0.95-1.02), or 1:(0.96-1.01);

the molar ratio of component (a) to component (b) is 1:(0.4-1.8), preferably 1:(0.4-1.2);
The used amount of the first catalyst is 0.01-1%, e.g. 0.1-0.3% or 0.05-0.2% by weight
of the total of component (a), component (b) and component (c); and/or,
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the conditions of the esterification reaction are as follows: the esterification temperature
is 130-210°C, e.g. 150-190°C; the reaction time is 1-5 hours, e.g. 2-3 hours; the reaction
atmosphere is a protective gas.

10. The preparation process according to claim 6, characterized in that in step (2):

the used amount of the second catalyst is 0.01-0.5%, preferably 0.05-0.2% by weight of
the total of component (a), component (b) and component (c); and/or,

the conditions of the pre-polycondensation reaction are as follows: the reaction
temperature is 150-220°C, e.g. 190-210°C; and/or, the reaction time is 0.5-2.5 hours, e.g.
1-1.5 hours; and/or, the vacuum degree is 600-5000Pa, e.g. 1000-2000Pa.

11. The preparation process according to claim 6, characterized in that in step (3), the
conditions of the final polycondensation reaction are as follows:

the reaction temperature is 210-260°C, e.g. 230-250°C; and/or,

the reaction time is 1-5 hours, e.g. 2-4 hours; and/or,

the vacuum degree is <300Pa, e.g. <150Pa, or <50Pa.

12. Use of the furan ring-containing polyester elastomer according to any one of claims

1-4 or the furan ring-containing polyester elastomer obtained by the preparation process
according to any one of claims 5-11 in biodegradable materials.
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