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Description
Cross Reference to Related Applications

[0001] This application claims the benefits of Chinese patent applications 202011311765.9 and 202011314968.3, filed
on November 20, 2020, the contents of which are incorporated herein by reference.

Field of the Invention

[0002] The present disclosure relates to an ethylene copolymer and a preparation method thereof, more particularly,
the present disclosure relates to an ethylene copolymer comprising a structural unit derived from ethylene and a structural
unit derived from a conjugated diene and a preparation method thereof; the present disclosure also relates to a compo-
sition comprising the ethylene copolymer and a crosslinked polymer comprising a unit derived from the ethylene copol-
ymer; and the present disclosure further relates to a tire having at least one constituent element including the ethylene
copolymer, the composition or the crosslinked polymer.

Background of the Invention

[0003] Ethylene, as a widely used and easily available monomer, is widely used in the plastic industry. Conjugated
dienes, particularly butadiene and isoprene, are the most important monomers for the synthesis of rubbers. Butadiene,
as a by-product in a process of preparing ethylene by a petroleum route, used to have a price similar to that of ethylene.
Recently, due to a change in an ethylene preparation route, the yield of butadiene is decreased and its price is significantly
increased. In contrast, the price of ethylene is reduced. Therefore, the use of ethylene as a raw material for preparing
rubber for tires is quite attractive, which can greatly save the cost of raw material. However, copolymerization is difficult
due to different polymerization mechanisms of conjugated dienes and alpha-olefins. Thus, catalyzing the copolymeri-
zation of ethylene and conjugated dienes using a same catalytic system is a highly challenging topic, and achieving
copolymerization of ethylene and conjugated dienes has always been a direction of academic and industrial efforts.
[0004] The existing methods for copolymerizing ethylene and conjugated dienes have the main problems that the
content of a conjugated diene structural unit in the prepared polymer is not high, and the content of an unsaturated bond
on abackbone of the prepared polymer is high, which makes it difficult to improve the physical properties such as weather
resistance, thermal resistance and ozone resistance of the copolymer.

[0005] Therefore, it is urgent to develop a polymerization process suitable for the copolymerization of ethylene and
conjugated dienes to increase the catalytic activity, the molecular weight of a polymer and the content of the conjugated
diene structural unit in the polymer.

Summary of the Invention

[0006] The present disclosure aims to provide an ethylene copolymer comprising a conjugated diene structural unit
derived from a conjugated diene, the ethylene copolymer not only has a higher content of conjugated diene structural
unit, but also has a higher content of 1,2-polymerized vinyl structural unit formed by 1,2-polymerization of the conjugated
diene and having side chain double bonds, while having a low content of unsaturated bonds on a backbone of the
copolymer.

[0007] According to a first aspect of the present disclosure, the present disclosure provides an ethylene copolymer,
wherein the ethylene copolymer comprises an ethylene structural unit derived from ethylene and a conjugated diene
structural unit derived from a conjugated diene; based on the total amount of the ethylene copolymer, the content of the
conjugated diene structural unit is 25-45 mol%, and the content of a 1,2-polymerized vinyl structural unit formed by 1,2-
polymerization of the conjugated diene and having side chain double bonds is 20-40 mol%; the total amount of a 1,2-
polymerized structural unit is 95 mol% or more based on the total amount of the conjugated diene structural unit in the
ethylene copolymer, and the ethylene copolymer has a weight average molecular weight of 20,000 to 300,000.

[0008] According to a second aspect of the present disclosure, the present disclosure provides a method for the
preparation of an ethylene copolymer, comprising contacting ethylene with a conjugated diene in the presence of a
polymerization catalyst, wherein the polymerization catalyst comprises a component A and a component B,

the component A is selected from metal compounds represented by a formula 1,
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Ly X

Rb M
AN
L; X2 (Formula 1)

in the formula 1, M is a metal atom selected from a Group VB,

X4 and X, are the same or different, and are each independently a halogen atom,

Rb is a Group IVA element-containing divalent group,

L, and L, are the same or different, and are each independently selected from groups represented by formulae 3 to 6,

Ry’

1(]31 RBS

Formula 3 Formula 4

Formula 5 Formula 6

in the formula 3, Ry, Rp2, Rp3, Rp* and R,® are the same or different, and are each independently a hydrogen
atom or C4-Cyq alkyl,

in the formula 4, Rg', Rg2, Rg3, Rg* and Rg® are the same or different, and are each independently a hydrogen
atom or C4-Cy alkyl,

in the formula 5, R:1, Re2, R3 and R are the same or different, and are each independently a hydrogen atom or
C4-Cyg alkyl, and

in the formula 6, Ry, Rp2, Rp3 and Rp? are the same or different, and are each independently a hydrogen atom or
C4-Cyg alkyl; and
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the component B is an aluminoxane.

[0009] According to a third aspect of the present disclosure, the present disclosure provides an ethylene copolymer
prepared by the method in the second aspect of the present disclosure.

[0010] Accordingtoa fourth aspectofthe presentdisclosure, the presentdisclosure provides a composition, comprising
an ethylene copolymer and a crosslinking agent, wherein the ethylene copolymer is the ethylene copolymer according
to the first or third aspect of the present disclosure.

[0011] According to a fifth aspect of the present disclosure, the present disclosure provides a crosslinked polymer,
comprising a unit derived from the ethylene copolymer according to the first or third aspect of the present disclosure.
[0012] According to a sixth aspect of the present disclosure, the present disclosure provides a tire having at least one
constituent element comprising the ethylene copolymer according to the first or third aspect of the present disclosure,
the composition according to the fourth aspect of the present disclosure, or the crosslinked polymer according to the
fifth aspect of the present disclosure.

[0013] The ethylene copolymer according to the present disclosure not only have a higher content of conjugated diene
structural unit, but also has a higher content of 1,2-polymerized vinyl structural unit while having a low content of un-
saturated double bonds on the backbone of the copolymer. The ethylene copolymer according to the present disclosure
has good crosslinking properties, and a crosslinked product has good weather resistance, thermal resistance and ozone
resistance. The ethylene copolymer according to the present disclosure has broad application prospects in the field of
rubber, especially in the field of vehicle tire rubber.

[0014] The method for the preparation of the ethylene copolymer according to the present disclosure not only enables
the preparation of the ethylene copolymer according to the present disclosure, but also achieves an improved catalytic
activity, thereby improving the production efficiency, and is suitable for industrial scale applications.

Detailed Description of the Embodiments

[0015] The endpoints and any values of the ranges disclosed herein are not limited to the precise range or value, and
these ranges or values should be understood as including values close to these ranges or values. For numerical ranges,
the endpoint values of each range, the endpoint values of each range and individual point values, and individual point
values may be combined with each other to obtain one or more new numerical ranges, and these numerical ranges
should be considered to be specifically disclosed herein.

[0016] According to a first aspect of the present disclosure, the present disclosure provides an ethylene copolymer,
wherein the ethylene copolymer comprises an ethylene structural unit derived from ethylene and a conjugated diene
structural unit derived from a conjugated diene.

[0017] In the present disclosure, the term of "structural unit derived from ethylene" means that the structural unit is
formed from ethylene, and the structural unit has the same type of atoms and the same number of respective atoms
except for a change in electronic structure compared with ethylene; and the term of "structural unit derived from a
conjugated diene" means that the structural unit is formed from the conjugated diene, and the structural unit has the
same type of atoms and the same number of respective atoms except for a change in electronic structure compared
with the conjugated diene. The ethylene copolymer according to the present disclosure, the conjugated diene means a
compound containing a conjugated double bond in a molecular structure. The conjugated diene may be one or two or
more selected from compounds represented by a formula 11,

|

HC—C—C—C—R;s (Formula 11)

in the formula 11, R3, R4 and R are the same or different, and are each selected from the group consisting of hydrogen
and C4-Cj linear or branched alkyl.

[0018] The ethylene copolymer according to the present disclosure, specific examples of the conjugated diene may
include, but are not limited to, butadiene and/or isoprene. Preferably, the conjugated diene is butadiene.

[0019] The ethylene copolymer according to the present disclosure, the content of the conjugated diene structural unit
is 25-45 mol%, for example, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 or 45 mol%
based on the total amount of the ethylene copolymer. Preferably, the content of the conjugated diene structural unit is
25-40 mol% based on the total amount of the ethylene copolymer. More preferably, the content of the conjugated diene
structural unit is 30-35 mol% based on the total amount of the ethylene copolymer.

[0020] The ethylene copolymer according to the present disclosure, the conjugated diene structural unit is essentially
a 1,2-polymerized structural unit formed by 1,2-polymerization of the conjugated diene, and thus the ethylene copolymer
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according to the present disclosure, the content of the 1,2-polymerized structural unit is high, and the content of unsatu-
rated double bonds on a backbone of the copolymer is low. The ethylene copolymer according to the present disclosure,
the total amount of the 1,2-polymerized structural unit is 95 mol% or more, preferably 98 mol% or more, more preferably
100 mol% based on the total amount of the conjugated diene structural unit in the ethylene copolymer. The ethylene
copolymer according to the present disclosure, the content of double bonds on a backbone of the ethylene copolymer
is generally 5 mol% or less, preferably 2 mol% or less, more preferably 0 mol%. The double bonds on the backbone of
the ethylene copolymer may be derived, for example, from structural units formed by 1,4-polymerization and 1,3-polym-
erization of conjugated dienes.

[0021] Inthe presentdisclosure, a 1,2-polymerized structural unit refers to a structural unit formed by 1,2-polymerization
(i.e., 1,2-addition) of conjugated dienes, a 1,4-polymerized structural unit refers to a structural unit formed by 1,4-
polymerization (i.e., 1,4-addition) of conjugated dienes, and a 1,3-polymerized structural unit refers to a structural unit
formed by 1,3-polymerization (i.e., 1,3-addition) of conjugated dienes.

[0022] The ethylene copolymer according to the present disclosure, the 1,2-polymerized structural unit includes a 1,2-
polymerized vinyl structural unit formed by 1,2-polymerization of the conjugated diene and having side chain double
bonds, a 1,2-cyclopropane ring structural unit formed by 1,2-polymerization of the conjugated diene and having a cy-
clopropane ring, and a 1,2-cyclopentane ring structural unit formed by 1,2-polymerization of the conjugated diene and
having a cyclopentane ring.

[0023] Taking butadiene as an example, the 1,2-polymerized vinyl structural unit is represented by formula 14, the
1,2-cyclopropane ring structural unit is represented by formula 15, and the 1,2-cyclopentane ring structural unit is rep-
resented by formula 16:

H H
N
i,
Formula 14 Formula 15 Formula 16

[0024] The ethylene copolymer according to the present disclosure, the content of the 1,2-polymerized vinyl structural
unit formed by 1,2-polymerization of the conjugated diene and having side chain double bonds is high. The content of
the 1,2-polymerized vinyl structural unit (i.e. the vinyl content) is 20-40 mol%, for example, 20, 20.5, 21, 21.5, 22, 22.5,
23, 23.5, 24, 24.5, 25, 25.5, 26, 26.5, 27, 27.5, 28, 28.5, 29, 29.5, 30, 30.5, 31, 31.5, 32, 32.5, 33, 33.5, 34, 34.5, 35,
35.5, 36, 36.5, 37, 37.5, 38, 38.5, 39, 39.5 or 40 mol% based on the total amount of the ethylene copolymer according
to the present disclosure. Preferably, the content of the 1,2-polymerized vinyl structural unit is 20-35 mol% based on
the total amount of the ethylene copolymer according to the present disclosure. More preferably, the content of the 1,2-
polymerized vinyl structural unit is 21-30 mol% based on the total amount of the ethylene copolymer according to the
present disclosure.

[0025] The ethylene copolymer according to the present disclosure, the content of the 1,2-polymerized vinyl structural
unit may be up to 55% or more, preferably 55-90%, for example, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69,70,71,72,73,74,75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89 or 90% based on the total amount of the
conjugated diene structural unit in the ethylene copolymer. Preferably, the content of the 1,2-polymerized vinyl structural
unit is 60-88% based on the total amount of the conjugated diene structural unit in the ethylene copolymer. More
preferably, the content of the 1,2-polymerized vinyl structural unit is 63-85% based on the total amount of the conjugated
diene structural unit in the ethylene copolymer.

[0026] The ethylene copolymer according to the present disclosure, in the conjugated diene structural unit of the
copolymer, a molar ratio of the 1,2-cyclopentane ring structural unit to the 1,2-cyclopropane ring structural unit is 0.1-3:
1, preferably 0.3-2.5: 1, more preferably 0.4-2: 1, further preferably 0.5-1.8:1. In the present disclosure, the microstructure
composition of the ethylene copolymer is determined by nuclear magnetic resonance spectroscopy.

[0027] The ethylene copolymer according to the present disclosure not only has a higher content of 1,2-polymerized
vinyl structural unit, but also has a higher molecular weight. The ethylene copolymer according to the present disclosure
has a weight average molecular weight (M,,) of 20,000 to 300,000, preferably 25,000 to 250,000, more preferably 30,000
to 200,000, further preferably 40,000 to 150,000. The ethylene copolymer according to the present disclosure, the
ethylene copolymer has a molecular weight distributionindex (M,,/M,)) of 3.5 or less, preferably 3.2 or less, more preferably
1.5-3.
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[0028] In the present disclosure, the molecular weight (g/mol) and the molecular weight distribution index are deter-
mined by gel permeation chromatography (GPC) with monodisperse polystyrene as a standard.

[0029] The ethylene copolymer according to the present disclosure, the glass transition temperature (T4) of the ethylene
copolymer may be in the range of -50°C to -15°C, preferably in the range of -40°C to -20°C.

[0030] In the present disclosure, the glass transition temperature is determined by differential scanning calorimetry
(DSC).

[0031] According to a second aspect of the present disclosure, the present disclosure provides a method for the
preparation of an ethylene copolymer, comprising contacting ethylene with a conjugated diene in the presence of a
polymerization catalyst.

[0032] According to the preparation method of the present disclosure, the conjugated diene means a compound
containing a conjugated double bond in a molecular structure. The conjugated diene may be one or two or more selected
from compounds represented by a formula 11,

|

HC—C—C—C—R;s (Formula 11)

in the formula 11, R3, R4 and R are the same or different, and are each selected from the group consisting of hydrogen
and C4-Cj linear or branched alkyl.

[0033] According to the preparation method of the present disclosure, specific examples of the conjugated diene may
include, but are not limited to, butadiene and/or isoprene. Preferably, the conjugated diene is butadiene.

[0034] Accordingtothe preparation method of the presentdisclosure, the polymerization catalystincludes a component
A and a component B.

[0035] The component A is selected from metal compounds represented by formula 1,

Ly X

Rb M
ANDZERN
L; X2 (Formula 1)

in the formula 1, M is a metal atom selected from a Group IVB, and may be a titanium atom, a zirconium atom or a
hafnium atom. Preferably, in the formula 1, M is a zirconium atom.

[0036] Inthe formula 1, X4 and X, are the same or different, and are each independently a halogen atom. Preferably,
in the formula 1, X4 and X, are both chlorine atoms.

[0037] In the formula 1, Rb is a Group IVA element-containing divalent group. In the formula 1, Rb is preferably a
divalent group containing silicon, more preferably a divalent group represented by a formula 2,

Rl

Si

R’ (Formula 2)

in the formula 2, R' and R2 are the same or different, and are each independently C4-C, alkyl. The C4-C, alkyl includes
C4-C,q linear alkyl, C5-C,q branched alkyl, and C5-C, cycloalkyl, and specific examples of the C4-C,, alkyl may include,
but are not limited to methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl and its various
isomers, hexyl and its various isomers, heptyl and its various isomers, octyl and its various isomers, nonyl and its various
isomers, decyl and its various isomers, cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.

[0038] Preferably, in the formula 2, R! and R2 are both methyl.

[0039] In the formula 1, L; and L, are the same or different, and are each independently selected from groups repre-
sented by formulae 3 to 6,
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Ry}
R,?
R 2 4 S S
A ) Q : )
RB2 RB4
R,! R.S
S S A RB1 RBS
Formula 3 Formula 4
Rc?
) Q
S
R
R:*
Formula 5 Formula 6

in the formula 3, Ry, Ra2, Ra3, Rp* and R,5 are the same or different, and are each independently a hydrogen atom
or C4-C,q alkyl.

[0040] In the present disclosure, the C4-Cy alkyl includes C4-C, linear alkyl, C5-C,q branched alkyl and C5-Cy
cycloalkyl, and specific examples of the C4-C,, alkyl may include, but are not limited to methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl and its various isomers, hexyl and its various isomers, heptyl and its various
isomers, octyl and its various isomers, nonyl and its various isomers, decyl and its various isomers, undecyl and its
various isomers, dodecyl and its various isomers, tridecyl and its various isomers, tetradecyl and its various isomers,
pentadecyl and its various isomers, hexadecyl and its various isomers, heptadecyl and its various isomers, octadecyl
and its various isomers, nonadecyl and its various isomers, eicosyl and its various isomers, cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl.

[0041] In one embodiment, in the formula 3, Rp!, Rp2, Rp3, Ry? and R,® are simultaneously hydrogen atoms.
[0042] In another embodiment, in the formula 3, Ry, Ra2, Ra3, Ry* and R,% are each independently a hydrogen atom
or C4-Cyp alkyl, and Rp1, Ra2, Ra3, Ry% and R,5 are not simultaneously a hydrogen atom. In this embodiment, at least
one (preferably two) of Rp!, Ra2, Rp3, Ry and R,5 is preferably C4-C,q alkyl, more preferably C4-Cg alkyl, further
preferably C4-C5 alkyl, more preferably methyl, and the remaining groups are hydrogen atoms.

[0043] Inthe formula 4, Rg', Rg2, Rg3, Rg* and Rg® are the same or different, and are each independently a hydrogen
atom or C4-Cyq alkyl.

[0044] In one embodiment, in the formula 4, Rg', Rg2, Rg3, Rg* and Rg® are simultaneously hydrogen atoms. In
another embodiment, in the formula 4, Rg', Rg2, Rg3, Rg? and Rg® are each independently a hydrogen atom or C4-Cy
alkyl, and Rg', Rg2, Rg3, Rg* and Rg® are not simultaneously a hydrogen atom, and in this embodiment, at least one
(preferably two, more preferably Rg2 and Rg?) of Rg', Rg2, Rg3, Rg* and Rg? is preferably C4-C, alkyl, more preferably
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C-Cg alkyl, further preferably C4-C5 alkyl, even preferably methyl, and the remaining groups are hydrogen atoms.
[0045] In the formula 5, R:", R2, Rg3 and Ri? are the same or different, and are each independently a hydrogen
atom or C4-Cy alkyl.

[0046] In one preferred embodiment, in the formula 5, at least one (preferably two, more preferably Rg! and R3) of
Rc!, Re?, Re® and Rp? is C4-C, alkyl, preferably C4-Cq alkyl, more preferably C4-C4 alkyl, further preferably methyl,
ethyl, n-propyl or isopropyl, and the remaining groups are hydrogen atoms. According to this preferred embodiment, in
one more preferred example, R is methyl, R:3 is ethyl or n-propyl, and R;2 and R* are hydrogen atoms.

[0047] In the formula 6, Rp', Rp2, Rp3 and Rp? are the same or different, and are each independently a hydrogen
atom or C4-Cyq alkyl.

[0048] In one preferred embodiment, in the formula 6, at least one (preferably two, more preferably Rp! and Rp3) of
Rp1, Rp2, Rp? and Rp? is C4-C, alkyl, preferably C4-Cg4 alkyl, more preferably C4-Cg alkyl, further preferably methyl,
ethyl, n-propyl or isopropyl, and the remaining groups are hydrogen atoms. According to this preferred embodiment, in
one more preferred example, Ry is methyl, Rp3 is ethyl or n-propyl, and Rp2 and Rp* are hydrogen atoms.

[0049] According to the preparation method of the present disclosure, the component A is preferably one or two or
more selected from metal compounds represented by formulae 7 to 10:

S S
OO T O~0O—
S S
H;C 4 H;C cl
N Zr N Zr/
i
H3C/ cl H3C/ l a
=@ OY0
S S H;C CH;,
Formula 7 Formula 8
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H,C H3C
C CHj;

C C
H, H,
H;C Cl H3C Cl
AN | . P \Si Zr<
/ \Cl / Cl
H;C S H;C S
— O OO
H;C—CH, HyC
Formula 9 Formula 10

[0050] Inone more preferred example, the component A is selected from metal compounds represented by the formula
7 and the formula 8. According to this more preferred example, the method according to the present disclosure not only
increases the content of the conjugated diene structural unit derived from the conjugated diene and the content of a
structural unit formed by 1,2-polymerization of the conjugated diene in the ethylene copolymer, but also achieves a
higher catalytic activity, preparing the ethylene copolymer having a higher molecular weight.

[0051] In another more preferred example, the component A is selected from metal compounds represented by the
formula 9 and the formula 10. According to this more preferred example, the method according to the present disclosure
enables more conjugated dienes to be polymerized in a 1,2-polymerization manner under the condition of obtaining a
higher catalytic activity, thereby obtaining the ethylene copolymer having a higher content of 1,2-polymerized structural
unit. According to the preparation method of the present disclosure, the metal compound as the component A can be
obtained commercially or can be prepared by a conventional method. According to the preparation method of the present
disclosure, the component B comprises an aluminoxane, preferably an organoaluminoxane, more preferably methyla-
luminoxane. In one preferred embodiment, the component B is an aluminoxane, preferably an organoaluminoxane, more
preferably methylaluminoxane.

[0052] Accordingtothe preparation method of the presentdisclosure, a molar ratio of the component A to the component
B may be 1:0.1-5000, preferably 1:1-3000, more preferably 1:1-1000, further preferably 1:10-1000, even further preferably
1:100-800.

[0053] According to the preparation method of the present disclosure, the component A may be used in an amount
of 0.1-100 wmol, preferably 1-80 wmol, more preferably 3-60 wmol, further preferably 5-30 wmol relative to 1 mol of the
conjugated diene.

[0054] According to the preparation method of the present disclosure, contacting ethylene with the conjugated diene
can be carried out at a temperature of -50°C to 150°C, preferably 10-120°C, more preferably 30-90°C, further preferably
40-70°C. According to the preparation method of the present disclosure, when ethylene is in contact with the conjugated
diene for polymerization, the pressure of ethylene may be 0-100 MPa, preferably 2-50 MPa, more preferably 3-30 MPa,
further preferably 5-10 MPa, the pressure being in terms of a gauge pressure (G).
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[0055] According to the preparation method of the present disclosure, the contacting is carried out in the presence of
a molecular weight regulator, and the molecular weight regulator is used in an amount so that the prepared olefin polymer
has a weight average molecular weight of 20,000 to 300,000, preferably 25,000 to 250,000, more preferably 30,000 to
200,000, further preferably 40,000 to 150,000. The molecular weight regulator may be conventionally selected, preferably
hydrogen. The preparation method of the present disclosure can be carried out by solution polymerization. Solvents that
may be used in the solution polymerization include Cg-C4, aromatic hydrocarbons, Cg-C4, halogenated aromatic hy-
drocarbons, C;5-C4, linear alkanes and C5-C, cycloalkanes, for example, one or two or more of toluene, chlorobenzene,
dichlorobenzene, n-hexane and cyclohexane.

[0056] According to a third aspect of the present disclosure, the present disclosure provides an ethylene copolymer
prepared by the method in the second aspect of the present disclosure.

[0057] The ethylene copolymer prepared by the method according to the second aspect of the present disclosure not
only has a higher content of conjugated diene structural unit, but also has a high content of structural unit formed by
1,2-polymerization of the conjugated diene, and thus the ethylene copolymer according to the third aspect of the present
disclosure has a low content of unsaturated double bonds on a molecular backbone and has good weather resistance,
thermal resistance and ozone resistance. More importantly, the ethylene copolymer according to the third aspect of the
presentdisclosure has a higher content of 1,2-polymerized vinyl structural unit, and thus the ethylene copolymer according
to the third aspect of the present disclosure has more excellent vulcanization properties, showing a faster vulcanization
speed and a higher degree of vulcanization. The content of the conjugated diene structural unit is 20-45 mol%, for
example, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 or 45 mol%
based on the total amount of the ethylene copolymer according to the third aspect of the present disclosure. Preferably,
the content of the conjugated diene structural unit is 25-40 mol% based on the total amount of the ethylene copolymer
according to the third aspect of the present disclosure. More preferably, the content of the conjugated diene structural
unit is 30-35 mol% based on the total amount of the ethylene copolymer according to the third aspect of the present
disclosure.

[0058] The ethylene copolymer according to the third aspect of the present disclosure, the conjugated diene structural
unit is substantially a 1,2-polymerized structural unit formed by 1,2-polymerization of the conjugated diene. The total
amount of the 1,2-polymerized structural unit is 95 mol% or more, preferably 98 mol% or more, more preferably 100
mol% based on the total amount of the conjugated diene structural unitin the ethylene copolymer. The ethylene copolymer
according to the third aspect of the present disclosure, the content of double bonds on a backbone of the ethylene
copolymer is generally 5 mol% or less, preferably 2 mol% or less, more preferably 0 mol%.

[0059] The ethylene copolymer according to the third aspect of the present disclosure, the 1,2-polymerized structural
unit includes a 1,2-polymerized vinyl structural unit formed by 1,2-polymerization of the conjugated diene and having
side chain double bonds, a 1,2-cyclopropane ring structural unit formed by 1,2-polymerization of the conjugated diene
and having acyclopropanering, and a 1,2-cyclopentane ring structural unitformed by 1,2-polymerization of the conjugated
diene and having a cyclopentane ring. The content of the 1,2-polymerized vinyl structural unit is 18-40 mol%, for example,
18, 18.5, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25, 25.5, 26, 26.5, 27, 27.5, 28, 28.5, 29, 29.5, 30,
30.5, 31, 31.5, 32, 32.5, 33, 33.5, 34, 34.5, 35, 35.5, 36, 36.5, 37, 37.5, 38, 38.5, 39, 39.5 or 40 mol% based on the total
amount of the ethylene copolymer according to the third aspect of the present disclosure. Preferably, the content of the
1,2-polymerized vinyl structural unit is 20-35 mol% based on the total amount of the ethylene copolymer according to
the third aspect of the present disclosure. More preferably, the content of the 1,2-polymerized vinyl structural unit is
21-30 mol% based on the total amount of the ethylene copolymer according to the third aspect of the present disclosure.
[0060] The content of the 1,2-polymerized vinyl structural unit may be up to 55% or more, preferably 55-90%, for
example, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72,73,74,75,76,77,78,79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89 or 90% based on the total amount of the conjugated diene structural unit in the ethylene copolymer
according to the third aspect of the present disclosure. Preferably, the content of the 1,2-polymerized vinyl structural
unit is 60-88% based on the total amount of the conjugated diene structural unit in the ethylene copolymer according to
the third aspect of the present disclosure. More preferably, the content of the 1,2-polymerized vinyl structural unit is
63-85% based on the total amount of the conjugated diene structural unit in the ethylene copolymer according to the
third aspect of the present disclosure.

[0061] The ethylene copolymeraccording to the third aspect of the present disclosure, in the conjugated diene structural
unit of the copolymer, a molar ratio of the 1,2-cyclopentane ring structural unit to the 1,2-cyclopropane ring structural
unit is 0.1-3: 1, preferably 0.3-2.5: 1, more preferably 0.4-2:1, further preferably 0.5-1.8:1.

[0062] The ethylene copolymer according to the third aspect of the present disclosure may have a weight average
molecular weight (M,,) of 20,000 to 300,000, preferably 25,000 to 250,000, more preferably 30,000 to 200,000, further
preferably 40,000 to 150,000. The ethylene copolymer according to the third aspect of the present disclosure, the ethylene
copolymer has a molecular weight distribution index (M,,/M,,) of 3.5 or less, preferably 3.2 or less, more preferably 1.5-3.
[0063] The ethylene copolymer according to the third aspect of the present disclosure, the glass transition temperature
(Tg) of the ethylene copolymer may be in the range of -50°C to -15°C, preferably in the range of -40°C to -20°C.
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[0064] Accordingtoafourth aspectofthe presentdisclosure, the presentdisclosure provides a composition, comprising
an ethylene copolymer and a crosslinking agent, wherein the ethylene copolymer is the ethylene copolymer according
to the first or third aspect of the present disclosure.

[0065] The crosslinking agent may be a substance sufficient to crosslink vinyl in the ethylene copolymer. In particular,
the crosslinking agent may be one or two or more selected from the group consisting of sulfur, sulfur monochloride,
selenium, tellurium and peroxide. In one preferred embodiment, the crosslinking agent is peroxide, such as dicumyl
peroxide.

[0066] The compositionaccording tothe presentdisclosure may also comprise a vulcanization accelerator to accelerate
vulcanization, thereby shortening the vulcanization time, lowering the vulcanization temperature and reducing the amount
of a vulcanizing agent used. The vulcanization accelerator may be a conventional substance capable of fulfilling the
above function, for example triallyl isocyanurate. The composition according to the present disclosure may also comprise
other components according to specific requirements, such as one or two or more of antioxidant and filler, and a preferred
example of the filler may include, but is not limited to, carbon black.

[0067] According to a fifth aspect of the present disclosure, the present disclosure provides a crosslinked polymer
formed by crosslinking the ethylene copolymer according to the first aspect of the present disclosure or the third aspect
of the present disclosure. The ethylene copolymer according to the first or third aspect of the present disclosure may
be in contact with a crosslinking agent for a crosslinking reaction to obtain the crosslinked polymer according to the fifth
aspect of the present disclosure. According to a sixth aspect of the present disclosure, the present disclosure provides
a tire having at least one constituent element comprising the ethylene copolymer according to the first aspect of the
present disclosure, the composition according to the fourth aspect of the present disclosure, or the crosslinked polymer
according to the fifth aspect of the present disclosure.

[0068] The present disclosure is described in detail below with reference to examples, but the scope of the present
disclosure is not thereby limited.

[0069] In the following examples and comparative examples, the molecular weight and molecular weight distribution
index (M,,/M,,) of a polymer were determined by using a 1260 Infinity Il high temperature gel permeation chromatograph
manufactured by Agilent Corporation using two MIXD-B chromatographic columns (300X7.5 mm) and one Guard chro-
matographic column (50X7.5 mm). A mobile phase was trichlorobenzene, and a flow rate was 1 mL/min; a sample
solution has a concentration of 1 mg/mL, and an injection volume was 200 pL; the test temperature was 150°C; and
monodisperse polystyrene was used as a standard sample.

[0070] In the following examples and comparative examples, NMR spectroscopy was carried out by using a 400 MHz
NMR spectrometer commercially available from Bruker Corporation, and deuterated o-dichlorobenzene was used as a
solvent, and tetramethylsilicon (TMS) was used as an internal standard when the microstructure of a polymer was tested.
Wherein the term of "conjugated diene structural unit" refers to a structural unit formed from a conjugated diene, the
term of "1,2-polymerization" refers to polymerization of conjugated dienes in a 1,2-addition manner, the term of "1,4-
polymerization" refers to polymerization of conjugated dienes in a 1,4-addition manner, and the term of "1,3-polymeri-
zation" refers to polymerization of conjugated dienes in a 1,3-addition manner; and the term of "vinyl" refers to a structural
unitformed by 1,2-polymerization of conjugated dienes and having side chain double bonds (taking butadiene as example,
vinyl is

H
~

the term of "cyclopropane ring" refers to a structural unit formed by 1,2-polymerization of conjugated dienes and having
a cyclopropane ring taking butadiene as example, the cyclopropane ring is

M

and the term of "cyclopentane ring" refers to a structural unit formed by 1,2-polymerization of of conjugated dienes and
having a cyclopentane ring (taking butadiene as example, the cyclopentane ring is

2

1"
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[0071] The following examples and comparative examples refer to the following metal compounds and comparative
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Cl P Cl
w A <
Cl1 \Cl
Comparative metal compound 5 Comparative metal compound 6

[0072] Preparative examples 1-4 were used to prepare metal compounds 1-4.
Preparative Example 1
Synthesis of metal compound 1

[0073] 0.94 g (2 mmol) of bis(2,5-dimethylcyclopentadithiophene)-dimethylsilicon and 50 mL of diethyl ether were
added into a reaction flask, and 2.5 mL (4 mmol) of a 1.6 M solution of butyllithium in hexane was added dropwise at
-78°C. After stirring at room temperature (25°C) for 6 hours, the temperature was reduced to -40°C, and 0.466 g (2
mmol) of zirconium tetrachloride was added slowly. Stirring was performed overnight. Filtering was performed, and the
resulting solid was washed with diethyl ether. A product was recrystallized with dichloromethane. Yield: 45 wt%. H!-NMR
(CDCls, 400 MHz): 3ppm 6.75 (q, 4H), 2.51 (d, 12H), 1.82 (s, 6H).

Preparative Example 2
Synthesis of metal compound 4

[0074] The same synthesis method as that of the metal compound 1 was employed except that bis(2,5-dimethylcy-
clopentadithiophene)-dimethylsilicon was replaced with 2 mmol of bis(cyclopentadithiophene)-dimethylsilicon. Yield: 57
wit%.

[0075] H'-NMR (CDCl;, 400 MHz): 6ppm 7.15 (d, 4H), 7.10 (d, 4H), 1.80 (s, 6H).

Preparative Example 3
Synthesis of metal compound 2.

[0076] 1.02 g (2 mmol) of bis(2-methyl-5-n-propyl-3-(9-phenanthryl)-6-hydro-cyclopenta[2,3-b]thiophene-6)-dimethyl-
silicon and 50 mL of diethyl ether were added into a reaction flask, and 2.5 mL (4 mmol) of a 1.6 M solution of butyllithium
in hexane was added dropwise at -78°C. After stirring at room temperature (25°C) for 6 hours, 0.466 g (2 mmol) of
zirconium tetrachloride was added slowly. Stirring was performed overnight. Filtering was performed, and the resulting
solid was washed with diethyl ether. A filtrate was drained to give a target product. Yield: 56 wt%.

[0077] H'-NMR (CDCl;, 400 MHz): 6ppm 7.15-8.90 (m, 18H), 6.62 (s, 2H), 1.15-2.95 (m, 14H), 1.08 (s, 6H), 0.92 (t, 6H).

Preparative Example 4

Synthesis of metal compound 3

[0078] The same synthesis method as that of a metal compound 5 was adopted except that 2 mmol of bis(2-methyl-
5-ethyl-3-(9-phenanthryl)-6-hydro-cyclopenta[2,3-b]thiophene-6)-dimethylsilicon was used instead of bis(2,5-dimethyl-
3-phenyl-6-hydro-cyclopenta[2,3-b]thiophene-6)-dimethylsilicon. Yield: 61 wt%.

[0079] H'-NMR(CDCl;,400 MHz): 6ppm 7.10-8.85 (m, 18H), 6.60 (s, 2H), 1.85-2.80 (m, 10H), 1.10 (s, 6H), 0.85 (s, 6H).
[0080] Examples 1-6 served to illustrate the ethylene polymer and the preparation method thereof according to the
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present disclosure.
Example 1

[0081] A 500 mL stainless steel reactor was subjected to full replacement with nitrogen, and was then subjected to
full replacement with hydrogen, 120 g of toluene, 8 mL of methylaluminoxane (a 10 wt% solution in toluene), and 25.0
g of butadiene were added, and 0.44 kg/cm2G of hydrogen was then added. A liquid phase and a gas phase were
saturated with 7.8 kg/cm2G of ethylene at 60°C. Then 5 wmol of a metal compound 1 previously dissolved in toluene
was added to start polymerization. Ethylene gas was continuously supplied to maintain a total pressure to be 7.8 kg/cm?2G.
After 15 minutes of polymerization, a small amount of methanol was added to terminate the reaction. The resulting
product was poured into a large amount of ethanol to which hydrochloric acid (the HCI concentration was 0.2 wt%) was
added for precipitation, a solid was separated by filtration, and the separated solid was washed with ethanol. The washed
solid was dried with a vacuum oven until the weight was no longer reduced to obtain the ethylene copolymer according
to the present disclosure. The specific experimental conditions are listed in Table 1, and the test results of the property
parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 1

[0082] An ethylene copolymer was prepared by the same method as that in Example 1 except that instead of using
methylaluminoxane, 2.5 mL of an n-hexane solution of triisobutylaluminum (the concentration of triisobutylaluminum
was 1 M) was used, and 0.03 mmol of trityl-tetrakis(pentafluorophenyl)borate was dissolved in toluene together with the
metal compound 1 to be added to a polymerization reactor. The specific experimental conditions are listed in Table 1,
and the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 2

[0083] An ethylene copolymer was prepared by the same method as that in Comparative Example 1 except that the
metal compound 1 was replaced with a comparative metal compound 1. The specific experimental conditions are listed
in Table 1, and the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 3

[0084] An ethylene copolymer was prepared by the same method as thatin Example 1 except that the metal compound
1 was replaced with the comparative metal compound 1. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Example 2

[0085] An ethylene copolymer was prepared by the same method as thatin Example 1 except that the metal compound
1 was replaced with a metal compound 2, and the property parameters of the prepared ethylene copolymer are listed
in Table 2.

Comparative Example 4

[0086] An ethylene copolymer was prepared by the same method as that in Example 2 except that instead of using
methylaluminoxane, 2.5 mL of an n-hexane solution of triisobutylaluminum (the concentration of triisobutylaluminum
was 1 M) was used, and 0.03 mmol of trityl-tetrakis(pentafluorophenyl)borate was dissolved in toluene together with the
metal compound 2 to be added to the polymerization reactor. The specific experimental conditions are listed in Table
1, and the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 5
[0087] An ethylene copolymer was prepared by the same method as thatin Example 2 except that the metal compound

2 was replaced with a comparative metal compound 2. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.
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Example 3

[0088] A 500 mL stainless steel reactor was subjected to full replacement with nitrogen, and was then subjected to
full replacement with hydrogen, 120 g of toluene, 7.5 mL of MAO (a 10 wt% solution in toluene), and 35 g of butadiene
were added, 0.44 kg/cm2G of hydrogen was then added, and a liquid phase and a gas phase were saturated with 7.8
kg/cm2G of ethylene at 60°C. Then 5 pmol of the metal compound 2 previously dissolved in toluene was added to start
polymerization. Ethylene gas was continuously supplied to maintain a total pressure to be 7.8 kg/cm2G. After 15 minutes
of polymerization, a small amount of methanol was added to terminate the reaction. The resulting product was poured
into a large amount of ethanol to which hydrochloric acid (0.2 wt%, hydrochloric acid being in terms of HCI) was added,
and precipitated, and a copolymer was separated by filtration, and washed with ethanol. The washed copolymer was
dried with a vacuum oven until the weight was no longer reduced to obtain the ethylene copolymer according to the
present disclosure. The specific experimental conditions are listed in Table 1, and the test results of the property pa-
rameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 6

[0089] An ethylene copolymer was prepared by the same method as thatin Example 3 except that the metal compound
2 was replaced with the comparative metal compound 2. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Example 4

[0090] An ethylene copolymer was prepared by the same method as thatin Example 1 except that the metal compound
1 was replaced with a metal compound 3. The specific experimental conditions are listed in Table 1, and the test results
of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 7

[0091] An ethylene copolymer was prepared by the same method as that in Example 3 except that instead of using
methylaluminoxane, 2.5 mL of an n-hexane solution of triisobutylaluminum (the concentration of triisobutylaluminum
was 1 M) was used, and 0.03 mmol of trityl-tetrakis(pentafluorophenyl)borate was dissolved in toluene together with the
metal compound 3 to be added to the polymerization reactor. The specific experimental conditions are listed in Table
1, and the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 8

[0092] An ethylene copolymer was prepared by the same method as thatin Example 3 except that the metal compound
3 was replaced with a comparative metal compound 3. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 9

[0093] An ethylene copolymer was prepared by the same method as thatin Example 3 except that the metal compound
3 was replaced with a comparative metal compound 3. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Example 5

[0094] An ethylene copolymer was prepared by the same method as thatin Example 1 except that the metal compound
1 was replaced with a metal compound 4. The specific experimental conditions are listed in Table 1, and the test results
of the property parameters of the prepared ethylene copolymer are listed in Table 2.

Comparative Example 10

[0095] An ethylene copolymer was prepared by the same method as that in Example 5 except that instead of using
methylaluminoxane, 2.5 mL of an n-hexane solution of triisobutylaluminum (the concentration of triisobutylaluminum

was 1 M) was used, and 0.03 mmol of trityl-tetrakis(pentafluorophenyl)borate was dissolved in toluene together with the
metal compound 4 to be added to the polymerization reactor. The specific experimental conditions are listed in Table
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1, and the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.
Comparative Example 11
[0096] An ethylene copolymer was prepared by the same method as thatin Example 5 except that the metal compound
4 was replaced with a comparative metal compound 4. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.
Example 6
[0097] An ethylene copolymer was prepared by the same method as thatin Example 1 except that the metal compound
1 was replaced with the metal compound 4. The specific experimental conditions are listed in Table 1, and the test results
of the property parameters of the prepared ethylene copolymer are listed in Table 2.
Comparative Example 12
[0098] An ethylene copolymer was prepared by the same method as thatin Example 6 except that the metal compound
4 was replaced with a comparative metal compound 5. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.
Comparative Example 13
[0099] An ethylene copolymer was prepared by the same method as thatin Example 6 except that the metal compound

4 was replaced with a comparative metal compound 6. The specific experimental conditions are listed in Table 1, and
the test results of the property parameters of the prepared ethylene copolymer are listed in Table 2.

17



EP 4 242 239 A1

"o g’ 06z ) ) g G $ punodwod 11 o|dwex3
|elow aAeledwo) aAljesedwo)

) ) ) ) ) ) 0} a|dwex3
vv'0 8’/ 0'Ge €00 S'¢c G 14 aAneiedwon

vv'0 8’2 0'se - - 8 G 14 G 9|dwex3

. . . _ ) € punodwod 6 9|dwex3
vr'o 8l 05z 8 5 |elow aAeledwo) aAljesedwo)

¥v'0 8’/ 0'se €00 S'¢c - S € punoduiod 8 olduiexg
|elow aAeledwo) aAljesedwo)

: ) ) ) ) ) / 9|dwex3
vv'0 8. 0'se €00 S¢c G € aAnesedwon

¥v'0 8’2 0'sc - - 8 G € ¥ a|dwex3

. . . ) ) . Z punodwod 9 o|dwex3
vr'o 8l 0'5e 5L 5 |elow aAjeledwo) aAljesedwo)

vv'0 8’/ 0'se - - S/ G 4 € 9|dwex3

. . . ) ) Z punodwod G o|dwex3
vv'0 8L 0'se 8 s |elow aAeledwo) aAljesedwo)

. . . . . $ o|dwex3
¥v'0 8’/ 0'se €00 S¢c G 4 annesedwon

vv'0 8’2 0'se - - 8 G 4 ¢ 9|dwex3

o gz 0’5z ) ) g o | punodwod ¢ o|dwex3
|elow aAjeledwo) aAljesedwo)

¥v'0 8. 0'Ge €00 S¢c - S } punodieo ¢ elduexg
|elow aAjeledwo) aAljesedwo)

. . . . . ) | a|dwex3
vv'0 8’/ 0'se €00 S¢ G 3 annesedwon

¥v'0 8’/ 0'se - - 8 G 3 | adwex3

joww jowrl junowe oN
O wo/by OgWo/B b ajeJoq(jAusydolonjiejuad) u w abesn "ON
uabolipAH ausjAylg aualpeing wnuiwnejAiingosiul | OV
siyese)-|Au L punodwoo |ela|y
| d|qeL
1) (=) v jo) v j=) v [=) v j=) o)
~ ~ N N @ @ A A ©w ©w

18



EP 4 242 239 A1

o 8z 0’5z ) ) g o 9 punodwod €] 9|dwex3
|elow aAeledwo) aAljesedwo)
. . . ) ) G punodwod 21 9|dwex3
vr'0 8l 052 8 5 |elow aAjeledwo) aAljesedwo)
¥v'0 cl 0'se - - 8 G 14 9 s|dwex3
joww jowrl junowe oN
9 wo/b DgWo/O b ajeloq(jAusydolonjiejuad) u 1 abesn "ON
uabolipAH auslAylg aualpeing wnuiwnejfingosiul | OV
siese)-|Au L punodwoo |ela |y
(panunuoo)
1) (=) v jo) v j=) v [=) v j=) o)
~ ~ N N @ @ A A o ©w

19



EP 4 242 239 A1

01 o|dwex3

0 0 S0’V g6’ 06 Gl A% ve (4 00491 | 000S€ 9Ly A aAnesedwon
0 0 ¥6°9 oLy S'0¢C y8°LE 8¢ - 6l 0009¢ | 0006V y9'v 8'G G 9|dwex3
. . . _ . . . 6 9/dwex3
0 0 [ A4 4] 9l 9¢ 4% 0¢c 000€Z | 000SY v'c 0¢ annesedwon
. . . ] ) i ) 8 a|dwex3g
0 0 9¢C T SL'. €l G¢ o€ 8¢ 00S¥L | 000LY 6’1 v'e annesedwon
. . . ] ) ) . . / 9|dwex3
0 0 7> v.'€ 986 Ll €¢ 1'c 00951 | 00Sctv yee 8¢ annesedwon
0 0 9y LL'S g'ec 1G°€E 0¢€- - 6'¢C 00891 | 0008V 8¥'¢ [ ¥ a|dwex3
. . . ] ) . ) 9 s|dwex3g
0 0 96°L ye'e 8'6 14 €¢ 1% (4 00SZL | 000.L€ 8¥'0 90 annesedwon
0 0 8¥'¢ L1'C Ge'9¢ L€ e - (4 00S0C | 000LVv 790 80 € 9|dwex3
. . . ] ) . . G ajdwex3
0 0 L'y L' 29 9l 4> Se (x4 00061 | 000LV 960 L0 annesedwon
: : ) ) ) ) ) ) ¥ a|dwex3
0 0 140 % 66'C 18°Gl €C L€ x4 00SZL | 0008€ 8¥'0 90 annesedwon
0 0 10°¢€ 9v's 9'Ge €l ve 6¢- - €c 00861 | 009SV 790 80 ¢ 9|dwex3
. . . . _ . . . ¢ 9|dwex3
0 0 'l g'¢ A 6'6 8¢ ocl (4 00c0€ | 00029 8¢ 8V anesedwon
. . . _ . . . Z 9|dwex3
0 0 6’ 9'¢ Sy ol (0% Ggcl/se 8¢ 000LZ | 0008S 09'¢ Sy annesedwon
. . . _ . . . | 9|dwex3
0 0 L6°€ 1404 S6'vL €C G¢ 6¢ 1'c 00S.¥ | 000ZcCL 08t 09 annesedwon
0 0 €99 10'v 9'le €le 0¢€- - 1c 000¢S | oooscl A g9 | a|dwex3
%low
%IOW Iy felow oany) - gploul low ol I O O o quiod | . . (u@low) .
-onns-¢‘L | -onns-$‘L | Jusu0o Buu Jusuoo Bul | Jusuod | -onijs aualp | -esadws} uol} /"N N N B ploIA ON
Bunien 6% Aoy
Jojuauon | jowsuon | aueuadojoAn | suedosdopAy | JAuip | palebnluoo | -Isuel; sse|
JO Jusjuo)

10

15

20

25

¢olqel

(=
™

35

40

45

50

55

20



EP 4 242 239 A1

) ) ) ) ) ) ) ¢l o|dwex3
0 0 8e'y Sl ZLo 9 2ol L'C 0004S | 0000Z! 00¢ N4 aAnesedwon
. : ) ) ) ) ) 2l e|dwex3
0 0 VA y0'L 0 LSy solL €c 00000} | 0000EC 09'6 (4 anneledwon
0 0 0S¢ 0e’s y'ee A% 6¢- - 9l 0008¢ | 0006S ¥0'S €9 9 9|dwex3
: : ) ) } ) ) || ejdwex3
0 0 e 6'C 8V L 6¢ oclL L'C 000ZL | 000Ss€ 8c’¢ 4 aAnesedwon
%[oW
%|ow 9.3 %loW 9.3 %loW %[oW %loW Hun |eany D, ain} 5. uiod R . . (y@loww) .
-onJs-gL | -onas-$L | juayuod Buu jusjuoo Bul | Luod | -onus sualp | -esadwsay uol WM N N B ploIA ON
Bunje /6% Ayanoy
Jojuauon | Jjosuon | aueuadojpAn | suedosdopAn | JAuip | palebnluoo | -Isuel; sse|
JO JUsU0D
(panunuoo)
© m 2 b & 3 3 S 2 3 3

21



10

15

20

25

30

35

40

45

50

55

EP 4 242 239 A1

[0100] The results in Table 2 confirmed that the ethylene copolymer according to the present disclosure not only has
an increased molecular weight and a narrow molecular weight distribution index, but also has an increased content of
conjugated diene structural unit, while a backbone of the ethylene copolymer is substantially free of unsaturated groups.
The results in Table 2 also confirmed that the olefin polymerization method according to the present disclosure, not only
can the ethylene copolymer according to the present disclosure be prepared, but also an increased catalyst activity can
be obtained, thereby increasing the production efficiency.

Test Examples 1-2

[0101] The ethylene copolymers prepared in Examples 2 and 4 were respectively blended with carbon black, peroxide
and vulcanization aid in an open mill according to formulas shown in Table 3. The vulcanization properties of blends
were tested by using a MDR vulcanizer purchased from Alpha Technology Company at a temperature of 160°C, and a
vulcanization rate was evaluated, wherein the test time was 20 min. The test results are listed in Table 4.

Comparative Test Examples 1-2

[0102] The vulcanization properties of the ethylene copolymers prepared in Comparative Examples 5 and 9 were
respectively tested by the same method as that in Test examples 1-2, and the test results are shown in Table 4.

Table 3
Comparative Test Test Comparative Test
No. Test Example 1 P Example P
Example 1 2 Example 2
Source and usage amount of | Example 2100 parts | Comparative Example | Comparative
ethylene copolymer by weight (phr) Example 5 100 phr 4 100 phr | Example 9 100 phr
Usage amount of carbon
black N550 15 phr 15 phr 15 phr 15 phr
Usage amount of dicumyl
peroxide 5 phr 5 phr 5 phr 5 phr
Usage amount of
triallylisocyanurate 1 phr 1 phr 1 phr 1 phr
Table 4
No. Test Example 1 | Comparative Test Example 1 | Test Example 2 | Comparative Test Example 2
t.10 (min) 0.5 1.1 0.7 0.9
t.90 (min) 8.5 13.2 8.6 12.1
MH (dNm) 92.3 451 90.5 56.8
ML (dNm) 0.5 0.6 0.5 0.7

[0103] As can be seen from the test results of vulcanization properties in Table 4, the ethylene copolymer according
to the present disclosure has a faster torque increase during vulcanization, a faster vulcanization rate and a higher
degree of vulcanization.

[0104] Preferred embodiments of the present disclosure are described above in detail, but the present disclosure is
not limited thereto. Within the technical concept range of the present disclosure, the technical solution of the present
disclosure can be subjected to various simple variations, including the combination of various technical features in any
other suitable manner, and these simple variations and combinations should likewise be considered as the contents
disclosed by the present disclosure, and all fall within the protection scope of the present disclosure.

22



10

15

20

25

30

35

40

45

50

55

EP 4 242 239 A1

Claims

10.

An ethylene copolymer, wherein the ethylene copolymer comprises an ethylene structural unit derived from ethylene
and a conjugated diene structural unit derived from a conjugated diene; based on the total amount of the ethylene
copolymer, the content of the conjugated diene structural unit is 25-45 mol%, and the content of a 1,2-polymerized
vinyl structural unit formed by 1,2-polymerization of the conjugated diene and having side chain double bonds is
20-40 mol%; the total amount of a 1,2-polymerized structural unit is 95 mol% or more based on the total amount of
the conjugated diene structural unit in the ethylene copolymer, and the ethylene copolymer has a weight average
molecular weight of 20,000 to 300,000.

The ethylene copolymer according to claim 1, wherein the content of the 1,2-polymerized vinyl structural unit is
20-35 mol%, preferably 21-30 mol% based on the total amount of the ethylene copolymer.

The ethylene copolymer according to claim 1 or 2, wherein the content of the 1,2-polymerized vinyl structural unit
is 55-90%, preferably 60-88%, more preferably 63-85% based on the content of the conjugated diene structural unit.

The ethylene copolymer according to any one of claims 1 to 3, wherein the total amount of the 1,2-polymerized
structural unitis 98 mol% or more, preferably 100 mol% based on the total amount of the conjugated diene structural
unit in the ethylene copolymer.

The ethylene copolymer according to any one of claims 1 to 4, wherein the content of the conjugated diene structural
unit is 25-40 mol%, preferably from 30-35 mol% based on the total amount of the ethylene copolymer.

The ethylene copolymer according to any one of claims 1 to 5, wherein a molar ratio of a 1,2-cyclopentane ring
structural unit to a 1,2-cyclopropane ring structural unit in the conjugated diene structural unit of the copolymer is
0.1-3:1, preferably 0.3-2.5:1, more preferably 0.4-2:1, further preferably 0.5-1.8:1.

The ethylene copolymer according to any one of claims 1 to 6, wherein the ethylene copolymer has a weight average
molecular weight of 25,000 to 250,000, preferably 30,000 to 200,000, more preferably 40,000 to 150,000; and
preferably, the copolymer has a molecular weight distribution index of 3.5 or less, preferably 3.2 or less, more
preferably 1.5-3.

The ethylene copolymer according to any one of claims 1 to 7, wherein the glass transition temperature of the
ethylene copolymer is in the range of -50°C to -15°C, preferably in the range of from -40°C to -20°C.

The ethylene copolymer according to any one of claims 1 to 8, wherein the conjugated diene is butadiene.
A method for the preparation of an ethylene copolymer, comprising contacting ethylene with a conjugated diene in
the presence of a polymerization catalyst, wherein the polymerization catalyst comprises a component A and a

component B,

the component A is selected from metal compounds represented by a formula 1,

/N
Rb\ /M\
L, X2 (Formula 1)

in the formula 1, M is a metal atom selected from a Group VB,

X4 and X, are the same or different, and are each independently a halogen atom,

Rb is a Group IVA element-containing divalent group,

L4 and L, are the same or different, and are each independently selected from groups represented by formulae
3 to 6,
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Ry}
C)S

Ry?

R;®

Formula 3 Formula 4

S R])2
Rp!
R, 2
R¢! ¢ Rp3
Rp?
S
R
Rc*
Formula 5 Formula 6

in the formula 3, R, Ra2, Ra3, Ry% and R,® are the same or different, and are each independently a hydrogen
atom or C4-Cyq alkyl,

in the formula 4, Rg', Rg2, Rg3, Rg?* and Rg® are the same or different, and are each independently a hydrogen
atom or C4-Cy alkyl,

in the formula 5, R, Re2, Ri3 and R* are the same or different, and are each independently a hydrogen atom
or C4-Cyq alkyl, and

in the formula 6, Ry, Rp2, Rp3 and Rp* are the same or different, and are each independently a hydrogen atom
or C4-Cyq alkyl; and

the component B comprises an aluminoxane.

11. The method according to claim 10, wherein in the formula 1, M is a zirconium atom; and/or in the formula 1, X; and
X, are each independently a chlorine atom.

12. The method according to claim 10 or 11, whereinin the formula 1, Rb is a divalent group containing silicon, preferably
a divalent group represented by a formula 2,
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Rl

Si

RZ

(Formula 2)

in the formula 2, R' and R2 are the same or different, and are each independently C4-C, alkyl.

13. The method according to claim 10, wherein the component A is one or two or more selected from metal compounds

represented by formulae 7 to 10:

90
=

Formula 7

H;C——CH,

Formula 9

CH,

Formula 8

O

Formula 10

14. The method according to any one of claims 10 to 13, wherein a molar ratio of the component A to the component

B is 1:0.1-5000.
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The method according to any one of claims 10 to 14, wherein the component A is used in an amount of 0.1-100
pmol relative to 1 mol of the conjugated diene.

The method according to any one of claims 10 to 15, wherein the conjugated diene is butadiene.

The method according to any one of claims 10 to 16, wherein the contacting is carried out at a temperature of -50°C
to 150°C, and the pressure of ethylene is 0-100 MPa, the pressure being in terms of a gauge pressure.

The method according to any one of claims 10 to 17, wherein the contacting is carried out in the presence of a
molecular weight regulator, and the molecular weight regulator is used in an amount so that the prepared ethylene
copolymer has a weight average molecular weight of 20,000 to 300,000, preferably 25,000 to 250,000, more pref-
erably 30,000 to 200,000, further preferably 40,000 to 150,000.

An ethylene copolymer, prepared by the method according to any one of claims 10 to 18.

A composition, comprising an ethylene copolymer and a crosslinking agent, wherein the ethylene copolymer is the
ethylene copolymer according to any one of claims 1 to 9 and 19.

A crosslinked polymer, formed by crosslinking the ethylene copolymer according to any one of claims 1 to 9 and 19.

A tire, having at least one constituent element comprising the ethylene copolymer according to any one of claims
1to 9 and 19, the composition according to claim 20, or the crosslinked polymer according to claim 21.
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