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Sealing element

Field of the invention
The invention relates to the field of seals, particularly seals made of thermoplastic

vulcanisates.

Background of the invention

A seal is a device for closing (sealing) a gap, or making a joint fluid-tight (the fluid
being either gas or liquid). A seal is commonly a resilient (usually elastomeric) form
that can conform tightly to two surfaces to form a fluid-tight joint. Seals can be
divided into static and dynamic seals. A static seal is a seal designed for a use
where there is no relative movement between the seal and the surfaces with which
the seal interacts. A dynamic seal is a seal designed for use where there is relative
movement between the seal and at least one of the surfaces with which it interacts,
e.g. rotary movement of a shaft relative to a housing, or reciprocating movement of a

rod or piston in a cylinder.

Seals at joints, particularly in the automotive industry, are conventionally made from
vulcanised material (thermosets), such as rubber and high performance elastomers
(Silicones, Vamac®, Viton®, etc.). Vulcanised materials must be moulded and then
vulcanised to form cross-links. Use of a seal made of a vulcanisate in cooperation
with a thermoplastic part or parts therefore requires several steps, including shaping
the seal, vulcanisation and finally a step of assembly, whereby the seal must be
assembled to the thermoplastic part or parts with which it will form a seal.

Thermoplastic vulcanisates (TPV's) are blends consisting of a continuous
thermoplastic phase with a phase of vulcanised elastomer dispersed therein. TPVs
combine many desirable characteristics of cross-linked rubbers with some
characteristics of thermoplastic elastomers. An example of a TPV is disclosed in WO
2004/029155 (E.l. DuPont de Nemours), which discloses a curable thermoplastic
blend comprising (a) from 15 to 60 wt% of a polyalkylene phthalate polyester
polymer or copolymer and; (b) from 40 to 85 wt% of a cross- linkable
poly(meth)acrylate or polyethylene/(meth)acrylate vulcanisate rubber in combination
with an effective amount of peroxide free-radical initiator and an organic diene co-
agent to cross-link the rubber during extrusion or injection moulding of the curable
thermoplastic elastomeric blend. When the curable blend is melt extruded, the result
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is a TPV that can be processed in many ways like a thermoplastic, but which has the

characteristics of a cross-linked rubber.

In contrast to conventional vulcanisates (thermosets), TPV's can be injection
moulded, without further curing. This greatly facilitates the production of seals from
TPV’s. It also means that a seal formed from a TPV can be “overmoulded” with a
thermoplastic part, using a two-step injection process. The thermoplastic is injected
into the mould, with a partition preventing it from filling the part of the mould into
which the TPV will be injected. The partition is then removed, and the TPV is
injected into the remaining part of the mould. This forms a single part of two
components: a structural thermoplastic part and a sealing part of TPV, in which the
sealing part is integral with the structural thermoplastic part, thus eliminating an
assembly step, and making a single piece.

However, TPV'’s suffer other drawbacks that limit their use in seals. Conventional
seals in automotive uses are compression seals, such as so-called “O-ring” seals.
The sealing force with a compression seal results exclusively from compression of
the elastomeric material. TPV's suffer from poor compression set (in the order of or
greater than 30%), meaning that a compression seal made of a TPV does not fully
return to its original shape after compression, resulting in poor seal performance.
The problem of poor compression set is worsened at high temperature.

A need remains for seals made of materials that can be processed with the ease of a
thermoplastic, and yet which can maintain seal performance over a prolonged period.

Summary of the invention
In a first aspect, the invention provides a static seal made from polymer material
comprising or consisting essentially of a TPV, wherein the TPV is selected from:

(1) a TPV comprising:

(A) from at or about 15 to 60 weight percent of a pdlyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate rubber
dispersed phase, wherein the rubber is dynamically cross-linked with a peroxide free
radical initiator and an organic diene co-agent;
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(2) a TPV comprising:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an acrylic
rubber, said rubber component being dispersed in the form of cross-linked particles
in said polyamide resin; said hydrogenated nitrile group-containing rubber being a
hydrogenated copolymer containing 10 to 60% by weight of a vinyl nitrile, 15 to 90%
by weight of a conjugated diene and 0 to 75% by weight of a monomer
copolymerizable with vinyl nitrile and said conjugated diene, said hydrogenated
nitrile-group containing rubber having an iodine value of 120 or less; said acrylic
rubber being a copolymer of at least one acrylate selected from the group consisting
of an alkyl acetate and an alkoxy-substituted alkyl acrylate with at least one
compound selected from the group consisting of a nonconjugated diene, a
conjugated diene, a dihydrodicyclopentadienyl group-containing (meth)acrylate, an
epoxy group-containing ethylenically unsaturated compound, an active halogen-
containing ethylenically unsaturated compound and a carboxy! group- containing

ethylenically unsaturated compound,;

(3) A TPV made by a method comprising:

(I) mixing:

(C) a rheologically stable polyamide resin having a melting point or glass transition
temperature of 25° C to 275° C;

(D) a silicone base comprising (D') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than 35:65 to
85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer selected
from (i) from 0.1 to 5 parts by weight of a coupling agent having a molecular weight of
less than 800 which contains at least two groups independently selected from
ethylenically unsaturated group, epoxy, anhydride, silanol, carboxyl, hydroxyl, alkoxy,
having 1 to 20 carbon atoms or oxazoline in its molecule, (ii) from 0.1 to 10 parts by
weight of a functional diorganopolysiloxane having at least one group selected from
epoxy, anhydride, silanol, carboxyl, amine, alkoxy havilng 1 to 20 carbon atoms or
oxazoline in its molecule, or (iii) from 0.1 to 10 parts by weight of a copolymer
comprising at least one diorganopolysiloxane block and at least one block selected
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from polyamide, polyether, polyurethane, polyurea, polycarbonate and polyacrylate;
(F) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and

(1) dynamically curing said diorganopolysiloxane (D');

(4) A TPV made by a method comprising:

(1) mixing:

(H) a thermoplastic resin comprising more than 50 percent by volume of a polyester
resin said thermoplastic resin having a softening point of 23° C to 300° C;

(1) a silicone elastomer comprising (I') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and, optionally, (I"') up to 200 parts by weight of a reinforcing
filler, the weight ratio of said silicone elastomer to said thermoplastic resin is from
35:65 to 85:15;

(J) a glycidyl ester compatibilizer;

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalyst;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(Il) dynamically vulcanizing said diorganopolysiloxane (I');

(5) a TPV comprising:
20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0.5 to 20 wt% of an ionomer; and
1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients;

(8) A TPV comprising:
20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;



10

15

20

25

30

35

WO 2006/107906 PCT/US2006/012396

0 to 20 wt% of an ionomer; and

0 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);

wherein the weight percentages are based on the sum of the above ingredients;

AND
(7) mixtures of the above TPV's (1) to (6);
wherein the seal is a flexion seal.

In a second aspect, the invention provides a process for making a static flexion seal,
comprising moulding, extruding or shaping a TPV to form a flexion seal, wherein the
TPV is selected from:

(1) a TPV comprising:

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate rubber
dispersed phase, wherein the rubber is dynamically cross-linked with a peroxide free
radical initiator and an organic diene co-agent;

(2) a TPV comprising:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an acrylic
rubber, said rubber component being dispersed in the form of cross-linked particles
in said polyamide resin; said hydrogenated nitrile group-containing rubber being a
hydrogenated copolymer containing 10 to 60% by weight of a vinyl nitrile, 15 to 90%
by weight of a conjugated diene and 0 to 75% by weight of a monomer
copolymerizable with vinyl nitrile and said conjugated diene, said hydrogenated
nitrile-group containing rubber having an iodine value of 120 or less; said acrylic
rubber being a copolymer of at least one acrylate selected from the group consisting
of an alkyl acetate and an alkoxy-substituted alkyl acrylate with at least one
compound selected from the group consisting of a nonconjugated diene, a
conjugated diene, a dihydrodicyclopentadienyl group-containing (meth)acrylate, an
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epoxy group-containing ethylenically unsaturated compound, an active halogen-
containing ethylenically unsaturated compound and a carboxy! group- containing
ethylenically unsaturated compound,

(3) A TPV made by a method comprising:

(1) mixing:

(C) a rheologically stable polyamide resin having a melting point or glass transition
temperature of 25° C to 275° C;

(D) a silicone base comprising (D") 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than 35:65 to
85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer selected
from (i) from 0.1 to 5 parts by weight of a coupling agent having a molecular weight of
less than 800 which contains at least two groups independently selected from
ethylenically unsaturated group, epoxy, anhydride, silanol, carboxyl, hydroxyl, alkoxy,
having 1 to 20 carbon atoms or oxazoline in its molecule, (ii) from 0.1 to 10 parts by
weight of a functional diorganopolysiloxane having at least one group selected from
epoxy, anhydride, silanol, carboxyl, amine, alkoxy having 1 to 20 carbon atoms or
oxazoline in its molecule, or (iii) from 0.1 to 10 parts by weight of a copolymer
comprising at least one diorganopolysiloxane block and at least one block selected
from polyamide, polyether, polyurethane, polyurea, polycarbonate and polyacrylate;
(F) an organohydrido silicon compound which contains an average of at east 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and

(I) dynamically curing said diorganopolysiloxane (D");

(4) A TPV made by a method comprising:

() mixing:

(H) a thermoplastic resin comprising more than 50 percent by volume of a polyester
resin said thermoplastic resin having a softening point of 23° C to 300° C;

(1) a silicone elastomer comprising (I') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
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groups in its molecule and, optionally, (I") up to 200 parts by weight of a reinforcing
filler, the weight ratio of said silicone elastomer to said thermoplastic resin is from
35:65 to 85:15;

(J) a glycidyl ester compatibilizer;

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalyst;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(1) dynamically vulcanizing said diorganopolysiloxane (I');

(5) a TPV comprising:
20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber; -
0.5 to 20 wt% of an ionomer; and
1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients;

(8) A TPV comprising:
20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0 to 20 wt% of an ionomer; and
0 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients.

AND

(7) mixtures of the above TPV’s (1) to (6).

In a third aspect, the invention provides a dual component moulded article,
comprising:

a first component made of a first polymer material; and

a sealing component comprising a static flexion seal made from polymer material

comprising or consisting essentially of a TPV selected from:
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(1) a TPV comprising:

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate rubber
dispersed phase, wherein the rubber is dynamically cross-linked with a peroxide free
radical initiator and an organic diene co-agent;

(2) a TPV comprising:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an acrylic
rubber, said rubber component being dispersed in the form of cross-linked particles
in said polyamide resin; said hydrogenated nitrile group-containing rubber being a
hydrogenated copolymer containing 10 to 60% by weight of a vinyl nitrile, 15 to 90%
by weight of a conjugated diene and 0 to 75% by weight of a monomer
copolymerizable with vinyl nitrile and said conjugated diene, said hydrogenated
nitrile-group containing rubber having an iodine value of 120 or less; said acrylic
rubber being a copolymer of at least one acrylate selected from the group consisting
of an alkyl acetate and an alkoxy-substituted alkyl acrylate with at least one
compound selected from the group consisting of a nonconjugated diene, a
conjugated diene, a dihydrodicyclopentadienyl group-containing (meth)acrylate, an
epoxy group-containing ethylenically unsaturated compound, an active halogen-
containing ethylenically unsaturated compound and a carboxyl group- containing
ethylenically unsaturated compound;

(3) A TPV made by a method comprising:

(1) mixing:

(C) a rheologically stable polyamide resin having a melting point or glass transition
temperature of 25° C to 275° C; ,

(D) a silicone base comprising (D) 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than 35:65 to
85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer selected
from (i) from 0.1 to 5 parts by weight of a coupling agent having a molecular weight of
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less than 800 which contains at least two groups independently selected from
ethylenically unsaturated group, epoxy, anhydride, silanol, carboxyl, hydroxyl, alkoxy,
having 1 to 20 carbon atoms or oxazoline in its molecule, (ii) from 0.1 to 10 parts by
weight of a functional diorganopolysiloxane having at least one group selected from
epoxy, anhydride, silanol, carboxyl, amine, alkoxy having 1 to 20 carbon atoms or
oxazoline in its molecule, or (iii) from 0.1 to 10 parts by weight of a copolymer
comprising at least one diorganopolysiloxane block and at least one block selected
from polyamide, polyether, polyurethane, polyurea, polycarbonate and polyacrylate;
(F) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and |

(i) dynamically curing said diorganopolysiloxane (D');

(4) A TPV made by a method comprising:

() mixing:

(H) a thermoplastic resin comprising more than 50 percent by volume of a polyester
resin said thermoplastic resin having a softening point of 23° C to 300° C;

(1) a silicone elastomer comprising (I') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and, optionally, (I") up to 200 parts by weight of a reinforcing
filler, the weight ratio of said silicone elastomer to said thermoplastic resin is from
35:65 to 85:15;

(J) a glycidyl ester compatibilizer;

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalyst;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(I1) dynamically vulcanizing said diorganopolysiloxane (I');

(5) a TPV comprising:
20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0.5 to 20 wt% of an ionomer; and
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1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients;

(6) A TPV comprising:
20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0 to 20 wt% of an ionomer; and
0 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients;

AND

(7) mixtures of the above TPV'’s (1) to (6);

wherein the structural component and the sealing component are joined together
(preferably by overmoulding) to make an integral dual component moulded article.

In a fourth aspect, the invention provides a process for making a dual component
moulded article, comprising the steps of:

injection moulding into a mould a first polymer material, to form a first component;
and

injection moulding into the mould a TPV to form a sealing component, wherein the
TPV is selected from:

(1) a TPV comprising:

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate rubber
dispersed phase, wherein the rubber is dynamically cross-linked with a peroxide free

radical initiator and an organic diene co-agent;

(2) a TPV comprising:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an acrylic

10
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rubber, said rubber component being dispersed in the form of cross-linked particles
in said polyamide resin; said hydrogenated nitrile group-containing rubber being a
hydrogenated copolymer containing 10 to 60% by weight of a vinyl nitrile, 15 to 90%
by weight of a conjugated diene and 0 to 75% by weight of a monomer
copolymerizable with vinyl nitrile and said conjugated diene, said hydrogenated
nitrile-group containing rubber having an iodine value of 120 or less; said acrylic
rubber being a copolymer of at least one acrylate selected from the group consisting
of an alkyl acetate and an alkoxy-substituted alkyl acrylate with at least one
compound selected from the group consisting of a nonconjugated diene, a
conjugated diene, a dihydrodicyclopentadienyl group-containing (meth)acrylate, an
epoxy group-containing ethylenically unsaturated compound, an active halogen-
containing ethylenically unsaturated compound and a carboxyl group- containing
ethylenically unsaturated compound;

(3) A TPV made by a method comprising:

(I) mixing:

(C) a rheologically stable polyamide resin having a melting point or glass transition
temperature of 25° C to 275° C;

(D) a silicone base comprising (D') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkeny!
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than 35:65 to
85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer selected
from (i) from 0.1 to 5 parts by weight of a coupling agent having a molecular weight of
less than 800 which contains at least two groups independently selected from
ethylenically unsaturated group, epoxy, anhydride, silanol, carboxyl, hydroxyl, alkoxy,
having 1 to 20 carbon atoms or oxazoline in its molecule, (ii) from 0.1 to 10 parts by
weight of a functional diorganopolysiloxane having at least one group selected from
epoxy, anhydride, silanol, carboxyl, amine, alkoxy having 1 to 20 carbon atoms or
oxazoline in its molecule, or (iii) from 0.1 to 10 parts by weight of a copolymer
comprising at least one diorganopolysiloxane block and at least one block selected
from polyamide, polyether, polyurethane, polyurea, polycarbonate and polyacrylate;
(F) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

11
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components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and
(I1) dynamically curing said diorganopolysiloxane (D');

(4) A TPV made by a method comprising:

() mixing:

(H) a thermoplastic resin comprising more than 50 percent by volume of a polyester
resin said thermoplastic resin having a softening point of 23° C to 300° C;

(1) a silicone elastomer comprising (I') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and, optionally, (I") up to 200 parts by weight of a reinforcing
filler, the weight ratio of said silicone elastomer to said thermoplastic resin is from
35:65 to 85:15;

(J) a glycidyl ester compatibilizer;

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalyst;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(1) dynamically vulcanizing said diorganopolysiloxane (I');

(6) a TPV comprising:
20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0.5 to 20 wt% of an ionomer; and
1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients;

(6) A TPV comprising:
20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0 to 20 wt% of an ionomer; and
0 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA);
wherein the weight percentages are based on the sum of the above ingredients;

12
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AND
(7) mixtures of the above TPV's (1) to (6).

Detailed description of preferred embodiments

Brief description of the drawings

Figures 1A, 1B and 1C illustrate the general principle of flexion seals.

Figures 2A, 2B and 2C show three examples of flexion seals according to the
invention.

Figure 3 shows a schematic of a lip seal, showing the angle alpha from the vertical.
Figure 4 shows a schematic of a lip seal having a boss.

Figure 5 shows a schematic of a lip seal arrangement in which a boss present on a
part to which the seal is attached delimits deformation of the seal.

Figure 6 shows a schematic of a lip seal arrangement in which a boss present on the
sealing surface delimits deformation of the seal.

Figures 7A and 7B show schematically the principles of the compression test 7A and
the flexion test 7B.

Figure 8 shows the retained force after 50 hours at 150°C, for compression and
flexion of two commercially available TPV's. Vertical lines: compression test for
DuPont™ ETPV 90A01HS; wavy lines: compression test for DuPont™ ETPV
60A01HSL: dots: flexure test for DuPont™ ETPV 90A01HS:; flexure test for DuPont™
ETPV 60A01HSL.

Definitions

Copolymer refers to polymers containing two or more monomers. In the case of a
polymer derived from alternating essential co-monomers, such as polyalkylene
terephthalate polyester and the like, the term "copolymer” is used to refer to the

presence of at least one additional monomer other than the essential co-monomers.
Terpolymer means that the copolymer has at least three different comonomers.
Vulcanisate and the phrase "vulcanisate rubber" as used herein are intended to be
generic to the cured or partially cured, cross-linked or cross-linkable rubber as well

as curable precursors of cross-linked rubber and as such include elastomers, gum

rubbers and so-called soft vulcanisates as commonly recognized in the art.
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Thermoplastic vulcanisate (TPV) means blends of polymers consisting of a
continuous thermoplastic phase with a phase of vulcanised elastomer dispersed
therein. TPV’s can be processed like thermoplastics (e.g. by moulding, extrusion and

shaping).

Organic diene co- agent is intended to mean organic co-agents that contain two or

more unsaturated double bonds.

Acrylate means an ester of acrylic acid with an alkyl group. Preferred in the
invention are acrylates with alkyl groups having 1 to 4 carbon atoms.

The term "(meth)acrylic acid" refers to methacrylic acid and/or acrylic acid,
inclusively. Likewise, the term "(meth)acrylate" means methacrylate and/or acrylate
and "poly(meth)acrylate” means polymers derived from the polymerisation of either
or a mixture of both corresponding type of monomers.

The expressions "rubber phase" and "thermoplastic phase" as used herein refer to
and mean the polymeric morphological phases present in the resulting thermoplastic
elastomeric blends derived from mixing and dynamic 6ross-linking of the cross-
linkable acrylate rubber and the polyalkylene phthalate polyester starting materials,

according to the method of the present invention.

Compression set: Compression set is 2a measurement of the ratio of elastic to
viscous components of an elastomer’s response to a given deformation. The cross-
section is measured after the load is removed. Compression set is the percentage of
the original thickness in the direction of the deformation that is not recovered, after a
fixed time, under a specified load and at a specified temperature. This test may be
conducted on cylindrical disks or O-rings. After compression by a standard load for
a given period of time, the samples are removed and allowed to cool at room
temperature for 30 minutes before measuring. After a load is released from an
elastomer, the difference between the final thickness in the direction of deformation
and the original thickness in the direction of deform‘ation is considered the

compression set. Compression set is expressed a percentage, as follows:

%os = Original thickness — Rebound thickness X 100
° - Original thickness
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The lower the compression set, the more elastic the elastomer (i.e. an ideal
elastomer returns to exactly its original volume after compression, and therefore has
a compression set of 0%). Vulcanised rubbers typically have a compression set of
20%, thermoplastic vulcanisates are in the order of 30% or higher.

Abbreviations

TPV: thermoplastic vulcanisate

LCP: liquid crystalline polymer

PET: polyethylene terephthalate

PBT: polybutylene terephthalate

PCT: Polycyclohexylenedimethylene Terephthalate
ABS: a copolymer of acrylonitrile, butadiene, and styrene
PVC: polyvinyl chloride

All documents referred to herein are incorporated by reference.

The inventors have surprisingly found that the problem of poor compression set of
TPV, particularly at elevated temperatures (i.e. greater than at or about 150°C,
particularly above at or about 175°C) can be overcome in making seals of TPV, by
making flexion seals rather than compression seals. This permits the use of TPV's in
making static seals in high temperature and oil exposed uses, such as the
automotive industry, thereby allowing the reaping of the advantages of TPV's, such
as the possibility of injection moulding without subsequent curing, in particular
overmoulding. By using overmoulding, two different polymer materials can be made
into a single piece. For example, a thermoplastic “hard” piece can be moulded as a

single piece with a TPV sealing element, using a two-step injection process.

The expression “flexion seal” is meant to encompass any seal wherein the sealing
surface is in the form of a flexible lip. The expression is equivalent with the
expression “lip seal”. Flexion seals (10) employ a “hollow” section (13) with a flexible
lip (1) or lips, as shown in Figures 1A, 1B, 1C. The lip (1) of the flexion seal (10) is
assembled with a sealing surface (2) giving it a preload interface pressure of p. Fluid
(gas or liquid) pressure (P) acting on the seal then increases the interface pressure
to P + p. Typical seals of this type are the U-ring, V-ring and its variants, and seals
with a single flexible lip, such as the C-ring and its derivatives. A flexion seal
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minimises the compression forces in favour of low strain. Hollow tubes may also act

as flexion seals.
The TPV to be used in the flexion seal of the invention is selected from:

Flexion seals comprising or consisting essentially of TPV (1)

In a preferred embodiment, the flexion seal of the invention comprises, or is made
from TPV (1), which comprises:

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase and; (B) from at or about 40 to 85 weight
percent of a polyethylene/(meth)acrylate rubber dispersed phase, wherein the rubber
is dynamically cross-linked with a peroxide free radical initiator and an organic diene
co-agent. Such TPV’s are described in WO 2004/029155 (E.l. DuPont de Nemours).

In a preferred embodiment, the polyalkylene phthalate polyester polymer or
copolymer (A) of the continuous phase of TPV (1) is selected from the group
consisting of polyalkylene terephthalate, polyalkylene terephthalate copolymer, and a
block copolyester elastomer, such as a copolyether-ester block copolymer elastomer

or a copolyester-ester block copolymer elastomer.

In a further preferred embodiment, the organic diene co-agent in TPV (1) is selected
from the group consisting of diethylene glycol diacrylate, ethylene glycol
dimethacrylate, diethylene glycol dimethacrylate, N,N'-m-phenylene dimaleimide,
triallylisocyanurate, trimethylolpropane trimethacrylate, tetraallyloxyethane, triallyl
cyanurate, tetramethylene diacrylate, polyethylene glycol dimethacrylate, and the
like. Preferably the organic diene co-agent is selected from diethylene glycol
diacrylate, diethylene glycol dimethacrylate, N,N'-m-phenylene dimaleimide, and

triallylisocyanurate.

The free-radical initiator used in TPV (1) is preferably selected from the group
consisting of 2,5-dimethyl-2,5-di-(f-butylperoxy)hexyne-3, t-butyl peroxybenzoate,
2,5-dimethyl-2,5-di-(t-butylperoxy)-2,5-dimethylhexane, dicumyl peroxide, a,a-bis(t-
butylperoxy) 2,5-dimethylhexane, and the like. Preferred free-radical initiators are
2,5 dimethyl-2,5-di-(-butylperoxy)hexyne-3; 2,5-dimethyl-2,5-di-(t-butylperoxy)
hexane; or t-butyl peroxybenzoate. |

In a particularly preferred embodiment, TPV (1) is as follows:
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the polyalkylene phthalate polyester polymer or copolymer (A) is a block copolymer
of segments of poly(butylene terephthalate) and segments of poly(tetramethylene
glycol), the rubber (B) is an ethylene/methylacrylate copolymer elastomer, the
peroxide free-radical initiator is 2,5-dimethyl-2,5-di-(t-butylperoxy) hexyne-3 and the
organic diene co-agent is diethylene glycol dimethacrylate.

The specific combination of a block copolymer of segments of poly(butylene
terephthalate) and segments of poly(tetramethylene glycol) along with an
ethylene/methylacrylate copolymer elastomer, 2,5-dimethyl 2,5-di-(t-butylperoxy)
hexyne-3 or 2,5-dimethyl-2,5-di-(t-butylperoxy) hexane free-radical initiator and
diethylene glycol dimethacrylate co- agent produces a highly dispersed rubber phase
with excellent properties.

In a particularly preferred embodiment, TPV (1) has the following composition:

25 wt % of a polyalkylene phthalate polyester polymer or copolymer which is a block
copolymer of segments of poly(butylene terephthalate) and segments of
poly(tetramethylene glycol);

75 wt % of a rubber which is an ethylene/methylacrylate copolymer elastomer;
wherein the rubber is dynamically cross-linked with a peroxide free-radical initiator
which is 2,5-dimethyl-2,5-di-(t-butylperoxy) hexyne-3 and an organic diene co-agent
which is diethylene glycol dimethacrylate.

In another particularly preferred embodiment, TPV(1) has the following composition:
50 wt % of a polyalkylene phthalate polyester polymer or copolymer which is a block
copolymer of segments of poly(butylene terephthalate) and segments of
poly(tetramethylene glycol);

50 wt % of a rubber which is an ethylene/methylacrylate copolymer elastomer;
wherein the rubber is dynamically cross-linked with a peroxide free-radical initiator
which is 2,5-dimethyl-2,5-di-(t-butylperoxy) hexyne-3 and an organic diene co-agent
which is diethylene glycol dimethacrylate.

The TPV may be compounded using processes such as those described in WO
2004/029155. An example is a process comprising the steps of:

(a) adding and admixing a cross-linkable polyethylene/(meth)acrylate vulcanisate
rubber, a peroxide free-radical initiator and an organic diene co-agent in a melt
extruder or melt blender at a temperature insufficient to promote significant cross-
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linking;

(b) adding a polyalkylene terephthalate polyester polymer or copolymer to the melt
extruder or melt blender and admixing the polyalkylene terephthalate polyester
polymer with the cross-linkable polyethylene/(meth)acrylate vulcanisate rubber prior
to cross-linking;

(c) further mixing the cross-linkable polyethylene/(meth)acrylate vulcanisate rubber
with peroxide free-radical initiator and an organic diene co-agent with the
polyalkylene terephthalate polyester polymer or copolymer at conditions and
temperature sufficient to cross-link the cross-linkable polyethylene/(meth)acrylate
vulcanisate rubber; and

(d) recovering the TPV comprising from 15 to 60 weight percent of the polyalkylene
terephthalate polyester polymer or copolymer as a continuous phase and from 40 to
85 weight percent of the polyethylene/(meth)acrylate vulcanisate rubber cross-linked
with the peroxide free radical initiator and the organic diene co-agent as a disperse

phase.

Flexion seals comprising or consisting essentially of TPV (2)

In a preferred embodiment, the flexion seal of the invention comprises, or is made
from TPV (2), which comprises:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an acrylic
rubber, said rubber component being dispersed in the form of cross-linked particles
in said polyamide resin; said hydrogenated nitrile group-containing rubber being a
hydrogenated copolymer containing 10 to 60% by weight of a vinyl nitrile, 15 to 90%
by weight of a conjugated diene and 0 to 75% by weight of a monomer
copolymerizable with vinyl nitrile and said conjugated diene, said hydrogenated
nitrile-group containing rubber having an iodine value of 120 or less; said acrylic
rubber being a copolymer of at least one acrylate selected from the group consisting
of an alkyl acetate and an alkoxy-substituted alkyl acrylate with at least one
compound selected from the group consisting of a nonconjugated diene, a
conjugated diene, a dihydrodicyclopentadienyl group-containing (meth)acrylate, an
epoxy group-containing ethylenically unsaturated compound, an active halogen-
containing ethylenically unsaturated compound and a carboxyl group- containing

ethylenically unsaturated compound.
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The polyamide resin in TPV (2) is preferably selected from polyamide resins
polyamide resin having a melting point of at or about 160°C to at or about 250°C.

Preferably, the hydrogenated nitrile group-containing rubber of TPV (2) contains at
least one functional group selected from the class consisting of a carboxyl group, an
epoxy group, and a primary, secondary or tertiary amino group, in an amount of at
least 5 X 10" molar equivalents per 100 g of the rubber.

Preferably, the acrylic rubber of TPV (2) contains at least one functional group
selected from the class consisting of a carboxyl group and an epoxy group, in an
amount of at least 1 X 10 molar equivalents per 100 g of the rubber.

Preferably, the cross-linked rubber particles of TPV (2) have a diameter of 5 ym or

less.

Preferably, the cross-linked rubber particles of TPV (2) have a methyl ethyl ketone
insoluble content of 80% by weight based on the amount of the whole rubber

component.
Such TPV’s are described in US patent no. 4,996,264.

Flexion seals comprising or consisting essentially of TPV (3)

In a preferred embodiment, the flexion seal of the invention comprises, or is made
from TPV (3), which is made by a method comprising:

(1) mixing:

(C) a rheologically stable polyamide resin having a melting point or glass transition
temperature of 25° C to 275° C;

(D) a silicone base comprising (D') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than 35:65 to
85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer selected
from (i) from 0.1 to 5 parts by weight of a coupling agent having a molecular weight of
less than 800 which contains at least two groups independently selected from
ethylenically unsaturated group, epoxy, anhydride, silanol, carboxyl, hydroxyl, alkoxy, .
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having 1 to 20 carbon atoms or oxazoline in its molecule, (ii) from 0.1 to 10 parts by
weight of a functional diorganopolysiloxane having at least one group selected from
epoxy, anhydride, silanol, carboxyl, amine, alkoxy having 1 to 20 carbon atoms or
oxazoline in its molecule, or (iii) from 0.1 to 10 parts by weight of a copolymer
comprising at least one diorganopolysiloxane block and at least one block selected
from polyamide, polyether, polyurethane, polyurea, polycarbonate and polyacrylate;
(F) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and

(1) dynamically curing said diorganopolysiloxane (D");

In a preferred embodiment the weight ratio of said silicone base (D) to said
polyamide resin (C) in TPV (3) is greater than at or about 35:65 to at or about 75:25.
Preferably, the ratio is at or about 40:60 to at or about 70:30.

Preferably, the polyamide (C) in TPV (3) is selected from the group consisting of
nylon 6, nylon 6/6, nylon 6/12 and nylon 12.

Preferably, the diorganopolysiloxane (D') is a gum selected from the group consisting
of a copolymer consisting essentially of dimethylsiloxane units and
methylvinylsiloxane units and a copolymer consisting essentially of dimethylsiloxane
units and methylhexenylsiloxane units and said reinforcing filler (D") is a fumed silica.

Preferably, the organohydrido silicon component (F) is selected from the group
consisting of a polymer consisting essentially of methylhydridosiloxane units and a
copolymer consisting essentially of dimethylsiloxane units and methylhydridosiloxane
units, having 0.5 to 1.7 weight percent hydrogen bonded to silicon and having a
viscosity of 2 to 500 mPa-s at 25° C. and said catalyst (G) is a neutralized complex of

platinous chloride and divinyltetramethyldisiloxane.

Preferably, the hindered phenol (E) has a molecular weight of less than 1,200 and

contains 2 to 4 groups of the formula:
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(H

®

in which R and R' are tert-butyl groups. More preferably, the hindered phenol (E) is
selected from the group consisting of triethyleneglycol bis (3- (3'-tert-butyl-4'-hydroxy-
5'-methylphenyl)propionate), N,N'- hexamethylenebis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamamide) and tetrakis(methylene(3,5-di-tert-butyl-4-hydroxy-
hydrocinnamate))methane.

Examples of TPV’s suitable as TPV (3) are described in US US patent no. 6,362,287.

Flexion seals comprising or consisting essentially of TPV (4)

In a preferred embodiment, the flexion seal of the invention comprises, or is made
from TPV (4), which is made by a method comprising:

() mixing:

(H) a thermoplastic resin comprising more than 50 percent by volume of a polyester
resin said thermoplastic resin having a softening point of 23° C to 300° C;

(1) a silicone elastomer comprising (I') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and, optionally, (I") up to 200 parts by weight of a reinforcing
filler, the weight ratio of said silicone elastomer to said thermoplastic resin is from
35:65 to 85:15;

(J) a glycidyl ester compatibilizer;

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalyst;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(Il) dynamically vulcanizing said diorganopolysiloxane (I').

In a preferred embodiment, the polyester resin in TPV (4) is selected from
poly(butylene terephthalate), poly(ethylene terephthalate), poly(trimethylene
terephthalate), poly(ethylene naphthalate), poly(butylene naphthalate) or
poly(cyclohexylenedimethylene terephthalate).
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Preferably, in TPV (4), the diorganopolysiloxane (I') is a gum selected from a
copolymer consisting essentially of dimethylsiloxane units and methylvinylsiloxane
units or a copolymer consisting essentially of dimethylsiloxane units and
methylhexenylsiloxane units, and said reinforcing filler (I") is a fumed silica.

Preferably, in TPV (4), the glycidyl ester compatibilizer (J) is a glycidyl ester polymer
comprising repeating units of one or more glycidyl ester monomers. Particularly
preferably, the glycidyl ester polymer comprises first repeating units derived from one
or more glycidyl ester monomers and second repeating units derived from one or
more alpha-olefin monomers. More preferably the glycidyl ester polymer is selected
from olefin-glycidyl (meth)acrylate polymers, olefin-vinyl acetate-glycidyl
(meth)acrylate polymers and olefin-glycidyl (meth) acrylate-alkyl (meth)acrylate

polymers.

Preferably, in TPV (4), the organohydrido silicon component (K) is selected from the
group consisting of a polymer consisting essentially of methylhydridosiloxane units
and a copolymer consisting essentially of dimethylsiloxane units and
methylhydridosiloxane units, having 0.5 to 1.7 weight percent hydrogen bonded to
silicon and having a viscosity of 2 to 500 mPa-s at 25° C, and the catalyst (L) is a
neutralized complex of platinous chloride and divinyltetramethyldisiloxane.

Preferably, in TPV (4), the weight ratio of said silicone elastomer (1) to said resin (H)
is at or about 40:60 to at or about 70:30.

Examples of TPV’s suitable as TPV (4) are described in US US patent no. 6,569,985.

Flexion seals comprising or consisting essentially of TPV (5)
In a preferred embodiment, the flexion seal of the invention comprises, or is made
from TPV (5), which comprises: |
20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;
0.5 to 20 wt% of an ionomer; and
1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA); |
wherein the weight percentages are based on the sum of the above ingredients.
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Preferably, in TPV (5), The mixture (M) may be a mixture of two components (M1)
and (M2).

(M1) is a block copolyester elastomer, such as a copolyether-ester block copolymer
elastomer or a copolyester-ester block copolymer elastomer. Copolyether-ester
elastomers and copolyester-ester elastomers are described for example in US
Patents 4,981,908, 5,824,421 and 5,731,380, the descriptions of which are
incorporated herein by reference. Preferably (M1) is selected from block copolymers
of poly(butylene terephthalate) and poly(tetramethylene glycol), block copolymers of
poly(butylene terephthalate) and ethylene-oxide-capped poly(propylene glycol), and
mixtures of such block copolymers. Most preferably (M1) is a block copolymer of
segments of poly(butylene terephthalate) and segments of poly(tetramethylene
glycol). Suitable block copolyester elastomers are sold under the tradenames
Hytrel® (DuPont, Wilmington, USA) and Arnitel® (DSM, Netherlands). The block
copolyester elastomer (A1) is preferably present at or about 5 to at or about 60 wt%
with respect to the overall polymer blend.

(M2) is a poly(butylene terephthalate) (PBT). Preferably the PBT has a number
average molecular weight of at least at or about 7500, most preferably greater than
at or about 15000, but preferably less than at or about 150000. It is particularly
preferred to use a PBT of number average molecular weight of at or about 25000.
Suitable PBT component is sold under the tradenames Crastin® (DuPont,
Wilmington, USA), Pocan® (Lanxess, Germany) and Arnite® (DSM, Netherlands).
The PBT is preferably present at or about 2 to at or about 60 wt% with respect to the

overall polymer blend.

Preferably the rubber in TPV (5) is selected from poly(meth)acrylate and a mixed
polymer of ethylene and methyl acrylate, most preferably it is a mixed polymer of
ethylene and methyl acrylate. The rubber is cross-linked with a free-radical initiator
(such as an organic peroxide) and an organic diene coagent. Preferably the rubber
is a mixed polymer of ethylene and methyl acrylate, derived from the
copolymerisation of ethylene and 63 wt% methyl acrylate. Suitable rubber is sold
under the trade name Vamac® (DuPont, Wilmington, USA).

The organic diene co-agent in TPV (5) is preferably selected from the group
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consisting of diethylene glycol diacrylate, ethylene glycol dimethacrylate, diethylene
glycol dimethacrylate, N,N'-m-phenylene dimaleimide, triallylisocyanurate,
trimethylolpropane trimethacrylate, tetraallyloxyethane, triallyl cyanurate,

tetramethylene diacrylate, polyethylene glycol dimethacrylate, and the like.

Preferably the organic diene co-agent is selected from diethylene glycol diacrylate,
diethylene glycol dimethacrylate, N,N'-m-phenylene dimaleimide, and
triallylisocyanurate. The organic diene co-agent is preferably present at or about 0.5-
6 wt%, more preferably at or about 1.5-4 wt%, based on the rubber.

The free radical initiator in TPV (5) is preferably an organic peroxide. More
preferably the peroxide is selected from the group consisting of 2,5-dimethyl-2,5-di-(t-
butylperoxy)hexyne-3, t-butyl peroxybenzoate, 2,5-dimethyl-2,5-di-(t-butylperoxy)-
2,5-dimethylhexane, dicumyl peroxide, a,a-bis(t-butylperoxy) 2,5-dimethylhexane,
and the like. Preferred free-radical initiators are 2,5 dimethyl-2,5-di-(¢-
butylperoxy)hexyne-3; 2,5-dimethyl-2,5-di-(-butylperoxy) hexane; and t-butyl
peroxybenzoate. The free-radical initiator is preferably present at or about 0.5-3
wt%, more preferably at or about 0.75-2.5 wt%, based on the rubber.

In another preferred embodiment of the flexion seal made of TPV (5), the cross-
linked or cross-linkable rubber comprises copolymers of ethylene and methyl acrylate
together with at least one other monomer with a reactive chemical group which can
be cross-linked. Particularly preferred are monomers with carboxylate groups, which

can be cross-linked with a diamine cross-linking agent.

The ionomer in TPV (5) is preferably selected from random copolymers of ethylene
and methacrylic acid [poly(ethylene-co-methacrylic acid)]. The acid moieties may be
protonated, but are preferably neutralised from at or about 10 to 100 mol %, more
preferably from at or about 25-80 mol %, particularly preferably at or about 30-70
mol%, with a counterion selected from Na* and Zn**, with Na* preferred. A
particularly preferred ionomer comprises 50 — 95% by weight of ethylene, 5 - 15% by
weight of acrylic acid or methacrylic acid, and 0 - 35% by weight of a moiety selected
from at least one of methyl acrylate, iso-butyl acrylate and n-buty! acrylate, and the
acid groups are neutralized from 30 - 70% with a counterion of at least one metal ion
selected from sodium and zinc, preferably sodium. Suitable ionomer may be
purchased under the trade name Surlyn® (DuPont, Wilmington, USA).
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The terpolymer in TPV (5) is preferably selected from terpolymers of ethylene,
butylacrylate (BA) and glycidylmethacrylate (GMA), wherein the three components
are present in at or about the following weight percentages: ethylene 50 - 98 wt %,

BA 1 -40wt%, and GMA 1- 15 wt%. Particularly preferred is a terpolymer having

the following composition: ethylene 55 - 88 wt %, BA 10 - 35 wt%, and GMA 2 - 10
wt%. Suitable terpolymer may be purchased under the trade name Elvaloy®
(DuPont, Wilmington, USA).

Particularly preferably, the flexion seal of the invention is made from a TPV (5)
having the following composition:
at or about 12 to at or about 55 wt % copolyether-ester block copolymer
elastomer, selected from block copolymers of poly(butylene terephthalate) and
poly(tetramethylene glycol);
at or about 2 to at or about 50 wt % PBT;
at or about 2 to at or about 45 wt % of a mixed polymer of ethylene and methyl
acrylate, dynamically cross-linked with a free radical initiator and an organic
diene co-agent;
at or about 0.5 to at or about 12 wt % of an ionomer selected from random
copolymers of 50 — 95% by weight of ethylene (preferably 60 — 85 wt%), 5 - 15%
(preferably 7-13 wt%) by weight of acrylic acid or methacrylic acid, and 0 - 35%
by weight of n-butyl acrylate (preferably 10 — 25 wt%), the acid moieties being
neutralised from at or about 25 to 80 mol %, more preferably at or about 30 to 70
mol % with a counterion selected from Na* and Zn**, more preferably Na*; and
at or about 1 to at or about 25 wt % of a terpolymer of 50 - 98 wt% ethylene, 1 -
40wt% n-butyl acrylate, and 1 - 15 wt% glycidylmethacrylate ;
wherein the sum of copolyether-ester block copolymer elastomer and PBT is from
at or about 45 to at or about 65 wt %.

Flexion seals comprising or consisting essentially of TPV (6)
In a preferred embodiment, the flexion seal of the invention comprises, or is made

from TPV (6), which comprises:

20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;
2 to 60 wt% of a cross-linked acrylate rubber;

0 to 20 wt% of an ionomer; and

0 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA).
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wherein the weight percentages are based on the sum of the above ingredients.
Preferred constituents for TPV (6) are as described above for TPV (5).

Flexion seals comprising a mixture of TPV’s (1) to (6)

The TPV's listed above as (1) to (6) may be mixed in any proportion. Particularly
preferred mixtures are TPV's (1) and (5), TPV's (1) and (6), TPV's (1), (5) and (6),
and TPV’s (2) and (3).

Preferred embodiments of the seal of the invention
The flexion seal of the invention may be made with any moulding, extruding or
shaping technique that can be used with a TPV. Particularly preferred is injection

moulding.

In a preferred embodiment, the flexion seal of the invention is “overmoulded” with
another thermoplastic part made from a polymer different from the TPV of the sealing
part. In this way a dual component moulded article is made. For example, a
structural component of a non-elastomeric or less-elastomeric polymer can be
integrally moulded (“overmoulded”) with a sealing component made of a static flexion
seal of the TPV. In such an overmoulded part, if the other thermoplastic component
is to serve a structural function, it is preferred that it have an elastic modulus greater
than that of the TPV flexion seal component. The non-elastomeric or less
elastomeric thermoplastic may comprise or be selected from, for example, nylon,
polyacetal, LCP, PET, PBT, PCT, copolyetherester block copolymer elastomers,
polycarbonate, ABS, polyvinyl chloride, polyolefins (such as polypropylene and
polyethylene), and mixtures of these. The non-elastomeric or less elastomeric
thermoplastic is injected into a mould, so as to partially fill the mould, i.e. by placing
gates in the mould. Immediately thereafter, the TPV is injected to fill the unfilled part
of the mould (these steps can also be reversed, although it is preferable to inject the
TPV second). In this way an integral part is formed, in which the flexion sealing

member is integrally moulded with the less elastomeric structural polymer.

In such overmoulded dual component parts, it is preferable that the first polymer

material and the TPV component be chemically compatible so that bonding between
the two components is maximised. For example, TPV (1) pairs well with polyesters,
such as PET, PBT, PCT and LCP, and copolyetheresters. TPV (2) and TPV (3) pair

26



10

15

20

25

30

35

WO 2006/107906 PCT/US2006/012396

well with polyamides. TPV (4), TPV (5) and TPV (8) pair well with polyesters, such
as PET, PBT, PCT and LCP, and copolyetheresters.

Examples of flexion seals are disclosed, for example, in US2004/0056427A1,
US6,559,633 and WO 03/089772.

In a preferred embodiment, the flexion seal of the invention is used in any
environment where heat and/or oil resistance are required, particularly internal
combustion engines, more particularly in the automotive industry, particularly under
the hood and in and around the engine of a motor vehicle.

Examples of where such seals can be used include in air intake systems, engine
cooling systems, power steering systems, exhaust systems, fuel systems, air
conditioning systems, oil systems, brake systems, compressed air systems, electrical
systems (e.g. automotive system sensors), vacuum systems and hydraulic systems.

Figures 2A, 2B and 2C show some examples of flexion seals (10). The numeral (2)
designates the sealing surface.

A schematic of a lip seal is shown in Figure 3. In a preferred embodiment, the angle
“alpha” between the vertical and the lip (1) is at or about 30° to at or about 60°, more
preferably at or about 40° to at or about 50°, particularly preferably at or about 45°, A

45° angle optimises the seal force.

In a preferred embodiment, a boss (3) is added to the seal (10). One example of this
is shown in Figure 4. According to the preferred embodiment shown in Figure 4,
boss (3) limits the maximum seal deformation, thereby reducing plastic strain on the
material when sealing surface (2) is applied to the seal.

In an additional preferred embodiment, shown in Figure 5, the boss (3) may be
present on a rigid component to which the seal (1) is moulded or attached, thus
limiting the strain on the seal when surface (2) is applied to the seal. The sealing
force is shown with the large downward a(rrow.

In another preferred embodiment, shown in Figure 6, the boss (3) may be present on
the sealing surface (2). The sealing force is shown with the large downward arrow.
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Examples
Test pieces were made of TPV and subjected to the following tests to demonstrate
the improved behaviour of TPV when subjected to flexure forces as in a flexion seal,

as compared to compression forces, as in a compression seal.

Compression testing was according to ASTM D 395-B-2. The general principle is
shown in Figure 7 (A). The samples of TPV were die cut from plates into disks of
diameter 26 X thickness 2 mm. Three of these disks were stacked, for a total
thickness of 6 mm. A force (F) was applied to the sample to reduce the thickness by
25%. The required force was the initial sealing force. The sample was maintained
under compression for 50 hours at 150°C. Over time, the force required to maintain
the 25% reduction in thickness decreased. At the end of 50 hours, the force (F) was
noted. The retained force was recorded as a percentage of the initial force. Two
commercially available TPV's were tested: DuPont™ ETPV 90A01HS and DuPont™
ETPV 60A01HSL. After 50 hours at 150°C the retained force was 15% and 19% of
the initial force, respectively.

Flexion testing was done as follows: The general principle of the assay is shown in
Figure 7 (B). The samples were strips of TPV having the dimensions 80 X 10 X 2
mm. Two of these strips were stacked, giving a total thickness of 4 mm. The span [s
in Figure 7 (B)] was 50 mm. A lateral force (F) was applied to the sample until a 10
mm flexion (deflection) was reached. The required force was the initial sealing force.
The flexion was maintained for 50 hours at 150°C. At the end of 50 hours, the force
(F) was noted. The retained force was recorded as a percentage of the initial force.
Two commercially available TPV’s were tested: DuPont™ ETPV 90A01HS and
DuPont™ ETPV 60A0THSL. After 50 hours at 150°C the retained flexural force was
59% and 78% of the initial force, respectively.

These results are shown graphically as a bar chart in Figure 8, which shows the
retained sealing force after 50 hours at 150°C. The bar filled with vertical lines shows
the retained sealing force for the compression test for DuPont™ ETPV 90A01HS
(15%), which can be compared with the bar filled with dots which shows the retained
sealing force for the same material under the flexure test (59%). The bar filled with
wavy lines shows the retained sealing force for DuPont™ ETPV 60A01HSL for the
compression test (19%), which can be compared with the bar filled with cross-
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hatches (or checks) which shows the retained force for the same material under the
flexure test (78%). Clearly the retained sealing force is significantly higher for both
TPV’s under flexural force.
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Claims
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A static seal made of polymer material comprising a TPV, wherein the TPV is

selected from:

(1) a TPV comprising:

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate rubber
dispersed phase, wherein the rubber is dynamically cross-linked with a peroxide free

radical initiator and an organic diene co-agent;

(2) a TPV comprising:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an acrylic
rubber, said rubber component being dispersed in the form of cross-linked particles
in said polyamide resin; said hydrogenated nitrile group-containing rubber being a
hydrogenated copolymer containing 10 to 60% by weight of a vinyl nitrile, 15 to 90%
by weight of a conjugated diene and 0 to 75% by weight of a monomer
copolymerizable with vinyl nitrile and said conjugated diene, said hydrogenated
nitrile-group containing rubber having an iodine value of 120 or less; said acrylic
rubber being a copolymer of at least one acrylate selected from the group consisting
of an alkyl acetate and an alkoxy-substituted alkyl acrylate with at least one
compound selected from the group consisting of a nonconjugated diene, a
conjugated diene, a dihydrodicyclopentadienyl group-containing (meth)acrylate, an
epoxy group-containing ethylenically unsaturated compound, an active halogen-
containing ethylenically unsaturated compound and a carboxyl group- containing
ethylenically unsaturated compound,;

(3) A TPV made by a method comprising:
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(1) mixing:

(C) arheologically stable polyamide resin having a melting point or glass transition
temperature of 25° C to 275° C;

(D) a silicone base comprising (D') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than 35:65 to
85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer selected
from (i) from 0.1 to 5 parts by weight of a coupling agent having a molecular weight
of less than 800 which contains at least two groups independently selected from
ethylenically unsaturated group, epoxy, anhydride, silanol, carboxyl, hydroxyl,
alkoxy, having 1 to 20 carbon atoms or oxazoline in its molecule, (ji) from 0.1 to 10
parts by weight of a functional diorganopolysiloxane having at least one group
selected from epoxy, anhydride, silanol, carboxyl, amine, alkoxy having 1 to 20
carbon atoms or oxazoline in its molecule, or (jii) from 0.1 to 10 parts by weight of a
copolymer comprising at least one diorganopolysiloxane block and at least one
block selected from polyamide, polyether, polyurethane, polyurea, polycarbonate
and polyacrylate;

(F) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and

(1) dynamically curing said diorganopolysiloxane (DY,

(4) A TPV made by a method comprising:

(I) mixing:

(H) a thermoplastic resin comprising more than 50 percent by volume of a polyester
resin said thermoplastic resin having a softening point of 23° C to 300° C:

(1) a silicone elastomer comprising (I') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and, optionally, (I") up to 200 parts by weight of a reinforcing
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2.

filler, the weight ratio of said silicone elastomer to said thermoplastic resin is from
35:65 to 85:15;

(J) a glycidyl ester compatibilizer;

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalyst;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(1) dynamically vulcanizing said diorganopolysiloxane (I');

(5) a TPV comprising:

20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;

2 to 60 wt% of a cross-linked acrylate rubber;

0.5 to 20 wt% of an ionomer; and

1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and glycidylmethacrylate
(GMA).

wherein the weight percentages are based on the sum of the above ingredients;

(6) A TPV comprising:

20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;

2 to 60 wt% of a cross-linked acrylate rubber;

0 to 20 wt% of an ionomer; and

0 to 30 wt% of a terpolymer of ethylene; butylacrylate (BA) and glycidylmethacrylate
(GMA).

wherein the weight percentages are based on the sum of the above ingredients;

AND

(7) mixtures of the above TPV's (1) to (6);

wherein the seal is a flexion seal.

The static seal of claim 1, comprising TPV (1), wherein the polyalkylene phthalate
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polyester polymer or copolymer (A) of the continuous phase of the TPV (1) is
selected from the group consisting of polyalkylene terephthalate, polyalkylene
terephthalate copolymer, and a copolyether-ester block cbpolymer elastomer or a

copolyester-ester block copolymer elastomer.

The static seal of claim 1, comprising TPV (1), wherein the organic diene co-
agent is selected from diethylene glycol diacrylate, diethylene glycol
dimethacrylate, N,N'-m-phenylene dimaleimide, and triallylisocyanurate.

The static seal of claim 1, comprising TPV (1) wherein the free-radical initiator is
selected from 2,5 dimethyl-2,5-di-(t-butylperoxy)hexyne-3; 2,5-dimethyl-2,5-di-(t-
butylperdxy) hexane; or t-butyl peroxybenzoate.

The static seal of claim 1, comprising TPV (1), wherein the TPV is as follows:
the polyalkylene phthalate polyester polymer or copolymer (A) is a block
copolymer of segments of poly(butylene terephthalate) and segments of
poly(tetramethylene glycol), the rubber (B) is an ethylene/methylacrylate
copolymer elastomer, the peroxide free-radical initiator is 2,5-dimethyl-2,5-di-(t-
butylperoxy) hexyne-3 and the organic diene co-agent is diethylene glycol
dimethacrylate.

The static seal of claim 1, having a boss which limits the maximum seal
deformation, thereby reducing plastic strain on the material.

A process for making a static flexion seal, comprising the step of moulding,
extruding or shaping a TPV to form a flexion seal, wherein the TPV comprises:
(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate
rubber dispersed phase, wherein the rubber is dynamically cross-linked with a
peroxide free radical initiator and an organic diene co-agent.

The process of claim 7, comprising the step of injection moulding.
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A dual component moulded article, comprising:

a first component made of a first polymer material; and

a sealing component comprising a static flexion seal made of a TPV, wherein the
TPV is selected from:

(1) a TPV comprising:

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and |

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate
rubber dispersed phase, wherein the rubber is dynamically cross-linked with a
peroxide free radical initiator and an organic diene co-agent;

(2) a TPV comprising:

25 to 60% by weight of a polyamide resin and 75 to 40% by weight of a rubber
component; said rubber component comprising 20 to 80% by weight of a
hydrogenated nitrile group-containing rubber and 80 to 20% by weight of an
acrylic rubber, said rubber component being dispersed in the form of cross-linked
particles in said polyamide resin; said hydrogenated nitrile group-containing
rubber being a hydrogenated copolymer containihg 10 to 60% by weight of a
vinyl nitrile, 15 to 90% by weight of a conjugated diene and 0 to 75% by weight of
a monomer copolymerizable with vinyl nitrile and said conjugated diene, said
hydrogenated nitrile-group containing rubber having an iodine value of 120 or
less; said acrylic rubber being a copolymer of at least one acrylate selected from
the group consisting of an alkyl acetate and an alkoxy-substituted alkyl acrylate
with at least one compound selected from the group consisting of a
nonconjugated diene, a conjugated diene, a dihydrodicyclopentadienyl group-
containing (meth)acrylate, an epoxy group-containing ethylenically unsaturated
compound, an active halogen- ¢ontaining ethylenically unsaturated compound
and a carboxyl group- containing ethylenically unsaturated compound;

(3) A TPV made by a method comprising:

(1) mixing:
(C) a rheologically stable polyamide resin having a melting point or glass
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transition temperature of 25° C to 275° C;

(D) a silicone base comprising (D') 100 parts by weight of a diorganopolysiloxane
gum having a plasticity of at least 30 and having an average of at least 2 alkenyl
groups in its molecule and (D") 5 to 200 parts by weight of a reinforcing filler, the
weight ratio of said silicone base to said polyamide resin being greater than
35:65 to 85:15;

(E) for each 100 parts by weight of said polyamide resin, a compatibilizer
selected from (i) from 0.1 to 5 parts by weight of a coupling agent having a
molecular weight of less than 800 which contains at least two groups
independently selected from ethylenically unsaturated group, epoxy, anhydride,
silanol, carboxyl, hydroxyl, alkoxy, having 1 to 20 carbon atoms or oxazoline in its
molecule, (i) from 0.1 to 10 parts by weight of a functional diorganopolysiloxane
having at least one group selected from epoxy, anhydride, silanol, carboxyl,
amine, alkoxy having 1 to 20 carbon atoms or oxazoline in its molecule, or (jii)
from 0.1 to 10 parts by weight of a copolymer comprising at least one
diorganopolysiloxane block and at least one block selected from polyamide,
polyether, polyurethane, polyurea, polycarbonate and polyacrylate;

(F) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(G) a hydrosilation catalyst;

components (F) and (G) being present in an amount sufficient to cure said
diorganopolysiloxane (D'); and

(1) dynamically curing said diorganopolysiloxane (D');

(4) A TPV made by a method comprising:

(1) mixing: .

(H) a thermoplastic resin comprising more than 50 percent by volume of a
polyester resin said thermoplastic resin having a softening point of 23° C to 300°
G _

(1) a silicone elastomer comprising (I') 100 parts by weight of a
diorganopolysiloxane gum having a plasticity of at least 30 and having an
average of at least 2 alkenyl groups in its molecule and, optionally, (I") up to 200
parts by weight of a reinforcing filler, the weight ratio of said silicone elastomer to
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said thermoplastic resin is from 35:65 to 85:15;

(J) a glycidyl ester compatibilizer:

(K) an organohydrido silicon compound which contains an average of at least 2
silicon-bonded hydrogen groups in its molecule; and

(L) a hydrosilation catalysf;

components (K) and (L) being present in an amount sufficient to cure said
diorganopolysiloxane (I'); and

(I1) dynamically vulcanizing said diorganopolysiloxane (I')

(6) a TPV comprising:

20 to 70 wt% of a mixture (M) of two or more polyalkylene phthalates;

2 to 60 wit% of a cross-linked acrylate rubber;

0.5 to 20 wt% of an ionomer; and

1 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA).

wherein the weight percentages are based on the sum of the above ingredients;

(6) A TPV comprising:

20 to 80 wt% of a mixture (M) of two or more polyalkylene phthalates;

2 to 60 wt% of a cross-linked acrylate rubber;

0 to 20 wt% of an ionomer; and

0 to 30 wt% of a terpolymer of ethylene, butylacrylate (BA) and
glycidylmethacrylate (GMA).

wherein the weight percentages are based on the sum of the above ingredients;

AND
(7) mixtures of the above TPV’s (1) to (6).
The dual component moulded article of claim 9, wherein the first component

comprises polymer material selected from nylon, LCP, PET, PBT, PCT,
polycarbonate, PVC, ABS, polyethylene, polypropylene, and mixtures of these.
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The dual component moulded article of claim 9, comprising TPV (1), wherein the
polyalkylene phthalate polyester polymer or copolymer (A) of thé continuous
phase of the TPV is selected from the group consisting of polyalkylene
terephthalate, polyalkylene terephthalate copolymer, and a copolyether-ester
block copolymer elastomer or a copolyester-ester block copolymer elastomer.

The dual component moulded article of claim 9, comprising TPV (1), wherein the
organic diene co-agent is selected from diethylene glycol diacrylate, diethylene
glycol dimethacrylate, N,N'-m-phenylene dimaleimide, and triallylisocyanurate.

The dual component moulded article of claim 9, comprising TPV (1), wherein the
free-radical initiator is selected from 2,5 dimethyl-2,5-di-(t-butylperoxy)hexyne-3;
2,5-dimethyl-2,5-di-(t-butylperoxy) hexane; or t-butyl peroxybenzoate.

The dual component moulded article of claim 9, Comprising TPV (1), wherein the
TPV is as follows:

the polyalkylene phthalate polyester polymer or copolymer (A) is a block
copolymer of segments of poly(butylene terephthalate) and segments of
poly(tetramethylene glycol), the rubber (B) is an ethylene/methylacrylate
copolymer elastomer, the peroxide free-radical initiator is 2,5-dimethyl-2,5-di-(t-
butylperoxy) hexyne-3 and the organic diene co-agent is diethylene glycol

dimethacrylate.

A process for making a dual component moulded article, comprising the steps of:
injection moulding into a mould a first polymer material to form a first component;
and

injection moulding into the mould a TPV to form a sealing component, wherein
the TPV comprises: '

(A) from at or about 15 to 60 weight percent of a polyalkylene phthalate polyester
polymer or copolymer continuous phase; and

(B) from at or about 40 to 85 weight percent of a polyethylene/(meth)acrylate
rubber dispersed phase, wherein the rubber is dynamically cross-linked with a
peroxide free radical initiator and an organic diene co-agent;
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so as to form an integral dual component moulded article.

The process of claim 15, wherein the first component comprises polymer material
selected from nylon, LCP, PET, PBT, PCT, polycarbonate, ABS, PVC,
polyethylene, polypropylene, and mixtures of these.

The process of claim 15, wherein the polyalkylene phthalate polyester polymer or
copolymer (A) of the continuous phase of the TPV is selected from the group
consisting of polyalkylene terephthalate, polyalkylene terephthalate copolymer,
and a copolyether-ester block copolymer elastomer or a copolyester-ester block
copolymer elastomer.

The process of claim 15, wherein the organic diene co-agent is selected from
diethylene glycol diacrylate, diethylene glycol dlmethacrylate N,N'-m-phenylene
dimaleimide, and triallylisocyanurate.

The process of claim 15, wherein the free-radical initiator is selected from 2,5
dimethyl-2,5-di-(t-butylperoxy)hexyne-3; 2,5-dimethyl-2,5-di-(t-butylperoxy)
hexane; or t-butyl peroxybenzoate.

The process of claim 15, wherein the TPV is as follows:

the polyalkylene phthalate polyester polymer or copolymer (A) is a block
copolymer of segments of poly(butylene terephthalate) and segments of
poly(tetramethylene glycol), the rubber (B) is an ethylene/methylacrylate
copolymer elastomer, the peroxide free-radical initiator is 2,5-dimethyl-2,5-di-(t-
butylperoxy) hexyne-3 and the organic diene co-agent is diethylene glycol
dimethacrylate.
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