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Description

BACKGROUND

[0001] Bonding strength between plastics and metals can be low without the use of chemical adhesives. For example,
it can be difficult to make injection molded polymers such as amorphous polymers come into intimate contact with a
metal surface, preventing formation of a strong bond between the metal surface and the injection molded polymer.
Polybutylene terephthalate or polyester blends are sometimes used to form junctions between plastic and metal, such
as in mobile phones and tablets, due to chemical resistance of the junction, a wide variety of colors possible, and good
weathering abilities of the junction. However, bonding strength between metal and polybutylene terephthalate or polyester
blends without chemical adhesive can only reach about 30 MPa, which can cause problems such as plastic detachment
from the metal during production or consumer use.
[0002] DE 10 2013 018452 A1 is directed to a method and a device for producing plastic-metal composites. Metal
components are inserted into the device and heated to the range of the melt temperature of the plastic component to
be injected. The heating of the metal components can, for example, be made directly, conductive or inductive. It ends
when the desired temperature is reached and the plastic component is injection molded. After injection of the plastic
component, the composite component to cool down until it can be removed from the mold.
[0003] EP 2 400 042 A1 is directed to a metal-and-resin composite that includes a metal substrate and resin composition
formed on the metal substrate. The metal substrate has a surface with nano-pores having an average diameter of about
30-55 nm. The resin composition is integrally bonded to the surface of the metal substrate having the nano-pores and
filling the nano-pores. The resin composition contains crystalline thermoplastic synthetic resins.
[0004] US 2006/055084 A1 is directed to a process for producing a composite of an aluminum material and a synthetic
resin molding that can be produced at a high efficiency and to provide a stable and fast composite that is large in a peel
strength and a mechanical strength.
[0005] US 2010/279120 A1, US 2006/257624 A1 and EP 2 123 421 A1 disclose methods for joining a metal and a
resin, the method comprising contacting a metal form and a flowable resin composition comprising a polyester.

SUMMARY OF THE INVENTION

[0006] In various embodiments, the present invention provides a method of forming a junction between a metal form
and a solid plastic as defined in claims 1-15. The method includes contacting a metal including a plurality of pores and
a flowable resin composition including polyesters as defined in the claims. The method also includes curing the flowable
composition to form the solid plastic, to provide the junction between the metal and the solid plastic.
[0007] In various embodiments, the present invention provides a method of forming a junction between a metal form
and a solid plastic. The method includes contacting a metal including a plurality of pores and a flowable resin composition
including polybutylene terephthalate, polyethylene terephthalate, as defined in the claims, and a filler. The polyethylene
terephthalate is greater than 30 wt% and less than or equal to about 99 wt% of the flowable resin composition. The filler
is about 1 wt% to about 50 wt% of the flowable resin composition. The method also includes curing the flowable com-
position to form the solid plastic, to provide the junction between the metal and the solid plastic.
[0008] In various embodiments not encompassed by the claims, a junction between a metal form and a solid plastic
is disclosed. The junction includes a metal including a plurality of pores and a solid plastic including a polybutylene
terephthalate and a polyethylene terephthalate. The solid plastic includes a plurality of anchors, each anchor extending
into one of the pores. The polyethylene terephthalate is greater than 30 wt% and equal to or less than about 99 wt% of
the solid plastic.
[0009] The present invention discloses certain advantages over other plastic-metal junctions, and methods of making
the same, at least some of which are unexpected. For example, in various embodiments, the metal-plastic junction can
be stronger than other metal-plastic junctions, such as other metal-plastic junctions including polybutylene terephthalate
or polyethylene terephthalate. In various embodiments, the metal-plastic junction can have a lower failure rate during
production and during use by the consumer than other metal-plastic junctions, such as other metal-plastic junctions
including polybutylene terephthalate or polyethylene terephthalate. In various embodiments, the metal-plastic junction
can be formed at lower cost than other metal-plastic junctions, other metal-metal junctions, or other single metal equiv-
alents. In various embodiments, the metal-plastic junction can have a lower weight than other metal-plastic junctions.
In various embodiments, the metal-plastic junction can be formed using aesthetically pleasing polybutylene terephthalate
and polyethylene terephthalate, providing a metal-plastic junction that is more aesthetically pleasing than other metal-
plastic joints having similar strength. In various embodiments, the metal-plastic junction can provide advantages over
the use of metal or plastic alone, providing the design freedom of plastic to make complex shapes with low weight, and
providing the aesthetic and mechanical properties (e.g., stiffness and strength) advantages of metal.
[0010] In various embodiments not encompassed by the claims, a method of forming a junction between a metal form
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and a solid plastic is disclosed. The method includes heating a roughened surface of a metal form to a temperature at
or above a glass transition temperature of a flowable resin composition. The method includes contacting the roughened
surface of the metal form and the flowable resin composition. The method includes cooling the roughened surface of
the metal form. The method also includes curing the flowable composition to form the solid plastic, to provide the junction
between the metal form and the solid plastic.
[0011] In various embodiments not encompassed by the claims, a method of forming a junction between a metal form
and a solid plastic is disclosed. The method includes heating a roughened surface of a metal form to a temperature at
or above a glass transition temperature of a flowable resin composition; wherein about 40 wt% to about 100 wt% of the
flowable resin composition is one or more polymers that are amorphous at standard temperature and pressure. The
method includes contacting the roughened surface of the metal form and the flowable resin composition while maintaining
the temperature of the roughened surface at or above the glass transition temperature of the flowable resin composition.
The method includes cooling the roughened surface of the metal form. The method also includes curing the flowable
composition to form the solid plastic, to provide the junction between the metal form and the solid plastic.
[0012] In various embodiments not encompassed by the claims, a junction between a metal form and a solid plastic
is disclosed. The junction includes a metal form including a roughened surface and a solid plastic. The roughened surface
including a plurality of surface structures each having at least one dimension approximately parallel to the metal surface
of about 1 nm to about 1 mm. The surface structures include convex surface structures, concave surface structures, or
a combination thereof. About 40 wt% to about 100 wt% of the solid plastic is one or more polymers that are amorphous
at standard temperature and pressure. The solid plastic includes a plurality of anchors, each anchor extending substan-
tially to a bottom of a concave surface structure or substantially to a bottom of a cavity formed between multiple convex
surface structures.
[0013] In various embodiments, the present invention provides certain advantages over other plastic-metal junctions,
and methods of making the same, at least some of which are unexpected. In various embodiments, the method of
forming a junction between a metal form and a solid plastic can provide greater penetration of an injection molded
material into pores or other surface structures of a metal form, such as more intimate contact between the injection
molded material and the metal form, than other methods of forming metal-plastic junctions. In various embodiments, the
metal-plastic junction afforded by the method can have a similar or greater bonding strength as compared to corresponding
metal-plastic junctions formed using chemical adhesives. In various embodiments, the metal-plastic junction can be
easier, faster, and less expensive to form than corresponding chemical adhesive-bonded metal-plastic junctions that
require application and curing of chemical adhesives. In various embodiments, the method can produce a metal-plastic
junction between a metal and one or more substantially amorphous polymers, providing greater penetration of the
amorphous injection molded material into pores or other surface structures of the metal form, such as more intimate
contact between the amorphous injection molded material and the metal form, than other methods of forming metal-
plastic junctions.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The drawings illustrate generally, by way of example, but not by way of limitation, various embodiments dis-
cussed in the present document.

FIGS. 1A-1C illustrates side profile views of various pore shapes, in accordance with various embodiments.
FIGS. 2A-2B illustrate a porous metal form before (FIG. 2A) and after (FIG. 2B) contacting with a flowable resin
composition, in accordance with various embodiments.
FIG. 2C illustrates a porous metal form including an adhesion film after contacting with a flowable resin composition,
in accordance with various embodiments.
FIG. 3 illustrates a method of forming a junction between a metal form and a solid plastic, in accordance with various
embodiments.
FIGS. 4-8 illustrate methods of forming a metal-plastic junction, in accordance with various embodiments.
FIGS. 9A-I illustrate a metal form before (A) and after (B-I) a treatment to form pores therein, in accordance with
various embodiments.
FIG. 10A illustrates a porous steel form with an injection molded plastic thereon, in accordance with various em-
bodiments.
FIG. 10B illustrates tensile shear bonding strength testing, in accordance with various embodiments.
FIG. 11 illustrates tensile shear bonding strength result in MegaPascals for various metal treatments and for various
resin compositions, in accordance with various embodiments.
FIG. 12 illustrates bonding strength of various plastic-metal junctions, in accordance with various embodiments.
FIG. 13 illustrates the bonding strength of various metals with various resin compositions under various conditions,
in accordance with various embodiments.
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FIGS. 14-16 illustrate scanning electron microscope images of various aluminum surfaces, in accordance with
various embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Reference will now be made in detail to certain embodiments of the disclosed subject matter, examples of
which are illustrated in part in the accompanying drawings. While the disclosed subject matter will be described in
conjunction with the enumerated claims, it will be understood that the exemplified subject matter is not intended to limit
the claims to the disclosed subject matter.
[0016] The present invention provides a method of forming a junction between a metal form and a solid plastic as
defined in the claims. The method includes contacting a metal including a plurality of pores and a flowable resin com-
position including at least two polybutylene terephthalate polymers, at least two of which having different viscosities and
at least two polyethylene terephthalate polymers, at least two of which having different viscosities. The method includes
curing the flowable composition to form the solid plastic, to provide the junction between the metal and the solid plastic.
[0017] The metal form includes a plurality of pores. The plurality of pores are located in a surface of the metal form,
such as directly in the surface of the one or more elemental metals included in the metal, or in the surface or a porous
adhesion film on a surface of the metal form. The pores can have any suitable size, shape, and distribution on the metal
form. In various embodiments, when viewed from the side, the pores can have an irregular shape, a square or rectangular
shape, a circular or oval shape, or any one of these shapes with a jagged or irregular edge. FIGS. 1A - 1C illustrates
side profile views of various pore shapes. The pores can have any suitable diameter, wherein for non-circular pores the
diameter can be considered the largest dimension of the opening of the pore that is approximately parallel to the surface
of the metal. For example, the pores can have a diameter of about 1 nm to about 1 mm, about 1 nm to about 1000 nm,
about 1 micrometer to about 1000 micrometers, or about 1 nm, 2, 3, 4, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,
500, 750 nm, 1 micrometer, 2, 3, 4, 5, 15, 20, 25, 50, 75, 100, 150, 200, 250, 500, 750 micrometers, or about 1 mm or
more. The pores can have any suitable depth, such as about 1 nm to about 1 mm, about 1 nm to about 1000 nm, about
1 micrometer to about 1000 micrometers, or about 1 nm, 2, 3, 4, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 500, 750
nm, 1 micrometer, 2, 3, 4, 5, 15, 20, 25, 50, 75, 100, 150, 200, 250, 500, 750 micrometers, or about 1 mm. The density
of the pores can be any suitable density, such as about 1 pore to about 1,000,000,000,000 per square mm, or about 10
pores to about 1,000,000,000 pores per square mm, or about 100 pores to about 1,000,000 pores per square mm, or
about 1 pore, 2, 3, 4, 5, 10, 20, 50, 100, 150, 200, 250, 500, 750, 1,000, 2,000, 5,000, 10,000, 20,000, 50,000, 100,000,
500,000, 1,000,000, 2,000,000, 5,000,000, 10,000,000, 100,000,000, 1,000,000,000, or about 500,000,000,000 or more
pores per square mm.
[0018] In some embodiments, the method can include forming the plurality of pores in the metal form. The plurality of
pores can be formed in any suitable way. Forming the pores can include at least one of chemical etching, oxidation,
plasma etching, laser etching, and machining. In some embodiments, the pores are in a porous adhesion film on the
metal (e.g., a porous coating formed by chemical reaction with the metal). Forming pores in an adhesion film can include
forming the adhesion film on a surface of the metal form, such that during formation of the adhesion film the pores are
formed in the adhesion film. Forming pores in an adhesion film can include forming the adhesion film and simultaneously
or subsequently forming pores in the film.
[0019] The method includes contacting the metal form and the flowable resin composition. The contacting can include
contacting pores in the metal form (e.g., pores in the elemental metal included in the metal form) and the flowable resin
composition. The contacting can include contacting pores in a porous adhesion film (e.g., a porous coating formed via
chemical reaction with the metal) on the metal form and the flowable resin composition (e.g., the contacting need not
include contacting the flowable resin composition and the elemental metals included within the metal form, provided that
a porous adhesion film on the metal form is contacted by the flowable resin composition). The contacting can include
penetrating the pores with the flowable resin composition before the curing, such that the flowable resin composition
substantially fills the majority of the pores (e.g., fills about 50 vol% to about 100 vol% of the pores, such as the average
vol% of all filled pores, or about 90-100 vol%, or about 50 vol% or less, or about 55 vol%, 60, 65, 70, 75, 80, 82, 84, 86,
88, 90, 92, 94, 95, 96, 97, 98, 99, 99.9, or about 99.99 vol% or more). Contacting the metal form and the flowable resin
composition can include injection molding the flowable resin composition, such that the flowable resin composition is
heated and under pressure when contacted with the metal form. The injection molding process can be any suitable
injecting molding process. FIGS. 2A-C illustrate a contacted metal form (10) and a flowable resin composition (12) as
shown in FIGS. 2A and 2B, and a contacted metal form including a porous adhesion film (14) and a flowable resin
composition as shown in FIG. 2C.
[0020] The method can include heating the metal form (e.g., heating the porous surface of the metal form), such as
heating to, at, or above the glass transition temperature of the flowable resin composition, such as any suitable heating
described herein. The heating can occur before contacting the metal form with the flowable resin composition, during
contacting the metal form with the flowable resin composition, or a combination thereof. In some embodiments, the
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heating can include maintaining the temperature of the metal form at or above the glass transition temperature of the
flowable resin composition during at least part of the contacting. The maintaining can occur for at least part of the
contacting, such as until the flowable resin composition has penetrated the pores to a desired degree. The heating can
occur in any suitable way, such as via heating of the mold or via direct heating of the metal form such as by a heating
source embedded in the mold or via a heating source inserted into the mold. In some embodiments, the heating and a
surface treatment of the metal form to form the porous surface can occur at least partially simultaneously. The heat can
be supplied in any suitable way, such as via steam, an electric heater, an induction heater, ultrasonic vibration, a laser
heater, a halogen heater, a carbon heater, or a combination thereof. In various embodiments, the heating can occur via
any suitable one of the heating techniques illustrated in FIGS. 4-8.
[0021] The method includes curing the flowable resin composition to form the solid plastic. The curing can occur in
any suitable fashion. The flowable resin composition is as defined in the appended claims. In some embodiments, the
flowable resin composition is a thermoplastic and curing can include cooling the flowable resin composition to form the
solid plastic. In some embodiments, the flowable resin composition is a thermoset and curing can include heating to
form the solid plastic. In some embodiments, curing can include exposing to suitable radiation such as UV light to form
the solid plastic. Curing the flowable composition can provide the junction between the metal form and the solid plastic.
[0022] The method can include cooling the metal form (e.g., cooling the porous surface of the metal form). The cooling
can be any suitable cooling. In some embodiments, the cooling is passive cooling, wherein the metal form is allowed to
cool without the use of specialized cooling equipment. In some embodiments, the cooling is active cooling. The active
cooling can include directly cooling the metal form, a mold including the metal form, or a combination thereof, with one
or more coolers.
[0023] The solid plastic formed can include a plurality of anchors, with each anchor extending into one of the pores.
The anchors can form from the flowable resin composition that extended into the pores.
[0024] The bonding strength (e.g., the tensile shear at break) between the metal form and the solid plastic can be any
suitable bonding strength, such as about 30 MPa to about 100 MPa, about 40 MPa to about 50 MPa, or about 30 MPa
or less, or about 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 85, 90,
95, or about 100 MPa or more.
[0025] In various embodiments, the method can include colorizing the junction, or colorizing the metal form or the solid
plastic. In various embodiments, the method can include anodizing the metal form.
[0026] Various embodiments not encompassed by the present claims, a method of forming a junction between a metal
form and a solid plastic is provided. The method can include heating a roughened surface of a metal form to a temperature
at or above a glass transition temperature of a flowable resin composition. The method can include contacting the
roughened surface of the metal form and the flowable resin composition. The method can include cooling the roughened
surface of the metal form. The method can include curing the flowable composition to form the solid plastic, to provide
the junction between the metal form and the solid plastic. FIG. 3 illustrates an embodiment of the method. In the left
image, a metal form (10) having a roughened surface (16) is provided, wherein the roughened surface includes concave
surface features or pores (18). In the center image, the metal form is heated (30) above a glass transition temperature
of a flowable resin composition. The right image shows the metal form after it has been contacted with the flowable resin
composition (32) and the flowable resin composition has cured to form the article (34) having the junction, wherein 100
vol% of the concave surface features are filled by the cured flowable resin composition, providing a metal-plastic junction
with good adhesion.
[0027] The roughened surface of the metal form can include surface structures, such as surface structures directly
on the metal form, or surface structures on an adhesive film on the metal form. The surface structures can include convex
surface structures, concave surface structures, or a combination thereof. The surface structures can have any suitable
shape, such as dots, lines, pores, or a combination thereof. The surface structures can be micro surface structures or
sub-micro surface structures. The surface structures can have at least one dimension approximately parallel to the
surface having the surface structures thereon of about 1 nm to about 1 mm, about 1 nm to about 1000 nm, about 10 nm
to about 100 micrometers, or about 1 nm, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 300, 400, 500, 600, 700, 800, 900 nm, 1 micrometer, 2, 3, 4, 5,
6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250,
300, 400, 500, 600, 700, 800, 900 micrometers, or about 1 mm. The at least one dimension can be any suitable linear
dimension approximately parallel to the surface, such as length, width, diameter (e.g., pore diameter), and the like. The
surface structures can have a height or depth (e.g., pore depth) of about 1 nm to about 1 mm, about 1 nm to about 1000
nm, about 10 nm to about 100 micrometers, or about 1 nm, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 300, 400, 500, 600, 700, 800, 900 nm, 1 micrometer,
2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200,
225, 250, 300, 400, 500, 600, 700, 800, 900 micrometers, or about 1 mm. The surface structures can have any suitable
density, such as about as about 1 structure to about 1,000,000,000,000 structures per square mm, or about 10 structures
to about 1,000,000,000 structures per square mm, or about 100 structure to about 1,000,000 structure per square mm,
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or about 1 structure, 2, 3, 4, 5, 10, 20, 50, 100, 150, 200, 250, 500, 750, 1,000, 2,000, 5,000, 10,000, 20,000, 50,000,
100,000, 500,000, 1,000,000, 2,000,000, 5,000,000, 10,000,000, 100,000,000, 1,000,000,000, or about 500,000,000,000
or more structures per square mm. The surface structures together can form the roughness of the roughened surface.
[0028] In some embodiments not encompassed by the present claims, the method can include forming the roughened
surface on the metal form. The roughened surface can be formed in any suitable way. Forming the roughened surface
on the metal form can include chemical etching, laser etching, plasma etching, oxidation, machining, forming a roughened
coating, or a combination thereof. Forming a roughened coating can include forming an adhesion film, such as forming
an adhesion film such that surface structures are formed in the adhesion film. Forming surface structures in the adhesion
film can include forming the adhesion film and simultaneously or subsequently forming surface structures in the film.
[0029] The method not encompassed by the present claims can include contacting the roughened surface of the metal
form and the flowable resin composition. The contacting can include contacting the surface structures in the metal form
and the flowable resin composition, for example, contacting surface structures in the elemental metal included in the
metal form, such that elemental metals in the metal form are directly contacted by the flowable resin composition. The
contacting can include contacting surface structures in an adhesion film on the metal form (e.g., wherein the adhesion
film can be considered part of the metal form) and the flowable resin composition (e.g., the contacting need not include
contacting the flowable resin composition and the elemental metals included within the metal form, provided that an
adhesion film including surface structures on the metal form is contacted by the flowable resin composition). The con-
tacting can include penetrating the surface structures with the flowable resin composition before the curing, such that
the flowable resin composition substantially fills the majority of concave surface structures such as pores, concave
surface structures, or cavities formed between multiple convex surface structures (e.g., such as fills about 50 vol% to
about 100 vol% of the cavities or concave surface structure, such as the average vol% of all flowable resin composition-
filled concave structures or all filled cavities, or about 90-100 vol%, or about 50 vol% or less, or about 55 vol%, 60, 65,
70, 75, 80, 82, 84, 86, 88, 90, 92, 94, 95, 96, 97, 98, 99, 99.9, or about 99.99 vol% or more). Contacting the metal form
and the flowable resin composition can include injection molding the flowable resin composition, such that the flowable
resin composition is heated and under pressure when contacted with the metal form. The injection molding process can
be any suitable injecting molding process.
[0030] The method not encompassed by the present claims can include heating a roughened surface of a metal form
to a temperature at or above a glass transition temperature of a flowable resin composition. Heating of the roughened
surface of the metal form can include heating prior to the contacting of the roughened surface and the flowable resin
composition, during the contacting of the roughened surface and the flowable resin composition, or a combination thereof.
The heat can be supplied in any suitable way, such via steam, an electric heater, an induction heater, ultrasonic vibration,
a laser heater, a halogen heater, a carbon heater, or a combination thereof. The heating and maintaining can be to about
the glass transition temperature of the flowable resin composition, or to within or above the glass transition temperature
by about 1 °C to about 30 °C, 1 °C to about 100 °C, or about 0 °C within or above the glass transition temperature, or
about 1 °C, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 110, 120, 130, 140, 150, 175, or about 200 °C within or above the glass transition temperature. In some embodiments,
the heating and maintaining can be to about the melting point of the flowable resin composition, or to within or above
the melting point by about 1 °C to about 30 °C, 1 °C to about 100 °C, or about 0 °C within or above the melting point,
or about 1 °C, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 100, 110, 120, 130, 140, 150, 175, or about 200 °C within or above the melting point.
[0031] In some embodiments not encompassed by the present claims, the contacting the roughened surface of the
metal form and the flowable resin composition includes contacting the roughened surface of the metal form and the
flowable resin composition while maintaining the temperature of the roughened surface at or above the glass transition
temperature of the flowable resin composition (e.g., via heating the mold including the metal form, or by heating the
metal form directly such as via a suitable heating source embedded in the mold). In other embodiments, the contacting
occurs after the heating. The maintaining can occur for at least part of the contacting, such as until the flowable resin
composition has penetrated the surface features to a desired degree.
[0032] The heating of the roughened surface of the metal form can include heating a mold (e.g., an injection molding
mold) including the metal form, wherein the heating of the mold heats the metal form. The mold can be heated directly
or indirectly by the heating source. The mold can be heated in any suitable way, such as via steam, an electric heater,
an induction heater, ultrasonic vibration, or a combination thereof. FIG. 4 illustrates a method of forming a metal-plastic
junction, in accordance with various embodiments. In the first image 110, a mold 111 is provided. The mold includes a
metal form 112 having a roughened surface, which is an insert in the mold 111. In the second image 120, the mold 111
is heated by a heating source (not shown), which heats the metal form 112 to at or above the glass transition temperature
of the flowable resin composition. In the third image 130, the flowable resin composition 131 is injected into the mold
111 such that it contacts the roughened surface of the metal form 112. In the fourth image 140, the metal form 112 is
cooled and the flowable resin composition is cured to provide the solid plastic 141. Curing the flowable resin composition
to provide the solid plastic 141 forms the metal-plastic junction 142. In the fifth image 150, a metal-plastic hybrid part
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that includes the metal form 112, the solid plastic 141, and the metal-plastic junction 142, is separated from the mold.
[0033] The heating of the roughened surface of the metal form can include directly heating the metal form. For example,
the metal form can be heated with a suitable heating source that is embedded in a mold that includes the metal form.
The heating source can include an electric heater, an induction heater, ultrasonic vibration, a laser heater, or a combination
thereof. FIG. 5 illustrates a method of forming a metal-plastic junction, in accordance with various embodiments. In the
first image 210, a mold 211 is provided. The mold includes a metal form 212 having a roughened surface, which is an
insert in the mold 211. In the second image 220, the metal form 212 is heated by a heating source 213 that is embedded
in the mold 211 that includes the metal form 212, which heats the metal form 212 to at or above the glass transition
temperature of the flowable resin composition. In the third image 230, the flowable resin composition 231 is injected into
the mold 211 such that it contacts the roughened surface of the metal form 212. In the fourth image 240, the metal form
212 is cooled and the flowable resin composition is cured to provide the solid plastic 241. Curing the flowable resin
composition to provide the solid plastic 241 forms the metal-plastic junction 242. In the fifth image 250, a metal-plastic
hybrid part that includes the metal form 212, the solid plastic 241, and the metal-plastic junction 242, is separated from
the mold.
[0034] The heating of the roughened surface of the metal form can include heating with a suitable heating device that
is inserted in a mold including the metal form or between cavities in the mold prior to the contacting of the roughened
surface and the flowable resin composition. The heating device can include a halogen heater, a carbon heater, a laser
heater, an induction heater, or a combination thereof. FIG. 6 illustrates a method of forming a metal-plastic junction, in
accordance with various embodiments. In the first image 310, a mold 311 is provided. The mold includes a metal form
312 having a roughened surface, which is an insert in the mold 311. The metal form 311 is heated by heating device
314, included in holder 313. The heating device 314 is inserted into the mold 311 prior to the contacting of the roughened
surface and the flowable resin composition. The heating device 314 heats the metal form 312 to at or above the glass
transition temperature of the flowable resin composition. In the second image 320, the flowable resin composition 331
is injected into the mold 311 such that it contacts the roughened surface of the metal form 312. The metal form 312 is
then cooled and the flowable resin composition is cured to provide the solid plastic 341, which forms the metal-plastic
junction 342, shown in the third image. In the third image, a metal-plastic hybrid part that includes the metal form 312,
the solid plastic 341, and the metal-plastic junction 342, is separated from the mold.
[0035] The surface treatment to form the roughened surface of the metal form can include treating the surface with a
suitable device that is inserted into a mold including the metal form or between cavities in the mold prior to the heating
of the roughened surface of the metal form. The surface treatment can include laser etching, plasma etching, or a
combination thereof. The heating of the metal form subsequent to the surface treatment can be performed in any suitable
manner described herein. FIG. 7 illustrates a method of forming a metal-plastic junction, in accordance with various
embodiments. In the first image 410, a mold 411 is provided. The mold includes a metal form 412, which is an insert in
the mold 411. The metal form 412 is subjected to a treatment by a surface treatment device (e.g., laser etching device,
plasma etching device, or a combination thereof) 414, included in holder 413. The treatment by the surface treatment
device 414 provides a roughened surface on metal form 412. In the second image 410, the metal form 412 is heated
by a heating source (not shown), which heats the metal form 412 to at or above the glass transition temperature of the
flowable resin composition. In the third image 430, the flowable resin composition 431 is injected into the mold 411 such
that it contacts the roughened surface of the metal form 412. The metal form 412 is cooled and the flowable resin
composition is cured to provide the solid plastic 441, forming the metal-plastic junction 442, shown in the fourth image.
In the fourth image 440, a metal-plastic hybrid part that includes the metal form 412, the solid plastic 441, and the metal-
plastic junction 442, is separated from the mold.
[0036] The heating of the roughened surface and a surface treatment to form the roughened surface can be at least
partially simultaneous. For example, the heating of the roughened surface and the surface treatment to form the rough-
ened surface can be performed using laser etching, laser heating, plasma etching, a halogen heater, or a combination
thereof. FIG. 8 illustrates a method of forming a metal-plastic junction, in accordance with various embodiments. In the
first image 510, a mold 511 is provided. The mold includes a metal form 512, which is an insert in the mold 511. The
metal form 511 is at least partially simultaneously subjected to a surface treatment and heated by device 514, included
in holder 513. The surface treatment/heating device 514 is inserted into the mold 511 prior to the contacting of the
roughened surface and the flowable resin composition. The surface treatment/heating device 514 forms a roughened
surface, or enhances a previously formed roughened surface. The surface treatment/heating device 514 also heats the
metal form 512 to at or above the glass transition temperature of the flowable resin composition. In the second image
520, the flowable resin composition 531 is injected into the mold 511 such that it contacts the roughened surface of the
metal form 512. The metal form 512 is then cooled and the flowable resin composition is cured to provide the solid plastic
541, which forms the metal-plastic junction 542, shown in the third image. In the third image, a metal-plastic hybrid part
that includes the metal form 512, the solid plastic 541, and the metal-plastic junction 542, is separated from the mold.
[0037] The method can include cooling the roughened surface of the metal form. The cooling can be any suitable
cooling. In some embodiments, the cooling is passive cooling, wherein the roughened surface of the metal form is allowed
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to cool without the use of specialized cooling equipment. In some embodiments, the cooling is active cooling. The active
cooling can include directly cooling the roughened surface of the metal form, a mold including the metal form, or a
combination thereof, with one or more coolers.
[0038] The bonding strength (e.g., the tensile shear at break) between the metal form and the solid plastic can be any
suitable bonding strength, such as about 1 megaPascals (MPa) to about 100 MPa, about 6 MPa to about 30 MPa, or
about 1 MPa or less, or about 2, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 32, 34, 36, 38, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or about 100 MPa or more.
[0039] The metal form can include any suitable metal. The metal form can include one elemental metal or a combination
of more than one elemental metal. In some embodiments, the metal form includes aluminum, steel (e.g., stainless steel),
iron, copper, titanium, magnesium, or any combination thereof (e.g., an alloy or a heterogeneous mixture). The metal
form can include any other suitable materials, in addition to the one or more metals. The one or more elemental metals
can form any suitable proportion of the metal form, such as about 50 wt% to about 100 wt%, or about 50 wt% or less,
or about 55 wt%, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 99.9, or about 100 wt%.
[0040] The flowable resin composition is as defined in the claims. The flowable resin composition can be a thermoplastic,
a thermoset, or a combination thereof. Curing the flowable resin composition can include cooling the flowable resin
composition such that it solidifies (e.g., in the case of a thermoplastic flowable resin composition), heating the flowable
resin composition such that it solidified (e.g., in the case of a thermoset flowable resin composition), or a combination
thereof. The flowable resin composition can include a one or more polymers that are amorphous at standard temperature
and pressure, that are crystalline at standard temperature and pressure, or a combination thereof. As used herein, the
term "amorphous" as applied to a plastic or polymer refers to a plastic or polymer that has less than about 10 vol%
crystalline regions, such as about 9 vol%, 8, 7, 6, 5, 4, 3, 2, 1, or about 0 vol% (e.g., an amorphous polymer need not
be 100 vol% amorphous). As used herein, the term "crystalline" as applied to a plastic or polymer refers to a plastic or
polymer that has more than about 10 vol% crystalline regions, such as about 10 vol% to about 80 vol%, or about 10
vol%, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 vol% crystalline regions (e.g., a crystalline
polymer need not be 100 vol% crystalline, and can be a semicrystalline polymer).
[0041] The flowable resin composition includes polyesters as defined in the claims. The polyester can be any suitable
proportion of the flowable resin composition, such as about 0.01 wt% to about 99.9 wt% of the flowable resin composition,
about 50 wt% to about 99.9 wt%, or about 0.01 wt% or less, or about 0.1 wt%, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 99.9 wt%, or about 99.99 wt% or more. The polyester includes
polybutylene terephthalate and polyethylene terephthalate. The polybutylene terephthalate and polyethylene terephtha-
late can have any suitable molecular weight and viscosity. The flowable resin composition includes more than one type
of polybutylene terephthalate. The polybutylene terephthalates can form any suitable proportion of the flowable resin
composition, such as about 0.01 wt% to about 99.9 wt% of the flowable resin composition, about 50 wt% to about 99.9
wt%, or about 0.01 wt% or less, or about 0.1 wt%, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 96, 97, 98, 99, 99.9 wt%, or about 99.99 wt% or more. The flowable resin composition includes more than
one type of polyethylene terephthalate. The polyethylene terephthalates can form any suitable proportion of the flowable
resin composition, such as about such as about 0.01 wt% to about 99.9 wt% of the flowable resin composition, about
50 wt% to about 99.9 wt%, or about 0.01 wt% or less, or about 0.1 wt%, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 99.9 wt%, or about 99.99 wt% or more. The one or more polyethylene
terephthalates can be greater than 30 wt% of the flowable resin composition, such as greater than 31 wt%, 32, 33, 34,
35, 36, 37, 38, 39, 40, 42, 44, 46, 48, or greater than 50 wt%, or greater than 30 wt% and less than or equal to about
99 wt% of the flowable resin composition, or greater than 30 wt % and less than or equal to about 80 wt%, or greater
than 30 wt% and less than or equal to about 50 wt%, or greater than 30 wt% and less than or equal to about 40 wt%,
or about 32 wt% to about 99 wt%. The combination of the polybutylene terephthalates and the polyethylene terephthalates
can form any suitable proportion of the flowable resin composition, such as about 0.1 wt%, 1, 2, 3, 4, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 99.9 wt%, or about 99.99 wt% or more. The weight
ratio of the polybutylene terephthalates to the polyethylene terephthalates can be any suitable weight ratio, such as
about 100:1 to about 1:100, about 9:1 to about 1:9, about 7:3 to about 3:7, about 1:1, or about 100:1 or more, or about
9:1, 8.5:1.5, 8:2, 7.5:2.5, 7:3, 6.5:3.5, 6:4, 5.5:4.5, 5:5, 4.5:5.5, 4:6, 3.5:6.5, 3:7, 2.5:7.5, 2:8, 1.5:8.5, 1:9, or about 1:100
or less. In addition to the polybutylene terephthalate and the polyethylene terephthalate, the flowable resin composition
can include any other suitable material, such as any one or more polymers described herein, and such as any suitable
one or more additives, such as any additive described herein.
[0042] The polyethylene terephthalate includes more than one type of polyethylene terephthalate polymers, such that
at least two polyethylene terephthalate polymers each having a different viscosity, such as a different intrinsic viscosity.
The polybutylene terephthalate includes more than one type of polybutylene terephthalate polymer, such that at least
two polybutylene terephthalate polymers each having a different viscosity, such as a different intrinsic viscosity. For
example, each polyethylene terephthalate polymer and each polybutylene terephthalate polymer can independently
have an intrinsic viscosity (e.g., at room temperature, measured in a 60:40 phenol/tetrachloroethane mixture) of about
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0.01 deciliter per gram (dL/g) to about 10 dL/g, or about 0.2 dL/g to about 5 dL/g, or about 0.5 dL/g to about 1.5 dL/g,
or about 0.01 dL/g or less, or about 0.1 dL/g, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.8, 2.0,
2.5, 3, 4, 5, 6, 7, 8, 9, or about 10 dL/g or more. The difference in viscosity between the at least two polyethylene
terephthalate polymers having different viscosities, or between the at least two polybutylene terephthalate polymers
having different viscosities, can be any suitable difference, such as (e.g., at room temperature, measured in a 60:40
phenol/tetrachloroethane mixture) about 0.01 dL/g to about 10 dL/g, or about 0.05 dL/g to about 2 dL/g, or about 0.2
dL/g to about 0.8 dL/g, or about 0.01 dL/g or less, or equal to or greater than about 0.0 dL/g, 0.04, 0.06, 0.08, 0.1, 0.12,
0.14, 0.16, 0.18, 0.2, 0.22, 0.24, 0.26, 0.28, 0.3, 0.32, 0.34, 0.36, 0.38, 0.4, 0.42, 0.44, 0.46, 0.48, 0.50, 0.52, 0.54, 0.56,
0.58, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, or about 10 dL/g or more. The one of the at least
two polyethylene terephthalate polymers having different viscosities that has the highest viscosity, or of the one of the
at least two polybutylene terephthalate polymers having the highest viscosity, can have any suitable weight ratio to the
one of the at least two polyethylene terephthalate polymers having different viscosities that has the lowest viscosity, or
of the one of the at least two polybutylene terephthalate polymers having the lowest viscosity, respectively, such as
about 100:1 to about 1:100, about 9:1 to about 1:9, about 7:3 to about 3:7, about 1:1, or about 100:1 or more, or about
9:1, 8.5:1.5, 8:2, 7.5:2.5, 7:3, 6.5:3.5, 6:4, 5.5:4.5, 5:5, 4.5:5.5, 4:6, 3.5:6.5, 3:7, 2.5:7.5, 2:8, 1.5:8.5, 1:9, or about 1:100
or less.
[0043] The flowable resin composition can include a filler, such as one filler or multiple fillers. The filler can be any
suitable type of filler. The filler can be homogeneously distributed in the flowable resin composition. The one or more
fillers can form about 0.001 wt% to about 50 wt% of the flowable resin composition, or about 0.01 wt% to about 30 wt%,
or about 0.001 wt% or less, or about 0.01 wt%, 0.1, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45 wt%, or about 50 wt% or
more. The filler can be fibrous or particulate. The filler can be aluminum silicate (mullite), synthetic calcium silicate,
zirconium silicate, fused silica, crystalline silica graphite, natural silica sand, or the like; boron powders such as boron-
nitride powder, boron-silicate powders, or the like; oxides such as TiO2, aluminum oxide, magnesium oxide, or the like;
calcium sulfate (as its anhydride, dehydrate or trihydrate); calcium carbonates such as chalk, limestone, marble, synthetic
precipitated calcium carbonates, or the like; talc, including fibrous, modular, needle shaped, lamellar talc, or the like;
wollastonite; surface-treated wollastonite; glass spheres such as hollow and solid glass spheres, silicate spheres, ceno-
spheres, aluminosilicate (armospheres), or the like; kaolin, including hard kaolin, soft kaolin, calcined kaolin, kaolin
including various coatings known in the art to facilitate compatibility with the polymeric matrix resin, or the like; single
crystal fibers or "whiskers" such as silicon carbide, alumina, boron carbide, iron, nickel, copper, or the like; fibers (including
continuous and chopped fibers) such as asbestos, carbon fibers, glass fibers; sulfides such as molybdenum sulfide,
zinc sulfide, or the like; barium compounds such as barium titanate, barium ferrite, barium sulfate, heavy spar, or the
like; metals and metal oxides such as particulate or fibrous aluminum, bronze, zinc, copper and nickel, or the like; flaked
fillers such as glass flakes, flaked silicon carbide, aluminum diboride, aluminum flakes, steel flakes or the like; fibrous
fillers, for example short inorganic fibers such as those derived from blends including at least one of aluminum silicates,
aluminum oxides, magnesium oxides, and calcium sulfate hemihydrate or the like; natural fillers and reinforcements,
such as wood flour obtained by pulverizing wood, fibrous products such as kenaf, cellulose, cotton, sisal, jute, flax,
starch, corn flour, lignin, ramie, rattan, agave, bamboo, hemp, ground nut shells, corn, coconut (coir), rice grain husks
or the like; organic fillers such as polytetrafluoroethylene, reinforcing organic fibrous fillers formed from organic polymers
capable of forming fibers such as poly(ether ketone), polyimide, polybenzoxazole, poly(phenylene sulfide), polyesters,
polyethylene, aromatic polyamides, aromatic polyimides, polyetherimides, polytetrafluoroethylene, acrylic resins, po-
ly(vinyl alcohol) or the like; as well as additional fillers such as mica, clay, feldspar, flue dust, fillite, quartz, quartzite,
perlite, Tripoli, diatomaceous earth, carbon black, or the like, or combinations including at least one of the foregoing
fillers. The filler can be talc, glass fiber, kenaf fiber, or combinations thereof. The filler can be coated with a layer of
metallic material to facilitate conductivity, or surface treated with silanes, siloxanes, or a combination of silanes and
siloxanes to improved adhesion and dispersion with the flowable resin composition. The filler can be selected from glass
fibers, carbon fibers, a mineral fillers, or combinations thereof. The filler can be is selected from mica, talc, clay, wollas-
tonite, zinc sulfide, zinc oxide, carbon fibers, glass fibers ceramic-coated graphite, titanium dioxide, or combinations
thereof. The filler can be glass fiber.
[0044] The flowable resin composition can further include one or more polyolefins, such as a polyethylene, a polyacr-
ylate, a polyacrylamide, a polyvinylchloride, a polystyrene, or another polyolefin. The polyolefin can be any suitable
polyolefin. The one or more polyolefins can form any suitable proportion of the flowable resin composition, such as about
0.001 wt% to about 50 wt% of the flowable resin composition, or about 0.01 wt% to about 30 wt%, or about 0.001 wt%
or less, or about 0.01 wt%, 0.1, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45 wt%, or about 50 wt% or more.
[0045] The flowable resin composition can further include one or more polyesters, such as aromatic polyesters, po-
ly(alkylene esters) including poly(alkylene arylates) (e.g., poly(alkylene terephthalates)), and poly(cycloalkylene diesters)
(e.g., poly(cycloghexanedimethylene terephthalate) (PCT), or poly(1,4-cyclohexanedimethanol-1,4-cyclohexanedicar-
boxylate) (PCCD)), and resourcinol-based aryl polyesters. The polyester can be poly(isophthalate-terephthalate-resor-
cinol)esters, poly(isophthalate-terephthalate-bisphenol A)esters, poly[(isophthalate-terephthalate-resorcinol)ester-
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co-(isophthalate-terephthalate-bisphenol A)]ester, or a combination including at least one of these. Examples of po-
ly(alkylene terephthalates) include poly(ethylene terephthalate) (PET), poly(1,4-butylene terephthalate) (PBT), and po-
ly(propylene terephthalate) (PPT). Also useful are poly(alkylene naphthoates), such as poly(ethylene naphthanoate)
(PEN), and poly(butylene naphthanoate) (PBN). Copolymers including alkylene terephthalate repeating ester units with
other ester groups can also be useful. Useful ester units can include different alkylene terephthalate units, which can
be present in the polymer chain as individual units, or as blocks of poly(alkylene terephthalates). Specific examples of
such copolymers include poly(cyclohexanedimethylene terephthalate)-co-poly(ethylene terephthalate), abbreviated as
PETG where the polymer includes greater than or equal to 50 mol % of poly(ethylene terephthalate), and abbreviated
as PCTG where the polymer includes greater than 50 mol % of poly(1,4-cyclohexanedimethylene terephthalate). The
one or more polyesters can form any suitable proportion of the flowable resin composition, such as about 0.001 wt% to
about 50 wt% of the flowable resin composition, or about 0.01 wt% to about 30 wt%, or about 0.001 wt% or less, or
about 0.01 wt%, 0.1, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45 wt%, or about 50 wt% or more.
[0046] In various non-claimed embodiments, the present invention discloses a junction between a metal form and a
solid plastic. The junction can be any suitable junction between a metal form and a solid plastic that can be formed using
an embodiment of the method for forming a junction between a metal form and a solid plastic described herein.
[0047] For example, the junction can include a metal form including a plurality of pores. The junction can include a
solid plastic including a polybutylene terephthalate and a polyethylene terephthalate. The solid plastic can include a
plurality of anchors, with each anchor extending into one of the pores. The polybutylene terephthalate and the polyethylene
terephthalate together can be about 30 wt% to about 90 wt% of the solid plastic. The solid plastic has a weight ratio of
the polybutylene terephthalate to the polyethylene terephthalate of about 7:3 to about 1:9.
[0048] For example, the junction can include a metal form including a roughened surface and a solid plastic. The
roughened surface can include a plurality of surface structures each having at least one dimension approximately parallel
to the metal surface of about 1 nm to about 1 mm. The surface structures can include convex surface structures, concave
surface structures, or a combination thereof. About 40 wt% to about 100 wt% of the solid plastic can be one or more
polymers that are amorphous at standard temperature and pressure. The solid plastic can include a plurality of anchors,
each anchor extending substantially to a bottom of a concave surface structure or substantially to a bottom of a cavity
formed between multiple convex surface structures (e.g., a mechanical interlock between the solid plastic and the metal,
wherein each anchor substantially fills each cavity or concave surface structure, such as fills about 50 vol% to about
100 vol% of the cavities or concave surface structure, such as the average vol% of all filled concave structures or all
filled cavities, or about 90-100 vol%, or about 50 vol% or less, or about 55 vol%, 60, 65, 70, 75, 80, 82, 84, 86, 88, 90,
92, 94, 95, 96, 97, 98, 99, 99.9, or about 99.99 vol% or more).

Examples

[0049] Various embodiments can be better understood by reference to the following non-limiting Examples which are
offered by way of illustration

Example 1.1. Formation of resin composition.

[0050] A resin composition was formed having the composition shown in Table 1. Viscosity was measured in a 60:40
phenol/tetrachloroethane mixture at room temperature. The resin composition had a 1:1 weight ratio of polybutylene
terephthalate to polyethylene terephthalate.

Table 1. Resin composition.

Contents of resin composition Viscosity (dL/g, 25 °C) Wt%

polybutylene terephthalate 0.74 26.6

polybutylene terephthalate 1.27 8

polyethylene terephthalate 0.84 20

polyethylene terephthalate 0.56 14.6

glass fiber - 30

stabilizers/additives 0.8
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Example 1.2. Tensile shear bonding strength testing.

[0051] A porous aluminum form of grade AL6013 and size 18 mm X 45 mm X 1.6 mm was prepared using Treatment
A or using Treatment B.
[0052] In Treatment A, the form was cleaned and degreased. Then, the form was chemically etched using alternating
acid and alkali treatments, to form irregularly shaped holes having an approximate size of 1-100 micrometers. Then, the
form was cleaned and dried.
[0053] In Treatment B, 2-(dioctylamino)-1,3,5-triazine-4,6-dithiol monosodium salt) (DON) was electrochemically po-
lymerized on the form. The electrolytic cell was equipped with a working electrode (the form), counter electrode (Pt
plate), and reference electrode (saturated calomel electrode) and filled with electrolytic solution containing DON and
Na2CO3 in water. The electrochemically polymerized surface on the form was porous (e.g., a porous adhesion film, or
a porous coating formed via chemical reaction with the metal), with generally 20 nm - 40 nm sized pores.
[0054] FIG. 9A illustrates the untreated form. FIGS. 9B-D illustrate the form treated using Treatment A. FIGS. 9E-I
illustrate the form treated using Treatment B.
[0055] The resin composition (20) of Example 1.1 was injection molded to form a solid plastic form of 10 mm X 45
mm X 3 mm on each of the porous steel forms (22) over an bonding area (24) of 10 mm X 5 mm (i.e., 0.5 cm2), as shown
in FIG. 10A. A melt temperature of 270 °C was used. A mold temperature of 125 °C was used. A packing pressure of
1,600 kilograms force per square centimeter (kgf/cm2) for 3 seconds was used.
[0056] Using each of the two types of metal forms prepared, the injection molding procedure was repeated using a
polybutylene terephthalate ("PBT A") and another polybutylene terephthalate ("PBT B"). PBT A was polybutylene tereph-
thalate comprising 40 wt% glass fibers. PBT B was polybutylene terephthalate.
[0057] A tensile shear bonding strength test was performed on the six samples, based on ISO19095. A Shimadze
AG-IS was used, with a 10 kiloNewton (kN) load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative
humidity of 50%. The direction of the applied shear was parallel to the bonded surface, as shown by the arrows in FIG.
10B. The results are illustrated in FIG. 11.
[0058] The resin composition of Example 1.1 showed greater tensile bonding strength compared with other PBT resins.
The two different metal preparation techniques had the same trend.
[0059] The experiment was repeated using the porous metal form prepared with Treatment A, using the resin com-
position of Example 1.1, PBT A, and PBT B. The tensile bonding strength test was repeated, with results illustrated in
FIG. 12 in MPa. The resin composition of Example 1 showed greater tensile bonding strength compared with other PBT
resins.

Example 1.3. Preparation and tensile shear bonding strength testing using other metal preparation techniques.

[0060] The procedure of Example 1.2 was repeated using a metal forms prepared using Treatment 1 (a metal etching
technology chemical etching treatment similar to Treatment A but providing nano-sized pores (e.g., about 1 nm to about
100 nm), Treatment 2 (a metal etching technology providing micro-sized pores, a chemical etching treatment similar to
Treatment A), and Treatment B. Samples 1.3A (PBT with PBT:PET molar ratio of 8:2 and 30 wt% glass fibers), 1.3B
(PBT with 15 wt% PET, 10 wt% polycarbonate, and 30 wt% glass fibers), and 1.3C (PBT with 40 wt% glass fibers) were
used. A mold temperature of 120 °C or 140 °C was used. The results are shown in FIG. 13.

Example 2.1. (not encompassed by the claims) Polycarbonate(PC) resin with chemical- and laser-etched aluminum plate.

[0061] An aluminum plate (A5052), having dimensions of 1.5mmX50mmX18mm, was dipped for 10 minutes in 1 liter
of acetone while being subjected to ultrasonic waves, followed by washing with tap water.
[0062] Next, 2 liters of hydrochloric acid diluted with ion-exchanged water to a concentration of 1% was put into a
large-sized beaker kept at 40° C. The above-described aluminum alloy pieces were successively dipped in the diluted
hydrochloric acid for 1 minute by being stood against the glass wall of the beaker in such a manner as not to contact
each other, followed by washing with running tap water. Subsequently, the aluminum alloy pieces were similarly dipped
for 1 minute in 2 liters of aqueous caustic soda solution diluted with ion-exchange water to a concentration of 1%, followed
by washing with tap water. Subsequently, the aluminum alloy pieces were similarly dipped for 1 minute in 2 liters of
hydrochloric acid diluted with ion-exchange water to a concentration of 1%. Then, the aluminum alloy pieces were
successively dip-washed in three beakers each filled with 2 liters of ion-exchange water.
[0063] Next, 2 liters of ion-exchange water solution containing 5% hydrazine monohydrate was prepared, and the
above-described aluminum alloy pieces were successively dipped therein for 2 minutes at 50° C. Then, the aluminum
alloy pieces were successively dip-washed in three beakers each filled with 2 liters of ion-exchange water, followed by
force-drying with warm air at 50° C for 10 to 20 minutes. The dried aluminum alloy pieces were put in a storage box filled
with dry air. A scanning electron microscope image of the aluminum plate is illustrated in FIG. 14.
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[0064] Another aluminum plate of the same alloy was subjected to laser etching, using a 50 W Nd-YAG laser having
a frequency of 1064 nm, a scan speed of 100 mm/sec, and a beam diameter of 50 micrometers. A scanning electron
microscope image of the aluminum plate is illustrated in FIG. 15. The etched plate had stripes having a width of 50
micrometers, a depth of 50 micrometers, and a distance between each stripe of 150 micrometers.
[0065] Using a Sumitomo heavy industry SE100EV injection molding machine, a polycarbonate resin was injection
molded to contact the aluminum plates. The polycarbonate had a glass transition temperature of 130 °C (measured by
DSC), a melt flow rate 18 cubic centimeters per to minutes (cm3/10 min) at 300 °C/5 kilograms (kg), and had a glass
fiber content of 50 wt%. The injected resin had a temperature of 300 °C. The aluminum was heated to a temperature of
100, 120, 140, or 150 °C at the time of the injection molding by heating the mold which heated the aluminum insert, as
illustrated in FIG. 4, and then passively allowed to cool to 90 °C. The final size of the injection molded resin was
3mmX45mmX10mm. The aluminum plate and the injection molded resin had a bonding area of 50 mm2.
[0066] A tensile shear bonding strength test was performed on the six samples, based on ISO19095. A Shimadze
AG-IS was used, with a 10 kN load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative humidity of
50%. The direction of the applied shear was parallel to the bonded surface, as shown in FIG. 10B. The test results are
shown in Table 2.

Example 2.2. (not encompassed by the claims) Polyetherimide (PEI) with chemical-etched aluminum plate.

[0067] An aluminum plate (A5052), having dimensions of 1.5mmX50mmX18mm, was chemically etched using the
procedure described in Example 2.1. A scanning microscope image of the aluminum plate is shown in FIG. 16.
[0068] Using a Sumitomo heavy industry SE100EV injection molding machine, a polyetherimide resin was injection
molded to contact the aluminum plates. The polyetherimide had a glass transition temperature of 217 °C (as measured
by DSC), and a melt flow rate 18 cm3/10 min at 337 °C/6.6 kg. The injected resin had a temperature of 380°C. Using
an electric heater/cooler, the aluminum was heated to a temperature of 230, 260, or 290°C using a heater embedded
in the mold at the time of the injection molding, as illustrated in FIG. 5, and then after the injection of the liquid resin, the
aluminum was actively cooled to 180°C. The final size of the injection molded resin was 3mmX45mmX10mm. The
aluminum plate and the injection molded resin had a bonding area of 50 mm2.
[0069] A tensile shear bonding strength test was performed on the six samples, based on ISO 19095. A Shimadze
AG-IS was used, with a 10 kN load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative humidity of
50%. The direction of the applied shear was parallel to the bonded surface, as shown in FIG. 10B. The test results are
shown in Table 3.

Example 2.3. (not encompassed by the claims) Polycarbonate(PC) resin with chemical-and laser-etched aluminum plate.

[0070] An aluminum plate (A5052), having dimensions of 1.5mmX50mmX18mm, was chemically etched using the
procedure described in Example 2.1. A scanning microscope image of the aluminum plate is shown in FIG. 16.

Table 2. Polycarbonate/aluminum plate tensile shear bonding strength.

Insert metal temperature Bonding strength(MPa)

Laser etched aluminum plate Chemically etched aluminum plate

100 °C 6 0

120 °C 8 7

140 °C 16 18

150 °C 25 28

Table 3. Polyetherimide/aluminum plate tensile shear bonding strength

Insert metal temperature Bonding strength(MPa)

Chemical etched Aluminum plate

230 °C 0

260 °C 10

290 °C 28
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[0071] Another aluminum plate of the same alloy was subjected to laser etching, using a 50 W Nd-YAG laser having
a frequency of 1064 nm, a scan speed of 100 mm/sec, and a beam diameter of 50 micrometers. A scanning electron
microscope image of the aluminum plate is illustrated in FIG. 15. The etched plate had stripes having a width of 50
micrometers, a depth of 50 micrometers, and a distance between each stripe of 150 micrometers.
[0072] Using a Sumitomo heavy industry SE100EV injection molding machine, a polycarbonate resin was injection
molded to contact the aluminum plates. The polycarbonate had a glass transition temperature of 150 °C (measured by
DSC), a melt flow rate 3 g/10 min at 300 °C/1.2 kg, and had a glass fiber content of 30 wt%. The injected resin had a
temperature of 300 °C. Using an electric heater/cooler, the aluminum was heated to a temperature of 130, 150, 180,
220 or 250 °C at the time of the injection molding by heating the mold which heated the aluminum insert, as illustrated
in FIG. 5. After the injection of the melted resin, the aluminum was actively cooled to 120 °C. The final size of the injection
molded resin was 3mmX45mmX10mm. The aluminum plate and the injection molded resin had a bonding area of 50 mm2.
[0073] A tensile shear bonding strength test was performed on the six samples, based on ISO19095. A Shimadzu
AG-IS was used, with a 10 kN load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative humidity of
50%. The direction of the applied shear was parallel to the bonded surface, as shown in FIG. 10B. The test results are
shown in Table 4.

Example 2.4. (not encompassed by the claims) Polycarbonate copolymer(PC-copolymer) resin with chemical- and laser-
etched aluminum plate.

[0074] An aluminum plate (A5052), having dimensions of 1.5mmX50mmX18mm, was chemically etched using the
procedure described in Example 2.1. A scanning microscope image of the aluminum plate is shown in FIG. 16.
[0075] Another aluminum plate of the same alloy was subjected to laser etching, using a 50 W Nd-YAG laser having
a frequency of 1064 nm, a scan speed of 100 mm/sec, and a beam diameter of 50 micrometers. A scanning electron
microscope image of the aluminum plate is illustrated in FIG. 15. The etched plate had stripes having a width of 50
micrometers, a depth of 50 micrometers, and a distance between each stripe of 150 micrometers.
[0076] Using a Sumitomo heavy industry SE100EV injection molding machine, a polycarbonate copolymer resin was
injection molded to contact the aluminum plates. The polycarbonate copolymer had a glass transition temperature of
190 °C (measured by DSC), a melt flow rate 25g/10 min at 330 °C/2.16kg, and had a glass fiber content of 30 wt%. The
injected resin had a temperature of 300 °C. Using an electric heater/cooler, the aluminum was heated to a temperature
of 180, 220, 240, or 260 °C at the time of the injection molding by heating the mold which heated the aluminum insert,
as illustrated in FIG. 5. After the injection of the melted resin, the aluminum was actively cooled to 140 °C. The final size
of the injection molded resin was 3mmX45mmX10mm. The aluminum plate and the injection molded resin had a bonding
area of 50 mm2.
[0077] A tensile shear bonding strength test was performed on the six samples, based on ISO19095. A Shimadzu
AG-IS was used, with a 10 kN load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative humidity of
50%. The direction of the applied shear was parallel to the bonded surface, as shown in FIG. 10B. The test results are
shown in Table 5.

Table 4. Polycarbonate/aluminum plate tensile shear bonding strength.

Insert metal temperature Bonding strength(MPa)

Laser etched aluminum plate Chemically etched aluminum plate

130 °C 0 0

150 °C 9 0

180 °C 37 2

220 °C 42 16

250 °C 45 27

Table 5. Polycarbonate copolymer/aluminum plate tensile shear bonding strength.

Insert metal temperature Bonding strength(MPa)

Laser etched aluminum plate Chemically etched aluminum plate

180 °C 0 0
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Example 2.5 (not encompassed by the claims) Polyphenylene oxide (PPO)/Polystyrene(PS) blend resin with chemical- 
and laser-etched aluminum plate.

[0078] An aluminum plate (A5052), having dimensions of 1.5mmX50mmX18mm, was chemically etched using the
procedure described in Example 2.1. A scanning microscope image of the aluminum plate is shown in FIG. 16.
[0079] Another aluminum plate of the same alloy was subjected to laser etching, using a 50 W Nd-YAG laser having
a frequency of 1064 nm, a scan speed of 100 mm/sec, and a beam diameter of 50 micrometers. A scanning electron
microscope image of the aluminum plate is illustrated in FIG. 15. The etched plate had stripes having a width of 50
micrometers, a depth of 50 micrometers, and a distance between each stripe of 150 micrometers
[0080] Using a Sumitomo heavy industry SE100EV injection molding machine, a PPO/PS resin was injection molded
to contact the aluminum plates. The PPO/PS had a glass transition temperature of 150 °C (measured by DSC), a melt
flow rate 8.4g/10 min at 300 °C/5 kg, and had a glass fiber content of 30 wt%. The injected resin had a temperature of
300 °C. Using an electric heater/cooler, the aluminum was heated to a temperature of 130, 150, 180, or 220 °C at the
time of the injection molding by heating the mold which heated the aluminum insert, as illustrated in FIG. 5. After the
injection of the melted resin, the aluminum was actively cooled to 120 °C. The final size of the injection molded resin
was 3mmX45mmX10mm. The aluminum plate and the injection molded resin had a bonding area of 50 mm2.
[0081] A tensile shear bonding strength test was performed on the six samples, based on ISO19095. A Shimadzu
AG-IS was used, with a 10 kN load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative humidity of
50%. The direction of the applied shear was parallel to the bonded surface, as shown in FIG. 10B. The test results are
shown in Table 6.

Example 2.6. (not encompassed by the claims) Polyether imide(PEI) resin with chemical- and laser-etched aluminum 
plate.

[0082] An aluminum plate (A5052), having dimensions of 1.5mmX50mmX18mm, was chemically etched using the
procedure described in Example 2.1. A scanning microscope image of the aluminum plate is shown in FIG. 16.
[0083] Another aluminum plate of the same alloy was subjected to laser etching, using a 50 W Nd-YAG laser having
a frequency of 1064 nm, a scan speed of 100 mm/sec, and a beam diameter of 50 micrometers. A scanning electron
microscope image of the aluminum plate is illustrated in FIG. 15. The etched plate had stripes having a width of 50
micrometers, a depth of 50 micrometers, and a distance between each stripe of 150 micrometers
[0084] Using a Sumitomo heavy industry SE100EV injection molding machine, a polyether imide resin was injection
molded to contact the aluminum plates. Two types of polyether imide resin were used. One polyetherimide had a glass
transition temperature of 217 °C (measured by DSC), a melt flow rate 17.8g/10 min at 337 °C/6.6 kg, and had no glass
fiber content. Another polyetherimide had a glass transition temperature of 217 °C (measured by DSC), a melt flow rate
7.6g/10 min at 337 °C/6.6 kg, and had a glass fiber content of 30 wt%. The injected resin had a temperature of 380 °C.

(continued)

Table 5. Polycarbonate copolymer/aluminum plate tensile shear bonding strength.

Insert metal temperature Bonding strength(MPa)

Laser etched aluminum plate Chemically etched aluminum plate

220 °C 31 0

240 °C 33 2.9

260 °C 31 5.5

Table 6. PPO/PS /aluminum plate tensile shear bonding strength.

Insert metal temperature Bonding strength(MPa)

Laser etched aluminum plate Chemically etched aluminum plate

130 °C 0 0

150 °C 15 0

180 °C 34 3

220 °C 41 36
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Using an electric heater/cooler (e.g., a Heat & Cool tool), the aluminum was heated to a temperature of 180, 200, 240
or 280 °C at the time of the injection molding by heating the mold which heated the aluminum insert, as illustrated in
FIG. 5. After the injection of the melted resin, the aluminum was actively cooled to 180 °C. The final size of the injection
molded resin was 3mmX45mmX10mm. The aluminum plate and the injection molded resin had a bonding area of 50 mm2.
[0085] A tensile shear bonding strength test was performed on the six samples, based on ISO19095. A Shimadzu
AG-IS was used, with a 10 kN load cell, a tensile speed of 10 mm/min, a temperature of 23 °C, at a relative humidity of
50%. The direction of the applied shear was parallel to the bonded surface, as shown in FIG. 10B. The test results are
shown in Tables 7 and 8.

[0086] As can be seen from the information above, it was unexpectedly discovered that heating the metal insert (e.g.,
at least the surface of the metal insert) to a high temperature, better adhesion is attained. For example, it allows the
plastic to flow into the pores and fully fill the pores. It was also unexpectedly discovered that a PBT/PET blend attains
better adhesion than PBT without PET.
[0087] The terms and expressions that have been employed are used as terms of description, it is recognized that
various modifications are possible within the scope of the embodiments of the present invention. Thus, it should be
understood that although the present invention has been specifically disclosed by specific embodiments and optional
features.
[0088] Throughout this document, values expressed in a range format should be interpreted in a flexible manner to
include not only the numerical values explicitly recited as the limits of the range, but also to include all the individual
numerical values or sub-ranges encompassed within that range as if each numerical value and sub-range is explicitly
recited. For example, a range of "about 0.1% to about 5%" or "about 0.1% to 5%" should be interpreted to include not
just about 0.1% to about 5%, but also the individual values (e.g., 1%, 2%, 3%, and 4%) and the sub-ranges (e.g., 0.1%
to 0.5%, 1.1% to 2.2%, 3.3% to 4.4%) within the indicated range. The statement "about X to Y" has the same meaning
as "about X to about Y," unless indicated otherwise. Likewise, the statement "about X, Y, or about Z" has the same
meaning as "about X, about Y, or about Z," unless indicated otherwise.
[0089] In this document, the terms "a," "an," or "the" are used to include one or more than one unless the context
clearly dictates otherwise. The term "or" is used to refer to a nonexclusive "or" unless otherwise indicated. The statement
"at least one of A and B" has the same meaning as "A, B, or A and B." In addition, it is to be understood that the
phraseology or terminology employed herein, and not otherwise defined, is for the purpose of description only and not
of limitation. Any use of section headings is intended to aid reading of the document and is not to be interpreted as
limiting; information that is relevant to a section heading may occur within or outside of that particular section.
[0090] In the methods described herein, the acts can be carried out in any order without departing from the principles
of the invention, except when a temporal or operational sequence is explicitly recited. Furthermore, specified acts can
be carried out concurrently unless explicit claim language recites that they be carried out separately. For example, a

Table 7. Polyether-imide(no filler)/aluminum plate tensile shear bonding strength.

Bonding strength(MPa)

Insert metal temperature Laser etched aluminum plate Chemically etched aluminum plate

180 °C 0 0

200 °C 12 0

240 °C 35 4

280 °C 51 28

Table 8. Polyetherimide (Glass fiber 30wt%)/aluminum plate tensile shear bonding strength.

Bonding strength(MPa)

Insert metal temperature Laser etched aluminum plate Chemically etched aluminum plate

180 °C 0 0

200 °C 11 0

240 °C 38 5

280 °C 54 29



EP 3 307 510 B1

16

5

10

15

20

25

30

35

40

45

50

55

claimed act of doing X and a claimed act of doing Y can be conducted simultaneously within a single operation, and the
resulting process will fall within the literal scope of the claimed process.
[0091] The term "about" as used herein can allow for a degree of variability in a value or range, for example, within
10%, within 5%, or within 1% of a stated value or of a stated limit of a range, and includes the exact stated value or
range. The term "substantially" as used herein refers to a majority of, or mostly, as in at least about 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, 99.99%, or at least about 99.999% or more, or 100%.
[0092] The term "radiation" as used herein refers to energetic particles travelling through a medium or space. Examples
of radiation are visible light, infrared light, microwaves, radio waves, very low frequency waves, extremely low frequency
waves, thermal radiation (heat), and black-body radiation. The term "UV light" as used herein refers to ultraviolet light,
which is electromagnetic radiation with a wavelength of about 10 nm to about 400 nm.
[0093] The term "cure" as used herein refers to exposing to radiation in any form, heating, or allowing to undergo a
physical or chemical reaction that results in hardening or an increase in viscosity.
[0094] The term "pore" as used herein refers to a depression, slit, or hole of any size or shape in a solid object. A pore
can run all the way through an object or partially through the object. A pore can intersect other pores.
[0095] The term "room temperature" as used herein refers to a temperature of about 15°C to 28°C.
[0096] The term "coating" as used herein refers to a continuous or discontinuous layer of material on the coated
surface, wherein the layer of material can penetrate the surface and can fill areas such as pores, wherein the layer of
material can have any three-dimensional shape, including a flat or curved plane. In one example, a coating can be
formed on one or more surfaces, any of which may be porous or nonporous, by immersion in a bath of coating material.
[0097] The term "surface" as used herein refers to a boundary or side of an object, wherein the boundary or side can
have any perimeter shape and can have any three-dimensional shape, including flat, curved, or angular, wherein the
boundary or side can be continuous or discontinuous.
[0098] As used herein, the term "polymer" refers to a molecule having at least one repeating unit and can include
copolymers.
[0099] Unless specified to the contrary herein, all test standards (including ISO, ASTM, and others) are the most recent
standard in effect as of the June 10, 2015.
[0100] As used herein, the term "injection molding" refers to a process for producing a molded part or form by injecting
a composition including one or more polymers that are thermoplastic, thermosetting, or a combination thereof, into a
mold cavity, where the composition cools and hardens to the configuration of the cavity. Injection molding can include
the use of heating via sources such as steam or induction to heat the mold prior to injection, and the use of cooling
sources such as water to cool the mold after injection, allowing faster mold cycling and higher quality molded parts or
forms. An insert for an injection mold can form any suitable surface within the mold, such as a surface that contacts at
least part of the injection molded material, such as a portion of an outer wall of the mold, or such as at least part of an
inner portion of the mold around which the injection molded material is molded. An insert for an injection mold can be
an insert that is designed to be separated from the injection molded material at the conclusion of the injection molding
process. An insert for an injection mold can be an insert that is designed to be part of the injection molded product (e.g.,
a heterogeneous injection molded product that includes the insert bonded to the injection molded material), wherein the
injection molded product includes a junction between the injection molded material and the insert.

Claims

1. A method of forming a junction between a metal form and a solid plastic, the method comprising:

contacting a metal form comprising a plurality of pores and a flowable resin composition comprising a polyester;
and
curing the flowable composition to form the solid plastic, to provide the junction between the metal form and
the solid plastic;
characterized in that the flowable resin composition comprises at least two polyethylene terephthalate poly-
mers, at least two of which having different viscosities, and at least two polybutylene terephthalate polymers,
at least two of which having different viscosities.

2. The method of Claim 1, wherein the pores are in a surface of the metal form, wherein the contacting comprises
direct contacting between the metal form and the flowable resin composition.

3. The method of any of the preceding claims, wherein the metal form comprises a porous adhesion film, and wherein
the pores are in the porous adhesion film, wherein contacting the metal form and the flowable resin composition
comprises contacting the flowable resin composition and the porous adhesion film on the metal form.
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4. The method of any of the preceding claims, further comprising heating the metal form to a temperature at or above
a glass transition temperature of a flowable resin composition.

5. The method of Claim 4, wherein the heating comprises heating with steam, an electric heater, an induction heater,
ultrasonic vibration, a laser heater, a halogen heater, a carbon heater, or a combination thereof.

6. The method of any of Claims 4 - 5, wherein the heating comprises heating a mold comprising the metal form, wherein
the heating of the mold heats the metal form.

7. The method of any of Claims 4 - 6, wherein the heating comprises heating with a heating device that is inserted in
a mold comprising the metal form or between cavities in the mold prior to the contacting of the metal form and the
flowable resin composition.

8. The method of any of Claims 4 - 5, wherein the heating comprises directly heating the metal form.

9. The method of any of the preceding claims, wherein the polybutylene terephthalate polymers and the polyethylene
terephthalate polymers together are 0.01 wt% to 99.99 wt% of the flowable resin composition.

10. The method of any of claims 1 - 4 and 9, wherein greater than 20 wt% of the flowable resin composition is the
polyethylene terephthalate polymers; preferably wherein greater than 30 wt% and less than or equal to 99 wt% of
the flowable resin composition is the polyethylene terephthalate polymers; more preferably greater than 30 wt% up
to 70 wt%, of the flowable resin composition is the polyethylene terephthalate polymers; or preferably greater than
32 wt% up to 50 wt%, of the flowable resin composition is the polyethylene terephthalate polymers.

11. The method of any of the preceding claims, wherein the contacting the metal form and the flowable resin composition
comprises injection molding the flowable resin composition.

12. The method of any of the preceding claims, wherein the flowable resin composition further comprises a filler.

13. The method of any of the preceding claims, wherein the different viscosities are different by 0.01 to 1.5 dL/g,
preferably 0.1 to 0.8 dL/g, as measured at room temperature in a 60:40 phenol/tetrachloroethane mixture.

14. The method of any of the preceding claims, wherein each viscosity is 0.01 dL/g to 10 dL/g, preferably 0.05 dL/g to
2 dL/g.

15. The method of any of the preceding claims, wherein contacting the metal form and the flowable resin comprises
penetrating the pores with the flowable resin composition before the curing.

Patentansprüche

1. Verfahren zum Bilden einer Verbindung zwischen einer Metallform und einem festen Kunststoff, wobei das Verfahren
umfasst:

Kontaktieren einer Metallform, die eine Vielzahl von Poren umfasst, und einer fließfähigen Harzzusammenset-
zung, die einen Polyester umfasst; und
Aushärten der fließfähigen Zusammensetzung, um den festen Kunststoff zu bilden, um die Verbindung zwischen
der Metallform und dem festen Kunststoff bereitzustellen;
dadurch gekennzeichnet, dass die fließfähige Harzzusammensetzung umfasst: mindestens zwei Polyethy-
lenterephthalat-Polymere, wobei mindestens zwei von diesen unterschiedliche Viskositäten aufweisen, und
mindestens zwei Polybutylenterephthalat-Polymere, wobei mindestens zwei von diesen unterschiedliche Vis-
kositäten aufweisen.

2. Verfahren nach Anspruch 1, wobei die Poren in einer Oberfläche der Metallform vorliegen, wobei das Kontaktieren
ein direktes Kontaktieren zwischen der Metallform und der fließfähigen Harzzusammensetzung umfasst.

3. Verfahren nach einem der vorangehenden Ansprüche, wobei die Metallform einen porösen Adhäsionsfilm umfasst
und wobei die Poren in dem porösen Adhäsionsfilm vorliegen, wobei das Kontaktieren der Metallform und der
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fließfähigen Harzzusammensetzung ein Kontaktieren der fließfähigen Harzzusammensetzung und des porösen
Adhäsionsfilms an der Metallform umfasst.

4. Verfahren nach einem der vorangehenden Ansprüche, weiter umfassend ein Erwärmen der Metallform auf eine
Temperatur bei oder über einer Glasübergangstemperatur von einer fließfähigen Harzzusammensetzung.

5. Verfahren nach Anspruch 4, wobei das Erwärmen ein Erwärmen mit Dampf, einem elektrischen Heizgerät, einem
Induktionsheizgerät, einer Ultraschallvibration, einem Laserheizgerät, einem Halogenheizgerät, einem Kohlenstoff-
heizgerät, oder einer Kombination davon, umfasst.

6. Verfahren nach einem der Ansprüche 4 - 5, wobei das Erwärmen ein Erwärmen einer die Metallform umfassenden
Form umfasst, wobei das Erwärmen der Form die Metallform erwärmt.

7. Verfahren nach einem der Ansprüche 4 - 6, wobei das Erwärmen ein Erwärmen mit einer Heizvorrichtung umfasst,
die in eine die Metallform umfassende Form oder zwischen Hohlräume in der Form, vor dem Kontaktieren der
Metallform und der fließfähigen Harzzusammensetzung, eingefügt wird.

8. Verfahren nach einem der Ansprüche 4 - 5, wobei das Erwärmen ein direktes Erwärmen der Metallform umfasst.

9. Verfahren nach einem der vorangehenden Ansprüche, wobei die Polybutylenterephthalat-Polymere und die Poly-
ethylenterephthalat-Polymere zusammen 0,01 Gew.-% bis 99,99 Gew.-% der fließfähigen Harzzusammensetzung
sind.

10. Verfahren nach einem der Ansprüche 1 - 4 und 9, wobei mehr als 20 Gew.-% der fließfähigen Harzzusammensetzung
die Polyethylenterephthalat-Polymere sind; wobei, bevorzugt, mehr als 30 Gew.-% und weniger als oder gleich 99
Gew.-% der fließfähigen Harzzusammensetzung die Polyethylenterephthalat-Polymere sind; bevorzugter mehr als
30 Gew.-% bis zu 70 Gew.-% der fließfähigen Harzzusammensetzung die Polyethylenterephthalat-Polymere sind;
oder bevorzugt mehr als 32 Gew.-% bis zu 50 Gew.-% der fließfähigen Harzzusammensetzung die Polyethylente-
rephthalat-Polymere sind.

11. Verfahren nach einem der vorangehenden Ansprüche, wobei das Kontaktieren der Metallform und der fließfähigen
Harzzusammensetzung ein Spritzgießen der fließfähigen Harzzusammensetzung umfasst.

12. Verfahren nach einem der vorangehenden Ansprüche, wobei die fließfähige Harzzusammensetzung weiter einen
Füllstoff umfasst.

13. Verfahren nach einem der vorangehenden Ansprüche, wobei die verschiedenen Viskositäten um 0,01 bis 1,5 dL/g,
bevorzugt 0,1 bis 0,8 dL/g, unterschiedlich sind, wie gemessen bei Raumtemperatur in einer 60:40-Phenol/Tetra-
chlorethan-Mischung.

14. Verfahren nach einem der vorangehenden Ansprüche, wobei jede Viskosität 0,01 dL/g bis 10 dL/g, bevorzugt 0,05
dL/g bis 2 dL/g, beträgt.

15. Verfahren nach einem der vorangehenden Ansprüche, wobei das Kontaktieren der Metallform und des fließfähigen
Harzes ein Durchdringen der Poren mit der fließfähigen Harzzusammensetzung vor dem Aushärten umfasst.

Revendications

1. Un procédé de formation d’une jonction entre une forme métallique et une matière plastique solide, le procédé
comprenant :

le fait de mettre en contact une forme métallique comprenant une pluralité de pores et une composition de
résine fluide comprenant un polyester ; et
le fait de durcir la composition fluide pour former la matière plastique solide, afin d’assurer la jonction entre la
forme métallique et la matière plastique solide ;
caractérisé en ce que la composition de résine fluide comprend au moins deux polymères de polyéthylène
téréphtalate, dont au moins deux ont des viscosités différentes, et au moins deux polymères de polybutylène



EP 3 307 510 B1

19

5

10

15

20

25

30

35

40

45

50

55

téréphtalate, dont au moins deux ont des viscosités différentes.

2. Le procédé selon la revendication 1, dans lequel les pores sont dans une surface de la forme métallique, le fait de
mettre en contact comprenant la mise en contact directe entre la forme métallique et la composition de résine fluide.

3. Le procédé selon l’une quelconque des revendications précédentes, dans lequel la forme métallique comprend un
film d’adhérence poreux, et dans lequel les pores sont dans le film d’adhérence poreux, le fait de mettre en contact
la forme métallique et la composition de résine fluide comprenant la mise en contact de la composition de résine
fluide et du film d’adhérence poreux sur la forme métallique.

4. Le procédé selon l’une quelconque des revendications précédentes, comprenant en outre le fait de chauffer la forme
métallique à une température égale ou supérieure à une température de transition vitreuse d’une composition de
résine fluide.

5. Le procédé selon la revendication 4, dans lequel le chauffage comprend le fait de chauffer avec de la vapeur, à
l’aide d’un chauffage électrique, d’un chauffage à induction, de vibrations ultrasoniques, d’un chauffage laser, d’un
chauffage halogène, d’un chauffage au carbone ou d’une combinaison de ceux-ci.

6. Le procédé selon l’une quelconque des revendications 4 à 5, dans lequel le chauffage comprend le fait de chauffer
un moule comprenant la forme métallique, le chauffage du moule chauffant la forme métallique.

7. Le procédé selon l’une quelconque des revendications 4 à 6, dans lequel le chauffage comprend le fait de chauffer
avec un dispositif de chauffage qui est inséré dans un moule comprenant la forme métallique ou entre des cavités
dans le moule avant la mise en contact de la forme métallique et de la composition de résine fluide.

8. Le procédé selon l’une quelconque des revendications 4 à 5, dans lequel le chauffage comprend le fait de chauffer
directement la forme métallique.

9. Le procédé selon l’une quelconque des revendications précédentes, dans lequel les polymères de poly(téréphtalate
de butylène) et les polymères de poly(téréphtalate d’éthylène) représentent ensemble de 0,01 % en poids à 99,99
% en poids de la composition de résine fluide.

10. Le procédé selon l’une quelconque des revendications 1 à 4 et 9, dans lequel plus de 20 % en poids de la composition
de résine fluide sont des polymères de polyéthylène téréphtalate ; de préférence dans lequel plus de 30 % en poids
et moins de, ou égal à, 99 % en poids de la composition de résine fluide sont des polymères de polyéthylène
téréphtalate ; de façon encore préférée plus de 30 % en poids jusqu’à 70 % en poids, de la composition de résine
fluide sont des polymères de polyéthylène téréphtalate ; ou de préférence plus de 32 % en poids jusqu’à 50 % en
poids, de la composition de résine fluide sont des polymères de polyéthylène téréphtalate.

11. Le procédé selon l’une des revendications précédentes, dans lequel la mise en contact de la forme métallique et
de la composition de résine fluide comprend le fait de mouler par injection la composition de résine fluide.

12. Le procédé selon l’une quelconque des revendications précédentes, dans lequel la composition de résine fluide
comprend en outre une charge.

13. Le procédé selon l’une quelconque des revendications précédentes, dans lequel les différentes viscosités sont
différentes de 0,01 à 1,5 dL/g, de préférence de 0,1 à 0,8 dL/g, telles que mesurées à température ambiante dans
un mélange phénol/tétrachloroéthane à 60:40.

14. Le procédé selon l’une quelconque des revendications précédentes, dans lequel chaque viscosité est de 0,01 dL/g
à 10 dL/g, de préférence de 0,05 dL/g à 2 dL/g.

15. Le procédé selon l’une quelconque des revendications précédentes, dans lequel la mise en contact de la forme
métallique et de la résine fluide comprend le fait de réaliser une pénétration des pores par la composition de résine
fluide avant le durcissement.
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