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WHITE AND BLACK PLY LAMINATE AND METHODS

BACKGROUND OF THE INVENTION

[0001] Roofing membranes are commonly used for roofing systems of building and
structures. Roofing membranes are often applied to the building or structure’s roof to
prevent leaks and/or to provide aesthetic appeal. Roofing membranes are commonly
made of various synthetic rubber materials, modified bitumen, or thermoplastic materials.

[0002] Two common types of roofing membrane include those made of thermoplastic
polyolefin (TPO) and those made of ethylene propylene diene monomer rubber (EPDM).
TPO membranes are often white, but may be made in various other colors or shades,
such as grey, black, and the like. Similarly, EPDM membranes are often black, but in
some embodiments may also be white. White roofing membranes are often used to
provide a pleasing appeal to the building and/or to reflect radiation and minimize heat
island effects. White EPDM membranes are often expensive due to the white pigment
used and/or other fillers that are added to the membrane. EPDM membranes may also
be prone to degradation from one or more environmental factors. TPO membranes are

often more rigid than EPDM membranes.

BRIEF SUMMARY OF THE INVENTION

[0003] The embodiments described herein provide a laminate that includes a TPO top
material or layer and an EPDM bottom material or layer. According to one embodiment, a
method of making a roofing membrane is provided. According to the method, an ethylene
propylene diene monomer rubber (EPDM) material sheet is provided and a thermoplastic
polyolefin (TPO) material sheet is extruded onto the EPDM material sheet. The EPDM
material sheet and TPO material sheet are then pressed together via one or more rollers.
The EPDM material is typically uncured and may have a thickness of between about 50
mils and 70 mils. The extruded TPO sheet may have a temperature of at least 150
degrees Celsius, and more commonly about 200 degrees Celsius, and a thickness of
between about 15 mils and 35 mils. The heat of the TPO material sheet may cause a top
portion of the EPDM material sheet to cure such that crosslinking of the TPO and EPDM
material sheets occurs at an interface of the sheets to bond the sheets together. In some
embodiments, a fiber mat or film may be positioned between the TPO material sheet and
the EPDM material sheet, or adjacent a bottom surface of the EPDM sheet.



10

15

20

25

30

WO 2014/088778 PCT/US2013/070195

[0004] According to another embodiment, a roofing membrane laminate is provided.
The roofing membrane laminate may include a first layer of an ethylene propylene diene
monomer rubber (EPDM) material. At least a portion of the EPDM material may be
uncured and the EPDM material may have a thickness of between about 50 mils and 70
mils. The roofing membrane laminate may also include a second layer of a thermoplastic
polyolefin (TPO) material coupled with the EPDM material. The TPO material may have
a thickness of between about 15 mils and 35 mils. The EPDM material and TPO material
may be coupled via crosslinking of the TPO and EPDM material at an interface of the two
materials. A top portion of the EPDM material may be cured via the application of heat
after the EPDM material and TPO material are placed into contact so as to effect
crosslinking of the materials and bonding thereof. In some embodiments, a fiber mat or
film positioned between the TPO material sheet and the EPDM material sheet, or

adjacent a bottom surface of the EPDM material.

[0005] According to another embodiment, a method of making a roofing membrane is
provided. According to the method, an uncured ethylene propylene diene monomer
rubber (EPDM) material sheet is provided and a thermoplastic polyolefin (TPO) material
sheet is positioned atop the EPDM material sheet. The EPDM material sheet is heated
and the EPDM material sheet and TPO material sheet are pressed together via one or
more rollers. Heating the EPDM material sheet may cause at least a top portion of the
EPDM material sheet to cure such that crosslinking of the TPO and EPDM material
sheets occurs at an interface of the sheets to bond the sheets together.

[0006] In some embodiments, the EPDM material may be heated via heat from the
TPO material sheet after the TPO material sheet is placed atop the EPDM material sheet.
In other embodiments, the EPDM material may be heated via an infrared heat source, a
robotic welder, or heated air.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The present invention is described in conjunction with the appended figures:

[0008] FIG. 1 illustrates a perspective view of a laminate having a top TPO material
or layer laminated with a bottom EPDM material or layer according to an embodiment of

the invention.

[0009] FIG. 2 illustrates another perspective view of a laminate having a top TPO

layer and a bottom EPDM layer according to an embodiment of the invention.
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[0010] FIG. 3 illustrates another perspective view of a laminate having a top TPO

layer and a bottom EPDM layer according to embodiments of the invention.

[0011] FIG. 4 illustrates another perspective view of a laminate having a top TPO

layer and a bottom EPDM layer according to an embodiment of the invention.

[0012] FIG. 5 illustrates a an example of how EPDM material may flow between the
fiber strands, filaments, and/or yarn of the fiber scrim and/or into the yarn and between
the individual fiber strands or filaments according to an embodiment of the invention.

[0013] FIG. 6 illustrates a system for making a hybrid laminate according to an

embodiment of the invention.

[0014] FIG. 7 illustrates a method of making a hybrid roofing membrane or laminate

according to an embodiment of the invention.

[0015] FIG. 8 illustrates another method of making a hybrid roofing membrane or

laminate according to an embodiment of the invention.

[0016] FIG. 9 illustrates another hybrid roofing membrane or laminate according to

another embodiment of the invention.

[0017] FIG. 10 illustrates another hybrid roofing membrane or laminate according to

another embodiment of the invention.

[0018] FIG. 11 illustrates a die for making the hybrid roofing membrane or laminate of

FIG. 10 and/or FIG. 11 according to another embodiment of the invention.

[0019] In the appended figures, similar components and/or features may have the
same numerical reference label. Further, various components of the same type may be
distinguished by following the reference label by a letter that distinguishes among the
similar components and/or features. If only the first numerical reference label is used in
the specification, the description is applicable to any one of the similar components
and/or features having the same first numerical reference label irrespective of the letter

suffix.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The ensuing description provides exemplary embodiments only, and is not
intended to limit the scope, applicability or configuration of the disclosure. Rather, the
ensuing description of the exemplary embodiments will provide those skilled in the art

with an enabling description for implementing one or more exemplary embodiments. It
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being understood that various changes may be made in the function and arrangement of
elements without departing from the spirit and scope of the invention as set forth in the
appended claims.

[0021] Some common terms that are used in describing embodiments of the
invention are TPO or TPO membrane, EPDM or EPDM membrane, yarn, fiber filament or
strand, butyl tape, scrim, film, and the like. The term TPO refers to thermoplastic olefin or
polyolefin material, which is typically a polymerffiller blend that may include some portion
of polypropylene, polyethylene, block copolymer polypropylene, rubber, and/or a filler
material such as for reinforcement. The filler materials may include talc, fiberglass,
carbon fiber, wollastonite, and the like. Various rubbers may also be used, such as
ethylene propylene rubber, EPDM, styrene-ethylene-butadiene-styrene, and the like. The
term EPDM refers to ethylene propylene diene monomer rubber, which is typically a type
of synthetic rubber having a wide range of applications. In the embodiments described
herein, the EPDM material is used as a roofing membrane that is applied atop a building
or structure. In some embodiments, any white Thermoplastic Vulcanizate (TPV) may be
used in place of or in addition to a TPO membrane.

[0022] The term fiber filament or strand refers to an individual segment or strand of a
fiber material, which may be made of a polymer such as polyester. The term yarn refers
to a length of interlocked fiber filaments or strands. The yarn may be relatively long and

continuous.

[0023] The embodiments described herein provide a laminate that includes a TPO
top material or layer and an EPDM bottom material or layer. The laminates described
herein are typically used as roofing membranes and provide improved properties over
conventional roofing membranes. In one embodiment, the top TPO material is a white
TPO ply and the bottom EPDM material is a black ply. In other embodiments, a white
EPDM material may replace the black ply. In comparison to a single roofing material or
membrane of white EPDM, an advantage of the TPO top material and EPDM bottom
material laminate is an improved ability of the laminate to remain white in addition to
improved weathering stability. The black EPDM ply bottom material provides membrane
flexibility and long term weathering stability. The white TPO top material provides UV
protection and reduces heat island effects. The TPO material can also be heat welded to
other TPO pieces or accessories which are cheaper to make than rubber accessories.
The TPO material also allows other components or materials to be easily welded onto the

roofing laminate. In some embodiments, since half of the laminate comprises a flexible
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EPDM membrane, the resulting laminate will have considerably more flexibility than

existing TPO membranes.

[0024] In one embodiment, the TPO and EPDM materials are bonded or coupled
together by crosslinking of the materials at an interface of the materials, or in other words,
where a bottom surface of the TPO contacts a top surface of the EPDM. The EPDM
material may be in an uncured state when the materials are placed in contact with each
other to allow the crosslinking of the materials to occur. In one embodiment, the black
EPDM ply is a slow cure EPDM, or includes a slow cure package, or in other words one
or more fillers that cause the EPDM ply to cure at a slower rate compared with other
EPDM materials. In such embodiments, when a hot TPO material contacts the black
EPDM, the EPDM will not instantly be cured, which may otherwise prevent bonding to the
TPO. In some embodiments, the slow cure EPDM may be cured on site after installation
such as via solar radiation. In such embodiments, no autoclave is needed to cure the
EPDM.

[0025] In some embodiments, a scrim or perforated polyester film can be inserted
between the two plies (i.e., the TPO and EPDM materials or layers). Inserting a scrim or
perforated polyester film may help avoid any high distortion from stretching during the
installation process. This reinforcement may not only eliminate the distortion concern, but
also prevent wrinkles that may be generated from the difference in expansion coefficient
of the two different materials.

[0026] In some embodiments a fleece layer may be coupled with the bottom surface
of the laminate. The uncured EPDM bottom ply material may allow a fleece layer to be
laminated to the bottom surface since the rubber is not cured. In the uncured state, the
rubber material can accept the fleece fibers and mechanically lock them in place when it
subsequently cures. The fleece bottom layer may help the integrity of the membrane. It
may also provide “fully adhere” capability, which may be good for refurbishing old roofs

with a new and “white” roof.

[0027] Referring now to FIG. 1, illustrated is a laminate 100 having a top TPO
material or layer 104 that is laminated with a bottom EPDM material or layer 102. As
described herein, the top TPO material or layer may be a white material while the bottom
EPDM material is a black material. In some embodiments, a white Thermoplastic
Vulcanizate (TPV) material layer may be used in place of or in addition to TPO material or
layer 104. The laminate 100 may be used as a roofing membrane and attached atop a

building or structure. The laminate 100 may be relatively flexible due to the EPDM layer
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102 and may have improved weathering and other properties when compared to
conventional roofing membranes. For example, TPO materials generally do not degrade
under solar UV radiation, thereby improving the weathering capability of the laminate 100.
The laminate 100 may also reduce heat island effects due to the white TPO top layer 104
and/or be less expensive than similar conventional roofing membranes, such as solid

white EPDM membranes.

[0028] The TPO material 104 may be laminated to the EPDM material 102 by heat.
In one embodiment, the EPDM material 102 is not cured which allows the lamination of
the materials to occur. The uncured EPDM material allows the TPO top material 104 and
EPDM bottom material 102 to crosslink at the interface of the materials, or in other words,
where the materials contact. Since the materials crosslink, the materials are tightly
bonded together and rigidly held together. The bond between the materials is enhanced
compared to other laminated roofing materials, which often require the use of other
materials (e.g., silane additives), the application of high heat, and the like, which may

deform one or more layers and introduce stresses to the laminate.

[0029] In one embodiment, heat from the TPO top material 104 may be used to effect
or cause cross-linking of the materials, 102 and 104, by causing a top surface or portion
of the EPDM bottom material 102 to cure. The remainder of the EPDM material 102 (i.e.,
anything below the top surface or layer) may remain uncured for a period of time after the
cross-linking occurs, such as until after the laminate 100 is installed atop a building or
structure. Stated differently, the top surface or portion of the EPDM material 102 may
cure relatively quickly after the TPO material or layer 104 is applied while the remainder
of the EPDM material 102 gradually cures over a period of time. Curing of the EPDM
material 102 in this manner, and bonding of the layers 102 and 104, eliminates the need
for an auto-clave to be used to cure the EPDM and bond the materials. Use of an auto-
clave may melt and/or deform the TPO material since temperatures in excess of 150 or
160 degrees Celsius are commonly required to cure EPDM. The use of an auto-clave in
this manner may introduce unwanted stresses into a resulting TPO/EPDM laminate
and/or cause the laminate to vary in thickness and/or shape.

[0030] In one embodiment, the TPO material 104 may be extruded immediately or
directly onto a surface of the uncured EPDM material 102. The TPO material 104 may be
relatively hot since the material is extruded immediately or directly onto the EPDM 102.

In some embodiments, the temperature of the TPO material 104 may be in excess of 150
degrees Celsius, and more commonly about 200 degrees Celsius, which is sufficiently
high to cause the top surface of the EPDM 102, or a portion thereof, to rapidly cure. As
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described herein, the curing of the EPDM material may cause cross-linking between the
EPDM and TPO layers, 102 and 104. The bottom portion and mid-section of the EPDM
material 102 may remain uncured due to insufficient heat transfer through the material. In
some embodiments a majority of the thickness of that EPDM layer 102 may remain
uncured after the TPO and EPDM, 104 and 102, are bonded together.

[0031] Conventional laminates typically require or use a "crosslinkable" plastic, such
as materials that require or use silane in both plies to bond the plies together with the
help of moisture. In contrast, laminate 100 uses an uncured EPDM rubber compound
with an extruded TPO plastic. As described herein, heat from the TPO will cure the
surface of the uncured rubber but typically not the entire thickness. Stated differently,

heat is used to interlock and crosslink the rubber and plastic materials.

[0032] Other conventional laminates may use rubber-like yet heat weldable plastic
materials, such as Thermoplastic Vulcanizate (TPV). These materials are neither
uncured rubber nor cured rubber and thus differ from those described in the embodiments
herein, which are generally a plastic material laminated to an uncured rubber material.

As described herein, in some embodiments the rubber materials may cure after

lamination or on-site to become cured rubber.

[0033] Further, other conventional laminates may bond a TPO material to a cured
EPDM. This is typically done by heating both sides of the TPO and cured EPDM to
above 190 or 220 degrees Celsius to form the bond. The resulting bond, however, is
typically weak at the interface. In addition, stresses that result from thermal shrinkage will
often further weaken the bond. The embodiments described herein, which use mostly
uncured rubber materials, are able to conform to any pre-strain during installation and/or
re-adjust dimensionally to changes during slow curing. The resulting laminates are thus
typically flat and seldom wrinkled. The TPO material 104 may also help strengthen the
laminate 100, which will make the laminate 100 more stable than conventional laminates.

[0034] As described herein, the EPDM material 102 of laminate 100 typically will
eventually cure, but the process is relatively slow. For example, in some embodiments,
the curing process may take one to two months before the EPDM material 102 fully
cures. In some embodiments, the curing process may be accelerated by the application
of heat, which may be provided by solar radiation. For example, after the laminate 100 is
applied atop a building or structure, some solar radiation may penetrate through the TPO
top layer 104 and heat the EPDM bottom layer 102. The solar radiation may accelerate
curing of the EPDM material 102.



10

15

20

25

30

35

WO 2014/088778 PCT/US2013/070195

[0035] The uncured EPDM material 102 typically exhibits more resiliency when
compared to cured EPDM material. This allows the EPDM material 102 to resiliently
return when it is pulled or stretched. It also allows the EPDM material 102 to conform to
any pre-strain during installation and/or re-adjust dimensionally to changes during slow
curing. Cured EPDM materials typically deform when pulled or stretched beyond a
certain amount. In some embodiments, the TPO material layer 104, which is a plastic
material that is stronger and less deformable than the EPDM material 102, may reinforce
the laminate 100. For example, the TPO layer 104 allows strengthens the laminate 100
to allow a roofer to pull the laminate and easily position the laminate about a roof or other

structure.

[0036] In some embodiments, the EPDM material 102 will gradually relax after
installation of the laminate. The EPDM may then cure. The gradual relaxation of the
EPDM may release or compensate for any stress that is built up during installation. This
relaxation may greatly reduce potential wrinkles on the surface that would otherwise form
as the different materials expand and shrink due to thermal changes and different thermal
expansion coefficients, and/or greatly reduce stretching/extension from thermal changes
and installation, which may otherwise deform or tear the laminate. The EPDM may also
relax and yield to the TPO material, which is more rigid. For example, roofers may install
the laminate and fasten it in place (e.g., via nails, screws, clips, and other fasteners).
During this process, various stresses may be placed on the laminate. As the EPDM
material relaxes and cures, however, the laminate may equalize to the stresses and

thereby prevent future wrinkling, deforming, tearing, and/or other problems.

[0037] In some embodiments, the laminate 100 may have a thinner layer of the TPO
material 104 and a thicker layer of the EPDM material 102 to provide an optimal balance
of strength and flexibility. To achieve this balance, the thickness ratio of the EPDM
material 102 to TPO material 104 may be between about 60/40 and 80/20 or
approximately 70/30. In some embodiments, the EPDM material 102 may have a
thickness T4 of between about 50 and 70 mils (i.e., 0.050 and 0.070 inches) and the TPO
material may have a thickness T, of between about 15 and 35 mils (i.e., 0.015 and 0.035
inches), which provides a thickness ratio within the above described ranges. In an
exemplary embodiment, the EPDM material 102 may have a thickness T+ of about 60
mils and the TPO material 104 may have a thickness T, of about 25 mils to provide an
approximate thickness ratio of 70/30 EPDM to TPO. This ratio may maintain a flexural
modulus of that is similar to black EPDM materials. In some embodiments, the laminate

may have a hardness of about 65. In other embodiment, the EPDM material 102 may
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have a thickness T4 as low as 25 mils to allow the laminate 100 to have a thickness ratio
of roughly 50/50 EPDM to TPO material. In some embodiments, laminate 100 may have
a total sheet thickness (i.e., combined thickness of the EPDM and TPO materials) of
between about 70 and 100 mils or 80 and 90 mils. The individual thicknesses of each
layer (i.e., the TPO and EPDM materials) may be varied to provide various TPO to EPDM
material ratios and thickness so as to achieve a desired result such as increased
flexibility, weldability, and the like.

[0038] In some embodiments, a fleece layer (not shown) may be coupled with the
bottom surface of the laminate 100. The EPDM material 102 may allow a fleece layer to
be laminated to the bottom surface since the EPDM material 102 is not cured. In the
uncured state, the EPDM material 102 can accept the fleece fibers and mechanically lock

them in place as it subsequently cures.

[0039] Referring now to FIGs. 2-4, in some embodiments the laminate may include
one or more additional layers of another material. For example, to further reinforce the
laminate, a fiber scrim or film may be applied between the TPO and EPDM layers, or
coupled with a surface of the EPDM layer opposite the TPO layer. The fiber scrim or film
may greatly enhance the laminate’s deformation resistance responsive to stretching and
pulling from roofers during installation of the laminate. The fiber scrim or film may
effectively take the majority of the stretching or pulling force so that the laminate is
relatively unaffected. Without the fiber scrim or film, the potential for plastically deforming

the laminate, or even tearing the laminate, is increased.

[0040] In some embodiments, the fiber scrim may be made of polymer yarns, such as
polyester yarns. As described above, the yarns are typically lengths of interlocked fiber
filaments or strands with the filaments or strands being individual segments of the fiber
material. In some embodiments, the fiber scrims may be woven or nonwoven fiber mats.
For example, the scrims may include multiple layers of fibers where the first layer
includes fibers aligned in a first direction and the second layer includes fibers aligned in a
second and often orthogonal direction. A tie yarn may be used to tie or couple adjacent
yarns of the multiple layers together. Nonwoven mats may also be used where the fiber
filaments, strands, or yarns are randomly oriented relative to one another and a binder is
used to adhesively bond the fibers together. The films that may be used are typically a
sheet of polymer material and are often perforated to allow the TPO and EPDM material

to contact and crosslink.
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[0041] FIG. 2 illustrates a laminate 110 that is similar to laminate 100 in that the
laminate 110 includes a top TPO material layer 104 and a bottom EPDM material layer
102 that may have the thicknesses T, and T, described above. Inserted between the top
TPO layer 104 and bottom EPDM layer 102 is a fiber scrim or film 106. The fiber scrim or
film 106 may have a thicknesses T3 of between about 3 and 7 mils (i.e., 0.003 and 0.007
inches), and more commonly about 5 mils. In some embodiments, as the TPO layer 104
and EPDM layer 102 are pressed together during lamination, the EPDM material may
flow between the yarns and/or into the yarn between individual fiber strands. Upon
curing, the fiber scrim 106 may be “locked” or rigidly coupled to the EPDM material layer
102 and to laminate 110.

[0042] FIG. 3 illustrates another laminate 120 that is similar to laminates 100 and 110
in that laminate 120 includes a TPO material layer 104 and an EPDM material layer 102
that may have the thicknesses T4 and T, described above. Positioned adjacent a bottom
surface of the EPDM material layer 102, and coupled therewith, is another material layer
108 having a thicknesses T;. In some embodiments, layer 108 may be a fiber scrim or
film, such as those described previously. In such embodiments, the EPDM material 102
may flow between and/or into the yarn of the fiber scrim during manufacture of the
laminate 120. In such embodiments, the EPDM material 102 directly contacts the TPO
material 104, which may promote increased crosslinking and coupling of the materials. In
other embodiments, layer 108 may be an adhesive material layer that allows the laminate
120 to adhesively bond with other materials or objects, such as wood, concrete, and the
like. This may allow the laminate 120 to be easily positioned atop a roof or other
structure and coupled therewith. The adhesive material layer may include a removable
film or membrane on a bottom surface that covers an adhesive that may be used to
adhesively bond the laminate 120 with other materials or objects. The laminate 120 may
be easily attached to other objects or materials by removing the membrane, positioning
the laminate adjacent the object or material, and pressing the laminate 120 and adhesive
material layer 108 against the object or material. In one embodiment, the adhesive
material layer 108 comprises butyl tape.

[0043] FIG. 4 illustrates another laminate 130 that is similar to the laminates
previously described in that laminate 130 includes a TPO material layer 104 and an
EPDM material layer 102 that may have the thicknesses T4 and T, described above.
Positioned between the TPO layer 104 and EPDM layer 102 is a fiber scrim or film 106
having a thickness thicknesses T3 as previously described. Positioned adjacent a bottom

10



10

15

20

25

30

35

WO 2014/088778 PCT/US2013/070195

surface of EPDM layer 102 is an adhesive material layer 108, such as butyl tape, that

may have a thickness Ta.

[0044] Referring now to FIG. 5, illustrated is an example of how the EPDM material
102 may flow between the fiber strands, filaments, and/or yarns of the fiber scrim and/or
into the yarns and between the individual fiber strands or filaments of the yarn.
Specifically, the left hand figure shows a yarn 150 comprising a plurality of interlocked
fiber filaments or strands 152. When the laminate is squeezed during manufacturing, the
EPDM material 102 may flow into the yarn 150 and between the individual fiber strands
152. Subsequent curing and crosslinking of the EPDM material 102 will mechanical lock
the yarn 150 in place relative to the EPDM material 102. Because the EPDM rubber is
uncured, it is soft and can easily penetrate or squeeze into the yarn 150 and between the
fiber strands 152. The right hand image of FIG. 5 shows a similar concept in that the
EPDM material 102 may flow into openings 156 between the fiber strands, filaments, or
yarns 150 of the fiber mat 154 and mechanically lock the mat 154 in place upon curing
and crosslinking. In such embodiments, the yarns 150 and mats 154 essentially form or
become a part of the EPDM layer.

[0045] In some embodiments, the laminates described herein may be used as
flashing. In some embodiments, the TPO and EPDM layers may be thinner to allow the
laminate to be stretchable by a roofer so that the laminate may be positioned and coupled

on or around corners and/or in corners of the roof or structure.

[0046] Referring now to FIG. 6, illustrated is a system 600 for manufacturing a hybrid
laminate, such as any of those described herein. As shown, system 600 includes a pair
of rollers 608 that are used to press an EPDM material layer 602 and a TPO material
layer 604 together to form the hybrid laminate 620. In some embodiments, a scrim
material layer 606 may be positioned between the EPDM material layer 602 and the TPO
material layer 604, or adjacent a bottom surface of the EPDM material layer 602 as
described herein. In some embodiments, the EPDM material layer 602, TPO material
layer 604, and/or scrim material layer 606 may be fed into the rollers 608 from rolls. In
such embodiments, the material layers, 602 and 604, will typically be relatively cold and,
thus, need to be reheated to cause crosslinking of the TPO and EPDM materials. To
reheat the layers, system 600 may include a pair of infrared ovens 610 that radiate the
layers, robotic welder, or blowers that blow heated air onto the material layers, 602 and
604. In some embodiments, the ovens 610 heat the material layers to around 80 degrees
Celsius or more to bond the material layers, 602 and 604, together. The heat is normally
applied to the material surfaces that are pressed and bonded together.
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[0047] In another embodiment, the TPO material 604 may be extruded from an
extruder device 612 directly onto the EPDM material 602. In such embodiments, the TPO
material may be sufficiently hot to cause the top surface of the EPDM material 602 to
cure and cross link with the TPO material 604. In some embodiments, the TPO material
604 may be above 150 degrees Celsius, and more commonly about 200 degrees Celsius,
which is sufficient to cause cure and crosslinking of the EPDM material 602. In such
embodiments, the ovens 610 are not needed to heat the material layers, 602 and 604.

[0048] Referring now to FIG. 10, illustrated is another embodiment of a hybrid roofing
membrane or laminate 1000. Laminate 1000 includes an EPDM material bottom layer
1004 and a TPO top layer 1002 as previously described. TPO top layer, however,
includes one or more edges 1006 that wrap around an edge portion of EPDM bottom
layer 1002. In some embodiments, a bottom surface of the edges 1006 may be roughly
planar with a bottom surface of EPDM bottom layer 1004. Such embodiments allow the
TPO edge portions 1006 to be heat welded to another TPO material. For example, the
bottom surface of the edge portions 1006 may be heat welded to a top surface of another
TPO laminate or material. Similarly, the side surface of edge portions 1006 may be
welded to an adjacent TPO laminate or material. Such embodiments simplify coupling of
adjacent laminates since the TPO may easily be heated and welded together, unlike
EPDM materials, which typically require taping adjacent materials together.

[0049] FIG. 11 illustrates another embodiment of a a hybrid roofing membrane or
laminate 1100. Laminate 1100 is similar to laminate 1000 in that it includes an EPDM
bottom layer 1105 and a TPO top layer 1104. Laminate 1100 is different, however, in that
it only includes a single edge portion 1110 that wraps around one edge of EPDM bottom
layer 1105. FIG. 11 also illustrates a second hybrid laminate 1102 having a similar
configuration to laminate 1100 and that is positioned underneath laminate 1100. As
shown, edge portion 1110 of laminate 1100 may easily be welded to a top surface 1108
of TPO top layer 1106 of laminate 1102 to couple the laminate together. Such
embodiments may be beneficial when the laminates are placed and/or coupled together
in a shingle-type arrangement.

[0050] FIG. 9 illustrates a die 900 that may be used to make the TPO laminates, 1000
and/or 1100, described above. Die 900 may have a shape that corresponds to the shape
of the TPO laminate to be extruded (i.e., either laminate 1000 or laminate 1100).
Specifically, die 900 may include one or more edge portions, 900a and 900b, that extend
orthogonally from a central body or portion of die 900. In this manner, the extruded TPO
laminate may have the edge portions that wrap around the EPDM bottom material. As
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shown, die 900 may be positioned over an uncured EPDM bottom layer 904 so that the
TPO material is extruded directly onto the uncured EPDM material 904 as previously
described. The heat of the extruded TPO material may cause a portion of the uncured
EPDM material to cure and crosslink with the TPO material as previously described. The
side portions of the uncured EPDM material may cure and crosslink with the edge portion
of the TPO material in addition to the top surface of the EPDM material curing and
crosslinking with the bottom surface of the TPO material.

[0051] Referring now to FIG. 7, illustrated is a method 700 of making a hybrid roofing
membrane or laminate. At block 710, an ethylene propylene diene monomer rubber
(EPDM) material sheet is provided. The EPDM material is uncured and may have a
thickness of between about 50 mils and 70 mils. At block 720, a thermoplastic polyolefin
(TPO) material sheet is extruded onto the EPDM material sheet. The extruded TPO
sheet may have a temperature of at least 160 degrees Celsius, and more commonly
about 200 degrees Celsius, and a thickness of between about 30 mils and 50 mils. At
block 730, a fiber mat/scrim or film may optionally be positioned between the TPO
material sheet and the EPDM material sheet or adjacent a bottom surface of the EPDM
material sheet opposite the TPO material sheet. At block 740, the EPDM material sheet
and TPO material sheet are pressed together via one or more rollers. The heat of the
TPO material sheet may cause at least a top portion of the EPDM material sheet to cure
such that crosslinking of the TPO and EPDM material sheets occurs at an interface of the
sheets to bond the sheets together. In some embodiments, the EPDM and TPO sheets
may be pressed together at a pressure between about 3.5 and 5 psi (Ibs/in?). The
amount of pressure applied to the sheets may be temperature dependent. In some
embodiments, higher temperatures of the extruded TPO may require the less pressure to
bond the TPO to the EPDM materials.

[0052] In some embodiments, pressing the EPDM material sheet and TPO material
sheet together via one or more rollers may cause the EPDM material to penetrate at least
partially into yarn of the fiber mat/scrim and between fiber strands of the yarn.
Subsequent curing and crosslinking of the EPDM material may mechanically locks the

fiber mat/scrim into the EPDM material sheet.

[0053] In some embodiments, the EPDM material sheet may not fully cure for at least
1 to 2 months subsequent to bonding the EPDM and TPO sheets together. The EPDM
material may be a slow cure EPDM material or have one or more filler materials that
cause slow curing of the material. In some embodiments, an adhesive sheet material

may be coupled with a surface of the EPDM material sheet opposite the interface of the
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EPDM and TPO sheets. The adhesive sheet material may have a removable membrane
that covers an adhesive that allows the roofing membrane to be attached to other objects
or materials by removing the membrane and pressing the adhesive sheet material against

the other objects or materials. The adhesive sheet material may comprise butyl tape.

[0054] Referring now to FIG. 8, illustrated is a method 800 of making a roofing
membrane or laminate. At block 810, an uncured ethylene propylene diene monomer
rubber (EPDM) material sheet is provided. At block 820, a thermoplastic polyolefin (TPO)
material sheet is positioned atop the EPDM material sheet. At block 830, a fiber
mat/scrim or film may optionally be positioned between the TPO material sheet and the
EPDM material sheet or adjacent a bottom surface of the EPDM material sheet opposite
the TPO material sheet. At block 840, the EPDM material sheet is heated. At block 850,
the EPDM material sheet and TPO material sheet are pressed together via one or more
rollers. Heating the EPDM material sheet causes at least a top portion of the EPDM
material sheet to cure such that crosslinking of the TPO and EPDM material sheets
occurs at an interface of the sheets to bond the sheets together. In some embodiments,
the EPDM and TPO sheets may be pressed together at a pressure between about 3.5
and 5 psi (Ibs/in?).

[0055] In some embodiments, the EPDM material may be heated via heat from the
TPO material sheet after the TPO material sheet is placed atop the EPDM material sheet,
such as when the TPO material is extruded onto a surface of the EPDM material sheet.
In other embodiments, the EPDM material may be heated via an infrared heat source,
robotic welder, and/or heated air. In some embodiments, pressing the EPDM material
sheet via the one or more rollers causes the EPDM material to penetrate at least partially

into yarn of the fiber mat.

[0056] Having described several embodiments, it will be recognized by those of skill in
the art that various modifications, alternative constructions, and equivalents may be used
without departing from the spirit of the invention. Additionally, a number of well-known
processes and elements have not been described in order to avoid unnecessarily
obscuring the present invention. Accordingly, the above description should not be taken
as limiting the scope of the invention.

[0057] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limits of that range is also specifically disclosed.

Each smaller range between any stated value or intervening value in a stated range and
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any other stated or intervening value in that stated range is encompassed. The upper
and lower limits of these smaller ranges may independently be included or excluded in
the range, and each range where either, neither or both limits are included in the smaller
ranges is also encompassed within the invention, subject to any specifically excluded limit
in the stated range. Where the stated range includes one or both of the limits, ranges
excluding either or both of those included limits are also included.

[0058] As used herein and in the appended claims, the singular forms "a", "an", and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a process” includes a plurality of such processes and reference to
"the device" includes reference to one or more devices and equivalents thereof known to

those skilled in the art, and so forth.

[0059] Also, the words "comprise," "comprising,” "include," "including," and "includes”
when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the
presence or addition of one or more other features, integers, components, steps, acts, or

groups.
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WHAT IS CLAIMED IS:

1. A method of making a roofing membrane comprising:

providing an ethylene propylene diene monomer rubber (EPDM) material
sheet, the EPDM material being uncured and having a thickness of between about 50
mils and 70 mils;

extruding a thermoplastic polyolefin (TPO) material sheet onto the EPDM
material sheet, the extruded TPO sheet having a temperature of at least 160 degrees
Celsius and a thickness of between about 15 mils and 35 mils; and

pressing the EPDM material sheet and TPO material sheet together via
one or more rollers;

wherein the heat of the TPO material sheet causes at least a top portion of
the EPDM material sheet to cure such that crosslinking of the TPO and EPDM material

sheets occurs at an interface of the sheets so as to bond the sheets together.

2. The method of claim 1, further comprising positioning a fiber mat or
film between the TPO material sheet and the EPDM material sheet.

3. The method of claim 2, wherein pressing the EPDM material sheet
and TPO material sheet together via one or more rollers causes the EPDM material to
penetrate at least partially into yarn of the fiber mat and between fiber strands of the yarn
such that subsequent curing of the EPDM material locks the fiber mat into the EPDM
material sheet.

4. The method of claim 1, wherein the EPDM material sheet does not
fully cure for at least 1 month subsequent to bonding the EPDM and TPO sheets
together.

5. The method of claim 1, wherein the EPDM material comprises a
slow cure EPDM material.

6. The method of claim 1, further comprising positioning a fiber mat or
film adjacent a surface of the EPDM material sheet opposite the interface of the EPDM

and TPO sheets and coupling the fiber mat or film therewith.

7. The method of claim 6, wherein coupling of the fiber mat with the
surface of the EPDM material sheet comprises pressing the EPDM material and fiber mat
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together via the one or more rollers such that the EPDM material penetrates at least

partially into yarn of the fiber mat to lock the fiber mat and EPDM material sheet together.

8. The method of claim 1, further comprising coupling an adhesive
sheet material with a surface of the EPDM material sheet opposite the interface of the
EPDM and TPO sheets, the adhesive sheet material having a removable membrane
covering an adhesive so as to allow the roofing membrane to be attached to other objects
or materials by removing the membrane and pressing the adhesive sheet material against
the other objects or materials.

9. The method of claim 8, wherein the adhesive sheet material

comprises butyl tape.

10. A roofing membrane laminate comprising:

a first layer of an ethylene propylene diene monomer rubber (EPDM)
material, the EPDM material having at least a portion thereof uncured and having a
thickness of between about 50 mils and 70 mils; and

a second layer of a thermoplastic polyolefin (TPO) material coupled with
the EPDM material, the TPO material having a thickness of between about 15 mils and
35 mils;

wherein the EPDM material and TPO material are coupled via crosslinking
of the TPO and EPDM material at an interface thereof, and wherein at least a top portion
of the EPDM material is cured via the application of heat after the EPDM material and

TPO material are placed into contact so as to effect crosslinking of the materials.

11. The roofing membrane laminate of claim 10, further comprising a
fiber mat or film positioned between the TPO material sheet and the EPDM material
sheet.

12. The roofing membrane laminate of claim 11, wherein the EPDM
material penetrates at least partially into yarn of the fiber mat and between fiber strands
of the yarn such that the fiber mat is locked to the EPDM material.

13. The roofing membrane laminate of claim 10, wherein the EPDM

material comprises a slow cure EPDM material.
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14. The roofing membrane laminate of claim 10, further comprising a
fiber mat or film coupled with a surface of the EPDM material opposite the interface of the
EPDM and TPO materials.

15. The roofing membrane laminate of claim 14, wherein the EPDM
material penetrates at least partially into yarn of the fiber mat to lock the fiber mat and
EPDM material together.

16. The roofing membrane laminate of claim 10, further comprising an
adhesive sheet material coupled with a surface of the EPDM material opposite the
interface of the EPDM and TPO materials, the adhesive sheet material having a
removable membrane covering an adhesive so as to allow the roofing membrane
laminate to be attached to other objects or materials by removing the membrane and
pressing the adhesive sheet material against the other objects or materials.

17. A method of making a roofing membrane comprising:

providing an uncured ethylene propylene diene monomer rubber (EPDM)
material sheet;

positioning a thermoplastic polyolefin (TPO) material sheet atop the EPDM
material sheet;

heating the EPDM material sheet; and

pressing the EPDM material sheet and TPO material sheet together via
one or more rollers;

wherein heating the EPDM material sheet causes at least a top portion of
the EPDM material sheet to cure such that crosslinking of the TPO and EPDM material

sheets occurs at an interface of the sheets so as to bond the sheets together.

18. The method of claim 17, wherein the EPDM material is heated via
heat from the TPO material sheet after the TPO material sheet is placed atop the EPDM

material sheet.

19. The method of claim 17, wherein the EPDM material is heated via
an infrared heat source, a robotic welder, or heated air.

20. The method of claim 17, further comprising positioning a fiber mat
or film between the TPO material sheet and the EPDM material sheet.
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21. The method of claim 20, wherein pressing the EPDM material
sheet via the one or more rollers causes the EPDM material to penetrate at least partially
into yarn of the fiber mat.

22. The method of claim 17, further comprising positioning a fiber mat
or film adjacent a surface of the EPDM material sheet opposite the interface of the EPDM
and TPO sheets and coupling the fiber mat or film therewith.
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