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(57) ABSTRACT 

The invention relates to foam structures With enhanced 
physical properties Which can be used in the areas of 
packaging, athletics, Water sports, and construction. In gen 
eral, the structures are laminated polymer foams that include 
a core of a low density foam and one or more skins of 
relatively high density foam covering the core. The skins 
provide improved physical properties to the foam structures 
by improving the ?eXural strength, resistance to bending, 
and resulting damage from bending in the laminated foam 
structure While modestly increasing the Weight of the lami 
nated structure, for example. Uses of the foam structures 
include, but are not limited to, packaging materials, gym 
mats, body boards, or eaves ?llers. The skin can act as a 
hinge to fold a die cut piece into a collapsible packaging 
system. 
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LAMINATED FOAM STRUCTURES WITH 
ENHANCED PROPERTIES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of co 
pending application U.S. Ser. No. 08/678,513, ?led Jul. 9, 
1996. Each of the above applications and any patents issuing 
on them are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to polymer foams. In particu 
lar, the invention relates to polymer foams having loW 
densities With enhanced physical properties. 

[0003] Foam structures are useful in the areas of packag 
ing, athletics, Water sports, and construction. In general, the 
foams are loW density polymeric materials With good physi 
cal properties that are capable of supporting loads Without 
adverse deformation. In general, the physical properties 
required by these applications suggest the use of high 
density foams. It is generally required that the foams have 
good proportional limit, compressive properties, shear prop 
erties, fatigue properties, and buckling limits, as de?ned, for 
eXample, in “Machinery’s Handbook,” E. Oberg, et al., 
Green, Ed., Industrial Press Inc., NeW York, 1992, pages 
166, 168 and 253. 

[0004] Physically-bloWn foams, particularly foams With 
enhanced physical properties are useful, for eXample, in 
packaging, automotive, construction, contact sports, Water 
sports, exercise, and appliance applications. It is important 
to maintain good foam properties (e.g., cushioning and 
resistance to creasing) at loW foam densities. 

[0005] Packaging design has focused on the use of sys 
tems such as end caps Which ?t on opposite ends of the 
packaged product (e.g., televisions, computers, and elec 
tronic equipment, or high value artifacts such as glass vases 
or fragile art Work) and suspend the product in the center of 
a container during shipping and storage. Previous suspen 
sion-type packaging systems have been composed of cor 
rugated or paperboard materials, molded loW density foams 
such as polystyrene, protective ?lms or sheeting, Wood, 
plastic, organic or inorganic ?ll, or combinations of the 
above materials that are glued together. Molded packaging 
materials, such as styrofoam end caps, are bulky to transport 
and store. It is most desirable for the structure to provide the 
required packaging protection With the loWest amount of 
added Weight. 

SUMMARY OF THE INVENTION 

[0006] The invention features foam structures that are 
laminated and have enhanced physical properties, making 
them useful in the areas of packaging, athletics, Water sports, 
and construction. In general, these structures include a core 
of a loW density foam and one or more skins of relatively 
high density foam covering the core. The skins provide 
improved physical properties to the foam structures by, for 
eXample, improving the ?exural strength, resistance to bend 
ing (or crimping), and resulting damage from bending in the 
laminated foam structure. The foam structures have 
improved stiffness, resist creasing, and more effectively 
dissipate loading forces of the foam. The outer surface of the 
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foam structures is smooth and ?at relative to the surface of 
the loW density case. The loW density core provides a 
relatively loW-Weight product that uses relatively small 
amounts of polymer material. The laminated foam structure 
can be die cut so that the skin of higher density foam on the 
outside of the structure can act as a hinge alloWing the die 
cut piece to be folded to make a collapsible packaging 
system. Examples of physically-bloWn foams are described 
in US. Ser. No. 08/638,122, ?led Apr. 26, 1996 and entitled 
“Cross-Linked LoW-Density Polymer Foam”, Which is 
incorporated herein by reference. 

[0007] In one aspect, the invention features a laminated 
foam structure that includes a ?rst foam article laminated to 
a ?rst surface of a second foam article and a third foam 
article laminated to a second surface of the second foam 
article. The ?rst foam article and the third foam article each 
have an average foam density that is at least 1.5 times greater 
than the average foam density of the second foam article and 
a volume that is at least 1.5 times smaller than the second 
foam article. The ?exural stiffness of the laminated foam 
structure is 2-20 times higher than the ?eXural stiffness of 
the second foam article. FleXural stiffness can be determined 
directly from beam bending tests. 

[0008] In preferred embodiments, the second foam article 
is a laminated foam article including at least tWo foams. 
Each of the tWo foams have an average foam density of less 
than 4 pounds per cubic foot. Preferably, each of the tWo 
foams has a thickness betWeen about 1A and 1 inches. It is 
preferred that the ?rst foam article and the third foam article 
each have an average foam density of between about 4 and 
15 pounds per cubic foot. Preferably, each of the ?rst foam 
article and the third foam article has a thickness betWeen 
about 1/16 and 5/16 inches. 

[0009] Preferably, the second foam article has an average 
foam density of betWeen 1 and 3 pounds per cubic foot, the 
?rst foam article has an average foam density of betWeen 
about 4 and 12 pounds per cubic foot, and the third foam 
article has an average foam density of betWeen about 4 and 
12 pounds per cubic foot. The ?rst foam article and the third 
foam article each can be laminated foam articles including 
tWo foams each having an average foam density of greater 
than 4 pounds per cubic foot. 

[0010] In preferred embodiments, the second foam article 
can further include a foam layer having an average foam 
density greater than about 4 pounds per cubic foot. Prefer 
ably, the foam layer has an average foam density betWeen 4 
and 15 pounds per cubic foot and a thickness betWeen about 
1/16 and 1/2 inches. 

[0011] In preferred embodiments, the structure has a total 
thickness betWeen about 3A and 12 inches. 

[0012] In another aspect, the invention features a lami 
nated foam structure including a ?rst skin laminated to a ?rst 
surface of a core, and a second skin laminated to a second 
surface of the core. The core includes a ?rst foam having an 
average foam density of betWeen about 1 and 4 pounds per 
cubic foot, the ?rst skin includes a second foam and the 
second skin includes a third foam each having an average 
foam density of betWeen about 4 and 15 pounds per cubic 
foot and a thickness less than 1/2 inches, and the laminated 
foam structure has a total thickness of less than about 12 
inches. The ?exural stiffness of the laminated foam structure 
is 2-20 times higher than the ?eXural stiffness of the core. 
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[0013] In yet another aspect, the invention features a body 
board that includes a laminated foam structure. The lami 
nated foam structure includes a ?rst skin laminated to a ?rst 
surface of a core, and a second skin laminated to a second 
surface of the core. The core includes a ?rst foam having an 
average foam density of betWeen about 1 and 4 pounds per 
cubic foot, the ?rst skin includes a second foam and the 
second skin includes a third foam each having an average 
foam density of betWeen about 4 and 15 pounds per cubic 
foot and a thickness less than 1/2 inches, and the laminated 
foam structure has a total thickness of less than about 3 
inches. The higher densities of the ?rst and second skins can 
make the structure more resistant to mechanical damage 
from impact, shear, and abrasive loads due to the higher 
polymer and loWer air content of the higher density foam. 

[0014] In preferred embodiments, the ?rst foam includes 
at least tWo laminated foam articles. The second foam can 
include at least tWo laminated foam articles or the third foam 
can include at least tWo laminated foam articles. Preferably, 
each of the foam articles has an average foam density of 
betWeen 1 and 4 pounds per cubic foot and a thickness of 
betWeen 1A1 and 1 inches. It is preferred that the ?rst foam 
further include a foam layer having an average foam density 
greater than about 4 pounds per cubic foot and a thickness 
less than 1/2 inch. 

[0015] In another aspect, the invention features a method 
of increasing the ?exural strength of a core foam structure 
including the steps of laminating a ?rst skin to a ?rst surface 
of the structure, and laminating a second skin to a second 
surface of the core foam structure. The ?rst skin includes a 
?rst foam having an average density that is at least 1.5 times 
greater than the average density of the core foam structure 
and a thickness that is at least 1.5 times smaller than the 
thickness of the core foam structure. The second skin 
includes a second foam having an average density that is at 
least 1.5 times greater than the average density of the core 
foam structure and a thickness that is at least 1.5 times 
smaller than the thickness of the core foam structure. 

[0016] In preferred embodiments, the core foam structure 
is a laminated foam article including at least tWo foams each 
having an average foam density of less than 4 pounds per 
cubic foot. In other preferred embodiments, the ?rst skin and 
the second skin each have an average foam density of 
betWeen about 4 and 15 pounds per cubic foot. Preferably, 
the core foam structure has an average foam density of 
betWeen 1 and 3 pounds per cubic foot, the ?rst skin has an 
average foam density of betWeen about 4 and 12 pounds per 
cubic foot, and the second skin has an average foam density 
of betWeen about 4 and 12 pounds per cubic foot. The ?rst 
skin and the second skin each can be laminated foam articles 
including tWo foams each having an average foam density of 
greater than 4 pounds per cubic foot. 

[0017] In other preferred embodiments, the method further 
includes the step of including a foam layer having an 
average foam density greater than about 4 pounds per cubic 
foot in the core foam structure. 

[0018] In other preferred embodiments, the foam includes 
a polyole?n. The polyole?n includes a polyethylene or 
polypropylene. Preferably, the foam further includes a 
single-site initiated polyole?n resin. In preferred embodi 
ments, at least a portion of the foam is cross-linked. 

[0019] In another aspect, the invention features a lami 
nated foam structure including a ?rst skin laminated to a ?rst 
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surface of a core. The core includes a ?rst foam having an 
average foam density of betWeen about 1 and 6 pounds per 
cubic foot, the ?rst skin includes a second foam having an 
average foam density of betWeen about 3 and 18 pounds per 
cubic foot and a thickness less than 1/2 inches, and the 
laminated foam structure has a total thickness of less than 
about 14 inches. 

[0020] In another aspect, the invention features a lami 
nated foam structure including a ?rst article laminated to a 
?rst surface of a second foam article. The ?rst article is a ?rst 
foam article having an average foam density that is at least 
1.5 times greater than the average foam density of the 
second foam article and a volume that is at least 1.5 times 
smaller than the volume of the second foam article. 

[0021] In another aspect, the invention features a collaps 
ible packaging system. The system includes a sheet having 
a skin laminated to a surface of a core. The sheet includes a 
?rst packing member connected by a hinge region of the 
sheet to a second packing member, and the core is scored or 
cut entirely through in the hinged region to form the ?rst and 
second packing members. 

[0022] In preferred embodiments, the ?rst packing mem 
ber is partially de?ned by a slit extending entirely through 
the sheet, and by a gap or a thinned region of the sheet 
permitting clearance betWeen the ?rst and the second pack 
ing members as they move relative to one another about the 
hinged region. The ?rst packing member can be pivoted 
about the hinge from a storage position in Which the ?rst 
packing member is parallel to and contained Within a gap in 
the second packing member, to a packing position in Which 
the ?rst packing member is oriented transverse to the second 
packing member. In other preferred embodiments, the ?rst 
packing member is tapered, having a Wide end nearest to the 
?rst hinged region. 

[0023] In other preferred embodiments, the sheet further 
includes a third packing member attached to the second 
packing member by a second hinged region. The third 
packing member is partially de?ned by a slit extending 
entirely through the sheet, and by a gap or a thinned region 
of the sheet permitting clearance betWeen the second and the 
third packing members as they move relative to one another 
about the second hinged region. In the storage position, both 
the ?rst and the third packing member are parallel to and 
positioned Within the second packing member, and, in the 
packing position, the ?rst and the third packing members are 
generally parallel, forming a Well for containing a packed 
item. 

[0024] In other preferred embodiments, the ?rst packing 
member is tapered, having a Wide end nearest to the ?rst 
hinged region and the third packing member is tapered, 
having a Wide end nearest to the second hinged region. 
Preferably, the ?rst packing member and the third packing 
member are oriented so that the ?rst hinged region and the 
second hinged region are located opposite to each other on 
the sheet. 

[0025] In another aspect, the invention features a method 
of making a hinge. The method includes the steps of: 
providing a sheet including a skin laminated to a surface of 
a core; cutting through the core and the skin of the sheet to 
form a ?rst packing member; and cutting through the core of 
the sheet and leaving the skin connected to the ?rst packing 
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member to form a ?rst hinged region. The ?rst packing 
member can be pivoted about the hinge from a storage 
position in Which the ?rst packing member is parallel to and 
contained With a gap in, the second packing member, to a 
packing position in Which the ?rst packing member is 
oriented transverse to the second packing member. In pre 
ferred embodiments, the sheet is laminated foam structure. 

[0026] In preferred embodiments, the method further 
includes the steps of: cutting through the core and the skin 
of the sheet to form a third packing member; and cutting 
through the core of the sheet and leaving the skin connected 
to the third packing member to form a second hinged region, 
Whereby the third packing member can be folded along the 
second hinged region. In the storage position, both the ?rst 
and the third packing member are parallel to and positioned 
Within the second packing member, and, in the packing 
position, the ?rst and third packing members are generally 
parallel, forming a Well for containing a packed item. 

[0027] In other preferred embodiments, the ?rst foam 
structure, Which is a skin, is laminated to a surface of the 
second foam structure, Which is a core, the core including at 
least tWo core elements separated by a bending region that 
is a gap or crease in the core, Whereby the laminated foam 
structure can be folded along the bending region. 

[0028] In other preferred embodiments, the ?rst foam 
article is a skin having an average foam density of betWeen 
about 3 and 18 pounds per cubic foot and a thickness less 
than 5/16 inch, and the second foam article is a core having 
an average density of betWeen about 1 and 6 pounds per 
cubic foot and a thickness of betWeen 1 and 12 inches. More 
preferably, each of the foam articles has an average foam 
density of less than 3 pounds per cubic foot and the core 
thickness is betWeen 1 and 5 inches. In other preferred 
embodiments, the second foam has an average foam density 
greater betWeen 10 and 12 pounds per cubic inch and a 
thickness of betWeen 1/16 and Vs inch. In other preferred 
embodiments, the ?rst foam article includes at least tWo 
laminated foam articles. 

[0029] The foam structures can include a variety of poly 
ole?ns in the composition, including single-site initiated 
polyole?n resins. Polyethylenes include ethylene-containing 
polyole?ns. Single-site initiated polyole?n resins include 
polyole?ns prepared from a single-site initiator that has 
controlled molecular Weights and molecular Weight distri 
butions. The polyole?n can be polyethylene, polypropylene, 
or a copolymer of ethylene and alpha-unsaturated ole?n 
monomers. 

[0030] Copolymers include polymers resulting from the 
polymeriZation of tWo or more monomeric species, includ 
ing terpolymers (e.g., resulting from the polymeriZation of 
three monomeric species), sesquipolymers, and greater com 
binations of monomeric species. Copolymers are generally 
polymers of ethylene With C3-C2O alpha-ole?ns, and/or 
diole?ns. 

[0031] The average foam densities can be measured 
according to ASTM-3575; for example. 

[0032] The foams in the laminated foam structures of the 
invention can be cross-linked. Cross-linking can occur by 
high energy irradiation, most preferably electron beam irra 
diation, peroxide treatment, or silane-grafting and cross 
linking by treatment With Water. Silane-grafting generally 
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involves attaching one or more silicon-containing monomer 
or polymer to the original polymer chains. The use of 
silane-grafting for cross-linking in polymer foams is 
described, for example, in US. Ser. No. 08/308,801, ?led 
Sep. 19, 1994 and entitled “Cross-Linked Foam Structures 
of Essentially Linear Polyole?ns and Process for Manufac 
ture,” Which is incorporated herein by reference, and in US. 
Ser. No. 08/638,122. The preferred foam structures contain 
silane-grafted cross-linked resins. 

[0033] The foams of the laminated foam structures are 
generally closed-cell foams. The term “closed-cell,” as used 
herein, means that predominantly, greater than approxi 
mately 70% of the foam cell volumes have cell Walls 
isolating them from the external atmosphere. One Way to 
determine this is by measuring the amount of Water that is 
absorbed into the foam When the foam is immersed in Water. 

[0034] The invention can have one or more of the folloW 
ing advantages. The laminate structures include a core of a 
loW density foam and one or more skins of relatively high 
density foam covering the core Which improves, for 
example, the ?exural strength, resistance to bending, and 
resulting damage from bending in the laminated foam struc 
ture. Because the skin is thin relative to the core, the overall 
Weight of the laminated structure is increased little relative 
to the increase obtained in the physical properties of the 
structure. Additional improvement in the physical foam 
properties can result When a high density layer is added in 
the center of the loW density core. The high density layer can 
help further dissipate loading forces. 

[0035] In addition to improving the overall structural 
properties of the foam structures, the laminated structures 
can also have an improved smoother surface on the laminate. 
Because the skin generally has a higher average density than 
the core, it is generally a tougher material than the core. The 
“toughened” surface of the structure makes it more durable 
as Well. 

[0036] The foams including silane-grafted single-site ini 
tiated polyole?n resins generally have loWer foam densities 
While retaining good strength and other physical foam 
properties. See, for example, US. Ser. No. 08/638,122. In 
general, by loWering the average density and improving the 
physical properties of the laminated foam structures, lami 
nated structures that contain less material are obtained. This 
decreases the cost of the materials and decreases Wasted 
material compared to non-laminated structures. 

[0037] The laminated foam structures can be produced in 
a continuous laminating operation. Moreover, the structures 
can be die cut quickly and ef?ciently, for use in a variety of 
applications, such as packaging. Ef?cient heat lamination of 
the skin to the core eliminates the need to bond to dissimilar 
surfaces With adhesives for many applications, contributing 
to the recyclability of the materials. 

[0038] By cutting through the core layer of the laminated 
structure and not one of the skins to form a hinge, the 
resulting laminated foam structures are versatile. For 
example, in packaging applications, the packaging system is 
readily shipped in ?at, collapsed position to take up less 
space, saving freight and storage expense and simplifying 
reuse of the material. 

[0039] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description thereof, 
and from the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a drawing depicting a laminated foam 
structure having a loW density core and tWo high density 
skins. 

[0041] FIG. 2 is a draWing depicting a laminated foam 
structure having a loW density core With a high density foam 
layer and tWo high density skins. 

[0042] FIG. 3 is a draWing depicting a laminated foam 
structure having a loW density core and tWo laminated high 
density skins. 

[0043] FIG. 4 is a graph depicting the bending stress 
curves for a loW density foam core and a laminated foam 
structure having one higher density skin layer on each 
surface. 

[0044] FIG. 5 is a graph depicting the bending stress 
curves for a loW density foam core and a laminated foam 
structure having tWo higher density skin layers on each 
surface. 

[0045] FIG. 6 is a draWing depicting a laminated foam 
structure having a loW density core and one high density 
skin. 

[0046] FIG. 7 is a draWing depicting a perspective vieW of 
a laminated foam structure that has been die cut for a 
packaging application in the collapsed con?guration. 

[0047] FIG. 8 is a draWing depicting a bottom vieW of the 
laminated foam structure of FIG. 7. 

[0048] FIG. 9 is a draWing depicting a top vieW of the 
laminated foam structure of FIG. 7. 

[0049] FIG. 10 is a draWing depicting a side vieW of the 
laminated foam structure of FIG. 7. 

[0050] FIG. 11 is a draWing depicting a cross-sectional 
side vieW of the laminated foam structure of FIG. 7. 

[0051] FIG. 12 is a draWing depicting a perspective vieW 
of a laminated foam structure that has been die cut for a 
packaging application in the eXpanded con?guration. 

[0052] FIG. 13 is a draWing depicting a top vieW of the 
laminated foam structure of FIG. 12. 

[0053] FIG. 14 is a draWing depicting a bottom vieW of 
the laminated foam structure of FIG. 12. 

[0054] FIG. 15 is a draWing depicting a cross-sectional 
side vieW of the laminated foam structure of FIG. 12. 

DETAILED DESCRIPTION 

[0055] The laminated polymeric foam structures include a 
core of a loW density foam and one or more skins of high 
density foam relative to the core that are laminated to the 
core. The skin covers a surface of the core. In general, the 
core has a skin on at least one surface of the core and can 

have a second skin laminated to another surface of the core. 
In general, each of the skins and the core can be a laminated 
foam structure. The laminated structure can be produced 
using any conventional lamination technique, including 
heat, ?lm, or adhesive lamination. The laminated construc 
tion improves the mechanical properties of the structure 
such as proportional limit, compressive properties, shear 
properties, fatigue, and buckling. 
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[0056] Preferably, the foam articles are foam sheets or 
planks Which can be prepared as described, for eXample, in 
US. Ser. No. 08/638,122. Foam articles With a broad range 
in physical properties, including a broad range of average 
foam densities, can be prepared by the methods described 
therein. Particularly preferred laminated foam structures are 
described and illustrated in FIGS. 1, 2, and 3 

[0057] Referring to FIG. 1, the laminated foam structure 
1 has a core 4 laminated to a ?rst skin 6 on one surface of 
core 4. The core 4 is also laminated to a second skin 8 on a 
second surface of core 4. Skin 6 and skin 8 are generally 
foams having average densities of betWeen 4 and 12 pounds 
per cubic foot and thicknesses of betWeen 1/16 and Vs inches. 
Core 4 is a laminated foam With multiple layers. In these 
preferred embodiments, core 4 has four layers including 
foam 10, foam 12, foam 16, and foam 18. The foams 10, 12, 
16, and 18 in core 4 each have average foam densities of 
betWeen 1.2 and 2.5 pounds per cubic foot and thicknesses 
of betWeen 3/s and 5/8 inches. Core 4, and its constituent 
foams 10, 12, 16 and 18, have average foam densities that 
are loW relative to the ?rst skin 6 and second skin 8. The 
structure 1 has a total thickness 20 Which is generally 
betWeen 3Aand 8 inches. Foams according to FIG. 1 can be 
used in packaging applications. 

[0058] Referring to FIG. 2, the laminated foam structure 
2 has a core consisting of a loW density sub-core 4a and a 
loW density sub-core 4b laminated, respectively, to each 
surface of a relatively high density foam layer 7. The foam 
layer 7 is a foam having an average density of betWeen 4 and 
12 pounds per cubic foot and a thickness of betWeen 1/16 and 
Vs inches. The core is laminated to a ?rst skin 6 on one 
surface of the core and to a second skin 8 on a second surface 
of the core. Skin 6 and skin 8 are generally foams having 
average densities of betWeen 4 and 12 pounds per cubic foot 
and thicknesses of betWeen 1/16 and Vs inches. Each of the 
sub-cores 4a and 4b is a laminated foam With multiple 
layers. In this preferred embodiment, sub-core 4a has three 
layers including foam 10, foam 12, and foam 13 and 
sub-core 4b has three layers including foam 14, foam 16, and 
foam 18. The foams 10, 12, 13, 14, 16, and 18 in the core 
each have average foam densities of betWeen 1.2 and 2.5 
pounds per cubic foot and thicknesses of betWeen 3/s and 5/8 
inches. Each sub-core 4a and 4b, their constituent foams, 
and the core including foam layer 7 have average foam 
densities that are loW relative to the ?rst skin 6 and second 
skin 8. The structure 2 has a total thickness 20 Which is 
generally betWeen 3A1 and 8 inches or greater. Foams accord 
ing to FIG. 2 can be used in packaging applications. 

[0059] Referring to FIG. 3, the laminated foam structure 
3 has a core 4 laminated to a ?rst skin 6 on one surface of 
core 4. The core 4 is also laminated to a second skin 8 on a 
second surface of core 4. Core 4 is a laminated foam With 
multiple layers. In this embodiment, core 4 has four layers 
including foam 10, foam 12, foam 16, and foam 18 each 
have average foam densities of betWeen 1.2 and 2.5 pounds 
per cubic foot and thicknesses of betWeen 3/s and V2 inches. 
Core 4, and its constituent foams 10, 12, 16 and 18, have 
average foam densities that are loW relative to the ?rst skin 
6 and second skin 8. Skin 6 is a laminated foam including 
outer foam 22 and inner foam 24. Skin 8 is a laminated foam 
including outer foam 26 and inner foam 28. Foams 22, 24, 
26, and 28 each have average densities of betWeen 4 and 12 
pounds per cubic foot and thicknesses of betWeen 1/16 and Vs 
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inches, With the outer foams 22 and 26 having average 
densities loWer than the inner foams 24 and 28. In preferred 
embodiments, each of outer foams 22 and 26 has an average 
density of 6 pounds per cubic foot and a thickness of 
betWeen 1/16 and Vs inches and each of inner foams 24 and 
28 has an average density of 8 pounds per cubic foot and a 
thickness of about Vs inch. Core 4 is a laminated foam With 
multiple layers. In these preferred embodiments, core 4, and 
its constituent foams 10, 12, 16 and 18, have average foam 
densities that are loW relative to the ?rst skin 6 and second 
skin 8. The structure 3 has a total thickness 30 generally 
betWeen 2 and 2% inches. Foams according to FIG. 3 can be 
used in Water sports as body boards or kick boards, in 
exercise equipment (e.g., as gym mats), and in construction 
applications as eaves ?llers. 

[0060] The preferred foams are polyethylene foams that 
are described, for example, in US. Ser. No. 08/638,122. The 
preferred skins are foams that have an average foam densi 
ties of betWeen about 4 and 15 pounds per cubic foot (pcf), 
preferably betWeen about 4 and 12 pcf, and thicknesses 
betWeen 1/16 and 3/8 inches. Most preferably, the skins have 
average foam densities of about 8 pcf and thicknesses of Vs 
inch. The preferred core is a foam With an average foam 
density of less than 4 pcf, preferably betWeen about 1.2 and 
2.5 pcf. The core is a foam laminate With multiple foam 
layers each-having thicknesses betWeen about 3/sand 5/8 
inches. The laminated core preferably has betWeen 2 and 20 
foam layers. The total thickness of the core layer is deter 
mined by the overall thickness requirement of the applica 
tion of the laminated foam structure. The total thickness of 
the laminated foam structure is, most preferably, betWeen 
about 3Aand 12 inches. The laminated core can include a high 
density foam layer, having an average foam density betWeen 
about 4 and 12 pcf and thicknesses betWeen 1/16 and 3/8 
inches. 

[0061] In embodiments in Which the skin is a laminate, the 
outer layer of the skin preferably has a higher density than 
the adjacent foam layer. In the laminated skin, the preferred 
skin preferably has an average foam density of 8 pcf and a 
thickness of Vs inch Which is laminated to an outer skin of 
having an average foam density of 6 pcf and a thickness of 
about 1/16 inch. The laminated skin structure gives better 
resistance to creasing in ?exure, Which is important, for 
example, in the Water sports applications such as body 
boards. 

[0062] The laminated foam structures and their potential 
applications are varied. For example, a laminated foam 
structure With a total thickness betWeen about 3A to 8 inches 
is useful in packaging. The loW density foam core contrib 
utes to a loW Weight of the total package While the high 
density foam of the skin provides aesthetic improvement and 
improved load spreading properties. The skin has a higher 
foam density, generally as a result of smaller cell siZe. As a 
result, the surface of the skin is denser and smoother than the 
surface of the loW density core and has the appearance of a 
highly cross-linked surface. 

[0063] The embodiments depicted in FIG. 1 or FIG. 2 are 
examples of structures that can be used in packaging appli 
cations. In another example, a 2 inch laminated foam 
structure can be used in exercise equipment such as gym 
mats, Where the high density skin gives improved load 
spreading and resistance to damage resulting from heavy 
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use. In another example, a 1 inch laminated foam structure 
can be used as a construction eaves ?ller, Where the high 
density skin gives the structure improved compression resis 
tance, a more durable surface, and improved die cutting 
characteristics. In another example, a 2 inch laminated foam 
structure can be used in the Water sports industry for making 
body boards, Where the improved ?exural strength gives 
resistance to bending and creasing, as Well as fatigue resis 
tance. The embodiments depicted in FIG. 3 are examples of 
structures that can be used in Water sports, exercise, and 
construction applications. In each of the preceding 
examples, the laminated foam structures generally provides 
for overall Weight reductions over an extruded plank con 
struction, increased compression resistance, and improved 
load spreading behavior. 

[0064] Assorted shapes can be cut for the laminated foam 
structures With either solid or foamed cores. The shape is 
con?gured for particular end applications (e.g., to ?t into an 
end product). Alternatively, the structure is cut to form a 
hinge so that the structure can be folded into different 
shapes. For example, the core of the laminated foam struc 
ture of a sheet can be cut to form a piece (i.e., packing 
member), leaving a section of the skin intact in one region 
of the perimeter of the piece so that the skin can act as a 
hinge. The piece can be positioned in the plane of the sheet 
from Which it Was cut (i.e., in a collapsed or closed form). 
Alternatively, the piece can be positioned out of the plane of 
the sheet (i.e., in an expanded or open form). By tapering the 
piece, it is possible to form a locking mechanism to hold the 
piece in the expanded or collapsed form. In the expanded 
form, the area formerly occupied by the piece forms a void 
in the sheet that can be siZed to ?t a product for packaging. 

[0065] Cutting of pieces or shapes can be achieved by 
hand using knives or scissors. A more efficient method is to 
use sharpened steel rule dies of forged dies to cut the entire 
shape all at once (i.e., die cutting). In this process, a 
hydraulic press, or a “Clicker” type press, operating at 
pressures betWeen 50 and 150 psi and at room temperature, 
can be used to press the die into the laminated polymer 
structure. Once the press has forced the die through the 
material, completely severing it from the rest of the struc 
ture, the “puZZle-like” piece can be removed for use. In order 
to form a hinge from the skin to link the cut piece to the 
remainder of the sheet, a section of the die is offset so that 
it cuts through the core, but does not cut through or sever the 
skin. 

[0066] Referring to FIG. 6, the laminated foam structure 
3 is a ?at sheet that has a core 4 laminated to a ?rst skin 6 
on one surface of core 4. Structure 3 has a top surface 30, 
Which is an exposed surface of core 4, and a bottom surface 
35, Which is an exposed surface of skin 6. Skin 6 is generally 
foams having average densities of betWeen 3 and 18 pounds 
per cubic foot and thicknesses of betWeen 1/32 and 5/16 inches. 
Core 4 is a laminated foam With multiple layers. Alterna 
tively, core 4 can be a single section of foam. In preferred 
embodiments, core 4 has four layers including foam 10, 
foam 12, foam 16, and foam 18. The foams 10, 12, 16, and 
18 in core 4 each have average foam densities of betWeen 1.5 
and 2.5 pounds per cubic foot and thicknesses of betWeen 3/8 
and 5/8 inches. The core foams are preferably polyole?n 
foams, such as a polyethylene or polypropylene foam that is 
closed cell in nature. Core 4, and its constituent foams 10, 
12, 16 and 18, have average foam densities that are loW 
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relative to skin 6. Skin 6 provides strength to the structure 
and can act as a hinge When the structure of the foam is 
properly cut. The structure 3 has a total thickness 20 Which 
is generally betWeen 1 and 14 inches. The laminated foam 
structure is effectively bonded together using heat lamina 
tion to enhance recyclability of the material, hoWever, glue 
or adhesive or any other material useful for lamination may 
be used to effect the bond. Structures according to FIG. 6 
can be used in packaging applications. 

[0067] Referring to FIGS. 7-11, laminated foam structure 
3 can be die cut for packaging applications to form a 
collapsible packaging system that is shoWn in the collapsed 
con?guration. Piece 40 (i.e., a ?rst packing member) and 
piece 42 (i.e., a second packing member) are cut from 
structure 3 by completely cutting through core 4 and skin 6 
at head slit 44 and side slits 46. Referring to FIG. 11, tail slit 
48 is cut from the top surface 30 through core 4 and not 
through skin 6, forming a hinge betWeen piece 40 (or piece 
42) and the remainder of the sheet. Tail slit 48 does not 
extend to bottom surface 35. The die cut can be designed so 
that sections of the laminated foam article can be removed 
altogether to loWer the total Weight of the collapsible pack 
aging system. 

[0068] Referring to FIGS. 12-15, die cut laminated foam 
structure 3 depicted in FIGS. 7-11 can be expanded to form 
end cap 50 for use in packaging. Piece 42 is extended out of 
the plane of the sheet by bending along the hinge formed at 
tail slit 48 onto bottom surface 35. Piece 40 is similarly 
extended to form the expanded con?guration. In this 
expanded con?guration, Well 60 is formed. 

[0069] Pieces 40 and 42 are tapered, having Wider ends at 
tail slits 48 than at head slit 44. Referring to FIG. 14, the 
tapering of pieces 40 and 42 alloW them to lock into place 
When extended from the sheet and the hinge is bent at an 
angle 90° to bottom 35. 

[0070] The dimensions of Well 60 are suited to ?t end cap 
50 onto, for example, each end of a packaged product. The 
outer dimensions of end cap 50 are suitable securing the 
product having tWo end caps in a carton, box, or other 
suitable container. 

[0071] When not being used for packaging a product, the 
expanded con?guration of end cap 50 can be collapsed back 
into the space-efficient sheet form for storage or transport of 
the collapsible packaging system. The hinge structures alloW 
the packaging system to be ef?ciently reused. 

[0072] Die cutting is the preferred operation for cutting the 
laminated foam structures since it is simple to carry out and 
repeat (e.g., automate). The cutting operation is the only 
necessary step for producing protective collapsible packag 
ing systems directly from the laminated foam structures. 
Laminated foam structures having more than one high 
density skin (i.e., a skin on both surfaces of the structure) can 
be cut in a similar manner to form the hinges and collapsible 
packaging systems. For example, the additional skin can be 
added for additional structural stability and support. 

[0073] The foams are generally foamed polymers and 
polymer blends. Examples of suitable polymers include 
single-site initiated polyole?ns, loW density polyethylene 
(LDPE), high density polyethylene (HDPE), linear loW 
density polyethylene (LLDPE), ethylene-propylene rubber, 
ethylene-propylene-diene monomer terpolymer (EPDM), 
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polystyrene, polyvinylchloride (PVC), polyamides, poly 
acrylates, celluloses, polyesters, polyhalocarbons, and 
copolymers of ethylene With propylene, isobutene, butene, 
hexene, octene, vinyl acetate, vinyl chloride, vinyl propi 
onate, vinyl isobutyrate, vinyl alcohol, allyl alcohol, allyl 
acetate, allyl acetone, allyl benZene, allyl ether, ethyl acry 
late, methyl acrylate, acrylic acid, or methacrylic acid. The 
polymer blends can also include rubber materials such as 
polychloroprene, polybutadiene, polyisoprene, polyisobuty 
lene, nitrile-butadiene rubber, styrene-butadiene rubber, 
chlorinated polyethylene, chlorosulfonated polyethylene, 
epichlorohydrin rubber, polyacrylates, butyl rubber, or 
halobutyl rubber. The rubber material can be peroxide-cured 
or vulcaniZed. Preferred resins include single-site initiated 
polyole?ns, LDPE, LLDPE, polypropylene, polystyrene, or 
ethylene copolymers such as ethylene-vinyl acetate copoly 
mer (EVA), or ethylene-ethyl acrylate copolymer 

[0074] The single-site initiated polyole?n resins are 
derived from ethylene polymeriZed With at least one 
comonomer selected from the group consisting of at least 
one alpha-unsaturated C3-C2O ole?n comonomers. Prefer 
ably, the alpha-unsaturated ole?ns contain betWeen 3 and 16 
carbon atoms, most preferably betWeen 3 and 8 carbon 
atoms. Examples of such alpha-unsaturated ole?n comono 
mers used as copolymers With ethylene include, but are not 
limited to, propylene, isobutylene, 1-butene, 1-hexene, 
3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, 
1-decene, 1-dodecene, styrene, halo- or alkyl-substituted 
styrene, tetra?uoroethylene, vinylcyclohexene, and vinyl 
benZocyclobutane. The comonomer content of the polyole 
?n resins is generally betWeen about 1 mole percent and 
about 32 mole percent, preferably betWeen about 2 mole 
percent and about 26 mole percent, and most preferably 
betWeen about 6 mole percent and about 25 mole percent. 

[0075] The copolymer can include one or more C4-C2O 
polyene monomers. Preferably, the polyene is a straight 
chain, branched chain or cyclic hydrocarbon diene, most 
preferably having betWeen 6 and 15 carbon atoms. It is also 
preferred that the diene be non-conjugated. Examples of 
such dienes include, but are not limited to, 1,3-butadiene, 
1,4-hexadiene, 1,6-octadiene, 5-methyl-1,4-hexadiene, 3,7 
dimethyl-1,6-octadiene, 3,7-dimethyl-1,7-octadiene, 5-eth 
ylidene-2-norbornene, and dicyclopentadiene. Especially 
preferred is 1,4-hexadiene. 

[0076] The preferred single-site initiated polyole?n resins 
include either ethylene/alpha-unsaturated ole?n copolymers 
or ethylene/alpha-unsaturated ole?n/diene terpolymers. 

[0077] Single-site initiated polyole?n resins can be pre 
pared using single-site initiators. One class of a single-site 
initiators of particular interest are the metallocene initiators 
Which are described, for example, in J. M. Canich, US. Pat. 
No. 5,026,798, in J. EWen, et al., US. Pat. No. 4,937,299, in 
J. Stevens, et al., US. Pat. No. 5,064,802, and in J. Stevens, 
et al., US. Pat. No. 5,132,380, each of Which are incorpo 
rated herein by reference. These initiators, particularly those 
based on group 4 transition metals, such as Zirconium, 
titanium and hafnium, are extremely high activity ethylene 
polymeriZation initiators. The single-site initiators are ver 
satile. The polymeriZation conditions such as a initiator 
composition and reactor conditions can be modi?ed to 
provide polyole?ns With controlled molecular Weights (e. g., 
in a range from 200 g mol'1 to about 1 million or higher g 



US 2001/0000568 A1 

mol_1) and controlled molecular Weight distributions (e.g., 
MW/Mn in a range from nearly 1 to greater than 8, Where MW 
is the Weight average molecular Weight and Mn is the 
number average molecular Weight). Molecular Weights and 
molecular Weight distributions of polymers can be deter 
mined, for example, by gel permeation chromatography. 
[0078] When the single-site initiated polyole?ns are 
copolymers, the composition distribution breadth index 
(CDBI) is generally greater than 50% and most preferably 
above 70%. The CDBI is a measurement of the uniformity 
of distribution of comonomers among the individual poly 
mer chains having a comonomer content Within 50% of the 
median bulk molar comonomer content. 

[0079] Preferred single-site initiated polyole?n resins are 
described, for example, in S.-Y. Lai, et al., US. Pat. Nos. 
5,272,236, 5,278,272, and 5,380,810, in L. Spenadel, et al., 
US. Pat. No. 5,246,783, in C. R. Davey, et al., US. Pat. No. 
5,322,728, in W. J. Hodgson, Jr., US. Pat. No. 5,206,075, 
and in F. C. Stehling, et al., WO 90/03414, each of Which is 
incorporated herein by reference. The resins contain varying 
amounts of short-chain and long-chain branching, Which 
depend, in part, on the processing conditions. 

[0080] Some single-site initiated polyole?n resins are 
available commercially from Exxon Chemical Company, 
Houston, Tex., under the tradename ExactTM, and include 
ExactTM 3022, ExactTM 3024, ExactTM 3025, ExactTM 3027, 
ExactTM 3028, ExactTM 3031, ExactTM 3034, ExactTM 3035, 
ExactTM 3037, ExactTM 4003, ExactTM 4024, ExactTM 4041, 
ExactTM 4049, ExactTM 4050, ExactTM 4051, ExactTM 5008, 
and ExactTM 8002. Other single-site initiated resins are 
available commercially from DoW Plastics, Midland, Mich. 
(or DuPont/DoW), under the tradenames EngageTM and 
Af?nityTM, and include CL8001, CL8002, EG8100, 
EG8150, PL1840, PL1845 (or DuPont/Dow 8445), EG8200, 
EG8180, GF1550, KC8852, FW1650, PL1880, HF1030, 
PT1409, CL8003, and D8130 (or XU583-00-01). Most 
preferably, the single-site initiated polyole?n resins are 
selected from the group consisting of ExactTM 3024, ExactTM 
3031, ExactTM 4049, PL1845, EG8200, and EG8180. 
[0081] The preferred foams include polyethylene, such as, 
for example, single-site initiated polyethylenes or LDPE. 
LDPE resins are described, for example, in “Petrothene® 
Polyole?ns . . .AProcessing Guide,” Fifth Edition, Quantum 
USI Division, 1986, pages 6-16, incorporated herein by 
reference. Some LDPE resins are commercially available 
from Exxon Chemical Company, Houston, Tex., DoW Plas 
tics, Midland, Mich., Novacor Chemicals (Canada) Limited, 
Mississauga, Ontario, Canada, Mobil Polymers, NorWalk, 
Conn., Rexene Products Company, Dallas, Tex., Quantum 
Chemical Company, Cincinnati, Ohio, and Westlake Poly 
mers Corporation, Houston, Tex. Commercially available 
LDPE resins include Eastman 1924P, Eastman 1550F, East 
man 800A, Exxon LD 117.08, Exxon LD 113.09, Dow 5351, 
DoW 683, DoW 760C, Dow 7681, Dow 5371, Novacor 
LF219A, Novacor LC05173, Novacor LC0522A, Mobil 
LMA-003, Mobil LEA-003, Rexene 2018 (7018), Rexene 
1023, Rexene X0 875, Rexene PE5050, Rexene PE1076, 
Rexene PE2030, Quantum NA953, Quantum NA951, Quan 
tum NA285-003, Quantum NA271-009, Quantum NA324, 
Westlake EF606AA, Westlake EF612, and Westlake 
EF412AA. 

[0082] The foams can be cross-linked, hoWever, non 
cross-linked foams also can be made. The foams can be 
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cross-linked With peroxides, UV irradiation, or by silane 
grafting. The use of silane-grafting for cross-linking in 
polymer foams is described, for example, in Us. Ser. No. 
08/308,801, and in Us. Ser. No. 08/638,122. 

[0083] The foam can preferably be a polymer blend 
including at least one silane-grafted single-site initiated 
polyole?n resin. The preferred level of silane-grafted single 
site initiated polyole?n resin, in Weight percent of the total 
polymeric content of the foam, is preferably betWeen about 
2 percent and about 30 percent more preferably betWeen 
about 3 percent and about 18 percent. The single-site initi 
ated polyole?n resin can be silane-grafted before blending 
With other polymer resins. Alternatively, the foam can be a 
polymer blend. The blend can be silane-grafted. 

[0084] Silane-grafting of the polyole?n resin or resin 
blend occurs When the polymer backbone is activated and 
reacts With a silane reagent to form the graft copolymer. The 
silane-graft can include a subsequently cross-linkable moi 
ety in the graft chain. For example, the cross-linking can 
occur under Warm, moist conditions When the cross-linkable 
moiety is hydrolyZable, optionally in the presence of a 
suitable catalyst. Levels of cross-linking can be adjusted by 
varying the amount of silane-grafting introduced to the 
polymer blend. Alternatively, cross-linking can be intro 
duced by reaction of the polymers With peroxides. UV 
irradiation of the polymers can also be used to introduce 
cross-linking. 
[0085] A cross-linking graft can include other monomers, 
such as di- and tri-allyl cyanurates and isocyanurates, alkyl 
di- and tri-acrylates and methacrylates, Zinc dimethacrylates 
and diacrylates, styrenes, divinylbenZene, and butadiene. 

[0086] The graft initiator, or peroxide cross-linking agent 
can be a free radical generating species, for example, a 
peroxide. Examples of peroxides include dicumylperoxide, 
2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 1,1-bis(t-butylp 
eroxy)-3,3,5-trimethylcyclohexane, 1,1-di-(t-butylperoxy) 
cyclohexane, 2,2‘-bis(t-butylperoxy)diisopropylbenZene, 
4,4‘-bis(t-butylperoxy)butylvalerate, t-butylperbenZoate, 
t-butylperterephthalate, and t-butyl peroxide. Most prefer 
ably, the peroxide is dicumylperoxide or 2,2‘-bis(t-butylp 
eroxy)diisopropylbenZene. 
[0087] The silane-grafted polymer can be cross-linked by 
exposure to moisture to effect silanol condensation reactions 
of the hydrolyZable groups of the pendant silane-grafts. 
Cross-linking develops through hydrolysis of the silane Y 
groups to form silanols Which condense to form siloxanes. 
The condensation of silanols to siloxanes is catalyZed by 
metal carboxylates such as, for example, dibutyl tin dilaurate 
or dibutyl tin maleate. The most preferred silanol conden 
sation catalyst is dibutyl tin dilaurate. 

[0088] The cross-linking of silane-grafted polymers can 
be induced by the presence of atmospheric moisture, steam, 
or hot Water. Cross-linking can take place predominantly 
(e.g., more than 50% of the potential cross-linking) prior to 
expansion (or extrusion) of the foam. Alternatively, the 
cross-linking can take place predominantly after expansion 
of the foam. 

[0089] Exposure of the compositions to high energy radia 
tion to induce cross-linking can be accomplished at dosages 
of ioniZing radiation in the range of about 0.1 to 40 Mega 
rads, and preferably, at about 1 to 20 Megarads. The amount 












