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(57) ABSTRACT 

Methods and combinations of mattress Support Surfaces com 
prising one or more flexible polyurethane foam layers con 
taining highly thermally-conductive solids, Such as diamond 
or silicon carbide, and said layer combination is capable of 
transferring heat from a warm surface. Such as a person sleep 
ing on a bed, to a cooler region at a faster rate throughout the 
mattress than the thermal dissipation rate obtained from flex 
ible polyurethane foam without highly thermally-conductive 
Solids. 
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Figure 1 
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Figure 3A 

Figure 3B 
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Figure 4 
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Figure 5 
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Figure 6 

Figure 7 
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Figure 8 
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Figure 11 
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INCREASING THE HEAT FLOW OF 
FLEXBLE CELLULAR FOAM THROUGH 
THE INCORPORATION OF HIGHLY 
THERMALLY CONDUCTIVE SOLIDS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application No. 61/746,369 filed Dec. 27, 2012, 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

0002 This invention relates to incorporating highly ther 
mally-conductive solids in a polyurethane foam polymer 
matrix, wherein said combination is used in bedding and 
seating articles, and more particularly this invention relates to 
articles that transfer heat from a warm surface, such as a 
person sleeping on a bed, to a cooler regionata faster rate than 
the heat dissipation rate obtained from flexible polyurethane 
foam without highly thermally conductive solids incorpo 
rated therein. 

TECHNICAL BACKGROUND 

0003 Typically, high density flexible polyurethane foams 
have low thermal conductivities in the range of 0.02-0.04 
W/(m-K) in an uncompressed state. High density polyure 
thane foams have a tendency to trap heat and slowly diffuse 
heat through conduction and convection. In particular, high 
density memory foam has the tendency to “sleep hotter than 
traditional flexible foam, due to reduced open void space 
within the foam. When a person lies down on a memory foam 
mattress Surface, the foam open Void space reduces during 
compression and reduces the potential for air migration 
within the foam. As foam compression increases, convective 
heat transfer decreases and conductive heat transfer 
increases. 
0004. In previous mattress heat dissipation methods, bed 
ding manufacturers have modified flexible polyurethane 
foam layers with various Surface modifications and through 
body modifications such as channeling, convoluting, and 
punching holes in a mattress layer in order to allow more air 
to pass through the foam; thereby, heat is able to dissipate 
faster from the mattress due to more void space. Prior meth 
ods also include forced heat dissipation methods. Such as 
using a ventilation fan to induce cooling or a heat pump to 
remove heat from a bed. 
0005 Prior patents do not teach adding highly thermally 
conductive solids to flexible polyurethane foam to increase 
the foam thermal conductivity and using said increased ther 
mally conductive flexible polyurethane foam as one or more 
layers in a mattress or seating article. Rigid silicon carbide 
foam (ceramic foam) has previously been utilized for high 
temperature applications, especially for the aerospace indus 
try, heat exchangers, and compact electronics cooling. 
0006. It would be useful and desirable to develop a flex 

ible, open-celled polyurethane foam containing highly ther 
mally conductive Solids to achieve improved heat dissipation 
which may be used in mattresses, pillows, topper pads or seat 
cushions. 

SUMMARY 

0007. There is provided, in one non-limiting form, meth 
ods of forming flexible cellular foam with highly thermally 

Jul. 3, 2014 

conductive solids (HTCS) comprised of a flexible polyure 
thane foam and/or polyester foam, which may be open or 
partially open-celled in nature, and a plurality of highly ther 
mally conductive Solids, and the foams so made, wherein said 
combination is used in bedding and seating articles. Other 
performance modifying additives may optionally be incorpo 
rated into the foam. HTCS particles may be added in the range 
of about 0.1% independently to about 50% by weight based 
on the final foam net weight after gas loss. HTCS are com 
prised of, but not limited to, silicon carbide, diamond crystal 
powder, natural diamond crystal powder, type lla diamond 
powder, synthetic diamond, boron nitride, and combinations 
thereof. HTCS is added to the polyurethane raw materials 
prior to reaction with an isocyanate resulting in a uniformly 
dispersed solid within the polyurethane foam. Optionally, the 
flexible cellular foam may be synthetic or natural latex foam 
or melamine foam. 
0008. The flexible cellular foam with highly thermally 
conductive solids may be cut or molded in many structures 
Such as, but not limited to, planar layers, convoluted layers, 
surface modified layers, 3D surface texturing, molded pil 
lows, Smooth molded Surfaces, molded Surfaces with regular 
or irregular patterns, or modified in any way as to generate a 
desired physical structure such as but not limited to hole 
punching, channeling, reticulation or other method known to 
the art of foaming for modifying the structure of foam. 
0009. There is also provided, in a non-restrictive embodi 
ment, combinations of Suitable layering Substrates including, 
but not limiting to, flexible polyurethane foam, latex foam, 
flexible melamine foam, and other substrates (such as fibers 
in woven or non-woven form) with at least one layer of 
flexible cellular foam with highly thermally-conductive sol 
ids. Articles that may be manufactured from these combina 
tions include, but are not necessarily limited to, mattresses, 
mattress toppers, pillows, bedding products, pet beds, quilted 
mattress toppers, pillow or mattress inserts, contoured Sup 
port foam, or other cushioning products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a schematic view of a support surface made 
with a top comfort layer typically made of high density foam, 
Such as memory foam; 
0011 FIG. 2 is a schematic view of a support surface made 
with a top comfort layer which contains thermally conductive 
particles embedded in said comfort layers at manufacture; 
0012 FIG. 3A is a three-dimensional view of a foam cell, 
and its struts or windows; 
(0013 FIG. 3B shows the same strut of FIG. 3A containing 
added thermally conductive embedded crystals thereon; 
0014 FIG. 4 is an example blending system of polyol and 
HTCS particles: 
0015 FIG. 5 is an example of construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0016 FIG. 6 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0017 FIG. 7 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
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0018 FIG. 8 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0019 FIG. 9 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0020 FIG. 10 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0021 FIG. 11 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0022 FIG. 12 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0023 FIG. 13 is an example construction using a cushion 
and/or mattress application implementing the flexible cellular 
foams with highly thermally-conductive solids described 
herein; 
0024 FIG. 14 shows an example breakdown of lateral 
mattress Zones in a cushion and/or mattress application; 
0025 FIG. 15 shows an example breakdown of longitudi 
nal mattress Zones in a cushion and/or mattress application; 
0026 FIG. 16 is an example of a molded pillow product 
where the entire structure is molded from flexible cellular 
foam with highly thermally-conductive solids; and 
0027 FIG. 17 is an example of a molded pillow product 
where the flexible cellular foams with highly thermally-con 
ductive solids is a region or layer within the pillow. 
0028. It will be appreciated that FIGS. 1-2, 3A, 3B, and 
4-17 are schematic and that the various elements are not 
necessarily to scale or proportion, and that many details have 
been removed or simplified for clarity, and thus the methods 
and compositions are not necessarily limited to the embodi 
ments depicted in the Figures. 
0029. Before the methods and compositions are explained 
in detail, it is to be understood that these methods and com 
positions are not limited in applications to the details of 
construction and the arrangements of the components set 
forth in the following description or illustrated in drawings. 
Also, it is understood that the phraseology and terminology 
used herein are for the purpose of description and should not 
be regarded as limiting. 

DETAILED DESCRIPTION 

0030 The methods taught herein of using a highly ther 
mally-conductive solid (HTCS) in flexible cellular foam are 
useful in improving heat dissipation in mattresses, pillows, 
topper-pads or seat cushions. 
0031 Flexible cellular foams may include, but are not 
limited to, open-celled polyurethane foam, partially open 
celled polyurethane foam, open-celled polyester polyure 
thane foam, partially open-celled polyester polyurethane 
foam, latex foam, melamine foam, and combinations thereof. 
0032 Highly thermally-conductive solids (HTCS) are 
added to a flexible polyurethane foam polymer matrix and 
said combination is used in bedding and seating articles. Heat 
in a warm region, such as a person sleeping on a bed, dissi 
pates to a cooler region through conduction and convection. 
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Incorporation of HTCS in flexible polyurethane foam 
increases the thermal conductivity of the composite and 
allows heat to transfer at a faster rate through the composite 
from a warm region to a cooler region. 
0033 HTCS is comprised of, but not limited to, silicon 
carbide, diamond crystal powder, natural diamond crystal 
powder, type la diamond powder, synthetic diamond, boron 
nitride, carbonado, and combinations thereof. HTCS is added 
in the range of about 0.1 wt % independently to about 50% by 
weight based on the final foam net weight after gas loss 
(solids content). In one non-limiting embodiment, the HTCS 
is added in the range of about 1 wt % independently to 35% by 
weight based on the final foam net weight after gas loss; and 
alternatively, the HTCS is added in the range of about 5 wt % 
independently to about 25% by weight based on the final 
foam net weight after gas loss. The word “independently as 
used herein with respect to a parameter range means that any 
lower threshold may be used with any upper threshold to give 
a Suitable alternative range for that parameter. 
0034. The HTCS may suitably be a powder having an 
average particle size in the range of about 1 independently to 
about 3000 microns, alternatively from about 10 indepen 
dently to about 1000 microns, so that the HTCS is contained 
or encapsulated within the polyurethane foam strut matrix or 
held on the surfaces of the polyurethane foam struts. Nano 
sized particles, such as crystals and ribbons, may also be used. 
As used herein, "nano-sized' is defined to mean having an 
average particle size between about 50 to about 1000 nanom 
eters. As defined herein, “average particle size” may be 
defined as any one of median size or geometric mean size or 
average size, based on Volume. 
0035. One suitable HTCS material is diamond particles or 
crystals from either natural or synthetic origin. The diamond 
particles or crystals are contained or encapsulated within the 
polyurethane foam strut matrix or held on the surfaces of the 
polyurethane foam struts. Single crystal natural diamond or 
Type lla diamond has a high thermal conductivity of up to 
about 2000 W/(m- K). Additional types of HTCS particles 
may be added into the foam blend to complement the dia 
mond particles. 
0036. Another suitable HTCS material is silicon carbide 
particles. Silicon carbide has high thermal conductivity val 
ues around 280-400 W/(m-K), depending on the crystalline 
shape of silicon carbide. Silicon carbide particles may be used 
by itself or in combination with other HTCS powders. Silicon 
carbide may suitably be a powder having an average particle 
size in the range of about 1 independently to about 3000 
microns, so that the silicon carbide particles are contained or 
encapsulated within the polyurethane foam strut matrix or 
held on the surfaces of the polyurethane foam struts. 
0037. The flexible cellular foam with highly thermally 
conductive Solids may also contain useful amounts of con 
ventionally employed additives (“property-enhancing addi 
tives') such as plasticized triblock copolymer gels, 
stabilizers, antioxidants, antistatic agents, antimicrobial 
agents, ultraviolet stabilizers, phase change materials, Surface 
tension modifiers such as silicone Surfactants, emulsifying 
agents, and/or other Surfactants, Solid flame retardants, liquid 
flame retardants, grafting polyols, compatible hydroxyl-con 
taining chemicals which are completely saturated or unsatur 
ated in one or more sites, solid or liquid fillers, anti-blocking 
agents, colorants such as inorganic pigments, carbon black, 
organic colorants or dyes, reactive organic colorants or dyes, 
heat-responsive colorants, heat-responsive pigments, heat 
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responsive dyes, pH-responsive colorants, pH-responsive 
pigments, pH-responsive dyes, fragrances, viscosity-modifi 
erS Such as fumed silica and clays, thermally conductive 
enhancing additives Such as aluminum and graphite, and 
combinations thereof, and other polymers in minor amounts 
and the like to an extent not affecting or Substantially decreas 
ing the desired properties of the flexible cellular foam with 
highly thermally-conductive solids. 
0038. It is beyond the scope of this disclosure to describe 

all of the conceivable combinations and variations of dia 
mond and silicon carbide crystalline properties. A multitude 
of crystals, metal diamond composites, ceramics, boron 
doped crystals, metal-covered glass spheres, or ceramic 
spheres may alternatively be used as a material offering high 
degrees of thermal conductivity in this application. These 
particles, especially crystals, may be added to polyurethane 
foam to increase thermal conductivity of the polyurethane 
foam articles. 
0039. This invention is not limited to any particular crys 

talline structure, either of natural or synthetic-based origin. In 
a non-limiting form, the crystalline structure may be doped 
with inorganic materials to modify the crystalline properties. 
For example, a diamond crystalline structure may be modi 
fied by boron or nitrogen, which produces a blue or yellow 
color, respectively, within the crystalline lattice. Alterna 
tively, carbonado, which is also known as “Black Diamond'. 
may be used. Carbonado is a polycrystalline diamond that 
contains diamond graphite, and amorphous carbon. 
0040 Prior to making flexible polyurethane foam, the 
HTCS may be blended with various liquid raw materials, 
which typically contain, but are not limited to, polyols, poly 
ether glycols, polyester polyols, copolymer polyols, isocyan 
ates, or any other polyurethane foam reactant, either in liquid, 
Solid, or some combination thereof. 
0041. One non-limiting embodiment of adding HTCS par 

ticles 42 to the compatible carrier 44 is by adding the HTCS 
particles 42 into a compatible carrier in a mix tank 50, as 
schematically illustrated in FIG. 4. A typical mixtank 50 may 
have a heating/cooling jacket 52 for controlling the tempera 
ture within the tank. The carrier is added to the mixing tank 
and then the HTCS particles 42 are mixed into the carrier 
while agitating. While mixing, the HTCS particles 42 may be 
added to the tank gradually or all at once. Alternatively, the 
HTCS particles 42 may be added to the mixing tank first and 
then the compatible carrier added to the tank while mixing. 
Another non-limiting method of adding HTCSparticles to the 
compatible carrier is by transferring the HTCS particles into 
a mix chamber using an auger, where the HTCS particles and 
compatible carrier are mixed prior to adding other chemicals 
required to make polyurethane foam. Alternatively, mixing 
may be performed directly into the main mix head or can be 
mixed in a separate mix head and the HTCS particles and 
compatible carrier mixture fed into the main mix head with 
the other formulation components. Another non-restrictive 
method may be to use the auger to mix the HTCS particles and 
compatible carrier together while augering to the main mix 
head. 

0042. In one non-limiting form, HTCS may be added to a 
polyol liquid. After adequate mixing and dispersion, the 
polyol/HTCS blend may be mixed with isocyanate along with 
one or more of the following: water, auxiliary blowing agent, 
silicone Surfactant, gelation catalyst Such as Stannous octoate 
or dibutyltin dilaurate, blowing catalyst such as triethylene 
diamine. The mixture flows on a moving conveyor or into a 
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mold, and flexible polyurethane foam is produced which 
incorporates, encapsulates, or binds the HTCS particles in the 
foam matrix. 
0043 Alternatively, HTCS particles may be mixed in a 
minor polyurethane additive stream, Such as silicone Surfac 
tant, and added directly to the mix-head or manifold. The 
mixture flows on a moving conveyor or into a mold, and a 
flexible polyurethane foam is produced which incorporates 
the HTCS particles. 
0044) The flexible cellular foam with highly thermally 
conductive Solids may be poured in a standard bun form on a 
conveyor, poured in a mold having planar or non-planar Sur 
faces, textured with 2D and 3D modification, or poured in a 
mold with rods to make the foam perforated. 
0045. In one non-limiting embodiment, one or more flex 
ible cellular foams with highly thermally-conductive solids 
may be added within or on the Surface or in any location 
within the interior cavity of a mold for making molded prod 
ucts such as, but not limited to, pillows, mattresses, mattress 
toppers, pet beds, seat cushions, and individual Substrate 
components added to the mold to react, bind, or encapsulate 
the flexible cellular foam with highly thermally-conductive 
Solids. 
0046. It will be appreciated that the method described 
herein is not limited to these examples, since there are many 
possible combinations for combining HTCS particles with a 
compatible carrier before incorporating HTCS particles into 
final polyurethane foam. 

EXAMPLES 

0047. A two component system was obtained from Peter 
son Chemical Technology. The system consisted of a “B” side 
(PCT-8205B) containing polyols, water, silicone surfactant, 
gelation catalyst and blowing catalyst, and the “A” side (PCT 
8205A) which consisted of an isocyanate compound. Foam 
sample 1 is the foam control sample that does not contain 
HTCS particles, and foam sample 2 is a polyurethane foam 
produced from the two component system with addition of 
silicon carbide to obtain a final concentration of 17.5% by 
weight based on the final foam net weight after gas loss. 
0048 Table 1 shows the physical properties of foam 
samples 1 and 2. The densities, IFDs and airflows were mea 
sured according to ASTM D3574. The thermal conductivity 
was measured according to ASTM E1225 test method with a 
75% compression on the foam sample. The results show a 
15.8% improvement in thermal conductivity by incorporating 
17.5 wt % silicon carbide in the polyurethane foam compo 
nents before reacting into a flexible polyurethane foam. The 
polyurethane foam can be utilized as one or more layers in a 
mattress. 

TABLE 1 

Formulation and Physical Property Testing 

Foam Sample 

Units Comparative 1 Inventive 2 

Component 

B Side- parts by weight 103.25 103.25 
PCT82O5B 
'A' Side- parts by weight 43.21 43.21 
PCT820SA 
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TABLE 1-continued 

Formulation and Physical Property Testing 

Foam Sample 

Units Comparative 1 Inventive 2 

Silicon Carbide parts by weight O 30 

Total Parts parts by weight 146.46 176.46 
Gas LOSS parts by weight S.12 S.12 
Net parts parts by weight 14134 171.34 
HTCS % by weight based Control 17.51% 

on the final foam net 
weight after gas loss 

Physical 
Properties 

Density lb/ft (kg/m) 3.45 (55.3) 4.09 (65.5) 
IFD Ib/50 in (N/323 cm.) 9.1 (40.5) 7.6 (33.8) 
Airflow SCFM 4.9 4.9 
Thermal W(m- K) 0.0507 0.0587 
Conductivity at 
75% Compression 

TABLE 2 

Raw Material Supplier List 

PCT8205B “B” side of a flexible polyurethane foam system, 
Supplied by Peterson Chemical Technology, Inc. 

PCT820SA A side of a flexible polyurethane foam system, 
Supplied by Peterson Chemical Technology, Inc. 

Silicon Carbide Silicon carbide powder with an average particle 
size of 45 microns 

Applications of the Flexible Cellular Foams with 
Highly Thermally-Conductive Solids 

0049. The list below shows some, but not all, of the appli 
cable uses of HTCS in polyurethane foams produced by the 
methods herein. 

0050) 1. Mattresses, mattress toppers, pillows, and bed 
top products; 
0051 2. General furnishings and upholstered furniture 
including pet beds, cushions, armrests, seat-backs, foot-rests, 
decorative cushioning and functional Support. 
0052 Flexible cellular foams with highly thermally-con 
ductive solids may be manufactured and combined with sub 
strate foams for use in a variety of bedding applications, 
including but not necessarily limited to, mattresses, pillows, 
pillow toppers, mattress toppers, quilted toppers, body Sup 
port foam, pet beds, outdoor bedding pads, outdoor pillows, 
or other cushioning materials. 
0053 Layering substrates in combination with one or 
more flexible cellular foams with highly thermally-conduc 
tive Solids and optional property-enhancing materials 
described herein may find utility in a very wide variety of 
applications. Suitable layering Substrates include, but are not 
limited to, flexible polyurethane foam, flexible polyester 
polyurethane foam, latex foam, flexible melamine foam, and 
other substrates (such as fibers in woven or non-woven form), 
and combinations thereof. More specifically, in other non 
limiting embodiments, the combination of flexible cellular 
foam with highly thermally-conductive solids and substrate 
would be suitable aspillows or pillow components, including, 
but not necessarily limited to, pillow wraps or shells, pillow 
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cores, pillow toppers, for the production of medical comfort 
pads, medical mattresses and similar comfort and Support 
products, and residential/consumer mattresses, mattress top 
pers, pet beds, outdoor bedding pads, outdoor pillows, and 
similar comfort and Support products, typically produced 
with conventional flexible polyurethane foam or fiber. All of 
these uses and applications are defined herein as “bedding 
products' or cushioning products. 
0054. In FIG. 1, polyurethane foam 5 acts as a top comfort 
layer of a mattress, which said comfort layer is made out of 
but not limited to, memory foam, latex foam, soft polyure 
thane foams. The mattress has a core Support portion 6, which 
can also be made of but not limited to, foam, Springs or air 
core. This is an example of a conventional memory foam 
mattress. 

0055. In FIG. 2, the mattress uses a polyurethane foam 
composite 9 containing one or more HTCS materials 10 to 
increase the thermal conductivity of the mattress top layer; 
shown in more detail in the oval of FIG. 2. A support core 11 
and optional firm bottom Support layer 12 are used in this 
non-limiting embodiment. 
0056 FIG. 3A shows a magnified foam cell and the foam 
cell strut 18; whereas, in FIG. 3B, the same foam strut with 
HTCS materials 19 is magnified in a close-up 20 of foam strut 
with HTCS materials 19. 
0057 FIG. 5 is an example of construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer 3. On top of this is a 2 inch (5 cm) standard, 
open-celled viscoelastic (visco) layer 2. The top layer 1 is a 2 
inch (5 cm) layer of flexible cellular foam with highly ther 
mally-conductive solids. It will be appreciated that the 
dimensions given in the examples and descriptions of the 
various Figures are merely illustrative and are not intended to 
be limiting. Throughout the drawings, the same or similar 
reference numerals will be used for the same or similar struc 
tures. 

0.058 FIG. 6 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer3. On top of this is a 2 inch (5 cm) layer of flexible 
cellular foam with highly thermally-conductive solids 1 fol 
lowed by a 2 inch (5 cm) layer 2 of standard, open-celled 
Viscoelastic foam. 
0059 FIG. 7 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer3. On top of this is a 2 inch (5 cm) layer of flexible 
cellular foam with highly thermally-conductive solids 1 fol 
lowed by a 0.75 inch (1.9 cm) layer 3 of prime foam. The top 
layer is a second 2 inch (5 cm) layer of flexible cellular foam 
with highly thermally-conductive solids 1. 
0060 FIG. 8 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer3. On top of this is a 2 inch (5 cm) layer of flexible 
cellular foam with highly thermally-conductive solids 1 fol 
lowed by a 2 inch (5 cm) layer 2 of standard, open-celled 
Viscoelastic foam. The top layer is a second 2 inch (5 cm) 
layer of flexible cellular foam with highly thermally-conduc 
tive solids 1. 
0061 FIG. 9 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer3. On top of this is a 3 inch layer offlexible cellular 
foam with highly thermally-conductive solids 1. 
0062 FIG. 10 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer 3. On top of this is a 3 inch (7.6 cm) layer of 
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flexible cellular foam with highly thermally-conductive sol 
ids 1. The interface 4 between the two layers is a non-planar 
convolution, which may be made by convoluting the Surface 
of either or both interfacing layers. 
0063 FIG. 11 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer3. On top of this is a 2 inch (5 cm) layer of flexible 
cellular foam with highly thermally-conductive solids 1. The 
interface 4 between the two layers is a non-planar convolu 
tion, which may be made by convoluting the surface of either 
or both interfacing layers. The top of this example is a 2 inch 
(5 cm) layer 2 of standard, open-celled Viscoelastic foam. 
0064 FIG. 12 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer3. Above this is a 2 inch (5 cm) layer 2 of standard, 
open-celled viscoelastic foam. On top of this is a 2 inch layer 
(5 cm) of flexible cellular foam with highly thermally-con 
ductive solids 1. The interface 4 between the two layers is a 
non-planar convolution, which may be made by convoluting 
the surface of either or both interfacing layers. 
0065 FIG. 13 is an example construction using a cushion 
and/or mattress application. The base of the section is a prime 
foam layer 3. Above this is a 2 inch (5 cm) layer of flexible 
cellular foam with highly thermally-conductive solids 1. On 
top of this is another 2 inch (5 cm) layer of flexible cellular 
foam with highly thermally-conductive solids 1. The inter 
face 4 between the two layers is a non-planar convolution, 
which may be made by convoluting the surface of either or 
both interfacing layers. 
0066 FIG. 14 is an example breakdown of lateral mattress 
Zones or sections in a mattress 110. These Zones include: 
lower body Zone or section 112, torso?"belly band' Zone or 
section 114, and head and shoulders Zone or section 116. 
These Zones or sections may or may not include flexible 
cellular foams with highly thermally-conductive solids, 
example constructions, other mattress layer constructions, or 
any variation thereof. Furthermore, the Zones shown are not 
limiting, but used as an example to show the possibility of 
utilizing enhanced thermally dissipating layers in specific 
areas of cushions and/or a mattress. 
0067 FIG. 15 is an example breakdown of longitudinal 
mattress Zones 122 and 124 in a mattress 120. These Zones 
include left section 122 and right section 124. These Zones or 
sections 122 and 124 may or may not include flexible cellular 
foams with highly thermally-conductive Solids, example con 
structions, other mattress layer constructions, or any variation 
thereof. Furthermore, the Zones shown are not limiting, but 
used as an example to show the possibility of utilizing 
enhanced thermally dissipating layers in specific areas of 
cushions and/or a mattress. 
0068 FIGS. 16 and 17 are depictions of molded pillow 
systems. FIG. 16 is a pillow 130 molded entirely out of 
flexible cellular foam with highly thermally-conductive sol 
ids 1. FIG. 17 shows a pillow 140 using flexible cellular foam 
with highly thermally-conductive solids 1 as a region within 
the overall pillow structure 2. 
0069. There may also be provided a cellular foam com 
prising cross-linked latex foam and highly thermally-conduc 
tive solid (HTCS) particles dispersed in the cross-linked latex 
foam. The HTCS particles may be added in the range of about 
0.1 to about 50% by weight of final net weight of cured latex 
foam. One process used for open-celled, flexible latex foam 
production involves adding the HTCS particles to the natural 
or synthetic latex liquid polymer, followed by introducing air 
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into the latex, e.g. whipping or beating warm natural or Syn 
thetic latex in the presence of additives to promote open cell 
formation, Stabilization and curing. Additives may include, 
but not necessarily be limited to, foam stabilizers, foam pro 
moters, Zinc oxide delayed action gelling agents, and combi 
nations thereof. A final step in this process is to cure the foam 
with heat. Suitable latex foam production processes known 
by those skilled in the art for latex foam manufacturing 
include, but are not necessarily limited to, molded and free 
rise latex methods produced with the Dunlop or Talalay latex 
processes. In the Talalay latex process, the latex foam is cured 
by introducing carbon dioxide into the mold with latex. The 
carbon dioxide reacts with water forming carbonic acid, 
which lowers the pH and causes the latex to thicken and hold 
its cell structure and shape. The mold temperature is then 
raised to about 230° F. and held for a determined amount of 
time to crosslink or Vulcanize the latex polymer. In the Dun 
lop process, the latex mixture is cured by addition of chemical 
additives such as sodium fluorosilicate, and later the latex is 
Vulcanized or cross-linked by raising the temperature. 
0070 There may also be provided a cellular foam com 
prising cross-linked melamine foam and highly thermally 
conductive solid (HTCS) particles dispersed in the cross 
linked melamine foam. The HTCS particles may be added in 
the range of about 0.1 to about 50% by weight of final net 
weight of cured melamine foam. 
0071 While this detailed description has set forth particu 
larly Suitable embodiments of this invention, numerous modi 
fications and variations of the structure of this invention, all 
within the scope of the invention, will readily occur to those 
skilled in the art. Accordingly, it is understood that this 
description is illustrative only of the principles of the inven 
tion and is not limitative thereof. Although specific features of 
the invention are shown in some of the drawings and not 
others, this is for convenience only, as each feature may be 
combined with any and all of the other features in accordance 
with this invention. Other embodiments will occur to those 
skilled in the art and are within the following claims. 
0072 The words “comprising and “comprises” as used 
throughout the claims is interpreted “including but not lim 
ited to’. The present invention may suitably comprise, consist 
or consist essentially of the elements disclosed and may be 
practiced in the absence of an element not disclosed. 
0073. In one non-limiting example, there may be provided 
a flexible cellular foam with highly thermally-conductive 
solids that consists essentially of or consists of a flexible 
cellular foam, and highly thermally-conductive solid par 
ticles dispersed in the flexible cellular foam, where the highly 
thermally-conductive solid particles are selected from a 
group of silicon carbide, synthetic diamond crystal powder, 
natural diamond crystal powder, type lla diamond powder, 
synthetic diamond, boron nitride, carbonado, and combina 
tions thereof. 
What is claimed is: 
1. A flexible cellular foam with highly thermally-conduc 

tive solids (HTCS Foam) comprising: 
a flexible cellular foam, and 
highly thermally-conductive solid particles dispersed in 

the flexible cellular foam, where the highly thermally 
conductive solid particles are selected from a group con 
sisting of silicon carbide, synthetic diamond crystal 
powder, natural diamond crystal powder, type la dia 
mond powder, synthetic diamond, boron nitride, carbon 
ado, and combinations thereof. 
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2. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the flexible cellular foam is 
produced by a process comprising polymerizing a polyol with 
a polyisocyanate. 

3. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the flexible cellular foam with 
highly thermally-conductive solids is produced by a method 
comprising: 

introducing the highly thermally-conductive solid particles 
into a mixture of flexible cellular foam-forming compo 
nents comprising a polyol and an isocyanate; and 

polymerizing the polyol and the isocyanate to form the 
flexible cellular foam. 

4. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the flexible cellular foam is 
selected from the group consisting of an open-celled polyure 
thane foam, partially open-celled polyurethane foam, open 
celled polyester polyurethane foam, partially open-celled 
polyester polyurethane foam, and combinations thereof. 

5. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the one or more highly 
thermally conductive solids ranges from about 0.1% to about 
50% by weight based on the final foam net weight after gas 
loss. 

6. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the one or more highly ther 
mally-conductive solids ranges from about 1% to about 35% 
by weight based on the final foam net weight after gas loss. 

7. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the one or more highly 
thermally conductive solids ranges from about 5% to about 
25% by weight based on the final foam net weight after gas 
loss. 

8. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 wherein said one or more highly 
thermally-conductive Solids have an average particle size 
ranging from about 1 to about 3000 microns. 

9. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 wherein said one or more highly 
thermally-conductive Solids have an average particle size 
ranging from about 50 to about 1000 nanometers. 

10. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 wherein the HTCS Foam comprises 
a structure selected from the group consisting of a Solid sheet, 
a perforated sheet, a non-planar sheet, a planar sheet, a tex 
tured sheet, and combinations thereof. 

11. The flexible cellular foam with highly thermally-con 
ductive solids of claim 1 where the HTCS Foam is adhered to 
a layering Substrate. 
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12. A cushion foam comprising at least one layer com 
prised of the flexible cellular foam with highly thermally 
conductive solids of claim 1. 

13. A mattress comprising at least one layer comprised of 
the flexible cellular foam with highly thermally-conductive 
solids of claim 1. 

14. A mattress topper pad comprising at least one layer 
comprised of the flexible cellular foam with highly thermally 
conductive solids of claim 1. 

15. A pillow comprising the flexible cellular foam with 
highly thermally-conductive solids of claim 1. 

16. An article of manufacture selected from the group 
consisting of a cushion foam, a mattress, a mattress topper 
pad, and combinations thereof, where the article of manufac 
ture comprises at least one Zone selected from the group 
consisting of a longitudinal Zone, a lateral Zone, and combi 
nations thereof, where the at least one Zone comprises the 
flexible cellular foam with highly thermally-conductive sol 
ids of claim 1. 

17. An article of manufacture selected from the group 
consisting of medical cushioning foams, mattresses, pillows, 
bedding products, mattress pillow toppers, quilted mattress 
toppers, mattress toppers, pet beds, indoor cushioning foams, 
outdoor cushioning foams, outdoor bedding pads, outdoor 
pillows, and combinations thereof, where the article of manu 
facture further comprises at least one layer comprising the 
flexible cellular foam with highly thermally-conductive sol 
ids of claim 1. 

18. A flexible cellular latex foam with highly thermally 
conductive solids comprising: 

a cross-linked latex foam, and 
highly thermally-conductive solid particles dispersed in 

the cross-linked latex foam, where the highly thermally 
conductive solid particles are selected from a group of 
silicon carbide, synthetic diamond crystal powder, natu 
ral diamond crystal powder, type la diamond powder, 
synthetic diamond, boron nitride, carbonado, and com 
binations thereof. 

19. A flexible cellular melamine foam with highly ther 
mally-conductive Solids comprising: 

a cross-linked melamine foam, and 
highly thermally-conductive solid particles dispersed in 

the cross-linked melamine foam, where the highly ther 
mally-conductive solid particles are selected from a 
group of silicon carbide, synthetic diamond crystal pow 
der, natural diamond crystal powder, type lla diamond 
powder, synthetic diamond, boron nitride, carbonado, 
and combinations thereof. 
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