EP 3 872 244 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3 872 244 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
01.09.2021 Bulletin 2021/35

(21) Application number: 20182024.8

(22) Date of filing: 24.06.2020

(51) IntCl.:
DO4B 21/16 (200607

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 28.02.2020 US 202016804182

(71) Applicant: Precision Textiles LLC
Totowa, NJ 07512 (US)

(72) Inventors:
¢ MARTIN, Christopher Keith
Wayne, NJ 07470 (US)
e LONGO, Peter
Saddle River, NJ 07458 (US)

(74) Representative: Trinks, Ole et al
Meissner Bolte Patentanwilte
Rechtsanwilte Partnerschaft mbB
Postfach 10 26 05
86016 Augsburg (DE)

(54) FLAME RETARDANT MATTRESS CORE CAP AND METHOD OF MAKING SAME

(67) A fabric made by the method of providing a
non-woven batt having flame retardant fibers, stitch
bonding the non-woven batt with an elastic yarn, and
heat treatment of the stitch bonded, non-woven batt. The
stitch bonded non-woven batt is exposed to a tempera-
ture in a range of 65° C to 200° C for a period in a range

of 30 seconds to 120 seconds, and contracts in the ma-
chine direction in a range of 5% to 65% and in the
cross-direction in a range of 20% to 70%. In an embod-
iment, the fabric is adapted for use as a mattress core
cover.
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Description
Cross-Reference to Related Application

[0001] Thisis acontinuation-in-part application that re-
lates to and claims the benefit of and priority to co-pend-
ing U.S. Application Serial No. 16/776,696, filed January
30, 2020, which claims the benefit of and priority to U.S.
Application Serial No. 16/299,752, filed March 12, 2019,
issued as U.S. Patent No. 10,563,328 on February 18,
2020, which in turn claims the benefit of and priority to
U.S. Provisional Patent Application Serial No.
62/642,448, filed March 13, 2018, the disclosures of all
of which are incorporated by reference herein in their
entirety.

Field of the Invention

[0002] The presentinvention relates to flame retardant
fabrics used in bedding and sleep products, such as mat-
tresses, and, more specifically, to stretchable and resil-
ient, thermally-insulating and flame retardant covers and
caps for mattress cores.

Background of the Invention

[0003] Each year, thousands of residential fires are
caused in the United States by the ignition of mattresses
and bedding, resulting in hundreds of deaths and hun-
dreds of millions of dollars in property losses. Heightened
awareness of fire prevention has led to the development
of standards and regulations directed to reducing the like-
lihood that such fires will occur. One approach to reducing
the likelihood of residential fires is to use flame resistant
fabrics as flame barriers in mattresses and bedding.

Summary of the Invention

[0004] Inanembodiment, a method of making a fabric,
comprising the steps of providing a non-woven batt hav-
ing flame retardant fibers, a machine direction and cross-
direction; stitch bonding the non-woven batt with an elas-
tic yarn; heat treating the stitch bonded, non-woven batt
and contracting the elastic yarn and the non-woven batt
by exposing the stich bonded non-woven batt to a tem-
perature in a range of 65° C to 200° C for a time period
in a range of 30 seconds to 120 seconds, wherein the
stich-bonded, non-woven batt is contracted in the ma-
chine direction in a range of 5% to 65% and in the cross-
direction in a range of 20% to 70%.

[0005] In an embodiment, the flame retardant fibers
include flame retardant rayon. In an embodiment, the
flame retardant fibers include polyaramids. In an embod-
iment, the flame retardant fibers are a blend of inherently
flame retardant cellulosic fibers and polyaramid fibers.
In an embodiment, the blend of inherently flame retardant
cellulosic fibers and polyaramid fibers are in a range of
1% to 30% by weight of the total weight of the non-woven
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batt. In an embodiment, the flame retardant fibers include
polyester fibers. In an embodiment, the polyester fibers
are in arange of 1% to 20% of the total weight of the non-
woven batt. In an embodiment, the flame retardant fibers
include modacrylic fibers. In an embodiment, the mo-
dacrylic fibers are in a range of 1% to 50% of the total
weight of the non-woven batt. In an embodiment, the
flame retardant fibers of the non-woven battare inarange
of 1.5 denier to 7 denier. In an embodiment, the non-
woven batt is from 60% to 90% by weight of a total weight
of the fabric.

[0006] In an embodiment, the elastic yarn includes fil-
ament polyester. In an embodiment, a density of the elas-
tic yarn is in a range of 75 denier to 300 denier. In an
embodiment, the elastic yarn is from 10% to 40% by
weight of the total weight of the fabric. In an embodiment,
the step of stitch bonding the non-woven batt includes
creating stitches with the elastic yarn, and wherein the
spacing of the stiches is in a range from 10 yarns/inch to
28 yarns/inch. In an embodiment, the weight of the fabric
is in a range of 50 grams per square meter (gsm) to 400
grams per square meter (gsm). In an embodiment, the
method further comprises the step of coating the heat
treated, stitch bonded, non-woven fabric with a coating.
In an embodiment, the coating includes a nanoclay. In
an embodiment, the fabric is adapted for use as a mat-
tress core cover.

[0007] Inanembodiment, amethod of making a fabric,
comprising the steps of providing a batt having flame
retardant fibers, a machine direction, and a cross-direc-
tion; stitch bonding the batt with a yarn; and heat treating
the stitch bonded batt and contracting the batt, wherein
the stich-bonded batt is contracted in the machine direc-
tion in a range of 5% to 65% and in the cross-direction
in a range of 20% to 70%. In an embodiment, the heat
treating step includes exposing the stich bonded batt to
a temperature in a range of 65° C to 200° C. In an em-
bodiment, the heat treating step includes exposing the
stitch bonded batt to a temperature for a time period in
a range of 30 seconds to 120 seconds.

[0008] Inanembodiment, amethod of making a fabric,
comprising the steps of providing a batt having flame
retardant fibers, a machine direction, and a cross-direc-
tion; stitch bonding the batt with a yarn; and heat treating
the stitch bonded batt and contracting the batt, wherein
the stich-bonded batt is contracted in the machine direc-
tion in arange of 5% to 65%. In an embodiment, the heat
treating step includes exposing the stich bonded batt to
a temperature in a range of 65° C to 200° C. In an em-
bodiment, the heat treating step includes exposing the
stitch bonded batt to a temperature for a time period in
a range of 30 seconds to 120 seconds.

[0009] Inanembodiment, amethod of making a fabric,
comprising the steps of providing a batt having flame
retardant fibers, a machine direction, and a cross-direc-
tion; stitch bonding the batt with a yarn; and heat treating
the stitch bonded batt and contracting the batt, wherein
the stich-bonded batt is contracted in the cross-direction
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in a range of 20% to 70%. In an embodiment, the heat
treating step includes exposing the stich bonded batt to
a temperature in a range of 65° C to 200° C. In an em-
bodiment, the heat treating step includes exposing the
stitch bonded batt to a temperature for a time period in
a range of 30 seconds to 120 seconds.

[0010] In exemplary embodiments, a heat-treated
flame retardant, thermally-insulating non-woven fabric
comprises a non-woven batt which is stitch-bonded with
an elastic yarn comprising an elastane or a combination
of an elastane and a polyester, wherein the fabric is
stretchable and resilient. In some embodiments, the
heat-treated flame retardant, thermally-insulating non-
woven fabric has a machine direction (MD) and a cross-
direction (CD), and the fabric is stretchable in both the
machine direction (MD) and in the cross-direction (CD).
In some embodiments, the heat-treated flame retardant,
thermally-insulating non-woven fabric has been subject-
ed to a heat treatment process during which the elastic
yarn contracts such that the fabric contracts in both the
machine direction (MD) and in the cross-direction (CD)
compared to prior to the heat treatment process. In an
embodiment, the heat-treated fabric contracts in the ma-
chine direction (MD) in a range of 5% to 65% of the fabric
prior to the heattreatment process, while the heat-treated
fabric contacts in the cross-direction in a range of 20%
to 70% .

[0011] Insomeembodiments, the elastic yarn consists
of an elastane or a combination of an elastane and a
polyester.

[0012] In some embodiments, the non-woven batt
comprises flame retardant fibers. Suitable flame retard-
antfibers are made of flame retardant rayon, polyaramids
(e.g., NOMEX® or KEVLAR®), elastanes (e.g., SPAN-
DEX®, LYCRA®), flame retardant polyesters, and com-
binations thereof. Flame retardant rayon includes inher-
ently flame retardant cellulosic fibers, such as rayon with
incorporated silica, and cellulosic fibers with incorporated
flame retardant chemicals (e.g., phosphorous com-
pounds). In some embodiments, the non-woven batt con-
sists of flame retardant rayon fibers.

[0013] Inanembodiment, a mattress core cap accord-
ing to the present invention includes the aforesaid flame
retardant, thermally-insulating non-woven fabric that is
stretchable and resilient. In an embodiment, a mattress
core cap according to the presentinvention is pre-formed
to fit closely to the top, sides, and corners of a mattress
core. In an embodiment, a mattress core cap according
to the present invention is pre-formed to be applied to
the top of a mattress core and pulled downward along
the sides and corners of the mattress core, the mattress
core cap having an elastic piping along its edges to retain
the mattress core cap around the mattress core. In an
embodiment, the fabric of the mattress core cap accord-
ing to the present invention stretches to conform to the
shape of the foam core as the core is compressed and
relaxes in response to the sleeper's movements.
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Brief Description of the Drawings

[0014] For a more complete understanding of the
present invention, reference is made to the following de-
tailed description of exemplary embodiments considered
in conjunction with the accompanying drawings, which
are presented for the purpose of illustration rather than
being drawn to scale, and in which:

FIG. 1 is a cross-sectional view of a mattress includ-
ing a mattress core cap covering a mattress core
according to an embodiment;

FIG.2is aschematic orthogonal view of the mattress
core of FIG. 1, with hidden edges of the mattress
core shown in dashed lines;

FIG. 3 is a schematic top view of a sheet of fabric
that is adapted to be shaped into the mattress core
cap of FIG. 1 to cover the mattress core of FIG. 2;

FIG. 4 is aschematic orthogonal view of the mattress
core cap of FIG. 1 during a step of fitting the mattress
core cap over the foam mattress core of FIG. 1, with
hidden edges of the mattress core shown in dashed
lines;

FIG.5is a schematic orthogonal view of the mattress
core cap of FIG. 1illustrating the mechanism of fitting
the mattress core cap over the foam mattress core
of FIG. 1, with hidden edges of the mattress core
shown in dashed lines;

FIG.6is a schematic orthogonal view of the mattress
core cap of FIG. 1 fitted to the mattress core of FIG.
1, with hidden edges of the mattress core and hidden
features of the mattress core cap shown in dashed
lines;

FIG. 7 is a schematic bottom view of the mattress
core and the mattress core cap of FIG. 6;

FIG. 8 is a schematic perspective view of a flame
retardant, thermally-insulating fabric barrier com-
prising a sheet of heat treated flame retardant, ther-
mally-insulating non-woven fabric shaped into a
sleeve and in its pre-installation rolled configuration;

FIG. 9 is a schematic perspective view of the flame
retardant, thermally-insulating fabric barrier of FIG.
8 in its unrolled configuration;

FIG. 10 is a schematic perspective view of the flame
retardant, thermally-insulating fabric barrier of FIG.
8 in its partially rolled/unrolled configuration;

FIG. 11 is a schematic perspective view of the flame
retardant, thermally-insulating fabric barrier of FIG.
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8 being installed on the mattress core and in its par-
tially unrolled configuration;

FIG. 12is a schematic perspective view of the flame
retardant, thermally-insulating fabric barrier of FIG.
11 being installed on the mattress core and in its
unrolled configuration; and

FIG. 13 is a schematic view of an embodiment of a
fabric.

Detailed Description of the Drawings

[0015] In anembodiment, a mattress core cap accord-
ing to the presentinvention includes a heat-treated flame
retardant, thermally-insulating non-woven fabric that is
stretchable and resilient. In an embodiment, the non-wo-
ven fabric does not include fiberglass or other compo-
nents that fragment to form irritating or toxic particles.
[0016] In an embodiment, the heat-treated flame re-
tardant, thermally-insulating non-woven fabrics include
a non-woven batt which contains flame retardant fibers
and is stitch-bonded with an elastic yarn. Examples of
suitable flame retardant fibers include, without limitation,
flame retardant rayon, polyaramids (e.g., NOMEX® or
KEVLAR®), elastanes (e.g., polyurethane, SPANDEX®,
LYCRA®) flame retardant polyesters, and combinations
thereof. As used herein, "flame retardant rayon" includes
inherently flame retardant cellulosic fibers such as, with-
out limitation, rayon with incorporated silica, and cellu-
losic fibers with incorporated flame thermally-retardant
chemicals (e.g., phosphorous compounds). In some em-
bodiments, the non-woven batt consists of flame retard-
ant rayon fibers. In some embodiments, the non-woven
batt comprises a combination of flame retardant rayon
fibers and fibers made of one or more of polyaramids
(e.g., NOMEX® or KEVLAR®), elastanes (e.g., poly-
urethane, SPANDEX®, LYCRA®), and flame retardant
polyesters.

[0017] In an embodiment, the heat-treated flame re-
tardant, thermally-insulating non-woven fabric is stitch-
bonded with yarn made of one or more elastic materials
(e.g., polyurethanes or other elastanes, including for ex-
ample without limitation, SPANDEX®, or LYCRA®, such
as LYCRA® T400), or acombination of one or more such
elastic materials and a polyester. In an embodiment, the
heat-treated flame retardant, thermally-insulating non-
woven fabric includes crimped or textured fibers or yarns,
such that the fibers are stretchable even if the fiber ma-
terial is not elastic.

[0018] In other embodiments of the heat-treated flame
retardant, thermally-insulating non-woven fabric, 100%
by weight of the fibers in the non-woven batt are inher-
ently flame retardant cellulosic fibers. In some exemplary
embodiments, at least 40% by weight of the fibers in the
non-woven batt are flame retardant rayon fibers, based
on the total weight of the non-woven batt, with the re-
mainder being other flame retardant fibers and/or non-
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flame retardant fibers. In other exemplary embodiments,
the non-woven batt is a blend of inherently flame retard-
antcellulosic fibers with other flame retardant and/or non-
flame retardant fibers. Exemplary blends include inher-
ently flame retardant cellulosic fibers with one or more
ofthe following fiber types: polyaramids, polyesters, poly-
urethanes or other elastanes, acrylics, modacrylics, non-
flame retardant cellulosic fibers (e.g., cotton or bamboo),
wool, cashmere, or silk. Further exemplary blends in-
clude inherently flame retardant cellulosic fibers and one
or more of polyaramid fibers in the range of 0% to 30%
of the total weight of the fibers, polyester fibers in the
range of 0% to 20% of the total weight of the fibers, and
modacrylic fibers in the range of 0% to 50% of the total
weight of the fibers. In an embodiment, the blend of flame
retardant cellulosic fibers and one or more of polyaramid
fibers are in the range of 5% to 30% of the total weight
of the fibers. In an embodiment, the blend of flame re-
tardant cellulosic fibers and one or more of polyaramid
fibers are in the range of 5% to 25% of the total weight
of the fibers. In an embodiment, the blend of flame re-
tardant cellulosic fibers and one or more of polyaramid
fibers are in the range of 5% to 20% of the total weight
of the fibers. In an embodiment, the blend of flame re-
tardant cellulosic fibers and one or more of polyaramid
fibers are in the range of 5% to 15% of the total weight
of the fibers. In an embodiment, the blend of flame re-
tardant cellulosic fibers and one or more of polyaramid
fibers are in the range of 5% to 10% of the total weight
of the fibers. In an embodiment, the blend of flame re-
tardant cellulosic fibers and one or more of polyaramid
fibers is 5% of the total weight of the fibers. In an embod-
iment, the blend of flame retardant cellulosic fibers and
one or more of polyaramid fibers is 10% of the total weight
of the fibers. In an embodiment, the blend of flame re-
tardant cellulosic fibers and one or more of polyaramid
fibers is 15% of the total weight of the fibers. In an em-
bodiment, the blend of flame retardant cellulosic fibers
and one or more of polyaramid fibers is 20% of the total
weight of the fibers. In an embodiment, the blend of flame
retardant cellulosic fibers and one or more of polyaramid
fibers is 25% of the total weight of the fibers. In an em-
bodiment, the blend of flame retardant cellulosic fibers
and one or more of polyaramid fibers is 30% of the total
weight of the fibers. In an embodiment, the polyester fib-
ers in the range of 0% to 20% of the total weight of the
fibers. Inan embodiment, the polyesterfibers inthe range
of 5% to 20% of the total weight of the fibers. In an em-
bodiment, the polyester fibers in the range of 10% to 20%
of the total weight of the fibers. In an embodiment, the
polyester fibers in the range of 15% to 20% of the total
weight of the fibers. In an embodiment, the polyester fib-
ers in the range of 5% to 15% of the total weight of the
fibers. Inan embodiment, the polyesterfibers inthe range
of 5% to 10% of the total weight of the fibers. In an em-
bodiment, the polyester fibers in the range of 10% to 15%
of the total weight of the fibers. In an embodiment, the
modacrylic fibers in the range of 0% to 50% of the total
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weight of the fibers. In an embodiment, the modacrylic
fibers in the range of 5% to 50% of the total weight of the
fibers. In an embodiment, the modacrylic fibers in the
range of 10% to 50% of the total weight of the fibers. In
anembodiment, the modacrylicfibersinthe range of 15%
to 50% of the total weight of the fibers. In an embodiment,
the modacrylic fibers in the range of 20% to 50% of the
total weight of the fibers. In an embodiment, the mo-
dacrylic fibers in the range of 25% to 50% of the total
weight of the fibers. In an embodiment, the modacrylic
fibers in the range of 30% to 50% of the total weight of
the fibers. In an embodiment, the modacrylic fibers in the
range of 35% to 50% of the total weight of the fibers. In
anembodiment, the modacrylicfibersinthe range 0f40%
to 50% of the total weight of the fibers. In an embodiment,
the modacrylic fibers in the range of 45% to 50% of the
total weight of the fibers. In an embodiment, the mo-
dacrylic fibers in the range of 10% to 40% of the total
weight of the fibers. In an embodiment, the modacrylic
fibers in the range of 20% to 40% of the total weight of
the fibers. In an embodiment, the modacrylic fibers in the
range of 30% to 40% of the total weight of the fibers. In
anembodiment, the modacrylicfibersinthe range of 10%
to 30% of the total weight of the fibers. In an embodiment,
the modacrylic fibers in the range of 20% to 30% of the
total weight of the fibers.

[0019] In other embodiments of the heat treated non-
woven fabric, the materials of the fibers and blends are
selected such that the fabric is both stretchable and re-
silient. In other embodiments, the heat-treated flame re-
tardant, thermally-insulating non-woven fabric stretches
in the machine direction (MD) of the fabric. In other em-
bodiments, the heat-treated flame retardant, thermally-
insulating non-woven fabric stretches in the cross direc-
tion (CD) of the fabric. In other embodiments, the heat-
treated flame retardant, thermally-insulating non-woven
fabric stretches in both the machine direction (MD) and
in the cross-direction (CD) of the fabric.

[0020] In other embodiments of the heat-treated flame
retardant, thermally-insulating non-woven fabric, the
density of the fibers of the non-woven battis in the range
of from 1.5 denier to 7 denier. In an embodiment, the
density of the fibers of the non-woven battis in the range
of from 1.5 denier to 6 denier. In an embodiment, the
density of the fibers of the non-woven battis in the range
of from 1.5 denier to 5 denier. In an embodiment, the
density of the fibers of the non-woven battis in the range
of from 1.5 denier to 4 denier. In an embodiment, the
density of the fibers of the non-woven battis in the range
of from 1.5 denier to 3 denier. In an embodiment, the
density of the fibers of the non-woven battis in the range
of from 3.5 to 5.5 denier. In an embodiment, the density
of the fibers of the non-woven batt is in the range of from
4 to 5 denier.

[0021] In an embodiment, the non-woven batt is from
60% to 90% by weight of the total weight of the fabric. In
an embodiment, the non-woven batt is from 70% to 90%
by weight of the total weight of the fabric. In an embodi-
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ment, the non-woven batt is from 80% to 90% by weight
of the total weight of the fabric. In an embodiment, the
non-woven batt is from 60% to 80% by weight of the total
weight of the fabric. In an embodiment, the non-woven
batt is from 60% to 70% by weight of the total weight of
the fabric. In an embodiment, the non-woven batt is from
75% to 85% by weight of the total weight of the fabric. In
an embodiment, the non-woven batt is 80% by weight of
the total weight of the fabric. In an embodiment, the non-
woven batt is 70% by weight of the total weight of the
fabric. In an embodiment, the non-woven batt is 60% by
weight of the total weight of the fabric. In an embodiment,
the non-woven batt is 90% by weight of the total weight
of the fabric.

[0022] In an embodiment, the heat-treated flame re-
tardant, thermally-insulating non-woven fabric does not
include any binders or binding materials, such as ther-
moplastics or latexes. In exemplary embodiments of the
heat-treated flame retardant, thermally-insulating non-
woven fabric, the density of the yarn used for stitch-bond-
ing the non-woven batt is in the range of from 75 denier
to 300 denier. In an embodiment, the density of the yarn
used for stitch-bonding the non-woven battis in the range
of from 75 denier to 250 denier. In an embodiment, the
density of the yarn used for stitch-bonding the non-woven
batt is in the range of from 75 denier to 200 denier. In an
embodiment, the density of the yarn used for stitch-bond-
ing the non-woven batt is in the range of from 75 denier
to 150 denier. In an embodiment, the density of the yarn
used for stitch-bonding the non-woven battis in the range
of from 75 denier to 100 denier. In an embodiment, the
density of the yarn used for stitch-bonding the non-woven
batt is in the range of from 100 denier to 300 denier. In
an embodiment, the density of the yarn used for stitch-
bonding the non-woven batt is in the range of from 150
denier to 300 denier. In an embodiment, the density of
the yarn used for stitch-bonding the non-woven batt is in
the range of from 200 denier to 300 denier. In an embod-
iment, the density of the yarn used for stitch-bonding the
non-woven batt is in the range of from 250 denier to 300
denier. In an embodiment, the density of the yarn used
for stitch-bonding the non-woven batt is in the range of
from 100 denier to 200 denier. In an embodiment, the
density of the yarn used for stitch-bonding the non-woven
batt is in the range of from 150 denier to 200 denier. In
an embodiment, the density of the yarn used for stitch-
bonding the non-woven batt is 75 denier. In an embodi-
ment, the density of the yarn used for stitch-bonding the
non-woven batt is 100 denier. In an embodiment, the
density of the yarn used for stitch-bonding the non-woven
batt is 150 denier. In an embodiment, the density of the
yarn used for stitch-bonding the non-woven batt is 200
denier. In an embodiment, the density of the yarn used
for stitch-bonding the non-woven batt is 250 denier. In
an embodiment, the density of the yarn used for stitch-
bonding the non-woven batt is 300 denier.

[0023] In other embodiments of the fabric, the yarn is
from 10% to 40% by weight of the total weight of the
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fabric. In an embodiment, the yarn is from 10% to 30%
by weight of the total weight of the fabric. In an embodi-
ment, the yarn is from 10% to 20% by weight of the total
weight of the fabric. In an embodiment, the yarn is from
10% by weight of the total weight of the fabric. In an em-
bodiment, the yarn is 20% by weight of the total weight
ofthefabric. In an embodiment, the yarn is 30% by weight
of the total weight of the fabric.

[0024] Inother embodiments, the spacing of the stitch-
esin the stitch-bonded heat treated flame retardant, ther-
mally-insulating non-woven fabric is in the range of from
10 yarns/inch to 28 yarns/inch. In an embodiment, the
spacing of the stitches in the stitch-bonded heat-treated
flame retardant, thermally-insulating non-woven fabric is
in the range of from 15 yarns/inch to 28 yarns/inch. In an
embodiment, the spacing of the stitches in the stitch-
bonded heat-treated flame retardant, thermally-insulat-
ing non-woven fabric is in the range of from 20 yarns/inch
to 28 yarns/inch. In an embodiment, the spacing of the
stitches in the stitch-bonded heat treated flame retardant,
thermally-insulating non-woven fabric is in the range of
from 15 yarns/inch to 20 yarns/inch. In an embodiment,
the spacing of the stitches in the stitch-bonded heat-treat-
ed flame retardant, thermally-insulating non-woven fab-
ric is in the range of from 15 yarns/inch to 21 yarns/inch.
In an embodiment, the spacing of the stitches in the stitch-
bonded heat-treated flame retardant, thermally-insulat-
ing non-woven fabricis 15 yarns/inch. In an embodiment,
the spacing of the stitches in the stitch-bonded heat-treat-
ed flame retardant, thermally-insulating non-woven fab-
ric is 18 yarns/inch. In an embodiment, the spacing of
the stitches in the stitch-bonded heat-treated flame re-
tardant, thermally-insulating non-woven fabric is 21
yarns/inch. In an embodiment, the spacing of the stitches
in the stitch-bonded heat-treated flame retardant, ther-
mally-insulating non-woven fabric is 28 yarns/inch.
[0025] In other embodiments of the stitch-bonded
heat-treated flame retardant, thermally-insulating non-
woven fabric, the weight of the fabric is in the range of
50 gsm to 400 grams per square meter (gsm). In an em-
bodiment, the weight of the fabric is in the range of 100
gsm to 400 grams per square meter (gsm). In an embod-
iment, the weight of the fabric is in the range of 200 gsm
to 400 grams per square meter (gsm). Inan embodiment,
the weight of the fabric is in the range of 300 gsm to 400
grams per square meter (gsm). In an embodiment, the
weight of the fabric is in the range of 100 gsm to 300
grams per square meter (gsm). In an embodiment, the
weight of the fabric is in the range of 100 gsm to 200
grams per square meter (gsm). In an embodiment, the
weight of the fabric is in the range of 175 gsm to 225
grams per square meter (gsm). In an embodiment, the
weight of the fabric is 100 gsm. In an embodiment, the
weight of the fabric is 150 gsm. In an embodiment, the
weight of the fabric is 175 gsm. In an embodiment, the
weight of the fabric is 200 gsm. In an embodiment, the
weight of the fabric is 225 gsm. In an embodiment, the
weight of the fabric is 300 gsm. In an embodiment, the
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weight of the fabric is 400 gsm.

[0026] In some embodiments of the stitch-bonded
heat-treated flame retardant, thermally-insulating non-
woven fabric, the non-woven batt is at least 40% by
weight of the total weight of the fabric, and the yarn is no
more than 60% by weight of the total weight of the fabric.
In some embodiments, the non-woven batt is from about
70% to 80% by weight of the total weight of the fabric,
and the yarn used to stitch-bond the fabric is from about
20% to 30% by weight of the total weight of the fabric. In
an embodiment, the non-woven batt is from about 40%
by weight of the total weight of the fabric, and the yarn
used to stitch-bond the fabric is from about 60% by weight
of the total weight of the fabric. In an embodiment, the
non-woven batt is from about 50% by weight of the total
weight of the fabric, and the yarn used to stitch-bond the
fabric is from about 50% by weight of the total weight of
the fabric. In an embodiment, the non-woven batt is from
about 60% by weight of the total weight of the fabric, and
the yarn used to stitch-bond the fabric is from about 40%
by weight of the total weight of the fabric. In an embodi-
ment, the non-woven batt is from about 70% by weight
of the total weight of the fabric, and the yarn used to
stitch-bond the fabric is from about 30% by weight of the
total weight of the fabric. In an embodiment, the non-
woven battis from about 80% by weight of the total weight
of the fabric, and the yarn used to stitch-bond the fabric
is from about 20% by weight of the total weight of the
fabric.

[0027] Inanexemplary embodimentofthe stitch-bond-
ed heat-treated flame retardant, thermally-insulating
non-woven fabric, the fabric is a coated non-woven fabric
(not shown), wherein the coating is applied to the fabric.
In an exemplary embodiment of the coated non-woven
fabric, the coating includes one or more flame retardant
chemicals. In an exemplary embodiment of the coated
non-woven fabric, the coating includes a nanoclay. In an
exemplary embodiment of the coated non-woven fabric,
the coating includes graphite. In an exemplary embodi-
ment of the present invention, the non-woven fabric does
not have a coating.

[0028] Inexemplary embodiments of the stitch-bonded
heat-treated flame retardant, thermally-insulating non-
woven fabric, the non-woven batt is made of one or more
of the same fibers discussed above with respect to the
non-woven fabric and the yarn is made of flame retardant
material such as described above. In exemplary embod-
iments, only the non-woven batt includes fibers that are
flame retardant. In exemplary embodiments, the flame
retardant fibers in the non-woven batt render the entire
stitch-bonded heat-treated flame retardant, thermally-in-
sulating non-woven fabric flame retardant.

[0029] In an exemplary embodiment, the non-woven
batt includes inherently flame-retardant viscose fibers.
In an exemplary embodiment, all the fibers in the non-
woven batt are flame retardant viscose fibers. In an em-
bodiment, the non-woven batt includes a blend of fibers
made from different materials. In an exemplary embod-
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iment, the yarn of the stitch-bonded heat-treated flame
retardant, thermally-insulating non-woven fabric shrink
when heated to a critical temperature which depends on
the particular elastic material from which the yarn is
made. In an exemplary embodiment, the fibers of the
non-woven batt include fibers that shrink when heated
to a critical temperature specific to the material of the
fiber. In an exemplary embodiment, the fibers of the non-
woven batt consist of fibers that shrink when heated to
a critical temperature specific to the material of the fiber.
[0030] In an embodiment, the fibers in the non-woven
batt include fibers of different denier. In an embodiment,
the fibers in the non-woven batt consist of fibers of ap-
proximately the same denier.

[0031] Subsequent to the stitch-bonding of the non-
woven batt with the elastic yarn, the flame retardant, ther-
mally-insulating non-woven fabric is subjected to a heat
treatment (heat treatment) process. The setting temper-
ature and duration of the heat treatment process are such
that the stitch-bonded heat-treated flame retardant, ther-
mally-insulating non-woven fabric shrinks (contracts) in
both the machine direction (MD) and cross-direction (CD)
relative to the non-woven batt. For example, during a
heat treatment process, the flame retardant, thermally-
insulating non-woven fabric would be subjected to a tem-
perature of from 65 °C to 200 °C, for a time period of from
30 seconds to 120 seconds. The setting temperatures
and duration of the heat treatment process are selected
based on the material of the elastic yarn used to stitch
bond the non-woven batt to elastically shrink, or contract,
the yarn. An unexpected result of subjecting the stitch-
bonded flame retardant, thermally-insulating non-woven
fabric to heat treatment is that the entire fabric becomes
elastic, i.e., stretchable and resilient. In other words, after
heat treatment, the non-woven batt and yarn stitches
stretch together in both the machine direction (MD) and
cross-direction (CD) without distortion or separation.
Moreover, the heat-treated flame retardant, thermally-
insulating non-woven fabric is resilient such that after
such stretching, the fabric returns substantially to its con-
tracted state (pre-stretched size and dimensions). This
stretching and relaxing of the stitch-bonded heat-treated
flame retardant, thermally-insulating non-woven fabric is
repeatable multiple times.

[0032] In exemplary embodiments, a heat-treated
flame retardant, thermally-insulating non-woven fabric
comprises a non-woven batt which is stitch-bonded with
an elastic yarn comprising an elastane or a combination
of an elastane and a polyester, wherein the fabric is
stretchable and resilient. Referring to FIG. 13, in an em-
bodiment, the heat-treated flame retardant, thermally-in-
sulating non-woven fabric 102 has a machine direction
(MD) and a cross-direction (CD), and the fabric 102 is
stretchable in both the machine direction (MD) and in the
cross-direction (CD). In some embodiments, the heat-
treated flame retardant, thermally-insulating non-woven
fabric 102 is subjected to a heat treatment process during
which the elastic yarn contracts such that the fabric 102
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contracts in both the machine direction (MD) and in the
cross-direction (CD) compared to the fabric 102 prior its
subjection to the heat treatment/heat treatment process,
as illustrated in FIG. 13 by dashed lines. In an embodi-
ment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 5% to 65% of the orig-
inal, greige fabric 102 prior to its subjection to the heat
treatment process by a length of AL1 and/or AL2, while
the heat-treated fabric 102 contacts in the cross-direction
(CD) in a range of 20% to 70% of the original, greige
fabric 102 prior to its subjection to the heat treatment
process by a width of AW1 and/or AW2.

[0033] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 5% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 5% to 55%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 5% to 50%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in a range of 5% to 45%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 5% to 40%. In another embod-
iment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 5% to 35%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 5% to 30%. In an-
other embodiment, the heat-treated fabric 102 contracts
in the machine direction (MD) in a range of 5% to 25%.
In another embodiment, the heat-treated fabric 102 con-
tracts in the machine direction (MD) in a range of 5% to
20%. In another embodiment, the heat-treated fabric 102
contracts in the machine direction (MD) in a range of 5%
to 15%. In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 5% to 10%.

[0034] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 65%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 65%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in arange of 25% to 65%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 65%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 65%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 40% to 65%. In
another embodiment, the heat-treated fabric 102 con-
tracts in the machine direction (MD) in a range of 45%
to 65%. In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 50% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 55% to 65%. In another embodiment, the heat-
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treated fabric 102 contracts in the machine direction (MD)
in a range of 60% to 65%.

[0035] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 65%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 65%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in a range of 25% to 65%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 65%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 65%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 40% to 65%. In
another embodiment, the heat-treated fabric 102 con-
tracts in the machine direction (MD) in a range of 45%
to 65%. In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 50% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 55% to 65%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 60% to 65%.

[0036] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 60%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 60%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in a range of 25% to 60%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 60%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 60%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 40% to 60%. In
another embodiment, the heat-treated fabric 102 con-
tracts in the machine direction (MD) in a range of 45%
to 60%. In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 50% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 55% to 60%.

[0037] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 55%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 55%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in a range of 25% to 55%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-

10

15

20

25

30

35

40

45

50

55

rection (MD) in a range of 30% to 55%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 55%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 40% to 55%. In
another embodiment, the heat-treated fabric 102 con-
tracts in the machine direction (MD) in a range of 45%
to 55%. In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 50% to 55%.

[0038] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 50%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 50%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 50%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in arange of 25% to 50%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 50%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 50%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 40% to 50%. In
another embodiment, the heat-treated fabric 102 con-
tracts in the machine direction (MD) in a range of 45%
to 50%.

[0039] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 45%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 45%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 45%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in arange of 25% to 45%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 45%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 45%. In another
embodiment, the heat-treated fabric 102 contracts in the
machine direction (MD) in a range of 40% to 45%.
[0040] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 40%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 40%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 40%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in arange of 25% to 40%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 40%. In another em-
bodiment, the heat-treated fabric 102 contracts in the ma-
chine direction (MD) in a range of 35% to 40%.

[0041] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
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of 10% to 35%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 35%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 35%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in a range of 25% to 35%. In another embodiment,
the heat-treated fabric 102 contracts in the machine di-
rection (MD) in a range of 30% to 35%.

[0042] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 30%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 30%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 30%. In another embodiment, the
heat-treated fabric 102 contracts in the machine direction
(MD) in a range of 25% to 30%.

[0043] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 25%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 25%. In another embodiment, the heat-
treated fabric 102 contracts in the machine direction (MD)
in a range of 20% to 25%.

[0044] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 20%. In another embodiment, the heat-treated
fabric 102 contracts in the machine direction (MD) in a
range of 15% to 20%.

[0045] In another embodiment, the heat-treated fabric
102 contracts in the machine direction (MD) in a range
of 10% to 15%.

[0046] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
20% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 50%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 45%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 40%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 35%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 30%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 20% to 25%.

[0047] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
30% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 35% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
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of 40% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 45% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 50% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 55% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 60% to 70%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 65% to 70%.

[0048] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 30% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 35% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 40% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 45% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 50% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 55% to 65%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 60% to 65%.

[0049] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 30% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 35% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 40% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 45% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 50% to 60%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 55% to 60%.

[0050] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 30% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 35% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 40% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 45% to 55%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in a range
of 50% to 55%.

[0051] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
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25% to 50%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 30% to 50%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 35% to 50%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 40% to 50%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 45% to 50%.

[0052] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 45%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 30% to 45%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 35% to 45%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 35% to 45%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 40% to 45%.

[0053] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 40%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 30% to 40%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 35% to 40%.

[0054] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 35%. In another embodiment, the heat-treated
fabric 102 contracts in the cross direction (CD) in arange
of 30% to 35%.

[0055] In another embodiment, the heat-treated fabric
102 contracts in the cross direction (CD) in a range of
25% to 30%.

[0056] In an embodiment, the length L is greater than
AL2. In an embodiment, the length AL1 is smaller than
AL2. In an embodiment, the length AL1 is equal to AL2.
In an embodiment, the width AW1 is greater than AW2.
In an embodiment, the width AW1 is smaller than AW2.
In an embodiment, the width AW1 is equal to AW2.
[0057] Inanexemplary embodiment, the stitch-bonded
heat-treated flame retardant, thermally-insulating non-
woven fabric has a weight of about 200 gsm, and consists
of about 160 gsm of the non-woven batt which includes
100% flame retardant rayon fibers, and about 40 gsm of
elastic yarn stitch bonding which includes 100%
LYCRA® T400. Such an embodiment of fabric would be,
for example, subjected to heat treatment as a tempera-
ture of from 65 °C to 200 °C, for a time period of from 30
seconds to 120 seconds. In another embodiment, the
heat treatment temperature is from 70 °C to 200 °C. In
another embodiment, the heat treatment temperature is
from 75 °C to 200 °C. In another embodiment, the heat
treatment temperature is from 80 °C to 200 °C. In another
embodiment, the heat treatment temperature is from 85
°C to 200 °C. In another embodiment, the heat treatment
temperature is from 90 °C to 200 °C. In another embod-
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iment, the heat treatment temperature is from 100 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 105 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 110 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 115 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 120 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 125 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 130 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 135 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 140 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 145 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 150 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 155 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 160 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 165 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 170 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 175 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 180 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 185 °C to 200 °C. In another embodi-
ment, the heat treatment temperature is from 190 °C to
200 °C. In another embodiment, the heat treatment tem-
perature is from 195 °C to 200 °C.

[0058] FIG. 1 is a cross-sectional view of a foam core
mattress 30 made of the above-described heat-treated
flame retardant, thermally-insulating non-woven fabric
according to an embodiment of the present invention.
Referring to FIG. 1, the foam core mattress 30 includes
a foam core 40, a mattress core cap 100, a ticking 200
over the cap 100, and a filler cloth 210 that completes
the enclosure of the cap 100 and core 40. In an exemplary
embodiment, the mattress core cap 100 includes a non-
woven or knitted thermally-insulating, flame retardant
fabric 102 such as those discussed above, and an elastic
piping 104 sewn to the fabric 102. In an exemplary em-
bodiment, the mattress 30 does not include a filler cloth
210. In an exemplary embodiment, the mattress 30 does
not include a filler cloth 210 or a mattress ticking 200.
[0059] In known methods of fabricating a cover for a
foam core mattress, a sheet of flame retardant fabric is
fashioned into a tube or sock, and pulled over the foam
core. The open ends of the tube or the open end of the
sock are then sewn so that the fabric encloses the foam
core. This method of applying the fabric to the foam core
is labor-intensive and time-consuming because friction
between the fabric and the surface of the foam core cause
the fabric to resist being pulled across the surface of the
core. A mattress core cap according to embodiments of
the present invention allows the fabric to be quickly and
easily applied to the foam core. An exemplary embodi-
ment 100 of such a mattress core cap is described below.
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[0060] FIG. 2 is a schematic orthogonal view of the
mattress core 40 of FIG. 1, where hidden edges of the
mattress core 40 are indicated by dashed lines. In the
embodiment of FIG. 2, the mattress core 40 has a shape
approximating that of a rectangular prism, although the
mattress cores of other embodiments may have other
shapes. In an embodiment, the mattress core 40 is made
of or includes a resilient foam. In an embodiment, the
resilient foam is a polyurethane foam. In an embodiment,
the resilient foam is a latex foam. In an embodiment, the
resilient foam is a foam that conforms to the shape of a
person lying on the mattress, and rebounds to its original
shape when the weight of the person is removed from
the mattress.

[0061] In an embodiment, the mattress core 40 has a
top ("sleeping") surface 42, a bottom surface 44 opposite
the top surface 42, afirst end face 46, a second end face
48 opposite the first end face 46, a first side face 50, and
a second side face 52 opposite the first side face 50. The
top surface 42 is bounded by afirstend edge 54, a second
end edge 56 opposite the first end edge 54, a first side
edge 58 extending from the first end edge 54 to the sec-
ond end edge 56, and a second side edge 60 opposite
the first side edge 58 and extending from the first end
edge 54 to the second end edge 56. The bottom surface
44 is bounded by a third end edge 62 opposite the first
end edge 54, a fourth end edge 64 opposite the second
end edge 56, a third side edge 66 extending from the
third end edge 62 to the fourth end edge 64, and a fourth
side edge 68 opposite the third side edge 66 and extend-
ing from the third end edge 62 to the fourth end edge 64.
The first end face 46 is bounded by the first end edge
54, the third end edge 62, afirstcorner edge 70 extending
from the first end edge 54 to the third end edge 62, and
a second corner edge 72 opposite the first corner edge
70 and extending from the first end edge 54 to the third
end edge 62. The second end face 48 is bounded by the
second end edge 56, the fourth end edge 64, a third cor-
ner edge 74 extending from the second end edge 56 to
the fourth end edge 64, and a fourth corner edge 76 op-
posite the third corner edge 76 and extending from the
second end edge 56 to the fourth end edge 64. The first
side face 50 is bounded by the first side edge 58, the
third side edge 66, the first corner edge 70, and the fourth
corner edge 76. The second side face 52 is bounded by
the second side edge 60, the fourth side edge 68, the
second corner edge 72, and the third corner edge 74.
[0062] FIG. 3 is a schematic top view of the sheet of
fabric 102 before it is shaped to form the mattress core
cap 100. With reference to FIG. 3, in the illustrated em-
bodiment, the sheet of fabric 102 is provided as a rec-
tangular sheet 106, and four corner pieces 108,110, 112,
114, indicated by dashed lines, are cut away from the
rectangular sheet 102 as part of the shaping of the mat-
tress cover 100.

[0063] The rectangular sheet 106 of fabric 102 has a
firstedge 116, a second edge 118 opposite the first edge
116, a third edge 120 extending from the first edge 116

10

15

20

25

30

35

40

45

50

55

1"

to the second edge 118, and a fourth edge 122 opposite
the third edge 120 and extending from the first edge 116
to the second edge 118. The four corner pieces 108, 110,
112, 114 of the rectangular sheet 106 are cut away, leav-
ing intersecting edges on the sheet 106 of fabric 102, as
are described further herein. Cutting away corner piece
108 produces intersecting edges 124, 126, which inter-
sectat point 128; cutting away corner piece 110 produces
intersecting edges 130, 132, which intersect at point 134;
cutting away corner piece 112 produces intersecting edg-
es 136, 138, which intersect at point 140; and cutting
away corner piece 114 produces intersecting edges 142,
144, which intersect at point 146. The lengths of the var-
ious intersecting edges referenced above are such that,
if the sheet 106 were draped over the top surface 42 of
the mattress core 40, the edges 116, 118, 120, 122 of
the sheet 106 would extend beyond the bottom surface
44 of the mattress core 40 by a distance. In an embodi-
ment, the distance is in the range of about 2 inches to
about 8 inches (i.e., the edges 116, 118, 120, 122 would
be from 2-8 inches longer than the length of the corner
edges 70, 72, 74, 76 of the mattress core 40).

[0064] Referring to FIGS. 3-5, in the shaping process,
edge 124 is drawn to edge 126, and the edges 124, 126
are sewn to each other to create a first corner seam 148;
edge 130 is drawn to edge 132, and the edges 130, 132
are sewn to each other to create a second corner seam
150; edge 136 is drawn to edge 138, and the edges 136,
138 are sewn to teach other to create a third corner seam
152; and edge 142 is drawn to edge 144, and the edges
142, 144 are sewn together to create a fourth corner
seam 154. The corner seams 148, 150, 152, 154 are not
shown in FIG. 5, but are shown in FIGS. 4-7. In an ex-
emplary embodiment, the various intersecting edges ref-
erenced above are sewn as described above using a
flame retardant yarn or filament (not shown). In an em-
bodiment, the yarn or filament includes one or more of
the flame retardant materials or blends described above
with respect to the exemplary non-woven fabrics and knit-
ted fabrics. In an embodiment, the yarn or filament in-
cludes a polyaramid.

[0065] Referring to FIGS. 1 and 4-7, in an exemplary
embodiment ofthe presentinvention, a continuous length
of elastic piping 104 is sewn along the first edge 116,
second edge 118, third edge 120, and fourth edge 122
of the sheet 106, subsequent to the creation of the corner
seams 148, 150, 152, 154. In an exemplary embodiment,
the piping 104 is sewn to form a closed loop of piping
104 (see FIGS. 4-7). In an exemplary embodiment, the
piping is arranged to draw the first edge 116, second
edge 118, third edge 120, and fourth edge 122 of the
sheet 106 toward each other (see FIG. 7), yet is suffi-
ciently elastic that it can be stretched to a circumference
that allows the mattress cover cap 100 to be drawn over
the top surface 42 of the mattress core 40 (see FIGS.
4-5). Inan exemplary embodiment, the piping 104 is sewn
to the sheet 106 of fabric 102 using a flame retardant
yarn or filament (not shown). In an exemplary embodi-
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ment, the yarn or filament includes one or more of the
flame retardant materials or blends described above with
respect to the exemplary non-woven fabrics and knitted
fabrics. Inan exemplary embodiment, the yarn or filament
includes a polyaramid.

[0066] FIG. 4 is a schematic orthogonal view of the
exemplary mattress core cap 100 during a step of fitting
the mattress core cap 100 over the foam mattress core
40 of FIG. 2. FIG. 5 is a schematic orthogonal view of
the mattress core cap 100 of FIG. 4, illustrating a further
step of fitting the mattress core cap over the foam mat-
tress core 40, subsequent to the step illustrated in FIG 2.
[0067] Referringto FIGS. 4 and 5, the exemplary mat-
tress core cap 100 is applied to the top 42 of the mattress
core 40 by approaching the mattress core 40 from above
and stretching the piping 104 over the top surface 42,
first end face 46, second end face 48, first side face 50,
and second side face 52 of the mattress core 40. The
first seam 148, second seam 150, third seam 152, and
fourth seam 154 are roughly aligned respectively with
the first corner edge 70, the second corner edge 72, the
third corner edge 74, and the fourth corner edge 76 of
the mattress core 40. Referring to FIG. 7, the piping 104
is then pulled below the bottom surface 44 of the mattress
core 40. The resilience of the piping 104 causes it to
contract and pull the first edge 116, second edge 118,
third edge 120, and fourth edge 122 toward each other
(FIGS. 6-7). Because of the contraction of the piping 104,
the mattress core cap 100 is pulled into a close fit with
all the faces 42, 44, 46, 48, 50, 52 of the mattress core
40. FIG. 6 is a schematic orthogonal view of the mattress
core cap 100 of FIG. 4 fitted to the mattress core 40. The
piping 104 proximate to the bottom surface 44 of the mat-
tress core 40 is shown in dashed lines.

[0068] FIG. 7 is a schematic bottom view of the mat-
tress core cap 100 fitted to the mattress core 40. FIG. 7
shows the bottom surface 44 of the mattress core 40, the
mattress core cap 100 tucked against the bottom surface
44 of the mattress core 40, the first, second, third, and
fourth seams 148, 150, 152, 154, and the piping of the
mattress core cap 104, allinrelation to the third and fourth
side edges 66, 68 and third and fourth end edges 62, 64
of the mattress core 40.

[0069] The foregoing discussion of FIGS. 1-5 relates
to an exemplary embodiment of the mattress core cap
100 that is adapted to a mattress core 40 that approxi-
mates the shape of a rectangular prism. The exemplary
thermally-insulating, flame retardant fabrics discussed
above can be cut and sewn to cover cores having a broad
range of shapes that are known in the art, in manners
that will be understood by those having ordinary skill in
the art. Thus, the exemplary mattress core cap 100 can
be readily adapted to provide flame resistance in cush-
ions, pillows, mattresses, and various resilient accesso-
ries that decorate or add functionality to household fur-
nishings. Further, the foregoing discussion of FIGS. 1-5
relates to embodiments of the mattress core cap 100 that
are fitted directly to a foam mattress core 40. The inven-
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tive concepts disclosed herein can readily be adapted to
provide mattress core caps that cover other types of
cores, or that cover mattresses, pillows, cushions, and
so forth, that are otherwise complete or partially com-
plete. The mattress core cap of the presentinvention may
also be used in situations where there are foam or fabric
layers, or other materials, between the core and mattress
core cap.

[0070] As described above, previously known covers
for foam core mattress which are shaped into a tube or
sock and pulled over a foam mattress core have draw-
backs, including difficulty caused by resistance of the fab-
ric to be pulled across the surface of the mattress core
due to friction between the fabric and the surface of the
mattress core. With reference to FIGS. 8-10, in another
embodiment of the invention described herein, a flame
retardant, thermally-insulating fabric barrier 300, which
is more easily installed onto a mattress core than the
aforesaid tube or sock, is shown in its pre-installation
rolled configuration (FIG. 8), its unrolled configuration
(FIG. 9) and its partially rolled/unrolled configuration
(FIG. 10). The flame retardant, thermally-insulating fabric
barrier 300 is generally sized and shaped to fit closely
and snugly with a mattress core 40, such as that shown
in FIG. 2.

[0071] The flame retardant, thermally-insulating fabric
barrier 300 comprises a sheet of flame retardant, ther-
mally-insulating fabric which may comprise non-woven,
knitted, or composite flame retardant, thermally-insulat-
ing fabric as described hereinabove and, as seen most
clearly in the unrolled configuration of the fabric barrier
300 shown in FIG. 9, is shaped into tube or sleeve having
a starting end 302 which is open or closed, an open op-
posite end 304, and a sleeve wall 306 extending between
the starting and opposite ends 302, 304. To form the pre-
installation rolled configuration of the fabric barrier 300
shown in FIG. 8, the sleeve wall 306 is rolled onto itself,
beginning at the opposite end 304 (i.e., in the direction
of the arrow R in FIG. 9) until the entire sleeve wall 306
forms a sleeve ring 308 adjacent the starting end 302
and the fabric barrier 300. This pre-installation rolled con-
figuration of the fabric barrier 300 is the form in which the
fabric barrier 300 would be provided prior to installation
on the mattress core 40. FIG. 11 shows a partially
rolled/unrolled configuration of the fabric barrier 300
(FIG. 10) wherein the starting end 302 is visible and a
portion of the sleeve wall 306 has been unrolled from the
sleeve ring 308.

[0072] With reference to FIGS. 11 and 12, to install the
fabric barrier 300, the starting end 302 with the sleeve
ring 308 adjacent thereto is positioned in alignment with
thefirstend face 46 and the firstand second corner edges
70, 72 of the mattress core 40 (see FIG. 11). Next, the
sleeve ring 308 is unrolled along the top, bottom, and
first and second side faces of the mattress core 40 (i.e.,
in the direction of the arrow UR in FIG. 11). As will be
readily understood by persons of ordinary skill in the art,
the sleeve ring 308 is unrolled until, as shown in FIG. 12,
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the entire sleeve wall 306 is unrolled and lies against the
respective surfaces of the mattress core 40, and the op-
posite end 304 of the fabric barrier 300 extends beyond
the second end face 48 of the mattress core 40. The
opposite end 304 of the fabric barrier 300 may be closed
by gluing, sewing, fastening or otherwise affixing the op-
posite end 304 over the second end face 48 of the mat-
tress core 40 (not shown).

[0073] To avoid overstretching of the fabric barrier 300
while still facilitating a close, snug fit between the mat-
tress core 40 and the fabric barrier 300, the fabric barrier
300 may include one or more pre-sewn fitted sheet style
corner seams (not shown, but similar to the corner seams
148, 150, 152, 154 of the mattress core cap 100 of the
previously described embodiment shown in FIGS. 4-7).
For example, in some embodiments (not shown), the
flame retardant, thermally-insulating fabric barrier in-
cludes four such pre-sewn fitted sheet style corner seams
proximate to the starting end, each of pair of which is
oriented and sized to receive a respective one of the first
and second corner edges 70, 72 of the mattress core 40
(see, e.g., FIG. 2), and another four such pre-sewn fitted
sheet style corner seams proximate to the opposite end
and oriented and sized to receive the third and fourth
corner edges 74, 76 of a mattress core 40 (see FIG. 2).
[0074] In some embodiments, the heat-treated flame
-retardant, thermally-insulating non-woven fabric de-
scribed above may be laminated with another fabric,
which may or may not also be flame retardant, to provide
a flame -retardant, thermally-insulating layered compos-
ite fabric which is suitable for producing a mattress core
cap 100 (FIGS. 1-7), or other configurations of flame re-
tardant fire barriers for mattress cores. The heat-treated
flame retardant, thermally-insulating non-woven fabric
may be laminated, sealed, or affixed with another fabric
using heat treatments, stitching techniques, adhesives,
or other techniques known to persons of ordinary skill in
the relevant art now and in the future to permanently at-
tach fabric layers together. For example, in some em-
bodiments, the heat-treated flame retardant, thermally-
insulating non-woven fabric described above is laminat-
ed with a knit fabric which is not flame retardant and does
not include flame retardant chemicals. In some embod-
iments, the heat-treated flame retardant thermally-insu-
lating non-woven fabric described above is laminated
with a woven fabric which is not flame retardant and does
not include flame retardant chemicals. For example, the
heat-treated flame retardant, thermally-insulating non-
woven fabric may be laminated to ticking fabric and the
resulting flame retardant, thermally-insulating layered
composite fabric used to cover a mattress core as the
ticking (see, e.g., ticking 200 in FIG. 1). In some embod-
iments, the above-described heat-treated flame retard-
ant, thermally-insulating non-woven fabric may be pro-
vided as a continuous rolled sheet to enable or facilitate
the aforesaid lamination of the composite fabric to an-
other fabric.

[0075] It should be understood that the embodiments
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described herein are merely exemplary in nature and that
a person skilled in the art may make many variations and
modifications thereto without departing from the scope
of the present invention. All such variations and modifi-
cations, including those discussed above, are intended
to be included within the scope of the claims.

Claims

1. A method of making a fabric,
comprising the steps of:

- providing a batt having flame retardant fibers,
a machine direction, and a cross-direction;

- stitch bonding the batt with a yarn; and

- heat treating the stitch bonded batt and con-
tracting the batt,

wherein the stich-bonded batt is contracted in the
machine direction in a range of 5% to 65%; and/or
wherein the stich-bonded batt is contracted in the
cross-direction in a range of 20% to 70%.

2. The method of Claim 1,
wherein the heat treating step includes exposing the
stich bonded batt to a temperature in a range of 65°
C to 200° C.

3. The method of Claim 1 or 2,
wherein the heat treating step includes exposing the
stitch bonded batt to a temperature for a time period
in a range of 30 seconds to 120 seconds.

4. The method of one of Claims 1 to 3,
wherein the batt is a non-woven batt.

5. The method of one of Claims 1 to 4,
wherein the flame retardant fibers include flame re-
tardant rayon; and/or
wherein the flame retardant fibers include polyara-
mids.

6. The method of Claim 5,
wherein the flame retardant fibers are a blend of in-
herently flame retardant cellulosic fibers and polyar-
amid fibers, and wherein the blend of inherently
flame retardant cellulosic fibers and polyaramid fib-
ers are preferably in a range of 1% to 30% by weight
of the total weight of the batt.

7. The method of one of Claims 1 to 6,
wherein the flame retardant fibers include polyester
fibers, wherein the polyester fibers are preferably in
a range of 1% to 20% of the total weight of the batt.

8. The method of one of Claims 1 to 7,
wherein the flame retardant fibers include modacryl-
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ic fibers, wherein the modacrylicfibers are preferably
in arange of 1% to 50% of the total weight of the batt.

The method of one of Claims 1 to 8,

wherein the density of the flame retardant fibers of
the batt is in a range of 1.5 denier to 7 denier; and/or
wherein the batt is from 60% to 90% by weight of a
total weight of the fabric; and/or

wherein the weight of the fabric is in a range of 50
grams per square meter (gsm) to 400 grams per
square meter (gsm).

The method of one of Claims 1 to 9,
wherein the elastic yarn includes filament polyester.

The method of one of Claims 1 to 10,

wherein a density of the elastic yarn is in a range of
75 denier to 300 denier, wherein the elastic yarn is
preferably from 10% to 40% by weight of the total
weight of the fabric.

The method of one of Claims 1 to 11,

wherein the step of stitch bonding the batt includes
creating stitches with the elastic yarn, and wherein
the spacing of the stiches is in a range from 10
yarns/inch to 28 yarns/inch.

The method of one of Claims 1 to 12,

further comprising the step of coating the heat treat-
ed, stitch bonded, non-woven fabric with a coating,
wherein the coating preferably includes a nanoclay.

A fabric made in accordance with the method of one
Claims 1 to 13.

Use of a fabric made in accordance with the method
of one Claims 1 to 13 as a mattress core cover.
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