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{57) Abstract

Three-dimensional fiber networks which are semi-rigid and dimensionally stable are made from textile fabrics that have projections
and optional depressions which are compressible and retum to their original shape after being compressed. ‘The fiber networks arc made
by the thenno-mechanical deformation of textile fabrics that are in tum made from thermoplastic fibers. The fiber networks have particular
utility as cushioning and impact absorbing materials. '




| arger amount of resin can be absorbed in the interfilanment regions. U S.
Patent 20 5, 364,686 describes a three-di mensi onal shaped material which is
made from a fabric conprising a yamthat has thernoplastic fibers

m xed wi th higher nelting reinforcing fibers; the fabric is shaped by
deep drawi ng at wpdamgr at ure high enough to nelt the | owpeTARbGI96ES

t hernopl astic nmaterial but not the reinforcing fiber to yield a

t hr ee- di nensi onal structure which becones rigid after it is cooled, 25
possi bly due to the fixing of fiber crossover points. Finally, U S Patent
4,890, 877 descri bes an energy absorbing structure for use in autonobile

doors, wherein the ener gymahepiTiresibiighsions ﬁb&FM&ﬂ?t retchabl e
| i ght wei ght mat eri al that has been coated with a resin (e

t hermoset) and then nol ded so that it has a series of prOJ ectlons
which are preferably truncated cones. fm&}heﬁgmnure after nol ding does
not appear to have an open fiber network appear ance. The
fiber network structures described above and el sewhere generally are

igid and are initended fThis invéntith! latestto tHredt S I &l S.
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Summary of the Invention ' Three di nensional fiber network

structures can be nmade that are SemBack round of the Invention
Three-dimensional fiber networks are known. These are generally
10 derived from texile fabrics that have been impregnated with.a thermoset
‘polymer or a low melting thermoplastic and then molded into the desired shape.
For example, U.S. Patent No. 4,631,221 describes a faminate containing a rigid
three-dimensional fiber network having. regularly -arranged ‘projections. The
three-dimensional network is placed betwesn two sheets of rigid-material. The
15 three-dimensiona/l, network used in the laminate is made by the déep-drawing of
a sheet-like textile fabric to make projections. The textile fabric was ‘previously
impregnated with a thermoset resin and dried to yield a pre-preg, and is cured
after desp-drawing. The textile fabric is made from a multifilament yam so that a
larger amount of resin can be absorbed in the interfilament regions. :U.S. Patent
. 20 5,364,686 describes a three-dimensional shaped material which is made from a
fabric. comprising a yam that has thermoplastic fibers mixed with higher melting
_reinforcing fibers; the fabric is shaped by deep drawing at a temperature high
-enough to melt the lower melting thermoplastic material but not the reinforcing
fiber to yield a three-dimensional structure which becomes rigid after it is cooled,
25 .possibly due to the fixing of fiber crossover points. Finally, U.S. Patent
4,890,877 describes an énergy absorbing structure for use in automobile doors,
wherein the energy absorbing structure is a highly stretchable lightweight
material that has been coated with a resin (e.g. a thermoset) and then molded
| so that it has a series of projections, which are preferably truncated.cones. The
30 structure after molding does not appear to have an open fiber network
appearance.

The fiber network structures described above and elsewhere generally

are rigid and are intended for use mainly as lightweight structural materials.



rigid and di nensionally stable, but have sufficient flexibility to be
useful as 5 cushioning materials. These fiber network structures are

conpressi ble, and when the conpressive force is renoved, the materials
return to their original shape (i.e. they are resilient). These“fi ber
network structures conprise filanents that are made of a single

t her nopl astic"tjﬁ) and do not include a thernoset . poW.“’PFPé

networks are nade up of a nultiplicity of pra?j ections rising from10 the
pl-ane of the textile fabric fromwhich the fTber network is made.

Proj ections are portions of the textile fabric that rise above the
base pl ane, generally in an abrupt way. Depressions, which are
proj ections on the opposite side and in the opposite direction from

the base plane, may optionally al s@ummayefthalinvehlieh proj ections and
optional depressions tai.ne n open, fabric-11ke 15 appearance,
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the case of pol'yeayhe konds at the intersections if the attachments are easily broken (i.e. they
are not “tightly bonded™) when the network is initially compressed, after which
the network becomes resilient. The network is “resilient” if the projections and
- 20 - optional depressions substantially recover their shape after being compressed to
" 50% of their height. However, there may be minor changes in the shapes of the
projections and optional depressions, as for example a change in the curvature
of the edges at the top of the projection. As the density of tight bonds at the
points at which the fibers cross over one another increases, the fiber network
25  structure and the projections become more rigid, and the projections lose their
resilience. ' '

Because of the open structure of the textile fabric and the large void
volume within the projections and/or depressions, the network has a low density
comparsd with the polymer (generally less than about 10%, preferably less than

30 about 5%) based on the amount of space occupied by the network. Air and
other fluids can flow through the fiber network structure with little resistance,
The filaments can be in the form of a monofilament having a diameter of at least
about 0.1 mm, comesponding to about 100 dpf in the case of poly(ethylene
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terephthal ate). The filaments used in the-fiber networks can also be .
deri‘ved fromnultifilament yans having approxi mately the sane fotal
di aneter, provigwethizaee that the individual filanents of the PexXUSIcH9Ess
coal esced to larger filanents. under heat and pressure during the
shapi ng process, and further provided that 53the nmultifilanent yans have
not become so firmy bonded at the points where t hey cross over one
anot her that these bonds can't be broken when the fiber net wor ks are
conpr essed. terephthaldite). Thidilaments usextiin thb.fiber notylorkst ¢ty alsw besddrived
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for exanple, in a optionalyjahiendprpgiymer plioy) that geppemlly melie pta taraparature in the
general ly be abgve rhfie & dbobt 80°C to about 375°C. The fiber is not derived from hybrid yam
or bicomponent fiber. The-polymer is-preferably made into fiber -by a meit
spinning process. Preferred classes of polymers include polyesters, polyamides,
theﬁnoplastic copolystherester elastomers, :poly(arylene sulfides), .polyolefins,
aliphatic-aromatic polyamides, polyacrylates, and thermotropic liquid crystalline
15 polymers. _ _ :

The mrae’;dimensioml fiber network structure is generally made by
deforming a textile fabric into the desired shape at a temperature high enough
that the fibers can be permanently deformed, as would occur, for example, in
fiber drawing process. The temperature will generally be above the glass

20 transition temperature .(Tg), and, preferably will alsc remain below the melting
-temperature. The deformation is ;brought about using a thermomechanical
process, which means the application of .a mechanical force at an elevated
temperature. The mechanical force can be applied using numerous methods,
such as solid phase pressure forming, vacuum biadder match plate molding,

25 Interdigitation, deep drawing, use .of a heated mold, and the like. Heat and
pressure are applied for a sufficient time:that the textile fabric is permanently
deformed, but not for such a long time or.at such a high temperature (e.g. well
above the melting temperature) that the filaments coalesce, causing the shaped
fiber network to lose its open net-like structure and resillence. The individual

30 filaments in the three-dimensional fiber -network structure still have retained
much of their individual fiber-like appearance and properties.

The starting two-dimensional textile fabric that is utilized in making the
three-dimensional fiber network structure is selected from any of the standard



20 transition tenperature (Tg), and, preferably will also remain below the
nelting tenperature. The deformation is brought about using a .

t her nonechani cal process, whjich means the application of a nmechanical
force at an el evated tenperature. The nechanical force can be applied

usi ng nuner ou , such as solid phase pressure for um
bl adder mat ch%@i’g‘%ﬂil ding, 25 interdigitation, deep draw Mﬁ%ﬁy
heated nold, and the |ike. Heat and prgssure are applied for a

sufficient tinme that the textile fabric Is permanently def ormed, but
not for such a long tine or at such a high tenperature (e.g. well
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PCT/ US96/ 19686  Feadily produced from larger diameter fibers, such as monofils. 4

cl asses of fabrics, such as knit, woven, or non-woven textile fabrics. The
type of fabric depends on the k| nd of resul ti no network structure that
is desired. Knit fabri cs hake: pfihe: heir structure is

readily deformed withqtj 4 shows %ﬁﬁﬁaﬁkxﬁ s?éé&l&%f Qﬂ:réﬁ-dnhﬁﬂéﬁﬁéi'ﬁﬁiar ek
whi ch I eads to breakage of the fibers
10  structure 1 having a muliplicﬂy of "hat-shaped” projections 3 on base area 2.
The open mesh structure of the fiber network is fllustrated. These illustrative
hat-shaped projections have a square base and square top, with the top having
smaller dimensions than the base. _
Fig. 2 schematically. depicts an enlargement of one of the hat shaped
15 : projections 3 of Fig. 1, showing the widening of the mesh structure of the textile
{ material which occurs in the area that is deformed. '
Fig. 3 schematically depicts an enlargement of four pmjectlons that are in
- the shape of truncated cones.

20 : - . Detailed Description of the Invention
The three-dimensional fiber networks that have particular utility as

cushioning materiais are made up of a multiplicity of projections on the plane of
the textile fabric from which the network is made. Depressions may optionally
also be present on the opposite side of the fabric from the projections.
25  Examples of three-dimensional fiber networks and methods of making them are
' summarized in U.S. Patent Nos. 5,364,686 and 4,631,221, herein incorporated
by reference. The projections and optional depressions can be in the shape of
cones or truncated cones, pyramids or truncated pyramids having polygonal
bases, cylinders, prisms, spherical elements, and the like. Generally, the apex
30 points or surfaces of the projections define a plane paralle! to the base plane.
Similarly if there are also depressions, their apex points or surfaces define a
second surface, such as a plane parallel to the base plane. As a rasult, the
preferred three-dimensional networks define two surfaces or planes, one being



5 They are al so drapable. Wven fabrics have the advantage that they are
nor e . readily produced fromlarger diameter fibers, such as nonofils.
Brief Description of the Draw nas .Fig. 1 shows schematically a
sect'ion of a three-dinensional fiber network 10 structure 11 having’a

mul tiplicity ofwobatsséraped” projections 3 on base area 2. PCTTUSSG/095861

mesh structure of the fiber network is illustrated These illustrative
hat - shaped proj ections have a square base andS®square top, with the top
havi ng smal | er di nmensions than the base. Fig. 2

schematically depicts an enl argenent of one of the hat shaped 15
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and - depressions affect the cushioning properties and “feel® of .the three-

15 dimensional networks. The rigidity of the individual fibers in -the network
structure also is a major factor in determining the cushioning properties of the
three-dimensional -networks, and the rigidity of the fibers-in turn depends on the
diameter of the filaments and the kind of materials (e.g. polymers) from which
the filaments are mads. For most applications, filament diameters are. in the

20 range of about 0.15 mm fo about 0.7.mm. An-example.of a preferred structure
of regularly spaced projections havir,gg a square base and a square top that-has

_ shorter sides than the base is shown in Figure 1. ‘Another preferred structure
consists of a regular aray of projections which are truncated cones of similar
size and shape, as shown in Figure 3, for example.

25 The polymers. used as filaments in the three-dimensional fiber:networks
consist essentially of a single thermoplastic polymer rather than composites of a
reinforcing fiber-and-a matrix polymer, such as a thermoset, which have been
utilized previously for making rigid networks. The polymers may include minor
amounts of additives, such as flame retardants, spinning lubricants, and the like.

30  The thermoplastic polymers.generally have a melting temperature in the range
of about 80°C to about 375°C, preferably about 150°C to about 350°C.
Thermoplastic polymers that are preferred include: (1) polyesters of alkylene
glycols having 2-10 carbon atoms and aromatic diacids. Poly(alkylene
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defined by the tops of the projections and the other-belng defi ned by
either the base plane or the plane or surface defined by the 7

depr essi ons. the projections and optional SSIOHS are
generally arréﬁééﬂgﬁﬁpa uni forn or repetilive pattern w't "&”
spaci ng. However, the shapes, heights, sizesg 5 and spacings of the

proj ections and optional depressions can be nodified to suit a
specific application. For exanple they may very to conformto a specific

shape, such as t for ,use oes, and they may
varS In ri gr‘&m ;r*c gm’&@@%ﬁ ne t'ﬁgpphﬁgﬁhf“ﬂe lene
capacity. The pr o}emﬂme). are mniﬂwbﬂvowpfemm 0AdsoC preferterio ake polyilgfingd
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t he ern ‘p ) Relyarpides.

The sizes, heights, sShapes and spacings o
and depreSS| ons a?%&@&@%ﬁﬂﬂ%h@ﬂlﬂﬁbatﬂmmﬂv U:Cedeih haﬂngtﬂherst ta)ee-

netvork - atr uct%@'e""*"*s%“?‘é“’g"*}’%'?f FofprioRiena Sidaek; B bobBiohnt o ng
properties of theParticularypalysthyl mwﬂm%mmm ,alighatict aromaticypalyamided, t he
fibers in. turn deﬁﬁ:hd%s%olyaﬁm os deﬂ\be%% febephtifaid | AAGCBAE 3MbihyiG & Nd
of materials {£. 0 ooneiiining: () Salyatlors derived from 1,4-cyclohexanedimethanol and
: terephthalic acid; and (8) themmotropic liquid crystalline polymers, such as for
example polyesters derived from 6-hydroxy-2-naphthoic acid and 4-
hydroxybenzoic acid.
Specific preferred polymers include poly(ethylene terephthalate) (PET),
15 themmoplastic copolyetherester elastomers, nylon 6 and 66, and polypropylene.
PET is widely available from many manufacturers, including Hoechst Celanese
Corporation, Somerville, NJ. The PET should be of high enough molecular
weight to be suitable for spinning into fibers; generally a molecular weight
comresponding to an intrinsic viscosity (L.V.) of at least about 0.6 digm is
20 suitable, where the LV. is determinéd by measuwring the relative viscosity of a 4%
solution (weight/volume) in o-chlorophenol at 25°C. The relative viscosity is then
converted to intrinsic viscosity. Polypropylene and nylons are also widely
available from many manufacturers. '
Thermoplastic copolyetherester elastomers, also referred to as
25 thermoplastic elastomers, consist essentially of a multiplicity of recurring long
chain ether ester units and short chain ester units joined head-to-tail through
ester linkages. The long chain ether ester units are made up of poly(alkylene
oxide) glycol units attached by way of ester linkages to terephthalic and/or
isophthalic acid. The short chain ester units are the product of the reaction of a
30  short chain glycol with isophthalic and/or terephthalic acid. The short chain ester
units make up about 15% to about 95% by weight of the thermoplastic
elastomer. Thermoplastic elastomers used in making the three-dimensional
fiber networks are well known and are described in numerous references,



the filanments are nmade. For nost applications, filanent dianeters are in
the 20 range of about 0.15 mmto about 0.7 nm An exanple-of a preferred
structure of regularly spaced projections having a square base and a
square top that has shorter sides than the base is shown in Figure 1.
Anot her pref erragh @usigt ure consists of a regular anay of pOr/O®IADEENS
whi ch are truncated cones of simlar si ze and shape, as shown In
Figure 3, for exanple. 25 The polyners Zised as filanents in the

t hr ee- di nensi onal fiber networks consist essentially of a single

t her nopl astic polymer rather than conposites of a reinforcing fiber
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al kyl ene glycols, dgfepb‘ha&(aﬂ% eispthey (enhhydiecid thathishoprasent., ( Thermoplastic
thernmopl astic 19 copolyetherester elastomers that are composed of long:chain ether ester units
“of poly-THF and terephthalic-acid and short chain ester units of 1,4-butanediol
and ‘terephthalic acid are commercially available from -Hoechst Celanese
Corporation under the RITEFLEX® trademark.

Many of the polymers listed above, such as PET and .nylon are
15 flammable. Since' many of the uses of these materials are in vehicles, homes,
fumiture, and apbarel, the polymers will often need to have a flame retardant

additive included. Most flame retardants come from one of six chemical classes:
-aluminum trihydrate; organochiorine compounds; organobromine: compounds;
organophosphorous (including halogenated phosphorus) compounds;.antimony
20 .oxides; .and .boron compounds. Flame retardants can also be -'.-div_ided---.intb
additives which are blended with the substrate, .and reactives, :which -are

chemically bound to the substrate during polymerization in a separate step.
Polymers that contain reactives as comonomers may contain up to abdut 10
mole- % of the flame retardant monomers. in the polymer composition. -Other
25 kinds of flame retardants that are sometimes used include intumescent coatings,
sulfur or sulfur compounds (e.g. ammonium sulfamate and thiourea compounds)
and oxides and carbonates of bismuth, tin, iron, and molybdenum. :All of the
above classes and kinds of flame retardants are reviewed in an article entitled
’ "Flammability,” by R.G. Gann, et al., in Encyclopedia. of Polvmer Sciénce and

30  Engineering, Second Edition, Volume 7, John Wiley and Sons, New York, 1987,
pages 184-185. For PET, the preferred flame retardant is a reactive
phosphorous compound that is incorporated into the polymer structure during
polymerization and is available from Hoechst AG under the name Oxa-



5 copol yet herester el astoners, described In nore detail below, (3)

poyam des, especially nylon 6 and nylon 66, which are commonly used in
maki ng fi bers (4) . poly(arylene sulfides), especially pol y(phenyl ene’
sulfide); (5) polyolefins, particularly polyethyl ene and

pol ypr opyl ene; hatic aromatic pol yam des, such as pol yam des
derived from t‘gﬂsg‘?ﬂﬁé lic acid and 2-nethyl -1, 5- 10 pent anecsfl(% Sﬁ 1,96167)

pol yesters derived from 1, 4- cycl ohexanedi net anol and t erepht hai c

acid; and (8) therrotroplc liquid crystalline polyners, such as for
exanpl e pol yesters derived from 8- hydroxy-2-napht hoi c aci d and 4-

hyd b ' | Lfi f | ud
ol y ot hyl ane. t or BpsPholane (3 soid) o B bhbsonBiafe Bives A8t & it thn Gra-
feI ast omers, ny:c onpliosphalags prtaluckspompprthgrbammylmathwﬂﬁ'gpmﬁic\ucﬁeégt/ma\@el abl e
rom many manufac C ese oration

Soner vi | I>/e EH& %E%ss% +%Bg%‘m§'ﬁegﬁb§oﬁgﬂ5 apd é’?ﬁﬂaﬁ of the nghlc to
be suitable for s@eidni nthe lﬁ@mahﬂmgwmaiwqb aadmliecmmpomdghmo

di bout O. dI /gm
o 50 Poui t ap) & EhysstinitekRidne\t BGAR) b to el S o ine Riitef oot iy O™
viscosity of a 40@nd acts 85| a flame, mmt'ﬂmtm phusphmiblanldoqlmialwhsdihs a
25[err] C. The re'ﬁéﬁﬂ?e%??d&n}fmbﬁaﬁhﬁnus padit N Yda'dle! difd B B34 G52

vi scosity. Pol ypropyl ene an ons are al's aval
many manuf act ur er @corporated herein Teferenem| ast i c copol yet herester el astoners,

also referred to as 2 FW ti of a
muitiplicity of curr5.|nF1GI s on — hﬁﬁﬁf 3,?.& eosfﬁg?%ﬂw elﬁéhs@(?]?%‘alchai n
ester units j & ne&ﬂ%%ﬁ?’g éﬂ%mqmrtﬁelwﬂament&@sméﬁbﬂcucnmg@on alh@hbsmgochai n
ether ester unitsgies eheTdeékired Rustiond®y propértus i the spac:f%pﬁﬁana{ Y§hé s

2cid. The Short cHafR ﬁzfegv%n?eisoé& 63 H B B eSSt et make hﬁé’n?owé' 50
sﬂo_rtn ch?i P gl ycobxanigié, insmqﬁfbimdgbﬁ pmﬁéﬂrnohgglgdﬂtﬂ iggio}é Galiie |i€| hﬁ{&fhggfaﬁit&ﬁgt
Chormoptastic  Piie Sy il Woied 2. i DK uind irudh 165, rimiam e e
t hr ee- di nensi dhal same sidpidscthe tedileciakiic, sodhatcthd téxtilvdabdnis pushed tfcughome | n
numer ous .r ef er encRsie. the projections that are made in the textile fabric will be in the shape of
truncated cones (i.e., the base and top of the projections will both be round),
with the diameter of the top of the cone being the diameter of the rod that
pushes the textile through the hole. Similarly, if a plate with square holes and a
- 20 rod with a square cross section is used, the projections will be "hat-shaped".

The fiber networks described herein are lightweight, durable and
breathable. They are springy and resilient which means that they can be
compressed (preferably repeatedly) without a significant loss in properties.

- Depending on the stifiness of the fibers and the sizes of the projections, they

25 may be used as cushioning materials, as impact absorbing materials, or as
semi-rigid support materials. Because they are generally made of only one
polymer, such as PET, they can be easily recycled after use with other
recyclable plastics, {e.g. bottles in the case of PET). The fiber network materials

can be used as single layers, they can be nested face to face, with the

30 - projections intsrlocking, or they can be stacked with the projections of one hyer
against the base plane of the next layer or with the base planes of the two
layers against each other to providé thicker spacers and cushions. The
materials having more than one layer can be bonded together by such methods
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including U. S Patent No. 3,023,192, 3,651,014, 3,763,109, 3,766, 146,
3,784,520, 4,355,155, 4,405,749 and 4,520, 150. Pol y(tetranet hyl ene oXi de)
gl ycol, al so kneqy@enssefo! y- THF, is the preferred pol y(al kyl ene pecriused 19686

gl ycol for -the long chain ether ester units. The preferred glycol in
the short chain ester 5 wunits is a mxture oB 1,4-butanediol with up to
about 40% by wei ght of 1, 4- - butenediol. Mst preferably, the short
chain glycol is only 1,4-butanediol. The preferred aromatic diacid

used in naking the ahadiiesiedonding of Gitasorswelding) Thé fibér network stHi@irs ahibe
acid containing up to bo% 20% go'ght hal ic acjd. Mst l%]ef ably, =~

terephthal i c acid i %9485 SRMpoRANIE. Pr; sylcompanepis b pyimerous applications; including
copol yet herest er el mattosssss ndttréssatopperopgdss frifart! mhitrégseshanid niatthas @vbie to

units of poly-TIHF gn ephthal i c- gci nd shaort .chain ester units of

1, 4- but anedi ol ;'Jg?ﬂﬂt %ﬁé’gﬁ‘!‘ﬁaf’ rgs%ﬁgeﬁ@mw &P‘P‘?s'a 1midsales: for,

X- Hoechst Col anese shws).@fdoap@eﬁhaﬂmdt.ﬂmr.l?&éﬂglﬁﬁfﬁbw lsbcﬁ--laacbﬁi&bmmgl

Many of the pol yner | V, as PET and, nylaon are 15 a e.

Si nce many of the ué@éﬁ‘g#iﬁt ﬁgég %Péﬁﬁ%l@ @ng?'h ]Pﬁggﬁvehm..pmme

furniture, and appahelingt {ibers,pspagedsound \bairierst-foe wallcpaititions lamdepanels, pistective

r et ar dant addi_é; dBail Wikton f

si x chemical classes: gnh&?%rl um QJB#%H%%P@@%%W%&E%%E@H@Q;

oLganﬁbrom') ne corrpozgﬂsh%;:l.nﬂs mowogwwmﬂmngm%mgﬁm-m,

phosphorus) co un WEBh's Brassl d méifs JreTeny

retardants cannglpso bé@di vided 1nto #hd e up +'and custildhis for
‘outdoor fumniture, which dry-easily and don't.retain moisture. The invention is

further described in the folowing non-limiting examples.

: . Examples
15 Example 1

RITEFLE*°640 copolystherester elastomer having ‘@ melting
temperature of about 180°C, aobtained from Hoechst Celanese Corporation, was
melt spun to yield a 0.20 mm (435 denier) monofil having the following
.properties. The fiber tenacity was measured by ASTM Test Method D-3822 as
20 2.8 gpd, with 98% elongation at break. .Th_e.talastic.rebbvety of -the fiber was
.measured by the same test method :as 100% after 100 cycles at either 20% or
50% elongation. The monofil was knitted into a textile fabric having a wale of - 8

wales/inch and a weft of 42 course/inch. )
The knit fabric was shaped into a three-dimensional structure by using a
25 ‘heated prass plate. The press plate .was .2 metallic ;plata having 3/8 :inch
diameter holes, and was heated to about 160° - 230°C. The fabric was pressed
-against the heated plate for 8 seconds, and pins that werfe 1/4 inch in diameter.
-were then pushed through the holes. This yielded truncated cone shaped
. projections on the fabric which were about 3/8 inch in diameter at the base and
30  1/4 inch in diameter at the top. The projections were about 3/16 inches in height
and were spaced in a square grid amay with the nearest distance between the

projections (center to center) being about 3/4 inch.



addi tives which are blended with the substrate, and reactives, which are
chem cally bound to the substrate during polynerization in a separate step.
Pol ymers that contain reactives as conononers may contain up to about 10 °
mol e % of the flane retardant nmononmers in the polymer composition. OQrher 25

kinds of fla ants that are sometines used include in
coati ngs, nﬁés%@%# or sul fur conpounds (e.g. ammoni um sul ?%g%
t hi our ea conpounds) and oxi des and carfQgnates of bismuth, tin, iron,

and nol ybdenum All of the above cl asses and kinds of flame retardants
are reviewed in an article entitled Flammability," by R G Gann, et

al., in Encycl opedi a e ' G 3 Lpeerin Second
Edi ti on, Vol ume 7, Joﬁfﬁivﬁhxﬁ @Sﬁns "ﬁggdﬁriﬁl%bwy test"a angl couid ba_ 195
For PET, the pref@PQ%@ﬂNP@[ﬂE‘GF&daVMauﬁabsdapamnesse phosphor ous
_conpound that is incorporated into the polymer structure during

pol ynerization and is avail able from Hoechst AG under the name Oxa-
WO 97/ 24916 le
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phosphol ane (a sol i Héz O<a°|g7%tsh|g e &:g/olyﬁtheée?terel?storg%r ﬁ‘!‘FBﬁ'}"“’fhe
Oxa- phosphdb® "Gdwes 9b'élﬂﬁ@m '2099991369('9& seyCorporation, andvasmelt aci d
as the free th}n@ma mﬁﬁgﬁ sters
of the phosphinic si aci de The 2-car boxyet hwdg}'ﬁﬁﬂ ?Bﬁ"%@%’%ﬁ

i ncor porat ed i nt fthefibeswas 2,4 gpdy gnd %B&B@)R@"mdbm@ 0687%pasmea$uled 5%
of the polyester byABTM TestMéthod D-3822. The elastic recovery of the fiber, measured by

10 the same method, was 100% after 100 cycles at either 20% or 50% elongation.
The fiber was knitted intd a fabric having the same wale and weft as that
in Example 1. The fabric was deformed into a three-dimensional network using
the press plate apparatus of Example 1 under the same conditions as In
Example 1. This shaped fiber network also had a soft springy feel and could be
15 repeatedly compressed without a loss of springiness. '

Example 3

Commercial PET that was made for use in textile fabrics was meit spun

into a 0.182 mm monofil (about 321 denier). The monofit was then made into a
20 - plain knit fabric with 16 wales and 24 courses per inch.

The fabric samples were deformed into a three-dimensional network
using a similar kind of apparatus as described in Example 1, but having 1/4 inch
holes in the press plate and 1/8 inch diameter cylindrical pins to yield conical
projections with flat tops. The base and tops of the projections were the same

25 asthe diameter of the holes in the base piate and the diameter of the pins. The
projections were arranged in a square grid array and were separated by 1/2 inch
(center to center). The height of the projections was about 1/4 inch. The
projections were made by heating the base plate and the pins to 240°C and
pressing the fabric through the holes for about 30 seconds. The deformed

30 fabric was resilient and had a comfortable, springy feel when pressed ddwh by
hand, and retained its feel even after multiple compressions.



and acts as a flane retardant. The reactive phosphinic acid and its use as
a flame retardant nmononer are in U S. Patent Nos. 4,033,936 and
3,941, 752, i ncorporated herein by reference. The spaci ng,
si ze, height, and shape of the projections and optional 10 depressions,
the di ameter ofywhlgnfoss aments, and fabric construction are chaCIWS96/19686
give the desired cushioning properties for the specific application. The

shapes of the defornmations al so depend om1the process used to nake
t hem For exanple, in a deformation process in which the textile
fabric is held against a plate with round holes and a cylindri.cal rod

I s pushed through E&e;nbge on the is same side as the textile fabrlc

that the textile fabric us he ct.i s
that are nmade in the teﬁt’ﬁﬂg Pgﬂ%wepgqﬂégﬁﬂalﬁﬁé(%?@béﬁ”ﬁ &"%g’éﬁ ed
C-Onﬁs gi : S:, t he bafaa vmdh n)wpreqhadélm@tmemmmmnmh gﬁerhﬂhbbrbﬁ;ﬁmuwh the )
with the dianeter of .t cone i a the ro at
pushes the textil e%‘?‘ﬁﬁ‘ff?’? %h‘?&b 6 ?‘F rig'ﬁé'wo"?ﬁ %‘ﬁ'&&@"‘;
ho: Iesbandha 20h5r O Guray oheveniyospaced mssatmtzomro ﬁ:rdenﬁéﬁngtﬁbﬁﬁﬁsW
Wi e "hat - shape er t erejn are
| i ght wei ght, dur abgée fabsic mm"'%l’?&fsh'gb'}'g%afﬁe@mg ‘S"B fﬁﬂ%ﬁ&"‘r’e@?‘ WerR
whi ch neans that t hesteddn dbeut 180°Oco'mm pinsawleré (iepf- v piate/ (projectat dhvough the

wi thout a signific I ' id fness
of the fibers and t essﬂ?iez" elP?‘Weg PL’ c‘ldﬁ%’r??’%ﬁggq@@&‘%y&’%gp‘aég&@
cushi oni ng materi aINo,. 44belm)aabaraetbspmbmge kept by placesfor RO saconds. Thiem'sultédgi d
support materi al.s.

ol yer . "such b° pit g menSENaHofndHED GF BlrielatEREE pftjeciin with Hat tops whicn

recycl abl e pl asti cwerg evenly !ﬂicwaedmmﬂvd’ﬁ%ﬁfﬁv)ﬁedhes hadythe dmmr K
materials . can ol?ﬁwdjﬁtﬁgsﬂﬁdﬁie%ﬂa@?io@ﬁg ect%frif}i %ﬁ&n%?&?ﬂewww

face, with the 30 prO{ectlons I-nter t ey can be stac

the projections of heigbls ghtbe projections fihadhic ness ol dhe spmpleshwas semawhat less o
or with the base plmeawﬁaptheottm penetraliéhée{h?o@atﬁésholéﬁ(ﬂ? ﬂ'fehﬁihstdha to

bne. | ayer can: U8 bantRop 308t he megyarical Forop e temcved. Both Kk and boven fabrics
were tested.

These samples were subjected to compression tests using a modification
of methods that are used for polyurethane foams and latex foams. - Samples of
the materials were placed between the plates of an Instron tensile tester and

20 then pre-loaded to a load of 0.02 psi. The distance between the plates at 0.02
psi of compression was defined as the thickness of the sampls. The samples
were then compressed to 60% compression for two cycles at test speeds of 0.2
in/min for samples 0.10 - 0.29 inches in thickness, 0.5 in/min for samples 0.30 -
0.69 inches in thickness, and 1.0 in/min for samples 0.70 - 1.39 inches in

25 thickness. The two pre-cycles above made a significant change in two of the
samples (Nos. 4 and 6 in Table 1); the precycling measuraments are also
-reported for these two samples. Six minutes after the pre-cycling above, a
‘compression test was run to 60% compression at the same speed as in the pre-
cycling. Stress and percent compression were measured, and the stress at 25%

30 and 50% compression was measured. These values are recorded in Table 1,
along with the averages for runs where there were duplicate measurements.
These measurements show an increase in stress with increasing comprassion,
which is a characteristic that is desirable for cushioning applications.
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adhesi ve bonding or ultrasonic welding. The fiber network structures can be
used as conponents or sub-conponents in nunerous applications, including

mattresses opper pads, infant mattresses and rrattrﬁélsg to
pr event suffﬁé?@%ﬁ oot wear, (sock liners, collar linings, an maic/??%ﬁses
for 5 shoes), pads for protective head geafg seat cushions such as for

exanpl e aut onobi | e seats, w appings for nedical casts, protective
braces, protective hel met |iners, space/sound barriers for wall

artitions and panel s, Iect ong.cs,
gut onot i ve headloi ners Wﬁ% plﬁeh%’/ﬁrglunheg%Q E&ﬁ"@ﬁ? @Jseg h’\‘é‘ﬂﬁ%ﬂ &5t or
Wi ring, liners fomeasuredat.02psi aboveland thel medsurey dimengimis qfabbsaniﬂe. frhiger s
for wonen's brassy c&ﬁﬂin t S f
out door furni turehsg §§c‘ﬁﬂ)d(ilry eailnﬁ éﬂﬁ&daw%{'ﬁi ?F"ﬁoggg?&ij@la gR%OO%I}
invention is gms/ce.hBy mseﬂspnéq-d PET has & deasilyrof about-1.4 gmsice.g Thusthe! es.
Exanpl es 15 angarent. I heichal
el ag{)orrer havﬁ(\g% tldre]rgtsily onhe%"rf.ged;ﬁgfgur e @H&@%@ﬁ%ﬁ%&%?& ?{ed
from Hoechst Cel aﬂi'@s@'@!!y (6 rs9lid ET (lat% - 4.8%yin thespexamples).c| Theaafpei@ntrm

435 d t s Ll
{enaci ty ﬁé)s ggiﬁﬁ“ém’% S SRAElSh ey s sts NAIGE ) TaBlo T Vot 5 o

el ongation at br gV fs/eu. fle Py, Pwhiplyigp by 824 i her was
It is to be understood that the above embodiments of the invention are

10  illustrative only and that modification throughout may occur to one skilled in the
art. Accordingly, this invention Is not to be regarded' as limited to the
embodiments disclosed herein.

98%



" measured by the sanme test nethod as 1Q0%.after 100 cycles at ether 20% or
50% el ongation. The nono was knitted ijrftS SHEEXHASEBERND i ¢ having a wal e of
8 wal es/inch and a weft of 42 COLrsellnmACED The knit fabric
was ‘shaped into a three-di nensi onal strtucture—by—tstnrg h 25  heat ed Press
pl ate. The presgophpdses was a netallic plate having 3/8 inch PCT/USH/39686 er
hol es, and was heated to about 160[err] - 230[err]C. The fabric was pressed
agai nst the heated plate for 9 seconds, and pl&s that were /4 mmch—Tm ——
di anet er were then pushed through the holes. This yi

cone shaped projections on the fabric which were aboP mm!“mimﬂﬂﬂlll
di aneter at the base and 30 1/4 inch in di diaimsr at the .clhe w s«
proj ections were a gk‘a 16 inches in height and were spaced in a
“square grid array w e nearest ‘di stance between the proj ections:
(center to center) bei nd. aboAtthidedimansional fiber .netwéfk eamprsiigs a textile ‘fabric
PCT/ US96/ 19686 havin itiplicity ssible . o 10 bsta

Thi s shaped fiber ne "8 A WEE A sogf?mgﬁlir?byp?ggl '%?n’f!"‘&*ad?‘&"bé“ ntially to
repeat edl y conpsesdhair wrigingliisheped @after dieingp compressest by :50%,. sditk Aextile .fabric

RITEFLEX[err] 672 t RgHBRGhG Henhopidt! adhdhid Ghich 'cofiti ds38Mfally 8Pk tHerHoplated

polymer, said filaments having a diameter of at least about 0.1 mm.

2. The fiber network recited in Claim 1, sald projections having apex
10  points or flat tops, wherein said apex points or fiat tops define a surface.

hd i
-

3. The fiber network recited in Claim 1, wherein said thermoplastic
filaments are monofils.

15 4, The fiber network recited in CIaim 1, -‘wherein said filaments in
said fabric cross over one another at intersections, wherein said :filaments at
said intersections are not bonded.

5. The fiber network recited in Claim 1, wherein said thermoplastic
20 polymer has a melting temperature in the range of about 80°C to about 375°C.

6.  The fiber network recited in Claim 1, wherein.the apparent density
of said fiber network is less than about 10% of thg density of said thermoplastic

fiber.
25
7. The fiber network recited in:Claim 1, wherein said thermoplastic
. polymer is selected from the .group consisting. -of - polyesters, polyamides,
thermoplastic copolyetherester elastomers, poly(arylene sulfides), -polyolefins,
.aliphatic-aromatic polyamides, polyacrylates, and thermotropic liquid crystalline
30 polymers.

8. The fiber network recited in Claim 1, wherein said thermoplastic
polymer is a thermoplastic copolyetherester elastomer comprising long chain

Sheet Has Been Reﬂlaced

BT



about 205[err]C, was obtained from poration, and was
mel t spun into 823 denier nonofil (about %‘l n di ameter). The

tenacity at break of the fiber v\mmmuﬂ“ t had an el ongatlon'
at break of 87% as neasured

D3822 The elastic
recovery of tRgppbidagls Neasured by 10 thé same net hod, was Pe@Assodriosde 100

cycles at either 20% or 50% el ongati on. The fiber was knitted
into a fabric having the sane wal e and weft s that in Exanple 1. The
fabric was deformed into a three-dinmensional network using t he press
pl ate apparat us of Exanple 1 under the sane conditions as In Exanpl e
1. This shaped fidnér éstéraits sdSehontochath 686F ulily joleY Hﬁ@mﬂi@%b%@? 15
repeat edl y conpre ed without a | oss of springiness.

Commerci al PET t HB¥8488s nade for use in textile fabrics was melt spun

into a 0.182 nmm nonofil (about 321 denier). The rmnofll was then made into
a 20 plain knit fabrigc w wal es .and, 24 caourses I nch.

The fabric sanples wer® defl§P |“ﬁ‘c"6’"%1’?q‘f?€é“&'ﬂ§h§1 allewhaisldm chain

usi Rg a si.hm' : & kétlid‘esierahmaisufes%inmlbﬂhb@dswuébs@f t tﬁrahetﬁgé Jﬁirddyg 174
i nc oles i es ate.a |ane |i ndrical pins
to yield conical r]yeoparbcf{gre@i@%hﬁ ‘ﬂ‘éﬁ' 'F'gm" sepfallyef  he
proj ecti ons were thheasid:uusoﬁi,meublmdaamPMaMadme hoI es in the base

pl ate and the dianmeter of the pins. The projections were arranged in a
square grid array and were separated by 1/2 inch (center to center).
The height of the proj¥cti dhe fivesnetivotk retiteti inrRiaim Theherein sajif themidplastie Wer e

made by heatipg ‘H’@{h ﬁ,@ to 240[err] C and pressi ng
the fabric thr oug'R %E sﬁ% ?I(??Q&oré % Seconds. The deforned 30 fabric
was resilient and had a confortable, springy feel when pressed down by

hand, and retained it s eelmg\per Adtivblk ftitdd ! Gaifr Tkfsieh ¥aft thermoplastic
polymer is polypropylene, nylon 8, or nylon 66.

15 - . 12.  The fiber network recited in Claim 1, wherein said network also
comprises depressions.

13.  The fiber network recited In Claim 12, said depressions having
apex points'or flat tops, wherein said apex points or flat tops define a surface.
2 .. L .
- 14. The fiber network recited in Claim 1, said filaments having a
diameter in the range of about 0.15 mm to about 0.7 mm.

15.  The fiber network recited in Claim 1, wherein said thermoplastic
25  polymer contains a flame retardant.

16.  The fiber network recited in Claim 10, wherein said poly(ethylene
terephthalate) comprises up to about 5% of monomer units that contain
phosphorous.

30

17. A method of making a material suitable for cushioning, comprising

the steps of
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11 ~ Exanple 4 A series of poly(ethyleng terephthal ate)
(PET) fabric sanples (both knit ang-weve IeTd BEENE i nto three

di mensi onal fiber network materials by {R8ISS - E od of} pressing the
fabric agai nst wobmzotsl base plate having a SRERYY -Geies ar rRGFOVORWES,) v
spaced hol es at about 200[err]C for two ' es and t hen pushing t he
fabric through holes in the base plates usi nbscyl i ndrical pins that were
heated to about 180[err]C. The pins were kept in place (projected through
t he hol es at tenperature) for 15 seconds before being w thdrawn,
except in Sanple No. 4 (@bel dopking\acmenefiiamentnbaving @ diametar ofpata least or
600 seconds. This resulted 10 i i | M&\g&,ﬁ@ f cone-shaped
projeetions with flat tops whi chrhbw{ﬁaenﬁgﬁg@?nﬁeﬁé%aced a el?n whi ch t he
bases of the projections had the dianeter of the holes and the tops of
the projections had the di angjer miking 8aidl Ménofildifient into &Sk woveh, -bi fon-
proj ections (the thickness of the sanmples) was sonewhat |ess than t he
depth of the pefetrations througWaven teidiefabiande nins due to 15
shrinkage after the nechanical force was renoved. Both knit and woven
fabrics were tested. . These saml es were subjected fo
conpression tests using a no@fidﬁ?'?wsems%f’%%gmf?ﬁg’"g'r p&’ét?“?@r
pol yur et hane foans and | atex foarsaid testil®bga titdrmo-mechhhicaliprdcess.al s wer e

pl aced between the plates of an Instron tensile tester and 20 then
pre-loaded to a load of 0.02 psi. The distance between the plates at 0.02
psi of conpresdgoon was d8fi nEib amthdderetitedcinnGlain A7, whereim sgitl anonkiianeninis es

made by a melt spinning process.. '

)
-

49.  The method recited in Claim 17, wherein said thermo-mechanical
process is caried out by application of a mechanical force at a 'temperature
15 above the glass transition temperature of said thermoplastic polymer.

20. The method recited in Claim 19, wherein said mechanical force is
applied at a temperature below the melting temperature of said thermoplastic

polymer.
20

21.  The method recited In Claim 17, wherein. sald textile:fabric is a
Kknit fabric. | |

22.  The method recited in Claim 17, wherein said textile fabric is a
25 woven fabric.

23. A mattress comprising the fiber network recited in Claim 1.

. , 24.  An athletic shoe comprising the fiber network recited in Claim 1.
30 .
- - ) 25. Padding for plﬁtective head gear comprising the fiber network
recited in Claim 1.
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were then conpressed to 60% conpression for two cycles at test speed

G2 es o ppm" 1 samles 0,00 ?ﬁ; o YN v

Q.70 - 1.39 inches in 25 thickness. Rpﬁp‘cyc gs above’ rrade a
signi ficant cgeggshé two of the l‘ and 6 pdrrddbhssd ) ;

the precycling nmeasurements are al so reported for these two sanpl es.
Six mnutes after the pre-cycling above, a 16 conpression test was run to
60% conpression at the sane speed as in the pre- cycling. Stress and

percent conpression were neasured, and the stress at 25% 30 and 50%

conpression was measupd. ARSaRtuSRbNESMAhGIRG ABSIHRMIcK Ttltbdinoiaim 1. 2! ONO
with the averages for runs where there were duplicate nmeasurenents.

These measurenents show an increase in stress with increasing conpression,

which is a characteriari c AfaitonfobilsSédt 2BmBridiRy thelfiver Atwask RBRdd iR ThiRS -
WD 97/ 24916

PCT/ US96/ 19636 - 12 _
The apparent yol une was conputed based on the thickness as measur ed at

0.02 psi above and th a d d| th Jhis was
used to conpute the aggar e%t“% ?"gtmr}@ﬁ M&%m%hmé to. 0.067
gns/cc. By conparison solid PET has a density of about 1.4 gns/cc. Thus the
s apparent density o the i mensional fiber s, less than
about 5% of t he %enmf‘ W@%ﬁg?ﬂ%-ﬁ“‘ﬁ&%@@é’é@mm es).
The appar ent

10 30. An automobile headliner comprising the fiber network recited in

Claim 1. v . '

31. Protective packaging for electronics comprising the flber naetwork
recited in Claim 1.
15 B
32, A mattress topper pad comprising the fiber network recited in
Claim 1.

1s Sheet Has Been Replaced
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densities of the sanples in gns/cc are also listed in Table 1; these can be
converted to pounds/cu.ft. by nuitiplying by 62.4. It is to be
‘under stood that the above enmbodinents of the invention are 10 illustrative
anly and that nodification throughout nmay occur to one skilled in the

art. Accordi ngwp9reeilé i nvention I's not to be regarded as | i nPEHUSHIBHe
enbodi nents di scl osed herein.

13 - _ Cl ai s We claim

1. A three-di nensional fiber network co!%rising a woven or knit

textile fabric having a nultiplicity of conpressible projections which
return 5 substantially to their original shape after being conpressed by
50% said textile fabric conprising thernoplastic filanments which
consi st essentially of a t her nopl ast | id.filar - i

a dianmeter of at |east i@t 1

fabric cross over one another at

said intersections not being bonded.. 1f . rk
recited in Caim1l, said projections R S,
wherein said apex points or flat top - TTA -

FIG. 2 3
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ester. units and short chal n ester units joi ned head-to-tail through ester ".,°
| i nkages. 9. The fiber network recited in G aim8, wherein

said fong chain 5 ether ester units consist essentially of the residues

of poly(tetramethylene oxide) gl ycol and terephtha l’ 'lﬂ" “
short chain.ester units consist essentially of the”mmm Lﬂ m” ,
1, 4- but anedl ol and terephthalic acid. Claims The ¥ i Mer Snet wor k

recited in Clalm‘;v, \f\,hereln sai d thernoplastic 10 poI yrrer I's poly(ethylene’
terephthal ate). 11. The fiber network recited in Claiml,

wherein said thernoplagtic A thremhﬁéﬁabnalsru@elw&ﬂyb@ﬁﬁasurylaom@en @ 1l on
66. 15 .12, The fiber network recited in Caim1l, wherein said

network al so texidafebdes hauipgea sndiiglicity of compressiblé  prajectionsn whichpeaturn .
network recited iQpd-atifyltd théifofgiHaNHapS 'aﬂ@rsbéiﬁ& icBfhpressed by 50%, said textile

fabric comprising thermoplastic filaments which consist essentially of a
thermoplastic polymer, said filaments having a diameter.of at least about 0.1
mm, wherein said filaments in said fabric cross over ane another at
_ intersections, said filaments at said intersections not being bonded.
10 ,,
2. The fiber network recited in Claim 1, said projections having apex
points or flat tops, whereiri_ said apex points'dr flat tops define a surface.

3. The fiber network recited in Claim 1, wherein said thermoplastic
15 filaments are monofils. | |

5. The fiber network recited in Claim 1, wherein said therméplastic
polymer has a melting temperature in the range of about 80°C to about 375°C.

20 ' 6. The fiber network recited in Claim 1, wherein the apparent density

' * of said fiber network is less than about 10% of the density of said thermaplastic
fiber.

7. The fiber. network recited in Claim 1, wherein said thermopléstic

25 polymer is selected .from the group consisting of polyesters, poiyamides,
thermoplastic copolyetherester elastomers, poly(arylene sulfides), polyolefins,
aliphatic-aromatic polyamides, polyacrylates, and thermotropic liquid brystalline
polymers. '

30 & The fiber network recited in Claim 1, wherein said thermoplastic
~ polymer is & thermoplastic copolyetherester elastomer comprising long chain

AMENDED SHEET



apex points or flat tops, wherein said apex points o[r’_égl;a_t’_%cﬂd’ei_i,ag_a
surface. 20 14. The fiber network reci aim1l, said
filaments having a di anmeter in the range of about Emﬂ

mm - 15. The fiber network regited in C‘m\m“m““ al d
t hernopl astic 25 pol ymer contains a flanme retardant. =

The fiber network recited in Caim 10, wherein said poly(ethylene

t erepht hal ate) conpri ses u? to ab ut 5% of nmononer, units that contain
phosphorous. 30 a)7. ma griemRBeflidnentaiaving adiamesrchat lsastabort

for cushioning, conprising Otﬂﬁnﬁﬁ'cﬁﬁ%tﬁémoplastlc polyrmer; -

(a) maki ng a nonofil anment having a di aneter of at |east about

0.1 mnmfroma thernoplastic polyner; _ (b) maki ng
said monofilament into a K@yt o el Sibhdifament intd a knit or woven textie

5 fabric; and

(c) making a series of projections and optional depressions in
said textile fabric by a thermo-mechanical pfocess.
wherein said filaments in said fabric cross over -one

10 : another at iritersections, Wherein said filaments at said
intersections are not bonded

-
- N

18. The method recited ln Claim 17, wherein said monofilament is
made by a melt spinning process.

15 _

19.  The method recited in Claim 17, wherein said thermo-mechanical
process is carried out by application of a mechanical force at a temperature
above the glass transition temperature of said thermoplastic polymer. -

20 20.  The method recited in Claim 19, wherein said mechanical force is
applied at a temperature below the melting temperature of said thermoplastic
polymer.

; 21.  The method recited in Claim 17, wherein said textile fabric is a knit

25 fabric.”

22. The method recited in Claim 17, wherein said textile fabric is a

woven fabric.

AMENDED SHEET
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5 fabric; and - ’/Mki—ng'a

serhef oI Fro#egtlonz and optlonal depressions i
e e et by 8 e e ol process, AR

anot her at intersections, wherein sai d fil nts at satrd ¢

i ntersections are not bonded _ 18. The method recited in
Claim 17, wherein sard nonofilament is made by a melt spinning
process. 15 "33. 1The fibEheetwerihesi recited fredny ANEicAiGiAIMS, 1, A 8y 8nth Ssai d

t her mo- mechani cal rocess is.carri Ny
nmechani cal forc atwtgar?lg &arerapgtlons anibsaﬁé' qpﬁén%pgédgg%ﬁdq% Yeora13 shape
tenperature of %éleétédh%rﬁﬁlﬁﬁg@‘u QoRSIsGHTEST- cone’éOtruncated conéX) pyraanehannglod

recited in Cdaim1l19, wherein Sald nmech f
tenperature bel GRySRBalRases. rtglncawge%arﬁgé svmg%?’fxg??émﬁs? A g{m pridims]

pol yner. herical efétents, leethdrecited in Aaim 17, wherein said
textile fabric i'5 & iane 25 %R@rﬂl%f - 22 The met hod recited
in Caim1l7, V\/herelrL__galdtextllefabricisa woven fabric.

34, The method, as recited in any one of Claims 17-22, wherein said
projections and said optional depressions have a shape selected from the group
consisting of cones, truncated cones, pyramids having palygonal bases,

10 truncated pyramids having polygonal bases, cylinders, prisms, spherical

elements, and mixtures therof.

-
- ]

.35, An article comprising the fiber network, as recited in any one of

Claims 1, 2, 3, and 5-16, wherein said article is selected from the group

15 consisting of a matiress, an athletic shoe, padding for protéctive head gear, a
seat cushion, an automobile seat, a cast, a carpet pad, an automobile headliner, |

protective packaging for electronics, and a mattress topper pad.

AMENDED ¢
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33’ The fiber network as recited in any one of Clains 1, 2, 3,

16, wherein said projections and said optional depressions have Q@J%QEMENT SHEET
selected fromthe group consisting of cones, truncated cones, pyram ds

havi ng pol ygonal bases, truncate#2pyrani ds havi ng pol ygonal bases, _
cylinders, prisms, 5 spherical elenments, and m xture§ ther

34. The nethod, as recited in any one of Clainms 17-225 wher LMFMENT SHEET)
projections and said optional depressions have a shapeasel ecfed fromthe
group consi sting of cones, truncated cones, pyrai ds hiavi ng%dULdel
bases, 10 truncated pyram ds havi ng pol ygonal

! bases, é&ylinderfs, prisns,
spheri cal el enments, and m xtures therof. 2  g2B5 An
article conprising the fiber network, as recited in ang on@;,f dajins
1, 2, 3, and 5-16, wherein said article is selected fr(_1=mthf_e_;‘group 15
consi sti g.0f @ nmatyqress,[Tan afnretrq shoe padqﬁ ng Tlor3 pre§:ctive head
gear, a | < s¢at cyshion, an autonobile seat, a cast), = cat pet pad, an
aut onobi l|eBRdIRA@|, &5 = | AR Bl XBBvE] BRKA®E Pa |THE =] ekt rohics, and a
0 o 5 'l s ® o ) 5 =
mattress |t g@en pad.| """ °°°| °°7. oo s 33
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