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LGHTWIEIGHT, DUAL HAZARD FABRICS
FiELD OF THE INVENTION

00011 The present invention generally relates to pertormance fabrics.  More
particuiarly, the inveniion relates {0 lightweight fabrics with a balance of thermal,
gurabiily, ang comiort properties ang o the garments ang srticle made from the

fabrics.
RACKGROUND OF THE INVENTION

0004 Flame resisiant fabrics {aiso variously referred {0 as "FR, "fire-resistant,”
“flame-retardant,” and "ire-retardant” fabrics) are 1abrics that, once ignited, feno
not 0 sustain a8 flame, when the gnition source i3 removed. Considerable
research has been direcied oward the deveiopment and improvement of flame-
resisiant fabnics 1or use I various products, ncuding ciothing and bedding.
Flame-resisiant clothing is often worm by workers involved in activilies, such as
ingustrial manufacturing and processing (such as oi, gas, and steel ndustries),
fire-fighting, electrical utibty work, miltary work, and other endeavors that entail a
significant risk of being exposed {0 open flame, flash fire, momentary elecirical
arcs, andior molten metal splash. Non-tiame resisiant work clothes can ignite ang
will continue 1o bum even after the ignition source has been removed. Untreateo
natural fabrics will continue 1o burn untll the fabric is totally consumed and non-
flame resistant synthetic fabrics will burmn wilh melting and dripping, causing
sevare contact burms {0 the skin. A significant portion of severe and fatal bum
injuries are due to the individual's clothing igniting and continuing to burn, not due
{0 the iniial exposure dselt.  Aprasion resistance of protective fabncs 18 also
importani, as garments that have geveloped fallures, such as holes ang nps, can

compromise the protective properties of the fabric.

0003 FHlame-resistant fabrics include poth Tabrics that are ireated {0 be flame-
resistant as well as fabrics made from inherently fame-resistant fibers. The
former types of fabrics are not themseives flame-resisiant, but are made flame
resistant by appiving o the fabric a8 ecnemical composition that renders the faprc
resistant 10 flame. These lypes of fabrics are susceplible {0 losing their flame

resisiance with repealed launderings with hypochiorite Bleach. Hypochionte
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cieach atlacks the finish and reduces ne flame-resistant properties of the fabric.
in contrast, inherently flame-resisiant fabrics do not suffer from this drawback
oecause they are made from fibers that are themselves flame-resistant. The use
of flame resistant clothing provides thermal prolection 1o areas of the Lody
covered by the garment. The level of protection typically rests in the fabnc weight,

consiruction, and composition.  After the ignition source i3 removed, a flame

resistant garment will self~extinguish, limiting the body burn percentage.

100047 Flame-resistant fabrics may contain a low perceniage of natural fibers

and nave limited comiori properties, such as waler absorplion and breaihability.
Hlame-resisiant fabrics are most gften worm in work anvironments, where comiort,
inciuding absorplion of sweat from ne skin, 18 an mportant performance factor,
especially in extreme condilions such as firefighting. Combining some percentage
of natural hydropniic fibers with FR fibers may provige some improvemeni in
comifort and moisture wicking, however this typically comes al a ioss of FR
performance properties.  Most Fi fibers, including aramid Tibers, are nydrophobic
and do not provide nigh comfort performance. Adding a high conceniration of
nydrophiic fibers, however, may negalively mmpact moisture management
properties andg/or fire resistance properiies.  In addilion, garments made from
faorics having nigh percentage content of hydrophilic Tibers may become
pversaturated with moisture, such as from sweat, ang cause additional burms,

when expose o a high temperature.

{O005] in addition, fabrics made with & high percentage of aramid fibers,
ncluding mela-aramid and/or para-sramid, ftibers are typically stiff, have poor
soitness or drape properties, ang are generally uncomioriable o wear. 1he
softness of 1abrics made with a high percentage of aramid fibers may be improved
by repeaied washings but iend {0 become more hydrophobic, Therefore, many
industrial workers, pilols, and emergency responders repeatediy wash garmentis
magde with high percentages of aramid fibers {© increase comiort, even washing
new garments many times prior {0 the initial use. Unfortunalely, many of these
garments are made with hydrophobic and/or hydrophiic coalings hat can lose
effectiveness with repeafed washings. Therefore, washed ireated garments may

nave improved soitness pul gecreased moisture management properties.
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00061 Vanous types of inherently FR fibers have been developed, including
modacrvlic Tibers {e.g., modacryiic fibers sold under the PROTEX name from
Kaneka Corporation of Usaka, Japan, and Tairvlan sold by Formosa Plastics of
Taiwan}. Acrviic pased K fibers s0i¢ unger the name Pyrolex, {(Hamburg,
Germany), aramid fibers {e.g., meta-aramid fibers sold under the NOMEX name
and para-aramid fibers sold under the KEVLAR name, both from k. | DuPont ge
Nemours and Company of Wiimington, Delaware), FR rayon fibers {sold under the
Lenzing FR name, from Lenzing Group, Austria), oxigized polyacryionitriie fibers,
and others. i is common o dlend one or more types of R staple fibers with one
or more other types of non-rR staple tivers {0 produce a fiber blend from which
varn s spun; the varn then being knifted or woven inio fabrics for various
applications. I such a ficer plend, the FRK fibers render the dDieng Hame-resistant
even though some fibers in the diend may themseives pe non-FR fibars, because,
in the case of antimony- andg halogen-filled fibers, when the FR TIbers are exposen
{0 heat ang Hame hey release non-compustible gases hat lend {o gisplace
oxygen and therepy extinguish any flame. In addition to char formation, and
naving igh Oxygen Limiting index (LO1), many FR fibers are poor conduciors of
neat. in the case of non-filled FR Tibers {he hignh percentage of Fik fibers form

chiar, or exniol other characteristics which provige wearer protection.

0007 in addition to the above-noted performance speacifications of fabrics,
other properties are aiso important it a fabric s 1o be practical and commercially
viable, particularty for ciothing. For insiance, the faoric shouid be durabie unger
repeated indusirial and home gunderngs and should have good abrasion-
resistance. Furthermore, (he fabric should be comiortable (o wear. Unfortunately,
many of the FR Dblends are not comforiabie ungder typical environmental
conditions. In such cases, wearers {end 1o pe less likely t0 be compliant and
theraby decreasing the probabiiity ihat the wearer will conlinue (o use the garment
as infended. Thus, i i3 beneficial ¥ a FR fabric exnibits good moisiure
management properties, (e, ability 1o wick away sweat and dry quickly, so that
fne wearer goes notl become gverneated or chilled, and/or the fabric does not

irritate the wearers skin.
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00081 Furthermaore, many inherently FR fibers and especially most aramid type
i Tibers are not dye accepting. i 1S desirable in most applications 10 have HR
fabric that 18 dye accepling or "printable”. In some cases, hibers may bDe
purchased fhat are producer coiored, however this fimils he color oplions
avallable to the tabnic manutacturer.

O00Y selection of a fiber blend {0 meet a pluraiity of the requiremenis as
gescribed, while pbeing affordable s a constant ¢challenge. Some (FR) fibers ang
especially inherently FR fibers thal are thermally snrink resisiant, as defined
nerein, are relatively expensive ang incorporating a high percentage ¢of these

fibers into a8 yarn and fabric may be cost prohibitive for many appiications.

(00107 Woven FR 1abrics are well suiteg for meeling (he reguirements of the FR
test protocols, nciuding NFPA 2112 and especially the thermal shrinkage iesis.
Woven fabrics are reiatively tight, having iittle void volume between yarns, therain
reducing the propensity to thermally shirink. Other types of fabric structures, such
as knis, may be more comiforiable ¢ wear as they typically have higher
porosities. However, KkKnit fabric may not meet the thermal shrinkage

requirements. The yvams 1 a knil fabnc are looped and therefore not as

restrained as vams in a conventional woven 1abric and therefore can shrink more.

100111 One of the hazards o which workers are exposed is are flash, which is
an explosive reiease of energy caused by an electrical arc. An arc flash resulis
from either a phase o ground or a phase {0 phase faull caused by, for example,
accidental contact with electrical systems, accumuiation of conductive dust,
COrrosion, dropped {o0ls, and improper work procedures. Luring an arc flash, the
tfemperature ¢an reach 35,000°F, and exposure to an are fiash can result in

Serious burm njury and dgeath.

0014]  Arc rating i the value of energy necessary {0 pass through any given
fabric to cause with b0% probabiiity a second or third degree bumn. This valug is
measured in caiones/om®.  The necessary are rating for an articie of clothing 8
determined by a Hazard/Risk Assessment and the resulting Hazard Kisk
Category, and 18 typically measureg in terms of arc thermal performance value

(ATPV) or energy break gpen threshold (EB1). For a fabric t© be considered
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useful in most job situations, an arc rating of at least 8 calories/cm? is reguired. In
ihe trade, fabrics that meel both an arc rating of at least & calories/cm” and NFPA
2112 are conswered dual hazard.,  Arc raling delermines the protective
characieristics of the fabric and the higher the arc rating value the greater the

orotection.

100131 The primary purpose of FR fabric is (o resist ignition {(as {ested by ASTM
1-6413, also known as Vertical FHlame Test)., I {abnic 1s ignited by an arg flash,
flash fire, molten metal, and like, the hazard o the wearer instantanecusly
escalates, because the fire will [asl much ionger than the initial hazardg, will
typically burmn the victim over a much larger body surface area and more deeply,
ang i1s more iikely 10 result in airway ang lung gamage. By not continuing 1o burm
afler the initial hazard is over, FR fabric limits burn injury 1o, at most, only the body
surface area directly impacted by the hazard., Limiting the {otal body surface ares
greafly improves survival for the victim. The second goal of FR fabric i3 {0
nsulate the wearer from the thermal hazard, thus reducing or eliminaling any
second or third gegree burn through the Tabric, even i areas directly impacied by

the hazard. Arc rating measures the protective vaiue of the fabric 1o this hazard.

0014  Since all arc rated fabrics are also FR, they will provide some measure of
orotection i a fash fire.  However, are raling s nol pregictive of fiasn fire
performance, which must be separately tested. the consensus standarg for flagh
fire 18 NFPA 2112 Slandard on FHame-resisiant garments for protection of
industrial personnel against flash fire. NFEPA 2112 lists mulliple reguiremenis for
certification (o he standard including ASTM F 1880 Standarg Test Method for
Evaiuation of Flame Resistant Clothing for Protection Against Fire Simuiations
Using an Instrumenied Manikin, A fabric passes this test if i records less than
>0% i second and ihird degree body dbumns in a three-second flasnh fire,

expressed as a percent body burmn. The lower value the betler the Tabric performs.

100151 To improve arc raling, garment manufacturers agjust the fabric weight,
composiion, ang construction.  For exampie, ncreasing the weight of the fabnc
typicaily improves the arc rating. Unioriunately, increased fabric weaighi can make
garmenis uncomioriable, bulky, ang stiff and may iead 0 non-compliance by the

wearer. Alsg, for lighfer weight fabrics, such as those used in undergarments, i
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may not be possible 10 achisve the are rating and flash fire resistance, required by
workers in high hazard fields, such as ulility workers, indusirial works, fire fighiers,
and midary personnel. Thus, there exists a need for lightweight, gual hazard {arc
rated and fiash fire resistant) fabrics, which ailso provige supernior moisture
management properties and strength properiies {0 IMprove wearer compliance.
The fabrics, garments, ang ariicies of the presant invention are direciad towarg

these, as well as other, important ends.
SUMMARY OF THE INVENTION

0016] The invention relates generaliy to lightweight, dual hazard (arc rated and
flasn fire resistant) Tabncs, wnicn aisg provige supenor moisture management
properties and strength properties o improve wearer compliance. Fabrics made
with the spun vam of the present invention achieve a baiance of hign thermal
properiies, nciuding arc resistance and fiash fire resistance, as well as gurability
andg moisture management properties 0 provige both protection and comiornt {0
the wearer. In addilion, the fabrics of the present nvention are dye accepling

and/or may be printed thereon.

0017 Accordingly, one embodiment the invention is directed to fabrics,
COMpPrsng:
a sSpun yarm comprising:
about 44% by weight to about 80% by weight, based on the otal
weight of the spun vam, meia-aramid fiber;
greater than about 0% by weight 1o about 15% by weight, based on
the total weight of the spun yam, nyion fiber,;
about 5% by weight to about 15% by weight, pased on the fotal
weight of Ihe spun yam, para-aramid;
2ss than £% by weight, based on the {otal weight of the spun varn,
anti-stalic fiber, ang
about 10% by weight o about 15% by weight, based on the total
weight of the spun yam, fire-resistant nydrophitic fiber;
wherein said fibers are intimately blended; and

wherein said fabric has a weight of less than about 8.5 ozfvd”.
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0018]  Ancther empodiment ine invention is directed 1o faprics, comprising.

a spun yarm comprising:

about 66% by weight, based on the total weight of the spun yarmn, meata-
aramid fiper,

about 8% by weight, based on the tolal weight of the spun vam, nylon fiber;

apout 12% by weighi, based on the {otal weighi of the spun yam, para-
aramig;

aboutl 1% by weight, based on the tolal weight of the spun varn, anti-static
fiber; and

about 12% by weight, based on the olal weight of the spun yvam, FR rayon;

wherein said fibers are intimately blended; and

wherein said woven fabric has a weight of less than about 8.5 oz/yd”.

0018 In other embodiments, the fabric s incorporated into articies, ncluding
garments and linens, especially those used requiring poih arc rating ang flash fire

rasistance.

10020 Fabrics made from the spun varns descrived herain may have an initial
sofiness thal makes them comiortable o wear as receaived, and may not require

repeated washing 1o reduce stiffiness.

100211 The summary of the inveniion is provided as a general introduction {o
some of the embodiments ¢of the invention, and 18 not intended o be imiling.
Additional example embodiments, including variations and allernalive

configurations, of the invention are provided nerain.

DETAILED DESURIPTION OF THE HLLUSTRATED EMBODIMENTS

100221  As employed above and throughout the disclosure, the foliowing terms,

uniess olherwise indicated, shall be undersiood (o have the foliowing meanings.

5% &S 3

100431 As used herein, the lerms “comprises, “comprising,” "includes,”
including,” "has,” "having™ or any other variation thereof, are intended are open-
ended and cover 3 non-exclusive INCIusion.  For axampile, a process, meihod,
article, or apparatus thal comprises a iist of eilements s not necessanly imiled 10

only those elements bul may include other slements nol expressly listed or
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innerent 1o such process, method, article, or apparatus. Alsg, use of "a” or "an s
empioyed (0 describe elements and components described herein. This is done
merely for convenience and o give a general sense of the scope of e invention.
This description shoulg be read 1o inciuge one or "al least ong” and the singular
ais0 incluges the plursl, uniess it s obvious that it 18 meant olherwise by the

context.

0044 As used herein, wilh reference 10 spun yvam, fabrig, or arlicies such as
garments made thereirom, the term “consisting essentially of’ means hat the
varn, fabrig, or article i3 made primarily of a described component or components,
such as a polymer, maternial, or fiber type and may include small amounts,
generally less than about 5%, preferably less than about 2%, even more
preferably less than about 1% by weighi, based on the tolal weight, of additional

treaiments, coaling, or finishes.

0025 As used nerein, with reterence to fabric, the term "ormed subsiantially
of” means ihat the fabric includes at least about 50% by weight, based on the olal
weight of the fabric, preferably at least apout 75% by weight, based on the iolal

weight of the fabric, more preferably, at least about 80% by weighi, based on the

total weight of the fabric and even more preferably at least 80% by weight, based
on the {olal waignt of the fabric, of a spegilic Tiber biend or spun yvam composition.
it is {0 be understood that a fabric, as described herein, may comprise additional

costings or addiives, as required for various applications.

00461 As used herein, the term "aramid fiber” refers to 8 manufactured fiber in
which the fiber-forming subsiance is a long-chain synthetic polyamide in which at
east 85% of the amide linkages, (-CO-NH-}, are allached directly {0 two aromatic
rngs, including, but not imited 1o, para-aramid {(p-aramid) and meta-aramid (-
aramid}). Aramid ficer 13 a strong, heat-resistant fiber formed of polymers wilh
repeating aromatlic groups branching from a carbon backbone, used in malerials
for bulletproot vests and radial tires. Examples of para-aramids inciude, but are
not imited {0, (polv{o-phenvieneg terephihalamide}, ¢.¢., KEVLAR® (.1 dulont
de Nemours and Company), TWARON® {Teljin Twaron BV}, and TECHNORA by
Tejin Company. KEVLAR 18 8 para-aramig fiber having a very nigh tenacity of

petween 28 and 32 grams/denier and outstanding heat resisfance. kExamples of
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meta-aramigs include, pul are not limided {0, {(poly{m-phenviene sophinaiamide),
such as NOMEX® (.1, gu Pont de Nemgours and Company) and CONEXE {Teiin
Twaron BY). Unlike Keviar, Nomex cannot align during flament formation and 18
typicaily not as strong as para-aramid or KEVLAR., Meta-aramid, however, nas
axcelient thermal, chemical, and rsdiation resistance. Aramid fibers fealure
excelent thermal stabiity and are highiy non-flammable. these fibers have a very

nigh resistance (o heat and are resistant o melting, dripping and buming at a

temperature of at least 700°F. Moreover, their Limiting Oxygen index {LO1} value
s preferably in the range of belween about €8 and about 30. The LOI represents
the mirnmum O concentration of an Oo/No mix required {0 sustamn compustion of a
material. The LOI s determined by the ASTM Test D 2862-77. Meta-aramids and
para-aramids are inherently hydropnobic butl i some cases may be treaied o
render them hydrophilic, af least temporariy. In an exemplary embodiment, the
fiber blend as describad herein 18 comprised of @ majornity of aramid fibers, such
as about 68% by weight meta-aramid and about 12% by weighl para-aramid,

pased on the {otal weight of ihe spun yam.

0027 Most aramid fibers are not dye accepling and, when incorporated into a
fiber blend in a high concentration, can significantly imil the color ranges possibie
for a fabric. However, some aramid fibers are printabie, or dye accepling. For
exampie, a iow-crystaliized type meta-aramia fiber, such as NOMEX® 462
available from k.1 du Pont de Nemours and Company, 1S a printable meta-aramid.
in adgition, some meta-aramid fibers are availlable as producer-colored meta-

aramids, wherein fibers are coiored during manufacturing of the fibers.

00281 As used hereimn, the term "modacrylic fiber refers {0 an acrylic synthelic
fiber made from a polymer comprising primarily residues of acryionitrile, especially
polymers that have between 35 o 85% acrvionitriie unils, and which may be
moditied by other monomers. Modacrylic Tibers are spun from an extensive range
Of copolymers of acryionitnie.  The mogacrylic fiper may contain the residues of
other monomers, ncluding vinyl monomer, such as but not limited o vinyl
criongde, vinviigene chioride, vinyl bromide, vinviidensg promige, and he like. The
ivpes of modacryiic fibers that can be produced within this broad calegory are

capable of wide vanalion in properiies, depending on their composition. R
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acrvlic derivative fibers, as used hersin includes modacrvlic fibers as described
herein and any fiber comprising acrvhic monomer unifs, ncluding acrylic FR fibers
soid unger the name Pyro-Tex, (Hamburg, Germany). Some exampies of
COMMoily  avaiabie  modacrvlics  are PROTEX™, KANEBEKALON™,
KANECARON™ by Kaneka Corporation.  Modacrylic fibers have excellent firg
retardancy periormance combined with non-meil, non-grip and seif-extinguishing
properties. Modacrylics have a high so-calied LOI vaiue 85 compared with other

fibers.

00298 As used herein, the term "anti-siatic fiber or conduciive refers 1o a fiber
thai, when incorporated into a fabric or other material, eliminates or reduces static
slectricity.  Suitable fibers include, tut are nol hmited 1o, metal fibers (sieel,
copper or other metai), metal-plated polymeric fibers, and polymernc fibers
ncorporating carbon plack on the surface ang/or in the interior of the fiber, sugh
as those described in U.LS. Patent No. 3,803,453, U.S. Pateni No. 4 035,441, U.S.
Patent No. 4,107,128, and the iike. Anii-static carbon fiber s a preferred anti-
stalic fiber. One exampie of a conguctive fiber s NEGASTAT®, proguced by k.1
du Pont de Nemours and Gompany, a carbon fiber comprising a carpon core of
conguctive carpon surrounded by a non-conductive polymer cover, either nyion or
polvester. Another anfi-siatic fiper example 8 RESISTAT®, available from
Shakespeare Conductive Fibers LLOC; a Tiber where the fine carbon particies are
embossed on the surface of a nvion filament. By way of exampie, a sieel wire is
available under the names BEKINOX and BEKITEX from Bekaert S A in 8
diameter as small as $.035 millimster. Another anti-static fiber is the product X-
stalic made by Noble Fiber Technologies, a nyion fiber coated with a metal (silver)
layer. the X-siatic fibers may be blended with other fibers, such as meta-aramid,

in the process of yam spinning.

{00303 As used herein, the term “nyion fiber” refers 1o a fiber consisting
essentially of a8 polyamide synthetic polymer. Polvamide is a thermoplastic having
Nigh abrasion resistance and oughness. Addition of nyion fiber o the fiber biend

may increase aprasion resistance of a fabric.

0031 As used herein, the term “cellulosic fiber relers 10 a fiber that comprnises

a substaniial concentration of celiulosic and/or cellulosic derivative material. A
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celilosic fiber may comprise any suilable type or combpination of cotion, fire-
resisiant cofton, rayon, fire-resisiant rayon, viscose, Lyocell, acelate, Dast fibers
(SUCh as linen, jute, hemp, and raime}, bambpoo, SOy, and compinations theregt. A
celltlosic derivative fiber may comprise a treatment 10 render i flame resistant. Iy
mast cases, a cellulosic derivative Tiber 1S inherantly hydrophilic. However, &
cellulosic  derivative fiber may comprise treatments {0 render the fiber

nyarophobic, hydrophilic, or oleophobic.

100327 As used herein, the term "hydrophilic,” as it refers {0 a fabric, means that
the fabric has a horizontal wicking of less than aboutl twenly seconds. A yarn or
plend of vams may be considered o be hydrophiic when a fabric made
exclusively therefrom nas a horizontal wicking time of less than about ten seconds
and more preferably less than five seconds pased upon the AATCC 7Y Test
Method for horizontal wicking. In an exempiary embodiment, the hydrophilic iber
component consists essentially of hydrophiic fiber seiected from the group
consisiing of selected from celiulosic fibers, wool, and combination thereot. In an
exempiary embodiment, the hydrophiiic fiber consists essentially of cellulosic

fibers, wool, FR acrvhic derivative fiber and compinations thereot.

100331 As used herein, the term "basis weight” refers {0 a measure of the weight
of & fapric per unit area. Typical unils INciude oUNCes per square yvard and grams

ner sguare cenlimeter.

100341  As used herein, the term “garment” refers 1o any arficle of clothing or
Ciothing accessory wom by a person, ncluding, but not mited {0 underwear {(such
as [-shirts and thermal underwear), socks, cuter wear {such as coats, shirts,
pants, coverals, overais, firefighter turnout coats, compat and flight, and the like},
foolwear (such as shoes, bools, soeks, and he like), heagwear {(such as hood,

nats, balaciavas, headbands, and the like), sleepwear, swimwear, beils, gloves,

wrisibands, and liners thereof.

00351 As used herein, the term "linen” {when not in relation o the hydrophiic
fiber} refers to any article used 1o cover: (8) a user {human or animal);, {2} any
articie 10 cover a sealing or used by a user (human or animal); (3) an sriicle 1o

cover an architectural features {such 385 8 door or window).  NOn-Imiting

11



CA 02953336 2016-12-21

WO 2016/010659 PCT/US2015/035783

reprasentalive examples inciude, but are not hmited 10 sheels, bdlankets,
draperies, uphoistery covering, vehicie uphoistery covering, and maliress

Ccovering.

003065 As used herein, the term "intimately Diended,” when used in conjunchion

with a yarn, refers {0 a statisiically random mixture of the staple fiber components

in the yvam.

00371 The invention relates generally {0 spun varns comprising a fiber dlend
and o fabrics and ariicles comprising the spun varns that achieve a balance of
ngh thermal properties, including arc resistance and flash fire resistance, as well
as durabiiity ang moisture management properties 1o provide boin protection ang
comifort {0 the wearer. in addition, a spun yarn, fabric or articie made therefrom of
the present invention may be dye accepting and/or ¢an be printed theraon. In yel
another embodiment, a fabric made from g spun varn descnibed herein has {1)
flash fire resistance of at less than about 35% total body burn {3 seconds); {(2)
Ngh moisture management properties with a verlical wicking height of at least
about 10 cmy; and {3) a comiort zone drying time less than about 20 minutes, aven

when the basis weight of the fabric is less than about 8.5 oz/yd”.

G038 Accordingly, one embodiment the invention 18 directed o & fabric,
COMprising:
A SpUn yam comprising:
about 44% by weight o about 80% by weight, based on the iotal
weaight of the spun varn, meta-aramid fiber;
about 0% by weight 1o about 15% by weight, based on the fotal
weight of the spun yarn, nylon fiber,
about 5% by weight to about 15% by weight, based on the iotal
weight of the spun vam, para-aramig;
less than 2% by weight, based on the tolal weight of the spun varn,
anti-static fiber, ang
apout 10% by weight {0 about 15% by weight, based on the iotal
weight of the spun yam, fire-resistant hydrophilic Tiber;
wherain said fibers arg intimately dlended; and

wherein said fabric has a weight of less than about 8.5 oz/yd®.

12
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00393

0040

Ancther embodiment the invention 18 directed {0 a fabric, comprising:

A SpUn yam comprising:

about 66% by weighi, based on the tolal weight of the spun varn,
mela-aramid fiber;

about 9% by weight, based on the tolal weight of the spun yamn,
nyion fiber;

about 12% by weight, based on the tolal weight of the spun yarn,
parg-aramid;

about 1% by weight, based on the total weight of the spun yam, anti-
stalic fiber; andg

about 12% by weight, based on the total weight of the spun vam, FR
rayon;
wherain said fibers arg intimately blended; and

wherein said woven fabric has a weight of less than about 8.5 oz/yd®.

in certain empbodiments, the anti-statlic fiber s present al a level of less

than about 1.5% by weight, based on the tolal weight of the spun vam. In other

embodimeanis, the anti-static fiber is present at a level of less than about 1.45% by

weight, based on the {olal weight of the spun yam.

10041]

in certain embodiments, the fabric has a basis weight of less than about

5.0 oz/yd®. In other embadiments, the fabric has a basis weight of less than about

5.5 ozfyd®. In yet other embodiments, the fabric has a basis weight of less than

about 5.0 oz/yd®. In further embodiments, the fabric has vet even more preferably

about 4.5 oz/vd®. In certain embodiments, the fabric has a basis weight of about

4.0 oz/yd® to less than about 8.5 oz/yd®, preferably less than about 6.0 oz/yd”,

more preferably less than about 5.5 oz/vd”, and even more preferably less than
about 5.0 oz/yd”.

0042]

about

in certain embodiments, (he meta-aramid fiber is present at a level of
60% by weight 1o 70% by weight, based on the {olal weight of the spun
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vam. in cerfain embodiments, tne meta-aramid fiper i3 present al a level of apout

05% by weight to 70% by weight, based on the {otal weight of the spun vam.

100437 In certain embodiments, the nylon fiber is present at a level of about 8%
oy weight 1o about 15% by weaight, based on the {olal weight of the spun yam. In
certain embodimenis, the nvion fiber is preseant at a level of about 8% by weight {©

about 12% by weighi, based on the {otal weight of the spun yam.

00441 in certain embodiments, the para-aramid fiber is present at a level of
about 8% by weight {0 15% by weight, based on the total weight of the spun yarn.
in certain embodiments, the para-aramid fiber is present at a level of about 8% by

weight o 12% by weight, based on the ©otal weight of the spun yam.

0045 In certain empodiments, the fire-resistant hyarophilic fiber is present at &
level of about 12% by weight {o about 15% by weight, based on ihe tolal weight of
the spun vam. in certain empodiments, the fire-resistant hydrophilic fiber is
oresent at a level of about 10% by weight 1o about 12% by weight, based on the
total weight of the spun vam. In certain other embodiments, the fire-resistant
nydrophilic fiber 18 prasent at a level of about 10% by weight 1o about 13% by

weight, based on the total weight of the spun varn.

10046; in certain embodiments, he fire-resistant hyarophiic fiber (3} 1S {are;
inherently fire resisiant. In other embodiments, the fire-resistant hydrophilic fibers
are treaied 0 make them fire resisiant. in cerlain embogiments, the hydrophilic
fiber is selected from the group consisting of cellulosic fiber, wool fiber, silk fiber,
fire resistant acryvlic derivative fiper, and combinations thereotf.  In ceriain
ambodiments, the celluiosic fiber 18 seiected from the group consisting of cotion,
fire-resistant cotion, rayon, fire-resistant rayon, viscose, Lyocell, acelale, bast
fibers {such as linen, juie, hemp, and raime}, bamboo, soy, and combinalions

thereot. in certain other empodimeants, the cellulosic fiber s firg-resistant rayon.

00471 In certain embodiments, the spun yam comprises:
aboul 85% by weight o about 80% by weight, based on the total weight of

the spun yam, hyadrophobic component; and
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about 10% by weight 1o about 15% by weight, based on the total weight of
fhe spun vam, hydrophiiic component.
in certain embodiments, the hydropniic component s selecied from the group
consisting of celiuiosic fiber, wool fiber, sik fiber, fire resistant acryiic derivalive
fiber, and combinations thereot.  in cerfain empodiments, the nydrophobic
component 18 selecled from the group consisting of meta-gramia fiber, para-

aramid fiber, nvion fiber, anti-stalic fiber, and comiinations thereot.

10048]  In cerfain embodiments, the spun varn consists essentially of

about 85% by weight 1o about 80% by weight, based on the total weight of
the spun varn, hydrophobic component; and

about 10% by weight 10 about 15% by weight, based on the total weight of

the spun yarm, hydrophiic component.

00491 In certain embodiments, the fabric is printable.

00587 In certamn embodiments, the metg-aramid fiber has low crysigiiinily. In

certain embodiments, the meta-aramid fiber 15 dyed or progucer colored. In
certain embodiments, the meta-aramid fiber may be prnntable, whereby it may
accept a dve. In some embodiments, the meta-aramid component is a printable
meta-agramid thal 18 specifically engineered for accepling dyes and/or prints. A
printable meta-aramid may comprise a low-crysiatlized lype meta-aramid.
NOMEXAR 402 18 a printaiie type of meta-aramid, avaiabile from . L gu Pont de
Nemours, Wiiminglon, Dk, in another exempiary embodiment, a producer-
coiorad meta-aramid may be used in the fiber blend, described herein. In
addition, any combination of printable and progucer colored mela-aramigs may e

used in the fiber plend.

100517 The para-aramid fiber componeni may be a dyed or producer colored. In

ong empodiment, both the parg-aramigd and melta-aramid are colored.

00521 In certain embodiments, at least about 85 weight % of the fibers in the

spun yarn are flame resisiant.
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00531 In cerlain embodiments, the anti-static fiber comprises a conductive fiber.
in cerfain embodiments, the anti-static fiber comprises a carbon fiber with a nyion
sheath.

0054 In certain empodiments, the spun yvam furiner comprises an slastomenc
filament. In certain embodimenis, the fabric i1s a two-way siretch fabric. in certain

ambodiments, the fabric is a tour-way sireich fabric.

00551 in certain empodiments, the spun vam is configured info a phed vam
naving counts of about 2072 and about 40/2 or an effective 10 to 20 Ne. In certain
embodiments, the spun vam is configurad into a plied yarm having counts of about
4072, about 30/2, about 33/2, aboul 30/2, about 28/2, and about 24/2 or about
20/1, about 18/1, about 16.5/1, about 15/1, and about 14/1, and ranges of any

combination of end points thereot.

0056 In certain embodiments, articies are formed from the inventive fabncs of

fhe invention. In cerlain embodiments, the articie is a garment or finen.

00577 A hydrophilic fiber component of the fiber blend described herein may
comprise any suitable type or combination of hydrophilic fibers including, but not
Hmited o, celiulosic fibers, wool, FR acrylic gerivative fibers, or fibers rendereg
nydrophilic by the addition of a hydrophilic treatment. In one empodiment, a fiber
s innerently hydrophilic, whereby i 158 nyorophilic without the agaiion of a
nydrophiic treaiment.  In ofher empbodimenis, a fiber may be treated {0 render i

NyaAropniic.

0058 In an exemplary embodiment, the anti-sialic fiber component of the spun
varm, described herein, is electrically conductive comprising, for example, carbon.
in one embodiment, an anti-stalic fiber comprises a carbon fiber with a nvion
shieath. Any suifable configuration of fibers may be used ¢ form the anti-stalic
fiber.

00581 In cerlain embodiments, the invention 18 directed o varmns comprising the
various fiber dbiends described herein, wherein said fibers are intimalely blended.
An intimale fiber dblend may be formed into any suilable fabric, as descripeg

nergin,  The spun yam as descriped herein may be formed into any suitable type
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of fabnc in including, pbut not imiteg {0, woven, knitted, or non-woven fabric.
Nonwoven include, for example, hydroentangied, felis, thermal or point bonded,
neadie-punched, and wet-laid fabrics. Wovens includs, for exampie, twill weaves,
ro-stop, plain weaves, and denim weaves. In one embodiment, the fiber biend

gescribed harein may be formed into a knit fabne.

00801 In certain embodiments, the spun vam is plied whereby two yams are
plied providing improved softness, and hand, as well as increased gurability and
strength over a single ply varm of the same weight. Any suillable number of yarms
may pe plied together incluging, bul not imited o, two, three, four, five, more than

five, and the like. In certain embodiments, the spun vam is not plied {(single yarm)

100617 In certain embodiments, an elastomeric filament may be incorporated into
a phied yam, wnereby the elastomeric lament ($ essentially coverad, or wrapped
DY ONe Or more spun vams around ithe elastomernic fliament. An elastomeric
filament may comprise any suitable type of elasiomeric materal, including
Spandex, siliconeg, fluorcelastomer, polyurathane, FR modified elastic, rubber ang
the like. A varn having an elastomer fiiament may provide two way oF four way

sireteh to a fabric made theretfrom.

0082 in some embodiments, the spun varm, as desgribed herain, s a flame
resistant (FR) fiber diend, whereby fabric made therefrom meels NFPA 2117

requirement.

0063] Fabrics made from the spun yvam described hergin may have an inbal
sofiness that makes it comfortable o wear as recewed, and may nol reguire

repeated washing (o reduce stifiness.

0004 Fabrics made from the spun yarn described herein have moisiure
management properties, or combinations of moisture management properties hat
demonstrate comifort {0 a8 wearer. in addition, fabrics made from he spun yvam
dgescrived herein may have durable moisiure management properties, or

performance properties that are not substantially affected by washing.
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0005] Fabrics made from the spun vam described herein have thermal
properties, or combinations of thermal properfies that demonstrate the thermal

orotection provided 1o 8 wearer of the inventive fabric.

00687 In certain embodiments, a fabric made from the spun yvam described
nerein may be formed inlo an ariicie, such as a garment or linen. In certain
ambodiments, the fabric forms at least one cuter portion of the garment or linen
pecause of the prolection it provides. A fabric made with the spun yarn described
nerein may be useiul in garments such as outerwear, including, but not limited {0
coats, coveralls, overails, shirls, ang pants, and may de particularly usefuyl in
firefighter furnout coats, combat and flight suils. In other embodiments, a fabric
may be formed into a8 garment, such as an undershirt, in a singie tubular gesign (o

reduce the number of seams.

100677 The present invention is further defineg in the following Examples, in
which ali parts ang percentages are py weighi, uniess otherwise stateg. i shoulg
oe undersiood (hat these exampies, while indicating preferred embodiments of the
invention, are given by way of dlustration only. From {he apove diSCussion and

inese exampies, one skilled in the art can asceriain the essential charactenstics of

this invention, and without departing from the spirit and scope thereoi, can make
Various changes and modifications of ihe invention 1o adapt it {0 various usages

and conditions.
EXAMPLES

fHuay the following fest methods were used 0 evaluate exempliary

embodiments and comparative materials, uniess otherwise noted.
Comiort Testing
Water Weight Gain and Waler Release Rate {(WRR) Test Method

100681 The waler release rate (WRR) of materials made according to the present
invention as well as comparative malerials werg measured accorging 1o AATOC
iVt TS-050A.

Gravimetric Drying Test Method (WERR, Dryving Time and Wet Pick-Up])
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0070]  The drying times of matenals made according o the present invention as

well as comparative malerials were measured according o AATCO MM 15-05A.

(0001]  For a typicai test, four 2.5 X 2.5 Inch sqguare samples were used. Two of
the samples weare the “control {(reference ) 1abnc and two were the "lest” fabric of

interest. sSamples were conditioned in the conditioning room at temperature of

707 and 865% relative humidily for at least 4 hours prior {0 {est. The samples
were then weighed using a laboratory balance, accurate to 0.0001 ¢ to establish
the conditioned dry weight. Then 10 mL of gistilied waler was piaced into a 25 ml
oeaker. Samples were submerged, one sampie in the beaker for five {0 ten
minutes, making certain thal the sample was compietely submerged under the
water 1o insure complete welling. bven samples exiupiting poor or no horizonial
wicKing, such as 100 seconds or more horizontal wicking time, absorb water i
submerged as described. Samples were then removed from the beaker and
sangwiched belween two pieces of unused AATCO dlolter paper and passeg
through a wringer {LabPro Padder). The samples were then ieft sandwiched in the
wetl piolters until removed and affixed to the vertical samples stand. A vertical
sampie stand comprising a wire 1oop supported by a oam base, wherein the {op
of the wire loop was approximaiely 15 om above the {op of the base and the
paratiel wire portions exiending from the base werg approximaiely 7.5 om apart,
was used for supporiing the samples during drying. The vertical sample siand,
and clips were placed on the balance and the balance was tared. The biotleg wet
sampie was atlached to the {op of the wire loop using the clips, such that the
sampie hung down within the wire loop. The weight of the sample was recorded
o esiablish a wet weight. The difference in the wet weight and the conditioned dry
weight was the recorded and s provided in Fig. 3 and Fig. 4 as the Wetl Pick-Up
vaiue. The balance was coupled (o a dala acquisition system comprising Lab View
software. Weight readings were automatically recorded every 15 seconds by the
compuler. The test was complete onge the sample weight had reached a
gesignated siopping moisture level versus fhe conditioned dry weight,  The
stopping moisture level was approximately 0.5% 0 1%. The test was ended by

stopping data acquisition in Lab View. The data file was saved for that sample.

Calculation and interpretation
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0071 Total drying time (s the time i {skes the specimen 16 reach the stopping

weight.
100727 Total waler release rate ("WERRY, g/min) was caiculated as follows:
Tolal WKR = {wel specimen weight — endging specimen weighty{iotal drying time)

00731 WRR, total (%) is calculated from the respective {olal WRR vaiues as

follows:
WHR o = 100 X (V\f M Rast — WRRcontroi}f YW R contral

00747 "Comdort Zone” drving time {min) 18 the time it takes the specimen’s

moisture conient o decrease from 20% to approximately 1%.
0075 "Comiort Zone” WRE (g/min} was caicuiated as ioliows:

Active WRR = (wel specimen weaight — ending specimean weighty
{("active” drying time)
0076 VWRKE {Comfort Zone} was caicuiaied in ihe same manner as ior WRR

(iotal), except using test and control WRK {Comiort Zone) values.

Vertical wicking {(AATCO MM 15808 Vertical Wicking-modified-Hanes

Drotocot)

0077 The purpose of this test is o determine the rate at which water will wick
vertically up test specimens suspended in water. A fiat dish ¢apable of holding
500 mi of distilled water was filled with 200 mi of water. Samples of fabric
approximately 10 om in length {(warp) and wigth (well) direction were cut for
evaluation. A paper clip was atlached o the bottom of the sample o ensure
submerging the lower end of the sampie. A top end was atlached with a binding
chp o a horizontal bar making sure the pbotiom paper chp will be submerged into
the water. The sample was iowered into the dish and timed in minutes until the
waler raveied up the sampie 10 a height of 2 em. Aiso after 3 and & minutes the
distance travelled by the waler was noted as vertical wicking length. Final wicking

lengih was the average of warp and well wicking length after 5 minutes.

Moisture Vagpor iransmission

20



CA 02953336 2016-12-21

WO 2016/010659 PCT/US2015/035783

00781 The rate of moisture vapor diffusion through the fabric & determined
according o the Simple Uish Method, simiiar to ASTM E86-80. A sample is piaced
on a water dish (82 mm in diameter and 18 mm in gepth) allowing a 8 mm air
space pDetween the waler surface ang spegiman. A vibration free turniable
carrying eignt dishes rotates undormiy at 5 meters per minute o insure hat all
gishes are exposed {0 the same average ambient conditions during the test. The
assembied specimen dishes are aliowed to stabilize for two hours before taking
the initial weight. They are weighed again after a 24 hour interval. Then the rate of
moisture vapor loss (MVTR) is calculated in units of g/cm®24 hours. A higher
MV TR value ngicates here 18 8 grealer passage of moisture vapor through the

sampie.

Durability Testing

Dry abrasion resistance (ASTM D 48966)

00789 Test Method followed was Modified ASTM D 40966 - Abrasion KHesisiance
of Textile Fabrics (Martindale Abrasion tester Method) 2. Abradant used was 600
uttrafing grit 3M (BUB4NA} sandpaper and the fabric was subject o SkPa of

Dressure.
Tensiie Strength (ASTM D5034 -~ 08{(2013))

00801 The grab test procedure in this test method for the determination of
oreaking force and elongation s considered satistaciory for acceptance testing of
commercial shipments of most woven or nonwoven iexiie fabricg, and the
modified grab test procedure 18 considered satistactory for acceptancs testing of
commercial shipments of most woven texiile fabrics, since the procedures have

peen used extensively in the trade Tor acceptance testing.
Tear Resistance (ASTM D1424 - 08(2013})

0081 tear resistance was performed in accordance with ASTM D1424-
U9(2013), which is a siandard test method for measunng fabric {earng strengih

using a falling-pendulum (Eimendori-iype) apparatus.

1hermal Properties Tesling
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Fiash Fire Test Resuits: Mankin Test

0082 ASTM F1930-89 is a full-scale manneguin test designed {0 test fabrics in
compieted garment form in a simuiated flash fire. A mannequin, with up o 122
neat sensors spaced around 48 Dody, 18 dressed in the fest garment, andg then
axposed to a flash fire for a pre-determined length of time. Tesis are usually

conducted at heat energies of 1.8-2 callcm®sec, and for durations of 2.5 fo 5.0

seconds for single iayer garments. Results are reported in percentage of bogy
ourmn. For consisiency in data and accuracy of comparison, the {est method
gefines a standard garment size and configuration that must pe used on each {est
Test garmenis were tested over a 100% cotton T-Shirt and briefs per NFPA 2112
standard on Fame-Resistant Garments for Protection of Iindustnal Fersonnel

Against Hash Fire.
Arc Haling (A5 TM F 195U/ 1858M — Obast)

100831 This test method was used to measure the arc rating of malerials

intended tor use as flame resistant clothing for workers exposed {0 electric arcs
that would generate heat flux rates from 84 to 120 kWim® (2 to 800 calicm® s).
This test method will measure the arc rating of materniais thal meet the folliowing
requirements: less than 150 mm (b nches) ¢har length and iess than 2 seconds

afler flame, when tested in accordance with Test Method U B413A.

(00841 Nine woven fabrics were tested. Fabric 1 {basis weight of 4.5 oz/vd”™) was
an inventive woven fabric being formed from a8 spun varn of an intimate bleng of
606% m-aramid, 12% FR ravon, 12% p-aramid, 9% nvion, and 1% conductive fiber.
Faprics 2 {0 9 were comparative fabrics.  The compositions and test resulis are

shiown in the ioliowing table.
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0841 Dual hazard fabrics protect against both flash fire and arc flash
nazards. 10 achieve acceptable ratings in both cateqories, proteciive fabrics
generally weigh approximately 5.5-7 oz/vd” (See Comparative Fabrics 8, 7, 8, and
). Fiber bleng and fabric weight are used simuilaneously {1} {0 provide enough
thermai insuiation o limit the transter of heatl energy guring arc flash ang flash firg;
and (£} o mit fabric break open. We have surprising found that our inventive
fabric (Fabric 1} i3 able o achieve prolection against flash fire and arc Hash

nazards, despile its low basis weight.

G085 VWhen exposed o the intense thermai siress of an elecinic arg, fabrics
and garments comprising flame resistant fibers of low tensie sirength can break
open exposing the wearer (o additional injury as a resull of the incident energy.
lecirical arcs typically mnvolve thousands of voils and amperes of electrical
current. ine eiectrical arc is much more intense han ncigent energy, such as,
from flash Tire. 1o offer protection 10 a wearer a garment or fabric must resist he
transter of energy through to the wearer. it is believed that this occurs both by the
fabric absorbing a portion of the incident energy and by {he fabric resisting break
open. During break open, a hole forms in the fabric directly exposing the surface

or wearer 1o the incident energy.

00861 High aramid blend fabrics are known {0 be strong and resist break gpen.
However, the intense thermai stress ¢of an arc flash will generally pass through
(not absorb) the fabric as in Comparsative Fabric 5, which weighs 6 oz/yd® but only
orovides 5.6 calories/icm”® of protection. As weight is dropped from 6 oz/yd® to 4.5
oz/yd® (Comparative Fabric 3), the arc rating falls proportionally to 4.1
calories/cm®.  Consequently, lower weight, high aramid fiber blend fabrics have

peen limited {o flash fire only applications due (o the inability o absorb arc flash

energy and reach an arc rating of »g at iower fabric weights., 10 achieve both arg
and flash fire profection, other fibers have peen piended with aramids o provide
oetier absorption of the incident energy, including modacrvlics as described in Us-
B2-7,005,950 (See, for example, Comparative Fabric 6, as well as Comparalive
Fabrics 4, 7, ang 9). Because 8 higher percentage of lower strength fibers ke
modacrviic and flame resistant caliulosic fibers are used, 1abric basis weights can

only be reguced so far. As lower strength fibers are added, break open baecomes
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more hikely effectively limiting the arc rating <8, unigss a heavier weignt s

maintained. Comparative Fabrics 4, b, 7, and 8 are examples of this shorlcoming.

10087 Yarns, Tabrics and garmenis made from fiber dlend of inveniive Fabric 1
nave a relatively high aramig content yel show an unexpectad resisiance 1 ihe
transfer of energy under the intense thermal siress of poth electric arc and flash
fire at a very light weight. Heal does not pass through the fabric as in
Comparative Fabrics 2, 3, and 5 and an arc rating of 10 calicm? is unexpectedly

achigved.

0088]  As can be segen from the table, Fabric 1 {with 1% conductive antistatlic
fiber) exhibits a surprisingly high arc rating (10 calories/crn® making it Level 2 arc
rafing}, especially when compared (o Comparative Fabric £ {same basis weight;
similar composition} and the other commercial FR fabrics {higher basis weight).
Fabric 1 also exhibits a surprisingly iow tolal body bum from a 3 second flash fire

(ass than 35%), especially at such a3 low basis weight.

0088 When ranges are used herein for physical properiies, such as molecular
welght, or chemical properties, such as chemical formuiae, ail combinations, ang
subcombinations of ranges specific embodimenis therein are intended {0 be

inclugded.

100807 The disclosures of each patent, patent application, and publicalion cited
or described in this document are hereby incorporated herein by reference, in their

entirety.

0091, Those skileg n the art will appreciate thal numercus changes ang
modifications can be made {0 the preferred embodimenis of the invention and that
SUCh changes and modifications can be made without departing from the spirit of
ihe invention. it g, therefore, intended that the appendead claims cover all such

equivalent variations as fall within the true spirit and scope of the invention.
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What 1s claimed is:

1.

S.a.)

A fabric, comprising:

8 SpUn yvarm Comprising:

about 44% by weight to about 80% by weight, based on the
total weight of the spun varn, meta-aramid fiber;

greater than about 0% by weight to about 15% by weight,
pased on the total weight of the spun yvam, nyion fiber;

about 5% by weight o about 15% by weight, based on the
total weight of Ine spun yam, para-aramid;

less than 2% by weight, based on the tolal weight of the spun
vam, anti-static fiber, and

about 10% by weight (o about 15% by weight, based on the
total weight of the spun varn, firg-resistant nydrophilic fiber;

wherein said fibers are intimately blended; ang

wherein said fabric has a basis weight of less than about 6.5 oz/yd®.

the fabric of claim 1,

wherain said fabric 1s 8 woven fabpric.

The fabnc of claim 1,

wherain said fabric 1s g knil fabric.

The tabric of claim 1,

WHerein said 1abric s a non-woven fabric.

the fabric of claim 1,

wherain said anli-static fiber 18 present at a level of iess than about

1.5% by weight, based on the total weight of the spun varm.
the fapric of claim 1,

wherain sasig anti-stalic fiper 1s present at a level of less than about

1.25% by weight, based on the tolal weight of the spun varmn.
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10.

11.

12.

13,

14.

the fabric of ¢claim 6,
wherein said woven fabric has a pasis weignt of jess than about 8.0

aziyd®.

The fabric of ¢laim 6,
wherein said woven fabric has a pasis weight of less than about 5.5

aziyd®

the fabric of claim 1,
wherein said meta-aramid fiber is present al a level of about 60% by

weight 1o 70% by weight, based on the olal weight of the spun yvam.

the fapric of claim 1,
wherain said metla-aramid fiber is present al a level of about 65% by

weight 1o 70% by weight, based on the total weight of the spun vam.

the fabric of claim 1,
wherein said nvion fiber i1s present at a level of about 8% by weight

o about 15% by weight, based on the total weight of the spun vam.

ihe fapric of claim 1,
wherain said nyion fiber 1s present at a level of about 8% by weight

(o about 12% by weight, based on the total weight of the spun yvam.

the fabric of claim 1,
wherein said para-aramid fiber is present at a level of about 8% by

weight 1o 15% by weight, based on the tolal weight of the spun yvarm.
ihe fabnc of claim 1,

wherein said para-aramid fiber is present at a level of aboul 8% by

weight 1o 12% by weight, based on the total weight of the spun vam.
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15.

16.

17.

18.

19.

20,

21,

£2.

the fabric of ¢claim 1,
whierein said fire-resistani hydrophilic fiber 15 present at a level of
about 12% by weight 1o about 15% by weight, based on the total weight of

fhe spun yarn.

the fabric of claim 1,
wherein said fire-resistant hydrophiiic fiber s present at a ievel of
aboul 10% by weight 10 about 12% by weight, based on the tolal weight of

ine spun yarn.

the fabric of claim 1,
wherein said firg-resistant hydropniic fiber s present al a level of
aboul 10% by weight {0 about 13% by weight, based on the total weight of

ine spun yarn.

the fabric of claim 1,

wherein said fire-resistant nygrophilic fiber is fire resistant.

the fapric of claim 1,
wherein said fire-resistant hyarophilic fiber is selected from fhe
group consisting of celiuiosic fiper, wool fiber, silk fiber, fire resistant acryiic

derivative fiber, and combinations thereof.

the fabric of claim 1,
wherein said cellulosic fiber is selected from the group consisting of
cotton, fire-resistant cotton, rayon, fire-resisiant rayon, viscose, Lyoceldl,

acelate, bast, bamboo, soy, and compinations thereot.

The tabric of claim 1,

wherein said celiuiosic fiber is fire-resistant rayon.

the fabric of claim 1,

WHEren said spun yam Comprises:
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£3.

24

23.

20.

27

28.

29,

about 85% by weight to about 80% by weight, based on the
total weight of the spun varmn, hydrophobic component; and
about 10% by weight {0 about 15% by weight, based on the

tolal weight of the spun yarn, hydrophilic component.

The fabric of claim 24,
wherein said hydrophilic component is selected from the group
consisting of cellulosic fiber, wool fiber, sk fiber, fire resisiant acryiic

derivative fiper, and combinations thereof.

the fabric of claim 24,
wherein said hydrophobic component s selected from the group
consisting of meta-aramid fiber, para-aramid fiber, nvion fiber, anti-stalic

finer, and compinations thereaot.

the fabric of claim 1,
wherein said spun varn consists essentially of:
about 85% by weight to about 80% by weight, based on the
total weight of the spun yvarn, hydrophobic componeant; and
aboui 10% by weight to about 15% by weight, based on the

total waight of the spun yvam, hydrophilic component.

the fabric of claim 1,

wherein said fabric is printabie.

the fabric of claim 1,

whereain said meta-aramid fiper has low crystailiniiy.

The tabric of claim 1,

wherein said meta-aramia iiber 18 progucer coiored.

the fabric of claim 1,

WHErein said para-aramig fiber is progucer colored.
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30,

31,

32.

33.

34,

30,

37.

38,

the fabric of claim 1,
wherein at least about 85 weight % of said fibers in said spun vam

are flame resistant.

the fabric of claim 1,

wherein said anti-static fiber comprises a conductive fiper.

the fabric of claim 1,
wherain said anti-static fiber comprises a carpon fiber with a8 nyion

stigaih.

the fabric of claim 1,

whersin said spun varn furiher comprises an siastomernic hilament.

the fabric of claim 1,

wherein said fabric s a two-way sirelch fabric.

the fapric of claim 1,

whergin said spun yarm is configured into a plied yam having counts
aof about 4072, about 36/4, about 33/<, about 3072, aboul £8/2, about 24/2,
apout 20/2, aboutl 20/1, aboult 18/1, aboul 16.5/1, about 15/1, or about 14/1.

An article, comprising:

the fabric of ¢claim 1.

the article of claim 30,

wherain the articie 1§ a garment or linen.

A woven fabric, comprising:
g SpUn varm Ccomprising:
about 86% by weight, based on the total weight of the spun

varn, meta-aramid fiber:;
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39.

44,

41,

42.

about 9% by weight, based on the {otal weight of the spun
varn, nvion fiber,;
about 12% by weight, based on the tolal weight of the spun
varn, para-aramig;
about 1% by weight, based on the {otal weight of the spun
varn, anti-static fiber; and
aboui 12% by weight, based on the total weight of the spun
varn, FR rayon,
wherein said fibers are intimately blended, and
wherain saig woven fabric nas a dasis weaight of iess than about 8.5

ozivd®

The woven fabric of claim 38,
wherein said woven fabric has a basis weight of iess than about 6.0

ozlvd®

The woven fabric of claim 38,
wherein said woven fabric has a basis weight of less than about 5.5

oz/yd®

An ariicle, comprising:

the tabric of claim 38.

The articie of claim 41,

wherein the articie s a garment or {inen.
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