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TITLE QF INVENTION

CRYSTALLIZED META-ARAMID BLENDS FOR FLASH FIRE AND ARC
PROTECTION HAVING IMPROVED COMFORT

BACKGROQUND QF THE INVENTION

1. Field of the Invention

This invention relates t0 a blended yarn useful for the production of
fabrics that have are, flame, and flash fire protective properties, but also
have improved comfort. This invention also relates to garments produced
with such fabrics,

2. Description of Related Art

When protecting workars from potential flash fires with protective
apparel the fime of exposure o actual flame is an important consideration.
Generally the term "flash” fire is used because the exposure to flame is of
very short duration, on the order of seconds. Further, while the difference
in a single second seams small, when exposad to firg, an additional
second of exposure 1o g flame can mean a remendous difference in the
burn injury.

The performance of a material in 8 flash fire can be measured using
an instrumented mannequin using the test protocol of ASTM F1830.The
mannequin is clothed in the material 1o be measured, and then exposed to
flames from burners; temperature sensors distributed throughout the
mannegquin measure the local temperature experienced by the mannequin
that would be the lemperatures expernenced by @ human baody if subjected
to the same amount of flames. Given a standard flame infensity, the extent
of the burns that would be experienced by a human, {i.e., first degree,
second degree, 0.} and the percent of the body burned can be
determined from the mannequin temperature data.

United States Patent No. 7,348,058 to Zhu el al. discloses
modacnlic/aramid fiber blends for use in arc and flame protective fabrics
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and garments. Such blends have on average a high content (40-70 weight
percent) modacrylic fiber and lower content {10 1o 40 weight percant)
metg-gramid fiber having a degree of crystallinity of at least 20 %, and
para-aramid fiber (5 {0 20 weight percant). Fabrics and garments made
from such blends provide protection from electrical arcs and exposures to
flash fires up to 3 seconds. United States Patent Application Publication
US2005/0025963 1o Zhu discloses an improved fire retardant blend, yvam,
fabric and article of clothing made from a blend of 10-75 parts of at least
one aragmid staple fiber, 15 {o 80 parts by weight of at least one modacrylic
staple fiber, and 5 to 30 paris by weight of at least one aliphatic polyamide
stapie fiber. This blend will not provide a Category 2 arc rating for fabrics
in the range of 186.5 {o 237 grams per square meter (5.5 to 7 ounces per
square vard) because of the high proportion of flammable aliphatic
polyamide fiber in this blend. United States Patent 7,156,883 to Lovasic el
al. discloses a fiber blend, fabrics, and prolective garments comprising
amorphous metg-aramid fiber, orystallized meta-aramid fiber, and flame
retardant celfulosic fiber, the meta-aramid fiber being 50 to 85 weight
parcent with one 1o two thirds of the metla-aramid fiber being amorphous
and with two to one thivd of the meta-aramid fiber being crystalline. Again,
fabrics made by these blends would not provide a Category 2 arc rating for
fabrics in the range of 186.5 to 237 grams per square metsr (5507
ounces per square yard).

The minimum performance required for flash fire protective apparel,
per the NFPA 2112 standard, is less than 50% body burn from a 3 second
flame exposure. Since flash fire is a very real threat 1o workers in some
industries, and it is not possible to fully anticipate how long the individual
will be engulfed in flames, any improvement in the flash fire performance
of protective apparel fabrics and garments has the poteniial to save ljves.
in paricudar, f the protective apparel can provide enhanced protection o
fire exposwre gbove 3 seconds, . g. 4 seconds or more, this represents
an increase in potential exposure time of as much as 33% or more. Flash
fires represent one of the most exireme typeas of thermal threat a worker
can experience; such threals are much more severe than the simple
exposure {0 g flame.

Lo
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Unforiunately, increasing the performance of such prolective
apparel can make them more uncomforiable to wear and increase the
physical stress on already stressed emergency responders. In some
industrigl situations workars may actually forego protection because of
comfort issues. Therefore, any improvement that provides improved
comfort {o this high performance appare] without sacrificing flame, flash
fire, or arc protection is desired.

SUMMARY OF THE INVENTION

This invention relates to yarn for use in arc and flame protection,
and fabrics and garments made from that yam, the varn consisting
essentially of from {a) 50 fo 80 weight percent meta-aramid fiber having a
degree of crystailinity of at least 20%, {b} 10 o 30 weight percent flame-
retardant rayon fiber, (0} 10 to 20 weight percent modacorylic fiber, {4} O to
5 weaight percent para-aramid fiber, and {e) 0 1o 3 weight percent antistatic
fiber based on the total weight of components (a}, (b}, {¢}. {d), and {e}. The
fabrics and garmants have a basgis weight in the range of 188.5 10 237
arams per square meter (5.5 {o 7 ounces per square vard).

In one embodiment, ganmeants made from the varn provide thermal
protection stuch that a wearer would experience lass than a 80 percent
pradicted bady burn when exposed to a flash fire exposure of 4 seconds
per ASTM F1830, while maintaining a Category 2 arc rating.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to providing a yam from which comfortable
fabrics and garments can be produced that provide both arc protection
and superior flash fire protection. Electrical arcs {ypically involve
thousands of volts and thousands of amperes of electrical current,
exposing the garment or fabnc 1o intense incident energy. To offer
profection (¢ 8 wearer a garment or fabric must resist the transfer of this
energy through to the wearer. itis believed that this cccurs by the fabric
ahsorbing & portion of the incident energy and by the fabric resisting

break-open, as well as the gir-gap between fabric and wearer's body.
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£uring break-open a hole forms in the fabric directly exposing the surface
or wearer {o the incident enargy.

In addition to resisting the intense incident energy from an electrical
arc, the garments and fabrics also resist the thermal transfer of energy
from a long esposure to a flash fire that s greater than 3 seconds. Ris
believed that this invention reduces energy transfer by absorbing a portion
of the incident energy and by improved charring that allows a reduction in
fransmitled thermal shergy.

The yarns consist essentially of a blend of meta-aramid fiber, fame-
retardant {(FR) rayon fiber, modacrylic fiber, and oplionally, small portions
of para-aramid fiber and antistatic fiber. Typically, yarms consist of 50 fo
80 weight percent meta-aramid fiber with a degree of orystallinity of at
least 20%, 10 to 30 weight percent FR rayon fiber, and 10 to 20 weight
percent modacrylic fiber. The yarms can also contain 0 to 5 weight percent
para-aramid fiber and 0 o 3 weight percent antistatic fiber. in some
preferred embodiments, the yams consist of 55 o 75 weight percent meta-
aramid fiber with & degree of crystallinity of at least 20%, 15 to 25 weight
parcent FR rayon fiber, 16 to 20 weight percent modacryiic fiber, 3to 5
weight percent parg-aramid fiber, and 2 to 3 weight percent antistatic fiber.
The above percentages are on a basis of the five named components, that
is, the total weight of these five named components in the vam. By “yam’”
is meant an assemblage of fibers spun or twisted together to form a
continuous strand that can be used in weaving, knitting, braiding, or
plaiting, or otherwise made info a textde material or fabric.

it is believed the use of lame-retardant rayon in the fiber blend
adds g fiber component to the yam that has high moisture regain, which
imparts more comfort {0 the wearer of garments made from fabnics
containing the yam. Fabrics made with FR rayon fiber, while having good
fire retardancy and flash fire pedormance, are not known for having the
highest arc performance. Surprisingly, it has been found that if the FR
rayon fiber is combined with modacrylic fiber it the blend in the claimed
percentages, fabrics and garments having both improved moisture regain
and comfort can be abtained while retaining fire high arc rating

i -
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performance, high fire retardangy. and in some instances improved flash
fire performance.

As used herein, "aramid” is meant a polyamide wherein at least
85% of the amide {-CONH-} linkages are atlached directly to two aromatic
rings. Additives can be used with the aramid and, in fact, it has been
found that up fo as much as 10 percent, by weight, of other polymaeric
matenal can be blended with the aramid or that copolymers can be used
having as much as 10 percent of other diamine substituted for the dismine
of the aramid or as much ag 10 percent of other diacid chioride substituled
for the diacid chioride of the aramid. Suitable aramid fibers are descnbed
in Man-Made Fibers--Science and Technology, Volume 2, Section fitled
Fiber-Foarming Aromatic Polvamides, page 287, W, Black st al.,
Intersciance Publishers, 1968, Aramid fibers are, alss, disclosed in U.S.
Pat. Nos. 4,172,938; 3,869,429, 3,819,587, 3,673,143, 3, 354,127, and
3,084,511, Meta-aramid are those aramids where the amide linkages are
in the meta-position relative to each other, and para-aramids are those
aramids where the amide linkages gre in the para-position relative {o each
gther. The gramids most often used are poly{metaphenylene
issphthalamide) and poly(paraphenylene terephthalamide).

When used in yams, the meta-aramid fiber provides a flame
resistant char forming fiber with an Limiting Oxygen index (LO) of abouw
268. Meta-aramid fiber is also resistant {o the spread of damage to the
yarn due to exposure to flame. Because of its balance of modulus and
elongation physical properties, meta-aramid fiber also provides for a
comforiable fabric useful in single-layer fabric garments meant o be wom
as industrial apparel in the form of conventional shirts, pants, and
coveralls, The yam has at least 50 weight percent mela-aramid fiber to
provide inproved char to lighbweight fghnos and garmenis (o resist the
thermal transfer of energy during extended exposure to flash fires. In
some preferrad embodiments, the yam has at least 85 weight percent
meta-gramid fibers. In some smbodiments, the preferred maximum
amount of meta-aramid fibers is 75 weight percent or less; however,
amounts as hgh as 80 weight percent can be used.
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By flame-retardant rayon fiber, it is meant a rayon fiber having ong
or more flame retardants and having a fiber tensile strength of at least 2
grams per denier. Cellulosic or rayon fibers containing as the flame
retardant a silicon dioxide in the form of polysilicic acid are specifically
exicluded because such fibers have a low fiber fensile strength. Also,
while such fibers are good char formers, in relative terms their vertical
flame performance is worse that ibers containing phosphorous
compounds or other flame retardants.

Rayan fiber ts well known in the art, and is 8 manufactured fiber
gensrally composead of regenerated cellulose, as well has regenerated
cedlulose in which substituents have replaced not more than 15% of the
hydrogens of the hydroxyl groups. They include yarns made by the
vigcoge process, the cuprammoniun process, and the now obsolete
nitrocediulose and saponified acetale processes, however in a preferred
embodiment the viscose process is used. Generally, rayon is obtained
from wood pulp, cotfon linters, or other vegetable matter dissolved in a
viscose spinning solution. The solution is extruded into an acid-salt
coagulating bath and drawn into continuous filaments. Groups of these
flaments may be formed into vams or cut info staple and further
processed into spun staple yams. As used herein, rayon fiber includes
what is known as lvocell fiber.

Flame retardants can be incorporated into the rayon fiber by adding
flame retardant chemicals info the spin solution and spinning the flame
retardant into the rayon fiber, coaling the rayon fiber with the flame
retardant, contacting the rayon fiber with the flame refardant and allowing
the fiber to absorb the flame refardant, or any other process that
ncorporates a flame retardant into or with a rayon fiber. Generally
speaking, rayon fibers that contain one or more flame retardants are given
the designation "FR," for flame retardant. n 3 preferred ambodiment, the
FR rayon has spun-in flame retardants.

The FR rayen has a high moisture regain, which provides a comfort
companent {o fabnes, i is believed that the yam should have at least 10
weight percent FR rayon to provide detectable improved comfort in the
fabrics. Further, while larger percentages of FR rayon might provide even

-6 -
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mare comfort, i is believed that if the amount of FR rayon exceeds about
30 weight percent in the yarn, the fabric could have negative performance
issues that would outweigh any comfort improvement. In some preferred
embodimeants the FR rayon fiber is present in the yam in an amount of 15
to 25 weight percent,

The FR rayon fiber can contain one or more of a varisly of
commerciaglly available flame retardants; including for example certain
phasphorus compounds fike Sandolast 80008 available from Sandoz, and
the like. While various compounds can be used as flame retardants, in a
preferred embodiment, the flame retardant is based on a phosphorus
compaund. A useful FR rayvon fiber s available from Daiwabo Rayon Co.,
Lid., of Japan under the name DFG “Flame-resistant viscose rayorn.
Another useful FR rayon fiber is available from Lenzing AG under the
name of Viscose FR {giso known as Lenzing FR® available from Lenzing
Fibers of Austria).

By modacrylic fiber it is meant acrviic synthetic fiber made from a
polymer comprising primarily acrylonitrile. Preferably the polymeris a
copolymer comprising 30 1o 70 weight percent of a acrylonitnile and 70 to
30 weight percent of a halogen-containing vinyl monomer. The halogen-
containing vinyl monomer is at least one monomer selected, for example,
fraom viny! chioride, vinylidene chioride, vinyl bromide, vinylidene bromide,
ete. Examples of copolymerizable vinyl monomers are aorylic acid,
methacrylic acid, salts or esters of such acids, acrvlamide,
methylacrylamide, vinyl acetate, ele.

The preferred modacrylic fibers are copolymers of acryionitrile
combinad with vinvlidene chioride, the copolymer having in addition an
antimony oxide or antimony oxides for improved fire retardancy. Such
usefud modacoyiic fibers include, but are not limited to, fibers disclosed in
Linited States Patent No. 3,183 602 having 2 weight percent antimony
trioxide, fibers disclosed in United States Patent No. 3, 748,302 made with
various antimony oades that are presant i1 an amount of at least 2 weight
percent and preferably not greater than 8 weight percent, and fibers
disclosed in United States Patent Nos. 5,208,105 & 5,508,042 having 8 o

40 weight percent of an antimony compound.

-7 -
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Within the vams, modacryic fiber provides a flame resisiant char
forming fiber with an LO! typically al least 28 depending on the level of
doping with antimony derivatives. Modacrylic fiber is also resistant to the
spread of damage 1o the yarn due 1o exposure to flame. Modacrylic fiber
while highly flame resistant does not by itself provide adequate tensile
strength to a yarn, or fabric made from the yam, to offer the desired level
of break-open resistance when exposed {0 an electrical arc. The yarn has
at least 10 weight percent modacrylic fiber and in some preferred
embodiments the yvarm has at least 15 weight percent modacrylic fiber. in
some embodimenis the preferred maximum amount of modacrylic fiber is
20 weight percent.

Meta-aramid fiber provides additional tensile strength {o the yam
and fabrics formed from the yarn, Modacnylic and meta-aramid fiber
combinations are highly flame resistant but do not provide adequate
tensile strength o a yarn or fabric made from the yarn to offer the desired
level of break-open resistance when exposed o an electncal arc.

It is enfical that the meta-aramid fiber have a cerlain minimum
degree of crystallinty (o realize the improvement in arc protection. The
degree of crystallinity of the meta-aramid fiber is at least 20% and mors
preferably at least 25%. For purposes of llusiration due to ease of
formation of the final iber a practical upper limit of crystaliimty is 50%
(although higher percentages are considerad suitable). Generally, the
crystallinity will be in a range from 25 {0 40%. An example of a
commercial meta-aramid fiber having this degree of crystallinty is
Nomex® T-450 available from E. |, du Pont de Nemours & Company of
Wilimington, Delaware.

The degree of crystallinity of an mefa-aramid fiber is determined by
ona of fwo methods. The first method is employed with a non-voided fiber
while the second is on a fiber that is not totally free of voids.

The percent crystallinity of meta-aramids in the first method is
determined by first gensrating a linear calibration curve for crystallinity
using good, essentially non-voided samples, For such non-vaided
samples the specific volume {(1/density) can be directly related fo
crystallinity using a two-phase model. The density of the sample is
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meaasured in a density gradient column. A meta-agramid film, delermined
to be non-crystalline by x-ray scattering methods, was measured and
found to have an average density of 1.3358 g/em3. The density of a
completely crystalline mela-aramid sample was then determined from the
dimensions of the x-ray unit cell o be 1.46888 g/om3. Once these 0% and
100% crystallinity end points are established, the crystallinity of any non-
voided experimental sample for which the density is known can be
determined from this linear relationship:

Crystallinity = {Unon-crystalline density) — { Vexpenmental density)
{1/non-crystalline density) — (1fully-crystaliine density}

Since many fiber samples are not totally free of voids, Raman
speciroscopy is the preferred method to determine crystallinity. Since the
Raman measurement is not sensitive to vaid content, the relative intensity
of the carbonyl sirefch at 1850-1 om ¢an be used {o determine the
ceystallinity of a meta-aramid in any form, whether voided or not. To
accomplish this, a linear relationship between crystallinity and the intensity
of the carbonyl strefch at 1650 om-1, normalized fo the intensily of the ring
stretohing mode at 1002 om-1, was developed using minimally voided
samples whose arystallinity was previously determined and known from
density measuramants as describad above. The following empirical
refationship, which is dependent on the density calibration curve, was
developed for percent crystallinity using & Nicolet Model 910 FT-Raman
Spectrometen

% crystaflinity = 1000 x {11850 cme1) ~ 0.2601)
0.1247

where {1850 am-1} is the Raman intensity of the mela-aramid sample at
that point. Using this intensity the percent orystailinity of the experiment
sample is calculated from the equation.

Meta-aramid fibars, when spun from solubon, guenched, and dned
using temperatures below the glass transition temperature, without
additional heat or chemical freatment, develop only minor lavels of
crystailinity, Such fibers have a percent orystallinity of less than 15
parcent when the crystallinity of the fiber is measured using Raman
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scattering techniques. These fibers with a low degree of crystallinity are
considerad amorphous meta-aramid fibers that can be orystallized through
the use of heat or chemical means. The level of orystallinity can be
increased by heat reatment at or above the glass transition temperature
of the polymer. Such heat is typically applied by contacting the fiber with
heated rolls under tension for a time sufficient to impart the desired
amount of crystallinity o the fiber.

The level of erystallinity of m-aramid fibers can be increased bya
chamical treatment, and in some embodiments thig includes methods that
cotor, dye, or mock dye the fibers prior fo being incorporated into a fabric.
Some methods are disclosed in, for example, United States Palents
4,668,234, 4,755,335, 4,883 496, and 5,096 458, A dye assist agent, also
known as a dye carrier may be used to help increase dye pick up of the
aramid fibers. Useful dye camers include aryl ether, benzyl alcohol, or
acetophenans.

The addition of parg-aramid fibers in the yarm can provide fabrics
formed from the yarn some additional resistance fo shrinkage and break-
open afler flame exposwre. Larger amounts of para-aramid fibers in the
yarms can make garments comprising the yams uncomforiable to the
wearer. The yamn has 0 to & weight percent para-aramid fibers, and in
some embodiments, the yam has 3 to 5 weight percent para-aramid fibers.

Because sialic electrical discharges can be hazardous for workers
working with sensitive electrical equipment or nesar flammable vapors, the
yarn, fabric, or garment optionally contains an antistatic component.
Hustrative examples are stesl fiber, carbon fiber, or g carbon combined
with an existing fiber.  The gnilistatic component is present i an amount
of 0 1o 3 weight percent of the {otal yarn. In some preferred embodiments
the antistatic component is present in an amount of only 2 {0 3 weight
percent. 1.5 Patent 4,612,150 { fo De Howitt) and U.8. Patent 3,803453
{to Hull} desciibe an especially useful conductive fiber whersin carbon
black is dispersed within a thermoplastic fiber, providing anti-static
conductance o the fiber. The preferred antistatic fiber is a carbon-core

nylon-sheath fiber. Use of anti-static fibers provides yams, fabrics, and
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garments having reduced static propensity, and therefore, reduced
apparent electrical field strength and nuisance static.

Staple yarns can be produced by varn spinning techniques such as
but not imited to ring spinning, core spinning, and air jet spinming,
including air spinning technigues such as Murata air jet spinning where air
is used to twist staple fibers into a yam, provided the required degree of
crystallinity is present in the final varn. i single yams are produced, they
are then preferably plied together {0 form a ply-twisted yam comprising at
least two single yams prior {0 being converted into a fabric. Alternatively,
mudtifilament continuous filament yarns can be used to make the fabrc,

To provide protection from the intense thermal siresses caused by
slectrical arcs itis desirable that arc protective fabric and garments formed
from that fabric possess features such as an LOI above the concentration
of oxygen in air {that s, greater than 21 and preferably greater than 25) for
flame resistance, a short char length indicative of stow propagation of
damage to the fabric, and good break-open resistance o prevent incident
energy from directly impinging on the surfaces below the profective layer.

The term fabric, as used in the specification and appended claims,
refers to & desired protective layer that has been woven, knitted, or
otherwise assembled using one or mare different types of the yam
previously described. A preferred embodiment is g woven fabiic, and 8
preferred weave is & twill weave. In some preferred embodiments the
fabrics have an arc resistance, normalized for basis weight, of atleast 1.1
calorigs per squars centimenter per ounce per squars yard (0.14 Joulss
per square centimater per grams per square meter}. In some
embodiments the arc resistance normalized for basis weight is preferably
at least 1.3 calories per square centimenter per ounce per square yard
{0,156 Joules per square centimeter per grams per square meter), in some
embodiments the arc resistance normalized for basis weight canbe 1.5
calories per squars centimetsr per ounce per square vard {0,185 Joules
per square centimeter per grams per square meler) or greater.

Yarns having the proportions of meta-gramd fiber, FR rayon fiber,
and moedacrylic fiber, and optionally para-aramid fiber and antistatic fiber

as previously described, are exclusively present in the fabric. In the case
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of a woven fabric the yams are used in both the warp and fill of the fabric.
if desired, the relative amounts of meta-aramid fiber, FR rayon fiber,
modagcrylic fiber, para-aramid fiber and antistalic fiber can vary in the
yarns as iong as the composition of the yvarns falls within the previously
described ranges.

The yarns used in the making of fabrics consist assentially of the
meta-aramid fiber, FR rayon fiber, modaarylic fiber, para-aramid fiber and
antistatic fiber as previcusly described, in the propartions described, and
do not include any other additional thermoplastic or combustible fibers or
materials. Other materals and fibers, such as polyamide or polyester
fibers, provide combustible material to the yarns, fabncs, and garments,
and are believed to affect the flash fire performance of the garments.

Garments made from yars having the proportions of meta-aramid
fiber, FR rayon fiber, modacoylic fiber, para-gramid fiber, and antistatic
fiber as previously described provide thermal protection o the wearer that
is eguivalent fo less than a8 60 percent predicted body burn when exposed
to a flash fire of 4 seconds white maintaining a Category 2 arc rating. This
is a signihcant improvement over the minimum standard of less than a 50
percent predicted body burn to the wearer at a 3 second exposure; bum
ijury i3 essentially exponential in nature with respect {o flame exposure
for some other flame resistance fabrics. The protection provided by the
garmant, should there be an additional second of lame exposure time,
can potentiatly mean the difference between life and death.

There are two common category rating systems for arc ratings. The
National Fire Protection Association (NFPA) has 4 different categories with
Category 1 having the lowest performance and Category 4 having the
highest performance. Under the NFPA 70E system, Categories 1, 2, 3,
and 4 correspond 1o a heat flux through the fabric of 4, 8, 25, and 40
calories per square caentimeter, respectively. The National Elecinc Safety
Code (NESC) also has a rating system with 3 different categories with
Category 1 having the lowest performance and Category 3 having the
highest performance. Under the NESC system, Categories 1,2, and 3
correspond to a heat flux through the fabric of 4, 8, and 12 calories per
square centimeter, respectively. Therefore, a fabwic or garment having a
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Category 2 arc rating can withstand a thermal flux of 8 calories per square
centimetar, 83 measurad per standard set method ASTM F1858.

The performance of the garments in 8 flash fire is measured using
an instrumented mannequin using the test protocol of ASTM F1830. The
marnequin is clothed in the garment and exposed to flames from bumers
and sensors measwrs the localized skin temperatures that would be
experiencad by a human body if subjected to the same amount of flamss.
Given a standard flame inlensity, the extent of the burns that wouid be
experienced by a human, {L.e,, first degree, second degres, eic ) and the
parcent of the body burned can be determinad from the mannequin
temparature data. A low predicted body burn is an indication of befter
protection of the garment in fash fire hazard.

itis believed the use of crystalling meta-aramid fiber in the yams,
fabrics, and garments as previousty described not only can provide
improved performance in flash fires, but also resulls in significantly
reduced taundry shrinkage. This reduced shrinkage is based on an
identical fabric wherein the only difference is the use of mela-aramid fiber
having the degres of orystallinity set forth previously compared {o an meta-
aramid fiber that has not been treated to increase crystallinity. For
purposes herein shrinkage 18 measured after a wash cycle of 20 minutes
with a water {emperature of 140°% . Preferred fabrics demonstrate a
ghrinkage of § percent or less after 10 wash cycles and preferably after 20
cycles. As the amount of fabric per unit area increases, the amount of
material between a potential hazard and the subject to be protecied
increases. An increase in fabric basis weight results in incréased break-
open resistancs, increased thermal protection factor, and increased arc
protection; howaver i is not svident how improved performance can be
achieved with ighter weight fabrics. The vamns as previcusly desaibed
allow the use of lighter weight fabrics in protective apparel, particularly in
more comiortable single fabric garments, with improved performance. The
basis weight of fabrics that have both the desired arc and flash fire
perfarmance is 186.5 g/m® (5.5 oziyd) or greater, preferably 200 g/m® (6.0
szydz} or greater In some embodiments, the preferred maximum basis
weight is 237 g/m® (7.0 oz/yd®). Above this maximum the comfort benefits
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of the ghter weight fabric in single fabric garments is believed to be
reduced, bscause it is believad higher basis weight fabric would show
increased stiffness,

Char length is a measure of the flame resistance of a fextile. A char
is defined as a carbonaceous residue formed as the result of pyrolysis or
incomplete combustion. The char length of a fabric under the conditions
of test of ASTM 84 13-99 is defined as the distance from the fabric edge
thal is direclly exposed 1o the flame to the futhest point of visible fabric
damage after a specified tearing force has been applied. Per NFPA 2112
standard the fabnic shall have a char tength of less than 4 inches.

In some preferred embodiments, the fabiic is used as a single layer
in a protective garment. Within this specification the profective value of a
fabric is reported for a single layer of that fabric. In some embodiments
this invention also includes a multi-layer garment made from the fabric.

In some particularly useful embodiments, spun staple yvarns having
the proportions of meta-aramid fiber, FR rayor fiber, modacrylic fiber,
para-gramid fiber, and antistatic fiber as previously described, can be used
to make flame-resistant garmeanis. In some embodiments the garments
car have assentially one layer of the protective fabric made from the spun
staple yarn. Exemplary garments of this type include jumpsuits and
coveralls for fire fighters or for miltary personnel. Such suits are typically
used over the firefighlers clothing and can be used to parachute info an
area fo fight & forest fire. Other garments can include pants, shirts, gloves,
sleeves and the like that can be worn i situations such as chemical
progessing industries or industnal electicaliutihty where an extrems

tharmal event might ocour.

TEST METHQDS

The abrasion performance of fabrics is determined in accordance
with ASTM D-3884-01 “Standard Guide for Abrasion Resistance of Textile
Fabrics (Ratary Platform, Double Head Method)".

The arc resistance of fabrics is defermined in accordance with
ASTM F-1958-89 “Standard Test Method for Determining the Arc Thermal
Performance Value of Materials for Clothing”™.
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The break strength of fabrics is determined in accordance with
ASTM D-5034-95 “Standard Test Method for Breaking Strangth and
Elongation of Fabrics (Grab Test)".

The limited oxygen index (LOD of fabyics is determined in
accordance with ASTM G-125-00 "Standard Test Methad for Measuring
Ligudd and Solid Material Fire Limits in Gaseous Oxidants”.

The tear resistance of fabrics is determined in accordance with
ASTM D-5587-03 “Standard Test Method for Tearing of Fabrics by
Trapezoid Procedure”.

The thermal protection performance of fabncs is determined in
accordance with NFPA 2112 "Standard on Flame Resistant Garments for
Protection of Industrial Personnel Against Flash Fire®. The term thermal
protective performance {or TPF) relates to a fabiric’s ability to provide
continuous and reliable protection 1 a wearer's skin beneath a fabric
when the fabric is exposed to a direct flame or radiant heat.

Flash fire protection lavel testing was done according to ASTM F-
1930 using an instrumented thermal mannegquin with standard paftern
coverall made with the test fabric.

The char length of fabrics is determined in accordance with ASTM
D-8413-98 “Standard Test Method for Flame Resistance of Textiles
{Vertical Methody".

The minimum concentration of oygen, expressed as a volume
percent, in a mixture of oxygen and nitrogen that will just support flaming
combustion of a fabnics intially at room temperature is determined under
the conditions of ASTM G125 7 D2863.

Shrirtkage is determined by physicslly measuring unit arga of a
fabric after one or more wash cycles. A cycle denoles washing the fabric
i an industial washing machine for 20 minutes with a water temperaturs
of 140 degrees F.

To dlustrate the present invention, the following sxamples are
provided, All parts and percentages are by weight and degreeas in Celsius
unless othenwise indicated.
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EXAMPLES

Comparative Example A

This extample illustrates a yarn, fabric, and gament having a
majority of meta-aramid fiber having & degree of crystallinily that is at least
20%. combined with a minority of modacrylic fiber, para-aramid fiber, and
antistatic fiber. This maternal has both the desired arc rating of 2 and a
instrumented thermal manneguin predicted body bum at 4 seconds
exposure of < 60%.

A durable gre and thermal protechive fabric is prepared having in
the both warp and ill airjet spun yams of intimate blends of Nomex@ type
450 fiber, Keviar® 28 Bber, modacrylic fiber, and antistatic fiber. Nomex®
type 450 is poly(m-phenylens isophthalamids}MPD-1) having a degree of
crystallinity of 33-37% .The modacryhe fiber is ACN/polyvinylidene chiloride
co-potymer fiber having 6.8% antimaony (known commercially as
Protex®C). The Reviar® 28 fiber is poly{p-phenylens ferephthalamide)
{PPD-T) fiber and the anlistatic fiber is a carbon-core nylon-sheath fiber
knowr commercially as P40

A picker blend sliver of 68.6 weight percent of Nomex® type 450
fiber, 10 weaght percent of Keviar® 28 fiber, 25 weight percent of
modacrylic fiber and 1.4 weight percent P140 fiber s prepared and is
made into spun staple yam using cotton system processing and an airjet
spinning frame. The resultant yarn s a 21 tex {28 cotion count) single
varn., Two single varns are then plied on g plving maching to make a two-
ply yam having 10 tumns/inch twist.

The yarn is then used as in the warp and fill of a fabric that is made
on a shuitle loom i a 2x1 twill construction, The greige fwill fabric has a
basis weight of 203 g/m® (8 oz/yd™). The greige twill fabric is then scoured
i hot water and is jet dyed using basic dye and dried. The finished twill
fabric has a construction of 31 ends x 16 picks per cm {77 ends x 47 picks
per inch) and a basis weight of 220 g/m® (8.5 oz/yd®), A portion of this
fabric is then {ested for #s arc, thermal and mechanical properties, and a
portion is converted info single-layer protective coveralls for flash fire
testing.
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Comparative Example B

Comparative Example A is repeated, except an identical amount of
FR rayon fiber is substituted in the intimate blend for modacrylic fiber. The
FR rayon fiber is Lenzing FR viscose. A portion of this fabric is then
{ested for its are, thermal and mechanical properties, and a portion is
converted into single-layer protective coveralls for flash fire testing.

Exampile 1

The method shown in Comparative Examples A & B is repeated o
make a varn, fabric, and garment, except thatl a fiber blend of 55.8 weight
percent of Nomex® type 450 fiber, 3% Keviar® type 29 fiber, 23 weight
percent FR ravon fiber, 17 weight percent of modacrylic fiber, and 1.2
weight percent P140 fiber is preparsd. A portion of this fabnic is then
{asted for its arc, thermal and mechanical properiies, and a portian is
converied into single-layer protective coveralls for flash fire lesting.

The Table summarizes the expedcied performance of the vams,
fabrics, and garments described in the examples. Data for nominal basis
weight and are category is given, while pradicted body burn and moisture
regain properties are relatively rated with items showing improvement
given a {+) versus the standard, which is shown with a {o}.

Comparative Example A has a good are rating but anly standard
comfort and flash fire performance. Comparative Example B has a poorer
arc rating but improved comfort and improved flash fire performance.
Example 1 has a good are rating, improved comfort, and improved flash
fire performance. The fabric of Example 1 had & surprisingly superior are
testing performance of 10.7 calories per square centimeter, which was
better than the arg testing pedormance of the fabric of Comparative
Example A, which was 10.3 calories per square centimeter. On a weight
basis Example 1 had a are performance of 1.65 calories per square
centimenisr per punce per square yard { 0,203 Joules per square
centimeter per grams per square meter), while Example A had an arg
performance of 1.58 calories per square centimeanter per ounce per square
vard { 0,125 Joules per square centimeter per grams per square meter).
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A B 1
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ARC rating 2 1 2
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Thermat
Mannequin
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Burn at 4sac.
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CLAIMS

1. A yarn for use in arc and flame protection consisting

essentigliy of:

{a)

)
{c)
{c)
(e)

said percentages on the basis of components {a}, (b}, (), {d)

50 to 80 weight percent meta-aramid fiber having a
degree of crystailinity of at least 20%:;

18 to 30 weight percent flame-retardant rayon fiber;
10 {o 20 weight percent modacrylic fiber;

0 1o b weight percent para-aramid fiber; and

0 1o 3 weight percent antistatic fiber;

and {e).

2. The yam of claim 1 with the meta-aramid fiber has a degree

of crystallinity 1 & range from 20 {0 50%.

3. A fabric suitable for use in arc and flame protection

comprising & yarn consisting essentially of:

(a)

{b)
€
{d}
(e)

50 to 80 weight percent meta-aramid fiber having a
degree of crystallinity of at least 20%;

10 fo 30 weight percent flame-retardant rayon fiber;
10 fo 20 weight percent modacrylic fiber;

O to & weight percent para-aramid fiber; and

0 o 3 weight percent antistatic fiber;

said percentages on the basis of components (a), (b}, (¢}, {d) and {e};

the fabric having a basis weight in the range of 186.5 to 237 grams per

square meter (5.5 to 7 cunces per square vard),

4. The fabric of claim 3 wherein the meta-aramid fiber has a

degree of crystallinity in a range from 20 to 50%.

5. The fabric of claim' 3 having a char length according to
ASTM D-6413-99 of less than 6 inches.,
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8. The fabric of claim 3 having arc resistance according o

ASTM F-1959-89 of at least 1.1 calories per square centimeter per ounce

per square yard of fabric.

7. The fabric of claim 6 wherein the arc resistance is at least

1.3 calories per square centimeter psr ounce per square yard of fabric.

3. A garment suitable for use in arc and flame protection

comprising a fabric consisting essentially of:

(&)

{b)
{c)
{)

(=}

50 to 80 weight percent meta-aramid fiber having a
degree of crystallinity of at least 20%;

10 to 30 weight percent flame-retardant rayon fiber;
10 {0 20 weight percent modacryiic fiber;

(0 ¢ & weight percent para-aramid fiber; and optionally
0 to 3 waight percent antistatic fiber;

said percentages on the basis of components (8}, (), (¢}, {d) and {&);

the fabrics having a basis weight in the range of 186.5 to 237 grams per

square meter (5.5 10 7 ounces per square yard).

9, The fabric of claim 8 wherein the metg-aramid fiber has a

degree of crystaliinity in a range from 20 to 50%.

10.  The garment of claim 8, providing thermal protection

equivalent o less than a 85 % body burn at a 4 sec flame exposure per

ASTM F1930, while maintaining a Category 2 arc raling per ASTM F1850

and NFPA 70E.
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