
US 20010009832A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0009832 A1 

Shalfer et al. 43 Pub. Date: Jul. 26 2001 9 

(54) FLAME RESISTANT FABRICS Related US. Application Data 

(76) Inventors; Donald E_ Sha?'er, Wilmington, DE (63) Continuation of application No. 09/ 161,811, ?led on 
(US); Hamid M. Ghorashi, Midlothian, Sep- 28, 1998, HOW abandoned 

VA (Us) Publication Classi?cation 

Correspondence Address: 7 
(51) Int. Cl. ......................... .. D03D 15/00; D03D 13/00 

EéBIZEAKgNT DE NEMOURS AND (52) US. Cl. ....................... .. 442/181; 442/203; 442/208; 
442 209 

LEGAL DEPARTMENT - PATENTS / 
1007 MARKET STREET (57) ABSTRACT 
WILMINGTON, DE 19898 (US) The present invention provides a Woven ?ame resistant 

fabric comprising dissimilar Warp and ?ll yarns, the Warp 
yarns comprise staple or ?lament ?bers and have a Limiting 

(21) Appl. No.: 09/727,010 Oxygen Index of at least 27, and the ?ll yarns comprise 
natural ?bers and Wherein the ratio of Warp to ?ll yarn ends 

(22) Filed: Nov. 30, 2000 in the fabric is at least 1.0. 



US 2001/0009832 A1 

FLAME RESISTANT FABRICS 

BACKGROUND OF THE INVENTION 

[0001] Fabrics made of high temperature and ?ame resis 
tant ?bers have been very useful in protective apparel. 
Although many advances have been made in designing 
comfortable fabrics and garments made from these ?bers, 
there are still certain aesthetic and subjective reasons to 
desire ?ame resistant apparel Which also incorporate natural 
?bers. To meet this need, fabrics have been made from 
combination yarns, that is yarns containing both natural and 
high temperature and ?ame resistant staple ?bers. Although 
fabrics made from such combination yarns may be made 
into comfortable garments, the fabric’s resistance to high 
temperature and ?ame has been reduced to such an eXtent 
that the addition of ?ame retardants are necessary to enhance 
the thermal protection of the fabric. Typically ?ame retar 
dants are applied to the natural staple ?bers or the fabrics 
made from these combination yarns as topical treatments. 
The addition of topical treatments may add Weight and often 
stiffness to the fabric as Well as provide only temporary 
effectiveness since such treated fabrics tends to lose this 
protection With Wash and or Wear cycles. 

[0002] The object of the present invention is to provide a 
fabric combining ?ame resistance and comfort that may be 
formulated in a Way to balance thermal performance and 
cost. 

[0003] Another object of the present invention is to pro 
vide a comfortable, ?ame resistant and cost ef?cient fabric 
that does not require the use of topical ?ame retardant 
treatments. 

[0004] Another object of the present invention is to pro 
vide a strong fabric Where ?ame resistance and cost may be 
balanced. 

[0005] Fabrics have been made from combination yarns to 
achieve certain fabric properties. US. Pat. Nos. 4,941,884 
and 4,900,613 to Green disclose comfortable fabrics of high 
durability made from Warp yarns containing a blend of at 
least 15% by Weight high modulus and at least 30% by 
Weight loW modulus ?bers Woven With ?ll yarns containing 
loW modulus ?bers (usually cotton). Blended high and loW 
modulus ?bers Were required in the Warp yarns to provide 
proper shrinkage for increasing the abrasion resistance. 

[0006] Canadian Patent No. 1034842 discloses a protec 
tive fabric comprising interWoven Warp and Weft threads of 
dissimilar properties With an asymmetric Weave, changing 
from one surface of the fabric to the opposite surface of the 
fabric to achieve varying energy absorption properties 
throughout the depth of the fabric. 

[0007] European Patent Application 310,199 discloses a 
bulletproof Woven fabric made from ?laments or yarns 
having high strengths and high moduli and consisting of 
polymers of ultrahigh molecular Weights, Wherein the Warp 
?laments or yarns consist of other polymers than the Weft 
?laments or yarns. 

[0008] Both UK Patent Application 2,025,789 and Japa 
nese Patent Application Publication Sho 59(1984)-9053 
disclose fabrics reinforced by the insertion or substitution, at 
some frequency in the fabric, of higher strength adjacent 
yarns in the Warp and/or Weft directions. Japanese Patent 
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Application Sho 62-26900 teaches a reinforced aramid fab 
ric having groups of loW strength yarns inserted or substi 
tuted in the fabric Weave in the Warp and/or Weft directions. 
Such reinforced fabrics are designed for increased tear 
resistance and have not been designed With considerations 
for comfort or thermal protection. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a Woven ?ame 
resistant fabric comprising dissimilar Warp and ?ll yarns, the 
Warp yarns comprise staple or ?lament ?bers and have a 
Limiting OXygen IndeX of at least 27, and the ?ll yarns 
comprise natural ?bers and Wherein the ratio of Warp to ?ll 
yarn ends in the fabric is at least 1.0. More preferred are 
Warp yarns have a Limiting OXygen Index of 28 or more. 

[0010] In the present invention the ?bers of the Warp yarn 
may have a modulus of from about 100 to 800 g/dteX. 
Although ?bers moduli of from 100 to about 250 g/dteX may 
be preferred for some uses. 

[0011] It is preferred that the Warp yarn comprises ?bers 
selected from the group consisting of aramid, polybenZimi 
daZole, polybenZoXaZole, melamine, poly(phenylene sul 
?de),polybenZothiaZoles, polyimide, polyetherimide, polya 
midimides, novaloid and modacrylic ?bers and the ?ll yarn 
?bers are selected from the group consisting of cotton, silk, 
Wool, rayon and FR rayon. The Warp yarn may be formed of 
?bers that are m-aramid or p-aramid ?bers or miXtures of 
these ?bers and may also incorporate about 5% by Weight or 
less electrically conductive ?ber, particularly sheath-carbon 
core ?bers. 

[0012] Apreferred fabric for protective apparel is a fabric 
Wherein the ?bers of Warp yarn are sulfonated para-aramid 
?bers and the ?ll yarn is cotton. P-aramid ?bers having a 
modulus of from 100 to not more than 200 g/dteX are 
particularly useful in fabrics for protective apparel and 
garment uses. 

[0013] The present invention also provides protective 
apparel comprising a Woven ?ame resistant fabric having 
dissimilar Warp and ?ll yarns, the Warp yarns comprise 
staple or ?lament ?bers and have a Limiting OXygen IndeX 
of at least 27, and the ?ll yarns comprise natural ?bers and 
Wherein the ratio of Warp to ?ll yarn ends in the fabric is at 
least 1.0. 

[0014] It is preferred for the apparel use that the Woven 
fabric contains Warp yarn ?bers selected from the group 
consisting of aramid, polybenZimidaZole, polybenZoXaZole, 
melamine, poly(phenylene sul?de),polybenZothiaZoles, 
polyimide, polyetherimide, polyamidimides, novaloid and 
modacrylic ?bers and the ?ll yarn ?bers are selected from 
the group consisting of cotton, silk, Wool, rayon and FR 
rayon. Useful protective apparel may be made Where the 
Warp yarn ?bers are m-aramid and the ?ll yarn ?bers are FR 
rayon. More preferred is protective apparel Where the Warp 
yarns are p-aramid ?bers having a modulus of from 100 to 
about 250 g/dteX. Most preferred is protective apparel Where 
the Warp yarns are sulfonated p-aramid ?bers and the ?ll 
?bers are cotton. 

[0015] In protective apparel of claim 11 the Warp yarn may 
further comprise about 5% by Weight or less of an electri 
cally conductive ?ber. And for protective apparel it is 
preferred that the Warp yarns are staple ?bers. 
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DETAILED DESCRIPTION 

[0016] This invention provides ?ame resistant Woven fab 
rics, Where the yarns used for the Warp and the ?ll (or Weft) 
are not alike. This fabric may be used in protective apparel 
or for tents, tarps and other uses Where a balance of fabric 
stiffness, fabric durability, high temperature, ?ame resis 
tance, and loW cost are desired. 

[0017] In the subject fabric, Warp yarn ?ber selection 
provides the fabric With high temperature and ?ame resis 
tance, While ?ll yarn selection provides the comfort and cost 
ef?ciency. In these Woven fabrics, the Warp yarns partially 
cover protect the ?ll yarns. And it is believed that the Warp 
yarns thereby protect the ?ll yarns from ?ame and high 
temperature. Therefore, by selecting the Warp yarns to be 
only those yarns that have an LOI of 27 or more, the Warp 
yarns provide thermal protection to both the ?ll yarns and to 
the fabric as a Whole, thus ?ll yarns may then be selected to 
have the properties that make the fabric comfortable and 
cost effective. 

[0018] In the present invention, the Warp yarns are made 
high temperature and ?ame resistant ?bers. High tempera 
ture and ?ame resistant ?bers those ?bers having a Limiting 
Oxygen Index (LOI) of at least about 27, and preferably 28 
or more. Preferred ?ll yarns are yarns made from natural 
?bers, but ?ll yarns could be selected from natural or 
synthetic ?bers. Special consideration must be given the 
selection of ?ll and Warp yarns to provide a fabric that is 
suitable for a protective apparel. Even With these special 
considerations, fabrics of the present invention encompass a 
Wide selection of yarns, and provide strong, comfortable and 
durable fabrics that meet military and industrial standards 
for high temperature and ?ame resistance. 

[0019] For fabrics suitable for protective apparel, ?ll yarns 
of this invention are selected from natural ?bers. Natural 
?bers are those ?bers found or derived from nature, includ 
ing ?bers such as cotton, rayon, and other cellulose based 
?bers as Well as those ?bers Which are deemed to have some 
natural ?ame retarding properties, such as Wool and silk. 
Rayon spun containing a ?ame retardant (knoWn as FR 
rayon) is particularly useful in the present invention. Nylon, 
polyester and other synthetic ?bers Which melt on exposure 
to high temperature are not suitable When used as a major 
component in a ?ll yarn for a protective apparel fabric. Since 
these ?bers melt on exposure to high temperatures, their 
presence may contribute to or aggravate burns. 

[0020] In fabrics designed for uses other than protective 
apparel, ?bers from polymers such as nylon and polyester 
may be acceptable for use When blended With natural ?bers. 

[0021] Fill yarns of the present invention may also contain 
electrically conductive ?bers such as synthetic sheath-car 
bon-core staple or continuous ?lament ?bers. Such ?bers 
reduce the possibility of sparking and are much preferred 
over ?bers having a topical antistatic treatment. It is recom 
mended that such sheath-core ?bers be used at a concentra 
tion of 5% by Weight. 

[0022] The Warp yarns in the present invention must have 
an LOI of 27 or more. High temperature and ?ame resistant 
?bers useful in the present invention for making protective 
apparel fabrics include, for example, aramid, polybenZimi 
daZole, polybenZoxaZole, melamine, poly(phenylene sul 
?de),polybenZothiaZoles, polyimide, polyetherimide, polya 

Jul. 26, 2001 

midimides, novaloid and modacrylic ?bers. These ?bers 
decompose Without the production of noxious fumes When 
exposed to ?ame. Useful ?bers include those sold under the 
trademarks: Kevlar I. DuPont, NOMEX I. DuPont), 
BASOFIL (BASF), TECHNORA (AkZo) KYNOL(Carbo 
rundum) and RYTON (Phillips Chemical Company). 

[0023] The Warp yarn as a Whole must have a LOI of 27 
or more for the fabrics of the present invention. The actual 
selection of ?bers used to make the Warp yarn Will be 
determined by the Thermal Protective Performance Test 
(TPP)or other evaluation standards that the fabric is required 
to meet. For example, actual exposure conditions or tem 
peratures and the length of the exposure (time) Will in?uence 
the selection of ?bers used in the Warp and /or the ?ll. In 
some cases the Warp may contain up to as much as 30% by 
Weight ?bers having an LOI of less than 27, While the Warp 
yarn as a Whole has an LOI of 27 or more. 

[0024] Warp yarns of the present invention may also 
contain electrically conductive ?bers such as synthetic 
sheath-carbon-core staple or continuous ?lament ?bers. 
Such ?bers reduce the possibility of sparking and are much 
preferred over ?bers having a topical antistatic treatment. 
Non-permanent topical treatments compromise the perfor 
mance of the fabric of the present invention Which is 
inherently heat and ?ame resistant. When sheath-core elec 
trically conductive ?bers are incorporated into the Warp 
yarn, it is recommended that the concentration of these ?bers 
be about 5% by Weight or less in the Warp yarn. 

[0025] For maximum comfort, staple yarns are preferred 
for the Warp yarn and for the ?ll yarns. 

[0026] High or loW modulus ?bers may be used in the 
Warp yarns of the present invention since ?ber modulus is 
not an essential consideration in these fabrics. The Warp 
yarn ?bers having a modulus of from 100 to 800 g/dtex are 
suitable for use in the present invention. Lower modulus 
?bers, that is those ?bers having a modulus of less than 250 
g/dtex or in the range of 100 to 200 g/dtex are preferred for 
apparel fabrics Which are in direct contact With the Wearer so 
that the fabric has adequate comfort. Higher modulus ?bers 
may be acceptable for use in fabrics that are to be used for 
speci?c purposes or in speci?c locations Within a garment 
Where Wearer comfort is of less importance. 

[0027] Particularly useful in the fabrics of the present 
invention are the m- and p-aramid ?bers. Such ?bers include 
high modulus ?bers such as disclosed in US. Pat. No. 
3,767,756 to Blades. Fibers having loWer moduli include 
those made by the processes disclosed in US. Pat. No. 
5,336,734 to BoWen et al., US. Pat. No. 5,330,698 to Allen 
et al. & US. Pat. No. 3,671,542 to KWolek. Since the use of 
the ?bers having a loWer modulus provides a fabric of 
improved comfort, p-aramids having moduli in the range of 
from about 100 to less than 200 g/dtex are preferred. Most 
preferred are the sulfonated p-aramid made according to in 
US. Pat. No. 5,336,734. 

[0028] The aramid ?bers may be made from homo or 
co-polymers. The only requirement is that the Warp yarn 
have an LOI of 27 or more. 

[0029] It is desirable for strength and durability that the 
Warp yarns be made from ?bers Which are all one type of 
high temperature and ?ame resistant polymer. For example, 
the Warp yarn may be 100% by Weight p-aramid. Where 
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maximum mechanical strength is not important, Warp yarns 
made from mixtures of high temperature and ?ame resistant 
?bers may be used. The use of mixed staple ?bers may also 
provide additional comfort or aid in providing additional 
thermal performance. For example, a commercial blend of 
5% by Weight p-aramid and 95% by Weight m-aramid ?ber 
yarns is used for its improved thermal performance over 
100% m-aramid yarns. Another useful blend of p-and m 
aramid ?bers for the Warp yarn is 60% by Weight p- aramid, 
40% by Weight m-aramid. Staple ?bers made from stretch 
broken continuous ?lament ?bers as Well as cut staple ?bers 
may be used in making the Warp yarns of the present 
invention. 

[0030] The Warp yarns themselves may be of different 
polymer compositions or could be made from plys of 
different staple yarns or continuous ?lament ?bers so long as 
the Warp yarns meet the LOI requirement. Selection of Warp 
yarns or ?ber mixtures for Warp yarns employed in the 
design of the fabrics of the present invention may be used to 
achieve an overall fabric ?ame resistance that meets various 
industry requirements or standards. Thus, a fabric of the 
desired comfort, durability, cost and ?ame resistance can be 
designed according to the present invention for speci?c 
situations. 

[0031] Unless the fabric is intended for a non-garment use, 
?ame resistant or retardant topical treatments applied to 
fabrics are not recommended for use in the present invention 
since these fabric treatments stiffen the fabric, decrease 
Wearer comfort and tend to be temporary in nature. 

[0032] Again to achieve maximum fabric mechanical 
strength, ?ll yarns according to the present invention are 
typically made from one type of natural ?ber, for example 
100% cotton ?ll yarns. Where maximum mechanical 
strength is not essential, mixtures of staple ?bers may be 
used in the ?ll yarns, for example, ?ll yarns containing 
cotton and Wool. 

[0033] The ratio of Warp ends per inch to ?ll ends per inch 
in the fabrics of the present invention range from 1 to about 
3, and a range of 1 to 2.5 is preferred. For garment use, this 
ratio range is essential since ?bers in the Warp yarns and the 
?bers in the ?ll yarns Work together not only to provide 
?ame resistance and durability but also comfort. In the 
present invention it is preferred that all Warp yarn ?bers are 
inherently ?ame resistant, that is the Warp yarns containing 
only ?bers having an LOI of 27 or more. It is preferred that 
the ?ll yarns be from natural ?bers. Although there is no 
limitation on the LOI of the ?ll yarn ?bers, ?ll yarns may, 
if desired have an LOI of 27 or more. 

[0034] The present invention provides a cost effective 
?ame resistant fabric that may be designed for both comfort 
and mechanical performance. 

[0035] The fabrics of this invention are useful in various 
protective garments, including ?reman’s turnout coats, mili 
tary apparel and various types of protective overalls. Further, 
these fabrics can be made into shirts, pants, and other 
apparel normally Worn in industrial or haZardous environ 
ments. The fabrics of this invention may also be useful in 
non-garment applications Where one desires to balance 
thermal protection and cost. Tarps, tents or other fabrics used 
to cover and protect people or property may be made from 
the fabrics of the present invention. 
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[0036] The present invention is illustrated in the folloWing 
example Which is not intended to limit the invention. 

EXAMPLES 

[0037] Plain Weave, ripstop fabrics Were prepared from 
the folloWing yarns and Were Woven according to MIL-C 
4436. 

[0038] Yarns Were as folloWs: the yarns identi?ed as 
m-aramid are staple ?ber yarn of 100% poly(phenyle 
neisophthalamide); those identi?ed as Z200 are staple yarns 
of sulfonated p-aramid ?ber sold by E. I. DuPont of Wilm 
ington, DE as Z200; FR rayon indicates ?re retardant rayon 
staple yarns; blends of ?ber in staple yarns are identi?ed by 
the ?bers in the blend. These are nylon/cotton; blends of 
m-aramid/cotton and blends of m-aramid/cotton/Z200 and 
blends of Z200/cotton. (NOMEX is a registered trademark 
of E. I. DuPont.) 

[0039] The resulting fabrics Were tested for grab 
strength(ASTM-D-5034; results are reported in pound 
s(lbs)); trapeZoidal tear strength (ASTM-D-5733; results are 
reported in pounds(lbS)); Elemdorf tear strength (ASTM 
D1424; results are reported in pounds(lb.)); Tabor abrasion( 
ASTM-D-1044; results are reported in cycles to failure) and 
Thermal Protective Performance, TPP (method reported in 
Fire Technology V 13 N1 Feb. 1977; results are reported in 
seconds times 2 (s><2) to a second degree burn). 

[0040] The control fabric Was a commercial fabric of 50% 
nylon and 50% cotton yarn in both the Warp and ?ll 
direction. This fabric Was selected as the control because it 
is a durable and comfortable fabric used to make garments 
for military, industrial and general Work garments. It is a 
strong, durable and comfortable fabric, but does not provide 
thermal protection. As the Table beloW shoWs, the use of 
Warp yarns according to the present invention provides a 
fabric having surprising thermal protection properties com 
bined With strength and durability. 

[0041] The data is summariZed in the Table, beloW. 

TABLE 

FABRIC EVALUATION 

Fabric 
Sample A B C D E Control 

?ll 100% FR 97/3" 100% 70/30 50/50 50/50 
yarns: rayon FR rayon/ cotton Z200/ m-aramid/ nylon/ 

nylon cotton cotton cotton 
Warp 100% 100% Z-200 70/30 50/50 50/50 
yarns: m-aramid m-aramid Z200/ m-aramid/ nylon/ 

cotton cotton cotton 

Fabric 7.0 7.1 6.0 4.5 6.1 6.8 
Weight 
W/f, 2.5/1 2.5/1 1.9/1 1.5/1 2.3/1 2/1 
ends 
Grab, 284/73 268/77 285/42 130/63 98/90 264/1 65 

Trap 95/14 91/27 55/6 17/12 15/75 60/24 
Tear, 

Elm. 8.3/11 8.9/19 14+/ 13/10 7.6/6.3 14/12 
Tear, 12.2 
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TABLE-continued 

FABRIC EVALUATION 

Fabric 
Sample A B C D E Control 

Tabor 588 — 760 465 — 1300 

TPP 12.8 14.1 11.5 10.0 — — 

sec 

Ignite N N N Y Y Y 
in air 

*The ?ll yarn Was FR rayon With a nylon ripstop ?lament yarn. 

[0042] In the Table, fabric Weight is shown in oZ/yd2, Grab 
Strength (Grab), TrapeZoidal Tear (trap tear)and Elemdorf 
Tear are in pounds; Tabor Abrasion (Tabor) is in cycles to 
failure. The term W/f means the result reported in the Warp 
and then the ?ll direction. The Warp and ?ll yarn composi 
tions are reported in Weight % of the respective yarn. The 
ratios are shoWn as Weight % as indicated. For example 
50/50 nylon/cotton means a 50% by Weight mix of nylon 
?bers With a 50% by Weight mix of cotton ?bers Were used 
in making the yarn. Ignite in air means ignition in air. The 
result is reported as either yes (Y) or no(N). If the fabric does 
not ignite, it means that the fabric, after being exposed to a 
?ame for 3 to 5 seconds, did not ignite and continue to burn. 

[0043] The fabric samples A, B and C are fabrics of the 
present invention. Samples D and E are present to provide 
a comparison between fabrics of the present invention and 
fabrics made according to prior art methods of making 
thermally protective fabrics. Samples D and E are Woven 
from intimately blended staple yarns. 

[0044] Comparing Samples C and D, one sees that both 
fabrics have the about same Weight ratio of Z200 to cotton 
in the fabric, but the distribution of the high LOI ?ber is 
distinctly different. In C the high LOI ?ber is distributed 
over the fabric surface With the cotton in the interior ?ll 
yarns; While in D, unlike in C, cotton is present and evenly 
distributed on the fabric surface. In addition, in C the Warp 
yarns are all Z200 While the ?ll yarns are all cotton. These 
Warp and ?ll yarns are stronger than the intimately blended 
staple yarns of D. For example, comparing the average of the 
Warp and ?ll data shoWs the folloWing for C/D respectively, 
Grab,164/96; Trap Tear, 31/14; and Elm., 14/12. Looking to 
the test results, the difference in surface ?ammability as 
measured by the ignition in air test is very different for C 
compared to D. 

[0045] Comparing strength data for C and D by averaging 
the Warp and ?ll values reported above, C is a stronger fabric 
than D. Both fabrics are about equal to one another in the 
TPP test. 

[0046] Fabrics A and B compared to E shoW the same 
differences as those of the C and D comparison, that is in 
each case a stronger fabric that does not ignite in air. 

What is claimed is: 
1. A Woven ?ame resistant fabric comprising dissimilar 

Warp and ?ll yarns, the Warp yarns comprise staple or 
?lament ?bers and have a Limiting Oxygen Index of at least 
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27, and the ?ll yarns comprise natural ?bers and Wherein the 
ratio of Warp to ?ll yarn ends in the fabric is at least 1.0. 

2. The fabric of claim 1 Wherein the Warp yarns have a 
Limiting Oxygen Index of 28 or more. 

3. The fabric of claim 1 Wherein the ?bers of the Warp 
yarns have a modulus of from about 100 to 800 g/dtex. 

4. The fabric of claim 1 Wherein the ?bers of the Warp 
yarn have a modulus of from 100 to about 250 g/dtex. 

5. The fabric of claim 1 Wherein the Warp yarn comprise 
?bers selected from the group consisting of aramid, poly 
benZimidaZole, polybenZoxaZole, melamine, poly(phe 
nylene sul?de),polybenZothiaZoles, polyimide, polyetherim 
ide, polyamidimides, novaloid and modacrylic ?bers and the 
?ll yarn ?bers are selected from the group consisting of 
cotton, silk, Wool, rayon and FR rayon. 

6. The fabric of claim 1 Wherein the ?bers of the Warp 
yarn are m-aramid or p-aramid ?bers or mixtures of these 
?bers. 

7. The fabric of claim 1 Wherein the Warp yarn incorpo 
rates about 5% by Weight or less electrically conductive 
?ber. 

8. The fabric of claim 6 Wherein 60% by Weight of the 
Warp yarn ?bers is p-aramid and 40% by Weight are m-ara 
mid ?bers. 

9. The fabric of claim 1 Wherein the ?bers of Warp yarn 
are sulfonated para-aramid ?bers and the ?ll yarn is cotton. 

10. The fabric of claim 1 Wherein the ?bers of the Warp 
yarn are m-aramid or p-aramid ?bers or mixtures of these 
?bers and Wherein the p-aramid ?bers have a modulus of 
from 100 to not more than 200 g/dtex. 

11. The fabric of claim 1 Wherein the Warp yarn ?bers are 
m-aramid and the ?ll yarn ?bers are FR rayon. 

12. Protective apparel comprising a Woven ?ame resistant 
fabric having dissimilar Warp and ?ll yarns, the Warp yarns 
comprise staple or ?lament ?bers and have a Limiting 
Oxygen Index of at least 27, and the ?ll yarns comprise 
natural ?bers and Wherein the ratio of Warp to ?ll yarn ends 
in the fabric is at least 1.0. 

13. The protective apparel of claim 12 Wherein the Woven 
fabric contains Warp yarn ?bers selected from the group 
consisting of aramid, polybenZimidaZole, polybenZoxaZole, 
melamine, poly(phenylene sul?de),polybenZothiaZoles, 
polyimide, polyetherimide, polyamidimides, novaloid and 
modacrylic ?bers and the ?ll yarn ?bers are selected from 
the group consisting of cotton, silk, Wool, rayon and FR 
rayon. 

14. The protective apparel of claim 12 Wherein the Warp 
yarn ?bers are m-aramid and the ?ll yarn ?bers are FR 
rayon. 

15. The protective apparel of claim 12 Wherein the Warp 
yarn ?bers are p-aramid Wherein the p-aramid ?bers have a 
modulus of from 100 to about 250 g/dtex. 

16. The protective apparel of claim 12 Wherein the Warp 
yarn further comprises about 5% by Weight or less of an 
electrically conductive ?ber. 

17. The protective apparel of claim 12 Wherein the Warp 
yarns are staple ?bers. 

18. Atarp or tent comprising the fabric according to claim 
1. 


