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FLAME RESISTANT FABRICS AND GARMENTS 
MADE FROM SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to protective fabrics, 
and more speci?cally to ?ame resistant fabrics, having a 
unique blend of ?bers and garments made from such fabrics. 

BACKGROUND OF THE INVENTION 

[0002] Many occupations can potentially expose an indi 
vidual to electrical arc ?ash and/or ?ames. To avoid being 
injured While Working in such conditions, these individuals 
typically Wear protective garments constructed of ?ame 
resistant materials designed to protect them from electrical 
arc ?ash and/or ?ames. Such protective clothing can include 
various garments, for example, coveralls, pants, and shirts. 
Fabrics from Which such garments are constructed, and 
consequently the resulting garments as Well, are required to 
pass a variety of safety and/or performance standards, 
including ASTM F 1506, NFPA 2112, NFPA 70E, MIL C 
43829C. 

[0003] Many protective garments have been made from 
fabrics comprising natural cellulosic ?bers, such as cotton. 
Cotton ?bers are inexpensive and fabrics made from such 
?bers comfortable to Wear. HoWever, the use of cotton ?bers 
in such fabrics has many disadvantages. To begin, cotton 
?bers are not durable. Thus, fabrics made With them have 
poor Wear life and must be replaced unacceptably often. 

[0004] Furthermore, cotton ?bers pose a health haZard to 
personnel during the ?ber spinning and fabric Weaving 
processes. When natural cotton ?bers are used to make 
fabrics and garments, the cotton ?bers can be inhaled and 
over time can cause respiratory problems, Which can lead to 
byssinosis or “broWn lung” disease. Work environments 
Where personnel Work With natural cotton and are exposed 
to breathing haZardous cotton ?bers are thus subject to 
governmental and regulatory restrictions for handling and 
processing of such ?bers. 

[0005] Moreover, cotton ?bers are not inherently ?ame 
resistant and thus apt to burn. Thus, these ?bers (or the yarns 
or fabrics made With such ?bers) have historically been 
treated With a FR compound to render such ?bers (or the 
yarns or fabrics made With such ?bers) ?ame resistant. 
Treatment of cotton ?bers (or the yarns or fabrics made With 
such ?bers) With an FR compound signi?cantly increases the 
cost of such ?bers (or the yarns or fabrics made With such 

?bers). 
[0006] To avoid the cost associated With such FR treat 
ment, cotton ?bers have been combined With FR modacrylic 
?bers. The FR modacrylic ?bers control and counteract the 
?ammability of the cotton ?bers to prevent the cotton ?bers 
from burning. In this Way, the cotton ?bers (or the yarns or 
fabrics made With such ?bers) need not be treated With a FR 
compound. 
[0007] HoWever, the FR modacrylic ?bers have durability 
problems similar to those of cotton, and thus fabrics made 
With blends of these ?bers have poor Wear life. Moreover, 
both natural cotton ?bers and FR modacrylic ?bers are 
relatively unstable after thermal exposure, rendering it dif 
?cult if not impossible for fabrics made With only these 
?bers to pass the requisite safety and performance standards 
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for protective garments. Thus, additional inherently FR 
?bers, such as aramid ?bers, have been added to the ?ber 
blend to impart thermal stability to the blend to ensure 
compliance of the resulting fabric With the requisite safety 
and performance standards (e.g., by decreasing char lengths 
in vertical ?ame tests of such fabrics). 

[0008] Because of the presence of cotton ?bers, the result 
ing fabrics still exhibit durability problems and unacceptable 
Wear life. Thus, a need exists for ?ber blends that include 
?bers that are more durable than natural cellulosic ?bers 
such as cotton but that still realiZe the cost and comfort 
advantages of cotton in such blends. 

SUMMARY OF THE INVENTION 

[0009] This invention discloses unique blends of ?bers 
that incorporate synthetic cellulosic ?bers to render fabrics 
made With such blends more durable than fabrics made With 
natural cellulosic ?bers such as cotton. While more durable 
than cotton, the synthetic cellulosic ?bers used in the blends 
are still inexpensive and comfortable to the Wearer. Thus, the 
bene?ts of cotton (affordability and comfort) are still 
attained While a draWback of cottoniloW durabilityiis 
avoided. The resulting fabrics made With the ?ber blends 
disclosed herein are ?ame resistant, durable, comfortable, 
and affordable. 

[0010] In one embodiment, the ?ber blend includes FR 
modacrylic ?bers and synthetic cellulosic ?bers, preferably, 
but not necessarily non-FR lyocell ?bers such as 
TENCELTM and TENCEL A100TM. The FR modacrylic 
?bers and the synthetic cellulosic ?bers can be combined in 
any blend ratio but are preferably, although not necessarily, 
combined so that the percentage of FR modacrylic ?bers in 
the blend is greater than the percentage of synthetic cellu 
losic ?bers in the blend. Other ?bers may be added to the 
blend, including, but not limited to, additional types of 
inherently FR ?bers, anti-static ?bers, anti-microbial ?bers, 
stretch ?bers, and/ or high tenacity ?bers. 

[0011] The ?ber blends disclosed herein may be used to 
form various types of FR fabrics. By Way only of example, 
the ?bers may be used to form nonWoven fabrics or may ?rst 
be formed into yarn that is subsequently Woven or knitted 
into a FR fabric. 

[0012] In one embodiment, yarns are formed from a ?ber 
blend having approximately 30-60% FR modacrylic ?bers, 
approximately 20-60% synthetic cellulosic ?bers, and 
approximately 5-30% additional inherently FR ?bers. 
TENCELTM and particularly TENCEL A100TM (both non 
FR synthetic cellulosic ?bers) and para-aramid ?bers (inher 
ently FR ?bers) have performed particularly Well in this 
application. The yarns can subsequently be used to form FR 
fabrics in a variety of ways (eg Weaving, knitting, etc.), all 
Well knoWn in the industry. Fabrics made from the unique 
?ber blends disclosed herein comply With a variety of the 
thermal protection standards, rendering them suitable for use 
in protective garments. 

[0013] Desired colors may be imparted in a variety of 
Ways and With a variety of dyes to the fabrics disclosed 
herein having a blend of synthetic cellulosic, FR modacrylic, 
and optionally additional inherently FR ?bers. The fabrics 
may be dyed or printed to comply With the standard for 
high-visibility safety apparel knoWn in the industry as ANSI 
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107-2004 (and the European equivalent EN 471) as Well as 
With the military’s infrared re?ective requirements (includ 
ing, but not limited to, those promulgated under MIL-C 
83429 and GL-PD-07-12 (Feb. 28, 2007)). 

[0014] Fabrics having the ?bers blends disclosed herein 
can be used to construct the entirety of, or various portions 
of, a variety of protective garments for protecting the Wearer 
against electrical arc ?ash and ?ames, including, but not 
limited to, coveralls, jumpsuits, shirts, jackets, vests, and 
trousers. In one embodiment, a fabric having blends of ?bers 
disclosed herein is used to form at least a portion of an 
advanced combat shirt. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] This invention relates to unique blends of ?bers 
that render the resulting fabric ?ame resistant, durable, 
comfortable, and affordable. In one embodiment, the ?ber 
blend includes FR modacrylic ?bers and manmade or syn 
thetic cellulosic ?bers. The FR modacrylic ?bers and the 
synthetic cellulosic ?bers can be combined in any blend 
ratio but are preferably, although not necessarily, combined 
so that the percentage of FR modacrylic ?bers in the blend 
is greater than the percentage of synthetic cellulosic ?bers in 
the blend. 

[0016] Any FR modacrylic ?bers able to extinguish non 
FR ?bers may be used, including, but not limited to, 
PROTEXTM ?bers (including but not limited to PROTEX 
WTM and PROTEX CTM ?bers) available from Kaneka 
Corporation of Osaka, Japan, SEFTM available from Solutia, 
or blends thereof. The synthetic cellulosic ?bers may be, but 
are not limited to, rayon, FR rayon, lyocell, MODALTM, 
cellulose acetate, or blends thereof. An example of a suitable 
rayon ?ber is Viscose by LenZing, available from LenZing 
Fibers Corporation. Examples of lyocell ?bers include 
TENCELTM and TENCEL A100TM, both available from 
LenZing Fibers Corporation. Examples of FR rayon ?bers 
include LenZing FRTM, also available from LenZing Fibers 
Corporation, and VISILTM, available from Sateri. 

[0017] The synthetic ?bers used in the blends disclosed 
herein can be, but preferably are not, FR-treated given that 
they are being blended With FR modacrylic ?bers that 
control and counteract the ?ammability of the synthetic 
?bers to prevent such ?bers from burning. Use of synthetic 
cellulosic ?bers that have not been FR-treated signi?cantly 
reduces the cost of such ?bers (e.g., approximately $1/pound 
for non-FR treated synthetic cellulosic ?bers vs. approxi 
mately $6/pound for FR-treated synthetic cellulosic ?bers). 

[0018] Non-FR lyocell ?bers such as TENCELTM and 
TENCEL A100TM ?bers have proven to be particularly 
suitable in this application. While similar to cotton ?bers in 
that these ?bers are inexpensive and comfortable, they are 
more durable than natural cotton ?bers and have proven very 
resistant to abrasion and very moisture absorbent. Conse 
quently, fabrics made from these ?bers have long Wear life 
and are comfortable to the Wearer. TENCEL A100TM ?bers 
are less susceptible to ?brillation, Which results When the 
ends of the ?bers split to impart a fuZZy or prematurely Worn 
appearance to garments made With such ?bers. It has been 
found that fabrics made With TENCEL A100TM ?bers are 
thus better able to retain their appearance even after repeated 
launderings. Moreover, unlike natural cotton typically used 
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in these blends, because these cellulosic ?bers are manmade 
?bers, they consequently do not pose a breathing haZard to 
personnel during the ?ber spinning or fabric fabrication 
process. 

[0019] In an alternative embodiment, an additional type 
(or types) of inherently FR ?bers (i.e., in addition to the FR 
modacrylic ?bers Which are inherently FR) may be added to 
the FR modacrylic/ synthetic cellulosic ?ber blend. The 
additional inherently FR ?bers may include, but do not have 
to include, para-aramid ?bers, meta-aramid ?bers, polyben 
ZimidaZole (PBI) ?bers, polybenZoxaZole (PBO) ?bers, 
melamine ?bers, carbon ?bers, pre-oxidiZed acrylic ?bers, 
polyacrylonitrile (PAN) ?bers, TANLONTM (available from 
Shanghai Tanlon Fiber Company), polyamide-imide ?bers 
such as KERMELTM, and blends thereof. Examples of 
para-aramid ?bers include KEVLARTM (available from 
DuPont), TECHNORATM (available from Teijin TWaron BV 
of Arnheim, Netherlands), and TWARONTM (also available 
from Teijin TWaron BV). Examples of meta-aramid ?bers 
include NOMEXTM (available from DuPont), CONEXTM 
(available from Teijin), and APYEILTM (available from 
Unitika). An example of melamine ?bers is BASOFILTM 
(available from Baso?l Fibers). An example of PAN ?bers is 
Panox® (available from the SGL Group). As explained 
above, such inherently FR ?bers impart the requisite thermal 
stability to the blend to enable fabrics made from such 
blends to be used in protective garments. 

[0020] In other embodiments, additional ?bers, including, 
but not limited to (1) anti-static ?bers to dissipate or mini 
miZe static, (2) anti-microbial ?bers, (3) stretch ?bers (e.g., 
spandex), and/or (4) high tenacity ?bers such as, but not 
limited to, nylon and/or polyester ?bers (such as VECT 
RANTM) are added to the blends to improve the Wear 
property of fabrics made With such blends. 

[0021] The ?ber blends disclosed herein may be used to 
form various types of FR fabrics. By Way only of example, 
the ?bers may be used to form nonWoven fabrics or may ?rst 
be formed into yarn that is subsequently Woven or knitted 
into a FR fabric. 

[0022] In one embodiment, yarns are formed from a ?ber 
blend having approximately 30-60% FR modacrylic ?bers, 
approximately 20-60% synthetic cellulosic ?bers, and 
approximately 5-30% additional inherently FR ?bers. 
TENCELTM and particularly TENCEL A100TM (both non 
FR synthetic cellulosic ?bers) and para-aramid ?bers (inher 
ently FR ?bers) have performed particularly Well in this 
application. The same types of FR modacrylic ?bers, syn 
thetic cellulosic ?bers, and additional inherently FR ?bers 
need not be used in the blend. Rather, multiple types of each 
may be blended together. 

[0023] The yarns can be formed in conventional Ways Well 
knoWn in the industry. The yarns may be spun yarns and can 
comprise a single yarn or tWo or more individual yarns that 
are tWisted, or otherWise combined, together. In one embodi 
ment, the yarns are air jet spun yarns. Typically, the yarns 
comprise one or more yarns that each have a yarn count in 
the range of approximately 5 to 60 cc. In one embodiment, 
the yarns comprise tWo yarns that are tWisted together, each 
having a yarn count in the range of approximately 10 to 60 
cc. 

[0024] The yarns can subsequently be used to form FR 
fabrics in a variety of Ways, all Well knoWn in the industry. 
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The yarns can be knitted or Woven. In one embodiment, the 
FR fabric is formed as a plain Weave fabric that comprises 
a plurality of body yarns. However, it Will be appreciated 
that other con?gurations could be used including, for 
instance, a rip-stop or a tWill Weave such as a 2x1 right hand 
tWill Weave. 

[0025] Regardless of the manner by Which the FR fabric is 
formed (nonWoven, knitted, Woven, etc.), the FR fabric can 
be made from a blend of ?bers that includes having approxi 
mately 30-60% FR modacrylic ?bers, approximately 
20-60% synthetic cellulosic ?bers (preferably, but not nec 
essarily, TENCELTM ?bers and more preferably TENCEL 
A100TM ?bers) and approximately 5-30% additional inher 
ently FR ?bers (preferably, but not necessarily, para-aramid 
?bers). As discussed above, the FR fabric may include a 
?ber blend that includes anti-static, anti-microbial, stretch, 
and/ or high tenacity ?bers. 

[0026] In a much more speci?c example that is certainly 
not intended to limit the scope of the invention discussed 
herein, the FR fabric includes a blend of betWeen approxi 
mately 40-50% FR modacrylic ?bers, approximately 
30-40% synthetic cellulosic ?bers (preferably, but not nec 
essarily, TENCELTM ?bers and more preferably TENCEL 
A100TM ?bers), and approximately 10-15% aramid ?bers 
(preferably, but not necessarily, para-aramid ?bers). 

[0027] The FR fabrics formed With the blends disclosed 
herein preferably, but not necessarily, have a Weight between 
approximately 3-12 ounces per square yard (“osy”) and 
more preferably betWeen approximately 5-9 osy. 

[0028] Speci?c examples of embodiments of fabrics in 
accordance With the invention are described as folloWs. 

[0029] Fabric Blend #1: One embodiment of the invention 
is a fabric With a blend of approximately 50% PROTEX 
WTM (FR modacrylic), approximately 40% TENCEL 
A100TM (cellulosic), and approximately 10% TWARONTM 
(para-aramid). 

[0030] Fabric Blend #2: Another embodiment of the 
invention is a fabric With a blend of approximately 45% 
PROTEX WTM (FR modacrylic), approximately 35% 
TENCEL A100TM (cellulosic), approximately 10% LenZing 
FRTM or FR rayon (cellulosic), and 10% TWARONTM (para 
aramid). 
[0031] Fabric Blend #3: Another embodiment of the 
invention is a fabric With a blend of approximately 50% 
PROTEX WTM (FR modacrylic), approximately 35% 
TENCEL A100TM (cellulosic), approximately 10% nylon, 
and approximately 5% TWARONTM (para-aramid). 

[0032] Fabric Blend #4: Another embodiment of the 
invention is a fabric With a blend of approximately 48% 
PROTEX WTM (FR modacrylic), approximately 37% 
TENCEL A100TM (cellulosic), and approximately 15% 
TWARONTM (para-aramid). 

[0033] As evidenced in Table 1, FR fabrics made from the 
unique ?ber blends disclosed herein comply With the before 
Wash vertical ?ammability requirements set forth in ASTM 
F 1506 and NFPA 70E, including having acceptable arc 
thermal protective values (“ATPV”). Workers Who may be 
exposed to accidental electric arc ?ash risk serious burn 
injury unless they are properly protected. NFPA 70E is the 
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standard that addresses electrical safety requirements, pro 
viding information on all aspects of electrical safety in the 
Workplace. NFPA 70E offers a method to match protective 
clothing to potential exposure levels incorporating Hazard 
Risk Categories (HRC). Protective fabrics are tested to 
determine their ATPV or arc rating in cal/cm2 (calories per 
square centimeter). The ATPV is determined by ASTM test 
method F 1959, Where sensors measure thermal energy 
properties of protective fabric specimens during exposure to 
a series of electric arcs. The measured arc rating determines 
the HRC for a fabric as folloWs: 

[0034] HaZard Risk Category and ATPV 

[0035] HRC 1: ATPV: 4 cal/cm2 

[0036] HRC 2: ATPV: 8 cal/cm2 

[0037] HRC 3: ATPV: 25 cal/cm2 

[0038] HRC 4: ATPV: 40 cal/cm2 

[0039] In addition to complying With ASTM F 1506 and 
NFPA 70E as discussed above, Fabric Blends #2-#4 comply 
With the before-Wash vertical ?ammability requirements set 
forth in ASTM 2112, including having acceptable char 
lengths (as measured With the testing method set forth in 
ASTM 6413). 

TABLE 1 

Fabric Weight 
(ounces per Char length Ratio of 
square yard (inches) ATPV ATPV to 

Fabric Blend or “osy”) Warp x ?ll (cal/cm2) Weight 

Fabric Blend #1 9.3 4.2 x 3.5 8.8 0.95 
Fabric Blend #2 8.4 3.1 x 2.8 8.2 0.97 
Fabric Blend #3 8.6 3.3 x 2.3 6.8 0.79 
Fabric Blend #4 8.4 3.3 x 2.6 9.3 1.10 
Fabric Blend #4 7.6 3.5 x 2.7 8.4 1.11 

[0040] Fabrics made from the ?ber blends contemplated in 
this application also have surprisingly high resistances to 
abrasion. As explained above, TENCELTM and TENCEL 
A100TM ?bers are very durable ?bers. It is not surprising, 
therefore, that Taber abrasion test results of fabrics made 
from ?ber blends having such ?bers indicate substantially 
high resistance to abrasioniindeed almost as high as fabrics 
made from 100% inherently FR ?bers and higher than 
fabrics made With other ?ber blends that comply With the 
ASTM F 1506, NFPA 2112, and NFPA 70E standards. 
Moreover, While abrasion resistance is high, the inclusion of 
modacrylic and cellulosic ?bers in the blends contemplated 
herein render the resulting fabric soft and thus more com 
fortable to the Wearer. 

[0041] Desired colors may be imparted in a variety of 
Ways to the fabrics disclosed herein having a blend of 
synthetic cellulosic, FR modacrylic, and optionally addi 
tional inherently FR ?bers. In one embodiment, the synthetic 
cellulosic ?bers and/or modacrylic ?bers are dyed (either 
prior to their formation into yarn, after formation into yarns, 
or in the ?nal fabric). The synthetic cellulosic and/or 
modacrylic ?bers may be dyed any of a variety of colors, 
including, but not limited to, yelloW, ?uorescent yelloW, 
green, orange, red, blue, gray, etc. using the dyes (or 
combinations of dyes) disclosed herein. 
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[0042] Dyeing may be achieved using a variety of Well 
knoWn techniques, including exhaust dyeing processes using 
a jet, beam, beck, or jig dyeing apparatus or continuous 
dyeing processes, all of Which are Well knoWn in the art. 
Suitable dyes for dyeing the modacrylic ?bers include, but 
are not limited to, basic dyes and disperse dyes. Suitable 
dyes for dyeing the synthetic cellulosic ?bers include, but 
are not limited to, ?ber reactive dyes, direct dyes, and vat 
dyes. 

[0043] In one embodiment, the fabrics are dyed to comply 
With the standard for high-visibility safety apparel knoWn in 
the industry as ANSI 107-2004 and the European equivalent 
EN 471. To comply With ANSI 107-2004, a fabric must (1) 
be dyed to a high-visibility shade (measured by reference to 
a fabric’s chromaticity and luminance) and (2) maintain that 
high-visibility shade after being subjected to light for a 
speci?ed period of time (an attribute referred to in the 
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limited to, direct dyes (including, but not limited to, Direct 
YelloW 96) and ?ber reactive dyes (including, but not limited 
to, RemaZol Luminous YelloW FL). Dyes that enable dyeing 
of the FR modacrylic ?bers to a high-visibility shade 
include, but are not limited to, basic dyes such as Basic 
YelloW 40. 

[0044] In one example, the FR modacrylic ?bers and the 
synthetic cellulosic ?bers of fabrics having Fabric Blends 
#1-4 (disclosed above) as Well as an additional fabric blend 
(Fabric Blend #5 having approximately 50% PROTEX WTM 
(FR modacrylic), approximately 39% TENCEL A100TM 
(cellulosic), approximately 10% TWARONTM (para-ara 
mid), and approximately 1% antistat)) Were dyed in accor 
dance With a tWo-step exhaust dyeing process using Basic 
YelloW 40 to dye the FR modacrylic ?bers and RemaZol 
Luminous YelloW FL to dye the TENCEL A100TM ?bers. 
The results are set forth beloW in Table 2. 

TABLE 2 

% Basic % Remazol Salt Pass 
Yellow 40 Yellow FL (Sodium ANSI 

FABRIC BLEND Dye (oWf) Dye (oWf) Alkali (Soda Ash) Caustic Sulphate) 107-2004? 

Fabric Blend # 1 1.20 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 1 1.20 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 1 2.25 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 1 2.25 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 2 1.20 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 2 1.20 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 2 2.25 3 85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 2 2 25 5 00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 3 1 20 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 3 1 20 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 3 2.25 3 85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 3 2 25 5 00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 4 1 20 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 4 1.20 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 4 2.25 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 4 2.25 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 5 1.20 3.85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 5 1 20 5.00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 5 2.25 3 85 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

Fabric Blend # 5 2 25 5 00 5.00 gL/1.292 80 g/L Yes 
gL(NaOH50%) 

standard as “light fastness”). The dyes for each of the 
synthetic cellulosic ?bers and the modacrylic ?bers are thus 
selected so as to achieve dyeing of these ?bers to a high 

visibility shade. Dyes that enable dyeing of the synthetic 
cellulosic ?bers to a high-visibility shade include, but are not 

[0045] Fabrics having the FR modacrylic/synthetic cellu 
losic blends (and particularly those using TENCELTM and 
TENCEL A100TM ?bers) may be dyed in compliance With 
the military’s infrared re?ective requirements (including, 
but not limited to, those promulgated under MIL-C-83429 
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and GL-PD-07-l2 (Feb. 28, 2007)). Vat dyes have proven 
particularly suitable for dyeing the fabrics in compliance 
With such standards. Vat dyeing techniques, such as, but not 
limited to, those disclosed in Textile Dyeing and Coloration 
by J. R. Aspland (Chapters 4: Vat Dyes: General and 5: Vat 
Dyes and their Application), are Well knoWn in the art and 
thus not discussed in detail herein. The fabrics disclosed 
herein may also be printed With dyes or pigments. For 
example, such fabrics may be printed in compliance With the 
military’s infrared re?ective requirements With vat dyes 
using printing techniques Well knoWn in the art. 

[0046] After all dyeing has been completed, the fabric 
then can be ?nished in conventional manner. This ?nishing 
process can include the application of FR treatments, anti 
microbial agents, insect repellent agents, pesticides, soil 
release agents, Wicking agents, Water repellents (e.g., per 
?uorohydrocarbon), stiffening agents, softeners, and the 
like. 

[0047] Fabrics having the ?ber blends disclosed herein can 
be used to construct the entirety of, or various portions of, 
a variety of protective garments for protecting the Wearer 
against electrical arc ?ash and ?ames, including, but not 
limited to, coveralls, jumpsuits, shirts, jackets, vests, and 
trousers. Retrore?ective elements, such as strips of retrore 
?ective tape, may be provided on portions of the exterior of 
the garments to enhance the visibility of the garment Wearer. 

[0048] In one embodiment, a fabric having blends of ?bers 
disclosed herein is used to form at least a portion of an 
advanced combat shirt. Advance combat shirts are Worn 
under bullet proof vests. When a bullet proof vest is posi 
tioned over the shirt, the shoulders and sleeves of the shirt 
typically remain exposed but the body portion of the shirt is 
substantially covered by the vest. Thus, the shoulders and 
sleeves of the shirt have traditionally been made from Woven 
or heavy Weight knit FR fabrics (such as those disclosed in 
Us. Pat. No. 6,867,154, the entirety of Which is herein 
incorporated by reference) that protect the Wearer against 
?ame and radiant energy and are typically printed (such as 
With a camou?age pattern) to ensure the Wearer does not 
stand out in his or her surrounding environment. 

[0049] Because the body portion of the shirt is concealed 
by the bullet proof vest Which protects the Wearer’s torso, it 
need not be made from the same materials or afford the same 
level of FR protection to the Wearer. The inventors have 
discovered that forming the body portion of the shirt from an 
FR fabric having a blend that includes FR modacrylic and 
synthetic cellulosic ?bers results in a shirt With better Wear 
properties that is more comfortable to the Wearer. In one 
embodiment, the body portion of the shirt is formed of a 
50/50 blend of FR modacrylic ?bers and synthetic cellulosic 
?bers (suitable examples of each of Which are identi?ed in 
the discussion above). 

[0050] The blend need not only include FR modacrylic 
and synthetic cellulosic ?bers, hoWever. Rather, other ?bers 
may be added to the blend, including, but not limited to, 
additional inherently FR ?bers (suitable examples of Which 
are identi?ed in the discussion above), polyester ?bers, 
nylon ?bers, or ?bers that impart stretchability to the result 
ing fabric (e. g., spandex). In an alternative embodiment, the 
?ber blend includes betWeen approximately 30-60% FR 
modacrylic ?bers, approximately 20-60% synthetic cellulo 
sic ?bers, approximately 5-30% additional inherently FR 
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?bers, and betWeen 5-25% nylon ?bers. In a more speci?c 
embodiment, the ?ber blend includes approximately 50% 
modacrylic ?bers (and preferably, but not necessarily, PRO 
TEX WTM ?bers), 30% lyocell ?bers (and preferably, but not 
necessarily, TENCEL A100TM ?bers), 10% para-aramid 
?bers (and preferably, but not necessarily, TWARONTM 
?bers), and 10% nylon ?bers. 

[0051] The ?ber blend is formed into yarns that is then 
used to form the fabric for use in the body portion of the 
shirt. While any type of yarn may be formed, spun yarns are 
particularly suitable in this application given their high 
absorptive properties. It has been found that a fabric pro 
vided With apertures (i.e., a mesh fabric) is particularly 
Well-suited in this application because the resulting mesh 
fabric is breathable and alloWs air to circulate under the vest 
and thus keeps the Wearer cool. The mesh fabric may be 
formed in a variety of Ways, With knitting, and particularly 
circular knitting, being particularly suitable. 

[0052] Any portion of the shirt may be formed from the 
mesh material. Depending on the stretchability of the mesh, 
it may be desirable to incorporate stretchable panels of FR 
fabric into the shirt (such as in side panels of the shirt) for 
ease of donning and removing the garment by the Wearer. 
The stretchable panels may be formed of any FR fabric, 
including, but not limited to, the fabrics contemplated 
herein. 

[0053] The foregoing is provided for purposes of illustrat 
ing, explaining, and describing embodiments of the present 
invention. Further modi?cations and adaptations to these 
embodiments Will be apparent to those skilled in the art and 
may be made Without departing from the scope or spirit of 
the invention. 

We claim: 
1. A ?ame resistant fabric comprising a ?ber blend, 

Wherein the ?ber blend comprises a ?rst type of inherently 
?ame resistant ?bers and a plurality of synthetic cellulosic 
?bers, Wherein the ?rst type of inherently ?ame resistant 
?bers comprises FR modacrylic ?bers. 

2. The fabric of claim 1, Wherein the synthetic cellulosic 
?bers comprise lyocell. 

3. The fabric of claim 2, Wherein the synthetic cellulosic 
?bers comprise TENCELTM. 

4. The fabric of claim 2, Wherein the synthetic cellulosic 
?bers comprise TENCEL AIOOTM. 

5. The fabric of claim 1, Wherein the synthetic cellulosic 
?bers are not ?ame resistant. 

6. The fabric of claim 1, Wherein the FR modacrylic ?bers 
comprise PROTEXTM ?bers. 

7. The fabric of claim 1, Wherein the FR modacrylic ?bers 
comprise a ?rst percentage of the ?ber blend and the 
synthetic cellulosic ?bers comprise a second percentage of 
the ?ber blend, Wherein the ?rst percentage is greater than 
the second percentage. 

8. The fabric of claim 1, Wherein the ?ber blend further 
comprises a second type of inherently ?ame resistant ?bers. 

9. The fabric of claim 8, Wherein the second type of 
inherently ?ame resistant ?bers comprises at least one of 
para-aramid ?bers, meta-aramid ?bers, polybenZimidaZole 
?bers, polybenZoxaZole ?bers, melamine ?bers, carbon 
?bers, pre-oxidiZed acrylic ?bers, polyacrylonitrile ?bers, 
TANLONTM ?bers, or polyamide-imide ?bers. 
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10. The fabric of claim 8, wherein the ?ber blend com 
prises approximately 30-60% of the ?rst type of inherently 
?ame resistant ?bers, approximately 20-60% synthetic cel 
lulosic ?bers, and approximately 5-30% of the second type 
of inherently ?ame resistant ?bers. 

11. The fabric of claim 10, Wherein the synthetic cellu 
losic ?bers comprise TENCEL Al00TM. 

12. The fabric of claim 8, Wherein the ?ber blend further 
comprises a plurality of high tenacity ?bers. 

13. The fabric of claim 12, Wherein the plurality of high 
tenacity ?bers comprises at least one of nylon ?bers or 
polyester ?bers. 

14. The fabric of claim 1, Wherein the fabric is Woven. 
15. The fabric of claim 1, Wherein the fabric is nonWoVen. 
16. The fabric of claim 1, Wherein the fabric is knitted. 
17. The fabric of claim 1, Wherein the fabric comprises a 

knitted mesh fabric. 
18. The fabric of claim 1, Wherein at least some of the 

?bers in the fabric are dyed. 
19. The fabric of claim 18, Wherein at least some of the 

FR modacrylic ?bers are dyed With at least one of a basic 
dye or a disperse dye. 

20. The fabric of claim 18, Wherein at least some of the 
synthetic cellulosic ?bers are dyed With at least one of a ?ber 
reactive dye, direct dye, or Vat dye. 

21. The fabric of claim 18, Wherein the fabric complies 
With ANSI 107-2004. 

22. The fabric of claim 18, Wherein the fabric complies 
With MlL-C-83429. 

23. The fabric of claim 1, Wherein at least a portion of the 
fabric is printed. 

24. The fabric of claim 23, Wherein the fabric complies 
With MlL-C-83429. 
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25. The fabric of claim 24, Wherein the fabric is printed 
using at least one Vat dye. 

26. A garment comprising the fabric of claim 1. 
27. The garment of claim 26, Wherein the garment is a 

shirt comprising a body portion, Wherein at least a portion of 
the body portion comprises the fabric. 

28. The garment of claim 27, Wherein the fabric further 
comprises a second type of inherently ?ame resistant ?bers. 

29. The garment of claim 27, Wherein the fabric comprises 
a knitted mesh fabric. 

30. A ?ame resistant fabric comprising a ?ber blend, 
Wherein the ?ber blend comprises approximately 30-60% of 
a ?rst type of inherently ?ame resistant ?bers, approxi 
mately 20-60% synthetic cellulosic ?bers, and approxi 
mately 5-30% of a second type of inherently ?ame resistant 
?bers, Wherein the ?rst type of inherently ?ame resistant 
?bers comprise FR modacrylic ?bers and Wherein the syn 
thetic cellulosic ?bers comprise TENCEL Al00TM. 

31. The fabric of claim 30, Wherein the second type of 
inherently ?ame resistant ?bers comprise at least one of 
para-aramid ?bers, meta-aramid ?bers, polybenZimidaZole 
?bers, polybenZoxaZole ?bers, melamine ?bers, carbon 
?bers, pre-oxidiZed acrylic ?bers, polyacrylonitrile ?bers, 
TANLONTM ?bers, or polyamide-imide ?bers. 

32. The fabric of claim 30, Wherein the ?ber blend 
comprises approximately 40-50% FR modacrylic ?bers, 
approximately 30-40% TENCEL A100TM ?bers, and 
approximately l0-l5% aramid ?bers. 

33. The fabric of claim 30, Wherein the ?ber blend further 
comprises nylon ?bers. 

* * * * * 


