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ABSTRACT 

An article exhibiting flame resistant or flame retardant (FR) 
property including a fabric that has received a pre-treatment 
applied dye or print or combinations thereof, and a post 
treatment applied FR additive. The fabric includes a primary 
yarn including a fiber having vapor phase action and a par 
tially aromatic polyamide fiber. 
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DYEING AND PRINTING OF FABRICS 
INCLUDING PARTIALLY AROMATIC 

POLYAMDES 

FIELD OF THE INVENTION 

0001. The invention relates to dyeing and finishing fabrics 
including flame resistant/flame retardant (FR) fabrics that 
include partially aromatic polyamide fibers and a fiber exhib 
iting vapor phase action, such as cellulose fibers that have 
received FR treatment. 

BACKGROUND OF THE TECHNOLOGY 

0002 Flame retardant and flame resistant (FR) fabrics are 
crucial in both military and non-military environments. Fire 
fighters, race car drivers, and petro-chemical workers are just 
a few of the non-military groups that benefit from the added 
protection of flame retardant fabrics. However, today the true 
benefit of flame retardant fabrics lies with the military. In 
addition to the unforgiving Surroundings that military troops 
must operate in, the advent of unconventional modern war 
fare creates an even more hostile environment. Specifically, 
the use of improvised explosive devices (“IEDs) to immo 
bilize large convoys of Soldiers makes individual troop pro 
tection critically important. 
0003. In addition to ballistic fabrics and body armor, flame 
retardant fabrics serve a crucial role in protecting soldiers 
from IEDs. IEDs are constructed of numerous materials (e.g. 
high-explosive charges, flammable liquids, shrapnel, etc.), 
Some acting as projectiles and others acting as incendiaries 
upon detonation. Thus, military fabrics must be of varied 
construction to handle the multitude of threats from an IED. 

0004. There are basically two types of flame retardant 
fabrics used in protective clothing: (1) Fabrics made from 
flame retardant organic fibers (e.g. aramid, flame retardant 
rayon, polybenzimidazole, modacrylic etc.); and (2) Flame 
retardant fabrics made from conventional materials (e.g. cot 
ton) that have been post treated to impart flame retardancy. 
Nomex R and Kevlar.R) aromatic polyamides are among the 
most common types of flame retardant synthetic fibers. These 
are made by solution spinning a meta- or para-aromatic 
polyamide polymer into fiber. Aromatic polyamides do not 
melt under extreme heat, are naturally flame retardant, but 
must be solution spun. Unfortunately, Nomex(R) and KEV 
LAR(R) are not very comfortable and are difficult and expen 
sive to produce. 
0005. Another fiber used in protective clothing is 
modacrylic which is fiber comprising 30 to 70 parts by mass 
of acrylonitrile and 70 to 30 parts by mass of a monomer such 
as a halogen-containing vinylidene monomer and/or a halo 
gen-containing vinyl monomer. Commercial examples 
include PROTEXOR) C and PROTEXORM fibers manufactured 
by Kaneka. At an approximate 1:1 blend ratio, modacrylic 
fibers are known to impart flame resistance properties to 
fabrics comprising non-FR treated cellulosic fibers such as 
cotton and lyocell. Examples can be found in EP1498522 and 
WO2O08027454. 

0006 Cellulose fibers such as acetate, rayon, lyocell, and 
cotton can be rendered flame resistant by incorporating phos 
phorus-nitrogen additives at fiber spinning or at fabric finish 
ing. The mechanisms for flame resistance performance of 
both modacrylic and flame resistant cellulose rely on gases 
emitted from the fibers which dilute, cool, or chemically 
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neutralize flammable gases (vapor phase action) and which 
form intumescent char barriers (condensed phase action). 
0007 Post-treatment flame retardants are applied to fab 
rics and can be broken down into two basic categories: (1) 
Durable flame retardants; and (2) Non-durable flame retar 
dants. For protective clothing, the treatment must withstand 
laundering, so only durable treatments are selected. Today, 
most often, durable flame retardant chemistry relies on phos 
phorus-based FR agents and chemicals or resins to fix the FR 
agents to the fibers. 
0008 Co-pending U.S. Provisional Patent Application 
Nos. 61/530,434 and PCT Patent Application No. PCT/ 
US 11/52557, filed on Sep. 21, 2011, disclose flame retardant 
fabrics which include partially aromatic polyamide fibers. 
These fabrics can also include cellulosic fibers and provide 
protection required of FR fabrics and garments. 
0009 U.S. Pat. No. 6,132,476 discloses the dyeing of FR 
fabrics and garments, but acknowledges that when these fab 
rics include certain inherently flame resistant fiber such as 
aromatic polyamides in combination with fibers such as FR 
rayon, the dyeing process reduces the effectiveness of the FR 
properties. The reason is that the high temperatures required 
for dyeing aromatic polyamides cause depletion of the FR 
agents in the FR rayon and make the fabrics more Susceptible 
to further depletion of the FR additive during subsequent 
laundering. Specific dyeing processes and conditions are 
required to avoid these concerns. 

SUMMARY OF THE INVENTION 

0010. There is an ongoing need for fabrics that provide 
necessary FR properties that avoid the concerns of reduction 
of FR properties of the fabric during dyeing and/or subse 
quent laundering. Ideally, these new processes provide flex 
ibility in the selection of a dyeing and/or printing process 
while providing and maintaining desired and/or required 
flame resistant or flame retardant properties. 
0011. One aspect provides an article which has been dyed 
and/or printed exhibiting flame resistant or flame retardant 
property including a primary yarn; where the primary yarn 
includes a flame resistant or flame retardant (FR) fiber having 
significant vapor phase action Such as modacrylic or FR cel 
lulose fibers and a fiber different from said flame resistant or 
flame retardant fiber including a partially aromatic polyamide 
fiber; where the partially aromatic polyamide polymer with 
out FR additives is melt spun into fiber. In other words, the 
partially aromatic polyamide fiber excludes FR additives, 
which are integral to the fiber composition. The article may be 
a yarn. However, the article may also be a fabric or a garment 
including the flame resistant yarn. 
0012 Another aspect provides an article exhibiting flame 
resistant or flame retardant (FR) property including (a) a 
fabric including a pre-treatment applied dye or print or com 
binations thereof; and (b) a post-treatment applied FR addi 
tive; wherein the fabric includes a primary yarn comprising a 
fiber having vapor phase action and a partially aromatic 
polyamide fiber. The pre-treatment is selected from the group 
consisting of a dye, a print, or combinations thereof and is 
present on the garment prior to the addition of the post 
treatment which includes an FR additive. In other words there 
are few limitations on the dyeing process that can be used as 
depletion of the FR is not an issue because the article receives 
an FR treatment subsequent to the dyeing. However, where 
printing is desired, the print may be applied before or after the 
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application of the FR treatment because the printing process 
does not interfere with the FR treatment in the manner that 
high temperature dyeing may. 
0013. In a further aspect is an article exhibiting flame 
resistant or flame retardant property including (a) a fabric 
including a pre-treatment consisting of dyeing, printing, and 
combinations thereof, and (b) a post-treatment including a 
flame resistant or flame resistant or flame retardant treatment; 
wherein said fabric includes a primary yarn including a cotton 
fiber and a partially aromatic polyamide fiber. 
0014. A method for preparing an article exhibiting flame 
resistant or flame retardant property including the following 
sequential process (a) preparing a fabric including primary 
yarn comprising a fiber having vapor phase action and a 
partially aromatic polyamide fiber; (b) providing a pre-treat 
ment selected from the group consisting of dyeing, printing, 
and combinations thereof, and (c) a post-treatment including 
a flame resistant or flame resistant (FR) treatment. An 
optional Subsequent process for printing may be introduced 
following the post-treatment application of FR additive. 

DETAILED DESCRIPTION OF THE INVENTION 

0015 The terms “flame resistant, “flame retardant, and 
“FR have subtle differences in the art. The differences in the 
usage of the terms relate to describing fabrics which either 
resist burning, burn at a slower rate and are capable of self 
extinguishing under conditions such as a vertical flame test. 
For the purposes of this invention the terms “flame resistant” 
and “flame retardant’ are used interchangeably and are meant 
to include any fabric that possesses one or more of the desired 
properties such as resistance to burning, slow burning, self 
extinguishing, etc. 
0016. The term “vapor phase action' for fibers useful in 
the present invention is meant to include fibers which dilute, 
cool, or chemically neutralize flammable gases. The mecha 
nisms for flame resistance performance of both modacrylic 
and flame resistant cellulose rely on gases emitted from the 
fibers which dilute, cool, or chemically neutralize flammable 
gases (vapor phase action) and which form intumescent char 
barriers (condensed phase actions). 
0017. The articles, specifically, yarns, fabrics and gar 
ments exhibit flame resistant and/or flame retardant proper 
ties. The yarns include at least one fiber which is a partially 
aromatic polyamide. The yarn including the partially aro 
matic fiber is referred to in the claims as a “primary yarn.” The 
term “primary yarn’ is not meant to establish any relative 
weight percent of yarn in comparison to other yarns that may 
be present in the article, but instead is used to distinguish the 
yarn from other yarns. The primary yarn must include a 
partially aromatic fiber which excludes spun-in FR additives 
combined with a FR fiber such as a FR cellulose fiber, 
modacrylic fiber, and mixtures thereof. 
0018. Unexpectedly, it is found that MXD6 polyamide 
fibers are dye-able using several types of dyes for the pre 
treatment applied dye. This enables the dyer/printer/finisher 
to have extra flexibility in choosing the best and most com 
patible dyeing chemistry for performance and cost. A wider 
range of dye and pigment selection permits the dyer to more 
easily meet stringent military requirements for the IR reflec 
tance of camouflage fabrics. Minimizing IR reflectance is 
critical to prevent wearer from being seen via IR night vision 
goggles. 
0019. The articles including a pre-treatment such as a dye 
or a print or both. The dye may be selected from the group 
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consisting of acid dye, cationic dye, disperse dye, vat dye, and 
combinations thereof. Where a dye is included, the article 
may be dyed to a union shade. While the post-treatment step 
includes an FR treatment, a second FR treatment that occurs 
during the pre-treatment dyeing or printing may also be pro 
vided 

0020 Indications from vertical flammability tests are that 
dyeing can actually help the flame resistance of MXD6 fab 
rics. In addition, the morphology of MXD6 fibers may allow 
FRingredients (such as cyclic phosphinate esters) to be added 
at fabric dyeing, 
0021. The partially aromatic fibers may be prepared in the 
presence or absence of non-halogen flame retardant additives. 
The spun-in non-halogen flame retardant additives can 
include: condensation products of melamine (including 
melam, melem, and melon), reaction products of melamine 
with phosphoric acid (including melamine phosphate, 
melamine pyrophosphate, and melamine polyphosphate 
(MPP)), reaction products of condensation products of 
melamine with phosphoric acid (including melam polyphos 
phate, melem polyphosphate, melon polyphosphate), 
melamine cyanurate (MC), Zinc diethylphosphinate 
(DEPZn), aluminum diethylphosphinate (DEPAI), calcium 
diethylphosphinate, magnesium diethylphosphinate, bisphe 
nol-Abis(diphenyphosphinate) (BPADP), resorcinol bis(2,6- 
dixylenyl phosphate) (RDX), resorcinol bis(diphenyl phos 
phate) (RDP), phosphorous oxynitride, zinc borate, zinc 
oxide, Zinc Stannate, Zinc hydroxyStannate, Zinc sulfide, Zinc 
phosphate, Zinc silicate, Zinc hydroxide, Zinc carbonate, Zinc 
Stearate, magnesium Stearate, ammonium octamolybdate, 
melamine molybdate, melamine octamolybdate, barium 
metaborate, ferrocene, boron phosphate, boronborate, mag 
nesium hydroxide, magnesium borate, aluminum hydroxide, 
aluminatrihydrate, melamine salts of glycoluril and 3-amino 
1,2,4-triazole-5-thiol, urazole salts of potassium, Zinc and 
iron, 1.2-ethanediyl-4-4'-bis-triazolidine-3.5.dione, silicone, 
oxides of Mg, Al, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Zr, Mo, Sn, 
Sb, Ba, W. and Bi, polyhedral oligomeric silsesquioxanes, 
silicotungstic acid (SiTA), phosphotungstic acid, melamine 
salts oftungstic acid, linear, branched or cyclic phosphates or 
phosphonates, spirobisphosphonates, spirobisphosphates 
and nanoparticles, such as carbon nanotubes and nanoclays 
(including, but not limited to, those based on montmorillo 
nite, halloysite, and laponite). 
0022. When present in the partially aromatic polyamide 
fiber, the flame retardant additive is present in an amount from 
about 1% to about 25% w/w, including from about 5% to 
about 20% w/w, about 5% to about 10%, and about 10%. The 
mean particle size of the flame retardant additive is less than 
about 3 microns, including less than about 2 microns, and less 
than about 1 micron. 

0023 The particle size of the flame retardant additive may 
be prepared by a milling process which comprises air jet 
milling of each component, or of co-milling blends of com 
ponents to reduce the particle size. Other wet or dry milling 
techniques known in the art (e.g. media milling) may also be 
used to reduce additive particle size for fiber spinning. If 
appropriate, milling may involve the injection of liquid mill 
ing aids, possibly under pressure, into the mill at any Suitable 
point in the milling process. These liquid aids are added to 
stabilize the flame retardant system and/or prevent agglom 
eration. Additional components to aid in particle wetting 
and/or prevent re-agglomeration may also be added at any 
Suitable point during the milling of flame retardant additive, 
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the blending of the flame retardant additive and polymer, 
and/or the fiber spinning process. 
0024. The flame retardant may be compounded with the 
polymeric material in an extruder. An alternative method 
involves dispersing the flame retardant composition in poly 
mer at a higher concentration than desired in the final polya 
mide fiber product, and forming a masterbatch. The master 
batch may be ground or pelletized and the resulting 
particulate dry-blended with additional polyamide resin and 
this blend used in the fiber spinning process. Yet another 
alternative method involves adding some or all components 
of the flame retardant additive to the polymer at a suitable 
point in the polymerization process. 
0025. In one aspect, the partially aromatic fibers exclude 
spun-in FR additives. The partially aromatic polyamide may 
include polymers or copolymers including monomers 
selected from the group consisting of aromatic diamine 
monomers, aliphatic diamine monomers, aromatic diacid 
monomers, aliphatic diacid monomers and combinations 
thereof. The partially aromatic polyamide can also include or 
exclusively be MXD6 which includes an aromatic diamine 
and non-aromatic diacid. Other partially aromatic polya 
mides can be based upon an aromatic diacid such as tereph 
thalic acid (polyamide 6T) or isophthalic acid (polyamide 61) 
or blends thereof (polyamide 6T/61). The melting, or pro 
cessing temperatures, of partially aromatic polyamides 
ranges from about 240° C. (for MXD6) to about 355° C. (for 
polyamideimide), including about 260°C., 280°C., 300° C. 
320°C., and 340°C. Nylon 6 and nylon 6.6 have melting 
temperatures of about 220°C. and 260° C., respectively. The 
lower the melting temperature, the easier the polyamide poly 
meris to process into fiber. Below is a list of common partially 
aromatic polymers and certain comparative non-aromatics 
and their associated melting temperatures. 

Polymer Trade Name Melting Temperature, C. 

Nylon 6 (non-aromatic) Various 220 
Nylon 66 (non-aromatic) Various 260 
MXD6 MXD6 240 
Nylon 6/6T Grivory 295 
Polyphthalamide (PPA) Zytel, LNP 3OO 
Nylon 6T Arlen 310 
Nylon 6I/6T Grivory 325 
Polyamideimide Torlon 355 

0026. The partially aromatic polyamides may also include 
co-polymers or mixtures of multiple partially aromatic 
amides. For example, MXD6 can be blended with Nylon 6/6T 
prior to forming a fiber. Furthermore, partially aromatic poly 
mers may be blended with an aliphatic polyamide or co 
polymers or mixtures of multiple aliphatic polyamides. For 
example, MXD6 can be blended with Nylon 6.6 prior to 
forming a fiber. The partially aromatic fiber may include up to 
about 20% by weight of the fiber of one or more aliphatic 
polyamides. 
0027. The partially aromatic fiber can be a staple fiber or 
continuous filament yarn. The partially aromatic fiber can 
also be contained in a nonwoven fabric Such as spun bond, 
melt blown, or a combination thereof. The filament cross 
section can be any shape, including round, triangle, star, 
square, oval, bi-lobal, tri-lobal, or flat. Further, the filament 
can be textured using known texturing methods. As discussed 
above, the partially aromatic polyamides spun into fibers can 
also include additional partially aromatic or aliphatic poly 
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mers. When spinning Such fibers, a mixture of more than one 
polyamide polymer may be blended prior to spinning into 
yarn or a multi-filament yarn may be produced containing at 
least one partially aromatic polyamide polymer and an addi 
tional partially aromatic polyamide polymer or aliphatic 
polymer in a bicomponent form such as a side-by-side or 
core-sheath configuration. 
0028. The partially aromatic fiber will be combined with 
an FR fiber having significant vapor phase action Such as 
modacrylic or FR cellulose fibers to form the primary yarn. 
The yarn may include only the partially aromatic fiber and the 
FR fiber; alternatively other fibers which are FR or non-FR 
fibers may be included. The useful amount of partially aro 
matic fiber varies. Suitable amounts of partially aromatic 
fiber include about 5% to about 75% by weight of the primary 
yarn; about 5% to about 60% by weight of the yarn; and about 
25% to about 50% by weight of the yarn. The combined yarn 
may be prepared by any suitable method. For example, the 
yarn may be a blended staple yarn. The blended staple yarn 
may be an intimate blend in which the partially aromatic fiber 
and FR fiber are uniformly blended throughout the yarn. 
Alternatively, the yarn may be a single or ply twisted yarn, a 
covered yarn (including single and double covering) or a 
core-spun yarn, among others. 
0029. The primary yarn must include at least one FR fiber 
which is and has significant vapor phase action Such as 
modacrylic or FR cellulose fibers, and combinations thereof. 
The FR fiber may also be FR cellulose where an FR additive 
is added to the FR cellulose during fiber manufacturing. 
Alternatively, an FR treatment may be applied to the article 
including an untreated cellulosic fiber. Examples of suitable 
cellulosic fibers include cotton, rayon or lyocell. Articles that 
include FR cellulose are meant to include those in which a 
constituent element, such as a yarn, is treated prior to incor 
poration into an article. Articles that include FR cellulose are 
also meant to include those treated after combining the cel 
lulose into a yarn, as well as those treated after the yarns have 
been made into fabric or garments. As used herein, cellulose 
includes, but is not limited to, acetate, cotton, rayon, lyocell, 
and combinations thereof. In the primary yarn, one or more 
cellulosic fibers can be combined with each other and/or with 
modacrylic. The amounts of FR fiber having significant vapor 
phase action may vary. Suitable amounts of this fiber include 
about 25% to about 75% by weight of the primary yarn; 
greater than 25% to about 75% by weight of the yarn; about 
40% to about 60% by weight of the yarn; and about 50% to 
about 75% by weight of the yarn. 
0030) Regardless of whether FR fiber of the primary yarn 
has received an FR treatment or additive prior to the pre 
treatment step, a post-treatment applied FR additive is intro 
duced to article, fabric or garment, after dyeing. Post-treat 
ment flame retardants include: (1) Durable flame retardants: 
and (2) Non-durable flame retardants. For protective clothing, 
the treatment must withstand laundering, so durable treat 
ments are more desirable. Suitable examples of FR treatments 
for the post-treatment applied FR additive include durable 
flame retardant chemistry relying on phosphorus-based FR 
agents and chemicals or resins to fix the FR agents to the 
fibers. 
0031 One suitable process for FR post-treatment is the 
“PROBAN' process. “PROBAN” is the trade name for a 
finishing process in which a cotton-rich fabric is dipped in a 
water-soluble cross linkable phosphorus-containing resinand 
cured by ammonia gas or liquid. The process was originally 



US 2015/0308041 A1 

patented by Hooker Chemical in the US and Albright & 
Wilson in the UK. This process uses tetrakis-(hydroxylm 
ethyl)phosphonium salts wherein the salt component could 
be sulfate (THPS) or chlorate (THPC). Because of concerns 
about some by-products, THPS with an ammonia gas curing 
chamber is the system used today. A benefit of the process is 
that the FR component is in a very stable phosphine oxide 
structure. The THPC-urea precondensate is water soluble 
until it is cross linked by the ammonia treatment. At that point 
it is well-penetrated into the cotton fibers and insoluble. Wash 
durability is excellent (up to 100 industrial laundering 
cycles). 
0032. The primary yarn may also include other FR fibers 
which are well-known in the art. Typically, these will be 
combined in a minor amount such as from 0 to about 50% 
based on the weight of the yarn. Other suitable amounts 
include greater than 0 such as greater than about 5%, greater 
than about 10% and up to about 30% by weight of the primary 
yarn. Examples include, but are not limited to, FR polyester, 
FR nylon, m-aramid, p-aramid, novoloid, melamine, poly(p- 
phenylene benzobisoxazole (PBO), polybenzimidazole 
(PBI), polysulphonamide (PSA), partially oxidized polyacry 
lonitrile (PAN) and combinations thereof. 
0033. The amount of the partially aromatic fiber in the 
primary yarn will depend on which FR fiber and/or other 
fibers (FR or non-FR) are also included in the yarn. For 
example, the partially aromatic polyamide fiber may be 
present in said primary yarn in an amount of about 5% to 
about 75% by weight of the primary yarn; alternatively the 
partially aromatic polyamide fiber may be present in said 
primary yarn in an amount of about 5% to about 60% by 
weight of the primary yarn. Other Suitable ranges include 
where the minimum amount of partially aromatic fiber is 
about 25%; such as where the amount of partially aromatic 
fiber is about 25% to about 75% by weight of the primary yarn 
or about 25% to about 60% by weight of the primary yarn. 
The partially aromatic polyamide may also be present in an 
amount of about 40% to about 60% or about 50% by weight 
of the primary yarn. The type of FR fiber that accompanies the 
partially aromatic fiber will contribute to the necessary 
weight percent of each component based on the total weight 
of the primary yarn. When the primary yarn is included in a 
fabric, the fabric self-extinguishes in a vertical flammability 
test (ASTM D6416). Specifically, the article of one aspect is 
a fabric capable of having an after-flame time of less than 
about 10 seconds in a vertical flammability test. 
0034 Additional fibers which may be included within the 
primary yarn, in Staple or filament form (depending on the 
fiber), both flame retardant and non-flame retardant, are use 
ful for to form other yarns, fabrics and garments. The addi 
tional fibers can include cellulose (whether FR or not) such as 
cotton, rayon or lyocell, para-aramid, meta-aramid, 
modacrylic, melamine, poly(p-phenylene benzobisoxazole) 
(PBO), polybenzimidazole (PBI), polysulphonamide (PSA), 
oxidized acrylic, partially oxidized acrylic (including par 
tially oxidized polyacrylonitrile), novoloid, wool, flax, hemp, 
silk, nylon (whether FR or not), polyester (whether FR or 
not), anti-static fibers, and combinations thereof. Certain 
fibers, such as para-aramid, FBI, or PBO, maintain strength 
after flame exposure and, when used in blended yarns and 
fabrics, are effective at reducing the fabric char length after 
flammability testing. 
0035. The article of one aspect may further include at least 
one additional yarn which is compositionally different from 
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said primary yarn. “Compositionally different’ means that 
the additional yarn differs from the primary yarn in at least 
one of a variety of aspects such as including different fiber 
compositions, different amounts of the same fibers, different 
fiber cross-section, different additives, different colors, etc. 
The article may further comprise at least two additional yarns 
which are compositionally different from each other and 
compositionally different from said primary yarn. Also, the 
additional yarn may be an FR yarn; or may be a non-FR yarn. 
0036. The fabrics made with the primary yarn can also 
include additional yarns such as cellulose (whether FR or not) 
including cotton, rayon or lyocell, para-aramid, meta-aramid, 
modacrylic, melamine, poly(p-phenylene benzobisoxazole) 
(PBO), polybenzimidazole (FBI), or polysulphonamide 
(PSA), oxidized acrylic, partially oxidized acrylic (including 
partially oxidized polyacrylonitrile), novoloid, wool, flax, 
hemp, silk, nylon (whether FR or not), polyester (whether FR 
or not), anti-static fibers, and combinations thereof. 
0037 Fabrics comprising non-FR celluloses can be 
treated with additional flame retardant additives and finishes 
if necessary. An exemplary method for treating cotton is 
found in the technical bulletin Fabric Flame Retardant Treat 
ment (2003) published by Cotton Incorporated, Cary, N.C., 
herein incorporated by reference in its entirety. The fabrics 
can be woven, knit, and non-woven fabrics. Non-woven fab 
rics include those made from carded webs, wet-lay, or spun 
bond/melt blown processes. 
0038. The fibers, yarns, and fabrics can also contain addi 
tional components such as: UV stabilizers, anti-microbial 
agents, bleaching agents, optical brighteners, anti-oxidants, 
pigments, dyes, Soil repellants, stain repellants, nanopar 
ticles, and water repellants. UV stabilizers, anti-microbials 
agents, optical brighteners, anti-oxidants, nanoparticles, and 
pigments can be added to the flame retardant polymer prior to 
melt-spinning or added as a post-treatment after fiber forma 
tion. Dyes, soil repellants, stain repellants, nanoparticles, and 
water repellants can be added as a post-treatment after fiber 
and/or fabric formation. Fabrics made with the disclosed 
flame retardant fiber may also have a coating or laminated 
film applied for abrasion resistance or for control of liquid/ 
vapor permeation. 

DEFINITIONS 

0039. After flame means: “Persistent flaming of a material 
after ignition source has been removed.” Source: ATSM 
D6413-11 Standard test Method for Flame Resistance of 
Textiles (Vertical Method) 
0040 Charlength means: “The distance from the fabric 
edge, which is directly exposed to flame to the furthest of 
visible fabric damage, after a specified tearing force has been 
applied.” Source: ATSMD6413-11 Standard test Method for 
Flame Resistance of Textiles (Vertical Method) 
0041 Drip means: "A flow of liquid that lacks sufficient 
quantity or pressure to form a continuous stream.' Source: 
National Fire Protection Association (NFPA) Standard 2112, 
2007 Edition, Standard on Flame-Resistant Garments for 
Protection of Industrial Personnel Against Flash Fire. 
0042 Melt means: The response to heat by a material 
resulting in evidence of flowing or dripping. Source: 
National Fire Protection Association (NFPA) Standard 2112, 
2007 Edition, Standard on Flame-Resistant Garments for 
Protection of Industrial Personnel Against Flash Fire. 
0043. Self-Extinguishing means: Material will have no 
persistent flaming after the ignition source is removed OR 
flaming shall stop before the specimen is totally consumed. 
When tested by ATSM D6413-11 Standard test Method for 
Flame Resistance of Textiles (Vertical Method). 
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0044) The features and advantages of the present invention 
are more fully shown by the following examples which are 
provided for purposes of illustration, and are not to be con 
Strued as limiting the invention in any way. 

Examples 

Test Methods 

0045. Flame retardancy was determined in accordance 
with ASTM D-6413-11 Standard Test Method for Flame 
Resistance of Textiles (Vertical Test). 

Colorfastness to Laundering: 

0046 American Association of Textile Chemist and Col 
orists (AATCC) Test Method 61 wherein color transfer to a 
multi-fiber test strip indicates dye loss from test fabric and 
staining a multi-fiber test strip comprised on the fibers listed 
in the tables of Examples. Color loss or adsorption is rated on 
a Gray Scale (1-5) where 5 is negligible change and 1 is a 
large change. 

Color Measurement: 

0047. After dyeing, color is read using a Macbeth Color 
Eye 7000A spectrophotometer which measures visible light 
spectral reflectance of the sample for brightness, whiteness, 
and yellowness, 
Interpretation of readings is as follows: 

0048 Higher L value indicates lighter shades 
0049 Higher the K/S value indicates darker shades 
0050 a-value: Represents redness, Higher a-value is 
redder. Lower is more green. 

0051 b-value: Represents yellowness. Higher b-value 
is yellower, Lower is bluer. 

0052 Vertical Flammability: ASTM D6413 Standard 
Test Method for Flame Resistance of Textiles (Vertical Test) 

For all Examples: 

0053 Several classes of dyes are used to compare the 
dyeing characteristics of MXD6 and nylon 66 fibers. Fiber 
samples were pre-scoured using 1 g/l Soda ash and 1 g/1 
Domoscour LFE-810 at 160°F. for 15 minutes. 

Example Set 1 

0054 Fibers were dyed individually using milling acid 
dye with and without a leveling agent. Fibers were dyed for 60 
minutes at 212° F. 

Color Eye Readings for Comparative Dyeings 

0055 

% Apparent 
L 8. b K/S DE Color strength 

MBB dye 
(without leveling 
agent) 

N-66 36.72 2S.O1 38.52 9.62 O 100 
MXD6 35.04 23.10 -39.S 1102 2.72 115.06 
MBB dye 
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-continued 

% Apparent 
L 8. b K/S DE Color strength 

(with leveling agent) 

N-66 47.13 19.73 37.33 445 O 100 
MXD6 51.34 12.76 29.24 2.9S 11.47 73.13 

Conclusion: 

0056 MXD6 fibers dye darker than N66 when using a 
milling acid dye without leveling agent. 

Example Set 2 

Competitive Dyeing 

0057 Fibers were dyed in the same bath using disperse 
Blue 3 dye at pH=9.0 and acid blue 45(ABB) dye at pH=5.8 
and acid blue 122 milling acid (MBB) dye at pH 5.0 with and 
without anionic leveling agent at pH 5.7. Fibers were dyed 
for 60 minutes at 212° F. 

Color Eye Readings for Various Dye Classes 
0.058 

% Apparent 
L 8. b K/S DE Color strength 

Disperse dye 

N-66 4354 14.11 -2.86 4.68 100 
MXD6 43.21 12.67 -6.15 4.39 2.86 101.75 
ABB acid dye 

N-66 35.64 -249 37.94 18.31 100 
MXD6 57.61 -2.99 -2.95 2.97 28.6 17.7 
MBB acid dye 
(without leveling 
agent) 

N-66 31.53 30.02 -41.7 14.86 100 
MXD6 38.64 20.03 - 6.96 8.16 13.15 56.11 
MBB dye 
(with leveling agent) 

N-66 43.93 22.23 -9.32 S.74 100 
MXD6 44.2 1743 -4.84 5.32 6.57 97.02 

0059 Conclusions: 
0060) 1. Using anthraquinon milling blue B (ABB Type 
amine end group sensitive dyestuff), MXD6 dyes 80% 
lighter vs. control N-66. 

0061 2. Using milling blue BL (MBB type structure sen 
sitive dyestuff) without leveling agent, dyes 20% lighter 
than control. Dyes similar to N66 with leveling agent. 

Example Set 3 

Dyeing with Cationic Dyes 
0062 Fibers were dyed in separate baths using one of two 
dye formulas: 

Blue: 

0063. 1% Astrazon Blue F2RL 200%, 2 g/l Laurotex A-25, 
pH-4.5,0.5% Domoscour LFE-810 at 212°F. for 60 minutes 
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Red: 

0064. 1% Maxilon Red GRL 200%, 2 g/l Laurotex A-25, 
pH-4.5,0.5% Domoscour LFE-810 at 212° F for 60 minutes 

Color Eye Readings Cationic Dye Shades 
0065 

% Apparent Color 
L 8. b KS DE strength 

Blue Dye: 

N-66 43.57 -0.41 -35.23 6.2 O 100 
MXD6 27.49 10.33 -43.24. 23.7 20.93 380 
Red Dye: 

N-66 72.23 9.88 2.46 0.48 O 100 
MXD6 63.04 33.72 1.18 16S 25.57 219 

Staining and Washfastness of Cationic Dyes 
0066 

Poly- Shade 
Acetate Cotton Nylon ester Acrylic Wool Change 

Blue: 

N-66 5 5 4. 5 5 4. 4-5 
MXD6 5 4 4 5 5 4 4-5 
Red: 

N-66 5 5 5 5 5 5 4-5 
MXD6 4 4 4 5 5 4 4-5 

Conclusion: 

0067 MXD6 dyes darker with cationic dyes than nylon 
66. However, dye is not as washfast as acid dyes. 

Example Set 4 

Dyeing with Acid Dyes 
0068 Fibers were dyed in separate baths using one of two 
acid dye formulas: 

Navy (Pre-Metallized): 
0069. 3% Lanaset Navy 2R+0.2% Lanaset Orange RN, 
pH=5.0, 0.25% Albegal B, 2 g/; Laurotex A-25, 212 F for 60 
minutes. 

Red: 

0070 2% Erionyl Red 3G+0.5% Polar Red 3BN 140%, 
pH=5.0, 0.25% Albegal B, 2 g/; Laurotex A-25, 212 F for 60 
minutes. 

Dark Green: 

(0071. 2% Nylon Turq GLM+0.5% Supernol Navy R+1% 
Telon Yellow A-3g.L. pH 5.0, 0.25% Albegal B, 2 g/; Lauro 
tex A-25, 212 F for 60 minutes. 
0072. After dyeing,3% Nylofixan MF2N at 170 F. pH=4.5 
for 20 minutes was used to affixed the dyes. 
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Color Eye Readings for Acid Dyes 
0073 

% Apparent Color 
L 8. b KS DE strength 

Navy: 

N-66 21.32 1.62 - 12.33 18:02 O 1OO 
MXD6 23.37 -O.98 - 14.25 16.55 3.84 89.8 
Green: 

N-66 23.14 -15.91 -1.7 27.58 O 1OO 
MXD6 31.18 -22.22 -2.33 29.31 1159 71.82 
Red: 

N-66 34.92 52.55 26.09 24.91 O 1OO 
MXD6 36.72 55.28 20.21 23.58 6.72 81.64 

Staining and Washfastness of Acid Dyes 
0.074 

Poly- Shade 
Acetate Cotton Nylon ester Acrylic Wool Change 

Navy 

N-66 5 5 5 5 5 5 4-5 
MXD6 5 5 5 5 5 5 4-5 
Green: 

N-66 5 5 5 5 5 5 4-5 
MXD6 5 5 5 5 5 5 4-5 
Red: 

N-66 5 5 5 5 5 5 4-5 
MXD6 5 5 5 5 5 5 4-5 

Conclusion: 

(0075. Overall acid dye dye-ability of MXD6 nylon is 
good, although weaker than nylon 66. 

Example Set 5 

Dyeing Blends of MXD6 and Cellulose Fibers 
0076 Fabric comprising both fibers were dyed using two 
step processes of a reactive dye for the cellulose fiber and an 
acid dye for the MXD6 fiber. 

Pre-Scour/Bleach: 

(0077. 1 g/l Domoscour LFE-810+1.5 g/l Soda ash--2 g/1 
Albone 35+0.25 g/l Versene 30A at 200° F. for 20 minutes. 
Rinse 
Dyeing Cellulose with Reactive Dyes: 
Set bath at 80 F. with 2 g/l laurotex A-25 
Add dyes. 

0.56% Novacron Olive C 

0.04.1% Novacron Brown NC 

0.08% Novacron Navy FN-BN 
(0078 Run 5 min. Add 50 g/l salt run 5 min. Raise to 140 F, 
3 F/min. 
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Add 15 g/l Soda ash. 
0079 Run 45 minutes 
Drain-rinse—Soap off at 200°F. using 1 g/l Domoscour LFE 
810 for 15 min. 

Drop-rinse— 
0080 Dyeing MXD6 with Acid Dyes: 
Set bat with 2 g/l Laurotex A-25+0.5% ALbegal B. 
3 g/l MSP, ph=5.5 
Run 5 minutes. Add Acid dyes. 

0.22% Erionyl Yellow A-3G 

0.032% Erionyl Red A-3g 

0.16% Erionyl Navy A-R 

0081. Run 5 min. Raise to 212° F., 3 F/minutes. Run 45 
minutes. 
Cool-drain rinse. 
Apply 2% Cibafix DGF at 170° F. pH-4.5 for 20 minutes. 

Conclusion: 

0082. The above process yields a good union dyeing of 
50/50 MXD6/cellulose fabric. 
I0083. While there have been described what are presently 
believed to be the preferred embodiments of the invention, 
those skilled in the art will realize that changes and modifi 
cations may be made thereto without departing from the spirit 
of the invention, and it is intended to include all such changes 
and modifications as fall within the true scope of the inven 
tion. 
What is claimed is: 
1. An article exhibiting flame resistant or flame retardant 

(FR) property comprising: 
(a) a fabric including a pre-treatment applied dye or print or 

combinations thereof, and 
(b) a post-treatment applied FR additive; 

wherein said fabric includes a primary yarn comprising a fiber 
having vaporphase action and a partially aromatic polyamide 
fiber. 

2. The article of claim 1, wherein said pre-treatment 
includes a dye selected from the group consisting of acid dye, 
cationic dye, disperse dye, vat dye, reactive dye and combi 
nations thereof. 

3. The article of claim 1, wherein said fabric is dyed to a 
union shade. 

4. The article of claim 1, wherein said pre-treatment further 
comprises a second FR treatment. 

5. The article of claim 1, wherein said partially aromatic 
polyamide is spun into fiber without FR additives. 

6. The article of claim 1, wherein the partially aromatic 
polyamide comprises polymers or copolymers comprising 
monomers selected from the group consisting of aromatic 
diamine monomers, aliphatic diamine monomers, aromatic 
diacid monomers, aliphatic diacid monomers and combina 
tions thereof. 
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7. The article of claim 6, wherein the partially aromatic 
polyamide further comprises aromatic diamine monomers 
and aliphatic diacid monomers. 

8. The article of claim 1, wherein the partially aromatic 
polyamide is MXD6. 

9. The article of claim 1, wherein said partially aromatic 
polyamide fiber comprises a form selected from the group 
consisting of Staple, continuous filament, and combinations 
thereof. 

10. The article of claim 1, wherein said primary yarn 
includes a twisted yarn, a ply-twisted yarn, a textured yarn, a 
blended Staple yarn, and combinations thereof. 

11. The article of claim 1, wherein said partially aromatic 
polyamide fiber is present in said primary yarn in an amount 
of about 5% to about 75% by weight of the primary yarn. 

12. The article of claim 1, wherein said fiber having vapor 
phase action is selected from modacrylic fiber, cellulose fiber, 
and combinations thereof. 

13. The article of claim 1, wherein said primary yarn fur 
ther includes an additional fiber selected from the group con 
sisting of FR polyester, FR nylon, FR rayon, m-aramid, p-ara 
mid, modacrylic, novoloid, melamine, poly(p-phenylene 
benzobisoxazole (PBO), polybenzimidazole (PBI), polysul 
phonamide (PSA), oxidized acrylic, partially oxidized 
acrylic, and combinations thereof. 

14. The article of claim 1, wherein said article is a fabric. 
15. The article of claim 1, wherein said article is a garment. 
16. The article of claim 1, further comprising at least one 

additional yarn which is compositionally different from said 
primary yarn. 

17. An article exhibiting flame resistant or flame retardant 
property comprising: 

(a) a fabric including a pre-treatment consisting of dyeing, 
printing, and combinations thereof, and 

(b) a post-treatment including a flame resistant treatment or 
flame retardant treatment; 

wherein said fabric includes a primary yarn comprising a 
cotton fiber and a partially aromatic polyamide fiber. 

18. A method for preparing an article exhibiting flame 
resistant or flame retardant property comprising the following 
sequential process: 

(a) preparing a fabric including primary yarn comprising a 
fiber having vapor phase action and a partially aromatic 
polyamide fiber; 

(b) providing a pre-treatment selected from the group con 
sisting of dyeing, printing, and combinations thereof; 
and 

(c) a post-treatment including a flame resistant or flame 
retardant (FR) treatment. 

19. The method of claim 18 further comprising a second 
printing step following the post-treatment including a flame 
resistant or flame retardant treatment. 

20. The method of claim 18, wherein said fiber having 
vapor phase action is a cellulosic fiber. 

21. The method of claim 20, wherein said cellulosic fiber 
comprises cotton. 

22. The method of claim 18, wherein the pre-treatment 
further comprising a second FR treatment. 
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