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Research On Flame Retardant Cotton Fabrics

Jerry P. Moreau

(Southern Regional Research Center
New Orleans, Louisiana, U.S.A.)

Need For Research

Although fire has been one of man’s greatest discoveries, its destructive force is also well
known. For this reason, the control of fire and the search for means to prevent loss of life and
property damage from fires has always been of major concern. In the United States, an
estimated 12,000 deaths and over 2.6 billion dollars in property damage occure annually as a
result of destructive fires. It is estimated that about 150,000 persons are burned each year in
fire accidents involving clothing textiles [1].

The United States, like many other countries, has passed laws and regulations forbidding
the use of fabrics that may prove to be dangerous to the consumer or general public. In 1953,
the U.S. Congress passed the Flammable Fabrics Act. But it was not until this Act was Amended
in 1967 [2] that flame retardant research became a major concern of textile manufactures. Up
until this time, flame retardant fabrics had only limited use for military or industry purposes.
Now it touches the lives of the general public. It is expected that this “touch” will catapult to a
powerful “blow” as new regulations regarding the flammability of fabrics become effective. At
present, there are national regulations regarding the flammability of carpets and rugs, DOC
FF-1-70 and DOC FF-2-70 [3]; children sleepwear, sizes 0-6X, DOC FF-3-71 [4]; mattress,
DOC FF-4-72 [5] ; sleepwear, sizes 7-14, DOC FF-5-74 [6] ; and materials inside motor vehicles,
MVSS No. 302 [7]. It is believed that sleepwear for adults, women’s and children’s dresses,
men’s and boy’s shirts and men’s and boy’s trousers will all be subject to some new
flammability standard by the year 1981.

The 1975 market for durable flame retardant fabrics is expected to reach 12 million
pounds, consuming 5 million pounds of chemicals with a dollar value of about $4.3 million. It
has been estimated that by 1983, approximately 140 million pounds of durable flame
retardants could be used [8]. Therefore, due primarily to recently imposed and potentially new
regulations and standards for the flammability of fabrics, flame retardant research has increased
considerably in the last five years.

Cotton is still one of the major agricultural crops in the United States and is used
extensively in the manufacture of clothing and many household items. Cotton and cotton
products are the major commodities for research at the Southern Regional Research Center
(SRRC) located in New Orleans, Louisiana. The overall objective of this Center is to conduct
basic, applied, and developmental research which will ensure an abundance of high-quality
agricultural commodities and thereby maintain these commodities as a good source of income
for farmers while at the same time provide the consumer with better products designed to
improve the standard of living. Research directed to impart durable flame retardancy to cotton
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fabric has been a part of the research program at SRRC for over 25 years. Although rather small
in the past, the budget for flame retardant research at this Center has now grown to 15% (over
$1.2 million) of the total funds available.

A detailed discussion of all non-durable, semi-durable, and durable chemical treatments
designed to impart flame retardancy to cotton is beyond the scope of this paper. It is,
therefore, the intention of this paper to discuss flame retardancy of cotton fabric in general,
with emphasis on durable flame retardant finishes used commercially. The problem of
imparting flame retardancy to cotton/polyester blends will also be discussed.

Nature of Cotton Cellulose and Theories of Flame Retardancy
In order to obtain a better understanding into the problems of imparting flame retardancy
to cotton fabrics it is worthwhile to know the structure of the cotton fiber. As shown in Figure
1, the cotton fiber is a collapsed tube consisting of several concentric layers of cellulose. Cotton
is essentially 95% cellulose, the remaining components being waxes and nitrogenous materials.

Fig. 1 Photographic montage of cotton fiber
structure ¢, Cuticle; pw, Primary wall; w,
Winding; s, Secondary wall; I, Lumen

These minor components are located to a large extent in the primary wall and most are
removed from the cotton fiber before chemical finishing.

The basic structure of cotton cellulose is the beta glucose unit shown in Figure 2, where n
is over 1500. The hydroxyl groups are the reactive sites which we depend on for cross-linking

OH —
M
H

OH H

H
H

CH. OH

—(CsH100s)—n

Fig. 2 Cellulose
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reactions by which the performance properties of the fabric are changed. However, only a
fraction of these hydroxyl groups are actually accessible to the reagent during conventional
chemical finishing but still sufficient to obtain chemical modification and improved properties
of cotton fabric. In the case of flame retardancy, chemical reaction with cellulose is not always
needed but deposition of the chemical inside the cotton fiber is important to obtaining durable
flame retardant properties. Uniformity of reaction and/or distribution of flame retardant
chemicals are influenced by the rate of diffusion, swelling, and shrinking of the fiber’s
structural elements during wetting, drying, curing, or rinsing processess. Detailed descriptions
on the microscopical structure of cotton cellulose and its relation to chemical modification
have been studied by Rollins, et. al. [9].

The theories for imparting flame resistance to cellulose have been grouped into four
catagories; the coating theory, gas theory, thermal theory and chemical theory. 1) The coating
theory states that the flame retardant forms a glassy film on the fiber surface. Usually this
coating is formed as the retardant is heated and serves as a barrier to protect the fabric from air
and at the same time entrap the volatile tars evolved during combustion. 2) The gas theory
applies to flame retardants which decompose at burning temperatures to give gases which do
not burn and/or dilute the flammable gases produced by the decomposition of cellulose to a
concentration below the flaming point. Compounds containing halogens are examples of flame
retardants that function by this theory. 3) In the thermal theory it is proposed that the heat
energy input from a source is dissipated by a change in the fire retardant as it sublimes or fuses.
It has also been proposed that the heat from the source is conducted away from the fibers so
rapidly that the fabric never reaches combustion temperatures. 4) The chemical theory states
that the flame retardant acts as a catalyst to alter the decomposition of cellulose. One
mechanism proposes that this change in decomposition occures as a result of an acceleration of
the dehydration of cellulose in which there is a substantial reduction in the amount of
flammable tars and gases and an increase in the amount of char. Although there has been a great
deal of discussion concerning the exact mechanism [10, 11, 12, 13], the chemical theory is
generally accepted as the one which best explaines the effect of durable flame retardants on
cotton fabric.

Application of Durable Flame Retardants and Commercial Finishes

There are four basic techniques used in the application of a flame retardant to cotton
fabric. They are: 1) Direct reaction with cotton cellulose, 2) The use of a thermoplastic
polymer to coat the fibers, 3) The use of a flame retardant polymer for deposition within the
fiber, and 4) A combination of cellulose reaction and internal deposition of a polymer. The first
technique has not been useful in obtaining durable flame retardancy because it is often difficult
to react enough of the hydroxyl groups of cellulose in order to obtain a high add-on. Also,
compounds such as CICH,P(O)(OH),, which have been used in substitution reactions with
cellulose are subject to ion exchange and therefore lost of flame retardancy during laundering.
Likewise, the second technique has not been useful in the production of durable flame
retardancy because this technique will usually impart stiffness to the fabric since the polymer is
located on the surface of the fibers. Therefore, techniques 3 and 4 are the ones most commonly
used today for imparting durable flame resistance to cotton fabric.

To date, all successful flame retardants for cotton have been compounds containing the
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element of phosphorus. Generally, the phosphorus compound is used in combination with a
nitrogenous resin which polymerizes with the phosphorus compound and helps to bind the
flame retardant to the fabric. In some cases, materials containing bromine or chiorine are also
incorporated in the formulation and the amount of phosphorus compound can be reduced.
Therefore a typical flame retardant formulation will contain:

1) reactive phosphorus compound,

2) N-methylol compound,

3) catalyst and/or buffer,

4) softener, and wetting agent (auxiliaries).

The ideal flame retardant must have the following requirements: 1) it must be applicable
from a water solution, 2) It should be applied from existing finishing equipment, 3) it must not
be toxic or produce objectionable odors, 4) it must be durable to cleaning, 5) it must not
adversely affect the fabric properties, 6) it must be highly efficient, 7) It must not affect dyes,
8) it should be low in cost, and finally, 9) it must impact a high degree of flame resistance,
more than sufficient to pass the flammability standard set for the treated fabric. Of course the
ideal flame retardant has not been discovered, which is why research is continuing in this area.
However, flame retardant systems are now used commercially which can fulfill most of the
requirements to a great extent.

Durable flame retardants are mostly used for apparel, household goods, and some special
items for military and industrial purposes. There are innumerable experimental flame retardant
finishes, a few of which are being evaluated for commercial use. However, the five best known
durable flame retardant systems used commercially for cotton fabric are: Pyrovatex, Fyrol 76,
THPOH-Amide, Proban, and THPOH-NH;.

Pyrovatex is a finish developed by Ciba-Geigy (14) and is a typical flame retardant system
as described above. The reactive phosphorus compound in this finish is a N-methylol dialkyl
phosphonoprionamide, (RO),P(0)C,H,C(O)NHCH,OH. A typical formulation consists of
40% Pyrovatex, 5% methylol melamine resin, 1% urea, 1% softener, 0.1% wetting agent, and
approximately 0.5% of an acid catalyst such as phosphoric acid. This formulation is applied
from a water solution by the conventional pad-dry-heat cure method. As in most chemical
finishes, the treated fabric is given an afterwash to remove unreacted chemicals. This finish is
low in toxicity and when properly applied, gives an excellent hand to the fabric. The breaking
strength of the fabric is reduced about 25% and the tearing strength is reduced about 30%. This
finish is durable to home laundering and has been used primarily inthe production of children’s
flame retardant cotton sleepwear, sizes 0-6X. v

Fyrol 76 is a flame retardant finish recently developed for cellulosics by Stauffer Chemical
(15). The reactive ingredients in this formulation is shown in the equation:

0 0

I A K,S;0s
—O~I"—OR— + CH,=CH-C-NH-CH,-OH polymer

CH=CH, X

The vinylphosphonate monomer contains 22.5% phosphorus and is used in 20% concentration
in the formulation. Approximately 22% methylolacrylamide,0.5% potassium persulfate, 4%
auxiliary agents and water make up the remainer of the formulation. This formulation is also
applied by the pad-dry-heat cure process in which curing is accomplished by a free radical
mechanism. Reaction also occures with the cotton cellulose which helps to makes the finish
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durable to laundering and also makes the fabric wrinkle resistant. The treated fabric has a good
hand with about 15% loss in breaking strength and about 35% loss in tearing strength. A
chemical add-on of 25-30% is needed to pass the DOC FF-3-71 standard for children’s
sleepwear.

The last three flame retardant finishes, THPOH-Amide, Proban, and THPOH-NH;,, all use
the same reactive phosphorus compound, tetrakis (hydroxymethyl) phosphonium chloride
(THPC). However, formulations of these processes differ in the use of the nitrogen compound
andfor in processing techniques. THPC is produced by the Hooker Chemical Co., Aceto
Chemical Co., American Cyanamid Co., and Albright and Wilson Ltd., England. The term
THPOH is applied to the product obtained from the neutralization of THPC as shown in Figure
3. The neutralization of THPC has been the subject of great controversy and is adequately

(HOCH:): PCH, OGH,OH
[
(HOCH:)+PCl +NaOH—(HOCH: )3 P+ CH: 0
i

(HOC”:) JPCHzO'

Fig. 3 Neutralization of THPC

explained by Ellzey, Connick and Boudreaux (16). Both THPC and THPOH will react with
nitrogen compounds to form highly complex polymers. Many experimental flame retardant
finishes based on THPC are thoroughly reviewed by Reeves and Drake (17).

The initial research on the development of the THPOH-Amide finish was conducted at
SRRC (18). A standard formulation for use on an 8-0z cotton fabric contains 17% THPC, 2.2%
sodium hydroride, 10.5% urea, 9.5% trimethylol melamine (TMM), about 1.5% auxiliaries and
the remainer water. The solution is prepared by adding dilute sodium hydroxide to a water
solution of THPC to pH about 7. The other chemicals are added and the fabric is treated by the
pad-dry-heat cure process. A catalyst is not needed since TMM is sufficiently reactive without
it. The strength properties of treated fabric are about the same as with Pyrovatex or Fyrol 76,
but wrinkle recovery is better. Because this finish gives a slightly stiffer hand than the other
finishes, it has been used primarily on heavier weight fabrics such as that used for work
clothing, tent lining, and curtains.

The Proban finish is based upon a precondensate of THPC and urea and is sold as such
(19). The original Proban finish (before 1960) was also based on a heat cure process to fix the
precondensate onto cotton cellulose. The process has since been modified by replacing the heat
cure with an ammonia gas cure (20), which has resulted in better strength properties of the
treated fabric. The fabric is impregnated with the precondensate solution, dried at about 90°C,
exposed to ammonia gas for approximately 20 seconds, and finally treated with an ammonium
hydroxide solution to ensure complete reaction and fixation of the polymer on the fabric. The
Proban finish is used primarily in Europe and in 1973 more than five million yards were
produced.
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The THPOH-NH; process was developed by researchers at SRRC (21). It is not a typical
flame retardant finish in that it does not use a N-methylol resin; it does not require a catalyst,
and it does not use a heat cure. As a result, fabrics treated by the THPON-NH; process have a
good hand and very good strength properties. A schematic diagram of the process is shown in
Figure 4. Fabrics are usually treated with a 30—35% solution of only THPOH plus auxiliary

NH; CHAMBER
(TO PRODUCE
POLYMER)
0 — o
—Oybl__] THNTER DRIER
PAD OH (TO DAY) WASH
THPOH AND
OXIDIZE

Fig. 4 Schematic diagram showing the basic steps
in the THPON-NH; process.

agents. After padding to approximately 80—90% wet pick up, the fabric is dried to about 5%
moisture then exposed to ammonia vapor to produce a polymer within the cotton fiber. The
fabric is then oxidized to improve durability, eliminate odor, and improve color. A final
after-wash, to remove unreated material, is preceded by a final drying step.

The polymer produced from the THPOH-NH; process differs from the polymer in the
Proban finish in that the phosphorus to nitrogen weight ratio is approximately 2:1 in the
former and approximately 1:1 in the latter. Because of the higher percent phosphorus in the
polymer, the THPOH-NH; polymer is a more efficient flame retardant per unit weight of
polymer. The THPOH-NH; finish is now used commercially in the U.S. for children’s sleepwear
and other wearing apparel.

Present Research and Outlook

Research is still continuing in an effort to find new, efficient flame retardant systems at a
lower cost and to try to improve existing finishes to produce a better hand, better strength
properties and easier processing. A great deal of current research is being devoted to producing
durable flame retardants for cotton/polyester blends. The production of flame retardant 100%
cotton has been described above. It is also possible to treat 100% polyester fabric for flame
resistance by using bromine-containing compounds (22). However, commercial production of
cotton/polyester blends containing a high percentage of polyester have not been achieved. The
most common approach to solving this problem has been the use of a phosphorus compound in
combination with a halogenated compound and is reviewed by Tesoro (23). It has been
reported that high level blends of cotton (65% or greater) have been successfully treated to give
durable flame retardancy using the THPOH-NH; process described above (24). A recent finish
developed at SRRC involves the use of THPC-urea-disodium hydrogen phosphate, polyvinyl
bromide, and polyvinyl chloride in an emulsion. This has been successfully applied to 50/50
blends on a pilot plant scale and is now being evaluated for possible commercialization (25).

It is expected that flame retardancy will continue to be of major concern to the textile
manufactures and research will play an important roll in the development of new finishes as
more legisiation on the flammability of textiles becomes effective.
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