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Composition and Method

The present invention relates to flame retardant

compositions and methods relating thereto.

Many materials, such as cotton and other cellulosic
materials require chemical treatment in order to render
them flame retardant. This is particularly essential in
the field of children’s nightwear, curtains, furnishing

fabrics and certain military applications.

It is desirable that flame retardant materials are low
cost, durable, do not impact on the mechanical properties
of the fabric, are able to tolerate traditional dyeing and
printing processes for all colour ranges, meet health and

safety requirements, and are environmentally acceptable.

Flame retardant (FR} compositions based on ammonium
polyphosphate are known, but are not durable to washing.
The present invention relates in particular to wash-
durable flame retardant compositions and related methods.

However, of existing wash-durable flame retardant
compositions which are known, each has one or more

disadvantages.

One existing wash-durable FR composition is the Proban
(RTM) system of Rhodia, in which a mixture of tefrakis—
hydroxymethyl-phosphonium chloride (or sulphate) and urea
is applied by a padding method to a cellulosic material
followed by drying in the presence of ammonia gas.
Although the finish is wash-durable, it leads to
discolouration of simple azo dyes and ig therefore only

suitable for wvat dyed fabrics. In addition the use of

CONFIRMATION COPY
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ammonia gas leads to additional safety considerations,

engineering challenges and associated cost implications.

Another existing wash-durable FR composition is the
Pyrovatex (RTM) system of Huntsman which is based on
dialkylphosphonocarboxylic acid-amide chemistry. However,
this system igs comparatively expensive and leads to
residual levels of free formaldehyde which renders it
undesirable for clothing and children’s wear in
particular. Formaldehyde is a known carcinogen and levels
must be controlled in workplaces where it c¢an be

generated,

Uus 6,270,694 (Blount) describes flame retardant
compositions which are prepared by first reacting urea
with an organic compound which will condense or react with
the wurea, and then adding a phosphorous and/or boron
containing compound which will react with the previously
formed wurea condensate. The wash durability of these

compositions is not discussed.

It is an object of the pregent invention to provide a
wash-~durable FR composition which overcomes at least one

disadvantage of the prior art.

By wash-durable FR finish, it should be understocd that
the treated material remains flame retardant following
normal laundering of the material. Normal laundering will
to some extent depend on the function of the material.
However in preferred embodiments the material will remain
flame retardant following at least 2 washes in a typical
household washing machine at 40%°C using non-biological

washing powder. Preferably the material will remain flame
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retardant after at least 5 washes, more preferably at
least 12 washes and mogt preferably at least 50 washes. As
an alternative to using household washing machines to test
wash persistence, preferred embodiments may remain flame
retardant following a 20 minute boil in aqueous alkali

non-ionic surfactant.

By flame retardant it is meant that the material does not
burn when a flame is applied. Suitably the material will
char rather than burn in the region where a flame is
applied and any glowing of the fabric in the region of
‘impingement of the flame will not persist after the
removal of the flame. For example, the material does not
burn when a butane flame is applied perpendicular to the
material £for 15 seconds. Precise test conditions for
different market end uses are well known to those skilled

in the art.

According to a first aspect of the present invention,
there is provided a flame-retardant composition comprising
a first component selected from a rhosphorus-containing
acid or a salt of a phosphorus-containing acid and a
second component selected from an isocyanic acid, an
isocyanic acid precursor, a cyanate salt, a thiocyanate
salt or isothiocyanic acid precursor, dicyandiamide,

cyanamide or carbodiimide precursor.

The first component is preferably selected from the group
consisting of phosphoric acid, pyrophosphoric acid,
triphosphoric acid, metaphosphoric acid, hydrophosphorous-~
containing acid, phosphinic acid, phosphinous acid,
phosphorous acid; and salts thereof. Preferred salts are

those of wvolatile nitrogen containing bases such as
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ammonia or amines such as ethanolamine or diethanolamine.
Most preferably the first component comprises phosphorous

acid (H3PO3) or a salt thereof.

Where the first component comprises a salt of a
phosphorus- containing acid, the salt may be added
directly as a salt to form the composition. Alternatively
the salt may be generated in situ by adding the acid and a
suitable base. For example, the composition may comprise

a phosphorus-containing acid and ammonium hydroxide.

The first component may comprise a mixture of two or more

rhosphorous-containing acids or salts thereof.

Preferably the first component is present in the
composition in an amount of at least 1 wt%, more
preferably at least 5 wt% and most preferably at least 10
wt¥. Preferably the composition of the present invention
contains up to 60 wt% of the first component, preferably
up to 50 wt% and more preferably up to 40 wt%.

Preferably the second component of the composition of the
present invention comprises a metal c¢yanate salt,
preferably a metal cyanate salt selected from the group
consisting of sodium cyanate, potassium cyanate, lithium
cyanate, calcium cyanate and magnesium cyanate. Most
preferably the second composition comprises a metal
cyanate of a group I metal. Most preferably the second
composition comprises potassium cyanate. Alternatively
and/or additionally, the second component may comprise an
organic ammonium cyanate, ammonium cyanate, ammonium
carbamate, and/or isocyanic¢ acid, isothiocyanic acid,

dicyandiamide, cyanamide or carbodiimide precursor.
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Preferably the composition comprises the second component
in an amount of at least 1 wt%, preferably at least 5 wt%,
more preferably at least 10 wt% and most preferably at
least 20 wt%. Preferably the composition comprises the
second component in an amount of up to 70 wt%, more
preferably up to 60 wt%, preferably up to 50 wt%, and most
preferably up to 40 wtk.

In a preferred embodiment the composition comprises a
base, preferably concentrated ammonia solution (ammonium
hydroxide) in addition to a phosphorus-containing acid.
Other suitable bases include metal hydroxides, for example
potassium hydroxide; and organic amines. When present the
ammonium hydroxide solution is preferably present in an
amount of at least 1 wt%, more preferably at least 5 wtk,
preferably at least 10 wt% and most preferably at least 15
wt$. preferably the ammonium hydroxide composition is
present in an amount of up to 50 wt%, preferably up to 40
wt%, more preferably up to 30 wt%, and most preferably up
to 25 wts.

Preferably the composition is an agqueous composition.
Preferably it comprises at least 1 wt% water, more
preferably at 1éé.st 5 wt%, preferably at least 10 wt%,
more preferably at least 20 wt% and most preferably at
least 30 wt% water. Preferably the composition comprises
up to 90 wt% water, more preferably up to 60 wt% and most
preferably up to 50 wt%, Typically the composition

comprises from 35 to 45 wi% water.

In some embodiments the composition may comprise a further
nucleophilic component. This nay, for example be selected

from an amine or an alcohol. Preferably the nucleophilic
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component is an alcohol, more preferably it is a
polyhydric-alcohol, for example a diol or triol. Most
preferably the nucleophilic component is ethylene glycol.
Oother suitable nucleophilic compounds include organic
compounds containing alcohol, thiol, amine or sulfite
functionality, or combinations therecf; and inorganic

gulfites.

The nucleophilic component is preferably present in an
amount of up to 10 wt¥, more preferably up to 5 wt% and
most preferably up to 2 wt%. Suitably the nucleophilic
component is present in an amount of at least 0.1 wt$%,
preferably at least 0.5 wt% and most preferably at least 1
wt%.

Optionally the composition may comprise additives known to
those skilled in the art of textile coating. For example,
the composition may include wetting agents. Such
compounds are known to aid the penetration of fabric
fibres during treatment. A suitable wetting agent is
TListril NGE, available from Stephenson Group, Bradford,
UK.

Preferably the composition of the present invention is
alkaline. Preferably it has a pH of at least 7.5, more
preferably at least 8.5. Preferably the composition has a
pH of less than 13.5, more preferably less than 12.5 and
most preferably less than 10.5. Suitably the pH of the

composition of the present invention is about 9 to 9.5.

The above definitions apply to the pH of a flame retardant
composition in accordance with the invention which is

suitable for application to a material. It will be
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appreciated however that the pH of such a composition may
vary during its manufacture and following its application

to a material.

In one embodiment the present invention provides a flame-
retardant composition comprising: from 5 to 20, preferably
8 to 15 wt% phosphorous acid;

from 1 to 40, preferably 20 to 30 wt% potassium
cyanate;

from 10 to 30, preferably 15 to 25 wt% amonium
hydroxide;

from 0.1 to 5, preferably 1 to 2 wt% ethylene glycol;

and water.

According to a second aspect of the present invention,
there is provided a method of treating a material, the

method comprising:

(2) applying to the material a composition comprising
a first component selected from phosphorous-
containing acid or phosphorous-containing acid
salt; and

(b} applying to the material a composition comprising
a second component selected from an isocyanic
acid, an isocyanic acid precursor, a cyanate
salt, a thiocyanate sgalt or isothiocyanic acid
precursor, dicyandiamide, cyanamide or

carbodiimide precursor.

The material treated by the method of the second aspect is
suitably provided with a wash-durable flame retardant

finish.
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In preferred embodiments of the second aspect of the
present invention, the composition applied in step (a) is
the same as the composition applied in step (b) and the
two steps are carried out simultaneously. Thus steps (a)
and (b) may be combined to produce a single treatment for
the material. In such embodiments therefore, the method of
the second aspect comprises treating the material with a
composition of the first aspect. However, in alternative
embodiments, steps (a) and (b) may be carried out
sequentially and may be carried out in either order.
Thus, in some embodiments, step (a) comprises applying a
first composition to the material and step (b) comprises

applying a second separate composition to the material.

Preferably the material is a textile material. Suitable
textile materials include synthetic and natural materials,
such as nylon, cotton, wool, hemp, flax, jute, leather and

the like for example.

Preferably the material to be treated is a cellulosic
material. Suitable non-textile cellulosic wmaterials
include non-woven materials, wood, reconstituted wood
products (e.g. MDF), paper and cellulosic pulps used for

the manufacture of wood or paper based products.

Preferably the method further comprises a step (c) of

curing the material.

There may be an optional step between steps (a) and (b)
{(or steps (b) and (a) when interchanged) of drying the
material, when steps (a) and (b) are sequential. When

steps (a} and (b) are combined, as is preferred, there may
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be a drying step after steps (a) and (b) and before step
{c).

The optional drying step between steps (a) and (b) (or (b)
and (a) when interchanged) oxr after combined steps (a) and
{b) as is preferred, suitably comprises drying the
material in an oven at a temperature of at least 802C,
more preferably at least 90¢C, and mnost preferably at
least 95¢C.

Said optional dryving step is preferably carried out for a
period of at least 5 seconds, more preferably at least 10
seconds, more preferably at least 20 seconds, most
preferably at least 25 seconds. The drying may suitably
be carried out for a period of akout 20 to 60 seconds, for

example about 30 seconds.

It is however, possible -~ when steps (a) and (b) are
carried out sequentially - to coat the materials ‘wet on

wet’ thereby eliminating optional drying step.

The curing step (¢) may be achieved by a number of
alternative methods. In one method, the treated cloth may
be batched at an appropriate temperature. Batching is a
procedure well known to those sgkilled in the art. Batching
comprises rolling up the freshly treated fabric into a
cylinder which is protected by an impermeable layer of
material such as polythene. The roll is then stored at
the appropriate temperature wuntil the reaction is
complete. The temperature may be below or above or at
ambient temperature. In another embodiment, the treated
cloth is beked in an oven. This is preferably carried at a

temperature of at least 100°C, preferably at least 110°C,
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most preferably at least 120°C. Curing step (¢} may be
carried out at a temperature up to 220°C, preferably up to
210°C, preferably up to 200°C. Suitably curing is carried
out at a temperature of 180° to 200°C.

For baking in an oven, curing step (c¢) 1is preferably
carried out for at least 10 secconds, more preferably at
leagst 20 geconds, more preferably at least 30 seconds.
Curing step (c) may be carried out for up to 10 minutes,
preferably up to 8 minutes, preferably up to 7 minutes,
most preferably up to & minutes. Curing step (¢} may
suitably be carried out at a temperature of approximately

200°C for approximately 30 seconds.

In curing step (¢}, Dbatching and oven baking may be
combined to make a two stage curing process.
Alternatively, in some embodiments, after batching the
cloth can be sgimply dried in an oven to remove remaining

volatile components such as water.

In some preferred embodiments, in the method of the second
aspect the composition(s) aepplied to the material may
include a catalyst. The catalyst may suitably reduce the
curing time and/or temperature. This is desirable as long
curing times/temperatures can lead to a discolouration of
the material. Any suitable catalyst may be used.
Preferred catalysts are tertiary amines. An especially
preferred catalyst is DABCO. Other suitable catalysts
include Lewis aclids, particularly magnesium chloride, zinc
chloride or complexes of these metals. Organometallic
catalysts may also be suitable, for example dibutyl tin

dilaurate. The catalyst options will generally be known
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to those sgkilled in the art and can be employed in

combination for additional effect.

The composition{z) may also be adapted to maintain a
suitable pH during the method. This can be achieved in a
number of ways known to those skilled in the art. For
example, choice of the acid salt can lead to different pH
profiles during the method. Use of a separate pH buffer
system is a possible option which enables the pH to be
maintained in a relatively narrow band. The selection of a
suitable pH is important for the best reaction profile but
must be appropriate to the sensitivities of the fabric
substrate. For example, cotton should preferably be

maintained above pH3 to avoid fibre damage.

Preferably the method of the second aspect of the present
invention comprises applyving a composition of the first

aspect to a material, thus combining steps (a) and (b).

Preferably the composition applied has a pH of between 7
and 13, preferably between 8 and 11, more preferably
between 9 and 10.

An advantage of the present invention is that because the
applied composition is alkaline, the treated materials
maintain their strength. Treatment with strongly acidic
materials tender the fabric and may lead to strength loss
of up to 50%.

Preferably during curing step (c¢), the pH of the applied
composition falls. Suitably after step (¢}, the material
coated with composition has a pH of from 5 to 8,

preferably from 6 to 7, for example about 6.5. The fall
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in pH during the curing step (c) may, for example be due
to the release of a volatile alkali material during the

thermal decomposition of the applied composition(s).

When the applied composition comprises phosphorous acid,
potassium cyanate and ammonium hydroxide, compounds
releaged which may be responsible for the fall in pH

include ammonia gas.

Altermatively, a compound which produces an acidic
material upon thermal decomposition may be added to the
composition(s) applied to the material. One such compound
is triethanolamine triacetate which decomposes to release

acetic acid.

The composition(s) may be applied using any suitable
method. In a preferred application method, a solution of
the or each composition is padded onto material, for
example at a wet pick up of 60 to 70%, although the
equipment configuration may dictate other suitable wet

pick up settings.

The application of the composition(s) to the material is
preferably such that the percentage of phosphorous
deposited on the material is at least 0.5% by mass of the
material, more preferably at least 1%. Preferably the
application is such that phosphorous is deposited on the
material in an awount of up to 15% by mass of the
material, more preferably up to 12%, preferably up to 10%,
mogst preferably up to 8%. In especially preferred
embodiments the application method is such that the mass
of phosphorous deposited is 2 to 5% compared to the mass

of the material. These percentages refer to the amount of
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elemental phosphorous which is deposited on the material,
not to the mass of phosphorous-containing acid or

phosphorous containing acid salt applied.

For embodiments in which steps (a) and (b) are carried out
sequentially, the concentration of the solution of
phosphorous-containing acid is preferably from 50 to 500
gdm™, preferably 100 to 200 gdm™, more preferably 150 to
170 gdm™>, and most preferably 150 to 200 gdm™.

In  such sequential embodiments, step (b) preferably
comprises padding onto the material a solution of cyanate
or isocyanate salt. For sodium cyanate this preferably
comprises padding a solution comprising at least 0.5 mol
dm™ sodium cyanate, preferably at least 1 mol dm™® sodium
cyanate, more preferably at least 2 mol dm™®, and most
preferably at least 3 mol dm™> sodium cyemate. A suitable

concentration of sodium cyanate may be 4 mol dm™3.

Optionally the method of the present invention may further
comprise a step (d) of repeating steps (a) to {(¢) and any
optional steps such that the material is subject to two

consecutive treatments.

The method of the second aspect may comprise optional

further treatment steps after curing.

For example, following curing the material may be rinsed
with cold water. It may then be optionally treated with
an acid, for example formic acid. It may optionally be
treated with a quaternary ammonium salt, for example
choline, tetramethyl ammonium bromide, cetyl trimethyl

ammonium bromide, epichlorohydrin, and derivatives of
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polyamines, for example Isol Fixer NFO, available from

Ionic Solutions, Bradford, UK.

According to a third aspect of the present invention,
there is provided a method of making a composition of the

first aspect, the method comprising the steps of:

a) dissolving a phosphorous-containing acid or salt
thereof in water;

b) forming an agqueous solution of an isocyanic acid,
an isocyanic acid precursor, a cyanate salt, a thiocyanate
salt or isothiocyanic acid precursor, dicyandiamide,
cyanamide or carbodiimide precursor; and

¢} mixing together the components formed in steps a)

and b).

Steps a) and b) may be carried out in either order. In
some  preferred embodiments they are carried out
sequentially. In othexr preferred embodiments mixing step
¢) iz performed slowly by adding one of component:s a} or
b) to the other. In some embodiments, in which step a)
comprises the step of dissolving a phosphorous-containing
acid in water, there may be an additional step between
steps a) and b) of adding a base to the solution of
phosphorous~containing acid formed in step a) to form a
salt of a phosphorous-containing acid or partial salt
thereof in sgitu. In preferred embodiments, step a)
compriges dissolving phosphorous acid in water. In
especially preferred embodiments, step a) is followed by
the addition of ammonium hydroxide to the solution of

phosphorous acid is formed in step a).
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In a preferred embodiment, step b) comprises forming a
solution of potassium cyanate and step c¢) comprises adding
said solution of potassium cyanate to a solution of

phosphorous acid and ammonium hydroxide.

In preferred embodiments, the method of the third aspect
comprises a third step d) following step c) of leaving the
mixed solution for a period of time before use.
Preferably, the mixed solution is left at a temperature of
from -20 to 60°C, more preferably from 0 to 40°C.
Preferably the solution is left at ambient temperature,
for example 15 to 25°C.

Preferably, in step d) the solution is left for at least 1
hour, more preferably at least 4 hours, preferably up to
at least 8 hours, more preferably at least 12 hours, and
most preferably at least 16 hours. The composition may be
left before use for up to one year for example up to 6

months, up to 1 month, or up to 15 days.

In some embodiments, the method of the third aspect may
further comprise a step e) of adjusting the pH of the
composition after step d). This may be done by any
conventional means, for example by adding an acid or base.

Typically formic acid may be added.

The applicant has found that phosphorous acid (H3;PO;) when
utilised with cyanate salts or free isocyanic acid is
particularly effective at effecting wash-durable f£lame
retardance to textile materials and in particular

cellulosic materials.
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According to a fourth aspect, the present invention
provides the use of a composition of the first aspect to

impart flame retardancy to a material.
According to a fifth aspect of the invention there is
provided a flame-retardant material treated with a

composition as claimed in any of claims 1 to 6.

The invention will now be illustrated with reference to

the following non-limiting examples.

EXAMPLES

Example A

A composition of the first aspect of the invention is

detailed in the table A and was prepared by rhe method

described.
Table A
Chemical Amount Chemical Amount
g/Kg g/L
Phosphorous Acid 127.75 Phosphorous Acid 160.6
Potassium g¢yanate 260,12 Potéssium cyanate 327
Ammonium hydroxide Ammonium hydroxide
goln (35%) 198.87 soln (35%) 250
Ethylene Glycol 15.81 Ethylene Glycol 20
Listril NGS 0.40 Listril NGS c.5
Water 396.95 Water 4989
Total = 1000g Total = 1257.1g
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e Dissolve Phosphorous Acid (160.6g) in water (80ml) and
then add ammonium hydroxide (240ml) to adjust pH to pPH
6.1

e Dissolve potassium cyanate (327g) in water (419ml) pH =
10.86

» DPour potassium cyanate solution into phosphorous acid
solution

¢ Leave the mixed solutions at room temperature for 4
davs.

Add Listril NGS (0.5g) and ethylene glycol (20g).
Adjust the pH to desired value using formic acid.
Pad onto cotton fabric at ~70%wpu.

Dry at 120°C for 30 Seconds

Bake at 200°C for 20 seconds

Ringse fabric with cold running water
After-treatment with formic acid

after-treatment with specified Quat

Example B

A solution of ammonium phosphite (BPOs;.2NH) (160g/l) and
potassium cyanate (ROCN} (327g)1), with a non-ionic
ethoxylate surfactant such as Listril NGS {Stephenson
Group, Bradford, UK) was padded onto cotton at a wet pick-
up of 70% giving 5.35% phosphorous on mass of fibre {omf).
The fabric was then dried in an oven at 120°C for 30
seconds, and then cured at 200°C for wvarious times as
shown in the table below. After processing, the fabric was
subjected to wvarious after-treatments including water
rinsing, acid rinsing (sulphuric acid 10g/1l}, and
treatment with a quaternary ammonium compound (‘Quat’})
such as Isol Fixer NFO (Ionic solutions Ltd, Bradford,
UK} .

After processing, the fabric was subjected to an alkaline
wash fastness test (5g/1 sodium carbonate, 1lg/l Listril

NGS) with a ligquor ratio of 20:1 at 60°C for 30 minutes.
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The fabric was then flame tested in accordance with the
method set out in BS5438 (Methods of test for flammability
of textile fabrics when subjected to a swall igniting
flame applied to the face or bottom edge of vertically
orientated specimens), where the fabric is supported in a
vertical frame with a butane flame of specified length

applied perpendicular to the fabric for 15 seconds.

The PBritish standard requires a fabric to meet certain
criteria in order to pass the standard. The most important
of these ig that the length of the cbserved char must not
exceed the size of the test frame (approximately 1bcm}.
Afterglow, supporting a flame front and a hole in the
charred region of the fabric are factors which determine
the result of the test.

The results are given in Table B below:

Table B: Results of flame tests omn treated cotton

Drying Curing Aftor- Wash Fastness Tests

, X tment
remp | Time | Temp | Time | T¥OR OWPT 1WFT IWFT

Water

120% 322 200°C szgs Rinse
B Acid Rinse

Water

o 30 o &0 Rinse
1207 secs 300°¢c secs | Acid Ringe

Quat Rinsze
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Pass

rass

Pass

Wateyr

120°C szgs 200°¢ sggs Rinse
© Acid Rinse

Water

o 30 o 20 Ringe
120° gecs 2007 eecs | Acid Rinse
Quat Rinse

Water

120°C sigs 200°C Eljcos Ringe
Acid Rinse

Watex

5 ap o 120 Rings
12¢°c secs 200°¢ gecs | Acid Rinse
Quat Rinse

Water

120°% 3223 200°% ;22; Rinse
Acid Rinse

Pass

Pass

Pages

Pass

Fail
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