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DESCRIPTION

“Flame retardant composition”

Technical Field of the invention

The present invention relates to a flame retardant of the type used to fight
forest fires, aimed at preventing or retarding the propagation thereof. In particular, the
flame retardant contains liquid ammonium polyphosphates in its composition.

Background of the invention

At the start of the 60s, the use of aerial means to fight forest fires became
widespread to prevent or retard their propagation, spraying flame retardants, also
known as fire retardants, over the affected area of forest.

The composition of fire retardants typically contains a fire-suppressing
electrolyte comprised of salts, such as ammonium phosphates and sulphates, viscosity
modifiers and pigments.

Due to the ease with which they can be transported, flame retardants contain
liquid polyphosphates, in addition to corrosion inhibitors, given the corrosive action of
liquid polyphosphates on the aluminium components or deposits used in airplanes.

US 3196108 and US 3257316 disclose typical flame-retardant compositions,
consisting of water-based mono/diammonium salt solutions derived from
orthophosphoric acid in a thickening agent such as attapulgite, guar gum or alginates,
with colouring agents to improve the visibility of the retardant upon spraying and of the
corrosion inhibitors such as potassium dichromate.

US 3960735 disclosed that the tendency of liquid polyphosphates to corrode
aluminium could be inhibited by the anti-corrosive action of ferric ferrocyanide, due to
which said component was included as an inhibiting agent in the composition of flame
retardants.

Nevertheless, bearing in mind the environmental impact produced by ferric
ferrocyanide, new inhibitors are being investigated, particularly iron salt additives, such
as for example, pyrophosphates, oxalates and citrates, as described in WO 02/43812.

In addition to the use of aerial means in forest-fire extinction and prevention, we
must not forget that, when atmospheric conditions prevent their use, the only other fire-
fighting means are terrestrial. Said terrestrial means include tankers and auto-pumps,
the deposits of which contain the flame retardant to be sprayed over the affected area.
Most of these deposits are made of galvanized iron, a material which, like aluminium,
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is susceptible to the cormrosive action of the liquid ammonium polyphosphate
composition of the retardants.

The corrosion of galvanized iron raises the need to find new flame-retarding
compositions that contain corrosion inhibitors specifically recommended for treatment
of galvanized iron, as experience has proven that the inhibitors used in the previously
described retardants, such as ferrous pyrophosphate, sodium ferrocyanide or
magnesium phosphate, are not effective when applied to galvanized iron.

Explanation of the invention

With the object of providing a solution to the problems raised, we hereby
disclose a new flame-retarding composition, specifically aimed at terrestrial fire-fighting
means, of the type containing liquid ammonium polyphosphate.

In essence, flame retardant composition of the present invention is
characterized in that it contains zinc sulphate, in its anhydrous or hydrated form, as a
corrosion inhibitor. Highly satisfactory levels of protection against corrosion of
galvanized iron, of which the deposits of the terrestrial fire-fighting means that transport
the flame retardant are comprised, are reached using zinc sulphate in its anhydrous or
hydrated form, as compared to other corrosion inhibitors.

According to a characteristic of the invention, liquid ammonium polyphosphate
has a polymerization index in the range of 10% to 70%, the ammonium nitrogen
concentration is in the range of 7% to 12% by weight of total ammonium
polyphosphate content and the phosphoric anhydride concentration is in the range of
20% to 37% by weight of total ammonium polyphosphate content.

According to another characteristic of the invention, the zinc sulphate
concentration, in its anhydrous or hydrated form, is in the range of 0.01% to 5% by
weight of total ammonium polyphosphate plus zinc sulphate content.

Preferably, the zinc sulphate concentration, in its anhydrous or hydrated form,
shall be in the range of 0.1% to 0.5% by weight with respect to total ammonium
polyphosphate plus zinc sulphate content.

In accordance with another characteristic of the invention, the polymerization
index of liquid ammonium polyphosphate is in the range of 20% to 55%.

According to another characteristic of the invention, the polymerization index of
liquid ammonium polyphosphate is approximately equal to 25%.

In accordance with another characteristic of the invention, the ammonium
nitrogen concentration is approximately equal to 10% by weight of total ammonium
polyphosphate content.
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According to another characteristic of the invention, the phosphoric anhydride
concentration is approximately equal to 30% by weight of total ammonium
polyphosphate content.

In accordance with another characteristic of the invention, the retarding
composition contains modified calcium phosphate in the range of 0.01% to 5% by
weight of total ammonium polyphosphate plus zinc sulphate content. The addition of
calcium phosphate to the retarding composition of the present invention produces a
synergic action with a clear decrease in galvanized iron corrosion rates.

Preferably, the proportion of calcium phosphate shall be in the range of 0.1% to
0.5% by weight of total ammonium polyphosphate plus zinc sulphate content.

According to another characteristic of the retarding composition of the present
invention, said composition contains at least one moisturizing agent and at least one
colouring agent.

Within the context of the present invention, “polymerization index of ammonium
polyphosphate” shall be understood as percent by weight concentration of
polyphosphate in the mixture resulting from the polymerization reaction.

Detailed description of the invention

Although the detailed description expounded below represents a complete and
clear description of the present invention for a person skilled in the art, it must not be
considered limiting in the essential aspects of the objects thereof.

Terrestrial fire-fighting means are supplied with deposits that contain flame-
retarding products which are sprayed over the affected areas, the main component of
which is ammonium polyphosphate. Ammonium polyphosphate makes flame
retardants corrosive to aluminium and galvanized iron, materials which comprise the
hose coupling devices and tanks of terrestrial fire-fighting means, respectively.

Despite the fact that there are many flame retardants that include corrosion
inhibitors in their composition, these have been known to be efficient against the
corrosion of aluminium but inefficient in the case of galvanized iron.

In an effort to reduce or eliminate the corrosion tendency of galvanized iron, an
inorganic zinc salt has been added to the liquid ammonium polyphosphate, specifically
zinc sulphate, in its anhydrous or hydrated form, as a corrosion inhibitor, thereby
obtaining the flame retardant of the present invention, which can be transported by the
terrestrial fire-fighting means.

While the corrosion-inhibiting effectiveness of zinc sulphate, in its anhydrous or
hydrated form, in the case of galvanized iron has been proven (see Test 2), other salts
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such as sodium ferrocyanide, ferrous pyrophosphate, calcium phosphate, magnesium
phosphate, calcium magnesium phosphate or modified alkaline phosphates, all of
which are considered corrosion inhibitors, have not reached the desired levels of
protection against the corrosion of said material.

Zinc sulphate, in its anhydrous or hydrated form, is added to the liquid
ammonium polyphosphate in a quantity of no less than 0.01% and no more than 5%
by weight of ammonium polyphosphate content, preferably in the range of 0.1% to
0.5% by weight.

As demonstrated by the results of Test 1, better results are achieved in
reducing the corrosiveness of liquid ammonium polyphosphate upon adding the zinc
sulphate, if the liquid ammonium polyphosphate has a polymerization degree of no
less than 10% and no more than 70%, preferably 25%, with a nitrogen concentration of
no less than 7% and no more than 15% by weight of total ammonium polyphosphate
content, preferably 10%, and a phosphoric anhydride (P,Os) concentration of no less
than 20% and no more than 37% by weight of total ammonium polyphosphate content,
preferably 30% by weight.

In addition to the liquid ammonium polyphosphate and zinc sulphate, in its
anhydrous or hydrated form, added as a corrosion inhibitor, the composition of the
flame retardant, in a preferred embodiment of the invention, shall also contain calcium
phosphate with a grain size of between 1 and 10 microns, in concentrations of no less
than 0.01% and no more than 5% by weight with respect to the ammonium
polyphosphate and zinc sulphate, preferably in the range of 0.1% and 0.5%, thereby
producing a synergic effect that boosts corrosion inhibition to minimum corrosion levels
or total inhibition (see Test 3).

The results of the tests performed, which show a clear reduction in the flame
retardant’s corrosiveness with respect to galvanized iron, are described below.

Test 1.

The test described hereunder was performed following the corrosion testing
method established by the USDA Forest Service for aerial fire-fighting means. In
accordance with said method, different samples of liquid ammonium polyphosphates in
their supplied form were subjected to testing.

All the ammonium polyphosphate samples corresponded to 10.34.0 type liquid
ammonium polyphosphate, where 10 corresponds to percent by weight concentration
of ammonium nitrogen with respect to the weight of ammonium polyphosphate, and 34
to phosphoric anhydride (P,Os) concentration expressed as percent by weight with
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respect to the ammonium polyphosphate, and to 10.30.0 type liquid ammonium
polyphosphate, where 10 corresponds to percent by weight concentration of
ammonium nitrogen with respect to the weight of ammonium polyphosphate, and 30 to
phosphoric anhydride (P.Os) concentration expressed as percent by weight of
ammonium polyphosphate, in their supplied form and with no additives.

The tests were performed using both concentrated and diluted ammonium
polyphosphate. The terrestrial application of the retardant requires dilution in water in a
proportion of one part of concentrate and between two and four parts of water. The
diluted solutions in the samples were prepared by mixing a volume of concentrated
ammonium polyphosphate with four volumes of water.

The test tubes used to perform the test were made of galvanized iron
measuring 103x30x0.5 mm.

Once cleaned (degreased), dried and weighed, the test tubes were immersed,
both fully and partially, suspended with Nylon thread, in glass jars with screw tops
containing the flame retardants described below as examples and which are based on
ammonium polyphosphates with different additives, both diluted in water and undiluted.
The test tubes were tested by means of full and partial immersion. The latter were
immersed to 50% of their length, i.e. 51.5 cm from their base.

The glass jars with the test tubes fully and partially immersed in the flame
retardant were stored for ninety days at both room temperature and 50°C. After the
ninety-day period, the test tubes were removed, cleaned, dried and weighed in order to
determine the corrosiveness of the samples, expressed in mm/year, calculated based
on the weight loss of the test tube exposed to the action of the retardants described
below.

Each of the flame retardant samples tested proceeded from different
manufacturing batches.

The results obtained from the test tubes are shown in Table 1 below.
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Table 1
Test 1. Corrosiveness of galvanized iron [mm/year]
Z‘;t;';::t Concentrated Diluted
1040 . | 26°C | 25°C | s0°C | s0°C | 25°C | 25°C | 50°C | 50°C
polyphosphate full partial full partial full partial full partial
Sample 1 0,124} 0,128| 0,247| 0,285| 0,139| 0,154 0,279 0,313
Sample 2 0,132| 0,133| 0,224 0,264| 0,156 0,156] 0,284{ 0,320
Sample 3 0,115 0,109| 0,228 0,268 0,148, 0,150 0,270 0,295
10.30.0
ammonium
polyphosphate
Sample 5 0,101 0,105| 0,1475| 0,209| 0,055| 0,070 0,063 0,082
Sample 6 0,095; 0,101| 0,189 0,212 0,062| 0,069 0,075 0,100
Sample 7 0,098 0,104| 0,169 0,194| 0,049| 0,058| 0,059| 0,078

The corrosiveness of diluted ammonium polyphosphate, used in this form to
control fires, is two times lower at 25 °C and three times lower at 50 °C using 10.30.0
ammonium polyphosphate instead of 10.34.0.

Test 2

This test consisted of adding different corrosion inhibitors to 10.30.0 liquid
ammonium polyphosphate. Said corrosion inhibitors included zinc and calcium salts,
and double calcium and magnesium salts, specifically, zinc sulphate, zinc chloride,
calcium phosphate, modified alkali phosphate, magnesium phosphate and calcium
magnesium phosphate.

The corrosion inhibitors were added in concentrations of 0.2% by weight of
total ammonium polyphosphate content, by shaking, and the samples were tested
following the procedure described in Test 1.

The corrosiveness results, expressed in mm/year, are shown in Table 2 below.

With respect to reducing the corrosiveness of ammonium polyphosphate by
adding zinc sulphate (Sample 6), Table 2 reveals that corrosion decreases
approximately between ten and twenty-six times in comparison to the corrosiveness
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results obtained from Samples 1, 2 and 3, in the case of concentrated ammonium
polyphosphate, and decreases approximately between ten and seventeen times in the
case of diluted polyphosphate.

If we compare the decrease in corrosion of Sample 4 to the results of Sample
6, by using concentrated ammonium polyphosphate we also obtain decreases in
corrosion of between nineteen and twenty-six times, while if we use diluted ammonium
polyphosphate the decrease in corrosiveness is between one-and-a-half and two-and-
a-half times.

Finally, we can observe that Sample 6 shows, in comparison to the results of
Sample 5, a decrease in corrosiveness of between eleven-and-a-half and seventeen-
and-a-half times in the case of concentrated ammonium polyphosphate, while in the
case of diluted ammonium polyphosphate, corrosiveness decreased between one-
and-a-half and two-and-a-half times.

This demonstrates that adding zinc sulphate, in its anhydrous or hydrated form,
to the liquid ammonium polyphosphate, produces an excellent decrease in the
corrosive action of the ammonium polyphosphate against the galvanized iron, as
compared to the results obtained when other corrosion inhibitors were added instead
of zinc sulphate, such as in the case of Samples 1 to 5.

The excellent decrease in the corrosiveness of the ammonium polyphosphate
resulting from the addition of zinc sulphate, in concentrations of no less than 0.01%
and no more than 5%, preferably in the range of 0.1% to 0.5% by weight, makes said
composition highly useful when applied to flame retardants used in fire extinction and
prevention with terrestrial means, as said means are comprised of tankers and auto-
pumps, the galvanized iron deposits of which contain the flame retardant to be sprayed
over the affected area. The addition of zinc sulphate to the liquid ammonium
pdlyphosphate that comprises the flame retardant prevents or greatly reduces the
corrosive action of the ammonium polyphosphate against the galvanized iron deposit.
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Test 3

This test consisted of adding calcium phosphate, as previously described, to a
mixture of 10.30.0 liquid ammonium polyphosphate, having previously added zinc
sulphate in a proportion of 0.2% by weight of total ammonium polyphosphate and zinc
sulphate content, to which the calcium phosphate manufactured by CFB BUDENHEIM
under the trade name BUDIT 226 was added in a proportion of 0.2% by weight of total
ammonium polyphosphate plus zinc sulphate content, using the same shaking system
and procedure as that of Test 2.

Corrosiveness results, expressed in mm/year, are shown in Table 3 below,
where the synergic effect produced between the zinc sulphate and modified calcium
phosphate is obvious.

In this way, if the corrosiveness results of Sample 6 were already excellent,
demonstrating the marked tendency to reduce the corrosiveness of the ammonium
polyphosphate upon addition of zinc sulphate, the results shown in Table 3
demonstrate that corrosion reaches minimum levels or even disappears when calcium
phosphate is also added in a proportion of no less than 0.01% and no more than 5%,
preferably in the range of 0.1% to 0.5%, by weight of total ammonium polyphosphate
plus zinc sulphate content.

Said tests reveal, in a clear and unequivocal manner, that flame-retarding
compositions based on liquid ammonium polyphosphate that contain zinc sulphate, in
addition to the usual components of this type of mixtures, such as thickeners,
colourings, moisturizers, etc., are excellent retarding compositions while having a
minimum or non-corrosive action. That is, said compositions can be transported in
galvanized iron barrels or tanks without corroding them.

Additionally and as previously indicated, if the liquid ammonium polyphosphate-
based retarding composition contains zinc sulphate and calcium phosphate, its anti-
corrosive action is even more pronounced.

Following this detailed description of the invention, it is obvious that it includes
any combination of moisturizers, thickeners (magnesium silicate, hydrated magnesium
silicates, gums, etc.) and/or colourings.
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CLAIMS

1.- Flame retardant composition, particularly aimed at fire-fighting with
terrestrial means, of the type that contain a liquid ammonium polyphosphate,
characterized in that it comprises zinc sulphate, in its anhydrous or hydrated form,
as a corrosion inhibitor.

2.- Flame retardant composition, according to claim 1, characterized in that
the liquid ammonium polyphosphate has a polymerization index in the range of 10%
to 70%, an ammonium nitrogen concentration in the range of 7% to 12% by weight
of total ammonium polyphosphate content and a phosphoric anhydride
concentration in the range of 20% to 37% by weight of total ammonium
polyphosphate content.

3.- Flame retardant composition, according to claims 1 or 2, characterized in
that the zinc sulphate concentration, in its anhydrous or hydrated form, is in the
range of 0.01% to 5% by weight with respect to total ammonium polyphosphate plus
zinc sulphate content.

4.- Flame retardant composition, according to claim 3, characterized in that
the zinc sulphate concentration, in its anhydrous or hydrated form, is in the range of
0.1% to 5% by weight with respect to total ammonium polyphosphate plus zinc
sulphate content.

5.- Retardant composition, according to any of claims 2 to 4, characterized in
that the polymerization index of the liquid ammonium polyphosphate is in the range
of 20% to 55%.

6.- Retardant composition, according to claim 5, characterized in that the
polymerization index of the liquid ammonium polyphosphate is approximately equal
to 25%.

7.- Retardant composition, according to any of claims 2 to 6, characterized in
that the ammonium nitrogen concentration present in the ammonium polyphosphate
is approximately equal to 10% by weight of total ammonium polyphosphate content.
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8.- Retardant composition, according to any of claims 2 to 7, characterized in
that the phosphoric anhydride concentration present in the ammonium
polyphosphate is approximately equal to 30% by weight of total ammonium
polyphosphate content.

9.- Retardant composition, according to any of the previous claims,
characterized in that it contains a proportion of modified calcium phosphate in the
range of 0.01% to 5% by weight of total ammonium polyphosphate plus zinc
sulphate content.

10.- Retardant composition, according to claim 9, characterized in that the
proportion of calcium phosphate is in the range of 0.1% to 0.5% by weight of total
ammonium polyphosphate plus zinc sulphate content.

11.- Retardant composition, according to any of the previous claims,
characterized in that it contains at least one moisturizing agent and at least one
colouring agent.
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