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This invention relates to an improved corrosion
inhibiting composition, useful for inhibiting the corrosion
of metals-coming into contact with aqueous fluids.

Corrosion inhibitors are conventionally added to vari-
ous aqueous systems, such as the cooling systems of
internal combustion -engines, water heating systems,
refrigeration systems and hydraulic systems. Further-
more, when water is injected along with the fuel in
internal combustion engines for increasing the horse-
power of the engine; it is essential to add a corrosion
inhibitor to the water in order to prevent rusting and
corrosion of the metals contacted by the water.

We have found that alkali metal salts of diisoamyl
orthophosphoric acid, particularly the sodium salt, are
excellent water-soluble corrosion inhibitors for various
aqueous systems. However, such salts have the disad-
vantage of not maintaining their corrosion inhibiting
efficacy over extended periods of time. We have discov-
ered that the loss in corrosion inhibiting potency of the
alkali metal diisoamy! orthophosphates results from their
reaction with the water-hardening ions and other heavy
metal jons present in water to form insoluble precipitates.
As is well known, water contains varying amounts of
calcium and magnesium ions, measured in terms of hard-
ness of the water, unless the water is softened by zeo-
litic or equivalent ion exchange treatment or is distilled.
Furthermore, water may contain other heavy metal ions
which may be initially present or which may form in the
system, for example, in the cooling system of an internal
combustion engine. All of these ions react unfavorably
with the alkali metal diisoamyl orthophosphates to form
insoluble precipitates, thereby destroying the activity of
the corrosion inhibitor. The formation of precipitates is
also disadvantageous because such precipitates tend to
cause clogging of the passages of the various aqueous
systems, particularly the water injection systems for in-
ternal combustion engines where the water is introduced
into the engine through relatively small openings as a
fine spray or mist.

In accordance with our invention, we have found that
the difficulties inherent in the precipitation of alkali metal
salts of diisoamyl orthophosphoric acid by the above de-
scribed polyvalent metal ions can be obviated and the
efficacy of such salts as corrosion inhibitors maintained

" over ‘extended periods of time by employing with the
alkali metal diisoamyl orthophosphates, ethylenediamine-
tetraacetic acid or a metal salt thereof. Aqueous systems
containing the above mixture of compounds are main-
tained in a non-corrosive condition for substantial periods
of time and the formation of precipitates is either com-
pletely prevented or substantially retarded.

Although we prefer to use the tetrasodium salt of
ethylenediaminetetraacetic acid in our new composition,
the free acid itself or any other metal salt of the acid
can be used. For example, in place of the tetrasodium
salt of ethylenediaminetetraacetic acid, the acid itself,
the disodium calcium, disodium magnesium, monosodium

ferric, ‘dihydrogen ferrous, disodium copper, disodium -
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cobalt, disodium nickel, disodium zinc and disodium
manganese salts can be employed. Obviously, the other
alkali metals, e. g., potassium and lithium, can be sub-
stituted for the sodium in the above compounds. Simi-
larly, instead of the sodium salt of diisoamyl orthophos-
phoric acid, the other alkali metal salts can be employed
as the corrosion inhibitors.-

The akali metal salt of diiscamyl orthophosphoric
acid is employed in an amount sufficient to inhibit cor-
rosion, and the ethylenediaminetetraacetic acid compound
is employed in an amount sufficient to prevent the pre-
cipitation of water insoluble salts of the diisoamyl ortho-
phosphoric acid. In general, satisfactory corrosion
inhibition in aqueous systems is obtained without undue
loss of the corrosion inhibitor by precipitation when the
weight ratio of the alkali metal salt of diisoamyl ortho-
phosphoric acid to the ethylenediaminetetraacetic acid
compound is between. about 4:1 and 24:1. In a pre-
ferred embodiment of our invention, we have employed
the sodium salt of diisoamyl orthophosphoric acid and
the tetrasodium salt of ethylenediaminetetraacetic acid in
a weight ratio of 9:1. As will be understood by those
skilled in the art, larger amounts of the ethylenediamine-
tetraacetic acid compound may be required when the
water of the aqueous system is especially hard or where
large amounts of other heavy metal ions may exist or
may be formed during service.

We have found that the incorporation in water of from
about 0.01 percent to about 1 percent total weight of the
alkali metal diisoamyl orthophosphate and ethylenedi-
aminetetraacetic acid compound imparts satisfactory cor-
rosion inhibiting properties for most -purposes. More
can be added, if desired, without harmful effect. When
our corrosion inhibiting composition is added to the
water used for injection intc internal combustion engines
where corrosion conditions are more severe, it is desir-
able that not less than about 0.125 percent by weight of
the combination of the two ingredients be used; 0.25
percent by weight is preferred. Excellent results have
been obtained using 0.225 percent by weight of the
sodium salt of diisoamyl orthophosphoric acid and 0,025
percent by weight of the tetrasodium salt of ethylene-
diaminetetraacetic acid.

For convenience in adding cur corrosion inhibiting
composition to various agueous systems, we prefer first
to dissolve the alkali metal diisoamyl orthophosphate and
the ethylenediaminetetraacetic acid compound in water to
form a concentrated solution. The concentrate is then
added to the aqueous system to be protected in such
amount as to give the desired concentration of the in-
gredients. We have used with good results a concentrate
containing 25 percent total weight of the sodium salt of
diisoamyl orthophosphoric acid and the tetrasodium salt
of ethylenediaminetetraacetic acid in a weight ratio to
each other of 9:1.

It will be understood that other materials can be added
to aqueous systems in addition to the essential ingredients
disclosed herein without departing from the spirit of the
invention. Such materials include, for example, dyes,
anti-leak agents, freezing point depressants, etc. - The cor-
rosion inhibiting composition of our invention is used with
excellent results in aqueous systems containing . freezing
point depressant amounts of water-soluble alcohols, such
as methanol, ethanol, propanol, ethylene glycol, propylene
glycol, diethylene glycol and glycercl. For example, an
excellent water injection liquid for use in aircraft engines
contains, in addition to water and the corrosion inhibiting
composition of our invention, a freezing point depressing
amount of a lower alkanol of not more than two carbon
atoms, i. e., methanol or ethanol.

We have demcnstrated the efficacy of our corrosion
inhibiting compositions as shown in the following il-
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lustrative examples. The compositions were tested ac-
cording to the provisions of Wright Field test ML
TN-WCRT 52-161 for water for injection into aircraft
engines. In accordance therewith, the. activity of the
corrosion inhibitor was tested in -tap. -water and in tap
water containing' an equal weight of methanol as a

4 -
25 percent by weight of active ingredients of which 22.5
percent was the sodium salt of diiscamyl orthophosphoric
acid and 2.5 percent was the tetrasodinm salt of ethylene-
diaminetetraacetic acid.
The results of the tests are shown in the following
tables.

TABLE 1
Example NO oo ceocmmcccmmm e e oo o e 1 2 3 4
Make-up, percent by Wt.:
Tap Vﬁgter _______________________________________ 300 e e amean 99,75 e ae 99,50 ceooaeee 99.00.
Corrosion Inhibitor (25% concentrate) . oo orofocmmoomo oo 026 i 050 cccmccmce 1.00.
Inspection: .
Appearance, 24 HIS_ .o clear ... meiamm clear.
Appearance, 30.Days._.-_. trace precipitate... Do.
Rust Test, ASTM D 665-52T—
Procedure A: Steel Rod, Appearance........- 100% rust. oo 5% rUSt e e bright-passes_..... bright-passes.
Corrosion Test, ML TN-WCRT 52-161—
Appearance:
Low Carbon Steel After—
D do tracerust. ... bright.
10 Days. 10% rust.._ - Do.
9 B [T, T, Do.
30 Days_. 250 rusto .aaonoo Do.
Copper 1 After—
1Day..._. dark stain bright. Do.
10 Days d d Do.
20 Days Do.
30 Days-- Deo.
Aluminum ! After—
bright. . _.____.__ bright ... ... do. Do.
.| medium stain. .__. trace corrosion...f..... do.__.... - Do.
stain and pitting__{ 5% corrosion_...| trace corrosion.._ Do.
_____ A0 eee @O .| §% corTOSiON. ...__- Do.

1 Each aluminum and copper panel was coupled with a stainless steel panel. The stainless steel panels were all bright at the

end of 30 days.

TABLE II
Example NOu - com e mee e e e 5 6 7 8
Make-up, Percent by Wt.:
Methanol ___._.._. 50 49.875 49.75 49.50.
Tap Water . A 49.50.
Corrosion Inhibitor (25% concentrate) 1.00.
Inspection:
Appearance, 24 HIs. o« clear ... clear ... clear—. ... clear.
Appearance, 30 Days precipitate..._...|-.o.- L 1o S I L e Y, Do.
Rust Test, ASTM D 665-52T—
Procedure A: Steel Rod, Appearance. 100% rust. .. bright-passes.... .| bright-passes._..| bright-passes.
Corrosion Test, ML TN-WCRT 52-161—
Appearance:
Low Carbon Steel After—
1 Day bright.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
__________________ 59, corrosion._ ... Do.
20 DAYSemccccmccmmanmme = -] 10% corrosion. .| trace corrosion- Do.
80 DAY e mcccc e m e am 509, eorrosion._..| 6% corrosion... .| §% corrosion.... Do.

1 Each aluminum and coppet panel was coupled with a stainless steel panel.

end of 30 days.

freezing. point depressant. The test was run by placing
into glass containers an amount of the particular ligquid
tested sufficient to cover two-thirds of a 1’ x 5”" metal test
panel, and then sealing the container. The metal test
panel was observed pericdically for corrosion. The metals
tested were 1020 low-carbon steel and couples of 18-8
stainless steel with copper and with 24 3T aluminum. To
pass the test, no corrosion should appear after thirty days
at room temperature on any portion of the panels im-
mersed in the liquid.

In addition to the foregoing test the compositions were
also tested for corrosion and rust inhibiting properties
according to ASTM D 665-52 T, meodified in that no
oil was present. Furthermore, the appearance of the test
liquids was observed after 24 hours and after 30 days for
signs of precipitation.

The inhibitor composition tested was added to the
water and the water-methanol selution in the form of a
concentrate of a tap water solution containing a total of

60

65

70

75

The stainless stcel panels were all bright at the

As is apparent from the above examples, the corrosion-
inhibiting compositions of our invention materially-re- -
tarded or completely prevented (1) the harmful precipi-
tation of the sodium diisoamyl orthophosphate and (2)
the corrosion of a wide variety of metals.

The corrosion-inhibiting compositions of our invention
are thus useful in any instance where metals are corroded
by aqueous fluids. They are added with good effect to
aqueous heating and cooling systems, hydraulic systems
and to the aqueous layer which may be present in metal
tanks used for the storage of petroleum products. They
are particularly effective as additives to aqueous liquids
used for injection into internal combustion engines.

We claim:

1. A composition -of matter useful as a corrosion in-
hibitor in aqueous systems -consisting essentially of an
alkali metal salt of diiscamyl orthophosphoric acid and
a compound selected from the class consisting of ethylene-
diaminetetraacetic acid and the alkali metal salts thereof
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‘in a weight ratio in the range of about 4:1 to about 24:1.

2. A composition of matter useful as a corrosion in-
hibitor in aqueous systems consisting essentially of the
sodium salt of diisoamyl orthophosphoric acid and the
tetrasodium salt of ethylenediaminetetraacetic acid in a
weight ratio of 9:1. :

3. A composition of matter consisting essentially of an
aqueous solution containing from about 0.01 to about 1
percent total weight of an alkali metal salt of diisoamyl
orthophosphoric acid and a compound selected from the
class consisting of ethylenediaminetetraacetic acid and the
alkali metal salts thereof in a weight ratio in the range
of about 4:1 to about 24:1, the water of said aqueous
solution containing calcium and magnesium ions tending
to form a precipitate with said alkali metal salt of
diisoamy! orthophosphoric acid in the absence of said
ethylenediaminetetraacetic acid compound.

4. The composition of claim 3, containing a water
soluble alcoho! in an amount sufficient to depress the
freezing point.
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5. The composition of claim 4, wherein the water solu-
ble alcohol is a lower alkanol containing not more than
two carbon atoms and the total weight of the alkali metal
salt of diisoamyl orthophosphoric acid and the alkali
metal salt of ethylenediaminstetraacetic acid is at least
about 0.125 percent.

6. The composition of claim 5, wherein the lower
alkanol is methanol and which contains 0.225 percent by
weight of -the sodium sait of diisoamyl orthophosphoric
acid and 0.025 percent by weight of the tetrasodium salt
of ethylenediaminetetraacetic acid,
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