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The present invention relates to a corrosion
inhibitor for use in anti-freeze mixtures used in
the cooling systems of liquid-cooled internal
combustion engines particularly those employed
to propel automobiles and airplanes. The
present application is a continuation-in-part of
my prior application Serial No. 433,463 filed
March 5, 1943,

It is well known that the metal parts in the
cooling system of internal combustion engines
comprise iron, copper, brass, solder and alumi-
num, in addition these metals are in electrical
contact and consequently local electric cells are
formed. Corrosion of these metal parts has oc-
curred and attempts have been made to inhibit
or to lessen the corrosion of the metallic parts
of such cooling systems by the use of corrosion
inhibitors in the liquid employed as a cooling
medium.
of many types of corrosion inhibitors among
which may be mentioned borax, ethanolamine,
particularly triethanolamine, sulfonated oils,
resinates, sodium nitrite either alone or mixed
with other inhibitors, such as small amounts of
maleic acid, picric acid, molybdates, tungstates,
urea, naphthenates, etc. In German Patent No.
485,012 there is disclosed an anti-freeze mixture
containing 25 parts glycol, 75 parts water and
0.2 part sodium hydroxide. It is suggested in

this German patent that guanidine can be sub- .30

stituted for the sodium hydroxide, but as herein
subsequently pointed out, guanidine as shown by
actual test results does not produce a corrosion
inhibiting action which is at all comparable to
that of the corrosion inhibitor of my present in-
vention. However, so far as I am aware, none
of the prior art corrosion inhibitors or combina-
tions of corrosion inhibitors have been wholly
satisfactory.

In the search for g satisfactory corrosion in- 40

hibitor or erosion inhibitor it must be borne in
mind that the inhibitor must be efficient not
only at ordinary temperatures, such as those
below 100° F. (37.7° C.) but also at elevated such

as those at which the internal combustion en~ 45

gine operates most efficiently, for example, 160
to 180° F. (60-82.2° C.). The inhibitor must
prevent corrosion whether due to the corrosion
of the metals of the cooling system, whether

The prior art has suggested the use
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the engine to the cooling medium. Anti-freeze
solutions such as alcohols or glycols when used in
internal combustion engine cooling systems with-
out the addition of a satisfactory corrosion in-
hibitor cause severe corrosion of the metals com-
prising the system, particularly the iron and
aluminum portions thereof. -

It is the object of this invention to provide
a corrosion inhibitor which will retain its in- -
hibitory effect in suppressing or preventing cor-
rosion throughout the normal life of the cooling
liquor. -

It is a further object of this invention to pro-
vide a corrosion inhibitor which will not be
materially changed in effectiveness by air over
the normal life of the cooling liquid.

It is a further object of my invention to pro-

“vide a corrosion inhibitor which is gsoluble in
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concentrated alcoholic solutions such as glycols
or methanol and thus facilitating the compound-
ing of the anti-freeze material for storage and
shipment, )
Broadly stated, the corrosion inhibitor de-
scribed hereinafter may be employed in any
cooling system which is constructed of metal.
The novel corrosion inhibitor may be employed
in conjunction with the cooling medium used in
the cooling systems of automobile and airplane
engines, for example, and in the latter systems,
less water or perhaps no water at all is employed

~ in the cooling medium. The novel corrosion in-
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this corrosion is due simply to the cooling me- 50

dium itself or to the electrolytic effects or local
couples that occur between the different metals
-of the cooling system, or by the necessary rapid
circulation of the cooling medium in order to

bring about prompt and ready heat transfer from §g

hibitor may be used with any type of anti-freeze,
such as methanol, ethanol, glycerol, ethylene
glycol, propylene glycol, or a mixture of glycols.
It has been found that guanidine carbonate is a
highly effective and satisfactory corrosion in-
hibitor for use in the cooling systems of internal
combustion engines. When guanidine carbonate
is added to one of the anti-freeze materials and
diluted with water it has been shown that cor-
rosion is prevented whether due to the corrosion
of the metals of the cooling system as a result
of the corrosive effect of the cooling medium, the
electrolytic effects that occur between the differ-
ent metals or the necessary rapid circulation of

‘the cooling medium,

The guanidine carbonate may be used in quan-
tities of about 0.05% to about 2.09% of the weight
of the concentrated anti-freeze component such
as glycol. As a result of the presence of the
guanidine carbonate the anti-freeze solution has
an alkaline reaction of about pH 8 to pH 11.
This provides an alkaline reserve should acidity
develop during prolonged usage of the cooling
medium,
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thnmedthammtotmmw-
bonate may be decreased and other alkaling in-
_ organic compounds such as disodium phosphate,
or sodium carbonste or the like, may be added
in small but effective amounts to provide addi-

tional or a-less expensive alkaline reserve to the.

anti-freeze solution.

Likewise, when desired small quantities of oils
suchutminauloﬂ.m&ybeldded.wmu-
fecting the corrosion inhibiting properties of the
inhibitor, to prevent or materially Jower any tend-
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curs in the cooling systems.

compound, namely guanidine.

rosion test results are set forth, wherein anti-
freeze solutions were made up containing 380 g.
per liter of a mixture of 2 mols of ethylene glycol
and 1 mol of propylene glycol, the balance being
650 g. of water. Test solutions were made up on
the basis of this mixture, each test solution con-
taining guanidine carbonate, guanidine carbon-
ate and disodium phosphate, and guanidine, re-
spectively, and in the amounts as noted in Table
I. Sets of metal test strips, including steel and
aluminum which were assembled together in elec-
trical contact and including other metals, namely
brass, copper and solder, were then immersed in
the continually stirred test solutions for a period
of 1440 hours or 60 days and the amount of cor-
rosion determined by the weight loss of the metal
strips. The test period of 60 days corresponds
to about 2 seasons’ use of a commercial vehicle or
six seasons’ use of a private pleasure car. The re-
sults of these corrosion tests on aluminum were
as follows:

TasLe 1

Corrosion test results of mizred glycol-water solu-
tions on aluminum in elecirical contact with
steel

‘Weight loss | Fercent in-
Inbibitor (0 days at O nding
6° C) carbonate
Mpjem.3
Guanidine carbonate (5 g. p. 1) cenn--- 0.87 | iiaeans
Guanidine carbonate (6 g p 1) and
disodium ho-phm @5g.p.1)aeen 0.91
Guanidine (§ 8. P 1) L vomee e eocan 212 | 218
Guanidine xpl)wdayutzl“ol 2.64 204
1 Mixed glyool solutlon con gum!dine immediately
attacked n?l y uminum when i mnfmm the

lution un
algﬁve conditions, asevidenced by Iormttion of onbblea md bubbling
action,

The corrosion tests of the 35% mixed glycol
solutions on steel followed the same general pat-
tern as in the foregoing table, with the exception
that the solution containing 5 g. per liter of
guanidine carbonate together with 2.5 g. per liter
of disodium phosphate showed better results than
the solution containing the guanidine carbonate
alone. For the purpose of comparison, the weight
loss of the steel in the guanidine glycol mixture
solution was 89% greater than the solution con-
taining guanidine carbonate, and 154% greater
than the solution containing guanidine carbonate
and disodium phosphate. All of the latter tests
were, of course, run for the same period of time,
viz.: 60 days at 69° C

Exaxms 1
Parts by weight
Mixed ethylene and propylene giycol (In the
mton{ of 2 mols. to'1 mol.)--........- =0.
Gusnldtne carbonate. ]
Exaxris 3
: . Parts by weight
Denatured ethyl aloohol.._ 400
Water 000
Guanidine carbonate ]
Disodium hydrogen phosphate.... .. 28
ExaxrLE 3
Parts by weight
Mixed ethylene and propylene glycol (in the
Droportlonotzmols tolmol) o 350
Water 850
Guanidine wbonsb 3
Disodium hydrogen phosphate_ . __.__. 2.5

The effectiveness of this new corrosion inhibitor
is shown by results in which paraliel tests were

~ run using commerical anti-freeze compositions

70

containing well-known types of prior art inhibit-
ing agents. The following table sets forth corro-
sion tests results upon the formulations of Exam-
ples 1 and 3 above, as well as two commercial
anti-freeze compositions containing inhibiting
agents. In this case, the metal strip sets were
made up of iron, brass, aluminum and solder
bolted together with brass bolts and nuts with
brass spacer washers between the metal strips;
and the size of strips, i. e. their respective surface
areas, were in approximate proportion to that in
which these metals would be present in an inter-
nal combustion engine cooling system. It suf-
fices to say that the iron or soft steel strip was
present in substantial excess over that of the re-
maining strips.. The results of the corrosion tests
so conducted as measured in the weight loss of
the soft steel strips, were as follows:

Tasrx II

Corrosion test results of mized glycol solution
containing guanidine carbonate, and of com-
mercially available glycol solutions containing
other inhibiting agents .

A

‘Weight loss of
Anti-freese solution @ ”““ . mn
: at 00-85° C.)
My jem2
Formulation of Enmple ) - .07
Formulation of Example 3...... ... - 1,024
Commercial lntl-tmeu solution #1. . .- .81
Commercial anti-freeze solution #2. ... _. .26

1 Weight ga glyool solution containing borate t
hibitor; f2°35% glyool sojution containing tri-ethanolamine in! i

As shown in Table II, commercial anti-freezes
#1 and #2 produced 1060% and 270% increase
of corrosion of steel respectively, over that of
guanidine carbcnate inhibitor according to for-
mulation of Example 1.

Although the present invention has been de-
scribed in conjunction with certain preferred -
embodiments, it is to be understood that vari-
ations and modifications thereof can be made as
those skilled in the art will readily understand.
Such variations and modifications are to be con-
sidered within the purview of the specification

Tlustrative e,xamples of anti-freeze composi- 78 and the scope of the appended claims. Thus the
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term “anti-freeze mixture” as used hereinbefore
and in the claims is to be understood as includ-
ing not only the anti-freeze mixture when used
in conjunction with water in cooling systems but
also when the anti-freeze mixture is used per se
as the cooling medium.

Equivalent modes of practicing my invention
may be followed provided that they are within
the scope and putrview of the appended claims.

I, therefore, distinctly claim and particularly
point out as my invention:

1. As g new article of manufacture, an anti-
freeze mixture for use in cooling systems of lig-
uid-cooled internal combustion engines in the
presence of metals subject to electrolytic cor-
rosion, said anti-freeze mixture consisting of
water an organic water-soluble freezing point
depressant and a small but effective amount of
guanidine carbonate, said anti-freeze mixture
having a pH value of about 8 to about 11.

2. As a new article of manufacture, an anti-
freeze mixture for use in cooling systems of liq-
uid-cooled internal combustion engines in the
presence of metals subject to electrolytic cor-
rosion, said anti-freeze mixture consisting of
water an organic water-soluble freezing point
depressant and .05% to 2.0% by weight of
guanidine carbonate on the basis of said organic
freezing point depressant present.

3. As a new article of manufacture, an anti-
freeze mixture containing a corrosion inhibitor
capable of reducing substantially the corrosion
of different metals in electrical contact forming
at least a part of cooling systems of liquid-cooled
internal combustion engines, said anti-freeze mix-
ture consisting of about 350 parts by weight of
ethylene and propylene glycols in the proportion
of 2 mols. to 1 mol., about 650 parts by weight of
water, about 3 parts by weight of guanidine car-
bonate and about 2 parts by weight of disodium
hydrogen phosphate,

4, As g new article of manufacture, an anti-
freeze mixture containing a corrosion inhibitor
capable of reducing substantially the corrosion
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of different metals in electrical contact forming
at least a part of cooling systems of liquid-cooled
internal combustion engines, said anti-freeze
mixture consisting of about 400 parts by weight
ethyl alcohol, about 600 parts by weight water,
about 5 parts by weight guanidine carbonate and
about 2.5 parts by weight disodium hydrogen
phosphate.

5. As a new article of manufacture, ‘an anti-
freeze mixture containing a corrosion inhibitor
capable of reducing substantially the corrosion of
aluminum and ferrous metals in electrical con-
tact with each other forming at least a part of
cooling systems of liquid-cooled internal com-
bustion engines, said anti-freeze mixture consist-
ing of a mixture of ethylene and propylene glycol
water and a small but effective amount of guani-
dine carbonate, said anti-freeze mixture having
a PH value of about 8 to about 11.

6. As a new article of manufacture, an anti-
freeze mixture containing g corrosion inhibitor
capable of reducing substantially the corrosion of
aluminum and ferrous metals in electrical con-
tact with each other fornting at least a part of
cooling systems of liquid-cooled internal com-
bustion engines, said anti-freeze mixture consist-
ing of a mixture of ethylene and propylene glycol
water and .06% to 2.0% by weight of guanidine
carbonate on the basis of said ethylene and
propylene glycols present.

7. As a new article of manufaéture, an anti-
freeze mixture containing a corrosion inhibitor
capable of reducing substantially the corrosion of
aluminum and ferrous metals in electrical con-
tact with each other forming at least a part of
cooling systems of liquid-cooled internal combus-
tion engines, said anti-freeze mixture consisting
of about 350 parts by weight of ethylene and
propylene glycols in the proportion of 2 mols. to
1 mol,, about 650 parts by weight of water, about
3 parts by weight of guanidine carbonate and
about 2 parts by weight of disodium hydrogen
phosphate.
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