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This invention relates to non-corrosive liquids
suitable for use in heat, exchange devices and the
like and particularly to non-corrosive adqueous
solutions of alcohols particularly adapted for use
in heat exchange devices containing iron and
solder,

Heal exchange devices, and particularly the
cooling systems of internal combustion engines,
are generally composed of iron and copper with
parts joined together by means of solder. Water
is the cooling liquid most commonly employed.
However, in cold weather it is usual to employ
aqueous solutions of non-electrolyte freezing point
depressants. The water soluble alcohols, such
as methanol, ethanol, ethylene, glycol, glycerol and
the like, are generally employed as the freezing
point depressant, particularly in internal com-
bustion engines, It is well known that water
alone is quite corrosive to the metals of the heat
exchange devices. Aqueous solutions of the water
soluble alcohols are known to be even more cor-
rosive than water alone. In order to overcome
this difficulty, it has become common practice to
add to the cooling liquid various materials for in-
hibiting corrosion of the metals of the heat ex-
change devices by the cooling liquid.

Sodium nitrite has been recognized as a very ef-
fective corrosion inhibitor for ferrous metals, such
as iron and steel, but I have found that it tends
to increase the corrosion of solder and copper
in the cooling system. Clarkson and Pedersen, in
Patent 2,054,282, have disclosed that the corrosion
of copper, in heat exchange systems employing
water or aqueous solutions of aleohols and various
metal nitrites, may be inhibited by incorporating
in the cooling liquid a mercapto-aryl-thiazole, g
hydrocarbon mercaptan or a disulfide thereof.

It is an object of the present invention to pro-

vide an aqueous heat exchange liquid which is

non-corrosive or substantially non-corrosive to
the metals of a heat exchange device, and par—
ticularly iron and solder. A further object is to
provide an antifreeze liquid, employing a non-
electrolyte freezing point depressant, which liquid
is substantially non-corrosive to the heat ex-
changer as a whole and particularly is substan-
tially non-corrosive to iron and solder. A still
further object is to provide s non-electrolyte
freezing point depressant which is non-corrosive
or. substantially non-corrosive to metal con-
tainers in which it may be transported and
marketed. Other objects are to provide new com-
positions of matter and to advance the art. Still
other objects will appear hereinafter.
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The ahove and other objects may be accom- 55

plished in accordance with my invention which
comprises incorporating in water, in an aqueous
solution of a non-electrolyte freezing point de-
bressant or in a non-electrolyte freezing point
depressant, and in the absence of substantial
amounts of electrolyte, at least 0.03% of a nitrite
of a metal above aluminum in the electromotive
series together with a small proportion of a water
soluble member of the group of 2-mercapto-thi-
azolines devoid of non-hydrocarbon substituents,
organic acyl derivatives of such 2-mercapto-thi-
azolines and salts of such 2-mercapto-thiazolines,
I have found that such aqueous liquids are sub-
stantially non-corresive to the metals of the usual
heat exchange devices, particularly those em-
ployed in the cooling systems of internal com-
bustion engines, and do not materially affect the
heat transfer coefficient of the devices. Also, the
concentrated non-electrolyte freezing point de-
Dressants, containing such nitrites and 2-mer-
capto-thiazoline compounds, are substantially
non-corrosive to metal containers of the typs
ordinarily employed for transporting and mar-
keting them. The 2-mercapto-thiazolines, their
acyl derivatives and their salts, inhibit the cor-
rosion of solder, particularly that ordinarily tak-
ing place in the presence of the nitrite, and do not
prevent the nitrite from materially inhibiting the
corrosion of iron. :

By “a metal above aluminum in the electro-
motive series,” I mean the metals on the sodium
side of the series. Among the nitrites, the most
desirable are those of sodium, potassium, barium,
strontium, calecium and magnesium, and particu-

5 larly those of the alkali metals, such as sodium

and potassium. ,

By the term “non-electrolyte freezing point de-
pressant,” I means the water soluble mono and
polyhydric aliphatic alcohols which decrease the
freezing point of water when dissolved therein.
By the term “substantial proportions of electro-
Iytes,” I means proportions of over 5% by weight
of the solution.

The 2-mercapto-thiazolines, their acyl deriva-

5 tives and their salts, which may be employed in

accordance with my invention, are the water solu-~
ble compounds represented by the following struc-
tural formula:
T
Ri—C—N
C—S—X

R:—C—8

N 7

3
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wherein each of R, R1, Rz and Rz represent hy-
drogen or an alkyl, aralkyl, aryl or alkaryl radical,
and X represénts hydrogen, an organic acyl radi-
cal or a basic salt forming element; or group. Of
the thiazoline compounds of my invention, it will 5
generally be preferred to employ the 2-mercapto-
thiazolines devoid of non-hydrocarbon substitu-
ents and particularly 2-mercapto-thiazoline it-
self. The next preferred class of compounds is
the water soluble organic acyl derivatives of the 10
2-mercapto-thiazolines devoid of non-hydrocar-
bon substituents, particularly the organic acyl de-
rivatives of 2-mercapto-thiazoline itself and spe-
cifically benzoyl thiazolinyl sulfide.

The amount of the thiazoline compound em-
ployed may be varied from a mere trace up to
about 0.5% by weight of the heat exchange liquid.
Larger amounts may be employed but without
advantage. About 0.01% of the thiazoline com-
pound will be sufficient for cooling liquids em-
ployed for most automobile radiators,

In order to illustrate the advantages of my
invention, the data of some tests are given in
Table I.

These experimental data were obtained by im-
mersing freshly cleaned metal test strips in con-
tact with 500 ce. of a 35% solution of a commer-
cially denatured ethyl alcohol; contained in & 1
liter flask, maintained at 80° C. and saturated
with air. The metal pieces were submitted to two
separate 100 hour periods of exposure. At the
end of each period, the test strips were cleaned
in water by rubbing with a rubber stopper, dried
and weighed. Hard, adherent scale or film,
formed on the metal pieces, was not removed by
abrasion or chemical means, since it is practi-
cally impossible to remove such a coating with-
out taking some of the metal with it. It seems
better to record positive gains in weight, rather
than questionable losses obtained by a too rigor-
ous method of cleaning. In general, an increase
or & decrease in weight of the test strips indi-
cates some form of corrosion. An increase, how-
ever, does not necessarily mean destructive cor-
rosion since the metal may acquire a weighable
film which serves to protect it from further at-
tack. On the other hand, a significant loss in
weight shows actual corrosion,

TABLE I
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on solder by sodium nitrite (Nos. 3 and 4). The
combination of sodium nitrite and 2-mercapto-
thiazoline or benzoyl thiazolinyl sulfide is, there-
fore, much better than sodium, nitrite alone,

It will be understood that the above tests and
data are given for illustrative purposes only, and
that my invention is not to be limited to the spe-
cific embodiments disclosed therein. Many vari-
ations and modifications which may he made
without departing from the spirit or scope of my
invention will be readily apparent to those skilled
in the art. Accordingly, I intend to claim my
invention broadly as in the appended claims.

Amongst the variations and modifications
which may be made in accordance with my in-
vention would comprise substituting one or more
of the nitrites of the metals above aluminum in
the electromotive series for the sodium nitrite or
to employ two or more nitrites of the metals above
aluminum in the electromotive series. Amounts
up to about 1% by weight of the nitrites will gen-
erally be employed in practice. However, larger
amounts may be employed if desired.

Also, other thiazoline compounds may be sub-
stituted for those employed in the tests. For ex-
ample, one or more of R, R1, Rz and R3, in the
formula previously given, may represent hydro-
carbon radicals such as methyl, ethyl, isopropyl,
butyl, isobutyl, phenyl, tolyl, benzyl, phenylethyl
and the like. Representative acyl derivatives are
those in which X represents acetyl, propionyl,
benzoyl, isopropylbenzoyl, methoxybenzoyl, chlo-
robenzoyl, nitrobenzoyl, phthaloyl and furoyl.
Representative salts are those in which X repre-
sents sodium, potassium, trimethylammonium,
diethanolammonium and tetraethylammonium,

Furthermore, my inhibitors will be found to be
equally as effective in water alone and in aqueous
solutions of other water soluble aliphatic alcohols,
such as methanol, ethylene glycol and glycerol.
Also, when my inhibitors are incorporated in the
concentrated alcohol, they will inhibit corrosion.
of the metal containers in which such alcohols
are ordinarily packaged for storage, shipment
and marketing, -

The 2-mercapto-thiazoline compounds of my
invention have advantages over the 2-mercapto
aryl thiazole compounds of Clarkson and Peder-

Corrosion of steel and solder in 35% aqueous

ethyl alcohol

Corrosion: Gain () or loss (-)
in mg./square inch
. | Cone. i
No; NaNO; Inhibitor Cone. Steel Solder
1st 2nd 1st 2nd
100 hrs. { 100 hrs. | 100 hrs. | 100 hrs
wt. wt.
percent percent .
1., 0.0 None..__.._._ | -1L7 —-14.1 —=0.9 -0.6
2. 0.088 |..... do..._____ B O, +1.2 —.08 ~13.6] —14.5
F: S 0.088 | 2-mercapto-thi- 0. 009 -3.5 -1.5 +3.9 -+0.4
azoline.
4. 0.088 | Benzoyl thiazo- { 0.009 ~3.6 ~2.1 -0.3 ~0.6
linyl sulfide,

It will be observed that the corrosion of steel,
in uninhibited aqueous alcohol, is high while that
of solder is slight (No. 1). The addition of
0.088% of sodium nitrite greatly reduces the cor-
rosion of steel but increases that of solder (No, 2).
The further addition of 0.009% of either 2-mer-
capto-thiazoline or benzoyl thiazolinyl sulfide,
although decreasing slightly the protection of
sleel by sodium nitrite, greatly reduces the attack 75

70

sen, in Patent 2,054,282, of being more soluble
and more stable, that Is, they are more resistant
to oxidation on storage and under the conditionsg
to which they are subject in automobile radi-
ators. Also, my corrosion inhibitors may he em-
ployed in compositions such as those disclosed by
Spiegler and Pedersen, in Patent 2,087,098, and
Downing and Pedersen, in Patent 2,087,103, In
fact, my corrosion inhibitors are particularly de-
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signed to be substituted for the corrosion inhibi-
tors employed in compositions of the type dis-
closed in Patent 2,087,103.

Iclaim:

1. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water having
incorporated therein at least 0.03% of a nitrite
of a metal above aluminum in the electromotive
series and a small broportion of a water-soluble
member of the group consisting of 2-mercapto-
thiazolines -devoid of non-hydrocarbon substity-
ents, organic acyl derivatives of such 2-mercapto-
thiazolines and salts of such’ 2-mercapto-thiaz-
olines, in the absence of substantial proportions
of electrolytes.

2. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water having
incorporated therein at least 0.03% of g nitrite
of a metal above aluminum in the electromotive
series and a small proportion of g water-soluble
2-mercapto-thiazoline devoid of non-hydrocar-
bon substituents, in the absence of substantia]
proportions of electrolytes.

3. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water having
incorporated therein at least 0.03% of a nitrite
of a metal above aluminum in the electromotive
series and g small broportion of 2-mercapto-thi-
azoline, in the absence of substantial proportions
of electrolytes.

4, A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water having
incorporated therein at least 0.03 % of a nitrite
of a metal above aluminum in the electromotive
series and a small Droportion of a water-soluble
organic acyl derivative of a 2-mercapto-thiaz-
oline devoid of non-hydrocarbon substituents, in
the absence of substantial proportions of elec-
trolytes.

5. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water having
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incorporated therein at least 0.03% of a nitrite .

of a metal above aluminum in the electromotive
series and a small proportion of a water-soluble
aromatic acyl derivative of 2-mercapto-thiaz-
oline, in the absence of substantial proportions
of electrolytes, ,

6. A non-corrosive liquid, suitable for use in
heat exchange devices and the-like containing
iron and solder, which comprises water having
incorporated therein at least 0.03% of a nitrite
of a metal above aliminum in the electromotive
series and a small proportion of benzoyl thiaz-
olinyl sulfide, in the absence of substantial pro-
portions of electrolytes.

7. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iren and solder, which comprises water and a
water-soluble aliphatic alcohol having incorpor-
ated therein at least 0.03% of an alkali metal
nitrite and g smali proportion of a water-soluble
member of the group consisting of 2-mercapto-
thiazolines devoid of non-hydrocarbon substity-
ents, organic acyl derivatives of such 2-mereapto-
thiazolines and salts of such 2-mercapto-thiaz-
olines, in the absence of substantial proportions
of electrolytes,

8. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
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iron and solder, which comprises water and g 7§

3
water-soluble aliphatic alcohol having incorpor-
ated therein at least 0.08% of an alkalj metal
nitrite and a small proportion of 5 water-soluble
2-mercapto-thiazoline devoid of non-hydrocar-
bon substituents, in the absence of substantial
Proportions of electrolytes. .

9. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water and a
water-soluble ‘aliphatic alcohol having incorpor-
ated. therein at least 0.03% of an alkalj metal
nitrite and a small broportion of 2-mercapto-
thiazoline, in the absence of substantial Dpropor-
tions of electrolytes.

10. A non-corrosive liquid, suitable for use in
exchange devices and the like containing
iron and solder, which comprises water and g
water-soluble aliphatic alcohol having incorpor-
ated therein at least 0.03% of an alkali metal
nitrite and a small Proportion of g water-soluble
organic acyl derivative of a 2-mercapto-thiaz-
oline devoid of non-hydrocarbon substituents, in
the absence of substantia] broportions of elec-
trolytes,

11. A non-corrosive liquid, suitable for use jn
heat exchange devices and the like containing
iron and solder, which comprises water and a
water-soluble aliphatic alcohol having incorpo-
rated therein at least 0.03% of an alkali metal
nitrite and a smali proportion of g water-soluble
aromatic acyl derivative of 5 2-mercapto-thiazo-
line devoid of non-hydrocarhon substituents, in
the absence of substantial Droportions of elec-
trolytes.

12, A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water and g
water-soluble aliphatic alcohol having incorpo-
rated therein at least 0.03% of an alkali metal
nitrite and a small Droportion of benzoyl thiazo-
linyl sulfide, in the absence of substantia] propor-
tions of electrolytes, .

13. A water-soluble aliphatic alcohol having
incorporated therein a small proportion of a ni-
trite of a meta] above aluminum in the electro-
motive series sufficient to inhibit corrosion of fer-
Tous metals by the alcohol and a small propor-
tion of a water-soluble member of the group con-
sisting of 2-mercapto-thiazoline devoid of non-
hydrocarbon substituents, organic acyl deriva-
tives of such 2-mercapto-thiazolines and salts of
such 2-mercapto-thiazolines, in the absence of
substantial proportions of. electrolytes.

14. A water-soluble aliphatic aleohol having
Incorporated therein a sman broportion of a ni-
trite of & metal above aluminum in the electromo-
tive series sufficient to inhibit corrosion of ferrous
metals by the alcohol and a small proportion of
& water-soluble 2-mercapto-thiazoline devoid of
non-hydrocarbon substituents, in the absence of
substantial broportions of electrolytes,

stantial proportiong of electrolytes.

16. A water-soluble aliphatic alcohol having
Incorporated therein a small proportion of g ni-
trite of & metal above aluminum in the electro-
motive series sufficient to Inhibit corrosion of fer-
rous metals by the alcoho] and a smal] proportion
of a water-soluble organic acyl derivative of g 2-
mercapto-thiazoline devoid of non-hydrocarbon
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substituents, in the absente of substantial pro-
portions of electrolytes.

17. A water-soluble aliphatic alcohol having
incorporated therein a small proportion of & ni-
trite of a metal above aluminum in the electro-
motive series sufficient to inhibit corrosion of
ferrous metals by the alcohol and a small propor-
tion of benzoyl thiazolinyl sulflide, in the absence
of substantial proportions of electrolytes.

18. A non-corrosive liquid, suitable for use in
heat exchange devices and the like containing
iron and solder, which comprises water having
incorporated therein at least 0.039% of sodium ni-
trite and a small proportion of 2-mercapto-thi-
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19. A non-corrostve liquid, suitable for use in

heat exchange devices and the like containing
iron and solder, which comprises water and a wa-
ter-soluble aliphatic alcohol having incorporatec
therein at least 0.03% of sodium nitrite and a
small proportion of 2-mercapto-thiazoline, in
the sbsence of substantial proportions of elec-
trolytes.
- 20. A water-soluble aliphatic aleohol having
incorporated therein & small proportion of so-
dium nitrite sufficient to inhibit corrosion of fer-
rous metals by the alcohol and & small propor-
tion of 2-mercapto-thiazoline, in the absence of
substantial proportions of electrolytes.

FREDERICK B. DCWNING.



