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ABSTRACT OF THE DISCLOSURE 
Materials which are principally comprised of aluminum, 

and which are sensitive to the attack of alkaline solutions, 
are protected against such attack by a synergistic combi 
nation of water soluble silicates and barium salts, with or 
without well-known surface active agents and solvents. 

-aware 

This invention relates to the protection of alkaline sensi 
tive aluminum-containing substrates from the attack of 
alkaline solutions, particularly solutions of sodium and 
potassium hydroxides. More particularly, this invention 
relates to the protection of alkaline sensitive substrates 
which are principally comprised of aluminum from the 
attack of alkaline solutions by a synergistic combination 
of water-soluble silicates and barium salts. 

Caustic and other alkaline solutions are highly corro 
sive to many surfaces, causing extreme pitting and dissolu 
tion of the surface of sensitive materials. Corrosion of 
surfaces by alkaline materials presents a serious limita 
tion with respect to cleaning of such surfaces. For exam 
ple, highly alkaline solutions have proved very effective 
for removing such soils as baked-on food soils, oleo 
resinous films, fatty soils, oxidized hydrocarbons, waxy 
soils, carbonaceous soils and the like which are difficult 
to remove without using caustic or other highly alkaline 
solutions. The sensitivity of materials to alkaline attack 
presents problems in a wide spectrum of applications in 
cluding the metal working industry, cleaning equipment in 
food processing installations, maintenance cleaning of 
transportation vehicles, dish washing and paint stripping 
operations. 

Current methods for cleaning alkali sensitive materials 
have generally avoided the use of caustic or strong alka 
line solutions in cleaning processes because of the dis 
advantages noted above. Solvents or emulsions have found 
limited use as cleaners. However, they generally are not 
effective for many soils; they do not produce surfaces 
suitable for subsequent finishing operations; and they pre 
sent problems of toxicity and flammability. A great deal 
of research has been directed to the development of neu 
tral or mildly alkaline solutions which offer detergent 
action. However, this detergent action is usually based 
on surfactants alone or in combination with sodium 
borate, which have proved ineffective for the more tena 
ciously held soils and are practical only for light duty 
cleaning operations. 
Sodium silicate-containing alkaline cleaners have prob 

ably been the most widely accepted materials for clean 
ing alkaline sensitive substrates such as aluminum and its 
alloys; but such cleaners suffer from several limitations 
of which the most serious is the restriction on level of 
alkalinity. Inhibition of alkaline solution attack by sodium 
silicates appears to be effective only when the ratio of 
SiO2/Na2O is greater than 1. The inhibiting effect occurs 
only at certain concentrations of sodium metasilicate when 
the ratio is equal to 1. Therefore, the high alkalinity neces 
sary for the removal of many soils cannot be used with 
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out causing attack of the substrate because ratios less than 
one are ineffective. Furthermore, to achieve adequate 
cleaning it has been found necessary to utilize long soak 
ing periods or mechanical action to accomplish release of 
the soil. However, we have discovered that by adding a 
water-soluble barium salt to the sodium silicate-containing 
alkaline cleaners a surprising synergistic effect results, and 
very satisfactory corrosion inhibition takes place without 
these objectionable limitations. The same results do not 
occur when the barium salt is added but the sodium sili 
cate is omitted. The presence of both is essential. 

Substrates which are particularly sensitive to attack or 
corrosion by alkaline solutions primarily consist of metals 
which form soluble reaction products with strongly alka 
line solutions, aluminum and its various alloys being the 
more important examples. The protection of aluminum 
is extremely important to industry because of its exten 
sive use in a wide variety of applications, and the very 
rapid attack of alkaline solutions thereon. Alloys and other 
compositions containing major amounts of aluminum are 
also susceptible to alkaline attack and are included within 
the substrates which are benefitted by the present in 
vention. 

It is an object of the present invention to clean alkaline 
sensitive materials with alkaline detergents without dele 
terious corrosion, 

It is a further object of the present invention to inhibit 
the attack of very strong alkaline cleaners on aluminum 
and its alloys, removing tenacious soils and coatings with 
out damage to the substrate. 

It is a further object of the present invention to permit 
the use of aluminum and its alloys in applications where 
such metals could not previously be used because of the 
necessity for strong alkaline cleaning. 

It is a further object of the present invention to provide 
a means for controlling the rate of the caustic attack on 
aluminum and its alloys during etching and chemical mill 
ing operations. 
We have discovered that the attack of strong alkaline 

Solutions, particularly those containing caustic, on alkaline 
sensitive metals such as aluminum and its alloys is sub 
stantially reduced by the synergistic combination of a 
water-soluble silicate and a water-soluble barium salt as 
indicated above. It is significant to note that either com 
ponent alone produces only a minor reduction in the cor 
rosion rate, as seen in Table I below. However, with 
both the silicate and barium salt components present (at 
least 0.01 weight percent of the barium salt and at least 
0.02 weight percent of the silicate) a marked reduction 
in corrosion rate is observed. 
The practice of this invention need not be restricted 

to the use of BaCl2, as other water soluble barium salts, 
such as the hydroxide, oxide, or silicate, could be used 
in place of the chloride. Similarly, other silicates may be 
used in place of the sodium metasilicate, examples being 
lower alkalinity sodium silicates or potassium silicate. 

Further indications of the unexpected and unobvious 
results obtained by the synergistic combination of the 
present invention are evident in the fact that salts of other 
alkaline earth metals, Ca or Sr, cannot be used as they 
are precipitated as the silicate salts. All other cations either 
are not effective inhibitors with silicate (Na, K, Li, for 
example), or produce insoluble silicate salts. Anions other 
than the silicate ion are not effective with barium ion, as 
they either produce insoluble precipitates with barium 
(e.g. carbonate, phosphate or sulfate), remove the barium 
ion by sequestering (e.g. polyphosphates), or are simply 
ineffective (e.g. fluoride). 
The synergistic combination of the present invention 

optionally may be utilized with solvents and/or any of a 
number of conventional surface active agents that have 
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been found to be good cleaning agents and desirable be 
cause of such properties as low forming, etc. It is fre 
quently advantageous to include solvents in the alkaline 
solution to improve the cleaning action on certain dirts 
and some examples of suitable solvents are kerosene and 
the monobutyl ether of ethylene glycol. 

Table I, which follows, shows the surprising synergistic 
effect of the present invention, various combinations of 
silicate and barium salts giving outstanding corrosion in 
hibition effects, whereas either one alone is relatively im 
potent by comparison. 

EXAMPLE 1. 
The data in Table I were obtained by immersing alu 

minum foil samples in a solution of 0.4% NaOH at 
60° C., and after 16 hours the samples were removed, 
rinsed, dried and weighed. From the weight loss, time and 
dimensions of the test pieces before and after immersion, 
the corrosion rate is calculated in mils per year. As the 
data show, the addition of 0.1% Na metasilicate and 0.1% 
BaCl, reduce the corrosion rate of aluminum from 30,000 
mils per year to 0.3 mill per year. 

TABLE I 

Corrosion rate in mills per year 
Percent Na Percent ------------- 

metasilicate BaCl O.4% NaOH 4.0% NaOH 

. . . . . . w.x was is - - - - a wa- a a a 30,000 140,000 

0.1 ------------ 20,000 120,000 

1 Alumlium sample No. 3, 60° C. 

EXAMPLE 2 

(a) In a manner similar to the procedure set forth in 
Example 1, 0.1% Na metasilicate and 0.1% Ba (OH)2 
are employed instead of the sodium metasilicate-barium 
chloride combination. 

(b) Likewise, an additive of 0.1% Na metasilicate and 
0.1% barium oxide are used instead of the sodium meta 
silicate-barium chloride combination employed in Ex 
ample 1. 

Similar reductions of the corrosion rate, as were ob 
tained in Example 1, are obtained with both additive com 
binations (a) and (b). 
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4. 
EXAMPLE 3 

(a) In a manner similar to the procedure set forth in 
Hexample 1, 0.1% Na orthosilicate is substituted for the 
metasilicate. 

(b) Likewise, Na silicate (3.2 SiO2/Na2O ratio) is 
used as the additive in lieu of the metasilicate in Ex 
ample 1. 

(c) Likewise, an additive is used as in Example 1 but 
Na silicate (2.6 SiO/Na2O ratio) is substituted for the 
metasilicate. 

(d) Similarly, an additive is used as in Example 1 but 
potssium silicate (2.1 SiO2/KO ratio) is substituted for 
the metasilicate. 

In each of these four examples similar corrosion rate 
reductions, as were obtained in Example 1, are obtained. 
We claim: 
1. In a process of treating with an aqueous solution 

of sodium or potassium hydroxide a material made of 
aluminum, or an alloy thereof whose principal compo 
nent is aluminum, the improvement of mixing with said 
aqueous solution an effective amount of a synergistically 
operative corrosion-inhibiting combination comprising a 
water-soluble silicate selected from the group consisting of 
sodium silicate, sodium orthosilicate, sodium metasilicate, 
potassium silicate, potassium orthosilicate, and potassium 
metasilicate and a water-soluble barium compound se 
lected from the group consisting of barium chloride, bar 
ium hydroxide, barium oxide, and barium silicate, the 
silicate being present in an amount equal to at least 0.02 
weight percent and the barium salt being present in an 
amount equal to at least 0.01 weight percent. 
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