








TABLE 3—Film Thickness at Various Treatment Durations

FILM THICKNESS cm x 1074
DURATION OF
TREATMENT OXALATE SOLUTION OXALATE -HEXAMINE
DAYS SOLUTION

0 0 0

2 20.5 5.6

5 5.1 10.4

8 35.0 11.2

V(hen ammonium oxalate (5.0 g/1) was used as the addi-
tive, the variation of the film thickness with time was as
shown in Table 3. The thickness increased rapidly during
the first two days, and then more slowly during the next
six days. The rate of formation was erratic, the film was
soft and easily crumbled, and its adherence was not par-
ticularly good when scrubbed with a nylon brush. The outer
part of the film appeared to be more porous than the inner
art.

. Since these three soluble oxalates proved to be particu-
larly good additives it was decided to experiment with suc-
cinic: and sebacic acids whose formulas bear some resem-
blance to that of oxalic acid. Contrary to expectation, these
materials proved to be unattractive. The succinic acid gave
negligible protection and the latter only 13% protection.

Hexamine and Ammonium Oxalate Combined

Since ammonium oxalate and hexamine were found to be
useful additives when used separately, and since the mech-
anism of protection obviously was different in the two cases,
it seemed possible that a combination of the two might be
more effective than either one separately.

Various combinations of these two materials were investi-
gated, each experiment lastifig fourteen days. The results
showed that such combinations can give an even higher de-
gree of protection against sulfurous acid corrosion, than
either compound alone.

TABLE 4—Protective Values of Ammonium Oxalate—Hexa-
mine Combinations in Sulfurous, Sulfuric and Sulfurous-
Sulfuric Acids (14 day test)

PROTECTIVE  VALUE %
AMMONTUM
OXALATE HEXAMINE | SULPHUROUS SULPHUROUS SULPHURIC
g/l g/l ACID sm,pmx;:g ACIDS ACID
0 0 0 e 0

1.0 3.5 97.5 95 58
1.5 3.5 98 - 68
2.0 3.5 98 Sy | T 75
2.5 3.5 98 97 . 77

In all of the experiments with combinations of these two
additives the solutions had a pH of 2 at the beginning and
the partially spent solutions were replaced by fresh ones
every three days.

As shown in Table 4, a combination of 1 g/l of ammo-
nium oxalate and 3.5 g/l of hexamine had a protective value
of 97.5% when present in sulfurous acid solution of the
concentration used in all of the previous experiments (8 g
of sulfur dioxide in one litre of the acid). A combination
of 2 g/l of the oxalate and 3.5 g/1 of hexamine had a pro-
tective value of 98% and appeared to be the most attractive
of any investigated. 3

In Table 3 it is shown that the thickness of the film pro-
duced by the last-mentioned combination of additives was
much less than that produced by the oxalate additive alone.
However its rate of growth appeared to be less erratic. The
thinness of the film may have been due to its becoming non-
porous at a fairly early stage of the experiment.

Usefulness of Additives in Sulphuric Acid

According to Nelson® sulfuric acid is the most widely used
reagent in the chemical industry, and it far outpaces its
closest competitor. Accordingly it seemed worth while to de-
termine the usefulness of a hexamine—ammonium oxalate
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combination in inhibiting the corrosion of low carbon steel
by this acid. Experiments of this type weré performed, the
S0, content of the acid being the same as in the case of
the sulfurous acid solutions already referred to, i.e., 8 g/l

As shown in Table 4, a protective value of 77% was ob-
tained when the ammonium oxalate and hexamine contents
were 2.5 and 3.5 g/l respectively. In other words, although
perfect protection of the steel was not obtained, the corro-
sion rate was considerably less when these two additives
were present in the acid.

Additional experiments performed with a combination of
sulfurous and sulfuric acids, the SO. content of each acid
being 4 g/l, showed that the protective value was 97% when
the ammonium oxalate and hexamine contents were 2.5 and
3.5 g/l respectively (Table 4). In other words, compara-
tively large amounts of sulfuric acid can be present in the
sulfurous acid without materially changing the protective
value obtained with the latter alone.

Summary

An extensive study was made of the use of additives in
combatting the corrosion of low carbon steel by aqueous
solutions containing sulfurous acid at room temperature.
The great majority of the additives studied had little or no
practical value.

It was found that hexamine gives good temporary pro-
tection and that ammonium oxalate gives good protection
of a more permanent nature. However a combination of the
two materials is much superior to either one alone. The
solid film produced by the combination is harder and much
more adherent to the steel than that produced by ammo-
nium oxalate alone. ¢

Finally it was shown that large amounts of sulfuric acid
can be present in the sulfurous acid without materially
changing the protective value obtained with the latter alone £
also that the presence of a combination of hexamine and
ammonium oxalate in sulfuric acid alone will considerably
reduce the corrosion rate of low carbon steel in that acid.

This discovery may have many applications in connection
with the use of steel in sulfurous acid environments. It has
been tested extensively on a laboratory scale and now awaits
testing in the field.
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