United States Patent Office

3,231,507
Patented Jan. 25, 1966

3,231,507
CORROSION INHIBITORS FOR AQUEOUS ACIDS
Alvin F. Beale, Jr., and Clare H. Kucera, Tulsa, Okla.,
assignors to The Dow Chemical Company, Midland,
Mich., a corporation of Delaware
No Drawing. Filed Apr. 21, 1960, Ser. No. 23,648
9 Claims. (CL 252—146)

This invention relates to synergistic combinations of
acetylenic alcohols as corrosion inhibitors for aqueous
solutions of non-oxidizing acids.

Propargyl alcohol is well known as a corrosion inhibi-
tor. Its higher homologs also are active inhibitors. In
view of this prior knowledge, it would be expected that
mixtures of acetylenic alcohols such as propargyl alcohol
and its homologs would exhibit additive inhibition in
aqueous acids. However, it has now been discovered that
mixtures of acetylenic alcohols, that is, propargyl alcohol
and its homologs, are synergistically effective as corrosion
inhibitors. This unexpected discovery permits the in-
hibition of ageuous acid solutions by use of a smaller
total amount of inhibitor than is possible when using only
one of the acetylenic alcohols.

In many applications, such as metal cleaning and oil
well acidizing, aqueous acids are in contact with metals
at elevated temperatures. In these applications it has
been found that many corrosion inhibitors that are effec-
tive at ordinary temperatures fail at the higher tempera-
tures. Accordingly, it is common practice to evaluate in-
hibitors at elevated temperatures, it being known that
those thus found to be effective will also be effective at
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lower temperatures. Likewise, it is common practice to
evaluate inhibitors in 15% aqueous hydrochloric acid,
since it has been found that other non-oxidizing acids
give similar results and the effect of concentration is well
known; i.e., corrosion gradually increases as the acid con-
centration is increased, at least in the range of concentra-
tion up to 50%.

The preferred acetylenic alcohols are those correspond-
ing to the formula

CyHyn+1—CHOH—C=CH

wherein z is an integer from 0 to about 8.

Many alcohols having the above formula are known
and methods for the preparation of such compounds are
likewise known. A convenient and well-known procedure
for their synthesis consists of condensing the appropriate
aldehyde, C,Hy,+;—CHO, with sodium acetylide. The
preferred aldehydes are those having unbranched carbon
chains, although the unexpected synergistic result is also
obtained with branched chain alcohols.

To illustrate the practice of the invention and to demon-
strate the synergistic corrosion inhibition effected by the
compositions of the inventions, a series of standardized
corrosion tests were run under controlled conditions.

Procedure—The metal coupons were suspended in
the acid solution containing the inhibitor for the specified
time and at the specified temperature. The coupons were
then removed, rinsed, dried and weighed to determine the
weight of metal lost during the test. From this and the
surface area of the coupon, the corrosion rate was cal-
culated as Ibs. per. sq. ft. per day. Results of same typi-
cal tests are shown in Table 1.

TABLE IL—EFFECT OF VARIOUS ALKYNOLS AND MIXTURES THEREOT AS CORROSION INHIBITORS IN
HYDROCHLORIC ACID

Acid medis—150 ml. of 15% hydrochloric acid
Metal—AISI 1010 mild steel coupon (0.12” x 1.0” x 2.75'")
Temperature—200° ¥,

Length of test—i6 hours

Test

Concentration alkynols (percent by volume)

Corrosion

Propynol Butynel

Pentynol

rate
(Ibs./ft.2/day)

Hexynol Heptynol Nonynol Decynol

= Each alkynol was made by condensing sodium acetylide with the appropriate n-alkanal.
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Tests were made with various concentrations of the in-
hibitor mixture of this invention under the severe cor-
rosion conditions described in Table I. These tests are
set out in Table II following.

TABLE IL—EFFECT OF VARIOUS CONCENTRATIONS OF
THE INHIBITOR SYSTEM IN CONTROLLING ACID
CORROSION

Test conditions—See Table I
Inhibitor system—1 part (by volume) heptynol 41 part propynol

Concentration inhibitor { Corrosion rate
Test system (percent by (bs./it.2/day)
volume)
34 0.4 0. 0008
35 0.2 0. 001
36 0.1 0. 009

Similar results are obtained with other combinations of
alkynols.

While a minimum of about 0.1% of inhibijtor is re-
quired for prolonged protection at elevated temperatures
of the order of 200° F., much less is effective at lower
temperatures or for shorter periods. Under these milder
conditions, as little as 0.01% may be adequate.

Tests were made under the same conditions as those
reported in Table I using an inhibitor system composed
of various ratios of one alkynol containing 3 to 6 carbon
atoms combined with a second alkynol containing 7 to
10 carbon atoms. It was found that synergism occurred
with volume ratios varying between 15:85 to 85:15 of
the two alkynols. The most pronounced effect was ob-
served when the alkynols were present in substantially
equal amounts,

Tests similar to those described above showed that the
combinations of alkynols are synergistically effective as
corrosion inhibitors in aqueous solutions of other acids,
including sulfuric, sulfonic, phosphoric, and acetic acid;
in acids of other concentrations up to at least 50%; in
acids at other temperatures up to or exceeding 200° F.,
depending somewhat on the identity and concentration of
the acid; and in the protection of other metals, including
oil field tubing, cast iron, mild steel, stainless steel, ad-
miralty metal and copper.

Effective inhibitors are obtained by mixing three or
more alkynols but in general, there is little advantage in
including more than two.

Best results are obtained when the inhibitor composi-
tion comprises two alkynols differing by at least 3, and
preferably 4 or 5 carbon atoms. Thus, in the preferred
compositions, a lower alkynol containing 3 to 6 carbon
atoms is mixed with a higher one containing about 7 to
11 carbon atoms.

We claim:

1. A corrosion inhibitor composition consisting es-
sentially of a mixture of a pair of alkynols in a volume
ratio between about 15:85 and 85:15, said pair being se-
lected from the group consisting of

(a) propynol and butynol
(b) propynol and pentynol
(¢) propynol and nonynol
(d) propynol and decynol
(e) butynol and decynol
(f) pentynol and decynol

2. A corrosion inhibitor composition consisting essen-
tially of a synergistic mixture of propynol and butynol
in the ratio of 15:85 to 85:15 by volume,
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3. A corrosion inhibitor composition consisting essen-
tially of a synergistic mixture' of propynol and decynol
in the ratio of 15:85 to 85:15 by volume.

4. An aqueous non-oxidizing acid containing a pair
of alkynols selected from the group consisting of

(a) propynol and butynol
(b) propynol and pentynol
(¢) propynol and nonynol
(d) propynol and decynol
(e) butynol and decynol
(f) pentynol and decynol

the volume ratio of the two alkynols being between about
15:85 and 85:15, said pair being present in an amount
sufficient to substantially inhibit the:corrosion of metals
exposed to said acid.

5. A composition consisting essentially of hydrochloric
acid containing about 0.01 to 0.4% by weight of a syn-
ergistic corrosion-inhibiting mixture of propynol and
butynol, said mixture being in the rato of 15:85 to 85:15
by volume.

6. A composition consisting essentjally of hydrochlorlc
acid containing about 0.1 to 0.4% by weight of a syn-
ergistic corrosion-inhibiting mixture of propynol and
decynol, said mixture being in the ratio of 15:85 to 85:15
by volume.

7. The process of inhibiting the corrosion of metals in
contact with aqueous, non-oxidizing acid comprising in-
corporating into the acid a pair of alkynols selected from
the group consisting of

(a) propynol and butynol
(b) propynol and pentynol
(¢) propynol and nonynol
(d) propynol and decynol
(e) butynol and decynol
(f) pentynol and decynol

the volume ratio of the two alkynols being between about
15:85 and 85:15, said pair being used in an amount suffi-
cient to substantially inhibit the corrosion of said metal.

8. The process of inhibiting the corrosion of metals in
contact with hydrochloric acid comprising incorporating
into the acid an effective amount of about 0.01 to 0.4%
by weight, based on said acid, of an inhibitor consisting
essentially of a synergistic mixture of propynol and bu-
tynol in the ratio of 15:85 to 85:15 by volume.

9. The process of inhibiting the corrosion of metals in
contact with hydrochloric acid comprising incorporating
into the acid an effective amount of about 0.01 to 0.4%
by weight, based on said acid, of an inhibitor consisting
essentially of a synergistic mixture of propynol and
decynol in the ratio of 15:85 to 85:15 by volume.
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