woO 2009/035341 A1 |10 00 OO0 O 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O O 0 OO

International Bureau

(43) International Publication Date
19 March 2009 (19.03.2009)

(10) International Publication Number

WO 2009/035341 Al

(51) International Patent Classification:
C23F 11/12 (2006.01)

(21) International Application Number:
PCT/NO2008/000329

(22) International Filing Date:
15 September 2008 (15.09.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
20074660 13 September 2007 (13.09.2007) NO
(71) Applicant (for all designated States except US): BORRE-
GAARD INDUSTRIES LIMITED NORGE [NO/NOJ,

Postboks 162, N-1701 Sarpsborg (NO).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MYRVOLD, Bernt
O. [NO/NOJ; Per Gynt veien 34, N-1709 Sarpsborg
(NO). SANDERSEN GRETLAND, Kristin [NO/NOJ;
Sportsveien 10, N-1719 Greaker (NO). STYLO, Tom
[NO/NOJ; Moltebergveien 30, N-1659 Torp (NO).
BUVARP, Rune [NO/NOJ; Kalaveien 1D, N-1739 Bor-
genhaugen (NO). SELJEBAKKEN KI.AUSEN, Bente
[NO/NOJ; Skolegata 76, N-1724 Sarpsborg (NO). FRED-
HEIM, Guro Elise [NO/NO]; Lindemannsvei 4, N-1710
Sarpsborg (NO).

(74) Agent: OSLO PATENTKONTOR AS; Postboks 7007M,
N-0306 Oslo (NO).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

of inventorship (Rule 4.17(iv))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(34)

(54) Title: CORROSION INHIBITOR

(57) Abstract: It has surprisingly been discovered that simple diols and triols work as corrosion inhibitors in concentrated organic
and inorganic acids, e.g. used as additives in metallic equipment in factories and plants. These corrosion inhibitors are cheap and
readily available in large quantities. The diol and triol also reduces evaporation of the acid, and thus improves the working environ-
ment.



10

15

20

25

30

35

40

45

WO 2009/035341 PCT/NO2008/000329

CORROSION INHIBITOR

The present invention concerns the discovery that a diol or triol or as mixture thereof
provides a corrosion-reducing or inhibiting effect when added to acids or acid
containing compositions used in metal or metallic equipment in production factories or
plants for reducing or inhibiting microbial growth. Such factories or plants may be
factories or plants for silage of grass, ensilage of fish and/or fish products, continued
treatment/ensilage of slaughterhouse waste and food waste or in drinking facilities for
farm house animals such as poultry or pigs. Tanneries, metallurgic industry and pulp
mills are other examples of factories or plants where large amounts of acids are used.

Organic acids have many beneficial effects when it comes to controlling microbial
growth. They ate thus frequently used for the preservation of organic materials.
Propionic acid is used as a grain preservative, for silage of grass and as a feed additive.
Formic acid is used in ensilage of fish, slaughterhouse waste, food waste and grass, and
also in pig and chicken feed. Acetic acid is used for conservation of fish. Benzoic acid is
used for fish ensilage. Other acids, or mixture of acids, are also used. Organic acids are
also used in the drinking water for pigs and poultry, among others. The addition of
organic acids to compound feed for pigs, sheep, goats, poultry, cattle, horses, dogs, cats
and fur-bearing animals has an efficacious effect on their growth and health. Further,
the acid addition to compound feed reduces the amount of consumed compound feed
per kg of growth without the increased growth affecting the quality of the meat. This
reduces feed cost by reducing the feeding period and promoting better housing
utilization.

Strong acids like sulfuric acid, sulfurous acid and hydrochloric acids are used in many
processes. Tanning, metallurgy and pulping are just a few examples.

There are a number of problems, however, with using acids, and in particular strong
acids such as formic acid or mineral acids, including the corrosion of the equipment.
Acids are corrosive and yearly corrosion from handling these acids costs millions of
dollar. There is considerable corrosion on storage tanks, pipes, valves and the mixing
equipment in the production line for pelleted feed in particular. This drives up the
operating costs and leads to the added burden of increased maintenance and system
monitoring.

There are also problems with using volatile for those handling the product. Formic acid
is particularly corrosive to skin and can cause damage from etching, which is why it full
body protection is needed. As an example during pelleting process the temperature
rises to 80-95 °C, and some of the acid will evaporate. This leads to evaporation of
some of the acid, the vapours of which can be dangerous on inhalation. Loss of acid
through evaporation will not only cause environmental problems, but also have an
economic cost.

Previously some of the adverse effects have been relieved by adding a polymeric strong
acid such as lignosulfonic acid or its salt (Patent WO 00/27220, PCT/N0O99/00309).

. In the present invention the above-mentioned problems associated with the use of acids

have been reduced by adding a diol or triol, in particular glycerol. Surprisingly, it has
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been shown that the reduced corrosion rates goes far beyond that expected from a
dilution of the acid.

By diol is meant any organic compound with at two hydroxyl group, e.g. ethylene
glycol or propylene glycol. By triol is meant any organic compound with three hydroxyl
groups, e.g. glycerol. Diols and triols can be produced by fermentation, by hydrolysis
or by trans-esterification. Glycerol is produced in large quantities from the
saponification of fats and the trans-esterification of fats to fatty acid methyl esters
during biodiesel production.

The diol or triol is added in quantities from 10 to 90% of the final mixture with the
acids, preferably from 40 to 60%.

Sugar and sugar alcohols have previously been described as corrosion inhibitors (FR
2391 261A). The advantages of simple diols and triols are several. They are cheaper.
They are liquid at room temperature, and thus easier to use in any formulation. With the
use of a diol like glycol or the triol glycerol we are not using scarce food resources as
chemical raw materials.

Glycerol has been shown to reduce skin corrosion in a formic acid that has been partly
neutralised with ammonia (NO 307 591 B). We here show that diols or triols also
function as a corrosion inhibitor for metals without any neutralisation of the acids.

The following examples are meant to illustrate the invention without limiting its scope
in any way.

EXAMPLES
Corrosion tests
Carbon steel coupons C1018 were used for the corrosion tests. The coupons were
sonicated in acetone for 10 minutes, then dried in a heating cabinet, cooled in a
desiccator and weighed. They were hung in polypropylene strips inside the test bottles
filled with acid and the added corrosion inhibitor. The bottles were sealed with plastic
film to prevent evaporation of the acid. The test bottles were placed on magnetic stirrers
to prevent diffusion gradients within the solution. After 3 days the steel coupons were
removed form the bottles and washed with warm water and acetone before they were
dried in a heating cabinet, cooled in a desiccator and weighed. All experiments were
done in duplicate and the average corrosion rates are given.

Corrosion rates, CR (mm/year), were determined from the weight loss of the steel
coupons using this equation:

CR = Weight loss (g) * 365 d/vear * 10 mm/cm
p Steel (g/cm3) * Surface area(cmz) *d

pSteel = 7,718 glem®
Surface area = 27, 2 cm>

The results from the different tests are shown in the tables below.
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Table 1. The effect of glycerol concentration for a strong organic acid.

Composition Corrosion | Improvement
rate / ! %
mm/year

10% water — 90% formic acid 6.7 -—-

10% glycerol — 90% formic acid 4.1 38.8

25% water — 75% formic acid 5.0 .

25% glycerol — 75% formic acid 3.2 36.0

50% water — 50% formic acid 7.5 -

50% lignosulfonate solution — 50% formic acid 2.8 62.7

50% glycerol — 50% formic acid 1.3 82.7

We see that at all concentrations glycerol is at least as effective as the commercially

used lignosulfonates.

Table 2. The effect of glycerol concentration for a weak organic acid.

Composition Corrosion | Improvement
rate / ! %
mm/year

10% water — 90% propionic acid 4.52 ~=-

10% glycerol — 90% propionic acid 0.70 84.5

25% water — 75% propionic acid 5.57 ~--

25% lignosulfonate solution — 75% propionic acid 0.55 90.1

25% glycerol — 75% propionic acid 0.06 99.0

50% water — 50% propionic acid 2.80 -

50% lignosulfonate solution — 50% propionic acid 1.15 58.9

50% glycerol — 50% propionic acid 0.031 98.9

We see that at all concentrations glycerol is at least as effective as the commerically

used lignosulfonates.

Table 3. The effect for various acids in a 50:50 wt% mixing ratio.

Composition Corrosion | Improvement
rate / /%
mm/year

50% water — 50% concentrated hydrochloric acid 114.8 —

50% glycerol — 50% concentrated hydrochloric acid 83.8 27.0

50% water — 50% sulfuric acid (30%) 181 ---

50% glycerol — 50% sulfuric acid (30%) 25.9 85.7

50% water — 50% propionic acid 2.8 ---

50% glycerol — 50% propionic acid 1.2 58.9

50% water — 50% formic acid 7.5 -—-

50% glycerol — 50% formic acid 1.3 82.7

We see that glycerol is effective for several mineral acids and organic acids.
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Table 4. The effect of various alcohols.

Composition Corrosion | Improvement
rate / /%
mm/year

50% water — 50% formic acid 7.5 -

50% glycerol — 50% formic acid 1.3 82.7

50% glycol — 50% formic acid 2.9 61.7

50% ethanol — 50% formic acid 9.8 -31.1

We see that the diol and triol shows good corrosion inhibition, while the simple alcohol
does not.

Evaporation tests

500 ml of 50:50 wt% glycerol:formic acid, lignosulfonate:formic acid, water:formic
acid solutions were made. Pure formic acid was included as a reference. Exactly 100 g
of each solution was placed in 2 different beakers.

The samples were kept at room temperature with and without stirring. The weight was
recorded at 4 hours, 26 hours, 58 hours and 89 hours. The results are presented in figure
1 and 2. We see that all additives reduce the weight loss at room temperature, but the
triol is much more effective than the other additives.



10

15

WO 2009/035341 PCT/NO2008/000329

CLAIMS

1. The use of a diol or triol or a mixture of diols and/or triols as a corrosion inhibitor for
organic or inorganic acids, or a mixture of acids.

2. The use according to claim 1 where the diol or triol or their mixture comprises 10-
90% of the total mixture.

3. The use according to claim 1 and 2 where the triol is glycerol and the diol is glycol.

4. The use according to claim 1 to 3 where the mixture contains further corrosion
inhibitors.
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Figure 1: Evaporation loss versus time for different additives. Room temperature with
stirring
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Figure 2: Evaporation loss versus time for different additives. Room temperature
without stirring.
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