Specification

Anticorrosive for Boiler

Technical Field
[06001]

The present invention relates to an anti-corrosive for
a boiler (hereinafter may be referred to as a "boiler anti-
corrogive") and, more particularly, to a boiler anti-
corrosive suitably used in a boiler operated with a
superheater and a steam turbine.

Background Art
[0002]

Boilers have a structure for heating boiler water to
generate vapor, and an anti-corrosive is applied to such
boilers for preventing corrosion of metal members of the
boilers. Particularly, in boilers for power generation,
garbage incineration, etc., operated with a superheater or a
steam turbine, ion-exchange water or desalinated water is
generally used as a supplementary feed. Such boilers are
generally operated at a concentration factor of about 30 to
about 100, which is one of the water quality control factors.
In such boilers, a phosphate salt, instead of a caustic
alkali substance, 1s added so as to adjust the pH of boiler
water for corrcosion prevention, and a neutralizable amine or
ammonia is added so as to elevate the pH of the boiler feed-

condensate system, to thereby prevent elution of iron,
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whereby the amount of iron transferred into a boiler tank is
reduced.
[0003]

In recent years, however, the amounts of organic
substances unintentionally transferred to a boiler tank have
increased due to use of various water sources and impailred
water quality. In addition, the blow rate has been reduced
for the purpose of saving energy and water, and an organic
oxygen scavenger is used instead of hydrazine. Under such
circumstances, the pH of boiler water often lowers
problematically. In order to solve the problem, the
phosphate salt level of the boiler water is increased, or a
phosphate salt-type boiler compounds (a sodium phosphate-
sodium hydroxide mixture) having an Na/P0O; mole ratio of 3 or
higher is used. In the above case, a phosphate salt hide-out
phenomenon or alkali corrosion may problematically occur.

The term "phosphate salt hide-out phenomenon" refers to
deposition of the phosphate salt dissolved in boiler water
caused by a rapid change in concentration or pressure. The
hide-out phenomenon adversely affects a boiler member, and an
example thereof is impairment of thermal conduction.

[0004]

Some known anti-corrosives typically employed in the
above boiler feed-condensate system include 2-aminoethanol
(MEA) and monoilsopropancolamine (MIPA). However, these
compounds cannot fully elevate the pH of boller water.

As an alternative to these compounds, Patent Document 1
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discloses a beoiler anti-corrosive containing
methyldiethanolamine (MDEA). More specifically, Patent
Document 1 disgcloses that the pH can be readily elevated by
use of MDEA under high-temperature corrosive circumstances;
that MDEA has low volatility to generate a less amount of
vapor thereof, thereby less affecting the reaction system;
and MDEA enhances the deoxygenation performance of an
optionally employed oxygen scavenger, thereby realizing high
anti-corrosive performance by addition thereof in a small
amount.

Prior Art Documents

Patent Documents

[0005]

Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. 2003-231980

Summary of the Invention

Problems to be Solved by the Invention

[0006]

However, the anti-corrcsive containing MDEA disclosed
in Patent Document 1 has a drawback that it must be added in
a large amount to feed water. Thus, there is demand for an
anti-corrosive which exhibits anti-corrosive performance even
through addition thereof in a small amount.

The present invention has been conceived for solving
the aforementioned problems, and an object of the invention
is to provide an anti-corrosive which can more effectively

maintain the pH of boiler water and which can prevent



corrosion of a boiler tank and the entire boiler sy
including a feed-condensate system, without adding
amount of phosphate salt or elevating the Na/PO
to 3 or higher.
[0006a] Summary
In one aspect, the present invention refers to use
amine compound represented by formula (1) NH
OH --- (1) in a boiler anti-corrosive, wherein th
compound represented by formula (1) is added in an
0.01 to 100mg/L; wherein each of m and n is an inte
to 3, the use comprising addition of the boiler ant
corrosive to water in a boiler. In another aspect,
present invention refers to a method of preventing
of a boiler tank, comprising adding, to a water fee
of the boiler tank, 0.01 to 100 mg/L of an amine co
represented by formula (1) NH
each of m and n is an integer of 1 to 3, as a boile
corrosive.
Means for Solving the Problems
[0007]

The present inventors have conducted extensive stu
in order to attain the aforementioned object, and h
that the object can be attained by a chemical agent
containing an amine compound having a specific stru
including an amino group and a hydroxyl group in th
thereof, in particular, a chemical agent containing
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present invention has been accomplished on the basi
finding.
[0008]
Accordingly, the present invention provides the
following [1] to [6].
[1] A boiler anti-corrosive characterized by contai
amine compound represented by formula (1):
NH2-(CH 2) nrO-(CH 2) n-OH --- (1)
(wherein each of m and n is an integer of 1 to 3) (
may be referred to as an "anti-corrosive I").
[2] A boiler anti-corrosive as described in [1] abo
further contains an oxygen scavenger (hereafter may
referred to as an "anti-corrosive II").

[3] A boiler anti-corrosive as described in [2] abo
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wherein the oxygen scavenger is at least one species selected
from among hydrazine, carbohydrazide, hydroguinone, 1-
aminopyrrolidine, l-amino-4-methylpiperazine, N,N-
diethylhydroxylamine, isopropylhydroxylamine, erythorbic acid
and a salt thereof, and ascorbic acid and a salt thereof.

[4] A boiler anti-corrosive as described in any of [1] to [3]
above, wherein the amine compound represented by formula (1)
is at least one species selected from 2-(2-
aminoethoxy)ethanol and 3- (3-aminopropoxy)propanol.

[5] A boiler anti-corrosive as described in any of [1] to [4]
above, which further contains a neutralizable amine and/or
ammonia.

[6] A boiler anti-corrosive as described in [5] above,
wherein the neutralizable amine is 3-methoxypropylamine.
Effects of the Invention

[0009]

The present invention enables provision of an anti-
corrosive which can more effectively maintain the pH of
boiler water and which can prevent corrosion of a boiler tank
and the entire boiler system including a feed-condensate
system, without adding a large amount of phosphate salt or
elevating the Na/PO, mole ratio to 3 or higher, the anti-
corrosive being generally for use in a boiler operated with a
superheater or a steam turbine, such a boiler to which
treated water is fed, etc.

Mcdes for Carrying Out the Invention

[0010]



The modes of the boiler anti-corrosive of the present
invention are (i) anti-corrosive I containing an amine
compound represented by formula (1):

NHz- (CH,) n-O- (CHy) n-OH - -+ (1)

{(wherein each of m and n is an integer of 1 to 3), and (ii)
anti-corrosive II which further contains an oxygen scavenger.
[0011]

[Anti-corrosive TI]

The boiler anti-corrosive I of the present invention
contains the aforementioned amine compound represented by
formula (1). The amine compound is a low-volatility amine
which has high thermal stability and high dissociation degree.
Thus, the amine remains in boiler water rather than moving to
the vapor phase, whereby the pH of boiler water can be
effectively maintained.

Therefore, the amine compound itself can serve as an
anti-correosive and may also be used in combination with
another volatile amine, such as an amine having a volatility
higher than that of the aforementioned amine compound. In
the latter case, the amount of amine transferred to the wvapor
generated in the boiler can be controlled, along with the pH
of feed water and concentrated water, to thereby prevent
corrosion of the entire boiler system.

The amine compound is preferably 2-(2-
aminoethoxy)ethanol, in which each of m and n in formula (1)
is 2,3-(3-aminopropoxy)ethanol, in which m is 3 and n is 2,

or 3-{(3-aminopropoxy)propancl, in which each of m and n is 3,
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from the viewpoint of anti-corrosion performance. Among them,
2-(2-aminocethoxy)ethanol is more preferred.

The anti-corrosive I may consist of the amine compound
as a sole ingredient, or may be a combined agent further
containing water, another solvent, and an optional ingredient.
When the combined agent is used, these ingredients may be
individually and separately supplied to a boiler, followed by
mixing. Alternatively, the ingredients may be combined to
provide a pre-mix type agent, which is added to a boiler.
[0012]

[Anti-corrosive ITI]

The boiler anti-corrosive II of the present invention
contains an oxygen scavenger and the amine compound
represented by formula (1). As described above in the "anti-
corrosive I," the amine compound is preferably 2-(2-
aminoethoxy)ethanol or 3-(3-aminopropoxy)ethanol, with 2-(2-
aminoethoxy)ethanol being more preferred.

The anti-corrosive II may consist of an oxygen
scavenger and the amine compound, or may be a combined agent
further containing water, another solvent, and an optional
ingredient.

[0013]
(Oxygen scavenger)

No particular limitation is imposed on the oxygen
scavenger, and known oxygen scavenger may be used. The
oxygen scavenger is preferably at least one species selected

from among hydrazine, carbohydrazide, hydroguinone, 1-
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aminopyrrolidine, l-amino-4-methylpiperazine, N,N-
diethylhydroxylamine, isopropylhydroxylamine, erythorbic acid
and a salt thereof, and ascorbic acid and a salt thereof.
Among them, l-amino-4-methylpiperazine (hereinafter may be
referred to as "1A4MP") is more preferred.

When used in combination with a non-hydrazine type
organic oxygen scavenger, the oxygen scavenger may be used in
a sufficient amount without lowering the pH of boiler water,
whereby contamination with organic matter can be prevented,
and the concentration factor of the boiler can be elevated.
The amount of oxygen scavenger is adjusted in response to the
dissolved oxygen level of the feed water. If a degassing
apparatus is employed, the oxygen scavenger is added in an
amount depending on the performance of the degassing
apparatus.

[0014]

In the anti-corrosive II, the amine compound
concentration is tuned so as to adjusting the pH of boiler
water to a predetermined level, generally pH of 8.5 toc 10.8,
depending on the pressure. The oxygen scavenger
concentration is tuned so as to sufficiently remove dissolved
oxygen in feed water having the above pH.

Specifically, the amine compound level is preferably
0.1 to 99.9 mass%, more preferably 0.5 to 99 mass%, still
more preferably 1 to 97 mass%, and the oxygen scavenger level
is preferably 99.9 to 0.1 mass%, more preferably 99.5 to 1

mass%, still more preferably 99 to 3 mass%.
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When the anti-corrosive II of the present invention is
used, the oxygen scavenger and the amine compound may be
individually and separately supplied to a boiler, followed by
mixing. Alternatively, the two ingredients may be combined
to provide a pre-mix type agent, which is added to a boiler.
[0015]

(Other ingredients incorporated into anti-corrocsives I and
I1)

In the anti-corrosives I and II of the present
invention, the amount of amine compound supplied to feed
water is preferably 0.01 to 100 mg/L, more preferably 0.05 to
50 mg/L, still more preferably 0.1 to 10 mg/L. In order to
prevent corrosion of the water feed system, the anti-
corrosives may further contain at least one species selected
from ammonia and a neutralizable amine.

[0016]
<Neutralizable amines

A neutralizable amine volatiles with steam generated in
the boiler, and is dissolved in feed water when the steam is
condensed. The neutralizable amine neutralizes carbon
dioxide contained in feed water, to thereby elevate the pH of
the condensed water, whereby corrosion of steel members of
the boiler is inhibited. The effect of ammonia is the same
as that of the neutralizable amine.

Examples of preferred neutralizable amines include
monoethanolamine (MEA), cyclohexylamine (CHA), morpholine

(MOR), diethylethanolamine (DEEA), monoisopropanclamine



(MIPA), 3-methoxypropylamine (MOPA), and 2-amino-2-methyl-1-
propanol (aMP). Of these, 3-methoxypropylamine (MOPA) is
more preferred. |

The ratio of [neutralizable amine and/or ammonial to
the amine compound; 1.e., [amine compound : neutralizable
amine and/or ammonia] (ratio by mass) is preferably 0.01
100 to 100 : 0.01, more preferably 0.01 : 10 to 10 : 0.01,
still more preferably 0.1 : 10 to 10 : 0.1.
[0017]
<Phosphate salts and other ingredientss

The anti-corrosives I and II of the present invention
may contain a phosphate salt which is generally used for
adjusting the pH of boiler water. Examples of the optiocnally
employed phosphate salt include trisodium phosphate, disodium
phosphate, a mixture of trisodium phosphate and disodium
phosphate at a specific ratio, sodium metaphosphate, sodium
pyrophosphate, sodium tripolyphosphate, and a mixture of
sodium hexametaphosphate and sodium hydroxide having a
specific Na/PQ, mole ratio. In the case where a caustic
alkali is allowed to be used under low boiler water pressure,
NaOH or KOH may be used in combination. Furthermore, another
anti-corrosive, a film-forming anti-corrosive which prevents
corrosion by forming a dense film on metal surfaces, such as
octadecylamine, a stabilizer, and other additives may be also
used in combination. These additional ingredients may be
mixed with the amine compound or individually added.

The amounts of phosphate salt and other ingredients may
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be appropriately predetermined to attain the effects thereof.
The solvent is preferably an agqueous medium, and the solvent
content of the anti-corrosive of the invention may also be
predetermined appropriately. Needless to say, no solvent may
be used, or the solvent may be contained in such an amount
that it can be absorbed by the hygroscopic property of the
chemical agent.

[0018]

No particular limitation is imposed on the boiler to
which the anti-corrosive (I) or (II) of the present invention
is applied. Examples of particularly preferred boilers
include (i) a boiler operated with a superheater or a steam
turbine and (ii) a boiler which is operated with a
superheater or a steam turbine and to which treated water is
fed.

Through addition of the anti-corrosive (I) or (II) of
the present invention to the water feed system, the
neutralizable amine elevates the pH of feed water to a
specific value, and the oxygen scavenger removes dissoclved
oxygen from feed water, whereby the level of iron eluted from
the water feed line and transferred into the boiler can be
reduced. The amine compound transferred to the boiler with
feed water can elevate the pH of boiler water to a specific
level, to thereby prevent corrosion of the boiler tank. A
part of the amine compound and the optionally used
neutralizable amine move to steam, to thereby elevate the pH

of condensate, whereby corrosion of the condensate system is



prevented. In addition, the levels of iron and copper
transferred from the condensate serving as feed water to the
boiler can be reduced.

Examples

[0019]

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

In the Examples, compound (&) was 2-(2-
aminoethoxy)ethanol represented by the following formula (&),
and compound (B) was 3- (3-aminopropoxy)propanol represented
by the following formula (B).

NH,- (CHy) ,-O- (CH3) 2-OH - -- (A)

NH;- (CHz) 3-0- (CHy)3-OH - -+ (B)

[0020]
Experiment 1

A corrosion test was carried out through employment of
a test boiler which was operated under the following
conditions: a pressure of 4 MPa, a blow rate of 1%, a
condengate recovery of 20%, pure water (ion-exchange water)
feed, and use of a heater-degasser [outlet degassing capacity
(dissolved oxygen level: DO) of 0.03 mg/L]. In the corrosion
test, to feed water, sodium phosphate having an Na/PO; mole
ratio of 2.7 was added in an amount of 0.1 mg/L as phosphate
ion, and monoisopropanoclamine (MIPA) was added in an amount
of 1.5 mg/L. As a result, the pH of boiler water was 10.0.

When a microamount of organic matter originating from
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feed water is thermally decomposed in boiler water, an
organic acid is conceivably formed. Thus, 0.06 mg/L of
acetic acid was added to feed water as the organic acid. In
this case, the pH (25°C) of boiler water was lowered to 9.2,
lower than 9.4, which the lower limit of JIS standard value
under such a pressure (Comparative Example 1). Then, MIPA
was changed to methyldiethanoclamine (MDEA) 1.5 mg/L, which
was the same agent concentration. In this case, the pH
(25°C) of boiler water remained at 9.2 (Comparative Example
2). When MDEA was changed to the compound (A), the pH (25°C)
of boiler water was elevated to 9.4, which is equal to or
higher than the JIS standard value of the pH of boiler water
(Example 1). Table 1 shows the results.

As is clear from Table 1, the compound (A) was found to
readily elevate the pH of boiler water even at the same

amount of addition.

[0021]
[Table 1]
Table 1

Comp. Ex. 1 Comp. Ex. 2 Ex. 1
Added ingredient MIPA MDEA Compound (A)
pH of boiler water 9.2 9.2 9.4

[o022]

Experiment 2

To a test boiler,

pure water

(ion-exchange water)

having a dissolved oxygen concentration of 0.010 mg/L after

degassing was fed.

The boiler was operated at a pressure of
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11 MPa and a blow rate of 1%,

In the Comparative Examples,

each of monoethanclamine (MEA),

methoxypropylamine

(MOPA)

MIPA, MDEA,

and 3-

without recovering condensate.

the boiler was operated while

was added in an amount of 1.5 mg/L.

When the pH of boiler water was stabilized, measurement was

performed (Comparative Examples 3 to 6).
the boiler was operated while the compound
added in an amount of 1.5 mg/L.

was stabilized, measurement was performed

Table 2 shows the results.

As 1s clear from Table 2,
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When the pH of boiler water

in Examples 2 and 3,

a higher pH elevating

(Examples 2 and 3).

in which

compared with Comparative Examples 3

to 6.

[0023]

[Table 2]

Table 2

Added ingredient | MEA MIPA | MDEA | MOPA CO(T\?d' C°{S§’d'
pH of boiler water 9.3 9.1 9.2 9.0 9.5 9.4

[0024]

Experiment 3

A corrosion test was carried out through employment of

a test boiler which was operated under the following

conditions: a pressure of 11 MPa,

condensate recovery of 30%,

pure water

a blow rate of 1%,

(ion-exchange water)




feed, and use of a heater-degasser [outlet degassing capacity
(DO value) of 0.01 mg/L]l. In the corrosion test, sodium
phosphate having an Na/P0O, mole ratio of 2.7 was added in an
amount of 0.01 mg/L, as phosphate ion, to feed water. The
other test conditions are shown in Table 2. During the test
periocd of one week, the boiler was operated for 5 days and
stopped for 2 days. The procedure was repeated. That is,
the test was performed for 14 days. By the above test, the
iron level of the feed water (average) (mg/L), the amount of
iron deposited on the thermal conduction surface (mg Fe/cm®),
and the corrosion rate (mdd) of a steel test piece placed in
the test boiler were evaluated.

In the Comparative Examples, MOPA as a single
ingredient, MOPA and an oxygen scavenger l-amino-4-
methylpiperazine (1lA4MP), MIPA as a single ingredient, and or
MIPA and 1A4MP were added, and a corrosion test was performed
by use of each agent (Comparative Examples 7 to 10). In the
Examples, the compound (A) and 1A4MP; the compound (A), MOPA,
and 1A4MP; and the compound (A), MOPA, 1A4MP, and an oxygen
scavenger diethylhydroxylamine (DEHA) were added, and a
corrosion test was performed by use of each agent. Table 3
shows the results.

In Table 3, the unit mdd of the corrosion rate of a
test piece is based on the daily amount of corrosion (mg) for
an area of 100 cm®.

[0025]

[Table 3]



Table 3

Amount of Fe
deposited on Test piece

Fe level of thermal corrosion
Test conditions feed water )
(ma/L) conduction rate
surface (mdd)
(mg Fe/cm?)
Comg' BX- | MOPA (1.0 mg/L) 0.04 0.61 6.2
Comp. Ex. | MOPA (1.0 mg/L)

g LA4MP (0.08 ma/L) <0.03 0.55 3.2
Comg' BX | mIPA (1.0 mg/L) 0.06 0.69 8.7
Comp. Ex. | MIPA (1.0 mg/L)

10 | 1A4MP (0.08 mg/L) <0.03 0.60 >-1

Ex. 4 | compd. (A)(1.O0mg/L) | o3 0.42 1.3

1A4MP (0.08 mg/L)

Compd. (A) (0.5 mg/L)
Ex. 5 MOPA (0.5 mg/L) <0.03 0.35 1.6
1A4MP (0.08 mg/L)

Compd. (A) (0.5 mg/L)
MOPA (0.5 mg/L)
1A4MP (0.04 mg/L)
DEHA (0.04 mg/L)

Ex. 6 <0.03 0.37 1.7

[0026]

The following was confirmed from Table 3.

The iron concentration of feed water was in excess of
the JIS standard feed water iron concentration; i.e., 0.03
mg/L, when only MOPA (Comparative Example 7) or only MIPA
(Comparative Example 9) was added. In the other cases, the
iron concentration of feed water was lower than the JIS
standard iron concentration.

Next, the corrosion rate of the test piece was lower in
Examples 4 to 6, in which the compound (&) [2-(2-

aminoethoxy)ethanol] was used, than in Comparative Examples 7
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to 10. The amount of iron deposited on the thermal
conduction surface is smaller in Examples 4 to 6 than in
Comparative Examples 7 to 10.

Therefore, according to the present invention, the
amount of iron in feed water including iron eluted from
condensate was reduced, and deposition of scale, which is a
corrosion product, on the thermal conduction surface, and
corrogion of a boiler tank were favorably prevented.
Industrial Applicability
[0027]

Generally, the anti-corrosive of the present invention
can be preferably employed in a boiler operated with a
superheater and a steam turbine, such a boiler to which

treated water is fed, etc.
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Claims
1. Use of an amine compound represented by formula (1)
NH2-(CH ) nrO-(CH ) n-OH -+ (1)
in a boiler anti-corrosive, wherein the amine compo
formula (1) is added in an amount of 0.01 to 100mg/
m and n is an integer of 1 to 3, the use comprising
boiler anti-corrosive to water in a boiler.
2. The use according to claim 1, wherein the boiler an
further contains an oxygen scavenger.
3. The use according to claim 2, wherein the oxygen sc
at least one species selected from among hydrazine,
hydroquinone, 1-aminopyrrolidine, 1-amino-4-methylp
diethylhydroxylamine, isopropylhydroxylamine, eryth
salt thereof, and ascorbic acid and a salt thereof.
4. The use according to any of claims 1 to 3, wherein
compound represented by formula (1) is at least one
from 2-(2-aminoethoxy)ethanol and 3-(3-aminopropoxy
5. The use according to any of claims 1 to 4, wherein
anti-corrosive further contains at least one specie
among ammonia and a neutralizable amine.
6. The use according to claim 5, wherein the neutraliz
is 3-methoxypropylamine.
7. The use according to any of claims 1 to 6, wherein
further comprises adding phosphate salt.
8. A method of preventing corrosion of a boiler tank,
adding, to a water feed system of the boiler tank,

mg/L of an amine compound represented by formula (1
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O-(CH),) ,-OH (1), where each of m and n is an integer of 1 t

as a boiler anti-corrosive.
9. The method according to claim 8, wherein the method
comprises adding an oxygen scavenger.
10. The method according to claim 9, wherein the oxygen
is at least one species selected from among hydrazi
carbohydrazide, hydroquinone, 1-aminopyrrolidine, 1
methylpiperazine, N,N-diethylhydroxylamine, isoprop
erythorbic acid and a salt thereof, and ascorbic ac
thereof.
11. The method according to any of claims 8 to 10, wher
amine compound represented by formula (1) is at lea
selected from 2-(2-aminoethoxy)ethanol and 3-(3-
aminopropoxy)propanol.
12. The method according to any of claims 8 to 11, wher
method further comprises adding at least one speci
among ammonia and a neutralizable amine.
13. The method according to claim 12, wherein the neutr
amine is 3-methoxypropylamine.
14. The method according to any of claims 8 to 13, wher

method further comprises adding phosphate salt.
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