Specification Anticorrosive for Boiler Technical Field (0001] The present invention relates to an
anti-corrosive for a boiler (hereinafter may be referred to as a "boiler anticorrosive") and, more
particularly, to a boiler anticorrosive 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 boil%%gqrfgrgé(g@ggg 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 i*Bhé St TRESater §oalif cdritfol factors. In such boilers, a phosphate salt, instead of a
caustic alkali substance, is added so as to adjust the pH of boiler water for corrosion prevention, and a
neutralizable amine or ammonia is added so as to elevate the pH of the boiler feed-condensate
system, to theseby, preventielution of iron, whereby the amount of iron transferred into a boiler tank is
reduced. [0003] In recent years, however, the amounts of organic substances unintentionally
transferred td @°8diler tank have increased due to use of various water sources and impaired water
quality. In addition, {he blow rate has been reduced for the purpose of saving.energy and water, and
an organic oxygen scavé)nger is used ins eaélofﬁygrazme. Ader such circumstances, the pH of boiler
water often lgwgss pegblematically rkneerdes-foisolve-the-peablem, the phosphater-salh level of the boiler
water is increased, or a phosphate salt-type boiler compounds (a sodium phosphate-sodium hydroxide
mixture) havirer apsNafPO4andle raticcoo3 oF higherisusedo |a the abeve &iaise; a phosphate salt
hide-out phenomenon or alkali %)lrrosion may pro Ienﬁ?ticall occur. Thett rm "phosphate salt hide-out
phenomenorfTef&rE thddpbifion bf e PhospRate salt HisSBRisH i bditer water caused by a rapid
change in congeptralionor pressyres Jhg:hide-gutieghenomenon adversely affects a boiler member,
and an example thereof is impairment of thermal conduction. [0004] Some known anti-corrosives
typically empeyéd ipthelabove boiler feed-condensate system include 2-aminoethanol (MEA) and
moncisobropan&l)%r?ine (MIPA). However, these compounds cannot fully elevate the pH of boiler
water.

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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As an alternative to these compounds, Patent Document 1 discloses a boiler anti-corrosive containing
methyldiethanolamine (MDEA). More specifically, Patent Document 1 discloses that the pH can be
readily elevated by use of MDDAr 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 enhanges, the deoxygenation perfarmancs-of, ap optionally employed axygen scayenger,
thereby realizing high anti-corrosive performance by addition thereof in a small amount. Prior Art

Documents RaténtBdcuments [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! 4Afitbrrosive containing MDEA disclosed in Patent Document 1 has a drawback that it

must be added in aﬂgrglee@g}%u@é%;%gd water, gp,ustﬂge%g&%agg fggﬁg@{gi-corrosive which

exhibits anti-corrosive performance even through addition thereof in a small amount. The present
invention hassheenconceived tor sotving dhe aferemerttionedi preblemsy aneran ehject o the invention
is to provide an anti-corrosive which can more effectively maintain the pH of boiler water and which
CanFﬂeventincreased due to use of various water sources and impaired

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

[\



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/PO4 mole ratio or higher. Mears for
Solving the Problems [0007] The present inventors have conducted extensive studies in order to
attain the aforementioned object, and have found that the object can be attained by a chemical agent

containing andgglm%rgggpé) 91'1@909&%9%8@9 os_,;}_rj{.{%urgoirqgg@lq% gn amino group and a hydroxyl

group in the molecule thereof, in particular, a chemical agent containing an oxygen scavenger and the
agent containiag the amitecompeudnd. Thepxesentinwentipadias baen accomplished on the basis of
this finding. [0008] Accordingly, the present invention provides the following [1] to [6]. [1] A boiler
anti-corrosivéerareRtériZe by contaifing af dminetbripsuRa répresehted by oRAGILM):

NH2-(CH2),-0-(042),- ---(1 %Nh rein each of mandnnis an inte&;er of 1 to ?%) hereafter may be
oo R e A e e e e

contains an oxygengsavenger (hereaftes may be refersed do as-an "antsorasived 1'9.£[3] A boiler
anti-corrosive as described in [2] above, wherein the oxygen scavenger is at least one species
selected fronvarwng-hydrezine, Carlsehydrbzide, Hjregaimonehaminepyrolidingstem;
-ammo-4-methﬁ§§§%ime N,Ndlet@ﬂhy#gx lamine, lscgprobiyl gdroglamlr%e,aerythorblc acid and a

salt thereof, &h ¢ Ié%%nacr?g a-sait e?egﬁef}ﬁ%goilgre anti-corfosive as described in any of [1]

to [3] above, whereinthe,amoine compasindyepresentedfy-formpdadl) isalleast opespgeies selected
from 2-(2- aminoethoxy)ethanol and 3-(3-aminopropoxy)propanol [5] A boiler anti-corrosive as
described in amy of fj1tod4} abope rwhictefurthericondains ione ttralizalile iammesarad/br ammonia.

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



[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 anticorrosive 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_amgunt of phosphate, salt ot elevating,the Na/PQ4 moleratioto 3 or higher, the

anticorrosive being generally for use in a boiler operated with a superheater or a steam turbine, such a
boiler to whicinireatethwateris dad ceted MedesfarGCarmyinguQuhthe Inveation [8018kge The modes of
the boiler anti-corrosive of the present invention are (i) anti-corrosive | containing an amine compound

represented BygoituRI( 1R D-0-(CH2)L ORLLGvHdRin 8 48R of 1A ahd Atd @n integer of 1

to 3), and (ii) t:agtijc%go%ivg ILwhich further contains an oxygen scavenger. [0011] [Anti-corrosive I]
The boiler anti-corrosive 1°0f the present invention contains the aforementioned amine compound

represented by fermula(13oThe amine-camppuBads 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 phd$é,Avhereby the pH of boiler water can be effectively maintained. Therefore, the

amine compound |t$f(?llf can serve as an gg}%}l%cgrko%\ée and Jnay eaéso be used in cc%nawlgwatlon with

. .Lhe pr CO, Xtensive stugles
another volatile aming, stich as ‘an amine aving a volatili yLanher {rian that of the aforementioned

amine compqund,inadhedatter¢ase, theamedntekaming fanstereed to theyvapoegenerated in the
boiler can be controlled, along with the pH of feed water and concentrated water, to thereby prevent

corrosion of thesgntireeboiler systaranThe ahirelcompbund ispeeferablyaZ¢2taminoethoxy)ethanol, in
which each of m and n in formula (1) is 2,3-&3-amin09/ oxg)estganol inwhichmis3andnis 2, or

) ro
3-(3-aminopropBs)BtoBanaT if WHich SaRBIH dii i3 specific structure

including an amino group and a hydroxyl group in the molecule
thereof, in particular, a chemical agent containing an oxygen
scavenger and the agent containing the amine compound. The
present invention has been accomplished on the basis of this
finding.
[0008]

Accordingly, the present invention provides the
following [1] to [&].
[1] A boiler anti-corrosive characterized by containing an
amine compound represented by formula (1):

NH,- (CH,) -0~ (CHz) ,-OH - - - (1)
(wherein each of m and n is an integer of 1 to 3) (hereafter
may be referred to as an "anti-corrosive I").
[2] A boiler anti-corrosive as described in [1] above, which
further containg an oxygen scavenger (hereafter may be
referred to as an "anti-corrosive II").

[3] A boiler anti-corrosive as described in [2] above,



from the viewpoint of anti-corrosion perfoiutance. Among them, 2-(2-aminoethoxy)ethanol is more
preferred. The anti-corrosive | 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 mjxing. Alterpatively, the inaredients may be comhined;to prgvide.a peeaix dype agent,
which is added to a boiler. [OOlﬁ [Anti-corrosive 1] The boiler anti-corrosive Il of the present
invention contains amoxygerscayenger andibaamineickmpauidsgpiesanted by formula (1). As
described above in the "anticorrosive |," the amine compound is preferably 2-(2- aminoethoxy)ethanol
or 3-(3-aminGPropeRyTetRAREE Mth 2-(?2“5%1ﬁééf‘l‘%@gﬂﬁhﬂﬁﬁéﬁ’f&m@ﬁe%eferred. The

anti-corrosive, |l onsist of an oxygen scavenger.and the amine compound, gr.may be a combined
agent further%cjberrl{gg%%dj wate ,gan%}f er 561\5,8%{0&% gﬁ%}t}%‘%ﬁgf%ﬁ%die?l%g}[%%qi%%xé%ricavenger)
No particulardimitatianisdmpesed-en the @xygen.scavenges ardkaownexygesn-seavenger may be
used. The oxygen scavenger is preferably at least one species selected from among hydrazine,
carbohydrazifié] hjdksguirenent- apaindpyirofidine, dea tmd2emethylpperazinel ! to [3]
N,Ndiethylhydroxylamine, isopropylhydroxylamine, erythorbic acid and a salt thereof, and ascorbic
acid and a saﬁ%J ﬁ]\ééo?fqﬁﬁgﬁ%t e%,al@?}“\%ng-% be\%ﬁ)\ll pirpe rgﬁleen&eegrealbn%ft%e?rmmg)? e {r]eﬂéerred to as
"IAAMP'Y is mgre prefesred. one VWhen Useddpcombinatiopywvith anon-hydrazine type organic oxygen
scavenger, the oxygen scavenger may be used in a sufficient amount without lowering the pH of boiler
water, wherebyicoptaiminaticr-withadrganit matter aanee preventedrandthé concentration factor of
the boiler can be elevated. The amount of ox}%en scavergger is adjusted inorgs%? se to LQ dissolved

i g

oxygen level bf thé 1884 WaltePt & deyzegitig apparatis i€ efiistoyed e S¥ygeh séa ris added

SCave

in an amountgepending qn;the perfarmance of the degassingiappayatus[90944Ln4, dp-the
anti-corrosive Il, the amine compound concentration is tuned so as to adjusting the pH of boiler water

to a predeterained level, generally pH of 8.5 to 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.®! ASB@EP%)&II?ﬁ%&'&ﬂﬁ@é&?ﬁ%oﬁo‘%@%%bﬁ%fé&bfﬂ).1 8.9 mass%, more
Fweﬁyabw(l§ﬂ%9§fya§§%LﬁEMtralizable 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]



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. When the anti-corrosive Il 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-fype agent, which is added to a,bailer, (90151, (Qher ingredients, incorporated
into anti-corrosives | and II) In the anti-corrosives | and Il of the present invention, the amount of
amine compaduncsupphed te feed waterisqareferabie 00ty 60 miandy, smorenpnederably 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-corrosiveSTREPRIHET oMt an & de a8t dRE8peRieseelected from ammonia and a neutralizable
amine. [00161 <Neytralizable amine>, , _A neutralizable amine volatiles with steam generated in the
boiler, and is dissol\&ifgé if\%‘%gd“vr\%teﬁg%ﬁgn% steam ?59 fondensed. The neutralizable amine
neutralizes cathon-dinxide eantained imfeed water; to therpby elevaterthespH ofithe candensed water,
whereby corrosion of steel members of the boiler is inhibited. The effect of ammonia is the same as
that of the netitializapleraming. 11 Fkamples'sfprofefied reltfalZabfcdffifes AriGdeer -
monoethanolgg&i? (MEA), cyclohexylamine (CHA), morpholine (NOR), diethylethanolamine (DEEA),
monoisopropano ar%ine (MIPA), 3-methoxypropylamine (MOPA), and 2-amino-2-methy1-1- propanol
(AMP). Of thege,+3-methexyprapytamine (MOPA) is more preferred. The ratio of [neutralizable
amine and/or ammonia] to the amine compound; i.e., [amine compound : neutralizable amine and/or
ammonia] (ratio by Fiess)yds peaferathly 0:01x A0V T0Q £ OH0E mors préfetablg 009210 to 10 : 0.01,
still more preferab%y‘ 0.1:10to f10 0.1, {QOl?ﬁ]{;Pho%Phate salts %pd other in%red'ergts> The
anti-corrosivéS T aRATFof the PregeRl ilertion may contan s phosphate Salt which 1 generally used
for adjusting the-phh of Railer water. ExamplesQidhe optionally employed phosphate salt include
trisodium phosphate, disodium phosphate, a mixture of trisodium phosphate and disodium phosphate
at a specific rétiog sodiumimetaphosphate, ssodidii pyrophdsphate, Soskhumitspolyphdsphate, and a
mixture of sodium hexametaphosphate and sodium_hydroxide having a specific Na/PO, mole ratio. In

the case wherB4calidtic alkiliSs BBHEN 0 Fe BREUTNdE 16w Béifer WatkP predstre™RabiH or KOH
may be used,i combipatign, Eurthermre, angther antj-casgasive, 3 fimsfopming.anti-corrosive which

prevents corrosion by forming a dense film on metal surfaces, such as octadecylamine, a. stabilizer,
and other additivestmay be alsorusethimdcombination. These additional ingredients may be mixed with
the amine compound or individually added. ‘
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,

(03}



The amounts of phosphate salt and other ingredients may be appropriately predetermined to attain
the effects thereof. The solvent is preferably an aqueous 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, Q18] - No,padicular limitation js iposed.gn the boiler
to which the anti-corrosive (l) or (1) of the present invention IS applied. Examples of particularly
preferred boiters include 4 enbaiercaperatad withha sapptheatereda 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 th& aticéorfesiveshV6r 3)BHhE préseétt ifvention T HEwWEPfREedSystem, the

neutralizable amipe elevates the pH of feed water {0 a speggigivglgea nd the oxygen scavenger

removes dissolved oxygeﬁ from fee V\/atgfr, vr\;ﬁéfre%?/ the Tevel of iron eluted from the water feed line

and transferred-drtoitherapiles wan, beredueed.sthe-amine compeung transterrac to-the beiter with feed
water can elevate the pH of boiler water to a specific level, to thereby prevent corrosion of the boiler
tank. A part oft6e arineccompoand aFrithelcpticirdly (StrRedtralizsblesmineamove to steam, to
thereby elevate OI[he P ug{fondegsate where?r%corro jan 8f EhOe go%d%qséarte system is Jprevented. In

addition, the [evels of itor an 80p5§tpt?§%s%%r d 16 the condensate Serving as evé%dwgt\ér to the

boiler can beteduged. Exaraples{0019},, Hhe;present mventigpywill-nexdne described in more

detail by way of examples, which should not be construed as limiting the invention thereto. In the
Examples, campuind (A) was 22¢ armiro etlasxy) ethanot repre sedted by the followisg-fc(A), and
compound (Bg)was -(3-aminopropoxy)propanol represented by the following formula (B).
NH2-(CH2)2-0°CrH2)2-OH(A) Ell2-(C142)0-(21-12) ,-OH(B)

[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-

~]



[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 condensate
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 haying an Na/PO4 mole satio of 2.4 wasadded jn.amamount of 0.1 mg/L as
phosphate ion, and monoisooropanolamine (MIPA) was added in an amount of 1.5 mg/L. As a result,

the pH of boiferewateYwais 480 ahen a hicarpylityoirorgahwmmetier origitating froar fded water is
thermally decomposed in boiler water, an organic acid is conceivably formed. Thus, 0.06 mg/L of

acetic acid WAEhGd&R IS fddtfhatdr ad itk Brpic Hoid i thigedsd, ffe pHRSEJ Ut boiler water was
lowered to 9.2, lower than 9.4, which the Jower imit of 1IS.standard valueynder.such a pressure

(Comparative Example 1). Then, MIPA was changed to methyldiethanolamine (MDEA) 1.5 mg/L,
which was thessame«sagent concentration) In thiseasepthetpH1(25C) of boiler water remained at 9.2
(Comparative Example 2). When MDEA was changed to the comsgound (A), the pH (25C) of boiler

water was elevated ¥ 4L Gich 5 EGTRIB IGhER ARt NS ¥ &iard Vali@sf the pH of boiler
water (Example, 1) Tablg JShoWs IS [83Uls. e A3{5CleA LoD, Takled, ghe compoun () was
found to rea |f§/gglevate e pH of boiler water even at'the same amount of addition. [0021] [Table 1]
Table 1 CompsXflicient 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%.

o



Comp. Ex. 2 MDEA Ex. 1 Compound (A) Added ingredient MIPA  pH of boiler water 9.2 1 9.2 9.4
[0022]

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



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 11
MPa and a blow rate of 1%, without recovering condensate. In the Comparative Examples, the boiler
was operated while each of monoethanolamine(MEA), MIPA, MDEA, and 3- methoxypropylamine

(MOPA) was addsd in an.ameunt of, 1,5 mgll Whendbg pH of boiler water wasstabilized,

measurement was performed (Comparative Examples 3 to 6). In the Examples, the boiler was
operated white-thexcompnmel) (A) of (Bhwas added:inhaxamaogntlehd. bangMORMhenghe pH of boiler
water was stabilized, measurement was performed (Examples 2 and 3). Table 2 shows the results.
As is clear frW?aBl’éezfeiﬁrl‘_%@amples 2 and 3, in which compounds (A) and (B) were added, a higher

pH elevating effect yias aligined, gs comparedwilh Gomparalive Bxamelesdiie§- [0923) [Table 2]
Table 2 Comp. Ex.3 Comp. Ex. 4 Comp.IComp. EXx. 5[EX.6

the amine compound; i.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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Ex .3 Added ingredientiMEA MIPA MDEAIMOPA Compd. Compd. _ipH of boiler water ;93 9A
1 9.2i9.0 93 9.4 [0024] Experiment 3

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



A corrosion test was carried out through employment of a test boiler which was operated under the
following conditions: a pressure of 11 MPa, a blow rate of 1%, a condensate recovery of 30%, pure
water (ion-exchange water) feed, and use of a heater-degasser [outlet degassing capacity (DO value)
of 0.01 mg/L]. In the corrosion test, sodium phosphate having an NalPO4 mole ratio of 2.7 was added

in an amount 0fQ,01,mg/L. a5 Phgsphats,ion, 1 feed water, £ hegiherfastconditions are shown in

Table 2.During the test period of one week, the boiler was operated for 5 days and stopped for 2 days.
The procedurerumsfrepeated rbatissthectest wastperdeitned forald days. By tke abovetest, the iron
level of the feed water (average) (mg/L), the amount of iron deposited on the thermal conduction
surface (mg PEfch?), & the E6i70%i6A rate (mdd) of a steel test piece placed in the test boiler were

evaluated. Iné}@gﬁ?g@garative Examples, MOPA as a single ingredient, MOPA and an oxygen

scavenger 1-amino-4- methylpiperazine (1A41'4P), MIPA as a single ingredient, and or MIPA and
1A4AMP 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 coRTpOUREEFD MOPACTAUMPYARd difsxyden SeavendgadiethylRydroxylamine

(DEHA) were_ a de?}; nd a corrgsion test was perfor ecL[b e of each agent. Table 3 shows the
results. In Ta% g g’l g) Hni‘??’ﬁ’dg%i iy r&&r%%fon‘"‘?rrgtg%f% %é#pie%%tis eascégcfl Stﬁlfﬁg %Iea?l? amount of

corrosion (mg) fef @ihareshef 100em2.Je Q2% {dable 3] Table 3 Test conditions

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- (CHz) .-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

12



Fe level of feed water (mg/L) - 0.04 Amount of Fe deposited on thermal conduction surface (mg
Fe/cm2) 0.61 Test piece corrosion rate

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

Y
(O8]




(mdd) 6.2 Comp. Ex. 7 Comp. Ex. 8 MOPA (1.0 mg/L)

0.553.2

11 MPa and a blow rate of 1%,

In the Comparative Examples,

each of monoethanclamine (MEA),

methoxypropylamine

(MOPA)

MOPA (1.0 mg/L) 1A4MP 0.08 m/L <0.03

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,

compounds (A)

and (B)

effect was attained,

were added,

In the Examples,

(A)

or (B)

was

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)




Comp. Ex 9 MIPA (1.0 mg/L) 0.06 i-1 <0.03 0.69 0.60 8.7 F5.1 Comp. Ex 10 MIPA (1.0 mg/L) 1A4MP
0.08 rris/L

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]



Ex. 4 Compd. (A) (1.0 mg/L) 1A4MP 0.08 m/L <0.03 0.42 1.3 Ex. 5 Ex. 6 Compd. (A) (0.5 mg/L)
MOPA (0.5 mg/L) 1A4MP (0.08 mg/L) Compd. (A) (0.5 mg/L) MOPA (0.5 mg/L) 1A4MP (0.04 mg/L)
DEHA (1104 mg/0 ;<0.03 <0.030.351.6

Table 3
Amount of Fe
Fe level of deposited on Test piece
iy thermal corrosion
Test conditions feed water )
(ma/L) conduction rate
9 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)

8 1A4MP (0.08 mg/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

Compd. (A) (1.0 mg/L)

Ex. 4 1A4MP (0.08 ma/L) <0.03 0.42 1.3
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)

Ex. 6 1A4MP (0.04 mg/L) <0.03 0.37 1.7
DEHA (0.04 mg/L)

[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

16



0.37 1.7 [00261 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 OIS standard iron concentration. Next, the
corrosion rate of the test,piece was lowet inExamples 448 6,,in which the compound (A) [2-(2-
aminoethoxy)ethanol] was used, than in Comparative Examples 7 to 10. The amount of iron deposited
on the thermabeonditction sufdee s smades in Examples4ntolethan toCemparative Examples 7 to

10. Therefore, according to the present invention, the amount of iron in feed water including iron
eluted from corfleRsate: WasTredftieedS and depsition of scale, which is a corrosion product, on the

thermal conduction %Jéfaé:?@%d corrosion Ig)f atl%oil:%r etanI§ gvs%rgtfayg%qg)é pggve@tgg. Industrial
Applicability [0027] éeneral’ly, the anti-corrosive of the present invention can be preferably
employed in arkailet operateshwith arsuperheater and austeam turbines sueba boier to which treated

water is fed, etc. Claims

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.

17



1. A boiler-corrosive characterized by containing an amine compound represented by formula (1):
NH2-(CH2)2-0-(0-12),)-OH(1) (wherein each of m and n is an integer of 1 to 3). 2. A boiler
anti-corrosive according to claim 1, which further contains an oxygen scavenger. 3. A boiler
anti-corrosive according to claim 2, wherein the oxygen scavenger is at least one species selected
from among hydrazine, carbohydrazide, hydroquingne,1- aminopyrrolidine,
1-amino-4-methylpiperazine, N,Ndiethylhydroxylamine, isopropylhydroxylamine, erythorbic acid and a
salt thereof, and ascorbic acid and a salt thereof. 4. A boiler anti-corrosive according to any of

claims 1 to 3, wherein the amine compound represented by formula (1) is at least one species
selected from 2-(2- AmirfoetRéxy)Etiiatiol diftF 38:aiRiroropeXHptEsanslY SS A B attti-corrosive

according to any_of J{:@i{;&;ﬁg@uﬁﬁw%@ |further ¢ ng%in% Aat r!‘%%%t one species selected from among

ammonia and a neutra amine. 6. A boiler anti-corrosive according to claim 5, wherein the
(1)

neutralizable aminens.3-methoxypropylamios.
(wherein each of m and n is an integer of 1 to 3).

2. A boiler anti-corrosive according to claim 1, which
further contains an oxygen scavenger.

3. A boiler anti-corrosive according to claim 2,
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 according to any of claims 1
to 3, wherein the amine compound represented by formula (1)
ig at least one species selected from 2-(2-
aminoethoxy)ethanol and 3- (3-aminopropoxy)propanol.

5. A boiler anti-corrosive according to any of claims 1
to 4, which further contains at least one species selected
from among ammonia and a neutralizable amine.

6. A boiler anti-corrosive according to claim 5,

wherein the neutralizable amine is 3-methoxypropylamine.
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