Title of the Invention Corrosion Inhibition Method Field of the Invention
5 [0001] The present invention relates to a novel corrosion inhibition

met hod of inhibiting corrosion by formng an initial anticorrosion
protective film on a surface of an iron-based netallic nmenber,
particularly of carbon steel, which is exposed to a water system 10
Background of the Invention [0002] Carbon steel tubes are w dely used not
only for piping but also for heat exchanger tubes in a heat exchanger and
the Iike. §ﬁﬂ§é’dhﬁﬂﬁﬁeﬁﬂeﬁl 15 tubes used for such applications corrode
because of the exposure to aqueous solution, they are generally processed
by corr03|6hnn0hohﬂmbﬁ@mond&hﬁh®d anticorrosion treatnent. The
anticorrosion treatnment is carried out in various ways. In case of a
cooling water system a nethod of adding corrosion inhibitors, nanely,
anticorrosives into the water systemis 20 generally used. As the

anti corroskysg 5&%@@%@ into the wat er system phosphoric acid and/or
phosphat e (hereinafter, Perred to as "phosphate”) base anticorrosives

such asy org(};wgfsphorl C aC| d, poly phosphoric acid, and phosphonic acid

and zinc s e wdely enployed. The addition of the anticorrosi ves

fornms a protecti filmon the .surface of a netallic nenb 25 suc a
ﬂ}‘.} gfubltzon met od

carbon steel tubé CHEFERINVARIBATEIACS & B9 R]. coriosiona

of inhibltmg corrosion by forming an initial anticorrosion protective film
on a surface of an iron-based metallic member, particularly of carbon steel,
which is exposed to a water system.

10
Background of the Invention
[0002]

Carbon steel tubes are widely used not only for piping but also for

heat exchanger tubes in a heat exchanger and the like. Since carbon steel

15 tubes used for such applications corrode because of the exposure to
aqueous solution, they are generally processed by corrosion inhibiting,
namely, anticorrosion treatment. The anticorrosion treatment is carried out
in various ways. In case of a cooling water system, a method of adding
corrosion inhibitors, namely, anticorrosives into the water system is

20 generally used. As the anticorrosives to be added into the water system,
phosphoric acid and/or phosphate (hereinafter, referred to as "phosphate")
base anticorrosives such as orthophosphoric acid, poly phosphoric acid, and
phosphonic acid and zinc salt are widely employed. The addition of the
anticorrosives forms a protective film on the surface of a metallic member

25  such as a carbon steel tube, thereby inhibiting corrosion.
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At the start of flowing water into a carbon steel tube which is newy
installed and is not coated with anticorrosion coating or at the restart of
flowng water into a carbon steel tube of which anticorrosion filmis
broken 5 due to annual shut down, the carbon steel tube is treated to have
a strong initial protective filmformed thereon by adding anticorrosives
in concentrated anmounts into a water systemin order to prevent corrosion
just after starting or restarting water flow and to naintain a stable
corrosion [00B3bition effect after that. 10 [0004] Conventionally, the
treatnment for formng an initial protective film is conducted by adding

phosphat e base amltﬁersmb\feﬂsowr \%W&@ersﬂﬂté dl &rbBﬁ%@«{lttﬁBEQﬂhxl%m@)'}{e‘iNszo a

wat er system ( Takahashi et al ter Re-use Technol ogy,

page 5 (198&kalldf aﬁ@%h%@%%?i‘?é%% wilfﬁ %ﬁﬂlé@l}éﬁoﬂrﬁgﬂ r%?% Qgtnﬁaé RAaLRAE for

formng an initial protective Z|nc sal t hasa

doubl e | aygr, 0 P,, Zn
025 the oPSe S‘ﬁéﬁgfﬁlﬁﬁo %‘3@@%} 8{?&331‘9%5?9«%0&&9 oo ipRaN & Wskehner
| ayer ec of th bIe structure,, the I yer. exhi bits high
ant i cor‘fos?gﬁ%%@fl@g? ?Wﬁ#ﬁ/‘ﬁ% R%frbé?élrﬁ eeltzﬁlb@dlsr 5%4% Prmlvﬁl"i plsANE 95
col | ecti on, of. Lsgctures (F)p (1995)) [0005] Since there is the
Envi r onmentBHaEPENESHYE fiim: Founae theregn by addingeantiegrrosived i Igeneral sea
wat er area, however, discharge of water containing zinc salt in
concent r at €@NeARStAlEd ameEnisdntes water eiisteAt cooddegloypreavet cRBrasenm Psdton
i nhibition nmethod without using zinc salt is desired.

after starting or restarting water flow and to maintain a stable corrosion

inhibition effect after that,
10 [0004]

Conventionally, the treatment for forming an initial protective film
is conducted by adding phosphate base anticorrosives or zinc salt in
concentrated amounts into a water system (Takahashi et al.: Water Re-use
Technology, Vol. 14, No. 3, page 5 (1988), JP 2003-105573A). A film

16 formed by the treatment for forming an initial protective film by using
phosphate and zinc salt has a double layer structure composed of a
precipitated layer made of P, Zn, Ca, O as the outer layer and a layer made
mainly of iron oxide as the inner layer. Because of this double layer
structure, the layer exhibits high anticorrosion effect (Kuniyuki Takahashi;

20 corrosion inhibition 95 collection of lectures, A-305 (1995)).

[0005]

Since there is the Environmental Standard which is 20 pg/L of zinc
salt in a general sea water area, however, discharge of water containing
zine salt in concentrated amounts must be restricted. Accordingly, a

2
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[0006] As a treatment for formng an initial protective filmw thout using
zinc salt, a method using anticorrosives of phosphate base such as sodi um
5 hexanet aphosphate, with the total phosphate concentrati on being 100

ng- P04/ L has been put to practical use. However, such a treatnent has a
probl em that the phosphate flows into a river, a | ake, and/or ocean, thus
causi ng eutrophication of water quality. Therefore, phosphate use is also
regulated. It is desired to treat wth a phosphate concentration as |ow as
| 0 possi bl €or{os0Y jniabitaon methodsiitheut osinfrarincsgltan desiredal protective
filmcontaining neither phosphate base anticorrosives nor zinc salt base
anticorrosi{®@86] a water treating agent conposed of water soluble alumnate
and a specified 15 ethylenic unsaturated carboxylic acid based copol yner

containing hydr ond a y@aHEn RS RRRINENAYHiiAPHARBCHPIAAM witlAHQRiLE S

water treating agent enables fornmat aninitral protective

W t hout usi : ] RV i :

Anti cor rosf s o e b K P e ST B o ditmca o
conponent i i e 0 tem cooperate to her pr oduce
gel sul;%;t rg?%éﬁggaﬁﬁhdgﬁgagq,&mﬁ&gﬁe %‘H@?@ﬁsﬁhaﬁ%@&@@&ﬁ@?% (?Ot he wat er
system after reatnment for formpg an._initial protective film

accor di ng %"Rgf@ hasheen; E)‘ﬁ,todff@PEPﬁgﬁse&éﬁﬁieﬁ’i%rﬁuc&a ilﬁétmﬁﬂéhaﬁé t he gel
substrates %g:aere the surface of the netallic nmenber. The gel substances
somet i nes PrRRIEE! Hwittbe pbespimiesflowsrintme rivern adake,and/ovocesnousr eat ment

using the water treating agent is not 3 necessarily stable.
causing eutrophication of water quality. Therefore, phosphate use is also

regulated. It is desired to treat with a phosphate concentration as low as

10 possible.
[0007]

As anticorrosives for forming an initial protective film containing

neither phosphate base anticorrosives nor zinc salt base anticorrosives, a
water treating agent composed of water soluble aluminate and a specified

15 ethylenic unsaturated carboxylic acid based copolymer containing hydroxyl
group has been known (JP 2000-5742A). Though this water treating agent
enables formation of an initial protective film without using phosphate base
anticorrosives and zinc salt base anticorrosives, aluminate component
contained in the agent and silicate component contained in the water

20 system cooperate together to produce gel substrates during a process
increasing the concentration of the water system after the treatment for
forming an initial protective film according to water condition, operation
condition, or the like and the gel substrates adhere the surface of the
metallic member. The gel substances sometimes induce corrosion. This

25 means that the anticorrosion treatment using the water treating agent is not
3



Summary of the Invention [0008] 5 It is an object of the present invention
to provide a corrosion inhibition nmethod which mnimzes environnental
adverse effects by using phosphate base anticorrosives w thout using zinc
salt base anticorrosives and by reducing the concentration of the
phosphat e base anticorrosives, enables stable formation of a good initial
protective film and does not 10 affect water treatnment after the formation
of the initial protective film [0009] A corrosion inhibition nmethod of

t he presentecassantlyotaldenpri ses an initial protective filmformation
process of formng an initial protective filmon a surface of an
iron-based netallic nmenber of a water system by 15 adding anticorrosives to
the water system At |east one selected froma group consisting of

pyr ophosphgﬁm@@@tﬁgqnp&@ osphates is enployed as the anticorrosives.
The initial pH at”the start of the initial protective film formation

process is[ petsted to be 5 or nore and less than 7 so that the pH at the
end of the initial protective filmfornmation process beconmes 7 or 20 nore.

Bri ef scriptiog .of the draw ngs 0010] Fig. .1 is graph show ng changes
in cor ?togsi on ratgt\%i gﬁeﬁéoﬁthg%e ﬁﬁ%%ntig%ﬁ%p& REPUOSBlanpl es 1, 2;

and 4 Fig..2.is.a graph show ng.changes in corrosion rate with tine of
Exanpl e 2 Hﬁﬁbéb‘i%g?eéﬁpdé‘/ lpgnesenvianeeidl adserseptifoetsdty peisger r ed

enbodi nent s

phosphate base anticorrosives without using zinc salt base anticorrosives
and by reducing the concentration of the phosphate base anticorrosives,
enables stable formation of a good initial protective film, and does not

10  affect water treatment after the formation of the initial protective film.
[0009]

A corrosion inhibition method of the present invention comprises an
initial protective film formation process of forming an initial protective
film on a surface of an iron-based metallic member of a water system by

15  adding anticorrosives to the water system. At least one selected from a
group consisting of pyrophosphoric acids and pyrophosphates is employed
as the anticorrosives. The initial pH at the start of the initial protective film
formation process is adjusted to be 5 or more and less than 7 so that the pH

at the end of the initial protective film formation process becomes 7 or

20 more,

Brief description of the drawings
[0010]
Fig. 1 is a graph showing changes in corrosion rate with time of

25  Example 1 and Comparative Examples 1, 2; and
4



5 [0011] The nechani sm of excellent corrosion inhibiting effect by the
corrosion inhibition nmethod of the present invention has not been fully
understood, but is deduced as follows. [0012] 10 Pyrophosphoric acid
and/ or pyrophosphate to be used as an anticorrosive conmponent in a process
of formng an initial protective film (hereinafter, referred to as
"initial filmformation process") of the present invention has a property
of easily reacting with iron ion to generate hardly soluble iron

pyr ophosphat e anffigf?2 ieagraply shoting ahahges iwbofresaneitatwithIidendsi ts. In
the present invention, by adjusting the initial pH at the start of the

initial fiBERahoslea bad C6LPasaitOERaffplEPRe4and |ess than 7, i.e. nild
acidic, defects in mll scale existing on the surface of an iron-based

nmetallic nmenber are honogeni zed and, in addition, suitable anobunt of iron
is eluted fromthe surface of the iron-based netallic nenber as iron ion

so that a ' Iy 0 is formed on the netallic surface
by action g%téftl%%ndf%%%ﬂﬁﬁﬁgﬂ%R%EP‘?@%)%%MHWU&S aci d and/ or pyrophosphate
exi sti i [bégij water. After that, by action of a part of pyrophosphoric
acid and/o rophosphate still remaining in the liquid with cal ciumion
while the pH of gfater where the treatnent for formng the initial
protective film t8ciBeehagR ehexeclionrasasesion dnhzitytingoéect byt them
contai ni ng phosphate and 5 calciumis fornmed on the surface of the
i r on- basedceipalon ighieriinsr method vd]the presant inmemizon hasamtdicey fidlst he
present invention, environnmental adverse effects can be m nim zed by using
phosphat e baderstond,durtrissiedased as follows.

[0012]

10 Pyrophosphoric acid and/or pyrophosphate to be used as an
anticorrosive component in a process of forming an initial protective film
(hereinafter, referred to as “initial film formation process”) of the present
invention has a property of easily reacting with iron ion to generate hardly
soluble iron pyrophosphate and of reacting with calcium ion to generate

156  deposits. In the present invention, by adjusting the initial pH at the start of
the initial film formation process to 5 or more and less than 7, i.e. mild
acidic, defects in mill scale existing on the surface of an iron-based metallic
member are homogenized and, in addition, suitable amount of iron is eluted
from the surface of the iron-based metallic member as iron ion so that a

20  film of iron pyrophosphate is formed on the metallic surface by action of
the iron ion with pyrophosphoric acid and/or pyrophosphate existing in the
water. After that, by action of a part of pyrophosphoric acid and/or
pyrophosphate still remaining in the liquid with calcium ion while the pH

of water where the treatment for forming the initial protective film is

26  conducted is increased to 7 or more, a film containing phosphate and
5



5 without using zinc salt base anticorrosives and by reducing the
concentrated amounts of the phosphate base anticorrosives as conpared to
the conventional art, a good initial protective filmcan be stably forned,
and excellent corrosion inhibition effect can be obtained. Further, the
anticorrosion treatnent of the present invention does not affect water 10
treatnent after the formation of an initial protective film thereby

mai nt ai ni ng stabl e operation of a water system [0014] Hereinafter,
preferred ealsodinnsrfiosmetd ¢mehe surfasé of the hidpi-bassd neahrdmelidre present
invention will be described. 15 [0015] The water systemto which the
corrosion [@hi3jtion method of the present invention is applied preferably
has water quality that the calcium hardness contained in water is from 30

my to 150 ny- CaCBiHis (RERE %bé%rdiﬁégg‘tgg%%ﬁ ﬁQeHﬁo {rérnmfehf gihe

cal cium hardness 1s less t he protéective

R @%s%s%'crﬁ:l%iﬁﬁ%?d%s@@%d e TRGogpstg surfoce
h hate w.th.cal t f d | f th cal ci um hardne
D condd hog ot bid e Tt Base 2y 18@%93&%%&%%}'@%%&% gdhesion of
scal es nade of phosghate anﬁqf | cium _It shoul d, 25 be noted that, when the
wat er syst €PRBIECH 2@ wets ti;@/dfi Phate base auticerrosiyestss egopaieshto oned

range, the water quali ty can be_adj usted by adding or renoving calcium
har dness ciepasmntiqrd 26l, ampeod duiitial peotoctivetfilh candeastabty fomsed,es

contan ngand excellent corrosion inhibition effect can be obtained. Further, the
anticorrosion treatment of the present invention does not affect water
10 treatment after the formation of an initial protective film, thereby
maintaining stable operation of a water system.
[0014]

Hereinafter, preferred embodiments of the corrosion inhibition

method of the present invention will be described.
15 [0015]

The water system to which the corrosion inhibition method of the
present invention is applied preferably has water quality that the calcium
hardness contained in water is from 30 mg to 150 mg-CaCQs/L, especially
from 50 mg to 80 mg-CaCO;/L. If the calcium hardness is less than 30 mg-

20 CaCOs/L., the protective film containing phosphate and calcium as the
second layer formed on the surface of the metallic member by action of the
pyrophosphoric acid or pyrophosphate with calcium ion is not formed well,
If the calcium hardness exceeds 150 mg-CaCOs/L, there is a fear of

deposition and adhesion of scales made of phosphate and calcium. It should

25  be noted that, when the water system to be treated has water quality out of
6



5 pyrophosphoric acid and/or pyrophosphate relative to the water systemis
preferably set such that the phosphate concentration after addition becones
from20 ng to 70 ng-P04/L, especially from30 ng to 50 ng-P04/L. If the
phosphat e concentration after addition is |ess than 20 ng-P04/L, it is

i npossible to forman effective protective film If the phosphate 10
concentration after addition exceeds 70 ng-P04/L, there is a risk of

envi ronnment al i npacts because of high concentration of the phosphates.

Wen the plibe phateenentioesd ratgonhdevtsrgubbityovat be afjostediyt addied om ni mum
| ine due to consunption of the anticorrosive conponent and the |1ke during

the initiakefidving eal@tiwhasdiiRs coinpsndiftef erable to add the 15
anticorrosives to maintain the phosphate concentrati on above the m ni num

line. [001ThoEspnpl es of pyrophosphates as anticorrosives include alkali
metal pyrophosphates such as potassi um pyrophosphate and di sodi um 20

hyarogen pyr ophodghata e Reeo i S AR ML GRARRRS TR g, 5 ¢ “The

anticorfrosives Jmy . contain other phosphate base anticorrosjve conponents
besi dect t nEYEOREIRIEERORPE SRIVET RNAPOROBH AE B ALS. DEXSRSK ¥ SO fhe
ot her phosgh%iee ase ant i%cﬁr rqQsi ve cqnponents include phosphoric acids 25
and phosph&esraiyrsedsueBdng ake cputceariEpiion wAtes ddidon diesomasm 7
hydr ogen phosphate, di Eot assi um hydrogen phosphate, sodi um di hydrogen
phosphat e, 918 Jbmgsta dthoagBQu/bgenpptiatiyhiom 30mghosstapePQdib. If the
proportion of the pyrophosphate base anticorrosive conponent of the
pyr ophos phphbsphatieccarvehtratioyr afpdrosddision isdesdthan 20 ophdDHAL, ét ase
impossible to form an effective protective film. If the phosphate
10  concentration after addition exceeds 70 mg-PO4/L, there is a risk of
environmental impacts because of high concentration of the phosphates.
When the phosphate concentration becomes below the aforementioned
minimum line due to consumption of the anticorrosive component and the
like during the initial film formation step, it is preferable to add the
15  anticorrosives to maintain the phosphate concentration above the minimum
line.
[0017]
Examples of pyrophosphates as anticorrosives include alkali metal
pyrophosphates such as potassium pyrophosphate and disodium
20  pyrophosphate, alkali metal dihydrogen pyrophosphates such as disodium
hydrogen pyrophosphate. These may be used alone or as a mixture. The
anticorrosives may contain other phosphate base anticorrosive components
besides the pyrophosphoric acid and/or pyrophosphate. Examples of the

other phosphate base anticorrosive components include phosphoric acids

26 and phosphates such as sodium phosphate, potassium phosphate, disodium
7



5 anticorrosive conponent of the phosphoric acid and/or phosphate is set
such that, when the ratio of the pyrophosphate base anticorrosive
conponent is expressed as A and the ratio of the orthophosphate base
anticorrosive conponent is expressed as B, a ratio of B/Ais preferably
fromO0/100 to 80/20, particularly preferably from0/100 to 70/ 30,
especially 10 preferably from0/100 to 60/40 (weight ratio). If the ratio
of the orthophosphate base anticorrosive conponent is higher than the

af or ement i dysltogen iphosphates dipotassimas hiydpogai phesplmttpsodiam ditigdragen
protective filmexhibiting sufficient anticorrosion effects. The

pyr ophosph@hiosphate] aadqaoiﬁssmhpam}&ir@%@nq)hbgghaﬁ&qnitmsOcasret figphosphoric 15
acid and orthophosphat e because of hydrolysis. Al so when t he degradati on

pr ogr esses propoitfoPbEtes 9?%(33}1& kd'Bhsd BRtIPHABSV gbg%ﬂﬁopm@phosphoﬂ c
toth nd/ or

aci d and/ or pyrophosphate or t hophosphori c aci
ort hophosp WAl ' . In the
present i n?gr%l??%ﬁs t r‘é‘ég (%ﬂnéeyﬁtr %ﬁ%ﬁ%@ﬁﬁﬁ%@gﬁﬁg’gﬁﬁéﬁg% rrosives
i s added t : t nd Lhe,initial pHis,set .to r. re and
| ase tran JnEBRI e GHERERRE S chPhoBbhofic Rl ki andinhel is 57 “rore,
the anount of, iron i,on eluted frgmthe iron-based netallic nenber is poor,
t hus naki nau?lil “il%é}%‘l%ﬁ@ Iiagmf E‘aPYWRhQ?PhﬁF%ﬁaﬁﬁy@%Wﬁﬁé[ﬁe as the 25
first layer of the anticorrosion filmon the surface of the iron-based
metal | ic SOmhasent is exprssediasidpngihe satiesyf theantisyphasphate base ri sk t hat
a netal to be treated or other netallic parts existing in the system may
be corr oded@ttipegaase evmponentiscoxprassadapBperaticesf BTAdsereferablspeci al
limtation for the nethod for adjusting the initial pH A nethod of adding
acid such feom 0/100 to 80/20, particularly preferably from 0/100 to 70/30, especially
10 preferably from 0/100 to 60/40 (weight ratio). If the ratio of the |

orthophosphate base anticorrosive component is higher than the

aforementioned ratio, it is sometimes impossible to form an initial

protective film exhibiting sufficient anticorrosion effects. The

pyrophosphoric acid and pyrophosphate are degraded into orthophosphoric

15 acid and orthophosphate because of hydrolysis. Also when the degradation

progresses, it is preferable to adjust the proportion of the pyrophosphoric

acid and/or pyrophosphate to the orthophosphoric acid and/or

orthophosphate to be within the aforementioned range.

[0018]

20 In the present invention, the aforementioned pyrophosphoate base

anticorrosives is added to the water system and the initial pH is set to 5 or

more and less than 7, preferably from 6.0 to 6.5. If the initial pH is 7 or

more, the amount of iron ion eluted from the iron-based metallic member is

poor, thus making it impossible to form a film of iron pyrophosphate as the

26  first layer of the anticorrosion film on the surface of the iron-based metallic
8



5 hydrochloric acid or sulfuric acid is preferable. [0019] In the present
invention, the Malkalinity of the water systemto which the
anticorrosives are added and of which initial pHis set to 5 or nore and
| ess than 7 is preferably from10 ng to 30 ng-CaCO3/L, io especially from
20 ng to 30 ng-CaCOB/L. If the Malkalinity is less than 10 ng-CaCO3/L,
there is a fear that the pH at the end of the initial film formation
process may not reach 7 or nmore. On the other hand, if the M alkalinity
exceeds 30Mmgnogedditne initel pil isslasaphan g, theredasedsid thatrayntdiel td betial film
formati on process, making it difficult to forman effective 15 protective
film The Keatéchbt oiher Itriieteﬂﬁcq)mmmngéh(lhe syptknafntey beRRrrédl tion of
the anticorrosives and the adjustnment of the initial pH Wen the M

al kal i ni t ybathese @ﬂ@@ohg%@&mﬂ{re bsopettical Thiag: &f A6 %gg@ifail ﬁ’i@?ﬁaﬁ@ﬁgsmﬂé i's

preferable that the Malkalinity is | owered by addi acid or t

{11 or ma o hr ore oty o A aBbEe melor A RSB s 5 Vnen ther e
s a nigh hERPSUAbHcG IR AR AL NG, ke target to be treated (for

exanpl e, in"case of carryrng ou %i1mformation process to a

heat excha I/%T n operation), a high-nolecular 25 electrolyte having an
ef fect of E@@ nti ng deposition and/or adhesion of 9 calcium

phosphat e- base scales is added if negessaré in,order to prevent adverse
effects by the d@bé@? pressnhHaystionibeiMelsalisiy afihe wassplyatamiase scal es

produced fromthe anticorrosive conponent and calciumion in the water
system The#dch shegntipewiosi vasiaretastdedranhof ivehich initial pH is set to 5 or

more and less than 7 is preferably from 10 mg to 30 mg-CaCOs/L,

10  especially from 20 mg to 30 mg-CaCO;/L. If the M alkalinity is less than
10 mg-CaCOs/L, there is a fear that the pH at the end of the initial film
formation process may not reach 7 or more. On the other hand, if the M
alkalinity exceeds 30 mg-CaCOjs/L, the pH is rapidly increased during the
initial film formation process, making it difficult to form an effective

156 protective film. The M alkalinity differs between before and after the
addition of the anticorrosives and the adjustment of the initial pH. When
the M alkalinity after such treatment is out of the aforementioned range, it
is preferable that the M alkalinity is lowered by adding acid or the M
alkalinity is increased by adding alkali.

20 [0020]

Normally, the initial film formation process is carried out at
ordinary temperature. When there is a high temperature portion according
to the target to be treated (for example, in case of carrying out the initial
film formation process to a heat exchanger in operation), a high-molecular

25  electrolyte having an effect of preventing deposition and/or adhesion of
9



5 high-nol ecul ar electrolyte so that the high-nolecular electrolyte may be
any one having such an effect of preventing deposition and/or adhesion of
cal ci um phosphat e- base scal es. For exanple, an electrolyte which is
prepared by copol ynerizing a nononmer of (neth)acrylic acid or
(meth)acrylate and a nononer containing sulfonic acid group nmay be 10

enpl oyed. Exanpl es of the high-nolecular electrolyte include a copol yner
of (neth)a0é%£ic acid or (meth)acrylate with 3-hydroxy-2-allyl oxy

pr opanesul taltiemaehekphate-base spalegiendded (fatbdnary in ordei o prevent
(meth)acrylate with isoprenesul fonic acid and/ or hydroxyet hy

met hacryl apéverEbefficahbyahe ddpakitebeahidrdhdsfornof Baldi¥madded in an 15
anount of from 10 ng to 100 ng/L as solid content according to the

condi tion phodeselRE tHRGRRRE ﬁ%@ﬁiﬁg&gﬁ%ﬁ@%ﬂﬁéﬂa{t did M

formati on process takes prefeerably fr S re preferably form
3 to 5 day, I v At 1S :20:] Sl o forman
of fecti ve caclmoR b AR sy RO TEBERY isuletspeeifl L TBRRGH Phdhimt i on
proces . hake . nore_t han_ ays,, th rooperties . of th i nitial
pr ot ect%l Ugl)ﬁfg-tl]—ﬁ04?%11136@?%0&5(%/8%%/%@%1; @ﬁgﬂgﬁfn@;%gaﬁﬁie&%wg% BAYRS  and it
I s not econom cal, for exanple bec&;se t he amount ,of the anticorragsives
i s increas®y PBF W@%é%@@@ Jierhoipmventgedrpastier anddan atheszen of t he
anticorrosives. 10 [0022] In the present invention, the pH at the end of
the initi afalgiummphosphatd-baspsealessFosegamplemareelectrofyte whicht ist he end of
the initial film formation process is less than 7, the anticorrosion film
of phosphaereparet] by copolymerizing a monomer of (meth)acrylic acid or
(meth)acrylate and a monomer containing sulfonic acid group may be
10 employed. Examples of the high-molecular electrolyte include a copolymer
of (meth)acrylic acid or (meth)acrylate with 3-hydroxy-2-allyloxy
propanesulfonic acid, and a copolymer of (meth)acrylic acid or
(meth)acrylate with isoprenesulfonic acid and/or hydroxyethyl
methacrylate. The high-molecular electrolyte is normally added in an
15 amount of from 10 mg to 100 mg/L as solid content according to the
condition of the water system to be treated.
[0021]
The initial film formation process takes preferably from 1 to 5 days,
more preferably form 3 to 5 days. In case of less than one day, it is
20 impossible to form an effective initial protective film. Though the initial
film formation process may take more than 5 days, the properties of the
initial protective film are not changed even when it takes more than 5 days
and it is not economical, for example, because the amount of the

anticorrosives is increased for the purpose of maintaining the concentration

25  of the anticorrosives.
10



5 calciumas the second |ayer formed by action of the pyrophosphoric acid
and/ or pyrophosphate of the anticorrosives with calciumion of the water

system can not be forned well. There is also no special limtation for the
nmet hod for adjusting the pH at the end of the initial filmformation
process. It is preferable to gradually increase the pH while free carbon

di oxi des 1o produced at adjustnent of the initial pH are stripped by
circulatin treatment water into a cooling tower or the like. In case of
excessi vel 30(912%]1 pH at the end of the initial filmformation process,
there is a fear of deposition and adhesion of scales. Therefore, it is

preferabl e to adlwsie phgenpbhtenthm,fthepH at %@ené%ﬂtﬁ@@ﬁiudﬂ’fﬂh@e initial

filmformation process, water whi ch contains the anticorrosives is

r ef er abl £ t n treat ed
\a,hi |l e theyag%r fI ?‘f’écé’ﬁ[s&g%(ii&erri(%e ﬁj@? thgﬁgﬁ% o? e ﬁ?\]fttléla lﬂﬁi I m

L?L{“gii ?gg iertion f‘%%féﬁ%%%ﬁis{‘% n Tyfeat caﬁ%%@ﬂ&keﬁﬁﬁp%ﬁﬁ%@% carri ed
vari oﬁsf’aco%@%@w#atﬁi%ﬁﬁpﬁgﬁ%%éq S by iRt i p ot horeoRay 51 a1
water in the stem ber aced, when,the initial film formation
process is? %ﬁﬁ@é’é% Iﬂ@tﬁ @WW@%W@MQLKMI@HMW@WWF t he

initial filmformtion process may be shifted to the fil m nai ntenance
process wi $¥fteeamnagbe fpanedoveld Thete isredsoaoespecial heitajictrefar thkere i s
no

method for adjusting the pH at the end of the initial film formation process.

It is preferable to gradually increase the pH while free carbon dioxides

10 produced at adjustment of the initial 'pH are stripped by circulating
treatment water into a cooling tower or the like. In case of excessively high
pH at the end of the initial film formation process, there is a fear of
deposition and adhesion of scales. Therefore, it is preferable to adjust the
pH to be from 7 to 8.

15 [0023]

In the initial film formation process, water which contains the
anticorrosives is preferably in contact with the iron-based metallic member
to be treated while the water flows.

[0024]

20 After the end of the initial film formation process, a maintenance
process for maintaining the initial protective film may be conducted. The
film maintenance process is carried out by adding a suitable amount of
anticorrosives which may be any of various conventional anticorrosives to
the water system.

25 [0025]
11



5 special limtation on the anticorrosives to be added in the film

mai nt enance process. Phosphoric acid, zinc salt base anticorrosives,
phosphat e base anticorrosives, and non-phosphat e-base zinc salt base
anticorrosives such as anticorrosives of high nolecular electrolyte nmay be
enpl oyed as the anticorrosives. The anmpbunt of the anticorrosives to be
added in the filmto maintenance process depends on the kind of the
anticorrosives used and is set to be such an anount to maintain the

protective film fdi meater m tiesygteevimaysboraressd wi@26ie Wigal finmt he film
mai nt enance process, a high-nol ecular electrolyte 15 having an effect of

prevent i ng fompationiprocesdisathi fdli@sithd On ﬁ?diﬁiéﬁ%cégfgtégsg% @ilf@‘ﬁgti% es is

added if necessary in order to prevent adverse eff t he deposition

and/ or adhesé @titial £ ﬁ&ﬁﬂt%}??%ﬁgﬁgﬁgec%gﬁﬁga toRh& qﬁﬁﬁﬂéglh%&lgg

conponent of the added anticor crumion. nol ecul ar
| ectrol yt : i b 20 .
i ghe 1ol se o PR AL LTS ithE Mol B Ve P stB M s i
i t.k vel | ect ed di t h iti f th t
Cyatomi o HetqteE BBEAqiEieb ARE aftichir Rt & DF niifed df ths 1M praatengnd he.
fil m mai ntenance éﬁo Ig)ﬁl)cess,. slinme inhibitor, a ,scale inhibitor, an azole

corrosi on PHMi9Pt orig acih gaa¢ salhaseensicosiasives: Pheisphatenbasebe used
together if necessary. Exanples and conparative exanples [0028] 5
Her ei naf t eftIEPIEOBIVES e d NOvephozphaliphase einoselt dnst pntiescrasiess sudh
as anticorrosives of high molecular electrolyte may be employed as the
anticorrosives. The amount of the anticorrosives to be added in the film
10  maintenance process depends on the kind of the anticorrosives used and is
set to be such an amount to maintain the protective film formed in the
previous process.
[0026]
Also in the film maintenance process, a high-molecular electrolyte
15 having an effect of preventing deposition and/or adhesion of calcium
phosphate-base scales is added if necessary in order to prevent adverse
effects by the deposition and/or adhesion of calcium phosphate-base scales
produced from the component of the added anticorrosives and calcium ion.
The high-molecular electrolyte may be any one of examples listed above as
20  the high-molecular electrolyte to be added in the initial film formation
process and is selectively selected according to the condition of the water
system to be treated.
[0027]
In the initial film formation process and the film maintenance

25  process, a slime inhibitor, a scale inhibitor, an azole corrosion inhibitor for
12



reference to exanples and conparative exanples. [0029] The water quality of
test water used in the foll ow ng exanples and conparative exanples are
shown in Table 1. to [0030] [Table 1] Water quality of test water (A (B)
pH 7.8 8.9 Conductivity (n5/m 40 65 Malkalinity (ng-CaC3/L) 80 120

Cal ci um Hardness (ng-CaC3/L) 80 120 Magnesi um Hardness (ng-CaC3/L)) 40 60
Chloride lon (ng-d-/L)) 55 85 Sulfate lon (MJ-S04 2-/L) 40 60 Silicate
(my-Si2/L) 25 40 (£0031] [ Eval uation test for anticorrosive capability
agai nst r u$OPPeEATReRIer ankicomxmT emEy tvabedhtogetheesfi ndomssant i corrosi ve
capability against a rusted surface by an initial protective film process
usi ng potassi um pyrophosphate was conducted by the foll ow ng nethod. 13
[0032] An electrode (p 10 x 30 mm) nade of SS400 and etched was soaked in

1 L of indixanpleswiidecomparativdled@Bpesl (A) so as to devel op rust.
[0028]
5 Hereinafter, the present invention will be concretely described with
reference to examples and comparative examples.
[0029]
The water quality of test water used in the following examples and

comparative examples are shown in Table 1.

10 [0030]
[Table 1]
Water quality of test water
(A) (B)
pH 7.8 8.9
Conductivity (mS/m) 40 65
M-alkalinity (mg-CaCs/L) R0 120
Calcium Hardness (mg-CaCy/L) 80 120
Magnesium Hardness (mg-CaCy/L)) 40 60
Chloride Ion (mg-CI7/L)) 55 85
Sulfate Ton (mg-SO,”/L) 40 60
Silicate (mg-SiO,/L) 25 40
[0031]

[Evaluation test for anticorrosive capability against rusted surface]
15 <Example 1>
Evaluation test for anticorrosive capability against a rusted surface
by an initial protective film process using potassium pyrophosphate was

conducted by the following method.
13



After that, potassium pyrophosphate was added to the industrial water such
5 that the total phosphate concentration became 50 ng-P04/L. After that, by
addi ng sulfuric acid, the initial pH was then adjusted to 6.0. The M

al kalinity was 20 ng-CaCO3/L. The test was conducted at room tenperature
under conditions of stirrer agitation and air aeration. The corrosion rate
of the test electrode was tinely neasured by using a 10 corrosion anal yzer
so as to obtain changes in corrosion rate with tinme. In this manner, the
test was cH032d out. Electrodes (cp 10 x 30 mm) made of SUS304 were used
as a reference electrode and a counter electrode of the corrosion

anal yzer. The pHAaf tkctiddehqui 8 X 30mhi)enada ol I8400'8nd esdhddWagt the end
of the initial filmformation process) was 7.17. 15 [0033] <Conparative

Exanpl e 1>sJgladd WesLcomaideisaihl Watd? @ hodE i HaBes 13&%&?@%@@&%@%@ t hat

zinc chloride and sodi um hexanmet aphosphate were a ead

Pecame 100wt Ao aaaer pREB DR ph e WA R ER PR d B RS e ™
Exanpl & 1, (e O TR kSl ER R OHa o0 masP BilecA TR di8adYor t he
bocane. 1007ARERIBSIP BC1c (b 35HiabIg] WA Honsi GHBRGHS 6. 3berei on 1 at
wth time élﬂaﬁﬁ?tgp\lvgs 12’0 mg-CaCOs/L. The test was conducted at room
temperature under conditions of stirrer agitation and air aeration. The
corrosion rate of the test electrode was timely measured by using a
10  corrosion analyzer so as to obtain changes in corrosion rate with time. In
this manner, the test was cartied out. Electrodes (¢ 10 x 30 mm) made of
SUS304 were used as a reference electrode and a counter electrode of the
corrosion analyzer. The pH after 90 hours from the start of the test (pH at
the end of the initial film formation process) was 7.17.
15 [0033]
<Comparative Example 1>
Test was conducted in the same manner as Example 1, except that
zine chloride and sodium hexametaphosphate were added, instead of the
potassium pyrophosphate, such that the total phosphate concentration
20  became 100 mg-PO,/L and the zinc ion concentration became 20 mg-Zn/L.
[0034]
<Comparative Example 2>
Test was conducted in the same manner as Example 1, except that
sodium hexametaphosphate was added, instead of the potassium

25  pyrophosphate, such that the total phosphate concentration became 100
14



Conparative Exanples 1 and 2. 5 [0036] It is found fromFig. 1 that,

W t hout using zinc salt base anticorrosives and under a | ow phosphate
concentration condition, Exanple 1 can exhibit anticorrosive effect nearly
equal to that of Conparative Exanple 1 or 2 which uses phosphate base/ zinc
salt base anticorrosives in 10 concentrated anounts or using phosphate base
anticorrosives in concentrated anounts. [0037] [Evaluation test for
strength of initial protective filn] <Exanple 2> 15 Evaluation test for
strength omgRQ4iltial protective filmformed by an initial filmformation
process using potassium pyrophosphate was conducted by the foll ow ng

met hod. [OB®5] ndustrial water shown in Table 1 (A) was used as base water
20 quality. Liquid solution was prepared by addi ng potassi um pyrophosphate

into the industrFg. mel tion
becanmre 50 ny- P04/ and@g?gg?g%ﬁgg ,Cbg?jshﬁ ?ﬁg%ﬁ@ﬁgﬁéﬁg%ﬁg%%

al kal i ni t yChenddati é;@% ing sulfuric acid. An electrode (p 10 x
30 nm nade ofﬁé}sgjg was {ségag\éégai%ﬁ 1L of the liquid solution (hereinafter,
referr%d tﬁ)(ﬁ?]% "initial treating water") for 3 days. The pH after 3 days
(pH at the~end-of 15 the initial coating formation process) was 7.6.

0039] After that, t.he ter s.repl ac with industrial water shown in
[ ] Hris FoGndHoin 1g. 1 t%%t, W?tgout using gmc salt base

anticorrosives and under a low phosphate concentration condition, Example
1 can exhibit anticorrosive effect nearly equal to that of Comparative
Example 1 or 2 which uses phosphate base/zinc salt base anticorrosives in
10 concentrated amounts or using phosphate base anticorrosives in
concentrated amounts.
[0037]
[Evaluation test for strength of initial protective film]
<Example 2>
15 Evaluation test for strength of an initial protective film formed by
an initial film formation process using potassium pyrophosphate was
conducted by the following method.
[0038]
Industrial water shown in Table 1 (A) was used as base water
20 quality. Liquid solution was prepared by adding potassium pyrophosphate
into the industrial water such that the total phosphate concentration became
50 mg-PO4/L and, after that, adjusting the pH to 6.0 and M alkalinity to 24
mg-CaCO;s/L by using sulfuric acid. An electrode (¢ 10 x 30 mm) made of
$5400 was soaked in 1L of the liquid solution (hereinafter, referred to as

25  “initial treating water”) for 3 days. The pH after 3 days (pH at the end of
15



Table 1 (A) containing no anticorrosives (hereinafter, blank water). Then
5 the test electrode was soaked for 3 days. The test was conducted at room
tenperature under conditions of stirrer agitation and air aeration. The
corrosion rate of the test electrode was tinely neasured by using a
corrosion analyzer. The strength of the initial protective filmforned by
the initial filmformation process was eval uated according to the changes
in 10 corr SIOI’]-.I’ ti after the initjal treating water was

repl aced wi CB?ﬁnﬁ% gﬁonﬁ%eﬁﬁ Was /thhe increase in the corrosion
rate after 6§§J acenent with the blank water is steep, it was judged that
t he streng{(l;‘u the initial protective filmwas poor. Electrodes (p 10 x
30 nm nmade of SUS304 were used as a reference el ectrode and a counter

el ectrode of theAfi& that,rthsivontcanedsymplacdd04t induStriplawatérshdaipl e 3>
Test was conducted in the same manner as Exanple 2, except that zinc

chl ori de afdbdeodiun) dexaihaphospheseovres (ﬁé‘ﬂﬁﬂaftezn Ylgald vedtet NG het0

pot assi um pyr ophosphate, such that the total phosphate concentration became

100 ny-P04{He RR¢ eldi@ridwab @Baﬁ@d‘?&“?’r@a soThgecEﬁt”@'angﬁaué{gd-atr 41]

<Conpar ative Exanple 4> Test was conduc same nanner as Exanple 2,
xR, | At LR 8 A B BRI s o
became 100q, /s foRHdte Jr¥8 st electrode was timely measured by using a
corrosion analyzer. The strength of the initial protective film formed by the
initial film formation process was evaluated according to the changes in
10 corrosion rate with time after the initial treating water was replaced with
the blank water. That is, as the increase in the corrosion rate after
replacement with the blank water is steep, it was judged that the strength of
the initial protective film was poor. Electrodes (¢ 10 x 30 mm) made of
SUS304 were used as a reference electrode and a counter electrode of the
15  corrosion analyzer.
[0040]
<Comparative Example 3>
Test was conducted in the same manner as Example 2, except that
zinc chloride and sodium hexametaphosphate were added, instead of the
20  potassium pyrophosphate, such that the total phosphate concentration
became 100 mg-PO4/L and the zinc ion concentration became 20 mg-Zn/L.
[0041]
<Comparative Example 4>
Test was conducted in the same manner as Example 2, except that

26 sodium hexametaphosphate was added, instead of the potassium
16



Fig. 2 shows changes in corrosion rate with tine in Exanple 2, 5
Conparative Exanples 3 and 4. [0043] It was found fromFig. 2 that Exanple
2 which uses no zinc salt base anticorrosives and has | ow phosphat e
condition can obtain strength of the initial protective filmwhich is

hi gher than that of Conparative 10 Exanple 4 using phosphate base
anticorrosives in concentrated anounts and nearly equal to that of

Conpar ati ve_Exappl e 3 usi ng..phosphat base/ zi nc salt base anticaqrrosives
in concent rpé’trgﬂﬂg sSUg 3{)@&]@5 F%@im&splaﬁtetwcen&ratmbwm@w%
capability un&%b condition flowmng 15 through a carbon steel tube]
<Exanpl e 3§ Whtion test for anticorrosive capability under condition
fl ow ng through a carbon steel tube of an initial protective filmusing

pot assi um [PO4dphosphat e was conducted by the fol | owi ng method. 20 [0045]
| ndustrial water shown in Table 1 (A) was used as base water quality.

Li qui d sol ution Wig. PshparashdigesdsidosrRbATEIHIPYBRNASPRARSIe DNt O t he

i ndustrial water such that the total phosphate concentration becanme 50

ng- P04/ 4 a@bmﬁéﬁﬁfvégghmﬁ@g 9siidg the pHto 6.0 by using sulfuric acid.
25 50L of the Tiquid solution having a pH of 6.0 and an M al kalinity of 28

17 ngCaCCf@de ereinafter, referred to as "initial treating water") was
fl owed through a carbon steel tube of cp 19 x 200 nmfor 4 days. The pH

‘;“_c t8.er 4 days (PHAl L h8uE8%Sh li‘ihg? 2 it t%(langglaeti %Jaﬁrursrgg in(c))nzi E%%Ftss) s
base anticorrosives and has low phosphate condition can obtain strength of
the initial protective film which is higher than that of Comparative

10 Example 4 using phosphate base anticorrosives in concentrated amounts
and nearly equal to that of Comparative Example 3 using phosphate
base/zinc salt base anticorrosives in concentrated amounts.

[0044]
[Evaluation test for anticorrosive capability under condition flowing

15 through a carbon steel tube]

<Example 3>

Evaluation test for anticorrosive capability under condition flowing
through a carbon steel tube of an initial protective film using potassium
pyrophosphate was conducted by the following method.

20 [0045]

Industrial water shown in Table 1 (A) was used as base water
quality. Liquid solution was prepared by adding potassium pyrophosphate
into the industrial water such that the total phosphate concentration became

50 mg-PO./L. and, after that, adjusting the pH to 6.0 by using sulfuric acid.

25  50L of the liquid solution having a pH of 6.0 and an M alkalinity of 28
17



[0046] 5 After that, sinulant cooling water shown in Table 1 (B)
(hereinafter, referred to as "nmaintenance treating water") into which

sodi um phosphate was added to be 6 ng-P04/L as phosphate base
anticorrosives was flowed through the carbon steel tube for 7 days. The
tenperature of the initial treating water was 30C, the tenperature of the
mai nt enance treating water 10 was 40C, and the flow rate of either case was

0.1 nm's. It e whet her or not there was pitting after the

mai nt enanc@é\fﬁzﬂa\(&{Brlé£< Zg@r@lm%é@k r%éggqghtq a¢ “itialreatmgrvatier t) wes cor r osi on
was devel oped, the depth of the maxinmumpitting was nmeasured. [0047] 15
<Conpar at i Vi©wsdithiosgh-a Tadonteckarsuet od 9 1 20enEnrfer dadmes. B gkanpl e 3,
except that zinc chloride and sodi um hexanmet aphosphat e were added, i nstead

of the poafiesiudaysy(piilosixhané ofithe ihitidlricatialg forhmtion pridess) pragce8s such
that the total phosphate concentration becane 100 ng- PO4/L and the zinc
ion 20 conP@Mépti on becane 20 ng-Zn/L. [0048] <Conparative Exanple 6>
Test was conducted in the sane manner as Exanple 3, except that sodium

i s e R L T
3%3?;{ ?Lfeéféxr%%@gs é%%gﬁgpggéé!}(ﬁﬁtib%%g‘!er"?flsn%lot\%hic% SRR f)hgsgﬁlgte
was added to be 6 mg-PO,/L as phosphate base anticorrosives was flowed
through the carbon steel tube for 7 days. The temperature of the initial
treating water was 30°C, the temperature of the maintenance treating water
10 was 40°C, and the flow rate of either case was 0.1 m/s. It was checked
whether or not there was pitting after the maintenance treating water was
passed for 7 days. When pitting corrosion was developed, the depth of the
maximum pitting was measured,
[0047]
15 <Comparative Example 5>
Test was conducted in the same manner as Example 3, except that
zinc chloride and sodium hexametaphosphate were added, instead of the
potassium pyrophosphate, in the initial film formation process such that the
total phosphate concentration became 100 mg-PO,/L and the zinc ion
20 concentration became 20 mg-Zn/L.
[00438]
<Comparative Example 6>
Test was conducted in the same manner as Example 3, except that

sodium hexametaphosphate was added, instead of the potassium

25 pyrophosphate, in the initial film formation process such that the total
18



Table 2. 5 [0050] [Table 2] Initial filmformation process Pitting
Anticorrosives Concentration Status Depth of Max (ng/L) pitting (mm
Exanpl e 3 pyrophosphate 50 (as P04) absence -- base Conparative phosphate
base 100 (as P04) -- Exanple 5 absence zinc salt base 20 (as Zn)
Conpar ati ve phosphate base 100 as PO Exanple 6 p p ( a) presence 0.09
[0051] It was found from Table 2 that Exanple 3 which uses no zinc salt 10
base anticorrosives and has | ow phosphate condition can obtain

ant i cor r osPPESRIFIE Gongrntgtion bacgme 10RangtH@e/lof Conparative Exanple 6
usi ng phosphat e base anticorrosives in concentrated anmounts and nearly
equal to t 4 Conpar ati ve Exanple 5 using phosphate base/zinc salt base
anticorrosives in concentrated anounts. 15 19 Wat is claimed is: 1. A
corrosion inhi bi Resultset ixanipie hasdiCaepaeitienHxagiplbased areahatin & menber
of a water system conprising:

Table 2.
5 [0050]
[Table 2]
Initial film formation process Pitting
. . Concentration Depth of Max
Ant
| nticorrosives (mg/L) Status pitting (mm)
Example3 | PYFOPhosphate | oo oo nny | absence .
base
Comparative phosphate base | 100 (as PO,)
Example 5 . absence -=
zinc salt base 20 (as Zn)
Comparative
Example 6 phosphate base | 100 (as PO,) | presence 0.09
[0051]

It was found from Table 2 that Example 3 which uses no zinc salt
10  base anticorrosives and has low phosphate condition can obtain
anticorrosive effect which is higher than that of Comparative Example 6
using phosphate base anticorrosives in concentrated amounts and nearly
equal to that of Comparative Example 5 using phosphate base/zinc salt base
anticorrosives in concentrated amounts.

15
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addi ng at | east one anticorrosive to the water system said at |east one
anticorrosive being selected froma group consisting of pyrophosphoric
aci ds and pyrophosphates, adjusting initial pHat a start of an initial
protective filmformation process to be 5 or nore and | ess than 7, and
increasing the pH so that the pH at the end of the protective film
formati on pr &¢esssbedmedss:7 or nore, thereby forming a filmof iron
pyrophosphate and a fil m containing phosphate and cal cium on the surface
of the iron-based netallic nmenber of the water system 2. A corrosion

i nhi bition nethod,ag claimed. in .claim erei sajd at l.east one

ant | cor rosi ve. 1. dadesrr et i tpRebpdOEhSulaet 8 fn Bhedfifid: Ton of the
Y"at.er.SYSte”lﬂe%aIH[31ﬁe1ﬁ . é)%_a{err%?&tgﬁl,%lﬁ is{f:mM- PO4/L. 3. A corrosion

i nhibition method as clained in cfaiml, erein the pyrophosphate is

al kali netal pyropiidiaphatiesstand/anticatrbsivie toeialvatdishy@rggend py teaphosphat es.
4. A corrosion inhibition method as claimed in claim2, wherein said at

| east one anfi&antitylesve beiagselschdciomhagraupecansisiingpiaypephiasphoric

concentration.of the water stemis in a range of from30 ng to 50 ng-
PO4/L. 5. A %‘88? SE?BP{T(?PE]?PB‘?%F%n nmethod as claimed in claim2, wherein the

at |east one anti &@ﬁét‘?ﬁé }Sﬁgfiiéélglggit NBstalt feﬁﬂniﬂgﬁ%ﬂ&?i%%g{‘gc%rﬁ%%e

anti corrosi ve conponent fromthe grou onsistin
pyr ophosphor pcasy idsheah dr preph@3eRahes 7ansd at | east one ort hophosphate

base anticorrosive conponent selected fromthe gr oup consi sting of
increasing the pH so that the pH at the end of the protective film
formation process becomes 7 or more, thereby forming a film of iron
pyrophosphate and a film containing phosphate and calcium on the surface

of the iron-based metallic member of the water system.

2. A corrosion inhibition method as claimed in claim 1, wherein
said at least one anticorrosive is added such that the total phosphate
concentration of the water system is in a range of from 20 mg to 70 mg-

PO4/L.

3. A corrosion inhibition method as claimed in claim 1, wherein the
pyrophosphate is alkali metal pyrophosphates and/or alkali metal
dihydrogen pyrophosphates.

4. A corrosion inhibition method as claimed in claim 2, wherein
said at least one anticorrosive is added such that the total phosphate
concentration of the water system is in a range of from 30 mg to 50 mg-

PO4/L.
5. A corrosion inhibition method as claimed in claim 2, wherein the

at least one anticorrosive contains at least one pyrophosphate base

anticorrosive component selected from the group consisting of

20



ort hophosphori c aci ds and orthophosphat es; and wherein, when a content of

t he pyrophosphate base anticorrosive conponent is expressed as A and a
content of the orthophosphate base anticorrosive conponent is expressed as
B, aratioof BIAis in a range of fromO0/100 to 80/20 (weight ratio). 6. A
corrosion inhibition nethod as clainmed in claim5, wherein the ratio of
B/Ais in a pangbosphdricomids 400 pympbosditat¢nendht leasitdms)ortifophaspbateosi on

i nhi bition thod as clainmed in cIa|m5 vvher in the at |east one

anti corr osi Ugamtgioh@sgie qosaRqnegh selprise S ethsrabp £AN%I56RE Phe  gr oup

consisting o . di_sodi gen
phosphat e, BH@@&&%%ﬁﬁgﬁg@ﬁ %ﬁ%?ﬁ%ﬁb@tg@%ﬁﬁﬁﬁﬁﬁﬂ (% #:E%rblﬁ%{s%p at e,
and pot assi U{He%ﬁhiﬁﬁmate%”ﬁ%%%ﬁﬁb@rroﬁveéoﬁgﬁn@ﬁt Brbx! sl bk Aam@hhod as
claimed in claim1, wherein calciumhardness in the wat er systemto be
processed bycatitenipoithe etihophbiphmie bageratticonopivecmssparsent ivexB0sseg 4so 150

ng- CaCO3/ L; and wherein a high- nolecular electrolyte having an effect of
preventing dBpdsae @ﬁBé/hdiﬁéﬂaf%ltgﬁe@ﬂ%ﬂlT’o@ 1@9It‘é|89fﬂ(%®’t’f§éh@faémbase scales is

added into the water systemif necessary. 9. A corrosion inhibition nethod
as clainmed in claim8, wherein the calciumhardness in the water systemto

be processed by { heaRGOfh ithidilibAmd ABTRL bOARHAF RSN S, WEGRPHATY Lo 80

ngCaCCB/L 10. A corrosion iIn Ition net ascalne inclaiml

wher ei n t heratioi ¢filBdA Hnat rahie o tfanh 00F00 hec(@riot(aeighteatio). m f or mat | on
process is adjusted to be a range of from6.0 to 6.5 and the pH at the end
of the protective filmformation process is adjusted to be a range of from

7to 8. 2b 1L A SoL I dRodMn MRtbish HetSd hE Gafhed i IR 4 W Bid e Wherein

at least one anticorrosive contains at least one phosphate selected from the
group consisting of sodium phosphate, potassium phosphate, disodium
hydrogen phosphate, dipotassium hydrogen phosphate, sodium dihydrogen
phosphate, and potassium dihydrogen phosphate.

8. A corrosion inhibition method as claimed in claim 1, wherein
calcium hardness in the water system to be processed by the protective film
formation process is from 30 mg to 150 mg-CaCOs/L; and wherein a high-
molecular electrolyte having an effect of preventing deposition and/or
adhesion of calcium phosphate-base scales is added into the water system if

necessary.

9. A corrosion inhibition method as claimed in claim 8, wherein the
calcium hardness in the water system to be processed by the protective film

formation process is from 50 mg to 80 mg-CaCQO4/L.

10. A corrosion inhibition method as claimed in claim 1, wherein
the initial pH at the start of the protective film formation process is
adjusted to be a range of from 6.0 to 6.5 and the pH at the end of the

protective film formation process is adjusted to be a range of from 7 to 8.
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Mal kalinity of the water system which contains the at |east one
anticorrosive and of which initial pHis set to 5 or nore and |l ess than 7
isin arange of from10 ng to 30 ng-CaCO3/L. 12. A corrosion inhibition
method as clainmed in claim1l, wherein the Malkalinity of the water
system whi ch contains the at | east one anticorrosive and of which initial
pHis set to 5 or nore and less than 7 is in a range of from20 ng to 30
ng- CaCO3/ L. 13. A corrosion inhibition method as clained in claimS8,
wherein said hi ghlmdl @etrsien Blskitios) peor gs sirigleddnrciiy &, WHEEH | s

(ot ) acry oM AT SEShE Rafercontar i CORReh B dtilfedRetn 1. A
corrosion i th{?b ﬂr@sﬂv ﬁt{i‘gﬁuﬁﬁcm M{'lgsﬁltg'%ﬁnp\‘?gﬁﬂ%é tﬁeﬂ]ez 13 %0 g/ L

hi gh- nol ecul ar ectro eis ad I‘n"an” ano

as solid conh%\ﬁ eéﬁfmﬁ\ p@[ﬁg}@ TNniheid,jion met hod as cl ai rred in claiml,
wherein the pro %ectlve filmformation process takes from1l to 5 days. 16.

A corrosion inhibition rrethod as clainmed in claiml1l, wherein, in the
protective film for mati on process,. the water which contains the at | east
one anti corr osi ve | 2sAiGorsHmidhiRition methpd gp clamed inelaim | & WheisEr to be

| hi,bi hod | d
el e RGBSy b Sl sxdRBOVE R RPN AL R e i he O ™
protective fildpdriostde SANIEGH ?ﬁ f?ﬂ?ﬁﬂﬂ%@se@% I5CAT th8Rd é(r?cﬂés@ﬂ?antf‘?s at er

system after the protective tion process. . A corrosion
i nhi bi tion netdge d@Sfrehdmg torBCha-GalD;y/Iwher ei n

13. A corrosion inhibition method as claimed in claim 8, wherein
said high-molecular electrolyte is an electrolyte which is prepared by
copolymerizing a monomer of (meth)acrylic acid or (meth)acrylate and a

monomer containing sulfonic acid group.

14. A corrosion inhibition method as claimed in claim 8, wherein
the high-molecular electrolyte is added in an amount of from 10 mg to 100

mg/L as solid content.

15. A corrosion inhibition method as claimed in claim 1, wherein

the protective film formation process takes from 1 to 5 days.

16. A corrosion inhibition method as claimed in claim 1, wherein, in
the protective film formation process, the water which contains the at least
one anticorrosive is in contact with an iron-based metallic member to be

treated while the water flows.

17. A corrosion inhibition method as claimed in claim 1, wherein a

film maintenance process for maintaining the protective film is
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the at | east one anticorrosive is at |east one selected of fromthe group

consi sting of phosphoric acid, zinc salt base anticorrosives, phosphate

base anticorrosives, and non-phosphate base zinc salt base anticorrosives.
19. A corrosion inhibition nethod as clainmed in claim17, wherein a part

or all of water in the systemis replaced when the protective film

formati on preoedscted byhidtiiedattacorhsifdslimamiewaoaneeepraeesise 20, A

corrosion inhibition method as claimed in claim17, wherein a

hi gh- nDIecuI@ﬁﬁéﬂéﬁiﬁbﬂﬁbﬁnh%ﬁmﬁgN@ESeffect of preventing deposition and/ or
adhesi on of cal ci um phosphat e-base scales is added during the film

mai nt enance process. 23

18. A corrosion inhibition method as claimed in claim 17, wherein
the at least one anticorrosive is at least one selected of from the group
consisting of phosphoric acid, zinc salt base anticorrosives, phosphate base

anticorrosives, and non-phosphate base zinc salt base anticorrosives.

19. A corrosion inhibition method as claimed in claim 17, wherein a
part or all of water in the system is replaced when the protective film

formation process is shifted to the film maintenance process.

20. A corrosion inhibition method as claimed in claim 17, wherein a
high-molecular electrolyte having an effect of preventing deposition and/or
adhesion of calcium phosphate-base scales is added during the film

maintenance process.

23



