Title of the Invention Corrosion Inhibition Method Field of the Invention 5
[ 0001] The present invention relates to a novel corrosion inhibition nethod
of inhibiting corrosion by formng an initial anticorrosion protective film
on a surface of an iron-based netallic nenber, 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 exct]‘iﬂgerft%ul?es itn a heat exchanger and the |ike. Since carbon steel

15 tubes FLHBY @‘ﬂ%lhl%pl i cations corrode because of the exposure to

aqueous | uti.on, ey. are generally processed by corrosion inhibiting,
nanel y, Zﬁ??%%PPJEth%PPJﬁP . The anticorrosion treatnent 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
general ly used. As the anticorrosives to be added into the water system
phosphorﬁhehk®ﬂﬂnhhm@nUpnosphate (hereinafter, referred to as "phosphate")
base anticorrosives such as orthophosphoric acid, poly phosphoric acid, and

phosphoni[00@t] d and zinc salt are widely enployed. The addition of the
anticorrosives fornms a protective filmon the surface of a netallic nenber

25 such as a camRopreséREinvienbion relgeshy al MdVdi dorfesier ihRYi86n methdd03]

of inhibiting 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

95  such as a carbon steel tube, thereby inhibiting corrosion.
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At the start of flowng 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 anbunts into a water systemin order to prevent corrosion
j ust aft86 ﬁLarting or restarting water flow and to maintain a stable
corrosio* p ibition effect after that. to [0004] Conventionally, the

treatment for formng an jhnitial protective film is gconducted by adding
phosphat e baseiﬁﬁgﬁé‘g@ﬁi@ﬁfﬂé‘éﬂfk&Wﬂt%lrg‘alatcﬂrgon@ﬁﬁlﬁg?éﬁé‘ﬁ HBEMY i nto a
wat er system (Takahashi et al.: Water Re-use Technology, Vol. 14, No. 3,
page 5 (ipgelled amdbigomt romtadmith anticomps®mn ecoating oy at ki testeat #Ent f or
formng an initial protective filmby using phosphate and zinc salt has a
doubl e | dlewing wateninto acarbendte tabe pf exhichtattmdriasien fitanss ofoken zn, Ca,
0 as the outer layer and a |layer made mainly of iron oxide as the inner

| ayer 5 Behirupcarafud] khat dowhl, eht estbon sicelioiby B, trédted teYeiveaxsirbngs hi gh
anticorrosion effect (Kuniyuki Takahashi; 20 corrosion inhibition '95

col I ect i qhitef] dretdctrvestilm-féfned tR8Ron by bdaHn aif6@osiies8ni S the

Envi ronnent al "Standard which is 20 gg/L" of zinhc salt in a general sea
i S T R SR G
| nhi bi ti Oa'ﬁeq:esttﬁ%ﬂlg%lt Pe%!tjértfﬁ%i Rt 5w Bd td affRiih Gdtable 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
15 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 pug/L of zinc
salt in a general sea water area, however, discharge of water containing
zinc salt in concentrated amounts must be restricted. Accordingly, a

2
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[ 0006] As a treatnent for formng an initial protective filmw thout using
zinc salt, a nethod using anticorrosives of phosphate base such as sodium5
hexanet aphosphate, with the total phosphate concentration being 100

ng- P4/ 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, with.a phosphate ,concentration as | ow as
o boss: SPEOSI GBS Methof FELhouC ThiBe AEE SrRaS SRS i prot et ve
film coni&:)&é@g nei t her phosphate base anticorrosives nor zinc salt base
anticorr , a water treating agent conposed of water soluble alumnate
and a specified 15 ethylenic unsaturated carboxylic acid based copol yner
cont ai ni ng hydAsxg treafnenpiorforaung aminikial peteciove Shmawithouhvalg t hi s
water treating agent enables formation of an initial protective film

wi t hout usicsplphormEthoe usagpanfooirosives sifipivosphdtezbase sl adssdium
anticorrosives, alum nate conponent contained in the agent and silicate

conposenthegaitetapieskphaté,heithahe totd phosphstecasivehttationdgehlel0( o produce
gel substrates during a process incCreasing the concentration of the water

syst em aih@IPOJIE, KdsBdrPpit {]&pracfti%lrwa Haweg,te},! fichPf Ge8ehéNehad AM

according To water conditio operation condition, or the Iike and the gel

Subst 2 Sko BRI 8 ARG, Aong 5t el BT SeEegohygobstances
using t h%aﬁ@itn%reﬁt&gﬁﬁiicgﬁoﬁ%%nvtvaﬁe% qrﬁ%rlitﬁ TIRERTSR, iph%sﬁlt:{gtgll%e 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 nethod which m nimzes 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 } t|ve film [0009] A corrosion inhibition nmethod of

t he presémﬁm§%Wﬁ Cconmprises an initial protective filmformation
process of formng an initial protective filmon a surface of an iron-based
nmetallic nmenber of a water system by 15 adding anticorrosives to the water
system At |east one selected froma group consisting of pyrophosphoric
aci ds andummapyesphadseentiornpl oyed as the anticorrosives. The initial pH
at the start of the initial protective film formation process is adjusted
to be 5 ¢00BBle and less than 7 so that the pH at the end of the initial
protective filmformation process becones 7 or 20 nore. Brief description

of thg draw nggt 1s[ﬁ%81 ectiof thd préseht gne@itieh evphgvideangegokioncor rosi on rate
with time of 25 Exanple 1 and Conparative Exanples 1, 2; and 4 Fig. 2 is a

R TS S L
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 mechani sm of excellent corrosion inhibiting effect by the
corrosion inhibition nethod 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 react ] ' [L.QR I |.ubl-e [ 6N

oyr ophosphat e L 31t b esbR Ao Re SoaFRR A FolBbbma SR B0 ci 15, 11
t he present inventi by adj ustin he,initial pH at the start of the
initial ﬁjﬁﬁwﬁ&%ﬁ%ﬁaﬁi‘éﬂ Egag‘ipﬁ?s ﬁvae and less than 7, i.e. mld
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 nmenber as iron ion
so that detailed|deseriptioorofipretenmed pmbhadimentsr med on the metal lic surface
by action of the iron ion with pyrophosphoric acid and/or pyrophosphate

exi stbng[D@lthe water. After that, by action of a part of pyrophosphoric
acid and/or pyrophosphate still remaining in the liquid wth cal ciumion

while the pH dheveehamied 6f tRecll éeddrensiohdhhilsitinpreffddidy thet i al
protective filmis 25 conducted is increased to 7 or nore, a film

cont ai ni RGRPGH HMiBIFOH n?etﬁ%ﬂcdf{ﬁbi;ﬁfe% {t'BYeffioh MassibtRes i%fllgt he

I ron-based netallic nenber. [0013] I's manner, according t0 the present

I nventi 0r?mbcfe?éfbf)ﬁnﬁﬁmsaﬂed&@ﬂeéssﬁ)lﬁ“ﬁct s can be mnimzed by using
phosphat € base ant I corrosi Ves
[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

15  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

25 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 anounts 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 g operati,on of, a er.system. [0014] Hereinafter,

preferr e&agﬁ’rﬂgﬁism n fh%s%@ﬁ?%ggébﬁ irﬁ)llii'ltaéﬁqdo‘&‘e‘?%@isﬁﬁ Lt he present
invention wl!|l be described. 15 [0015] The water systemto which the
corrosi ohO9hdl biti on nethod of the present invention is applied preferably
has water quality that the calcium hardness contained in water is from 30
my to 150 ng- Chcdsisinarner@cadtdingfto dhe Poesant tinvaition,- ndasimentad t he

cal cium hardness is less than 30 ng 20 CaC33/L, the protective film

cont ai ni agvphseseiedts candecaliniminedsby heingsplessphatebase tntiowatosiveshe surface
of the nmetallic nmenber by action of the pyrophosphoric acid or

pyr oppos nﬁ@lﬁ@n@éﬂ%%gznh@ k4lbag8 ahficBRlosiwisml Wplrkducihly thee cal ci um hardness
exceeds 150 ng-CaCl3/L, there is a fear of deposition and adhesi on of

B e e e
onge, g b ALY SR L B AT R b PR O
containi "Mhd 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-CaCQOs/L, especially
from 50 mg to 80 mg-CaCOs/L. If the calcium hardness is less than 30 mg-

20 CaCOjs/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-PO4/ L, especially from30 ng to 50 ng-PO4/L. If the
phosphat e concentration after addition is |ess than 20 My-PO4/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 ron tal. i npacts bgecause ,of high cagncentratiqn of,{he phosphates.

When ¢ no R ab i ER: tin AR Bt hilfted bYadRISEBE™ i ni mum
| ine due to consunption of the anticorrosive conponent and the |ike during
t he i ni t FaMOMINZCA H’ﬁlnhw&ﬁ?mﬁoﬂe@t-preferabl e to add the 15
anticorrosives to nmaintain the phosphate concentrati on above the m ni num
line. [0499]16Exanpl es of pyrophosphates as anticorrosives include al kal
metal pyrophosphates such as potassi um pyrophosphate and di sodi um 20

pyr ophosphat e, THekadditivetahodnhyfithmgentigyrogives pbatasingich as di sodi um

hydr ogen pyrophosphate. These may be used al one or as a m xture. The

anti cerr ggirspRosphori® At androh ?yr@ﬂ@@@}m&@ rélativeantthe avdtes kystegpiyponent s
besi des the pyrophosphoric acid and/or pyrophosphate. Exanples of the

ot her ph?ﬁ@f&hﬁl ﬁ%lﬁﬁtthgf’ﬂ{é)gl?%@g%%@@ﬁééﬁﬁaﬂi&? 'aﬂ‘éﬁ aﬂﬂgc%ﬂﬁ‘%b@nﬁﬁi ds 25

ﬁng phosphates such as sodi um hat e, pot assium p osphate, disodium?7
Shosorar SORD T VIRV BB A0 fp OB
byt ophossrPBAEe GERRRERRL A & ARTRG 168" URE! 2F i TR S bace

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

25  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 rt.hophosphat.e bage anti.coryosive c onent is.higher .than the
0 or crendbEHGEE RRPSTAtE: AR RS a BRDa, Sodi By e
protectiv f{oigm exhibiting sufficjent anticorrosiqgn effects. The

pyr ophos alge pRd AvdassyRBHRibysiiagen phesplafealib this vese.dh€hophosphoric 15
aci d and orthophosphate because of hydrolysis. Al so when the degradation

pr ogr ess@Eepertion ogﬂm pyeaphosphateibass antieorpesiye compondnttafehgy r ophosphori ¢
aci d and/ or pyrophosphate to the orthophosphoric acid and/ or

or t hophogptrephosphdric aeidrand/ohpyadphespinte todde osthgphofikt8lbas@0 I n the

present invention, the aforenmentioned pyrophosphoate base anticorrosives

i s adged anficoh®sied eomposeaiodle Ph@s(s[bllit'blﬁé atidihd/or phosphate i8rset mor e and
| ess than 7, preferably from6.0 to 6.5. If the initial pHis 7 or nore,

the_amounbichithbf A PMERHIEE OB imd-pRRADBAR-IRIGEMicerber | s poor.

thus making it 1 nposs ospﬁate as the 25
B e o S
e ook SRt o s RS B LSt A Lo Y e
Lmtall o 0/100% 4550 parttcuadl pretetduly front o 69 o8 For40, epesiry 294 N
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

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




5 hydrochloric acid or sulfuric acid is preferable. [00191 In the present
I nvention, 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 fTom 10 ng to 3 0 ng-CaC03/L, |lo especially from
20 nmg to 30 ng-CaCO3/L. If the Malkalinity is less than 10 ng-CaC03/L,
there is a fear that the pH at the end of the initial film formation

process may_hot (Leach .7. or re. t he,ot her hand, if th al kalinity
xceeds JomBSAERR tifishBELR fss it o yinds adlkmabrhgBLiR o il el Tiim
formation pugfess nakinq,it di ffi.cult to forman effective 15 protective
film Théregied REthsripetalie pagtsatisiies ip dhe pystarymapt ke cOROdegdddi tion of
the anticorrosives and the adjustnment of the initial pH \Wen _the M

al kal i ni tgcansee! stiong cossies propertigs. Thetenis ng spesiahtimitaston frgbe it is
preferable that the Malkalinity is |lowered by adding acid or the M

al kal i ni tyethedi for adjssihgtheatdtialgpH. Katiethad of additig Acidwmidhyas t he i niti al
filmformation process is carried out at ordinary tenperature. Wen there
is a bi ghyideodigloaiciaddrarsul ii@gecid idipreferabld.he target to be treated (for
exanple, in case of carrying out the initial filmformation process to a
heat excmgogg] I n operation), a high-nolecular 25 el ectrol yte having an

ef fect of preventing deposition and/ or adhesion of cal ci um phosphat e-base

scales 1s addegyihe RRCERIThYeARR BN AKALAHETF (iayBler Sysigs S DY the

deposi tion and esion o cium p ase scafes produced from

the ant| CopcRaue, COTRANEDL: ANChadd Sha'BE\Hch Tt SkeoUPs g There i's

no speci

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

10  especially from 20 mg to 30 mg-CaCQOj5/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-CaCOs/L, the pH is rapidly increased during the
initial film formation process, making it difficult to form an effective

15  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-nol ecular electrolyte my be
any one having such an effect of preventing deposition and/ or adhesi on 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 io

enpl oyed. Exanpl es of the high-nolecular electrolyte include a copol yner

of (meth)acrylic, aciid . or (nmeth)acryl.gte.with 3-hydroxy-2-allyl oxy

bt opanes SRSt et Seatss 5 balegal hicksp it i S1derdorelp it
(meth)acrylate with isoprenesulfonic acid and/or hydtoxyethyl

met hacry|aéwerse|eﬁ%eq{s$w-t%§| sfion préfar adhesiansohealeEMy added in an 15
amount of from 10 ng to 100 ny/L as solid content according to the

condi t i ofphesphate-basestcatgspraduceddzony thetanticqromsive componsntiaad i1 m
formati on process takes preferably from1 to 5 days, nore preferably form

3 to 5 depkiutmioreiethef whtersystean. Theredmyno spedial Hmitatpmsentthe to form an
effective initial protective film Though the initial filmformation

process Mghiraskciibireeleb@olyie dayhat tHechipghonwlédar efedtiidytd miagi tsd

protective filmare not changed even when it takes nore than days and it
3 o, SRy S areiy SEpR s dGeniasen o, e
oL o el By dREgk ks BEF RS0 R ARG AR 1o end o
Lhe 101 L koliy L8bORIh AR Fidhditel §PTbliBcytid BEigH ! corrosion film
(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 calcium as the second | ayer forned 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 to produced at adjustnent of the initial pH are stripped by
circul ati{j 2%jreat ment water into a cooling tower or the like. In case of
excessiv& @ gh pHat the end of the initial filmformation process,
there is a fear of deposition,and adhesion of s es.. Therefore, it is
preferable to i@jﬂ&%lx@sﬁ@t myentipmdhe f theend O%Ei'l? @@@@T%rlﬁl the initial
filmformation process, water which contains the anticorrosives is

pr ef er ablformatieBmrasessiist hor morer bivtheaplddtthe gndiaf therbiial filnbe treat ed
while the water flows. [0024] 20 After the end of the initial film

f or mat i ofopmatiengproeesmisiesntdrare?, thecrtrorfasiondilnt ef phogphdte and t i al
protective filmnmay be conducted. The film naintenance process is carried

out by addicdionpasthd sddondlmenforhed dtactivr of thikesymspiriphdyichidny of
various conventional anticorrosives to the water system 25 [0025] 11 All

water in ﬁﬂ%ﬁ??ﬁe(?ﬁdiﬁhaﬁeofﬁﬁ' AREDINEed BatH Balchdh ibh! ¢F theakaREi on

process is shi to the filmnmai ntenance process. Alternatively, the

S S SRS BRSSP R O b e
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 rpH 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

anti corrosives ed . and s set to be such an, anou t.o.. maigitain the

protective 111 Al SAEHT e ndTem ey herenases SheHdhe sitAt " he r i1 m
mai nt enance pr.ocess, a high;mplecul ar electrolyte 15 haying an effect of
preventi anaggeginr%@.ssa;ﬁ@%éﬁgg@%m agnienplies Bﬁ&eﬁﬁa&teg%tévejﬁm es is
added if necessary in order to prevent adverse effects by the deposition

and/ or adiesitial SimcEraatiomppregesameap beshifted éo the fidaumeintenanee he

conponent of the added anticorrosives and calciumion. The high-nolecular
el ect r ol precessywith retainmgea plrtomalhlofthe ivedter imtiey sy shtem2 T hee is no
hi gh-mol ecul ar el ectrolyte to be added in the initial filmformation

process apédciab lisgltion val thesglitRoraskivecty Bé added it biee €0ndinaimenahcé he wat er
systemto be treated. [0027] In the initial filmformation process and the

film mai ?ré@é’d%@?h%@ﬁéﬂé%@?d, Ané lshifbasB infichrosivess ?ﬁb@Phé‘ﬂéi tiseor, an azole
corrosion inhibitor  for 12 copper, and other anticofrosives nmay be used

B A T e T
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 exanpl es 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. io [0030] [Table 1] Water quality of test water (A)
pH7.88.9 Conductivity (nS/ m 4065 Mal kalinity (ng-CaC3/L)80120 Cal ci um

Har dness (ng- CaC3/L) 80120 Magnesi um Hardness (ng-CaC3/L))4060 Chloride Ion
(nmg-C -/L))5585 Sulfate lon (ng-S042-/L)4060 Silicate (ng-Si Q2/L) 2540

[ 00311 val uation.test . .for anticorroesive capahil.l. agai nst rusted

i face] CObBetAREPET htikOhoR i GREY 28 ikl RRE i AsBe apan: 1 1 1y
against a rusted surface by an initial protective film process using

pot assi um pyrophosphate was conducted by the foll ow ng nmethod. 13 [0032]

An el ectrode (p 10 x 30 mm nade of SS400 and etched was soaked in 1L of
i ndust r i &ixamaples asdEaMparatie examples 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) 80 120
Calcium Hardness (mg-CaCs;/L) 80 120
Magnesium Hardness (mg-CaCs/L)) 40 60
Chloride Ion (mg-Cl/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 becane 50 ng-PO4/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 to corrosion anal yzer
S0 as to[@gpz\jn changes in corrosion rate with tinme. In this manner, the
test was ed out. Electrodes (p 10 x 30 mm) nade of SUS304 were used

as a reference el egctrod unt r el,ect.r 0 CcOrrosion

anal yzer. The ﬁHlSQQQOi%ﬁ%gGRgga ﬂﬁ§d§9§ﬁ§ﬂﬁx)%%%e?3§¥1vﬁﬁ at the end
of the initjal filmforpation process) was 7.17. 15 [0033] <Cbnparat|ve
Exanpl e $9aKe&in ddso of Binsétiakwiater: The v e Tiabio & Adsaaspilevalopausbpt t hat
zinc chloride and sodi um hexanet aphosphate were added, instead of the

pot assi uAfigr thetopptaasism pycophosphate avasoaddedpiocthieriatusirial creater auclon 20
becanme 100 ng-PO4/L and the zinc ion concentration becane 20 ng-Zn/L.

[ 00345 <Ghatpediestotalepospiitecrceindtiormbecand 50 eg-PO.IheAfiemthanbyer as
Exanpl e 1, except that sodi um hexanetaphosphate was added, instead of the

ot S| B8 BScaid! r Big i ey Saaesppin pn et o o
with ti "%nkaﬂu%%m{sezd 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 carried out. Electrodes (¢ 10 % 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
zinc chloride and sodium hexametaphosphate were added, instead of the
potassium pyrophosphate, such that the total phosphate concentration
20  became 100 mg-PO4/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




Comparative 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 offgszial protective filn] <Exanple 2> 15 Eval uation test for
strengthIQg' hitial protective filmformed by an initial filmformation
process @' pot assi um pyrophosphate was conducted by the foll ow ng

nmet hod. I I ndustrial water shown in Table 1 (A) was used as base water
20 quality. Liquid solution was_ prepared by addj ng potassi um pyrophosphate
into the indus%ﬁg-al shawschanggs im gormosion batglwyshégmam&@mpl@nﬁr ation
becanre 50 ng-PO4/L and, after that, adjusting the pHto 6.0 and M

al kal i ni Gompartivengx@mnpbsy L amd Usi ng sul furic acid. An electrode (y 10 x
30 nm made of SS400 was soaked in 1L of the liquid solution (hereinafter,
refersed[0036F 25 "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 tlhgis found MehEFigastHagPivagomt Wsiny zi@usle bade wat er shown in

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-CaCOs/L by using sulfuric acid. An electrode (¢ 10 x 30 mm) made of
SS400 was soaked in 1L of the liquid solution (hereinafter, referred to as

256  “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 el ectrode 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 coryosi.on,rat me after .the itial treating water was

r epl aced tf FHUa faa ﬁ?& W\%QJFQP ProRess);was erg ‘the increase in the corrosion
rate afti éﬁpl acement with the blank water is steep, it was judged that
the stre ég% 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 t Hefterithagdheoxaten veararepiaced potmoidustrtdrivaiestshosviEkanpl e 3>
Test was conducted in the sanme manner as Exanple 2, except that zinc

chl ori de Tabde 4dd\ picotitaimmgtaphokspdaosives (herdnstier, ibha;mleav:htelf). Then 20

pot assi um pyrophosphate, such that the total phosphate concentrati on becane

100 nmg- PEhé kestriedthede ivag soaked do£ 8nddyat Thie testcwar cafdiBtedvtlroon 00411
<Conpar ati ve Exanple 4> Test was conducted in the sanme manner as Exanple 2,

except t hafperdus® thest Béﬂﬁmﬂﬁ%ﬁﬁ?ﬂ‘ %@Qﬂ&%ﬂ' %ﬁd"[‘hfe t he

pot assi um 16 pyrophosphate, e total p osp ate concentration
became 1%9)1’1'6@01? He'of th3%8&d electrode was t1mely 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 elecfrode 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-PO,/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

25  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 to Exanple 4 using phosphate base
anticorrosives in concentrated anounts and nearly equal to that of

Conparative aml e 3 usi hosphat ase/ zi nc_sal.t hase antigcorrosives
T boncembabhaEhe-such fite s TREDBosalE congentiRlbn 2iRRuE 1 067V
capabi | i trg %ﬁucondition flowng 15 through a carbon steel tube]
<Exanpl e B8~ ation test for anticorrosive capability under condition
flowng through a carbon steel tube of an initial protective filmusing

pot assi u00@¢t ophosphat e was conducted by the fol | owi ng nethod. 20 [0045]
| ndustrial water shown in Table 1 (A) was used as base water quality.

Li qui d sol uti oFiga? shosysaclahgey iaddirnosipntrateswitin tyedpidsahple?, i nto t he
i ndustrial water such that the total phosphate concentration becanme 50

ng- PO3/ L Govthpaedties Exhatplegdjarat 4ng 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 ny-Ca By(hereinafter, referred to as "initial treating water") was

fl owed through a carbon steel tube of p 19 x 200 mm for 4 days. The pH

";“_c t8_er 4 days (Rflis fodhdR8nPEigd. PPt Ealethp RS WHIEh WRET R ARCcRRACESS) was

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-PO4/L and, after that, adjusting the pH to 6.0 by using sulfuric acid.

25  5S0L 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
naintenance treating water 10 was 40C, and the flow rate of either case was

0.1 nis. ked ethe not there was.pitting.after the

mai nt enaﬁ?:% (:'Naégﬁﬂ:n %ge %Qsté’oasf o‘1mt1e10‘5‘§7%m[‘)% %I) %hg corrosion
was devel t he pth _of the Xi frum pitting 047] 15
<Conpar at qyge gg%saﬂmst@alsM IéﬁXﬂrOOt m?‘aﬁgefﬁé[ﬁ iﬁ Exanpl e 3,
except that zinc chloride and sodi um hexanet %%hosphate wer e added, i nstead
of the péteadsdays (i abths phdiof the anitied coatingaormakionf prosess Jonaprdbess such
that the total phosphate concentration becane 100 ng- PO4/L and the zinc

ion 20 c§0646}rati on becamre 20 ng-Zn/L. [0048] <Conparative Exanple 6>
Test was conducted in the sane manner as Exanple 3, except that sodium

hexangt aphosphafferwast, afgathnt cuvl Brdwater SHRowe e Tblen] cogimasiebat e, in
the initial filmformation process such that the total phosphat e

%3% g p; [ ?%iééﬁéc;(cg% nﬂa(?ﬁtéﬁgpg%éatmg[ RAE) Rasuvhich gbcﬁﬁﬁﬁﬁhssp%a@ed

was added to be 6 mg-PO4/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-PO4/L and the zinc ion
20  concentration became 20 mg-Zn/L.
[0048]
<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 processPitting
AnticorrosivesConcentrationStatusDepth of Max (ng/L)pitting (m) Exanple
3pyrophosphat e50 (as P04) absence base Conparati vephosphate basel00 (as P04)
Exanpl e 5absence-- zinc salt base20 (as Zn) Conparative phosphate basel00
(as PO4) presence0. 09 Exanple 61 [00511 It was found from Table 2 that
Exanpl e 3 which uses no zi nc salt 10 base anticorrosives and has | ow
phosphat e conﬂ i on ca i n anth rro e-effect which is higher than
t hat of tFlQPémﬁ}? Cafig @ :% #le base anticorrosives in
concentrzé mounts and nearly equal to that of Conparative Exanple 5
usi ng ph § e base/zinc salt base anticorrosives in concentrated
amounts. 15 19 What is clained is: 1. A corrosion inhibition nmethod
conpri sing an Rﬂsultéun&mmph?w@ndfwmpammE@ﬂnmc&ésé ase shewm Wy an

initial protective filmon a surface of

Table 2.
5 [0050]
[Table 2]}
| Initial film formation process Pitting
. . Concentration Depth of Max
Anticorrosives Status ‘o
, (mg/L) pitting (mm)
Example 3 pyrophosphate 50 (as PO,) absence -
base
: 100 (as PO
Comparative phosphate base (as PO,)
absence -
Example 5 )
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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an iron-based netallic nenber of a water system by adding anticorrosives 5
to the water system wherein at | east one selected froma group consisting
of pyrophosphoric acids and pyrophosphates is enployed as the
anticorrosives, and wherein the initial pH at the start of the initial
protective film 10 formati on process is adjusted to be 5 or nore and | ess
than 7 so that the pH at the end of the initial protective filmformation
process Q&ﬁoaes 7.0r..nmore. 2. A corrosion inhibition nethod as clainmed in
clai m 1, WAHBE & ¢aided iS°ant'i corrosives are added such that the tota
phosphat e concentrati on of, d.he water system becones,in a range of from
20 ng to 70 mgipéngrrogon/még?lﬁl@giIaﬁtthqﬁwwwm&ﬁanamaé@rer%t din claim
1, wherein the pyrophosphate is_alkali _ netal pyrophosphates and/or alkal
metal  difHpuFegeaiien popeess sifdosming andnitialproteativenfilmian asurkecasd as
claimed in claim?2, wherein 20 said anticorrosives are added such that the
total phasdben-dasedceetailic imembér of hevatet systeys by mddéng anticorroaiveange of
from30 ng to 50 ng-PQ /L. 5. A corrosion inhibition method as clainmed in
clain52,t@mheemneﬁgﬁne@@ticorrosives contain at | east one pyrophosphate
base anticorrosive conponent selected froma group consisting of

pyr ophosphori ¢ yitdrefh 8easboRy sORRRSPIBLES ﬁﬁﬁg%ﬂsﬁ%ﬁg gpe orthophosphate
base anticorrosive 20 conponent selected froma group consisting of

ort hophomér%%‘g%éﬁgg@a@i% anqoéﬂg)gﬁ&éﬁﬂg{e«g% eﬁﬁﬂo%ﬁra‘%itﬂe a‘ff‘ﬂﬁ%ﬂ%s?%‘sl, ent of

the pyro ase antic
and

wherein the initial pH at the start of the initial protective film
10 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
more.
2. A corrosion inhibition method as claimed in claim 1, wherein
said anticorrosives are added such that the total phosphate concentration of
15  the water system becomes in a range of from 20 mg to 70 mg-PO./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
20  said anticorrosives are added such that the total phosphate concentration of
the water system becomes in a range of from 30 mg to 50 mg-PO4/L.
5. A corrosion inhibition method as claimed in claim 2, wherein the
anticorrosives contain at least one pyrophosphate base anticorrosive
component selected from a group consisting of pyrophosphoric acids and

25 pyrophosphates and at least one orthophosphate base anticorrosive
20




conponent is expressed as A and a content of the orthophosphate base 5
anticorrosive conponent is expressed as B, a ratio of B/Ais in a range of
fromO/100 to 80/20 (weight ratio). 6. A corrosion inhibition nmethod as
claimed in claim5, wherein the ratio of BfAis in a range of from 0/100
to 60/40 (weight ratio). 7. A corrosion inhibition nmethod as clained in
claim5, wherein the 10 phosphate is one or nore selected froma group

consi sting of sodiu sphat e ot assi.um phosphat e, di sodi um hydr ogen
Phosphat SoTTRATRESE et Rt sy houpisiiet BEoumoptosRpaRE ae Mg onat e,
and pot asshlgu di ydrogga phosphate. 8. A corrosion inhibition method as
cl ai med iO&t OfpRategheRdi n the 15 calcium hardness in the water systemto

be processed by the initial protective filmformation process_ is from 30
ng to 150 ny- CAdEaein, when arwonsent of thegrmophesphate haseantisioytasivRvi ng an
effect of preventing deposition and/or adhesion of cal cium phosphate-base
scal es i coauomueritis exprémedasek and st eonteht of teseethpphaspleate daser r osi on

i nhibition method as clainmed in claim38, wherein the calciumhardness in

the wat eransi\ﬂ@msi\t@c@mp@n@ﬁeﬁagﬂwsémas B)id tatio oPBAAES i werahpe wff or mati on
process is from50 ng to 80 ng-CaCO3/L. 10. A corrosion inhibition nethod

as cl ai mﬁblhrl)/‘lbﬁitB‘QO/ZW'(We‘f%ﬂtrétﬂﬂ. initial pHat the start of the initial
protective filmformation process iI's 25 adjusted to be a range of from®6.0

brocess 15 ad; Cerba T o ANIHCH et bEIddll & Gt b B Shert ! on
vater sySRufapn KEike ShEE obdin IO ro 7RG Beldlh syl T v ©F The
7. A corrosion inhibition method as claimed in claim 5, wherein the
10 phosphate is one or more selected from a 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 the
15  calcium hardness in the water system to be processed by the initial
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.
20 9. A corrosion inhibition method as claimed in claim 8, wherein the
calcium hardness in the water system to be processed by the initial
pr{)tective film formation process is from 50 mg to 80 mg-CaCOs/L.
10. A corrosion inhibition method as claimed in claim 1, wherein

the initial pH at the start of the initial protective film formation process is

25 adjusted to be a range of from 6.0 to 6.5 and the pH at the end of the initial
21 |




of which initial pHis set to 5 or nore and less than 7 is in a range of
from 5 10 ng to 30 ng-CaC03/L. 12. A corrosion inhibition nethod as
claimed in claim1l, wherein the Malkalinity of the water system which
contains the anticorrosives and of which initial pHis set to 5 or nore
and less than 7 is in a range of from 20 ng to 30 ng-CaCO3/L. 10 13. A
corrosion inhibition nethod as clainmed in claim8, wherein said

hi gh-mol ecul ar, el ectrolyte is an el.ecttol ichis ar

Conol yreBrORREVE (HGhEMBAGeN Pratessds A vibd o bech Tarsi B BBR T a0 and a
nmononer containing sulfani¢ aci.d group. 14. A_corrosion inhibitjon nethod
as claimed in dlaprearosipaighipition medog amclabmedinalain de t¥hargie i s added
in an anmount of from 10 ngto 100 ny/L_as solid content. 15. A corrosion

i nhi bi ti te Mialkalinity of hermatensysteinnwhichwbentains thehanticorrosivepaodect i ve
filmformation process takes froml to 5 days. 16. A corrosion inhibition
met hod asfovhicheditial pids setto Sloemore and lestGhthe isnintd eAnge of fom ve film
formati on process, the water which contains the anticorrosives is in
contagt Wi(tigad 30 aip-0afe0,Metal lic nember to be treated while the water
flows. 17. A“corrosion inhibition method as clained in claim1l1l, wherein a

fil m mi nt enanqe. i 45288 ohAhiILBHANBHHIH A4 eldifHed il IIAAC Wkdkefd | M i 525

conducted by adding anticorrosives into the water system af’fte_r the initial
22 1oL X BA RS S8k R58 i CoFBE B BpbCRRgBmEE 1o,
of from Al M 5285 iﬁlt-liirs]%ef) fo 5 or more and less than 7 is in a range of from
20 mg to 30 mg-CaCOs/L.
10 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
15 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 initial protective film formation process takes from 1 to 5 days.
16. A corrosion inhibition method as claimed in claim 1, wherein, in
20 the initial protective film formation process, the water which contains the
anticorrosives 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 initial protective film is

- 25 conducted by adding anticorrosives into the water system after the initial
22




phosphoric acid, zinc salt base anticorrosives, phosphate base 5
anticorrosives, and non-phosphate base zinc salt base anticorrosives. 19. A
corrosion inhibition nethod as clainmed in claim117, wherein a part or al

of water in the systemis replaced when the initial protective film
formation process is shifted to the fil m maintenance process. 20. A
corrosion inhibition nethod as clainmed in claim17, wherein a |o

hi gh- nol ecul ar, el ectrol yte having an effect of preventing deposition and/or
adhesi onpaﬁte@au\f@ifﬁmfwa'éaﬁawr% scales is added during the film
23

mai nt enance process. L i ) ) .
18. A corrosion inhibition method as claimed in claim 17, wherein

the anticorrosives is at least one selected of from a group consisting of
phosphoric acid, zinc salt base anticorrosives, phosphate base
5 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 initial protective film
formation process is shifted to the film maintenance process.

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

10 high-molecular electrolyte having an effect of preventing deposition and/or
adhesion of calcium phosphate-base scales is added during the film

maintenance process.
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