Met hod for treating a cooling water system Field of Invention [0001]

The present invention relates to a nethod for treating a cooling water
system for formng an anticorrosive filmon the surface of a netal nenber
of the cooling water system Background of Invention [0002] [ ron
based netals used for a material of nmenbers of a recirculating cooling

wat er system such as a heat tube and piping corrode when they are kept in
contact with water. There is a method for preventing corrosion of the iron
based NetaPIntRber By RDrdi P BNt tEH iS¥6%F8si ve filmon the surface of
the ne eé% b ?dding.various corrosion inhibitors to the cooling water
syste lF 0§¥ HVeRtLion The nethod for preventing corrosion includes an
initiakobbgﬁtnent process perfornmed when the recirculating cooling water
system'starts to operate, and a nornmal treatnment process perfornmed during a

normal operati ophOf ptdgefeClheih 8l bNIr£ 09t & gt ¥akemethsheMA! teledthey a
initial treatnment process is perfornmed. [0004]
cooling water system for forming an anticorrosive film on the
surface of a metal member cf the cooling water system.
Background of Invention
[0002]

Iron based metals used for a material of members of a
recirculating cooling water system such as a heat tube and piping
corrode when they are kept in contact with water. There is a
method for preventing corrosion of the iron based metal members by
forming a thin anticorrosive film on the surface of the members by
adding various corrosion inhibkitors to the cooling water system.
[0003]

The method for preventing corrosion includes an initial
treatment process performed when the recirculating cooling water
system starts to operate, and a normal treatment process performed
during a normal operation of the recirculating cooling water
system after the initial treatment process is performed.

[0004]

An anticorrosive film 1s not usually formed on the
surface of a metal member in the beginning when the recirculating
cooling water system starts to operate, and thus the metal members
are exposed to a heavily corrosive condition. A corrosion
inhibitor is added to the recirculating cooling water system at a
relatively high concentration to form an anticorrosive film on the

surface of the iron based metail members during the initial



An anticorrosive filmis not usually formed on the surface of a netal

menber in the begi nning when the recirculating cooling water systemstarts
to operate, and thus the netal nenbers are exposed to a heavily corrosive
condition. A corrosion inhibitor is added to the recirculating cooling

wat er systemat a relatively high concentration to forman anticorrosive
filmon the surface of the iron based netal nenbers during the initial
treatnggtag£og§ssroé3995] During the normal treatnment process, a
corrosion inhibi Yof TS added to the recirculating cooling water systemat a
|OM/COT6§BBﬁati0n to maintain the anticorrosive filmforned on the surface
of the'iron based netal nenbers during the initial treatnent process.

[ 0006] _ pufshd or thBe coawment i opgbakhbhial groaid®nt Brocessrosion
perfornmed in the beginning of the operation of the recirculating cooling
wat er syatiBAtotheseadsed met kod freicifreuland nan cartliiegr egiere sidtamontt he
surface of the iron based netal nenbers by addi ng an inorgani c phosphate
and a Zpwrccoorpoundtionthe maohiagn waheranhcotimsiwe ritiulrat faownddeorcadid ng
water for a certain period of time. [0007] The anticorrosive
filmtBEustaeemedt hatha ddifil e Hagpst edededucigrbessnsisring othe fimietiml
dense base | ayer mainly conposed of iron phosphate and iron oxide, and a
fine shFFatBePhYRFOR&FN y conposed of zinc phosphate. The fine
anticoEgﬁgkie filmhaving the double-layered structure has a function of
anodi c ction and cathodic protection and thus prevents corrosion of

the iron basedzggtakogEnQ§&§ (8£§$gﬁ%£&§§F3AiniL9998]treatment process

performed in the beginning of the operation of the recirculating
cocoling water system, there 1is a method for forming an
anticorreosive film on the surface of the iron based metal members
by adding an inorganic phosphate and a zinc compound to the
cooling water, and then circulating the c¢ooling water for a
certain period of time.

[0007]

The anticorrosive film thus formed has a double-layered
structure consisting of a fine or dense base layer mainly composed
of iron phosphate and iron oxide, and a fine surface layer mainly
composed of zinc phosphate. The fine anticorrosive film having the
double—layeréd structure has a functicon cof ancdic protecticn and
cathodic protection and thus prevents corrosion of the iron based
metal members (JP2003-105573A).

[0008]

JP2003-105573A discloses in its 0037 paragraph a method
in which the initial treatment process is performed under the
conditions of a calcium hardness of 120 mg CaCOs3/L, a zinc ion

concentration of 0.13 mmol/L, a scdium hexametaphosphate



JP2003- 105573A discloses in its 0037 paragraph a method in which the
initial treatnent process is perfornmed under the conditions of a cal cium
har dness of 120 ng CaC®B/L, a zinc ion concentration of 0.13 mmol /L, a
sodi um hexamet aphosphate concentrati on expressed as a phosphorus atom
concentration of 1.58 mmol /L, and a pHof 7.0. It discloses in its 0045
paragraph another nmethod in which the initial treatnent process i's
perforned under the conditions of a calcjum hardness of 240 m CaCIB/L 8a
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zinc ion concentration of 0.13 mmol/L, a sodium hexametaphosphate
concentration expressed as a phosphorus atom concentration of 3.16
mmol/L, and a pE of 7.0.
[0009]

JP2005-290419A discloses 1in its 0004 paragraph a method
for forming an initial anticorrosive film using a phosphate and a
zinc compound.

List of Prior Art Documents
Paﬁent Documents
[0010]

Patent Document 1: JP2003-105573A

Patent Document 2: JP2005-290419A
Object and Summary of Invention
[6011]

It is an object of the present invention to provide a
method for treating a cocoling water system capable of forming an
anticorrosive film having improved anticorrosive effects during
the initial treatment process.

{0012]

B first aspect of the present invention provides a method
for treating a «cooling water system comprising an dinitial
treatment process for forming an initial anticorrosive film on the
surface of a metal member of the coocling water system by adding a

phosphate and a zinc compound to the cooling water system when the



bj ect and Summary of Invention [0011] It is an object of the
present invention to provide a nethod for treating a cooling water system
capable of formng an anticorrosive filmhaving inproved anticorrosive
effects during the initial treatnent process. [0012] A first
aspect of the present invention provides a nethod for treating a cooling
wat er system conprising an initial treatnent process for formng an initial

anticorrosive filmon the surface of a nmetal nenb of .the.coolin wat%r
Syst enfByL SBG 5 U pHBEDIER € SXAUCE FihcOBBRBbENRd tH:T héPebbfind VEHERE

fyggfggﬁggg?%23§5000'5g9%$$gg&n§¥§g§r§3%%&&%?%g operate. The ir";éeﬁndaggfy

<3
has ry rni trea process and a secon

. . t . l . . . . | , 3 H
por f of TBALTar 5 r3 Be Robre URdor TRE Bondrt font of 4 foca Erssphe *®

concent £ a9 o@fhed0 £ 120180 ROWburf ghbBercameenidatitonmd d€ ko 3R NU
Zn/ L, a calciumhardness of 25 to 75 ng CaCO3/L, and a pH of 6.0 or higher

and | opeesphane 7cdncder secandaf y7d Rid 11210 WwgeFOPEN] ProTes Scorscqrardarined
under the condition of a pHof 7.0 to 7.5. [0013] According to a
secondofispecto 3Genprimély d nidliclunt heatdmests Pfoééssoi 5pwaf 6aded If,oramsl t o
24 hours in the first aspect.

a pH of 6.0 or higher and lower than 7.0. The secondary initial

treatment process 1s performed under the condition of a pE of 7.0

to 7.5.

[0013]

According to a second aspect, the primary initial
treatment process is performed for 5 to 24 hours in the first
aspect.

[0014]

According to a third aspect, the calcium hardness 1is
maintained at 40 to 60 mg CaC0s3/L during the primary initial
treatment process in the first or second aspect.

Advantageous Effects of the Invention
[0015]

An anticorrosive film having 1mproved anticorrosive
effects is formed according to the present invention. The
mechanism thereof is not fully clear but surmised as feollows: |
[0016]

During the initial treatment process in the method for
treating a cooling water system of the present invention, iron
ions are dissolved in the cooling water system from iron based
metal members thereof by anodic corrosion reaction, and the iron

ions react with phosphate ions 1in the water to form iron
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[ 0014] According to a third aspect, the cal ciumhardness is

mai ntai ned at 40 to 60 ng CaCO3/L during the primary initial treatnent

process in the first or second aspect. Advantageous Effects of the

| nvention [0015] An anticorrosive film having inproved

anticorrosive effects is formed according to the present invention. The

mechani smthereof is not fully clear but surm sed as follows: [0016]

During the initial treatnent ,process.in,the nethod for treating a,coqling
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ions to form'zinc hydroxide. Under the conditions of the primdary initial

tr eat TepL s BROCESSrddedde et thefhdde Prieseird Santitntlibe, i k88 iron
phosphate and the zi nc hydroxide are produced efficiently, and thus a dense

ant i coprospiecd i lamdi nviod vizagcet heyatoxfds mede Aftetuddie pffbatyniiyti ahd
treatment process, the secondary initial treatnment process is perfornmed at
a pH ofthi7s Oat glesk. dAdiriaey rolse veecoindar ynveitirad themt fentfopmedess Aftakci um
ions in the water react with the phosphate ions to form cal ci um phosphate,

t her ebyhan BEdIdF0dnalniffiah | $regtRedtonPERESaRt | cor? osTTIaTH add1ithRas t he

anticorrosive filmis totall trengt hened. Bri_ef scripti on of ,Drawi ngs
[0017]treatment process is p¥r§orme at a pH of T.Beto %95. During %heg

secondary initial treatment process, calcium ions 1in the water
react with the phosphate ions to form calcium phosphate, thereby
an additional film is formed on the anticorrosive film and thus
the anticorrosive film is totally strengthened.
Brief Description of Drawings
[0017]

Fig.l is a graph showing results of experiments.

Fig.2 is a schematic figure showing experiment process.

Fig.3 is a graph showing results of experiments.

Fig.4 1s a diagram of a cooling water system used in
Example and Comparative Example.

Detailed Description

[0018]

The present invention is described in more detail
herebelow.
[0019]

In the present invention, the primary initial treatment
process 1s performed for 5 to 36 hours under the conditions of a
total phosphate concentration of 70 to 120 mg PO./L, a zinc

concentration of 10 to 30 mg Zn/L, a calcium hardness of 25 to 75



Fig.1 is a graph showng results of experinents. Fig.2 is a schematic
figure show ng experinment process. Fig.3 is a graph show ng results of
experinments. Fig.4 is a diagramof a cooling water systemused in
Exanpl e and Conparati ve Exanple. Detail ed Description [0018] The
present invention is described in nore detail herebel ow. [0019]

In the present invention, the primary initial treatnent process is

f d.f to 36 h t he . diti f t al h
Concerts bt am/dr 75 & T30 oy kAL TS ie Lo dSNEr iR drCto=rs S6%Hy
Znl L, @h&a's%agm;ggg,d%g%ig& dQmfe - GaGB/ L andea pELOL 6.0 95 Righer
and | ower than .U an then the secon ary initiral treat nent process 1 s
perforoeg at # PHQErdoP 1k Tap: Wer Y ddher jant 11GOrdR%iee il Rel Sukeked on

the surface of the netal nmenbers of the cooling water system
of the metal members of the cooling water system.
[00620]

The metal member is preferably iron based metal member,
more preferably carbon steel member. The cocling water system is
preferably an open recirculating cooling water system.

[6021]

In the cooling water system to be applied with the method
of the present invention, the recirculating water preferably has a
calcium hardness of 25 to 75 mg CaCOsz/L, more preferably 40 to &0
mg CaCO3/L. When the calcium hardness is lower than 25 mg CaCOs;/L,
it dis difficult to form the sufficient anticorrosive film
consisting of the phosphorus compound and the calcium compound
formed by the action of phosphate and calcium. When the calcium
hardness is higher than 75mg CaC0;/i, deposition and adhesion of
scales composed of phosphorus compound and calcium compound may be
formed. When the calcium hardness of the cooling water system to
be treated is outside the above range, the calcium hardness is
preferably adjusted by adding a calcium hardness component such as
calcium nitrate and calcium chloride to the cooling water system
or by removing the calcium hardness component from the cooling
water system.

[0022]

A phosphate-based corrosion inhibitor such as a phosphate

and/or its salt is added to the cooling water system in such a

manner that the total phosphate concentration of the cocling water



[ 0020] The netal nenber is preferably iron based netal nenber,
nore preferably carbon steel nenber. The cooling water systemis preferably
an open recirculating cooling water system [0021] In the cooling
wat er systemto be applied with the nmethod of the present invention, the
recirculating water preferably has a cal cium hardness of 25 to 75 ny
Ca003/L, nore preferably 40 to 60 ng CaCO3/L. Wien the cal cium hardness is
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conposedneknpbasPhR' lasft%(i”%ﬂhq:ﬂﬁfj 68l einem cormouih mexnbei £oF med. Mhen
t he cal ci um hardness of the cooling water systemto be treated is outside

t he abewanr ange, mghe pog/x; umhar dnessifsipief eradl yradp ustiesd byuathdi irgita
cal ci um hardness conponent such as calciumnitrate and calciumchloride to
t he coehithngowateiveystehmor byWhemoviing thecsphatiem demckessa ciorponeiiter r om
the cooling water system [0022] A phosphat e- based corrosion
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concerns about the environnment. \Wen the phosphate concentration becones

| oner thanithe aboygefangsl Huedd«r consdgild N tofe th@gant i corrosive
conponents during the initial treatment process, a phosphate or the like is

preferabbg3added to satisfy the range. [0023] Exanpl es of the
phosphat e- based corrosion inhibitor include phosphate and/or its salt,

speci fical |y sokamnifosphht ethpot adsiamhadisossivede, HEodiam hymfo?d@ri:
phosphat e, di potassi um hydr ogen phosphate sodluntdlhyd en phosphate and
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dihydrogen phosphate, polymer phosphate such as pyrophosphate,
tripolyphosphate and hexametaphosphate, alkali metal pyrophosphate
such as potassium pyrophosphate and sodium pyrophosphate, and
dihydrogen pyrophosphate such as sodium dihydrogen pyrophosphate.
These may be used alone or in combination of two or more.
[0024]
Examples of the zinc compound include zinc chloride and
zinc sulfate. BAn additive amount of the zinc compound is 10 to 30
mg Zn/L, preferably 15 to 25 mg Zn/L. In the present invention,
the phosphate-based or zinc-based corrosion inhibitor is added to

the cooling water system and the initial pH is adjusted to 6.0 or

higher and lower than 7.0, preferably 6.0 to 6.5. When the initial



[ 0024] Exanpl es of the zinc conpound include zinc chloride and
zinc sulfate. An additive anmount of the zinc conpound is 10 to 30 ng Zn/L,
preferably 15 to 25 ng Zn/L. In the present invention, the phosphate-based
or zinc-based corrosion inhibitor is added to the cooling water system and
the initial pHis adjusted to 6.0 or higher and lower than 7.0, preferably
6.0 to 6.5. Wien the initial pHis 7 or higher, the amount of iron

di ssolved fromthe jron bas net al nber decreases,. t hereby the anpunt of
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be treated and other netal materials existing in the cooling water system
It is prefiaiablechhatskble ididl atembtts BdLUsESd iPYuEEdcAEn8N aGiHE NS UGke as
hydr ochl onic acid or sulfuric acid, but the nmethod for adjusting the
initiainiHieg noi liism ledet hatetno. 6] 0028 corrosivityn Hdwmeisesebtonger,
invention, Malkalinity of the cooling water systemafter the corrosion

i nhi bi tberebyadddd iagd adneemist izdoyiH i emprijarst evregrdés Hirorhi ghecoanusiawer
than 7 is preferable to be 10 ng CaCO3 or higher and |ower than 20 ng
CaCOB. SfoGde] metals to brheigatgcaland eatthtNprdt o83t e Biaktat¥is eigrduit ed
at an ordinary tenperature. Wien a hot area arjses under a certain ,
condi t *8f FPSﬁlQQa &L RHERSEhe %?o%%sgr?g?rT?ﬁ?ﬁFﬁﬁ?rﬁ@?rﬁ?%%ﬂal PH 1s
anticorrosive filmis. .perforned. while, operat.i heat exchanger .
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phosphaterbased scales fornmed fromthe corrosion inhibitor and cal ci um
conponents in the cooling water systemon the surface of the netal nenbers.
Any pol{gebec¢trol yte can be used as long as it has effects in preventing
deposition and/or adhesi on of the above-described scal es. The

pol yel ectrol yt eImayhige preyent doventdsed pbl yikelpnddwceaf byhe cooling
copol yrmeri zi ng nononers of (neth)acrylic acid or its salt and nononers
cont ai WrkETa §HF?%Tﬁat%ffgerrou&heThé%EééﬂPPc Bxhpllerr ofls hedgePy epedt ridigt e

i ncl ude a, copol yner, of (meth)acrylic acid or, its salt and )
3- hydr oRyE233 I%‘I{oxjf pPEREREEH f bRi ® ad™, Pd986p0l $RRr S Tethplcr Y1 il

acid or i L Soprene oni c.acid_and/.or hydr et hyl
et haoPy PaeEsBab E0The B0 B0l Gt Pyt b2 =5 8 a0hel¥s: PR AT 5% 1o
300 ng@bozgﬁeferably 10 to 100 ng/L as a solid content if necessary

according to the conditions of the cooling water systemto be treated.
The initial treatment process is usually conducted at an

ordinary temperature, When a hot area arises under a certain
condition (for example, when the process for forming the initial
anticorrosive film is performed while operating a heat exchanger),
a polyelectrolyte having effects in preventing deposition and/or
adhesion of calcium phosphate-based scales may be added if
necessary 1in order to reduce adverse influences of excessive
deposition and/or adhesion of the calcium phosphate-based scales
formed from the corrosion inhibitor and calcium components in the
cooling water system on the surface of the metal members. Any

polyelectrolyte c¢can be wused as long as it has effects 1in



[ 0027] The primary initial treatnment process for formng the
initial anticorrosive filmis perforned for 5 to 36 hours, preferably 5 to
24 hours. [0028] In the present invention, after the primary
initial treatnent process is conpleted, the pHis adjusted to 7.0 to 7.5,
and the initial treatnent process (secondary initial treatnent process) is
further conducted. During the secondary initial treatnent process, a
calciunlghosggate-ggsgdi kég1ignf?r£he£dfgéngg of thghinit%g%eggticorrqfive
film €K Fgﬁy tHe antresrrosive ? P i S°FUrther s%reng?he%ed. [ ?ﬁﬁﬁ19%1

or der hngreas h : 7. ap al 74 d al kal i i
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acconpli shed by adjusting the Malkalinity to 20 ng CaC33/L or higher and

| oner tsham 48ndgnCaeBhils. containing a sulfonate group. The specific
examples of the polyelectrolyte include a copolymer of
(meth)acrylic acid or its salt and 3-hydroxy-2-allyloxy
propanesulfonic acid, a copolymer of {(meth)acrylic acid or its
salt and isoprenesulfonic acid and/or hydroxyethyl methacrylate,
etc. The polyelectrolyte may be added at an amount of 50 to 300
mg/L, preferably 10 to 100 mg/L as a solid content if necessary
according to the conditions o©of the cooling water system to be
treated.
[0027]

The primary 1initial treatment process for forming the
initial anticorrosive film is performed for 5 +to 36 hours,
preferably 5 to 24 hours.

[0028]

In the present invention, after the primary initial
treatment process is completed, the pH is adjusted to 7.0 to 7.5,
and the 1nitial treatment process (secondary initial treatment
process}) is further conducted. During the secondary initial
treatment process, a calcium phosphate-based £ilm is further
formed on the initial anticorrosive film, thereby the

anticorrosive film is further strengthened.

[0029]

In order to increase the pH to 7.0 to 7.5, an alkali is
added. The alkali 1is preferably sodium carbonate or scdium
bicarbonate for preventing a sudden increase in the pH. The



[ 0030]

The total performng tinme of the initial treatnment process

including the primary initial treatnment process and the secondary initial

t r eat nent
hours. [00

process is preferably 70 to 150 hours, nore preferably 70 to 100
31] After the initial treatnment process is conpleted,

t he concentration | evel of the cooling water systemis increased gradually

to bring t
In the gne
corr osPoAY

|n|t|al
C‘orrparatﬁ[1

he cool i ng water systen1into the normal operation. [0032]
) Ilne nhi bj tor scal e inhibitor
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[ 0034

Exanpl es.
[003

proc
seco
more

{003

conc

|@Odﬁ%a&gcgg;ﬂ1 reference to Experinents, Exanples and Conparative
0]

The total performing time of the 1initial treatment
ess including the primary initial treatment process and the
ndary initial treatment process is preferably 70 to 150 hours,

preferably 70 to 100 hours.
1]
After the initial treatment process 1is completed, the

entration level of the cooling water system 1s increased

gradually to bring the cooling water system into the normal

operation.

[003

2]

In the present invention, a slime inhibitor, a scale

inhibitor or other corrosion inhibitors may be added te the

cool

foll

ing water system during the initial treatment process and the

owlng processes.

Examples and Comparative Examples

{003

refe

(003

3]
The present invention will be described in detail with
rence to Experiments, Examples and Comparative Examples.

4]

[Experiment 1]

Experiment was conducted regarding influence of

performing time in the primary initial treatment process.

[0035]

RO water (reverse osmosis water) of which the calcium

10



[ Experinment 1] Experi nmentwasconduct edr egardi ngi nfl uenceof performng tine
inthe primary initial treatnent process. [0035] RO water (reverse 0osnosis
wat er) of which the calcium hardness was 0 ng CaCO3/L was fed into a 1L
beaker, and then the cal ci um hardness was adjusted to 50 ng Ca003/L by
adding Ca(N®3)2, the Malkalinity was adjusted to 50 ng CaCO3/L by addi ng
NaHCO3, the total phosphate concentration was adjusted to 100 ng PO4/L by

ddi h t aph dth d
S0 o pArEnEgs L TAan T SR LRIEUT: (B A4S TS, SO TR BEARG " 2R B RS (°
b | I h

Y & oo LS A xab R Okas adiusted £87 BEIRDICHARIET LGOI AN [‘%ao%O%ozﬁH o
and SUpngens oy sy each %ﬁé Séams%d at50¢ocq&500@@@b3% Hpl a%@ﬁ%; siiggtoand

havi ng a dianeter of I0mm and a | ength of were imersed in the water
i n thetheakeraangHenbeakeobnbastphaced lwlasa a@a@ﬁh%ﬂ:éﬂt Hoe ey afdr eobat hyof
30C as shown in Fig.2, and then the water in the beaker was stirred by a
stirreaddifg3docdium hexamdtwplprspreate i nehidaltie eatmentcoprecesstwas was
performed for 1, 2, 3, 4, 5, 24, 48 or 72 hours. After that, the pH was
adj ust editiet#d0teo2q. mg byn dddbin v iger irard deol ubfomr Tt sttilre ipdy of
the water in the beaker by the stirrer was continued further for 3 days,
and t h&ast REIPAEEHafot ¢ ehthrerntibtes Skt conpl et ed.

[0036]

Iron senscors {each consisting of an iron rod composed of
55400 and having a diameter of 10mm and a length of 30mm) and SUS
sensors (each consisting of a rod composed of stainless steel and
having a diameter of 10mm and a length of 30mm) were immersed in
the water in the beaker and the beaker was placed in & constant-
temperature bath of 30°C as shown in Fig.2, and then the water in
the beaker was stirred by a stirrer.

[0037]

The primary initial treatment process was performed for
i, 2, 3, 4, 5, 24, 48 or 72 hours. After that, the pH was adjusted
to 7.0 to 7.1 by adding sodium carbonate solution. The stirring of
the water in the beaker by the stirrer was continued further for 3
days, and then the initial treatment process was completed.

[0038]

In order to examine the corrosion resistance of the iron
sensors (iron rods) each treated.by the above initial treatment
process, the water in the beaker was replaced with tap water
supplied at Nogi town, and the stirring of the water in the beaker
was continued for another 3 days. Then on the third day, the

corrosion rate of each iron sensor was measured by a corrosion
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[ 0038] In order to exam ne the corrosion resistance of the iron
sensors (iron rods) each treated by the above initial treatnent process,
the water in the beaker was replaced with tap water supplied at Nogi town,
and the stirring of the water in the beaker was continued for another 3
days. Then on the third day, the corrosion rate of each iron sensor was
neasured by a corrosion neter (K600, manufactured by Toho G ken Ltd.).

[ 0039] The results of _.the neasuyrene are shown in Fig.3. Fig.3
shows PREETt HECRGr rBE oA EtRe ﬁ@%?b%@éﬁnrg%grkably by naintgin theng

at 6.0[6§59 to 36 hours, specifically 5 to 24 hours during the primary
initial "tréatnent process. [0040] [Experinment 2] Experinent 2 was

conducted in thg Sank BN aSd N £aS88rddh MU & 206, PH yas; Jed nt gisned at
e

6.0 for 5 hours in Experinent 1 except that the cal cl umhardness of

wat er LRof8etheakehe Vasr sk LSk eht® Was 28ecAfas &P, reffa 19fatiGp vip rzaiGe3, ik

The results of the nmeasurenent of the corrosion rate are shown in Fig.l.
[0041] the pH at 6.0 for 5 to 36 hours, specifically 5 to 24 hours during

the primsry initial treatmeﬁt process.
[0040]
[Experiment 2]

Experiment 2 was conducted in the same manner as the case
in which the pH was maintained at 6.0 for 5 hours in Experiment 1
except that the calcium hardness of the water in the beaker was
adjusted to 0, 25, 40, 60, 75 or 100 mg CaCO3;/L. The results of
the measurement of the corrosion rate are shown in Fig.l,_

[0041]

Fig.l shows that the corrosion rate was decreased when
the calcium hardness was 1in the range of 25 to 75 mg CaCoO,,
especially 40 to 60 mg CaCO3;/L.

[0042]

[Example 1]

An experiment was conducted in an open recirculating
cooling water system having a circulating water flow rate of 15000
m’/hr as shown in Fig.4. The c¢ooling water had the calcium
hardness of 50 mg CaCCs;/L and the M alkalinity of 50 mg CaCO03/L.
{0043]

Sodium hexametaphosphate and zinc sulfate were added to
the cooling water system in order to adjust the total phosphate
concentration to 100 mg PO,/L and the zinc concentration to 20 mg

7Zn/%L, and the pH was adjusted to 6.5 by sulfuric acid. The pH was
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Fig.1 shows that the corrosion rate was decreased when the cal ci um hardness
was in the range of 25 to 75 ng CaCCB3, especially 40 to 60 ng CaCCB/ L.
[0042] [ Exanple 1] An experinment was conducted in an open
recirculating cooling water system having a circulating water flow rate of
15000 nB/ hr as shown in Fig.4.The cooling water had the cal ci um hardness of
50 ng CaCO3/L and the Malkalinity of 50 ngy CaCO3/L. [0043]

Sodi t.aph h .and._ zi | f at dded t i t

Sod m hesaieseposplil e, . 21 1o sl (o1 were pdded. Lo 1 hE cooling vaLer |
dth i tr.afi t ; . | 5b

and, UGG coneent il 100 Lo 0,0 Z8Lly and.dhe BHLMRS UShat A 6.2 b

and |owge ban 7. Qrby-sulddri cepel dof oraog_u@%réatafwr GG aking RIP
started " to operate. After that, the pH adjustnent by sulfuric acid was

st oppedroppen. af teen28£hedr sohadul-apsed, 1kieepll ither gasethd@abel Rt Ural ly.
A carbon steel tube (STB340) was provided beside a cooling tower as a
noni t onahaabl éxcharigecaribon esaleeadt | tubavag SCBAAOCt et byplretiderd beeadef l:ow
inside the tube and letting the circulating cooling water flow outside the
tube (aoshéhy diak®r FThe xi movlapkndiasdol enghanger. f | cvedeaslaavébnciwas of
0.1m's at the shell-side. The heat exchange was caused by steam heating, in
whi ch gopdipgsegdchpt Hetiteifser ateate 6£°Thd "Ed6ls g Svat@pe wasdi AGitédsed Fiom
30C at the inlet of the tube to 35C at the.,qutlet of the tube). The jnitial
Cr oat nENE P BECRS RS IGBRINELET WhITE RUFRLAPNIS (i abd0e s 1361 1 or
3 daySTh OQﬁékulating cooling water flowed at a velocity of 0.1im/s at
the shell-side. The heat exchange was caused by steam heating, in
which At was 5% (the temperature of the cooling water was
increased from 30°C at the inlet of the tube to 35C at the outlet
of the tube). The initial treatment process was conducted while
maintaining the above conditions for 3 days.
[Q044]

After that, a keeping process was conducted for about 1
month, in which the cooling water system was kept at conditions of
the pH of 8.5 to 9.0, the calcium hardness of 150 to 250 mg CaCOs3/L
and the M alkalinity of 150 to 250 mg CaCOs;/L, and added with
hydroxy ethylidene diphosphate, zinc chloride, and acrylic
acid/allyloxy hydroxy propanesulfonic acid copolymer (AA/HAPS} in
order to adjust the total phosphate concentration to 3 to 7 mg
PO./L, the zinc concentration to 1 to 3 mg Zn/L, and the solid
content to 5 to 15 mg solid/L, respectively. After that, the
carbon steel tube was detached from the monitor heat exchanger
unit, and then the depth of the pitting corrosion thereon was

measured. The result therecof was that the maximum depth of the

pitting corrosion was 0.4mm.
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After that, a keeping process was conducted for about 1 nmonth, in which the
cooling water systemwas kept at conditions of the pHof 8.5 to 9.0, the
cal cium hardness of 150 to 250 ng CaCO3/L and the Malkalinity of 150 to
250 ng CaCO3/L, and added with hydroxy ethylidene di phosphate, zinc
chloride, and acrylic acid/allyloxy hydroxy propanesul fonic acid copol yner
(AA/HAPS) in order to adjust the total phosphate concentration to 3 to 7 ny
PO4/ L, t%g %inc concentration to 1 to 3 ng Zn/L, and the solid content to 5
to 15 &8 élid/L, respectively. After that, the carbon steel tube was

detached fromth DI heat exchanger unit, and then the depth of the
pittingggg ggg%&ﬁeyﬁééég%emg nmeasured. The result thereof was that the

maxi mum depth ofd hee@éfﬂn{&tcprda%si QRS Qa4 £AQ45LhOOMRAL AL Ve s
Exanpl e 1] he experinment was conducted in the sane manner as

Exanpl eximpreent ekkabtt RpapH WS adjuss etihsted @ 41 degimwi gy oindhe
process, but was not adjusted during the follow ng processes. As a result,

t he pHoifncrdaseprbaecdsb i but0 whaut astaf héfushedci deviagi ngheunPoktaried to
operate. The pH after 3 days was 7.5. The corrosion rate was neasured in

t he sapeomenBes.as Bxaaplestitandheheriainpuapdegt Hoof 7 theipi thli nginutes
corrosion was 0.6mm which was 1.5 tines deeper than that of Exanple 1.

[ 0046] after the cTheuhakipgnPdeptH-Dftehde piaranifecor FBSi B df tEkatpiaysl

was about 67% of that of Copparative Exanple 1 nd thus the effect of
or eventPig coir osiRf GPTESRhOR o2 3t fayesnirruredniy FRai cares TaRger as

according_t th@ present. i nvention, the.durati o%.#'{ of heat
exchangggmggﬁ b iﬁ&éegﬁEa:mﬁﬁbﬂ9Tl &eﬁ%h ?ﬁ_&ﬁg%o b_£ ﬁ% 6%%E§ﬁ3%ﬁn95% ion
has begn sARsCihber L Pl 8l Lihas bl SRIELT IhATRAdIIRALS e Lhe person
skilled'in fhe art will understand that various nodifications are possible
mﬁthin[beG?pirit and the scope of the present invention. The
present application is based on a Japanese patent application filed in the
Japanese Pat entTk f ngeimim Mdephh2@f 2HO (ilaphngsecPatvehonApl iFcainpdre NO.
2010-071677), the entire contents of which are incorporated herein by
ref eremee. about 67% of that of Comparative Example 1, and thus the
effect of preventing corrosion of Example 1 was enhanced. This
indicates that according to the present invention, the duration of
life of the heat exchanger can be increased.
[0047]

Although the present invention has been described in
detail based on specific embodiments, the person skilled in the
art will understand that various modifications are possible within
the spirit and the scope of the present invention.

The present application 1is based on a Japanese patent
application filed in the Japanese Patent Office on March 26, 2010
(Japanese Patent Application No. 2010-071677), the entire contents

of which are incorporated herein by reference.
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Claims 1. A method for treating a cooling water system conprising an
initial treatnent process for formng an initial anticorrosive filmon the
surface of a nmetal nenber of the cooling water system by addi ng a phosphate
and a zinc conpound to the cooling water system when the cooling water

system starts to operate, wherein said initial treatnent process
conprises a primary initial treatnent process and a secondary initial
treat ment  process, the primary initial treatnent process is

perfor d@if8r 5 to 36 hours under the conditions of a total phosphate
ZoiL. & cal of unt hAPBNGSs TOF 35 T T ) CACLBID. VARG e B GH ST HrGher
S per For e R der o AT OSE S R a1 1o 76 AL R,
treati pg1a &QOItHAY NBLRLES B eMAGGN Hidihd0 & AN looc i Pivhidie PFdvmY
initial treatnent process is perfornmed for 5 to 24 hours. 3. The t hod
for tregtidsdihecos! bhgspakee syst e aceer digpduddc| @b Mmheorcodl iwereited he
cal cium hardness is maintained at 40 to 60 ng CaCO3/L during the primary
initi abysteat meah phecessling water system starts to operate,
wherein said initial treatment process comprises a
primary initial treatment process and a secondary initial
treatment process,
the primary initial treatment process is performed for 5
to 36 hours under the conditions of a total ©phosphate
concentration of 70 to 120 mg P0./L, a zinc concentration of 10 to
30 mg Zn/L, a calcium hardness of 25 to 75 mg CaC0;3/L, and a pH of
_6.0 or higher and lowexr than 7.0, and
the secondary initial treatment process is performed
under the condition of a pH of 7.0 to 7.5.
2. The Method for treating a ccoling water system according
to c¢laim 1, wherein the primary initial treatment process is
performed for 5 to 24 hours.
3. The Method for treating a cooling water system according

to claim 1 or 2, wherein the calcium hardness is maintained at 40

to 60 mg CaCO;/L during the primary initial treatment process.
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