METHOD OF PREVENTI NG METAL CORROSI ON | N COOLI NG WATER SYSTEM Fi el d of

I nvention [0001] The present invention relates to a nethod of
preventing corrosion of a nmetal menber in a cooling water systemin which
phosphorus cannot be used because of environnmental regulations or the like
and zinc is used as a corrosion-preventing conponent in the case where
water treatnment is perfornmed in the cooling water system Background of

| nvention [ 0002] Metal corrosion in cooling water systens can cause
serious econom c problens, such as a decrease in production efficiency and
energency shutdown of plants. Accordingly, various nmethods have been

pr oposedvt Py ®n eyeNdrEPF OB © NMoF A Met@k S0 101 0D | OGOMBY @I WAYSE EPBSTHS a

met hod of preventing nmetal corrosion, high-concentration addition of
phosphorus and zinc is generally perforned. However, with the recent
tightening of environnmental regulations, there has been an increase in the
nunber oficasest whevrentphasphorus cannot be used in cooling water systens.
As count erneasures against this, various non-phosphorus, non-zinc

treat ment s anddidn- phosphorus, zinc treatnents have been perforned.
However, the corrosion- preventing effects of these treatnents are

i nsuf fici ent Wonparestenvii tinyhosiphorasst et Zine treddtaretls duevehingases.

[ 0003] Regardi ng the copolymers used in the present invention, the
fol | owi ngoreporer have heen. magebawalh abl oo Hov@vertehones oMt hem i s
related to the use of copolynmers in cooling water systens in which a

non- phosphbelusphospeorieatmanet i ke pefedripeauseoph) enviromaeerd ! Literat ure
1 describes a nethod of preventing netal corrosion using a copolynmer of a
car boxy| Fg7 bt toRE aPhi HYS nohbrrer TAnEL RS stif v gf Dup- ¢ %T’h‘?%@ nonomer, a
copolynmer of maleic acid and an al kene, and an azol e conpound in
conbinat?B%V?%tép%o%?Wﬁﬁnﬁ%fe+ns€%?eﬂ?$% 7 th %@E%ﬁ-%ﬂ%gg%%?ﬁs}snon-zinc

t reat ment ig gerforned% Fbme¥e£ ‘EatggtsLéégéature 1 does not specifically
descri bePThe"EASE Whek e a°9P Mt ofpotnd® Y2 Thed t oget her with copol ymers.

[ 0005] 3 ck&?&&ﬁ &%tfﬁ@égﬁfgnz and 3 describe the corrosion-preventing
effects of 4 copolymer, such as a terpolyner of acrylic acid/ acrylam de

nethylpropaneﬁﬁﬁgz%nic aci d/i sobutylene, or silica scale-inhibiting effects
in a cooling water systemin which a non-phosphorus, non-zinc treatnent is

performed. Hayever,chateModiheraldiresy dand SEoanl 8 alfido a

conbi nation of polynmers and a zinc conpound bei ng used together.
serious economic problems, such as a decrease in production
efficiency and emergency shutdown cf plants. Accordingly,
various methods have been proposed to prevent corrosion of
metals in cooling water systems. As a method of preventing
metal corrosion, high-concentration addition of phosphorus
and zinc is generally performed.

However, with the recent tightening of environmental
regulations, there has been an increase in the number of
cases where phosphorus cannot be used in cooling water
systems. As countermeasures against this, various non-

phosphorus, non-zinc treatments and non-phosphorus, zinc

treatments have been performed. However, the corrosion-



[Patent Literature] [Patent Literature 1] W?2005/123981 [ Pat ent

Literature 2] Japanese Patent Publication 7- 268666 A [ Pat ent
Literature 3] Japanese Patent 3055815 (bject and Summary of I|nvention
[ 0006] It is an object of the present invention to provide a nmethod

of preventing nmetal corrosion in a cooling water system which is a nethod
of effectively inhibiting corrosion of a netal nenber in a cooling water
systemin which a non-phosphorus, zinc treatnment is perforned. [0007]

The present inventors have perfornmed thorough studies in order to solve the
probl em descri bed above, and have found that, by using two types of

copol ymgysvhamiingy & rsRetisf o frureld andlatglcoup exddl Rintdu®F i irettal
corrosion-preventing effect and a zinc conpound in conbination, the
corrosi eump=aventiing eftfceghdrsismarkedind nMreevedntenpar ety tdasthe case
where a treatnent is perfornmed using any one of the conponents al one.

[ 0008] [Thé3present invention has been achi eved on the basis of the
finding described above. A nmethod of preventing netal corrosion in a
cool i ng wat eRegystiengatber dbpglynetrheupedsent thavenesent( chaentipn, which is
a nmethod of preventing corrosion of a nmetal nenber in a cooling water

syst em ithewdicdh cay imgn gsirespivoruye Hiase magkst et lia Liger f dlovederi,ncl udes
causing the foll owi ng conponents (A), (B), and (C) to be present in the
wat er systemot (tRem icogsilyphed do déryluse &di ¢oaed vaedifl fisnecoling

gr oup- cont ai ni ng nononer (hereinafter described as the "copolyner (A"),
(B) a copdiymsydenfaliel @hdEhd Sam@Ti $ERFRIENS  ( FémEi raerdimegdsdisi bed as
the "copolynmer (B)"), and (C) a zinc conpound. [0009] In the method
of prevelETRFFEt-al corrosion in a cooling water system of the present

i nvention, aiﬁ rging to Caim1, the sulfone group-containing nonomer of

t he copol yne ?R ]nay be 2-acryl am de- 2- net hyl propanesul foni ¢ acid and/ or

3-al 'yl oxy-2ghydpoxypropapesdl fonic a¢idy 4 nethod of preventing
metal corrosion using a copolymer of a carboxyl group-
containing moncomer and a sulfone group~-containing monomer, a
copolymer of maleic acid and an alkene, and an azole
compound in combination in & cooling water system in which a
non-phospherus, non-zinc treatment is performed. However,
Patent Literature 1 dces not specifically describe the case
where a zinc compound is used together with copolymers.

[0005]

Patent Literatures 2 and 3 describe the corrosion-
preventing effects of a copolymer, such as a terpolymer of
acrylic acid/acrylamide methylpropanesulfonic
acid/isobutylene, or silica scale-inhibiting effects in a
ccoling water system in which a non-phosphorus, non-zinc
treatment is performed. However, Patent Literatures 2 and 3

do not relate to a combination of polymers and a zinc



[ 0010] In the nmethod of preventing netal corrosion in a cooling water
system of the present invention, according to Claiml or 2, the nolecular
wei ght of the copolyner (A may be 500 to 50,000, and the nolar ratio of
acrylic acid to the sul fone group-containing nononer nmay be 7:3 to 9: 1.

[ 0011] In the nethod of preventing netal corrosion in a cooling water
system of the present invention, according to any one of Clains 1 to 3, the
nol ecul ar wei ght of the copolynmer (B) may be 10,000 to 50, 000, and the
nolar ratio of maleic acid to isobutylene may be 5:5 to 8:2. [0012] In
t he met hod of preventing nmetal corrosion in a cooling water system of the

present ddwenlridhe @GCHHNG dgtdwr one of Cains 1 to 4, the zinc conpound
may be zinc chloride and/or zinc sulfate. [0013] In the nmethod of

preventi ng pEialt qardeasitarrd]n a cool ing water system of the present

i nvention, according to any one of Clains 1 to 5, the copolyner (A) and the
copol yner (B) Pamynheladdedtiumet Aé amoanDS@fL253%8d@ 50 ny-solid content/L in
total relative to the bl ow water anmount of the water system [0014] In
t he nmet hod ofl Fptewéntiingrattuak E0rr dsicencisp &ateoki Agbwatekisyst’em of t he
present invention, according to any one of Clains 1 to 6, the zinc conpound
may be atfdedbd bt he anount of 0.5 ng/L or nore relative to the bl ow water
amount of the water system [0015] In the nethod of preventing netal

corrosi on i nl&atessl Lagewataresydt ededpnere présant 3PAvERLI on, according to
any one of Clains 1 to 7, the calcium hardness of the water system may be

100 to FHOOThrchEmmaraf tHeefdnc8ht rati on of corrosive ions (total of

t he concentration_of chloride ions and the concentration of sulfate ions)
may be 2, 000 [Qﬁpﬁ}or | ess. Advant ageous Effects of Invention [0016]

It is an cbiect of the present invention to provide a
method of preventing metal corrosion in a cooling water
system, which is a method of effectively inhibiting
corrosion of a metal member in a cooling water system in
which a non-phosphorus, zinc treatment is performed.

[0007]

The present inventors have performed thorough studies
in order to solve the problem described above, and have
found that, by using two types of copolymers having a
specific functional group exhibiting a metal corrosion-
preventing effect and a zinc compound in combination, the
corrosion-preventing effect is markedly improved compared
with the case where a treatment is performed using any one
of the components alone.

[0008]

The present invention has been achieved on the basis of

the finding described above. A method of preventing metal



According to the present invention, by using the copolyner (A), the
copolyner (B), and the zinc conpound in conbination, corrosion of a netal
menber in a cooling water systemin which a non-phosphorus, zinc treatnent
is perforned can be effectively inhibited. That is, according to the
present invention, while the anode reaction of a corroding portion is

i nhi bited by carboxyl groups contained in the copolyner (A) and the
copolymer (B), the cathode reaction is inhibited by the zinc conpound, and
furthernore, the zinc conpound can be maintained in water by the action of
sul fone groups of the copolynmer (B), thus providing a very good effect of
syner gi Zidyr 0rdroSiron- pievamtd g tefdf egister] GRLHrding ton thaf tdrewear, by

usi ng predeterm ned anmounts of the copolynmer (A an(? t he copol yner (B) and
by mai ntigivmg drhe caeneentr,atindrehofi & he e < apautrd dnt ittfie wat er system
at a required concentration, it is possible to fully enhance the

COr r osi @oyreaient idfg seffegctl menithe non-gphasphorusiataime tsteat ment even in a
wat er system havi ng hi gh hardness under highly saline conditions.
Consequenitiah & hermprodsenthdmeentdion rregatzestan sepenfomment,al | oad
reduction treatment with an enhanced corrosion-preventing effect for a

met al memyEudes aagednond hwatierl lopsitnemcaBiricsferdes cif)pt i (&1 rofanBr dwiings

[ 0018] Fig. 1is aflowdiagramillustrating a testing apparatus used
i n Exanpledel rrdetadd ChgpadsinveyDtaiples 1 to 6. Fig. 2 is a graph
showi ng the results of Exanples 1 and 2 and Conparative Exanples 1 to 6.
Fig. 3 ildad |cwadivagram acarstlia iasd S sk gl ldppsr &@8used i n Exanpl es
3 and 4 and Conparative Exanples 7 and 8 Detail ed Description of Preferred
Enbodi méiftrsEqid01s] monomeg i SifinseMied t6F ASHETHAE b2 Sprdife ntI Ry e

corrosi o¢1 i,{} a cooling water system according to the present invention wll
be descriBed/in detail bel ow.

(B) a copolymer of maleic acid and isobutylene (hereinafter
described as the "copolymer (B)"), and
(C) a zinc compound.

[GO0%]

In the method of preventing metal corrosion in a
cooling water system of the present invention, according to
Claim 1, the sulfone group-containing monomer of the
copolymer (A) may be Z-acrylamide-Z-methylpropanesulfonic
acid and/or 3-allyloxy-2-hydroxypropanesuifonic acid.

[0010]

In the method of preventing metal corrosicn in a
cooling water system of the present invention, according to
Claim 1 or 2, the molecular weight of the copclymer (A) may
be 500 to 50,000, and the molar ratio of acrylic acid to the
sulfone group-containing monomer may be 7:3 to 9:1.

[0011]



[ 0020] In the present invention, by causing the follow ng conponents
(A, (B), and (C) to be present in a cooling water systemin which a

non- phosphorus, zinc treatnent is perforned, corrosion of a netal nenber in
the water systemis inhibited: (A) a copolynmer of acrylic acid and a

sul f one group-contai ning nononmer (hereinafter described as the "copol yner
(A)"), (B) a copolyner of maleic acid and isobutylene (hereinafter
described as the "copolynmer (B)"), and (C) a zinc conpound. [0021]

The copolyner (A) is a copolyner of acrylic acid and a sul fone

group-cont ai ni ng nononer, and the sul fone group-contai ning nononer of the

copol yner (A)ni $haokepabhi el arbyehitAhbedeas 1l engrasibh eankai ns sul fone
groups. As a preferable sul fone group-containing nonomer, 2-acrylam de-2-

met hyl prepdanesWonic agttkmnd! aha3ralddmx yi-dre dypdimg X Warcepariesultfooni ¢ aci d
may be nentioned. [0022] The nolar ratio of acrylic acid to the

sul f one gryouprec et dllding MM, ithd e leapdlapmere it i€ prhef erably 7:3 to
9:1 fromthe standpoint of obtaining the action of carboxyl groups of
acryli c cagad varedk t 8 acty are Gfo, 00 dree ogr,dlids oind Hdeswidfiene ratic
group-cont ai ni ng nononer in a well-balanced manner. [0023] When t he
mol ecul arf wei lghitc efcitchd ac dpolbyprierl k) ray éecdssi Vel \B:<val |, the ef fect of

i nhibiting cal cium carbonate scal es decreases. \Wen the nol ecul ar wei ght of
t he copol ynedC0A¥li s excessively large, gelation with cal ci umoccurs.
Therefore, the nol ecul ar wei ght of the copolyner (A) is preferably 500 to
50, 000, and iR [a&Ft Metbaf, o5, poeveEst209006al corrosion 1in a

cooling water system of the present invention, according to
any one of Claims 1 to 4, the zinc compound may be zinc
chloride and/or zinc sulfate.

[0013]

In the method of preventing metal corrosion in a
cooling water system of the present invention, according to
any one of Claims 1 to 5, the copoilymer (A) and the
copolymer (B) may be added in the amount of 5 to 50 mg-solid
content/L in total relative to the blow water amount of the
water system.

[0014]

In the method of preventing metal corrosion in a
cooling water system of the present invention, according to
any one of Claims 1 to 6, the zinc compound may be added in
the amount of 0.5 mg/L or more relative to the blow water
amount of the water system.

[0015]

In the method of preventing metal corrosion in a



[ 0024] As the copolynmer (A), two or nore types of copolynmers having
different nolar ratios of acrylic acid to the sul fone group-contai ni ng
nononer or different nol ecul ar weights may be used. [0025] On the
ot her hand, the copolyner (B) is a copolyner of maleic acid and

i sobutyl ene, and the nolar ratio of naleic acid to isobutylene in the
copolynmer (B) is preferably 5:5 to 8:2, and in particular; 1:1, fromthe
st andpoi nt of obtaining the action of carboxyl groups of maleic acid and
t he hydrophobic action of isobutylene in a well-bal anced manner. [0026]
When t he nol ecul ar wei ght of the copolyner (B) is excessively small, the

effect ofodNMPiddtRe GBltidmmarbeNgte sseal aswearieasesicAdien dghe Jml ecul ar
wei ght of the copolyner (B) is excessively large, gelation with calcium
occurs. atherefors, dlhammliecd ar, weieghiaiefi unhécepeisgmers Bk wstpref erably
10,000 to 50,000, and in particular, 30,000 to 50,000. [0027] As the
copol ynmery(tBm ntayo bey Irtdr et Ypeés lofngc@aaloger sahdviihg dbhtenenttiohar
ratios of maleic acid to isobutylene or different nol ecul ar wei ghts nay be
used. [G@O28JorrosiveThensa ndodepaind hes quotcapartatcduinardfy dhilmirtied, but one
or two or nore zinc conpounds, such as zinc chloride and zinc sulfate, may
be used.idm3029]d the concentraticn of sulfate ions) may be 2,000
mg/L or less.
Advantageous Effects of Invention
[0016]
According to the present invention, by using the
copolymer (A), the copolymer (B), and the zinc compound in
combination, corrosion of a metal member in a cooling water
system in which a non-phosphorus, zinc treatment is
performed can be effectively inhibited. That is, according
to the present invention, while the anode reaction of a
corroding portion is inhibited by carboxyl groups contained
in the copolymer (A) and the copolymer (B}, the cathode
reaction is inhibited by the zinc compound, and furthermore,
the zinc compound can be maintained in water by the action
of sulfone groups of the copolymer (B), thus providing a
very good effect of synergizing corrosion-preventing effects.
[0017]
In particular, by using predetermined amounts of the
copolymer (A) and the copolymer (B) and by maintaining the

concentration of the zinc compound in the water system at a

regquired concentration, it 1s possible to fully enhance the



In the present invention, the amount of the copolyner (A) to be added to
the water systemis 3 to 25 ng-solid content/L relative to the bl ow water
anount, and the anmount of the copolyner (B) to be added to the water system
is 3to 25 ng-solid content/L relative to the bl ow water anount. The total
anount of the copolymer (A) and the copolynmer (B) to be added is preferably
5to 50 ng-solid content/L relative to the bl ow water anount. Regarding the
addi tion anount ratio of the copolynmer (A to the copolyner (B), in order
to obtain the synergetic effect of the conbined use thereof, the addition
anount ratio by weight of the copolyner (A to the copolyner (B) is

pref er ablay b0 42 it 1 d0QIFHe Jrunitthe e n Rrefphalthy, theczi nc compound
is added at a zinc concentration of 0.5 ng/L or nore, and in particular,
about 0.t5da@m@ril/dver alratd We thd S thiroWarathey Hagbuha roheldte uarter system
[0031] Note that the addition anount relative to the bl ow water amount is
usual | y requaly tsaitike sioadaridneantrol concentration in the cooling water
system [0032] In the present invention, two or three of the

copol ynmer (Arpnthqueapalymehe(Byresand theezinconconpoundsmay be m xed in
advance and the resulting m xture may be added to the cooling water system
or each eofvitrdresente@ipdremt s aveyr: thenadded tsepdr atiglhy ano enbenceo] | ng wat er
system Although the point of addition is not particularly limted,

addi t i orcdry agsigal-pyr avede itng ® fdecit fpwat eve ttadn kueidpetrn e e goldiorg iwat er
system [0033] In the nmethod of preventing netal corrosion in a cooling

wat er systtéh fvts&@-present invention, a very excell ent
corrosion-preventing effect i s obtained by conbi ned use of the copol yner

(A, thSEGpolBaRsT iEB)oramd tHevAneE compound. Therefore, the

corrosion- pr%\ég%i}ng effect is effectively exhibited even in a water system

Fig. 1 is a flow diagram iliustrating a testing
apparatus used in Examples 1 and 2 and Comparative Examples
1 to 6.

Fig. 2 is a graph showing the results of Examples 1 and
2 and Comparative Examples 1 to 6.

Fig. 3 is a flow diagram illustrating a testing
apparatus used in Examples 3 and 4 and Comparative Examples
7 and 8.

Detailed Description of Preferred Embodiments

[0019}

Embodiments of a method of preventing metal corrosion
in a cooling water system according to the present invention
will be described in detail below.

[0020]

In the present invention, by causing the following

components (A), (B), and (C) to be present in a cocling



havi ng a high corrosion tendency, such as a water system having a high

cal ci um hardness or a water system having a high concentration of corrosive
ions. As the water quality of the cooling water systemto which the present
invention is applied, preferably, the cal ciumhardness is 100 to 1, 000

ng- CaCO3/ L, and the concentration of corrosive ions (total of the
concentration of chloride ions and the concentration of sulfate ions) is
2,000 ng/L or |ess. Exanples and Conparative Exanples [0034] The present
invention will be described nore specifically on the basis of exanples.

[ 0035] I n Exanpl es and Conparati ve Exanples bel ow, the foll ow ngs were

used as 1 caplodmeri o Ahidid 4 e R rUB) 'z i HORUMRIe tA)i= _
Copol ymer of acrylic acid (AA) and -acrylanlde-Z- met hyl pr opanesul f oni c
acid (AVRYsomlEcWaairomicghtcr B0 mRA0,1 e atd ahef WA dro AMRSn 8: 2
(hereinafter abbreviated as "AA AMPS") Copol ynmer of acrylic acid (AA
and 3- alilgyligxyit2-tdaydr oxypr opanesul foni ¢ acid (HAPS), nol ecul ar wei ght:
10, 000, nolar ratio of AAto HAPS: 8:2 (hereinafter abbreviated as

" AA HAPS'A) <Capgioineter( B)2> acryliCopel iydremdfa rmalldicaneagmbupvd) and

i sobutyl ene (1B), nolecular weight: 40,000, nolar ratio of MAto TB: 1:1
('her ei nafdreraiabibroe wicatoet: ra s HeM@IrBI' Nt eAs ddse rZilred conpidund’ copiclymsyl f at e was
used. Furthernore, for conparison, a honopol ynmer of naleic acid

(ol ecul @) "Wei ght: 500, hereinafter abbreviated as "MA") was used.

[ Exanpl es 1 and 2, Conparative Exanples 1 to 6] [0036]
(B) a copolymer of maleic acid and isobutylene (hereinafter

described as the "copolymer {(B)"), and
(C) a zinc compound.

[0021]

The copclymer (A) is a copolymer of acrylic acid and a
sulfone group-containing monomer, and the sulfone group-
containing monomer of the copolymer {A) is not particularly
limited as long as it contains sulfone groups. As a
preferable sulfone group-containing monomer, Z2-acrylamide-2-
methylpropanesulfonic acid and/or 3-allyloxy-2-
hydroxypropanesulfonic acid may be mentioned.

[6022]

The molar ratic of acrylic acid to the sulfone group-
containing monomer in the copolymer {A) is preferably 7:3 to
9:1 from the standpoint of obtaining the action of carboxyl
groups of acrylic acid and the action of sulfone groups of
the sulfone group-containing monomer in a well-balanced
manner.

[0023]



Using a testing apparatus illustrated in Fig. 1, testing was perforned in
accordance with the procedure described bel ow. [0037] A 5 w % aqueous
sodi um bi carbonat e sol ution was used in order to adjust the Malkalinity,
pol yners shown in Table 1 were used, a 10 wt % aqueous cal ci um chl ori de
solution was used in order to adjust the cal cium hardness, a 10 wt % aqueous
sodi um chl ori de solution was used in order to adjust the chloride ion
concentration, and an aqueous sodium sul fate solution was used in order to
adjust the sulfate ion concentration. Furthernore, sulfuric acid was used
for pH adjustnment, and a 10 w % aqueous zinc sul fate solution was used as

the zinc conpaundtgel Wbiepu1ihegeigarpenenhs wepe1grded (hp pure water to
prepare synthetic water having the water quality described bel ow. [0038]

<Synt hetd:amfife 1gUkdal1Y> Mhal ledlfiduitt ywr 200 ing/di nas cGaGdiPol ymer
concentration: concentration shown in Table 1 Cal cium hardness: 500 ng/L as
CaCO3 Chlaatbddes ieors cadree Rigcatdaer:s S00hegy Lt hSulfcdteevlan eericent rat i on: 500
ng/ L Zinc concentration: 2 ng/L pH 8.6 [0039] [Table 1] Pol yner
concent ratd arpoiyneal i(@)cdet entcelssively large, gelation with

calcium occurs. Therefore, the molecular weight of the

copolymer (A) 1is preferably 500 te 50,000, and in particular,

5,000 to 20,000.

[0024]

As the copolymer (A), two or more types of copolymers
having different molar ratios of acrylic acid to the sulfone
group-containing monomer or different molecular weights may
be used.

[0025]

On the other hand, the copolymer (B) is a copolymer of
maleic acid and isobutylene, and the molar ratio of maleic
acid to isobutylene in the copolymer (B) is preferably 5:5
to 8:2, and in particular, 1:1, from the standpoint of
obtaining the action of carboxyl grcups of maleic acid and
the hydrophobic action of iscbutylene in a well-balanced
manner.

[0026]

When the molecular weight of the copeolymer (B) is
excessively small, the effect of inhibiting calcium

carbonate scales decreases. When the molecular weight of

the copolymer (B) is excessively large, gelation with



AA/ AMPS AA/ HAPS MA/I B VA Total Exanple 1 3.75 1.25 5 Exanmple 2 3.75 1.25

calcium occurs. Therefore, the moclecular weight of the
copolymer (B} is preferably 10,000 to 50,000, and in
particular, 30,000 to 50,000,

[0027]

As the copolymer (B}, two or more types of copolymers
having different molar ratios of maleic acid to isobutylene
or different molecular weights may be used.

[0028]

The zinc compound is not particularly limited, but one
or two or more zinc compounds, such as zinc chloride and
zinc sulfate, may be used.

[0029]

In the present invention, the amount of the copolymer
(A) toc be added to the water system is 3 to 25 mg-solid
content/L relative to the blow water amount, and the amount
of the copolymer (B) to be added to the water system is 3 to
25 mg-solid content/L relative to the blow water amount.
The totzl amount of the copolymer (A) and the copoclymer (B)
to be added is preferably 5 to 50 mg-solid content/L
relative to the blow water amount. Regarding the addition
amount ratio of the copolymer (A) to the copolymer (B), in
order to obtain the synergetic effect of the combined use
thereof, the addition amount ratio by weight of the
copolymer (A) to the copolymer {B) is preferably 1:0.5 to

1:2.



5 Conparative Exanple 1 1.25 3.75 - 5 Conparative Exanple 2 3.75 - 1.25 5
Conparative Exanple 3

[0030]

Furthermore, preferably, the zinc compound is added at
a zinc concentration of 0.5 mg/L or more, and in particular,
about 0.5 to 3 mg/L, relative to the blow water amount of
the water system.

[0031]

Note that the addition amount relative to the blow
water amount is usually equal to the standard control
concentration in the cooling water system.

[0032]

In the present invention, two or three of the copolymer
(A}, the copolymer (B), and the zinc compound may be mixed
in advance and the resulting mixture may be added to the
cooling water system, or each of these components may be
added separately to the cooling water system. Although the
point of addition is not particularly limited, addition is
usually made to a cooling water tank in the ccoling water
system.

[0033]

In the method of preventing metal corrosion in a
cooling water system of the present invention, a very
excellent corrosion-preventing effect is obtained by
combined use of the copolymer (A), the copolymer {(B), and
the zinc compound. Therefore, the corrosion-preventing

effect is effectively exhibited even in a water system



- 3.75 - 1.25 5 Conparative Exanple 4 5 - 5 Conparative Exanple 5 5 -

having a high corrosion tendency, such as a water system
having a high calcium hardness or a water system having a
high concentration of corrosive ions. As the water quality
of the cooling water system to which the present invention
is applied, preferably, the calcium hardness is 100 to 1,000
mg-CaCO03/L, and the concentration of corrosive ions (total
of the concentration of chloride ions and the concentration
of sulfate ions) is 2,000 mg/L or less.

Examples and Comparative Examples

[0034]

The present invention will be described more
specifically on the basis of examples.

[0035]

In Examples and Comparative Examples below, the
followings were used as the copolymer (A) and the copolymer
{B):
<Copolymer {A)}:>

Copolymer of acrylic acid (AA) and Z-acrylamide-2-
methylpropanesulfonic acid (AMPS), molecular weight: 10,000,
molar ratio of AA to AMPS: 8:2 (hereinafter abbreviated as
"AA/AMPS™)

Copolymer of acrylic acid (AA) and 3-allyloxy-2-
hydroxypropanesulfonic acid (HAPS), molecular weight: 10,000,
molar ratio of AA to HAPS: 8:2 (hereinafter abbreviated as

"AA/HAPS")
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5 Conparative Exanple 6 5 - - 5 [ 0040] The synthetic water was
placed in a nother liquid tank 1, and the synthetic water in the nother
liquid tank 1 was transferred to a test tank (retai ned water anount 50 L)

2. The synthetic water was circulated in the apparatus fromthe test tank 2
using a punp 3 at a flowrate of 0.5 msec, and the water was nade to
overfl ow such that the residence tinme was 80 hours. A carbon steel tube 4
and a corrosion sensor 5 were installed in the circulation system and the
corrosion rate (ndd) was neasured with the corrosion sensor 5. The test
peri od was set at seven days. The results are shown in Fig. 2. [0041]

<Copeolymer (B)>

Copolymer of maleic acid (MA) and isobutylene (IB),
molecular weight: 40,000, molar ratio of MA to IB: 1:1
(hereinafter abbreviated as "MA/IB")

As the zinc compound, zinc sulfate was used.

Furthermore, for comparison, a homopoliymer of maleic
acid {(molecular weight: 500, hereinafter abbreviated as
"MA"} was used.

[Examples 1 and 2, Comparative Examples 1 to 6]

[0036]

Using a testing apparatus illustrated in Fig. 1,
testing was performed in accordance with the procedure
described below.

[CO37]

A 5 wi% agueous sodium bicarbonate solution was used in
order to adjust the M-alkalinity, polymers shown in Table 1
were used, a 10 wi% agueous calcium chloride solution was
used in corder to adjust the calcium hardness, a 10 wt$
aguecus sodium chloride solution was used in order to adjust
the chloride ion concentration, and an aqueous sodium
sulfate solution was used in crder to adjust the sulfate ion
concentration. Furthermore, sulfuric acid was used for pH
adjustment, and a 10 wt% aqueocus zinc sulfate solution was
used as the zinc compound solution. These components were

added to pure water to prepare synthetic water having the



As is evident fromFig. 2, in the cooling water system having hi gh hardness
and high salinity, by conbining the copolynmer (A with the copol yner (B)
the corrosion rate at the tine of conbined use of zinc is significantly
decreased, and a markedly excellent corrosion-preventing effect is obtained
conpared with the case where another polyner is used. [Exanples 3 and 4,
Conparative Exanples 6 and 7] [0042] Concentrated industrial water
was produced using a testing apparatus illustrated in Fig. 3, and used as
test water having the water quality shown in Table 2, and a test was
carried out. In Fig. 3, reference nuneral 11 designates a cooling
tower, nefienenas NueRlscd iesignalkes a cooling water tank, reference
nuneral s 13A and 13B each designhate a test piece columm, reference nunerals
14A and 14B gachgadesi gnate a heat exchanger, reference nunerals 15A and 15B
each designate an electric heater, reference nunerals 16A and 16B each

desi gnatss ya theati-d nansfrergualkiey>r ef erence nunerals Pl, P21 and P3 each
designate a chem cal feed punp, reference nuneral P4 designhates a bl ow
punp, and reMerpéheéinubgralP5mdesdi geateS€Oa circul ati on punp. The cooling
water in the cooling water tank 12 is circulated by the circulation punp P5
into a circuPatiymgrwaberesyseearprovpdednnirehivheshewn phefebdéel irms 13A
and 13B and into a circulating water system provided with the heat
exchangers 14Alsadm1bBrdygResei PEMI BoVhgaco6RLAg wat er on the heat
exchangers 14A and 14B side is cooled with the cooling tower 11, and then
returned to FReCEdERI AgnwarEFChARREION: POBABE/[Tabl e 2] Water quality item

Cont r ol vaIu% R? 9.0 Electrical conductivity

ulfate lon concentration: 500 mg/L

Zinc concentration: 2 mg/L

pH: 8.6
[0039]
[Table 1]
Polymer concentration (mg—solid content/L)}
AA/AMPS AA/HAPS MA/IB MA Tota
Example 1 3.75 - 1.25 - 5
Example 2 - 3.75 1.25 -~ 5
Comparative 1.2 375 _ _ 5
Example 1
Comparative 375 _ a 1.95 5
Example 2
Comparative _ 375 _ 1.95 5
Example 3
Comparative B _ 5 a 5
Example 4
Comparative 5 _ _ _ 5
Example 5
Comparative _ _ _
Example 6 2 5
[0040]
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(nS/m 200 Cal ci um hardness (ng/L as CaCO3) 400 Malkalinity (ng/L as
CaCCB8) 350 Chloride ion concentration (ng/L) 350 Sulfate ion concentration
(mg/ L) 150 [0044] Usi ng the chenmical feed punps P1 to P3, the

pol ymers shown in Table 3 were added into the cooling water tank 12 at the
concentrations shown in Table 3, and an aqueous zinc sulfate solution was
added such that the zinc concentration in the water systemwas 2 ny/L.

The synthetic water was placed in a mother liquid tank
1, and the synthetic water in the mother ligquid tank 1 was
transferred to a test tank (retained water amount 50 L) 2.
The synthetic water was circulated in the apparatus from the
test tank 2 using a pump 3 at a flow rate of 0.5 m/sec, and
the water was made to o¢verflow such that the residence time
was 80 hours. A carbon steel tube 4 and a corrosion sensor
5 were installed in the circulation system, and the
corrosion rate {(mdd) was measured with the corrosion sensor
5.

The test period was set at seven days.

The results are shown in Fig. 2.

[0041]

As is evident from Fig. 2, in the cooling water system
having high hardness and high salinity, by combining the
copolymer (A) with the copolymer (B), the corrosion rate at
the time of combined use of zinc is significantly decreased,
and a markedly excellent corrosion-preventing effect 1is
obtained compared with the case where another polymer is
used.

[Examples 3 and 4, Comparative Examples & and 7]

{00423

Concentrated industrial water was produced using a
testing apparatus illustrated in Fig. 3, and used as test

water having the water quality shown in Table 2, and a test

_15_



[ 0045] Subsequently, the test water was circul ated using the
circulation punp P5, and then thernmal |oad was applied in the heat
exchangers 14A and 14B. The test was carried out under the two conditions
descri bed bel ow. Under each condition, the corrosion rate of the test
pieces in the test piece colums 13A and 13B and the pitting corrosion
depth in the heat-transfer tubes 16A and 16B after the test were neasured.
The test period was set at 14 days. Cbndition |: flowrate 0.5 nisec AT =
10C (heat transfer anount = 46,000 kcal /nR. hr) Condition
I1: flowrate 0.25 misec AT - 5C (heat transfer anount = 13, 000 kcal / n2. hr)
The fl owrate #mans Ahe flow rate of circulating cooling water fl ow ng
through the test piece colums 13A and 13B and the heat-transfer tubes 16A

and 16B, andrATrig.tBe defteeapeenbatweenilheebeahatschangesl onyl et
tenperature and the inlet tenperature of circulating cooling water flow ng
t hr ough tiche: rh e atefierramsfee nuimehes. 16Adannd gheBes] @046p 1The wesert $aake shown
in Table 4. [0047] [Table 3] Zinc concentration (ng/0

reference numerals 13A and 13B each designate a test piece

column, reference numerals 14A and 14B each designate a heat

exchanger, reference numerals 15A and 15B ecach designate an

electric heater, reference numerals 16A and 16B each

designate a heat-transfer tube, reference numerals P;, Pz,

and P3 each designate a chemical feed pump, reference

numeral P, designates a blow pump, and reference numeral Ps

designates a circulation pump. The cooling water in the

cooling water tank 12 is circulated by the circulation pump

Ps into a circulating water system provided with the test

piece columns 13A and 13B and into a circulating water

system provided with the heat exchangers 14A and 14B. The

circulating cocling water on the heat exchangers 14A and 14B

side. is cooled with the cooling tower 11, and then returned

to the cooling water tank 12.

_16_



Pol ymer concentration (ng-solid content/O0 AA/ AMPS AA/ HAPS MA/ | B Tot al
Exanples 3 and 4 2.0 3 9 3 15 Conparative Exanples 7 and 8 2.0 5.6

[0043]
[Table 2]
Water quality item Contral value
pH 9.0
Electrical conductivity (mS/m) 200
Calcium hardness (mg/L as CaCOy) 400
M-alkalinity (mg/L as CaCOy) 350
Chloride ion concentration  {mg/L) 350
Sulfate ion concentration {mg/L) 150
[0044]

Using the chemical feed pumps P; to P3, the polymers
shown in Table 3 were added into the cooling water tank 12
at the concentrations shown in Table 3, and an agueous zinc
sulfate solution was added such that the zinc concentration
in the water system was 2 mg/L.

[0045]

Subsequently, the fest water was circulated using the
circulation pump Ps, and then thermal load was applied in
the heat exchangers 14A and 14B. The test was carried out
under the two conditions described belcw. Under each
condition, the corrosion rate of the test pieces in the test
piece columns 13A and 13B and the pitting corrosion depth in
the heat-transfer tubes 16A and 16B after the test were
measured. The test period was set at 14 days.

Condition I: flow rate 0.5 m/sec

- 17 -



12.9 - 18.5 [0048] [Table 4] Test Condition Flow rate (0.5nm s) Heat
transfer amount (Kcal/nR-hr) Pitting i corrosion depth

AT = 10°C
(heat transfer amount = 46,000 kcal/m?+hr)
Condition II: flow rate 0.25 m/sec
AT = 5°C
(heat transfer amount = 13,000 kcal/m®-hr)
The flow rate means the flow rate of circulating
cooling water flowing through the test piece columns 13A and
13B and the heat-transfer tubes 16A and 16B, and AT is the
difference between the heat exchanger outlet temperature and
the inlet temperature of circulating cooling water flowing
through the heat-transfer tubes 16A and 16B.
{0046]

The results are shown in Table 4.

[0047]
[Table 3]
Zinc Polymer concentration (mg—solid content/L)
concentration

(mg/L) AA/AMPS | AA/HAPS | MA/IB Total

Examples 3 and 4 2.0 3 9 3 15

Comparative _
Examples 7 and 8 20 56 12.9 18.5




(mm Corrosion rate (ndd) Exanple 3 | 0.50 46000 0.15 3.3 Exanple 4 It 0.25
13000 0.16 4.1 Conparative

[0048]
[Table 4]
- t Heat transfer Pittin.g Corrosion
Test Condition ow rate amount corrosion rate
(0.5m/s) (Koal/m-hr) depth (mdd)
cal/ym r (mm)
Example 3 I 0.50 46000 0.15 3.3
Example 4 I 0.25 13000 0.16 4.1
Comparative i 0.50 46000 0.34 20
Example 7
Comparative I 0.25 13000 0.34 26.7
Example 8
[0049]

As is evident from Table 4, by adding the copolymer (A)
and the copclymer (B) into a cooling water system in which a
non-phosphorus, zinc treatment is performed, not only metal
corrosion but also pitting corrosion can be effectively
inhibited even under high hardness and high salinity
conditions.

[0C50]

1: mother liguid tank

2: test tank

3: circulation pump

4: carbon steel tube

5: corrosion sensor

11: cooling tower

12: cooling water tank
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Exanple 7 1 0.50 46000 0.34 20 Conparative Exanple 8 Il 0.25 13000 0. 34
26.7 [0049] As is evident from Table 4, by adding the copol yner (A)
and the copolyner (B) into a cooling water systemin which a

non- phosphorus, zinc treatnent is perforned, not only netal corrosion but
al so pitting corrosion can be effectively inhibited even under high

har dness and high salinity conditions. [0050]

134, 13B: test piliece column
14A, 14B: heat exchanger
154, 15B: electric heater

16A, 16B: heat-transfer tube
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1: nother liquid tank 2: test tank 3: circulation punp 4: carbon steel

5. corrosion sensor 11: cooling tower 12: cooling water tank 13A, 13B:

test piece colum 14A, 143: heat exchanger 15A, 153: electric heater

CLAIMS

1 A method of preventing metal corrosion in a cooling
water system, which is a method of preventing corrosion of a
metal member in a cooling water system in which a non-
phosphorus, zinc treatment is performed, the method
comprising causing the following components (A), (B), and
(C) to be present in the water system:

(A) a copolymer of acrylic acid and a sulfone group-
containing monomer (hereinafter described as the "copolymer
(A)"),

(B) a copolymer of maleic acid and isobutjlene (hereinafter
described as the "copolymer (B)"), and

(C} a zinc compound.

2 The method of preventing metal corrosion in a cooling
water system according to Claim 1, wherein the sulfone
group~-containing monomer of the copolymer (A) is 2-
acrylamide-2-methylpropanesulfonic acid and/or 3-allyloxy-2-

hydroxypropanesulfonic acid.

3 The method of'preventing metal corrosion in a cooling
water system according to Claim 1 or 2, wherein the
molecular weight of the copolymer (A) is 500 to 50,000, and

the melar ratio of acrylic acid to the sulfone group-

-21-
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16A, 163: heat-transfer tube CLAIMS 1A nethod of preventing netal -
corrosion in a cooling water system which is a nethod of preventing
corrosion of a netal nenber in a cooli-ng water systemin which a

non- phosphorus, zinc treatnent is perfornmed, the nmethod conprising causing
the foll ow ng components (A), (B), and (C) to be present in the water
system (A) a copolyner of acrylic acid and a sul fone group-containing
nmononer (hereinafter described as the "copolynmer (A)"), (B) a copolynmer of
mal ei ¢ acid and isobutyl ene (hereinafter described as the "copolynmer (B)"),
and (O cantzancicgnponoder2The7nBt hodoefl.preventing netal corrosion in a
cooling water system according to Claim1, wherein the sulfone
group- cont ai ni ng nononer of the copolymer (A is 2-

acryl am de- 2- met hyl pr opanesul foni c acid and/ or 3-allyl oxy-2-

hydr oxyp# opar@sulmeiiad aci drSvRiret ey hoetaf prevent domgimes atocbingsion in a
cooling water systemaccording to Claiml1l or 2, wherein the nol ecul ar

wei ght of2Ede PP meeceR)ing 5ooanpy 0000, Capdmehé kol 3r wheroiof

acrylic acid to the sul fone groug- cont ai ni ng nononer is 7:3 to 9:1.
the molecular weight "of the copolymer (B) is 10,000 to

50,000, and the molar ratio of maleic acid to isobutylene is

5:5 to 8:2.

5 The method of preventing metal corrosion in a cooling
water system according to any one of Claims 1 to 4, wherein

the zinc compound is zinc chloride and/or zinc sulfate.

6 The method of preventing metal corrosion in a cooling
water system according to any one of Claims 1 to 5, wherein
the copolymer (A) and the copolymer (B) are added in the
amount of 5 to 50 mg-solid content/L in total relative to

the blow water amount of the water system.

7 The method of preventing metal corrosion in a cooling
water system according to any one of Claims 1 to 6, wherein
the zinc compound is added in the amount of 0.5 mg/L or more

relative to the blow water amount of the water system.

8 The method of preventing metal corrosion in a cooling

water system according to any one of Claims 1 to 7, wherein
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4The nmet hod of preventing netal corrosion in a cooling water system
according to any one of Clains 1 to 3, wherein the nol ecular weight of the -
copolyner (B) is 10,000 to 50,000, and the nolar ratio of maleic acid to

i sobutylene is 5:5 to 8:2. 5The nethod of preventing netal corrosion in a
cooling water system according to any one of Clains 1 to 4, wherein the
zinc conpound is zinc chloride and/or zinc sulfate. 6The nethod of
preventing nmetal corrosion in a cooling water system according to any one
of Claims 1 to 5, wherein the copolyner (A) and the copol yner (B) are added
in the apmeintabéidm tivaSdhags sof | theonseat/ kystehotal 108l abi ¥veovo kge bl ow
wat er anmount of the water system 7The nethod of preventing netal corrosion
in a codta@esAlat emds yrdtee mogicrortdiaig dro ahycone sfve ams (4B, ofher ei n
the zinc compound is added in the amount of 0.5 ng/L or nore relative to

~ the bl ovih@terncemurmtioin tde okieridgsiens 8Mtethet hodcehtpaevent bfig net al
corrosion in a cooling water system according to any one of Clainms 1 to 7,
wher ei n SWheatal s hisy dhe30 grgfheovat @pSsystemis 100 to 1, 000
ngCaC03/ L, and the concentration of corrosive ions (total of the
concentration of chloride ions and the concentration of sulfate ions) is
2,000 ng/L or |ess.
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