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Field:of the Invention The present invention relates to a nethod of =
preventing pitting corrosion and, nore particularly, to a nethod ol fp¢ Mmi

efficiently preventing pitting corrosidn in a copper or copper alloy tub

due to m crdlithé of dhe dmverdioron or fouling in a water system'such as a .

thermal storage water systemor a cl osed water system Descky.pé,l t he
related art In a therm (OB JREVENTENG BWINGT(W‘VEWHI osed Wg%lpéﬂe&@l Pk Riblaced
wat er stored and circulated therein is added with only a srral(lmu&ﬂ jﬂm r
wat er, and thus very slight amount of the water is replaced

of about 10%.p ear). In.,such a water system due to m crobi al
cont am natidgiﬁfépfttﬁﬁgﬂm#%i on occurs on a surface of copper or copper
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corrosion and, more particularly, to a method of efficiently preventing pitting
corrosion in a copper or copper alloy tube due to microbial contamination or
fouling in a water system such as a thermal storage water system or a closed

water system.

Description of the related art

In a thermal storage water system or a closed water system, the water
stored and circulated therein is added with only a small amount of make up
vater, and thus very slight amount of the water is replaced (with a ratio of
about 108 per Qear). In such a water system due to microbial contamination,
pitting corrosion oceurs on a surface of copper or copper alloy which is used as
construction material of heat exchangers and pipe lines etc. and is in contact
vith water.

Conventionally, the presence of pitting corrosion is estimated by
measuring the rest potential of the metal since the copper or the alloy becomes
susceptible to pitting corrosion when its rest potential is over +150 m¥
(Ag/AgCl, saturated KC1 solution conversion). When the potential rises up and
the pitting corrosion is predicted, nonoxidizing microbial inhibitors(biocides)
such as hydrazipe being effective in lowering the rest potential, are added to
the water system. '

However, when the nonoxidizing microbial inhibitor such as hydrazioe is
added to a water system having very long retention time such as a thermal
storage water system or a closed water system, microbes may be increased during
the long operating term because of residual nutritive salts in the water.

To remove the slime thus produced by microbes and in the water system
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with water. Conventionally, the presence of pi s neen R la‘ﬁedi S estinmated
by neasuring the rest potential of the netal smﬂﬂﬂmm’uﬁ Hr or the alloy
beconmes susceptible to pitting corrosi on when tial is over
+150 nV (Ag/ Agd, saturated KO solutioh conversion). Wen the potenti al
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I nhi bi tors(biocides) such as hydrazine being effective in |owerlng
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m crobi al inhibitor such as hydrazine is added to a water system having
very |ong reRenby weightref hydrbgensperotide rioed waterr systemdh ehicly tliecsliae has Geased

wat er system mcrobes may be increased during the |ong operating term
because of rprodiwwed. ndapaneses Eatentt Bublication 32057 Tdiscéosescandthers metiwdt 6fis
produced by lrllanforvggge Ssl%lrljeOI b;r nadtdz?x?g Y“)’ai etz) és y%s %3 rgeight of hydrogen peroxide. In the
above publications, the effect of hydrogen peroxide is to remove adhered slime,
and accordingly the hydrogen peroxide is used therefore in high concentration.
Japanese Patent Publication 57-50560 discloses a method of preventing
the accretion of slime in an open circulating cooling water system by adding
bydrogen peroxide at low concentration. However, the effect of hydrogen
peroxide disclosed in this publication is to prevent the accretion of slime in
the open circulating cooling water system, and nothing is described therein
that the hydrogen peroxide is used for preventing pitting corrosion of copper
oritsalloyo:gathermlstoragewatersystemoraclosedwatersystem.
As mentioned above, nonoxidizing substances are conventionally used as
pitting corrosion inhibitors and there was no idea of using hydrogen peroxide,
which has been generally known as oxidizer, to prevent pitting corrosion in

copper or its alloy.

Object and Sumpary of the Invention

It is an object of the present invention to solve problems as mentioned
above and to provide a method of efficiently preventing pitting corrosion of
copper or copper aliosr due to microbial contamination in a water system such as
a thermal storage water system or a closed water system. It is another object
of the present invention to provide a method of preventing pitting corrosion in
copper or its alloy without proliferating microbes due to residual nutritive
salts, and without increasing the inpurities in the water as well.

The method of preventing pitting corrosion according to the present
invention is characterized by adding hydrogen peroxide or a hydrogen peroxide
producing agent to a circulating water system having copper or its alloy such as
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Pat ent: Publication 42-16521 discl oses a nethod of by addi ng
1to 2 %by weight of hydrogen peroxide to a water h the
slime has been produced. Japanese Pat et Publication 45-32057 discl oses
anot her net bdhernakpharagesvater ysiani o o closed owatar, systentsmfthagdihgen

peroxide. In the abqve publications, the effect of hydrogen peroxide is to
renove adher@8centrgrdon 820&50 eAReFOxINe IRy Hieo §ETHep degamiesel ita 208 agll0./L.

therefore in high concentrati on Japanese Patent Publication 57-50560
di scl oses a nethod of preventing the accretion of slinme in an open

cLeul at ng cool | gy Gl bl Bk A 12 ANPACDERA X SR ickoRhent i <
ool i ng vt AeTibd B BECH, apd SEEAFbHAloR: rhuipin Perffid B Tb'5 el
peroxide is gserl TPl Rydrogok 'plPoxiib lirdduditl RehisOtorC eRipie at least one of
peroxocarbopates, peroxoborates, peroxoacetates and peroxophosphates, wherein
the salt may be water soluble sodium salt and potassium salt etc.
When the hydrogen peroxide is decomposed in the water system, only water
‘and oxygen are produced whereby proliferation of microbes due to residual
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2 it is known to add hydrogen peroxide to the systj o eenlmﬁ? Japanese
r

nutritive salts is prevented, and impurities do not increase in their
concentration in the water system.

Sodium peroxocorbonate or sodium peroxoborate produces not only hydrogen
peroxide but sodium carbonate or sodium borate which remains in the water
systen. The carbonate or borate has buffer action and corrosion inhibition to
metals including copper and its alloy. Furthermore, such salt is pot nutritive
to microbes.

In the present invention, the oxidizing action of the hydrogen peroxide
works for removing microbes and for disinfection by oxidation of protein,
whereby the rest potential of copper or its alloy is kept low and pitting
corrosion thereof is prevented.

In the present invention the hydrogen peroxide which is added to or
produced in the water system is effective, even when it is in low concentration
from 1 to 200 mgH:0./L in the circulating water. In general, the amount of
microbes in a thermal storage water system or a closed water system is less than
that -in an open circulating cooling water system having a cooling tower.
Accordingly, the hydrogen peroxide can remove microbes and prevent pitting
corrosion in copper or its alloy even in low concentration from 1 to 200
ngl,02/L. It should be noted that the hydrogen peroxide is used in high
concentration from 1, 000 to 30, 000 mgH:0./L in the conventional method

THIS SHEET s Bery
REPLACED

i




or its alloy of a thermal storage water systemor a closed water system As
nment i oned above nonoxi di zi ng substances are conventionally used as pitting

corrosion inhibitors and there was no idea of using hydrogen peroxide,

whi ch has been generally known as oxiflizer, to prevent pitting corrosion in
copper or its alloPsimbjtbetoxidizingragent §the thydrogemperoxide ors the hydiregdn of
the present invention to solve problens as nentioned _above and to provide a
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process such as dilution.

A

Brief Description of the Drawings

Fig 1 is a schematic diagram showing a circulation testing device used
in embodiments, and

Fig. 2 is a graph showing transition in the spontaneous potential value
of copper tubes according to Embodiment 1.

Description of the Preferred Enbodiments

According to the present invention, hydrogen peroxide or the hydrogen
peroxide producing agent is added to circulating water held in a thermal storage
water system or a closed water system such that the concentration of hydrogen
oxide in the water system becomes 1 to 200 mgH,0./L, preferably 10 to 150
ngl:0./L. more preferably 30 to 120 mgH:0./L.

¥hen the conceptration of the hydrogen peroxide added to or produced in
the circulating water is less than 1 mgH.0:./L. pitting corrosion is pot
prevented effectively. When the concentration exceeds 200 mgH=0./L, the effect
of preventing pittiog corrosion is saturated, so that the concentration is
preferably less than 200 ngH;0,/L to decrease the cost of the treatment.

The way of adding the hydrogen peroxide or the hydrogen peroxide
producing agent to the water system may be any one of such ways that the
concentration of the hydrogen peroxide added or produced in the circulating
water becones in a range from 1 to 200 ngl:0./L. The hydrogen peroxide or the

agent may be intermittently added to the circulating water or continuously
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produci ng agent to a circulating water system ha Its all oy
such as 3 a thermal storage water system or an’ﬂHﬁH%l& lsystem SO

t hat the concentration of the hydrogen peroxide Ibeconmes 1 to
200 mgH err]Jerr]/L In the present in¥ention the hydrogen peroxide

produci ng agapplied teftheecircoldtingrwatgent Ishcase pf othierai theitdy addbey akede
when it is added to water. The hydrogen peroxi de producing agent is for '
exanpl e at hpdroger peroxideper dhe hyditogern pexoxides poodubingasgest focthexwriertsytem, and
per oxophosphat es, wherein the salt may be water soluble sodiumsalt and

pot assi um sihe hydrogem peraxide tithgcagept mayi be addedalonpeitlar inmtermalsivdorr
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| ncrease | ntﬂaq:eitﬂe rest potential of the copper or its alloy is kept at +150 nV or below.
preferably +100 m¥ or below. by monitoring the rest potential of a copper or
copper alloy tube. In case of continuously supplying the hydrogen peroxide or
the hydrogen peroxide producing agent, the amount of hydrogen peroxide or the
agent to be added may be controlled in such a manner that the rest potential of
the copper or copper alloy tube is kept at+150 m¥ or below, preferably +100 mV,
by monitoring of the rest potential.

In case of intermittently adding the hydrogen peroxide or the hydrogen
peroxide producing agent to the water system, it is preferable that the
concentration of H.0: in the water system immediately after the addition of
hydrogen peroxide or the agent is in a range from 50 to 200 ngl0,/L In case
of continuously adding the hydrogen peroxide or the hydrogen peroxide producing
agent to the water system, it is preferable that the concentration of H.0. in
the water system is always in a range from 1 to 50 mgHa0./L

The hydrogen peroxide is preferably added in a state of an aqueous
solution of 1 to 35 ¥ by weight concentration. The peroxocarbonate salt is
preferably added in a state of an aqueous solution of 5 to 10 % by weight and
the peroxoborate in a state of an aqueous solution of 10 to 20 %

In the present invention the copper may be alloyed. The copper alloy

. may be for example brass or nickel copper alloy.

[Example 1}

Experiments were conducted for examining the effects of adding the
hydrogen peroxide, with using a circulation testing device having five copper
tubes (13 mm in inner diameter x 50 cm in length) 1A, 1B, 1C, 1D, 1E arranged
in series, a test water tank 2, and circulating piping 3 provided with a pump 4
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concentration in the water system Sodi um peroxocorbonate or sodi um
per oxoborate produces not only hydrogen peroxide but sodi um carbonate or
sodi um borate which remains in the water system The carbonate or borate
has buffer action_and corrosion iqhiQitign to metal s including copper and
its alloy. Fend pcflewmeter uen shewn insFigot l.nufest watert GLORi Litebeof welltwrter)
present invention, the oxidizing action of the hydrogen peroxi de works for
renovi ng mi cFEEed ianthe destyratest tank %mwmﬂa&e& @t mompfmamm@mow he
'] oy, i.s kept, | Qw and pitting corrosion
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water syst emqguid fnftofdi*bérafide Wi ition of 35% by weight was added to the test water
tank 2 at once and only one time in such a manner that the concentration
became 100 mgH.0,/L. The water was kept to be circulated. and the copper tubes
vere examined in their rest potential values and the average of the five tubes
was obtained with time. The results are shown in Table 1 and Fig. 2. The
number of bacteria in the test water and on the surfaces of the copper tubes
were also measured with time, and the results are shown in Table 1.

[Table 1]
Concentration of H,0;: 100mg/l.  added as hydrogen peroxide
Befare adding hydrogen | After 2 br. from adding | Alfter 24 br from adding
Bxample 1 peroxide . hydrogen peroxide hydrogen peroxide
. Number of bacteria in ) _
water (CFU/ml) 3.1x10° less than 1 x 10° 11x10
Number of bacteria on
surface of copper twbe 1.1x10° 1.8x10° 19x 10¢
(CFUicm®)
Rest potential |
of copper tube - 180 100 &0
_ (u¥, Ag/AgCl)

As clearly shown in Table 1 and Fig. 2 the mmber of bacteria in the
water and on the surfaces of the copper tubes started to decrease soon after the
hydrogen peroxide or the hydrogen peroxide solution was added, and the
potential of the copper tube (Ag/AgCl, saturated KC1 solution conversion) fell
within a short time to less than +100 oV from +180 V.



ngH err]Jerr]/L. It should be noted that the hydro E
hi gh concentration from1.000 to 30,000 ngH err]ferr]/L in
conventi onal nethod. 4 Using the oxi

pw concentration contributes

or the hydrg%ﬁ 0 l&ﬂ% ”E:ém?
to the redJctloﬁﬂgg ?fggngiﬁﬁ the potentia } copper or its alloy by the
oxi di zi ng agent lmetéstai&ief%kftﬁreﬂ%%ed)hh"éh\é Sime! BRNEL AY CtheOBnbodideli$ 15 0St

for renpving mcrobes. In addition, since the concentration of inpurities

i n the wat &t sadeisgnthe kﬁﬁbgémwemﬁdebdno%miydrogéiﬁpefdﬁdel;&odhéﬁigeﬂgéxﬁ be
di scharged wi thout any treating process such as dilution.

Accordingly, the hydrogen peroxide can renove n1cﬂ@bébdedEEF@hdmkdp itti

corrosion in copper or its alloy even in | ow concen to 200
s used in

I zing agent (the hydrogen per oxi de

solution such that the concentration of H:0. in the water becomes as follows:

Embodiment 2  conceniration of H.0:: 200 ng/L by adding sodium
peroxoborate '

Embodiment 8  concentration of H20.: 50 mg/L by adding hydrogen
peroxide

Embodiment 4  concentration of H.0z: 10 mg/L by adding sodium
peroxocarbonate

Embodiment 5  concentration of H:0.: 1 mg/L by adding hydrogen
peroxide

Comparative Example 1

hydrogen peroxide

concentration of H:0»:

0.5 mg/L by adding

The results of the measured potential of the copper tubes and of the
measured number of bacteria in Embodiments 2 through 5 and Comparative Example
1 are shown in Tables 2 through 6.

[Tabie 2}
Concentration of H,0,: 200 mg/L added as sodium peroxoborate
Before adding hydrogen | After 2 hr. from adding | After 24 br from adding
Example 2 peroxide hydrogenperoxide |  hydrogen peroxide
Number of bactetia in .
2 10’ 47 x 108
water (CFUmt) 15 %10 less than 1 X
Numbetof}:a:tqiao_n
suface of coppertube | 9,0 X 10° 10 x 10 7.2 X 10°
(CFUlcm®)
R;st potential
of copper tube 160 140 60
(u¥, Ag/AgCl)
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Brief Description of the Drawings Fig. 1 is a schematic diagram showi ng a
circulation testing device used in enbodinents, and Fig 2 is a graph
showing transition in the spontaneous potential value of copper tubes
according to Enbodi nent 1. Description of the Preferred Enbodi nents
According to the present invention, hydrogen peroxi de or the hydrogen
peroxi de producing agent is added to circulating water held in a thernal
storage water systemor a closed water gsystem such that the concentration
of hydrogen oxid?Ein %ge wat er system becones 1 to 200 ngH err]err]/L,
preferably 10 to ke Herr]Jerr]/L, nore preferably 30 to 120

MpgH err]J err] /L., Wien t.he endyratd on of t Bhgdelyly e ' added to
or produced in t F@“ﬁﬁ‘@h%?fﬁ@%&%s less than 1 rrgH| err err]/L,

pitting cg ﬁ$%¥eﬁLed—eLLejL+¥e+;r—vhen—bhe—eeneenbkabhan
exceeds 2040 ngH[ err] g er r|] Peore3ddias lyipeep | After 2o (rom pding | S\t 3 frem addmg { on i s
saturated,| so Exhffletdre cd ncentmdpn S hydrogen peroxide hydrogen peroxide
Number of bacteria in .
water (CFU/ml) 6.1 x 10% less than 1 x 10* 6.4 X 10
Number of bacteria on
surface of copper tube 1.3 x 108 1.0 x 102 1.8 x 108
(CFU/cm®)
Rest potential
of copper tube 80 100 80
G, 2g/gD) 1
[Table 4]
Concentration of H,O,: 10 mg/L. | added as sodium peroxocarbonate
. Before adding hydrogen | After2 hr. from adding | After 24 hr from adding
Example 4 peroxide hydrogen peraxide hydrogen peroxide
Number of bacteria in
" 3  {
water (CFUml) 2.0 X 10 .lm:hanlxlo 54 x 103
Number of bacteria on
surface of copper tube 5.4 X 10° 8.2 x 10° 2.3 x 104
(CFUIam®) : '
-Rest potential. 6
of copper tube 1 140
. Ag/2gCD) %




preferably | ess than 200 ngH err]Jerr]/L to decrease the cost of t he

treatnent The way of addi ng the hydrogen per oxi Ejﬁ‘ﬁﬂ‘mﬁm th per oxi de

producing agent to the water system may be any o that the
concentration of the hydrogen peroxi de added or circulating
wat er beconmes in a range from1l to 200 Herr]Jerr]/L. The hydrogen
peroxi de or the aglq% y be intermttently added to the circulating water
or continuously uppl ied to the circulating water. In case of

intermttently addtgigteh Mrgg} oxi de oxdded @ hydiepen pepexigxi de

producing agent to the water s t he hydrogen per oxi de or the agent nay

be added at A )
mont hs or nay bef'%%&’ﬁgi ' Pt ) ¥
copper or its all ept at ﬁ&ﬂhrrv or beatwhvgenpuedcbr apl w&aﬁﬂp«dﬁ@r
bel ow, by m gEho—ip : —a—G-0Ppe—ot
2 2
water (CFU/mi) 1.6 x 10° 1.8 X 10 2.2 X 10
Number of bacteria on
surface of copper tube 32 X 108 6.4 x 10° 12 x 10°
(CFU/c®)
Rest potential .
of copper tube 160 150 100
(¥, Ag/AeCD
[Table 6]
Coucentration of H,0,: 0.5 mg/L. added as hydrogen peroxide
Comparative Before adding hydrogen | After2 br. from adding | After 24 br. from adding
Example 1 peroxide” hydrogen peroxide hydrogen peroxide
Number of bacteria in
3 3
water (CFU/mi) 22 x 10° 2.4 X 10 40 x 10
Number of bacteria on
sufaceof coppermbe | 5 4 x 108 3.0 X 10* 2.8 x 10°
(CFUan“)
Rest potential
of copper tube 170 150
(¥, Ag/AeCD 150

After 1.5 months from adding the hydrogen peroxide or the a;gent, the
imner surfaces of the copper tubes were observed visually. As a result of this
observation no pitting corrosion was found in Example.é 1 through 5, while
This shows
that the method of the present invention is quite effective to prevent pitting

pitting corrosion was slightly generated in Comparative Example 1.

corrosion of copper.




copper all oy t onti nuously supplying the h
or the hydroge ﬁlﬂl@%ﬂ !ﬁi ng agent the anpurffisghee
the agent to b ntrolled in such a i

pot enti al of the copper or copper alloy tube is kep
preferably +100 nV. by nonitoring of thi rest potential. In case of
Intermttent addi ng the hydrogen pero Pde or the hydr ogen per oxi de
produci ng ag ot ‘er system |t is preferable that the
concentration of Her,r |ntl" r. system,i medi ately after the
addition of hydrogén é‘?%%a(?k ﬁmgscoﬁpsé"‘i'&ﬁgaew?' nS¥sden yrovided

{‘EE[ ﬁ;;%@;wm 5 & &@%ﬂ@f"%@lﬁf q%85¥ 108 IKDRET heBSEidS: OF b1 o
range from tHGoEG pef x;i??] Ghcieradebt 4 Chfcdtaifle SAGCIR dhe NalBY Sysited
dded

2on§en![ pa:.il zn&&&?ﬁe per oxocar onatg&‘dsrg%!pl s&girdeéf %r?&f)@y a%ée%%ryag smf.

an aqueous sphyt200mmgiio,FLt 0 10 % by wei ght and

2. A method according to claim 1. wherein the water system is
a thermal storage water system or a closed water system.

3. A method according to claim 1., wherein the hydrogen peroxide
producing agent is an aqueous solution of at least one of peroxe compounds.

4. A pethod according to claim 3, wherein the peroxo compounds is at
least one selected from the group of peroxocarbonates, peroxoacetates,
peroxoborates and peroxophosphates.

5. A method according to clain 1, wherein the hydrogen peroxide is added
to become 10 to 150 mgH,0./L in its concentration in the circulating water.

6. A method according to claim 1, wherein the hydrogen peroxide or the
hydrogen peroxide producing agent is intermittently added to the circulating
water.

7. A method according to claim 1, wherein the hydrogen peroxide or the
hydrogen peroxide producing agent is added continuously to the circulating
water. |

8. A method according to claim 1, wherein the hydrogen peroxide or the
hydrogen peroxide producing agent is added to the circulating water whereby the
rest potential of a copper or a copper alloy tube becomes below +150 m¥.
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t he peroxoborate in a state of an aqueous solution of 10 to 20 % In the

present invention the copper may be alloyed. T S&@ BcahR cedny be for
exanpl e brass or nickel copper alloy. [Exanple Were
t

conducted for exam ning the effects of adding oxi de, with
using a circulation testing device having five copper tu es 3 mMmin inner
dianeter x 50 cmin length) 1A 1B, 1@l 1D, 1E arranged |n serles a test

wat er tank 2, and circul ating pipin rovided with a p 6 and a
fl owreter 5 as shown in P’»Eém%? 0% ?&‘W&ﬁ@n@ldﬂ'ﬂ'ﬁl@r SCQRRQ@IQN wat er)
stored in thgs og@dﬁrch Bkure Was circulated at roomtenperature at a
flow velocity of O s via the circulating piping 3.

Hydrogen peroxide or a hydrogen peroxide producing agent is added fo a
water system having copper or copper alloy such as a thermal qtorage vater
systen or a closed water system whereby the concentration of hydrogen peroxide
in the circulating water becomes 1 to 200 mgH,0./L. The hydrogen peroxide
produces oxygen and the oxygen works the microbes directly so as to remove the
microbial fouling and thus prevent the pitting corrosion in copper or its alloy
due to microbial contamination.

(Figure 2)

me
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VWhen t-he potential of the copper tubes 1A through 1E rose to +180 nV after
approximately 170 hours fromthe start of circulating the water, an agueous
hydr ogen peroxi de sol ution of 35% by wei ght was added to the test water
tank 2 at once and only one tinme in such a manner that the concentration
became 100 nmgH err]Jerr]/L. The water was kept to be circulated, and the
copper tubes were exmned in their rest potential values and the average of
the five tubes was obtained with tine.lzae results are shown in Table 1 and
Fig. 2. The nunber of bacteria in the tést water and on the surfaces of the
copper tubesgmg[ g%gﬁ measured with tinme, and the results are shown in
Table 1. [ Tabl g% Concentration of Herr]JJerr]: 100 ng/L added as

hydr ogen peroxi de Before addi ng hydrogen After 2 hr. fromadding After 24

hr from addi ng Exanple 1 hydr ogen per oxi de
hydr ogen peroxi de water (CFU m) 3.x10[err] | ess than
1 x 10 1.1 x 10[err] Nunber of bacteria on

C — 1B
mE Em
. — ]

test water |




surface of copper tube 1.1 x 10[err] 1.8 x 10[err]
1.9 x.10[err] (CFU/cnferr]) Rest potential of copper tube 180
100 60 As clearly shown in Table 1 and Fig 2, the nunber

of bacteria in the water and on the surfaces of the copper tubes started to
decrease soon after the hydrogen peroxide or the hydrogen peroxide solution
was added, and the potential of the copper tube (Ag/AgC, saturated KO

sol ution conversion) fell within a sho/2time to | ess than +100 nV from
+180 nw. 7 [Exanples 2, 3, 4, 5 and Conparative Exanple 1] The test

wat er was ci Fl][@.e.d 2n t he sane manner as the Enbodi nent 1,

250 Hz02
200 - i
"

150 -

rest potebtial (g¥)

50 4




but addi ng .t he hydrogen peroxi de or the hydrogen peroxide pr@\%@f)@meﬁt
sol ution such that the concentration of Herr]Jerr] in the water bec memx

as fol.l,ows: Enbodi mnent 2 concentration of Herr]der P
addi ng” sodi um per oxobor at e Enbodi nent 3 concentra |mmc€ Ly

50 ng/L by addi ng hydrogen peroxi de Enbodi nent 4 at 1 on of
Herr]gerr]

concentratio

TP ol e R 1y Uy addi ng ESS?” L

Conpar ative Exanple 1 t ﬁﬂ@r@m y addi
hydr ogen peroxi de The resu ?ﬁo ‘he rreq;%sure pomtl of the cg
and of the neasured nunber of bacteria in Enbodi nents gh 5 and

Conparative Exanple 1 are shown in Tables 2 through 6.

O

Field of the Invention -

The present invention relates to a method of preventing pitting
corrosion and, more particularly, 1o a method of efficiently preventing pitting
corrosion in a copper or copper alloy tube due to microbial contamination or
fouling in a water system such as a thermal storage water system or a closed

water system

Description of the related art

In a thermal storage water system or a closed water system, the water
stored and circulated therein is added with only a small amount of %
vater, and thus very slight amount of -the vater is replaced (with a ratio of
about 10% per year). In such a vater systen, due to microbial contamination,
pitting corrosion occurs on a surface of copper or copper alloy which is used as
construction material of heat exchangers and pipe lines etc. and is in contact
with water.

Conventionally, the presence of pitting corrosion is ;s'timated by
measuring the rest potential of the metal since-the copper or #he-alloy becomes
susceptible to pitting corrosion when its rest potential is over +150 mV
(Ag/AgCl, saturated XCl solution conversion). ¥hen the potential rises up and
the pitting corrosion is predicted, nonoxidizing microbial inhibitors(biocides)
such as hydrazine being effective in lowering the rest potential. are added to
the water system.

However, when the nonoxidizing microbial inhibitor such as hydrazine is
added to a water system having very long retention time such as a thermal
storage water system or a closed water system, microbes may be increased during
the long operating term because of residual nutritive salts in the water.

To remove the slime thus produced by microbes and in the water system
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[ Tabl e 2] Concentration of Herr]Jerr]: 200ng/L 3 RE,?MQWE&T §(t\!§ng
per oxoborate Before adding hydrogen After 2 hr. fromadfling After 24
from addi ng Exanple 2 hydr obeh (@o¢ GCTAH97
hydr ogen peroxi de Nunber of bacteria in water (CFU m) 1.5 x 10[err

| ess than 1 x 10[err] 4.7 x 10[err] Number of bactefia on surtace of

copper tube

9.0 x 10[err] 2.0 x 10[err] 7.2.X

10[err] (CrUignMekndun Betd dytiesdehaleratideonelie syden. For ekbfble, Japanese

140

60 (nV, Ag/Agd)
Patent Publication 42-16521 discloses a method of removing slime by adding 1 to

2 % by weight of hydrogen peroxide to a water system in which the slime has been
produced. Japanese Patent Publication 45-32057 discloses another method of
removing slime by adding 0.1 to 2 ¥ by weight of hydrogen peroxide. In the
above publications, the effect ofmhydrogen peroxide is to remove adhered siime,
and accordingly the hydrogen peroxide is used therefore in high concentration

Japanese Patent Publication 57-50560 discloses a method of preventing
the accretion of slime in an open circulating cooling water system by adding
hydrogen peroxide at low concentration. However, the effect of hydrogen
peroxide disclosed in this publication is to prevent the accretion of slime in
the open circulating cooling water system, and nothing is described therein
that the hydrogen peroxide is used for preventing pitting corrosion of copper
or its alloy o:f a thermal storage water system or a closed water system

As mentioped above, nonoxidizing substances are conventionally used as
pitting corrosion inhibitors and there was no idea of using hydrogen peroxide,
which has been generally known as oxidizer, to prevent pitting corrosion in
copper or its alloy.

Object and Summary of the Invention

It is an object of the present invention to solve problems as mentioned
above and to provide a method of efficiently preventing pitting corrosion of
copper or copper allby due to microbial contamination in a water system such as
a thermal storage water system or a closed water system It is another object
of the present invention to provide a method of preventing pitting corrosion in
copper or its alloy without proliferating microbes due to residual nutritive
salts, and without increasing the inpurities in the water as well.

The method of preventing pitting corrosion according to the present
invention is-charabteriaed by adding hydrogen peroxide or a hydrogen peraxide
producing agent to a circulating water system having copper or its alloy such as
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8 [Table 3] Concentr qﬁerr] 50 L
hydr ogen peroxi de Betor | hy:ir gen After J2 hr.
hr from addi ng Exan[Ip eé‘mﬁ?
hydr ogen per oxi de Lofbacti.erd a | n wag er(Cl~j|U/ m)

| ess than 1 x 10[efr] 64x1 rr] Nunber of A7

Coferr) " ( crus et stBrEd J'sﬁ%my HpBer Lt Yater systen sq ghat the

e

100 [Tabl e 41@&&@&%%1%&?@ bige b Oslgﬁémt
sodi um per oxocar bonat e Before addi n%énhydrogetrl\i fter 2 hr. fr%gg’%gf%’sﬁ&

After 24 hr from addi ng

{ REPLAGEMENT SHEET m{

In the present invention the hydrogen peroxide producing agent is
defined to be an agent which produces hydrogen peroxide when it is added to
wvater. The hydrogen peroxide producing agent is for examﬁle at least ope of
peroxocarbonates, peroxoborates, peroxocacetates and peroxophosphates, wherein
the salt may be vater soluble sodium salt and potassium salt etc.

¥hen -the- hydrogen peroxide is decomposed in the water system. only water
@ ‘and oxygen are produced whereby proliferation of microbes due to residual
nutritive salts is prevented, and impurities do not increase in their
concentration in the water system
Sodium peroxocorbonate or sodium peroxoborate produces not only hydrogen
peroxide but sodium carbonate or sodium borate which remains in the water
systemw. The carbonate or borate has buffer action and corrosion inhibition to
petals including copper and its alloy. Furthermore, such salt is pot nutritive
to microbes.

In the present invention. the oxidizing action of the hydrogen peroxide

_ works for removing microbes and for disinfection by oxidation of protein,
@ whereby the rest potential of copper or its alloy is kept low and pitting
corrosion thereof is prevented.

In the present invention the hydrogen peroxide which is added to or
produced in the water system is effective, even when it is in low concentration
from 1 to 200 nghs0,/L in the circulating vater. In general, the amount of
microbes in a thermal storage water system or a closed water system is less than
that -in an épen circulating cooling water system having a cooling tower.
Accordingly, the hydrogen peroxide can remove microbes and prevent pitting
corrosion in copper or its alloy even in low concentration from 1 to 200
ngH20:/L. It should be noted that the hydrogen peroxide is used in high
concentration from 1,000 to 30, 000 mgH.0./L in the conventional method.
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Exanpl e 4 per oxi de hudr ogen per ox

hydr ogen per oxi de Nunber of bacteria in water(CFU m) 2. ey ri
| ess than 1 x 10[err] 5.4 x 10[err] Nunber of bhac e 4087 facd of
copper ‘tube 5.4 X 10[ err] 8.2 X 10[ err] 2.3

10[err] (CFU cnferr]) Rest potential of copper t ube

140 . .8 9 [Table 5 trat
o/ L umpisd doe i HE make e TR o TR 1ﬁ?§§£a¢£ it pregy
hr. from add'ﬂ}ﬁrogéﬁ%@fm&%@ftﬂéﬂﬂr@é&&gmde producing agent to the water system

-the- hydrogen peroxide or the agent may be added at_regular intervals for

example once in 1-6 (preferably 2-5) months or may be added in such a maoner
that the rest potential of the copper or its alloy is kept at +150 oV or below,
preferably +100 n¥ or below, by ;)nitoring the rest potential of a copper or
copper alloy tube. In case of continuously supplying +the hydrogen peroxide or
the hydrogen peroxide producing agent, the amount of hydrogen peroxide or the
agent to be added may be controlled in such a manner that the rest potential of

{} the copper or copper alloy tube is kept at+150 n¥ or below. preferably +100 uV,
by monitoring of the rest potential.

In case of intermittently adding 4he hydrogen peroxide or the hydrogen
peroxide producing agent to the water system, it is preferable that the
concentration of H20. in the water system immediately after the addition of
hydrogenperoundeomtheagent is in a range from 50 to 200 mgH.0./L. In case
of continuously adding -the hydrogen peroxide or the hydrogen peroxide producing
agent to the water system, it is preferable that the concentration of H.0. in
the water system is always in a range from 1 to 50 mgH»0./L.

The Hydrogen peroxide is preferably added in a state of an aqueous

@ solution of 1 to 35 ¥ by weight concentration. The peroxocarbonate salt is
preferably added in a state of an aqueous solution of 5 to 10 ¥ by weight and
the peroxoborate in a state of an aqueous solution of 10 to 20 %

In the present invention -the- copper may be alloyed. The copper alloy

. may be for example brass or nickel copper alloy.

[Example 1]

Experiments were conducted for examining the effects of adding the
hydrogen peroxide, with using a circulation testing device having five copper
tubes (13 mm in immer diameter x 50 cm in length) 1A, 1B, 1C, 1D, 1E arranged
in series, a test water tank 2, and circulating piping 3 provided with a pump 4
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Exanpl e 5 per oxi de hydr ogen per gx

bacteria in water (CFU n) 1.6 x 10[err] R WﬁTﬁEET

2.2 x 10[err] Nunber of bacteria on surface of copper t be

10[ err] 6.4 X 10[err] ; 1.2 x 10[erq] (Mlﬂﬁﬁmn) Rest

potential of copper tube 160 | 50

100 (nV. Ag/[Bgdiples Palg, e4,65 G Capr RO Bl fipr (1 A4 T 05 oL |
efore a er

added as hydrogen peroxi de Conparative
from addi ng AfTher t&t waterfwasnciddiated Bxatit) Samke manner as

hr .
hydr oi gen
wat er ( CFU/
10[ err]

per oxi de hydr ogen peroxi de Nunber of I‘:‘gacterl a’in
nibut adding . {héxhwdrogen [peroxide or theshydrbfée ‘petoxide producidk Qgent

solution such that the concentration of H.0, in the water becomes as follows:

Embodiment 2  concentrédtion of H:0.: 200 mg/L by adding sodium
peroxoborate

Embodiment 3  concentration of szz: 50 ng/L by adding hydrogen
peroxide

Embodiment 4  concentration of H»0.: 10 mg/L by adding sodium
peroxocarbonate

Embodiment 5  concentration of H»0»: 1 mg/L by adding hydrogen
peroxide

Comparative Example 1 concentration of H:0,: 0.5 mg/L by adding
hydrogen peroxide

The results of the measured potential of the copper tubes and of the
measured number of bacteria in Embodiments 2 through 5 and Comparative Example

1 are shown in Tables 2 through 6.

[Table 2}
Concentration of H,O,: 200 mg/L added as sodium peroxoborate
Before adding hydrogen | After 2 hr. from adding | After 24 hr from adding
Example 2 peroxide hydrogen peroxide hydrogen peroxide
Number of bacteria in . . .
water (CFUll) 15 x 102 less than 1 x 10 47 x 10
Number of bacteria cn
surface of copper tube 9.0 X 10° 10 X 10 7.2 X 10°
(CFUlcem®)
Rest potential
of copper tube 140 60
Y. h/AgCD) 160
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Nunber. of bacteria on surface of copper tube 5. 4 |x REBLAGEMENT SHEET
3.0 X 10[ err] 2.8 X 10[err]

: : Rest potential o opper tube

170 . 150 150 (nV. Ag/Ag Eﬁﬁﬂbsezj::i;;nths
from addi ng the hydrogen peroxide or the agent the ijhner surtaces of} tlhe
copper tubes were [ aresult of fh "on no

rqed visually.
%ﬁﬁf%und I n Exanples 1 through 5,

pitting corrosion ile pitting
corrosion was slighf gﬁﬁgﬁ Ly npar at i idehows t hat
t he met hod of the prese |nvé%$%on quite effective to prevent pitting
corrosion of—eepper- " Before adding hydrogen | After 2 br. from ading | After 24 br from adding
Example 5 peroxide bydrogen peroxide hydrogen peroxide
Number of bacteria in .
3" 2
(CFUIml) 1.6 X 10 1.8 X 10 22 X 10
Number of bacteria on
surface of copper tube 3.2 X 108 6.4 X 10° 1.2 x 108
(CFU/em®
i
Rest potential |
of copper tube 160 150 100
(a¥. Ag/AeCD)
[Table 6]

Cbmman&ﬁonof}gCgILanyL added as hydrogen peroxide
Aftes 24 b, from adding]

Comparative | Before adding hydrogen | ARer 2 br. from adding
Example 1 peroide” hycrogen peraide keopen pecaice
Number of bacteria in
3 3
water (CFU/mi) 2.2 X 10° 2.4 x 10 4.0 X 10
@ Number of bacteria on
oce of copper tube 5.4 x 10° 3.0 x 10* 2.8 X 108
(CFUlenr)
Rest potential
of copper tube 170 150 150
(¥, Ag/2eC)

After 1.5 months from adding _the hydrogen peroxide or the agent. the
imer surfaces of the copper tubes were observed visually. ~As a result of this
observation no pitting corrosion was found in Examples 1 through 5, while
pitting corrosion was slightly generated in Comparative Example 1. This shows
that the method of the present invention is quite effective to prevent pitting

corrosion of copper.

| AMENDED SHEET

SR




What is clainmed: 1. A method of preventing pittijgREBACGMENH SHEET ‘hermal

st orage wat er lgsed wat er system whidh provi ded t
copper or a C‘imﬂmmwﬂmm' si ng: addi ng hydroggn pe‘%g h&e 1997 a{hydrogen
per oxi de prod agemt so tirculating water in the {t hermal storadejwat er
systemor the closed water system so thatpa concent} di-er—ef—trytroge
peroxide in the circulating water beconmes 1 to 200 jngH err]Jerr] /L, Ito

t her eby préhahis gaimeding corrosi on of copper or the 'topper—alloy in the
thermal stprageaatiby Hf Bhg tAEinG | BRBEoNGH B thadRdISd tér Spdhibed
according to claim1l, m?%’g‘f?r? g%g&ﬁggrogenoperoxﬁhge prodrgétierr\éa agg?% iso.ra‘f1

| east one closedowater systeny, avhi¢h snprovided mithpcenpes s aiaegrest alloy rapxentisings adding
per oxoacet S..p or.a e : : refli, Ng
o ol ai m 1V pusrEPHBKRB s bR dr g Bl Saoers 1p cbulitg Wadf iR e
mgH[ er r ] J thempdlLstoraget wateo rsystem ot ithe dloset hwater rsysteat isngthat tac concéntration of
nmet hod according to claim wherein the hydrogen,peroxhde t.he, hydrogen
per oxi de P& nBoREids: in; te reyiating, &??‘fryx%ﬁfgge& 'EIOFQ[ %ébcmg'{ﬁ?zép'i % t\g\grteey_

prevent pitting corrosion of copper or the copper alloy in the thermal storage water system

or the closed water system.

2. A method according to claim 1, wherein the hydrogen peroxide producing agent is
at least one compound selected from the group consisting of peroxocarbonates,

peroxoacetates, peroxoborates and peroxophosphates.

3. A method according to claim 1, wherein the hydrogen peroxide is added to become

10 to 150 mgH,0,/L in its concentration in the circulating water.

4, A method according to claim 1, wherein the hydrogen peroxide or the hydrogen

peroxide producing agent is intermittently added to the circulating water.

5. A method of preventing pitting corrosion, comprising:

providing a thermal storage water system or a closed water system, which is
provided with a copper or copper alloy tube; and

adding hydrogen peroxide or a hydrogen peroxide producing agent to circulating
water in the thermal storage water system or the closed water system so that a
concentration of hydrogen peroxide in the circulating water becomes 1 to 200 mgH,0,/L
and a rest potential of the copper or copper alloy tube becomes below +150 mV, to
thereby prevent pitting corrosion of the copper or copper alloy tube in the thermal storage

water system or the closed water system.

B. A method according to claim 5, wherein the hydrogen peroxide producing agent is
at least one compound selected from the group consisting of peroxocarbonates,

peroxoacetates, peroxoborates and peroxophosphates.
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5. A method of preventing pitting corrosion, conprising: providing a
thermal storage water systemor a closed water system which is provided
with a copper or copper alloy tube; and addi ng hydrogen peroxide or a
hydr ogen peroxi de producing agent to circulating water in the thernal
storage water systemor the closed water systemso that a concentration of
hydrogen peroxide in the circulating Wdt er becomes 1 to 200
mgH err]Jerr]/L and a res tentlal of the co r or copper al | oy tube
beconmes bel ow + 150 nv, Tl"ﬁ’é’r REMFNTING BT IGQRRHEMN t he copper
or copper a rmal storage water system or the closed
fadtBE the B0kl

wat er system according to claim5, wherein the hydrogen

per oxi de produci n@iyasieh pefodide! siaa thyiiGen QiaRexide mrodesing Ggbitons talifed R UP

consi sting of peroxocarbonates, peroxoacetates, peroxoborates.and

per oxophosphgterssystem having copper or copper alloy such as a thermal storage water
system or a closed water éystem whereby the concentration of hydrogen peroxide
in the circulating water becomes 1 to 200 mgH»0./L. Th€ Hydrogen peroxide
produces oxygen and $Hé oxygen works the microbes directly so as to remove the
microbial fouling and thus prevent the pitting corrosion in copper or its alloy

due to microbial contamination.
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