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Title of the Invention 

METHOD OF ~· PITI'ING <X>RRGSION 

Field of the Invention 

qwoiw,.c ~. 

rtoc tA Pj l « 

The present invention relates to a method of preventing pitting 

corrosion aOO. 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 

water. and thus very slight amount of the water is replaced (with a ratio of 
• 

about 1<>1 per year). In such a water system. 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 estimated by 

measuring the rest potential of the metal since the copper or the alloy beoomes 

susceptible to pitting corrosion when its rest potential is over +150 mV 

(Ag/Asf.',1. saturated ICl solution conversion). lhen the potential rises up and 

the pitting corrosion is predicted. nonoxidiz:ing microbial inbibitors(biocides) 

such as hydrazine being effecti\re in lowering the rest potential are added to 

the water system. 

· HOwever. when the nonoxidizing microbial inbibi tor such as hydrazine is 

added to a water system having ver:y 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 remve the slime thus produced by microbes and in the water system. 
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it is known to add hydrogen peroxide to the system. For example, Japanese 

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 

aoove publications. the effect of hydrogen peroxide is to :raoove 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 

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 of a thermal storage water system or a closed water system. 
• 

As mentioned above. nonoxidizing substances are conventionally used as 

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

which bas been generally known as oxidizer. to prevent pitting corrosion in 

copper or its alloY. 

Object arid Sumomy of the Invention 

It is an object of the present invention to solve problem as mentioned 

above and to provide a method of efficiently preventing pitting corrosion of 

copper or copper alloy due to microbial contamination in a water system such as 

a thermal storage water system or a closed water system. It is amther 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 

sa1 ts. and with>ut 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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a thermal storage water system or a closed water system so that the 

concentration of the hydrogen peroxide in the system becomes 1 to 200 mgll202/L. 

In the present invention the hydrogen peroxide producing agent is 

defined to be an agent which produces hydrogen peroxide when it is added to 

water. The hYdrogen peroxide producing agent is for example at least one of 

peroxocarbonates. peroxoborates. peroxoacetates and peroxophosphates. wherein 

the salt may be water soluble sodium salt aod potassium salt etc. 

Jhen 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, 

Scxlium :peroxocorlxlnate or sodium peroxoborate produces mt only .hydrogen 

peroxide but sodium carbonate or sodium borate which remains in the water 
• 

system. The carbonate or borate .bas buffer action and corrosion inhibition to 

metals incltXiing COP.Pet' and its alloy. Furthermre. such salt is not nutritive 

to microOOs. 

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 mds02/L in the circulating water. In general. the amount of 

microbes in a therm1 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 

mgH202/L. It should be noted that the hydrogen peroxide is used in high 

concentration frotn 1. 000 to 30, 000 mgll202/L in the conventional method 
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Using the oxidizing agent (the hydrogen peroxide or the hydrogen 

peroxide producing agent) in low concentration contributes to the reduction of 

rising of the potential of copper or its alloy by the oxidizing agent itself and 

to the possibility of the reduction in the cost for removing microbes. In 

addition. since the concentration of impurities in the water system is kept low. 

the blow water therefrom is allowed to be discharged without any treating 

process such as dilution 

Brief Descriptioo of the Drawings 

Fig. 1 is a schematic diagram shoring a circulation testing device used 

in embodiments. and 

Fig. 2 is a graph shoring transition in the spontaneous potential value 

of copper tu'bes according to EmOOd:iment 1. 

' 
Description of the Preferred F.mlmhnents 

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 mgll202/L. preferably 10 to 150 

mgll202/L. more preferably 30 to 120 mgll202/L. 

When the concentration of the hydrogen peroxide added to or produced in 

the circulating water is less than 1 mgl[202/L. pitting corrosion is not 

prevented effectively. lhen the concentration exceeds 200 mgli202/L. the effect 

of preventing pitting corrosion is saturated. so that the concentration is 

preferably less than 200 mgl[zOa/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 becomes in a range from 1 to 200 mgll202/L. The hydrogen peroxide or the 

agent may be intermittently added to the circulating water or continuously 
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supplied to the circulating water. In case of internli ttently adding the 

hydrogen peroxide or the hydrogen peroxide pmlucing 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 marmer 

that the rest JX>tential of the copper or its alloy is kept at +150 mV or below. 

preferably +100 mV or below. by monitoring the rest potential of a copper or 

copper alloy tube. In case of continuously S1i>J>lyi.ng 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 ropper or copper alloy tube is kept at+150 mV or below. preferably +100 mV, 

by nmi.tor:ing of the rest potential 

In case of intend ttentl.y addj ng the hydrogen peroxide or the hydrogen 

peroxide producing agent to the water system. it is preferable that the 

concentration of H202 in the water system immediately after the &idition of 
• 

hydrogen peroxide or the agent is in a range from 50 to 200 mgll202/L. In case 

of continoously adding the hydrogen peroxide or the hydrogen peroxide producing 

agent to the water system. it is preferable that the concentration of Hz02 in 

the water system is always in a range from 1 to 50 mglI202/L. 

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

solution of 1 to 85 I 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 exaq>le brass or nickel copper alloy. 

[Exa!Qple !] 

E:x:periments 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) lA. lB. lC. lD. lE arranged 

in series. a test water tank 2. and circulating piping 3 provided with a pump 4 
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and a flowmeter 5 as shown in Fig, 1. Test water (100 liters of well water) 

stored in the test water tank 2 was circulated at room temperature at a flow 

velocity of 0. 3 mis via the circulating piping 3. 

lhen the potential of the copper tubes 1A through lE rose to +180 mV 

after approximately 170 hours from the start of circulating the water. an 

aqueous hydrogen peroxide solution 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 mgl{202/L. The water was kept to be circulated and the copper tubes 

were 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 surf aces of the copper tubes 

were also measured nth time. ami the results are shown in Table 1. 

[fable 1] 

Concen~on of ff:<>:: 100 mg.IL added as .hydrogen peroxide 

Bd'aeaddiachjdwgeu Aftcr2 hr. fiom adding Mr. 24 hr fiom .tdiag 

ixampie 1 pedliCide hydqal pamidc hydlO:=pmmm 

Numbcrollwfrria ia 

warcr(CV/ml) 3.1x1<>1 less than 1 ::t 101 1.1x1oi 

Number olbactm cm 

sad'a::eol qpcr mbe 1.1 x lo' 1.8 x to= 1.9x10' 

(~/cm2) 
-

' 
Rest potential ! 

af c:qiper' tube 
. 

180 100 El) 
(aJ. jg/AgJ;JJ 

. As clearly shown in Table 1 and Fig. 2. the number 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 

p0tential of the copper tube (Ag/ A&CL saturated KCl solution conversion) fell 

within a short time to less than +100 mV from +180 mV. 
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[Examples 2. 3. 4. 5 and Comparative Example 1] 

The test water was circulated in the same manner as the Embodiment 1. 

but adding the hydrogen peroxide or the hydrogen peroxide producing agent 

solution such that the concentration of H202 in the water becomes as follows: 

Embodiment 2 concentration of H202: 200 mg/L by adding sodium 

peroxoborate 

Embodiment 3 concentration of H202: 50 mg/L by adding hydrogen 

peroxide 

Embodiment 4 

peroxocarbonate 

Embodiment 5 

peroxide 

concentration of HaOa: 10 mg/L by adding sodium 

concentration of H202: 1 mg/1 by adding hydrogen 

Comparative Example 1 concentration of H202: 0.5 mg/L by adding 

hydrogen peroxide 

The results of the measured potential of the CtlPller tubes and of the 

measured number of bacteria in F.mbodiments 2 through 5 and Comparative fummple 

1 are shown in Tables 2 through 6. 

[rable2] 

Concentndioo of ff:<>:: 200 mglL 

Bel~ ac1ciDg bydmp 

Example 2 peroxide 

Number of bactcDa in 

water (CFU/ml) 1.5 x 102 

Number of bacteria (IQ 
-· 

smfac:e of c:oppa' tube 9. 0 x 105 

(CFUlc:m2) 

R;st potential 
of mpJJel:" tube 160 

C11V. Ag/WJ.) 

added as sodilD peroxoborate 

Aft.cr2 hr. hm...,, 
hydroppaoxide 

less than 1 x 10' 

1.0 x 103 

140 

J\ftcr 24 hr &om adding 

hydrop pesoxide 

4. 7 X 108 

7. 2 X 103 

60 
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rrab1~ JJ 

Concenttation of fiiC:: SO mg/L added as hydrogen peroxide 

Bcfaeadmq hyckogm Aft£r 2 hr. fnm aling At'tcr 24 br Uom adding 

Example 3 pcmxidc hy~pauU<fe hydrogen peroxide 

Number oC bacteria in 

Waler (CFU/ml) 6.1 x 102 less £ban 1 ::t 10 I 6.4 x 102 

Number of bacteria on 

sm:face oC ccppcr tube 1.3 x 106 1.0 x 102 1. 8 X 108 

(CR.Tlc:aO 

Rest potential 
of c:apper tube 160 100 80 

C.J. Ag/AgJ;J.) 

rrabte4] 

Concentration of ffiC:: IO mg/L · added as soditun jleroxocarlxmate 

Bcf'ore adding hychoga1 After 2 br. from adding After 24 hr tiom adding 

Example 4 paoxide hydlogaa ~de hydrogen pmdde 

Numbetof bacta:ia ia . 
2.0 x 103 less than 1 ::t 10' 5. 4 x 103 

Waler (CFUlml) 

Number oC bacteria Oil 

surface of cappcr tube 5.4 X 105 8. 2 x 103 2.8 x 104 

ca:u1aD2.> 

· Rest potential . 
of~tube 150 140 60 

C.T. Ag/AaCl) 
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rrable S] 

Concentration of rf:Oi: 1 mg/L added as hydrogen peroxide 

Befoie addDg h~ After 2 br. &om adding After 24 br r.rom adding 
Example 5 

pao.~ hydrogen peio.-Udc hycfio:ca peroxide 

Number of bacteria in 

Waler (CFU/ml) 16 x 103 1.8 x 102 2.2 x 102 

Number or bacteria on. 

smface of copper tube a.2 x 105 6. 4 x 103 1.2 X 105 

(CFU/ari} 

Rest potential . 
af~tube 160 c.v, Jg/A&Cl) 

150 100 

rrable61 

Coocenttanon oC ~O:: 0.5 m&'L added as hydrogen peroxide 

Comparati~·e Bcfcrc adding .b:ydqaa Aftcr2 hr. m- addilJa After 24 hr. tiom adding 

E.umple l ~- hydrogm peio.Ude hydrogen pclOJCide 

Number of bactnia in 

water (CFU/ml) 2.2 x 103 2. 4 x 103 4. 0 x 103 

Number of bacteria on 

smface or copper tube 5.4 X 105 3. 0 x 104 2. 8 X 105 

(CFU/~ 

Rest potential 
of CXlPl' tube 170 150 150 

C.T. Ag/J&Cl) 

After 1. 5 months fron adding the hydrogen peroxide or the agent. the 

inner surl8ces 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 f.ompa:rative Example 1. This shows 

that the method of the present invention is quite effective to prevent pitting 

corrosion of copper. 
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What is claimed is: 

1. A method of preventing pitting corrooion in a water system provided 

with copper or a copper alloy comprising: adding hydrogen peroxide or a 

hydrogen peroxide producing agent to circulating water in the water system 

whereby the concentration of .hydrogen peroxide in the circulating water becomes 

1 to 200 mgll202/L. 

2. A method according to claim 1. wherein the water system is 

a therm1 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 peroxo COOIJl()UtXfs. 

4. A method according to claim 3. wherein the peroxo compourxls is at 

least one selected from the group of peroxocarbonates,peroxoacetates. 

peroxoborates and peroxopbospbates. 
• 

5. A method according to claim 1. wherein the hydrogen peroxide is added 

to become 10 to 150 mgH202/L in its ooncentration in the circulating water. 

6. A method according to claim .1. wherein the hydrogen peroxide or the 

hydrogen peroxide producing agent is intenlittently 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 eopper alloy tube becomes below +150 mV. 

THIS SHEET HAS BEEN 
REPLACED 


