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Field of the Invention

The present invention relates to a method of preventing pitting
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 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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it is known to add hydrogen peroxide to the system. For example, Japanese
Patent Publication 42-165621 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 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

THIS SHEET HAS BEEN
REPLACED




This Sheet Has Been Replaced

3 LT

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 mgH,0./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
vater. The hydrogen peroxide producing agent is for exampie at least one of
peroxocarbonates, peroxoborates, peroxcacetates and peroxophosphates, wherein
the salt may be water 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
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
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Using the oxidizing agent (the bydrogen 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 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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supplied to the circulating water. In case of intermittently adding the
hydrogen peroxide or the hydrogen peroxide 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 manmer
that the 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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6 .
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 n/s via the circulating piping 3.

When the potential of the copper tubes 1A through 1E rose to +180 m¥
after approximately 170 bours 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 mgH.0./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 surfaces of the copper tubes
were also measured with time, and the results are shown in Table 1.

[Table 1]
Concentration of H,0,: 100 mg/L. added as hydrogen peroxide

Before adding hrydrogen | After 2 br. from adding | After 24 br from adding
Example 1 peoxide . hyéogmpmch hydrogen peroxide

. Number of bacteria in ) _

water (CFU/ml) 3.1x10° less than 1 x 10° 11x10
Number of bactetia on

(CFUicm®)

Rest potential |
of copper tube - 180 100 &0

(u¥. Ag/RgCl)

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.
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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,
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but adding the hydrogen peroxide or the hydrogen peroxide producing agent
solution such that the concentration of H.0. in the water becomes as follows:

Embodiment 2

peroxoborate

Embodiment 3

peroxide

Embodiment 4

peroxocarbonate

Embodiment 5

peroxide

Comparative Example 1

hydrogen peroxide

concentration of H.0s:

concentration of H20.:

concentration of Hz0::

concentration of Ha0»:

concentration of H:0»:

200 mg/L by adding sodium
50 mg/L by adding hydrogen
10 ng/L by adding sodium

1 mg/L by adding hydrogen

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 1x10 4.7 X 108
water (CFUml) 15 %10 less than 1 x
Numbetof}:a:tqiao_n
surface of coppermube | 9,0 X 10° 1.0 X 102 7.2 X 10°
(CFUlcm®)
R;st potential
of copper tube 160 140 60
(u¥, Ag/AgCl)
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[Table 3]

Concentration of H,Q,: S0 mg/L

added as hydrogen peroxide

(=¥, Ag/AgCl)

Before adding hydrogen | Afer 2 br. from adding | After 24 br from adiing
Example 3 peroxide hydrogen peroxide hydrogen peroxide
Number of bactesia in
water (CFUrml) 6.1 x 102 less than 1 x 10' 6.4 x 10°
Number of bacteria on
surface of copper tube 1.3 x 108 1.0 x 10% 1.8 x 108
(CFUfem’)
Rest potential
of mﬁﬁ) 160 100 80
[Table 4]
Concentration of H,O,: 10 mg/L. | added as sodium peroxocarbonate
T Befors ading hydrogea | Afier 2 b, from adding | Afver 24 b from addiog
Example 4 pecoride hydrogenperoide | hydrogen peroride
Number of bacteria in
water (CFUrml) 2.0 x 10° less than 1 x 10° 5.4 x 10°
Number of bactesia on
sufaceof coppertube | 5 4 x 10° 8.2 % 10° 2.3 x 104
(CFUIcm’) ' '
-Rest potential.
of copper tube 150 140 60
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[Table 5}
Concentration of H,O,: 1 mg/L. added as hydrogen peroxide
Before adding hydrogen | After 2 br. from adding | After 24 br from adding
Example 5 peraxide hydrogen peraxide hydrogen peroxide
Number of bactetia in . 10°
3 X
water (CFU/ml) 1.6 X 10 1.8 X 10 2.2
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/AeC)
[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 . L0 \

3 X

swater (CFUlml) 22 X 10 2.4 X 10 10
Number of bacteria on
sufaceof coppermwbe | 5 4 x 108 3.0 X 10* 2.8 x 10°

(CFUanj)

Rest potential
of copper tube 170 150 150

(¥, Ag/2eCl)

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
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.
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¥hat is claimed is:

1. A metbod of preventing pitting corrosion 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 ngh,0,/L. |

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 peroxo 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 claim 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 metbod 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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