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Title of the Invention
MEI'I—ICD OF PREVENTING CORROSION IN A WATER SYSTEM

Field of the Invention and Related Art

- The present invention relates to a method of preventing corrosion in a water
system and, more particularly, to a xhethod of efﬁcieﬁﬂy preventing corrosion in metal
including carbon steel, stainless steel, copper, and copper alloy in the water system, and
yet preventing formation of scales of a silica group and scales of a calcium carbonate
group, by removing corrosive ions while anticorrosive ions in a suitable concentration

are kept by ion exchange trmtment of feedwater or holding water f or the water system

Carboﬁ steel, stainless steel, copper, and copper alloy are employed as base
materials of various equipment and piping used in a fresh water system such as an open
or closed cooling water system, a heat storage water system, and a closed |
cooling/heating water system. These materials which is used in immersed state in the
fresh water corrode because of chloride ion (CI), sulphate ion (SO,*), or-the like
brought by the feedwater so that pitting corrosion builds up. Under this circuins@ces,
as one of conventional methods of prevenﬁng such corrosion of metal materials being in
contact with fresh water in such a fresh water sjstem, a method including steps of -
bringing water of the water system in contact with anion exchange resin with
anﬁcoxroéive anions and of adding low moleculaf weight polymer in the water has been
proposed (Japanese Unexamined Patent Publication No. H06-158364).

In this method, the anion exchange treatment is performed by bringing
corrosive ions such as CIand SO,> in the water in contact with the anion exchange
resin with the anticorrosive anions such as OH, 'HCOy,, thereby reducing the
concentration of the corrosive ions in the water and thus weakening the corrosiveness of
the water system. In addmon since the low molecular wei ght polymer has a function

of facilitating _ﬁlm formation, for example, HCO," flowing out by the anion exchange
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and Ca®" arising from the water system form a corrosion preventive film on a metal
surface, thereby further reliabiy preventing the corrosion of the metals.

In such corrosion preventive treatment of the water system, in order to employ
an OH-form weak basic anion exchange resin or a CQ,*-form strong basic anion
exchange resin which are easy to regenerate as anion exchange resins, a méihod of
bringing water in contact with the anion exchange resin after adjusting the pH of the
feedwater to the water system or the holding water drawn from the water system not in
excess of 5 has been also prdposed_(JapaneSe Unexamined Patent Publication No. HO7-
316852). ' |

Ca ions and silica are desired to be contained in the water system in a suitable
amount, since the Ca ions and silica function as anticorrosive ions for forming the
corrosion preventive film and adversely function as scale forming components.

For example, the silica is preferably adjusted to be within a range between 30
and 150 mg/l. in a cooling water system or the like (however, the upper limit in case of
using scale inhibitors for scales of a silica group is 400 mg/l.). When the silica
concentration is less than 30 mg/l., the silica component is no£ enough to form the
corrésibn preventive film so as to deteriorate the anticorrosive behavior. 'When the
silica concentration is too high, s‘caios of a.silim group primarily including magnesium
silicate are adversely formed éausing sdale problems, while the anticorrosive behavior is
improved. Therefore, the silica coﬁce;ntraﬁon should be 30 mg/l. (=150/5) orlessina
cooling water system which the namber of cycles is 5 times.

Japanese Unexamined Patent Publication No. H09-176872 discloses a method
of removing the corrosive ions sncil as CI" and SO, by anion exchange resins, wherein
the silica concentration in a water system is controlled by supplying treating water
including two kinds of anion excha.nge resins iﬂm the water system at a suitable rate.
One of the anion exchange resins is a HCO,-form anion exchange resin having the

capability to remove corrosive ions but having no capability to remove silica, and the
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other is an OH-form strong basic anion exchange resin having the capability to remove
corrosive ions and the silica. This method is performed, concretely, by arranging in
parallel an anion exchange cqlumn for the HCO,-form anion exchange resin and an
anion exchange column for the OH-form strong basic anion exchange resin and
controlling flow ratio into the respective columns.

Since Ca ion is effective to form the corrosion preventive film, higher Ca ion
concéntration is better in vicw. of the corrosion prevention. When the Ca ion
concentration is too high, however, scales of a calcium group are formed causing scale -
problems. ' _

Accordingly, the Ca ion concentration should be adjusted within such a range
that no scales are formed in a condition of supersaturation of calcium salt, for example,
calcium carbonate. It should be noted that it is difficult to sweepingly set the upper
limit of the Ca ion concentration because the degree of supersatuzanon depends on the
M-;alkalinity, the presence of scale inhibitors; the kind and amount of the scale inhibitors
in the water system. Therefore, the guide of Ca ion concentration may.be set for each |
related water system.

For removing the Ca ion, Japanese Unexarﬁi_ned Patent Publication No. HO7-
316852 includes the description that cation exchange resin is preferably used as a means

of adjusting the pH not in excess of 5 because it can also remove M- alkali components.

The methods disclosed in Japanese Unexamined Patent Publication Nos. HO6-
158364 and H07-316852 are not given oonsideraﬁoﬁ foi keeping the silica concentration
in the water system in a suitable value. - Therefore, there is a possibility of the shortage
of silica for forming the corrosion preventive film. ,

The method discloséd in Japanese Unexan_xined Patent Publication No. H09-
176872 can keep the silica concentration in the water system in a suitable value.

However, this method requires the installation of two anion exchange columns (two

' This Sheet Has Been Replaced
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anion exchange beds), which makes the equipment larger, takes a lot of time for
regeneration, and increases the amount of agent and the displacement.
In case of using the cation exchange resin to remove Ca ion so as o maintain
the Ca ion concentration in the water system to be a suitable value, also, it is necessary
to provide bypass piping or the like to adjust the ratio of water passing through a cation

exchange column and water not passing through the cation exchange column, thereby

- making the equipment and the operation complex.

That is, to perform the removal of the corrosive ion and the partial removal of
silica and Ca ion by using the conventionat ineti:ods, two anion exchange columns 2a,
2b, one cation exchange oolﬁmn 1a, and bypass piping 1b are required as shown in Fig.
4., _

It is an object of the present invention to solve the conventional problems as
mentioned above and to provide a method of preventing corrosion in a water system
which allows smaller equipment for ion exchange treatment, reduction in time for
regeneration, the amount of agent and the displacement. The method comprises
removing corrosive ions from feedwater or holding water of the water system by ion
exchange treatment to reduce the corrosiveness of the v_vater system, and removing silica
and/or Ca ion to control the silica and/or Ca ion concentrations in the water system to be
in smtable values; thereby preventlng the scale problems and i 1mprovmg the |
anticorrosive behawor of the water system.

. A method of preventing corrosion in 2 water system of the first aspect, in
which water to be supplied to the water system or water drawn from the water system is
brought in contact with an OH-form strong basic anion exchange resin to remove
corrosive ions and then is supphed to the water system, is charactenzed in that the water
brought in contact with the anion e*cchange resin is still continued to be supplied into the

water system even after the anion exchange resin reaches the silica break through point,

“until the silica concentration of the water reaches a predetermined value.
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A method of preventing corrosion in a water system of the second aspect, in
which water to be supplied to the water system or water drawn from the water system is
brought in contact with a cation exchange resin and then brought in contact with an
anion exchange resin to remove corrosive ions and, after that, is supplied to the water

system, is characterized in that the water brought in contact with the cation exchange

' resin is still continued to be brought in contact with the anion exchahge resin even after

the cation exchange resin reaches the Ca ion break through point, until the Ca jon
concentration of the water reaches a predetermined value

A method ot; prevenﬁ:ng corrosion in a water system: of the th1rd aspect, in
which water to be supplied to the water system or water drawn from the water system is
brought in contact with a cation exchange resin and then brought in contact with an OH-
form strong basic- anion exchénge resin to remove corrosive ions and, after that, is
supplied to the water system, is characterized in that even after the anion exchange resin
reaches the silica break through point, until the silica concentration of the water reaches
a predetermined value, the supply of the water brought in contact with the anion
exchange resin into the water system is still continued, and even after the cation
exchange resin reaches the Ca ion break through point, until the Ca ion concentration of
the water reaches a medet&minéd vélue, the supply of the water brought in contact with
the cation e_xéhange mn to the anion exchange resin is still continued.

In removing the corrosive ions and silica by the anion e;;change resin, an anion
exchan_gé column filled with OH-form strong basic anion exchange resin having the
capability to exchange ions of silicais used. In thls case, as shown in Fig. 3a, the
silica concentration and Cl ion concentration are low after the regeneration of the anion
exchange resin and at the early stage of the demineralization, since silica and the
corrosive ions suéh as Cl ion are caught by the anion exchange resin due to the anion
exchange reaction. However, once the anion exchange resin exceeds the ion exchange

capacity by continuing the demineralization, the silica flows out. This point is referred -
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to as “silica break through point”.  Since the corrosive ions such as Cl" ion and SO,*
ion are more difficult to flow out than the silica, thé concentration of such corrosive ions
in the water being treated is low. The amount of softened water which reaches the
break through point of CI" ion is 1.5 times of that of the softened water which reaches
the break through point of silica. In the present invention, the water between the CI
ion break through point and the silica break through point can be supplied to the water
system.

In the method of the first aspect, until the flowing out of the corrosive ions is

started and the a&éxnage of the silica concentration (shown by a break line in Fig. 3a) of

the total amount of treated water of the anion exchange column after the immediately
proceeding regenexaﬁdn reaches tlﬁe threshold, the water treated by the anion exchange
in which the silica flows out is supplied to the water system even after the silica break
through point. This allows water containing no corrosive ions and containing silica of
suitable oonoentratibn to be supplied to the water system with only one anion exchange
column and allows the silica concentration in the water system to be held-in suitable
value, thereby preventing the scale problems and improving the anticorrosive behavior
of the water system. | “

In the same manner, also in case of removing Ca ion by the cation exchange
resin, as shown in Fig. 3b, the calcium hardness is low after the regeneration of the
cation exchange resin and at the early stage of the demineralization, since Ca ion is
caught by the cation exchange resin due to the cation éxchan ge reaction. However,
once the cation exchange resin exceeds the ion exchange capacity by continuing the
demineralization, the Ca ion flows out. This point is referred to as “Ca ion break
through point™. |

In the method of the second aspect, until the average of the calcium hardness
(shown By a break line in Fig. 3b) of the total amount of treated water of the cation

exchange column after the immediately proceeding regeneration reaches the threshold,
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the water treated by the cation exchange in which the Ca ion flows out is supplied to the |
water system even after the Ca ion break through point.  This allows water containing
Ca ion of suitable concentration to be supplied to the water system with only one cation
exchange column-and allows the Ca ion concentration in the water system to be held in

5  suitable value, thereby preventing the scale problems and imprdving the anticorrosive
behavior of the water system.

According to the method of the third aspect, the first aspect and the secdnd

aspect are combined, thereby further providing well effects. |

10  Brief Description of the Drawings
-Fig. 1a, 1b and 1c are schematic d_iagrams showing an embodiment of a
method of preventing corrosion in a water system according to fhe present invention,
Fig. 2 is a schematic diagram showing pilot test equipment used in examples 1-
3, . |
15 Fig. 3a is a graph showing the relation between the amount of softened water
of an anion exchange column and the silica and CI ion concentration in treated water,
Fig. 3b is a graph showing the relation between the amount of the softened water of the
cation exchange column and the calcium hardness of the treated water, and
Fig. 4 is a schematic dmagram showmg a conventional method
20_ D&scnphon of the Preferred Embodlments _
Hereinafter, a method of preventing corrosion in a water system of the present
invention will be described with reference to the attacﬁed drawings.
~ Figs. 1a, 1b, Icare _séhemaﬁc diagrams showing an embodiment of the
method of preventing corrosion in a water system according to the present invention.
26 The method of the present invention is a method in which fe;edwater or holding
water (hereinafter, referred to as “raw water”) for the water system is treated by ion

exchange treatment to remove corrosive ions and partly remove silica and/or Ca ion and
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then is supplied to the water system. As mentioned above, the Ca ion is removed by

using cation exchange resin, the corrosive ions are removed by using the HCO,-form
weak basic anion exchange resin or the OH-form strong basic anion exchange resin, and
the silica is removed by using the OH-form strong basic anion exchange resin.
Accordingly, for example the following ion exchange treatment is performed
corresponding to the water quality of the raw water in the present invention.

(1) In case where the silica obncentration in the raw water is high and the
calcium hardness is low so that it is necessary to remove the silica in part and corrosive
ions in the raw water; . the raw water is pas.;ed only ﬁnough an am’on. exchange column _
2 filled with the OH-form strong basic anion exchange resin 2A and is then supplied to
the water sysiem, as shown in Fig. 1a.

(ii) In case where the silica oonceﬁuaﬁon in the raw water is low and the
calcium hardness is high so that it is necessary to remove the Ca ion in part and the
corrosive ions in the raw water; the raw water is passed through a cation exchange
column 1 filled with a cation excilange resin 1A and an anion exchange column 2 filled
with the HCO,-form strong besic anion exchenge resin 2B in ander and ds then
suplied to the vater system, as shomn in Fig. 1b.

(iil) In case where the silica concentration and the calcium hardness in the raw

water are both high so that it is neceésary to remove the silica, the Ca ion in part and the

corrosive ion in the raw water; the raw water is passed through the cation exchange
column 1 filled with the cation exchahge resin 1A and the anion exchange column 2

filled with the OH-form strong basic anion exchange resin 2A in order and is then

‘supplied to the water system, as shown in Fig. lc.

It should be noted with regard to the aforementioned treatments (i) through (iit)
that “the silica concentration or the calcium hardness is low” means the concentration not
allowing the formation of scales in the water system, and “the silica ooncenﬁatidn orthe

calcium hardness is high” means the concentration allowing the formation of scales in
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given in consideration of number of cycles in case of a water system operating with the

concentrated water.

In the present invention, the upper limits of the silica concentration and the
calcium hardness of the feedwater to the water system which do not allow the formation
of scales are predetennin'ed (hereinafter, the predetermined values are referred to as
“silica preset value” or “Ca ion preset value™). In the above ion exchange treatments
(i1) and (iii), even after the cation gxchange resm in the cation exchange column ;‘eaclm
the break through point of Ca ion so that the Ca ion flows out, the softening treatment of
water in the cation exchange column is continued. The softening treatment is
continued when the averége value of the calcium hardness of the total amount of water
flowing out of the cation exchange column, i.¢. the average value of the calcium
hardness obtained with regard to the total amount of water flowing out of the cation
exchange column from the end of the immediately preceding regeneration to the present
time is less than the Ca ion preset value. Then, when the average value-e‘}.c_ceeds the Ca
ion preset value, the sof tening treatment of water in the cation exchange column is
stopped to regenerate the catiop exchange resin. .

Also in the above ion exchénge treatments (i) and (iii), even after the anion
exchange resin in the anion exchange column reaches the break through point of silica
SO _that the silicé flows out, the softening treatment of wéter in the a_nion exchange
column is continued. The softening treatment is conﬁnuqd when the .avemge value of
the silica concentration of the total amount of water flowing out of the anion exchange
column, i.e. the average value of the silica concentration obtained with regard to the total
amount of water flowing out of the anion exchange column from the end of the
imﬁediately proceeding regeneration to the present time is less than the silica preset
value. Then, when the average value exceeds the silica preset value, the softening

treatment of water in the anion exchange column is stopped to regenerate the anion
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exchange resin.

Insucha manner, the water to be supplied to.the water system has a
concentration gradient in which the silica concentration and/or the calcium hardness
becomes greater with time so that water having the silica concentration or the calcium
hardness which may cause scale problems is supplied in the last stage of softening
treatment of the water. However, generally, the residence time of the holding water
(circulating water) in the cooling water system is relatively long, e.g. 30 through 300
hours, whilg the normal regeneration cycle (ﬁe demineralization period) of the jon -
exchangé res-in is a few hours. Consequenﬂy, the water having such ;ooncenuation'
gradient supplied to the water system can be considered to be in the sufficiently mixed
state. Therefore, according to the method of the present invention, it is safe 1o say that
the average value of the silica concentration or the ca]cmm hardness of the water flowing
out of the anion exchange column or the cation exchange column is employed as the
reference value. ' |

As mentioned above, in the present invention, with régard to removing silica
by the anion exchange resin, water, containing litfle silica (the most are removed by the
anton exchange resin), flowing out of the anion exchange' column is supplied to the
water system until the anion exchange resin reaches the silica; break through point.
Even after the anion exchange resin reaches the sﬂlca break through point so that the
water flowing out of the anion exchange célumn oonfair_ls silica, thq sﬁpply of the water
1o the water system is still continued. The average of the silica concentration of the
water from the anion exchange col'urhn to the water system is held not in excess of the
sxhca preset value by controlling the amount of flowing water before the silica break
through point and the amount of flowing water after the silica break through point, that
is, controlling the operating time after the silica break through point. This allows silica
to be exist adequately to form a corrosion preventive film, still preventing the scale

problems due to scales of a silica group.
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resin, water, containing littie Ca ion (the most are removed by the cation exchange resin),

flowing out of the cation exchange column is supplied to the water system until the

cation exchange resin reaches the Ca ion break through point. Even after the cation

-exchange resin reaches the Ca jon break through point so that the water flowing out of

the cation exchange column contains Ca ion, the supply of the water to the water system
is still continued. The average of the Ca ion concentration of the. water from the cation

exchange column to the water system is held not m excess of the Caion preset value by

_ oontrolhng the amount of flowing water before the Ca ion break through point and the

amount of flowing water after the Ca ion break through point, that is, controlling the
operating time after the Ca ion break through point. This allows Ca ion to be exist
adequately to form a corrosion preventive film, still pre\{enﬁng the scale problems due to
scales of a calcium group. ' |

Upon the average of the silica concentration of the water flowing out of the
anion exchange column reaches the silica preset value, the - * treatment of water
in the anion exchange column is stopped and an OH-form subng basic anion exchange
resin is regéneréted by using alkaline aqueous solution such as about 1-10 weight
percent NaOH aqueous solunon

It should be noted that a HCO,-form weak basic anion exchange resin used for
removmg the corrosive ions is regenerated by using about 1-8 wei ght percent NaHCO
aqueous solution.

On the other hand, upon the average of the calcium hardness of the water

flowing out of the cation exchange column reaches the Ca ion preset value, the softening

. treatment of water in the cation exchange column is stopped and the cation exchange

resin is regenerated by using acid aqueous solution such as about 1-10 weight percent '
HCI acjueous solution. |

Large quantities of regenerants are required to regenerate completely 100 % of
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the ion exchange resin. That is, though the quantity of the used regenerants is

substantially proportional to the regeneration rate of the ion exchange resin until 40-

60 % level of the complete regeneration, the regeneration efficiency becomes

significantly poor after this level so that quite large quantities of the regenerants are
required. _

In the present invention, therefore, it is preferable that the regeneration is
finished at tlie 40-60 % level of tﬂe complete regeneration where the regeneration
efficiency of ion exchange resin is high so as 1o reduce the amount of the regenerants -
and the fegenerating time. |

As is best shown in Figs. 1b and 1c, where the cation exchange column and
the anion exchénge column are arranged in serial, it is preferable that the respective
regeneration levels of the ion exchange resins are controlled in such a manner that the
regeneration cycle of the cation exchange column and the regeneration cycle of the anion
exchange column are the same.

In the present invention, just the regeneration level and the regeneration cycle
of the cation exchange column and/or the anion exchange column are controlled. Itis
not necessary to arrange two anion exchange columns in parallel and provide bypass
piping. Water, containing no corrosive ions and containing silica and Ca ionof -
suitable concentrations controlled by partly removing silica and/or Ca jon, can be
supplie& to the water system. Therefore, in preveﬁling the corrosiph and the formation
of scales in the water system, the miniaturization and simplification of the equipment
and the easement in the operation for the regeneration can be realized.

It should be understood that the water flowing out the anion exchange column
and/or the cation exchange column may be supplied to the water system once it is
received by atank. ‘The timing for stopping the softening treatment may be determined
based on measured values of the silica concentration or the calcium hardness in the

water system.
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In the present invention, scale inhibitors may be further used. In this case,

the scale inhibitors to be employed are not particularly limited and scale inhibitors for
scales of a silica group such as partial hydrolysate of polyacrylamide well known in the
art may be used. Itis preferable that the adding amount of the scale inhibitors is 1-100
mg/l. relative to the amount of holding water in the water system.

If necessary, it is also preferable to use simultaneously anticorrosives such as
inorganic phosphate (orthophosphate and polyphosphate), organic phosphoric
ester, phosphonic acid, zinc, nickel salt, tungstate, 'm_oiybdate, nitrite; borate, silicate,
hydroxy c:;u'boxylic acid, benzot_riazolé, anc.i.mer(‘:aptobénzothiazole or, as mentioned
above, scale inhibitors such as lignin derivative, tannic acid, and polysaccharide

- including starch.

As well as the method disclosed in Japanese Unéxamined Patent Publication
No. H06-158364, a low molecular weight .polsrmer may be added to the water. The
low molecular weight polymer facilitate the formation of a uniform film of anticorrosive
anions such as OH', HCO;  flowing out in the water by the ion exchange. treatment and
anticorrosive components such as Ca**, SiO, arising from the water system, thereby
further reliably preventing the corrosion. |

In this case, as the low molecular weight polymer may be a water soluble -

polymer havmg 500- 100 000, preferably, 1,000-20, 000 . Such a

water soluble polymer includes a copolymer of maleic acid and 1sobutylene polyacrylic
acid, partial hydrolysate of polyacrylamide, a copolymer of acryhc acid and allyloxy-2-
hydroxypropanesulfonic acid, a copolymer of acrylic acid and hyd:bxyeﬂlyknethacrylic :

~acid, a oopolymef of acrylamide and arylsulfonic acid, a copolymer of acrylic acid and
maleic acid, a copolymer of acrylic .acid'ar-xd styrene, a copblymer of acrylic acid and

styreneéulfonic acid, polymaleic acid, polystyrenesulfonic acid, a copolymer of acrylic
acid and itaconic acid, polyitaconic acid, a copolymer of acrylic acid and acrylonitrile, a
copolymer of acfylic acid and vinylsulfonic acid, and a copolymer of methyl_vinyl ether
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and maleic acid which are known in the prior art.

Though the amount of such a low molecular weight polymer may vary

corresponding to the quality of raw water, it is preferably 0.1-500 mg/]. relative to the

holding water.

Though the timing of adding the low molecular weight polymer is not

particularly limited, the fow molecular weight polymer is normally preferably added

after the treatment by the anion exchange resin.

- The method of the present invention as mentioned above is effective in

preventing corrosion in a water system containing CI, So,” as corrosive jons, and silica

and/or Ca ion, such as a fresh water system, of which water is concentrated.

Examples

Hereinafter, the present invention will be concretely described with reference to

examples and comparative examples.

The qualities of raw water A, B, C used in the examples and comparative

examples are shown in the following table 1.

[Table 1]

Raw
water pH

M-alkalinity

{mg/L)

total

hardness
(mg-L)

calcium hardness

{mg/L)

Silica

- (mg/L)

Gl ion
(mg/L)

80,2 ion

(mg/L)

A 7.2

o3

61

41

30

29

25

B 7.8

56

67'

317

47

20

C 1.6

64

31

19

76

4

20

26

Example 1

The scale preventive effect and the corrosive ;Sreventive effect have been tested

by using pilot test equipment shown in Fig. 2.

In Fig. 2, the numeral 1 designates a cation exchange column, 2 designates an ”

anion exchange column, 3 designates a raw water tank, 4 designates a cooling tower, 5

designates a heat exchanger, 6 designates a test piece column, and 7 designates a scale

inhibitor tank.

The raw water was supplied to a holding water tank 4A of the cooling tower 4
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through a line 11, the cation exchange column 1, a line 12, the anion exchange column 2,
and aline 13, by apump P,. Scale inhibitor in the scale inhibitor tank 7 was added

into the holding water tank 4A through aline 14 by a pump P,. The cooling water was

' circulated from and to the water tank 4A through a line 15, the heat exchanger 5, a line

16, the test piece column 6, and aline 17 by a pump P,.  The circulating water was
partly blown out of the water system through a line 18.
The cation exchange column 1 was filled with S00 mi of the cation exchange

resin and the anion excharge column 2 was filled with 500 ml of the anion exchéngé

. resin. Two commercial carbon steel tubes (STB340, the outer diameter of 19 mm, the

thickness of 2.2 mm (actual measurement)) were used.as heat exchange tubes of the heat

exchanger 5. The test piece was a carbon steel test piece (SPCC, 30 mm x 50 mm x 1

mm). 'ﬁae scale inhibitor was polymaleic acid.
The ooolihg water System operates in the following condition:

Feed water quantity: 22 lit/hr,
Holding water quantity: 300 liters,
Circulating water quantity: 10.6 lit/hr,
Blowing water quantity: 3 liv/hr, |
Temperature of circulaﬁng water at heat excha_mger inlet: 30 °C, |
Temperature of circulating water at heat exchanger outlet: 50 °C,
Scale inhibitor amount to be added: 15 mg/l., and
Number of cycles: 7 times. .

| The raw water A shown in Table 1 was used as the raw water for this example.
In feeding the_raw water, the cation exchange resin in the cation exchange coliunn 1 was
regenerated with 5 weight percent HC! aqueous solution to a regeneration level: 17g-
HCV/1.-resin (15% of the complete regeneration) and the anion exchange resin in the
anion exchange column 2 was regenerated with 5 weight percent NaOH aqueous

solution to a regeneration level: 50g;Na0H/].-resiri (38% of the complete regeneration).
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The feeding water was continued with the feeding water quantity being 260 liters and
the regeneration being conduéted under the above same condition for every 12 hours of
the feeding time.

While the cation exchange resin in the cation exchange column reached the Ca
ion break through point af! tef 6 hours operation, the average of the calcium bardness of
the water flowing out of the cation exchange column which was obtained by 12-hour
water flowing was 21 mg/l.. While the anion exchange resin in the anion exc_hange
column reached the silica break through point after 4 hours operation, the average of the
silica concentration of the water ﬂoﬁng out of the anion exchange cblumn which was
obtained by 12-hour water feeding was 21 mg/l.. Since the averages of the calcium
hardness and the silica concentration after the 12 hours water feeding did not reach the
concentration causing scale problems, the softening n'éatment were continued after the
cation exchange resin an& the anion exchange resin reached the respective break through
points. | | '

The average quality of the feedwater and the rate of corrosion and the rate of
scaling of the test pieces after 30-day operation were measured and the results were

shown in Table 2.

Example 2

The raw water B shown m Table 1 was used as the raw water for this example.
In feeding the raw water, the cation exchange resin in the cation exchange column 1 was
regenerated with 5 weight percent HCI aqueous solution to a regeneration level: 50g-
HCl/L.-resin (53% of the complete regenei'aﬁon) and the anion exchange resin in the
anion excharige column 2 was regenerated with 5 weight percent NaHCO, aqueous
solution to a regeﬁeration level: 80g-NaHCOSIl.-resin (31% of the complete
regeneration). 'The operation of this example was the same as Example 1, except that

the feeding water was continued with the feeding water quantity being 940 liters and the
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- Tegeneration being conducted under the above same condition for every 43 hours of the

feeding time. The average quality of the feedwater and the rate of corrosion and the
rate of scaling of the test pieces were measured and the results were shown in Table 2.
In this example, while the cation exchange resin in the cation exchange column

reached the Ca ion break through point afier 18 hours operation, the average of the

‘calcium hardness of the water ﬂowing.out of the cation exchange column which was

obtained by 43-hour water flowing was 21 mg/l.. The anion exchange resin in the
anion éxchange column did not have the function of ion exchange of silica so that the
average of the silica concentration of the water flowing out of the anion exchange

column which was obtained by 43-hour water feeding was the same as the raw water B,

-i.e. 7mg/l.

Example 3

The raw water C shown in Table 1 was used as the raw water for this example
and there was only the anion exchange column without the cation exchange column in
this example. In feeding the raw water, the anion exchange resin in the anion
exchange column was regenerated with 5 weight percent NaOH aqueous solution to the
same regeneration level as that in Example 1. The operation was the same as Example-
1 except that the feeding water quantity was 270 liters and the regeneration was

conducted under the above same condition for every 12 hours of the feeding time. The

average quality of the feedwater and the rate of corrosion and the rate of scaling of the
test pieces were measured and the results were shown in Table 2.

In this example, while the anion exchange resin in the anion exchange column
reached the sifica break through point after 4 hours operation, the average of the silica
concentration of the water flowing out of the anion exchange column which was

obtained by 12-hour water flowing was 50 mg/l..
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Comparnative Examples 1 through 3

The comparative examples were conducted in the same manner as Examples 1,
2, 3 except that the raw water A, B, C were direcily supplied 1o the cooling water
S}.'slem without the jon exchzinge treatment. The average quality of the feedwater

5 (same as the raw water) and the rate of corrosion and the sate of scaling of the test pieces
were measured and the results were shown in Table 2.
[Table 2}
mean concentration. of make-up water of cooling water systew result
ion - - -
Exemple exchang M- total ] calcivm }ocy:e0 1 ca-ion | S0.2-ton | CoTOSIOR | scaling
water e | ®l alinity | hardness | bardness | 5 rate rate
treatment e/} me/t} | Gee/l} | e/} | G/} | mg/t) {mg/c?/ mih)
Example 1 conducted | 2.4] T 3 21 n | o« a 3 3
A
Comparative not
. 1 4% 30 23 25 9 25
example 1 conducted 1.2 53 3
Example 2 conducted | 7.8 9 39 21 7 <1 <a 2 [
B n ;
Conmparative not '
. 7 37 7 47 20 25 44
example 2 conducted 1.8 56 s
Example 3 conducted 7.8 75 30 20 50 <1 . <1 5 7.
C g -
Comparative not
. 19 76 S 9q 8 37
example 3 conducted 1.5 b4 3
It is apparent from Table 2 that, according to the method of the present
10  invention, the corrosion in the water system can be restricted and the scale problems can

15

20

also be prevented.

As described above, according 10 the method of preventing corrosion in the
water system of the present invention, feedwater or holding water for the waler system
is treated by ion exchange treatment to remove corrosive jons, thereby reducing the
corrosiveness of the water system, and remove silica ancilor Ca jon 1o conirol he silica
and/or Ca ion concentrations in the water system 10 be in suitable values, thereby
preventing the scale problems and improving the anticorrosive behavior of the water . .
system. By using such a method of the present invention, the minjaturization of the
equipment for the ion exchange treatment, the easement in the operation for the
regeneration, and the reduction in the amount of agent and the displacement can be
realized.
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What is claimed is:

1. A method of preventing corrosion in a water system in which water to be
supplied to the water system or water drawn from the water system is brought in contact
with an OH-form strong basic anion exchange resin to remove corrosive ions and then
is supplied to the water system, characterized in that

the water brought in contact with the anion e;xchange resin is still continued to
be supplied into the water system even after the anion exchange resin reaches the silica.
break through point, until the silica concentration of the water reachés a predetermined
value. .

2. A method as claimed in claim 1, wherein said predetermined value is setin a
range where no scales are generated in the water system.

3. A method as claimed in claim 1 or 2, wherein a scale inhibitor is added in
the water.

4. A method as claimed in any one of claims 1 through 3, wherein a low
molecular weight polymer is added in the water. e

5. A method of preventing corrosion in a water system in which water to be-

‘supplied to the water system or water drawn from the water system is brought in contact

~ with a cation exchange resin and then brought in contact with an anion exchange resin to

reméve corrosive ions and, after that, is supplied to the water system, characterized in
o . .

the water brought in contact with the cation exchange resin is still continued to
be brought in contact with the amon exchange resin even after the cation exchange réin
reaches the Ca jon break througﬁ point, until the Ca ion concentration of the water
reaches a predetermined value. |

6. A method as claimed in claim 5, wherein said predetermined value is setin a
range where no scales are generated in the water system.

7. A method as claimed in claim 5 or 6, wherein a scale inhibitor is added in
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the water

8. A method as claimed in any one of claims 5 through 7, wherein a low
molecular weight polymer is added in the water.

9. A me_tho.d of preventing corrosion in a water system in which water to be
supplied to the water system or water drawn from the water system is brought in contact
with a cation exchange resin and then brought in contact with an OH-form strong basic
anion exchange resin to remove corrosive ions and, after that, is supplied to the water
system, characterized in that . .

the water brought in contact with the anion exchange resm is still continued to -
be supplied into the water systeﬂl even after said anion exchange resin reaches the silica -
break through point, until the silica concentration of the water reaches a predetermined
value, and
continued to be brought in contact with the anion exchange resin even after said caﬁop
exchange resin reaches the Ca ion break through point, until the Ca ion concentration of
the water reaches a predetermined value.

. 10. A'method as claimed in'claim 9, whérein said predetermined value is set in
a range where no scales are genelated in the water system

11. A method as claimed in claim 9 or 10, wherein a scale inhibitor is added

in the water.

12. A method as claimed in any one of claims 9 through 11, wherein a low

molecular wéi ght polymer is added in the water.
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