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MEfHOD 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 

5· systein and, more particul8rl.y, to a method of efficiently preventing corrosion in metal 

including carbon. steel, stainless steel, copper, and copper aUoy in the water system, and 

yet preventing formation of scales of a silica group and ~es of a calcium carbonate 

group, by removing corrosive jons while anticorrosive io:QS in a suitable concentration 

are kept by ion exchange treatment of feedwater or holding water for the water system. 

10 

Carbon steel, stainless· steel, copper, and .copper alloy are employed as base 

materials of various equiP.Dent 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 wa~r system. These materials which is used in immersed state in the 

15 fresh water corrode because of chloride ion (Cr), sulphate ion (S04z.), or·the like 

brought by the f eedwater so that pitting corrosion builds up. Under this circumstances. 

as one of conventional methods of preventing such. corrosi<:>n of metal materials being in 

contact with fresh water in such a fresh water system, a method including steps of · 

bringing water ·of the water _system in contact with anion exchange resin with 

20 anti corrosive anions and of adding low molecular 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 er and S04z. in the water in contact with the anion exc~ge 

resin with the anticorrosive anions such as ott·, HC03·, thereby reducing the 

25 concentration of the corrosive i~ns in the water and thus weakening the c6rrosiveness of 

the water system. In additioo, Since the low molecular weight polymer has a function 

of facilitating film formation, for example, Hco3• flowing out by the anion exchange 
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and Ca2
+ arising from the water system form a corrosion preventive film on a metal 

surf ace, thereby further reliably 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 i. -form strong basic anion 

5 exchange resin which are easy to regenerate as anion exchange resins. a method of 

bringing water in contact with the anion e?Ccbange resin after adjusting the pH of the 

feedwater to the water system or the holding water drawn from the water system not in 

exc~ of 5 bas been also proposed (Japane8e Unexamined Patent Publication No. H07-

316852). 

10 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 anti.corrosive ions for forming the 

corrosion preventive film and adversely function as sca,le f onning components. 

For example, the silica is preferably adjusted to be within a range between 30 

and 150 mg/I. in a cooling water system or the like (however, the upper limit in case of 

15 using scale inhibitors for scales of a silica group is 400 mg/I.). When -the silica 

concentratibn is less than 30 mg/I.. the silica component is not enough to form the 

corrOsion preventive film so as to deteriorate the anticorrosive behavior. When the 

silica concentration is too high, scales of a silica group primarily including magnesium 

silicate are adversely formed causing scale problems, while the anticorrosivebehavior is 

20 improved. Therefore, the silica concentration should be ~O mg/I .. ( =150/5) or less i:n a 

cooling water system which the nilmber of cycles is 5 times. 

Japanese Unexami~ed Patent Publication No. H09-176m discloses a method 

of removing the corrosive ions such as .er and so/· by anion exchange resin_s, wherein 

the silica concentration in a water system is oontrolled by supplying treating water 

25 including two kinds of anion exchange resins into the water system at a suitable rate. 

One of the anion exchange resins is a HC03-f orm anion exchange resin having the 

capability to remove corrosive ions but having no capability to remove silica, 3.nd the 
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other is~ 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 column for the HC03-f orm anion exchange resin and an 

anion exchange column for the OH-fonn strong basic anion exchange resin and 

5 controlling flow ratio into the respecti:ve columns. 

10 

Since Ca ion is effective to fonn the corrosion preventive film. higher Ca ion 

concentration is better in view of the corrosion prevention. When the Ca ion 

concentration is too high, however. scales of a calcium ~up 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 supersaturation depends on the 

M-alkalinity, the presence of scale inhibitors; the kind and amount of the scale inhibitors 

15 in the water system. Therefore, the guide of Ca ion concentration may.be set for each · 

related water system. 

20 

25 

For removing the Ca ion. Japanese Unexami~ed Patent Publication No. H0?-

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. H06-

158364 and 807-316852 are not given consideration for keeping the silica concentration 

in the water system in a suitable value. Therefore. there is a possibility of th~. sho~ge 

of silica for forming the corrosion preventive film. 

The method disclosed in Japanese Unexamined ~tent Publication No. H09-

176'i572 can keep the silica concentration in the water system in a suitable value. 

However. this method requires the instalJation of two anion exchange columns '(two 
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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 to maintain 

the Ca ion concentration i~ the water system to be a suitable value. also, it is necessary 

5 . 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 perf onn the removal of the_ corrosive i911_ and the partial removal of 

silica and Ca ion by using the conventional methods, two anion exchange columns 2a, 

10 2b, one cation exchange column 1~. and bypass piping lb are required as shown in Fig. 

4. 

It is an object of the present invention to solve the conventionalproblems as 

mentioned above and to provide a method of preventing corrosion in a water system 

which allows sinaIJer equipment for ion exchange treatment, reduction in time for 

15 regeneration, the amount of agent and the displacement. The method oomprises 

removing corrosive ions from feedwater or holding water of the water system by ion 

exchange treatment to reduce the corrosiveness of the water system. and removing silica 

and/or Ca ion to control the silica and/or Ca ion concentrations in the water system to be 

in suitable values;, thereby preventing the sCale problems and improving the 

20 aiiti~irosive behavior of the water system . 

. A method of preventing corrosion in a wa~r system of the first aspect, in 

which water to be supPiied to the water system or water drawn from the water system is 

brought in contact with an OH-f onn strong basic anion exchange resin to rem9ve 

corrosive ion8 and then is supplied to the water system, is c~rized in that the water 

25 brought in contact with the anion exchange 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. 

, ilii 1iff 1ii1illf 
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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 

5 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 exchange resin even after 

tbe .cation exchange resin reaches the Ca ion break through point, until the Ca ion 

concentration of the water reaches a pred~ned value 

A method of preventing corrosion in a water system. of the third aspect, in 

10 which water to be supplied to the water system or water drawn from the water system is 

brought in contact with a cation ~change 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, is charact.erized in that even after the anion exchange resin 

reaches the silica break through point, until the silica concentration of the water reaches 

15 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 i:esin reaches the Ca ion break through point, until the Ca ion concentration of 

the wa~r reaches a predetennined value, the supply of the water brought in contact_ with 

the cation ef(change resin to the anion exchange resin is still continued. 

20 In removing the Corrosive ions and sili~ by the_ anion ~change resin, an anion 

exchange column filled. with PH-form strong basic anion exchange resin having the 

capability to. exchange ions of silica is used. In this case, as shown in Fig. 3a, the 

silica concentration and er ion concentration are low after the regeneration of the anion 

exchange resin and at the eariy stage of the demineralization, since silica and the 

25 corrosive ions such as er 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· ref erred · 
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to as "silica break through point". Since the corrosive ions such as a-ion and so4
2
-

ion are more difficult to flow out than the silica, the concentration of such corrosive ions 

in the water being treated is low. The amollllt of softened water which reaches the 

break through point of er ion is 1.5 times of that of the softened water which reaches 

5 the break through point of silica. In the present invention, the water between the a­
ion break through point and the silica break through point can be supplied to the water 

system. 

In the method of the fimt aspect, until the flowing out ~f the corrosive ions is 

started and the a~~rage of the silica concentration (shown: by a break line in Fig. 3a) of 

10 the total amowit of treated "Water of the anion exchange column after the immediately 
. . 

proceeding regeneration reaches the threshold, the water treated by the anion exchange 

in which the silica flows 9Ut is supplied to the water system even after the silica break 

through point. This allows water containing no conosive ions and containing silica of 

suitable concentration to be supplied to the water system with only one anion exchange 

15 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 ~cium harQne8s is low afte~ the regeneration of the 

20 cation exchange resin and at the early stage of the dei.nineralization, since Ca ion is 

caught by the cation exchange resin·due to the cation exchange reaction. However, 

once the cation exchange resin exceeds the ion exchange capacity by continuing the 

demineralization, the Ca ion flows out. This point is ref~ to as "Ca ion o/eak 
through poinl"". 

25 In the method of the second aspect, wttil 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 improving the anticorrosive 

behavior of the water system. 

According to the method of th~ third aspect, the first aspect and the second 

aspect.are .combined, thereby further providing well eff ~. 

10 . Brief Description of the Drawings 

15 

·Fig. 1~ lb and le are schematic diagrams showing mi embodiment pf a 

method of preventing corrosion in_ a water system according to the prese~t invention, 

Fig. 2 is a schematic diagram showing pilot test equipment used in examples 1-

3, 

Fig. 3a is a graph showing the relation between the amolint of softened water 

of an anion exchange cc>lumn and the silica and er ion concentration in treated water, 

Fig .. 3b is a graph showing the relation between the amount of the softened water of the 

~tion exchange column and. the calcium hardness of the treated water, and 

Fig. 4 is a schematic di~griun shoWing a conventional method. 

20 Description of the Preferred Embodiments 

25 

Hereinafter,· a method of preventing corrosion in a water system of the present 

invention will be described with reference to the attached drawings. 

Figs. la, lb, le are schematic diagrams showing an embodiment of the 

method of preventing corrosion in a water syste~ according to the present invention. 

The method of the present invention is a method in which feedwater 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 ai ion and 
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then is supplied to the water system. As mentioned above, the Ca ion is removed by 

using cation exch~ge resin, the corrosive ions are removed by using the HC03-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. 

5 Accordingly, for example the following ion exchange treatment is pe.rf ormed 

corresponding to the water qu8Iity of the raw water in the present invention. 

(i) In case where the silica concentration in the raw water is high and the 

calcium hardness is low so that it is necessary to remove ~ silica in part and corrosive 

ions in the raw water; . the raw water is passed only through an anion exchange cob.imn 

10 2 fill~ with the OH-form strong basic anion exchang~ resin 2A and is.then supplied to 

the water system, as shown in Fig. la. 

(ii) In case where the siliCa. concentration 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 

· 15 column 1 filled with a cation exchange resin lA and an anion exchange_eolumn 2 filled 

with the HC03-f orm sbI:n3 b3s:k:: mim ~ lEs:in 2B in an:Er:- a'rl !is th:n 

Sfi>lierl 1D tie mtEl:' s_y$tem, a; Eh::wl fu F.ig. lb. 

(iii) In case where the ~ca concentration and th_e calcium hardness in the raw 

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

20 corrosive ion in the raw water; the raw water is passeci through the cation exchange 

column 1 filled with the cation exchange resin IA 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 s~own in Fig. le. 

It should be noted with regard to the aforementioned treat:lrients (i) through (iii) 

25 that "the silica concentration or the calcium hardness is low" means the concentration not 

allowing the fo1D1ation of scales in the water system, and "the silica concentration or the 

calcium hardness is high" means the concentration allowing the fonnation of scaies in 
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the water system. It should be understood that values of the concentration are values 

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 

5 calcium hardness of the f eedwater to the water system which do not aJlow the fonnation 

of scales are predetennined (hereinafter, the predetennined values are referred to as 

"silica preset value" or "Ca ion preset valuej. In the above ion exchange treatments 

(ii) and (iii), even after the cation ~xchange res~ in the ca1:ion exc~ge column reaches 

the break through point of Ca ion so that the Ca ion flows out, the softening treatment of 

10 water in the cation exchange column is continued. The softening treabnent is 

continued when the average value of the calcium hardness of the total amount of water 

flowing otit of the cation exchange column, i.e. 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 

15 time is less than the Ca ion preset value. Then, when the average value exceeds the Ca 

ion preset value, the softening treatment of water in the cation exchange column is 

stopped to regenerate the cation exchange resin. . 

Also in the above ion exchange treatments (i) and (iii). even after the anion 

exchange resin in the anion exchange col~ reaches the break through point of silica 

20 so that the silica flows out, the softening treabnent of water in the anion exchange 

column is continued. The softenirig treatment is continu~ when the average value of 

the silica concentration of the total amo\Ult of water flowing out of the anion exchange 

column, i.e. the average value of the silica concentration obtained with regard ~o the total 
-

amount of water flowing out of the ariion exchange column from the end of the 

25 immediately 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 an'ion 
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In such a 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 

5 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, wbil~ the normal regeneration-cycle (the ~neralization period) of the ion 

ex.change resin is a few hours. Consequently, the water having such a concentration· 

10 gradient supplied to the water system can be considered to be in the sufficiently l_nixed 

state. Therefore, according to the method of the present invention, it is safe to say that 

the average value of the ·silica concentration or the calcium hardness of the ·water flowing 

out of the anion exchange column or the cation ex.change column is employed as the 

reference value. 

15 As mentioned above, in the present invention, with regard to removing silica 

by the anion exchange resin, water,· containing little silica (the most are removed by the 

anion 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 ~ silica break through point so that th~ . 

20 water flowing out of the anion exch~ge column contains silica, the supply of the water 

to the water system is still continued. The average of the silica concentration of the 

water from the anion exchange col'omn to the water system is held not in excess of the 

silica preset value by controlling the amount of flowirig water before the silica J?reak 

through point hnd the amount of flowing water after the silica break through point, that 

25 is, controlling the operating time after the silica break through point. This allows silica 

to be exist adequately to f onn a corrosion preven1ive mm. still preventing the scale 

problems due to scales of a silica group. 
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In the same manner, with regard to removing Ca ion by the cation exchange 

resin, water, containing little 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 

5 exchange resin reaches the Ca ion break through point so truit the water Qowing 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 fr001 the cation 

exchange ·column to the water system is held not in excess _of the Ca ion preset value by 
. . 

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

10 amount of flowing water after the Ca ion break through point, that is. controlling~ 

operating time after the Ca ion break through point.. This ailows Ca ion to be exist 

adequately to form a corroSion preventive film, still preventing the scale problems due to 

scales of a calcium group. 

Upon the average of the silica concentration of the water flowing out of the 

15 anion exchange column reaches the silica preset value, the · treatment of water 

in the anion exchange column is stopped and an OH-fonn strong basic anion exchange 

resin is regenerated by using ~kaline aqueous solution such as about 1-10 weight 

percent NaOH aqueous solution. 

It should be noted that a HCCJ,-f orm weak basic anion exchange resin used for 

20 removing the corrosive ions is re.generated by using about 1-8 weight percent NaHC03 

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 

25 resin is regenerated by using acid aqueous solution such as about 1-10 weight percent 

HCI aqueous 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 

5 required. 

10 

15 

In the present invention, therefore, it is preferable that the regeneration is 

finished at the 40-60 % level of the complete regeneration_ where the regeneration 

efficiency of ion exchange resin is high· so as to reduce the amount of the regenerants . 

and the regenerating time. 

As is best shown in Figs. lb and le, where the cation exchange column and 

the anion exchange 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. It is 

not necessary to arrange two anion exchange columns in parallel and proVide bypass 

piping. Water, containing no corrosive ions and containing siiica and Ca ion of · 

suitable concentrations controlled by partly removing silica and/or Ca ~on. caJi be 

20 supplied to the water system. Therefore. in preventing the corrosion and the formation 
. . . . . 

of scales in the water system, the miniaturimtion and simplification of the equipment 

and the easement in the operation for the regeneration can be n~alized. 

It should be understood that the water flowing out the ~on exchange column 

and/or the cation exchange column may be supplied to the water system once it is 

25 received by a tank. The timing for stopping the softening treatment may be detennined 

based on measured values of the silica coD.centration or the calcium hardness in the 

water system. 
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In the present invention, scale inhibitors may be further used. In this ca8e, 

the scale inhibitors to be employed are not parti~arly limited and scale inhibitors for 

scales of a silica group such as partial hydrolysate of polyacrylamide well known in the 

art may be used. It is preferable that the adding amount of the scale inhibitora is 1.,.100 

5 mg/I. 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, ~oly~te. nitrite~ borate, silicate, .. . ·. . . :. 

hydroxy carboxylic ~id, benzotriazole, and mercaptobenzothiazole or, as me~tioned 

10 above, scale inhibitors such .as lignin derivative, ~c a~d. and polysaccharide 

including starch. 

As well as the method disclosed in Japanese Unexamined Patent Publication 

No .. H06-158364, a low molecular weight.polymer ~ay be added to the water. The 

low molecular weight polymer facilitate the formation of a .uniform film of anticorrosive 

15 anions such as O:Ef, HC9~· flowing out in the wa~r by the i~n exchange:treatment and 

anticorrosive components such as Ca2+, Si02 arising from the water system, thereby 

further reliably preventing the corrosion. 

In ~s case, as the low molecular weight polymer may be a water soluble 

polymer h~ving.500-100,000, preferably, 1,ooo;..20,000 .. Such a 

20 water soluble .polymer .includes a.co~y.m~ of .maleiC acid and isobutylene, polyacrylic 

acid, partial hydrolysate of polyacrylamide, a copolymer of acrylic acid and allyloxy-2-

hydroxypropanesulfonic ~d, a copolymer.of acrylic acid and hydroxyethyhnethacrylic . 

acid, a copolymer of acrylamide and" arylsulfonic acid, a copolymer of acrylic, acid and 

maleic acid, a eopolymer of acrylic .acid and styrene •. a copolymer of acrylic acid and 

25 styrenesulfonic acid, polymaleic acid, polystyrenesulfonic acid, a copolymer of acrylic 

acid.and itaconic acid, polyitaconic acid. a copoJymer of acrylic acid and acrylonitrile, a 

copolymer of acrylic 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 
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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 mgll. relative to the 

holding water. 

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

particularly limitecl. the low molecular weight polymer is normally preferably added 

after the treatment by the anion exchange resin. 

· The method of the present invention as mention~ above is effective in 

preventing corrosion in a water system containing a-•. 804 %- as corrosive ions, and silica 

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

l5 

Examples 

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

examples. and coniparative examples. 

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

examples are shown in the following table 1. 

[fable 1] 

Raw M-al~linity total . calciwn hai:dness Silica c1- ion .S0 4 
2 - ion 

pH hardness water . (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
(mg-L) 

A 7.2 53 61 41 30 29 25 

B .1.8 56 67 37 7 47 20 

c 7.6 64 31 19 76 5 4 

20 R"'Wllple 1 
. . 

The scale preventive effect and the corrosive preventive 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 

25 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 lank 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 a line 13, by a pwnp P1• Scale inhibitor in the scale inhibitor tank 7 was added 

into the holding water tank 4A through a 1ine 14 by a pwnp P2• The cooling water was 

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

5 16, the test piece colwnn 6, and a line 17 by a pwnp P3• The circulating water was 

partly blown out of the water system through a line 18. 

The cation exchange column _1 was filled with 500 ml of the cation exchange 

resin and the anion exchange column 2 was filled with .soq ml of the anion exchange 

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

10 thickness of 2.2 mm (actual measlirement)) were used, as heat exchange tubes of the beat 

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

mm). The scale inhibitor was polymaleic acid. 

The cooling water system operates in the following condition: 

Feed water quantity: 22 lit/hr, 

15 Holding water quantity: 300 liters, 

Circulating water quantity: 10.6 lit/hr, 

Blowiµg water quantity: 3 litlhi, 

Temperature of circulating Water at heat exchanger inlet 30 °C, 

Temperature of circulating wate~ at heat exchanger outlet .50 °C, 

20 Scale inhibitor amount.to be added: 15 mg/I., 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 colUinn 1 was 

regenerated with 5 weight percent HCl aqueous solution to ·a regeneration level: 17g-

25 HCl/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-NaOHl1.-resin (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 conducted 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 

5 ion break through point after 6 hours operation, the average of the calcium hardness of 

the water flowing out of the cation exchange column which was obtained by 12-hour 

water flowing was 21 mg/I.. While the anion exchange resin in the anion exchange 
. . 

column ,i:eached the silica break·_~ugh point after 4 ho~ operation, the average of the 
.. 

silica concentration of the water flowing out of the anion exchange column which was 

10 obtained by 12-hour water feeding was 21 mg/I.. Since the averages of the calcium 

hardness and the silica concentration after the 12 hours water feeding did not reach the 

15 

20 

concentration causing scale problem~ the softening treatment were continued after the 

cation e~change resin and the anion exchange resin reached the respective break through 

points. 

The average ·quality of the f eedwater 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. 

Example2 

The raw water B shown ~-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. 

regerierated with 5 weight percent HO aqueous solution to a regeneration level: 50g­

HCl/1.-resin (53% of the complete regeneration) and the anion exchange resin.in the 

anion excharige column 2 was regenerated with 5 weight percent NaHC03 aqueous 

25 solution to a regenenition level: 80g-NaHC03/l.-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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regeneration being condticted under the above same condition for every 43 hours of the 

feeding time. The average quality of the f eedwater 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 exainple, while the cation exchange resin in the cation exchange column 

5 reached the Ca ion break thro~gh point after 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 flowi~g was 21 mgli.. The anion exchange resin in the 

anion exchange column did not.have the function of ion ex,change of silica 89 that the 

average of the silica concentration of the wat.er flowing oot of the anion exchange 

10 column which was obtained by 43~hour water feeding .was the same as the raw water B. 

· i.e. 7 mg/l.. 

Example3 

The raw water C shown in Table 1 was used as the raw water for this example 

15 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 colu:mn was regenerated with 5 weight percent NaOH aqueous solution to the 

same regenera,tion level as that in Example 1. The operation was the same as Example· 

1 except that the feeding Water quantity was Z70 liters and the regeneration was · 

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

average quality of the f eedwater 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 s11lca break through point after 4 hours o~tion. the average of the silica 

25 concentration of the water flowing out of the anion exchange colllllln which was 

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

The comparative examples were conducled in the same manner as Examples J. 

2. 3 except shat the raw waler A. B. C were directly supplied lo the cooling waler 

system wilhout the ion exchange trealmenl The average quality of the feedwater 

5 (same as the raw water) and the rate of corrosion and lhe sate of scaling of the test pieces 

were measured and the results were shown in Table 2. 

[fable2) 

mean coocentration. of make-up irater of a>olin& •ter liO'Stel 
. 

result 
rair ion 

corrosim Exaaple exchange pll M- total calci• silica er ion so.."-ion 
water alkalinity ~ ~ 

rate 
treatlllent lwclL) (!ag/ll klU (ing/L) (aid) 

&aaple l conducted 1.4 . 13 31 21 21 <l <l 3 

A 
Comparative not 1.z 53 61 41 30 29 ZS 9 
example 1 conducted ... 

Example 2 cooducted 1.8 19 39 21 7 <l <I 2 

B 
Comparative not 

7.8 56 67 37 1 47 20 25 
example 2 conducted 

Example 3 conducted 7.6 75 30 20 50 <I <1 5 

c ........ 
Caaparative not 

7.6 64 31 19 76 s 4 8 
example 3 cooducted 

It is apparent from Table 2 that. according lo the method of lhe present 

10 invention, the COJroSion in the water system can be restricted and the scale problems can 

also be prevented. 

As desaibed above, accoo:ling to lhe method of preventing corrosion in the 

water system of lhe present invention. feedWafer or holding water for the waler system 

is treated by ion exchange treatment to remove corrosive ions. thereby reducing the 

15 corrosiveness of the water sySlem. and remove silica and/or Ca ion to control the silica 

andlor Ca ion concentrations in the water system to be in suitable values. thereby 

preventing the scale problems and improving the antiCorrosive behavior of the water . 
. ~ 

system. By using such a method of~ present invention. the miniatwizalion of lhe 

equipment for the ion exchange treatment. the easement in the operation for lhe 

20 regeneration. and lhe reduction in lhe amount of agent and lhe displacement can be 

li:alized.. 

scaling 
rate 

(mg/er/nth: 

9 

ZS 

6 

44 

7 

37 
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What is claimed is: 
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I. 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 

5 is supplied to the water system, characterized in that 

10 

the water brought in contact with the anion exchange resin is still continued to 

be supplied into the water system even after the anion exchange resin reaches the silica 

break throu~ p0int, lllltil the Silica concentration of the water reaches a predetermined 

value. 

2. A method as claimed in claim 1, wherein said predetermined value is set in a 

range where no scales ~ -ge~erated in the water system. 

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

the water. 

4. A method as claimed in any one of claims I through 3, wherein a low 

15 molecular weight polymer is. added in the water. 

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 brou~t ~contact with an anion exchange resin to 

remove corrosive ions and, after that, is supplied to the water system, characterized in 

20 that 

25 

the water brought in contact with the cation exchange resin is still continued to 

be brought in contact with the anion exch~ge resin even after the cation exchange resin 

reaches the Ca i~ break through 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 set in a 

range where no scales are generated in the water system. 

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

111111111111111111111111111111 
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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 method of preventing corrosion in a water system in which water to be 

5 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 resin is still continued to · 

10 be supplied into the water system even ~ter said anion exchange re8in reaches the silica · 

break tbro~gh point, until the silica concentration of the water reaches a predetermined 

value, and 

the supply of the water brought in contact with the cation exchange resin is still 

continued to be brought in contact with the anion exchange resin even after said cation 

15 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, wherein said predetennined value is set in 

a range where no scales are generated in the water syste~. 

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

20 in the water. 

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

molecular weight polymer is added in the water. 
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