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including carbon steel, stainless steel, copper, and copper alloy in the water system, and

-1- Title of the Invention METHOD OF ENTI NG CORROSI ON | Q%« R%YSTEM
Field of the Inventi ﬂi‘mﬁfm ladedt The present inventi o

=

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 bolding water f or the water system
10

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

15 fresh water corrode because of chlotide ion (CI), sulphate ion (SO,2), or-the like
brought by the feedwater so that pitting corrosion builds up. Under this circuinsmnces,
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

20 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

25  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



as one of conventional nethods of preventing such corrosion of netal
materials being in contacting with fregh i resh water
system a nethod including steps of briingil®ShiienASBEENe| wat er systemin
contact with anion exchange resin with|20 B&PI-&BEPOSi vell ani ons and of
addi ng | ow nol ecul ar wei ght pol yner in The water has been proposed
(Japanese Unexam ned Patent Publication Ne- HO6-158364). In this nethod,

t he ani on exchanc?e Lreatment is perfornmed by bringing corrosive ions such
as O - and SO & §aT arising fipm e watersystemdemp carresien Brisvenive kil gn@anesi n
with the anticorrosi%\%eggi ons such as OH.err], HCQ err%hé t her eby reduci ng

the 25  concePNtfage; fyther reliablygrgventipy, theicarrpsien ghbe mesalst  hus
weakeni ng the corros;i/]_\flrgnc ss _of. the water sx_;te n addition, since the |ow
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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). ' |

10 ~ Caions 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

15 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

'20 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

25  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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In such corrosion preventrve treatment of the water systen1 I n order to
enpl oy an OH err] form weak basic anion exchange S .

strong basic anion 5 exchange resin which are e a
exchange resins, a nethod of bringing water in co‘tact ﬁnﬁﬂhdgme ani g
exchange resin after adjusting the pH of the feed o
or the hol ding mater drawn fromthe matee3systen1not I n excess of 5 has
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I nhibitors for sca a silica group | the silica

concentr at 50N chardiAas floRAats thid Bielrespeétii colunts@ conponent is not enough to
formthe corrosion preventive filmso as to deteriorate the anticorrosive

behavi or. Wien the Sihdéeo@a iANS effiéctivé tofdrh the Probiog prevetidned§ing highesCh ioha
group primarily i-ncluding magnesiumsilicate are adversely forned causing

scal e probl eneonednirhiior isbenertin view ofsthy eorbssivnvprevention.  When the Ca jon

concentration is too high, however, scales of a calcium group are formed causing scale -
problems. _
10 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-elkalinity, 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.
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.

20 _
The methods disclosed in Japanese Unexamined Patent Publication Nos. HO6-
158364 and H07-316852 are not given oonsideraﬁorl for 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. ,
25 The method disclosed in Japanese Unexamined Patent Publication No. HOO-

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
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20 . inproved. Therefore, the silica concentratd :
(=150/5) or less in a cooling water systemw t aHpgog}q,;gﬂ{lr,gébggNo 5 tinmes.
Japanese Unexam ned Patent Publication No. H094|17687Rgg| A6EHSES &
removing the corrosive ions such as C[err] an = xchange

resins, wherein the silica concentration_jyn a water systemis controlled by
supplying treating water 25 I ncl udi ng two ki nds of anion exchange resins

into the wat eranﬁ)fﬁéx%ﬂh@e &dé)l,“wt{ﬁ’&' rﬁaﬁeﬁtd?eec\/%éﬁt L&ﬁa%g%%]?wg resi ns

is a HCJ err] form ani on exchange resin having the’ c: nove
corrosive i onsebeterdiion gl inbreasd MY dnhdunt bagefimdahé dishlademend the L AVENDED
SHEET -3- other is an OHerr]-form strong basi c ani on exchange resin
havi ng the capabi | i tkn dase ofushvEthe estiodSoxelanige Pssiraddeinbee Ci fonad.as T mdines hod
is perforned, concretely, by arranging in parallel an anion exchange col um
for the HCJ erth¢ Chcomcencentration il thegeateraysteman e asuitableovaluey alsa)iy s moédsany f or
the OH form strong basic ani on exchange resin and

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 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,
10 | 2b, one cation exchange oolﬁmn 1a, and bypass piping 1b are required as shown in Fig.
a4 |
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
15 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 iqn to control the silica and/or Ca ion concentrations in the water system to be
in suitable values, thefeby j:re_venting the scale problems and improving the |
20 ahtiépfrosive _behaviol; of the Qater 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 wéte‘r system is
brought in contact with an OH-form strong basic anion exchange resin to remove
corrosive ions ahd then is supplied to the water system, is charactgn’zeﬂ in that the water
25 brou,ght in contact with the anion efcchange resin is still continued to be supplied into the
water system even after the anion exchan ge resin reacheé the silica break through point,

“until the silica concentration of the water reaches a predetermined value.
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5 controlling flowratio into the respective colums. Since Ca ionis
effective to formthe corrosion preventive film higher Ca ion
concentration is better in view of the corrosion prevention V\hen the Ca
i on concentration is too high, however, scales o_bﬂ% are
formed causing scale problens. 10 Accqr di gﬂ?%@% t
concentration should be adjusted within sdch a range B Qr‘al s are

formed in a conditi of méhedBEERint Q%&&;&{m%&é%t‘éﬁiéﬁmé%oﬁd(%&em

cal cium carbonate. It should be noted that it is diffficult to sweépingly
set the upper whightwaldr tbbe sépplic@ o HeReRHSYSEM R WAk Axien fr68 theFhrPsyitem is
supersaturation depends on the Malkalinity, the presence of scale

i nhibitors, t hsrokgndn aomlacwithd catibn tlichafi getesini and ithentbesuphi m contact With wat er
system Therefore, the guide of Ca ion concentration nmay be set for each
rel at ed wat er ayoi exchaigerresin o emgyeicorrosiee ions and, aftenthat 19 suppletd todhe Wateent
Publ i cati on No. HO7- 316852 includes the description that cation exchange
resin i s pBef esystsny, iy chatacierizad inthatthe vated brosighvig comtactpyrithnibe cationexclwnge of 5
because it can al so renove M al kali conponents. 20 The nethods_di scl osed
i n Japanese Unesizrip sdllicomtinuerd torhehmought imepnfast withyhs: anion exchange resin even afier

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
10 which water to be supplied to the water system or water drawn from the water system is
brought in contact with a catlon exchange resin and then brought in contact with an OH-
form strong basm anion exchange 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

15  apredetermined 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.

20 . 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

25  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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158364 and HO7-316852 are not given consideration for keeping the silica
concentration in the water systemin a suitable value. Therefore, there is
a possibility of the shortage of silica for form ng the corrosion
preventive film 25 The met hod di scl osed i n Japanese Unexam ned
Pat ent Publication No. HO9- 176872 can keep the silica concentration in the
wat er systemin a suitable value. However, this nethod requires the

| nstallation of dsgigd bRk BGHH Rfin! Bfméu{f {obfosive it A AICIEAIAREE,*

beds), which makes the equi pne ar ger | ot o time for
regeneration, pntré MoredgREltH AoV B Rane ﬁﬁk%“&ne%ﬂﬁcehﬂﬁhdi‘i STRuSE &R ve ibis

case of using the cation exchange resin to renove Ca ion so as to mai ntain

the Ca ion congehé water being rehtb@isfove! TheéaimRithi of sbRerdSitidratMich Habhs thed! SO,
it Is necessary 5 to provi de bypass piping or the Iike to adjust the

rati o of wat er byeals thirowght poinwafClaion i 1.65ninges of dragef the boftoned netensmihich reathes
passi ng through the cation exchange columm, thereby naki ng the equi pnent
and the opdr at therbreakithtough point of silica. In the present invention, the water between the Cl-
ion break through point and the silica break through point can be supplied to the water
system.
| In the method of the ﬁrst aspect, unhl the flowing out of the corrosive ions is
started and the avexage of the sﬂlca concentration (shown by a break line in Fig. 3a) of
10 thenﬁﬂinmmnnOIHGMaiwamrofﬂwzmmnlemﬂmmgecohnnnaﬂerﬂwlnmmxmmdy
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
suﬂmﬂecomxmuaﬁdnu)besmmﬁedn)ﬂwvwmﬁsyﬁmnvﬁﬂ10dyomeaMonemﬂmmge
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 calcium hardness is low after the regeneration of the
20  cation exchange resin and at the early stage of the demineralization, since Ca ion is
an@mtbyﬂwczﬁonexdun@preﬁndueu)ﬁmczﬁqnéuﬂmmgen&mﬁon. 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™. |
25 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,



That is, to performthe Tenovat—ef the corrosive ion and the partial
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brought in corﬁeﬁgﬁ%ﬁme%@gﬁt@ﬁlm strong basic ani on exchange resin to
renove

According to the method of the third aspect, the first aspect and the second
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 diagr_ém showing a conventional mefhod.
20  Description of the Preferred Embodiments -
ﬂereinaf ter, a method of brevenﬁng 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



corrosive ions and then is supplied to the water system resides in that
the water 25 brought in contact with the anion exchange resin is stil
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 predeterm ned val ue. -5- A net hod
of preventing corrosion in a water systerfof the second aspect, in which

water to be supmph ifshpbRed B%%&t%{]sﬁ)’e%.e %Qheﬁﬁxﬁﬂ b6V bl CLih | meﬁ%ggﬁ ght

systemis brought in contact wth a cation exchange resin and then

in contact Wi tdiki cﬁ&%ﬂcl%@@%%ﬁ@ﬁe%h@sﬁ@id@%’ﬁniww@%hﬁﬁ% tHeHCONtorAf t er
that, is supplied to the water 5 system resides in that the water

brought in conwesk basid dnidrexchaige aesie sethe QIB-forsstronig basit ahion epdhah e eeint ande
brought in contact with the anion exchange resin even after the cation
exchange r esi nthestichésretogedy nsing theddH-foins sgig sicrahionwexthange resinCa i on
concentration of the water reaches a predeterm ned val ue A nethod of
prevent i ng & or Acsdrdimgly, fer example the/followingf ion kxchahge teatroend 63 perfonmed
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 _

10 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

15  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
syplied to the water system, as shonn in Fig. 1b.

.(iii) 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
20 éor;osive ion in the raw water; the raw water is passed through the cation exchange
column 1 filled with the catioﬁ 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 sf;own in Fig. lc. _ | .
It should be noted with regard to the aforementioned treatmients (i) through (iii)
25  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 concentration or the

calcium hardness is high” means the concentration allowing the formation of scales in



10 which water to be supplied to the water systemor water drawn fromthe
water systemis brought in contact with a cation exchange resin and then
brought in confh@scgtheem;sh;eg{k aedformstrong basi ¢ ani on exchange resin to

remove corrosiv er that, is supplied fa—th
resides in that
break through p

ani on exchange resi | rmews BEBET HeSSB’EIEl\b

si | ica concentrati.ony of ttmznmmo reaclies 15
a predeterm ned vaI ue the suppl'y of the-pater brought=rn t he
ani on exchange resin into the water systemis still continued, and even
after the catigdyuRKFRARSE "BSidMd Sidoll Shaf-all rbf'ﬁ(e%ﬁceh@itﬁiﬁgﬁ’e&g&
until the Ca ion concentration of the water reac es a predeterm ne vaI ue,
the supply of gditem inebmidefiion @ nuinbef 6NEslés i dabe b watdri systeaxeerdny Withithe
to the anion exchange resin is still continued. 20 I n renoving
t he corrosi ve dooeentraied watdri ca by t he ani on exchange resin, an anion
exchange colum filled with OHform strong basic ani on exchange resin
havi ng the capabi | i tIp thecpreseatianepsion.ohe uprfer Bints oftht silicaescenprptiantind thease, as
shown in Fig. 3a, the silica concentration and C[err] ion_concentration

are | ow af Per Rl Bydeess at ﬂeﬁeeéwateﬁ@ ‘h‘?\WB‘ﬁf Wﬁ’a‘ﬁ’g‘éh Q%E?WISWGI‘%\‘[OWear ly
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exchange

(i1) and (iii), even after the cation exchange resm in the cation exchange column ;‘eachee
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 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
15  timeis 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 cation 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
20 sothatthe silice flows out, the softening treatment of weter in the anion exchange
column is continued. The softening treatment is conﬁnued 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
25 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



capacity by continuing the dem ner al |zat|on the silica flows out. This
point is ref erredThlSShEEHa H@ﬁéﬂl ¢ | ca break through point". Since the

corrosive ions suc n and S err] ion arg-m difficult to
fl ow out than-the centratlon of such cg H
wat er being treated is |low. The anmount of softened watler mhlnEIleaggghes t he
break through point of Cf[err] ionis 1.5¢tinmes of th f-tenes

wat er. whi ch reaches 5 the break through point of silica. In the present

i nvention, teschangeresyat ween the C - ion break through point and the silica
br eak through poi nt_ can be-supplied to the water system In the nmethod of
the first aspect, Umsuch PWPYQ\WW@}P%WPM@%@W%W@WW@§ started

and the average of the si|ica caoncentration shovvngly r akg e in Fig.
3a) of 10 t DFWFO%WtHW@FggF@H‘WW Qhﬁ't?r?ag%‘h GRS ol um
after the i di at el roceedin eneratlo aches t thre hol.d, the
wat er treat 23%59‘“? ﬁéﬁtﬁ Hﬁgyﬁ‘ﬁgﬁb@ \MY‘BE n?]qopolcg P thpalgrum
supplied g0 the el Ghichiahy TusY S bbiems Wsupplitdid i E@é%tage 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, whilo the normal regeneration cycle (the demineralization period) of the jon -
exchangé res-in is a few hours. Consequenﬂy, the water having such o..ooncenuation'
10  gradient supplied to the water system can be considered to be in the sufficiently mixed
state. 'Therefore, according to the method of the present ihvention, it is safe to 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. ' | .
i5 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 silic_d break through point.
Even after the anion exchange resin reaches the sﬂlca break through point so that the
20  water flowing out of the anion exchange column oonfair_ls silica, tho shpply 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
25  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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the cation exchange oolumn contains Ca ion, the supply of the water to the water system

T e———

is stll continued. 'The average of the Ca ion concentration 6f 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
10  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
15 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
20 removmg the corrosive ions is regenerated by using about 1-8 wei ight 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 iqn preset vaiue, 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 '
HCl acjueous solution. '

Large quantities of regenerants are required to regenerate completely 100 % of



-7- the.water—t-leeat-eel—b%t_he_calion exchange in which the Ca ion flows out

I's supplied to heS er_ system even after the Ca ion break through poi nt .
This all ows wat i plagedj on of suitabl e conpes

supplied to the ku ith only one cation ¢
allows the Ca io : nin the water syste
sui tabl e val ue, thereby preventing the scabe probl iis

anti corrosive behavior of the water system Accordi ng to the met hod of t he
third aspect, thdhionfexchangasgsoct Ehatlist Hough terplastitp of thearsed mgetsrangslis t her eby
further providing well effects. 10 Brief Description of the Draw ngs Fig.
1 a, 1b and 1substentiaBy ereportiondl wiheragendrtionrmgic of therito gickange rsinanidthod of
preventing corrosion in a water systemaccording to the present i nvention,
Fig. 2is a scﬁ@e%dﬂetofatha@waatemmm@t@npﬁw mgetegqor@éﬁwm CRMeY i n
exanples 1- 3, a.s raph show ng t rel ati on between
t he amount of S%?@‘@H@HW@W@F“&W‘&W@H%@%@ Mﬁﬁﬁ’gﬂﬁg@ﬁ@”?iaﬁ ca and

Clerr] iog conr;&:l%petdratlon in treated water,

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

1.0 As is best shown in Figs. 1b and 1c, where the cation exchange column and
the anion exchenge 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.

i5 _ In the present invention, just the regeneration level and the regene‘raﬁon 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

20 supplietl to the water system. Therefore, in preveﬁling the corrosieh 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

25 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.



Fig. 3b is a graph show ng the relation between the .anbunt of the softened
wat er of the cation exchange columm and the cal ci um hardness of the treated
water, and Fig. 4 is a schematic di agram showi ng a conventional nethod. 20
Description of the Preferred Enbodi nents Hereinafter, a nmethod of
preventing corrosion in a water systemof the present invention will be
described with reference to the attached chgy\A' ngs. Figs. la, 1lb, 1c are
schenati c di agranms show ng an enbodi nent _ofl_ t he nmet hod of preventing
corrosion in a wat er IRi{bstREesentiayeniiongsaals inhibiters aeayrhe fpriheswisedn Inlyis case,

The met hod of the present tnvention is a nethod, in which feedwater or
hol di ng wat er Fh‘g’F‘P‘Q‘?W@@PIEMWQ@WWtIW@@%ﬁW@@T

oar Ly, 1 omove. SRR AR GROSeD 4 B orolysHa P g ail KBSTR S M o1
Teain the cor PRERerRRE i prleionit el B RS EhostiablictpE Pyl T

5 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

10  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

15 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 Wei ght polymer may be a water soluble -
_polymer having 500-1 00,000 » preferably, 1,000-20,000 . Such a |

20  water soluble polymer includes a.coi:o_lgnner of maleic acid and isobutylene, polyacrylic
acid, partial hydrolysate of polyacrylamide, a copolymer of abrylic acid and allyloxy-2-
hydmxypropanwulfonic 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'a;r-xd styrene, a copblymer of acrylic acid and

25 styrenéélﬂfonic acid, polymaleic aﬁd, polystyrenesulfonic acid, a copolymer of acrylic
acid and itaconic acid, polyitaconic acid, a copolymer of acrylic acid and acrylonitrile, 2
copolymer of acfylic acid and vinylsulfonic acid, and a copolymer of methyl_vinyl ether



weak basic anion exchange resin or the OHform strong basic ani on exchange

resin, and the si Thigghestdia cddly . usi ng the OHform strong basic anion
exchange resin. 5 J i for exanpl e thg ' | change
treatment is perfo ing to the wat¢r Teisadrter 94s BREN W Wat er

in the present invention. (i) In case where theysilicrzppagegtratipn in the
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the water system as shown in Fig. la. (ii) In case where the silica :
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the raw wat eholdingavatety wat er i s passed through a cation exchange 15
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- The method of the present invention as mentioned above is effective in

et T

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

10  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. |
15 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 _ M-alkalinity total . calcium hardness Silica Gl fon S0 42- ion
water | PH | (ngsp) |trins | (ng/L) | (me/L) | (me/L) | (me/L)
A 7.2 53 61 41 30 29 25
B | .7.8 56 57 37 7 a1 20
C 1.6 64 31 19° 16 5 4
20 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 designatf-:s 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 tank 4A of the cooling tower 4



20 corrosive ion in the raw water; the raw water is passed through the
cation exchange colum 1 filled vmth the cation exchange resin 1A and the
ani on exchange colum 2 filled with the OHform strong basic ani on exchange
resin 2A in order and is then supplied to the water system as shown in
Fig. 1c. It should be noted with regard to the aforenentioned treatnents
(i) through (iii) 25 that "the silica coeiidentration or the cal cium
hardness is |O:%‘P ans the oncentratlon not all ow nz the formation of

i

scales in the ayue iy %%lonteﬁ@law pRluma dnadine A2+ the Anign exghangeealvmn2,
har dness i s hi he congent lon.allo ornatl n of | es
in t he wat e%@?ﬁ%ﬂ? ‘It’EfaEWBB e b ﬁH’é‘P@%Hﬁﬁ’?g‘?ﬁ added
concentration n er.ati of nunier f C case
of a water sysﬁgt%ﬂggie;@?'? Ye&nr&f'ﬁnﬁﬁﬂ%‘ﬁ% aelfﬂ T eyaamgP I'ﬁh‘?‘f’%}ﬁ% ggtgmvas
I nvention, the | ci um
har dness of t hgﬂgﬂ%dwat A@ u#‘pﬁeltser sy%@%ggl\?\g?]éﬁﬁ gﬂ%ﬁ%ge*(%ﬂg"\/é%{gégﬁ
formation of 98l g% 1 ficks BSGRAGTRAPEIAEES 6) RBLB'R,. i BHRING WHSFhas
val ues are referred to
partly blown out of the water system through a line 18.
The cation exchange column 1 was filled with 500 mi of the cation exchange
resin and the anion excharge column 2 was ﬁll_ed with 500 m! of the anion exchéngé
. resin. Two commercial carbon sieel tubes (STB340, the outer diameter of 19 mm, the

10 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). The scale inhibitor was polymaleic acid.
The ooolihg 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,
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,
20  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 thf:_mw 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-
26 HCl.-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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concentration obtained with regard to the total
column reached the silica break through point after 4 hours operation, the average of the

~ silica concentration of the water ﬂotving out of the anion exchange cplumn which was

10  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 treatment were continued after the
cation exchange resin anti the anion exchange resin reached the respective break through
points. | | '

15 ~ 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

20 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 regeneraﬁon) and the anion exchange resin in the
anion excharige column 2 was regenerated with 5 weight percent NaHCO, aqueous

25  solutiontoa regetmeration 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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the 25 i mredi at &hi el%@n lacglyener ati on to t e Is | ess
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sufficientl'y mxe
‘calcium hardpess 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 oolmnn 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

1_0 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
.1.5 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
20  conducted under the above same condition for every 12 hours of the feeding time. Tﬁe
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
25  concentration of the water flowing out of the anion exchange column which was

obtained by 12-hour water flowing was 50 mg/l..



state. Therefore, according to the nmethod of the present invention, it is
safe to say that the average value of the silica concentration or the

cal cium hardness of the water flow ng out of the anion exchange col um or
t he cation exchange colum is enployed as the reference value. 15

As nentioned above, in the present invention, with regard to renoving
silica by the anion exchange resin, water containing little silica (the
nost are renoved by the and ani on exchange resin) and flow ng out of the
ani on exchange colum is supplied to the wgter systemuntil the ani on
exchange resin reaches the silica break through point Even after the anion
exchange resin reaches the silica break through point and the 20 wat er
flowi ng out of the anf¥nmeiveEanges 16wiehh contains silica, the supply of the
water to the water systems ilidile fed IS auc bl G B LGE AGSer Yeddlg 51 | 1 CA
concentration of the water fromthe anion excﬁbnge colum to the Water
systemis held not i mégicertbage mpyalers, Bj @ wergyfireatiptupplied ieibe dogfingemet r 0l | i ng t he

amount - of 10 NG Wat @6 o b S Hibn e QLGB 1] €

amount of flowi ng water after the silica break through point, that 25 -is,
control ling the opRr dFImeas the e wakrand e mpieof sinpsicaanddheaidol wipgnidhleppipsst . Thi s

allows silica to be exdrsheaREHddk Rbuts b shiVnTAUEL r 0Si on preventive film
still preventing the &gb?llz]e
(]

. mean concentration.of make-up water of cooling »ater systes | result
raw ion N :
Exemple exchang M- total ] calcivm }ocy:e0 1 ca-ion | S0.2-ton | CoTOSIOR | scaling
water e ol alkalinity | hardness | hardness s rate rate
treatment me/L) (mg/L) g/} | teA) | e/} | (et} {wdd) {mg/c*/ mkh)
Exawple 1 conducted | 7.4] 3 21 a | a a 3 3
A
Comparative not
. 4% 30 23 25 9 25
cxample 1 conducted 1.2] 53 51
Example 2 conducted | 7.8 19 39 21 7 <1 {1 2 (1
B - -
Conmparative not '
7 7 47 20 25 44
le 2 Jucted 7.8 56 67 3
Example 3 conducted 7.8 75 30 20 50 <1 . < 5 7.
C T
Comparative not
. 9 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
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
15 cososiveness of the water system, and remove silica ancilor Ca jon to control the 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 miniaturization of the
equipment for the jon exchange treatment, the easement in the operation for the
20  regeneration, and the reduction in the amount of agent and the displacement can be
realized.



probl ens due to scales of a silica group. -11- 1n the sane manner, with
regard to renoving Ca ion by the cation exchange resin, water containing
little Ca ion (the nost are renoved by the catiopzexshange.resjin) and
flow ng out of the cation exchange colum is suppgl Tag ngé;thg\%#E’ ystem
until the cation exchange resin reaches the Ca i@n bregkpi RERHJ Nojint .
Even after the cation 5 exchange resin-ggaches ' rough
poi nt and the water flow ng out of the cation exchange colum contains Ca
i on, the supplYbakischinediser to the water systemis still continued. The
average of the Ca iopn concentration of the water fromthe cmon exchange

colum to the water Eﬁ%Wf%?V&nﬁﬁcWBémsyﬂn@w wardebeyal ue
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corrosion Br evig'gﬁf)ﬁfﬁd%hi@wa%xjgylsteﬂf,%ﬁﬁ%ﬁﬁdﬁrpﬁalscal e problens due to

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 through point, until the silica concentration of the water reachés a predetermined
value. .
10 2. A method as claimed in claim 1, wherein said predetermined valueis 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
15 molecular weight polymer is added in the water. e
5. A method of preven(ing 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
20 that | |
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. |
25 6. A method as claimed in clarm 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 scale inhibitor is added in
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scal es of a cal cium group. Wien average of the silica concentration of the
wat er flow ng out of the 15 ani on exchange col um reaches the silica
preset value, the treatnment of water in the anion exchange colum_is

stopped and an OHform strong basic anion exchang aﬁed by
usi ng al kal i ne aqueous sol ution such as about 1-1 Wé\sg%"h' H'E%%%Eﬁla
aqueous solution. It should be noted that a HCJ enr] -f of} ani on
exchange resin used for 20 renoving the corrosive 10ns is regenerat ed by
usi ng about 1-8 wei ght percent NaHCJ err] aqueous solution. On the other
hand, when the average of the cal ci um hargpess of the water flow ng out of
the cation exchange colum reaches the Ca ion preset value, the softening
treatment of water in the cation exchange colum is stopped and the cation
exchange 25 (heewatdr.i S regenerated by using acid aqueous sol ution such as
about 1-10 wei ght percent HCI aqueous solution. Large quantities of
regenerants are reqé demethod aegeinsidih any owgdfadaiing Sthdugh @f 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
b 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 -
10  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
156  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
20 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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-12- 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 % | evel of the conplete regeneration, the
regeneration efficiency becones significantly poor after this |evel, so
that quite large quantities of the regenerants are 5 required. In the
present invention, therefore, it is preferable that the regeneration is
finished at the 40-60 % | evel of the conplete regeneration where the
regeneration efficiency of ion exchange resin is high so as to reduce the
anount of the regenerants and the regenerating tine. 10 As is best
shown in Figs. 1b and 1c, where the cation exchange colum and the anion
exchange colum are arranged in series it_ég_preferable that the respective
regeneration levels of the ion exchange'reéins are controlled in such a
manner that the regeneration cycle of the cation exchange colum and the

regeneration cycle q{mrﬂﬁg %ﬁﬂ{fﬁgﬁ%paa colum are the sane. 15
In the present invention, ﬁ ge oV RWATERS¥PTEN e regeneration

cycle
Abstract of the disclosure
Ca ion is removed by a cation exchange resin and silica and corrosive ions are

removed by an anion exchange resin. 'Even after the anion exchange resin reaches the
silica break through point or after the cation exchange resin reaches the Ca ion break

5 through point, the supply of water is bom:inued until the average of silica concentration
or Ca ion concentration reaches a predetermined value. 'By supplying both treated
water before the break through point and treated water after the break through point,
wmkwcowmhﬁngﬁﬁaiorChjaﬂofsumﬂﬂecomxmudknumnbesmqikdu)ﬂmvwmﬁ

system with only one anion exchange column or cation exchange column.
(fig. 2)



of the cation exchange col um and/or the anion-exchange colum are
controlled. It is not necessary to arrange two ani on exchange colums in
paral | el and provi de bypass piping. Water, containing no corrosive ions and
containing silica and Ca ion .of suitable concentrat.ions controlled by
partly renoving silica and/or Ca ion, can be 20 supplied to the water
system Therefgre,_in r%yenting t he corrodivon and the formation of scales
in the water éﬁs}eﬁr tEe m niaturization and sinplification of the

equi pnrent and the easenent in the operation for the regeneration can be
realized. It should be undersf Bt the water flow ng out the anion
exchange col umm and/ or the cation 2yy umm may be supplied to the
wat er systemonce it is 25 ecel Z ank. The timng for stopping
the softening treatnent may b¢ defy ¢d based on neasured val ues of the
silica concentration or -the calci y n the water system -13-
In the present invention, scalje i be further used. In this
case,

raw water . treated water
Fig. 1b
A 2B
1A~ .
2
I
raw water - _ L_—_—f“' L ——= treated water
1
Fig. lc
_____fw -
WA | N4
/‘\/2
/ ) .
raw water ——— [:*'f*‘ L——f—-;>treated water



the scale inhibitors to be enployed are not particularly limted and scal e
inhibitors for scales of a silica group such as partial hydrol ysate of

pol yacryl ami de well known in the art may be used. It is preferable that the
addi ng anmount of the scale inhibitors is 1-100.5 ng/l. relative to the
anount of holding water in the water syst%%p I f necessary, it is also
preferable to use sinultgpeously antlcorr Les such as inorganic phosphate
(orthophosphate and pol ypha 3y gFhosphori c ester, phosphonic
acid, zinc, nickel salt, tungy A , hitrite, borate silicate,
hydroxy carboxylic acid, ber 2 ahd nercaptobeni} I agol e or, as
menti oned 10 above, scalelinhibitars puctyas [ignin de i i
acid, and pol ysaccharide ingluding stasfh. As well as the¢
i n Japanese Unexani ned Patert Publi&atipn Nb. HO6- 158364
wei ght pol yner may be added |to the Wate}. TpheWPow nol ecdl ar, MeLqQ; pol ymer
facilitate the formation of ja uniformf}l mpf aaticorrosiv 5 ani ons
such as OH err], HCerr] fllowing out ih the waker bys3t he i exchange
treatment and anticorrosive jconponents —e&.ga[err
fromthe water system t@grqby further
In this case, as the Iomrqp\ [

hpet od di scl osed

F i_g.
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pol ymer havi ng 500-100, 000, preferably, 1,000-20,000. Such a 20 water
sol ubl e pol yner includes a copolyner of nmaleic acid and isobutyl ene,
pol yacrylic acid, partial hydrolysate of polyacrylam de, a copol yner of
acrylic acid and allyl oxy-2- hydroxypropanesul fonic acid, a copol yner  of
acrylic acid and hydroxyet hyl met hacrylic acid, a copolymer of acrylam de
and arylsulfonic acid, a copolyner of acrylic acid and nmaleic acid, a

copol yner of acrylic acid and styrene, a copoliyner of acrylic acid and 25
styrenesul fonic acid, polymaleic acid, polystyrenesulfonic acid, a
copolynmer of acrylic acid and itaconic g;'d, pol yi taconic acid, a copol yner
of acrylic acid @and Reiylonitrile, a copolyner of acrylic acid and
vinyl sul fonic acid, and a copol yner of nethyl vinyl ether -14- and

mal ei ¢ acid which are known in the prior art. Though the amount of such a

| ow nol ecul ar wei ght pol ynmer may vary corresponding to the quality of raw
water, it is preferably 0.1-500 ng/l. relative to the holding water.

TI1ON OF | -
3 $§§E§§?§N-~— REGEMERATION OF
Lz EXCHANGE RESIN THE ANION EXCHANGE RESIN
© 0 i A
- @ ¥ _SiLIGA COMCENTRATION
= /7 IN TREATED WATER
< / ' AVERAGE VALUE, OF .
¥ THE SILICA CONCENTRATION
20
a4 Z | L
® o C1- 10N COMCEMTRAT ION

s~ iN TREATED WATER
—— ’ .

AMOUNT OF THE SOFTENED WATER

Fig. 3b

REGENERAT ION OF '
o0 THE CATION REGENERATION OF .
%  EXCHANGE RESIN  THE CATION EXCHANGE RESIN.
z . )
o Y - L C1UM HARDMESS
% L //gé THE TREATED WATER
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o
_] .
<
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AMOUNT OF THE SOFTENED WATER



5 .. Though the timng of adding the | ow nol ecul ar wei ght polyner is

not particularly limted, the | ow nol ecul ar wei ght polynmer is normally

preferably added after the treatnent by the ani on exchange resin. The

- met hod of the present invention as nentioned above is effective in
preventing corrosion in a water systemcontaining Cl[err], So[err] as

corrosive ions, and silica 10 and/or Ca ion, such as a fresh water

system where water is concentrated. Exanples Hereinafter, the present

invention will be concretely described with reference to exanples and
conparati ve exanples. 15 The quajsties of raw water A, B, C used
in the exanples and conparati ve exanples are shown in the follow ng table
1. [Table 1] Raw Malkalinity total cal ci um har dness
Silica C [err] ion SOerr] - ion water pkl (mg/ L)
har dness (nmg/ L) (mg/L) (nmg/L) A 7.28 53 61
41 30 29 25 B . 7.8 < 56 ' 67
37 : 7 47 : 20 C 7.6 64 31
19 _ 76 5 4 S
: i 3
S
o m 5
1 [
. g
s .
9
S 8
r A -
\
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20 Exanple 1

effect have been tested by using pilot test equip

Fig. 2, the nuneral 1 designates a cation exchange |c

ani on exchange colum, 3 designates a raw water tank, 4£p ﬁg?qgﬁ;s a

cooling tower, 5 25 desi gnates a heat exchanger, Fﬁ es’a

pi ece colum, and 7 designates a scale inhtbitor tankk

supplied to g_hol ding water tank 4A of the cooling jtower 4
“pigphired ~

line 11, the

EED. I n

um, Z desi grjatjes an

The scale preventive effect and the ¢

i P " o
I 1

% Otk o~
1 UoT V.U O VL]

6 lde tlegqt
was
a

'col um

;
t hr oug

R¥4RBe colum 1, a line 12, t

Cank 7 %'ﬁi ndded’ | VETHRDRS %ﬁﬁ%&?@%@gﬁ%ﬁi@;ﬁﬁ%b&ﬁ%ﬁﬁé i ECi 2 purp
P T ' , ' 4A
through a 11 ooy b EhgRBaRAaM BT 1T PN 10 41 B Pt pr ece
colum 6, and a |ingpldely, fhvehifigh @%}m@ﬁﬁ%ﬂ@é&f%&é@ﬂﬁﬂ?&&hﬁ&% B3y

bl own out of
5

10

15

20

25

the water” system oug
systein and, more particularly, to a method of efficiently 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 treatment of feedwater or holding water for the water system.

Carbon 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
coolingfheating water system. These materials which jg;i%ed 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 circumstances,
as one of cfonventional methods of preventing such corrosion of metal materials being-in-

mesh water in such a fresh water system, a method includin_g steps of
bringing water of the water system in contact with anion exchange resin with
anticorrosive anions and of adding low molecular weight polymer in the water has been
proposed (Japanese Unexamined Patent Publication No. HO6-158364).

In this method, the anion exchange treatment is performed by bringing
corrosive ions such as CI"and SO, in the water in contact with the anion exchange
resin with the anticorrosive anions such as OH, HCO;, thereby reducing the
concentration of the corrosive ions in the water and thus weakening the corrosiveness of
the water system. In addition, since the low molecular weight polymer has a function

of facilitating film formation, for example, HCO;" flowing out by the anion exchange

| AMENDED _snger |




The cation exchange colum 1 was filled with 500 L [ change
resin and the ani on exchange colum 2 was filled A fs ani on
exchange resin. Two commercial carbon steel tubes |($TB340, the out]er
diameter of 19 mm the 10 thickness of 2.2 nm (adt yal QupesyFrigsent) } were
used as heat exchange tubes of the heat exchanger The test piedge
carbon steel test piece (SPCC, 30 nmx 504mm x 1 rme—scare rnhi

| ynal . Th | : f ol | oWi
v POyt Tl RSB RISh TGRSR B R 50
liters, O rcul giigg Hak rlgggpgahsxnyﬁ;%eﬁug&/ﬁ brrobtt BT quant (y: 3

lit/hr, Tenperature o I ng exc anger Inlet 30 [err]C,

Terrperature of circu t I 0 ]
Scal e i nhi bitor arrouir{?édtcg%bﬁeli%galgggcﬁéveﬁ%%ntﬁ gﬂgﬁhﬁt&%f e%gﬁcg’[ a& tgsmﬁﬁw

The raw water 4 OPR ReddRsk shidtPekchafd ré’s?n bh@co,awfdmts@;bng %sné Ekh@n
exanple. In feeding the raw water, the cation exchange resin in the cation

exchange c@ ungxchawg@sresin which are easy to regenerate as anion exchange resins, a method 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 proposed (Japanese Unexamined Patent Publication No. HO7-
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 anticorrosive ions for forming the
corrosion preventive film and adversely function as scale forming components.

For exaxﬁple,-ehe 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

15  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 not enough to form the
corrosion preventive film so as to deteriorate the anticorrosive behavior. When the
silica concentration is t0o high, scales of a silica group primarily including magnesium
silicate are adversely formed causing scale problems, while the anticorrosive behavior is

'20 improved. Therefore, the silica concentration should be 30 mg/l. (=150/5) orlessina

: : with a concentra
cooling water system m;;b%5 times.

Japanese Unexamined Patent Publication No. H09-176872 discloses a method
of removing the corrosive ions sucli as CI" and SO,* by anion exchange resins, wherein
the silica concentration in a water system is controlled by supplying treating water

25  including two kinds of anion exchange resins ir;to 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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regenerated with 5 wei ght' percent HC aqueous sol uREBLACEMEN'Egg'EﬂEtion

‘level : 17g- 25 HCO/1.-resin (15% of the conpl etef regeneration) dnd the
ani on exchange resin in the ani on exchange col umm Waﬂéw-r@ggted with 5
wei ght percent NaOH aqueous solution to a regenerafipn el
50g-NaCOH | . -resin (38% of the conplete regeneratiopn)* “+6=—Fhe~f gedi ng
wat er was continued with the feeding watef~quantity of 260 liters and the

ti | : ( - 2
nours of the FoktsSPORENTY tol UioR B0 SRR 180 MO B i R Rdork
exchange col Ugyrfae i i RuaNic, ThilinbbaHl doloRHEl BRLBIALY S Rl ©

operation, the average of the calciu ( the water f1ow ng."out of
the cation exghpiigParCalioiekciiigetolfth RF iR HEO, RtmlAnbPeNchifdedtsin hAYAANI Was

21 ng/l. Wile the anion exchange resin in thé ani on exchange col um

“reached the sianidivexehag cbRirion tHe@M o sifdng/babie Uhfon@REtiadke 6Rin dnde aver age
of the silica concentration of the water flow ng out of the anion exchange

col utm whi 8h wastrolling flow ratio into the respective columns.

Since Ca ion is effective to form 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 group are formed causing scale
problems.

10 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 jon concentration because the degree of supersaturation depends on the
M-;alka]inity, 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.

For removing the Ca ion, Japanese Unexamined 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.

20
The methods disclosed in Japanese Unexamined Patent Publication Nos. HO6-
158364 and HO7-316852 are not given consideration for keeping the silica concentration
in the water system in a suitable value. Therefore, there isa possibility of the shortage
of silica for forming the corrosion preventive film.
25 The method discloséd in Japanese Unexamined 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
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10 obtai ned by 12-hour water feeding was 21 ng/l" : bs of

t he cal ci um hardness and the silica concentration afger the 12 houfs|water
feeding did not reach the concentration causing scl ¢ pbdfRGTE99% h
softening treatnment were continued after the catiof ¢xchange resinjahd the
ani on exchange resin reached the respectiyve break through points. 15
The average quality of the feedwater and¥he rate | ne rate

of scaling of_ the test pieces.after 30-day.operatiaon e < and the
Cesul ts ver o B RFiaehers i Sined dhApnet Mt kel Sl GARE R 57 L0
in Table 1 . S t r ' '@ eedi ng the raw

wat er, the ‘g’;}t%g%h%?agygh%%%@c{eggs% aﬁﬁ?lklgogéé%\g% exgﬁigﬁla%ér@%{l'um 1 was

regenerated with 5 M«e&ag@r)f(gsg@gg,?tcﬁ&qe. %ﬁgv&iﬁﬁﬁ%vpcs%@%ﬁgspﬁﬁ%hm

| evel : 50g- HC/I.-resin e conpl@ete regeneration e ani on

exchange I esife (3 ibiGorBhteitioR i %Q%etﬁgkdéﬂﬂo%e%ﬁit&ﬁ&%lﬁéﬁis%giﬂ% hdbessatipi ght

percent NaHCO err] aqueous 25 ° solution to a regeneration |evel:

80g- NaHCOBer rib/grovide B%;]Shsé Pipthbr the ﬁk@miﬁ he TRBPETBUAE fA8sing TRGuEPLEMbA ON
of this exanple was the sane as Exanple 1, except that of
exchange column and water not passing through the cation exchange column, thereby
making the equipment and the operation complex.

Thatis, to perfo'rm the removal of the corrosive ion and the partial removat of
silica and Ca ion by using the conventional methods, two anion exchange columps 2a,

10  2b, one cation exchange column 1la, 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

15  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 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  anticomrosive behavior of the water system.

Mﬂ%ﬁ%ﬁg corrosion in a 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 supplied to the water system,.is-cl%lﬁs'd&d-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 bréak through point,

until the silica concentration of the water reaches a predetermined value.

| AMENDED SHEET




the feeding water was continued with the feeding LMMTVSBPEBM
liters and the -17- regeneration being conducte nder the abovg pane
condition for every 43 hours of the feeding tinme. Th 3y ar 19p%a t/ of
the feedwater and the rate of corrosion and the rafjejof scaling of jthe test
pi eces were neasured and the results were shown i n|Tabstre—2—tmm i

I Jm 5

exanpl e, while the cation exchange resin5-n the catfi on exchange co
reached the Ca ion R[Iﬁ%ﬁﬁ%ug%m nt after 18 hours o ratlo the

f the cal e gfﬂmare B Vi "baf? 6 FocoRd agpee
2X§Lg%geocol ue c\aqu%} %88 < ngtal ﬁ\ h V‘\'@aﬁﬁ 53 OWI ya .
The ani on excﬁgnge resrnet ‘r?gre% t%)?gﬁ goé el 8&9[8? Vﬁg:rgyst%zs
f ti f : .
o 0T o SREHGRBAC il bR extibithe Flf MBS oG W Crblet Wiy |

concentration e water OWI ng he ani on e

whi ch was obt - { er
B e 7 iﬁh&?égé%aée?ggﬁeg% AR colB§YE Rths YRS, drldf und @s@hwﬁ)_ HEWatl
6 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
the cation exchange resin reaches the Ca ion break through point, until the Ca ion
concentration of the water reaches a predetermined value

A method of preventi:ng 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 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, i&eﬁ%ésmeﬂaed-in that even after the anion exchange resin
reaches the silica break through point, until the silica concentration of the water reaches

16  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 cétion
exchange resin reaches the Ca ion break through point, until the Ca ion concentration of
the water reaches a predeteﬁnined value, the supply of the water brought in contact with
the cation e,xéhange resin to the anion exchange resin is still continued.

20 In removing the corrosive ions and silica by the anion exchange resin, an anion
exchange column filled with OH-form strong basic anion exchange resin having the
capability to exchange ions of silicais used. In this case, as shown in Fig. 3a, the
silica concentration and CI" ion concentration are low after the regeneration of the anion
exchange resin and at the early stage of the demineralization, since silica and the

25  corrosive ions such as CI 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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:‘17 -

The raw water C shown in Table 1 was used as the RERL = exanpl e
'15 and there was only the anion exchange colu i t hout the catli ¢n
exchange colum in this exanpte. In feeding the ra W@MBOCT'['HQ ani qn
exchange resin in the ani on egxchange col um was rlegenerat ed withl5 lwei ght
percent NaOH aqueous solution to the sanme regenerpptrom Tevel as that in
Exanpl e 1. The operation was the sane as-Exanpl e except that—the—f eedi ng
wat er quantity was 270 liters and the regenerati on was 20 conduct ed under
the above saniBe d@ifditicnisd by the ‘@9@?9‘0112“3?dﬂr‘§"€h the@ ipe Hapgut issupplipado the
aver age quallt of the feedwa and th ate of. corl.Qsi n and the rate of
scal i ng of th‘(¥ b%%@@ﬁ%@@%&gb@ uéfﬁﬂgllﬂ%m‘"es ‘?%‘%%alghﬁm“?‘ﬁg
Table 2. Int e.th ni on,.e e resin t ani on.
exchange col 4 Ronk afee ek o PESPRRY SR WAt G v ffy B Ston
operati on, r t I conc

fl ow ng out o? Cf’l ﬁ% @aﬁlg%vgeth%g?b%%?%gﬁgﬁggvgfeggﬁﬁ u\i\ge ﬁ%ﬁ -
water fl O\gl ngsu\{ﬁﬁleﬁ’ghgg{h reby pre%ﬂ@r?gr tﬁE IS&?C %ﬁ@seaid lmbnﬁﬂ&qne gnucorroswe

behavior of the water system.

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

aspect are combined, thereby further providing well effects.

10 Brief Description of the Drawings

' Fig. la, 1b and lc are schématic diagrams showing an embodiment of a
method of preventing corrosion in a water system according to the present invention,
Fig. 2 is a schematic diagram showiné?ﬁlot 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. 3bis 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 diagram showing a conventional method.
20  Description of the Preferred Embodiments .
Hereinafter, a method of preventing corrosion in a water system of the present
invention will be described with reference to the attached drawings.
Figs. 1a, 1b, lc are schematic diagrams showing an embodiment of the
method of preventing corrosion in a water system according to the present invention.
25 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 Ca ion and
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The conparative exanples were conducted in the AR pl es 1,

2, 3 except that the raw water A, B, C were dir (BLEP{AQ%’{EN’E(S tHitlthe
cooling water systemw thout the ion exchange trlegtment— The ajerfage
quality of the feedwater 5 (same as the raw wat €) a%b@i{@gée of
corrosion and the rate of scaling of the test pi urieq and the
results were shown in Table 2. [Table 2] nean conc ' ake- up

wat er of cooling water system reswot Exanp] e exghange M
t ot al calcium silica C[err]ion SJerr]ion COTTOSTON scal i ng
wat er the water systen?! KiRbhdld Ve urdfseboa iar valbsy 6IL RSSncentration are values

rate rate treatment (nmg/ L) (mg/l.) (mg/l.)

(mg/1.) (no/lgiyen m(cﬁmilde.ra)txon of nun(bm:ld)‘ cycles( ngdaser{oéar\&dtclt styﬁteﬁxam:ﬂaang with the
conduct ed 7.4 3

9 Conpar atlveconcenlmted Waky. 7.2 53 61 41 30

29 25 25 exanpl e conducted Exanple 2
conduct ed 7 8 Inghe present inyention, the upper lmuts of t}ne silica cqxcentrauqxland the 2

6 Conpar aty -, hot

67 V€calcium hardness &)l}ﬁ]é?‘%y@ter to the waler system WHICB Eg %@iw the @rmatmn

(7:0 nduct ed TofSscales 42 predetennmép (hereinafter, gle predeterSImned values are refétred toas 5
“silica preset value™ or “Ca ion preset value”). In the above ion exchange treatments
(i1) and (iii), even after the cation exchange resin in the cation exchange 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 treatment is
continued when the average value of the calcium hardness of the total amount of water
flowing out. 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 -Bmtméal's'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 exchénge treatments (1) and (ii1), even after the anion
exchange resin in the anior; exchange column reaches the break through point of silica
20  so that the silica flows ont, the softening treatment of water in the anion exchange
column is continued. The softening treatment is continued when the average value of
the silica concentration of the total amount of water flowing out of the anion exchangé
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 f fom the end of the
25  immediately proceeding regeneration to the present-ﬁi-;ﬂlg-les 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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Conparati ve not 7.6 64

| 76
5 4 8 37 exanple 3 R@LAG E’T ppar ent
from Table 2 that, according to the nmethod of th resent 10 i pventi on,

the corrosion in the water system can be restrictje
can al so be prevented. As described above, accor
preventing corrosion in the water systeml®f the pyesent invention,

f eedwat er or haql di nlg water for the water systemip treated by io xchange
t r eat ment toei“g’ﬁﬁ% €W rosi ve ions, thereby reducing the 15

! f _ el .
Cont rol 'the si 11 ca BRI medierofe ol i bf SAFIRS  HE PR et W em 1o be

i i t abl . th : | o ad ing th
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can be reali
treatment of the water. However, generally, the residence time of the holding water

agd ooF 1982l ¢ grobl ens
g to the methqd {of

(circulating water) in &e cooling water system is relatively long, e.g. 30 through 300
hours, while the normal regeneration cycle (tﬁe dem_ineralimtion period) of the ion
exchangé res-in is a few hours. Consequently, the water having such z'l-conoentration

10  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 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 exchange 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, wateyoontaining litde silica (the most are removed by the
anton exchange resin.);u/lt%-o-wing out of the anion exchange column is supplied to the
water system until the anion exchange resin reaches thg silica break through point.

Even after the anion exchange resin reaches the silica break through point s%t—thel

20  water flowing out of the anion exchange column contains silica, the -sﬁpply of the water
to the water system is still continued. The average of the silica concentration of the
water from the anion exchange column to the water system is held not in excess of the
silica 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

25 s, 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.

| AMENDED SHEET




-19- CLAIMS 1. A method of preventing corrosion | REELAGEMENSYSHERT

conprising, contacting water to be supplied to the er systemor jwafer
drawn fromthe water systemwi th an OH4form strong basi ' hanpge
w300 T
and.o. o oo

resin to renove corrosive ions and then supplying the aj er
system wherein the water brought in contact with thelari-eor—exehargt fesin
is continued to be supplied into the wategll-system after the anion exchange

Cxaeods. an ton excilaHEERIRRTY Y R0 HHOuTs Ca 0T L Ae Ca e GRPmEe o
|1 Pl to fl t. to the . ' : ' S [
Tnti ! the o 18 wEREAN b r e F LR bR e BRIt S e AT RURR L
| the silTter CONCENTELT or @ |
scal 6 based QYRR OB bEbE ciidn'ReralBL EStumAaL Sl Rine WA byshah uhl R 09, °
prevent i ve {idaiiobx SihddiisiRedefs HEICSlor YSheHrodeh point B RA 1R Saflepl med | 1

claim1, wherein sa etermned value Is set” inja range where the scale
i's not sulst aRthalge YeshtRAERLWE CidnRedlBthRiugh Yo 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
' exchangel'oolumn 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 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 preventing the scale problems due to
scales of a calcium group.

lNH_-hpT_":I:a-t.he 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-form strong basic anion exchange
resin is regenerated by using alkaline aqueous solution such as about 1-10 weight
percent NaOH aqueous solution.

It should be noted that a HCO,-form weak basic anion exchange resin uséd for

20 removing the corrosive ions is regenerated by using about 1-8 weight percent NaHCO,
aqueous solution.

On the other band, -upw%en-& 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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3. A nethod as clained in claim1 or 2, V\,her'ei"g

o wllare X VA P s A | 1 IS
added in the water. 4. A nethod as clainmed in fgny one of clains %

- through 3, wherein a polynmer with nol ecul ar wei gh eG4 QCINT880,1000 is
added in the water. 5. A net hod of preventing atler
system conpri sing, contacting water to be supplie em or
wat er drawn fromthe water systemw th aigation e hen

Wi th an ani on exchange resin to renove corrosive ions and, after that,
suppl yi ng t hthevien exchargetiesinnailbat isythoegh thaquansityisithe ugesk regensranlgit i n
contact with the cation exchange resin is contjinued to_be brought in
contact wit hsybsEntialoproperioadde theaggenertion rate phthe 190 Sichangeesip Bl n

reaches a Ca j bre t hroygh poi nt where the cation.exchange resin
exceeds an |6h%?&ﬂéﬁ§¥%i§%f"f ef’%‘f"?’érf%‘?/ﬁ’eﬁ@"e@éﬁoeieﬁnl’ﬁ’?”&ﬁ?? sai d wat er,
to allow Ca i.ons to, fl ow gut IML ste ai d ter being supplied
Unti | the CaSEBRCRRIYRANY ALIES e Hever oo e dhitelaree unudion O HE rReensRPR A vl ue
so t hat t%e Cauiro s exist in the water systemin an anount not formng a
scal e bastd BHYWHE ca ion break t hrough point to thereby forma corrosion

preventive filmi Ngh HFe ﬁf\@eﬁ{ in§¥rﬁfo§mherefore, 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.

10 As is best shown in Figs. 1b and lc, where the cation exchange column and
the anion exchange coiumn are arranged ineg%a—eﬁé?iit 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. |

15 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 ain‘ange two anion exchange columus in parallel and provide bypass
piping. Water, containing no corrosive ions and containing silica and Ca ion of
suitable concentrations controlled by partly removing silica and/or Ca ion, can be

20  supplied to the water system. Therefore, in preventing the corrosion 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 fo the water system once it is

25  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.

L e
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-20- 6. A method as cl ai ned in-¢kairm5, wher ei n T TrEREILET H val ue
is set in a range where the scal e is' ot s'ubstantlcm‘l JA HuAY S he
‘water system 7. A nethod as claimed in claim5jorl 6, wherein als¢ale
inhibitor is added in the water. 8. A nmethod as claigﬁ ocT 1999 ¢n¢ of
claims 5 through 7, wherein a polyner wth nol ecul gr t less tha
100,000 is added in the water. 9. A neltod of prleventtmg—corTosioh in a

wat er SySte%xﬁ@ﬂ%&ﬁd‘@hncﬁ%tlﬁﬁ&hﬂgm%ﬁ&*ari0 be sufdplied to the wate
systemor water drawn fromthe water systemw th a cation exchange resin

and then with an GHohgh te asnbandf hehiadow Riolseulaxwigtgelyits may varyr enove
corrosive ions, and after that, supplying the water to the water system.
wherein the wmon@me@@ﬂw quality of Tewovatexi itis préferablyiOonS@kwplrdetivedg the i s
continued to l@ supplied into the water systemafter said anion exchange
resin reachd@UngVpeE, break t hrough poi nt where the ani on exchange resin

%f:?dst gina: Fgwe)élclﬁog%? aCI ; \éﬂémg Ble?orw\r/nlo%gularwelglﬁp%ygnelgl%ln%{ um from sai d

particularly limited, the low 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 Cl°, So,> as corrosive ions, and silica
where

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

. Examples
Hereinafter, the present invention will be concretely described with reference to
examples and comparative examples.
16 Tﬁe qualities of raw water A, B, C used in the examples and comparative

examples are shown in the following table 1.

{Table 1] _
Raw M-alkalinity | total calcium hardness | Silica Cl-ion |.S0.2" ion
waer | PH | T(gyi) | barness | (mg/L) | (mg/L) | (mg/L) | (mg/L)
A 7.2 | 53 61 41 30 29 25
B | 1.8 56 67 37 T 41 20
Ke 7.6 64 31 | 19 76 5 4
20  Example 1

The scale preventive éffect and the corrosive pre»'entive effect have been tested
by using pilot test equipment shdwn 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 iower, 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 tank 4A of the cooling tower 4
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the water system said water: beinrg.s d-until the ¢
of the water reaches a.predeterniné@ ue.sp that the
wat er systemin an anount not forming a“scal‘e based on
t hrough point, and the water brought in contact with th nge
resin is continued to be brought in contact with the anjoh _exchange resin
after said cation exchange resin reacheslé Ca ion break|through point whefe

t he cation exchange resin exceeds an_ion _exchange capac £f or rereviR
silica and cgﬁ%&ﬁﬁ"géﬁerﬁﬁrﬁ%%mﬁh? feeging ‘1"‘89\‘7 quanfity Oliesand 1o

th t { |.d t bei ni I ed til the. ' trati
of the. wat or B dohsnaatcn BRngEomikiEr b S5k e eonRicntler BUE TBRPLS In 1 he
wat er systen?]la@e&p’%ﬁmgnt not formng a scale based on the Ca ion break

nt to re

t hr ough poi )y forma corrosion preventive filmin the water

system by at | east vage il Cohah Q0RAIA o3l oltexchloge ST AGEhAT 401 o0

in claim9, wherein said pre \ e 1S se a range efe the
scal e i s potjonesdkahidudh lp¥ind SR&" | S : d as
claimed in cll aim9 or “%g,p%mer ei@%gﬁéﬁlﬁhﬁ%@%ﬁgﬁgﬁ%ﬁq %ﬁ?%gagt er.

12|. A et hoghe avatér fRIWIRS ol ofahy cAHoR eRéhaib&édlBmA wHEHOW S obtdined\BE 1 £hBud
pol yner

water flowing was 21 mg/l.. While the anion exchange resin in the anion exchange
column reached the silica 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

10  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 sof tenihg treatment were continued after the
cation exchange resin and the anion exchange resin reached the respective break through
points.

15 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

20 The raw water B 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 column 1 was
regenerated with 5 weight percent HCI aqueous solution to a regeneration level: 50g-
HCl/l.-resin (53% of the complete regeneration) and the anion exchange resin in the
anion exchange column 2 was regenerated with S.jwei ght percent NaHCO, aqueous

25  solution to a regeneration level: 80g—NaHCOsll.-résin (31% of the complete
regeneration). The operation of this example was the same as Example 1, except that

Sf
the feeding water was continued with the feeding water quantity being-940 liters and the
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e

wi th nol ecul ar wei ght | ess than 100,000 is added injt} .
SHEET -20a- 138. A nethod as clainmed in claiml, Wneg(ii f?‘??)
predet erm ned val ue of the silica concentration is gnjlav ra@g |
‘concentration contained in the water where the silig¢akb- ogs not
substantially formthe scale in the water system 14. A nethod as cl ai ned
in claim13, wherein when the silica conegnration inm tne water-teactres the

' d I ned | h f b e. ani '

s il B 8 A
[ [ - .

concentrati onﬂliegln nn%erngﬁgeg'l Y gggﬁﬂﬁ%gé&g??@gaﬁéanéjﬁw{ﬂgOa&(%lgqm%ﬂgdéhq he Ca
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16. A nethod as In C erelr n when i Oh concentrati on

in the water reachesgy ififeRinfIe WALIP tﬂ@&ﬁ\éﬁleﬂ&ané@ﬁsﬁ‘?f?%%ﬁ&{ edcREn b fifmY

‘the cation
5  reached the Caion break through 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 flowing was 21 mg/l.. The anion exchange resin in the
. ) ' silica,
amon exchange column did not have the function of ion exchange of siliea-so that the
average of the silica concentration of the water flowing out of the anion exchange
10  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
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 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
20 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 r&su_lts were shown in Table 2.
In this example, while the anion exchange resin in the anion exchange column
reached the silica break through point after 4 hours operation, the average of the silica
25 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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exchange is stopped and the cation: exchange r.esin is regenerated. 17. A
nmet hod as claimed in claim9, wher-ei'n" sai d “pr etlet er mi ned vaI ue of e
silica con age silica concent rigps :

wat er where wat er does not substla BN e jscal e
in the water ﬁ ﬂi]t&llﬁ redet erm ned val ue |of theCalon :
concentratio - hardness qeont ai ned Ji n t Bot GETEWIRNdr d the ca

ions in the vvater do not substantially formthe scialle in the wat qystem
18. A method as clainmed in claim17, wherein when the silica
concentratépgmMg the water reaches the predet erm n lact of
the water %T'Mn'e ani on exchange resin is stopped and the ani on exchange
resin is regenerated, and when the Ca ion concentration in the water

reaches the pregd %e?&%anﬁ%\)é% gtfcor}&%n% iRdr s&&eﬁh@od‘@'fsﬁghgné%%@g ORtdrs

exchange i s stoppe Ion exchange resin i1s re
be supplied to the water system or water drawn from the water system with an OH-form

O]

strong basic anion exchange resin to remove corrosive ions and then supplying the water to
the water system,

wherein the water brought in contact with the anion exchange resin is
continued to be supplied into the water system after the anion exchange resin reaches
a silica break through point where the anion exchange resin exceeds an ion exchange
capacity for removing silica from said water, to allow silica to flow out to the water
syétem, said water being supplied until the silica concentration of the water reaches a
predetermined value so that the silica exists in the water system in an amount not
forming a scale based on the silica break through point to thereby form a corrosion
preventive film by silica in the water system.
2. A method as claimed in claim 1, wherein said predetermined value is éet in a

range where the scale is not substantially 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 polymer with

molecular weight less than 100,000 is added in the water.
5. A method of preventing corrosion in a water system comprising, contacting
‘water to be supplied to the water system or water drawn from the water system with
a cation exchange resin and then with an anion exchange resin to remove corrosive
ions and, after that, supplying the water to the water system,

wherein the water brought in contact with the cation exchange resin is
con_'ltinued to be brought in contact with the anion exchange resin after the cation
exchange resin reaches a Ca ion break through point where the cation exchange resin
exceeds an ion exchange capaéity for removing calcium ions from said water, to allow
Ca ions to flow out to the water system, said water being supplied until the Ca ion
concentration of the water reaches a predetermined value so that the Ca ions exist in
the water system in an amount not forming a scale based on the Ca ion break through

point to thereby form a corrosion preventive film in the water system.
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6. A method as claimed in claim 5, wherein said predetermined value is set in a

range where the scale is not substantially generated in the water system.

7. A method as claimed in claim 5 or 6, wherein a scale inhibitor is added in the
water.
8. A method as claimed in any one of claims 5 through 7, wherein a polymer with

molecular weight fess than 100,000 is added in the water.
9. A method of preventing corrosion in a water system comprising, contacting
water to be supplied to the water system or water drawn from the water system with
a cation exchange resin and then with an OH-form strong basic anion exchange resin to
remove corrosive ions, and after that, supplying the water to the water system,
wherein the water brought in contact with the anion exchange resin is
continued to be supplied into the water system after said anion exchange resin reaches
a silica break through point where the anion exchange resin exceeds an ion exchange
capacity for removing silica and calcium from said water, to allow silica to flow out to
the water system, said water being supplied until the silica concentration of the water
reaches a predetermined valué so that the silica exists in the water system in an
amount not.forming a scale based on the silica break through point, and
the water brought in contact with the cation exchange resin is continued to be
brought in contact with the anion exchange resin after said cation exchange resin
reaches a Ca ion break through point where the cation exchange resin exceeds an ion
exchange capacity for removing silica and calcium ions from said water, to allow Ca
ions to flow out to the water system, said watef being supplied until the Ca ion
concentration of the water reaches a predetermined value so that the Ca ions exist in
the water system in an amount not forming a scale based on the Ca ion break through
point to thereby form a corrosion preventive film in thé water system by at least one of
the Ca ions and silica.
10. A method as claimed in claim 9, wherein said predetermined value is set in a
range where the scale is not substantially generated 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 polymer

with molecular weight less than 100,000 is added in the water.
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13. A method as claimed in claim 1, wherein said predetermined value of the silica™
concentration is an average silica concentration contained in the water where the silica
in the water does not substantially form the scale in the water system.

14. A method as claimed in claim 13, wherein when the silica concentration in the
water reaches the predetermined value, the contact of the water by the anion
exchange resin is stopped and the anion exchange resin is regenerated.

15. A method as claimed in claim 5, wherein said predetermined value of the Ca ion
concentration is an average Ca hardness contained in the water where the Ca ions in
the water do not substantially form the scale in the water system.

16. A method as claimed in claim 15, wherein when the Ca ion concentration in the
water reaches the predetermined value, the contact of the water by the cation
exchange is stopped and the cation exchange resin is regenerated.

17. A method as claimed in claim 9, wherein said predetermined value of the silica
concentration is an average silica concentration contained in the water where the silica
in the water does not substantiaily fprm the scale in the water system, and said
predetermined value of the Ca ion concentration is an average Ca hardness contained
in the water where the Ca ions in the water do not substantially form the scale in the
water system.

18. A method as claimed in claim 17, wherein when the silica concentration in the
water reaches the predetermined value, the contact _of the water by the anion
exchange resin is stopped and the anion exchange resin is regenerated, and when the
Ca ion concentration in the water reaches the predetermined value, the contact of the

water by the cation exchange is stopped and the cation exchange resin is regenerated.
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