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5 Field of the |Invention This invention relates to a nethod and
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from regeneration systems.

10 Backoround of the Art

lon exchange technology has long been employed for the effective remaval of objectionable ions from
solutions.  Applications include the exchange of hardness for sodium (softening) of bicarbonates for chiorides
ldealkalizing), of cations and anions for hydrogen and hydroxyl ions (deminerafization).
lon exchange technology does facilitate a moderate reduction of volume by concentrating the impurities to
"15 be removed from water. Regeneration with brine, acid andfor caustic at 5-10% concentrations can produce spent
regenerants containing percent levels of the impurity. This is of particular interest when using ion exchange to
remove heavy metal contaminants from metal plating rinse streams. Upon regeneration, the contaminant ions, such
as copper and nickel, are contained in percent concentrations instead of ppm concentrations and with a corresponding
reduction in volume.

20 However, chemical regeneration increases the total solids of the waste chemicals to ultimately be disposed
of. In fact, the total solids can be increased by a factor of three or more unless controls are employed to reduce
the waste chemical volume containing the objectionable ions. In addition, the liquid .volume of regenerant waste can
exceed 15 Bed Volumes (BV) following normal backwash, chemical draw and rinsing steps.

There are several iew developments that can be employed to reduce the liquid velume of regensrants.

25 These are of significance if the waste is a non-dischargeable or hazardous material such as heavy metal salts.
Appraaching a "zero” liquid discharge involves the subsequent separation of the solids and liquids. The lower the
volume, the lower the cost of treatment.

In conventional regeneration of ion exchanges, the bed is first backwashed to loosen dirt and debris and
redistribute the resins for better flow withaut channeling. Backwash flows for cation exchangers are typically 6

30 gpm per ft? of bed area. For a typical three foot bed depth recommended by menufacturers, this amounts to 2
gpm/ft’. A backwash conducted for 20 minutes would therefore produce 40 gallons of waste water per cubic foot
of resin. For anion exchangers, the flow is less because of the lower density. Nonetheless, approximately 15 gallons
of waste are spent per cubic foot of resin.

Chemical draw, the next step in regeneration is typically carried out at concentrations of 4-6% or

35 approximately 0.50 Ibs {active) per gallon. With regenarant levels of 6-8 Ihs/ét’, an average of 15 gallons of waste
are produced. REPLACED SHEETS SG
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20 Prior attempts to reduce waste volume have employed reuse of regenerants. U.S. Patent No. 5,352,345

ta Byszewski et al discloses a method in which exhausted regenerating solutions from either a cationic or anionic
exchange column are converted into fresh regenerating solutions by using an electrodialytic water splitter, an acid
or base purificetion unit, or any combination thereof, thereby maximizing recovery of resources (both in fresh
regenerants and in make up water), and minimizing the amount of waste which must be discharged.

25 However, in the above method, the system is designed simply for rejuvenating the spent regenerant, not
for minimizing the waste itself created by the ion exchange columns. For the above purpose, the special device, ie.,
the electrodialytic water splitter, the acid or base purification unit, or any combination thereof, is used, and the
piping system is complicated. Membranes used for electrodialysis are very sensitive to fouling,'and if the system
is not run continuously, they will foul. Further, even if the amount of waste generated from the regenerant is

30 minimized due to rejuvenation of the spent regenerant, the overall waste in the system cannot be significantly
reduced since waste generated from other cycles such as a backwash cycle, displacement cycle, and quality rinse
cycle are not reduced (in fact, waste generated from the regenerant is approximately 10% of the total waste).

U.S. Patent No. 4.552,352 to Carl J. Saieva discloses a process for recovering metais from dilute solution
utilizing ion exchange in combination with ammonium salt regeneration solutions. In this process, the rinse is reused

35 following capture of the metals in the ion exchange system thereby closing a first loop of the process, and the
repenaration solution which flows in the counter-current direction is reused following electrolytic recovery of the
metals in the plating cell, and recovered metals are reused in the electroplating bath, thereby closing second and third

loops of the process. As a result, essentially no liguid or solid waste requiring disposal is generated.
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40 I's.
15 gals. 10 CHendsr Ahg watey rausable because the solution contains metal salts y%-aﬁzppggr chioride, copper sulfate, nickel

15 gal s. i calla_iuaeﬁmam sulfate, and the other half of the metal salts aflglgenﬁﬁ? 6F the metals will keep accumulating,
28 g:: Z ergiwlpk% Iel?:lelnn? Gissolved solids in the rinse tanks, and causing sf%gs é;’alitysmmgms, In addition, in the
110 gals. regeneration procedure, no rinse cycle is mentioned, meaning that the regenrant is stil in the resin bed. To reuse

the resin, the regenerant must be rinsed out of the rasin bed. There is no mention of how that rinse would be
minimized. Even if the amount of waste generated from the regenerant is minimized due to rejuvenation of the spent

10 regenerant, the overall waste in the process, like the aforesaid method of U.S. Patent No. 5,352,345, cannot be
significantly reduced since waste generated from other cycles such as a backwash cycle, displacement cycle, and
quality rinse cycle are not seduced. Further, the use of ammonia salt regenerant is not advisable for workers due
to its fumes. |

-In addition, Rohm & Haas Amber Hi-Lites No. 120 describes rense of regenerants. As described, the first

15 third of the regenerant will be overly diluted by the existing water in the resin cofumn and the water in the vaid
volumes between the resin beads. This is sent to waste. The second 1/3, being the most spant, would also be sent -
to waste. The final 1/3 is suggested for reuse as the first third of the subsequent chemical draw cycles. Thus,
the reuse of ragenerant is limited to recycling only 1/3 of the entire chemical draw cycle.

SUMMARY OF THE INVENTION

20 The present invention has exploited a technology to significantly reduce overall waste volume generated in
any deionization or deminesalization system, regardless of the degree of contamination, including rinsing systems for
circuit boards, agueous cleaning, platinglanadizing, and tap water deionization systems, without the necessity of
devices such as an electrodialyzer for rejuvenation of the spent regenerant. An objective of the present invention
is to pravide a process of reducing the liguid volume waste of ion exchange regenerants to approximately 1 BY per

25 resin, 2 reduction of over 90% from the conventional systems.

Namely, one import.ant aspect of the present invention is a method for minimizing wastevﬁater discharge
generated in an ion exchange regeneration system comprising a cation exchange bed packed with cation exchange
resin and an anion exchange bed packed with anion exchange resin, said method comprising the steps of: (a)
preparing plural portions of cation regenerant solution in sequence, said portions being numbered from 1 to n, wherein

30 n is an integer > 1; (b} backwashing and regenerating said cation exchange bed with the first portion of cation
regenerant solution by intreducing said portion to said cation exchange bed in an up-flow direction at a rate sufficient
to reclassify said resin accommodated in said bed and to regenerate said resin; {c) further regenerating said cation
exchange bed by introducing in sequence each p'nrtion of cation regenerant solution thereto in an up-flow direction,
whereby the effluent of the first portion of cation regenerant solution is expelled from said cation exchange bed and

K3 séparated from the regeneration cycle; {d) saving the effluent of each portion, except the first portion, of cation

regenerant solution to be used as a portion of cation regenerant solution in the subseguent cycle in such a way that
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essentially no waste requiring disposal is generated,
a dnwn flow dxret:tum, and (n) recirculating said final rinse until the qualny of rinse discharged from either cation

20 or anion exchange bed reaches a predetermined level. In a preferred embodiment of the above method, for the anion

exchange bed, step (k) comgprises preparing plural portions of displacement rinse, said portions being numbered from

1 to ¢’, wherein q’ is an integer > 1, in which portion number g is provided by fresh rinse; and wherein step ()

comprises: (i) displacing the anion regenerant solution present in said anion exchange bed with said displacement rinse

by introducing each portion in sequence to said anion exchange bed in an up-flow direction, (ii) saving the effluent

25 of the first portion of displacement rinse to be used as the last portion of anion regenerant solution in the

subsequent cycle, the concentration of said last partion of anion regenarant solution being adjusted, and {iii) saving

the effluent of each of the remaining portions of displacement rinse to be used as a portion of displacement rinse

in the subsequent cycle in such a way that portion number p’ is saved to be used as portion number p’-1 (p* minus

1) in the subsequent cycle, wherein 2<p’<g’. For the cation exchange bed, steps (e} and lf) are preferably

30 performed in the same manner as steps (k) and (I}, respectively. The ahove method is based on up-flow regeneration,

i.e., counter-current regeneration if service flow is down-flow. According to the above method, ever 90% of
wastewater conventionally discharged from regeneration systems can be reduced.

Another important aspect of the present invention is based on down-flow regeneration, i.e., counter-current

regeneration if sesvice flow is up-flow. This is a method for minimizing wastewater discharge generated in an ion

35 sxchange regeneration system comprising a cation exchange bed accommodating cation exchange resin and an anion

exchange bed accommaodating anion exchange resin, said method comprising the steps of: {a) backwashing said cation
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the first 15 third of the Fegensra over exl sting
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resin beads. Thy § dbvin-fRR Wrection, @ Sdvify park /€ the SFRERCof Said dispRRmEND rifsd) B 1ERSH 28 PRNE the
woul d al so bei‘5 Sd?splgl:ement rinse in the subsequent cyele; {h) prepasing piural portions of anion regenerant solution in sequence, said
portions being numbered from 1 to n’, wherein n’ is an integer > 1; (i} regenerating said anion exchange bed with

the first portion of anion regenerant solution by introducing said portion to said anion exchange bed from an upper
part of the resin accommodated therein in 2 down-flow direction, whereby the backwash rinse remaining in said anion
exchange bed is expelled therefrom and separated from the regeneration cycle; {j) further regenerating said anion

20 exchange bed by introducing in sequence each portion of anion regenerant solution thereto in a down-flow direction,
whereby the effiuent of the first portion of anion regenerant solution is expelled from said bed and separated from

the regeneration cycle {s.g., sent back to a collection sump or feed tank); (k) saving each portion of anion fegenerant
solution to be used as a portion of anion regenerant solution in the subsequent cycle in such a way that portion
number m’ is saved to be used as portion number m"-1 (m” minus one} in the subsequent cycle, wherein 2<m’ <n’;

25 {I) preparing a displacement rinse; {m) displacing the anion regenerant solution present in said anion exchange bed
with said displacement rinse by introducing said disphcameﬁt rinse tb said anion exchange bed in a3 down-flow

- direction, and saving part of the effiuent of said displacement rinse to be used as part of the displacement rinse in
the subsequent cycle, wherein steps (b) through (g) are parformed prior to, simultaneously with or after steps (h)
through {m); (n} circulating final rinse through said cation exchange bed and said anion exchange bed in series in a

30 down-flow direction; and (o) recirculating said final rinse until the quality of rinse discharged from either cation or
anion exchange bed reaches a predetermined lovel. in a preferred embodiment of the above methad, for the cation
exchanga bed, step (f) comprising preparing plural portions of displacement rinse, said portions being numbered from

1 to g, wherein q is an integer > 1, in which portion number q is provided by iresh rinse; and wherein step (g)
cemprising: {l) displacing the catien regenerant solution present in said cation exchange bed with said displacement

35 rinse by introducing each portion in sequence to said cation exchange bed from an upper part of the resin

accommodated therein in a down-flow direction; {I) saving the effivent of the first portion of displacement rinse to
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subsequent cycle i nhmughhmtmythg present invention is to provide an apparatus for efficiently conducting the above

metheds. Namely, another important aspact of the present invention is an apparatus for a deionization and
regeneration system, comprising: (a) a cation exchange bed packed with cation exchange resin; (b} an anion exchange
20 bed packed with anion exchange resin, said anion exchange bed being placed in series with said cation exchange bed;
{c) a collection sump for stering water or rinse to be circulated in the apparatus, said collection sump being in
connection with said cation exchange bed and said anion exchange bed and optionally provided with a bypass line
bypassing said collection sump, so that said water or rinse can be circulated in a loop via said collection sump or
said bypass line; (d) plural tanks for storing cation regenerant solution, said tanks being placed in a row and
25 numbered from 1 1o n, wherein n is an integer > 1, at least tank number n being provided with a chemical injector,
each tank being in connection with said cation exchange bed with.a common line so that said catisn regenerant
solution can be circulated in a loop; {e) plural tanks for storing anion regenerant solution, said tanks being placed
in a row and numbered frem 1 to n, whesein n is an integer > 1, at igast one of which is provided with a chemical
injector, each tank being in connaction with said anion exchange bed with a common fine so that said anion
30 regenerant solution can be circulated in a loop; {f) at least ene tank for storing cation displacement rinse, and one
source of fresh rinse, said at lzast one tank beinp in parallel to said tanks for storing cation regenerant solution and
incorporated in said loop formed by said tanks for storing cation regenerant solution and said cation exchange bed,
said at least one tank and said source of fresh rinss being connected to the bottom of said cation exchange bed and
being numbered from 1 to q, wherein said source of fresh rinse is numbered g which is an integer > 1; (g) at least
35 ong tank for storing anion displacement rinse, and one source of fresh rinse, said at least one tank being in parallel

to said tanks for storing anion regenerant solution and incorporated in said loop formed by said tanks for storing
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-4- _ portion nunber mis saved to be used as portion nunber m1 (m
m ndis one) in whaTBeMBequent cycle, wherein 2[err] ni er r |BCT/YN9)/01210
preparing a displacenment rinse;, (f) displ ampg the cation regenerant
solution present in said cation exchange bed with said displacenent .
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subsequent cycl g i fhnbeR § Gy inthger 9h (mqrfauu emarm;m ?eElan'ﬂn Jn%ﬂ?ﬁﬁ&r%i or an outside

solution in sequence, sal gﬁ.ElhE‘ tions ng nbered from
wherein n' is csteTHegadaten ‘B“@e"ﬂ(sﬁ" 'GMWMF bejpp P!EWEI dpvengfesprigf 484 catipn gishappe hod ins9id

exchange bed gV 5B formed bylshi@tahiés ros;mmﬂa&dnaamasmﬁmmﬁwsmemmmgesaa,luw feéd'2oripirtment
|ntrodUC|ng said portion to said ani on exchan an u

direction at a 'fedfiucte &9 pvppotajop ik or g putside system {ag.. gﬁf%ﬂ?‘@&?’ﬁaﬁ&gm%&m ylaced,
sai d bed and t olowREQRGT i emdaatedanmsu, i said(lbop foknkét by sait tanks for BB iR ﬁiehmt Sldfiof and

ani on exchange bed .by intr uence. each n, of ~an
regener ant sol u‘??@ﬂ""t“ﬁ chpnas g" i ai‘ ﬁ”ﬂﬁ"‘%ﬁqﬂg ) ?"@'8?"? ith ‘&7{1 %ﬁa"i Fption and anion
ef fl uent of t heexéhbnyskedspthyd floartomediling isysem for daplewnshing arid raeﬂemﬂnu,caid systmmpable loioddntfolligm

sai d ani e separated fromthe regeneration cycle; (i)
saving the e]apltﬁeer%'{e%n’g"”g%“m&|on of anion regenerant solution to be

used as a portion off) prgingthe sobgm InKeseBtrint said cation exabangd bed thénefrom withsair drom seid aityu:dim tiower;
?ﬂucg ?mm?/n ;Bgt one) “Iﬂﬂ'%%e suﬁgﬁgﬁﬂeeﬁ;m puh?n ﬁqy‘ﬁﬁvj\ﬁﬁﬁmﬂﬁwmqu Wf er r'ﬁ'ﬂm
(k) preparing a di sphesglniasid ‘?“F'W§€‘“’“(°I bpd iy i ey diprgjon; icdissanding H‘e ettt feom e portion
sol ution present ' n fﬁﬁ'tﬂkﬂﬂﬁhﬂm &Qalﬁ?mm@dﬂ%mm%d/\h&vﬁg thelleflueht o cach bt frdml 4aike
F TR B IR S S CE I R ETEE H
rinse to be gsed as ||MIuEmgﬁrf sefjua2e dhlﬁﬁhﬂmmmdwplacememlnﬁk‘i ecciminodated in 34410 AMOEA @ Elirough
CY e, T oI St DSkl AR of 4 R Bt B9 Pl e ey
t hrough said cation mmhammhadnmxdcommdebe«amtammldmngetamm&n of eationregenerant
e e
reaches a pr &let er minyetdr | mqsh number gr1 19 M’eqmﬂ shifted-fatwor Pmmumbﬁ in !'H evchmﬂ/(e) performing
met hod, for the ani Qgups correspanding to steps Gl to (v} an ssid anion exchange bed; and
{l) a flow controlling system for rinsing, said system capable of controlling the rinsing cycle in such a way as to
(vii) circulate final rinse accommodated in said collection sump (or circulate final rinse through said bypass
line} through said cation exchange bed and said anion exchange bed in series in a down-flow direction.
25 Still another important aspect of the present invention is an apparatus for a deionization and regeneration
system, comprising: (a) a cation exchange bed packed with cation exchange resin; (b) an anion exchange bed packed
with anion exchange resin, said anion exchange bed being placed in series with said cation exchange bed; (c} a
collection sump for storing water or rinse to be circulated in the apparatus, said collection sump being in connection
with said cation exchange bed and said anion exchange bed and optionally provided with a bypass line bypassing
30 said collection sump, so that said water or rinse can be circulated in a loop via said collection sump or said bypass
line; {d) plural tanks for storing cation regenerant solution, said tanks being placed in a row and numbered from 1
to n, wherein n is an integer > 1, at least one of which is provided with a chemical injector, each tank being in
connection with said cation exchange bed with a common line so that said cation regenerant solution can be
circulated in a loop; (e) plural tanks for storing anion regenarant solution, said tanks being placed in a row and
35 numbered from 1 to n, wherein n is an integer > 1, at least one of which is provided with 2 chemical injector, each

tank being in connection with said anion exchange bed with a common line so that said anion regenerant solution



éxchange bed, step (k) conprises preparing plural portions of displacenent
rinse, said portions being nunbered from l1toqg, wherein g is an
i'nteger > 1, in which portion number q is provided by fresh rinse; and

wherei n step wbhnessz conprises: (i) displacing the anion regeRaisNbI210
solution present in said anion exchange bed with said displacenent rinse

By introduci ng each portion in sequence to-&aid ani on exchange bed in an
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service flow iRathéh)f dai? Yéed cofpaPmbn® beg 'ﬂﬂeﬁ‘@ﬂn&tﬂfm sk mlﬁ'aﬁlﬂanﬁma VGl fobp formed by
di scharge generated in an ion 35 exchange regeneration system conprisin
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15 exchange bed; () a flow controlling system for backwashing and regenerating, said system capable of controliing the
rageneration cycle as follows:
(i} circulating backwash rinse accommodated in said collection sump throuph said cation and anion exchange
beds in an up-fllw direction; (i) introducing in sequence each portion of cation regenerant solution
accemmodated in tank numbers 1 through n to said cation exchange bed in a down-flow direction; (i)
20 moving the effluent from the portion from tank number 1 to said feed compartment after the backwash
rinse remaining in said cation exchange bed is pushed back to said collection sump, and moving the effluent
from each portion from tank numbers 2 through n, back to tank nﬁmhers 1 through n-1 (» minus one)
shifted forward by one tank; liv} introducing in sequence each portien of cation displacement rinse
accommodated in tank numbers 1 through number g of fresh rinse to said cation exchange bed in a
25 down-flow direction; (v} moving the effluant from the portion of displacement rinse accommodated in tank
number 1 back to tank number n of cation regenerant solution, and moving the effluent from each portion
from tank number 2 through number q of fresh rinse, back to tank number 1 through number g-1 (3 minus
one) shifted forward by one tank; (vi) performing steps corresponding to steps (i) to (v) on said anion
exchangs bed; and -
30 (k) a flow controliing system for rinsing, said system capable of controlfing the rinsing cycle in such a way as to
{vii) circulate final rinse accommodated in said collaction sump (or circulate final rinse through said bypass
fine) through said cation exchange bed and said anion exchange bed in series in 2 down-flow direction.
When the above apparatus further comprises a filtration device to filter out impurities from the service flow,
downstream of the collsction sump, the necessity of backwash is abated. The apparatus is preferably provided with
35 a conductivity monitor downstream of said anion exchange bed, so that the timing of discontinuing regeneration can

be appropriately determined. The apparatus preferably comprises a granular activated carbon bed for removal of
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wher eby the eff portion of anion.regenerant solution is
expel | ed f r on?0s auterities)cl.e.o the] dischasaa fimits 90| the pepepntration of ypgious @ﬁg‘h‘él‘"&‘fﬁ Yeeycl e {e.g.,
sent back to a collection sunp or bagfpisemikiion 6K THERGURES cach portlon of

ani on regener ant solution to be use ort| n of a
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cycle, wherein 2[ err ]Flmllxie é]agclzhéﬁlaﬁc view showing an embodiment of counter-current down-flow regeneration of the

25 present invention, in which a cation exchange bed and an anion exchange bed are placed in series.

FIGURE 3 is a schematic view showing an embodiment of counter-current up-flow regeneration of the
present invention, in which a granular activated carbon bed, a pair of strong acid cation exchange beds, 2 pair of
strong base anion exchange beds, and a pair of weak acid cation exchanpe beds are placed in series, wherein each
one of the paired beds is in service and the other one is in regeneration process.

30 FIGURE 4 is a schematic view showing an embodiment of counter-current up-flow regeneration of the
present invention, in which a granular activated carbon bed, a pair of strong acid cation exchange beds, and a pair
of strong base anion exchange beds are placed in series, wherein each one of the paired beds is in service and the
other one is in regeneration process.

FIGURE 5 is a schematic view showing an embodiment of counter-current up-flow regeneration of the

35 present invention, in which a granular activated carbon bed, a cation exchanpe bed, and an anion exchange bed are

placed in series.



25 1) preparing a displacenment rinse; (nm) displacing the anion regenerant
solution present in said anion exchange bed with said displacenent
rinse by introducing said displacement rinse to said anion exchange bed in

a down- flOWw097/§u9§ﬁCt|On and saving part of the effluent mirrs®boi210

di spl acenent rinse to be used as part of the displacenent rinse in t he
subsequent cycle, wherein steps (b) through® (g) are performed prior to,
simul taneously with or after stepscé‘h)_ throuq circulatin
final rinse throudUBESds & shematic viewcshowing an Fahadingnio §%i’l"€!°&!fﬁl“d’ﬂ"‘€5(€"ﬂﬁ‘l‘!j‘é" ‘Bg'éf in
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?lugrbg_r qI i's marmm;]mﬁtsby fresh rinse; and wherein step (Qg) . conpri sing:
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sequence to Swendon; mtwhmlna mhalntymm:hnnfheb Acation lmplm begh and an @montemanu@st #fe placed
accommodat ed i fgiein in a down-flow di rectlon (ii) saving the effluent of
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of the renmai MigRgved)shly1130R the chemical draw can be recyclad, if contral devices are not used. In addition, counter-current
regeneration or regenerant flow opposite to that of service flow results in a lower consumption of chemicals which
15 can mean lower usage (volume). However, a more complex mechanical system is required to compact the bed during
the up-flow cycle to improve efficiency. Recycling rinse wastes can reduce overall volume of waste. Usually this
is limited to recycling rinse waste only when it is above a certain quality. Minimal backwashes or only periodic
backwashes can be employed. However, elimination of the backwash cycle is not feasible; otherwise, dirt and debris
in the columns cannot be eliminated, or channeling may occur. All of the above conceivable steps combined may
20 reduce waste volumes by 30-40%. Still, the volume of waste liquid to be handled will average 10 BV or 75 gallons
per cubic foot of resin. Surprisingly, by employing the internal cycle system and the programming waste system of
the present invention, the volume of waste liquid can be easily reduced to 1 BV {or 7.5 gallons per cubic foot of
resin) or less, i.e., approximately 1/10 of the waste volume in the conventional systems.
In the present invention, the regeneration system functionally comprises the steps of backwash, chemical
25 draw, displacement rinse, and quality rinse, althoiigh it is not necessary to separately perform these steps.
System
The present invention can be adapted to any deianization or demineralization system, which includes rinsing
systems for circuit boards, agueous cleaning, plating/anodizing, and raw water deionization system, regardiess of the
degree of contamination. The system to which the present invention can be applied typically comprises a collection
30 sump into which industrial rinse flows or raw city water in a service cycle and inta which city water or deionized
water flows in a regeneration cycle, a cation exchange column, an anion exchange column, plural caustic tanks (anion
regenerant solution tanks) and plural acid tanks (cation regenerant solution tanks) for chemical draw, a displacement
rinse tank (plurally sectioned) for displacement rinse, an air purge blower, a feed compartment through which waste
is discarded from the system (either to an evaporator tank or to a batch type precipitation system), a piping system
35 éonnecting related equipments, pumps, and flow control systems. There are four main looped channels: The first

channe is for a service cycle, i.e., process —> collection sump (> activated carbon) — cation exchange bed —> anion
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25 advantageous, i.e., placing two beds in parallel. in that system, one ion exchange column, whith is exhausted, is
subjected to regeneration while the other is in service, so that industrial rinse can be continuously treated by

switching columns. _
In addition, a chelated metal removal column, an adsorbent column such as a granular activated carbon
celumn and various types of polymeric adsorbents (Rohm & Haas XAD series adsorbents), and a filtration device can
30 be installed vpstream of the cation column in this order in arder to further minimize the waste volume more

efficiently.

As the ion exchange resin, uniform bead size resin is pfeferably employed in order to more efficiently
minimize rinse water volume requirements. Resin beads are normally sized as -16 +50 mesh. Uniform beads have
uniform regeneration characteristics and thus reduce waste volume, particularly rinses. Beads can be specified by

35 size and uniformly sized beads are available. These rasins are typically sized in the -30 +45 mesh range. The more
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if necessary. In the present invention, the waste volume is very small, and thus only a very low-volume evaporator

15 tank is required, and concentration is very efficient. Typically, a non-heated atmospheric evaporator can be used.

Service Cycle

The industrial rinses to be treated are not particularly limited. For example, circuit board rinses and agusous
cleaner rinses having traces of heavy metals, polishers used in metal hydroxide precipitation systems, and raw water
to be deipnized can be treated, '

20 Flow rate is generally 4 to 10 gpm per f® of bed area and 1 to 2 gpm per ft* of bed volume, although
the rate can widely vary depending on the size, the intended use, and the target level of treatment of the system.
The system usually runs down-flow during service which is the normal flow direction. However, up-fiow can be
emplhyed depending on the target industrial rinses, the overall treatments, and other factors.

Pre-filtration in the service cycle reduces but does not eliminate the need for backwashing in a regeneration

25 cycle. That is, pre-filtration is done to reduce the particulate load going to the resin beds which in turn, reduces
the neads for backwashing. For pre-filtration, granular activated carbon is suitable. However, a particulate filter
such as molti-media or cartridges can also be used. The granular activated carbon also serves to reduce the organic
load which is problematic for the anion resin. I pre-filtration is conducted, backwashing is modified to accomplish
reclassification only, thereby eventually reducing the waste volume.

30 Regeneration Gycle

After discontinuing the service cycle in the system (if twe pairs of cation and anion exchange beds are
installed in paraliel, one pair of exhaustad beds is subjected to regeneration cycle while the nther pair of heds is put
into service in tum), a regeneration cycle starts. There are two functional approaches to reganeration of deionization
systems, one being referred 1o as counter-current regeneration in which the direction of service flow and that of

35 regeneration tlow are opposite, the other being referred to as co-turrent regeneration in which the direction of service

flow and that of regeneration flow are the same. There are aiso two operational approaches to regeneration of
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25 employed at full flow to purge the residual regenerants from the system and prepare the beds for the next cycle,
and thus the final rinse is conducted in a different channel. Part of the channel for the service cycle is usually
assigned to the final rinse cycle. Although any combination in terms of the direction of each fiow can be employed,
two typical embodiments, i.e., up-flow repeneration and down-flow regeneration, will be explained below.
Up-flow Ropgeneration

30 In a preferred embodiment of up-flow regeneration, backwash, chemical draw, and displacement rinse are
performed in an up-tiow divection (final rinse is discussed later). Counter-current up-flow regeneration is generally
better than co-current up-flaw regeneration in terms of minimization of waste; the former readily achieves over 80%
savings, as compared with the latter. Up-flow regenerant is effective since resin “fluffing” which is a very short
backwash step is achieved by up-flow regenerant flow. Fluffing lifts the bed so that the resin can readjust itself

35 to alleviate voids and compacted zones. This improves flow distribution, thereby preventing interference of tiow.

In up-flow regeneration, backwash can be performed simultaneously with chemical draw, i.e., backwash and chemical
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out si de syst envedassifigd andléybn@iated simultaneously. In other words, backwash is performed with regenerant. Through
reclassification of the bed by fiuffing up the vesin, mass transfer zones which ara developed by service flow are
15 redistributed, thereby regaining the full column capacity of the resin. Although the flow rate of the regenerant for
backwash and regeneration varies accarding to the bed density, flows for cation exchangers and for anion exchangers
ara typically 1.5 to 2.5 gpm per #t* and 0.5 to 1.5 gpm per ft* of bed area, respectively. For a typical three foot
bed depth, this amounts to 0.33 to 0.66 gpmift’. When a resin bed is backwashed, the smalier beads go to the
top and the coarser ones to the bottom. By having all of the beads of one size close tegether, the pressure drop
20 across the bed is minimized and distribution is improved. Regeneration is more efficient when the bed is compacted
so that the resin does not move around during the chemical injectibn step. In order 1o compact the bed during
up-fiow regeneration, either 6 mechanical or hydraulic device must compact the bed by pushing in the opposite
direction. In the case of a "packed" bed, the meadia is "locked in" by filling the bed almost completely. As the resin
expands during regeneration, it fills the balance, thus compacting it and eliminating resin mebility assuring regenerant
25 utifity. In this regard, interrupted flow (pulse flow) is advantageous, especially when up-flow regeneration, hitherto
requiring mechanical means to secure the beds, is employed, since puise flow tends not to move the ion exchange
resin. n this way, complicated mechanical means to secure the beds can be eliminated. In addition, by employing
pulse flpw, the amount of regenerant can be reduced, meaning that the waste volume finaliy generated in the system
will be Siunificantly reduced. Pulse flows for cation exr.hangeré and for anion exchangers are typically 1.5 to 2.5

30 gpm per ft’ and 0.5 to 1.5 gpm per ft’ of bed area, respectively at an interval of 30-60 seconds.
in the present invantion, the above first portion of regenerant which is used in backwash and regeneration
is the second portion of regenerant in the previous cycle, as described fater. The first portion of regenerant is rich
in chemicals and discarded from the system. In a preferred embodiment, only the first portion of the repenerant in

the system will be discarded, which is usually ona BV,

3% 2 Remaining Portions of Regenarant and Portions of Displacement Rinse
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bed for removal of (f) dispiacing the regenerant present in said ion exchange bed with said displacement rinse preferably by

25 introducing each portion in sequanca to said ion exchange bed in an up-flow direction;

(g} saving part of the effiuent of displacement rinse, preferably the first portion of displacement rinse to
be used as the last portion of regenerant (#n) in the subsequent cycle, the concentration of said fast portion of
regenerant being adjusted {said first portion is rich in chemicals, and used to makeup regenerant chemicals for the
next chemical draw);

30 (h) preferably saving the effluent of each of the remaining portions of dispiacement sinse to be used as a
portion of displacement rinse in the subsequent cycle in such a way that the effluent of portion #p (2<p<qg)is
saved to be used as portion #(p-1} in the subsaquent cycle;

(i) performing steps corresponding to steps {a) to (h} on said other ion exchange bed. If a cation exchange
bed and an anion exchange bed are treated simuitaneously, treatment time can be significantly reduced.

35 In the above, one portion is usually equivalent to one BV. By employing the above rotation, the waste

volume will be markedly reduced, i.e., preferably a total of one BV. In conventional systems, recirculating
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present
15 flow rates of 0.25 to 1.0 gpm per {t°.

As the final lllsplanement rinse, tap water is used. However, since thele are some basic incompatibilities
with raw water and NaOH, decationized water weuld be used to regenerate the anion.

Interrupted flow (pulse flow) is also advantageous in the displacement cycie as it is advantageous in
backwash and chemical draw, especially when up-flow regeneration is employed.

20 Down-flow Regeneration

The aforesaid method can be adapted to down-flow regeneration. In down-flow regeneration, chemical draw
and displacement rinse are performed in an ion exchange bed in a down-flow direction. Backwash can be separately
conducted in an up-flow diraction using a different channel, and recycled in a foop. The loop ef backwash for the
cation exchange bed is as follows: collsction sump — cation exchange bed ~> collection sump. The loop of backwash

25 tor the anion exchange bed is as follows: collection sump — cation exchange bed — anion exchange bed — collection
sump, so that divalent cation can be removed. This backwash can be conducted based on conventional backwash,
.8, the flow rate is typically 6 gpm per f£® for cation exchange beds, 2 gpm/ft® for anion exchange beds. After
backwash, the remaining water in the beds is expelled by the first effluent from the chemical draw cycle and brought
back to a coliection sump.

30 Chemical draw and displacement rinse can be performed in a similar way to that in up-flow regeneration.
Regenerant and displacement rinse are introduced to a bed from an upper part of the bed, e.g., just above the resin
accommodated in the bed, because there is a large free space abave the resin in the bed, which is filled with
untreated water. Repenerant introduced just above the resin can automatically move downward. In brief, similar
to up-flow regeneration, down-flow regeneration can be conductad as follows:

35 (a) backwashing cation and anion exchange beds by circulating backwash rinse through said cation and

anion exchange beds in an up-flow direction, 2nd recirculating said backwash rinse;



I nvention contains the inpurities renoved in the service cycle, and can

ei ther be concentrated further by evaporation and or treated by
¢onventional hydroxi de precipitation. The residue from evaporation and the
preci pi tate frweor2699hydroxi de precipitation can be sent to REASIFUE| ers
due to the high netal content. The effluent §romthe precipitation
process woul d neet the discharge limts set 1by the Environnental Protection

Agency (EPA and | OC%} 8%&11@&“3 Shn&ds %ﬁ):genehnﬁn sequedte sild PRIIANLER nurhbidied FonPiotn\@here

concentration of varl I N wast st [eans.
BRI EF DESCRI PTI OMarCiitegPE 1, posugiyi2ss < 4, typically a2, nis ingreagegpthe system bacowes compley and effjciency,

showi ng an enboglisiiad), WhErety M backivask Hiisé MEsbnt ihikail Hﬁw d’n@ﬁ]ﬁﬂ Wc&hde@iﬂs@tﬁ eXpbiied therefrom,
present invention, 1n which a cation exchan on exlﬁhan e bed

are placed i n s sepuated from the regeneration cyelp, &gpfmev ?9 ftdo aa"“!’&'ﬂ%ﬂ'ﬁ‘l’ f°§“{‘7 PultRRuER B0 an
embodi ment of gcount e(s)-,@u%ﬁ@huddﬁvmhithaw WEORO RSt pbriic 1 Riendrdnthy Atrodutimsseit portion to

I nventi on, wh

Pl aced i’ ser e oncuhngs b fom'an Bt aiegt U g Scompan o P aFen ™
enbodi ment  of S\gunth e{d)-ferthér keganbratingsafd lion xchiaeyy dedcy intrdduring io Sequehes each portjon efatind regenerant
invention, in ch_a gran act .vated carbon bed, a pair of strong acid
cati on exchange® gH§Mm§ #W”@P”ﬁ&k Strong base ani on exchange beds, and a

pair of weak acid Ca(bllmgdu(aﬁlamg!éedshanmtm&rmenplhabewﬂltm oferegensant typecused3p a @egtion of
one of NS Dg’ flhaddiR e Sybbflodt 3ok okt Wy WP dshht o fiflid fin 2kl LHRNREFHo b

process. a schematic view showi ng an enbodi nent of
count er-current asgortipr] Kfrvi ) inctesybseauent &ple: of  t he present invention, in which

a granul ar activat ed(flCﬁJpQﬂﬁ‘ dispfacbmen® rile! ﬁreté?ﬁbly%hfapib&mﬁcdf dwﬂﬁin\eﬁﬁmﬁx eﬂamans being
beds, and a pair strong base ani on exchan eds ar

series, wherei nmmbes f'@'ﬂé 1)y (whre.a is 20 irtegsr 3d psual? ege'r’"!ﬁ"gé g{r\fﬂ ® H‘é!“”d t“’o’t’ﬂﬂ'}
one is in regengdahes Ebﬂplﬂraﬁd?ﬂﬁi:ﬁncy is lessened), in which purtldil#ﬁislliﬁwﬁd b\sfm!r dednenmati ¢ vi ew

;:] g\é\lle 2? ?Evgmodl e n{q) qucglplt ggﬁgna{%{ergﬁqt lg'l?ll‘o q/res%nga sarme eQ&&ﬁ&e Ig? thosfald EI&E&%M rinse
exchange bed, amﬂfem Byninteatuciex eaiapogien incsdquencecto said jon p*cmmei ﬁ-nselr upees part of the resin
accommodated therein in a down-flow direction;
. {h) saving part of the effluent of displacement rinse, preferably the effiuent of the first portion of
displacement rinse to be used as the last portion of regenerant in the subsequent cycle, the concentration of said
20 ilast portion of cation regenerant solution being adjusted (said first portion is rich in chemicals, and used to make
up regenerant chemicals for the next chemical draw); '

{i) preferably saving the effiuent of each of the remaining portions of displacement rinse to be used as a
portion of displacement rinse in the subsequent cycle in such a way that portion #p (2< p=<q) is saved to be used
as portion #{p-1) in the subsequent cycle;

25 {i} performing steps corresponding to steps (b} to (i} on the other ion exchange bed. If a cation exchange
bed and an anion exchange bed are treated simultaneously, treatment time can be significantly reduced.
Final Rinse

In bath, up-flow regeneration and down-flow regeneration, after the above-described displacement rinse, the

ion exchange beds are subjected to final rinse or quality rinse to purge the residual regenerants from the system and
30 prepare the bed for the next cycle. This is also referred to as rapid rinse and can average 10-30 minutes for each
resin at 2-3 gpmift’. Final rinse can be performed in cation and anion exchange beds in series as follows:

{A) circulating the final rinse through the cation exchange bed and the anion exchange bed in series in a
down-flow direction; and

{B) recirculating said final rinse until the quality of rinse discharged from either cation or anion exchange

35 bed reaches a predetermined level. Part of the channel for the service cycle can be assigned ta the final rinse. This

tinse is an internal rinse, all of which is recirculated.
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15 employing the recirculated rinse, while approximately 25-76% of the waste volume can be reduced by partially reusing
regenerant. When som of the processes are combined, reduction became mora significant due to synergistic effects.
In down-flow regeneration, by employing the recycled backwash, the progressive displacement cycle of chemical draw
and displacement rinse, and the recirculated final rinse, it is possible to achiave approximately 85-80% reduction of

- the waste volume. In up-flow regeneration, by employing the packed beds, the chemical draw combined with

20 backwash, the progressive displacement cycle of chemical draw and displacement rinse, and the recirculated final
rinses, it is possible to achieve approximately 88-93% reduction of the waste volume. The overall reduction in terms
of descending order of significance can be rated as follows:

1. Recycled backwash or backwash-combined chemical draw

Recirculated final rinse

25 Air purging

Reuse of regenerant or progressive displacement cycle of chemical draw and displacement rinse

Uniform beads

Pre-filtration

Packed beds

30 Counter-current regeneration

© P N mo s @

Progressive displacement rinses
10. increased ragensrant concentration
Other Processes
A metakselective resin column, a mixed-bed type polisher column, 2 weak base anion column, a weak acid
35 cation column, and others can be used in a system, depending on what is in the stream, what should be taken out,

and what quality is required at the end. If the system contains chelated capper, nickel or zinc, it is generally
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a service cycl eservig. cy¢|or ocess -> collection sunp (-> activated carbon) ->
cati on exchange bed ani on
Hmse water used in a process such as a plating system is deionized in a deionizing system, recycled, and
reused in the process. Deionizing flow is herein called service flow. The rinse water used in the process goes into
a rinse tank 1 and pours into a collection sump 2. This is the inlet of the system. The outlet of the system is a
20 service outlet, from which the deionized rinse water is discharged and returns to the process. The rinse water to
be deionized goes through a pump 5 and a filter 3, and enters a strong acid cation exchange bed 7 from the tdp
via a valve C1. The flow rate is monitored by a flow meter 4. The cation exchange rinse water is discharged from
the bottom of the strong acid cation exchange bed 7, and enters a strong hase anion exchange bed 8 from the top
via a valve A1. The anion-exchanged rinse water is discharged from the bottom of the strong base anion exchange
25 bed B, and returns tb the process via the service outlet 27 through valves A13 and W7,
Preliminary Treatment
After the pump & is turned off and the service cycle is discontinued, 8 regeneration cycle is initiated. The
first step of the regeneration cycle is air purge. An air pump 10 is turned on, and a valve 01 is opened. Air is
introduced into the cation exchange bed 7 and then into the anion exchange bed through a valve A1, and expels the
30 remaining rinse water of the service cycle out of the exchange beds 7 and B via the valve A13 and a vaive AS,
whereby the rinse water gaes back to a collection sump 2. All the rinse water in the beds is pulled out prior to
regeneration treatment, thereby eliminating dilution of chemicals to be subsequently used as regenerant.
Cation Exchange Bed Regeneration Cycle
The next step of the regeneration cycle is a chemical draw cycle which also functions as backwash. Vaives
35 H4, H7, and E1 are opened and a pump 21 is activated, so that the first half of the acid solution (HCI), stored in

a first acid tank 18, is fed into the strong acid cation exchange bed 7 from the bottom. The acid solution is part
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In sone sysbe iSeonthibGsiy e addnsifedd Sibvdpbritsritasd faM 112 9MEthievel of the spent acid solution
reaches a predetermined level in the evaporator feed tank 11, the vaive E1 is closed, and the flow diverts to the
first acid tank 18 with a valve H1 open. The acid selution in the first acid tank 18 will be used in the next cycle,
i.e., the second half of the acid solution is saved to be used, without enriching chemicals, as the first half of the
next acid solution, since the second half of the acid solution is still rich in acid. At a predetermined high level in

25 the first acid tank 18, the valve H1 is closed and the valve H2 is opened, thereby diverting the flow to the second
acid tank 19. At a predetermined high level in the tank 19, the valve HZ is closed and valve H3 is opened with flow
going to the displacement rinse tank 20.

Dispiacement Rinse Cycle
When the level of the second 1/3 of the displacement rinse accommodated in the section B is low and

30 reaches a predetermined level, raw water is provided from the collection sump 2 to the bed 7 as the third 1/3 of
the displacement rinse via the valve C3, thereby expelling the secand 1/3 of the displacement rinse remaining in the
system and moving it to the section B of the displacement rinse tank 20. The used second 1/3 of the displacement
rinse in the section B overflows to the section A, and is saved to be used as the first 3/3 of the displacement rinse
in the subsequent displacement cycle. After being used, the third 1/3 of the displacement rinse (raw water) is fed

35 into the section B of the displacement rinse tank 20, and whan reaching a predetermined level in the section A, the
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avai |l abl e. These resins are Sl ze
nor e ANChDA7YID G S Aisplacement rinse is saved to be used as the subsequent second 1/3 of the dispiacement rinse;
Pg/ US97/ 012 119 and raw water serves as the third 13 of the displacement rinse. This system is called “progressive displacement".
T As a result, only the first half of the acid solution, i.c., one ted volume, is discarded from the system.
The above regeneration n_l a cation exchange bed is preferably conducted simuitaneously with that of an
anion exchange bed, thereby increasing the efficiancy.
Anion Exchange Bed Regeneration Cycle
15 lTha regeneration of the anion exchange bed can be performed in the same way as that of the cation

exchange bed. That is, a valve N4 is opened, a pump 25 is turned on, valves N7 and E2 are opened. Alkaline
solution (NaOH) flows from a tank 22 into the anion exchange bed 8, and pushes the air in the anion exchange bed
out from the top. When the level of alkaline solution in the tank 22 is low and reaches a predetermined level, a
valve N4 is closed and a valve N5 is opened, and alkaline solution in 2 tank 23 starts Howing via the valve N5.
20 The second half of the alkaline solution starts flowing and entering the anion exchange bed B via the ptimp 25 and
the valve N7. As an additional aspect, the alkaline solution can be circulated via a valve NO, the tank 23, and the
pump 25. The bed 8 is filled up with alkaline solution, and then the first bed volume in the bed 8 is discarded ta
a feed compartment 28 via a valve E2 as follows: At a predetermined low level in tank 23, the valve NG is closed
and the valvs R2 is opened, displacement rinse starts flowing into the bed 8, and pushes the alkaline solution present
25 in the bed B out of the system. This solution expefled from the system corresponds to the first portion of alkaline
solution, At a predetermined high leve! in the evaporator feed tank 2B, a valve E2 is closed and a valve N1 is
opened, thereby diverting the alkaline solution flow to the tank 22 {the solution accommodated in the feed tank 28
will go to the evaporator-helding tank 12 via a valve E4). At a predetermined high level in the tank 22, the valve
N1 is closed and the valve N2 is opened, and the weak alkaline solution/rinse solution is saved to the tank 23. At
30 a predetermined high level in tank 23, velve N2 is closed and the flow goes to the tank 24. The third portion of
displacement rinse is provide by raw water which is fed into the bed 7 and into tank B, and pushes the remaining
second portion of displacement rinse to a displacement rinse tank 24 via a valve N3 to be used as the first portion
of dispiacement rinse in tha subsequent cycla. The third pertion of displacement rinse is saved to be used as the
second portion of displacement rinse in the subsequent cycle.
35 Quality Rinse (Final Rinse) Cycle '



uniformthe bead, the less rinse and regenerant contact time needed.
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rinses, the overall treatnents, actors. ]
Pre-filtration in tsprwcesfbwwe@"uvwae"rrf@ud&wmmhnmgmﬁw Zothe pimn ¢ e filtee3, theed

for backwasbg fgw imeteds, aemrcer&tubmeﬁﬁnﬁmlvevawmﬁ and 414, Fe @nidn ekchdngdlbbdOd) vives Ah@NeE
to reduce the gﬂ%l cu at e, Io&iagm ng to the resin beds which in turn,

reduces éﬂ's' % Bvice,u shing. For pre-filtration, granular
acti vat ed Car bon | Backwiash & the catibioane ahidhi exciiange 8ddé 7 add|gad ﬁrflfrilddlired’n up-flow direction in a loop

via the pump 5, the filter 3, the flow meter 4, the valve C9, the cation exchange bed 7, the valves C11 and A14,
the anion exchange bed B, the valves A13 and A9, and the collection sump 2, when the valves 10, C7, A12, A10,

25 and W7 are closed, wherein divalent cation is removed prior to entering the anion exchange bed. The progressive
displacement cycle of chemical draw (cation) and displacement rinse is performed in a down-flow direction in a loop
via the pump 21, the valve H7, the cation exchange bed 7, a vaive C7, and the tanks 18/19/20. The progressive
displacement cycle of chemical draw (anion) and displacement rinse is performed in a down-flow direction in a loop
via the pump 25, ths valve N7, the anion exchange bed 8, a valve A10, and the tanks 22/23/24. Since sir-purging

30 is not conducted in the down-flow regeneration, before the above regeneration cycles start in the loops, the first
voluma frem each of the beds 7 and 8, which is backwash rinse remaining in each of the beds 7 and 8, is diverted
to the collection sump 2 via the vaives CB and A11. The timing of opening and closing the valves C8 and A11 can
be calculated, and controlled by a PLC. Final rinse is performed in a down-flow direction in a loop via the pump 5,
the filter 3, the flow mater 4, the vaive 8, the cation exchange bed 7, the valves C11 and A14, the anion exchange

35 bed 8, the valves A13 and A9, and the collection sump 2. The conductivity of the final rinse downstream of the
anion exchange bed 8 is measured by the conductivity manitor 26.



Such as nulti-nedia or cartridges can also be used. The granul ar activated
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the anion resin.. If pre-fitration is conducted, backwashing is nodified to
acconpl i sh woerkassi fication only, thereby eventual |y redRITAEITMHEI\ast e
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that of regeneration the sanme. There are al

approaches to r%@me@;tq ngl] 1{,1&\“ weak acid cation 9@3@1} )xgsgglg 1?: ané a granulor actwatac? carbun bed 6.

PCT/ US97/ 01210 Two pairs of strong acid catien and stronn base anion exchange beds are employed so that when one pair of them
- 13- dei oni zati on Séstems qne bei nﬁ’d eferr

regeneration i rf® @UEH P her, i J5;Ppt R0 pevice. 3 cef"@&“ﬁﬁ ﬁ"’é%’"ﬁeﬁte?ro\/\f“mam" cycle. When
(rjle rectio {1 t he temmstda?mmwmfa&n ramdhetnmam mioisexhivsted/the poyeTIRY @ PUt Ao i Serviedy ndthe
regeneration s cond
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flow. However, ma(gﬁja&-I Shriice oVl a Vo Ei)qrs%nh Ak defion Qﬂzﬁm bed/13, a valve A2, a strong base anion

exchange bed 14, valves AB and W1, a weak acid cation exchange bed 9, and the vaive W7. The operation of the

weak acid cation exchanges bed 9 and 15 can be conducted independently of the operation of a pair of the beds
15 7 and 8, or the other pair of the beds 13 and 14. That is, a combination of the beds 7, 8, and 9; the beds 7, 8,
and 15; the beds 13, 14, and 9; or the beds 13, 14, and 15 can be employed far service and regeneration. In this
way, deionization treatment can be continuously conducted. This system with the weak anion exchange bed is
suitable for treating rinse used in plating and other processes in which high resistivity is desired and a high pH
cannot be tolerated. A regeneration cycle can be performed in the same way as that in Embodiment 1 {Figure 1).
20 Final rinse is conducted via the strong acid cation exchange bed 7 and the strong base anion exchange bed 8, or
the strong acid cation exchange bed 13 and the strong base anion exchange bed 14, and the weak acid cation
exchange bed 9 or 15 in series.
EXAMPLE:
Using the system shown in Figure 3, the rinse used in plating was deionized. 5 ft2 of "PFC-100-H" (product

25 name, Purolite Ca., Philadelphia) was usad ‘as the strong acid cation resin. 5 £ of PFA-400-OH (product name,
Purolite Co., Philadelphia) was used as the strong base anion resin. 5 §©® of C-105-H (product name, Puroiite Co.,
Philadelphia) was used as the weak acid cation resin. 6 {2 of 8X3 coal based acid washed (ATOCHEM, Oklahoma)
was used as the granular activated carbon. Ametek™ 4"x20"-spun bonded polypropylens (AMETEK, Connecticut)
was used as the filter. Rinse to be deionized had a conductivity of 1,700 4/S-cm’. Service flow was conducted via

30 the pump 5, the filter 4, the flow meter 3, a valve G1, the carbon bed 7, a valve 65, the valve C1, the bed 7, the
valve A1, the bed B, the valve A7, a valve W1, the bed 9, and a valve W7. After 10 hours of operation with the
stronp acid cation exchange bed 7, the strong base anion exchange bed 8, and the weak acid cation exchange bed
9, the conductivity of deionized water discharged from the strong base anion exchange bed 8 became high (10
4S-cm’ measured by a conductivity monitor 26), meaning that the beds 7 and 8 had been exhausted. Thus, the route

35 of the service flow was changed so as to pass through the strong acid cation exchange bed 13, the strong base

anion exchange bad 14, and the weak acid cation exchange bed 9, not through the beds 7 and 8 which were then
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i's usuall >/f20t duspﬁéﬁén@lnftséil oitn ﬁoﬁﬁkgg fganahmwma iRyt s,sten&\bftahaugrz Sgppifee Otz thaleveb
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expl ai ned bel dsplacement rinsipecéommuitaiakiy tha cunpdrinent A 5 second displacament rinpelcaf Ybe taékcR0ingcthe bed
Sims)gfl;gg % m(._) f F,ugf-stéel jﬁi}gél{slﬁﬁgmgl%rrﬁr}e,l f%s nng%&mﬁabdd in(iﬂ%meﬁﬁll suﬂJ s fé%rmn the bed 7 from
the bottom at a rate of 2.5 gpm/ft’ via a pump 5, a filter 3', a flow meter 4’, and vaives S3 and C3. Meanwhile,
25 the effiuent was discharged from the top of the bed 7 via the valves C5 and E1, and when the ievel switch in the
feed compartment 11 was turned on, i.e., the velume of the solution in the feed compartment corresponding to that
of the first cation regeneration solution was discarded to the feed compartment, the valve E1 was closed, and the
flow was diverted to the first acid tank 18 via the vaive H1, thereby introducing the effluent of the second cation
regeneration solution into the first Scid tank 18. When the level switch in the tank 18 was turned on, the vaive
30 H1 was closed and the valve H2 was opened, thereby introducing the effiuent of the first displacement rinse into
the second acid tank 19, in which the chemical concentration was continuously adjusted to approximately 8% by
adding acid thereto from the tank 16. When the level switch in the tank 18 was turned on, valve H2 was closed
and valve H3 was opened, thereby introducing the effiuent of the second displacement rinse into compartment B of
the tank 20. The effluent in compartment B overflowed to compartment A, thereby introducing the effluent of the

35 third displacement rinse into compartment A. In the same manner, the strong base anion exchange bed 8 was



perf-ormed in an up-flow direction (final rinse is discussed |ater).
Counter-current up-flow regeneration is generally better than
co-current up-flow regeneration in terms of mnimzation of waste; the
former readil waginedzes over 90% savi ngs, as conpared w PETUS/02M0t er .
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PCT/ US97/ 01210 bump 5’, the filter 3', the flow meter 4', the valves 53 and C1, the bed 7, the valve A1, the bed 8, the conductivity
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waste is air pify '“E)B'reo‘i’“"f’ﬁ"'}'e'&'éﬂ'é? N f&%?cgﬁ%"awgesbf H'@"”g'}’“f @Etﬁia?(ﬁ‘f"g'm"ﬁhtai"%ﬁ
5 on total wastcendacoiity nsanitort28; inficeting the conduetiviil prigryts the meakinpid kkatiorséxchanperield \9, the timitged
upon di sconti . ' ' ; ed..
water wh o Y Rt 4kl 68l fong b RN ufdll e ot of W el i
usual l'y r avexchaRpecheds Scand] 150was perforneds independently wf witich paircof the bads\dl ond 8.ert 18 and WY were in

this system Walgle AW Qfehbratbhiof He Waaklabif caBdn’ exchinge bed 9, FbredRiple, QA ertbrinbdOas Follaws: The

; of
col l ecti.on sunp which w1l be processed later. By conducting the air purge,
it becones eas ylal!ea W1 and W7 were closed and valves W2 and W8 were opened so as to put the weak acid cation exchange

bed 15 into service. Valves 03 and W9 were opened so as to expel the process water remaining in the bed 9 to
15 the collection sump 2. The regeneration process for the bed 9 was basically the same as that for the bed 7. A
vaive 9 was used instead of the valve H7. The regeneration was conducted in a loop via the tanks 18/19/20, the
pump 21, the valve H9, the bed 9, and a valve W5. The final rinse was conducted using the ongoing service flow
through the bed 15, by opening the valve W1 for a fixed period of time sufficient to rinse the remaining regenerant
from the bed 9. The rinse flows through the bed 8, the valves W9 and 88. The weak acid cation exchange bed
20 15 was subjected to regenaration in the same manner. The valves W2, W4, W6, W8, WD, 04, and H8 corsespond
to W1, W3, W5, W7, W8, 03, and HY, respectively.
Eventually, the volume of waste which underwent evaporation was 75 gallons, which was equivalent to
1 BV. As compared with conventional systems, this value was evaluated as a 92% reduction. In the above, the
granular activated carbon bed 6 was separately washed with rinse via the pump 5', the filter 3', the flow meter 4°,
25 the valves S1 and G2, the bed 6, the valve G3, anh the colisction sump 2. When the strong acid cation exchange
bed 13 and the strong base anion exchange bed 14 were exhausted, regeneration was performed in the same manner
as above, in which the valves assaciated with the beds 13 and 14 correspond 1o the valves associated with the beds
7 and 8 as follows: 02101, 04/03, $4/S3, G6/G5, C2/C1, CA/C3, CBICS, A2JA1, A4/A3, ABJAS, ABJAT7, ADIAS, and
HEIH7.
30 EMBOD S 4-8: Other Regeneratio s
Figures 4-8 show Embodiments 4-8 of the present invention. Figure 4 is a schematic view showing an
emhodiment of counter-current up-flow regeneration of the present invention, in which a granular activated carbon
bed, a pair of strong acid cation exchange beds, and a pair of strong base anion exchange beds are placed in series,
wherein each one of the paired beds is in service and the other one is in regeneration process. Figure 5 is a
35 schematic view showing an embodiment of counter-current up-flow regeneration of the present invention, in which

8 granular activated carbon bed, a cation exchange bed, and an anion exchange bed are placed in series. Figure 6
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second portion of regener ced t,Q the bed fromthe bottom
After the second portion of regenerant is spent, it is saved to be used as
the first portiypam: ©Of regenerant in the subsequent chemical draw cycle.
| f regenerant is conposed of two portions, ie., the first half and the
second hal f, the sedond A&ethodder mingyiagwastewaterificchagpgengratedin piion sxchaspeegeneigtion Sysiem ¢
hal f of the neXbmprsig Eﬂcﬁﬁﬁ exthamd¥\bed pleked ith Gafidh @ithbngdddsh afdfan brbd SRR Bld phc‘iedtvhﬁ anion
first portion of di SPF& Ct ment. ri nse used |n the previous displacenent

t

cycl e, mearfryoe methed; cpraprising thesieps ot g spl acement rinse descri bed

below is savesi to be used) Backwadhidgant! ﬂginﬁﬂiﬁﬂﬁlﬂ Sdiibn exchangSHaE 6 iR buSing theretd"d R ip6ridn
draw. In brief, one repari ng

plural portions of rpfe:ég é?“&'ﬁ't’"trsﬁag'bffﬁsé‘ﬁ'@é’?v@ﬂfﬁmﬂﬂem H'H‘g"“’ﬂé'ﬁ’ é Eﬁrﬁﬁ'&‘l"@ﬂ" an
from1l to n (where integerr>1, i ag np-flowtdicegiinn ata st suffiviam itd rgclazife sald]resin @¢comimbdated in said bed

typically n-2, if n t he system becones conpl ex and efficiency
10 i s | essened) shilo }eeﬂrﬁé%@qesgackwashl ng and regenerating an ion
exchange bed with the fi fbiurthetegenettingsdid catioyexchasgeied byintroducingriromqueica thp remainingsyaitions
portion to sgjd ion ey ?Jﬁar HQesglutloPthﬁE}o 5 ul! bW tﬂ#ﬁnﬁﬂh& Peloeftiof ﬁqbri% gnnan pf cation

sufficient to reclassi sal ted In said
regenerate said res pqqeneram solution being expelled from sald catmn exchange bed and separated from the regeneration cycle;

{c) saving the effluent of each portion, excapt the first portion, of cation regenerant solution to
be used as a portion of cation regenerant selution in the subsequent cycle wherein pertion number m is
saved to be used as portion number m-1 {m minus one) in the subseguent cycle, wherein 2<m<n;

15 {d) displacing the cation regenerant solution present in said cation exchange bed by intreducing
thereto a displacement rinse consisting of plural portions being numbered from 1 to g, wherein g is an
integer > 1 and portion number q is provided by fresh rinse, in sequence in an up-flow direction; saving
the effluent of the first portion of displacement rinse to be used as the last portion of the displacement
rinse in the suhseqilem cycle, the concentration of said last portion of cation regenerant solution being

20 adjusted; and saving the effluent of each of the remaining portions of displacement rinse to he used as a
portion of displacement rinse in the subsequent cycle wherein portion number p is saved to be used as
portion number p-1 (p minus 1) in the subsequent cycle, wherein 2<p<g;

(e} backwashing and regenerating said anion exchange bed by introducing thereto a first portion
-of anion regenerant solution consisting of plural portions being numbered from 1 to n’, wherein n’ is an

25 integer > 1, in an up-flow direction at a rate sufficient to reclassify said resin accommodated in said bed
and to regenerate said resin;

{f) further regenerating said anion exchange bed by introducing in sequence the remaining portions
of anion regenerant solution thereto in an up-flow direction, the effluent of the first portion of anion
regenerant solution being expelled from said anion exchange bed and separated from the regeneration cycle;

30 (g) saving the effluent of each portion of anion regenerant solution to be used as a portion of
anion regenerant solution in the subsequent cycle wherein partion number m’ is saved to be used as portion
number m'-1 (m' minus ons) in the subsequent cycle, wherein 2<m’<n"

(h) dispiacing the anion regenerant solution present in said anion exchange bed by introducing
thereto a displacement rinse consisting of plural portions being numbered from 1 to 4', wherein g’ is an

3H»H integer > 1 and portion number q' is provided by fresh rinse, in sequence in an up-flow direction; saving .

the effluent of the first portion of displacement rinse to be used as the last portion of the displacement
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(g) saving part of t heljadckduiatiag saidofinal dinss phti the meiity of dnsesdischagédeifom el datidnlde adioh I St
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can be signiftrcant .
usual | y equi {epénesetion ¢yge.one BV. By enpl oyi ng the above rotation, the waste
volume will be magkedly mstm%ﬁgimllﬁﬁ%] ﬁastewﬂgrq{sﬁgr?eqlu\‘rdﬁh lto(t‘jaﬁl 1, %ere%r;%d lm?)ly éxcharllgg

conventional systens, recircul: o
regeneration system further comprises a bed selected from the group consisting of:

20 a metal-selective vesin bed preceding said cation exchange bed;
a mixed-bed type polisher bed following said anion exchange bed;
a weak base anion exchange bed preceding said anion exchange bed; and
8 weak acid cation exchange bed following said anion exchange bed,

wherein steps corresponding to steps (a) ta (d} or steps (e) to (h) are performed on said bed, and, in step
25 (m), said final rinse is further circulated through said bed.

6. A method for minimizing wastewater discharge according to Claim 5, wherein said ion exchange
regeneration system further comprises a plurality of said beds, and wherein, in step (m), said final rinse is circulated
through said beds in series.

7. A method for minimizing wastewater discharge according to Claim 1, wherein, in steps (a) and

30 (b), in steps (e) and {f), and in steps {d) and (h), the introduction of said cation regenerant solution, said anion
regenerant solution, and said displacement rinse, respectively, is conducted by pulse flow.

8. An method for minimizing wastewater discharge according to Claim 1, wherein, in step {b), the
votume of said effluent of said first portion is equal to approximately that of said cation exchange bed, and, in step

(f), the velume of said effluent of said first portion is equal to approximately that of said anion exchange bed.
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the nore capawoto,msmuse ss the cl eani ng ePCEHUS970OR10 he
resin. The circul ation s ese i nvention solves the above

pr obl em Chem cal draw is typi€ally carried out at
concentrations of 4 6% r

t he conventional pr ocesgéén '1[“" '"%I"fwmg'fér mlh?ﬁ"t&aﬁ"h !g@,ag'ﬁﬁt rha{f"f 5'95?98118%8
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proper regengrahiniony a catioh bﬁﬁhye'bﬁ%ﬁﬁ‘rﬁohﬂtﬁﬂl@tmﬁ ¥ohaffd velsth hold o Shiok EXEHRRYE bed Blcommodating
chem cals at 45% An reased concent rat i on hel ps mnimze waste water

vol une. Al't hOLPQ'ﬂ" ﬂﬂ’ﬁ%b??‘%ﬁ!“’e’l“\}"“'ﬁ%“?'?’ﬂ‘?‘ﬁ s ¢he concentration in the
present invention, proped backwashing mlemgandraﬁgmwnmﬁdsﬁyﬁmﬁmmﬁt}x‘wams&mwmm
pushedallthewayu tg 15 to 20% .10 Howeve t he higher the, -
concentration, the ?@M’ﬁ aP'We“@ﬂ'Pﬁﬁ% Herer 8GR H%’[’gr"'fe.“%ﬁ@g'é“ﬂ‘l‘@“é@dr hagkwgsh rinse;
mi ni mum contact times (b regsaeeatioghaid cationaxtimgediddy mgmnmmttd Ainst portion ifhammodem
Is too. small even her n contact tJ nme. to
short and poor reg@ﬁ%?'g "l"sc')s?\‘"“roégl&ﬁt" g'&"gﬂ"%é ""mpd' u°s'¢'—t- whersin n & a'b'ﬂte"" >1, from a0
concentrations al saopusgart\obthy resis Waumgelumd dnwn flmpmsdm;@leaack\mash e reradining in
Normal practical Ii Bl Eb d a high of 12.5% For
exanpl e, as the smé%ag?n camtsa eg?&ng g‘rnn;dc‘geﬁ'@paw HQ, Herr] SO NaCH and
Nad can be used. Regends fthersaoepeeatinnsaid cation pxphapgs bad byintrodgin imsequere the wpaining passionsof

0.25 to 1.0 gpm pe"uf Edtibregederant solution thereto in a dowPiioW¥Rection tRd efffbbnt BY REMAREHion ok Eetih
tap water used. However, since there are some basic inconpatibilities

with raw vvat%Qr and "Raseant sﬂ'éﬂ'hll"l"’bﬁl'%d’“ﬂé’d‘em %Bﬁmﬂa'ﬁé"’ﬂé@d’ﬂ"ﬂﬂf%@@ﬁer ate the

ani on. {d) saving each portion, except the first portion, of cation regenerant solution to be used as a

portion of cation regenerant solution in the subsequent cycle wherein portion number m is saved to be used
as portion number m-1 (m minus one) in the subsequent cycle, wherein 2<m<n;

{e) displacing the cation regenerant solution present in said cation exchange bed by introducing

20 thereto a displacement rinse consisting of plural portions being numbered from 1 to q, wherein g is an
integer > 1 and portion number g is provided by fresh rinse, in sequence in 2 down-flow direction; saving
the effluent of the first portion of displacement rinse to be used as the last portion of the displacement
rinse in the subsequent cycle, the concentration of said last portion of cation regenerant solution being
adjusted; and saving the effluent of each of the remaining portions of displacement rinse to be used as a

25 portion of displacement rinse in the subsequent cycle wherein portion number p is saved to be used as
portion number p-1 (p minus 1) in the subsequent cycle, wherein 2<p<g;

{f) regenerating said anion exchange bed by introducing thereto a first portion of anion regenerant
solution consisting of plural portions being numbered from 1 to n’, wharein n’ is an integer > 1, from an
upper part of the resin accommodated therein in a down-flow direction, the backwash rinse remaining in

30 said anion exchange bed being expelled therefrom;

{9) further regenerating said anion exchange bed by introducing in sequence the remaining portions
of anion regenerant solution thereto in a down-flow direction, the effluent of the first portion of anion
regenerant solution being expelled from said bed and separated from the regeneration cycle;

{h} saving each portion of anion regenerant solution to be used as a portion of anion regenerant

35 solution in the subsequent cycle wherein portion number m’ is saved to be used as portion number m"1

{m’" minus one} in the subsequent cycle, wherein 2<m’<n";

-
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bed, e.g., just above t
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untreat ed water. Rﬁgﬁ@gﬁamwngtm,,{ gﬂuced JUSt above the resin can

automati caly nove downward, brief, siml up-flow regeneration,
down-f 1 ow regenerat i on ‘Udﬁ"'ﬂ@“"& Sl rinsg untd "'F 8'!‘1"69@"‘"‘35""“’0“’ from sither cation or anion
backwashi ng cati onaxmﬁemmneﬁmdmmdhﬁds by circul ati ng backwash rinse

;2&0 lrjgz i f ?u F a’f ?L Ig O 3 a?g d%rg%lw&&@:wv?u{}qlﬁ )évgstnwagr dlstl:)harga accnrdmg to C%ﬁv 10, v%m.ﬁ' Istgp% ((:bE tlo(()er)]are

15 performed simultaneously with steps {f) to (i).

12. A method for minimizing wastewater discharge according to Claim 10, wherein said ion exchangs
regeneration system further comprises a filtration device to filter out impurities from the service flow, prior to the
regeneratioli cycle.

13 A method for minimizing wastewater discharge according to Claim 10, wherein, in steps (b} and

20 ({f), the separated effluent of backwash is saved to be used as part of the final rinse.
14. A method for minimizing wastewater discharge according to Claim 10, wherein said ion exchange
regeneration system further comprises one or more of the following beds:
a metal-selective resin bed preceding said cation exchange bed;
a mixed-bed type polisher bed following said anion exchange bed;
25 a weak base anion exchange bed preceding said anion exchange bed;
a week acid cation exchange bed following said anion exchange bed, and

wherein steps corresponding to steps (b) to (f) or steps (f} to (i) are performed on said ane or more beds,
and, in step (j), said final rinse is further circulated through said one or more columns in series.

15. An apparatus for a deionization and repeneration system, comprising:

30 (a) a cation axchange bed packed with cation exchange resin;
(b) an anion exchange bed packed with anion exchange resin, said anion exchange bed being placed
in series with said cation exchange bed;
{c) a callection sump for storing water or rinse te be circulated in the apparatus, said collection
sump being in connection with. said cation exchange bed and said anion exchange bed and optionally
35 provided with a bypass line bypassing said collection sump, so that said water or rinse can be circulated _

in a loop via said collection sump or said bypass fine;

T



WD 97/ 26992
RCT/ US97/ 01210 This Sheet Hi
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separated fromthe regeneration cycle, ., movin | ection sunp

for the subsequent P S'“'S”'-W"“e"'"'“"“'(’w >r'eﬁ@ﬁ‘é%5h'l“ﬂ§"S"&'PU"IVBW“@R&HH'WE?&)
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said ion exchange bed from an up he resin acconmopdated therein

in a down-flow di reE"‘E“?“d?P'"""“"“'“““ can be ""’“‘H?"‘f’ Rher regenerating said ion
exchange bed sy int roducmrmral mlaefﬁrtmﬁﬁgeanmcehhnam bolutign, $id 18RS e plaRRE PN Fokdnd

solution thereto in_a | recti e).saving. the
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that the effluent of, QJnL&nB{Ln%mbﬁﬁcﬁ{t{d]ﬂﬁJp” n) is saved to be used as
portion #(ml) in th sequent (f) preparing

di spl acenent rinse, pr eﬂ@rﬂabﬂsyonptﬂdrfavl stogiegreation displacsmentliingg b omersource of frasicrnse, sailiatl
portions beifg R lafithehd 4 fa]lel tobaiflobRORPLei ﬁa{.ﬁ maa.ersm.,ﬁ% oot dait Y
2[err]qgl[err]3, typlca y g=3, I'S |ncrease3 5

conmpl ex and ef fi ci elqenforied by tﬂyékaéa)stoﬂnn ﬁatmqewapiéwmmd mq man xghange hee said ay least

fresh rinse; 15 one tank and (s&id ud;tesalﬂasﬁlnm uidaeunﬁ@iea ﬁnnermammﬁ Qhchtinde DY and
present in said ion exch di spl acenment rin

preferably by introbffgp &a{'ﬁ’ﬂ%ﬁb? t‘ﬂhﬂﬂ“ ﬁ"ﬂ ’%’Qﬁﬂéﬁ@é‘"’l‘& @%‘H‘?BW“MH%@? bed

from an upper part of t hig at@est tne tank foRstaing1anionidispiecdmdnt vinkeS bnd onennu&edmﬂninksowm at
direction;

th ffl t nl
i nse.  pref efabl y. ¢ 18 2 10EnE & okl nE53 b o g i o b st e i
rinse to be used aslctpHormtdam Said tenks foostoring anirerggemntaoition and saianian skehangp ted) baidcay hse,
th trat t f
e concent At on bk 38 biak oAkl ¥ \nd RN bk Yol 3 oo
up regenerant cherni beigh sumbgsed ftﬂmé 'hm%ﬂ'"@mmm °fdnﬂ'w)we is numbered g which is an (iriteger > 1;
preferably saving the eff #ﬁéatmﬁhfmmapﬁﬁ ol B8 RonheR 1B to"sh Olside YYstein Oad 1624 compartment

di spl acenent _rinse to be used as
20 being placed, downstream nf said cation exchange bed, in said loop formed by said tanks for storing cation

regenerant solution and said cation exchange bed;
(i} a feed compartment adapted to be connected to an outside system, said feed compartment
being placed, downstream of said anion exchange bed, in said loop formed by said tanks for storing anion
- regenerant solution and said anion exchange bed;
25 (i} an air-purging blower being in connection with the tops of said cation and anion exchange beds;
{k) a flow cantrolling system for backwashing and regenerating, said system capable of controliing
the regeneration cycle as follows:
{i} purging the solution present in said cation exchange bed therefrom with air from said
air-purging blower;
30 (i} introducing in sequence pach portion of cation regenerant solution accommodated in
tank numbers 1 through n to said cation exchange bed in an up-flow direction;
(i) discarding the effiuent from the portion from tank number 1 to said feed
compartment, and moving the effluent from each portion from tank numbers 2 through n, back

to tank numbers 1 through n-1 {n minus one) shifted forward by one tank;
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can be significantly reduced. Fi nal RZnse . In both, up-f

| ow regeneration and down-f| ow regeneration, after the above-described
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uality of rinse disch | ' I |
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can be assigned to themumbes3 througtngaber grhin inus one) shitter togwarddy ane numberdn thetyclesiants e,

all of which is recircul at egy performing steps MofrksSondi 0t id ani .
BT/ US97/ 01210 @» performing steps sﬁ uﬁ ﬁps%s {i) to {v) on said anion exchange bed: and

- 18- 10 Ex c #adlow. cpatsqlipg:ystem foripsing, saidsystam cangblent eantsolfing th riasingicysls insuch ut
and pi cked up by &y 8D G®)cirduii@ fifidrsd accomMsibted ih £4il cbildction sump through said cation exchange
bed and said anion exchange bed in series in a down-flow direction.

16. An apparatus for a deionization and regeneration system according to Claim 15, wherein said
cation exchange bed is placed upstream and said anion exchange bed is placed downstream.

15 17. An apparatus for a deionization and regeneration system according to Claim 15, further comprising
a filwration device to filter out impurities from the service flow, downstream of said collection sump.

18. An apparatus for a deionization and regeneration system according to Claim 15, wherein the flow
controlling system {l) comprises a conductivity monitor, downstream of said anion exchange bed, for determining the
timing of discontinuance of the final rinse.

20 19. An apparatus for a deionization and regeneration system according to Claim 15, further comprising
a granular activated carbon bed upstream of said anion sxchange bed.
20. An apparatus for a daionization and regeneration system according to Claim 15, further comprising
ane or more of the following beds:
a metal-selective resin bed preceding said cation exchange bed;
25 a mixed-bed type polisher bed following said anion exchange bed;
a weak hase anion exchange bed preceding said anion exchange bed; and
a weak acid cation exchange bed following said anion exchange bed, and
wherein said one or more beds are incorporated in the apparatus so that steps corresponding to steps (i)

to (vi) can be performed, and, in step {vi, said final rinse is further circulated through said one or more beds in

3D series,
21. An apparatus for a deionization and rageneration system, coniprising:
{a) a cation exchange hed packed with cation exchange resin;
{t) an anion exchange bed packed with anion exchange resin, said anion exchange bed being placed
in saries with said cation exchange bed;
35 {c) a collection sump for storing water or rinse to be circulated in the apparatus, said collection

sump being in connection with said cation exchange bed and said anion exchange bed and optionally

A ) A




smg up the capacity of the resin. However, the benefit of mnimzed water
vol ume outwei ghs the abqﬁgsgge{%Beenggﬁlg&@acks That is, there is sonme |oss

of capacity due to the f nse waters are recircul ated. Excess
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causti c becones an exhaus

atio ., S If the capacity of the
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' to 0.
o o oS bk ™ ok i o WA 4 SR AG FAEbrikd DA 3 EYE kG G e
vol ume by 3040 gal | Bradoop ya G'dBWCt'ﬂﬂwpsﬂlmd byesss lige: si gni fi cant | oss as conpared
Wi th the great benefit ofy giflvbaisi 8 Storing, cafith ﬂg&@raﬁlgslﬁih RS fafiks \ﬂgrlg#u m row and

Dei oni zed water readily picks up caustic acid I clentl eutral i zes
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rinse is bel@av a pr ﬁﬁ@ﬁr%dﬁ‘tﬂﬂ‘ﬂauﬂg%’ﬁhwctﬁﬁﬂﬂlrﬁﬂ dtibPdicitange fed Wath & tdhmon-fhe 3 HarlGF
service cycle is resu nati on of The Processes

Each of the feature?"?f'd?l'f"l’f"ﬂd?’@'%" '?E)PFE""T“@V%!" alporivast e wat er reduction. The

primary savings cones fr(qnplural taniis e ﬂoﬁ@/ﬁhﬁdgdﬁﬁﬁkmﬁhﬁﬁm&ms hd’hﬁ pla&ﬁ‘?nr fdw and
rinses. Cation resi Rivabe,

bac
ani ons. However, ani onsﬁﬁrg@ %Pewq'f'ﬂ? "Plaﬂg'Faﬂ"é 12[3 %&W“ﬁ& °§/“?UU}9°81W“'! f ghemical
wast e vol ume can beinieataiieach thnlohping i copseptionwithasld snforextinme bied witlod @aimdniifSE thatelid dnfn

appr oxi mat el 35 25- 759 . te . n be reduced by partially
rggsi ng ?begenera e?;ranwgt#\ﬂvg%#gc%@x#ﬁga 'g" ‘ocesses are conbi ned, reduction

beconme nore significant @atleasions tankdorglogingication fisplatement rinse, and lowe solimarof frdstonnse, said at
regeneration, by e”mspéﬁb 126k hElklfi &Wﬁ';ﬁéﬁ:.ﬂéﬂmﬁmu% I;lﬁ%ig n?%uﬁo% %Jld incorpprated in said

di spl acenent cycle of chem cal draw
recPr cul ated final lypieped by ﬁ'"’l‘@“‘ﬁ?ﬁ%ﬁ"ﬂF%'"'t'@ﬁ'l&@ﬁlséﬂl}@ aamd@awmmuyneeamm

reducti on of t hﬂm bk bnd s%lﬂnln‘fﬁﬂ:f frésﬁ nMP buﬁnb Qbﬁhd&@@ﬁ Qﬁrﬁdir(n%' sandt]:\‘tmﬁ m‘mﬂﬁé 'bEtand

h with 20 backwash
or oo ogsi ve B apl e NGy dom 1 o5 . ke i potay o o e 1 AP REOSM 5 o fages >
the recirculated final (g at Easﬂﬁze&nk foi stdrifig aioNSdisplbtkrfiant rilse5nl bifd \4Girce PO AnEEBaR oY -
88- 93% reducti on of |eatsnlm! m%ﬂle in %ara Bgﬁl ssl&ﬁg?%%ﬁr@é&npﬁﬁ?%&é& s%“tluln ra]ndtm%orpngrsated in sg_d

descendi ng order of “Signi
Recycl ed backwash olponmw\hagld-tmmm smm agiénaregpremit salitien/and said anion exchange bed, shid at least

‘Recircul ated final g 'ﬂﬁl?anz5ald sourge of fr het conneg Hl fo tﬁ%ng*mnnq said gnion pxchange hed ar'ﬁj

Reuse of regenerant or progressive chent
di spl acement 0 i nse being numbered from 1 to q;wharem sald s@nqq ﬂ@pqmrlmegdynberedq which is an integer > 1;

(h) a feed compartment adapted to be connected to an outside system, said feed compartment
being placed, downstream of said cation exchange bed, in said loop formed by said tanks for storing cation
regenerant solution and said cation exchange bed;

(b a feed compartment adapted to be connected to an outside system, sait feed compartment

25 being placed, downstream of said anion exchange bed, in said loop formed by said tanks for storing anion
regenerant solution and said anion exchange bed;

() a flow controlling system for backwashing and regenerating, said system capable of controlling
the regeneration cycle as follows:

(i) circulating backwash rinse accommodated in said collection sump through said cation
30 and anion exchange beds in an up-flow direction;
(ii introducing in sequence each portion of cation regenerant solution accommodated in
tank numbers 1 through n to said cation exchange bed in a down-flow direction;
(_iii) moving the effluent from the portion from tank number 1 to said collection sump
after the backwash rinse remaining in said cation exchange bed is pushed back to said collection
35 sump, and moving the effluent from each portion from tank numbers 2 through n, back to tank

numbers 1 through n-1 {n minus one) shifted forward by one tank;

[
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6. - Pre-filtrattrommmm——— 7. Packed beds 30 8.
Count er - curr ent regen%g ation Pr ogr essi ve
1

di spl acenent’ ri nses is Shect Has Been Rerflaced | ncreased regenerant concentration
Qt her Pr ocegxe$rnesn Jmlum -sel ective resin col UgBgyReTN1¥RJ- Ped
i ype polisher col um, on colum, a weak acid 35 catlon

colum, and others can be used in a systed depend| ng on what is in the .
stream what should be taken out, and what quality is required at the
end. If the system cont ai ndvldnredueingdncsequencerach, portipncok cationcsiisplackmect, ringetactorsmodated in

I%(éfll_/e [Jg|9|7y01210 WO QZI’A( %%&21 through number q of fresh rinse to said cation exchange bed in a down-flow
-19- necessary to W%, sel ective resin to break this chelate. O her

forms of conplex netals do Nﬂﬁoﬁvmﬁ‘ﬂﬁ@ﬁﬁéﬂt Ier thé PortoM @& displacEMehtHnseSBdoRMdthtddn TS| NS
are used tp do sone of the "rou ei oni zed system nmay not have to

d
wor k as haPd. A grd‘f‘fﬁhe L} ba %ﬁ:‘?? g@’%&‘r‘ﬂﬂﬁ”ﬂf’é‘ﬂ‘“?%‘"‘%m“} e @Eﬁﬂ‘i‘ﬁ}!ﬂedf theor

renmoval of organics. regenerant chemical in sdid catibh teeneriht Sltiod iératiisiod WR§ Sl cﬁeﬁmﬂﬁﬁﬂﬁ%d a
m xed-bed is generally use

they are difficult to "P-”&'{?égfe" i i 1S i o S £ oy iy t%ghfa","‘b'gvgﬁa;ﬁ

acid cation polisher catenkramiest through nuniber gpi (o iinus prehshiftediatwiad DS onk kellk; | eak

t hrough. (vi) performing steps corresponding to steps (i) to {v) on said anion exchange bed; and

10 (k) a flow controlling system for rinsing, said system capable of controliing the rinsing cycle in
such @ way as to (vi) circulate final rinse accommodated in said collection sump through said cation
exchange bed and said anion exchange bed in series in a down-flow direction.

22 An apparatus for a deionization and regeneration system according to Claim 21, wherein said
catiﬁn exchange bed {a) is placed upstream and said anion exchange bed is placed downstream.

156 23. An apparatus for a deionization and regensration system according te Claim 21, further comprising
a filtration device to filter out impurities from the service flow, downstream of said collection sump.

24, An apparatus for a deionization and regeneration system according to Claim 21, wherein the flow
controlling system (k} comprises a conductivity monitor, downstream of said anion exchange bed, for determining the
timing of discontinuance of the final rinse.

20 25, An 2pparatus for a deionization and regeneration system according to Claim 21, further comprising
a granular activated catbon bad upstream of said anion exchange bed.
26. An apparatus for a deionization and regeneration system aci:ording ta Claim 21, further comprising
one or more of the following heds:
a metal-selective resin bed preceding said cation exchange bed;
25 2 mixed-bed type polisher bed following said anion exchange bed;
2 weak base atpiun exchange bed preceding said anion exchange bed; and
a8 weak acid cation exchange bed following said anion exchange bed, and

whergin said one or more beds are incorporated in the apparatus so that steps corresponding to steps (i)

to {vi} can be performed, and, in step (vii), said final rinse is further circulated through said one or more beds in
30 series.
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Cati on Exchange Bed Regeneration Cycle

r.egeneration cycle is a chem cal

backwash. Val ves
so that the first half of the acid solution (HO),

35 H4, Hr,

The next step of the

draw cycl e which al so functions as

stored in

and E1 are opened and a punp 21 is activated,

a first

acid tank 18, weofmoe2i nt o the strong acid cation exchange begyrmgsdrfopiint he

bottom The acid solution is part 2/20 WO 97/ 26992
PCT/ US97/ 01210 :
- 20- of the previouslly used acid solution (the sec alf of the acid
sol ution) as explainede afer: of—the—fow 4s [sufficiently
slow to regenerate t I but fast enpugh tlo lift the resin
and recl assif i ahg Hirty | f JPresgnt t this end, this
flow functions ,as bagkwash witR.acid sol uf |or9'"\/\hen ne watler |evel of
the acid sol dtipn in|the flrst_a.ﬁ.dgt_ank 18 |35 | pw apd {r eagdhes a
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10 solution enters the cation exchange bed 7 and expels the remaining first
wast e vol unme accommodated in
switch provided in the
conpaiid®pkestl, as descri bed bel ow, so that the vol uper/ossr Ao
t he vol une of the
The aci d concentration of the
is adjusted by introducing acid 15
19 (the adjusted concentration is

hal f of the acid solution therefrom This
the feed conpartment 11 is controlled by a I|evel
f e€d
approxi mately equi valent to one bed
first half of the acid solution.

solution in the second acid tank 19
concentrate to the second acid tank

vol une, i
3/20

. €.,

approximately 8% . [When the[water | gvel of the acid solution in the
second acid tank 19 is |low and reachhes a prgdeterm ned | evel, the valve H5
is closed, and a valve R3 is opg¢ned, and then the cycle proceeds to a
di spl acenent rinse {cycle. - éAt predeterm ned |low | evel in the
"B" conpartnent of angsﬁ?%:éﬁﬁnr*¥iﬁ?"r§% 20 (cation rinse tank), a
valve R3 is closed Jand a valve Rl i g opened.} The acid solution in the
system i.e., in tge bed 7 &nd the pi ping, is continuously expelled and
transferred to an ; § el el en the level of the spent acid
sol ution in the evaporator feed tank 11,

t he val ve E

used in the next cy

saved to be used, w thout enriching chemcals, as the first half

next acid sol ution,
rich in acid. At a

the valve H1 is closed and the valve H2 is opened,

flowto the second
tank 19, the val ve

reaches a pred rm ned Level
i s closed,
with a val ve Hl open.

an iverts to the

flo
cle, i.e.,

since the second half of the acid sol uti8n
predet ermi ned hi gh | evel

acid tank 19. At a predetermned high le

t hereby diverti

H2 is closed and valve H3 is opened with flo

The acid solution in the first acid tank 18 w ||
the second half of the acid solution
¢ he

b

first acid tank 18

e
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-21- valve H3 is closed. In this way, the third 113 of the displ acenent
rinse is savedwoarbesrsed as the second 113 of t he di spl acargiderpizige I N
"the subsequent displacenent cycle. In brief, the first half of
the acid solution, the second half of the*#8id solution, the first 113 of

t he displacenent rinse, the second 113 of the dlsplacenent rinse, and
the third 113 of the displacenent rinse are a h Sthlfted by one pl ace
ahead in the subsequent cycle. That is, t of the acid solution
is to be discarded; t he second half of the aC| squtlon is saved to be
used as the subsequent first half of the acid solution; the first 113

of the displacenent rinse is saved to e used_as the subsequent second hal f

of the subsequent acid sol ution; ﬁﬁﬁngIS of the displacenent
rinse is saved to be used as the fi —1-13—of—the—di-splacenent]
ri nse; the third 113 of the d|sp ne t nfinge is saved to be used as
t he subsequent second 113 of the dipgptredeengmt—rinse; 10 and raw water
serves as the third 113 of the diqgp £E@nPn EfAnsgd. This systemis called !
"progressive displacenment". Af R respilf, on[yy tThe T1rst nart_or_the
acid solution, i.e., one bed volunel_is fipgcarded fromthe system
The above regeneration of a cation Y ' ils preferably conducted
si mul taneously wth that of an bed, thereby increasing
the efficiency. Ani on Exchang% ifon Cycle
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15- The regeneration of the ani on exchange bed can be performed in
the sane way as that of the cation = exchange bed. That is, a valve M is
opened, a punp 25 is turned on, valves N7 and E2 are opened. Al Kkaline
sofution (NaOHyofleess2z from a tank 22 into the ani on exchange mEdsS$7/02200
pushes the air in the anion exchange bed gs2g out fromthe top. Wen the

| evel of alkaline solution in the tank 22 is |ow and reaches a

predeterm ned | evel, a valve M is closed and a valve N5 is opened, and
al kaline solution in a tank 23 starts flowing via the valve N5. 20 The
second half of the alkaline solution starts_fNow ng and entering the anion

exchange bed 8 via the punp 25 and t he 2] LAs an adiditi ona
aspect, the alkaline solution can be cirgul . the tank
23, and the pymp 25. The bed 8 is fiLI ¢ solution, and
then the first bedq volu I  de al|feed

ow |l evel in

tank 23, the val ve q 2 N2
di spl acenent rinsg starts flgqmng into t he™ al kal i ne
solution present 25 in the ﬂd 8 out of the syste i xpel | ed
fromthe system cqgrresponds tlo I n_of al i sdl ution.
At a predeterm ned high |evel HPbed t vallve E2 is
closed and a valveg N1 is op dj vefti ||€He
solution flow to tlhe tank 22 |( My e figed tank 28
wll go to the evgporator-holldi %
predeterm ned high | evel in theftan val ve sed and the
valve N2 is opened, and the Jea i | utiof/r idn ils saved
to the tank 23. At 30 a predgter i gQiHBevel | n Nahk 23ns5Yal ve N2 s
cl osed and the flqw goes to tlhe —JThe thirg port
di spl acenent rinse is providg by raw water whi Is fed into the bed 7 and
into tank 8, and pushes the nenpi sgcond| porjti on sRfoNli Spl adenent
rinse to a displadenent rinse tRankde Vi Aaelvgl P engtsed fas |t he
first portion of displacenept ripse”n tlhe Es qu Q‘ycle. THe third
portion of displagement rinse ip saved g P pe ﬁgdﬁ YRe secjond portion
of displacenent rinse in the|supsequent C)E| gg 5 arity Rinse [ Filnal

R2

Ri nse) Cycle '

27 25 f:a— NO¥
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=22- After displacenent rinse, the punps 21 and 25 are shut
off. A small awwwihewk al kaline solution still remai n in popubemiie and
thus quality rinse is perforned at full flowto purge the residual
_regenerants fromthe system and prepaef20 he beds for the next cycle.

The punp 5 is activated, and water for quality rinse fromthe

collection sunp 2 is permtted to flow through the filter 3, the flow neter
4, the valve d, thdgTatiom exctrangerboed—5 14, the valve A, the anion
exchange bed 8, and|the val ves A13 apd A9 in|series via the service flow
pat h (down- fl oy regenerfation), and the quality rinse is recircul ated

until the electric co/?uctiv /, of he_ri nsg |di scharged from t he ani on
exchange bed 8 is suf’%‘:l ci &t %'oﬂé b A7 t?‘ate service flow. The
conductivity of thejlrinse c be neasgured by a conductivity nonitor 26.
When the conductivitly of thel rinse djschargeqdq fromthe bed 8 reaches a
predet erm ned | evel | tion 10lis conplleted, and the systemis back
in service. In the above quallty_rinse cycle, no wastewater is produced.

Al l of the rinse is recVF;ﬁE%tedqﬂh the system EMBCDI MENT 2:
Count er-Current Down-Fl ow Regenerati on System Figure 2 is a
schemati c pi ping system showi ng an exanpl e of a basic deionizing and
regenerating system adapted to the present invention, in whic
counter-current down-flow regeneration is adopted. A regenerd?i &FC e 15
is basically the same as that of up-flow regeneration described aarli gr,
and thus detailed explanation will be omtted. However, servic | owl|i s
conducted in an up-flow direction which is opposite to the directioh in !
up-fl ow regeneration shown [in Figure 1. Further, valves Al jnd] C8 ane
installed to expel the existing water (backwash rinse) fromthe beds |7
and 8 to the collection sunp 2|prior to regeneration. ige
flowis perfornmed in an up-flovydirection via the collectiof su 2, the
punp 5, the filter 3, the VEN

FROM
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G4{ LI
G2 G5
GA
’ G6Y

ssX sp

COLLECTION
SUMP

cry |

RECIRCULATION

FIG. 44

SUBSTITUTE SHEET (RULE 26)



20 f1ow meter 4, a valve C9, the cation exchange bed 7, valves 1 and Al4,

t.he ani on exchange bed 9, valves Al3 and W/, and the service outlet 27.
Backwash for the cation and ani on exchange beds 7 and 8 is performed in an
up-T 1 ow direct ivpo otrgsos | 0op via the punmp 5, the filter 3, piciasshisidio

meter 4, the valve C9, the cation exchange bed 7, the valves Cl1 and Al4,

t he ani on exchange bed 8, the valves A13 af@0A9, and the collection sunmp 2,
when the valves 10, C7, Al2, A0, 25 and W are cl osed, wherein dival ent
cation is renoved prior to entering the ani on exchange bed. The progressive
di spl acenent cycle of chenmical draw (catio /%gﬂ diiggﬁtenent rinse is
performed in a down-flow direction in a | obp ‘7 Vi e punp 21, the valve
H7, the cation exchange bed 7, a valve C7, and the tanks 18/19/20. The
progressive di spl acenent cycle of chem cal draw (anion) and

di spl acenent rinse is performed in a dfwn-fl| &4 lirection in a |oop

the punp 25, the valve N7, the ani ! exchange 8
tanks 22123124. Since air-purging B0 ot} co

S

regeneration, before the above reg arvionacy

first volume from each of the derd [ander
Q c H

start in the |oops, the
ich is backwash rinse

€
sunp 2 via the valves C8 and All. TH

remai ni ng in each of the beds 7 an Hreft
e tining of lopening and closing the
val ves C8 and Al J can be cal cu arﬁgi?%n tfolled by a PLC. Final
rinse is performgd in a down-flow i €€ i on iﬁ oop via the punp 5,
the filter 3, thg flow neter 4, tRg valv , e{cation exchange bed 7,
the valves C 1 arjd Al4, the anion ¢x d 35 bdd 8, the valves A13 and A9,
and the collectidn sunp 2. The congluctivity of ¥he final rinse downstream
of the ani orf exchange bed 8 i $ neasured by the conductivity nonitor
26. WO 97126992
PCT/ US97/ 01210
X o1 VENT VENT
7 -4
C5 AS o6
C1. At !
c3y A3 A7
t g \ /]
\SAC/ \SBA
s3X
+<SP »<SP
N rj\_/\ T\ TN TN\ >
A ——HZ
P 2 Wg o ™
-~ SERVICE
OUTLET
t A
02
VENT VENT
74
C8 A8 '
' c2 75 A2{ A0
ca X a4 Y 9
SAC/ \s84/ é A8
! »aSP >eSp -5
A <t

HB

SUBSTITUTE SHEET (RULE 26)



-23- EMBODI MENT 3: Counter-Current Up-Fl ow Regeneration Dual -Line
System Figure 3 is a schenmatic piping system show ng an exanpl e
of a deionizing and regenerating system adapt ed to the present

invention, i nwmmjagg;ount er-current up-flow regeneration i s apdeRiserhiz
regeneration cycle is basically the sane as that of up-flow regeneration
described earlier (Figure 1), and thus 8&&iled expl anation will be
onmitted. 5 In this enmbodinment, the system conprises two strong acid cation
exchange beds 7 and 13, two strong base anion exchange beds 8 and 14,

two weak acid cation exchange beds 9 and 15’ nd as§f anul ar acti vated
carbon bed 6. Two pairs of strong aci o ase ani on
exchange beds are enployed so that when |jong pai s exhaust ed,
the other one is put into service, and tihe {estiausinabHpai r i s| subjected to a

regeneration cycl ¢. \Wen t he exhaustdd pair , and the
i n-service pair i%.exha ed he f or persna ervice, and
the 10 latter paif is subjected to a redeneration,cyclie. For|gxanple, when

the strong acid cation exchap t he N3 4 stWlg g baspd & on
exchange bed 8 are exhaust edj s closed, and a va| yp—64i s
opened. Water to e ' gws dia g val vel €2, ajstrong
acid cation exchapge bed 13, - strqmg basq ani on exchange
bed 14, valves A8jand W, a ‘ ' tlon gxchande bdaded) | ahd.Ashe val ve
i 3 ¥ lexchangés |b d : 5 can be

pai ' and 8,
is, && { na Q§N of |t he beds

. 12

conduct ed i ndependently of t
or the other pair of the bed$

7, 8, and 9; the beds 7, 8, ds 13 14,1 anfl B: jor |t he beds
13, 14, and 15 canp be enpl oyed fog I - Lle reoewgqﬁtlonﬂan t hils

way, deionization|treatnent ¢an_{ i fuouslly cpndu systemw th
t he weak ani on exg¢hange bed s suitaple fqr, tyeating rinse ysed in

pl ati ng and ot her iprocesses |n hig r silsftfi vity ifs ired apd a high
pH cannot be qolerated. A rje ﬁ%%%& ycI g éﬁfbrned ifn the
sane way as that in Enbodi nent \NS€ 1 s gqonducted
via the strong aciid cation e changezﬁ Fefse arli o

exchange bed 8, ot the s{rdng acid fatd on Bi‘(c Eﬂ d 13 and fhe
strong base ani on;exchange bed U4, an| e WeakgacTd catl lex¢hange
bed 9 or 15 in sefi es. EKAVPLE: 27 Usi system ghown in

Figure 3, the ringe used in plating was i oni zed?? [err] of NGPEC- 100- H!
(product _ :
%HO

N7
P

, -

\

FIG. 4C
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25 nane, Purolite Co., Phiadel phia) was used as the strong acid cation

resin. 5 ft]lerr] of PFA-400-COH (product nane, Purolite Co.,
Phi I'adel phi a) was used as the strong base anion resin. 5 ft[err] of C 105-H
(product nane, wiewrakseke Co. , Phi | adel phi a) was used as t BgryRetoifp d

cation resin. 6 ft[err] of 8X3 coal based acid washed (ATOCCHEM k| ahom)
was used as the granul ar activated carbom/2¢\net ek[err] 4"x20"-spun bonded
pol ypropyl ene (AMETEK, Connecti cut) was used as the filter. Rinse to
be dei onized had a conductivity of 1,700 [err]S.cm Service flow was
conducted via 30 thg punp 5, fthe TiTfer 4, tHe flow neter 3, a valve G,
the carbon bed 7, aj|valve 65 the vallve O, tlhe bed 7, the val ve Al,
the bed 8, the valve A7, a vplve W, {the bed |9, and a valve W. After 10
hours of operation W t - ckd |cati on exchange bed 7, the
strong base anion exéﬁg%g%%bééné,ggi O?ﬁg‘%%ek acid cation exchange bed
9, the conductivity |of deionjzed waté¢r dischgrged fromthe strong base
ani on exchange bed § becanme high (10 [eqr] S-cm nmeasured by a
conductivity nonitor i ds 7 and 8 had been exhaust ed.

Thus, the route 35 of the s e fl was changed so as to pass through
the strong acid cation exch gy ed , the strong base ani on exchange
bed 14, and the weak acid cation exchange bed 9, not through the beds 7 and
8 which were then _ WO 97/ 26992

PCT/ US97/ 01210

- 24- subjected to a regeneration cycle. Switching the service line via
the beds 7 and 8 to the service line via the beds 13 and 14 was

conducted by closing the valves G5 and A7, and opening and the valves &
and A8, so that process water started flow ng through the Igednd 14

instead of the beds 7 and 8. Based on the piping in Figure 3,
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service flow and regeneration flow can be conducted sinultaneously, w thout
any obstacle. Regeneration of the beds 5 7 and 8 was conducted as foll ows:
First, the air purge blower 10 was turned on and air was introduced into

the strong aci womakéswn exchange bed 7 via the valve 01, therewyoiie
r-emai ning water in the systemwas expelled and returned to the collection
sunp 2 via the valves Al, A9, and 3@sgofhe pressure of the air was 60
psi g. A progressive displacenent cycle was then started. In each of the

first acid tank 18 and the second acid tank 19, 37.5 gallons of 8% HC

solution was 10 accommodated. In each of the conpartnents A and B of the

di spl acenent rinse tank 20, 52 gallons of solution was accommodated. In

each of the first base tank 22 and the second base tank 23, 37.5 gallons of

6% NaOH sol ution was accommpdated. In each_of coppartments A and B of

t he di spl acenent rinse tank 24, 37.5 gall ;Q@i SO n was

accommodat ed. The first portion of acid solution in the first

tank 18 (the first cation regenerant solution) was fed into the 15 strong

acid cation exchange bed 7 at a rate of 2.?62%n1ft[err] via the valve H4,
f'wa

1%

the punp 21, and the valve H7 Itheg, al v Eowas opened). Wien the |ev
switch in the tank 18 was on, theLwaive H4
was opened, and acid solution accg dat ed\inlt he second acid tank 19 (the
second cation regenerant solution S j nuously fed into the syst
at arate of 2.5 gpmft[err]. \Wen tEBECI fich in the tank 19 was ;
activated, the val ve H5 was cl R3™Was opened.

Di spl acenment rinse accomobdat ed i1 t B (the first 20

di spl acenent rinse) of the tank 2( ly fed into the systema
arate of 2.5 gpnift[err]. Wen t} ijftch in the conpartnent B
was turned on, tlhe valve R3 was |l ve Rl was opened, thereby
f eedi ng di spl acenent rinse acq e conpartment A (the
second di spl acenent rinse) of the e bed 7. As the third
di spl acenent rinse, fresh rinse ag he coll ection sunp 2 was

AY"ARY%
3

fed into the bed 7 from the bgttomat a ratejof 2.5 gpmft[err] via a
punp 5, a filtgr 3', a flow nmetef 4', and val ve§{ S3 and C3. Meanwhile, 25
t he effluent was the hhed 7 via the valves C5 apd
El, and when thg | evel sw PER | he f q%NgOHpartnent 11 was turned
on, i.e., the valunme of ??ion in conpartnment correspondi nf
to that of ythe firs egenef a Ag solluti on was discarded to the
feed conpartnent|, the va cl os adl-the 25 flow was diverted!
to the first aci|d tankC via the val &¢ , therepy introducing the
effluent of the [secon ti on re efatiop s tion into the first
acid tank 18. Wen t he“%4 tch L he tank 1 ned on, the valye
X SAC QBA
AB Y '
»<SP +<SP
T\ D
H?7
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30.H1 was closed and the val ve H2 was opened, thereby introducing the
effluent of the first displacenent rinse into t he second acid tank 19,
in which the chemi cal concentration was continuously adjusted to
approximately 8%6by26992 adding acid thereto fromthe tank 16prctVuseraize

level switch in the tank 19 was turned on, valve H2 was cl osed and
val ve H3 was opened, thereby introducini428e ef fluent of the second
di spl acenent rinse into conpartnment B of the tank 20. The effluent in

conpartment B overflowed to conpartnent A, thereby introducing the effluent
of the 35 third displacenent rinse into conpartnent A. In the sane manner,
the strong base ani on exchange bed 8 was WO 97/ 26992

PCT/ US97/ 01210 - 25-
regenerated. The flow rate was 1.25 gpm/ft[egpr]. The solution in the feed
compartnments 11 and 28 was transferred to The eﬁgporator-holdlng tank 12

where the pH of the solution was adjusted a e [T 0N Was

concentr at ed. In the final rijnse cyﬂle, wafer wag circulated in
the systemat a raje of 3 gpmft[err] fof 1 Héinuti®tleOk| a t he punp 5',
the filter 3', the|flow nmeter 4', the valveg S3Jarld Clj the Hed 7, the

val ve Al, the bed B ; : | ves A9 and
S7. The conductivity nmeasured by the con uctl\ntﬁé n&ﬁ or 26 |wps changed
from1,000 [err]S.emat the bggirmm [er his | M2showed
that the beds were; regenerat efl. { VWil e |the Bheds 7 nvere in
the regeneration c S werle in|servide By
conparing the cond ct|V|ty mepsur H1byH§ ndugHsvi ty ni t or,
indi cating the finhl conducti is nd c nchtlv ty S j 2P,
i ndicating the confuctivity pfiof'tq th K28ci d cati'o han bed 9,
the timng of ' HCl HCl NaoHl/  [NaOH
1 2 1 2
- j HS N4¥ | NSX
. ' !
CATION ANION
RINSE AlB B | A RINSE
20 , 24
R1 g $R3 $ $R4
R2
<7 25 NO #

N7 |
><—
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10 regeneration of the weak acid cation exchange bed 9 coul d be determ ned.
The regeneration of the weak acid cation exchange beds 9 and 15 was
performed, independently of which pair of the beds (7 and 8, or 13 and 14)
were in Sakpioges9ol Ne regenerati on of the weak acid cati orecoprgsopods bed
9, for exanple, was perfornmed as follows: The valves W and W were

cl osed and val ves W2 and WB were opened $2/2@s to put the weak acid cation
exchange bed 15 into service. Valves 03 and WO were opened so as to
expel the process water remaining in the bed 9 to 15 the collection sunp 2.
The regeneration prfocess T the befl 9 was hasically the sane as that for

the bed 7. A val ve H9 s used {nstead qf the valve H7. The
regeneration was cgnducted [n a | oop via thg tanks 18119120, the punp
21, the valve H9, the be ,qgnd e | The final rinse was conducted
usi ng the ongoi ng erV|c%Hro & ??%uéﬁ flhe bed 15, by opening the val ve

WL for a fixed-perlod of tijme suffigient to|rinse the renai ning regenerant
fromthe bed 9. Thg rinse f| ows thr)ugh t hejbed 9, the valves W and S8.
The weak acid catid 8—4+5—-mwes subj ected to regeneration in

the sane manner. The valve;cﬁésya W3, WO, 04, and H8 correspond to
WL, W8, W, W, W9, 03, an ,res%gétlvely Eventual ly, the
vol une of waste which underwent evaporation was 75 gallons, which was

equi val ent to 1 BV. As conpared with conventional systens, this val ue
was eval uated as a 92% reduction. In the above, the granul ar activated

carbon bed 6 was separately washed with rinse via the punp 5, the filter
3", the flow neter 4', 25 the valves S1 and &, the bed 6, the valve G3,

and the collection sunp 2. Wen the strong acid cation exchange bed |13
and the strong base ani on exchange bed 14 were exhausted, reggenerat™on Was
performed in the sane nmanner as above, in which the valves asalacijat ¢d

with the beds 13 and 14 correspond to the val ves associated wit beds
7 and 8 as follows: 02/01, 04/03, S$S4/S3, G/ G5, C2/Cl, C41C3, C6/ b, A2fAl

A4l A3, A6/ A5, AB1A7, AO A9, and_ He/ HZ 30 EMBODI MENFS 48 '
Regenerati on Systens Fi gures 4-8 show Enbodi nents {4-8| of the
present invention. Figure 4 i§ a schematic view show ng an enbpdi ment
of counter-current up-flow redeneration of the present inv O whijch
a granul ar activated carbon bed, a pair of strong acid ga* n exchange
beds, and a pair of strong bage ar n seriedg.
wherein each one of]| Femphi red $ds, is in service and th 9 er one is iyn
regeneration procegqsrINBEghre § i gffa 35 schematic vigw aﬁ enbodi nent
of counter-current [UIANKSolv reden n of the presq@tfi|nv. 8&(6 b whijch
i/ G2
GA
‘ 2 !
—1 Ve
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é granul ar activated carbon bed, a cation exchange bed, and an anion
exchange bed are placed in series. Figure 6 WO 97/ 26992
PCT/ US97/ 01210

- 26- IS a sWeredCc view show ng an enbodi nent of count er petiisERi210
up-fl ow regeneration of the present invention, in whi ch a granul ar
activated carbon bed, a strong acid cati &3/ gkchange bed, a strong base

ani on exchange bed, and a weak acid cation exchange bed are placed in
series. In the above, the-operation of regeneration cycles can be
conducted in a simlar way to those in Enbodinents 1-3. Figure 7 is a
schematic view showi ng an enbodi ment of 5 counter-current down-fl ow
regeneration of the present invention, in which a granular activated carbon
bed, a cation exchange bed, and an anion exchange bed are placed in
series. This enbodinment is functlonally the dﬁkﬁ? 4?? mbodi nent 2
(Figure 2), although the piping is slightly eren he service cycle is
conducted via the val ve C3, the bed 7, the valves C5, C5A, and A3, the
bed 8, and the valves A5 and A7. The re eneration of the bed 7 is
conducted via the valve H7, the bed _7, d a é%ﬁe C5B, after the

i ntroduced regenerant pushes the ba er gl-remaining . in the hed 7
back to the collection sunp 2 via a C(i.ef, after a few m nutes).
Val ves A5B and A5C correspond t B and C5C. Figure 8 is a

/al

schematic vi ew show ng an enbodi nen )- ¢ EFAet down- f | ow )
regeneration of the present inventifp TCh Orarutar—activatedcar bo
bed, a cation exchange bed, and| an anijom exchaphge bed are placed in
series. In the ab¢ve co-current do Egz-_ egz@eratlon for regeneration

o -
72
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of the cation exchange bed 7, after backwash, the solution is expelled from
t.he bed 7 to the collection sunp 2 via 15 the valve C5C while the val ve C5C
rs open for a few mnutes, by introducing regenerant to the bed 7 via the
val ve H7. WWeosfdéea» com ng out of the bed 7 is sw tched betpoggizeidiro

val ve C5A and the valve C5B. The regeneration of the ani on exchange bed
8 is conducted in the sane manner as that of the cation exchange bed 7, in
whi ch t he val ves A5B and A5C correspd&W®0t o the val ves C5B and C5C.

It will be understood by those of skill in the art that numerous variations
and nodifications can be nmade 20 wi thout departing fromthe spirit of the
present invention. Therefore, it should be clearly understood that the

forns of the present invention are illustrative only and are not
intended to limt the scope of the present ipyention,.
-27- VE CLAI M m ni m zi ng

wast ewat er di scharge generated in an ionjex¢han eddnerati gn system
conprising a cation exchange bed packed W i
ani on exchange bedj packed wi th anion

conprising the steps of: 5 g and
regenerating sai d pat+en—excharge—bed—by—ntrod o— first
portion of cation regenerantl solutiony cogi sting nkﬁplura

an ~ integer >

portions being nunbered fromf T0 n, Wherein n Y3
1, in an up-flow djrection atffa rate sufdfijent ta

accommodated in sajd bed ;@ rg¢gener at 6
(b) further regenefating saidj cat B e e Réd by
sequence the remaiping portiopg 2
79
' HCI HCI NoOH}/  |NaOH
1 1 2
X4

- j
\
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10 - of cation regenerant solution thereto in an up-flow direction

t,he effluent of the first portion of cation r egener ant
sol ution being expelled fromsaid cation exchange bed and separated from
t he' regener at i wo 26902 ; (c) saving thep@friiédifpdip Of

each portion, except the first portion, of cation regenerant solution to

be used as a portion of cation regenerantisyeputi on in the subsequent cycle
wherein portion nunmber mis saved to be used as portion
nunmber m1 (m m nus one) in the subsequent cycle, wherein 2[err]nferr]n; 15
(d) displacing the [cation TEgeneranf soluirdn present in said cation
exchange bed by i ntjroduci ng tHereto a displacenent rinse
consisting of plurdl portiops being|nunbered from1l to g, wherein g is an
integer > 1 and por|t} np g 45 | pLavi by fresh rinse, in sequence in
an up-fIOM/directicﬁ?egaggngﬁﬂz 5 |WE. ’ggthe effluent of the first
portion of displacgnent rinse to bejused as fthe | ast portion of cation
regener ant i n[ the subsequent qycle, the concentration of said

| ast portion of cat'temr—t+egereter ei ng adjusted; 20 and
saving the effluent of eacgcj; he r i ning portions of displacenent rinse
to be used as a portion of , di spl acenent rinse in the

subsequent cycle wherein portion nunber p is saved to be used as portion

nunber p-1 (p mnus 1) in the subsequent cycle, wherein
2[err]plerr]q; (e) backwashing and regenerating said
ani on exchange bed by introducing thereto a first portion of
ani on regenerant sol ution consisting of plural portions being nunbered from
1ton, whereinn is an 25 integer > 1, in an up-flow direct]ion
at arate sufficient to reclassify said resin accommpdated in said bed

and to regenerate said resin; ’ (f) further
regenerating said ani on exchange bed by introducing in sequence the
remai ni ng portions of anion regenerant solution thereto injan

up-flow direction, the effluent of the first portion of anion |
regenerant sol ution being expelled fromsaid ani on exchange bed and

separated fromthe regeneratign cycle; 30 (log) saving
the effluent of each portion g¢f anion regenerant solution to be used as|a
portion of ani on |regenerant solution in the subse gent cyclle

wherei n portion nunber ni
nunber m -1 (nm  m nusrewme
2[errlm[err]n';

sol ution present i
thereto a displ acenent
from1l to q, wherein q
q" is-provided by fresh [rinse,

is SaV o euUsSTeuU—a

& _sjbsequent cyéle
(h) displ afi

a-on regenefant
| —6

g of plural port in d
i nteger &2 Qriti on numner
gnce in an up-fljo r ction; saving

r
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thes effluent of the first portion of displacenent rinse to be used as the
l.ast portion of anion regenerant

= 28- in the subsequent cycle, the concentration of said | ast
portion of ani woareeg®mer ant sol uti on bei ng adj ust ed; PCT/USS2/08R10
saving the effluent of each of the remaining portions of displacement rinse
to be used as a portion of _ g aplacenent rinse in the
subsequent cycl e wherein portion nunber I's saved to be used as portion
nunber p'-1 (p' mnus 1) in the subsequent cycle, wherein
2[err]p'[err]lq ; 5 (i) circulating a final rinse through

sai d cation exchange bed and said ani on exchange bed in series
in a down-flow direction, wherein said cation exchange bed is placed
upstream and sai d ani on exchange ced downstream and

(j) recirculating said final rinse until tyé§7 I|t rinse discharged
fromeither cation or anion exchange bed reaches a
predeterm ned | evel. 10 A met hod for mnimzing

wast ewat er di scharge according to Clal e|n steps (a) through

(d) are perforned sinultaneously wigh steps )Ezl1rough (h).

3. A nmethod for m nim zing w ema er 1.9: accorthng—to—Catm4,
further conprising, prior to e steps and (e), purging water
remai ning in the systemduring the gervi C ,|in a downward direction
with air. 15 4. A netmﬁffcw éﬁﬁnrnzing wast ewat er di schar ge

according to Caim1l, wherein said]ijon e4cHange

EsX  Xes
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regeneration systemfurther conprises a filtration device to filter out
impurities fromthe service flow, prior to the regeneration cycle.

5. A nmethod for mnimzing wast ewat er di scharge according to Claim1,
wherein sai d i @iy Spedsange regeneration systemfurther conp¢EeTomibed
sel ected fromthe group consisting of: 20 a

net al -sel ective resin bed preceding saigpggti on exchange bed,

a m xed-bed type polisher bed follow ng said ani on exchange bed

a weak base ani on exchange bed precedi ng sai d ani on exchange bed and

a weak acid cation exchange bed foll ow ng said ani on exchange bed,

wherein steps corresponding to steps (a) to (d) or steps (e) to (h) are
performed on said bed, and, in step 25 (m, said final rinse is further
circul ated through said bed. A method for mnim zing
wast ewat er di scharge according to Caimb5, \M{@ ein g& d i on exchange
regeneration system further conprises a Q_E_@Td—b'ed's and

wherein, in step (m, said final rinse igf cijrcul at ed t hrough sai d beds
in series. 7. A nmet had florcim ninaoH |ng wastewat er
di scharge accordi nijto Claim1, wherein, fin|steps {a) gnd 30 in steps
(e) and (f), and i teps (d) and (h), the infroduction of sa d cati on
regenerant solution, said anion regenerant solgtio and i d)
di spl acenent rinse,| respecti vegty— -t ed N9 duMleb 1 ow |4 N2
8. An et hod :for minim Ai r dischprge pccord Cl aim
1, wherein, in stef n | uenf of sai st
portion is equal td approxi mat] on ekchang and, in
step (f), the Jolume of sai i rist} pp&ei |s’¢qual to
approxi matel y that lof said ani /
X NoOH NaOH
i J
ANION
8 | A RINSE
: 24
R1 g ¥R3 g ¥R4
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-29- 9. An method for mnimzing wastewat er discharge
according to Caim1, wherein, in step (c), the vol unme of said effluent
of said first portion is equal to approximtely that of said cation
exchange bed, angsigdosSt ep (g), the volume of said effl uemcraisoypakid
f.irst portion is equal to approximtely that of said anion exchange bed.

10. A nethod for ninimzing wast ewat ert8f28charge generated in an ion
exchange regeneration system 5 conprising a cation exchange bed
acconmodat i ng cation exchange resin and an ani on exchange bed accomuodati ng
ani on exchange resin| thod conprising Jthe steps of:

(a) backwashi ng saidf cati on §nd ani o exchange beds by circul ati ng backwash
rinse through said catign and ani on exchange beds in series in
an up-flow direction d iLoul gabilng sajd backwash rinse;

(b) regenerating sai cat|6ﬁ é?%ha g€ éhﬁiéﬁéi ntroducing thereto a first
portion of cation regenerant |10 soljution consisting of plura
portions being nunbefed fromll to n, [wherein | is an integer > 1, from an
upper part of the res t n a down-flow direction, the
backwash rinse remaining in sai d cation exchange bed being
expel l ed therefrom /57452 ds? (c) further regenerating said
cation exchange bed by introducing in sequence the remai ning portions

of cation regenerant solution thereto in a down-flow direction, the
effluent of the first portion of cation 15 regenerant sol ution
bei ng expelled fromsaid bed and separated fromthe regeneration cycle;

(d) saving each portion, except the first portion, of cation regenerant

solution to be used as a . portion of cation regenerant
solution in the subsequent cycle wherein portion nunber mis saved to be
used as portion nunber m1 (mmnus one) in the subsequent
cycle, wherein 2[err]nferr]n; (e) displacing the
cation regenerant solution present in said cation exchange bed by
i ntroduci ng 20 thereto a displacenent rinse consisting of plural
portions being nunbered from1 to g, wherein g is _an i nteger| >
1 and portion nunber g is provifled by fresh rinse, in sequence ifh a
down-fl ow direction; saving the effluent of the fir porti on
of displacenent rinse to be usefl as the last portion of cation rxgenerant!
in the subsequent cycle, the copce T T ast | portji on of cation!
regenerant sol ution berog g4dj usfeda and sayi sTRe ffluent pf
each of the remaini ngRrRiN8E ijons pf [l spl acenent rinsqg tofb S a
portion of TANKS G1 | —&
G4
G2
GA !
S8 SP
COLLECTION
CTY SUMP
i ]
RECIRCULATION
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25 . di spl acenent rinse in the subsequent cycle wherein portion

nunber p is saved to be used as portion nunber p-1 (p mnus 1)
tn the subsequent cycle, wherein 2[err]p[err]aq; ()
regener ating saiwbsans®n exchange bed by introducing thereto a péfrgeRehibi ON
of ani on regenerant solution consisting of plural portions

bei ng nunbered from1 to n', wherein n'" is an integer > 1, froman

upper part of the resin accommodated thet®2ft in a down-flow direction, the
backwash rinse remaining in 30 sai d ani on exchange bed belng
expel | ed therefrom (g) further regenerating said

ani on exchange bed by introducing in sequence the remai ning portions

of anion regenerant solution thereto in a down-flow direction, the effluent
of the first portion of anion regener ant _sol uti on bei ng
expelled fromsaid bed and Separated from't /tggenqgingn cycl e;

(h) saving each portion of anion regenerant solution to be used as a
portion of anion regenerant 35 solution in the subsequent cycle
wherein portion nunber m is saved to bg used gas portion number ni-1

(M mnus one) in the subsequent cydge, Tger 4fégerr]n1[err]n

- 30- (i) dis cing tpe At—soluti-on
present in said anion exchange bed py § nt/rod C|Fg thereto a
di spl acenent rinse consisting of plprn r tierrsqbei ng nunbered from1l to
q', wherein g is an i pt| e |> |1IEFAnG ,]%OI’tIOI’] nunber q' is .
provided by fresh rinse, in sequencgfin a[dgwn-TI[oyW direction, saving

the effluent of the first portion of ldi splladenent |nse to be used as the

|
| ast portion of arion regenerant 538 $E4

TN TN
[
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3
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5 in the subsequent cycle, the concentration of said |ast portion

of anion regenerant solution being adj usted, and saving the
effJ uent of each of the renmining portions of displacenent rinse to be used
as a portion ofwo 9726992 di spl acenent rinse in the subsequstftius®yeizen

wherein portion nunber p' is saved to be used as portion nunber
p'-1 (p' mnus 1) in the subsequent cycl $ wherein 2[err]p[err]q';
(j) circulating a final rinse through s3P%at i on exchange bed and said

ani on exchange bed in series 10 in a down-flow direction, wherein
sai d cati on exchange bed is placed upstream and said ani on exchange

bed is placed downstream and (k) recirculating said
final rinse until the quality of rinse discharged fromeither cation or

ani on exchange bed reaches a pregeterm ned |evel.

11. A nmethod for mnimzing wast ewat er di scharge ébcording to C aim10,
wherein steps (b) to (e) are 15 perforned|si ne steps (f) to
(i). 12. A nmethod for mpinm zing \ i scharge
according to C ai mjl0, wherein said ion exchphg§e eneration system
further conprises g filtration device to filfer ¢ut i [ fromthe
service flow, prior| } 13. A
met hod for m nimzijng wast ewat er di scharg g @ﬁ Cl ai m{ £0, wherein,
in steps (b) and 2d (f), the geparared ent a sh i $4M¥ed to be
used as part of thd final r| M‘_ 14. A} et hodl |f
mnimzing wast ewat ageor hi mj 10, erei aidl|ion
exchange regendration syst g i nor e
fol |l owi ng beds: p [

precedi ng sai d catijon exchangsg ed type
pol i sher bed foll ow ng said ani a
weak base ani on exdhange bed gre n

a weak acid cation |exchange bgd f d nd
wherein steps corrgsponding tq steffsy4{b) t f are
performed on said dne or nore {be i ri nse
is further circul at.ed t hrough |sald one nor e f §ms ip series.

15. An apparatug for a deicnlvat r g nef at ijon Dr i si ng:
30 . (a) a qat orh,ﬁgg g¢ jpgd %ciie/gl i,ﬁ,@at. oy
exchange resin;

| _l_¥$_§_
"Cj— NO%
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(5) 20 o Eéfﬂa”g?a?ié’ packed w1t o] ‘3”32??22”%{?.9“ 9701210
e, o P JPEAIIRLET L1957

(c) a coIIectlon sunp for

rinse to be circulated in the apparatus, gaid collection sunp -
bei ng in connection with said cation exchange bed and said ani on exchange
bed and opw QiRMl Y 35 provided with a bypass |ine bypassing said

col l ection™sunp, so that said water or rinse can be..circul ated
in‘a |oop via sdid cdimehed fonminimizingwastewatan dischsgpaenesated iman ion exchange regeneration system

S g'll'ut ion, S anllp dsn{uancﬁtmn B’ghar']‘ e helf g%keﬁ) Lvﬂlf & |onte§tml.ﬁv§ %Qr[ and Etpénioﬁ' &cﬁﬂﬁ#}e’ h%paf: gﬁ?ﬁe{nﬁﬂt

rom1l
to n, V\herexcmnneramsmdmemoégmmrmulhesms éfeast tank nunber n being provided

Wi t hac Q-,e m cal (:B b:a:kwas[nd#ﬂnf ﬁ&%ratm r]:a{ioﬁ Qﬁ{lﬁ@b’th&gtg: i@ro&ﬁﬂﬁ] ﬁlgrstio 3 Qirs\f\%%{ﬂlp on

sai d cation exchange ne SO
regener ant sol utef catiorcagenésant solutioudopsisting of pluial donm;,beiﬁg numbered from 1 to n, wherein n {s@p

DR e S VR AL AR it el e A g 8

1, at |east one and towépensiate said pasnw ded with a chemi cal : [ nj ect or,
h tank bei i t bed

i16 S0 that. Sai d an it reemesin safali s hap I PGS et DE rERDER TS o

in a loom of cation regenerant solution thérﬁt)i lrﬁin pdioNG 'dire0nivR, theETiuehtOdt thet fitéti portionCé¥ Lokt

di spl acenent rinse, sﬂlu sourc fresh rinse,

10 .
| east one tank Hﬁﬂe'f?ff“ﬁ %ﬂ“ gl fb"“h’a'!’ gptipn.gxehange bed a'@t‘@?’l’ﬁé}“@h‘f‘? fggpneration cycle;
regenerant sol ution G!E)(ia\dinﬂ @IR'eFREn? biegdch fortioiR kxdept the first portion, of cation regenerant solution to

-""'?3 be used as a portion of cation regenerant solution in the subsequent cycle wherein portion number m is

R saved to be used as portion number m-1 (m minus one) in the subsequent cycle, wherein 2<m<n;

15 (d) displacing the cation regenerant solution present in said cation exchange bed by introducing
thereto a displacement rinse consisting of plural portions being numbered from 1 to q, wherein q is an
integer > 1 and portion number g is provided by fresh rinse, in sequence in an up-flow direction; saving
the effluent of the first portion of displacement rinse to be used as the last portion of cation regenerant
in the subseguent cycle, the concentration of said last portion of cation regenerant solution being adjusted;

20 and saving the effluent of each of the remaining portions of displacement rinse to be used as a portion of

- displacement rinse in the subsequent cycle wherein portion number p is saved to be used as portion number
p-1 {p minus 1) in the subsequent cycle, wherein 2<p<y;
| {e) backwashing and regenerating said anion exchange bed by introducing thereto a first portion

()

of anion regenerant solution consisting of plural portions being numbered from 1 to n’, wherein n’ is an
25 integer > 1, in an up-flow direction at a rate sufficient to reclassify said resin accommodated in said bed
and to regenerate said resin;

() further regenerating said anion exchange bed by introducing in sequence the remaining portions
of anion regenerant solution thereto in an up-flow direction, the effluent of the first portion of anion
regenerant solution being expelled from said anion exchange bed and separated from the regeneration cycle;

30 {9) saving the effluent of each portion of anion regenerant solution to be used as a portion of
anion regenerant solution in fhe subsequent cycle wherein portion number m’ is saved to be used as portion
number m"-1 {m’ minus one) in the subsequent cycle, wherein 2<m’ <n";

(h) displacing the anion regenerant solution present in said anion exchange bed by introducing
thereto a displacement rinse consisting of plural portions being numbered from 1. to q', wherein q’ is an

35 integer > 1 and portion number q is provided by fresh rinse, in sequence in an up-flow direction; saving

the effluent of the first portion of displacement rinse to be used as the last portion of anion regenerant

* c L M s *
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cation. exchange bed, said at |east IR e
fresh rinse being connected to the bottom of said cation exchange bed and

bei ng nunbered-from1 to q, wherein said.gource of fresh rinse is nunbered
g which is an integer > 1; (g) at |east one tank for

storing ani on dinthd sabseqien tycle) tﬁﬁﬁmceﬁtfhdotﬁbﬂﬁhldsﬁﬂﬁmn Off anioi Reerdnt Sufution tRifg lijusked; 15
| east one tank bein%Win aral ) to said tanks for.. storhgg |g§ regener
solution and i né?f'rsﬁ lupr °’s'%§F'be the remaining portions of djspijcemept t‘b@“"é a8 3 {PorHenD
for storing ani qipidcEbRitRSeM the Sibdedbbrit Sydle wndeus@hﬁn ﬁﬁnbéi’ﬁ isd el @b Bseld & hortirPriuflben t

| east one tank and said source of fresh rinse being connected

to the bottom of-k@imimsd] i thesyseuantycln sereimd=p'<d’ bei ng nunber ed
froml tgq, wherein (|Fﬂrhlﬁat|§d)&‘ﬁﬁﬁmﬁft:2uﬁﬁ§ﬂ cstioﬁlaehahg% h&%ﬁ@ﬁfd%ﬁiorfbx&(ﬂdg&ﬁbd ol
I nteger > 1; d conpartnent adapted

connected to an ioudewndiew dieetion whersinis m@dexe*@wpathm!md ypstream and said amomphqgae

pl aced, doms“%@rf%gl%ce@@duﬂstféﬁﬁ;'aﬂﬁ exchange bed, in said |loop forned by said
tanks for stori ng c regenerant solution and said cation

exchange bed; () recirculating said final rinse(un}il the quefitylofoipsepstischarged-fromeeithgs tation ooanise
connected-to an d conpart nment ' bei ng
pl aced, domstreegeﬁnﬁéﬁgéeﬁé'ﬁ %ﬁé@(ﬂg gﬁnGe bed, in said | oop fornmed by said

t anks f ot0 st ori r2g anifomethod for minimizing wasteveatge :isnhagutac-dinmtu Glaim 4, wheeeini stepsfa) through
exchange bed; 25 . . ' n air-purging blower being in

connecti On?t&fl’tewer{%edflgtﬂgnegyslvsvgﬁhateééa(%)it@ppugh)a ani on exchange beds; '

(k) a flow contral | i ngmehod fo Minfrizing hmd@mﬁﬁclrmaaaddmmd!lamlafdrﬁg conpeising, wigistb em

capable of ¢ ener g n cycle as follo

O pur gt S 88 Al i Wt i SRS fui B sesE ol o MR Bt 1,
air from saii air. air-purging blower; 30

(ii) introducing in sequence each portion of cation re n rant, sQ] uti on
accommod® ed in% A method for minimizing wastewaep, {zcharge aerardine tp JYreip, saidjor explignge

cation exchapefrtsnefstén furkbr sitphsbsOa it tio delibeOrd filter out impurities from the service flow, prior to the
(ii1) discarding the effluent fromthe portion fromtank nunber 1 to said

f eed regeneration cycle. conpartment, and noving the effluent from each
portion fromtank NUPREtkedformitiniing maﬁewa%?ﬁ&harue according to Claim 1, wherein said ioft &clafgek
nunbers 1 through n-1 (n mnus one) d forward by one tank;

regeneration system further comprises a bed selected from the group consisting of:
20 a metal-selective resin bed preceding said cation exchange bed;
a mixed-bed type polisher bed following said anion exchange bed;
a weak base anion exchange bed preceding said anion exchange bed; and
e weak acid cation exchange bed following said anion exchange bed,
wherein steps corresponding to steps (a) to (d) or steps (e} to (h) are performed on said bed, and, in step
25 (m), said final rinse is further circulated throuﬁh said bed.

6. A method for minimizing wasteWatet discharge according to Claim 5, wherein said ion exchange
regeneration system further comprises a plurality df said beds, and wherein, in step (m), said final rinse is circulated
through said beds in series. |

7. A method for minimizing wastewater discharge according to Claim 1, wherein, in steps (a) and

30 (b), in steps (e) and (f), and in steps (d) and (h), the introduction of said cation egenerant solution, said anion .
regenerant solution, and said displacement rinse, respecfivelv, is conducted by pulse flow.

8. An method for minimizing wastewater discharge according to Claim 1, wherein, in step (b), the
volume of said effluent of said first portion is equal to approximately that of said cation exchange bed, and, in step
{f), the volume of said effluent of said first portion is equal to approximately that of said anion exchange bed.
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-32- | | (iv) introduci ng—‘l(‘Tﬂd&en(ae?JaULl Zg]. O
portion of cation displacenent rinse accommobdated in IP;EMJSe;ZJ

tank nunber 1 through nunber g of fresh rinse to said ange be
in-an up-flow di r ect:3gon;

(v) moving the effluent fromthe portion of displacement rinse accomodat ed
in tank 5 9. An method for MR wiste“ﬂﬁ&uicﬁrde%&%rdwmm 0 viherei,ah bt@N(c), the

regener ant sol ution, wherein the concentration of
r egener ant velveepf said efﬁ"ﬁ"tgfﬁaﬂ firss partion 'sreﬁlgblﬁ éﬁPEPHﬂ‘atS‘Y)?“G‘tqf 6@'# Qa@“&&?'ﬂ‘ﬂ‘t hey; apds |“r?§?l’

sai d chen qglind faiuRe b%id eﬁ{mﬂt of said first portion is equal to approxnﬂiiéw st of S dAbd excyRRte béd, OM
each portion of nunber 2 through number q of fresh rinse, back to tank

number 1 t hr ougHOnuntfemetipd for migimzing, wastewstey disgharop geseratedn wP'thEi'y"ﬂe Fegeneration svsteq
the cycl & coinidsing a s catlon e anfe bed ac(:nlsmodatmg catl exchangd rédin anﬁﬁi{ dnioh Egclﬁgge%d?@%gmodatmg

corresponding to on SAlq AN on exc ange
(1) a fl owammcl@m rwg, saif getbeh chmprising thesstesg of: sai d syst em capabl e of

control ling the rinsing. excha qjia{ﬂ c%ldﬁ: bhd nion pxchange beds by byaclrt\,(l\fm‘ rggétik&%h ‘I}(Sh 'tl)muPh  said

circulate final rinse accomo
cati on exchange cation and anion exchangechells in-series i m au up:flavodirectiag laadrrgmllam saith ba;lanaslemse. n a

down-f | ow direction generatmrg aald catq]’n%mﬁnge M@Rﬂ%@th&eﬁj aggftgoreuﬁinpéég@?%%ngam

and regeneration syst(e)m acco
exchangeibed .i s solitivo edhsisting of Mpmmds teing dunterad)imnekmhamgeeubmd an mtqoira:e tdrom an
downstream 15 ar.at us

e e 21 ppet parkof v i popopmptaa iVl b o Hoaf it e SR i omainig in

filtration devi csidcstiok exchatge bed tiein oipeled thérefms r om t he serV| ce flow,

t f d | ect tus for
G& oni zat i on and 1 egaHAIBTIFSRHRSi et ctshase gt b e o oy e g poons”

f1ow cont r ol df icit@n Fegénbran®sélutibn there in asmmw: giraetios; tthe\efflupt rapme fif8t portion of cation
downstr e?sm of s arleg%ne?am gllrl]ltnﬁl)i)glpgaer}geﬁed t%r%rﬂ sau}c bed ar(ljdesgﬁgamd rf]rlurgl] %le regeneratlon cycle;

(d) saving eat_:h portion, except the first portion, of cation regenerant solution to be used as a
portion of cation regenernf solution in the subsequent cycle wherein portion number m is saved to be used
as portion number m-1 {m minus one) in the subsequent cycle, wherein 2<m<n;

(e) displacing the cation regenerant solution present in said cation exchange bed by introducing

20 thereto a displacement rinse consisting of plural portions being numbered from 1 to q, wherein q is an
integer > 1 and portion number q is provided by fresh rinse, in sequence in a down-flow direction; saving
the effluent of the first portion of displacement rinse to be used as the last portion of cation regenerant

3 : in the subsequent cycle, the concentraﬁon of said last portion of éation regenerant solution being adjusted;
and saving the effluent of each of the remaining portions of displacement rinse to be used as a portion of

25 displacement rinse in the subsequent cycle wherein portion number p is saved to be used as portion number
p-1 {p minus 1) in the subsequent cycle, wherein 2<p<g;

(f) regenerating said anion exchange bed by introducing thereto a first portion of anion regenerant
solution consisting of plural portions being numbered from 1 to n’, wherein 0’ is an integer > 1, from an
upper part of the resin accommodated therein in a down-flow direction, the backwash rinse remaining in

30 said anion exchange bed being expelled therefrom; .

(g) further regenerating said anion exchange bed by introducing in sequence the remaining portions
of anion regenerant solution thereto in a down-flow direction, the effluent of the first portion of anion
regenerant solution being expelled from said bed and separated from the regeneration cycle;

{h) saving each portion of anion regenerant solution to be used as a portion of anion regenerant

35 solution in the subsequent cycle wherein portion number m’ is saved to be used as portion number m’-1

* [ L M H *

{m" minus one) in the subsequent cycle, wherein 2<m’ <n’;

KIERDED SHEET



timngof discontinuance of the final rinse. 20 r TJUSl997/Apl 21 O
apparatus for a deionization and regeneration system

further conprising a granul ar activated carbon begﬂgggngr; of sal

ani on exchange bed: 20. Ap apparatus for a deionization and

regeneration systemaccording to Claim 15, further conprising one or

nmore of the follow ng d%ﬁlﬁhﬁ':g the anion reuenerant solutlon present in SaidTamion lexchanpeciet lhy dntmlmemm
bed preceding said cation exchange

type polisher bieretp g dispacermegt dnse W“%ﬁq‘l‘ﬂd’ﬁ pg@maﬂﬁézelmmhered from 1 to g, A whirdie § 9 wai
a weak base ani giandeXohai ﬂtﬁtloh‘ﬁﬂnbl?frqeﬁ Pravided bySfdsKrinds) inQsBquBne& i 2 G- ﬂi&dlrecﬂmsavmg

a weak acid cation exchange bed fol [ ow ng said ani on exchan

wherei n said onthe eﬂ'uqnb?féhmﬂsmf&?"eﬂf |dﬁl',‘l§?“t9@}r’!9§°éﬂ be ysed 3¢ %'ﬁiﬁzﬂ? ‘!“d’g auiqy 'F‘H'?ﬂa“t
steps cogrespongi tﬁ}%uﬁs&uéﬁ d cbncentration Of JaM akt Jﬁﬁiﬂn &%nn‘?ﬁéﬁeﬁéfaﬁ@ﬁWtuaﬁ Béing abjiisted! €P

(vii), said final rinse | l)ker circulate hr ough said one or nore beds
in 30 series. andsaving the efﬂuengqf each of the, regpinjag pastions of @pla«gn%ruymozbameg As  pastion of

regeneration sy E |
exchange bed pagﬁxﬁ%ﬁ n't sg%qus.(né glﬁgléererm epgrltlun number p’ is savedth b@useds ip6tiion nun(lhlgr)

an ani on exchangd (hiesﬂ\upabkﬁdsmmtan¢leawhm2ﬁm§a resin, said anion exchange
bed being pl aced ) Grgatnge Of.rnllﬂr'?]i&s%?t{r u@ésam:ﬁﬂ\ Geﬂtahd‘%gid GridnaRRah Eelﬁﬁ’ﬂ sw@?

(c) a collection su Inse to be circulate
appar at um, sai dincaodoweiéw direction, wherein said cationsenciwngiled iisplaced upSireare andi saih anigntenchangé d
cation eXChangeb&%?pl%eﬂdo%vﬁs't%an%gﬁdon exchange bed and optionally
{k) recirculating said final rinse until the quality of rinse discharged from either cation or anion
f"§ exchange bed reaches a predetermined level.
11. A method for minimizing wastewater discharge according to Claim 10, wherein steps (b) to (e) are
15 performed simultaneously with steps (ﬂ.to (i)

12. A method for minimizing wastewater discharge according to Claim 10, wherein said ion exchange
regeneration system further comprises a filtration device to filter out impurities from the service flow, prior to the
regeneration cycle. _

13. A method for minimizing wastewater discharge according to Claim 10, wherein, in steps (b) and

20 (f), the separated effiuent of backwash is saved to be used as part of the final rinse.
14. A method for minimizing wastewater discharge according to Claim 10, wherein said ion exchange
regeneration system further comprises one or more of the following beds: '
3 ' a metal-selective resin bed preceding said cation exchange bed;
a mixed-bed type polisher bed following said anion exchange bed;
25 ~ a weak base anion exchange bed preceding said anion exchange bed;
a weak acid cation exchange bed following said anion exchange bed, and

wherein steps corresponding to steps (b) to (f) or steps (f) to (i} are performed on said one or more beds,
and, in step (), said final rinse is further circulated tI;rouuh said one or more columns in series.

15. An apparatus for a deionization and regeneration system, comprising:

30 (a) a cation exchange bed packed with cation exchange resin;
{b) an anion exchange bed packed with anion exchange resin, saiﬂ anion exchange bed being placed
in series with said cation exchange bed;
{c) a collection sump for storing water or rinse to be circulated in the apparatus, said collection
sump being in connection with said cation exchange bed and said anion exchange bed and optionally

35 _ provided with a bypass line bypassing said collection sump, so that said water or rinse can be circulated

* c L M S *

in a loop via said collection sump or said bypass line;
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-33- .= | ._ provided with a bybaés l'ine bypaSS| 009 c/ Qll 21 0
sunp, so that said water or rinse can be circul ated fﬂcTEﬂA}ISUS 17 3”(!_) qgg‘;

via said collection sunp or said bypass |ine;
plural tanks for storing cation regenerang. solution, said tanks being
placed in a row and nunbered from1 to n, wherein n is an

integer > 1, at |easty Qig Ghksh &Ji'in;{ catidl Qb@hﬁﬁ\?‘ sofdtibr) sdd ﬁh@rﬂeﬁﬁbh@ in a row and

i nj.ector, each tank bei'ng In connection Wth said.cation ex W th
a common |ine sourtbaed frem] te n, wherein n is an integerca 1. ableast @gl@w@heahbemewmeg%h # sfigmisa
circulated in a r

ani on regener an trllegfér 7 gach tank being.in, connection wgl(la Isaﬁdgcagf‘\)aeéglkﬂdlé Eédg;n?gvkﬁgﬁﬁ finé® S0t \Gid
nunber ed from 1 cetisn mgenadalirselumn canbg cicgvlatedrin 2ok > 1, at | east one of which is
provided with a chem . 1 nj CR:

connect i oll'rqvI W th-said @ﬁ""{)al ‘“é“>‘<%’ﬁ%‘r¥‘b’2° Blgd(?%mﬁ %ﬂgm&ug@ﬁgar'\& F‘F‘&rgiehggdoﬂ%ﬁdam K mlw and
anion 10 numbereemmertan,t wieein ntis amintegen e atlbastene at whichi in pravided with a chemical

B of 7% o i bk e B 1

parallel to sai dedemfinbsofitivh cai IRIcirdilstedintailaap r egener ant sol uti on and
I ncorporated in said

cation regenerant sol fli@t 55t o8 denk for 5‘"’&‘5?1"8%’“’5@%’”%’(% a@e,gg%one thold Of"f{e‘?t' r@ﬁé fﬁd at

one tanki@nd saijghstdabltafilcheln mfpirﬁlﬁlho saidntarks focsteting cationrepeiemat siatioh bral ||inarpdraled iogaid
sai d cation exchange bed an fro

wherei n said soupipdorped "VF@S‘FF"? f"h’é'g‘“q ‘éat'??d??ﬂ@?@&aﬂfmmé?fd °"§FF fnge "@@éﬁ“ at lepst
(g) at |east Oneona ?débk ardR6id Sdulé thlﬁst@Ehmﬁ’ iconidctaé &R bottoh BERiId cadi ennangmm ade

of fresh rinse, sai | east one tank being in_parallel ?
‘s d tanks for shelol nwgerechfrom 1o aguheein spid souese of i Tresh yinsa 8 numered a which is-aq integers3 1:y
'oop formed by said t Né?eam eﬁﬁk(?ﬁr'sﬂﬁngaaﬂiblp&?spﬁ&ﬂﬁﬂﬁﬁs@%d ii\@lsdﬂcb offred\fhsé FAidlat
ani on exchange bed, | eas one tank and sai d source of

~fresh rin8e bei nlysm;ln trok beingl intperaliehte syittapks fiar storing apion repanerapt s@'k*@h AWQ'PS°'B'§‘H°%§?' 20

bei ng nunb d f
q :ngc H ul o e;ﬁ ] Enog'ﬂlr&uedtlﬁ fﬂd tall3 §dr Stofig %ﬁ&nqeg%ﬁ%ﬁﬁlutﬁ? argdrsﬁﬁ Bhidh! gﬂ:ﬁﬁ% bgg ?ﬂgﬁtqe'agd

adapted to be conmeank ouil said sewre of fresh dese bejngicennected 4o the beitom %éﬁlﬁ)wﬂt‘ @xchange bed and
being pl aced, dolpemg Hn%am {2 ﬁ' wﬁé?eﬁn' sl sdurtl Wnﬂ@ﬁg nunihﬁ}eﬁﬁlvﬂchltpﬂﬁntégw g8d

by said tanks fo orrng ca regenerant sol uti on and said
cati on exchange bed; (h) a feed compartment adapted to be chngctqq tq ancaytsige systam.: seid feed gempprtresnt

to be co %0 ect ed It:emg glace(? Ldm.-.mst(rje%m o said €4Thon é%(eﬂaﬂ;e Blﬁ%’ said 1659 WM{:‘ Laid tanks for storing cation
regenerant solution and said cation exchange bed;
_ (i) a feed compartment adapted to be connected to an outside system, said feed compartment
3 being placed, downstream of said anion exchange bed, in said loop formed by said tanks for storing anion
regenerant solution and said anion exchange bed;
25 () an air-purging blower being in connectiocn with the tops of said cation and anion exchange beds;
{k) a flow controlling system for backwashing and reqeneréting, said system capable of controlling
the regeneration cycle as follows:
(i) purging the solution present in said cation exchange bed therefrom with air from said
air-purging blower; _ |
30 (ii) introducing in sequence each portion of cation regengrant solution accommodated in
tank numbers 1 through n to said cation exchange bed in an up-flow direction;
{iii) discarding the effluent from the portion from tank number 1 to said feed
compartment, and moving the effluent from each portion from tank numbers 2 through n, back
to tank numbers 1 through n-1 (n minus one) shifted forward by one tank;
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25.: .= bei ng placed, downstream of said ani on SIS bed, 7401 210
Ioop formed by said tanks for storing anion

solution and said ani on exchange bed; ‘ﬁéﬁ% ;r'?wml- 1997
control ling systemfor backwashing and reggenerating, said system capable of
control ling the regeneration cycle as foll ows:

(1) circulating backwash rdvﬂﬁt?ud&%ﬁ&ﬂ%&é’éé%ﬂu doﬁumﬁﬁ'cﬁ'noﬁQikdlﬁéiﬂehﬂiasemm&memgh

said cation 30 ani on ‘exchange beds in an up-flo

di rection; tank number 1 through number q of fresh yinse fe et catiom exchapgeched, ifle¥cw- f@‘&ch
portion of cation regﬁgﬁz&?nt sol ution accommodated in

tank numbers 1 throug 0 said cation exchange bed in a down-flow
direction; (v) moving the effluent from the partjon s dispigepment sinseraccopmpdated indapk

the porti 8 n fromtan wgnﬁe”??ﬂck 1’0 fafk nﬁlﬂﬂepn Efc%tk fe@é nbrant 3 wherenbthe concentratlon of the

after the" backwash ri enalning 1n sai I on exchange I's pushed
back to said col | ect i regendsdnt chemical in said cation regenerant slutions adjusted usiog sajdghenticel injector, endnt

umber e 1 Chr ough n 1 oRiRe 6 AENSRCTA o b el 7 R0l B s, bkt o

- 34- _ number 1 .th'rouuh number q{1 i{q/shins rehe) ehifted fangard by opempmben inctheecycle and
portion of cation displ acm rynse acc
perg

tank numbers 1 through nu g S*H’ég'ﬁsmg" ?‘33 @gf {y) qn_spid gnion ¢ °§°$‘FF£%%"& g

inad 0W'10f | ow () a flow controllmg system fbr firSifig, kaill”tystem capable of controliing the rinsing cycle in such

(0 009 00 o]l o e hedh i o A

regenerant sol ut hediand s4d Fhi6h eAchhrige bed G e ' EdowhRovPdiredtioe
"'\ | 16. An apparatus for a deionization and rogeneratinn system according to Claim 15, wherein said
o cation exchange bed is placed upstream and said anion exchange bed is placed downstream.
15 17. An apparatus for a deionization and regeneration system according to Claim 15, further comprising
a filtration device to filter out impurities from the service flow, downstream of Said collection sump.

18. An apparatus for a deionization and regeneration system according to Claim 15, wherein the flow
controlling system (I) comprises a conductivity monitor, downstream of said anion exchange bed, for determining the
timing of discontinuance of the final rinse.

20 19. An apparatus for a deionization and regeneration system according to Claim 15, further comprising
a granular activated carbon bed upstream of said anion exchange bed.
20. An apparatus for a deionization and regeneration system according to Claim 15, further comprising
3 one or more of the following beds: '
a metal-selective resin bed preceding said cation exchange bed;
25 " a mixed-bed type polisher bed following said anion exchange bed;
a weak base anion exchange bed preceding said anion exchange bed; and
a weak acid cation exchange bed following said anion exchange bed, and
wherein said one or more beds are incorporated in the apparatus so that steps corresponding to steps i}
to (vi) can be performed, and, in step (vil), said final rinse is further circulated through said one or more beds in
30 series. . .
21. An apparatus for a deionization and regeneration system, comprising:
(a) a cation exchange bed packed with cation exchange resin;
{b) an anion exchange hed packed with anion exchange resin, said anion exchange bed being placed
. in series with said cation exchange bed;
35 {c) a collection sump for storing water or rinse to be circulated in the apparatus, said collection

sump being in connection with said cation exchange bed and said anion exchange bed and optionally
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regenerant chem cal in sai d cation regenerant sol uti OI]'TIUSdJ &t?ed’@slr(gl 0
said chem cal injector, and novi f f‘tggr?
each portion fromtank nunber 2 through nunmber q of frEEWI Q'E,LL

to tank nunber 1 through nunber g-1 (g mg4us one) shifted forward by ene

t ank; (vi) performng steps corresponding to
steps (i) to (v h & biRs i iR RAP t said wat be circulafelf)
a flow controll %’rﬁg&g?/@t em ﬁ?s rlﬁnm ng, gdg‘%go syst séorlr@%as?)'ag 3 or]gmsggzﬂ\t re(l):"cullang
thé rinsing cyciinea ipoy via said collection sump oy saithbgassing: as t o (vii) circulate final
rinse acconmodat ed |

exchange bed and sai gd ) ?ﬁ*agﬁmgggrﬁ%%hg&b'ed%ﬂ&gg%@' ?ﬁd gnﬁ%'hd)ﬁm in a row and

di rection. numbered from P 29 n, whergin naq)pldntgqeus' 1f atrleast ae pfowtiich ds providedawith a chemical
regeneratd on sy ol [ e ge
bed (a) |ds pl acik&?pg%ﬁg@?nwrﬁdﬁ %ﬁg%%#me% é’géhcgeh gggdg%tg apﬁ"@@(}e‘c’ﬂpso iﬁﬁ@?ﬁﬁ‘
downst ream 15 cation regenerant 3dution can Aeciraylgialrims loap; f or a dei oni zati on and

i Praton devt e o oRas nd, o s kel fobfn, SO Balp g nh row

downstream of saumbered frbre ¢ tté o, wiktsin.is an integer > 1, at IeastZaha of whmhris mrpvilad withus cHemical a

geton 22 | o0 A0 LESSHCLAL LRSSk el ) Sy BE o S

downst r eggn of S gbgdneraif gamuﬁmmmlaﬁeﬁ,am‘mr deter m ni ng the ti mng of
di sconti nuance of the final r rat.us for

dei oni zati on and regdfat st BA “’gég‘[ g?ﬂ“&ﬁ’é'?)"rwlﬂ‘iﬂ“"f“b"@ a'i'drﬂ"gi""@% ritesfisinse, said at

conpri sing QeaStf oRgHdhiHeingPih géréilélttﬁﬁldQﬂkbﬁﬂt&ﬁﬁﬂcaﬂdﬁ%énﬁﬁﬁﬂsﬂiﬁtmﬁﬁid‘ii!cﬁﬁhkdﬁﬁl in said
exchange bed. An apparatus for a deioni zation, and

reégenerati on syJt0afarmed by sai, tﬂﬁj’ fl“b"@'ﬂa'i’ﬂﬁ“!“:ﬂ“"l’ﬂr‘!"ﬂ@# ang aigatiog exchange bed, s3iat jpast

nore of the fol |oﬂ¥"laﬂgalﬁ‘§ﬂ§soutce of fresh nnse bemg connected to thebol¥Bh &¥ saif @4tRA bichaRpe' 8 and
bed preceding sald cation exchan a m xed- bed

type pol 1&her bewing eumbesedifreg 1sta W ghgmn s oyrethef {igeh rigseds numbered g which is an integer > 1;
k b
a weak base ani on ex oo s biedak it iy Ao RSkt s, %aacdaﬂmee B Fen B8] sid at

a weak acid cation exchange g” anl on exc
wherein said ondeasronmnlebeluemardleleto saifctankp tor storing anion rqaweraupwmrdylcqmramatsmd

steps corres po_nﬂ& PI natfﬂ b? Stk | 'fu'r %tonn{; ari Q?Sn\ﬂaﬂt stidtion 2 sEidnk oE Eééﬁ;aﬁ%? b Said dt Tbast

step (vii), sai Inse 1s rcula ed t hrou one or nore
beds in 30 seri eme tank and said source of fresh rmse bemg connected to the bottom nf said anion exchange bed and

20 being numbered from 1 to g, wherein said source of fresh rinse is numbered g which is an integer > 1;
{h} a feed compartment adapted to be connected to an outside system, said feed compartment

being placed, downstream of said cation exchange bed, in said loop formed by said tanks for storing cation

-~ regenerant solution and said cation exchange bed;
B () a feed compartment adapted to be connected to an outside system, said feed compartment
25 being placed, downstream of said anion exchange bed, in said loop formed by said tanks for storing anion

regenerant solution and said anion exchange bed;
(i) a flow controlling system for backwashing and regenerating, said system capable of controlling
the regeneration cycle as follows: .
(i} circulating backwash rinse accommodated in said collection sump through said cation
30 ‘and anion exchange beds in an up-flow direction; .
(ii) introducing in sequence each portion of cation regenerant solution accommodated in
tank numbers 1 through n to said cation exchange bed in a down-flow direction;
{iii) moving the effluent from the portion from tank number 1 to said collection sump
after the backwash rinse remaining in said cation exchange bed is pushed back to said collection
35 sump, and moving the effluent from each portion from tank numbers 2 through n, back to tank
numbers 1 through n-1 (n minus one) shifted forward by one tank;
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(iv) introducing in sequence each portion of cation displacement rinse accommodated in
tank numbers 1 through number q of fresh rinse to $aid cation exchange bed in a down-flow
direction; |

(v} moving the effiuent from the portion of displacement rinse accommodated in tank
number 1 back to tank number n of cation regenerant solution, wherein the concentration of the
regenerant chemical in said cation regenerant solution is adjusted using said chemical injector, and
moving the effluent from each portion from tank number 2 through number q of fresh rinse, back
to tank number 1 through number g-1 (g minus one) shifted forward by one tank;

(vi) performing steps corresponding to steps (i} to (v) on said anion exchange bed; and
{k) a flow controlling system for rinsing, said system capable of controlling the rinsing cycle in

such a way as to {vii} circulate final rinse accommodated in said collection sump through said cation

exchange bed and said anion exchange bed in series in a down-flow direction.

'22. An apparatus for a deionization and regeneration system according to Claim 21, wherein said
cation exchange bed (a) is placed upstream and said anion exchange bed is placed downstream.

23. An apparatus for a deionization and regeneration system according to Claim 21, further comprising
a filtration device to filter out impurities from the service flow, downstream of said collection sump.

24, An apparatus for a deionization and regeneration system according to Claim 21, wherein the flow .
controlling system {k) comprises a conductivity monitor, downstream of said anion exchange bed, for determining the
timing of discontinuance of the final rinse.

25. An apparatus for a deionization and rsgeheration system according to Claim 21, further comprising
a granular activated carbon bed upstream of said anion exchange bed.

26. An apparatus for a deionization and reﬁeneration system according to Claim 21, further comprising
one or more of the following beds:

a metal-selective résin bed preceding said cation exchange bed;

a mixed-bed type polisher bed following said anion exchange bed;

a weak base anion exchange bed preceding said anion exchange bed; and
a weak acid cation exchange bed following said anion exchange bed, and

wherein said one or more beds are incorporated in the apparatus so that steps corresponding to steps (i)
to {vi) can be performed, and, in step (vii), said final rinse is further circulated through said one or more beds in

series.
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(57) Abstract

A method for minimizing wastewater discharge generated in an jon exchange regeneration system having a cation exchange bed

(7) and an anion exchange bed (8), which methed is characterized in that all of the segments of regenerant and displacement rinse are

recirculated in a commion loop, and shifted forward by one position, whereby the first segment is discarded in the subsequent cycle, and

the last segment in the subsequent cycle is provided by fresh rinse, while chemicals are added as necessary, and in final rinse cycle, rinse

t;bow: through the cation exchange bed (7) and the anjon exchange bed (8) in seties, and recirculates in a loop, thereby eliminating over 90
of waste,




