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METHOD AND APPARATUS 

FDR MINIMIZING WASTEWATER DISCHARGE 

BACKGROUND 

5 Field of the Invention 

This invention relates to a method and apparatus for a regeneration system for ion exchange beds used in 

deionization or demineralization of rinses such as circuit board rinses, aqueous cleaner rinses, plating/anodizing rinses; 

and tap water deionization systems, and panicularly to that allowing for highly minimizing wastewater discharged 

from regeneration systems. 

10 Baclcpround of the Art 

Ion exchange technology has long been employed for the effective removal of objactionable ions from 

solutions. Applications include the exchange of hardness for sodium (softening) of bicarbonates for chlorides 

ldealkalizing), of cations and anions for hydrogen and hydroxyl ions (demineralization). 

Ion exchange technology does faciUtate a moderate reduction of volume by concentrating the impurities to 

· 15 be removed from water. Regeneration with brine, acid and/or 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 riew developments that can be employed to reduce the liquid volume of regenerants. 

25 These are of significance it the waste is a non-dischargeable or hazardous material such as heavy metal salts. 

Approaching 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 without channeJing. Backwash flows for cation exchangers are typically 6 

30 gpm par ft2 of bed area. For a typical three foot bed depth recommended by manufacturers, this amounts to 2 

gpm/ft3• 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 approxinately 0.50 lbs (active) per gallon. With re enerant levels of 6-8 lbs ft3 an avera e of 15 allons of waste 

are produced. REPLACED SHEETS SG 
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The next step is the displacement rinses to propel the regenerant through the beds. These rinse volumes 

are typicaUy 2-3 BV or 15-20 ga0onslft3. Following the displacement rinse, a rapid rinse is employed at full flow 

to purge the residual regenerants from the system and prepare the bed for next cycle. This is referred to as the 

quality rinse and can average 30 minutes for each resin at 2 gpm/ft3. A typical cycle therefore generates the 

5 regeneration waste consisting of the following: 

···········--······-············-·····-····-·······-······-·-···-··-··-·-··········-···-···· 
CATION ANION 

·-··-··············-········--·············-·-··-··-··········-···············-···············-···· 
Backwash 40 gals. 15 gals. 

10 Chemical Draw 15 gals. 15 gals. 

Displacement 20 gals. 20 gals. 

Ouatity Rinse 60 gals. 60 gals. 

TOTAL 135 gals. 110 gals. 

15 ·-·············-···-···············-·--·······-················-··································-··· 
(1 Bed Volune - 7.5 gals • 1 ft3t 

Hence the regeneration waste total for a conventional system typically add up to 18 BV tor a cation, and 

14.7 BV for an anion. 

20 Prior attempts to reduce waste volume have employed reuse of regenerants. U.S. Patent No. 5,352,345 

to 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 purification 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 compficated. Membranes used for alactrodialysis 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 overaH 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% ot the total waste). 

U.S. Patent No. 4,652.352 to Carl J. Saieva disclases a process for recovering metals from dilute solution 

utilizing ion exchange in combination with ammonium sah 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 

. regeneration solution which flows in the counter-currant direction is reused following electrolytic recovery of the 

me1als 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 Hquid or solid waste requiring disposal is generated. 
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However, in the above process, the system is designed simply for removal of metals, not for minimizing the 

waste itself created by the ion exchange columns. For the above purpose, the special device, i.e., the electrolytic 

recovery system is used. Further, the system has serious drawbacks, i.e., sinple removal of the metals cannot 

render the water reusable because the solution contains metal salts such as copper chloride, copper sulfate, nickel 

5 chloride, and nickel suit ate, and the other half ot the metal salts after removal of the metals will keep accunwlating, 

raising the level of dissolved solids in the rinse tanks, and causing serious quality problems. In addition, in the 

regeneration procedure. no rinse cycle is mentioned, meaning that the regenarant is stiU in the resin bed. To reuse 

the resin, the raganerant must be rinsed out of the resin 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 reduced. Further, the use of ammonia salt regenerant is not advisable for workers due 

ta its fumes. 

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

15 third of the regenerant wm be overly diluted by the existing water in the resin column and the water in the void 

volumes between the resin beads. This is sent to waste. The second 1/3, being the most spent, would also be sent 

to waste. The final 113 is suggested for reuse as the first third of the subsequent chemical draw cycles. Thus, 

the reuse of regenerant is limited to recycling only 113 of the entire chemical draw cycle. 

SUMMARY OF THE tmNTIOI 

20 The present invention has uploited a technology to significantly raduce overall waste volume generated in 

any deionization or demineralization system. regardless of the degree of contamination, including rinsing systems for 

circuit boards, aqueous cleaning, plating/anodizing, and tap water deionization systems, without the necessity of 

devices such as an electrodialyzar for rejuvenation of the spent regenerant. An objective of the present invention 

is to provide a process of reducing the liquid volume waste of ion exchange regenerants to approximately 1 BV per 

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

Namely, one imponant aspect of the present invention is a method for minimizing wastewater 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 regenarant 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 ponion of cation 

regenerant solution by introducing 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 ta regenerate said resin; (c) further regenerating said cation 

exchange bed by introducing in sequence each portion 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 

35 separated from the regeneration cycle; (di saving the effluent of each portion, except the first portion, of cation 

ragenerant solution to be used as a portion of cation regenerant solution in the subsequent cycle in such a way that 
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portion number m is saved to be used as portion number m· 1 Im minus one) in the subsequent cycle, wherein 2 :s;; 

m ~ n; (e) preparing a displacement rinse: If) displacing the cation regenerant solution present in said cation exchange 

bed with said displacement rinse by introducing said displacement rinse to said cation exchange bed in an up-flow 

direction, and saving part of the effluent of said displacement rinse to be used as part of the displacement rinse in 

5 the subsequent cycle; (g) preparing plural portions of anion regenerant solution in sequence, said portions being 

numbered from 1 to n', wherein n• is an integer > 1; (hi backwashing and regenerating said anion exchange bed with 

the first portion of anion regenerant solution by introducing said portion to said anion exchange bad in an up-flow 

direction at a rate sufficient to reclassify said resin accommodated in said bed and to regenerate said resin; Ii) further 

regenerating said anion exchange bed by introducing in sequence each portion of anion regenerant solution thereto 

10 in an up-flow direction, whereby the effluent of the first portion of anion regenerant solution is expelled from said 

anion exchange bed and separated from the regeneration cycle: UI saving the effluant of each portion of anion 

re9enerant 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'; (k) preparing a displacement rinse; (I) displacing the anion regenerant solution present in said anion 

15 exchange bed with said displacement rinse by introducing said displacement rinse to said anion exchange bed in an 

up-flow direction, and saving part of the effluent of said displacement rinse to be used as part of the displacement 

rinse in the subsequent cycle, wherein steps la) through (f I are pert armed prior to, sinultaneously with or after steps 

(g) through (I): (ml circulating final rinse through said cation exchange bed and said anion exchange bed in series in 

a down-flow direction; and (n) recilculating said final rinse until the quality 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) comprises preparing plural portions of displacement rinse, said portions being numbered from 

1 to q', wherein q• is an integer > 1, in which portion number q is provided by fresh rinse; and wherein step (I) 

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 11change bad 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 portion of anion regenerant solution being arfiusted, and (iiQ 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 Ip' minus 

1) in the subsequent cycle, wherein 2 s p' sq'. For the cation exchange bed, steps (e) and If) are preferably 

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

i.e., counter-current regeneration if service flow is down-flow. According to the above method, over 90% of 

wastewater conventionally discharged from regeneration systems can be reduced. 

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

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

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

exchange bed accommodating anion exchange resin, said method comprising the steps of: (al backwashing said cation 
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and anion exchange beds by circulating backwash rinse through said cation and anion exchange beds in an up-flow 

· direction. and recirculating said backwash rinse; (b) preparing plural portions of cation regenerant solution in sequence, 

said ponions being numbered from 1 to n, wherein n is an integer > 1; (c) regenerating said cation exchange bed 

with the first portion of cation reganerant solution by introducing said portion to said cation exchange bed from an 

5 upper part of the resin accommodated therein in a down-flow direction, whereby the backwash rinse remaining in 

said cation exchange bed is expelled therafrom and separated from the regeneration cycle (e.g., sent back to a 

collection sump or feed tank); (d) further regenerating said cation exchange bed by introducing in sequence each 

portion of cation reganerant solution thereto in a down-flow direction, whereby the effluent of the first portion of 

cation regenerant solution is expelled from said bed and separated from the regeneration cycle; le) saving each ponion 

1 D of cation regenerant solution to be used as a portion of cation 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 :s: m :Sn; If) preparing a displacement rinse; (g) displacing the cation regenerant solution present in said 

cation exchange bed with said displacement rinse by introducing said displacement rinse to said cation excnange bed 

in a down-flow direction, and saving part of the effluent of said displacement rinse to be used as part ot the 

15 displacement rinse in the subsequent cycle; (h) preparing plural portions of anion regenerant solution in sequence, said 

portions being numbered from 1 to n', wherein n• is an integer > 1; (ij 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 a down-flow direction, whereby the backwash rinse remaining in said anion 

exj:hange bed is expelled therefrom and separated from the regeneration cycle; til further regeneratin11 said anion 

20 exchange bed by introducing in sequence each portion of anion regenerant solution thereto in a down-flow direction, 

whereby the effluent of the first portion of anion regenerant solution is expelled from said bad and separated f ram 

the regeneration cycle (e.g., sent back to a coHection sump or feed tankl: (k) saving each portion of anion regenerant 

solution to be used as a portion of anion reganerant solution in the subsequent cycle in such a way that portion 

number m· is savad to be used as portion number m'· 1 (m' minus onet in the subsequent cycle, wherein 2 :S m' ~ n': 

25 (II preparing a displacement rinse; (ml displacing the anion regenerant solution present in said anion exchange bad 

with said displacement rinse by introducing said displacement rinse to said anion exchange bed in a down-flow 

direction, and saving part of the effluent of said displacement rinse to be used as pan of the displacement rinse in 

the subsequent cycle, wherein steps (b) through lg) are performed prior to, simultaneously with or after steps lhl 

through (mJ; (n) circula1ing final rinse through said cation exchange bed and said anion exchange bed in series in a 

30 down-flow direction; and lol recirculating said final rinse until the quality of rinse discharged from either cation or 

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

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

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

comprising: II) displacing the cation 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; Ill) saving the effluent of the first portion of displacement rinse to 
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be used as the last portion of cation regeneration solution in the subsequent cycle, the concentration of said last 

portion of cation regenerant solution being adjusted: and (Ill) 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 one) in the subsequent cycle. wherein 

5 2 s; p s; q. for the anion exchange bed, steps II) and Im) are preferably performed in the same manner as steps (f) 

and (g), respectively. According to the above method ldown.flow regeneration), nearly 90% of wastewater 

conventionaUy discharged from regeneration systems can be raduced. 

In the above·mentioned methods, i.e., up-flow regeneration and down-flow regeneration, when the ion 

exchange regeneration system further comprises a filtration device to filter out inpurities from the service flow, prior 

1 O to the regeneration cycle, the necessity of backwash is abated, thereby further reducing the waste volume. 

In addition, the methods can readily be adapted to a system which 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; a weak base anion exchange bed preceding said anion exchange bad; and a weak 

acid cation exchange bad foUowing said anion exchange bed, wherein the regeneration and displacement steps are 

15 performed on said one or more bads, and, in the final rinse step, said final rinse is further circulated through said 

one or more columns in series. 

Another objective of the present invention is to provide an apparatus for efficiently conducting the above 

methods. Namely, another inponant 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; (bl an anion exchange 

20 bed packed with anion exchange resin, said anion exchange bad being placed in series with said cation exchange bad: 

{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 bad and said anion exchange bed and optionally provided with a bypass line 

bypassing said coUaction 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 ton, 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 cation regenerant 

solution can be circulated in a loop; (el plural tanks for storing anion regenerant solution, said tanks being placed 

in a row and numbered from 1 ton, wherein n is an integer > 1, at laast one of which is provided with a chemical 

injector, aach tank baing in connection with said anion exchange bed with a common line so that said anion 

30 regenerant solution can be circ11latad in a loop: If) at least one tank for storing cation displacement rinse, and one 

source of fresh rinse, said at least one tank being in paraDel 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 rinse 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 q which is an intager > 1; (g) at least 

35 one 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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anion regenerant solution and said anion exchange bad, said at least one tank and said soll'ce of fresh rinse being 

connected to the bottom of said anion exchange bed and being numbered from 1 to q, wherein said source of fresh 

rinse is numbered q which is an integer > 1; (h) a feed compartment leading to an evaporator tank or an outside 

system (e.g., batch treatment), said feed companmant being placed, downstream of said cation exchange bed, in said 

5 loop formed by said tanks tor storing cation reganerant solution and said cation exchanoe bad; m a feed compartment 

leading to an evaporator tank or an outside system (e.g., batch treatment), said teed compartment being placed, 

downstream of said anion exchange bed, in said loop farmed by said tanks for storing anion regenerant solution and 

said anion exchange bed; 6> an air-purging blower being in connection with the tops of said cation and anion 

exchange beds; (k) a flow control6ng system for backwashing and regenerating, said system capable of controlling 

10 the regeneration cycle as foUows: 

(i) purging the solution present in said cation exchange bed therefrom with air from said air-purging blower; 

Iii) introducing in sequence each portion of cation ragenerant solution accommodated in tank numbers 1 

through n to said cation exchange bed in an up· flow direction; (Oil discarding the effluent from the portion 

from tank number 1 to said feed companment, and moving the effluent from each portion from tank 

15 numbers 2 through n, back to tank numbers 1 through n· 1 In minus one) shifted forward by one tank; liv) 

introducing in sequence each portion of cation displacement rinse accommodated in tank number 1 through 

number q of fresh rinse to said cation exchange bed in an up-flow direction: M moving effluent from the 

portion of displacement rinse ac:c:ommodated in tank number 1 back to tank number n of cation regenerant 

solution, and moving effluent from each ponion of number 2 through number q of fresh rinse, back to tank 

20 number 1 through number q·1 (q minus one) shifted forward by one number in the cycle; and (vi) performing 

steps corresponding to steps (i) to M on said llllion exchange bed; and 

Ill a flow controlling system for rinsing, said system capable of controRing 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 bad 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 daionization 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; (cl 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; Id) plural tanks for storing cation reganarant solution, said tanks being placed in a row and numbered from 1 

to n, wherein n is an integer > 1, at least one ot which is provided with a chemical injector, each tank being in 

connection with said cation exchange bed with a common Hiie 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 a chemical injector, each 

tank being in connection with said anion exchange bed with a common line so that said anion regenerant solution 
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can be circulated in a loop; (fl at least one tank for storing cation displacement rinse, and one source of fresh rinse, 

said at least one tank being in paraUet to said tanks for storing cation 1egenerant solution and incorporated in said 

loop formed by said tanks for storing cation regenerant solution and said cation exchange bad, said at.least one tank 

and said source of f rash rinse being connected to the bottom of said cation exchange bed and being numbered from 

5 1 to q, wherein said source of fresh rinse is numbered q which is an integer > 1; (gt at least one tank for storing 

anion displacement rinse. and one source of fnsh 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 anion regenerant 

solution and said anion exchange bed, said at least one tank and said source of fresh rinse being connected to the 

bottom of said anion exchange bed and being numbered from 1 to q, wherein said sourc1 of fresh rinse is numbered 

1 D q which is an integer > 1;. (hi a feed compartment leading to an evaporator tank or an outside system (1.g., batch 

treatment), said feed compartmant 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; (Q a feed compartment leading to an 

evaporator tank or an outside system (e.g., batch treatment), 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 

15 exchange bed; tjl a flow controlling system for backwashing and regenerating, said system capable of controlling the 

regeneration cycle as follows: 

Ii) circulating backwash rinse accommodated in said coftection sump through said cation and anion exchange 

beds in an up.flow direction; (ii) introducing in sequence each portion of cation regenarant solution 

accommodated in tank numbers 1 through n to said cation exchange bed in a down-flow direction; (iiij 

20 moving the effluent from the portion from tank numb Br 1 to said feed compartment after the backwash 

rinse remaining in said cation exchange bed is pushed back to said coUection sump, and moving the effluent 

from each portion from tank numbers 2 through n, back to tank numbers 1 through n· 1 In minus one) 

shifted forward by one tank; !iv} introducing in sequence each portion of cation displacement rinse 

accommodated in tank numbers 1 through number q of fresh rinse to said cation exchange bed in a 

25 down-flow direction; (v) moving the effluent from the portion of displacement rinse accommodated in tank 

number 1 back to tank number n of cation reganerant solution, and moving the affluent from each portion 

from tank number 2 through number q of fresh rlnsa, back to tank number 1 through number q· 1 (q minus 

one) shifted forward by ona tank; Mt performing steps corresponding to steps (ii to (v} on said anion 

exchange bed; and · 

30 (kt a flow controlling system for rinsing, said system capable of controlling the rinsing cycle in such a way as to 

(viii circulate final rinse accommodated in said coUaction sump (or circulate final rinse through said bypass 

fine) through said cation exchange bed and said anion exchange bed in series in a down-flow direction. 

When the above apparatus further comprises a filtration d1vice to filter out impurities from the service flow. 

downstream of the coHection 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 tining of discontinuing regenaration can 

be appropriately determined. The apparatus preferably comprises a granular activated carbon bed for removal of 
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organics. In addition, the apparatus can comprise 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; a weak base 

anion exchange bed preceding said cation 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 regeneration steps can 

5 be performed, and final rinse is further circulated through said one or more beds in series. 

In the above method and apparatus of the present invention, in the regeneration cycle, irrespective of 

whether regeneration is counter-current or co-current, all of the segments of the regenerant and the displacement 

rinse are recirculated in a common loop, and shifted forward by one place in the subsequent cycle, whereby the first 

segment is discarded in the subsequent cycle, and the last segment in the subsequent cycle is provide by fresh rinse, 

10 whHe chemicals are added as necessary (progressive displacement cycle). In this way, waste can be drastically 

minimized. Further, in the final rinse cycle, rinse flows through the cation exchange bed and the anion exchange bed 

in series, and recirculates in a loop, wherein deionized water is produced in each bed by using opposite ion, thereby 

performing the final rinse without discarding any rinse !internal rinse cycle). Hitherto, typical ion exchange systems 

produced significant amounts of waste when they regenerated. By using the regeneration system of the present 

·15 invention. 90% of the typicaUy generated waste can be eliminated. The wastewater finally discharged in the present 

invention contains the impurities removed in the service cycle, and can either be concentrated further by evaporation 

and or treated by conventional hydroxide precipitation. The residue from evaporation and the precipitate from 

hydroxide precipitatiun can be sent to metal recyclers due to the high metal content. The effluent from the 

precipitation process would meet the discharge limits set by the Environmental Protection Agency (EPA and local 

20 authorities), i.e., the discharga Hmits on the concentration of various metals in waste streams. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 is a schematic view showing an embodiment of counter-current up-flow regeneration of the 

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

FIGURE 2 is a schematic view showing an embodinent of counter-current down-flow regeneration of the 

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

f IGURE 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, a pair of 

strong base anion exchange beds, and a pair of weak acid cation exchange 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 6 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 exchange bed, and an anion exchange bed are 

placed in series. 
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FIGURE 6 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 strong acid cation exchange bed, a strong base anion 

exchange bed, and a weak acid cation exchange bed are placed in series. 

FIGURE 7 is a schematic view showing an embodiment of counter-current down-flow regeneration of the 

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

placed in series. 

10 

FIGURE 8 is a schematic view showing an ambodinant of co-current down· flow 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. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There are several ways that reducing waste volume ta a certain degree can be conceived.. For example, 

as described above, regenerant solutions can be reduced by partially recycting the chemical draw to the system. 

However, only 113 of the chemical draw can be recycled, if control devices are not used. In addition, counter-current 

regeneration or regenerant flaw 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, efmination of the backwash cycle is not feasible: otherwise, dirt and debris 

in the columns cannot be eliminated, or channe&ng may occur. All of the above conceivable steps combined may 

20 reduce waste volumes by 30-40%. Stil, 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 fiquid can be easily reduced to 1 BY (or 7 .5 gallons per cubic foot of 

resin) or less, i.e., approximately 1110 of the waste volume in the conventional systems. 

In the prasent invention, the regeneration system functionally comprises the steps of backwash, chemical 

25 draw, displacement rinse, and quality rinse, although it is not necessary to separately perform these steps. 

Sys tam 

The present invention can be adapted to any daionization or demineralization system, which includes rinsing 

systems for circuit boards, aqueous daaning, platingfanodizing, and raw water deionization system, regardless 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 into 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 lcation 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 connecting related equipments, pumps, and flow control systems. There are four main looped channels: The first 

channel is for a service cycle, i.e., process - collection sump (-+ activated carbon)- cation exchange bed - anion 
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exchange bed - process. The second channel is for a cation exchange bed regeneration cycle, i.e., (cation 

regenerant solution tank or displacement rinse tank) - cation exchange bed .... (cation regenerant solution tank or 

displacement rinse tank). The third channel is for an anion exchange bed regeneration cycle, i.e., (anion regenerant 

solution tank or displacement rinse tank) - anion exchange bed - (anion regenerant solution tank or displacement 

5 rinse tank). The fourth channel is for a quaUty rinse cycle, i.e., collection sump or inlet of a recirculation pump 

(bypassing the collection sump) - cation exchange bed - anion exchange bed - collection sump or inlet of the 

recirculation pump. In up-flow regeneration (counter-current regeneration when service flow is down-flow), backwash, 

chemical draw, and displacement rinse cycles can be performed in the second and third channels. In down·flow 

regeneration (co-current regeneration when service flow is down-flow), a backwash cycle for the cation exchange 

1 O bed can be pert ormed in an up-flow direction using the fourth channel without passing through the anion exchange 

bed whHe that for the anion exchange bed can be performed in an up.flow direction fuHy using the fourth channel 

(if service flow is up-flow, backwash can be omitted). Chemical draw and displacement rinse cycles in the down-flow 

regeneration can be perfonned in the second and third channels. In the second and third channels, in principle, all 

of the ragenarant and the displacement rinse are circulated, and shifted forward by one place in the subsequent 

15 cycle, whereby the first segment is removed in the subsequent cycle, and the last segment in the subsequent cycle 

is provided by fresh solution. Rinse (final rinse) is performed in the fourth channel and flows through the cation 

exchange bed and the anion exchange bed in series. 

In DI ion exchange systems, a cation exchange bed is normally placed upstream of an anion exchange bed. 

The reason is that the anion resin converts all anions to the hydroxide species and the hydroxide species of most 

20 divalent metals (including calcium, copper, tin, lead. etc.) are insoluble. Tberafore, if these were introduced to an 

anion bed, they would precipitate and foul the resin. In some systems, the anion can be used first, for example, 

if sodium form cation resin is used first to soften the incoming industrial rinse so as to remove the divalent metal 

therefrom. 

In order to constitute a more time-efficient system, the use of a pair of ion exchange columns is 

25 advantageous, i.e., placing two beds in parallel In that system, one ion exchange column, which 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 

column and various types of polymeric adsorbents (Rohm & Haas XAD series adsorbents), and a filtration device can 

30 be installed upstream of the cation column in this order in order to further minimize the waste volume more 

efficiently. 

As 1he ion exchange resin, unifonn bead size resin is preferably employed in order to more efficiently 

minimize rinse watervoluma requirements. Resin beads are narmaDy 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 resils are typically sized in the ·30 +45 mesh range. The more 
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uniform the bead, the less rinse and regenerant contact time needed. Therefore, by using a more uniform bead, 

waste volume can be reduced more. For example, Purolite PFC· 100 and PFA-400 can be preferably used. 

ln the initial part ot the regenerant introduction, there is some fitting of the bad for loosening and cleaning. 

However, as regeneration proceeds, the resins expand and the bed becomes •packed". In the case of a 

5 counter-currant regeneration, Le., an up-flow regeneration (service flow is normaBy down-flow), not much room is 

required for backwash so that a smaffer tank can be used of which there is almost no room at the top, thereby 

minimizing backwash and regeneration solution. There is only enough room for the resin to fluff up. 

Further, one of or any combination of a metal-selective resin cotumn preceding the cation column, a mixed 

bad type polisher column after the anion column, a weak base anion column preceding the anion column, and a weak 

10 acid cation column following the anion column can be installed, depending on the quality of industrial rinses and the 

target treatment. 

The end of the system is an evaporator tank or an outside system such as a batch type precipitation 

system. into which the final waste tlows. The final waste is concentrated attar being subjected to further treatment 

it necessary. In the present invention, the waste volume is very small, and thus only a very low-volume evaporator 

16 tank is required, and concentration is vary 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 aqueous 

cleaner rinses having traces of heavy metals, pobllers used in metal hydroxide precipitation systems, and raw water 

to be deionized can be treated. 

20 flow rate is generaUy 4 to 10 ;pm per ft2 of bed area and 1 to 2 gpm per ft3 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.flow can be 

employed depending on the target industrial rinses. the overaD treatments, and other factors. 

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

25 cycle. That is, pre-filtration is done to reduce the particulate load going to the resin bads which in turn, reduces 

the needs for backwashing. For pre-filtration, granular activated carbon is suitable. Howaver, a particulate tilter 

such as mult~media or cartridges can also ba used. The granular activated carbon also serves to reduce the organic 

load which is problematic for the anion resin. If pre-filtration is conducted, backwashing is modified to accomplish 

reclassification only, thereby eventually reducing the waste volume. 

30 Regeneration Cycle 

After discontinuing the service cycle in the system lif two pairs of cation and anion exchange beds are 

installed in paraUel, one pair of exhausted beds is subjected to regeneration cycle while the other pair of beds is put 

into service in tum). a regeneration cycle starts. There are two functional approaches to regeneration of deionization 

systems, one being referred to as counter-current regeneration in which the direction of service flow and that of 

35 regeneration flow are opposite, the other being referred to as co-current regeneration ill which the direction of service 

flow and that of regeneration flow are the same. There are also two operational approaches to regeneration of 
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deionization systems, one being referred to as up·flow regeneration In which regeneration is conducted in an up-flow 

direction, the other being referred to as down-flow regeneration in which regeneration is conducted in a down-flow 

direction. The up-flow and down-flow regeneration methods can be app6ed to both up·flow and down-flow service 

systems, i.e., irrespective of the direction of the service flow. However, counter·current regeneration is normally 

5 more efficient than co-current regeneration because the integral of the ion exchange rate from the illet to the outlet 

i3 normally greater in counter-current regeneration than in co-current regeneration. If up-flow regeneration and 

down-flow regeneration are compared, down-flow regeneration is normally preferred since two liquids having differem 

densities (such as backwash rinse and regenarantl are not merged easily at the boundary, and reganerant can easily 

flow down by taking advantage of gravity. Thus, the descending order of significance may be: 1) up-flow service 

10 cycle and down-flow regeneration (counter-current down-flow regeneration), 2) down-flow service cycle and up-flow 

regeneration fcounter·currant up·flow regeneration), 3) down· flow service cycle and down-flow regeneration fco-current 

down-flow regeneration), and 4) up-flow service cycle and up-flow regeneration (co-current up-flow regeneration). 

However, in consideration of the fact that down·flow service cycle is much more common than up-flow service, the 

above 2) may be more important in industry. Although the relative direction of regeneration. counter·current or 

15 co-current, is more important than the absolute direction of regeneration, up-flow or down-flow, the operation of 

regeneration of the present invention will be explained based on the absolute direction, since the operations of 

counter-current up-flow regeneration and co-current up-flow regeneration are substantially the same, and the 

operations of counter-current down-flow regeneration and co-current down-flow regeneration are substantially the 

same. 

20 Regeneration processes typicaly comprise backwash, chemical draw, displacement rinse, and final rinse. 

Each proc:ess can be independently controlled. For example, backwash is co-current (always up-flow) and the other 

processes are counter-current, chemical draw is counter-current and the other processes are ca-current, etc. 

However, matching the direction of each flow is beneficial. In a typical embodiment, backwash is up-flow, chemical 

draw and displacement rinse ere either up-flow or down-flow, and final rinse is down-flaw. The final rinse is usuaDy 

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 flow can be employed, 

two typical embodiments, i.e .. up·flow regeneration and dawn-flow regeneration, wiU be explained below. 

Up-flow Reganentian 

30 In a preferred embodiment of up-flow regeneration, backwash, chemical draw, and displacement rinse are 

performed in an up-flow direction (final rinse is d"iscussed later). Counter-cur.rent up-flow regeneration is generally 

better than co·current up-flow regeneration in terms of minimization of waste; the former readily achieves over 90% 

savings, as compared with the latter. Up-flow regenerant is effective since resin •t1uffing" which is a very short 

backwash step is achieved by up-flow regenerant flow. Fluffing fifts the bed so that the resin can readjust itself 

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

In up-flow regeneration, backwash can be performed simultaneously with chemical draw, i.e., backwash and chemical 
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draw can be combined, and both are performed by a single cycle. By using a filtration device upstream of ion 

exchange beds during a service cycle, it is possibla to minimize the necessity of a lengthy backwash. In that case, 

the main function of backwash is a "fluffing" of the ion exchange beds. 

One approach to minimization of waste is air purge prior to regeneration to reduce the eff acts of dilution 

5 on tutal waste volume. Hitherto, in a DI system, backwash simply started upon discontinuance of service cycle, 

meaning that f ult of untreated water which remained in the beds was expelled by backwash water which was usu a Ry 

raw water, and discarded along with the backwash water. With this system, water purged out with the air is 

pushed back into a collection sump which will be processed later. By conducting the air purge, it becomes easy to 

separate the two, i.e., water to be reused and regenerant to be discarded, thereby reducing the waste volume. 

10 1. First Portion of Rapner1nt 

In this embodiment, backwash and chemical draw are combined. After emptying an ion exchange bed, a 

first portion of regenerant (dilute chemii:aU is introduced to the bed from the bottom at a rate such that the bed is 

reclassified and regenerated simultaneously. In other words, backwash is performed with regenerant. Through 

reclassification of the bed by fluffing up the resin, mass transfer zones which are developed by service flow are 

15 redistributed, thereby regaining the fuU column capacity of the resin. Although the flow rate of the regenerant for 

backwash and regeneration varies according to the bed density, flows for cation exchangers and for anion exchangers 

are typically 1.5 to 2.5 gpm per tt2 and 0.5 to 1.5 gpm per ft2 of bed area, respectively. For a typical three foot 

bed depth, this amounts to 0.33 to 0.66 gpmfft'. When a resin bed is backwashed, the smaUer beads go to the 

top and the coarser ones to the bottom. By having all of the beads of one size close together, 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 injection step. In order to compact the bad during 

up-flow regeneration, either a mechanical or hydrau6c device must compact the bed by pushing in the opposite 

direction. In the case of a "packed" bed, the media is "locked in" by filling the bed almost completely. As the resin 

expands during regeneration, It fiRs the balance, thus compacting it and eliminating resin mobility assuring regenerant 

25 utiflty. In this regard, interrup.ted flow fpulse flow) is advantageous, espaciaRy when up-flow regeneration, hitherto 

requiring mechanical means to secure the bads, is employed, since pulse flow tends not to move the ion exchange 

resin. In this way, complicated mechanical maans to secure the beds can be eliminated. In addition, by employing 

pulse flow, the amount of regenerant can be reduced, meaning that the waste volume finally generated in the systam 

wiR be significantly reduced. Pulse flows for cation exchangers and for anion exchangers are typically 1.5 to 2.5 

30 gpm per ft1 and 0.5 to 1.5 gpm per ft3 of bed area, respectively at an intarval of 30·60 seconds. 

In the present invention, 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 later. The first ponion of regenennt is rich 

in chemicals and discarded from the system. In a preferred embodiment, only the first portion ot the regenerant in 

the system wBI be discarded, which is usually one BV. 

35 2. Ramaining Portions of Reganerant and Portions of Displacement Rinse 
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After the first portion af regenerant is introduced, the second portion af regenerant is introduced ta the 

bed from the bottom. After the second portion of regenerant is spent, it is saved to be used as the first portion 

of regenerant in the subsequent chemical draw cycle. If regenarant is composed of two portions, i.e., the first half 

and the second half, the second half of regenerant is saved to be used as the first half of the next chemical draw. 

5 The second half of regenerant is the first portion of displacement rinse used in the previous displacement cycle, 

meaning that the first portion of displacement rinse descnbed below is saved to be used to make up regenerant 

chemicals for chemical draw. In brief, one cycle can run as fallows: 

(a) preparing plural portions of regenerant in sequence, said portions being numbered from 1 to n !where 

n is an integer > 1, usually 2:Sn:S4, typically n-2, if n is increased, the system becomes complex and efficiency 

10 is lessened); 

(b) backwashing and regenerating an ion exchange bed with the first portion ot regenerant by introducing 

said portion ta said ion 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 ion exchange bed by· introducing in sequence each portion of cation regenarant 

15 solution thereto in an up-flow direction, whereby the effluent of the first portion of cation regenerant solution is 

expelled from the cation exchange bed and separated from the regeneration cycle, e.g., discarded to a f aed 

compartment for evaporation; 

(d) saving the effluent of each portion, except the first portion, of cation ragenarant solution to be used 

as a portion of cation regenerant solution in the subsequent cycle in such a way that the effluent at portion #m 

20 12 s m s n) is saved to be used as portion #Im· 1) in the subsequent cycle; 

(a) preparing displacement rinse, preferably plural portions of displacement rinse, said portions being 

numbered from l to q (where q is an integer > 1, usuanv 2 sq s 4, typically q-3, if q is increased, the system 

becomes complex and efficiency is lessened), in which portion number q is provided by fresh rilse; 

(f) displacing the regenerant present in said ion exchange bed with said displacement rinse preferably by 

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

(g) saving part of the affluent of displacement rinse, preferably the first portion af displacement rinse to 

be used as the last portion of regenerant (#nl 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 (hi preferably saving the effluent of each of the remaining portions of displacement rinse ta be used as a 

portion of displacement rinse in the subsequent cycle in such a way that the effluent of portion /Ip (2 s p s qi is 

saved to be used as portion #Ip· 1 J in the subsequent cycle; 

(i) performing steps corresponding to steps {al to (hi on said other ion exchange bed. If a cation exchange 

bed and an anion exchange bed are treated simultaneously, treatment time can be significantly reduced. 

35 In the above, one portion is usuaUv equivalent to ane .ev. 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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displacement rinses was not adopted, since the dirtier the water, the more capacity is used up and the less the 

cleaning effect on the resin. The circulation system of the present invention solves the above problem. 

Chemical draw is typically carried out at concentrations of 4-6% or approximately 0.50 lbs (active) per 

gallon in the conventional processes. In the present invention, concentration of ragenerants is increased, for example, 

5 to 6-8%. This concentration is kept at precise levels with the help of concentration monitors and a chemical 

injection pump which adds the proper regenerant chemicals. The concentration of chemical in each column, therefore 

is consistent for proper regeneration. Typical ion exchange system utlize regenerant chemicals at 4-5%. An 

increased concentration helps minimize waste water volume. Although approximately 6% typifies the concentration 

in the present invention, properly controlled, ragenerant concentrations can be pushed all the way up to 15 to 20%. 

10 However, the higher the concentration, the lower the volume of regenerant. There are certain minimum contact times 

needed for adequate regeneration. If the volume is tao smal~ even at a higher concentration, the contact time is 

too short and poor regeneration resuhs. Systems that use very high concentrations also use very high volumes and 

produce a lot of water. Normal practical limits may be a low of 2% and a high of 12.5%. For example, as the 

chemicals for chemical draw, HCI, H2SO.., NaOH, and NaCl can be used. Regeneration is typically carried out at 

15 flow rates of 0.25 ta 1.0 gpm per ft3• 

As the final displacement rinse, tap water is used. However, since there are soma basic incompatibilities 

with raw water and NaOH, decationized water would be used to regenerate the anion. 

Interrupted flow (pulse flow) is also advantageous in the displacement cycle as it is advantageous in 

backwash and chemical draw, especially when up-flow regeneration is employed. 

20 Dawn-flew 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 direction using a different channel, and recycled in a loop. The loop of backwash for the 

cation exchange bed is as follows: collection 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, 

i.e., the flow rate is typically 6 gpm per ft3 for cation exchange beds, 2 gpm/ft3 tor 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 collection sump. 

30 Chemical draw and displacement rinse can be performed in a similar way to that in up·flow regeneration. 

Regenerant and displaCemant 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 above the resin in the bed, which is filled with 

untreated water. Ragenerant introduced just above the resin can automaticaly move downward. In brief, similar 

to up-flow regeneration, down-flow regeneration can be conducted as foHows: 

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

anion exchange beds in an up-flow direction, and recirculating said backwash rinse; 
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{b) preparing plural portions of regenerant in sequence, said ponions being numbered from 1 to n (where 

n is an integer > 1, usually 2s n~4. typically n-2, if n is increased, the system becomes complex and efficiency 

is lessened), whereby the backwash rinse present in said cation and anion exchange beds are expelled therefrom, 

and separated from the regeneration cycle, e.g., moving it to a collection sump for the subsequent process; 

5 (c) regenerating said ion exchange bed with the first portion of regenerant by introducing said portion to 

said ion exchange bed from an upper part of the resin accommodated therein in a down-flow direction; 

Id) further regenerating said ion exchange bed by introducing in sequence each portion of cation regenerant 

solution thereto in a down-flow direction; 

(e) saving the effluent of each portion, except the first portion, of regenerant to be used as a portion of 

10 regenerant in the subsequent cycle in such a way that the effluent of portion llm (2 s ms n) is saved to be. used 

as portion #lm-1) in the subsequent cycle; 

If) preparing displacement rinse, preferably plural portions of displacement rinse, said portions being 

numbered from 1 to q (where q is an integer > 1, usually 2sqs 3, typically q•3, it q is increased, the system 

becomes complex and efficiency is lessened), in which portion #q is provided by fresh rinse; 

15 (g) displacing the cation ragenerant solution present in said ion exchange bed with said displacement rinse 

preferably by introducing each portion in sequence to said ion exchange bed tram an upper part of the resin 

accommodated therein in a down-flow direction; 

· {h) saving part of the affluent of displacement rinse, preferably the effluent 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 last 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 effluent of each of the remaining portions of displacement rinse to be used as a 

portion of diSP1acement rinse in the subsequent cycle in such a way that portion #p 12 s p :s; q) is saved to be used 

as portion #(p· 1) in the subsequent cycle; 

25 ij) performing steps corresponding to steps (b) to ti) 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 both, 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 gpm/ft3. Fmal rinse can be parformed in cation and anion exchange beds in series as follows: 

(A) circulating the final rinse 1hrough the cation exchange bed and the anion exchange bed in series in a 

down-flow direction; and 

(Bl 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 to the final rinse. This 

rinse is an internal rinse, all of which is recirculated. 
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Excess chemicals left after displacement are rinsed out and picked up by the opposition resin, resulting in 

using up the capacity of the resin. However, the benefit of minimized water volume outweighs the above minor 

drawbacks. That is, there is some loss of capacity due to the tact that the rinse waters are recirculated. Excess 

acid in the cation rinse becomes an exhaustant for the anion. Excess caustic becomes an exhaustant for the cation. 

5 If the capacity of the resin is roughly equal to 2 lbs of regenerant, and there is 2% regenerant left in the resin after 

the displacement rinses (equal to 0.16 lbs}, then 8 to 10% ot the total capacity wHI be lost while reducing the rinse 

volume by 30-40 gallons (4-6 BV). This is not a significant loss as compared with the great benefit of reduction 

of the total waste volume. Deionized water readily picks up caustic acid and efficiently neutralizes rinse discharged 

from ion exchange beds. When the conductivity of the rinse is below a predetermined level, regeneration is complete, 

10 and the service cycle is resumed. 

Combination nf The Processes 

Each of the features contributes soma level of waste water reduction. The primary savings comes from 

the recycled backwashes and the internal rinses. Cation resins use a lot of water for backwashing compared to 

anions. However, anions use more for rinsing. Approxinately 70% of the waste volume can he reduced by 

15 employing the recirculated rinse, while approximately 26·76% of the waste volume can be reduced by partially reusing 

reganerant. When some of the processes are combined, reduction become more significant due to synergistic effects. 

In down·flow regeneration, by employing the recyded backwash, the progressive displacement cycle of chemical draw 

and displacement rinse, and the recirculated final rinse, it is possible to achieve approximately 85·90% 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: 

25 

1. Recycled backwash or backwash-combined chemical draw 

2. Recirculated final rinse 

3. 

4. 

Air purging 

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

5. Uniform beads 

6. 

1. 

8. 

Pre· filtration 

Packed beds 

Counter·current regeneration 

9. Progressive displacement rinses 

10. Increased reganarant concentration 

Other Processes 

A metal-selective resin column, a mixed·bed type polisher column, a 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 copper, nickel or zinc, it is generally 
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necessary to use a selective resin to break this chelate. Other forms of complex metals do not require it. tf the 

meta~selective resins are used to do some of the "roughing", the deionized system may not have to work as hard. 

A granular activated carbon bed is normally equipped for removal of organics. 

If ultra-high purity water is n11dad, a mixed-bad is generally used. Mixed-beds are preferably avoided 

5 because they are difficult to regenerate and use a lot of water. Instead, a weak acid cation pofisher can be used 

to pick up any cations that leak through. 

Weak acid cation polishers can be used to remove traces of sodium that may leak from conventional cation 

systems. Sodium can be "bumped" off the cation by heavy metals which are more selectively held. In this case 

the polisher picks up mainly sodium. However, if the cation loading is excessive, the polisher may simply serve as 

10 reserve capacity. 

Weak base resins may be used with cation only or in front of strong base anion columns. 

EMBODIMENT 1: Counter-Current Up-Flow Reaeneration System 

figure 1 is a schematic piping system showing an example of a basic deionizing and regenerating system 

adapted to the present invention, in which counter-currant up-flow regeneration is adopted. Although a carbon 

15 column is preferably installed upstream of a cation exchange bed, it is omitted in this system •. 

Service Cycle 

Rinse 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 retums 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 tram the top 

via a valve C 1. The tlow rate is monitored by a flow meter 4. The cation exchange rinse water is discharged from 

the bottom of the strong acid cation exchange lied 7, and enters a strong base anion exchange bed 8 from the top 

via a valve A 1. The anion-exchanged rinse water is discharged from tha bottom of the strong base anion exchange 

25 bed 8, and returns to the process via the service outlet 27 through valves A 13 and W7. 

Preliminary Traabnent 

After the pump 5 is turned off and the service cycle is discontinued, a regeneration cycle is initiatad. 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 1 and then into the enion exchange bed through a valve A 1, and expels the 

30 remaining rinse water of the service cycle out of the exchange beds 7 and 8 via the valve A 13 and a valve A9, 

whereby the rinse water goes back to a collection sump 2. All the rinse waler in the bads 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. Valves 

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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of the previously used acid solution (the second half of the acid solution) as explained later. The speed of the flow 

is sufficiently slow to regenerate the resin with W, but fast enough to lift the rasin and reclassify it and to pick 

up any dirt if prasent. At this end, this flow functions as backwash with acid solution. When the water level of 

the acid solution in the first acid tank 18 is low and reaches a predetermined level, a valvt H5 is opened and a valve 

5 H4 is closed. The second half of the acid solution starts flowing and antering the cation exchange bed 7 via the 

pump 21 and tits valve H7. As an additional aspect, the acid solution can be circulated via a valve HO, the tank 

19, and the pump 21. Since the acid solution is the first solution, the acid solution picks up a significant portion 

of the metals from the resin, and thus the acid solution is fed into the feed companmant 11 via a valve El and then 

"oes to an evaporator-holding tank 12 via a valve E3. The above flow is conducted as the second half of the acid 

1 O solution enters the cation exchange bad 7 and expels the remaining first half of the acid solution therefrom. This 

waste volume accommodated in the feed compartment 11 is controlled by a level switch provided in the feed 

compartment 11, as described below, so that the volume can be approximately equivalent to one bed volume, Le., 

the volume of the first half of the acid solution. 

The acid concentration of the solution in the second acid tank 19 is adjusted by introducing acid 

15 concentrate to the second acid tank 19 (the adjusted concentration is approximately 8%1. When the water level of 

the acid solution in the second acid tank 19 is low and reaches a predetermined lave~ the valve HS is closed, and 

a valve R3 is opened, and than the cycle proceeds to a displacement rinse cycle. 

At a predetermined low level in the •s" compartment of a displacement rinse tank 20 (cation rinse tank), 

a valve R3 is closed and a valve R1 is opened. The acid solution in the system, Le., in the bed 7 and the piping, 

20 is continuously expelled and transferred to an evaporator faad tank 11. When the level of the spent acid solution 

reaches a predetermined level in the evaporator feed tank 11, the valve E1 is closed, and the flow diverts to the 

first acid tank 18 with a valve H 1 open. The acid solution in the first acid tank 1 B 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 halt of the acid solution is stHI 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 H2 is closed and valve H3 is opened with flow 

going to the displacement rinse tank 20. 

Displacement Rinse Cycle 

When the level of the second 113 of the cfisplacement 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 113 of 

the displacement rinse via the valve C3, thereby expeffing the second t/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 113 of the displacement 

rinse in the section B overflows to the section A, and is saved to be used as the first 113 of the displacement rinse 

in the subsequent displacement cycle. After being used, the third 113 of the displacement rinse (raw water) is fed 

35 into the section B of the displacement rinse tank 20, and when reaching a predetermined level in the section A, the 
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valve H3 is closed. In this way, the third 1/3 of the displacement tinse is saved to be used as the second 113 of 

the displacement rinse in the subsequent displacement cycle. 

In brief. the first half of the acid solution, the second half of 1he acid solution, the first 113 of the 

displacement rinse, the second 113 of the displacement rinse, and the third 113 of the displacement rinse are each 

5 shifted by one place ahead in the subsequent cycle. That is, the first half of the acid solution is to be discarded; 

1he second half of the acid solution is saved to be used as the subsequent first half of the acid solution; the first 

1/3 of the displacement rins~ is saved to be used as the subsequent second half of 1he subsequent acid solution; 

the second 113 of the displacement rinse is saved to be used as the subsequent first 113 of the displacement rinse; 

the third 113 of the displacement rinse is saved to be used as the subsequent second 113 of the displacement rinse; 

10 and raw water serves as the third 1/3 of the displacement rinse. This svstem is called •progressive displacement". 

As a result, only the first half of the acid solution, i.e., one bed volume, is discarded from the system. 

The above regeneration ot a cation exchange bed is preferably cenducted sinultaneously with that of an 

anion exchange bed, thereby increasing the efficiency. 

Anion Excha119a Bad Regeneration Cycle 

15 The 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 (NaDHI 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 alkaUne solution in a tank 23 starts flowing via the valve NS. 

20 The second half of the alkaline solution starts flowing and entering the anion exchange bed 8 via the pump 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 to 

a feed compartment 28 via a valve E2 as follows: At a predetermined low level in tank 23, the valve N5 is closed 

and the valve R2 is opened, displacement rinse starts flowing into the bed 8, and pushes the alkaline solution present 

25 in the bad 8 out of the system. This solution expelled from the system corresponds to the first portion of alkaline 

solution. At a predetermined high level in the evaporator feed ta.nk 28, a valve E2 is closed and a valve N1 is 

opened, thereby diverting the alka6ne so .. tion flow to the tank 22 (the solution accommodated in 1he feed tank 28 

will go to the evaporator-holding tank 12 via a valye E41. At a predetermined high level in the tank 22, the valve 

Nl 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, valve 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 8, 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 displacement rinse in the subsequent cycle. The third portion of displacement rinse is saved to be used as the 

second portion of displacement rinse in the subsequent cycle. 

35 Duality Rinse (Final Rinsel Cycle 
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After displacamant rinse, the pumps 21 and 25 are shut off. A small amount of alkaline solution still 

remain in the bed 7, and thus quafity rinse is performed at fun flow to purge the residual regenerants from the 

system and prepare the beds for the next cycle. The pump 5 is activated, and water for quality rinse from the 

collection sump 2 is permitted to flow through the filter 3, the flow meter 4, the valve C1, the cation exchange bed 

5 7, the valve Al, the anion exchange bed 8, and the valves A13 and A9 in saries via the service flow path ldown· 

flow raganerationl, and the quality rinsa is recirculatad until the electric conductivity of the rinse discharged from 

the anion exchange bed 8 is sufficiently low to initiate service flow. The conductivity of the rinse can be measured 

by a conductivity monitor 26. 

Whan the conductivity of the rinse discharged from the bad 8 reaches a predetermined leve~ regeneration 

10 is completed, and the system is back in service. In the above quality rinse cycle, no wastewater is produced. All 

of the rinse is recirculated in the system. 

EMBODIMENT 2: Counter-Current Down·Flow Reoenaration System 

Figure 2 is a schematic piping system showing an example of a basic deionizing and regenerating system 

adapted to the present invention, in which counter-current down-flow regeneration is adopted. A regeneration cycle 

15 is basically the same as that of up-flow regeneration described earlier, and thus detaled explanation wiH be omitted. 

However, service flow is conducted in an up-flow direction which is opposite to the direction in up-flow regeneration 

shown in figure 1. Further, valves All and CB are installed to expel the existing water !backwash rinse) from the 

beds 7 and 8 to the coHection sump 2 prior to regeneration. 

Service flow is performed in an up-flow direction via the coUection sump 2. the pump 5, the filter 3, the 

20 flow meter 4, a valve C9, the cation exchange bed 7, valves Cll and A14, the anion exchange bed e, valves A13 

and W7, and the service outlet 27. 

Backwash for the cation and anion exchange beds 7 and 8 is performed in an 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 C 11 and A 14, 

the anion exchange bed 8, the valves A 13 and A9, and the collection sump 2, when the valves Cl 0, C7, A 12, A 10, 

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 valve C7, and the tanks 1811912D. The progressive 

displacement cycle of chemical draw (anionl and displacement rinse is performed in a down-flow direction in a loop 

via the pump 25, the valve N7, the anion exchange bad 8, a valve A10, and the tanks 22123124. Since air-purging 

30 is not conducted in the down-flow regeneration, before the above regeneration cycles start in the loops, the first 

volume from each of the beds 7 and 8, which is backwash rinse remaining in each of the beds 7 and e, is diverted 

to the collection sump 2 via the valves CB and A 11. The timing of opening and closing the valves CB and A 11 can 

be calculated, and controlled by a PLC. Fital rinse is performed in a down-flow direction in a loop via the pump 5, 

the filter 3, the flow meter 4, the valve CS, the cation exchange bed 7, the valves C11 and A 14, the anion exchange 

35 bed 8, the valves A 13 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 monitor 26. 
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EMBODIMENT 3: Counter-Current Uo·flow Regeneration Dual·Line System 

Figure 3 is a schematic piping system showing an example of a deionizing and regenerating system adapted 

to the present invention, in which counter-current up-flow regeneration is adopted. A regeneration cycle is basically 

the same as that of up.flow regeneration described earlier (Figure 1), and thus detailed explanation w~I be omitted. 

5 In this embodiment, the system comprises 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, and a granular activated carbon bed 6. 

Two pairs of strong acid cation and strong base anion exchange beds are employed so that when one pair of them 

is exhausted, the other one is put into service, and the exhausted pair is subjected to a regeneration cycle. When 

the exhausted pair is regenerated, and the in-service pair is exhausted. the former pair is put into in service, and the 

10 latter pair is subjected to a regeneration cyde. For example, when the strong acid cation exchange bed 7 and the 

strong base anion exchange bed 8 are exhausted, a valve 65 is closed, and a valve 66 is opened. Water to be 

treated in service flows via a valve C2, a strong acid cation exchange bed 13, a valve A2, a strong base anion 

exchange bed 14, valves AB and Wt, a weak acid cation exchange bed 9, and the valve 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 for 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 bad 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 ft3 of •pfC· 1 OO·H" (product 

25 name, Purolite Co., PhUadelphial was used as the strong acid cation resin. 5 ft3 of PFA-400-0H (product name, 

Purolite Co., Phltadelphia) was used as the strong base anion resin. 5 tt3 of C· 105·H (product name, Purolite Co., 

Philadelphia) was used as the weak acid cation resin. 6 ft3 of 8X3 coal based acid washed IATOCHEM, Oklahoma) 

was used as the granular activated carbon. Ametek™ 4"x20"-spun banded polypropylene (AMETEK, Connecticut) 

was used as the filter. Rinse to be deionized had a conductivity of 1,700 pS·cm". Service flow was conducted via 

30 the pump 5, the tntar 4, the flow meter 3, a valve 61, the carbon bed 7, a valve 65, the valve C1, the bed 7, the 

valve Al, the bed 8, the valve A7, a valve Wt the bed 9, and a valve W7. After 10 hours of operation with the 

strong 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 

µS·cm· measured by a conductivity monitor 261, meaning that the beds 7 and 8 had bean 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 bads 7 and 8 which were then 
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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 GS and A7, and opaning and the valves 66 and AS, so that procass 

water started flowing through the beds 13 and 14 instead of the beds 7 and 8. Based on the piping in Figure 3, 

service flow and regeneration flow can be conducted simultaneously, without any obstacle. Regeneration of the bads 

5 7 and 8 was conducted as follows: 

First, the air purge blower 10 was turned on and air was introduced into the strong acid cation exchange 

bed 7 via the valve 01, thereby the remaining water in the system was expelled and returned to the collection sump 

2 via the valves Al, A9, and SB. The pressure of the air was 80 psig. A progressive displacement cycle was then 

started. In each of the first acid tank 18 and the second acid tank 19, 37 .5 gallons of 8% HCI solution was 

10 accommodated. In each of the compartments A and B of the displacement 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 solution 

was accommodated. In each of compartments A and B of the displacement rinse tank 24, 37.5 gallons of solution 

was accommodated. 

The first portion of acid solution in the first tank 18 (the first cation regenerant aolution) was fed into the 

15 strong acid cation exchange bed 7 at a rate of 2.5 gpmlft3 via the valve H4, the pump 21, and the valve H7 (the 

valve El was opened). When the level switch in the tank 18 was on, the valve H4 was closed and the valve HS 

was opened, and acid solution accommodated in the second acid tank 19 (the second cation regenerant solution) was 

continuously fed Into the system at a rate of 2.5 gpm/ft3• When the level switch in the tank 19 was activated; the 

valve H5 was closed and valve R3 was opened. Displacement rinse accommodated in the compartment B (the first 

20 displacement rinse) of the tank 20 was continuously fed into the system at a rate of 2.5 gpmlft3
• When the level 

switch in the compartment B was turned on, the valve R3 was closed and the valve Rl was opened, thereby feeding 

displacement rinsa accommodated in the compartment A (the second displacement rinsel of the tank 20 into the bed 

7. As the third displacement rinse, fresh rinse accommodated in the collection sump 2 was fed into the bed 7 from 

the bottom at a rate of 2.5 gpmlft3 via a pump 5', a filter 3', a flow mater 4', and valves S3 and C3. Meanwhile, 

25 the effluent was discharged from the top of the bed 7 via the valves C5 and E1, and when the level switch in the 

feed compartment 11 was turned on, i.e., the volume 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 valva Hl, thereby introducing the effluent of the second cation 

regeneration solution into the first acid tank 18. When the level switch in the tank 18 was turned on, the valve 

30 Hl was closed and the valve H2 was opened, thereby introducing the effluent 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 tha tank 16. Whan the level switch in the tank 19 was turned on, valve H2 was closed 

and valve H3 was opened, thereby introducing the affluent of the second displacement rinse into compartment B of 

the tank 20. The effluent in companment 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 
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regenerated. The flow rate was 1.25 gpm/ft3. The solution in the feed compartments 11 and 28 was transferred 

to the evaporator-holding tank 12 where the pH of the solution was adjusted and the solution was concentrated. 

In the final rinse cycle, water was circulated in the system at a rate of 3 gpmlft' for 10 minutes via the 

pump 5', the filter 3', the flow mater 4', the valves S3 and Cl, the bed 7, the valve A 1, the bed 8, the conductivity 

5 monitor 26, and the valves A9 and S7. The conductivity measured by the conductivity monitor 26 was changed 

from 1,000 µS·cm· at the beginning to 2 µS·cnf. This level showed that the beds were regenerated. 

WhUe the beds 7 and 8 were in the regeneration cycle, the beds 13, 14, and 9 were in service. By 

comparing the conductivity measured by a conductivity monitor 30, indicating the final conductivity, and a 

conductivity mnni1or 29, indicating the conductivity prior to the weak acid cation exchange bed 9, the timing of 

10 regeneration of the weak acid cation exchange bed 9 could be determined. 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 141 were in 

service. The regeneration of the weak acid cation exchange bed 9, for example, was performed as foUows: The 

valves W1 and W7 were closed and valves W2 and W8 were opened so as tn put the weak acid cation exchange 

bed 15 into service. Valves 03 and W9 were opened su as to expel the process wa1er remaining in the bed 9 to 

15 the collection sump 2. The regeneration process for the bed 9 was basically the same as that tor the bed 7. A 

valve H9 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 Wl for a ftXed period of time sufficient to rinse the remaining regenerant 

from the bed 9. The rinse flows through the bed 9, the valves W9 and S8. The weak acid cation exchange bed 

20 15 was subjected to regeneration in the same manner. The valves W2, W4, W6, WB, WO. 04, and H8 correspond 

to Wl, W3, W5, W7, W9, 03, and H9, 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 Sl and 62. the bed 6, the valve 63, and tha collection sump 2. When the strong acid cation exchange 

bed 13 and the strong base anioo exchange bed 14 were exhausted, regeneration was performed in the same manner 

as above, in which the valves associated with the beds 13 and 14 correspond to the valves associated with the beds 

7 and 8 as follows: 02101, 04103, S4/S3, 66165, C21C1, C4IC3; C61C5, A2JA1. A41A3, A6/A5, A81A7, AO/A9, and 

H6/H7. 

3D EMBODIMENTS 4-8: Other Reaenaration Systems 

Figures 4-8 show Embodiments 4·8 of the present invention. 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 

35 schematic view showing an embodiment of counter-current up·flow 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. Figure 6 
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is a schematic view showing an embodiment of counter-current up-flow regeneration of the present invention, in 

which a granular activated carbun bed, a strong acid cation exchange bed, a strong base anion 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 similar way to those in Embodinants 1-3. Figure 7 is a schematic view showing an embodiment of 

5 counter-current down-flow regeneration of the present invention, in which a granular activated carbon bed, a cation 

exchange bed, and an anion exchange bad are placed in series. This embodinant is functionally the same as 

Embodiment 2 (figure 2), although the piping is srightly different. The service cycle is conducted via the valve C3, 

the bed 7, the valves C5, CSA, and A3, the bed 8, and the valves A5 and A 7. The regeneration of the bed 7 is 

conducted via the valve H7, the bed 1, and a valve C58, after the introduced regenerant pushes the backwash water 

1 O remaining in the bed 7 back to the coDection sump 2 via a valve C5C (Le., aftar a few minutes). Valves A58 and 

A5C correspond to the valves C58 and C5C. fi9ure 8 is a schematic view showing an embodinent of co-currant 

down-flow regeneration of the present invention, in which a granular activated carbon bed, a cation exchange bed, 

and an anion eichange bed are placed in series. In the above co-current down-flow regeneration, for regeneration 

of the cation exchange bed 7, after backwash, the solution is expelled from the bed 7 to the coHection sump 2 via 

15 the valve CSC while the valve C5C is open for a few minutes, by introducing ragenerant to the bed 7 via the valve 

H7. The flow coming out of the bed 7 is switched between the valve CSA and the valve C5B. The regeneration 

of the anion exchange bed 8 is conducted in the same manner as that of the cation exchange bed 7, in which the 

valves A5B and A5C correspond to the valves CSB and C5C. 

It will be understood by those of skiU in the an that n1nerous variations and modifications can be made 

20 without depaning from the spirit of the present invention. The ref ore. it should be clearly understood that the forms 

of the present invention are iHustrative only and are not intended 10 limit the scope of the present invention. 

t 
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WE CLAIM: 

1. A method for minimizing wastewater 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) backwashing and regenerating said cation exchange bed by introducing thereto a first portion 

of cation regenerant solution consisting of plural portions being numbered from 1 to n, wherein n is an 

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

and to regenerate said resin; 

(b) further regenerating said cation exchange bed by introducing in sequem:e the remaining portions 

10 of cation regenerant solution thereto in an up·flow direction, the effluent of the first portion of cation 

regenerant solution being expelled from said cation exchange bed and separated from the regeneration cycle; 

(c) saving the effluent of each portion, except the first portion, of cation regenerant solution to 

be used as a portion at 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 s: m s:: 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 ponian 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 ponion of the displacement 

rinse in the subsequent 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 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 l) in the subsequent cycle, wherein 2 s: p :s: q; 

(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; 

30 

(fl 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 froni said anion exchange bed and separated from the regeneration cycle; 

(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 portion number rd is saved to be used as portion 

number m' -1 (m' minus one) in the subsequent cyde, wherein 2 s; m' :s: 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 the displacement 
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rinse in the subsequent cycle, the concentration of said last ponion of anion regenerant solution being 
adjusted; 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::Sp'::Sq'; 

(i) circulating a final rinse through said cation exchange bed and said anion exchange bed in series 
in a down-flow direction, wherein said cation exchange bed is placed upstream and said anion exchange 
bed is placed downstream; and 

ID recirculating said final rinse unti the quality of rinse lfischarged from either cation or anion 
exchange bed reaches a predetermined level 

10 2. A method for minimizing wastewater discharge according to Claim 1, wherein steps (a) through 

15 

20 

(d) are performed simultaneously with steps (e) through (h). 

3. A method for minimizing wastewater discharge according to Claim 1, further comprising, prior to 
each of steps (a) and (e), purging water remaining in the system during the service cycle, in a downward direction 
with air. 

4. A method for minimizing wastewater discharge according to Clain 1, .wherein said ion exchange 
regeneration system further comprises a filtration device to filter out impurities from the service flow, prior to the 
regeneration cycle. 

5. A method for minimizing wastewater discharge according to Claim 1. wherein said ion exchange 
regeneration system further comprises a bad selected from the group consisting of: 

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

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

a weak base anion exchange bed preceding said anion exchange bed; and 

a weak acid cation exchange bad following said anion exchange bed, 
wherein steps corresponding to steps (a) to (d) or steps (el to (hi are performed on said bed, and, in step 

25 fmJ, 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 (al and 
30 (b), in steps (el 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 
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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9. An method for minimizing wastewater discharge according to Claim 1, wherein, in step (c), the 

volume of said effluent of said first portion is equal to approximately that of said cation exchange bed, and, in step 

{g), the volume of said effluent of said first portion is equal to approximately that of said anion exchange bad. 

10. A method for minimizing wastewater discharge generated in an ion exchange regeneration system 

5 comprising a cation exchange bed accommodating cation exchange resin and an anion exchange bed accommodating 

anion exchange resin, said method comprising the steps of: 

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

cation and anion exchange beds in series in an up-flow direction, and reci'culating said backwash rinse; 

(b) regenerating said cation exchange bed by introducing thereto a first portion of cation regenerant 

10 solution consisting of plural portions being numbered from 1 ton, wherein n is an integer > 1, from an 

upper part of the resin accommodated therein in a down-flow direction, the backwash rinse remaining in 

said cation exchange bed being expelled therefrom; 

le) further regenerating said cation exchange bed by introducing in sequence the remaining ponions 

of cation regenerant solution thereto in a down-flow direction, the effluent of the first portion of cation 

15 regenerant solution being expelled from said bed and separated from the regeneration cycle; 

(di 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 ponion number m-1 Im minus one} in the subsequent cycle, wherein 2 :Sm :S n; 

(el displacing the cation reganerant 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 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· l (p minus 1) in the subsequent cycle, wherein 2 :Sp :S q; 

(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 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; 

(g) further regenerating said anion exchange bed by introducing in sequence the remaining portioni 

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 s m's n'; 
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(i) 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 

integer > 1 and portion number q' is provided by fresh rinse, in sequence in a down-flow direction; saving 

the effluent of the first p~rtion of displacement rinse to be used as the last portion of the displacement 

5 rinse in the subsequent cycle, the concentration of said last portio11 of anion regenerant solution being 

alfJUsted; and saving the effluent of each of the remaining ponions 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 :s: p' :s: I(; 
ID circulating a final rinse through said cation exchange bed and said anion exchange bed in series 

1 D in a down-flow direction, wherein said cation exchange bed is placed upstream and said anion exchange 

bad is placed downstream; and 

(k) recirculating said final rinse until the quality of rinse discharged from either cation or anion 

exchange bed reaches a predetermined level. 

11. A method for mininizing wastewater discharge according to Claim 10, wherein steps (bl to (el are 

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

12. A method for minimizing wastewater discharge according to Claim 10, wherein said ion exchange 

regeneration system fur1her 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 Clain 10, wherein, in steps lb) and 

20 (f), the separated effluent of backwash is saved to be used as part of the final rinse. 

25 

14. A method for minimizing wastawatar discharge according to Claim 10, wherein said ion exchange 

regeneration system further comprises one or more· of the following beds: 

a meta~selective resin bad 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; 

a weak acid cation exchange bed following said anion exchange bed, and 

wherein steps corresponding to steps (b) to (fl or steps (f) to Iii are performed on said one or more beds, 

and, in step lj), said final rinse is funher circulated through said one or more columns in series. 

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

3D (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 coUection 

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 line; 
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(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 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 

cation regenerant solution can be circulated in a loop; 

5 (e) plural tanks for storing anion 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 anion exchange bed with a common line so that said anion 

regenerant solution can be circulated in a loop; 

If) at least one tank for storing cation displacement rinse, and one source of fresh rinse, said at 

10 least one tank being 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 rinse 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 q which is an integer > 1: 

(g) at least one tank for storing anion displacement rinse, and one source of fresh rinse, said at 

15 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 anion regenerant solution and said anion exchange bed, said at least 

one tank and said source of fresh rinse being connected to the bottom of said anion exchange bed and 

being numbered from 1 to q, wherein said S11urce of fresh rinse is numbered q which is an integer > 1; 

(h) a feed compartment adapted to be connected to an outside system, said feed compartment 

20 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; 

25 

30 

(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; 

fj) an air-purging blower being in connection with the tops of said cation and anion exchange beds; 

(kt a flow controlfing system for llackwashing and regenerating, 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: 

(ii) introducing in sequence each portion of cation regenerant solution accommodated in 

tank numbers 1 through n to said ution exchange bed in an up-flow direction; 

Ciiij 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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(iv) introducing in sequence each portion of cation displacement rinse acconvnodated in 

tank number 1 through number q of fresh rinsa to said cation exchange bed in an up-flow 

direction; 

(v) moving the effluent from the portion of displacement rinse accommodated in tank 

number 1 back to t1nk number n of cation regenerant solution, wherein the concentration of the 

regenerant chemical in said cation reganerant solution is adjusted using said chemical injector, and 

moving the effluent from each portion of number 2 through number q of fresh rinse, back to tank 

number 1 through number q· 1 (q minus one) shifted forward by one number in the cycle; and 

(vi) performing steps corresponding to steps fil to M on said anion exchange bed; and 

(I) a flow control6ng 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. 

16. An apparatus for a deionization and regeneration system according to Claim 15, wherein said 

cation exchange bad 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. 

t 8. An apparatus for a deionization and regeneration system according to Claim 15, wherein the flow 

controlling system (II 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 Clain 15, further comprising 

25 

a granular activated carbon bad upstream of said anion exchange bed. 

20. An apparatus for a deionization and regeneration system according to Clain 15, further comprising 

one or mare of the following beds: 

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

a mixed-bed type po&shar bad foUowing said anion exchange bed; 

a weak base anion exchange bed preceding said anion exchange bed; and 

a weak acid cation exchange bad following said anion exchange bed, and 

wherein said one or more beds are incorporated in the apparatus so that steps corresponding to steps Ii) 

to lvi) can be performed, and, in step (vii), said final. rinse is further circulated through said one or more bads in 

30 series. 

35 

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

(at a cation exchange bed packed with cation exchange resin; 

(bt an anion exchange bed packed with anion exchange resin, said anion exchange bed being placed 

in series with said cation exchange bed: 

(cl a collection sump for storing water or rinse to be circulated in the apparatus. said collection 

sump being in connection with said cation excnange bed and said anion exchange bed and optionallv 
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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; 

(di 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 

5 injector, each tank being in connection with said cation exchange bed with a common fine so that said 
cation regenerant solution can be circulated in a loop; 

tel plural tanks for storing anion regenarant solution, said tanks being placed in a row and 
numbered from 1 to n, wherein n is an integer > 1, at least one ot which is provided with a chemical 
iniector, each tank being in connection with said anion exchange bed with a common line so that said anion 

10 regenerant solution can be circulated in a loop; 

(ft at least one tank for storing cation displacement rinse, and one source of fresh rinse, said at 
least one tank being 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 rinse being connected to the bottom of said cation exchange bed and 

15 being numbered from 1 to q, wherein said source of fresh rinse is numbered q which is an integer > 1; 
(gl at least one 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 anion ragenarant solution and said anion exchange bed, said at least 
one tank and said source of fresh rinse being connected to the bottom of said anion exchange bed and 

20 being numbered from 1 to q, wherein said source of fresh rinse is numbered q which is an integer > 1; 

(hi a feed companment 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; 

(i) 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; 

30 

35 

OJ a flow controlfing system for backwashing and regenerating, said system capable of controlling 
the regeneration cycle as fallows: 

(ii circulating backwash rinse accommodated in said collection sump through said cation 
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 lfirection; 

(tii) 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 
sump, and moving the effluent from each ponion from tank numbers 2 through n, back to tank 
numbers l through n· 1 (n minus one) shifted forward by one tank; 
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(ivl introducing in sequence each portion of cation displacement rinse accommodated in 

tank numbers 1 through number q of fresh rinse to said cation exchange bed in a down·flow 

direction; 

(v) moving the effluent 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 ragenarant solution is adjusted using said chemical injector. and 

moving the affluent from each portion from tank number 2 through number q of fresh rinse. back 

to tank number 1 through number q· 1 lq minus one) shifted forward by one tank; 

(vii performing steps corresponding to steps (i) to M on said anion exchange bed; and 

(k) a flow controlfmg 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, wnerein said 

cation exchange bad (a) is placed upstream and said anion exchange bed is placed downstream. 

15 23. An apparatus tor 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 

controUing 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 apparatus for a deionization and regeneration system according to Claim 21, further comprising 

25 

a granular activated carbon bad upstream of said anion axchange bed. 

26. An apparatus for a deionization and regeneration system according to Claim 21, further comprising 

one or more of the following beds: 

a metal-selective resin bed preceding said cation exchange bad; 

a mixed·bad type polisher bad following said anion exchange bed; 

a weak base anion exchange bed preceding said anion exchange bed; and 

a weak acid cation exchange bad following said anion exchange bed, and 

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

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

30 series. 
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