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FLUID PURIFICATION METHODS, DEVICES, 
AND SYSTEMS 

BACKGROUND 

0001 Electronic deionization (EDI) is an established 
method for purification of water by removing ionic solutes. 
EDI uses filter units, hereafter referred to as cells, which have 
a membrane. EDI uses electricity in addition to a membrane 
to filter material including solutes. The membranes of cells 
can be regenerated electrically and by reverse flushing and are 
therefore regarded as re-usable. The number of regeneration 
cycles of cell may be limited because of gradual permanent 
degradation of the membrane of the cell. 
0002 Ionic solutes may be expressed as total dissolved 
solids (TDS) in parts per million (PPM). As indicated above, 
an EDI cell may be capable of 85% to 95% TDS reduction. 
Higher levels of purification can be achieved with three or 
more EDI cells connected in series to achieve a ratio of TDS 
in the input water to that in the output water as shown in the 
table below. For example, water containing 1000 ppm TDS 
may have the TDS reduced at each stage of a series-connected 
cells as follows. 

1000 TDS x 90% Stage 1 = 900 TDS Reduction | out = 100 ppm 
100 TDS x 90% Stage 2 = 90 TDS Reduction | out = 10 ppm 
10 TDS x 90% Stage 3 = 9 TDS Reduction out = 1 ppm 

1,0 ppm remaining from 1000 TDS starting concentration 

0003. When an EDI cell is actively removing ions, mem 
branes of the cell are charged with electricity creating anionic 
and cationic bonding sites. EDI cells require regeneration 
after a period of time. During regeneration, the polarity on the 
membranes is reversed and water forced in a reverse direction 
to push the ions out of the bonding sites and flush the captured 
ions out of the cell. 
0004. In EDI technology, a membrane, such as a re-usable 
membrane, has a finite service life. In general, the service life 
is a function of the number of regeneration cycles. During 
regeneration, the membrane is exposed to concentrated Sol 
utes. Progressive Scaling of calcium carbonate and other sol 
utes can occur during the regeneration cycle. As Scale forms, 
the membrane becomes permanently degraded, ultimately 
requiring replacement. 

SUMMARY 

0005 Embodiments of the disclosed subject matter relate 
to fluid purification methods, devices, and systems. In par 
ticular, embodiments of the disclosed subject matter involve 
multi-cell and multi-stage batch electronic deionization sys 
tems, methods, and devices. 
0006 Embodiments include multiple cell, multi-stage 
purification systems, for example a four-cell, three-stage EDI 
system is described. In the disclosed embodiments, a prede 
termined purity is achieved while also optimizing a service 
interval between the replacements of one or more perma 
nently degraded cells resulting from the system use, including 
multiple regeneration cycles of the cells in each stage. The 
disclosed subject matter may be adapted to achieve, for 
example, 99.9% total dissolved solids (TDS) reduction versus 
only 85% to 95% TDS reduction in a single stage system in 
which fluid flows through a single stage. FIG. 1 shows an 
example of a two-cell system according to the prior art in 
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which valves 26 are operated to produce a reverse flow in cell 
114 to regenerate it while cell 216 receives a forward flow to 
purify the flowing water. Flushed reversed flow is drained 
through a drain. The flow restrictors 24 and check valves 26 
cooperate with the valves to divert some of the purified water 
to the cell undergoing regeneration by reverse flow. A flow 
sensor and pressure switch 28 are provided. In addition to 
higher purity, a four-cell, three-stage, system or device can 
provide a much higher service life than a conventional two 
cell single stage system. 
0007 Embodiments include a three-stage system or 
device comprised or consisting of three paired cells in fixed 
position. Such a system or device can also achieve about 
99.9% TDS reduction. 

0008 Objects and advantages of embodiments of the dis 
closed subject matter will become apparent from the follow 
ing description when considered in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 Embodiments will hereinafter be described in detail 
below with reference to the accompanying drawings, wherein 
like reference numerals represent like elements. The accom 
panying drawings have not necessarily been drawn to Scale. 
Where applicable, some features may not be illustrated to 
assist in the description of underlying features. 
0010 FIG. 1 is a block diagram of a two-cell electronic 
deionization system according to the prior art. 
0011 FIG. 2 is a block diagram of a fluid purification 
system according to embodiments of the disclosed subject 
matter. 

0012 FIGS. 3A-3D shows regeneration cycles of respec 
tive stages of a four-cell, three-stage electronic deionization 
system or device according to embodiments of the disclosed 
Subject matter. 
0013 FIG. 4 shows another embodiment in which a cell to 
be regenerated in a cell of a multi-stage purifier is regenerated 
while a parallel multi-stage purifier purifies fluid and then the 
multi-stage purifiers Switch for regeneration of the next cell to 
be regenerated. 

DESCRIPTION OF EMBODIMENTS 

0014. As used in the description, the term cell may refer to 
any kind of fluid purification element. Although specific 
examples are described which employ EDI cells in the con 
text of water purification, it should be understood that the 
term cell may refer to one or more units that produce a 
reduction infilterable content of a fluid stream. In the case of 
EDI embodiments, the cells reduce ionic species as well 
particulates. Preferably, particulates are substantially 
removed from the fluid stream prior to passing through an 
EDI purification system. 
0015 Embodiments described hereinbelow include multi 
stage, multi-cell systems. In this case, each stage of an 
N-stage system may include one or more cells and the one or 
more cells will be arranged so that a first stage purifies fluid 
and outputs purified fluid to a second stage attached to it in a 
series relationship so that it can further purify the fluid. The 
series continues until the fluid is purified by an Nth stage. 
Fluid may also flow through cell modules that are arranged 
within a cell in a parallel relationship in each stage. To sim 
plify discussion, Sucha stage, having multiple cell modules or 
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filter units in which a flow is divided to flow through separate 
units, will still be called a “cell herein. 
0016. In a multi-stage system, the first cell in a series (that 

is, the first stage, which is receiving fluid from the source to be 
treated and not from an upstream cell stage) has the greatest 
filtering load. In embodiments, the first cell in the series is 
always the next cell to be regenerated. In further embodi 
ments, multiple cells awaiting regeneration may stand by and 
be regenerated in parallel. The second cell in the series has a 
lighter load because the fluid it receives has a lower amount of 
material to remove. The third cell will have even less filtering 
load and so on for as many cells as are in the series. 
0017 FIG. 2 is a block diagram of a fluid purification 
system 101 according to embodiments of the disclosed sub 
ject matter. The system 101 may be, for example, a water 
purification plant that generates pure water used for medical 
treatment, for example, dialysate used in renal replacement 
therapy. The downstream consuming process 116, in Such a 
case, may represent a process that stores pure water to be used 
later in the preparation of treatment fluids or a proportioning 
system that adds specific materials such as solutes for prepar 
ing treatment fluids such as dialysate. Water from a source 
may be filtered initially by a sediment filter 100 and then pass 
through a backflow preventer 102. A pump 104 may be 
included but the system may also operate on source waterline 
pressure, if sufficient. The fluid (advantageously, water) from 
the pump or backflow preventer 104,102 may be applied to an 
EDI purification system 108, in the present case identified as 
a 3-stage, 4 cell EDI system powered and controlled by a 
controller 109. The fluid treated by the EDI system 108 may 
be further treated by a UV treatment cell 106 which may 
provide degradation of some chemicals or bio-contaminants. 
A chemical deionization stage including a dual bed 110 and 
mixedbed 112 stage may further deionize the fluid (again, the 
system in the principal embodiment is directed to water, so 
the deionization would be used to deionize water). An ultra 
filtration stage 114 may be provided for, as in a principal 
environment, to capture pyrogens and/or infectious particles. 
The latter is particularly useful for medical applications 
where the product fluid is used for medical purposes and 
thereby may come in contact with a patient's body. As indi 
cated above, the consuming process 116 may be any of a 
variety of consuming processes. A drain may receive fluid 
from a valve 120 that diverts product fluid from the upstream 
stages to the drain during transient cycles or for testing during 
startup before a steady state product fluid production cycle 
begins. As will be explained further on, the EDI system 108 
also produces waste water during regeneration of the cells. 
Note that the EDI system 108 may be replaced with any type 
of multi-stage multiple element filtration or purification sys 
tem, where cells other than EDI type cells, whose purification 
capability can be regenerated, may be used. 
0018 FIGS. 3A-3D shows stages of a four-cell, three 
stage EDI system or device according to embodiments of the 
disclosed subject matter. The system shown in FIG. 2 can 
include the four-cell, three-stage electronic deionization sys 
tem, for example at 108 as indicated. The EDI system of 
FIGS. 3A-3D may be used in other systems as well or as a 
stand-alone deionization system. The system of FIGS.3A-3D 
may also be used with non-EDI purification cells that are 
regenerated using reverse flow or by other means. 
0019 Embodiments of the disclosed subject matter can 
include a three-stage electronic deionization system. Option 
ally, the system or device can include four cells. Other 
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embodiments based on a different number of cells are also 
possible, for example, a two stage system or four or more 
stages in a system. In addition, as mentioned, a single cell 
may include more than one purification unit connected in 
parallel or series. 
0020 Each of the cells 340, 342, 344, and 346 can be 
connected and controlled to operate for fluid purification or 
regeneration. For fluid purification, fluid flows in a forward 
direction to produce product fluid; in an embodiment, water 
flows to produce product water. In the case of an EDI cell, a 
forward Voltage is applied. To operate for regeneration, the 
fluid flows in a reverse direction through the cell and, in the 
case of an EDI cell, a reverse voltage is applied to the cell 
undergoing regeneration. A controller may apply the Voltage 
and control valves to Subject a selected cell to the regeneration 
and purification modes automatically and for predefined Vol 
umes of fluid or time intervals. In addition, the regeneration 
modes may be triggered my measured levels of contamina 
tion in the product fluid. For example, the ion concentration of 
product, in water purification embodiments, may be mea 
Sured using a resistivity sensor and the signal used by the 
controller to control valves and voltages for the mode estab 
lishment as discussed. In the following discussion, it is 
assumed the fluid is water, but other fluids may be used and 
the cells configured for the purification of other types of 
fluids, correspondingly. 
0021. The four cells can be inter-connected by tubing and 
valves, for example, as shown in FIGS. 3A-3D. Each cell is 
shown at 340, 342, 344, and 346. The number of cells may 
vary in alternative embodiments. At any given time, three of 
the cells 340, 342, 344, and 346 are connected in series for 
continuous production of product water. For example, in FIG. 
3A, the cell 346 is undergoing regeneration and cells 340, 
342, and 344 are connected in series to produce product water. 
Part of the product water output from the final cell in the 
series, cell 340, is diverted to reverse flush cell 346 and the 
resulting waste stream flowed to a drain. To accomplish the 
simultaneous production and regeneration, control valves are 
set such that valves 302,320, 316, 314, 304, 308, 312,324, 
328, and 326 are closed while valves 330,332,310,322,306, 
and 318 are open. In FIG. 3A, the dotted lines indicate lines 
where no flow occurs and the solid lines and arrows indicate 
that flow is occurring and the direction of the flow in the 
indicated lines. It can be seen by the arrangement of the flow 
paths that the identified regenerating and product water flows 
result as indicated by the solid and dotted lines. 
0022. In FIG. 3B, the cell 340 is undergoing regeneration 
and cells 340,342, and 346 are connected in series to produce 
product water. Part of the product water output from the final 
cell in the series, cell 346, is diverted to reverse flush cell 344 
and the resulting waste stream flowed to a drain. To accom 
plish the simultaneous production and regeneration, control 
valves are set such that valves 304,314, 306, 308, 312,322, 
330,320,328, and 318 are closed while valves 302,310,332, 
324, 326, and 316 are open. In FIG. 3B, the dotted lines 
indicate lines where no flow occurs and the solid lines and 
arrows indicate that flow is occurring and the direction of the 
flow in the indicated lines. It can be seen by the arrangement 
of the flow paths that the identified regenerating and product 
water flows result as indicated by the solid and dotted lines. 
0023. In FIG. 3C, the cell 342 is undergoing regeneration 
and cells 340,344, and 346 are connected in series to produce 
product water. Part of the product water output from the final 
cell in the series, cell 344, is diverted to reverse flush cell 342 
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and the resulting waste stream flowed to a drain. To accom 
plish the simultaneous production and regeneration, control 
valves are set such that valves 304,306, 310,316, 322, 324, 
318,330,320, and 332 are closed while valves 314,302,308, 
312, 326, and 328 are open. In FIG. 3C, the dotted lines 
indicate lines where no flow occurs and the solid lines and 
arrows indicate that flow is occurring and the direction of the 
flow in the indicated lines. It can be seen by the arrangement 
of the flow paths that the identified regenerating and product 
water flows result as indicated by the solid and dotted lines. 
0024. In FIG. 3D, the cell 340 is undergoing regeneration 
and cells 342,344, and 346 are connected in series to produce 
product water. Part of the product water output from the final 
cell in the series, cell 342, is diverted to reverse flush cell 340 
and the resulting waste stream flowed to a drain. To accom 
plish the simultaneous production and regeneration, control 
valves are set such that valves 302,310, 314, 318,316, 308, 
326,324,330, and 332 are closed while valves 304,306, 312, 
320, 322, and 328 are open. In FIG. 3D, the dotted lines 
indicate lines where no flow occurs and the solid lines and 
arrows indicate that flow is occurring and the direction of the 
flow in the indicated lines. It can be seen by the arrangement 
of the flow paths that the identified regenerating and product 
water flows result as indicated by the solid and dotted lines. 
0025 To illustrate that a variety of arrangements of a fluid 
management system (the valve network embodiments being a 
fluid management systems), an alternative arrangement 
regenerates one member of a series while the other members 
of the series wait. To allow continuous purification, a second 
series operates while the one is regenerated. By providing a 
suitable fluid management system (or valve network) all of 
the cells in each series can be suitably arranged in the series so 
that the most recently regenerated cell is last in the series (so 
product water comes out of it) and the cell that has been used 
for the longest time or Volume of fluid since regeneration is 
first in the series. FIG. 4 shows such a system where two 
multi-stage purifiers 218 and 220 each has a 4-stage 4-cell 
series. In FIG. 4 a cell to be regenerated (for example one in 
side 218) is regenerated while a parallel multi-stage purifier 
(for the example 220) purifies fluid and then the two multi 
stage purifiers Switch for regeneration of the next cell in the 
parallel multi-stage purifier is regenerated. The cells may be 
shifted in order so that the most recently regenerated cell is 
always last in the series by controlling the valves 271 by the 
controller 210. The valves 259 through 261 may be operated 
by controller 210 so that a forward flow goes only to one side 
at a time while a reverse flow through a respective flow 
restrictor 24 returns through one of the valves 260 or 262 to 
the drain 20 with the check valves blocking flow so as to 
ensure the correct open flow path. Although not labeled indi 
vidually, each series has valves that may be operated by the 
controller 210 to provide the aforementioned serial arrange 
ment of cells. It may be confirmed that the arrangement of 
FIG. 4 produces the desirable features of the other embodi 
ments in which the purification load is distributed uniformly 
among the cells 275 of each multi-stage purifier 218 and 220. 
As a result, the cells may be replaced at less frequent intervals, 
after permanent exhaustion, and may be regenerated auto 
matically. The foregoing embodiment of FIG. 4 may have 
sensors for detecting TDS reduction from source to product as 
in the foregoing embodiments. As in prior systems, flow 
sensors and pressure Switch 28, backflow preventers, etc. may 
be provided. 
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0026 Variations of the FIG. 4 embodiment are possible. 
For example each multi-stage purifier may have N cells and 
but N-M stages such that M stages are regenerated at a time 
and the cells ready for regeneration are switched out. For 
example, in a 4 cells system, three stages may be used in series 
and one stage left on Standby to be switched into the circuit, 
and the first one to be regenerated switched out to await the 
next regeneration cycle which occurs when the second cell 
requiring regeneration is ready for regeneration. The valves 
271 would be operated to regenerate both cells requiring 
regeneration in parallel (parallel flow). 
0027. The interconnection of cells, tubing, and valves can 
be controlled such that product water flows through any three 
cells in series at all times. A fourth cell can be controlled such 
that it is in a regeneration state or in an idle state. In embodi 
ments, each cell may progress through the following 
sequence: regeneration->stage three->stage two->stage 1. 
Optionally, each cell may progress through the aforemen 
tioned sequence Such that no two cells are at the same stage at 
the same time. Thus, embodiments can include four cells that 
are controllable so as to operate in a rotating series to Support 
three states of deionization plus a regeneration state. 
0028. One advantage embodiments of the disclosed sub 
ject matter provide is increased membrane life. This can be 
achieved by embodiments of the disclosed subject matter by 
spreading out usage of the four membranes based on the 
aforementioned cell operational sequence. That is to say, 
relative to service life of the membrane, life optimization can 
be achieved by spreading the service life over four mem 
branes instead of two in a two-cell system. Note that a single 
cell must have an adjacent cell to Supply purified water during 
regeneration. Assume that a pair of cells can have a service 
life of 1.0 units of volume, for instance, for a two membrane 
system. This can limit the interval between membrane 
exchange to 1.0 units of volume. The combination of four 
cells has a total service life of approximately 1.95 units of 
Volume, for instance, for a four membrane system. As an 
example, systems, devices and methods according to embodi 
ments of the disclosed subject matter, for instance four mem 
brane systems, can have a service interval between membrane 
exchange of 1.95 units of volume, or a 95% increase over 
two-cell systems. 
0029. The increased combined service life of the four 
membranes is possible because during stage two operation a 
membrane can be exhausted at /10" the rate of a single-stage 
system, and a membrane during stage three operation can be 
exhausted at /100" the rate of a single stage system. 
0030. In any of the embodiments, water may be received at 
the source at pressure such that the water is conveyed through 
the valve system using the pressure from the Source. Alterna 
tively any of the embodiments may be provided with a pump 
to convey water. Note that any of the above systems may be 
modified by the inclusion of an arbitrary number of cells. 
Each or any cell in the embodiments may be replaced by one 
or more separate cells arranged in series or parallel. The cells 
may include any type offiltration or purification device that is 
capable of being regenerated. The cells may include a purifi 
cation element such as one or more filter membranes, plates 
Such as in an electrostatic precipitator, depth loading medium, 
inertial separator elements, or any other type of purification 
element(s). The cells are also permanently exhausted after 
being Subjected to multiple regeneration cycles. In any of the 
embodiments, instead of purifying water, other fluids may be 
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purified and used for processing including non-aqueous sol 
vents, fuels, food products, cleaning fluids, etc. 
0031. In any of the embodiments disclosed, the regenera 
tion cycle may be triggered by a measured reduction in TDS 
or a threshold level of purity in the product stream which may 
be measured by a suitable sensor, for example, turbidity, 
conductivity or resistivity, pH, particle counting, optical dif 
fusion, density, thermal conductivity temperature, or other 
property. The regeneration cycle may also be triggered by a 
predictive algorithm such as a measured Volume of purified 
fluid having passed through since the last cycle or a predeter 
mined time. A controller may be suitably configured to imple 
ment any of these criteria according to known techniques. 
0032. In any of the disclosed embodiments, the valves and 
flow channels may take a variety of different forms depending 
on the capacity and type of fluid. Examples of configurations 
are shown, but a variety of different configurations are pos 
sible. 

0033 According to embodiments, the disclosed subject 
matter includes a water purification system in which multiple 
cells are interconnected by a valving network, wherein each 
of the cells includes at least one purification element, for 
example, a membrane or other type of contaminant separator. 
A controller is configured to control the valves of the valving 
network and a source of water is connected to the Valving 
network to provide water to be purified. The water may also 
be used for regenerating cells so the Valving network includes 
a drain. A product water outlet is also provided. The controller 
is configured to, at a first time, generate a reverse flow of water 
through a first subset of the cells while simultaneously flow 
ing water in a forward direction through two or more cells in 
a second Subset, while connecting the two or more cells in the 
second in series. Thus the two or more cells of the series 
define a multiple stage purification component that provide 
purified water using a part of the Valving network to conduct 
the water between the source and the product water outlet. 
The controller is further configured to direct a flow of water 
from the first subset of the cells to the drain while directing a 
flow from a last one of the two or more cells connected in 
series to a product water outlet. The cells in the first subset and 
the cells in the second Subset are mutually exclusive, that is, 
the cell or cells being regenerated are not used, at the same 
time, for water purification, so the Subsets are disjoint. 
0034. In variations of the previous embodiment, the con 

troller may be further configured to, at a second time, generate 
a reverse flow of water through a third subset of the cells while 
simultaneously flowing water in a forward direction through 
two or more cells in a fourth subset, while connecting the two 
or more cells in the fourth subset in series. In this variation, 
0035. The cells in the third subset and the cells in the 
fourth subset may be mutually exclusive and wherein the cells 
in the first set and the third set may be mutually exclusive. 
0036. In the variations of the previous embodiments, the 
reverse flow of water may be effective to regenerate the cells. 
The cells may be electronic deionization cells. In further 
variations, the controller may be configured to apply a reverse 
voltage to the cells in the first and third subsets at said first and 
second times, respectively. At the first time, the reverse flow 
of water may be water from last cell of the second subset in the 
series of cells which may be thereby purified water. At the 
second time, the reverse flow of water may be water from last 
cell of the fourth subset in the series of cells which may be 
thereby purified water. The second and fourth subsets may be 
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interconnected in series such as to produce a 99.9% reduction 
in total dissolved solids in the water received from the source 
by the valve network. 
0037 According to embodiments, the disclosed subject 
matter includes a water purification system with multiple 
cells interconnected by a valving network, wherein each of 
the cells has a membrane. For example, the cells may be EDI 
cells. The controller of the present embodiment is configured 
to, at regeneration times that can be selected by the controller, 
select each of the cells in turn to be a currently selected cell to 
be regenerated and to regenerate it by causing a reverse flow 
of water therethrough while simultaneously controlling the 
valves of the valve network to flow water from the source in 
series through the cells other than the currently selected cell to 
form a series of cells, the series of cells having a first cell 
which receives the water from the source and a final cell 
which provides purified water to the product water outlet. The 
water that reverse flows through the cell being regenerated 
can come from the cells being used for purification. The 
controller is configured Such that, at each of said regeneration 
times, said each cell may be selected after it has been the first 
cell in the series of cells at a prior respective time. 
0038. The valve network in this and all the embodiments 
can have connectors by which the cells can be removed and 
replaced with new ones as they expire after multiple purifi 
cation and regeneration cycles. The above operations may be 
repeated may times until the cells expire. This may be done 
under control of the controller automatically. The regenera 
tion cycles may be triggered by time, or an event, for example, 
the cells may rotated and regenerated as described above 
whenever the reduction in TDS, for the full series of cells, 
(i.e., the reduction in TDS from the source water to the prod 
uct water) falls below a predetermined level. The controller 
may also monitor how much purified water is produced and 
generate a display to replace the cells manually when, 
between points where the product water quality falls below 
the predetermined level, the amount of produced water falls 
below a predetermined volume. 
0039. The controller may be configured such that the final 
cell in the series, at a given regeneration time, may be the cell 
selected to be regenerated at the most recent previous regen 
eration time. Each of the cells in the series may be arranged in 
order of time since its last turn as the selected cell to be 
regenerated Such that the most recently regenerated cell may 
be said final cell. The product water may be used in the reverse 
flow of water in any of the embodiments including the present 
one and the variations of it. 

0040. The series of cells may be selected and arranged in 
number and/or capacity, so that they are, collectively—in the 
series—effective to achieve a 99.9% reduction total dissolved 
Solids. As mentioned, the cells can be, or include, electronic 
deionization (EDI) cells. The number of cells may be at least 
three in advantageous embodiments. The regeneration times 
may be selected by the controller responsively to a measure 
ment of water quality at a point in said series. Each of the cells 
in the series may be arranged in order of time (or cumulative 
treated fluid volume) since its last turn as the selected cell to 
be regenerated Such that the most recently regenerated cell 
may be said final cell. 
0041. To measure total fluid volume, for those embodi 
ments in which the total cumulative volume is used for con 
trol, a flow meter may be used, for example, a rate meter or a 
displaced Volume meter. 
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0042. According to embodiments, the disclosed subject 
matter includes a fluid purification system with multiple cells 
interconnected by a valving network, wherein each of the 
cells has a purification element such as a filter membrane, an 
EDI membrane, a depth loading filter, an inertial separation 
filter, an electrostatic precipitator or Some other kind of sepa 
ration element (or a plurality thereof) that removes contami 
nants or other materials from a fluid stream. The controller is 
configured to, at regeneration times, select each of the cells in 
turn to be a currently selected cell to be regenerated and to 
regenerate it by causing a reverse flow of fluid therethrough 
while simultaneously controlling the valves of the valve net 
work to flow fluid from the source in series through the cells 
other than the currently selected cell to form a series of cells, 
the series of cells having a first cell which receives the fluid 
from the source and a final cell which provides purified fluid 
to the product fluid outlet. The controller is configured such 
that, at each of said regeneration times, said each cell may be 
selected after it has been the first cell in the series of cells at a 
prior respective time. 
0043. In the embodiment of the last paragraph, the con 

troller may be configured such that the final cell in the series, 
at a given regeneration time, may be the cell selected to be 
regenerated at the most recent previous regeneration time. 
Each of the cells in the series may be arranged in order of time 
since its last turn as the selected cell to be regenerated Such 
that the most recently regenerated cell may be said final cell. 
Product fluid may be used in the reverse flow of fluid. The 
series of cells may be effective to achieve a 99.9% reduction 
total dissolved solids. 

0044 According to embodiments, the disclosed subject 
matter includes an installation for a fluid purification system 
that may be operable after the attachment of cells adapted for 
purifying fluid. This embodiment includes only the fluid han 
dling circuit without the purification elements or cells. A fluid 
transport network has fluid channels, a controller, and valves 
are operable by the controller. The fluid transport network 
includes cell connectors adapted to receive cells adapted for 
purifying fluid and to direct forward and reverse flows 
through connected cells. The fluid transport network has con 
nections for source fluid, purified product fluid, and waste 
fluid. The fluid transport network and controller are config 
ured such that the controller operates the valves so that, at a 
first time, fluid may be directed from the source through 
connected first cells in a forward direction, in series, such that 
multiple purifications stages may be defined, the first cells 
forming a series with a first series cell being in a first position 
of the series and receiving the Source fluid, a last series cell 
being in a last position of the series outputting product fluid, 
and intermediate series cells. The fluid transport network and 
controller are configured such that the controller operates the 
valves so that at said first time, fluid may be directed in a 
reverse direction through a connected second cell whereby 
simultaneous multi-stage purification and cell regeneration 
may be achieved The fluid transport network and controller 
are configured to operate the valves to rearrange the con 
nected first cells and the second cell by replacing the last 
series cell with the second cell and replacing the second cell 
with the first series cell. The fluid transport network and 
controller are configured such that the controller operates the 
valves so that at said second time, fluid may be directed in a 
reverse direction through second cell, which was the first 
series cell at the first time. The rearrangement of cells in the 
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series may be accomplished without disconnecting any of the 
cells from any of the respective cell connectors. 
0045. In the embodiment of the last paragraph, the con 
troller may be configured to apply a reverse a Voltage of the 
second cell and apply a forward voltage to the first cells. The 
fluid may be water. The fluid transport network may have 
water channels and the network is configured to connect to 
water and water purification cells. The connectors may be 
adapted for receiving electronic deionization cells. In a varia 
tion, the first cells, at the first time, may be at least three in 
number having the first series cell, the last series cell and 
intermediate cells ordered by rank in the series; and the inter 
mediate cells, at the second time, may be moved forward in 
rank so that the first series cell may be replaced by the inter 
mediate cell of a lowest rank. Cells may be connected to said 
cell connectors to form an embodiment in which the cells are 
part of the embodiment rather than a system adapted to 
receive the cells. In the embodiments with cells and without, 
the controller may be adapted to operate the valves such that 
each of the cells may be repositioned successively through the 
series, taking a turn at each rank at respective times and taking 
a turn as the second cell to be regenerated. 
0046 According to embodiments, the disclosed subject 
matter includes a method of purifying water, which includes 
flowing water from a source, serially, through a series of 
electronic deionization (EDI) cells in a forward direction 
through each cell of the series so that a first cell of the series 
if of a lowest rank of the series and the last cell of the series 
may be of a highest rank of the series. The flowing is per 
formed by a controller by controlling automatic valves con 
trolled by the controller. The method includes using the con 
troller and the automatic valves, positioning a freshly 
regenerated cell in place of a last cell of said series while 
repositioning the other cells in the series by moving each cell 
to a lower rank so that the second rank may be repositioned as 
the first cell of the series. The method further includes using 
the controller and the automatic valves, regenerating the last 
cell by flowing water therethrough in a reverse direction. 
0047. In variations of the method of the foregoing embodi 
ment of the last paragraph, the method may include repeating 
the flowing using the cell regenerated in said regenerated in 
said regenerating. The method may also include repeating the 
positioning and the regenerating multiple times so that each 
cell takes more than one turn at each rank and may be regen 
erated Substantially an equal number of times. each cell may 
contain more than one water purification module arranged in 
series or in parallel. 
0048. According to embodiments, the disclosed subject 
matter includes a method of purifying fluid that includes 
flowing fluid from a source, serially, through a series of cells 
in a forward direction through each cell of the series so that a 
first cell of the series if of a lowest rank of the series and the 
last cell of the series may be of a highest rank of the series. The 
cells are each adapted to purify fluid flowing therethrough. 
The flowing is performed by a controller by controlling auto 
matic valves controlled by the controller. The method 
includes using the controller and the automatic valves, posi 
tioning a freshly-regenerated cell in place of a last cell of said 
series while repositioning the other cells in the series by 
moving each cell to a lower rank so that the second rank may 
be repositioned as the first cell of the series. The method 
includes using the controller and the automatic valves, regen 
erating the last cell by flowing fluid therethrough in a reverse 
direction. 
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0049. The method of the last paragraph may include 
repeating the flowing using the cell regenerated in said regen 
erated in said regenerating. The method may include posi 
tioning and the regenerating multiple times so that each cell 
takes more than one turn at each rank and may be regenerated 
Substantially an equal number of times. Each cell may contain 
more than one fluid purification module arranged in series or 
in parallel. 
0050. According to embodiments, the disclosed subject 
matter includes a method of purifying fluid including using a 
controller and a fluid management system, directing fluid 
through a series of cells to purify the fluid in multiple stages 
while regenerating at least another cell Such that fluid can be 
purified continuously without interruption for the regenerat 
ing. The method includes using the controller and fluid man 
agement system, changing the flow paths of the fluid man 
agement system so that the directing and regenerating may be 
effective to subject each cell to an equal load so that each cell 
may be exhausted at the same time, after being Subjected to 
multiple instances of said regenerating. 
0051. The changing the flow path may include flowing 
fluid in a reverse direction through a respective cell during 
said regenerating and flowing fluid in a forward direction 
through respective cells during said directing. The fluid may 
be water and the cells may be electronic deionization cells. 
0052. It will be appreciated that the modules, processes, 
systems, and sections described above can be implemented in 
hardware, hardware programmed by software, software 
instruction stored on a non-transitory computer readable 
medium or a combination of the above. For example, a 
method for purifying water or other fluids and form maintain 
ing a purification system can be implemented, for example, 
using a processor configured to execute a sequence of pro 
grammed instructions stored on a non-transitory computer 
readable medium. For example, the processor can include, but 
not be limited to, a personal computer or workstation or other 
Such computing system that includes a processor, micropro 
cessor, microcontroller device, or is comprised of control 
logic including integrated circuits such as, for example, an 
Application Specific Integrated Circuit (ASIC). The instruc 
tions can be compiled from Source code instructions provided 
in accordance with a programming language such as Java, 
C++, C#.net or the like. The instructions can also comprise 
code and data objects provided in accordance with, for 
example, the Visual BasicTM language, LabVIEW, or another 
structured or object-oriented programming language. The 
sequence of programmed instructions and data associated 
therewith can be stored in a non-transitory computer-readable 
medium such as a computer memory or storage device which 
may be any suitable memory apparatus, such as, but not 
limited to read-only memory (ROM), programmable read 
only memory (PROM), electrically erasable programmable 
read-only memory (EEPROM), random-access memory 
(RAM), flash memory, disk drive and the like. 
0053. Furthermore, the modules, processes, systems, and 
sections can be implemented as a single processor or as a 
distributed processor. Further, it should be appreciated that 
the steps mentioned above may be performed on a single or 
distributed processor (single and/or multi-core). Also, the 
processes, modules, and Sub-modules described in the Vari 
ous figures of and for embodiments above may be distributed 
across multiple computers or systems or may be co-located in 
a single processor or system. Exemplary structural embodi 
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ment alternatives Suitable for implementing the modules, sec 
tions, systems, means, or processes described herein are pro 
vided below. 

0054 The modules, processors or systems described 
above can be implemented as a programmed general purpose 
computer, an electronic device programmed with microcode, 
a hard-wired analog logic circuit, Software stored on a com 
puter-readable medium or signal, an optical computing 
device, a networked system of electronic and/or optical 
devices, a special purpose computing device, an integrated 
circuit device, a semiconductor chip, and a software module 
or object stored on a computer-readable medium or signal, for 
example. 
0055 Embodiments of the method and system (or their 
Sub-components or modules), may be implemented on agen 
eral-purpose computer, a special-purpose computer, a pro 
grammed microprocessor or microcontroller and peripheral 
integrated circuit element, an ASIC or other integrated circuit, 
a digital signal processor, a hardwired electronic or logic 
circuit Such as a discrete element circuit, a programmed logic 
circuit Such as a programmable logic device (PLD), program 
mable logic array (PLA), field-programmable gate array 
(FPGA), programmable array logic (PAL) device, or the like. 
In general, any process capable of implementing the func 
tions or steps described herein can be used to implement 
embodiments of the method, system, or a computer program 
product (software program stored on a non-transitory com 
puter readable medium). 
0056 Furthermore, embodiments of the disclosed 
method, system, and computer program product may be 
readily implemented, fully or partially, in Software using, for 
example, object or object-oriented software development 
environments that provide portable source code that can be 
used on a variety of computer platforms. Alternatively, 
embodiments of the disclosed method, system, and computer 
program product can be implemented partially or fully in 
hardware using, for example, standard logic circuits or a 
very-large-scale integration (VLSI) design. Other hardware 
or software can be used to implement embodiments depend 
ing on the speed and/or efficiency requirements of the sys 
tems, the particular function, and/or particular Software or 
hardware system, microprocessor, or microcomputer being 
utilized. Embodiments of the method, system, and computer 
program product can be implemented in hardware and/or 
Software using any known or later developed systems or 
structures, devices and/or software by those of ordinary skill 
in the applicable art from the function description provided 
herein and with a general basic knowledge of control systems 
and/or computer programming arts. 
0057 Moreover, embodiments of the disclosed method, 
system, and computer program product can be implemented 
in Software executed on a programmed general purpose com 
puter, a special purpose computer, a microprocessor, or the 
like. 

0058. It is, thus, apparent that there is provided, in accor 
dance with the present disclosure, systems, methods, and 
devices for purifying fluids. Many alternatives, modifica 
tions, and variations are enabled by the present disclosure. 
Features of the disclosed embodiments can be combined, 
rearranged, omitted, etc., within the scope of the invention to 
produce additional embodiments. Furthermore, certain fea 
tures may sometimes be used to advantage without a corre 
sponding use of other features. Accordingly, Applicants 
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intend to embrace all such alternatives, modifications, 
equivalents, and variations that are within the spirit and scope 
of the present invention. 

1-32. (canceled) 
33. An installation for a fluid purification system that is 

operable after the attachment of cells adapted for purifying 
fluid, comprising: 

a fluid transport network with fluid channels, a controller, 
and valves operable by the controller; 

the fluid transport network including cell connectors 
adapted to receive cells adapted for purifying fluid and to 
direct forward and reverse flows through connected 
cells; 

the fluid transport network having connections for source 
fluid, purified product fluid, and waste fluid; 

the fluid transport network and controller being configured 
such that the controller operates the valves so that, at a 
first time, fluid is directed from the source through con 
nected first cells in a forward direction, in series, such 
that multiple purifications stages are defined, the first 
cells forming a series with a first series cell being in a 
first position of the series and receiving the source fluid, 
a last series cell being in a last position of the series 
outputting product fluid, and intermediate series cells; 

the fluid transport network and controller being configured 
such that the controller operates the valves so that at said 
first time, fluid is directed in a reverse direction through 
a connected second cell whereby simultaneous multi 
stage purification and cell regeneration may be 
achieved; 

the fluid transport network and controller being configured 
to operate the valves to rearrange the connected first 
cells and the second cell by replacing the last series cell 
with the second cell and replacing the second cell with 
the first series cell; 

the fluid transport network and controller being configured 
such that the controller operates the valves so that at said 
second time, fluid is directed in a reverse direction 
through second cell, which was the first series cell at the 
first time; 

wherein the rearrangement of cells in the series is accom 
plished without disconnecting any of the cells from any 
of the respective cell connectors. 

34. The installation of claim 33, wherein the controller is 
configured to apply a reverse a Voltage of the second cell and 
apply a forward voltage to the first cells. 

35. The installation of claim 33, wherein the fluid is water. 
36. The installation of claim33, wherein the fluid transport 

network has water channels. 

37. The installation of claim33, wherein the connectors are 
adapted for receiving electronic deionization cells. 

38. The installation of claim 33, wherein: 
the first cells, at the first time, are at least three in number 

having the first series cell, the last series cell and inter 
mediate cells ordered by rank in the series: 

the intermediate cells, at the second time, are moved for 
ward in rank so that the first series cell is replaced by the 
intermediate cell of a lowest rank. 

39. The installation of claim 38, further comprising cells 
connected to said cell connectors. 

40. The installation of claim 38, wherein the controller is 
adapted to operate the valves such that each of the cells is 
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repositioned successively through the series, taking a turn at 
each rank at respective times and taking a turn as the second 
cell to be regenerated. 

41-48. (canceled) 
49. A method of purifying fluid, comprising: 
using a controller and a fluid management system, direct 

ing fluid through a series of cells to purify the fluid in 
multiple stages while regenerating at least another cell 
such that fluid can be purified continuously without 
interruption for the regenerating: 

using the controller and fluid management system, chang 
ing the flow paths of the fluid management system so 
that the directing and regenerating are effective to Sub 
ject each cell to an equal load so that each cell is 
exhausted at the same time, after being Subjected to 
multiple instances of said regenerating. 

50. The method of claim 49, wherein the changing the flow 
path includes flowing fluid in a reverse direction through a 
respective cell during said regenerating and flowing fluid in a 
forward direction through respective cells during said direct 
ing. 

51. The method of claim 49, wherein the fluid is water. 
52. The method of claim 51, wherein the cells are elec 

tronic deionization cells. 
53-55. (canceled) 
56. A water purification system, comprising: 
multiple cells interconnected by an Valving network, 

wherein each of the cells includes a purification element; 
a controller configured to control the valves of the Valving 

network; 
a source of water connected to the Valving network; 
a drain connected to the valving network; 
the controller being configured to, at a first time, generate 

a reverse flow of water through a first subset of the cells 
while simultaneously flowing water in a forward direc 
tion through two or more cells in a second Subset, while 
connecting the two or more cells in the second in series; 

the controller further being configured to direct a flow of 
water from the first subset of the cells to a drain while 
directing a flow from a last one of the two or more cells 
connected in series to a product water outlet; 

wherein the cells in the first subset and the cells in the 
second Subset are mutually exclusive, 

wherein the controller is further configured to, at a second 
time, generate a reverse flow of water through a third 
subset of the cells while simultaneously flowing water in 
a forward direction through two or more cells in a fourth 
Subset, while connecting the two or more cells in the 
fourth subset in series, and 

wherein the cells in the third subset and the cells in the 
fourth subset are mutually exclusive and wherein the 
cells in the first set and the third set are mutually exclu 
sive. 

57. The system of claim 56, wherein the reverse flow of 
water is effective to regenerate the cells. 

58. The system of claim 56, wherein the cells are electronic 
deionization cells. 

59. The system of claim 56, wherein the controller is con 
figured to apply a reverse Voltage to the cells in the first and 
third Subsets at said first and second times, respectively. 

60. The system of claim 56, wherein, at the first time, the 
reverse flow of water is water from last cell of the second 
subset in the series of cells which is thereby purified water. 
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61. The system of claim 60, wherein, at the second time, the 
reverse flow of water is water from last cell of the fourth 
subset in the series of cells which is thereby purified water. 

62. The system of claim 61, wherein cells in the second and 
fourth Subsets are interconnected in series Such as to produce 
a 99.9% reduction in total dissolved solids. 

k k k k k 
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