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This invention relates to an fQr l'ization of Iiquids
and, nore particularly, relate aﬂ?ﬁh " i3 Rg@ﬁ%ﬁ%ﬁed of nodul ar units

for the dem neral i zat4 SORDH et Background of the
| nventi on The purification of |iquid has becone of
great interest in many industries. In particular, pure water is

used for many iFiddofigventignir poses rather than nmerely as
This invention relates to an apparatus for the demineralization of liquids

and, more particularly, relates to an apparatus comprised of modular units for the
demineralization of liquids.
5 Background of the Invention
The purification of liquid has become of great interest in many industries. -
In particular, pure water is used for many industrial purposes rather than merely as
drinking water. For example, pure water is used in processes for producing
semiconductor chips, in power plants, in the petro chemical industry and for many other
10 purposes.
Ion exchange resins, reverse osmosis filtration and electrodialysis
techniques have been used to reduce the concentration of particular ions in a liquid.
Electrodeionization apparatus have recently been used with more
frequency to reduce the concentration of ions in a liquid. The term "electrodeionization”
15 generally refers to an apparatus and a process for purifying liquids which combine ion
exchange resins, ion exchange membranes and electricity to purify the liquids. An
electrodeionization module comprises alternating arrangements of cation permeable
membranes and anion permeable membranes defining compartments therebetween. In
alternating compartments, there is provided ion exchange resin beads. Those
20 compartments are known as diluting compartments. The compartments which generally
do not contain ion exchange resin are known as the concentrating compartments. Ions
migrate from the diluting compartments through ion exchange beads and ion permeable
membranes into the concentrating compartments by the introduction of current. The
liquid flowing through the concentrating compariments is discarded or partially recycled
25 and the purified liquid flowing through the diluting compartments is recovered as
demineralized liquid product.
Electrodialysis apparatns are similar in configuration to
electrodeionization apparatus. The main difference between electrodialysis apparatus and

electrodeionization apparatus is that electrodialysis apparatus do not use ion exchange
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diluting compartments. A mixture of anion exchange resin and cation exchange resin is
contained within the subcompartments. The subcompartments are formed by a plurality
of ribs extending along the length of the diluting or jon depletion compartments.

United States Patent No. 4,636,296 which issued January 13, 1987 to

15 Kunz discleses another embodiment of plate and frame apparatus and method for the
demineralization of aqueous solutions in which an aqueous liquid is passed through
alternating separate layers of cation exchange resin and anion exchange resin.

Plate and frame apparatus are large in size and typically suffer from leaks
because of the difficulty of sealing large vessels. Also, the units often are oversize

20 because of inflexibility in designing for éapacity, necessitating undesirably high capital
and operating costs.

United States Patent No. 5,376,253 which issued December 27, 1994 to
Rychen et al. discloses an apparatus for the electrochemical desalination of aqueous
solutions. The apparatus has a wound or spiral arrangement of anion and cation

25 permeable membranes. Such apparatus are prone to leakage and are relatively difficult
to manufacture.

It is tedious to increase or vary the total output capacity of purified liquid
for plate and frame configurations because it involves disassembly, insertion of additional
ion permeable membranes, and instaliation of longer tie-bars to assemble the apparatus

30 together. It is also tedious if not impossible to increase or vary the total output capacity
of purified liquid for spiral configurations because it involves disassembly and the
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El ectrodi al ysis apparatus are simlar in configuration to

el ectrodei oni zati on apparatus. The main difference between el ectrodial ysis
apparatus and el ect rodei oni zati on3apparatus is that

el ectrodi al ysis apparatus do not use ion exchange ) WO 97/ 28889
PCT/ CA97/ 00088 insertion of a longer or shorter arrangement of anion and cation permeable membrangs.

resin to aid in the removal of ions in the Iiquid passed through the
di luting conpartnent. Oten el ectrodialysis apparatus utilize
menbr ane structures ext enldisdgsirabletot dasilydvarythee tejal output capacity for pure liquid in

apparatus for the demineralization of liquids. Itis also desired to have an electrochemical
cell for electrodialysis and electrodeionization apparatus which is relatively easy to

5 situate in an existing water treatment system.

Summary of the Invention

The disadvantages of the prior art may be overcome by providing a
modular system apparatus for the demineralization of liquids which has a plurality of
modular units for the demineralization of liquids and which is relatively easily assembled

10 and disassembled for replacement of modular units or for increasing or decreasing design
flow capacity by adding or deleting modular units in the system.

In its broad aspect, the apparatus for the demineralization of liquids of the
present invention comprises a plurality of modular units for the demineralization of
aqueous liquids arranged in parallel with the flow of a liquid and adapted to remove ions

15 from the liquid. The apparatus is a modular system comprised of functional building
blocks which can be readily increased or decreased in size and volumetric capacity by
increasing or decreasing the number of these building blocks, i.e. modular units. Each
of the modular units or cells has a cathode and an anode and means for applying an
electrical voltage between the anode and the cathode. A plurality of alternating diluting

20 or demineralizing compartments and concentrating compartments are positioned between
the cathode and the anode. Jon exchange material is positioned within the diluting
compartments and may be positioned within the concentrating compartments. The
apparatus has means for passing a first liquid to be purified through the diluting
compartments and means for passing a second liquid through the concentrating

25 compartments for accepting ions from the first liquid. Each modular unit also has means
for passing an electrolyte to and from the cathode and anode, means for recovering the
purified liquid from the diluting compartments and means for removal of the
concentrated liquid from the unit.
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are OVe§§i Z€ for securing the top and bottom plates thereto to form a liquid-tight encapsulating
enclosure; said housing containing an anode compartment having an anode and a cathode
compartment having a cathode, a plurality of cation exchange membranes and anion
exchange membranes which are alternately arranged between the anode compartment and
the cathode compartment to form demineralizing compartments each defined by a
15 demineralizing compartment spacer having an anion exchange membrane on the anode
side and by a cation exchange membrane on the cathode side, and concentrating
compartments each defined by a concentrating compartment spacer having a cation
exchange membrane on the anode side and by an anion exchange membrane on the
cathode side, and a porous and permeable jon exchanger filling said demineralizing
20 compartments, and means for releasably connecting the modular unit to a piping system
in a modular system whereby the modular unit can be removed from or added to the

modular system.
Each demineralizing compartment comprises a demineralizing compartment
spacer having an elongated central cavity for receiving the porous and permeable ion
25 exchanger, said spacer having a liquid inlet port at one end and a liquid outlet port at the
opposite end, a plurality of fine slit openings formed in the spacer at each end adjacent
the cavity, and at least one chaunel in the spacer at each end for interconnecting the liquid
inlet port to the fine slit openings adjacent the cavity and for connecting the liquid outlet
port to the fine slit openings, whereby an aqueous liquid can be flowed through the
30 porous and permeable ion exchanger filling the demineralizing compartment. The jon

exchanger preferably a porous and permeable continuous phase of one of cation
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Each said si¢ : plate has a socket formed integral therewith on the outer surface

10 adjacent opposi: side ¢-zo8 thereof as an extension of a transverse rib at each end
thereof, eack . : ucket having a longitudinal hole therein for loosely receiving a
threaded bolt shank and a slot intersecting the hole adapted to receive a nut compatible
with the threaded bolt shank, said slot having an interior shape such as a part hexagonal
shape for receiving the nut in axial alignment with the bolt for threading the bolt into the

15 nut.

Each said end plate has a boss formed on the outer surface adjacent opposite sides
thereof at each end of a transverse rib, each said boss having a hole for receiving a bolt
in alignment with a mating socket in a side plate. '

The modular system for demineralizing aqueous liquids comprises a plurality of

20 said portable modular units in which the portable modular units are arranged in parallel,
a piping system for feeding an agueous liquid to be demineralized in parallel to the
modular units and for removing a demineralized aqueous liquid and a concentrated waste
liquid in parallel from the modular units, means for applying an electrical voltage
between the anode and the cathode, and means for removably connecting the modular

25 units to the piping system for facile adding of 2 modular unit to the system or removal
of the modular unit from the system.

The apparatus of the invention provides a number of advantages including
the following: 1. the electrical connections between the modular units atlow for simple
wiring of the apparatus; 2. the quick disconnection of the modular units enables the

30 modular units to be easily serviced or replaced; 3. the modular units simplify assembly
and disassembly of the entire apparatus; 4. the relatively small size of the modular units
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exchange material of the invention;

Figure § is a top plan view, partially in schematic, of the apparatus

of Figure 3;
15 Figure 6 is a perspective view of a second embodiment of the
present invention;
Figure 7 is a perspective view of the apparatus of Figure 6 with a

row of modules removed to more clearly show the liquid
manifolds;
20 Figure 8 is a sectional view, partly in elevation, of a manifold

connector embodiment of the invention shown in Figure

6;
Figure 9 is a perspective view of the housing of another
embodiment of the invention;
25 Figure 10 is an exploded perspective view of the component of the

embodiment shown in Figure 9;
Figure 11 is an enlarged perspective view of a preferred diluting
compartment spacer of the invention shown in Figure 10;
Figure 12 is a perspective view of modular system of the invention
30 showing the stacks of modular units arranged in racks;
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the invention;

Figure 14 is a perspective view, partly cut away, of a side plate of

the module housing shown in Figure 11; and

Figure 15 is a perspective view, partly cut away, of an end plate of

the module housing shown in Figure 11.
Detailed Description of the Preferred Embodiment

Referring to Figure 1, a prior art plate and frame electrodeionization
apparatus 10 is shown whereby ions may be removed from a liquid. In the preferred
embodiment, ions such as sodium and chloride are removed from water.

The electrodeionization apparatus 10 has a rectangular frame 12. The
frame 12 comprises a rigid front plate 14 and a rigid back plate 16 formed of metal. The
front plate 14 and the back plate 16 are joined together by a number of tie-bars or bolts
18. Each tie-bar 18 is inserted into a hole 20 located equispaced about the periphery of
the front plate 14 and inserted into corresponding holes 18a in back plate 16. A cathode
depicted by numeral 22 (Figure 2) is located proximate the front plate 14 in a cathode
compartment 23 and an anode depicted by numeral 24 is located proximate the back plate
16 in an anode compartment 25.

Openings 26 are located in the front plate 14 to allow liquid to enter the
electrodeionization apparatus 10 for treatment. Insulating electrode block 28 forming and
electrode compartment abuts the perimeter of the front plate 14 and insulating electrode
block 30 forming an electrode compartment continuously abuts the perimeter of the back
plate 20. The electrodeionization apparatus 10 has a plurality of alternating cation
permeable membranes and anion permeable membranes depicted by numeral 32 between
the insulating electrode blocks 28 and 30. The cation permeable membranes and anion
permeable membranes 32 define the boundaries of alternating concentrating and diluting
compartments, to be described.

Figure 2 shows representative concentrating compartments 44, 46 and a
representative diluting compartment 48, between the concentrating compartments, in
further detail. Cation permeable membranes 36 and 38 and anion permeable membranes
40 and 42 define the concentrating compartments and diluting compartments. Spacers

of the
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ar
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pi pi ng system stem unit can be
renmoved fXom or 1cgndaddungejnatbml 52 dispersed within matrix 50 transversely of the bed plane. The

ion exchange materials 50 and 52 preferably are ion exchange resin particles in the form
of beads. The ion exchange material 50 and ion exchange material 52 exchange
oppositely charged ions. For example, if continnous phase ion exchange material 50 is
a cation exchange material, which will have fixed negative charges to capture cations,
15 dispersed phase ion exchange material 52 is an anion exchange material which will have
fixed positive charges to capture anions. The transverse arrangement of clusters of the
dispersed phased ion exchange material straddling or bridging the diluting compartments
ensures that the aqueous liquid which flows within the diluting compartments 48 comes
into contact with both forms of ion exchange resins to effectively exchange cations and
20 anions. Referring to Figures 1, 2 and 4, aqueous liquid to be treated flows through the
openings 26 and through the concentrating compartments 44 and 46 and the diluting
compartment 48. Streams of liquid depicted by arrows 5S4 and 56 flow through the
concentrating compartments 44 and 46 respectively and a stream of liquid depicted by
arrow 38 flows through the dilating compartment 48. The aqueous liquid contains ions
25 such as sodium and chloride ions.
Electric current flows between the cathode 22 in cathode compartment 23
and the anode 24 in anode compartment 25. The current across cathode 22 and anode 24
may be varied to control the overall efficiency of the electrodeionization process.
As the liquid to be purified flows through the diluting compartment 48 as
30 depicted by arrow 58, it comes into contact with jon exchange resin beads, as in the

arrangement such as shown in Figure 4. Cation exchange resin 50 has fixed negative
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respectively to travel through membranes 38 and 40 and into the adjacent concentrating
compartments 46 and 44. The ion exchange resin is disposed in a transverse arrangement
relative to the flow of liquid by arrows 53 as shown in Figure 4. This arrangement
ensures that most of the liquid flowing through the diluting compartment 48 comes into
10 contact with ion exchange material S0 and 52.

In the preferred embodiment for purifying water, the current induces some
splitting of water into hydrogen and hydroxyl ions. The hydrogen ions are transported
through the cation exchange resin S0 towards the cation exchange membrane 38, and
through cation exchange membrane 38 into the concentrating compartment 46, as shown

15 by arrows 66. The hydroxyl ions are transported through the anion exchange resin 52,
towards anion permeable membrane 40, and through anion permeable membrane 40 into
the concentrating compartment 44, as shown by arrows 62. Thus, the ion exchange resin
material 50 and ion exchange resin material 52 are continuously regenerated.

Aniopic impurities, for example chloride ions in the water to be purified

20 in diluting chamber 48, are taken up by the anion exchange resin material 52, by the usual
jon exchange mechanism, and are then transported along with hydroxyl ions through the
anion exchange resin up to, and through anion permeable membrane 40, into
concentrating compartment 44 as shown by arrows 60. At the same time, an equivalent
amount of hydrogen ions and impurity cations is transported from an adjacent diluting

25 compartment into concentrating chamber 44, as shown by arrows 70.

Cationic impurities, for example sodium ions, in the water to be purified
in diluting chamber 48 are taken up by the cation exchange resin material 50, by the usual
jon exchange mechanism, and are then transported along with the hydrogen ions through
the cation exchange resin up to, and through cation permeable membrane 38, into

30 concentrating compartment 46 as shown by arrows 64. At the same time, an equivalent
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the bolt for tpueliti afeithes dejqnizgtiom or lestrodialysigmodule units 76. 1In this
embodiment, the modules 76 are arranged in a spaced-apart rows or racks 77 and 79.

10 Liquid to be treated flows through a feed conduit 80 in the direction as
depicted by arrow 82 (Figures 3 and 5) between module rows 77 and 79. The feed
conduit bas a number of lateral connector conduits 84 which allow the liquid to flow in

parallel into each of modules 76 in rows 77 and 79. The flow of liquid from the feed
conduit into the modules 76 is depicted by arrows 86 in Figure 5. At the same time,

15 waste liquid flows through a waste conduit 81 in the direction as depicted by arrow 83
between rows 77 and 79 of modules 76. The waste conduit 81 has a number of lateral
connector conduits 85 which allow the liguid to flow in parallel into the modules 76 in
the direction as depicted by arrow 87.

After the liquid has been purified in the modules 76 as described above,

20 it flows out of the modules 76 in rows 77 and 79 in parallel as depicted by arrows 88 in
Figure 5 through lateral conduits 90 into a product collection conduit 92. This is depicted
by arrow 102 in Figure 5. Waste from the diluting compartments flows out of modules
76 in parallel through conduits 96 shown by arrow 98 into a waste collection conduit for
flow as depicted by arrow 100.

25 An electrolyte is passed through the compartments which contain the
cathode and the anode. The electrolyte flows through a conduit 104 and through a
number of lateral connector conduits 106 from the modules 76 in the rows 77 and 79 in
the direction as depicted by arrows 108.

The modules in rows 77 and 79 preferably are separately electrically

30 fused.



Each said end plate has a boss forned on the outer surface adjacent

opposi‘t e Siywiesrngsss thereof at each end of a transvergeycidiwedgiCh said
boss having a hole for receiving a bolt in alignment with a mating
socket in a side plate. The nodul ar system for

deni neral i zi ng aqueous |iquids conpriseslda plurality of 20 sai d
portabl e nmodul ar units in which the portable nodular units are arranged in
paral | el , a pFigiuag6-8 ghaveanothsr erhbadithentjofthe anparatya $20 ¢fidhs present be

dem neralized.in parallel to t : | &L, units. for. renpving a
dem neral i zed"évcfﬂg "u?k ﬁ%@?%mgggogo%lgrﬁsccéﬁtp g%@gg 0\%515 ?dEO%ﬁBgn m%d'l’lf?q?fi din
paral | el fromelebgodidigsit mbduled 122, anahgedsn fows 1apphd/125) an el ectrical voltage
bet ween the anode and the cat hode, and ans _for re[rgvabl y connecting the

modul ar 25 uni ts tBEWIRE shows trgicalraequls k2gse omg dhri ATk rmaeduesdul ar
uni t to §he Sy iR 25 HaSBeARgs in oge end plate{254 SSWP i Wﬂd@bfli{)ufdjﬁl&ﬁ g

system e apparatus of the invention provides a
nunber of advamidatped 2R ne imadifelds 130 and 132.t Qperfings| 3¢ hif anti [38ealloivefor thecal
connecti ons between .th dular units.allow far.sinmple . Wi.ri ng of
t he appar at us #“‘f"st"ﬁ& a%ﬁ@ﬁ“ﬂ&%@o%ﬁ%@tlﬁ%ﬁn%"@ﬁ%ﬁ%ngﬁ?sg?mﬁﬂ”"sﬂ%‘ﬁ%{“es t he

30 nodultigy mofilésSintOreBpecivs tdndufte invinadbid 130. e Dpaing 14B alidvs fopehel ar
units sinplify assenmbly . . and di sassenbly of the entire_ apparatus,;
4. the rel ati weragusham qf bgniddo be pumfied and @pening 12 permits introduction of liquid to

10 pick up wrste (noncentrate) liquid. The manifolds 130 and 132 have connectors 144 for
connection to tue modules 122.
With reference now to Figure 8, connector 144 is a short pipe with o-ring
146 which friction fits within the openings 134, 136, 138, 140 and 142 of the module 122
and maintains a liquid seal with manifolds 130 and 132. Figure 8 shows a cross-section
15 of the manifold 130 which has conduits 148, 150 and 152 corresponding to the flow of
streams of purified liquid, electrolyte and waste, respectively.
Figures 9-15 show another embodiment of the modular unit of the
apparatus of the present invention. With reference to Figures 9 and 10, an embodiment
of module housing 160 is shown having side plates 162 and end plates 164 joined by a
20 plurality of bolts 166. Top and bottom plates 168, 170 seated into recesses in plates 168,
170 close the module. The housing plates are made of a material such as stainless steel
or an aluminum alloy configured in box-like structures to be described to provide an
assembly for a liquid-tight housing which encapsulates the interior components. A PVC
insulating electrode block 172 having inlet and outlet pipes adjacent an end gasket 174
25 at one end houses a platinum coated titanium anode 176 and a PVC insulating ¢lectrode
block 178 at the opposite end adjacent an end gasket 180 houses a stainless steel cathode
182. A polypropylene mesh electrode spacer 184, an electrode compartment spacer 185
and a cation permeable membrane 186 are located at the anode end of the module. Next,
a concentrating compartment spacer 188 is adjacent an anion permeable membrane 190
30 which abuts a demineralizing or diluting compartment spacer 192 which houses ion
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al lows for encapsulation of the units, thereby enhancing the integrity of
the units and m ni m zi ng | eakage; and .§ the total output capacity of
purified liquid is easily increased of>decreased to suit desi gn flow

(r)? q,l[J ihreegﬁ Int Z byex%ﬂadnigg %a?erna[ ?.g.nxgrix Q&ha@g%}]h(ﬁ rsuclfxnaistsi?o&nninq‘igure 4.S ;%zzr.~,(tearr;1 l§§ gt?c{m ly
192 may be injection molded polypropylene.
A plurality of diluting/concentrating pairs of compartments 196 comprise
the central portion of the module. A cation permeable membrane 198 adjacent a
5 concentrating compartment spacer 200, next to a cation permeable membrane 202 and

an electrode compartment spacer 204, abut stainless steel] cathode 182,

Figure 11 iltustrates a diluent spacer 192 containing within a cavity 199
defined by sides 201, 203 and ends 205, 206 an ion exchanger bed 40 having continuous
phase of ion exchange material 50 and discrete spaced-apatt cylinders or island clusters

10 of a second ion exchange material 52, the cylinders 52 extending through bed 40 to be
exposed on both sides thereof. The discrete island or clusters 52 may be formed from
a shallow bed or sheet of a continuous phase of ion exchange resin particles of a first or
second ion exchange material, preferably bonded by a polymeric binder, by die cutting
clusters of the desired size and shape from the sheet. A sheet of a continuous phase of
15 ion exchange resin particles of an ion exchange material having an opposite charge
bonded by a polymeric resin having a plurality of holes corresponding in size and shape
to the clusters 52 die cut therefrom, can receive the cut-out clusters 52 having the
opposite charge in tight-fitting frictional engagement to form the ion exchangers. A
thermoplastic polymeric binder such as a low density polyethylene, linear low density
20 polyethylene, or the like, in an amount sufficient to form a cohesive sheet or bed structure
suitable for handling, while retaining good porosity, liquid permeability and ion exchange
capacity, can be used to form the starting sheets of the first and second ion exchange
material. A liquid inlet port 208 is connected to cavity 198 by channels 210 terminating
in a plurality of fine slit openings 212, openings 212 having a width smaller than the
25 average size of the particles, e.g., ion exchange resin beads, which constitute the bed 40.
The liquid discharge port 214 is connected to cavity 198 by channels 216 and a plurality
of fine slit openings 218. Covers 220 close channels 210 and 216. Migration of the resin
material thus is inhibited and the resin material is effectively contained within the diluent

spacer during liquid flow.
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Brief Descripti on of t he Draw ngs

i nvention will now be described with reference to t[jeTHiS SHEET HAR BERa
drawi ngs, in which: 14 Figure 1 i SREPIAGEBect | v

tyi ng

view of a prior art electrodeionization 5

appar at us;
Figure 3

a nodul ar

10

15

20

30

Figure 12 illustriegaitypical rack oSmadlaramire 16@ mpusted i anal

t ak | 1;
Hogure ac ° oeng 1S Fiufs Clsbows e pimbine.sontiit 792 fer sgreonninuipp e puified " ©
of the i nvent | ondihi?34t BetiqheiioR&rPhwaAinpRitiea] conligit236for pirtied Hauid, conduit -

renoved for clarity of illustrations;
238 for waste liquid and conduit 240 for electrolyte. Junction boxes 242 provide the

electrical connection to the anodes and cathodes by wires 244, 246 (Figure 12)
individually fused.

Turning to Figure 14, each side plate 162 is shown in more detail to
comprise inner planar wall 230 and a plurality of transverse upstanding reinforcing ribs
232, 234 equispaced along the length of plate 162 on the outer surface 236 and formed
integral therewith. Thin ribs 232 and thick central ribs 234 interconnect sockets 238, 240
formed at opposite side edges 242, 244 of plate 162. A rectangular cover plate 246
substantially co-extensive with and attached to the distal edges 248 of ribs 232, 234
forms a rigid box structure to effectively stiffen and reinforce side plate 162 from internal
pressure.

Each of sockets 238, 240 comprises a slightly oversize hole 248 adapted
to receive the shank 250 of bolt 166 (Figure 9) and a slot 252 intersecting hole 248
adapted to receive a nut 254, typically a hexagonal nut, which is compatible with and
receives bolt shank 250 in threaded engagement. The intertor of slot 252 is shaped to
include four sides of hexagon to receive and to centre nut 254 in axial alignment with
hole 248 and to prevent rotation of nut 254 to allow bolt shank 250 to be threaded therein.

Each end plate 164, shown in more detail in Figure 15, has transverse
upstanding reinforcing ribs 260 equispaced along the length of the plate on the outer
surface 262 formed integral therewith to interconnect bosses 264 having holes for
receiving bolts 166. A rectangular cover plate 266 substantially co-extensive therewith
and attached to the distal edges 268 of ribs 260 forms a rigid box structure to effectively
stiffen and reinforce end plate 164 from internal pressure.

The plurality of bolts 166 tightened to the desired torque level effectively
secures end plates 164 to side plates 162 and locks top and bottom plates 168 in inner
wall slots to provide an encapsulated, liquid-tight housing capable of effectively
withstanding internal pressures of 150 psig, or more without leakage of liquid.

Sheet Has Been Reﬂlaced
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Figure 4 Is a perspettive view of a preferred arrangenent of ion

.exchange natwoisahksssd t he i nvention; PET/GAT7E00988 is a
top plan view, partially in schematic, of the apparatus

of Figure 3; 15 Fi gur (156 . is a perspective view of a
second enbodi nent of the pr esent

I nventi on; Fi gur | S.a perspectjve view of the
apparatus of Figure 6 wi tTll?eénodular systgm c?f tﬁe present mve%txon grovxcics a numbepof 5

nodul es rendVediffrhR a@vantaBel e Hid@NAlARs ik dbthphct and can be carried by two people
mani f ol ds; 20 Fi gure 8 IS a sectional view, partly

in el evation, oforipsialiationer replacement. The compact units typically are liquid tight and previdect or
Gt O el ERLRGEIR, colo L lows fon frle plyrompn POYOR Bt g
of anot hers need for field servicing. The parallel arrangement ofurtits dilowsiincreéseton decrease
nvent i on: 25 o b adding or delering ok k. Fifurd By SxPhR4ES BELSPESL) Ve
embodi ment  ShoWhe isfstdnh. Bk célifiguration can be serviced by common Fipfig! #alved, punips oAd)
enl arged perspective view of a preferred diluting
the like for minimum capital expenditure and servicing costs. A system containing eight
units, each producing nominally 12.5 U.S. gallons per minute (gpm), produces 100 gpm.
10 Stacking of eight units on top of eight units would double production to 200 gpm.
Configurations of 100, 300 and 600 U.S. gpm and larger are standard.
It will be understood, of course, that modifications can be made in the
embodiment of the invention illustrated and described herein without departing from
the scope and purview of the invention as defined by the appended claims.

15



Figure 12 w@ﬁwﬁmel’ Irodul ar syst em of thq;-,n,@y,qmdspn 30
showi ng the stacks o arranged i n racks;

conpart nent spacer t e hgsvlgnthon shown In Figure 10;
f ﬂi
97/ 28889

PCT/ CA97/ 00088 16 8
Figure 13 | s a Eerspect I ve view of an enbo ﬁgfﬁs*dEEFHMBEERI g of
t he inventionWE Fi gu EPéAeEperspe tive view,

partly cut awgy, OA parshiifodilia it B use in a modular system for demineralizing aqueous
liquids comprising a rigid, compact housing, said housing having a pair of opposite end
plates, a pair of opposite side plates, a top plate and a bottom plate, and connector means
5 for joining said end plates to the side and plates and for securing the top and bottom
plates thereto to form a liquid-tight encapsulating enclosure; said housing containing an
anode compartment having an anode and a cathode compartment having a cathode, a
plurality of cation exchange membranes and anion exchange membranes which are
alternately arranged between the anode compartment and the cathode compartment to
10 form demineralizing compartments each defined by a demineralizing compartment spacer
having an anion exchange membrane on the anode side and by a cation exchange
membrane on the cathode side, and concentrating compartments each defined by a
concentrating compartment spacer having a cation exchange membrane on the anode side
and by an anion exchange membrane on the cathode side, and a porous and permeable
15 ion exchanger filling said demineralizing compartments, and means for releasably
connecting the modular unit to a piping system in a modular system whereby the modular

unit can be removed from or added to the modular system.
2. A modular unit as claimed in claim 1 in which each demineralizing compartment
comprises a demineralizing compartment spacer having an elongated central cavity for
20 receiving the porous and permeable ion exchanger, said spacer having a liquid inlet port
at one end and a liquid outlet port at the opposite end, a plurality of fine slit openings
formed in the spacer at each end adjacent the cavity, and at least one channel in the spacer
at each end for interconnecting the liquid inlet port to the fine slit openings adjacent the
cavity and for connecting the liguid outlet port to the fine slit openings, whereby an
25 aqueous liquid can be flowed through the porous and permeable ion exchanger filling the

demineralizing compartment.

3. A modular unit as claimed in claim 2 in which the ion exchanger comprises a
porous and permeable continuous phase of one of cation exchange resin particles or anion
exchange resin particles and a porous and permeable dispersed phase of clusters of the
30 other of the cation exchange resin particles or the anion exchange resin particles in the

continuous phase.

L



t he nodul e housi ng sh | L Qur l..and 5 Fi gure
?MSHeg}ﬁmﬁeﬁgﬁ away, of an end pl RE/EXI700088

15 +Ls a paraypassisye

t he nodul e housi ng shommm ,m : i on of
the Preferred Enmbodine . THIS BIEET A@@Eﬂ“g&re 1, a
prior art plate and frane el ectrodei oni zat1bn REPLARBRr at us10 is
shown whereby iqgns renpved.froma.liLqui N _ITH& pref.erred 1Q
enbodi nent, ions sugﬁ%é@e%wnﬁﬁcgaﬂme‘gﬂl‘%ﬂ’é ‘55‘8“1“8#8%5‘8 OpFTHRg haye apvidth
The el ectrodei ogmalik thai thRRPERE sike of theldafondr b6k A3BPaiticlek WheRby Rrigrdtith of

frame 12 conprises a rigid front plate 14 and a rigid back plate 16 forned
of netal. The theresin ¢lesis inhifited during ligyid #e# back plate 16 are j oi ned

t oget her by a nymnber =N : : gﬁlﬁﬂa i r-.18 is
i nserted into ag’hol eAg%“F‘iég‘é‘?‘gﬁ%é%‘f@gg%ﬁ‘é‘é%"é’b‘?h?aﬁiég’%“e?. p ert%/s a%?a’%gld%
the front Pl at eplbtes hastan ovter isunfabe iand basagriwrelity ofi ttansyerssolpstandifg rdinfoleagleib| at e

16. A cat hod : depicted b | 22 .(Fi 2).is .l ocated
broxi mate the T PUHIPRAASREE i poies Saee formied iebirst heirith e o coye BiNA an
anode depi cted kybsabti@Fydo-ektnkiSe With ak 8hcREMS P QallcdesRaftie rﬁhﬁ‘i&%ﬁbs to

16 in an anode conpartnent 25. . L D enings Zb are

|l ocated in the formmrgy boxstroture gheggwithfon stiffening ang reipforsing; thesplates from internal
pressure.

10 6. A modular unit as claimed in claim 5 in which each said side plate has a socket

formed integral therewith on the outer surface adjacent opposite side edges thereof as an
extension of a transverse rib at each end thereof, cach said socket having a longitudinal
hole therein for loosely receiving a threaded bolt shank and a slot intersecting the hole
adapted to receive a nut compatible with the threaded bolt shank, said slot having an
is interior shape for receiving the nut in axial alignment with the bolt for threading the bolt
into the nut.
7. A modular unit as claimed in claim 6 in which each said end plate has a boss
formed on the outer surface adjacent opposite sides thereof at each end of a transverse rib,
each said boss having a hole for receiving a bolt in alignment with a mating socket in a
20 side plate.
8. A modular system for demineralizing aqueous liquids comprising a plurality of
portable modular units as claimed in any of claims 1-7 in which said portable modular
units are arranged in parallel, a piping system for feeding an aqueous liquid to be
demineralized in parallel to the modular units and for removing a demineralized aqueous
25 liquid and a concentrated waste liquid in paralle] from the modular units, means for
applying an electrical voltage between the anode and the cathode, and means for
removably connecting the modular units to the piping system for facile adding of a
modular unit to the system or removal of the modular unit from the system.
9. A modular system as claimed in claim 8 in which the means for removably

30 correcting the modular units is a quick release securement means.
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20 el ectrodei oni zati on apparatus 10 for treat mentycg)dasnbonsd ng

el ectrode bl ock 28 form ng and el ectrode conpartnent abuts the
peri met erwob72888 front plate 14 and insul ating el ectrode bl ock 30
form ng an el ectrode conpartnent continuously abuts the perineter of the
back pl ate 20. The el ectrodei oni zati on apparatus 10 has a
plurality of alternating cation per meabl e nenbranes and ani on

per neabl e menbranes depicted by nuneral 32 between 25 the insul ating

el ectrode bl ocks 28 and 30. The cation perneabl e nenbranes and ani on

per meabl e menbranes 32 define the boundaries of alternating concentrating
and diluting conpartnents, to be descri bed.

Figure 2 shows representative concentrating conpartnents 44, 46 and a
representative diluting conpartnent 48, between the concentrating

conpartnments, in 30 further detgifhp Cation pernmeabl e menbranes 36 and
38 and ani on per neabl e nenbr anes 40 and 42 define the
concentrating rtqﬁﬁk§nquR9i)uting conpartnments. Spacers
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(not shown) are placed bet
and
compartments 48 have openi
mat eri al such as io?: C
under stood that ion‘*eXeh
concentrating 5 C
a preferred arrangenent

I nvention to be used wthj
A bed 40 of por
of ion exchange materi al
cylinders of porous and p
material 52 dispersed wt

i on exchange mat er p& s 7D
particles in the form

i on exchange material 52 gx&

exanple, if continugus ph3

concentrating conpartments.

PCT/CA97/00088
ween the nenbranes in the diluting conpartnents
The spacers in the diluting
ngs for placenment of ion exchange
ﬁnge resin Bé38s 49. It will be
ge resin may al so be placed within the
art . Figure 4 shows
I on : 421 of the pr esent

art nent 48 shown in Figure 2.
nti nuous phase, i.e. matrix,
lurality of spaced-apart
second 10 I on exchange

n ersely of the bed plane. The
qge re iog.exchange resin
> ion hange material 50 and
sitely charged ions. For
se éﬁ?al 50 is
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a.cation exch@vr}gg.,izg&tgeri'al, which will have fixed negative charges to
capture cations, di spersed phase ion exchange nat errcgicad dﬂ§s an

ani on exchange material which will have fixedsR@sifive charges to
capture anions. The transverse arrangenent of clusters fpo : :
di spersed phased i on exchange materi &3/%2raddling or bifi dgi S HHAS Bag
conpartnents ensures that the aqueous |iqui d=Hreh=rl HWER t hi

eI

the diluting conpartnments 48 cones i nto cont act

of ion exchange resins to effectively exchange catio

Referring to Figures 1, 2 agq4, aqueous ikt @i d L

t he openi ngs 26 an hr ough t ke Q)

46 and the diluting copnpart nme 48\

arrows 54 and 56 flow through t&e

and 46 respectively and a stream Yoot ==

flows through the diluting conparf o5 '"&9"?.

25 such as sodi um andg ’» 4 ,

current flows bet n the c@holx
o \

i “ V4
the anode 24 in anof{le conpart ng \' / /
N

Wit h Dot Forns
P ani ons.
dyf | ows t hrough
ments 44 and

('QIW 58

nt ghns i ons
lectric

anode 24 (May be vari T f the
el ectrodei oni zati @f process. ’ Q0 _be
purified flows through the 4 ] by

. . i
arrow 58, it cones into oﬁ'
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ar rangenent S‘%C(:’h as _shown in Fi gure 4. Cation exchange resin 50 has fixed

negati ve 728883\ 97/ 28889 PCT/CA97/00088
PCT/ CA97/ 00088 10
charges and captures .cations such as sodiumions preseai._in the I|qU| d.
Ani on exchange resin 52 has fixed positive chg Foap
ani ons such as chloride ions present i4g1 the |
exchange takes place between the |iqui ?o be purifi ed=ang d-1he-n
cation exchange reS| .l@ S[ds 50 and the ani on exchange resin beats~ 5 =i
voltage 5 i ndu¢est'he non-desired8&ti o83 and ani ons typified by
sodiumions and chloride ions regspedtively to travel through
menbranes 38 and 40 and into the adjacent] corjcentrating
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conpartments 46 and 44. The i on exchange resin is disposed in a transverse
arrangenent WO9728889,¢| gtjve to the flow of liquid by arrowﬁ%g%ngﬁovm
e lirqurd

in Figure 4. This arrangenent ensures that nost of th

flowi ng through the diluting conpartnent 48 cones into 10 contact with
i on exchange material 50 and 52. In the preferred
enbodi nent for purifying water, the current induces sone splitting
of water into hydrogen and hydroxyl iqg§ The hydrogen ions are transported
t hrough the cation exchange resin 50 t m%?ds t he cati on exchange nenbrane
38, and t hrough cation exchange nenbrane 38 into the concentrating
conpartnent 46, as shown 15 by oWws 66. The hydroxyl ions are
transported through the anion exchag%EBKisin 52, t owar ds ani on

per meabl e nenbrane 40, and through ani on perneabl e nenbrane 40 into

the concentrating cof@@tnment 44, as shown by arrows 62. Thus, the ion

exchange resin naL@ﬁgaJ 50 _and ion exchange resin material 52 are
) 124 Anionic inpurities, for

exanpl e chloride ionsg to be purified 20 in diluting
chanber 48, are taken\A1 .Qgpn exchange resin material 52, by the
usual i e o and are then transported along with

e resin up to, and through

hydr oxyl ion§?3hrc.
ntrating conpartnent 44 as

ani on perneab e
shown by arromgﬁbﬁ.




amount of hydrogen ions and inpurity cations is transported from an

adj acent di | ul¥hy/288se conpartnent into concentrating chagbeicadfooossS
shown by arrows 70. Cationic inmpurities, for
exanpl e sodiumions, in the water to be purified in diluting
chanmber 48 are t@ken up by the cation eééhange resin material 50, by the
usual \\OQ exchange neaqésisnl nd are then transported along with
t he hydrogen io \\’ N\§=;[he cation exchange resin up to, and

t hrough cation perqBgR A

46 as shown by arr ows
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conpartnment into concentrating chamber 46, as shown by arrows 68.

The wat er roO%OVWQh the concentrating conpartnents 44 an¢rAsttuess
waste tank (not shown) or is recycled. The purified water flow ng through
the diluting 5 conpartment 48 is recovered ag=peoduct,
Referring now to Figures 3 and 5, the enbodi nent of b Ao O T
the present invention for the dem neralization of ajfliqui &E Ehtier
conprises a plurality of eitﬁfizelectrodei i : 2

el ectrodi al ysis nodul e units 76. Int enbodi nment ,

76 are arranged in a spaced-apart rows or racks 77 and 79. 10

Ligurd to be treated flows through a feed conduit 80 in the direction as
depicted by arrow 82 (Figﬁ§$§L3 and 5) between nmodul e q@ys 77 and 79. The

t he nodul es

feed conduit ha nber of I.<§c\\Fonnecto conduits 84 which
allowthe liquid to flowin par *?W.i;to each of nodules 76 in

rows 77 and 79. The flow of |iquggfromitBes conduit into the

nodul es 76 is depicted by arrows 86 in ???!
waste liquid flows through a wast e 7
by arrow 83 bet n rows/7
conduit 81 has a nunber of Vaqte
allowthe liquid to flowin psg

direction as depicted by ar
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After the liquid has been purified in the nodul es 76 as described above, 20

it flows out SOIREApdules 76 in rows 77 and 79 in paral | elpcicadfitiogst €d by

arrows 88 in Figure 5 through lateral conduits 90 into a product

collection conduit 92. This is depictéd/12 by arrow 102 in Figure 5.
g Gokpardriedts fl ows out of nodul es 76 in

bygarrow 98 into a waste coll ection

ed@by arrow 100. 25

e conpartments which contain the

v yte_{lows through a conduit 104 and

t hrough a T nun® = nector conduits 106 fromthe

nodul es 76 in tRe rowy 77 and 79 | = the direction as depicted by

arrows 108. N Th@ nodules in rows 77 and 79
preferably are sepap ectric 030 fused.

conduit for
An el ectrolyte
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Fi gures 6-8 show anot her enbodi nent of the apparatus 120 of the present

i nvention. The apparatus 120 conprises @/gpurality of el ectrodionization

nodul es or el ectrodi al ysis nodul es 122 arranged in rows 123 and
125. Fi gure 6§Shoms typi cal nodul e 122 separat ed
fromthe rack of nodules. 5 Moo e 1 has openings in one end plate
125 to allow for the flowf |iffaxzd frjomt nodul es 122 to

mani fol ds 130 and 132. Op@ji ng 0 36 apd 138 allow for the

streans of waste (concentra five and purified liquid
respectively to flow from 'ﬁi e es into respective conduits in
mani fol d 130. Cpenin§é140 introduction of liquid to
be purified and openicgg~14 m dig@ i pn of liquid to 10 pi ck
up waste (concentrate) |i gui d.\T ol 0 and 132 have connectors
144 for connecti n S

is a short pipe with o-ring

Wth reference now to Figur n Eaﬂmz)

218

192

203

FIG.11.




146 which friction fits within the openings 134, 136, 138, 140 and 142 of

t he modul e 122V0%728889  onq mmintains a liquid seal wth nmamdmtadsoedosd and
132. Figure 8 shows a cross-section 15 of the manifold 130 which has
conduits 148, 150 and 152 correspond@¢f the flow of streans of
purified liquid, electrolyte and waste, respectively.

Fi gures 9-15 show anot her enbodi nent of the nodular unit of the

apparatus of the present invention. Wth reference to Figures 9 and 10, an
enbodi nent of nodul e housi ng 460 i s shown having side plates 162
and end plates 164 joined by a 20 C\ W uraity of bolts 166. Top and
bottom plates 168, 170 seated into receSggR in plates 168, 170

cl ose the nodul e. The housi ng plate5£$)c"yo- of a material such, as
st ai nl ess st eel or an al um R¥¥Fm¥l Ty,
structures to be described to provide q44§\ N, assenbl y for &

| i qui d-tight housi ng which encapsulat;;-~w- “u) Qr conponent A PVC

i nsul ating el ectrode bl ock 172 haylng % ¥ N Nt  pi pes aB}acent an
end gasket 174 25 at one eng 7 A \B i ivated titani um anode
176 and a PVC insulating g ectrgpﬁﬁ-

adj acent an end gasket g b-’\‘qﬁ‘zn A1

pol ypropyl ene nmesh el eci PRIy
185 and a cat ”/’-@/‘:!4
end of the no ¢ ’

adj acent ansagia0 TP\~ ALO




30 whi ch abuts a denineralizing or diluting conpartnent spacer 192

whi ch ‘houses W@i?7/2888 WO 97/ 28889 PCT/CA97/00088
PCT/ CA97/ 00088 13
exchange material i.e. ion exchanger 40, such as shown in Figure 4. Spacers
188 and 192 may be |njectlﬁh[ﬁalded pol ypropyl en

A plurality of diluting/concentrating pairs of conp e tE.T§§ HASBEEN
the central portion of the nodule. A cation perneapl e} nepilane ] rRcent

a b5 concentrating conpartnent spacer 200, next\to cation perneabl €
menbr ane 202 and an el ectrode conpartnment sfdacer 204, abut

stai nl ess steel cathode 182. 3
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Figure 11 illustrates a diluéent spacer 192 containing within a cavity 199
defined- by siW@872888 203 and ends 205, 206 an ion exchan tozfidesa o
cont i nuous phase of ion exchange material 50 and| dif§EBEET HAS BE
spaced-apart cylinders or island cl usters1?0” of a segond igHEPpLAXEMANgE
material 52, the cylinders 52 extggi ng th oug% bed 4§’ t 0 i

exposed on both sides thereof. The di screfd@ i sl and &34 ust 23952 may be
formed from a shall ow beq or shieet of a conftfi nuous/ phase of3i on

4nled = aln

OePCRICAD
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Ce Ny S YISl .

exchange resin particl esgel ecohd
material, preferably bg ;/i"?‘?/ -ﬁ"'”ﬂf&‘ o
clusters of the desirgg“sT &/;;f» n’&"

conti nuous phase of 15 7 c_’

mat eri al having an Of
having a plurality ¢
the clusters 52 die
havi ng t he
to formthe i such
as a | ow densi gl ono il i noar Hidig de NEANE et hyl ene, or
the like, in aglifjESsmdly ,yé___"_wﬂ NS { sLructure

suitabl e for hang =*f£;l r,,\*., 45 QR0
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material. Aliquid inlet port 208 is connected to cavity 198 by channel s

- 210 term nating in a plurality of fine slit openings 212,

openi ngs 212 having a width smaller than the 25 average size of the
particles, e.g., ion exchange resin bead whi ch constitute the bed 40.
The liquid di scharge port 214 is connect ec? to cavity 198 by channels 216
and a plural '\&ﬁ of fine slit openings 218. Covers 220 cl ose
channel s 210 GC%%VI M gration of the resin material thus is

i nhibited and the A BotibRb&ilirnid fBr RLPS lodRlaY sysfi Rr 8l dddous

di | uent spacer during li

14 liquids comprising a ngid; glmlmcﬂ.lmusing&b&(})aaaeﬁxmsmg badng a pacé apposite

modual ar uni te?ld %)?ateswg& a pair or} opposite side plates (162),a top plate and a bottom plate (170),
and connector means (166) for joining said end plates (1 64) to the side and plates (162)
and for securing the top and bottom plates (168, 170) thereto to form a liquid-tight
encapsulating enclosure; said housing (160) containing an anode compartment having an
anode (176) and a cathode compartment having a cathode (182), a plurality of cation
exchange membranes (186) and anion exchange membranes (190) which are alternately
arranged between the anode compartment and the cathode compartment to form
demineralizing compartments each defined by a demineralizing compartment spacer
(192) having an anion exchange membrane (190) on the anode side and by a cation
exchange membrane (186) on the cathode side, and concentrating compartments (196)
each defined by a concentrating compartment spacer (200) having a cation exchange
membrane (198) on the anode side and by an anion exchange membrane (202) on the
cathode side, each demineralizing compartment spacer (192) having an elongated central
cavity (199) for receiving porous and permeable ion exchanger (40), said spacer having
a liquid inlet port (208) at one end and a liquid outlet port (214) at the opposite end, a
plurality of fine slit openings (212, 218) formed in the spacer (192) at each end adjacent
the cavity (199), and at least one channel (210) in the spacer (192) at each end for
interconnecting the liquid inlet port (208) to the fine slit openings (212) adjacent the
cavity (199) at one end and for connecting the liquid outlet port (214) to the fine slit
openings (218) adjacent the cavity (199) at the other end, whereby an agueous iiqﬁid can
bé flowed through the porous and permeable ion exchanger (40) filling the
demineralizing compartment, a porous and permeable ion exchanger (40) filling said
demineralizing compartments, said ion exchanger (40) consisting of a porous and
permeable continuous phase (50) of one of cation exchange resin particles or anion
exchange resin particles and a porous and permeable dispersed phase of clusters (52) of
the other of the cation exchange resin particles or the anion exchange resin particles in

the continuous phase (50), and means (144) for releasably connecting the modular unit
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frame .230. Figure 13 shows the plunbing; conduit 231 for aqueous liquid to
j%e purifi ed, conduit 233 for liquid to carry away inpurities,
onduit 236 for purified liquid, conduit 238 for waste liquid and
conduit 240 for electrolyte. Junction boxe? 242 provide the 5
el ectrical connection to the anodes and cathodes by wires 244, 246 (Figure
12) I ndi vi dual |y fused. _Turning to Figure
14, each si de {NAREWESYSHE iy ERAularsysspewherehy theyrgodular unit can be rgsnoved fromer
pl anar wall 23 ' transverse upstanding reinforcing ribs
232, 234 equisét@%%dgfgﬁé&?ﬁg&¥§%%?h of plate 162 on the outer surface 236
and forned 10 integral therewith. Thin ribs 232 and thick central ribs
234 interconnect sockets 238,240 . _forned at opposite side edges
242, 244 of pléte l1éamodularamitasplaimed inclaim jinmdrichuthe fine slit openingt(21 22183 | v

Co- extensive w tached to the dist edges 248 of ribs . 232, 234
forms a rigi dv%%))% a?@ﬁ@%ﬁzﬁﬁgr 10 F&?ﬁevséﬁpaflélﬁ ?a%@ﬂ OF, AYOR LSt RArdeles herehy at e
162 from i nt erigiration of the resi RBEMS ixﬁébited_duﬁnﬁ liquid flow. Each of

e

s
sockets 238, 240 conprises a slightly oversiz ol'e 288 adapt ed to
recei ve the shank 2&0neduldreinit ag 6iraed pnland) irewhich eattodf thSend plhes clsa) and)

whi oh 15 compdBp i AR i) b &b oue?, silars, LG VR Kometn gy 0} Eomevered

engagenent . Thgstdifile RinfOiking! Ms @32, 13%4) $Q8#RFsbel Ulong the said outer surface (236)
formed integral therewith, and a cover plate (246) substantially co-extensive with an
attached to the distal edges (248) of the reinforcing ribs (232, 234) to form a rigid box
structure therewith for stiffening and reinforcing the plates (164) from internal pressure.

4, A modular unit as claimed in claim 3 in which each said side plate (162) has a
socket (238, 240) formed integral therewith on the outer surface adjacent opposite side
edges thereof as an extension of a transverse rib (232, 234) at each end thereof, each said
socket (238, 240) having a longitudinal hole (248) therein for loosely receiving a
threaded bolt shank (250) and a slot (252) intersecting the hole (248) adapted to receive
a nut (254) compatible with the threaded boit shank, said slot (252) having an interior
shape for receiving the nut (254) in axial alignment with the bolt (250) for threading the
bolt into the nut.

5. A modular unit as claimed in claim 4 in which each said end plate (164) has a
boss (264) formed on the outer surface adjacent opposite sides thereof at each end of a
transverse rib (260), each said boss (264) having a hole for receiving a bolt (166) in
alignment with a mating socket (238, 240) in a side plate (162).

6. A modular system for demineralizing aqueous liquids comprising a plurality of
portable modular (160) units as claimed in any of claims 1-5 in which said portable
modular units are arranged in parallel, a piping system for feeding an aqueous liquid to
be demineralized (232) in parallel to the modular units (160) and for removing a
demineralized aqueous liquid (236) and a concentrated waste liquid (234) in parallel from
the modular units (160), means (242) for applying an electrical voltage between the

anode and the cathode, and means (144) for removably connecting the modular units
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i ncl ude four sides of hexagon to receive and to centre nut 254 in axi al

alignnment with 20 hol e 288 and to prevent rotation of nut 254 to
all ow bolt shank 250 to be threaded therein. Each
end plate 164, shown in nore detail in Figuwre 15, has transverse

upstandi ng reinforcing ribs 260 equi spaced along the Iength of the plate on

bossos 264 hathoR) BtouBRE e’ oF el wBAERIOTs AT I6 LIbEHRAMREF

- cover plate 2&Bnsuabst 188 hicalilay ugiof 190} B85 the sysiahew th 25 and attached

to the distal edges 268 of ribs 260 forms a rigid box structure to
effectively 7. A medulpr gystem @s rc@ixrmtbmlaémﬁg s whish 1bel rfepayrfar rrempwatily
pressure. . . . The plurality of balts tightened to
the desired tSVHFEns thedpodipgrdiaits f5a ?”dp reféale se e&ﬁf’gg’e@fb&g Ates 164 to
side plates 162 and- | ocks top and bottom plates 168 in inner wal |
slots to provide an encapsul ated, |iquid-tight housing capabl e of
effectively 30 wi t hstandi ng i nternal pressures of 150 psig, or nore
wi t hout | eakage of Iiquid.
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The nodul ar system of the present invention providgsia W@gp@g
ndq an be car
T

REPLACEVENT SHEET

D
I

i nportant advantages. The nodul ar units gpe conpact} 4 i ¢d by
two peopl e for installation or replacenent] Whe—eonpact—Tni g4s
flecti v apsul at jon.
Fetd

for field sqrahe2300 Figthe 183haws le phrhBIRGERMiL hiuods liQng td BEH or

decr ease capacity by adding or deleting nodular units. Failure
of one unit coodsit o hguidto\oarry away impustitiies, sonslii 236 Eecpurifmdiliquid, Rohdiit can
be serviced by common i\ﬁi ng, val ves Fun?s and . the |ike for
ni ni mum capi |f°ém§1»?dﬁﬁ f and canduit J4Q fos glectyelyde. Junstion baxesciiZapmavidg the ght
uni ts,c each igg ] I U n yJTh it
producses 10(?%%%1%1 %gwgé:ktl}{%éa%ggesel g fgﬁh#%sﬁ%%%sp %#l’ Z‘fégﬂffgﬁ‘#ﬁ tlg)
woul d doubl gp@ivedliatiyifaged o 200 gpm Configurations of 100, 300 and
600 U.S. gpm and |arger are standard. ) St will be
under st ood, of course, Tnrming todigureddi cash sidenplote heiis shownhia more detail to
B et o iR AheE e b b4 L S o SRR b ST L ARG i
232, 234 equispaced along the length of plate 162 on the outer surface 236 and formed
10 integral therewith. Thin ribs 232 and thick central ribs 234 interconnect sockets 238, 240

o formed at opposite side edges 242, 244 of plate 162. A rectangular cover plate 246

typically are liquid ty & proyi de_ . ef
The conpact size all ov\g%%? ??é%'%“éy%@p‘vgk?&r‘éﬁ%

substantially co-extensive with and attached to the distal edges 248 of ribs 232, 234
forms a rigid box structure to effectively stiffen and reinforce side plate 162 from internal
pressure. 288
15 Each of sockets 238, 240 comprises a slightly oversize hole.248 adapted
to receive the shank 250 of bolt 166 (Figure 9) and a slot 252 intersecting hole%%
adagged to receive a nut 254, typically a hexagonal nut, which is compatible with and
receives bolt shank 250 in threaded engagement. The interior of slot 252 is shaped to
include four sides of hexagon to receive and to centre nut 254 in axial alignment with
20 hole%and to prevent rotation of nut 254 to allow bolt shank 250 to be threaded therein.
v Each end plate 164, shown in more detail in Figure 15, has transverse
upstanding reinforcing ribs 260 equispaced along the length of the plate on the outer
surface 262 formed integral therewith to interconnect bosses 264 having holes for
receiving bolts 166. A rectangular cover plate 266 substantially co-extensive therewith
25 and attached to the distal edges 268 of ribs 260 forms a rigid box structure to effectively
stiffen and reinforce end plate 164 from internal pressure.
The plurality of bolts 166 tightened to the desired torque level effectively
secures end plates 164 to side plates 162 and locks top and bottom plates 168 in inner
wall slots to provide an encapsulated, liquid-tight housing capable of effectively

30 withstanding internal pressures of 150 psig, or more without leakage of liquid.
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t he écope and purview of the invention as defined by the appended cl ai ns.

15
portabl e nodular unit for use in a nodul ar systemf

d

ol

aqueous liquids conprising a rigid, conpact housing
having a pair of opposite end plates (164), a pair o

60), said hou

(162), a top plate and a bottomplate (170), and conphe
joining said end plates (164) to the side and plates}(
the top and bottom plates (168, 170) thereto to forma

tor nmeans (
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encapsul ati ng encl osure; said housing (160) contai ni an_anode conpart nent

havi ng an anode (176) and a cat hode conpartnent havi ] , a
plurality of cation exchange nembranes (186) and anijory-e%e 3 nes
(190) which are alternately arranged between the angdg conpart nent t he
cat hode conpartnent to form denineralizing conpartngnts 48MOVap9ged by a
dem neral i zi ng conpartnent spacer (19%%12§ving an ani ¢gn_exchange nefbf ane

(190) on the anode side and by a catio change nefbr ane 86) O
cathode side, and §offgemrating conpartnents (196) éaeh—defined by a
concentrating conpartheflt spacer (200) h82ng &83ati on exchange menbrane
(198) on the anode side and by an ani on éxchahge nenbrane (202) on the
cat hode side, each dem neralizing conpartjnent] spacer (192) having an

el ongated central cavity (199) for recei i ng porous and perneabl e ion

exchanger (40), said_spacer havingaﬁﬁ]c1g | et port (208) at one end and
aliquid outIeVEngR ( ppgsi t d, lurality fi slit
openi ngs (212, 218) fofned in th at feach end Ja ;étnt t he
cavity (199), and at} | ¢ast one cjhagn (| M the spacer J(92) at each
end for intephnresting the [iqui dji rt (J20B) to the jfijne slit
openi ngs (212) adjaceny the cavigy ehd and forf gonnecting the
liquid outlet port (j21§) to the [fi ' nilings (218) adj 46t he
cavity (199) at the jotpher end, ef e usf Iiquid can
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be flowed through the porous and permeabl e i on exchanger (40) filling the
dem neral i zing conpartnent, a porous and perneabl e jlon-e . Q)
filling said dem neralizing conpartnments, said ion g4

cation

exchange resin particles or anion exchange resin pa us and

per meabl e di spersed phase of clusters (52) of the o
exchange resin particles or the anion exchange resit ' j th

conti nuous phase (50), and nmeans (144) for releasabjy connecting the
nodul ar unit 17

Ll

7112

164

164 QY
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to a piping systemin a nodul ar system whereby the nodul ar unit can be
renoved from or added to the nodul ar system 2. S RT o TN SE=T~
claimed in claim1 in which the fine slit opening (212, AQM’EW
smal | er than the average size of the cation or anion resj n-partrcres
whereby mgration of the resin particles is inhibited dur nqhééwgﬁl W.
3. A nodul ar unit as clainmed in claim1 in which eachf of t d tleq
(164) and the side plates (162) has ?T ? ter surface (2B6)—and.has.a '
plurality of transverse wupstanding re A rcing ribs ~ 234) equi spacegd
al ong the said outer surface (236) forned integral r n

pl ate (246) substantially co-extensive with an attéachdad tq the distal
edges (248) of the reinforcing ribs (232, 234) to fqrmt riyid box
structure therewith for stiffening and reinforcing thhe platgs (164) from

I nternal pressure. 4. A nodul ar unit as clained In 3 in which
each said side platg (16 as a s t (238, 2 orfged iYtegra
therewith on the outy¥er du | acent op iYd ges \t hereof as an
extension of a transye ib (237 t eachygn hgheof ,\ each sai d
socket (238, 240) hayi a Lt udi nalf ho her fok | oosely
receiving a (o) ) L O
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t hreaded bolt shank (250) and a slot (252) intersecti Lgaﬁ S x
adapted to receive a nut (254) conpatible with the t fus

said slot (252) having an interior shape for receiviing the nut (254
axial alignnment with the bolt (250) for threading thd lbojg NOVd‘??&le nyt .
5. A nodular unit as clained in claim4 in which gagh said end
(164) has a boss (264) formed on the outer surface gdjacen opp05|te | des
t hereof at each end of a transverse ri b,’%ﬁﬁg each jsai d_bass .(264) Vi ng
a hole for receiving a bolt (166) t wth_a, mating socket (238,
240) in a side plate (162). 6.24 A m@iPar syster®Bdt denPB@Ral i zi ng
aqueous liquids conprising a plurfality of portable dul ar £160) uni E?s

claimed in any of clains 1-5 in ich said portable [nodul aff units
arranged in parallel N 0 i 4 to be
dem neralized (232) paya enovi ng
a demneralized aq T e a yauh d (234)
in parallel from e nod Afni ts (1 , megEh PZAY | o)
el ectrical voltag et we *higiffanode a he Ea/ X grd S ??r
renovabl y connectifjg th duffgr uni t s, \
/ i 232
v ’ : } »
252 - | N
= \ 11/ N 230
N
236
=) o o
FIG.14 288 2447 248" 240
288
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18 (160) to the*'pi pi ng systemfor facile adding of a nodul ar ggs
the systemor renoval of the nodular unit (160) fromthe syst R\

nodul ar system aPETRi ned i nwemaim@wmummpmﬂms for r Sk

correcting_the nodular units is_ a ui"&'ﬁ( ure ease _secur enent rreans 144
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{57) Abstract

A modular system
for the demincralization of
aqueous liquids comprising
a plurality of modular units
for the demineralization of
liquids, each of the modular
units  being  encapsulated
and baving a cathode
proximate 2 first end of the
modular unit and an anode
proximate the opposite end
of said smodular, and having
2 plurality of altemnating
diluting compartments and
concentrating compartments
positioned  between  the
cathode and the anode, the
diluting and concentrating
compartments  defined by
anion and cation permeable
membranes, ion exchange
material positioned within the -
.| diluting compartments, the
system having conduit means
for passing a first liquid
to be purified through the
diluting compartments and
conduit means for passing
a second liquid through the
concentrating compartments for accepting ions from the first liquid, means for passing an electrolyte to the cathode and anode and means
for recovering the purified liquid from the diluting compartments. Quick release securement means are provided to interconnect the
modular units in the system to atlow for facile substitation of modular units for servicing and to permit modification of flow capacity
requirements by increasing or decreasing the total nomber of modular units in the systerm.




